]

SAS §

O 'y,
& /‘\%‘6
e S Yuusepsurer y Hosom Cany
Z e S~
2%, 3 @aKyJaTeT TEXHHYKHX HAYKA

> RS =
NS e

Opp ANT

JlokTopcke cTyauje, cTyaujcku rmporpaM: Caoodpahaj.

Hejan Mupuetuh

YHanpeheme top down MeTOI0TI0TH]€ 3a XUjEPAPXHUJCKO
IPOTHO3UPAE JIOTUCTUYKUX 3aXTEBA Y JaHIIMMa CHa0/1eBamba

JlokTOpCcKa qucepramnuja

MenTopu:

[Ipod. np Ceernana Hukonuuuh u npod. np Hebojma Panesuh.

Hosu Can, anpun 2018.



3axBatHUIIA

Ceojoj nopoouyu.

Jlpacany, {amupu, /[pacanu,
Josany, Josanxu,

Braoumupy, Jecanxu,
Carvu, Ilempy u Jeruyu.

i



YHUBEP3UTET Y HOBOM CALlY ® ®AKYNTET TEXHUYKUX HAYKA
21000 HOBW CAL, Tpr Oocuteja Ob6papnosuha 6

KIibYYHA JOKYMEHTALUWJCKA UHOOPMALIUJA

Pennu 6poj, PBP:

WaeHTudpmkaumonmn 6poj, UBP:

Tun gokymeHTauuje, TA:

MoHorpadcka nybnukauuja

Twun 3anuca, T3:

TekcTyanHu WTamnaHu matepujan

BpcTta paga, BP:

[JokTopcka aucepTauumja

AyTop, AY:

MacT. UHX. caobp. [lejaH MupueTuh

MeHTOp, MH:

Mpodb. ap Ceetnana Hukonuumh; Mpod. ap. Hebojwa Panesuh

Hacnos paga, HP:

YHanpehete fop down meTogonorvje 3a xumjepapxmjcko NporHo3vpame
TNOTUCTUYKNX 3axTeBa y NaHuMma cHabaeara

Jesuk nybnukauuje, JIM:

Cpnicku

Jesuk nssopga, JU:

Cpncku/EHrneckm

3emrba nybnukoBamna, 3MM:

Penybnuka Cpbuja

Yxe reorpadgcko nogpyuje, YIT:

Al BojsogunHa

loguHa, MO:

2018.

M3pasay, U3:

AyTOPCKM PEnpUHT

MecTto n agpeca, MA:

OTH, Tpr Jocuteja Obpagosuha 6, 21000 Hoeu Cag

dusunyku onuc paga, PO:
(nornaerba/ctpaHal uvtata/rabena/cnvka/rpachuka/npunora)

9/140/97/14/52/0/5

HayuyHa o6nacT, HO:

CaobpahajHo nHxeHepcTBO

Hay4yHa gncumnnuua, HLO:

JlorucTuka

MpeameTtHa ogpeaHuua/KqyyHe peyn, MO:

Xvjepapxujcko MporHosvpare, naHal cHabaeBawa, [earperauvioHe
nponopuuje, ynpaerbame 3anuxama, KapakTepucTuke BPEMEHCKUX cepuja,
MoZen CTaTUCTUYKOT yyetba.

yOK

Yysa ce, YY:

21 000 Hoeu Cag, Tpr Jocuteja O6pagosuha 6

BaxHa HanomeHa, BH:

M3Boa, U3:

Y pokTopaTty je NnpeasfioxXeH je HoBWM Moden 3a yTephuBame gearperaumoHnx
npornopuuja y fop down MeToOONOMjU 3a XWjepapXujcko MNPOrHo3upare.
Kako 6u ce ytBpauMnu nokasaTerbu paga HOBOI NpuCTyna, MsBpLUeHa Cy
Teopujcka (cumynauMoHa cTyauja) U emMnupujcka ucTpaxuBawa (CTyauja
cny4aja) BuLe eLuarnoHckor AucTpubyTueHor naHua. Pesyntatu nokasyjy ga
HOBM NpuUCTYNn 3HayajHO npeBasunasu cTangapgHe wmogene top down
meTogonoruje. Takohe, y AokTopaTy je TecTupaH M yTuuaj Xujepapxujckux
NporHosa Ha NOrMCTUYKe nokasaterbe (MpoceyHe 3anuxe W HepocTaTak
3anuxa). Pesyntatu nokasyjy ga je HOBM MOAen OCTBapMO HajMamu
HegocTaTak 3anuxa MpunMKOM MpuMMeHe Yy cTpaTervjama ynpasrbama
3anuxama. [Nopen HaBegeHor, y AOKTOpaTy je TeCTMpaHO U KOMOWHOBae
pasnuuMTUX NPOrHO3a U UCTPaXuBawe yTuuaja ocobrHa BpeMeHCKux cepuja
Ha NpPeLM3HOCT NPOrHo3vMpaka MoAena 3a Xvjepapxmjcko NPorHo3unpamse.

HaTtym npuxesaTtara Teme, Al:

05. 10. 2017.

Oartym oabpane, OO:

UnaHosu komucuje, KO:

MpenceaHuk: Mpod. ap Munopaa Kunnbapaa
YnaH: Mpod. ap Munopaa Bupgosuh
Hnax: Jou. ap MapuHko Macnapuh MoTnuc meHTopa

YnaH, meHTOp:

Mpodh. ap Hebojwa Panesuh

YnaH, meHTOp:

Mpod. ap CeetnaHa Hukonuumh

i1




UNIVERSITY OF NOVI SAD ® FACULTY OF TECHNICAL SCIENCES
21000 NOVI SAD, Trg Dositeja Obradovi¢a 6

KEY WORDS DOCUMENTATION

Accession number, ANO:

Identification number, INO:

Document type, DT:

Monographic publication

Type of record, TR:

Textually printed document

Contents code, CC:

Ph.D.Thesis

Author, AU: Dejan Mircetic, M.Sc.
Mentor, MN: Phd Svetlana Nikolicic; Phd Nebojsa Ralevic
Title, TI: Boosting the performance of top down methodology for forecasting in supply

chains via a new approach for determining disaggregating proportions

Language of text, LT:

Serbian

Language of abstract, LA:

Serbian/English

Country of publication, CP:

Republic of Serbia

Locality of publication, LP:

AP of Vojvodina

Publication year, PY:

2018

Publisher, PB:

Author’s reprint

Publication place, PP:

Faculty of Technical Sciences, Trg D. Obradovica 6, 21000 Novi Sad

Physical description, PD:

(chapters/pagesi/ref./tables/pictures/graphs/appendixes)

9/140/97/14/52/0/5

Scientific field, SF:

Traffic engineering

Scientific discipline, SD:

Logistics

Subject/Key words, S/KW:

hierarchical forecasting, supply chain, top down forecasting ratio approach,
time series features, supervised statistical learning.

uc

Holding data, HD:

Library of the Faculty of Technical Sciences Novi Sad

Note, N:

Abstract, AB:

In this thesis, a new approach for determining disaggregating proportions in
the top down hierarchical forecasting methodology is proposed. In order to
estimate the accuracy of the proposed approach, the simulation and case
study are performed. Results demonstrate that the approach significantly
outperforms standard top down approaches. Also, in this reserach the impact
of hierarchical forecasts on logistics indicators (average stock and lack of
inventory) is researched. The results show that the new model achieved the
smallest lack of inventory in inventory management strategies. Likewise, in
this research, the ideas of combining the hierarchical forecasting models and
quantifying the influence of time series characteristics on the accuracy of
hierarchical forecasting models, are tested. The results are encouraging and
further researches are needed in order to reveal all possible benefits of
proposed ideas.

Accepted by the Scientific Board on, ASB:

05. 10. 2017.

Defended on, DE:

Defended Board, DB:

President: PhD Milorad Kilibarda
Member: PhD Milorad Vidovic
Member: PhD Marinko Maslaric Menthor's sign

Member: Mentor:

PhD Nebojsa Ralevic

Member, Mentor:

PhD Svetlana Nikolicic

v




JloxTopcka aucepranuja Jlejan Mupuaetuh MacT. mHX. caoop.

Canpmaj cTpaHa
1. VBOL Y HCTPAMKIBAEDE ..c...veeenerieenteeeiteeenuteesseeessseesseeessseeessseeessseesnsseesssseesssseessssessnseesnns 1
1.1, OOMACT HCTPAKHBAIDA .....eeeeuvreeeuireessereensseeesseeessseeassseeassseeassseesssseesssseesssseesssssessssesssseesnns 1
1.2. MOTHBY HCTPAIKHBAEDA ..eeenuvvveeeernerreeeennnreeeesnseeeessssseessasseeessssssseessnssseessnssseeessnssseessnnssees 4
1.3. Jlepunucame npodieMa U MPEAMETA HCTPAIKUBAIDA......veeevreeerereeessreesiseeessneessseeessseeenns 5
1.4, IIVTHEBH HCTPAMKHBAIDA ...ceuevveeeernerreeeennnreeeeannseeeesassaeeesansseeesssssseeesssssseessnssseeessnnsseessnnnsees 6
1.5. XUMOTE3E HCTPAKIBABDA. ... .vveeeeeuerreeeenunreeeeannreeeesassseeesasseeessssseseesssssseesssnsseeesansseessnnssees 6
1.6. [IpumemeHe MeToe MPUITUKOM 00PaJIe IPEAMETA UCTPAKUBAIDA. ...ccvvveerevreervreenreeenns 7
1.7. CTpYKTYpPa TOKTOPCKE JUCEPTAIIH]C ..eeeuvvreeereeeereeesereeessreeassseesssseeessseesssseesssseessseesssseeenns 7
R o157 0153 1 (USRS 10
2. Mecrto, ynora u 3Ha4aj IPOTHO3UPAHHA Y JTAHIIUMA CHAOTEBADA .....veeeveveeenereernvreennnnen 12
2.1. JlorucTrKa v yIpaBJbabe JTAHITAMA CHAOTCBAEDA ......veeeevreeereeeereeeereeesereeeseeesseeensseens 12
2.2. Jlanmu cHaO/IeBamba M TIPOTHOZUPAHE TIOTPAMKEDE ...vvveeerreeereeerereeenreeesereeeseeesseeessseens 15
2.3. VICTOPH]CKH PA3BO]J TIPOTHOBA «...vveeuvreuriaereanseenseeenseessseenseesssesseasssessseesssessseesssesnsesssenns 16
2.4, CBPXA U YIIOTA TIPOTHOBA «.cuvveeruureerereesureesueeesseeessseeensseesnssessnsseesnsseesssseessssesssseessssees 22
2.5. JloHomeme 0JUTyKa y JJAaHIMMA CHA0ICBAbA M MIPOTHOBUPAIDE. c...evveenverereeeenreeneenneenne 29
2.6. AKTUBHOCTH HPUITUKOM F€HEPHUCAEHA TIPOTHOBA ..eenvvreenireeeereeaireeeureesureessreesseeesoneens 32
2.7. OcHOBHE METOOJIOTH]€ 3a IPOTHO3UPALE M TIPEIBUIJBUBOCT 00jE€KTa MPOTHO3UPAbHA .

2.8.
2.9.

3.1.
3.2.
3.3.
3.4.
3.5.
3.6.

4.1.
4.2.

4.3.

................................................................................................................................... 37
PE3HME IOTTIABIBA .....oueiviiiiiieiiciie et s 39
PODEPEHIIC ...ttt ettt et e et e e et e sate e e eneeeneeas 39
[TporHo3e NPUMEHEHE Y JIAHITUMA CHAOTCBAIDA ......eeuveeueeererientenirenieetesieenseeseeneenseenne 42
OpraHu3anroHy MOJI0XKa] MPOrHO3a Y JIAHIIMMA CHAOHACBAIDA .....eevveenreveeniennrenieeieennes 42
[Tporec yBohema HOBOT IPOU3BOJIA HA TPHKHUILUTE U TPOTHOZHPAIBE .....evvvenveenreereneeenne 46
VYTH1a] Ipolieca MPOTHO3UPaha HA YIPABIBAHE ZATHUXAMA «..cvveevrenreenrerirenreenseennenseenne 48
[Tpumena pull npuHIUNIA 32 TPOTHO3UPALE Y JTAHIIMMA CHAOACBAMDA .....vevvenrenreneene 53
PE3HMME ITOTTIABIBA ...ttt e 55
| odei 1157 053 1 (USSP 55
Crame y 007acTH XHjepapXujCKUX MPOTHO3a MIPUMEHEHUX Y JIJAHIIMMa CHa0ieBama . 57
Haj0ospu Moenu 3a renepucame 6a3HUX IPOTHO3a Y JaHIIMMa CHa0eBama. ............ 57
Konctpyucame xujepapxujcke CTpyKType 3a IPOTHO3HpakEe y JTaHIIMMa CHAa0/1eBamba .



JloxTopcka aucepranuja Jlejan Mupuaetuh MacT. mHX. caoop.

4.4, PE3UME TTOTTIABIBA -..cuuvveeuireeauiteenitteeaitteeaiteeeauteeeasteeeauteeebaeesbteesabaeesabeeesabeeesaseeesaseeenanee 66
T o1 ) 170153 01 USSP 66
5. [TpuHtMM 1 MeToAe Y 00JACTH XH]ePAPXH]CKOT MIPOTHOZUPAIDBA. ...veeerereeervreernvreennrenns 69
5.1. HomeHkmaTypa 3a XHUjepapXtujCKO MPOTHOZUPAIDE.....ccuvveerrreerrreessreeesreesssseessseeessseeenns 69
5.2. Bottom up METOOIOTHJA (BY) c.eiiiiiiiiiiieiit et 71
5.3. Top down MeTOHOTOTHIA (T1) ...vierieeiiieiieeiieiie ettt ettt e 71
5.4. Top down nipuctyn 6a3upan Ha nporuo3upanum mnpomnpuujama (TADID) ................... 73
5.5. Optimal combination TPUCTYIT (OL]) ....cc.eeviiieriiiiiieiieeii e 74
5.6. Top down mpuctyn 6a3upaH Ha IPOTHO3UPAkY OJHOCA U3Mely TOWET U HajBUILIET
HUBOA XUJEPAPXH]E (TIDP) .oeeiiiiiiiiiii e 74
5.7. PE3HMIME IIOTTIABIBA .....eeeneviieniiieeiiie et ettt ettt e sttt e ettt e sttt e s aae e e et e e aaeesbaeesareeesanneesaneeenns 77
5.8 PEREPCHIIC .....veeniieiiieiieeiie ettt ettt ettt et ettt et e e bt essbeebeeenbeenseessbeenseessaeenseennns 78
6. BpennoBame 1 KoMIapanuja pa3IHduTHX METOIOJIOTHja U TIPUCTYTIA 32
XHU]EPAPXUJCKO TIPOTHOBHPAEDE. ... vveenveerereanriensreeseessseesseensseenseessseesseesssessseesssessseessesnsees 79
0.1. KPCUPAHHE CHUMYITALIHJA ......eeuveeerientieeiieeiieeiteeteeseteeseesaseesseessseenseessseenseessseenseesssesnseennns 79
6.2. EBanyanuja nporsosa paznuautux XI1 MeTo10I0THja U TPUCTYIA «...evvvenveenveneeeneeenee. 80
6.3. Pe3yNTaTH CUMYIIAIIAOHE CTYIIHJE ..eeovveerrerureereensreaseennseeseessseenseesnseesseesssessseesssesnseennns 81
6.4. KomOuHOBame Mporuo3a pasnuauTux MOJeNa 32 X1 .....cccoooveviiiiiiiiiiicieiee 84
6.5. PE3UME TOTUIABIBA ...ttt ettt ettt sttt ettt s e et e sbteebeesaneeaneenaee 85
0.6. PEPEPEHIIC ......veeutieiiieiieeiie ettt ettt ettt et et e st e e bt esabeebaeeabeenseassseenseessseenseennns 85
7. XHjepapXujCcKO MPOTHO3UPALE TTOTPAKELE Y BUIIIE €IMIAJJOHCKOM JUCTPUOYTUBHOM
TIAHITY = CTYAH] CITY YA cuvreeuveetreenreenereeseenseeaseessseeseessseanseenssesseessseesseesssesnsessssesnseennns 86
7.1. IIporHo3upame BHUIIE SHIATIOHCKOT JUCTPUOYTUBHOT JIAHIIA ...evvvenveenreerenveeneenieenneennes &9

7.2. Pe3ynaTaTu mporHo3upama MOTPAKLE y BHUINE €MIATOHCKOM TUCTPUOYTUBHOM JIAHITY ...

................................................................................................................................... 93

7.3. YnopenHa aHann3a MOJelIa 3a XHUjepapXujCKO MPOTHO3UPAKE MpeMa YTHUIIAjy Ha
BATIHIXE w.eenvveeuteenuteenteesueeeateesuee e bt esae e e abeesuteembeeebe e et e e s h e e eab e e b et e bt e eh et et e e eh et et e e nat e e bt e eaeeenees 96
7.3.1.Ctpareruja ynpasibama 3anuxama y KI' uBopy Xujepapxucjke CTpyKType ............ 97
7.3.2.Ctpareruja ynpasibama 3anuxama y BBAA uBopy xujepapxucjke CTpyKType ...... 99
7.3.3.Ctpareruja ynpassbama 3anuxama y KJ[ 4Bopy xujepapxucjke CTpyKType.......... 101
7.3.4. Pazmarpame yTuiiaja MoJiea Ha JIOTHCTUYKE TTOKA3ATEIBE ...evveenveerereeneeenereeneeennns 103
7.4. PEUME TTOTTIABIBA ...ceevveenieeeaieeiteeiteentteeate et e st esbeesate e bt e sate e bt e sateebeesateenbeesaeeeneenaneens 103
B R 1115 o) 1 (USSR 105
8. JIHICKYCHA c.euvvieeiiieeeiieeeieeeette e et eeeette e e taeeetaeeentaeesssaeasssaeenssaeessaeassaeessseeansseesssenensses 107
8.1. JIuckycuja o pe3yiraTuMa MpOrHO3UPAHA CUMYIAIUOHE CTYTH]C .oevvveeeevreerevreennnn. 107



JloxTopcka aucepranuja Jlejan Mupuaetuh MacT. mHX. caoop.

8.2. Jluckycuja o pe3yiTaTuMa MporHo3upama MOTPAXKbE y BUIIIE EIIaTOHCKOM

JTACTPUOYTHUBHOM JTAHILY ..vveeuvveeeereeessseeesseessseesssssesssssesseeessssessssessssssessssessssseesssesensses 110

8.2.1. AHanu3a npenu3HOCTH IPOrHO3UPamka NOTPAKHLE Y BUILE €IIAJTOHCKOM
TucTpuOyTUBHOM JaHIy mpeMa PMCE TPy ........cccvvveiveeiiecieeceeeeeeen 110

8.2.2. AHanu3a npenu3HOCTH IPOrHO3UPamka NOTPAKHE Y BUILE €IIAJTOHCKOM
TUCTpUOYTUBHOM JaHITy peMa MAIIE TPEIIIIN .......cccvvvevveeeiiecieeeieeeee e 113

8.2.3. AHanu3a npenu3HOCTH IPOrHO3UPaka NOTPAKILE Y BUILE €IIAJTOHCKOM
TUCTpUOYTUBHOM JaHIy TpeMa MITE TPEIIIIH .......ovveeieriiniieiieienieeieceseeee 115
8.3. Jluckycuja o pezynraruma nporaosupama TDP Momena .......ccccvveeevveeecveecciieeeen. 117
8.4. OcBpT Ha pe3yaTaTe MpUuMeHe KOMOMHOBamba Moieda 38 X1 ......ccceveveeecieeniieen. 118

8.5. Y1BphuBame yTHnaja pa3nuuuTHX pakTopa Ha nperusHocT XII mogena u
LY (W00 (001 (o) i - OSSP 118

8.5.1. AHanu3a yTunaja kopenaiuje u ydyentha y TOTaJHOj cepuju Ha npenu3Hoct XI1
MOJICITA X METOIOTIOTH]A. . vveuveenereenreensreenseenseesnseenseesnseenseesnseenseesnseenssesnseensessssesnsens 119

8.5.2.Pa3Boj anroputMma 3a KBaHTH(DHKAIIN]Y YTHIIAja PA3IMUUTUX (aKkTopa Ha

npenr3HOCT X1 MOJIENIA U METOHOTOTHJA ..veeeeveenereenreeeieeareeneesnreenseesnneenseesnseensnes 120

B.0. PEPDEPEHIIC ... ettt ettt ettt e bt estaeebeesabeenbeessaeeseesasaens 123

9. 3AKIBYUHA PABMATPAEBA «..vveeeneveeenereeeureesueeessseesseeesnseeesseeessseessssessssseessssesssssesssseeennnes 125
KOMIITIETHA JTUTEPATYPA +eeeeeueriieeeiiiiieeeiiieeeeeiiteeeesiteeeeessateeesssreeessnsaeeeeansseeesssnsseeesenssaeessnnns 127
TIPTITIOL T ettt ettt et b e et e bt e s et e e bt e st e e bt e eabeenbeesaeeenseas 133
TIPTITIOL 2 ..ttt ettt et b e et e bt e e it e e bt e s et e e bt e eabeenbeesaeeenseas 134
TIPTITIOL 3 ettt et ettt et b e et e bt e sat e e bt e s st e e bt e eabeenbeesneeenseas 135
TIPTITIOL 4 ...ttt ettt et b e et e bt e s it e e bt e s et e e bt e eabeenbeesaeeeneeas 137
TIPTITIOLT 5 ettt et et e b e et e bt e s it e e bt e s et e e bt e eabeenbeesaeeeneeas 139

vil



JloxTopcka aucepranuja Jlejan Mupuaetuh MacT. mHX. caoop.

Cnucak ciauka ctpana

Crnuka 1-1. Opranu3zanje u3pane JOKTOPCKE TUCEPTALIMIC «..euvveveemrerrrerseeruensrenueesenieeseeensennens 8
Cnuka 2-1. EBonynuja noructuke y JIC u nonaxaj nporuosupama notpaxmsme y JIC
(mpunaroheno u3 (Ballou, 2004; Branch, 2009; Hesse & Rodrigue, 2004)) ........ 14
Crnuka 2-2. I'paguBHU eIeMEHTH 00JIaCTH MOCIOBHOT ITporuosupama (Nikolopoulos, 2010).16
Crnuka 2-3. BpemeHcku packopak u3melyy mojaBe moTpaxmse U leHEe paliu3alidje o1 CTpaHe

T0TACTAYKOT CUCTEMA (Litly 201 1) ceuiiiiiiiieiiieeieeee e 23
Crnuka 2-4. adopManiioHH TOK TMpolieca MPOTHO3UPakha U MOCIOBHOT TUTAHUPabha
(Makridakis et al., 1983) c....oeeeeeeeiee ettt et 24
Crnuka 2-5. CtpykrypanHa Mel)y3aBUCHOCT eleMeHara y npoliecy nporaosupama (Makridakis
€F ALy T983) ettt 25
Crnuka 2-6. MelycobHa noBe3aHocT u3Mel)y mporuos3a, HUbeBa U IIAHUPABA ......eenveenvennene. 28
Crnuxka 2-7. CTpyKTypanu OKBUp 3a IPOTHO3Upame U IaHupame (Armstrong, 2001) ........... 28
Crnuka 2-8. OCHOBHM KOpAIlH 3a MPABIIIHY UMITJIEMEHTAIIH]y TIPOrHO3a YHYTap KOMIIaHHU]e
(Makridakis et al., 1998; Makridakis et al., 1983) ....ccoeevveeeeiieeiieecieeeieeeieeee 33
Crnuka 2-9. OcHoBH Kopanu y nporiecy npensuhama (Armstrong, 2001)........ccccvveeeveeeeneeenee. 34

Cnuka 2-10. Koparu npunukom renepucama nporunosa y JIC (Chopra & Meindl, 2007)......35
Cnuka 2-11. Cegam Kopaka 3a Kperpame IporHosa y nmocjaoBHuM cucrtemuma (Nikolopoulos,

20T0) ettt sttt et e e 35
Crnuka 2-12. Kapakrepuctuke Mojiena 3a MIPOrHO3Upame U BbUX0BE paialyje (MCIpeKuIane
JMHU]e TpeacTaBibajy Moryhe koHekmuje) (Armstrong, 2001) .....c.cccovvveevvennenne. 38
Crnuka 3-1. Ilponecu y JIC koje mokpehe moTpakma Ha Tpxkuty (Lapide, 2006a)............... 42
Crnuka 3-2. IIporec moTpaxme U caCTaBHU MPOIIECH KOju Ta caunmaBajy (Caplice & Ponce,
20 L7 ettt bbbttt et e et e e bt e he e et e nateenbeeenee 43
Cnuka 3-3. CTpyKTypasiHa MOBE3aHOCT aKTUBHOCTH Yy Tiporiecy notpaxkmwe (Caplice & Ponce,
2017; Lapide, 2000@))......cc.ceuuieiiiiieaniieeieenie ettt ettt 45
Crnuka 3-4. YTuiaj nporao3a Ha eKOHOMCKY J10/1aTy BpenHocT kommnanuje (Croxton et al.,
2002) ettt et ettt e bt et e e enaee 46
Crnuxka 3-5. @aze pa3Boja HoBoT npousBoja (Caplice & Ponce, 2017) c..cccveeeveeveniieiiean, 48
Crnuka 3-6. (s,Q) monuTHKA yIpaBibarba 3aJiuXaMa ca CTOXaCTHUYKOM MOTPAKEOM................. 49
Cnuka 3-7. (R,S) cTpaTteruja ynpasibama 3aIiMXaMa ¢ca CTOXaCTHYKOM MOTPAKEHOM .............. 52
Crnuka 3-8. ®aze npuimkoM kpenpama pull cuctema 3a iporuosupamwe y JIC (G. Fliedner,
2000) ettt e b e bttt e h et e bt e et e e bt e bee e beenateenbeeenee 54
Crnuka 4-1. Paznuuute XujepapXxujcke CTPYKTYpe 3a pa3auduTe GyHKIIMOHATHE 001acTH
KOMITAHUJC ..o eutveeeveeneieenteeeeeesseenseesnseensseenseensseenseensseenseessseenseessseenseesssesnseesnseenseensns 60
Crnuka 4-2. Mely3aBucHoT u3mel)y HMBOa arperauyje nojaraka u lbuxoBe YHoTpeObUBOCTH
............................................................................................................................... 62
Cnuka 4-3. Uerpu kibyune aumensuje JIC koje yruuy Ha GopMupame Xujepapxujcke
CTPYKTYpe 3a nporHo3upame (Syntetos et al., 2016).......cccceeevveeecieeecieeecieeennen. 63
Crnuka 5-1. Xujepapxujcka CTpyKTypa CUMYITHPAHUX BPEMEHCKHUX CEPHJA...ueerrreerrreernreeennnes 70
Cnuka 5-2. Anroputam nporHo3upama TDP MOIETOM .....cc.evvviieiiiiiiiiiiieeeiiee e 76
Crnuka 6-1. IIporec yrBphuBama rpeiike nporao3upama (cross-validation mpuHIun).......... 81



JloxTopcka aucepranuja Jlejan Mupuaetuh MacT. mHX. caoop.

Cnuka 6-2. PMCE xoHKypeHTHUX Mojena tectupannx Ha APMA cumynupanum cepujama

Crnuka 7-1. CTpyKTypa BUILIE eIIAIOHCKOT TUCTPUOYTUBHOT JIaHIIa TIOCMaTpaHe KoOMITaHuje 86
Cnuka 7-2. HenespHa moTpakima Ha HUBOY ITPOU3BOIHE/IIEHTPATTHOT CKIIAIUINTA U

MIPOMEEHUBOCT CE30HATHOCTHU TTOTpakibe (Mircetic et al., 2016) ..........ooeeveennee.. 88
Crnuka 7-3. Xujepapxucjka CTpyKTypa BHIIIE €MIATOHCKOT JUCTPUOYTHUBHOT JIAHIIA............... 90
Cnuka 7-4. BpemeHcke cepuje Koje caurbaBajy XHjepapXujCcKy CTPYKTYPY BHUIIIE €IIaIOHCKOT
JTACTPUOYTHUBHOT JIAHIIA ......veenvreenreeeeeanseenseeeseenssessseenseesseenseessseenseesssesssessnseenseennns 91
Crnuxka 7-5. PMCE rpeuika Moziena NpuIMKOM IIPOrHO3UPamka JJIOTMCTUYKUX 3aXTEBA y BUILIE
eMIaATIOHCKOM JUCTPUOYTUBHOM JIC......oiiiiiiiiiiiiiiiieiieie e 94
Cnuxka 7-6. MAIIE rpemika Mozena IpuiInKoM NpOTrHO3Mpama JOTUCTUUKHUX 3aXTeBa Y BUIIE
eMIaTOHCKOM JUCTPUOYTUBHOM JIC......oiiiiiiiiiiiiiiiieiieie e 94
Cnuxka 7-7. MIIE rpemika Mojena TpuInKoM OpOTrHO3UpPaka JOTUCTHYKUX 3aXTEBa y BUIIE
emaOHCKOM TUCTPUOYTUBHOM JIC........oiiiiiiiiiiciieeiee e 95
Cnuxka 7-8. OctBapeHa notpaxma y uBopy KI' Tokom neprona o 2012. no 2015. ronune... 98
Cnuka 7-9. Jlekommosuiyja norpaxme y KI' uBopy nmpema JOMHUHAHTHUM I1a0JIOHUMA ....... 98
Cnuxka 7-10. Crame 3anuxa y yBopy KI' Ha ocHOBY TI®P mporHo3a......ccceevuveeiieniinieennene 99
Cnuxka 7-11. OctBapeHa norpaxma y usopy BBAA toxom nepuona ox 2012. no 2015.
TOJIHTHE ..ccueeuteentteeuteette et et e et et eeat e et e e ab e e b e e e et e eebe e st e e sbeeeabeenbeeeabeesbeeenbeenseeenneen 100
Cnuka 7-12. lekomnosunyja notpaxme y BBAA uBopy npema JOMUHAHTHUM IAaOJI0HUMA
............................................................................................................................. 100

Ciuka 7-13. Crame 3anuxa y uBopy BBAA kpeupano Ha ocHOBY niporHosza TJIPP monenalOl
Cnuxka 7-14. OctBapena notpaxmwa y uBopy K/I 3a nepuoa ox 2012. go 2015. rogune....... 102
Cnuka 7-15. Jlekommo3uiinja motpaxmme y yBopy K/ mpema nomMmuaanTHuM madinoHuma ... 102
Crnuxka 7-16. Crame 3anuxa y uyBopy K/ kpeupano Ha ocHoBy niporrosa TI®P mozena .... 103
Cnuka 8-1. Komnaparyja paznuuntux Mozena 3a XI1 npema nporHo3upaHiM BPEMEHCKUM
COPHJAMA ..envveeneieeteenteeaueeeteeeuteenseassseesaessseenseassseenseesnseenseessseenseessseenseasssesseesnseans 108
Cnuka 8-2. Ilojennnaunu pe3ynTatu nporuosupama XI1 Mogena y cuMynanuoHoj CTyauju

Cnuka 8-3. Komnapanuja pazmuuntux moaena 3a XI1 nmpema Ta4HOCTH MPOTHO3Aa 32 CBAKH
YBOp BHIIIE emanoHcKkor quctpudytuBHor ganna (PMCE rpemika) ................... 111
Cnuka 8-4. Ilojenuaaunu pe3ynratu nporuosupama XI1 Mmogena y crynuju cnydaja (PMCE
TPEIITKA) ... vveeueveeenereeensseessseeessseeeasseesasseeensseessssessssesssssessssessssesenssesssssessnssessnsesennnes 112
Cnuka 8-5. Komnaparnuja paznuuntux Mozena 3a XII mpema TayHOCTH MPOTHO3a 32 CBAKH
YBOp BHIIE enagoHckor auctpuOyrusHor nanna (MAIIE rpemixka) .................. 113
Cnuka 8-6. Ilojennnaunu pe3ynratu npornosupama XI1 mogena y cryauju cnyyaja (MAIIE
TPEIIIKA) e eutteeneteeentteesatteesuteeesaseesnnseessateesnsteesnsseesnseeesnseeennseeensseesnsseesnsneesnseesnnnes 114
Cnuka 8-7. Komnapanuja pazmuuutux moaena 3a XI1 mpema Ta4HOCTH MPOTHO3a 32 CBAKH
YBOp BHIIIE emaioHcKor quctpudytuBHor ganna (MIIE rpemka) ..................... 115
Crnuka 8-8. Ilojennuaunu pe3ynaratu nmporuosupama XI1 moaena y cryauju ciaydaja (MITE
1y 01S) 1122 ) PSSP 116

X



JloxTopcka aucepranuja Jlejan Mupuaetuh MacT. mHX. caoop.

Cnucak tadena ctpana

TaGena 2-1. HuBou muiaHupama, OJUIyKe ¥ BpDEMEHCKHA XOPU30HT YTHIIAja TOHEIICHUX O/ITyKa
(mpunaroheno uz (Chopra & Meindl, 2007; Lapide, 2006a; Nikolopoulos, 2010))

............................................................................................................................... 30
Tabena 2-2. [lonmena mporHo3a mpemMa KapakTepy, IpUMEHH U JYKUHH HHTEepBaJIa 3a
nporHosupame (npunaroheno u3 (Rob J Hyndman & Athanasopoulos, 2014;
Nikolopoulos, 20T0)) ....eeeuieeeiieeeiie ettt tee et e et e e sereesaaeeeaaeeesaaensnes 31
Ta6emna 3-1. [Ipuxoau reHeprucanu Of] CTpaHe HOBUX Mpon3Boaa Ha Tpxkuity (Caplice &
PONCE, 2017 ettt e et e e e aea e 47
Tabena 4-1. Pexyp3usHe jenHaunHe Moena 3a EC? . ..., 58
TaGena 4-2. Y1uuaj kapakrepuctuka (qumensuja) JIC na paznuunre omryke y JIC .............. 63
Tabena 5-1. Ilpuka3 momena 1 METOTOMOTH]A 38 XIT.....ccoiiiiiiiiiiiieiieeie e 77
TaGena 6-1. PMCE 3a cBaky cepujy y Xujepapxuju (mpocek 1o0ujeH Ha y30pky oa 500
PA3IUYUTHX CUMYTAIAOHUX CIICHAPHIQ) «vveeevreenrreennrreennrreessreeessseesssseesssseessseeensnes 82
Tab6ena 6-2. PMCE xoMOMHOBaHUX MPOTHO3A 3a CBAKY CEPH]y Y XHjepapxuju (Ipocek Ha
y30pKy 071 500 pa3IMuUTUX CUMYJIAIMUOHUX CHECHAPHJQ). c.vvveeerreeereeneveenveeenveens 84
TabGena 7-1. UBopoBH y XHjepapXUC]KOj CTPYKTYPH BHUIIIE SIIATIOHCKOT TUCTPUOYTUBHOT
TIAHITA .veeuveeiteeuteeetee et esueeeate et e eat e e beeeate e bt e e ate e bt e ebe e e bt e sateembeesabeebeeeaneebeenaneenneenaee &9
TaGena 7-2. Hajuemrhu o6auim mpoiieca NoTpaxmbe y MOCMaTPaHOM BHUIIIE €IIaJIOHCKOM
TTACTPUOYTUBHOM JTAHILY .....vveuvreenreesreenseenseeeseenssessseenseesseenseessseenseesssesssessnseenseennns 92
TaGena 7-3. Ynopeana ananuza XI1 Mozena npuiIMkoM ynpasibama 3amxama y upopy KI© 3a
TIEPUO OJT TOIMHY JTAHA «.vvveeeruurreeeesnnereeeensaeeeessnnseeesannsseesssssseeesssnssseessnsseesssnseeeens 99
TabGena 7-4. Ynopenna ananuza XI1 Moena npuiankoM yrpasibama 3aiuxama y uBopy BBAA
2000 (57007 (00 001 S 031 1% 1 0 F:1 - ¢ SRS UI 101
TabGena 7-5. Ynopenna ananuza XII Mojena npuiankoM yrpaBibamka 3anuxama y uBopy K/ 3a
TIEPUO] OJT TOIAMHY JTAHA «.vveeeeuuvreeeeaurreeesnnseeeesssnsseeessssseeessnsseeesssssseesssnsseesssnsseeens 103
Tabena 8-1. Ilpensuhame PMCE rpemnrke nporaosupama XIT MOAETA ........cccveeveeeeenenenne. 122



JloxTopcka aucepranuja Jlejan Mupuaetuh MacT. mHX. caoop.

Chnucak jeqHaYMHA cTpana
50103 22 1e 170 1 () PSSR 17
o103 212 170 =1 ) PSSR 17
o013 212170 1 (X ) PSSR 18
JEITHAUIMHA() ...vveeeevieeeee ettt et e et e e e eta e e e aae e eataeeeaseeeesaaeesseeesseeesseeensseesnsseesnseeennses 19
JEITHAUIMHA(S) ...vviiiiiiieeiie ettt ettt e e et e e et e e eataeeeateeeeaaaeesseeeaseeesseeensseeensaeesnneeennses 20
JEITHAUMHA(D) ...vveeeviieeeiie ettt e ettt e ettt e et e e e ta e e e aaeeeateeeeasaeeesaeeesseeesseeesseesnsseesnsseesaseeennres 20
JEITHAUMHA(T) c.evveeeevieeeiie ettt e e e et e e et e e e aaeeeataeeeaseeeessaeesseeaaseeesseeensseesnsseesaseeennses 20
o013 2121702 1 ) PSSR 20
o013 2121702 =T () PSSR 20
S3103 22 e 1702 =T ) PSSP 21
53103 22 1e 170 T (1 ) PSR 49
S0 05 ke 1705 T 00 SRR PRSPPI 50
S0 05 ke 1705 T 1K ) SRR 50
S0 05 ke 1705 T 2 SRR RPP PR 51
S0 05 ke 1705 T 5 SRR PR 51
o003 22 1e 1702 =T () PSSR 52
50103 22 1e 170 1 (0 T PSSR 52
o013 22 he 1702 = () PSSP 70
o013 22 e 1705 = () PSSR 71
JEIMHAUMHA(20) ..oeiiiiiiiiieeeiee ettt et e et e e et e e eataeeeaeeeeeasee e sseeeaseeesaeeensseeensaeesaneeennres 72
S0 05 ke 1705 T () ) SRR 72
JEIMHAUMHA(22) ..oeeciviieiiie ettt e et e et e e et e e e taeeeateeeeaseeeessaeesseeasseeessseesnsseeensseenaseeennses 72
JEIMHAUMHA(23) ..oeiiiiiiiiie ettt ettt e et e e et e e et e e e eaaeeessaae e tseeesaeeessseeensseesnsaeesnseeennses 73
JEIMHAUMHA(24) ..ottt ettt e ettt e et e e et e e e abe e e eaaeeeeaaae e aseeeaseeesseesnsseeensseesnseeennses 73
S0 03 22 he 1702 = () PSP 73
S0 03 2121702 = (210 PSP 74
o103 2 e 170 = (A0 PP 74
o013 2 e 1702 P (0 PSSR 75
JEIMHAUMHA(29) ..ot ettt e et e e et e e e ate e e eaaa e e tseeetseeesseeesseesnsaeesareeennres 77
JEIMHAUMHA(30) ..oeiiiiiiiiii ettt et e et e e te e e eateeeeaaee e tbeeeaaeeetseeetseeearaeeeaneeennres 84
S0 05 ke 1705 T (R 1 ) SRR PP SRR 84
S0 05 ke 1705 T (R 1) SRR 96
o003 22 e 1702 = (R 1 TSRS 97
S0 03 2 e 1702 =1 (R 22 3 PSS 97
S0 03 22 1e 1702 = (R 15 PSSP 97
S3103 2 he 1705 =T (R 1) ISP UURRPSRRR 133
JEIMHAUMHA(37) ..veeevieeeiie ettt ettt e et e e et e e et e e s aaaeeeaseeesaseeeesseeesseessseessaeesnneeens 133
JEIMHAUMHA(38) ...eeuiiieiiiieciee ettt ettt e e et e e et e e e e taeeeaaeeeeabeeeabeeeaseessseessaeesneeenns 133
JEIMHAUMHA(3D) ..ooiiiiiiiiie ettt e e e et e st e e e e aae e e abeeeetaeeeaseesaseessaeesnneeeans 133
JEIMHAUMHA(40) ..ottt ettt e et e e e te e e e te e e s aaaeesaseeesaseeesseeesseessseessaeesseeenns 133
o303 2121705 =T 0 1 USSR 133
JEITHATIMHA(A2) ..veeeetieeeiie ettt ettt e ettt e et e e et e e e bt e e s staaesssaeessseeessseeessaeensseessseesssseesnseeenns 134



JloxTopcka aucepranuja Jlejan Mupuaetuh MacT. mHX. caoop.

Homenkiatypa kopumrtheHux nmojMoBa

A

~

10.
11.

12.

13.

14.

15.

16.

17.

18.

19.
20.

Jlanu cuabaesama (JIC);

MecTo ¢uHagHe poaaje (eHr. point of sale - TI0OC);

xujepapxujcke nporrose (XI1);

METO/I0JIOTH]a 3a MPOTHO3UPamkE 3acHOBaHa Ha top down nipuniuny (T/I);

METO/I0JI0TH]a 3a MPOTHO3UPAkE 3aCHOBaHa Ha bottom up npunnumy (bY);

copTBep 3a IUIaHUpame M ynpasibame mporecuma y JIC (eHr. enterprise resource
planning - EPII);

MO/JIeJT €KCTIOHEHITH]aTHOT MTOpaBHamWa (eHr. exponential smoothing - EC);

MOJIeNl eKCIIOHEHIIMjaTHOT yHamnpeleHor mopaBHamwa (eHr. exponential tail smoothing -
ETC);

CKJIQJUIITHE jeAnHUIIE (€HT. stock keeping unit - CKY);

MpoIIeC MPOo/Iaje U IUIaHupama ornepanuja (eHr. sales & operations planning - S&OP);
METOJI0JIOTHja 3a MPOTHO3Upame 3acHoBaHa Ha TJl mpuHIUMMIY, MpemMa MPOCEYHOM
UCTOpHjCcKOM yuemnhy (eHr. average historical proportions - TI[1);

METOJIONIOTHja 3a MPOTHO3Wpame 3acHoBaHa Ha T/l npuHnumy, npema ydemrhy
UCTOPHjCKUX MpoceKa (EHT. proportions of the historical averages - T/12);

TJ1 monen mpexanoxen ox ctpane (Chen, Yang, and Hsia, 2008), (T3);

T monen npemnoxen ox crpane (G. Fliedner, 2001), (T[14);

TJI nmpuctyn 6a3upan Ha MPOTHO3UPAHUM TMporiopiidjama (eHr. top down approach based
on forecasted proportions - TI®II);

Meroaosoryja 3a XII 3acHoOBaHa Ha NPUCTYNy ONTHUMaaHe KoMOuWHaiuje (eHr. optimal
combination - OL1);

TJ] mpuctyn 0GazupaH Ha HPOTHO3UPAHOM OJHOCY M3Mel)y JOHer W HajBHILEI HHBOA
xujepapxuje (eHr. top down approach based on forecasted proportions - TA®II);

Bokc - IleHkuHC MOzen 3a yHHMBapHjaHTHE IMpPOTHO3€ (EHT. autoregressive integrated
moving average - APUMA);

CTaTUCTHUKA 32 MEPEHE TAUHOCTH NIPOTHO3a (eHT. root mean square error - PMCE);
€KOHOMHUYHA KOJIMYUHA HabaBKe (eHT. economic order quantity - EOQ).

Xii



JloxTopcka aucepranuja Jlejan Mupuaetuh MacT. mHX. caoop.

Pe3ume

VY 0BOM JIOKTOpaTy MpeIOKEH je HOBU MOJIEI 32 YTBphUBame JearperaloHuX MpoIopIuja
y top down METONOJOTHjU 3a XHjepapXHjCKO MpOrHO3Upame. Mojen ce 3acHHBa Ha
nocMaTpamy JearperalioHux IpoIoplyja Kao JAWHAMHYKHAX MapaMerepa. Y Ty CBpXY,
KpeupaHe cy (yHKIHje KOje Mpare MPOMOPIMOHATIHO KPETamke OJHOCAa BPEMEHCKUX CEpHja
n3Mel)y HajHIKEeT M HajBUIIET HUBOA XHjepapXHje W €KCTPAIoJIpajy MocMaTpaHu OJHOC Y
Oynyhnoct. JlearperanmoHd TlapaMeTpu UMajy 3aJaTaKk Ja W3BpIIE Jearperamujy
YHUBapHjaHTHUX IIPOTHO3a Ca HAjBUIIIET arperupaHor HUBOA XHjepapXuje, Ha HaAJHUKU HUBO Y
xujepapxuju. [Ipeoctanu HUBOM yTBphyjy c€ Ha HCTH HAYMH Kao M Koj moctojehux mMozena y
top down MeTononoruju, Tj. MyTeM arperanuje HajHIKer HuBoa. Kako OM ce yTBpauiu
noKaszaresbu paja MpeAokKEeHOT - HOBOT MPHCTYIA, y JUCEPTALHUjU Cy U3BpIICHA TEOPUjCKa
UCTpaKnBama (CUMYJIAIIMOHA CTyHja) U EMIIMPHjCKa UCTPaKMBama (CTyUja Cilydaja) BUIIE
CIIATOHCKOT JAUCTPUOYTUBHOT JaHIa. Pe3ynraTu mokasyjy Ja HOBHU MPHUCTYIl 3HAYajHO
MpeBa3wiia3u CTaHjaapaHe wojene fop down wetomonoruje. Ilopen kommapamuje ca
CTaHIApJIHUM fop down MOJenrMa, IPEeIIOKEHN MOJIEI je yropeheH U ca JiBa caBpeMeHa top
down monena, bottom up MOAeIIOM, Kao M ca JiBa HajcaBpEMEHH]ja MOJIENIa 3a XH]jepapXHjCcKO
MporHO3Upame: optimal combination monenoMm u top down wmojaenoM Oa3upaHOM Ha
NPOTHO3Upamy Mporopuuja. Pedyntatn mokasyjy Aa je NpeasioKeHH MOJEN OCTBapHO
OJUTMYHE PE3yJITaTe jep Ce HEeroBe MPOrHO3€ HUCY CTATHCTUYKH PA3JIMKOBAJe O]l MPOrHO3a
bottom up n optimal combination Mmonena (3a oBe MoJielie y JUTEepaTypu Beh mocToju moTBpAa
Jla craziajy y HajTayHHje MOJeNe 3a XHjepapXHjcKo MporHosupame). Takohe, y gJoKkTopaty je
TECTUPaH M YTHIIA] XHUJepapXHjCKUX MPOTHO3a Ha JIOTUCTUYKE TMOKa3aTesbe (MMPOCEUHE 3aTuXe
W HEJ0CTaTaK 3ainuxa). Pe3ynraru nmokasyjy za je HOBU MOJIEN OCTBApHO HajMamHU HEAOCTAaTaK
3ajMxa TMPWIMKOM TPHUMEHE y CTpaTerdjama YIpaBlbama 3ajiixama, Kao W Ja HaBeICHU
pe3yaTaT HUje OCTBAapEH ca BHCOKHMM IMPOCEYHHUM 3anunxama, Beh cy u oHe Omie mpuOInKHO
jeHaKe TMPOCEYHMM 3aJliXaMa OCTalluX MoOJeNia 3a XHjepapXujcKo mporuosupame. [lopen
HaBEJICHOT, y JOKTOpaTy je TeCTUpaHa U Ujeja KOMOMHOBamba MPOTrHO3a Pa3IMYUTUX MOJeNa
U METOJOJIOTHja 33 XHjepapXHjCcKO IMPOTHO3UPAE a PE3YyNTaTH Cy OTKPWIM Ja MOCTOoje
UHIUIMje Ta ce KOMOMHOBAaWmEM XHJEepPapXHjCKUX IMPOrHO3a MOTY OCTBApUTH IpEIHU3HH]jE
MPOTHO3€, HEro MITO jeé TO CiIy4aj ca KopuinmhemeMm OWI0 KOT TMOjeJMHAYHOr Mojeia 3a
XH]jepapXujcKo MporHo3upame. JJOKTopcka nucepraiiyja yBOAM jOII jeHY HOBHHY y 00JacT
XH]JEepapXUjCKOT TMPOTHO3Wpamka, Ha Taj HAYMH INTO C€ MpEeIake HCTPAKHBAKHE YTHIlAja
0ocoOMHA BpPEMEHCKHX CEpHja Ha TMPEIHU3HOCT MPOTHO3WPamka pa3IMYUTHX MOAeIa U
METO/I0JIOTH]a 3a XHjepapXUjCKO MPOTHO3Upamke. Y Ty CBPXY, Y IOKTOpaTy je KpeupaH MOJIEI
CTaTUCTHYKOT YYeHa KOJU TpyXa YBHI Yy OJHOC U3Mel)y ocoOMHa BpPEeMEHCKUX cepuja U
NPEU3HOCTH PA3IMYUTHX MOJIEIa U METOI0JIOTHja 3a XUjepapXHjCKO MPOTHO3HPAhE.

Kibydune peun: XwujepapXujcko TpOTHO3HMpame, JaHall cHabJaeBama, JearperanuoHe

NpOTIOpIIMje, YIpPaBJbake 3ajMxamMa, KapaKTepUCTHKE BPEMEHCKUX CepHja, MOJel
CTaTUCTHYKOT y4eHa.
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Abstract

In this thesis, a new approach for determining disaggregating proportions in the top down
hierarchical forecasting methodology is proposed. The approach is based on projecting the
ratio of bottom and top level aggregated series into the future, rather than using average
historical proportions and proportions of the historical averages, as in standard top down
approaches. Forecasted projections are used for disaggregating the “base” forecasts of the
top aggregated series to the bottom level series of the hierarchy. Revised forecasts for all
series in the hierarchy are obtained in the same manner as in the standard top down
methodology. In order to estimate the accuracy of the proposed approach, the simulation and
case study are performed. Results demonstrate that the approach significantly outperforms
standard top down approaches. Beside the comparison with the standard top down
approaches, the model is also compared with the bottom up method, two additional top down
approaches, and two newly proposed approaches: top down forecasted proportions and
optimal combination approach. Results reveal that the approach proposed in this paper
demonstrates good performance, since its forecasts are statistically indistinguishable from the
forecasts of the top performing models. Also, in this reserach the impact of hierarchical
forecasts on logistics indicators (average stock and lack of inventory) is researched. The
results show that the new model achieved the smallest lack of inventory in inventory
management strategies. This result was not achieved with high average stock, which were
approximately equal to the average stock of other models for hierarchical forecasting.
Likewise, in this research, the idea of combining the hierarchical forecasting models is tested.
The test reveals that the combined hierarchical forecasts produce more accurate forecasts
than any single hierarchical forecasting model. Furthermore, this research introduces the
idea of quantifying the influence of time series characteristics on the accuracy of hierarchical
forecasting models, and produces a statistical learning algorithm which provides insights into
the relationship between time series characteristics and hierarchical forecasting accuracy.

Keywords: hierarchical forecasting, supply chain, top down forecasting ratio approach,
inventory management, time series features, supervised statistical learning.
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1. YBoay ucrpaxxuBame

1.1. Obaacm ucmpasicusarba

3a BenmukHM Opoj KOMIIaHW]ja TIPEeIBUNabe JIOTUCTUIKUX 3aXTEBa j€ KJbYYHH MOCIOBHH IPOIIEC,
a 4eCTO W MPBU KOPaK KOjU KOMIAHHU]E€ MOpajy MPEeAy3eTH MPUIMKOM YTBphHUBamba roIUIIHET
IUTaHA TIOCJIOBAamka, JYTOPOYHUX MMOTpeba 3a KamaluTeTUMa, Ka0 U TOKOM CBaKOJHEBHHUX
OTEepaTUBHUX aKTUBHOCTH Yy NaHiuMma cHaOaeBawa (JIC) (Bozarth & Handfield, 2008).
[Ipensuhame moTpakme je 0 BUTAIHOT 3Hauaja, jep MpelCTaB/ba OCHOBY 3a IJIAHUPAHkE H
KOHTPOJY CBUX (YHKUMOHATHUX obnactu yHyTap JIC, ykibyuyjyhu JIOTUCTHKY, MapKETHHT,
npou3Boamy u puHaHcHje (Ballou, 2004). [Ipema Chopra and Meindl (2007), nporHo3upame
MOTPaXHk€ YNHHU OCHOBY CBUX TutaHupama y JIC.

BaxxHOCT mporHo3upama y CHHXpOHU3AIM]U U TUIaHUpawky akTuBHOCTH yHYyTap JIC, ornena ce
u3Mmel)y ocramor W y yiao3uW KOje TMPOTHO3E HMMajy TPWJIMKOM IUTAHWpamka IMPOU3BOILE,
IUcTpuOyLIMje U CTpaTeruje ynpapibama 3aiauxama. [lmaHupame Npou3BOAmE CHHXPOHUZY]E
ce y CKJIaly ca MOTpa)XikhoM IPOHM3BOJIa Ha TPXKUIITY (Tj. mporuo3zama Oyayhe norpaxme). Ca
Jpyre cTpaHe, IUIaHHpame TUCTPUOYyLMje BPIIM ce IMpeMa IUIaHy MpPOMU3BOI-E, MomTyjyhu
Kamamurere AUCTpuOyTHUBHUX cpezctaBa (Hesse & Rodrigue, 2004). YpaBibame 3anuxama U
npeaBuhame MOTPAKIHE Cy aKTUBHOCTH KOje€ Uy ,,pyKy moja pyky* (Miller, 2002). Crora cy,
MIPOM3BOIHa, TUCTPUOYIIHMja M YIIpaBJbamke 3aauxamMa Mel)ycoOHO TTOBE3aHH MPOIECH YHYTap
JIC, unja edukacHOCT MUPEKTHO 3aBUCH O] TayHOCTH Oynyhux mporHosa. Ballou (2004) je
nao cBoje Bubheme yrnore mporHo3a y JIC koHcTatyjyhm na: ,,kaja TOCTOJU BPEMEHCKO
Kallllbelhe Y yeKIahuBamwy MOHye U NOTpaxibe, IpeaBuhame CIIyXu 3a MoJelIaBambe HUBOA
NpOM3BOI-E, HAO0aBKe M 3ajKXa, ca IUJBEM Ja TPAKEHU apTUKIM Oyqy Ha pacmojaramby y
TPEHYTKY KaJa ce yKake MoTpeda WM IOCTOjU TMOTPaXma 3a muMa“. Y caBpeMEHUM
yCIIOBHMA TIOCJIOBaha, HEM3BECHOCT MOTPAXKILE j€ jeAaH O] HajBAKHHU]UX M3a30Ba MOJCPHUX
JIC (Christopher, 2005; Syntetos, Babai, Boylan, Kolassa, & Nikolopoulos, 2016). Kako 6u ce
pelIniIo TUTamke HEU3BECHOCTH MOTPaXmhe, KOPHCTe Ce€ MaTeMaTHMYKH MOJETH 3a
MIPOTHO3UpakE MOTpaxmke. Ha Taj HauwH, 6a3upaHo HA MaTeMaTHYKUM IporHo3zama Oymyhe
MOTpaXXe, MOAMKE Ce KBAJUTET OUTyUHBamka U MJIaHUpamka pa3InuuTuX mnpoueca ynyrap JIC
U mupe (y LEIOM ITOCIIOBHOM CUCTEMY).

[Iprumena MatemMaTUUKuX Mojena 3a mporuosupame y JIC narupa n3 60-Tux roguHa mTpouwior
BeKa. Y MOYETHOM IEpUOAY pa3Boja ymoTrpeda MaTeMaTHYKUX Mojiesia Ouiia je eKCIUTUIUTHO
BE3aHa 3a MpOLEC YIpaBjbamka 3ajliXaMa, MpPH 4YeMy je moce0aH aKIeHAaT CTaBJbaH Ha
KpeHpame U HCIUTHBAEe TA4HOCTH Pa3IMYUTHX MOJeNIa 3a HporHosupame 3amixa'. YV To
BpeMe, UCTPAKUBAYH CY YIPaBJbamkhe 3alMXaMa U MPOTHO3UPAKE M3ydaBalld Kao MOBE3aHE U
mehycoOHo ucnperuierene obmact. JlaHac cy ymnpaBibame 3ajMXxaMa U MPOTHO3HMpAmE JBE
pasaBojeHe TUCIUILIMHE KOje ce pa3Bujajy 0e3 3HauajHe mehycobne mntepaknuje (Boylan &
Syntetos, 2008). To ce MOke yOUUTH Ha OCHOBY IPOyYaBama pajoBa KOjU Cy IPE3CHTOBAHU U

! 3a Buine gerasba mornenatu (Brown, 1959).
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nyOJIMKOBaHM Yy OKBUpPY JBE Haj3HauajHHje KOH(pEpeHIUje U3 MOMEHYTUX OO0JIaCTH:
International Symposium on Inventories u International Symposium on Forecasting. Ha oBum
KoH(epeHIMjaMa MOCTOju Malii Opoj paioBa KOjU C€ UCTOBPEMEHO 0aBe TeMaMa M MUTakbUMa
3HAYajHUM U 3a 00JIacT yIpaBJbarka 3ajJlMXaMa M 3a MPOTHO3Upame MOTpaxme. Boylan and
Syntetos (2008) cyrepumny na je moTpeOHO BHIIIE HAropa Kako OW ce MpeMocTHo ja3 u3Mehy
IPOrHO3Mpamka M yIpaBJbaka 3ajMXaMa M HaBOJE Ja je TPeHYTHO Be3a u3Mmel)y oBe nBe
o0jacTu MONMPWIMYHO 3aHeMapeHa. HecTaOMIHOCT MOTpakike y CaBPEeMEHUM TP KUIIHUM
TOKOBHMMA IIpeJICTaB/ba jenaH oja Hajehux m3azoBa mozaepHux kommanuja (Chen & Blue,
2010). Y TakBHM OKOJHOCTHMA KJbY4YHE MH(OpMAaIHje KOje JOTUCTHYAPH JKeNe J1a YTBPAE Cy
riae u kana he ce motpaxma manudecrosatu (Caplice & Sheffi, 2006).

Kao mTo je Beh ncrakHyTO, IpPOTHO3€ MMajy Ba)KHY yJOTY 3a cBe mocioBHe mpouece y JIC,
QM BaXXHOCT PA3IMYUTHX, IOjeMHAYHUX, MPOTHO3a Baphpa U HHUjE HCTA 3a PA3THUUTE
yauecauke y JIC, Tj., 3a pa3auuure ydecHuke y JIC morpeOHe cy pa3iuyuTe BpCTe
NporHo3a. BpemHOCT MporHo3a 3aBHCH O] TO3UIM]e MOjeIMHAYHUX yYEeCHHUKA U YJIOTre KOjy
nMajy y nocmarpadom JIC. Ha mpumep, mMamonpojajHy JaHIM WMajy BEIHUKY KOPHUCT O]l
MIPOTHO3a MPOo/Aaje Ha MECTUMA TJie TTOTPOoIIavH Kymnyjy npousBoje (eHr. point of sale - I10C).
TaxBe nmporHosze omoryhyjy Maiaonpoaaju Ja npaBHJIHO KOJTHYMHCKH U BPEMEHCKU pacriopean
3aJMxe MPOU3BOA Ay CBOjE€ MaJIONIPOJajHEe Mpexke, MpemMa OueKnBaHOj Oynyhoj moTpaxkmu.
Ca npyre cTpane 3a npou3Bohaue oBakBe MPOTHO3E HE MPEACTABIbA]y 3HAUAjHY HH(DOpMAIIH]Y.
MeHnayiepu npou3BOBE 100Mjajy MHOTO BHIIe HMH(pOpMalMja HEONXOJHHX 3a IUIAaHHpahe
MPOU3BOJKE M Ha0aBKy CHPOBHHA W3 arperdpaHux IMPOTHO3a KPEHPAHUX CYMHpAHEM
MOTPaXKKkE CBUX IUCTpuOyTMBHMX KaHama (Chopra & Meindl, 2007). 3a wMeHaiepe
TPaHCIIOPTa 3aay)KCHE 3a IUIAaHUpPame IUCTPUOYIHje, KibydyHe HHGOpMAaIMje HEmXOIHE 3a
IUIAHUpake M JIOHOUICHE OJJIyKa Cy: IMPOCTOpHA (parMeHTanuja MOTPaKmke, BETUYHMHA
Oyayhux mommbaka, BpeMe JOCTaBe IOIIMJbAaKa, IaKoBame pode, BpPCTe MPOU3BOAA Yy
nomubkama, uta. [Ipunukom neduHucama CTpaTerhje yrnpaBibamba 3aluxaMa MEHAepH Cy
BUIIIE 3aMHTEPECOBAHM 32 MPOTHO3€ Koje uM 00e30elyjy nndopmanumje o 3anmxama koje he um
outn HemoxonHe y mpencrojehem mepuony (koju mpowusBoau he OUTH MOTPEOHH, KOIUKO U
kana) (Caplice & Sheffi, 2006). CBe oBe mporHo3e Cy MOBE3aHE ca OCHOBHUM TOKpETaueM
cBUX akTUBHOCTH y JIC - mOTpakisOM KOPUCHUKA Ha TPXKHUILTY - U OHE AEKOMIIOHY]Y YKYIHY
MOTPAKKY KOPUCHUKA Ha OHE MH(pOpPMAIHje KOja Cy Ba)KHE 3a IJIAaHUPAmHE W HU3BPIIABAGE
AKTUBHOCTH pa3nuuuTux ydyecHuka y JIC.

Caspemenn JIC yecTto HUCY Yy MOTyhHOCTHM Ja Kpeupajy NIpOrHO3€ Koje Cy IMOTpeOHE
pa3IMYUTUM y4YeCHHLMMA Y JaHly. Pa3no3u cy BumecTpyku u Kpehy ce on Hemocrojama
aJeKkBaTHUX 0a3a TMojaraka A0 TNpPUMEHE HEaJeKBaTHUX MojJela U METOAOJOorHja 3a
yTBphUBame MporHo3a. Y MpakcH ce 4eCTO HaujIa3u Ha CUTYaIUjy Ja CBAaKU CEKTOp YHYTap
KOMITaHHj€ Kpeupa COINCTBEHE MPOTHO3€ 3a MOTpede paga CBOT CEKTOopa, 0e3 MHTepaKiyje ca
JIPYTUM CEKTOpHMa WM JeJbeHha KPEUPaHUX IPOTHO3a ca JAPYrHMM CeKTopuMma. Taxobe,
YTJIaBHOM J10J1a3U 10 (haBOpH30Bama MPOTHO3a Koje GopMHpa CEKTOpP MAapKETUHTa y OJHOCY
Ha MMPOTHO3€ IPYTUX CeKTopa (IPOU3BOAKE, TUCTPUOYIIH]jE, YIIpaBJbarma 3aluxama, utn). Kao
pasJior, UCTHYE Ce YNEHCHHMIIA 1A j& CEKTOP MAapKETHHTa HajOJIMKH MTOTPOIIauuMa, U 'y CKIIamLy
ca TUM Ce IPETIOCTaBba J1a je y MOryhHOCTH Jja YTBpIM Hajupeli3Hije MPOrHo3e U HajOpxe
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youd TpOMEHE Yy TOHAIllakby M KOH3YMHUpamy NpOHM3BoJa Koja moTpomada. Mehyruwm,
npobjeM ca IMporHo3ama KpEeUpaHUM Yy CEKTOPY MapKeTHHIa jecTe Taj IITO Cy OHE 4YecTO
IOMEIIaHe ca KeJbeHUM IMpofajaMa (eHr. target values). JXemmeHe mpojaje MpeACTaBIbajy
CTpaTEIIKH JIOHEIIeHE OJUTyKe Ha HUBOY KoMItaHuje uin yntaBor JIC, kojuma Tpeba TexXHUTH y
Hactynajyhem mepuomy. 3amaTak MapKeTHHTa y TaKBHM CHTYyalldjamMa jecTe Ja pa3HUM
MapKETHHUIIIKUM aKTHBHOCTHMA IOCHEIIN MpoJajy Ka aepuHucanuM HuUBomMa. Mmajyhu y
BUJly Ja Y TMPAaKCH IOCTOjU edeKaT KOHKYPEHIMje M HU3 OKOJIHOCTH KOj€ C€ HE MOTY
NpPEBUICTH, YECTO M0Ja3d A0 3Ha4ajHOI MHUMOWJIaKEHha H3Mel)y pealHe MOTpaXme Ha
TPKUILTY U OHE KOje TeHEepHIlly IporHo3e cekTopa Mapketunra. Ca apyre crpane, JIC y xoje
je YKJbYYEHO BHIIE Pa3IMUUTUX KOMIIAHMja M KOje€ KapaKTepHIle XETepOreHa CTPYKTypa
(BUIIE pa3NUYUTUX IMpou3Bohauda, TUCTpUOyTEpa, MAIONPOJAJHUX JIaHALA, UT]), TEHEPUILY
NOojeIMHaYHEe NPOTHO3Ee caMo 3a NoTpede JOHONICHAa M HW3BpIIABaka AaKTUBHOCTU Y
cornictBeHom neny JIC. Ha Taj HaumH MajomnpojajHu JIaHIU, TUCTPUOYTEPH, CKaJAMINTaPH,
npou3Bohaun u cBU ocTaynm ydecHUIM Hekor JIC moHoce cBoje o/uTyke Ha 0a3u COICTBEHUX
NporHo3a 0e3 XOPH30HTAJTHE M BEPTUKAIHE KOOpIWHAIMjE M ycarjianiaBama MPOTHO3a ca
octasiuM yudecHunmuma. Kao mocnenuma ceera tora y JIC monmasu 10 ryoWTaka m3a3BaHUX
edexTom Onua (eHr. bullwhip)? u BUIIIKOBA WIH HEeJ0CTaTKa
CKJIaUIIHUX/TIPOU3BOIHUX/ TUCTPUOYTUBHUX M OCTAIMX 3HAayajHUX Kamanutera. Kama cse
kapuke JIC pazge 3ajeqHO Ha Kpewpamy 3ajeJHHYKUX MPOTHO3a, (PMHAIHE MPOTHO3E UMAjy
TeHAeHIM])y naa Oyay mnpeuumsnuje. Llro cy mporHoze mnpeumsnuje mianepuma y JIC
oMmoryheHo je Kpeupame cuctemMa Koju je epukacHHju U Oosbe mpuiaroheH morpedama
kopucHuka (Chopra & Meindl, 2007). Bumak win HemocTatak pode y 3ajimxamMa Cy ryouIu
KOJU Cy HajjeJHOCTaBHUJU 3a yOouaBame€ M KBAHTH(UKAIH]Yy, a W3a3BaHHU CYy HEAJCKBATHUM
nmporHo3zama. YecTo BHIIKOBH poOe y 3aimxama MpeacTaBibajy ,,0KHAad™“ KOJH ycMepaBa
kommanuje u JIC ka mpoHanaxemy onrosapajyhux crtpareruja 3a yrBphuBame Oynyhe
notpaxme. imajyhu y BUy cBe MPEeTX0HO HaBeJIEHO, IIOCTABIbA CE MUTAE KAKO U HA KOjU
HAYUH M3BPILINTH NPOTHO3Mpame NoTpaxme/morpeda y JIC xako Ou ce 3a10BOJHMIN
KPUTEPH]YMH CBUX YUYECHUKA.

Jeman on moryhux oaroBopa Ha IMOCTaBJBEHO MHUTAKE jecTe IMpena3aKk ca WHIUBUIYATHHX
MIPOTHO3a Ha T'PYITHE MPOTHO3E, KOje Ce Yy JIMTepaTypu Ha3WBajy W XHjepapXHjCKe MPOTHO3e
(XIT). XII mpencraBiba mpenBuhame BPEMEHCKUX CepHja KOje TOCEayjy XH]epapXHjCKy
CTPYKTYpY (T3B. XHjepapXHjCKe BPEMEHCKE CepHje). XHUjepapXHjCKe BPEMEHCKE cepuje Cy
BUIIIECTPYKE BPEMEHCKE CEepHje KOj€ Cy XHMjepapXHjCKU OPraHU30BaHE M MOTY CE€ arperupartu
HA HEKOJIMKO Pa3IMYMTHX HUBOA y TPyINE HAa OCHOBY 3ajeTHHYKUX OCOOMHA KOje TMOCEIy]y
(Rob J. Hyndman, Ahmed, Athanasopoulos, & Shang, 2011). IlperxonHa neduHUIMja YHOCH
onpeheHe HOBHMHE Yy OIHOCY Ha CTaHAapAHE (MHIUBUAYAIHE/YHUBAapUjaHTHE) TEXHHUKE 32
porHO3Upame. Y NeQUHULIU)H je aKI[eHAT CTaBJbeH Ha XMjepapXHjCcKy CTPYKTYypy MehycoOHo
MOBE3aHNX BPEMEHCKHX CepHja KOje MPEe/ICTaBJhajy OCHOBY Ha KOJy C€ MPUMEHY]Y Pa3InunuTe
XIT meronmonoruje. Kom craHmapaHuX TEXHHMKa IMPOTHO3HMpamka HE HAWIa3d C€ Ha TaKBY
CUTyalljy U MPOTHO3MPAE CE€ BPIIM CaMO Ha WHIUBUAYATHMM BPEMEHCKHM CepHjama.
['pynucane BpeMEHCKE cepHje MOTY ce IMOocMaTpaTH M Kao XHjepapXHjcKe BPEMEHCKE CepHje

2 Jeman oJ] IIIaBHUX Pa3jiora HACTAaHKa edekTa 6Mua jecy HeKOpAUHUCaHe nporHose (Albarune & Habib, 2015).



JloxTopcka aucepranuja Jlejan Mupuaetuh MacT. mHX. caoop.

KOje He IMOCeNnyjy jeIMHCTBEHY XHjepapXHjCKy CTPYKTYpY, Tj. HAUMH Ha KOjU je M3BPILEHO
arperupame MojeIuHauYHNX cepHja y (puHaNHy XHjepapXujcKy CTPYKTypy HMje jenuHH, Beh je
nocMaTtpaHe cepuje Moryhe arpermpatd u Ha apyrauuje HauuHe (Rob J Hyndman &
Athanasopoulos, 2014). MmHore koMIanuje cy onrepeheHe ca MPOTHO3UPAHEM
WHIUBUIYATHUX BPEMEHCKHX CepHja KOje YMHE Jie0 TpymHe Xwujepapxuje. Camum THM,
KOMITaHHMj€ Ha JHEBHOM, HEIEJbHOM, MECEYHOM M TOJHIIHEM HHBOY MOPAjy /a TeHEPHIILY
BEJIMKM Opoj MPOrHO3a OJ YMjUX TAYHOCTH 3aBUCH TAYHOCT OINEPATHBHUX, TAKTUYKHX H
CTPATETHjCKUX OJUTyKa.

Nmajyhu y BuIy CIIOKEHOCT TIpobiiemMa ca KOjuM Cy CYOUEHH JIOTUCTUYAPH Kala je Y MUTakY
MpoIleC TMPOTHO3Mpama (TIPBEHCTBEHO BEJIMKKW OpOj BPEMEHCKHX CepHja), y TpaKkCHu U Yy
UCTpaXkuBadkoj Jmrepatypu XII ce cBe demhe mnpemraxxy Kao pelieme KOje MOXKe
HCTOBPEMEHO JONPUHETH MoBehamy TaUHOCTH MPOTHO3a U CMamHBamky BpEMEHa, pecypca U
CTPYYHOT 3Hama HEOMXOJHOT 3a u3Boheme mporuosa y JIC (Strijbosch, Heuts, & Moors,
2008). XII cy BakaH 4YMHWJIAI KOJ IUIaHUpama npousBonmwe (Widiarta, Viswanathan, &
Piplani, 2008). Strijbosch et al. (2008) cmaTpajy na je 3a ympaBibambe 3anuxama, XII Bpio
WHTEpEeCaHTaH MPUCTYI NporHo3upamy. Ko mianupama IUCTpUOYIIHje y BUIIE SITAIOHCKUM
JIC, XII cy xmpyunu (akTtop Koju omoryhaBa mpyXame BHCOKO KBaJUTETHE YCIyre ca
MUHUMaTHUM HuBouMa 3anmuxa (Caplice & Sheffi, 2006; Turbide, 2015). Lapide (2006b)
TBpau na cy XII u3y3eTHo KopucHE 3a MoOoJbIIake TAYHOCTH NpeaBuhama 1 manosa y JIC.
VY ckiany ¢ TUM, M aKaJeMcKa JaBHOCT M €KCIEepTH U3 MPaKCe Cy Ce 3aMHTEepecoBalld 32 OBY
TEMY ¥ Pa3BUJIM Cy U JaJbe pa3BHjajy pa3InuuTe IPUCTYIE Y OBOj OOJIACTH, LITO je IeTaJbHHU]e
oOpaheHo y HapeTHUM TOTTIaBFUMA.

1.2. Momusu ucmpasxcusaroa

VY3umajyhu y 063up pesynrare Beher Opoja myOnukoBaHUX UcTpakuBamwa (Rob J Hyndman,
Ahmed, & Athanasopoulos, 2007; Rob J. Hyndman et al., 2011; Rostami-Tabar, Babai, Ducgq,
& Syntetos, 2015; Syntetos et al., 2016) u cBe Behy 3aMHTEpeCcOBAHOCT 3a MPOTHO3UPAHE
noructuukux moTtpeda y JIC, HapenHo jormyHo muTame jecte koje XII meromonoruje
KOPUCTUTH MPHIMKOM MporHo3upama y JIC 1 Ha KOjU HAYMH TO ypaauTu?

Hepemreno nurame y nutepatypu o Tome koje XII MeTomonoruje reHepuIty HajIperu3Huje
NpOorHo3e, Kao H TMuTama Kako U koje XII Meromonoruje KOPUCTHTH MPUIUKOM
nporrosupama y JIC, mpeacraBipana cy WHUIMjAIHE UCTPAXKUBAYKE MOTHUBE y JOKTOPCKO]
JCepTaLuju.

HctpaxknBama Ha TeMy TAa4HOCTH METOJla 3a NPOTHO3Wpame Tpajy oa 80-TuX ToauHa
IPOLUIOT BEKa M 4YECTO Cy Omia MpeAMeT Pa3IHYUTHX KPUTHKA M JHCKyCHja Ol CTpaHe
akajileMcKe 3ajeHuue’. Y IMTepaTypd He IOCTOjM ycarjalleH CTaB M0 MUTamby TaYHOCTH
Pa3IMYUTHUX METO/0JIOTHja, KAKO OHUX KOj€ C€ KOPUCTE 3a MPOTHO3UPAE YHUBAPUjaHTHUX
BPEMEHCKUX CepHja, TaKO M OHHMX KOjé C€ KOpPHCTE 3a MPOTHO3UPAE TPYNHUX WIH

3 3a BuIIE J€TAJba IPOYUTATH PelieH3u]jy pana (Makridakis & Hibon, 1979).
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XHjepapXHjCKUX BpeMEHCKHX cepHja. [IpuMeHa nporuosa y pa3nuuuTuM 00JacTuMa JI0Bena je
U JI0 THTamka HaYMHA Ha KOjU je MOTPeOHO MEpPUTH TAuyHOCT, jep y MOjeIUHHM OO0JIaCTHMa
(mocebno y JIC) meTomonoruje 3a MPOTHO3UPAKE MOpajy Jla TEHEPHUIy IPOTHO3E Koje Cy
TayHe y CBUM HHBoMMa Xxwujepapxuje. Ilopem nuckycuja o Ta4HOCTH METOOJIOTHja 3a
NIPOTHO3MPAkhe MHINBUAYATHUX CEpHja, Y JIMTEpaTypH CE CBE BHINE MPOHAJIA3e pacrpaBe O
TaYHOCTH METOJIOJIOTH]a 3a TPOTHO3UPAKE XH]epapXHjCKuxX (TPyMHUX) BPEMEHCKHUX CepHja
(Athanasopoulos, Ahmed, & Hyndman, 2009; Rob J Hyndman et al., 2007).

Wmajyhy y Buay xujepapxujcky cTpykrypy JIC M BaxXHOCT mpoleca HpOTHO3Mpama Ha
cBeykynHy edukacHocT JIC, y OBOj MOKTOPCKO] IucepTaluju JeTajbHo je oOpalhena
npobieMaTuka HCTpakMBamba Be3aHa 3a yHampeheme TayHOCTH IMPOTHO3Upama fop down
METO/I0JIOTH]€ 32 XUjePapXHUjCKO MPOTHO3UPAIHE.

1.3.  Jegunucare npobrema u npeomema ucmpaixcusarba

VY auTeparypu ce TpaauIlOHAIHO IPEJiaxy JBa OCHOBHA MPHUCTYIA 3a pa3Boj XII:

e fop down metonoinoruja;
e u bottom up merononoruja (G. Fliedner, 1999).

Kon top down (TJ1) meTomonoruje mpBo ce MPOTHO3UpA HAjBUILN arperupaHyd HUBO, HAKOH
yera ce BpIIM Jearperaiyja nporHo3a ca HajBUIIEr HUBOA HA HIDKE HUBOE Y XHUjepapxuju,
kopuithewmeM nearperanmonux mnpomnopruja. Kox bottom up (BY) meromonoruje mpBo ce
MIPOTHO3UPAJy BPEMEHCKE CepHje Ha HAJHUKEM HUBY XHjepapXHje HAKOH Yera C€ BUIIU HUBOH
yTBphyjy arperamujom JOHmEr HUBOA XHjepapxuje. Y JUTepaTypH jeé HEAaBHO MPEIOKeHa
HOBa MmeTononoruja 3a XII, HazBana optimal combination (Rob J Hyndman et al., 2007; Rob
J. Hyndman et al., 2011). Takohe, Athanasopoulos et al. (2009) npeanoxunau cy HOBH
npuctyn y T/] merononoruju Ha3BaH forecasted proportions.

Y 0BOM JIOKTOpary, NMpeasiake ce HOBH NMpHUCTYyN 3a oapehuBame HaunmHa yrBphuBama
aearperanmonux mapamerapa y T/l Meromosioruju, mro yjeHO MPEACTaBba U MPEIMET
UCTpaXHBama JAucepramyje. Y CcKiIaay ca THUM, MOTUGHUKOBAH je M Ha4MH Ha Koju TJI
METO/I0JIOTH]ja TeHEpHILEe MPOTHO3E Ha J0HhEeM HHUBOY xujepapxuje. Ilpuctyn ce 3acHMBa Ha
nocMaTpamy JiearperalfioHux Mponopurja Kao AMHAMHUYKHX MapaMeTepa, Koje cy 10 caaa y
JUTEpATypH MOCMAPTaHE KA0 CTaTHUKE CTPYKType. Y Ty CBpPXY, KpeupaHe cy (yHKIH]je Koje
mpaTe MPOMOPIUOHATHO KPeTame 0JHOCA BPEMEHCKHUX cepHja u3Mel)y HajHMKET W HajBUILET
HUBOA XHjepapXxuje M EKCTpamoJiupajy mocMmaTrpanu ojmHoc y OyayhHoct. Ha Ttaj Hauws,
eKCTpaIloJIMPaHN JlearperaliioHy MapaMeTpH TOCTajy AearperanuoHe (yHKIHje KOje BpIIe
MIpepacIoiely HajBUIIET arperupaHor HUBOA Ha HWXKE HUBOE y xujepapxuju. Kako O6um ce
YTBPAMIIM TOKa3aTeJbU Paja MpeIoKEHOT - HOBOT MPHUCTYIA, Yy IUCEPTAalMjU Cy M3BpLICHA
TEOpHjCKa HUCTpakMBama (CHUMyIJAllMOHA CTy[Hja) M EMIMPHjCKa HCTpakuBama (CTyauja
cllyyaja BUIIE CIIAJIOHCKOT AUCTpUOYTUBHOT JaHua). Ilpu Tome je mpeTnocTaBibeHO, a ce
noMohy OBakO KpeMpaHUX JearparaloHuX (QyHIMja MOTY aJeKBaTHO OMMCATH IMHAMHUYKE
IpOMEHEe Koje HacTajy u3Mely ropmer u JOHmEr HUBOA XHjepapxHje, IITO 10 caja HUje OHo
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Cllyyaj ca CTaTMYKUM JearperanoHuM IMpoIopIyjamMa, Koje afeKBaTHE MPOTHO3E MOry Ja
TeHepHIy caMo y oapeheHom Opojy ciydajeBa. Kpajmu 1usb pana jecTe noKa3uBame Y K0joj
Mepu oBako MoaupukoBaH momen TJI meromosiorumje Moke Ja JOmNpuHece yHampehemy
JOTUCTHYKHX TTOKa3aTesba.

[Topen Kperpama HOBOT MPHUCTYIIA 32 YTBpHHBambe AearperalfmoHnuX MponopIrja y JOKTOpaTy
je NpeajioKCHA U IMPUMCHA IBA HOBA NPUHIIATIIA:

® MNpPBH NPHHIUN OJHOCH Ce HAa KOMOMHOBamE MPOTHO3a PA3IMYUTHX MOJENa H
Mmetozponoruja 3a XI1 y unipy renepucama npennsaujux XI1 nporxosa;

e IPyru mpeasiosKeHH NMPUHIMI OJHOCH CE€ Ha YTBpHUBame TAYHOCTH MPOTHO3HpPAA
mozena 3a XI1 Ha oCHOBY KBaHTH(UKAIM]E PAa3IMUYUTUX OCOOMHA BPEMEHCKHUX CepHja
KOje CauMbaBajy XHjepapXujcKy CTPYKTYpY.

1.4. Humwesu ucmpasicusarba

Nmajyhu y Buny aa je o0nacT UCTpakuBama JOKTOPCKE JUCepTaltje IUPoKa U a ce mopen
pa3Boja HOBOT MPUCTYIA 32 YTBphUBame JearpearallioHUX IpOMNopLrja y JOKTOPaTy YBOJE U
JIBa HOBA MPUHIINIIA, K0 U J1a CE 0 MPBHU MyT y JuTeparypu Bpimu XII morpaxme y pearHoM
JIC, ibeBH MPEUIOKEHOT UCTPAXKUBAkha MOTY CE TIPE/ICTABUTH Kao:

e yHanpehemwe TayHoctH T/] MeTomonoruje NpUiIMKOM MPOTHO3UPAkA XHjEPAPXUJCKUX
CTPYKTYpa;

e yTBphuBame YyTHIAja KOMOMHOBaWa XHjEpapXHMjCKHX METOAOJIOTHja Ha TayHOCT
npolieca MporHo3upama (Kako y reHepain30BaHOM Clly4ajy, Tako U Ha npumepy JIC);

e KBaHTH(UKAIMja YTHULAja pa3TUUUTHUX (akropa Ha MPEHU3HOCT MOjeNa U
MeTroaosoruja 3a XIT;

e yTBphuBame MojeNa 3a TeHepucame 0azHux nporuosa y JIC;

e jeduHUCAKE KOHICNITYATHOT OKBHpAa 3a KpPEHUpPAmEe XHjEepapXHujCKe CTPYKType
IPUIMKOM NporHosupama y JIC;

e u360p XII metomonoruje 3a mporuosupame y JIC;

e yTBphHUBame yTHIAja MPEITIOKESHOT MPUCTYIA HA JOTUCTUYKE MOKa3aTesbe (MpoceyHe
3aITUX€ U PACIIONIOKUBOCT IPOU3BOJA (HUBO YCIIYTE)).

1.5. Xunomesze ucmpasxicusaroa

Wmajyhu y Buay npoOiem, TeMy, IpeAMET U IUJbEBE UCTPAKMBaAMKa, KA0 KJbYUHE XUIOTE3e
OBE JIOKTOPCKE JMCEpTaIlfje MOTy ce Ne(hUHUCATH:

X1: nearperanioHe TPOINOPLHUjEe KOje Cy KpeupaHe Kao AMHAMUYKH (aKTOPH, MOTY
yHanpeauTu npenusHoct T[] meTononoruje;

X2: xomOuHOBame Mojena U Merojosiorrja 3a XII Moke pe3ynToBaTH TEHEPUCAHEM
npenu3arjux XI1 nporrosa;
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X3: kBaHTU(UKALKja PA3NUIUTAX OCOOMHA BPEMEHCKHX CEpHja MOXKE JIONPUHETH
pasyMeBamy TauHOCTH MporHo3upama XI1 Mozaena u merononoryja;

X4: TauHHUje MPOTHO3€ MO3UTUBHO he ce 0pa3uTH Ha JIOTUCTHYKE TiepdhopMaHce.

1.6. Ilpumernene memooe npuiuxom oopade npeomema UCmMpaicusarba

V3umajyhu y 003up mMpoKy HUCTpaKUBAYKy 00JIACT MpPEIMETHE JOKTOPCKE AUCEpTaIluje, y
pany je KOpuIIheHO BHIE HMCTPAKMBAYKMX METOAAa KOje KOMOWHY]y KBaJUTaTUBHHU U
KBaHTUTATUBHU TPHUCTYIl pellaBamky IocMaTpaHe mpobiemarnke. OCHOBHE HMCTPaKHBAuKe
METO/Ie Y IOKTOpaTy 3aCHUBAJIE Cy CE Ha OMIITe NMpuxBaheHUM HAayYHHM METoJama: aHajus3e,
cuTese, MHAYKLMje, Aeaykuuje u aHanoryuje. [lopen ommre nmpuxBaheHUX HaydHUX METOja,
NPUIMKOM JOKa3MBama IOJIA3HUX XUIOTe3a U oOpase MmpeaMera UCTpaxKuBama KopulheHe
Cy U pa3lIuyuTe CTAaTHUCTUYKE M ONTHMHU3ALMOHE KBAHTUTaTUBHE Meronae. Hajsuie
kopumhene Metone y pany cy: ETC, EC, APUMA, C-APUMA, CTJI nexomnosunuja, uts’.

VY nokropaty je xkopumrheHa ¥ CHMYJaloHa CTyAHja, KOja je MMalia 3aJlaTak CUMYJIHpamba
BPEMEHCKHX CepHja M BHXOBO TPYNHCAKHE Y XHjepapXujcke cTpykrype. Llumb cumynupama u
rpynucama OMO je Ja ce Ha OCHOBY BEIITAYKH CTBOPECHHX XHjepapxuja, UACHTHPUKY]Y
HajnpenusHuju Monenu 3a XII. Kako O6u ce Ha anexkBaraH HaYMH OJATOBOPWIIO HA MUTAHkE
u300pa y30pKa 3a TeCTHpame TAauHOCTH KPEHPaHOT MpPUCTyIa, KOpuIIheHe Cy MpeTxo0
nyOJIMKOBaHE CTyAMje M3 oBe oOmactu, mocedbHo: Dangerfield & Morris, 1992; Rob J
Hyndman et al., 2007; Rob J. Hyndman et al., 2011. OBe cTyamje cy momorie Ja ce yTBpIu
HAaYMH KOHCTpyHCama (CUMYJIAIIMOHNX MapaMeTapa U XujepapXxuje) U BeJInuuHa y30pka (0poj
CUMYJIAIIMOHUX CIIEHApHja) MPUIMKOM CIIPOBOemha CUMYINIAlIMOHE CTyIrje. TecTupame CBUX
MojIelia 3a MPOTHO3UPAkE OMUCAHUX y paay (moctojehux u mpeaioKeHnx) CIpoBEICHO je U
Ha NMpUMeEpPY CTyJHja cllydaja BUIIE €MATOHCKOT TUCTPUOYTUBHOT JIAHIIA, YHja j€ BETMYMHA 1
KOHCTPYKI[M]a ycaryaiieHa ca eKCliepTiMa U3 mocMaTpaHe KOMIIaHHje.

UctpaxkuBame pealn3oBaHO Yy paay j€ cacTaBHH JI€O0 HCTPAKUBAYKOT TPOjeKTa
MunucTapcTBa MPOCBETE, HAyKEe M TEXHOJIOMIKOT pa3Boja Penmybnuke CpOuje, mox Ha3MBOM:
Pa3Boj m mpuMeHa ONTHUMH3AIMOHUX METOJa y OOJIMKOBamYy JiaHAlla CHaO/JeBama W
TUCTPUOYIMje TIpH OOJHMKOBAaKkY TUCTPUOYIIMOHOT IIEHTpa 3a JIOTHCTHYKY TOJPIIKY
BEITUKOCEPH]CKE MPOU3BOJIHE.

1.7. Cmpyxkmypa 0okmopcke oucepmayuje

CxomHO neMHHCAHOM TpEeIMETy HCTPaXKHBama, IWJFEBHMA HCTPAKUBAaMka W XHUIIOTE3aMa
NOCTaBJBEHUM Yy paiy, JUCepTalMja ce cacTOju Of JEBET MOIJaBjba Koja 00pasyjy 4eTupH
uctpaxupauke Qaze (cnuka 1-1):

®a3a 1: METOIOJIONIKE OCHOBE UCTPAXKUBAKA.

4 HaBeneHe MeTozie ETaJbHO Cy O0jallikbeHe y MmoriasbuMa 2, 4 u 7.
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®a3a 2: kpeupame HOBOT HauMHA 3a yTBphUBame aearperaliioHuX mnponopruja y TJI
METOJIOJIOTH]H.
®a3a 3: rectupame paznnuutux XII npucryna.
®a3a 3a:
® Kpeupame rnapaMmerapa CUMYJIallMOHe CTyIuje;
® M3ajHUPAE CUMYJIAIIMOHE CTY/H]E;
e crpoBoleme CUMYIIallMOHE CTY IH]E;
® TyMayeme pe3yiTara CUMYJAIHOHE CTyHje.
®a3a 36: kpeupame KOMOMHOBAHUX MPOTHO3a CAYUELEHUX O/ MPOTHO3a BUIIIEC PA3TUIUTHX
XIT mpucryna.
da3za 3n:
® Kpeupame XHjepapXujCcKe CTPYKTYype 3a CpoBol)eme CTyarje caydaja;
e KpeHpame MOJIeNa 3a yIpaBJbame 3anruxamMa Ha ocHOBY XII nporuo3a;
e crnpoBoheme CTyIMje Caydaja;
e TyMaueHe pe3yiTaTa CTyAHje Caydaja.
®da3a 4: kperpame MoJIella MAllIMHCKOT y4Yerha 3a YyTBphUBame napameTapa Koju yTudy Ha
TA4yHOCT NporHo3upama XI1 mozgena.

——— - - —

111 paza

Tectuparme pa3nHUUTHX NPHCTYyNa
3a XM]EPAPXMJCKO MPOTHO3ZHPAILE

Bpeanosame u
KoMMapanHja pasanauTex || [Tposepa
MoJIeIa 3a XHjepapXHjcKo X1

1 Hosu nauun 3a yrephusame IIPOrHO3MPaIbLE

I
I
I
] MeTo10M1011IKe OCHOBE
I
I

| I
| I
| I
| I
HCTpaXkKHBaba ! | learperaioHux !
Iporuose : : npornopuuja y :
| [> yJIC I\, top-down merononornju |
1ora H 3nadaj | : . Kpenparbe komGnHoBannx|| [iposepa
i nporuoj}g‘pmua T O : | | NporHo3a X2
V) : ;
r: [> Xujepapxujcko | ' ! :
; HPOrHO3Hpatbe : : :
: y JIC 5 i
‘ Bpennosame yTunaja

T PasIMuUTHX MOJICIA 3a ITposepa
ubesn: NPOrHO3UPAILE HA X4
— | nokasaresbe 3amxa
VYuanpehewe raunoctn top-down merononoruje J

’ Visphusame yruiaja komOunosama XI1

IV ¢asa

UcnuTupare yTuiaja pasimanTux
0co0MHA BPEMEHCKHX CepHja Ha
Taynoct XIT monena

‘ Kpantndukaumnja yruuaja pasanuntux paxropa ‘ «

_,‘ Vasphusame Mozena 3a 6asue npornose y JIC ‘

Kpenpame mozena 3a
MALIHHCKO YYCHE Ha Ilposepa
OCHOBY 0COOHMHA X3

BPEMEHCKHMX CepHja

_" Jeduuncame xujepapxujcke crpykrype XI1y JIC ‘

——" H36op XI1 metononornje y JIC ‘

‘ Yrunaj XI1 Moaena Ha JIOTHCTHYKE MOKA3aTe/be ‘4—'

Cnuka 1-1. Opranusaiiyje u3pajie JOKTOPCKe JUCEpTALn]je

JlokTopcka aucepTaiuja ce cacToju U3 JIEBET MOrjaBiba y Kojuma je oopahena npobiemaruka
BE3aHa 32 Ie(PUHUCAHU MPEIMET U [IUJHEBE HCTPAKUBAIHA.
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VY npBoM TOINaBjby JAOKTOpaTa O0jallllbeHH Cy MOTHUBU MCTpaXHBama M JePHHUCAHE CY
ErOBE OCHOBHE OJIPETHHIIEC Ko IITO Cy: 00JIACT U TeMa UCTPAXXKHUBamba, MPo0IeM, IpeaMeT U
[IIJBEBH UCTPAXKHBAbA, XUIIOTE3€ U (Daze UCTPaKUBambA.

Hpyro mornaBbe naerasbHO o0Opalyje ymory um 3Hadaj mporeca mporHosupama y JIC.
Hcropujcku pas3Boj mporieca mporuozupama je onucan y koHTekcry JIC. Iloceban akiieHar
CTaBJbCH j€ Ha YJIOTy W 3Hayaj MPOTHO3a MPWIMKOM JoHomema omiyka y JIC. Ilopen
HaBEJICHOT, pa3MaTpaHa Cy M MUTamka MPeIBUIBUBOCTH 00jeKTa MPOTHO3Mpamka U HauWHA Ha
KOjH C€ BPIIN I'eHEPHUCAbe TPOrHO3a.

VY tpehem mnornaBjby aHanM3MpaHa je TpuUMeHa TmporHo3a y mpouecuma JIC, nmara je
CTPYKTYpaJHa MOBE3aHOCT aKTUBHOCTH y MPOLIECY MOTPAXKILE MMPOU3BOAA U OMUCAH j€ YTHILIA]
MPOTHO3a Ha J0JaTy BpeaHocT Kommanuje. OOjalrmeHn Cy YTHIAju MPOTHO3a Ha IMPOIIeC
yBOl)era HOBOT TIPOM3BO/Ia HA TPXKHILTE U MPOIIeC yIpaBibamka 3annxama. Ha kpajy moriapipa
MPEICTaBJbEH j€ HOBU TPEH/ KoJ nmpuMene nporHosa y JIC koju ce 6a3upa Ha pull mpuHInITy
y TIPOIIECY MPOTHO3HPAHA.

UYeTBpTO MOTNaBsbe gaje neTajbaH nperien ctama y odnactu npumene XI1 y JIC. [Tornasibe je
YCMEPEHO Ha IpyXKame 0OAroBOpa Ha TP KJbyuHa IUTama npuwirkoM npumene XIIy JIC:

® KOje MOJelie KOPHCTHTH 3a TeHepUCame MUPEKTHHUX (YHUBApPHjaHTHUX) MPOTHO3a Y
XIT;

® KaKo KOHCTPYHCATH XHjepapXHjy 3a MPOTHO3ZUPAHCE;

e kojy XII MeTo0o0rujy KOpUCTUTH 32 npeasubhame?

Y merom moriaBiby, NPBO je oOjamrmeHa HOMeHKIatypa 3a XII a moroMm cy aerasbHHjE
obpahenn nocrojehu moxenu u meronosoruje 3a XI1. Ce oBo je oMoryhuino ja ce mpenioxu
- Kpeupa HOBU MOJEIN 3a yTBphUBama JearperanuoHux mapamerapa y TJI mertomonoruju.
HoBu Mopmen je kpeupaH ca HubeM Ja ce yHampenu mpenmsHocT TJI meromomoruje,
y3uMajyhu y 003up Aa ce u y JIuTepaTypu U y MpakTUyHO] mpuMeHu Tl Mozenu cBe BUILE
onbaiyjy Kao Mame MpEeIU3HH Yy OJHOCY Ha OCTajleé MOJENie W METOJojoruje. Y OBOM
MOTJIaBJbY YKYIHO je oOpaheHo ocam mozena u3 obmactu XI1.

VY mectoM noriaBjby U3BPIICHO j€ BPEIHOBAHE M KOMIApalyja pa3InuuTuX METOJ0JI0TH]a U
npuctymna 3a XII. CxogHo ToMe, U3BPIIEHO je KPEHpambe CUMYIIAIMOHE CTYAM]E W YIopeaIHa
aHaJM3a pa3IMUIUTHX Mojena u Mmeroxosoruja 3a XII. Kommapamuja je u3BpiieHa mnpema
IPELM3HOCTH NPOrHO3Upamsa, a kopumihena je PMCE rpemka’. Ocum Tora, ojaiumeHa je u
npecTaB/beHa H7eja ¥ JEMOHCTPUpPAH TNPUHIMUI KOMOWHOBAaWkE IPOTHO3a PA3TUUYUTHX
mojena 3a XII (mo mpBu myt y nurepatypu). Y Ty CBpXy KpewpaHa Cy JBa KOMOMHOBaHA
Mojena.

VY cenMoM TorjaBiby peaju30BaHa j€ CTyAHja ciiydaja y KOjoj je M3BPIICHO XHjepapXHjCKO
NIPOTHO3UPAkE MOTPAKEE 33 MPOM3BOJMMA y BUIIE €HIAIOHCKOM TUCTPHOYTHBHOM JIAHILY.

5 Bu1le feTasba 0 pasiMuUTUM CTATHCTHYKHAM Tpellkama 6uhe 1aTo y mornassby 2.
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Kako 6u ce yrBpanim Hajoossu XI1 Mozienu 3a mocMaTpaHu CiIy4aj, U3BPUICHO j€ TECTUPAbE
TQYHOCTU NpPOTHO3Wpama Mmozaena mnpema Tpu kpurepujyma (PMCE, MAIIE u MIIE
CTaTUCTHUYKUM rpemkama). [lopen yrBphuBama npeunsnoctu XII moxena, yrBphuBan je u
yrunaj nporHo3a XII monena Ha m3abpaHe JIOTUCTHUKE IOKAa3aTesbe: MPOCEYHE 3aluXe U
PacIoyIoKUBOCT IIPOU3BOJA.

Y ocMOM MoriaBby AMCKYTOBaHHW Cy JOOWjEHH pe3yaTaTH y moriaBbuma 6 u 7. Jluckycuja
o0yxBaTa Tymauema pe3yiTaTa: CUMYJAIOHE CTyAWje, CTyAMje Ciydaja, HOBOI MoJjena
KpPEHpaHOT' y OBOM JIOKTOpaTy, KOMOMHOBAaHUX MOJIeNa, Ka0 U CBEOOYXBAaTaHO O0jalll-emhe U
KBaHTU(HKAIM]a yTUIaja pa3nuIuTuX (pakropa Ha mpeunsHoct XI1 Mozena u MeTo10I0THja.

[locnenwe moriaB/be CyMUpa OCTBapeHE pe3yaTare pajna U Jaje mnpasine Oyayhux
UCTPAKHUBAIbA.
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2. Mecro, ysi0ora v 3Ha4aj NPpOrHO3Mpama y JaHIIUMa CHA0eBamba

2.1. Jloeucmuka u ynpasmarbe 1aHyuMa cHaboesarba

Pa3Boj norucTuke Moke ce MPAaTUTH OJf CaMHX IOYeTakKa pa3Boja JbYJACKE NUBWIM3AIU]E U
npoOjemMa KOH3yMalldje XpaHe Ha JoKaldjamMa Koje Cy Owie yaajbeHe O] M3Bopa XpaHe.
Pecypcu koju cy OWiM HEONMXOIHHW 3a OINCTAaHAK MPBOOUTHUX JbYIW, HAJA3UIU Cy C€ Ha
pa3IUUUTUM JIOKandjama y oapeheHuM mnepuoguma roguHe. [IpBOOUTHU Jbyaw UMaly Cy
n300p KOH3yMallije XpaHe y ojpeh)eHnM nepruoiumMa Ha MIPOMEHUBHUM JIOKalrjama (HOMaacKo
KpeTame) WU TPCHOIICHE XpaHe Ha JKeJbeHEe JIOKAlMje Yy IuJby KacHUje yrmoTpede
(bopmupame Tpajuux Hacespa). C 003upoM Ha Tajgamky HEMOTyhHOCT edUKacHOT
TPAaHCIIOPTA U IyTOTPAjHOT CKIAIHUINTEHa XpaHe, MIPBOOUTHE NMBUWIIM3AIN]E YTIIABHOM CY Ce
HacTamMBaJie O3y MecTa u3Bopa (Mpou3Bomke) xpane (Ballou, 2004).

[Totpeba 3a XxpaHOM W pa3IMYUTHM pecypcuMa IPOY3POKOBaJa j€ Pa3BOj Pa3IMUUTHX
TEXHOJIOTHja KOje Cy YHaIpeause Mpolece TPAHCIIOPTa U CKIAIUINTEeHhe pode U Ha Ta) HAYUH
omoryhwuiie reorpadcko pasziBajambe MPOU3BOAKE M MOTPOLIHE Mpou3Boaa. [locmaTpano Ha
r7100aTHOM HMBOY, OBUM TEXHOJIOIIKMM HaIllpeTKoM, oMoryheHa je crienujanu3aiyja peruoHa
3a MPOU3BOAKY OoApel)eHUX MPOM3BOJAA WIM yCIyra, Kojeé MOry OMTH KOH3yMHpaHe Ha OWIIO
KOM JIpyroM MecTy y cBeTy. Kako OM ce HaBeaeHO M OCTBapwIIO, OTPEOHO j€ MPEMOCTH
GU3MYKH W BpPEeMEHCKHM ja3 u3Mel)y Mpou3BONKE M TOTPOLIKE MPOU3BOAA Ha TMOTITYHO
reorpad)CKu TUCIOIMPAHUM JIOKAIIHjama.

CaBpeMeHa JIOTHCTHKA UMa YIPaBO Taj 3aJaTak M MpPEJCTaB/ba OPraHU3ALMOHUA OKBUDP KOjH
TEXU CTBapamy JeIUHCTBEHOI IUIaHAa 3a KpeTame MaTepHjalHuX aobapa W uH(OpMaiuja
IPUWJIMKOM IIacMaHa npousBoja Ha Tpxkuiute (Waters, 2003). Ilopen ynpaBsbama TOKOBUMA
MaTtepujaHUX Jgo0apa wu3Mel)ly pa3nmUuUMTHUX OpraHus3aluja, JIOTUCTHKa ce O0aBu U
YHYTpalImbUM TOKOBHUMa Martepujana u pecypca. Ballou (2004) mpencraBiba JOTUCTHKY Kao
MpoIleC KOju CaJp KU CBE OHE aKTUBHOCTH KoOje AonpuHOcEe o0e30ehuBamy mpon3Boaa H
ycayra KpajibMM KOPUCHHUIMMA, Y MecTuMa (pMHalHE MOTpaXmhe M TPEHyLMMa Kaja ce 3a
BUMa [10jaBU NOTPAXKHba HA TPXKUIITY.

Ha OCHOBY HAaBCICHOT, Jlocucmuxa C€ MOXKC ,Zleq)I/IHI/IcaTI/I Kao:

@yHrxyuja Koja je 3adysceHa u 002080pHA 34 Kpemarbe CUPOBUHA 00 000a8bayd 00
npou3soo0He opeaHusayuje, 3a Kpemaroe Kpo3 OpeaHu3ayujy, Kao u 3a niacman QUHATHUX
npou3800a 00 Kpajivux xopucruxa Ha mpacuwmy (Waters, 2003).

CaBpemeHe KOMITaHH]Ee HE JIeTy]y U30JIOBAHO HA TPXKUINTY, Beh u3Mel)y BUX MOCTOjU CHa)XKHA
noBe3aHocT. Hmp. 3a mpousBohade, TProBIy Ha BEIMKO MPECTABIbajy MOTPOIIAYE HUXOBHX
MPOM3BO/a, IOK 32 MaJIONPOAajy OHHU MPECTaBibajy qo0aBbave. Y MpakCH, TOCTOJU BEITUKH
Opoj CAMYHUX MPUMEPA, alld OHO IITO je 3ajeTHUYKO 33 CBAKO KpeTambe MaTepujaIHuX a00apa
ol 1obaBsbaya 10 KpajlbuX KOPUCHUKA, jecTe na y BehuHu ciyyajeBa po0a mposasu Kpo3 HU3
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pa3nuuuTUX opraHu3anuja. HaBermeHa moBe3aHOCT M Kperame pode u3mely pasznmuuutux
yuecHuka HazuBa ce JIC. Waters (2003) uctuue na ce JIC cactoje U3 HU3a aKTUBHOCTH U
opraHuzaiyja Koje mnomMepajy poO0y Ha HEHOM IyTy OJl MHHULHUjAIHUX JjJo00aBjbaya J0
(GbUHATHUX KOPWUCHMKA. JeaHa o Haj3HAYajHUjUX TPOMEHA, KOJy j€ YBEIO CaBpPEMEHO
IIOCJIOBamkE, JeCTe Jla Ce WHIUBHAYaJIHE IIOCIOBHE OpPraHM3allMje BUIE HE TaKMHYE Kao
CaMOCTAQJIHM €HTUTETH Ha Tpxxuity, Beh kao nenosu JIC (Lambert & Cooper, 2000). dokyc
JIC je Ha ynpaBibamy, KOOPAUHHUCAKBY U CTBapamy MOBEpama n3Mely pa3iMuuThX ydyecHHKa
y JaHIy wiacMana pobe Ha tpxumte (Christopher, 2005). 3anatak JIC je na Ha qupexTaH
WIM WHAMPEKTaH HAUMH peajn3yjy 3axTeBe Kpajmux kopucHuka (Chopra & Meindl, 2007).
Wneja Ha xojoj ce 3acHuBajy JIC jecte na ce ONTHMHU3AIMjOM CBHX YYECHHKA Kao TpyIIE,
ocTBapyje Beha KOPUCT, HETO MapLHUjaTHOM ONTUMH3AIM]OM CBAKOT MOjeJMHAYHOT yYECHHUKA
y JIC. ®unanau b cBakor JIC jecre MakcuMMu3aldja CBEYKYIHE J0JaTe BPETHOCTH.
MelycoOHO mOBe3uBame, ONTHUMHU3ANM]a U CUHXPOHHM30BAKE pa3IUuuTUX ydecHuka y JIC
MOCTH)KE C€ MPBEHCTBEHO momohy nesbewma wuHbopmanuja (Christopher, 2005). Kao
Haj3HavajHUje WHOpMaIMje Koje ce pasMmemyjy usmely ydecumka, Christopher (2005)
UCTHYE:

e wuHpOpPMAIH]je O TOTPAKLU U OyIyhnM mporHo3ama;
® [UJIAHOBE MMPOU3BOMLE;

e TOJAaTKe O YBOh)ermhy HOBUX MPOU3BO/IA U

e TopynOeHHIIE.

Ha ocHoBy cBera HaBenenor, JIC mory ce nedunmcaru kao:

Ynpasmsarbe 00HOCUMA UMehy pasiudumux yyecHuka (koju ce nanase usmely 0obasmaua
U Kpajioux KOPUCHUKA), V Yumy 3a0080merba nompeba Kynaya, ca wmo je moeyhe
nudicum mpowrosuma (Christopher, 2005).

[Topen TokoBa MaTepwjaqHUX goOapa W yciyra, u3Mehy ydecHHWKa y JIOTHUCTHYKOM JIAHITY
mocroje jom u uHpOpMAnMoOHW W (PUHAHCHJCKM TOKOBH. TOKOBH jo0apa ® yciyra
OpPJEHTHCAHM Ka TPXKUIITY ¥ KPajlbiM KOPUCHUIIMMA, 0K Cy HH(OOPMAITHOHN U (PMHAHCH]CKH
TOKOBM y BehuHM cllyyajeBa OpjeHTHCAHU O] TPXKUIITA M Kpajlbux KopucHuka. [lopen
pa3IMuuTe YCMEPEHOCTH, TOKOBH MMAjy M Pa3UuUT 3Ha4yaj 3a y4eCHHUKE Yy JaHIy. TokoBH
MaTepHjaTHUX J100apa U yciyra, MpBEHCTBEHO Cy OpPJEHTHCAHU Ha 33JJ0BOJbABAE 3aXTEBa
KpajibUX KopucHUKa. VIHpOpMallMOHN TOKOBHU MPYy’Kajy HH(OpMaIije yueCHUIMMA y JIaHIly O
BpEIHOBAaKY MPOU3BO/Ia/yCIIyra Ol CTpaHe KPajibuX KOPUCHUKA, KA0 U O 3aXTEBHMa KOJH CE€
HCITOCTaBJba]y CBAKOM yUeCHHUKY y JaHIty. Ca apyre cTpane, (rUHAHCH]CKH TOKOBH HACTajy Ha
OCHOBY BpEIHOBama KpajlbuX KOPHCHHKA Ha TpxXuITy. BpeaHoct kojy JIC renepwuiie
IpeJcTaBJba pa3inka u3Mel)y HUBoa BpeIHOBama MPOU3BOIA O] CTpaHe KpajlbHUX MOTpoIIaya
U TPOIIKOBA KOjy Cy HAacTaJM TOKOM IUIacMaHa mpou3Boja Ha Tpxuiure (Chopra & Meindl,
2007). Kpajwu norpomaun cy jeauHu u3zBop npuxopaa 3a JIC. U3 Tor paznora, Christopher
(2005) cmarpa nma 6u nmpaBuiaHHjM Ha3uB 3a JIC OO naHal MOTpaxmbe, Kako OM ce MCTaKIa
YHIBEHUIIA Jla KpeTame pobe Kpo3 naHan Tpeba na Oyne TeHepucaHO MOTPAXKEOM Ha
TPKUIITY, a HE 0] 100aBJbaya.
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Ilopen HaBeneHUX ,,CMOJBHUX™ YydeCHUKa (pa3nuuuTux opranuzauuja), JIC ykibydyjy u
pa3nuuuTe yHyTpallmke (yHKIHje KOje Cy 3aayKeHe 3a NpHjeM U HUCIyHhaBambe 3axTeBa
kynama (Chopra & Meindl, 2007). Ha cnmunu 2-1, npuka3aHe Cy akTHBHOCTH KOje€ C€ OJIBU]jajy
y caBpemenuM JIC u uctopujcku pa3Boj JOTUCTUKE Ka caBpeMeHuM JIC.

OparMeHTALHja AKTUBHOCTH HNuTerpanyja akTHBHOCTH
(1o 1960-Tnx) (o1 1960. o 2000. ronune)

[pensubhame norpaxme
Habagxa
[Mnanupame norpeda
[Inanupame 1pou3BOIBE
[Ipoussoaue 3anuxe
Crxnamuimreme
IIpetosap
[TaxkoBame
3anuxe roTOBHUX MPOU3BO/IA
[Tnanupame auctpubynmje
[Tpouec nopyunBama
Tpancnopt
KopucHuuka ycnyra
Crparelko miaHHpame
Hupopmanuone yciayre / /
MapkeTuHr/mnpojaja
dunaHcHje

2000 +

Ha6agka /
VipaBibame
MaTepHjanuma

Jlorucruka

Yopasmame
JIaHLIMMa
du3nuka ‘ cHaOeBama
JUCTpUOYIIHja

s

Q2

Cruka 2-1. EBonynuja noructuke y JIC u nmonaxaj nporuozupama norpaxie y JIC (mpunaroheHo u3
(Ballou, 2004; Branch, 2009; Hesse & Rodrigue, 2004))

Ha mpukazaHo] cIuId NMPOTHO3MpPAmE MOTPAXH-E je MpBa aKTUBHOCT KoOja C€ HW3BpIIaBa
NPUWIMKOM IUIaHHpama akTUBHOCTH y JIC M mpencraBiba yina3HHM Hapamerap 3a CBe OcTalie
aKTUBHOCTH Koje cieze. Ha Taj HauMH, TauHOCT MPOTHO3a YMHOTOME yTHYE Ha e(uKacHOCT
IUTaHUPAaka U JOHOLICHA OJUTYKA Y CBUM IIPEOCTATUM MPOLIECHMA.

VY auTeparypu MOCTOjU CTaB Ja je MPOTHO3Upamke MOTPAXKELE jefaH OJ1 HAJTeKUX 3a7aTaka y
caBpeMeHUM TpxKUITHUM yciaoBuma (Christopher, 2005; Syntetos et al., 2016). Ce omTpuja
KOHKYPEHIIM]a, ca BEMKUM OpojeM 3aMEHCKHX MPOU3BO/a M KpahuM >KMBOTHHUM IMKITyCHMa
NPOM3BOJA, JONPUHOCH ToBehaBamky CTOXAaCTHYHOCTH MOTpaxkme. CaMuM THUM, HpoIiec
IPOTHO3Upaa I0CTaje 3Ha4ajHO KOMIUICKCHU]HU U TIOTEHIIMjaTHO HETTPELU3HUjH.

o cana je y nurepatypu npumeHa nporuosa y JIC npuinndHo mojeTHOCTaBBeHO oOpaheHa u
CBOJM CE HAa KPeHpame MOJeNia 3a IPOTHO3UPAam-¢ MOTPAKILE 3a jenaH Mpou3Boa’. MHoOru
pa3io3u cy JONpPHHEIM OBAaKBOM HAa4YMHY IpHMEHE MporHosa, miamelhy ocramux u EPII
cucremu (eHr. Enterprise Resource Planning), koju (aBopu3yjy OBakaB HauWH NPUMEHE
nporuosza y JIC (Kurbel, 2016). Y3umajyhu y 003up BaKHOCT Ipolieca MPOrHO3Upama Ha
e(pUKaCHOCT CBUX oOCTaIMX akTuBHOCTH y JIC, y mIpeaMeTHO] IOKTOPCKOj IucepTaluju
obpalena je o0acT mporHo3upame MOTPaKkE. Y HACTABKy JOKTOpaTa JeTajbHO je oOpahena

¢ 3a Buime merasba O TPEHYTHO] yio3u mporHosupama y JIC, nornegatu (Arnold, Chapman, & Clive, 1998;
Bozarth & Handfield, 2008; Chopra & Meindl, 2007; Christopher, 2005; Kurbel, 2016; Lawrence, Klimberg, &
Miori, 2010; Lewis, 1997; Liu, 2011; Miller, 2002; Sethi, Yan, & Zhang, 2006; Silver, Pyke, & Thomas, 2016;
Thomopoulos, 2015).
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npobjeMaTuka Be3aHa 3a caMmy oOJIacT MPOTHO3Mpama, Kao U 3a nmpuMeny nporuosa y JIC.
[locebHa makmka ycMepeHa je Ha 3a/I0BOJbABAIE PA3IMUUTUX MOTpeda 3a MporHo3ama,
paznuuuTux yuecHuka y JIC.

2.2. Jlanyu cnaboesaroa u npocHO3UPArbe NOMPANCIbE

JIC ¢yHKIMOHMIY Yy TEIIKO MPEeIBUIMBUM TPXKULIHUM ycioBuMa. [loTpaxma HHUKaa HUje
yHampeq IOo3HaTa, HUTH je Moryhe HM3BPIIMTH NOTHYHO TayHy mpoueHy Oyayhe
norpaxmwe. Ca npyre crpane JIC mopajy ma umajy oapeheHe mporieHe Be3aHe 3a TPXKUIIHY
NOTPaXBkY, Kako OM Ha CBPCHCXOJAaH HAYMH MOMNIM Ja pearyjy Ha Bby. Y JaHalllbuM
TP>KUIIIHUM yCJIOBHMMA, HEOIXO/aH je Jo0ap CHUCTeM 3a MporHozupame kako ou JIC 6mmm y
MOryhHOCTH Ja ce YyCHemHo mpuiarohaBajy CTaJHO NPUCYTHUM IPOMEHAMa IMOTPAKEE
(Nikolopoulos, 2010). Y cBakom JIC moTpeOHO je U3BPUIMTH HU3 PA3TUUUTHX MPOTHO3HUPAHA
(HEe camo TOTpaxme 3a PUHATHUM MPOU3BOANMA) KaKo OM ce OMOTYNHIIO HeroBO e€pUKACHO
dbyakuuonucamwe (Caplice & Ponce, 2017). Baxunoct npornosza 3a JIC ornena ce u y Tome
HITO C€ JIOIIE MPOrHO3€ MOTY JIUPEKTHO MPEBECTH y U3TyOJbeHY MpOJajy, JIOUIY YCIYTy,
HE3a/I0BOJbHE KYIIIIEe, HEaJeKBaTHE 3aJMXe M BUCOKE JIOTUCTHYKE TpoikoBe (Nikolopoulos,
2010). Moxe ce KOHCTaTOBaTH Ja je mpenBuhame KJbYUYHH MPOIEC y OMII0 KOjO] KOMIAHUJU
21. Bexa.

VY curyanMjamMma HECHTYPHHUX TPXKMIIHMX KpeTama, LITO 3a MOCIEeIUIly HUMa OTEXKaHO
IUIAHUPAlkE aKTUBHOCTU KOje KOMIaHuje Tpebajy Ja CHpoBoJe Kako O aJeKBaTHO
OJITOBOPWJIE HA TPXKUIIHE YCIOBE, MPOTHO3€ MPEACTaBJbajy CPeACTBO 3a CMambHBabe
pU3HKa y OJUIyduBamy. Y TaKBHM CHTyall{jamMa J0JIa3d M 10 Behe 3aMHTepecOBaHOCTH
HUCTpaXWBaya 3a OBY oOOJiacT. 3HauyajHMja TPUMEHA MPOTHO3a Y KOMITaHWjaMa TOYHbE
HOJIOBMHOM nponutor Beka. [Ipex cam moderek Bennke eKOHOMCKe aenpecuje y Amepunn (y
MIPBUM JIeKalaMa MpoIuIoT Beka). Roos (1929) nuckyTyje 0 TaganimeM HHTE3UBHU]EM Pa3BOjy
HOBHX MOJiella M 3Hauajy MporHo3a y yrBphuBamy Oynyhux TpKUIIHUX ycioBa. 3HayajHH]ja
IprYMeHa MPOrHO3a y KOMIIaHWjaMa MOYHELE MTOJIOBUHOM MPOLUIOT Beka. Tajanrme KoOMIIaHuje
NOKYIIIaBajy Ja PEeAyKyjy HECHTYpHOCT M CTOXACTUYHOCT TPXKUIITa HAa KOME IOCIYjy,
nokymasajyhu na mpenBuje KJbydHe TpPEeHIOBE Kperama. CaMUM THUM yliora MporHosa y
TaJAlllbM KOMIIAHWjaMa, MoOrjla OM ce OKapakTepHcaTH Kao METOA 3a CMambHBambe
(mpenBuhame) HECUTYPHOCTH HA TPXKUINTY, U HA Ta] HAYMH oMoryhaBame ocTBapuBarmba MyHOT
noTeHjana kommanuje (Makridakis, Wheelwright, & McGee 1983). YV caBpemeHuM
KOMITaHHMjaMa aKTYyeJIHO J€ CTaHOBHUINTE Ja pa3yMeBame TMOTPaXHkE W MOTyhHOCT
MIPOTHO3UpPamka MOTPAXKEE MpecTaBiba NMPBU Kopak y au3ajuupamwy JIC (Caplice & Ponce,
2017). IlporHose npeacraBibajy ,,HajBEpOBATHH]H UCXOJ" 3aCHOBAH Ha CKYILYy MPETIIOCTABKH,
Ha OCHOBY KOjUX KOMIIaHHj€ MOTY Ja W3BpIIE CBOje MOCIOBHO miaHupame (Kahn, 2010).
[ocmatpano u3 yrna JIC, Thomopoulos (2015) auckyTyje na je IpOTHO3HpAmE MOTPAKIHE
TEPMUH KOjH je HeAaBHO (OPMHpPAH Y JIMTEPATyPH, U OJTHOCU CE€ HA MIPOTHO3UPABE TIOTPAKELE
3a apTUKIMMa Koju ce Hajnase y 3anuxama (CKY).
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2.3.  Hcmopujcku pazeoj npoernosa

[IporHo3e cy y MpoOLUIOCTH MpeACTaBjbalie ACO MaTeMaTHyKe CTaTUCTHKE, Jna Ou ce
MPOTHO3HMpamke ce TOKOM 80-THX TOAMHA MPOIUIOT BeKa M3IBOJHIO Yy MoceOHy obmact. 3a
W3J/IBajamke MPOTHO3a y MoceOHy 00J1acT, HajBuIIe Cy 3aciaykHu: mpod. Crnajpoc Makpugakuc
(INSEAD University)’, npod. Pobepr ®unnc (Lancaster University)® u mpod. Cxot
Apmctponr (Wharton, University of Pennsylvania)’. ]Jlanac TpOTHO3Hpame IpECTaBIba
MOCEOHY MYNTHAUCIMIUIMHAPHY HCTPaXUBAUKy ooOmact, u mnpema Nikolopoulos (2010)
MOCIIOBHO MTPOTHO3HMPamke 00yxBaTa TpU KJby4He obnacTu (ciuka 2-2).

CrarucTuka
IHocsoBHO
NPOrHO3Upame
Ilcuxonoruja
PauynapcTtBo u
(moHOIICHE
nHpOpMaLMOHE
: OJTyKa U
TEXHOJIOTH]e
pacyhuBame)

Cruka 2-2. I'paguBHU €JIEMEHTH 00JIaCTH TIOCIIOBHOT TIporHo3upama (Nikolopoulos, 2010)

Pa3Boj MOCIOBHOT MPOTHO3Upamka MOXKE C€ MPaTUTH OJf CPeIuHEe Apyre HHIYCTPH]jCKe
peBonyuuje. Ilpumukom Tpanchopmanmje UWHAYCTpUje (TOKOM JApyre HHAYCTPHjCKE
peBOylIMj€) M YCIOCTaBJbalha MAacCOBHE NPOM3BOMAE JI0Ja3u 110 ToBehaHe morpede 3a
nporHosupameM Oyayhe moTpaxme 3a Mpow3BoaMMa M cHpoBHMHaMa. Metonae u momohHa
CpeACTBa 3a NPOTHO3UpAmkEe Cy Y TO BpeMe OWiIM OorpaHudeHu, umajyhum y Bugy na je
NPUKYIUbambe T0JjaTaka U U3Boheme CI0KEHUX MpopadyHa OMIIO CIIOpO, TEIIKO U HEAOCTYITHO
BehMHU TajgamkbuX MeHayepa. Y TOM NEepHOJy 4YaK HHUje IMOCTojajla CBECT, HUTH Ipakca
YyBama MOJIaTaka O KOJWMYHMHU MPOJATHX MPOM3BOAAa TOKOM BpeMmeHa. Pa3Bojem cpencraBa
KOja cy oMmoryhmia jlakiie 4yBame W 00paay Tojaaraka JoJia3d J0 3HAdajHHjer MoMaka y
MacoBHOM Kopuinmhewmy TeXHHKa 3a mporHosupame (Thomopoulos, 2015). Pa3Boj
KaJIKyJlaTopa, a MOTOTOBO padyHapa 3a ayToMarcky oOpany momataka 1950-ux um 1960-ux
roguHa (TokoMm Tpehe WHIYCTpHjCKE pEeBOIyIHje), M3Mel)y oCTanux TOMPUHOCA APYIITBY,

7 https://www.insead.edu/faculty-research/faculty/spyros-makridakis
8 http://www .lancaster.ac.uk/lums/people/robert-fildes
® https://marketing.wharton.upenn.edu/profile/jscott/

16



JloxTopcka aucepranuja Jlejan Mupuaetuh MacT. mHX. caoop.

3Ha4YajHO je JONpHUHEO U OpiKeM yCBajamby TEXHHKA 3a MPOTHO3Upame y KOMIaHWjaMa (MaKo
Cy MOYETHU padyyHapH WM JIMMUTHpaHe Mmarematnuke Mmoryhnoctn). Ilpeasubame u
UH(POPMALIMOHE TEXHOJIOTHje UMajy AYTY UCTOpHjy. Moayn 3a mpeasubame je jeaaH ol Tpu
OCHOBHa OKO KOjer ce pa3BWjia YWTaBa CO(PTBEpCKa WHAYCTpPHja Be3aHA 3a IUIAHUPAHE
aktuBHOocTH y JIC, T3B. EPIl cucremu (Chopra & Meindl, 2007). Jlanac, Kiacu4HU
copTBepCKH MakeTu 3a ympabibame JIC, mocemayjy MOays 3a MPOTHO3UpAHkE KOJH H3JIa3HE
pesynraTte mpoleca MpPOrHO3Mpama KOPHCTH Kao YIIa3HEe IMOJAaTKe Yy MpoIecy IUIaHWpama
HapeAHUX akTHBHOCTU. Hajuemthm cnmyuaj y mpakcu jecTe fAa ce HW3Ja3HH pe3yaTaTd u3
MOJIyJ1a 32 MPOTHO3UPAE KOPUCTE KA0 yJa3HH Y MPOLEC YIpaBbamka 3auxama.

Jeman ox HajBaXHHMjUX ayTOpHTETa 3a pa3Boj MporHosa jecte u Pobept bpayn (enr. Robert
Brown) xoju je kpenpao MeTO]] eKCIIOHEHIIHjaJTHOT OpaBHaWa (SHT. exponential smoothing
- EC) 3a motpebe mayBaHCKe HHIYCTpUje, Cca IHBEM HETOBE YIMOTpeOE y YIpaBibamkby
sanmuxama (Brown, 1956, 1959). Kako Ou u3BpmIMO TporHO3Upame 3a f+/ BPEMEHCKH
MHTEPBAI (., ), MOJIEJ 3aXTEBA CAMO TPU BEJIMYUHE: TOCIE/IbY UCTOPHJCKY BPEIHOCT ( ),
TMOCTIENbY TPOTHO3UPAHY BPEmHOCT (),,,) M KOeUIMjeHT TopaBHawa (. ). Haumn

yTBphuBama nporuosa ca EC moaenom npukasa je y jeaHauyusu 1.

j>t+],t:a.yt+(1_a).j>t,t—]’ (1)

3at=1,..,.T,tne a € [0,1] Y TIpeACTaBba KOS(PHUITMjEHT HAa OCHOBY KOTa Ce€ BPIIH OaJaHCHPakhE
u3Mel)y mocnenme TEeHepHcaHe TIPOTHO3E W TOCHEOHEe HMCTOPHJCKE  BPEAHOCTH.
Tpauchopmarjom jenHaunte 2 u ycajameM Hotanuje y, =/, , EC Mojen Moke ce u3pa3uTu

U Ha cienehu Hauny:

);”U :Za.(l_a)jyt—j+(1_a)t'lo' (2)

Jj=0

Umajyhu y Buny na je EC xpenpan kako 6u IIpOrHO3MpAo CTalMOHAapHEe BpeMeHcke cepuje'’,
YECTO C€ Y JINTEpATypH MPHUKa3yje U Y T3B. KOMIIOHEHTHO] (popMu:

jenHauMHa 3a IporHo3upame p,., =1,

jenHa4ynHa 3a yrephusawe HuBoa [, =« -y, +(1-a) [,

rae /, mpencTaBiba HUBO BPEMEHCKE cepuje y TpeHYTKY ¢. KpenpaHa jeqHaunHa mokasyje aa

je TporHO3MpaHa BPEIHOCT 3a TPEHyTaK f+/, jeJHaKa BPEIHOCTH IMPOICHEHOT HUBOA Y
TpeHyTKY ¢. Mogen je uaeanHo npuiaroheH norpedama 3a MpOTrHO3HPAkE MOTPAKILE TOKOM

npoleca yrpapjbama 3ajixama, jep BpIIM MPOILEHY IPOCEYHE OYCKHWBAaHE MOTpaxime [ u

OYEKHBAaHE TpElIKe IPOTHO3e MpocedHe noTpaxime VAR!), Koju mpencraBibajy OCHOBHE

ylla3HE TIapaMeTpe y MOJEN 3a ynpaBibame 3anuxama (Brown, 1956). EC mnpencrasiba

10 CranmoHapHe BpeMEHCKE cepHuje Cy OHE Cepuje Koje HeMajy TPEHJ HMTH CE30HCKH (DaKTop, Tj. BPEIHOCTH
cepHje OCITIIIUPAjy OKO ojpelyeHor HuBoa /.
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IPOTHO3Y OYEKMBAHE MPO/Iaje y HapeTHOM MEPUOY, KpeupaHy y3 KopuirheHe moHAepHUCcaHOT
npoceka rpozaje y Tekyhem nepuoay u mporHose npojaje 3a Tekyhu nepuoa Kpeupane TOKOM
nperxoaHor nepuoza (Winters, 1960). EC moznen je umnpecuBaH MoJel, jep Ha jeJHOCTaBaH
HaYMH yclieBa Ja WCIOYHH TPU KpHUTEpHjyMa Koja Cy y TPEHYTKY HETOBOT Kpeupama
OTpaHWYaBaIM MIHUPY ymoTpedy MeToaa 3a MporHo3upame. OrpaHuvaBajyhu Kputepujymu
KOJH Cy TaJia MOCTOjaJIH CY:

e MaJsia payyHapcka MEeMOpHja 3a UyBame (CKIAIUIITEeHE) HCTOPH)CKUX MOJaTaKa;

e HHU3aK HUBO MaTeMaTH4Ke OOYy4eHOCTHM MeEHaiepa 3a Kopuiiheme MeToja 3a
IPOTHO3UPAHE;

® TIPEBUIIE BeJIHWKA KOMIUIEKCHOCT MOJIeJia 32 CBaKOJAHEBHY yOTpeOy M 3a BEJIUKHU Opoj
ciyudajeBa (Mojiene je moTpedHo kpeuparu 3a ceaky CKY).

Brown (1956) je ycneo nma mponale koMrpomucHO periewme u mnpeacraBu EC moxen, koju
omoryhaga:

e yrBphuBame Oyayhux mporHosa ca camo JBa YCKJIaJWIITEHA MOJaTKa Yy padyyHapcKoj
MEMOPH]H;

® jeIHOCTaBHY TMpPOIEAYpPY NPUIUKOM YTBphHUBama HOBHUX IPOTHO3a, 3a KOJy HH]jE
HEOITXOHO BUCOKO MaTEMaTH4KO 00pa30oBame (UECT CIyyaj ca MeHallepruMa);

e jelAHOCTaBHA CBakojgHeBHa ymoTpeba, jep EC Mozenm He 3axTeBa KOHCTAHTHO
onpxkaBame M mpaheme pamga, Beh ce mpoBepa padga Mojela W MpuiarohaBame
napaMmerapa BpIIN KBapPTAITHO WUJIU TOIUIIHE.

Jlasbu pa3Boj Mojiena 3a MPOrHO3Mpame 3aCHUBA Ce Ha 3HavyajHuM yHanpehewuma EC monena
koje cy u3Bpmmau npodecop Yapnc Xonr (enr. Charles C. Holt) (Holt, 2004) u meros
crynent Ilerep Bunrtepc (enr. Peter Winters) (Winters, 1960). Xont je 1957. roqune noaao

KoMITOHeHTY nmHeapHor TpeHaa (b) y EC jennaumHy u Ha Taj HauMH oMoryhuo TadyHuje

NPOTHO3UPAKkE BPEMEHCKHX CepHja Koje Cy y ceOu umaje MHKOPIOPHUPAHY KOMITOHEHTY
TpeHaa (jenHayuHa 3).
JenHauuHa 3a poruosupame y,,, =1 +h-b,, 3)
jemHaunHa 3a yrBphuBamwe HuBoa [ =a -y, +(1-a)-(I_ +b,),

jenmaunna 3a yrephusame tpenna b =£-(L =1 )+(1-0)-b_,,

rae (b) npencrama mpouemeny BpeZHOCT TpeHZa y TPEHYTKY f, 1ok () mpeacraBiba

mapaMerap 3a CYKLECMBHO ycKaljuBarbe TPEHIa U UMa BpeqHOCTH [ € [0,1].

Winters (1960) je y uumipy Oosber ympaBibama 3ajIiXaMa, IUIAHHpama IPOU3BOAKE H
yHanpehema mporeca MporHO3Wpama NoTpaxme 3a mnojeaguHayde CKY, wusBpmmo
yHanpeheme EC Mmoena nogaBameM KOMIIOHEHTE CE30HATHOCTH (jeHavYnHa 4).
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Jennaunma 3a nporosupame y,,,, =1 +h-b,+s_ | 4)
jenHaunHa 3a yrBphusame ausoa [ =a-(y,—s_ )+(1-a)-(l_, +b._,),
jenHaunHa 3a yrephusame tpenna b =£-(L -1 )+(1-5)-b,,,

jennaumna 3a yrephusame cesonamnoctu S, =Y+ (y, =, —b )+(1-y)-s,,.

rae () mpeactaBiba KoehHIHUjeHT 3a yTBphHBame (GakTopa CE30HATHOCTH ( 76[0,1]), a

h =L(h—1)M00yﬂQ MJ+1, OCHTypaBa Ja IpolieHa (aKkTopa CE30HATHOCTH KOpHUIINEHUX 3a

MPOTHO3HMPAE MPOM3WIA3M M3 IOJaTaka M3 MOCICAEr JOCTYITHOr Teproaa (mojamd w3
MOCJICIEE TOJIUHE).

YnopenHo ca pa3BojeM Mojeia 3a MPOrHO3Upame JOILIO je M JI0 pa3Boja pauyyHapa, KOjUu Cy
oMoryhmnu pa pasnmuuuTd MOAETH 3a MPOTHO3Upame Oyay AOCTYINHH KOMIaHHWjaMa
OPUIMKOM Kpeupama CHCTeMa 3a YIpaB/bambe 3aluxamMa M OCTaluM  IUIaHEPCKUM
aktuBHOocTUMA (Thomopoulos, 2015; Winters, 1960). Pauynapu cy cTUMyIHcald U Pa3Boj
HOBUX METOJIOJIOTHja M MOJiela 3a MPOTHO3Wpame, Mehy Kojuma jeaHa oJ1 Haj3HAYajHUJUX
meromnoruja jecte APUMA (eHr. Autoregressive Integrated Moving Average) (Box &
Jenkins, 1970). Koayrop APUMA meTtooioruje je jenan oJ Haj3HaYajHHUjuX CTaTUCTHYapa
20 Beka mpocdecop Ilopu Bokc (eHr. George Box)!!. APUMA Mozmenu uMajy pasivduT
IPUCTYN NPOTHO3Mpamy NOTpaxme, y oaHocy Ha EC monene. APMUIMA Mozenu Texe ka
OTKCUBAY ayTOKOpeJaluje y BpeMEeHCKUM cepujama, 1ok EC Momenu Texe Ka ONnucUBamby
pa3nMuuTUX mabjJoHAa MHKOPIOPUpAaHUX Yy BpeMeHcke cepuje. Takohe, jom jemHa
cneuuduynoct APUMA merononorije jecte Ta Jla OHa YCTBapu INpeicTaB/ba WHTETPaLujy
TPU pa3NUUUTe rpyne Mojena y jeany. OgnocHo, APUMA merononoruja objenumyje:

® ayTOperpecuBHE MOJEIeE,
e Mojene nudepeHIpama u
e MoJIesie TIOKPETHOT MpoceKa,

y jeTMHCTBEH MPUCTYII 3a MPOrHO3upame ',

AyToperpecuBHM MOJIeJIM, TPEACTaB/bajy OOJMK pPErpecUBHUX MOJENa, KOJU BpIIe
IPOTHO3Upamke KOopHUIIhemeM JMHEeapHe KOMOMHAIMje MPETXOIHUX BPETHOCTH BPEMEHCKE
cepuje. Kox mocmarpaHor mojena KOpHCTE CE€ BPEIHOCTH KOje je IOocMarpaHa I0jaBa
OCTBapuja y MpoIUIOCTH, Kako Ou ce u3BpIImiIa perpecuja ka 0yayhuoctu. M3 Tor pasnora y
Ha3WBY MOjeNIa TOCTOju MpeduKc ayTo. YoOudajeHa CTPYKTypa IpelcTaB/bamkba HaBEICHUX
Mozena je cieneha:

' 3a pumie geraba o mpodecopy Bokcy, mpoumTaTn KpaTKy Omorpadujy Ha cnenehem muuky: http:/www-
history.mcs.st-and.ac.uk/Biographies/Box.html

12 Jlanac je y nuTepaTypu yoOHuajeHo Ja ce HaBeAeHH npucTyn Hasuea APUMA umu APMA metononoruja, y
3aBUCHOCTH KOjU Cy CBE MOJIEIHM MHTETPUCAHU y TPUCTYI (Ia JIH je MOJeN 3a AudepeHIpame YKIbYIeH HiTH
He). Y smreparypu u3 70-tux n 80-THX rogmHa yoOWYajeH Ha3uB 3a MOCMATpaHH MPHUCTYII jecTe ,, Box-Jankis
HPUCTYII.
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yt:c+¢1yt71+...+¢1)yt7p+et; (5)

I je ¢ KOHCTaHTa, e; CTAllMOHApHA BPEMEHCKa cepHja ca MpoceyHoM BpemaHomthy 0 u
BApUjaHCOM O, JIOK p TPEACTaB/ba HUBO JO KOI C€ HWJAE Y MPOLUUIOCT NPHIUKOM
aytoperpecuje. HaBenenu monen o3HavaBe ce AP(p).

Judepenuupame mpeacTaBba MpoMeHYy wu3Mel)y y3acTONHHMX BPEAHOCTH BPEMEHCKHX
cepuja. ludepenunpame IpBOT CTeNeHa NPUKa3aHo je y jeqHadnHu (6).

Y=YV (6)

Kako Ou ce Ha mTOo jegHocTaBHUjU HaumH omucana APMMA wmetomonoruja u mporiec
nudepeHnupama, Kopuctauhe ce oneparop B, koju uMma cieaehe ocooune:

B){ =V (7)
B"y, =y, .;
B(By,) =By, =y.,;

Ynorpebom omneparopa B, MpBH, APYrH U d — TH CTENEH IUpEpEeHIpamka MOTY Ce U3pa3UuTH
Ha cienehy HauuH:

Y,=Y,—y,=y,—By=(1-B)y,; (8)
VP = V=2V + Vi =y~ 2By, + B2y, = y,(1-2B+ B*) = (1- B)? y;;

d d
yi =1=B)"y;.

Moaenu MOKpPEeTHOr Mpoceka Takohe KopucTe Mpoluie BPEAHOCTH y IUIbY OCTBapHBAmA
Oyayhux mporHosa, amu 3a pasjiMKy OJ ayTOPErPEeCHUBHHUX MOJIENa, MOJEIH IMOKPETHUX
IpoceKa KOPHCTE TPElIKe KOje je MOIEN OCTBAPUO Y MPOULIOCTH MPUIMKOM IPOTHO3HPAA.
OnHOCHO, MOJIeN OM ce MOTao MPeACTABUTH Kao perpecHja Haj pesuayanuma'® (jeqnaunna 9).

y, =c+e+0e +0e.,..+0¢ 9)

q 14
Bpennoctu e.;, e.>.. erq MpeAcTaBibajy pesumyane. Moaen ce y amrepaTypu yoOWdajeHo
o3HauaBa MA(q), Toe g npelncTaBba HUBO JO KOI CE KOPUCTE PE3UAAYIH U3 NPOLUIOCTH

IPUIMKOM IPOTHO3UpamA.

Yob6uuajen HauuH npeactaBbarba APUMA Mopena jecte momohy Temena (p,d,q), rae:

13 TlocToju ¥ KpUTUIIM3aM IIpeMa IUTamy 1a JIM HaBEIEHH MOJIEN Cllafa y TPYIly PErPECUBHHX MOJENA, jep ce 3a
nporoHo3uparme Oyayhux BpeIHOCTH HE KOPUCTE MOocMaTpama Koja Cy ce OCTBapuia y ,,ClI0JbHOM OKpYXKeJby™
MPOTHO3HMpaHe 10jaBe, Kao IITO je TO clydaj KOJ ,,IPaBUX " perpeCUBHUX MOJIEIA.
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P — TIpeCTaBJba CTENCH ayTOPErPECHBHOT MOJIEINA;
d — ipesicTaBsba CTENEH AU(epeHIUpama y 1aTOM MOJIEITY;
g — TIPeJICTaBJba CTETIEH MOJIelia OKPETHOT MpeceKa.

APUMA mopen Moke ce puKa3aTy y pa3BUjeHOM OOJIMKY Ha cliefichy HauuH:
Vi=eH (P +tOpyip)+(Og g+ 06 g) e (10)

Ve=Via=c+ A=Y+ 0=V p 1) T (OB +...+ Oy, +€);
6 B’
e

Vi= By =c+ (v =By + ot By (v p=Byi—p) + (e(1+ OB +...+ 6,B7))
(1=-B)y,=c+d(1-B)y) +..+9,(1-B)y,_p, +e,(1+ HIB+...+6’qB‘1) ;
(1-B)y; =c+¢(1-B)By; +...+¢,(1-B)BY y, + 1+ G B +...+ 6,B) ;
(1-B)'y,-(1-¢B—..—¢ B")=c+e(1+0B+..+0,B").

|

Jughepryuparse AP(p) MA(q)
cmenena _d

3HavajaH TIEpHOJ] 3a Pa3BOjy IMPOTHO3HMpama Kao 3aceOHe obmactu jecy u 80-Te ToauHe
mpouwior Beka. Taga JojlasM A0 OCHUBama jaBa vacomnuca ([International Journal of
Forecasting — IJF (Elsevier) u Journal of Forecasting — JoF(Wiley)), koudepennuje ISF
(International Symposium of Forecasting (ISF)), n Uncturyra IIF (International Institute of
Forecasters (IIF)) (www.forecasters.org). Ha Taj HauuH o0iacT mporHO3Mpama je mocraia

3aceOHa AMCLUUIUIMHA ca TOpPe HAaBEJACHUM YacCOMMCHMA, KOH(PEPEHLINjOM U yAPYKEHEeM, Kao
Boamsbama Oynyher passoja (Nikolopoulos, 2010).

Tokom 80-THX MOKpEHYyTa Cy MO3HATa U NMPU3HATA TAKMUYEHA Y PELM3HOCTH TPOTHO3UPamka
Pa3IMYUTHX MOJIENa, Koje je opranusosao npod. Makpuaakuc'®. Makpuiakucosa TaKMHYEHa
MIPEICTaBJbajy HU3 EMITUPU]CKUX CTYAH]a KOje Cy HacTalle y IuJby YTBphHUBama KOJU MOJEIH
(YHUBapHjaHTHH) ¥ TOJ] KOJM OKOJHOCTHMA TIPY’Kajy HajTauHuje mporHo3e. Hacrana cy kao
nocienua auckycuje Ha pan (Makridakis & Hibon, 1979), y xome cy pe3yaTatu
HaroBeIITaBaJH /1 JeAHOCTABHU]U MOJICIM MOTY OUTH TO/Ij€JHAKO e(pUKACHH, 1A YaK U 00JbU
OJl CTaTUCTUYKU CIOXKCHMJUX M MATEeMAaTUYKH YTeMEJbeHHjHUX Mojena. Y IpeaAMEeTHO]
JUCKYCHJH TEOPHJCKM CTAaTUCTUYapH Cy JKECTOKO KpPUTHKOBAJIM pe3yiaTare paja,
m3pakaBajyhu cymmy na cy HaBeneHH pesyaratu moryhm!>. Kpuruimsam ucTpakupauke
3ajeTHHIIC TIpeMa pe3yJTaTuMa CTyauje, HaBeO je ayTope paja jaa opranu3yjy M1, M2 u M3
TakMU4ema Koja cy Tpajaia ox 1982. mo 2000. ronuHe U Koja cy, 0€3 cymMme, IoKa3ana u
noTBpaAmWIiIa pesynrare cryauje (Makridakis & Hibon, 1979). TpenyTHo, y TOKy je M4 cTynuja

“3a pume merasba o mpodecopy Crmpocy Mukpomakucy, nornematd Ouorpadujy Ha ciemeheM JHHKY:
https://www.insead.edu/faculty-research/faculty/spyros-makridakis
15 Tlormenaru penensunjy y npwiory paga (Makridakis & Hibon, 1979).
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koja he Tpajatu ox (janyapa 2018. no maja 2018.). lo caga M4 TakmMudeme je HajoOOUMHH]E U
obyxparahe mpexo 100 000 BpemeHckux cepuja'®.

Hako je mporHO3Wpame Ha MOYETKY CBOT pa3Boja y MOCEOHY MUCIUILIMHY, OHO j€ JaHac
MpU3HATa UCTPAXUBAYKa 00JaCT, ITO MOTBPhyje U YNIHEHHUIIA J1a CY TI0jeIUHU UCTPAKUBAYN
13 oBe o0acTH Harpal)eHH BUCOKMM Mel)yHapoJHUM Harpagama, Mehy kojuma je u Hobemnosa
Harpazna!’. Jlasbu pa3Boj MpoTHO3a, HAjBUIIIE 3aBHCH O 0OJIACTH y KOjHMa ce OHE MPUMERY]Y
U CaMUM THUM HHXO0Ba YIIOTpeOHA BPETHOCT 3aBUCH OJ1 OJITOBOpA Ha MUTamka KOje MOpajy AaTu
y TuM obsactuma. HapenHo moamoriaBme ce 0aBU yImpaBO TakBUM MHUTAmbMMa U3 yIiia
noructuke u JIC U 1aje oaroBop Ha MUTame KOja je yjlora W HaYMH IPUMEHE HpOTHOo3a y
caBpemenum JIC.

2.4. Cepxa u ynoea npoenosa

Jla 6u ce carnepana yjora M 3Ha4daj MPOTHO3a 32 (YHKIIMOHUCAKE CAaBPEMEHUX IMOCIOBHHX
cucreMa KOpucHO je Hahu oarosope Ha cieacha nurama:

e 3amro nporHo3uparu’?
e 3amTo yommTe MOCTOjH MoTpeda 3a MPOorHo3upameM?

[Ipodecop Makpugakuc, kao jenaH O] Haj3HAYAJHHJUX MCTPAXKHBAya 3a YCIOCTaBJbaHbE
NPOTHO3Mpama Kao rnocedHe o0NacTH y Haylu, objamimaBa yJaory MporHo3a Ha cienehu
HAYMH:

,»4ecmo NnoCmoju 8pemMeHcKU packopax usmehy ceechocmu o npeocmojehem ooeahajy u
mpeHymka Hacmanka moe doeahaja. Bpeme 0o nojase ooecahaja je enaeénu pasnoe 3a
niaHuparse U npocHosuparbe. Ako je mo peme Malo, He NOCMoju nompeba 3a
naanuparwem. Ca Opyee cmpawne, aKo je 6peMeHCKU XOPUSHOHM O0Y2ayaKk U YKOIUKO
Hacmauax oozahaja 3aeucu 00 HU3A axmopa Koju ce Mo2y udeHmupukosamu, maoa
naanuparse 6y0yhux axmueHocmu ModxHce uMamu 3Hadajuy yaozy. Y mum cumyayujama
npocHo3Upare je nompedHo Kako ou ce ycmanosuno xada he ce doeahaj ocmeapumu
(unu ykazamu nompeba 3a YcClIyeom), Kako Ou ce Ha epeme Mozle UCHAAHUPAMU
oozosapajyhe akmusnocmu® (Makridakis, Wheelwright, & Hyndman, 1998; Makridakis
etal., 1983).

IIpema Liu (2011), mporuose cy notpedHEe y OHMUM CHTyallHjama Kaja ce BpPIIH JOHOUICHE
OJUTYKa YHjH HCXOIu 3aBuce on Oynyhux Hemo3Hatux ¢axtopa. Kama cy y muramy JIC,
norpeba 3a mporHo3ama He OM TOCTOjana Kaga OuW Bpeme HabaBKe CHpPOBHHA, BpeMe
IPOM3BOJI-E, BpEME IMOMYyHhaBama 3aluxa U BpeMe JI0CTaBe MPOM3BOJA HA TPXKHUINTE, OUIIO
jennako nymu (Christopher, 2005). Ha Taj Haunn, JIC Ou MOrIM Ha TPXKHIIHY TOTPAXEY

133 pume geradka 0 M4  TakMUdelY W HAUWMHY [IPUjaBJbUBAaEKa  HA  KMCTO,  IIOTJIEJATH:
https://www.unic.ac.cy/news/announcing-m4-makridakis-4-forecasting-competition

17 3a Bume gmerasba nornexatu Oouorpaduje ciaenehux ucrpaxusaua: Lawrence R. Klein, Wassily W. Leontief,
Franco Modigiliani w James Tobin) (Armstrong, 2001).
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OJITOBOPUTH OAMax M He OM MmocTojaja morpeda 3a IMJIaHUpameM Mparehux JTOTUCTUYKUX
aKTUBHOCTH IIpe I0jaBe caMe MoTpaxme. VMMajyhum y BHIy Ja yBeK MOCTOjU BPEMEHCKHU
XOpH30HT M3Mely ucrnocTaBibama MOPYUOUHE M HeHe peanu3anyje (ciamka 2-3), IporHos3e
MpEICTaBJbajy CYIITHHCKU BaxkaH mporec 3a JIC, 6e3 o03upa na ju je maHar Oa3upaH Ha
make-to-order unm make-to-stock npunrmny'® (Liu, 2011).

Hcnocrasmena notpaxma: di

' yiticobaatertnleribn lantie et el ot e st S e 2 e |
Hopyu?nna: v !
qi
CHAB/JIEBAILE DABPUKA 3AJINXE
. ITopyunBame >
DI i e o b + T'otoBH
—— > Pcanuzauuja OPEHRRCTH
nopyuouHe [MOTPAXTHA

d ol »]
Bpeme nabapke Bpewme peanmzanuje | Bpeme ucropyke !
CHPOBHHA nopyubuxe NPOH3BO/IA HA TPKHUILTE

&
- AN

Cruxka 2-3. BpeMeHCkH packopak u3Mel)y mojaBe moTpaxme U leHe paliu3alidje of CTpaHe
moructrakor cucrema (Liu, 2011)

[MpunukoM ympaBibamba MOCIOBHUM aKTHBHOCTHMA, MOTpeda 3a IJIAaHUPAmeM je HU3pPa3huTo
BENIMKa, J€p j€ BPEMEHCKH XOPHM30HT 3a JOHOIIEHE OJIyKa BapujabwmiaH. BpemeHcku
XOPH30HT Bapupa OJ] HEKOJIMKO CeKYHIU (PYTHpPamke TEICKOMYHUKAIIMOHUX CUTHANA), MPEKO
HEKOJIMKO CaTH WM JaHa yHaIpe. (3aKka3uBamke MPOU3BOIE WIH TPAHCIIOPTA), 10 HEKOJIHKO
roguHa yHampen (kamutanHe uWHBeCTHIMje). [IporHO3Wpame je 3HavajHa MOJpIIKa
epexkTUBHOM U e¢uKacHOM Iutanupawy (Rob J Hyndman & Athanasopoulos, 2014;
Makridakis et al., 1998). Jlome mnporHose Mory IOBECTH [0 KaTacTpo(aTHHX OJuIyKa
(Armstrong, 2001). Yiora mporsosa, Kao MojpIIKe TUIAHUPamky MpUKa3aHa je Ha ciuiu 2-4.
Ca ciuke ce yoyaBa Jia Ha IpOIEC IUIAaHUpamba U OAIyYHBamkba YTHUY MHTEPHU U €KCTEPHU
daktopu. Ha wmHTepHEe (akrope, KoMmmaHHja MMa MOTYNHOCT yTHIAaja U CaMUM THM H
KOHTPOJIMCama, TOK €KCTEpHHU (aKTOPH HE 3aBHCE O] MOjeAMHAYHE KOMIIAHW]E€ U OHA UX HE
MOXXe KOHTpoJsincatu. Takohe mporHoze mMmajy He3axBaJlaH 3ajaTak npenBuhama Oymyhux
cTama ekcrepHux (aktopa. Cama UYMIBbCHHIIA Ja KOMIMaHWje HUCY Yy MoryhHocTH ma
KOHTPOJIMILY eKCTepHe (aKkTope ykKa3yje Ha TeXHHY 3aJaTKa KOjU HMajy eKCHepTH 3a
IPOTHO3UPABE.

¥V mapenHuM TornaB/buMa AeTajbHMje he HMTH 0OpaljeH 3Hayaj MporHosa 3a o0a HaBeJEHA ONEpaTUBHA
MIPUHIIAIIA Ca aKIICHTOM Ha Kpeupame pull aHna cHabeBama.
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Cauka 2-4. adopmMarrionu TOK mpolieca NporHo3upama 1 MOCcIOBHOT anupamwa (Makridakis et al.,

1983)

®unanne nporHoze y JIC Mopajy ycmocTaBUTH IMOBE3aHOCT u3Mel)y MpOTHO3a Koje Ccy
kpeupane y pasnuuutuMm nenoBuma JIC. Iloctoju Bucok HuBO MehyyzaBucHocTH u3Mmehy
pa3IMUUTUX JemapTMaHa YHyTap KOMIMaHHWje, Kao W Benuka wMehysaBucHocT wu3Mmel)y

paszmuuntux yuecHuka y JIC, koja He cMe OMTH UTHOpPUCAHA YKOJIMKO CE€ HACTOjU Jia MpoLec
nporHosupama Oyne ycrneman. MelycoOHa mOBe3aHOCT TUPEKTHO YTHYE KAKO Ha JIOHOIICHE
CBAKOJHCBHHX OIICPATUBHUX OIJIYyKd, TAKO W HA YKYIIHY HNPOU3BOAHOCT W OITHUMAIHOCT
nocMaTpaHor aenaprMmana/yuecHuka y JIC. 3a ycnocraBipame U peanus3anujy epuKacHUjer u
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npoayktuBHHjer JIC mel)ycoOHa moBe3aHOCT a caMUM THM U ONEpaTHBHA 3aBUCHOCT nM3Mehy
pazimuuntux yuyecHuka y JIC, He cMe OMTH 3aHeMapeHa MPUIMKOM Kpeupama MPOrHo3a, mTo
je nanac 4yecrto cinydaj y komnanujama/JIC.

Jeman oj rmaBHHMX pasiiora HacTaHka eexTa Ouva jecy HEKOOpIAUHHCAaHE TporHo3e (A/barune
& Habib, 2015). I'pemike y nporHozama (puHAIHE TPOJIaje MOTY MPOY3POKOBATH T'PEIIKE Y
nporieHamMa Oyiieta, ONEpaTHBHHUX TPOIIKOBA, TOTPEOHMX HOBYAHUX TOKOBA, 3aJIMXa,
onpehuBamy (uHaNHE TpojaajHE IeHE Mpou3BoAa, UTA. Jlajbe, rpeuike y MpOTHO3UPAY
Oyliera MOTy IpOYy3pOKOBATH: HEAOCTaTaK HOBYAHUX CPEACTaBa MOTPEOHUX CBAKOM CEKTOpY,
3aCTOj Y pa3Bojy HOBHX MPOU3BO/IA, MOJCPHU3AIM]H OIIPEME, 3al0LbaBalkby HOBUX PAHUKA,
HEJOCTaTKy CpeAcTaBa 3a pekiamupame, uTA. OBo he cBakako yTHIATH, aKO HE U
OTPAaHHYUTH HUBOE MPOJaje, MAaKCUMATHE OMEpPAaTHBHE TPOIIKOBE U PACIOJIOKHWBH HOBUAHU
TOK yHyTap kommanuje. Ca apyre cTpaHe, YKOJIMKO je OyueT ImperewmeH MOCTOju 3HadajaH
BUIIIAK HOBIIA U JIOJIA3H JIO CTBAPamka OMOPTYHUTETHUX TPOIIKOBA.

Ha cmunm 2-5, npukaszana je cxema mehy3aBucHoctm u3mely pa3nuuutux mporeca y
KOMITAaHUJU M Tpolleca MPOrHO3Mpama. YOUJBMBO j€ Ja MPOrHO3€ MMajy M3Y3€THO BHCOK
yTUIAj Ha Tpolec Kpewpama Oylera, Kao jeJHOr O[] HajBaKHUJUX IOCIOBHHMX Ipoleca y
KOMITaHUjH.

TpancropTaH
TPOIIKOBH
P byner
Ty
Tpomkoeu
L —
3aIHxa
OctBapeHa IIpornozupana :
‘ pe ‘ ‘ P P ‘ Maxpetnar ‘ TIpomajau THM
mpopaja TOTPaKEbA
IIponseonuu
Tpowkosi TPOIIEORH
KanuTana IIponzeonma Tpomkoen
A
Hckopumheme 3
pecypca
¥
TpomkoBn OnopTyHHUTETHH
T'oToBUHA Toxoen HOBIIA :
03ajMJEHBAKA TPOIIKOBH
L 4 L) 4
II

oTpedaH HOBaIL

Cauka 2-5. CtpykTypanHa Mel)y3aBUCHOCT eJleMeHaTa y Ipolecy npornosupama (Makridakis et al.,
1983)

[Ipunrkom renepucama Mporyo3a 3a norpede ynpapibama JIC, KIbydHO je OCHUTYypaTH Ja CBH
ydecaum y JIC Bpmie ruiaHWpame CBOjUX aKTHBHOCTH NpeMa 3ajeTHHYKUM IPOTHO3aMa.
Tako kpeupaHe nporHo3e TpaHCHOPMHUIILY Ce y 3ajeTHUUKH IJIaH KOJUM ce Ae(PUHUIITY HUBOU
NOTPEeOHMUX 3ajMXa, KOJMYMHE HUKIMYHUX 3aiuxa u (pekBeHTHOCT oOHaBibama (Chopra &
Meindl, 2007). VYkonuko MeHayepu IMoOjeIWHAYHNX (YHKIUja pas3Bujajy MelycoOHO
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HE3aBUCHE INPOTHO3€, KOMIaHHja he HM3ryOMTH KOHTPOJY Haj MpPOIECOM MPOrHO3UpPama
(Croxton, Lambert, Garcia-Dastugue, & Rogers, 2002).

Jobpo kpeupaH cucTeM 3a IpenBuhame je HykaH 3a yHanpeheme ynpaBibamba U KOHTPOJIE
JIC, omoryhaBajyhu komnaHujaMa j1a c€ HOCE ca MTPOMEHHUBOM MOTPAXKEHOM 332 TTPOU3BOAMMA
u pecypcuma (Thomopoulos, 2015). Kommanuje Texe na 3a70BoJbe MOTpeOE KOPHCHUKA ca
mTO je Moryhe Mame 3anmxa y CKIaJuIlITAMa, Kao U J]a MUHUMH3Y]y TPOIIKOBE KYIIOBHHE,
Mopy4YrBama M 4yBama 3anuxa. [loy3gaHe ImporHose Cy OJ CYIITUHCKOT 3Hauaja 3a HUXOB
orcrtaHak u pact. [IpuimkoM rraHupama mpou3BOAKHE, MEHAIMEHT MOpa MpeABuaeTy Oyayhe
3aXTeBE 3a CBOJUM IPOM3BOIMMA KaKo Ou OiaroBpeMeHo 00e30e1M0 CUpOBUHE, PaJHy CHary
U Jpyre HEMXOJHE pecypce M Tako MCIYHHO OYEKHMBAaHY MOTPaXmy 3a npousBogauma. OBu
pecypcu ce IUIaHupajy U pacriopel)yjy Ha pajHe 3a1aTKe, Ipe Hero IITO Ce UCMOJbU MOTPAKEHA
3a Mpou3BoaMMa Ha TpxKUIMTy. CaMUM TUM, TPOTHO3€ A00M]jajy Ha join Behoj BaXKHOCTH, jep
3HA4YajHO TIOMaXy MaHallepuMa TOKOM TIpolieca TMoOJelIaBamka Npoleca IMPOU3BOAE
TPKUITHAM 3axTeBuMa (Nikolopoulos, 2010). YV uBopoBUMa JIOTUCTHYKE MPEXKE Y KOjUMa CE
4yyBajy 3aiuxe (CKIaauINTa, TUCTPUOYTUBHU LIEHTPH, MAJIONPOJAJHH 00jE€KTH), MPOTHO3E CY
O]l CYIITHHCKOT 3Hauaja 3a MpoIlec yrpaBibamka 3ajiuxama. Y BbHUMa Ce Hala3W BHIIE XUJbaaa
CKJIQJIMITHUX apTHKalia 3a KOje C€ yHampea Mopa MPOLECHUTH (IIPOTHO3UPATH) MOTPAKEHA
(Thomopoulos, 2015). [Iporao3upame MOTPaXKHE j€ HEOMXOAHO Kako O ce 006e30eauno aa ce
onroeapajyhe 3anmxe Hamase Ha CTamy (Ja Cy PaclojOkKUBE), Y TPEHYTKY Kaja ce 3a mhuMma
nmojaBu ToTpaxmwa. Brown (1956) y cBoM HCTpaxuBamy, KOje j€ MPOMEHUIO 0O0JacT
NPOTHO3Mpama, 3acTymna Te3y Ja OJUTYKe Be3aHe 3a yIpaBJbake 3alliXaMa W YTBphUBame
nparehux BenmnunHa (KOJWYMHE HaOaBKE W TPEHYTKa MCIIOCTaBJbakba Hajora 3a HaOaBKy),
Tpebajy Outu Gazmpane Ha mporHo3ama Oyayhe morpaxme. Winters (1960) takohe ncrtuue
3Ha4yaj MporHo3a, HaBojehum 1a je moTpeba 3a mMporHo3ama y KOMIIaHMjama Hajyenrhe
reHeprcaHa u3 notpede JeuHucama cTpaTeruje yrnpanibama 3ajJiuxama Uil Kpenpama IiaHa
npousBoame. [Ipema Brown (1959)-y xoMmanuje u Koprmopauuje Koje ¢y y CBOM IOCIOBabY
MPUMEHUIIE TPOTHO3€ UMajy KOMIIETHTATUBHY NPETHOCT HA TPXKUINTY, Ka0 U J]a Cy METOIe 3a
NPEIU3HO TIPOTHO3HMpPAkE JOTPUHENIC CMambHBalkby HUBOA YKYITHHX 3aJlMXa y BPETHOCTH OJl
gyak 150 munmona nmomapa. Ca apyre cCTpaHe, CMamHBamke 3alliXa HUjE YTHUIAIO Ha
CMamUBamke HUBOA yciyre, Beh je y HeKuM cilydajeBuMa JIONuIo U 10 moBehama HUBOA yCIlyTe
(bUHATHUX MOTpoIIayYa.

VY caBpeMeHUM KOMIIaHHMjaMa, NPOTHO3UpAmkE MPEJCTaB/ba CacTaBHH JE0 Ipoleca
omtyanBawa (Makridakis et al., 1998; Makridakis et al., 1983). Opranusanuje mocraBsbajy u
neGUHUITY KeJbeHEe IUJbEBE MOCIIOBakha, a HAKOH TOra BPIIM CE MPOrHO3UPAKE EKCTEPHUX
dakTopa. Y3umajyhm y o003up NpOrHO3e eKCTepHUX (aKTopa, KOMMaHuje AeGUHUILY
aKTUBHOCTH M KOpake Kako Oum octBapuie neduHucaHe musbeBe. [loTpeba kommanmja 3a
IIPOTHO3UPAKEM j€ Y KOHCTAHTHOM TOpacTy, jeép MEHAUMEHT MOKYIIIaBa MPOTHO3UPABEM J1a
CMamHU 3aBHCHOCT IOCJIOBamka KOMIAHHU]jE OJf CTOXAaCTUYKHX EKCTEpPHHX (paKkTopa U Ha Taj
HAYWH YCTIOCTaBHM HAYYHH MPHHIIMI 32 pa3yMEBamke CTOXaCTHYHOCTH CIIOJhALITEHET OKPYKEHA.

C o03upoMm 1a Cy CBU CEKTOpH opraHu3anuje MelhycoOHO mMoBe3aHu, no0pa WM Jiomia
IPOTHO3a MOXKE YTUIATHU Ha YnTaBy opranusauujy (Makridakis et al., 1998; Makridakis et al.,
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1983). Ha ocHOBY nporuo3a, MeHallepy U3BpIlaBajy MIaHUpambe MPOU3BOILE, TUCTPUOYIIH]E,
Kao M pe3epBUCale pecypca y Ommckoj OynyhHOCTH (TUMWYHO 3a KBApTAHU MEPHOI WU
YHUTaBYy TOJIMHY) TaKO IITO Bpule yckiaahuBame aktuBHOCTH mupoM JIC-a (Chopra & Meindl,
2007). Heke on obmactu Ha Koje MPOTHO3UpPAmEe MMa 3HauYajHy ynory cy (Makridakis et al.,
1998; Makridakis et al., 1983):

e Pe3epBucame pecypcea: epukacHo kopuiiheme pecypcea 3aXxTeBa yHaIpe,l INIaHUPAbEe
NPOM3BOJLE, TPAHCIIOPTA, 3aMOCICHUX, HOBYAaHMX CpeAcTaBa, WTA. llporHose
OCTBapeHE Ha HHMBOY IIPOM3BOJA, CHUPOBUHA, pajgHe cHare M (UHAHCUJCKUX
TpaHCaKlyja cy KpyLHjalHHU yia3 y INIaHUpambe U 3aKa3UBambe pecypea.

e Ha6aBka 3aimxa, ajlaTa 3a paj U aHra:koBambe PaJHOT 0c00/ba: BpeMe OTPEOHO
3a HaOaBKy TMOTPEOHMX MaTepHjalHUX J00apa, 3amnollJbaBamke/TIPUBPEMEHO
aHTa)XOBamkhe paJHUKa, KY[TOBHHY MAallMHA WIH JApYyre ONpeMe MOXKEe BapHpaTH O
HEKOJIMKO JaHa JI0 HEKOJIMKO rojuHa. M3 Tor pasiora, mporHo3e cy HEONXOJHE KaKo
6u ce yrBpauie Oyayhe morpede 3a penmpoMareprjagoM U JbYIACTBOM, U CXOAHO TOME
U3BPILNIO BUXOBO MPAaBOBPEMEHO 00e30ehuBame.

e YrTBphuBame nmorpeda 3a pecypcuma: cBe KOMIIaHH]€ MOpajy Aa yTBpIE MOTpeOHE
pecypce 3a HapeIHH IEpHUOA. YCIOBH Ha TPXHINTY, YHYTpallkha pPa3BUjEeHOCT
(MHAHCHjCKUX, TIEPCOHATHUX, MPOU3BOAHUX M TEXHOJIOIIKHAX Pecypca, Kao M pa3HH
JPYTU YHYTPALIBH U CHOJbAIlbU (GaKTOPH yTUUY Ha oTpedy 3a Oyayhum pecypcuma.
Jla 6u ce oAroBOPUIIO Ha TaKBE 3aXTEBE, MOTPEOHE Cy MPOTHO3€ r'eHepUCcCaHe Ha HUBOY

pecypca.

[lporHo3upame Kao yoOWM4YajeHW CTATUCTHUYKM 3aJaTak y IMOCJOBamky, WMa 3ajarak Ja
MOMOTHE Y HH(OpMHUCay JOHOCHOIIA OJITyKa 0 MoryhuMm OyayhuM kperamuma peleBaHTHUX
BapujabiM a KOje MOTy Jla YyTHYy Ha IUIAHHPAWkE MPOU3BOMIGE, TPAHCIIOPTA M JbYICKHX
pecypca. Ha Taj HaumH mpOrHO3€ TIOMaXKy y JOHOIICHY KaKO CBAKOJHEBHHX OIEPATHBHUX
TaKO M JYTOPOYHUX CTPATEUIKUX IUIAHEPCKUX OJIyKa. Y TMPaKCH MPOTHO3E Cy YIIaBHOM
JolIe KperpaHe U yecTo ce moucrosehyjy ca rmianupameM 1 Oyayhum ubeBUMa, HaKo Cy TO
TpU TOBE3aHe, ajli BeoMma paznuuute o0nactu. Ilpornosupame 61 ce MOIJIO OKapakTepucaTu
kao mnpensuhame OyayhHoctn 1mTo je Taunuje Moryhe, kopuctehu cBe oOCTyIHE
nHopMmalje y camammeM TPEeHYTKY, YKJbydyjyhu HCTOpHjcKe TOAaTKe W 3Hama o
noTeHIMjaTHuM OyayhuM morahajuma koju MOry yTHIATH Ha mporHose. bynyhu nnbeBu cy
OHM pE3yJITaTH IIOCJIOBamka KOjUMa KOMIIaHHWja TEXHU M KOj€ HACTOjU Ja OCTBapH Yy
oynyhnoctu. [{usbeBu Tpeba ma Oyay MOBE3aHM ca MPOTHO3aMa M IUIaHUpameM (ciuka 2-6),
aJM y MPaKCH TO YE€CTO HUjE CiIy4aj. YecTo ce NMUIbEBH MOCTaBJbajy 0€3 jaCHOT IIaHa KaKo UX
OCTBapuUTH, M 0€3 MKaKBHX IpPOrHO3a KOje MOry Ja MOMOTHY y YTBphuUBamWmy Jaa JH Ccy
WHUILWjATHA UUJBEBH PEATHU, OJHOCHO OCTBAPHBH y HAjBEPOBATHUjUM OyAayhMM TOKOBHMA.
Ilnanupame je OAroBOp Ha NMPOTHO3UpPame U LIWBEBE M YKJbYUyj€ HU3 AKTUBHOCTH U
KOpaka Koju oMoryhasajy cMHXpoHHU3alujy 0yayhux nusbeBa v Mporuosa.
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IIporuose

[Tnanupame

Cruka 2-6. MehycoOHa moBe3aHocT u3Mel)y mporsosa, ijbeBa 1 TIaHUPamba

Armstrong (2001) Takohe uctuye na cy y mpakcH MPOrHO3E BEOMa 4ecTO MOUCTOoBeheHe ca
mianupameM. [IpeMa meMy, TUTaHUpambe ce THUe Kperpama CIMKe Kako Ou ,,cBeT* Tpebao 1a
u3riea, JOK MPOTHO3€ MPEACTaBibajy CIMKY Kako he ,,cBeT™ marieaaru y Oynyhnocru. U3
TOT pa3Jiora UCTH ayTop MpeyIaxe CTPYKTYpallHU OKBHP 3a Mel)ycoOHY MHTepakiujy usmehy
MPOTHO3Mpamka U MIaHupama (ciuka 2-7). [Inanepu MOy KOpUCTUTH IPOTHO3€E Ka0 CPEICTBO
3a MPOTHO3UPAKkE MCXOJa PAa3IMUUTHX IJIAHOBA M YKOJHMKO Cy Pe3yJTaTH 3aJ0BOJbaBajyhu,
IJJAHOBH C€ MOTY CIPOBOAMTH Y MPAKCH. YKOIUKO Pe3yJTaTh HUCY OJroBapajyhu, miaHoBu
Ce MOT'y KOpPHUroBaTH T€ MOHOBO NMPUCTYIUTH MPOTHO3UMpAky HUXOBOI yTHIAja Ha Oyayhe
norahaje Koju Ccy o] HHTEpeca 3a mocMarpany Kommnanujy (Armstrong, 2001).

Crospanima
baza momaraka
OKOJIHHA
[Tnanupame
nporeca

Monenu 3a
MPOrHO3HPAKE

[a nu je rpewwka
nporHo3upara
npuxeatrouea?

HMIUIeMe HTaqu g
pesyaTara

Crnuka 2-7. CTpyKTypajiu OKBHp 3a IPOTHO3UpAkE U ITaHupame (Armstrong, 2001)
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Mebhytum, y mpakcu MHOTe KOMIIAaHHj€ HE3aJ0BOJbHE pe3yiaTaThMa CIOMEHYTOT Ipoleca,
BpILIE KOPEKIIH]Yy CBOJUX MIPOTHO3a, a He MaHoBa (Armstrong, 2001)!

2.5. Jlonowere 001yKa y 1AHYUMA CHADOe8ara U NPOSHO3UPAbe

MeHayuMeHT je 1MojJ KOHCTaTHUM TPUTHCKOM JOHOIICHa Op3WX OIUTyKa, MO MUTamHMa Ol
KpynujanHor 3Hadaja 3a kommanujy W JIC. CacrtaBHM neo mpolieca JOHOIIEHa OJTyKa
MEHalIMEHTa Tpeba a OyAy W MPOTHO3E, jep YECTO UMa]y BaXKHY YJIOTY Y MHOTHM O0JacTHMa.
[Ipornose mMory ja mMOMOTHY €KCIepTHMa M OpraHu3aljama Jia Bplle IJlaHupame Oymyhux
AKTUBHOCTH, 3aCHOBAHO Ha pallMOHATHUM ojnykama (Armstrong, 2001). lITo cy npenusnuje,
OJUTYKE JIOHELIeHe, OJ] CTpaHe MeHayepa uMajy Behu u OosbM yTHIa)] Ha e(UKAcCHOCT
noructuukor cucrema (Nikolopoulos, 2010). Jlonocuonmma oryka motpeOHe cy MporHO3e
camMo OHHUX jorahaja KoJ KOjuX MOCTOjU HEU3BECHOT HUXOBOT Oyayher mcxona M Koje HUje
Moryhe KOHTpoimucaTH O]l CTpaHE IOHOCHOILIA OJUTyKa, KOMIIaHWje WIW Tpyne JbYAu
MOBE3aHUM ca nmocMarpanom kommanujoM uinu JIC (Nikolopoulos, 2010).

[Iporuosze ce, mpemMa BpPEMEHCKOM XOPH30HTY y KOJEM C€ BpIIM NPOTHO3UPAHE, MOTY
MOJICNIUTH Ha KPAaTKOPOYHE, CpeopouHe u ayropoune (Makridakis et al., 1998; Makridakis
et al., 1983). Y 3aBucHOCTH 0] CTIeU(PUIHOCTH MPUMEHE CaBPEMEHE OpraHU3allH]e 3aXTeBajy
KpPaTKOpOYHe, CpeAmopodHe U ayropouyHe mnporHoze (Rob J Hyndman & Athanasopoulos,
2014). YoOuvajeHo, TOJ KpaTKOPOYHHM TIPOTHO3aMa CMaTpajy ce mporHoze ox 1 go 3
nepuoja yHampes, cpembepodHe Mporuo3e o0yxBarajy nepuos on 4 go 12 nepuona yHampen,
JIOK Jyropo4He mporHo3e oOyxBaTajy 12 u Bume nepuona yHampen (Nikolopoulos, 2010).
OBaj HAYMH JUCIIEp3H]je MPOTHO3a M0 BPEMEHCKOM XOPH30HTY, MOTIYHO j€ Yy CarjlacHOCTH ca
HauyMHOM JoHomema omtyka y JIC, jep u Behuna JIC uma cnmuyad HauyuH TOHOIICHA OJITyKa.
Onnyke y JIC nonoce ce Ha Tpu HUBOoa (Chopra & Meindl, 2007; Nikolopoulos, 2010):

e ctparerujckoM (au3ajuupame JIC);
® [IAHEPCKO-TaKTU4KOM (1utanupame JIC) u

® ONepaTHBHOM HUBOY.

[IpojexToBame (IM3ajHUpALE), TUIAHUPAKE M ONEPAaTUBHO M3BpIIaBamke akTHBHOCTH y JIC
UMa CHaKaH YTHIa] Ha CBEyKymHY npodurtabunnoct u ycneumHocT JIC (Chopra & Meindl,
2007). Crparerujcke omiyke onHoce ce Ha nepuHucame cTpykrype JIC TokoM HapegHHux
roJIMHa ¥ 00yxBaTajy: AepUHUCAE TU3ajHA, HAUMHA Ha KOju he pecypcu outu pacnopehenu
u mipotiec koju he ce onBujaT y cBakoj ¢azu (Chopra & Meindl, 2007).

[Tnanepcke (TakTUUYKE) OJUTYKE, Ociamajy ce Ha Beh meduHHUCaHE OTyKe Ha CTPATETH]CKOM
HUBOY ¥ FBbUXOB OCHOBHHU IIWJb jecTe MakcuMu3aiija npodpuradunaoctu JIC, umajyhu y Bugy
OKBHpE KOjU Cy Je(UHUCAHU Ha CTpaTerujckoM HuBOY. [lmanepckum ommykama yTBphyjy ce
Jokauuje koje he cHaOmeBatu ojapeheHa TpKMINTa, CTpaTervje yIpaBibama 3ajuxama,
yroBopu ca mnoano0aBjbaurMa, Kao M IUIAHUPAkbe W TEMIIUPAkE MAKPEeTHHIIKUX U
IPOMOTHBHHX aKTUBHOCTH y mpescrojehem nepuony. Komnanuje 3anounmy mianepeky ¢asy
MPOTHO3UPAKEM TMOTPAXKEE y HAcTymajyhoj TOIWHHM, nearperdpaHy NpeMa pa3IuduTHM
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MapKeTHHIIKUM peruoHuma (Chopra & Meindl, 2007). YoOuuajeH MIaHEPCKH XOPU30HT
YHYTap TaKTUYKOT HUBOA OTyYHBama jecTe nepuon ox 3 g0 12 mecenu.

OrnepaTuBHE OJJTYKE UMa]y 3a/1aTak Aa o0e30ene pean3aliijy IpUCIenX 3aXTeBa KOPUCHUKA
Ha HajedukacHuju mMoryhm HauuH (Chopra & Meindl, 2007). Xopu30oHT yHyTap Kora ce
JIOHOCE OTlepaTHBHE OJUTYKE j€ U3y3€THO KpaTaK M YecTO je Ha HUBOY MUHYTAa, caTa, JaHa WU
Henesbe. CaMuM THM MOTPEOHO je W Jla MPOTHO3€ KOje MOApIKaBajy HaBEIACHU Iporec Oymay
TeHepHCcaHe y JaTUM BPEMEHCKUM IneproaumMa. TokoMm oBe (aze, kommnanuje usmely ocraior
nepuHMITY TaTyM M BpeMe kajna he OUTH uUCHymheHe NOpylOWHEe, TeHEpHIly JIUCTE 3a
TpeOoBame, BpIIE MPUIIPEMY MPOHM3BOJA MpeMa I0jelMHAYHUM NopyuOuHama, JepUHHUIILY
TPAHCHOPTHO CPEJCTBO 3a CBaKy MOPYIOUHY, BpIIE PyTHpame TPAHCIOPTHUX CpeAcTaBa U
UCIIOCTaBJbajy HAJIOT 3a TOIYyHYyHaBamwe corncTBeHux 3amuxa (Chopra & Meindl, 2007).
Paznuuuty HUBOW TUTaHHWpama, OJJydnBama M Oyayher BpeMEHCKOT XOpHU30HTA 3a KOje ce
BPIIIH JIOHEIIEHE OJITyKa, IPUKa3aHu cy y Tabenu 2-1.

Tabena 2-1. HuBou I1utaHupama, OMIyKe M BPEMEHCKH XOPH30HT YTHIAja MOHCIICHUX OJJIyKa
(mpunaroheno u3 (Chopra & Meindl, 2007; Lapide, 2006a; Nikolopoulos, 2010))

Maanupame y JIC: Onayke: BpeMeHCKH XOPHU30HT:

¢ nepuaMCcama qu3ajaa JIC,
¢ yTBpljHBamk¢ HAYMHA Ha KOjU e M3BPIIUTH paciope]
Crpatenko pecypca, . . . TOJIMHY JTaHa WA
o euHKCaAC ITpoIieca Koju he ce ofBHujaTH y cBakoj (a3, BHLIE;
¢ yTBpHBak¢ HEOMXOJHUX PAJHUX KalaIUTeTa y
oynyhuocru.
o IIaHUpame OyleTa,
¢ yTBphUBame TUCTPUOYTUBHE CTpaTeTHje,
e neduHNCARmE CTPATETHje YIpaBJbamkba 3aIuXaMa,

e yroBapame ca noa100aBibaunma,

TakTuuko on 3 mo 12 meceny;

® IJIAHUPAKE U TEMIIMPAkhe MaKPETHHIIKHX U IPOMOTHBHHX
AKTHBHOCTH,
¢ neduHKCae IUTAHOBA 32 [IPO/1ajy 3HaYajHuX OpeH0Ba y
acOpTHUMaHy.
e neuHKCame naTymMa U BpeMeHa kaza he Outu ncrnymeHe
nopyubuse,
® reHEpUCaIbE JICTE 3a TPEOOBabE,
Jac, JjaH, HeJlesba,
OmnepaTHBHO  ® KOMHUCHOHHUpAbHE, MecelL.
e epuHNCAHE TPAHCIIOPTHOT CPEJICTBA 33 CBAKY MOPYLIONHY,
® pyTHpame TPAHCIIOPTHUX CPECTaBa U UCIIOCTABIbAE

HaJiora 3a IOITyHYy COIICTBEHHUX 3aJIuXa.

HaBenena kommarabumHocT wu3Mmel)y HaumHa JoHOmIema omiyka y JIC um obOmactu
NIPOTHO3Mpamka KOja Pa3IMIUTUM METOJIOJIOTHjaMa TeHEPHIIE KPaTKOPOUHE, CPEIHOPOYHE U
JyTOpOYHE MPOTHO3€E, MPEICTaBIha OJIAKIIaBajyhy OKOJTHOCT MPHJIMKOM JU3ajHa T3B. CHCTEMa
3a MOJAPIIKY NMPUJIMKOM OJTyYHBara 3aCHOBAHOM Ha MPOTHO3aMa (CHT. forecasting support
system - ®CC).
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KpaTtkopoune nporHo3e uMajy KJbY4HY yJOTYy MPIJIMKOM IJIaHHpama pacropeaa pecypcea 3a
pan. IlotpebHe cy kako OM ce W3BPIIMJIO IUIAHUPAKE pacropena pajga y TMpoIecy
MPOM3BOE, TPAHCIIOPTA WM OpraHu3anuje paga pamgHe cHare (Rob J Hyndman &
Athanasopoulos, 2014). YnorpebspaBajy ce KOJl ONEpaTUBHUX U TAKTUUKUX OJJIyKa KOje ce
nonoce y JIC, u yecto 00yxBarajy mepuoj MPOrHO3Upama O]l HEKOJIUKO JlaHa, Helesba WIIH
mecenu (Nikolopoulos, 2010).

CpenmopouyHe IporHo3e norpedHe cy 3a yrBphuBame Oyayhux 3axTeBa 3a pecypcuma, Kako
0u ce Ha BpeMe M3BpIINIAa Ha0aBKa CUPOBHHA, 3aMIOCIHIIO 0CO0JbE, MM U3BPIINIA KYIOBUHA
MeXaHU3alKje U JIpyre TeXHUUKo/TexHomouke onpeme (Rob J Hyndman & Athanasopoulos,
2014). Cpenmwopoune nporaose ce y JIC HajBullle KOpUCTE HA TAKTUYKOM HUBOY OJTYyYHBamba
U TUIaHUpama U 00yxBartajy nepuoa of 3 mo 12 mecernu ynanpen (Nikolopoulos, 2010). 3a oe
MPOTHO3€ HEOMXOJHO je 00e30eAUTH W HWHTEpBaJie MOBEpPEHa TAYHOCTH MPOTHO3a, Kao M
yKJbYuHBame Oynyhux yrunajaux gorahaja (HIp. mpomMolyje) y mporaose 0ynyher crama.

JlyropouHe nporHos3e KOpUCTe CE y CTPATEeUIKOM IUIaHUpamy. TakBe OJUIyKe MOpajy y3€eTH Y
003up TpkuiIHe MOoryhHOCTH, (hakTope cpennHe, yHyTpalmbe ¢pakrope y komnanuju wiu JIC,
Kao M YUTaB HU3 MAKpO M MHKPOEKOHOMCKHX (pakTopa. /[yropouHe MporHose yriiaBHOM Cy
MIOBE3aHE ca CTPATEIIKMM HHBOM OJJY4YHMBaHba U THUY C€ XOPU30HTA KOJU j€ YITIaBHOM JIy>KH
ol roauHy nana. [Ipeamer mporHo3upama TyropoYHHX MPOTHO3A YTIIABHOM 00yXBaTa MUKPO
U MaKpOCKOHOMCKE TOKOBE, APYINTBEHO IMOJIMTHYKE TOKOBE, alM U M3PA3UTO PETKE M TEIIKO
npeaBuAsbuBE Aorahaje kao mro cy mehyHaponHe ¢uHaHcHjcke kpu3e. Kaga cy y nuramy
JIC, crparemike OjJTyKe, a caMHUM THM W AYTOpOYHE TMPOTHO3E Cy YIJIABHOM IIOBE3aHE ca
pa3BojeM HOBOT NPOM3BOJA, KMBOTHUM ITMKJIYCOM IPOM3BOAA, JTYTOPOYHHM IUIAHUPAHEM
karmanureta, utn (Nikolopoulos, 2010). ¥ tabenu 2-2 nmaT je cymHupaH MpHUKa3 KapakTepa
IpOTHO3a, HMXOBE NpUMEHEe M Ipareher BPEeMEHCKOT XOpPU30HTAa 3a KOje ce BpIIU
IPOTHO3UPABE.

Tab6ena 2-2. [Toaesna nporuo3a npema Kapaxkrepy, IPUMEHU U Ty>KUHA HHTEPBaja 3a MPOTHO3UPabe
(npunaroheno u3 (Rob J Hyndman & Athanasopoulos, 2014; Nikolopoulos, 2010))

Jy:kuHa BpeMeHCKOT
IIporHo3e mpema KapakTepy: IIpumena: HHTepBaJa 3a
NMPOTHO3Upame:

® CTPATELIKO IUIaHUPAE;
® Pa3BOj HOBOT IIPOHM3BOJA;
Hdyropoune ® KaluTaJIHEe UHBECTHULH]E; TOAMHY JlaHa WJIY BUILIE;
® XMBOTHH LIMKIIYyC IIPOU3BO/Ia;
® IyrOpOYHO IUIaHUPAmE KanalureTa, HT/.
e yrBphuBame Oyayhux 3axTeBa 3a pecypcuma;

® KpeHpame IIaHa MPOU3BO/IILE;
Cpenmopoune pep P A ox 3 no 12 meceuyn;

® KpeHpame IIaHa MPOMOTUBHHUX AKTHBHOCTH,
UTH.
e KpeHpame pacropesa pajia pecypea;

Kpatkopoune Jac, 1aH, Hejiesba, Mecell.
® TUIAaHUpPAake HA0aBKE CUPOBUHA;
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¢ yTBphuBame nmapamerapa 3a eQuKacHoO
(YHKITMOHHCAE CTPATETHjE YIIPABIhaAhA
3ajMxama, UTi.

Opranm3anyje Tpeda a pa3Bujy cUcTeM npeaBulama KOju YKIbYdyje HEKOJIHMKO MPUCTYTA Y
npeaBuhamy Hen3BecHUX aorahaja. Takas @CC cuctem 3a peaBuhame 3aXTeBa:

® Da3Boj eKclepTu3e y HUIACHTU(UKAIMjH mpolieMa mnpeaBubama, MPUMEHOM HH3a
MeTo/1a npeaBuhama;

e onabup oarosapajyhux Merosa 3a CBakH MpoOJIeM U eBallyallu]jy;

® Kao M METOJE KOPUT'OBaa MPOrHO3a TOKOM BpEMEHa.

[Mopen naBenenor, 3a ycneman ®CC, BaXHO je U Aa UMa jaKy OpraHU3alMOHy HOJPIIKY 32
kopuitheme ¢GopmMamTHUX MeTona 3a ImpeaBubhame. Y paHUM MpOjeKTHUM  (a3ama
MIPOTHO3UpPaKka, JIOHOCH CE OJUTyKa O TOME ITa Tpeba aa ce mporHosupa. Ha nmpumep, Rob J
Hyndman and Athanasopoulos (2014) cmaTpajy Aa ako Cy MpOTHO3€¢ MOTpeOHE 3a CBaKH
MOjeIMHAaYHU TPOU3BOJ y MPOHU3BOJAHOM OKPYXKEHY, HEOMXOJHO je YTBPIUTH Ja JHU CY
MIPOTHO3€ MOTpeOHE 3a:

e CBaKy NMPOU3BOJHY JMHH]Y, OAHOCHO 32 TPYIE NPOU3BOAA;

® CBakd MPOJAJHM KaHAJ, WIM NPOJAjHE LEHTpPE TIPyNUCcCaHe MO PErHOHMMA, WIH CY
notpedHe caMo MPOTHO3€ YKYITHE POo/iaje;

® KOjU MOJAIM CYy JOCTYITHH M Ha KOM HHMBOY je MOTPEOHO M3BPILIMTH MPOTHO3HUPAHE
(HeZeJbHOM, MECEYHOM HJIU TOJIUIIHEM).

Takohe, HEOMXOTHO je Y3€TH y 003Up NY)KHHY BPEMEHCKOT XOPH30HTa 3a KOje C€ BPIIH
npeauhame. Jla mu he mpornose outnu moTpeOHE 3a Mecell JaHa yHampea, 6 Mecenu, WM 3a
neceT ronuHa? Y 3aBHCHOCTH Off MPUMEHEHOT XOPH30HTA MPOTHO3UpAma HEOMXOJTHE CY
pasnuunte BpcTe Mojeina. [lopex MyKWHE BPEMEHCKOT XOPH30HTA, BAXKHO j€ OJAPEIUTH H
KOJIMKO Y€CTO Cy nporHo3e norpedue. [IporHose koje je moTpeOHO YecTo reHepucaT 00Jbe je
KpeupaTu Kpo3 ayTOMaTH30BaHM CHUCTEM HEro NPUMEHOM MeToja Koje 3axTeBajy (uHa
NoJielIaBaba 3a KpeHpama CBake HapeJHE NPOTHO3E M aHTaXOBamke eKclepra 3a
IIPOTHO3UPABE.

2.6. AxmugHOCMU NPUTUKOM 2E€HEPUCArbA NPOSHO3A

Komnanuje nMajy mmpok aujamna3oH morpeda 3a mporHo3ama Kako OW M3alnie Ha Kpaj ca
HecurypHotrhy ¢gakTopa Koju yTU4y Ha HBHXOBO IMOCIIOBame. [la Ou ce M3BPIIMIO MPaBHIIHO

TeHepUcame MPOTHO3a, MOpa CE PAaCIoNIOTaTH 3HAkEeM W BEIITHHAMA W3 HajMame YeTpu
obnactu (Makridakis et al., 1998; Makridakis et al., 1983):

e yacHTHUUKANM]E U nepuHNCamka TpodeMa 3a TPOTHO3UPAHE,

e kopumihema pa3IUYUTHX MOJIENA U METOJI0JIOTHja 3a IPOrHO3UPAILE,

® [I03HaBamE MPOIEIYpa/aNropuTMa 3a 01adHup HajOOJbUX MOJIEIa/METOJ0IOTHja Y
JIaTOM CIy4ajy,
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TEXHOJIOLIKE MOIPIIKE MPUINKOM IPUMEHE MOJIea/METOA0JI0THja 3a POTHO3UPAE.

Y cknmagy ca HaBEIEHMM TIPEACTaB/bEeH je TerToda3Hu IUJIaH 32 HMIUIEMEHTAIH]Y
kBaHTUTATUBHUX mporHo3a y JIC (cmuka 2-8) (Makridakis et al., 1998; Makridakis et al.,

1983).

Wnertnduranma n geduHICame

npoOiieMa 3a OPOTHO3UpabLe
. S

v

i o
CakyIUbame CTATHCTIUKAX HH(popMarja
U MHITURSH:A eKCIepaTa 3 001acTh

A * S
- X
[TpennMuHapHa aHaMM3a MOJaTaKa
A + S
' N
H300p u kpenpame Mojiena 3a
MIPOTHO3MUPAHE
A ‘ vy
' 2y
Ynotpeba u eBanyamija Mojena 3a
IIPOTHO3E
A vy

Crnuxka 2-8. OCHOBHH KOpAaIlH 3a MPaBUWIIHY UMIUIEMEHTAIH]y IPOTHO3a YHYTap KOMITaHU]je
(Makridakis et al., 1998; Makridakis et al., 1983)

Rob J Hyndman and Athanasopoulos (2014) carnacHu cy ca IpeTXOJIHUM aJTOPUTMOM H J1ajy
JieTaJbaH OIMC CBAKOT OJ1 KOpaka y mpolecy npeaBuhama:

Jepunncame npodaemMa je 4ecTO HaJTEKHU J€0 MpenBulama M 3aXTeBa pa3yMeBambE
HauMHa Ha KOju he ce mporHo3e KOPUCTUTH, KA0 U pa3yMeBame Mojoxaja GpyHKIMja
npeaBuhama yHyTap mocMmarpaHe kommnanuje. [IporHosep Tpeba ga yTpomu mocta
BpEMEHa Yy KOMYHHMKAallMjH Ca CBUMa KOju he OWTH YKJbYYEHH Y TMPHUKYIJbAmkhE
MoJjIaTaka, oJip>kaBame 0a3e mojaraka u Kopuirheme mporuos3a 3a Oyayhe rianupame.

Cakymbame nHopManmja. YBeK [10CToje HajMame J1BE BpcTe HHPOpMaIije Koje Cy
noTpeOHe: CTaTUCTUYKH TMOJAId W aKyMyJIHpaHa CTPYYHOCT JbYIAH KOJU CaKyIlJbajy
MOJaTKe W KOPHUCTE MporHoze. YecTo je y MpakcH je TEmIKO JOhHM 0 HUCTOPUjCKUX
rojiaTaka Kako OW ce Morao KpeupaTH 100ap CTaTUCTUYKH MOJIEI.

IIperumunapua ananau3a noaaraka. [Ipenopyka je ma ce aHanm3a mojaraka yBEK
3aroyvHe rpaduuKUM MpHKa3uMa MojaTaka y Hujby oAroBopa Ha cieaeha nurama. [a
U moctoje aociaeaHu oopacum? [la nm moctoju 3HavajaH TpeHa? Jla nm mocTtoju
yousbuBa ce3oHamHoCT? Jla M mocToje AoKa3W O MPUCYCTBY MOCIOBHUX ITUKITyca?
Komuxko cy jaku ogaocu nzmely Bapujadbmu?

N300p u kpeupame Mojaesa 3a Nporuodupame. Koju Mozen ynorpeOuT 3aBUcCH O
BuIIe (pakTopa 07 KOJUX j€ HAJBaXKHUJH JOCTYIMHOCT MCTOPHJCKHX IOJaTaka Kao M
Kopemanuja u3Mely 3aBHCHE W HA3aBUCHUX MPOMEHHBUX. YOOWYajeHO je 1a ce
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IPUIMKOM U300pa MOJiena U3BpIIN yropehuBame ABa UM TPH MOTESHLUjaJIHA MOETIa.
CBaku Mozen je caM MO ceOM BEHITaYKM KOHCTPYKT KOjU C€ 3aCHHMBAa Ha CKYIy
NPETHOCTaBKU (EKCIUTMIMTHUX U UMIUIMLIUTHUX) U YTJIAaBHOM YKJby4yje jedaH WM
BUILIC TIapameTapa Koju Mopajy OWTH KpewpaHu KopucTehu TMo3HATe HCTOPH]jCKE

MMOJATKE.

e VYnorpefa W eBajdyanmja Mojejia 3a mporHosupame. Hakon m3bopa moxena 3a
MPOTHO3HMPAE U TMPOIICHE HETOBHX IMapamMeTapa, MOJIEN Ce KOPHCTU 3a KpEeUpame
nporHo3a. EBanyanmja Ta4HOCTH MoJeNa BpIIA ce TOMOhY pa3IMYMTHX CTaTUCTHKA,
o1 kojux cy Hajuemhe y npakcu 138. PMCE, MAIIE, MIIE, MACE (mipusor 1).

Armstrong (2001) mnpemiake HEIMITO IIUPH AITOPUTAM alld Yy KJbYYHHUM €JIEMEHTUMA

KoMmaTabuIaH ca mpeTxoaHuM (criuka 2-9).

HMnentudukanmja mpoGiema

v

CakyIubame HHd}Olpmaunja

v

H360p Moaena

v

HMMnmeMeHTaIHja Molena

v

EBanyarija MoJiena

v

Kopumheme Mozena

Cruka 2-9. OcHOBH Kopany y niporiecy npeasuhama (Adrmstrong, 2001)

3a mpumeny mnpornosa y JIC, Chopra and Meindl (2007) npemnaxy cineachu aiaropuram
(cruka 2-10):
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7 ~
PazymeBame 00jeKkTa IIPorHo3npama
\ # vy
e )
HHTerpucame IaHHPaka MOTPaXibe | IIpoleca
MPOTHO3HPamka
\. T J
e 2

HnenTudHKanmuja 1 pasyMeBame Pa3IMIATHX
MOTPOINAYKHX TPyHa

v

Hnentudukarija pa3muauTix gakTopa Koju
YTHTIY Ha HOTPaXBy

\. J
e ~
V1ephuBame o,z[roBapa?yhe TEXHHKE 3a
TIPOTHO3HPAmbe
\. * J
e ~

V1BpljuBame KpHTEpHjyMa U MeTPHKA 3a
eBalyaljy IpOTHO3a
\. J

Cruxka 2-10. Koparu npunmukom reHepucama nportosa y JIC (Chopra & Meindl, 2007)

3a pasnmuky oj TPeTXOAHHMX aytopa, Nikolopoulos (2010) mpeanaxke anropuram ca
KOHKPETHUM aHAJIUTUYKH KOpalMMa 332 KpEeUpame MPOTHO3a Y TIOCIOBHIUM CHCTEMHMA (CIINKA
2-11).

1. [Ipunpema nonataka (MISHTHPUKOBAHE
rpeiaka y moaamnuMma).

2. YTBphuBame UCTOPHjCKUX BaHPEIHUX
norabhaja (HIp. mepuoIu MPOMOIIH]a).
3. lece3oHanm3anyja
rmo1aTaKa.

4. Exctpanonanuja
¢uITpUpaHuX MoJaTaKa.

5. JlonaBame CE30HATHOCTH Ha

€KCTparoNrpaHe IPOTHO3E. 6. JlonaBame HapeJHUX TUIAHUPAHUX

BaHpenHuX aorahaja (HIp. mpoMoIHja) Ha
KpeupaHe MpOTHO3e.

7. V1BphuBame nHTEpBaa MOBEPEHa 32 KPEHPaHEe MPOTrHO3e

Cruka 2-11. Cenam Kopaka 3a Kperpame IporHo3a y HocIoBHUM cuctemuMa (Nikolopoulos, 2010)
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Kommanwnje mopajy Outu yno3Hare ca HU30M (pakTopa Koju YyTU4Yy Ha MMPOTHO3€E MOTPAKEE, O]
KOJUX ce Kao HajBaxHuju nnpeMa Chopra and Meindl (2007) uctuuy:

® [PETXOAHA MOTPAKHA;

e y)XWHa Tpajama HabaBKe,

® IUIaHWPaHE MAaPKETHHIIKE aKTHBHOCTH;

® KJbYYHH MapaMeTpH y MOCMATPaHO] EKOHOMHU]H;

¢ [UIAHUPAHU NMEPUOM AKLMjCKUX MOIMYCTa U CHUKEHHA;

® aKTHUBHOCTH KOj€ Mpeay3uMa KOHKYpEHIIHja.

[Tnanupame aktuBHOCTH y JIC BpIIM ce HA OCHOBY IIPOTHO3A, Tj. YIIPaBJbamke 3aJMxama, IIaH
MPOU3BO/E, OpPraHM3alldja TPAHCIOPTa, Hab0aBKa CHUPOBMHA W CKJIANamke YroBopa ca
no0aBjbaynMa JTUPEKTHO 3aBHCE OJf TAYHOCTH KpeupaHux mnporHosa. lllupox nujamazoH
dakTopa MOKE HM3a3BaTH HEMpeNW3HEe NporHo3e, Melhy kojuma ce Hajuemhe y mpakcu

cycpehy:

® Jyro BpeMe HabaBKe;

® CE30HAIHOCT;

® JIy)KMHA )KHBOTHOT LIUKJTyca MPOU3BO/IA;

® TAPTHULMIIAIK]A HA TPXKHIITY;

® [IPOro3upame MOTPaXHE Ha OCHOBY MOPYLIOMHA, @ HE CTBApHE MOTPAKIHE HA
TPKUILTY.

Jlyra BpeMeHa Ha0aBKe MPOY3POKY]y TEHEpHUCame MPOTHO3a Yy Aaby OymyhHOCT, MTO 32
HOCJICANITYy IMa CMamUBabhe MOY3/1aHOCTH MPorHo3a. Ce30HATHOCT Takohe nMa TeeHIH]y aa
noBeha TpemKky NpOorHO3Wpama, jep JOBOAM 10 ToBehaBama BapHjaOMIIHOCTH TOJaTaKa.
HeraunocT nmporHo3a pacte u ca KpaTKUM XHBOTHUM IUKIYCOM ITPOM3BO/A, YCIIEA YHH-CHHIIS
Jla He TIocToje oaroBopajyhe 0asze mogaraka o HCTOPHU)CKOj MOTPaXKU NocTojeher mpousBo/a,
Ha OCHOBY KOjuX Ou ce Morie u3BpumTu Oyayhe mpojekuuje. Kommnanuje koje umajy mMaiy
NapTUIMIIAIN]Y Ha TPXKUIITY, a CAMUM TUM M Majii Opoj KyTaia 1 KOPUCHUKA CBOJUX YCIIyTa,
UMajy TOTEIIKOha NPUIMKOM MPOTHO3Upama IMOTPAXIE jep MOTpaKmka TIeHepUcaHa oJf
cTpaHe mayior Opoja KiIMjeHaTa 4eCTo UMa TeICHIN]Y Ja Oy/ie u3pa3uTo MPOMEHUBA U CKIIOHA
ocrunanyjama. Kanurer mporsosa 3aBUCH M OJf TOTa Jia JIM C€ MPOTHO3E TCHEPHIIy Ha
OCHOBY MOpYyIIOWHA KOje 3axTeBajy paznmuuutd HuBou y JIC (uWecT ciydaj y NMpakcH) WA Ce
nporHo3e reHepumy Ha ocHoBy [IOC mnopartaka. I'eHepucame NTpPOTrHO3a HAa OCHOBY
nopyuoOuHa je jeaH ol OCHOBHUX y3poka edekta 6uua y JIC (Chopra & Meindl, 2007).

VY npakcu cy nmpucyTHE ABE cTpaTerdje 3a mopehaBame MPeU3HOCTH POIEca MPOTHO3UPAA:
® CMamHMBamke BpeMeHa u3Mel)y 1Be HaOaBKe U

® TCHEpHCame MPOrHO3a Ha BUIIIEM arperupaHoM HUBOY.

CmamuBame BpeMeHa n3Mel)y JBe HaOaBKe M MPOTHO3UPAE Ha BHUIIEM arperupaHoM HHBOY
(ewr. pooling the demand) 1npoy3poKyjy HOIaTHE TPOIIKOBE Yycien moBehaBama
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TpaHcnopTHUX Tpotkosa (Chopra & Meindl, 2007).

2.7.  OcnosHe memooono2uje 3a NpoSHO3UParse U NPeo8UdbUBOCT 00jeKMa NPOSHO3UPArLA

[Ipema Rob J Hyndman and Athanasopoulos (2014), npensuapuBocT norahaja 3aBUcCH 0Off
BuIIe (hakTOpa U yKIbydyje:

® KOJMKO 0OpO cy Mo3HATU (PAKTOpU KOjU YTHUY Ha MOCMAaTpaHy BEIMYHHY KOja ce
IPOTHO3MPA;

® KOJIMYHMHA NI0J]aTaKa Koja je Ha pacroliaramy 3a MPOrHO3UPAkE;

e Jla JIM caM MpoIlleCc NMPOTHO3Upama U (PUHAIHA MPOTHO3a UMAjy YTHIAja HA BEITUYUHY
KOja ce MOKyIIaBa MPOTHO3HPATH.

Yecto je y mpolecy NporHo3upama KJbYYHH KOPaK MPEro3HaTH CUTYaIUjy Kajaa ce 3a HEKy
[10jaBy MOX€ M3BPIIUTH MPEIHU3HO MPOTHO3UPAbE, a Ka/la MPOrHo3upame Hehe OUTH TayHuje
on Oamama HoBumha (50% ma he mporrosza Outu Tauna, 50% na uehe). JloOpe mporHose
NOKYIIIaBajy Aa UIEHTU(UKY]Y OAHOCE KOje TOCTOje Y UCTOPUjCKUM nojaanuma. Kpajubu nusb
jecre yTBphUBame MPaBUX BPETHOCTH CTATUCTUYKUX IIA0JIOHA, IO KOjUMa CE BPIIH MMPOMEHa
nocMaTpaHe BEIMYMHE y BpPEMEHY. Y TOM KOHTEKCTy, HPOTHO3EpH MOpajy Ha HW3BpIIe
MpaBUIHY WACHTH(UKAIN]Y WCTOPHUJCKUX BPEAHOCTH ITIOCMAaTpaHE TI0jaBe TeHEpHCaHE
CIIy4ajHOM TPEIIKOM M OHHUX KOje Cy Te€HEpHCaHE CTBAPHHM CTAaTUCTUYKHM IIa0JIOHOM.
Bpennoctu reHepucaHe CTBapHHM CTAaTHCTUYKUAM IabloHOM, Tpeba ma Oyay H3BABOjEHE,
MOJIEJIOBaHE U eKTparnoiupane y oyayhHocT.

Y mpacku je TpuUCyTHa TMpenpacyla Ja MpPOTHO3Upame HUje Moryhe y OKOJIHOCTUMA
MIPOMEHUBE OKOJIMHE (Tj., Kaga ¢y (akTOpH KOjU YTUUYy Ha MOCMATPaHy BEITUYHUHY HU3PA3UTO
BapujabmiHu). JloGap Mojaen 3a MPOTHO3UpPAmE WHKOPIOPHUpPA MPOMEHHUBOCT OKOJWHE H
omoryhaBa reHepucame Oyayhmx mporsHosa y cCKIagy ca OYEKHBAHOM NPOMEHHBOIINY
okonrHe. OHO MTO MOJENH 3a MPOTHO3HPAKkE YCBAjajy Kao MOCTyJaT jecTe Te3a na he ce
HAYMH HAa KOjU C€ BpIIM TPOMEHA CpeauHe, Koja yTW4Ye Ha MpeAMeT MPOTHO3UPAmbA,
HACTABUTH OJ[BMjaTH HA WCTHU HAYMH KA0 M JI0 TPEHyTKa MOYeTKa Imporosupama. OITHOCHO,
BeoMa HecTabuiaH aMOujeHT he U Jajbe OMTH BeoMa HECTaOWIIH; UAYCTPHja ca MpoaajoM Koja
je u3pasuro BapujaOmiHa U Jasbe he mmatu (QaykTypupajyhy mpozajy; eKoHOMHja Koja je
mpoIia Kpo3 YCIoHe U MajgoBe HacTaBuhe J1a uje MmyTeM yClioHa U maaoBa, utd. Umajyhu y
BUY HaBEICHO, MOTJIO OM ce KOHCTATOBAaTH Ja je MOJEN 3a NMPOTHO3MpAmkEe HAMEHEH 32
,»CHAMame‘ Kako ce o0jekaT mporHo3upama M mnparehu (akTopu Memajy, a HE caMo 3a
yTBpUBame I/ie c€ TPEHYTHO Hajase.

OKOMHOCTH Yy KOjUMa ce BpIIE MPOTHO3E Cy pa3jIMyuTe W Bapupajy y 3aBHCHOTH O]
BPEMEHCKOT XOPH30HTA 33 KOjH je OTPEOHO M3BPIIMTH MPOTHO3UPAE, (haKTopa KOjU yTUUy
Ha MMOCMaTpaHy BEIMYUHY, BpCTe 0a3e moaaraka, kao 1 MHOTUX Apyrux ¢akropa. Koju he ce
MOJIe]l KOPUCTUTH 3a IpeaBulame 3aBUCH 01 pecypca M PacloioKUBUX MOAAaTaka, TAUHOCTH
MoOJieNla ¥ HauMHA Ha KOju he ce Mojzen 3a MpOTHO3Upame KOPUCTUTH y mpakcu (Rob J
Hyndman & Athanasopoulos, 2014).
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Mogenu KOju ce KOpPUCTE 3a TNPOTHO3Mpame Cy H3pa3suTro pasHoBpcHU. Kpehy ce on
HAQjTIPOCTUjUX T3B. HAMBHUX NPOTHO3a (€HT. Naive), KOjU KOPUCTE TMOCIEIHBY UCTOPHU)CKY
BpPEIHOCT Kao Oyayhy nmporuosy, 10 u3pa3uTo KOMIUIEKCHUX U 3aXTEBHHUX MOJIENa Kao HITO Cy
HEYPOHCKE MpEkKe, EKOHOMETPH]CKH CHCTEeMHU JIMHeapHux jeaHaunna, APUMA mopenu, utu.
[Tonekan 3a mporHo3upame Hehe moctojaT 6asa mojaTaka Koja OM ce MOTJa UCKOPUCTHUTH,
Kao ILTO j€ TO CIy4aj ca MPOTHO3UPAKEM MOTPAXKEHE 34 HOBUM IPOU3BOMMA.

HajjennocraBuuja, nudepenyjanmja Moaena jecte Ha 00jeKTUBHE U Cy0jeKTUBHE TEXHHKE.
N360p mMeromonoruje 3a mpeaBuhame y BEIMKO] MEPU 3aBUCH Off TOTa KOjU Cy MOJAIU
nocrynmau (Rob J Hyndman & Athanasopoulos, 2014). O0jeKTUBHE TEXHUKE CYy OHE
npolenype koje oOyxBaTajy MaTeMaTHUKe KpUTepHjyMe 3a yTBphuBame Oyayhux mporosa
nocMarpaHux mojasal’, 10k y cyOjeKTHBHE cHajajy OHE TeXHHKe M TpoIeaype Koje Ccy
3aCHOBaHE Ha eKcrepTckoM MuILbemy?’. TeHepanno, u360p Mojena 3a MPOTHO3UPAE
3aBUCH O] TIOJaTaKa KOju Cy JAOCTYIHH M MPEABUA/BUBOCTH 00jeKTa mporHo3upama (Rob J
Hyndman & Athanasopoulos, 2014). Y npakcu je yoOu4ajeHO (a 4ecTo W jeAuHU Moryhu
HAYMH) Jla C€ y CHUTyalldjama KajJa He MOCTOj€ MCTOPHUjCKH TOJAIH, KOPHUCTE CyOjeKTHBHE
TEXHHKE 3a MporHo3upame. Ha coumm 2-12, npukasaHa je mojena MoJeNia 3a MPOrHO3HPAE

Cy0jexkruBHH CTraTHCTHUKH

Kao 1 (pyHKIMOHATHE Be3e u3Mmely mosena.

Comncreeno | [pynno

3HAE MHUIIUBEHE YHUBAPH]AHTHH | MynTHBApHjaHTHH
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\d A4 A4

A <
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[Mosehan crenen unTerpamuje
usMel)y cyOjeKTHBHUX U CTATHCTHUKMX

Exonomerpujcku
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Cruxka 2-12. KapakteprucTruke MoJiena 3a MPOTHO3UPAkE U BbHXOBE palialiyje (MCIIpEeKHuIaHe JTHHH]C
npeacTaBsbajy Moryhe xonekmuje) (Armstrong, 2001)

KBanturatuBHo npeasuhame MOXKe ce MPUMEHUTH Kajia Cy 3a/I0BOJbEHA JIBA yCIIOBa:

9V nmureparypu ce 4ecTo 3a 1mojaMm 00jEKTMBHUX TEXHUKA KOPUCTU U M3pa3 CTATHCTHYKE TEXHUKE.
20V mareparypu je yoOudajeH Ha3uB 3a Cy0jeTKUBHE TeXHUKE judgmental forecasting.
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e JIOCTyIHE Cy HyMepH4Ke HH(OpMaIije O MPOILUIOCTH;
® [IOCTOjU pPa3yMHO OYEKHMBamkE Ja he HEeKM acmeKTH Yy HMCTOPHjCKUM IIabjIoHuMa
HACTaBUTH J1a C€ TIOHABJbA]y U y OymyhHOCTH.

[TocToju mMpOK crieKTap KBaHTUTATUBHUX METOJa 3a MpeABuhame, Koje Cy YeCTO pa3BUjaHEe Y
OKBHpY ojpeheHe AUCIUIUIMHE 3a moceOHe HameHe. CBaka MeToJa MMa CBOje MPEIHOCTH U
HEIOCTaTKe, Ka0 M OUYEKHMBaHy TAdyHOCT, yCJiel AYTOTOAMIIImEr TecTupama. [lopen Ttora,
OPUIMKOM ojabupa Mozena Mopajy ce y3eTd y oO3Mp M TPOIIKOBH HMIUIEMEHTAIUje U
oJpkaBama Mojena. Behuna kBaHTUTaTHBHUX mpoOiiema mpeaBubama KOpUCTE JIBE BPCTE
NoJaTaKa 3a MPOTHO3UPAE:

e BpeMEHCKe cepuje (eHr. time series) (M0AaU NPUKYIJbEHN Y PEIOBHUM MHTEpBAIIMA
TOKOM BpEMEHA) WU

® TI0JIaTKE W3 JEIHOT BPEMEHCKOT TpeHyTKa (EHr. cross - sectional data) (mopamm
NPUKYIJBEHHU Y JelIHOM TPEHYTKY).

BpemeHcke cepuje cy KOpHCHE Kaja ce BpIIM IpeiBuhame IojaBa Koje ce Memajy TOKOM
BpeMeHa (HIp, [IeHa aKIyja, HOTPaKmba Ha TPXKUIITY, IPODUT, UT/H).

2.8. Pesume nocnasma

Y oBOM mOTrNIaBJby OMKCAaHA je yyora W 3Haudaj mporieca mpornosupama y JIC. Mctopujcku
pa3BOj mpolmeca MPOTHO3Mpama W TOBE3aHOCT IIpolleca IPOTHO3Upama ca  OCTATHM
npouecuma y JIC, mpBEHCTBEHO ca MPOLECOM YIpaBibama 3aIuXxaMa, Tpedao je Aa yKake Ha
KOMILUIEKCHOCT OBe obOsacTu reHepanHo My JIC M Ha BaXXHOCT MPOTHO3a HPUIMKOM
nonomema omryka y JIC. [loceban 3Ha4aj je naT IUCKYCHJU O METOIOJIOIIKUM KOpaIrma
OPUIMKOM Kpeupama Mojeda 3a MPOTHO3Mpame, pas3IMuuTHM METOJAoJIoTHjamMa  3a
IPOTHO3UPAkE, KA0 M O MPEABUIJBHBOCTH 00jeKTa NMpOrHO3Mpama. 13 HaBeaeHOr ce Moxe
3aKJPYYUTH Ja Cy TPOTHO3€ jedaH OJ HEM30CTaBHUX ajara IPHIMKOM JOHOMICHICHa
OTNIEPAaTHBHUX, TAaKTMYHUX M CTpaTellKuX ojimyka. CamuM THM, noBehame NpPEru3HOCTH
IPOTHO3UpPamka JONPUHOCH U oBehamy yTeMeIbeHOCTH OJUTyKa MEHAIIMEHTA.

Ha ocHOBY cBera HaBEICHOT, MOKE C€ 3aKJbYYWTH Jla INPOTHO3HpAEkE MOXKE 3HAYajHO
JOMIPUHETH MO0O0JbIIaky pa3nuuuTux npoueca y JIC, Te m aa je moTpeOHO HMCTPAKUTH
pa3MyuTe HAuMHE Kako ynorpeouTtu nporuoszupame y JIC.
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3. IIporHo3e npuMemeHe y JJAaHIIUMA CHA0AeBamba

Jeman on ocHoBHUX 3anaraka JIC jecte GanmaHcupame n3Mel)y MoHyAe U TPIKHUIITHE TTOTPAKIHE
npou3Boja (yciryra) Ha €eKOHOMCKH edukacaH HaunH. CaMUM THUM TIPOIIEC NMPOTHO3HUPABkA j€
KoMIatabuian ca ocHOBHMM 3amatakoMm JIC u HeomxogaH Kako OW ce YOIITe MOTJIO
u3BpIIUTH nu3ajaupame JIC u npatehux JOrMCTUYKMX aKTUBHOCTH, Y LUJbY 33/aBOJbaBabha
NOTpaXmke Ha TpxHUITy. [IpuMapHM 3agarak MpPOrHO3a Yy JIOTHCTUYKUM CHCTEMHMa jecTe
eKCTpanojanyja mabiioHa moTpaxme y OyayhHoct, ca mTo je MOryhoM MamoM TpElIKOM
nporrosupamwa (Thomopoulos, 2015). Tlporaoze y JIC mpencraBibajy TpoOjeKIH]jy
HajBEpPOBATHHU]jEr CTama O0jeKTa MporHo3Wpama y OyayhHocTH (TmOTpaxkme 3a (pUHATHUM
NPOM3BOJIMMA, KpeTamha €KOHOMCKHX II0Ka3arejha Ha TPXKUINTY, [IEHE CUPOBHHA, PacT/maj
TPKHUINTA HAa KOjeM Ce TOocCiyje, WTA), KOJU j€ OJ CYIMITHHCKOT 3Hauyaja 3a JIOHOIICHE
CTpaTEIIKUX, TUIAHEPCKUX U ONEPaTUBHUX OJuTyKa. O CTpaTeIKNX, TUIAHEPCKUX (TAaKTHYKHX )
U ONEPAaTHBHHUX OJJTyKa 3aBHCE CBH JIOTHCTHUYKH Tporiecu nocmarpanor JIC, a camuM TM U
nu3ajH Gu3nykux, THPOPMAITMOHUX U (PMHAHCH]CKUX TOKOoBa yHyTap JIC.

3.1. Opeanuzayuonu nonoxcaj npozHo3a y 1anyuma cHaboesarsa

Baxxnoct mporno3sa 3a JIC ornena ce U 'y caMmoj MO3UIIKjU TIPOIeca MPOTHO3UPAKA Y OJTHOCY
Ha Jpyre mporiece koju ce oasujajy y JIC. [Ipema knacudukanuju npukasaHoj Ha ciunu 3-1,
[IPOTHO3HMpAkE MOTPAXKI-E 3ay3uMa IPBO MECTO, M CaMHM THUM, H3JIa3 U3 Ipoleca
MPOTHO3Upama Mpe/cTaB/ba yia3 y cBe HapeaHe mponece JIC. Moxe ce KOHCTaToBaTu Ja
MOCTOJM JUPEKTHA KopeJaiyja u3Mel)y TadyHOCTH H3ja3a W3 Tpolleca MPOTHO3Hpama U
TaYHOCTH OJTyKa KOj€ C€ IOHOCE Ha OCHOBY BHX y (hazama Koje ciene.

[Tpouec
MOTPAKEE

VYipasibame
3ammxama

[Lnanupame
IIPOU3BO/IHE

HabaBka
CHpPOBHHA

Cauka 3-1. Ilpouecu y JIC xoje nokpehe morpaxmma Ha TpxKUITY (Lapide, 2006a)
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Ha ocHoBy kpeupanux mnporHosa, rianepu y JIC Bpiue T3B. arperupaHo IUIaHHpame, Koje
NpeCTaB/ba CHHXPOHHU3AIM]y MPOU3BOIBE, CTpAaTErvje ylpaBibamka 3ajuxaMa, pajHuX U
opranuzaionux kanamureta JIC, ka0 M CBUX OCTAIMX HEOMXOJHUX aKTUBHOCTH Kako O ce
3aJI0BOJbUJIA TIOTPAXKEa HA TPXKUIITY, Y3 MUHUMaNIHE yKymHe TpomkoBe (Chopra & Meindl,
2007). HNako Behmna aytopa y CBOjUM UCTpPOKHBambMMa IIPOIEC TOTPAKEE Ha3HBa
MIPOTHO3Upamke MoTpaxme (rmornenatu (Branch, 2009; Hesse & Rodrigue, 2004)), mpema
HOBHJUM HCTPaKMBAmbMMa U CyrecThjama y JIMTEpaTypH a/JeKBaTHUjU Ha3HB 3a MOCMATpPaHU
npouec 6uo O6u mporec moTpakme (eHr. demand process) (Caplice & Ponce, 2017)*. Y
JUTEpaTypud HE TOCTOMjU jacHO AeduHuCaHa XHjepapxuja oaHoca u3Mely pasTuYuTHX
eJleMeHaTa y MpoIecy MPOTHO3Mpama, IITO MMa 33 MOCIEeNUIly Ja HCTPaXHBAayl 4YECTO 3a
IpoIlec IMPOrHO3UpPaka KOPUCTE H3pa3 IUIAHUPAE MOTPAXKHE, BONEHH UYWILCHHUIIOM A
Behuna EPII codTBepa 3a mnanupame aktuBHOCTH y JIC, KOpHUCTH y CBOJUM MOIyJIHMa
ynpaBo osaj Hasub??. Ilpema Caplice and Ponce (2017) ncTpaxupaunMa HHCTHTYTA 3a
TpaHcnopT u JorucTuky ca MUT-a (enr. Massachusetts Institute of Technology - MUT),
IpoIieC MOTPAXKIHE CACTOJU CE U3 TPU KOMITaTaOWITHA Tpolieca:

® TUTAaHHWpAaBkA MOTpaXme (eHr. demand planning),
® MPOTHO3UPAKA MOTPAXKE (€HT. demand forecasting) u
e yIpaBJbara MOTPAXHOM (€HT. demand management).

IIporno3upame

IIpouec norpaxkme

Crnuxa 3-2. Ilporiec moTpakme U cacTaBHU MPOIIeCcH KOju ra caunmarajy (Caplice & Ponce, 2017)

21V jurepaTypu He IOCTOjM KOHCEH3yC II0 OBoM Imramy. Ha mpumep Nikolopoulos (2010) y cBojoj
JIeUHUIN] N TPOTHO3a MPUMEHeHNM y Komnanrjama u JIC, W3HOCH MHUIIJBEHE Aa je MpoIec MPOTHO3HUpama
€BOJIyHpao y Mpoliec IUIaHnpama notpaxme. Ca apyre crpane (Caplice & Ponce, 2017) cMmatpajy miiaHupame
MOTPAXKIHLE CaMO JEJHAM JISJIOM MPOIieca MOTPaXKIbE.

22 3a pume nerasba mornexatu SAP (https://wiki.scn.sap.com/wiki/display/ESpackages/Demand+Planning) n
ORACLE (https://www.oracle.com/applications/supply-chain-management/solutions/supply-chain-
planning/demand-management.html).
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CXO0JHO M3TI0XKEHOM, MPOTHO3UPAHkE MOTPAXKILE j€ jeAaHa O]l TPU aKTUBHOCTH Yy IPOLECY
notpaxme (cnuka 3-2). [Inanupame NoTpaxme 3ayKEHO je 3a yTBphUBame aKTUBHOCTH KOje
KoMIaHuja Tpeba (M y KO0joj MepH) Ja Tmpeay3umMa Kako Ou o0/IMKOBajJa U CTBOPHJA
MOTPaXXiby 32 CBOJUM MPOU3BOANMA. AKTUBHOCTH KOj€ C€ BpIlIe TOKOM IIaHUPamba MOTPAKHE
VIJIaBHOM C€ CacToje W3: OJUTyKa Be3aHUX 3a KaHaie mpojaje (MHTEPHET, CylNepMapKeTH,
UTH.), TPOMOLMja’’, aKIMjCKMX CHIKEHA, YKPYIHaBama MPONU3BOJA KOMOHHOBAHEM
pa3IMUUTUX MaKoBamwa, UTA. HapenHu kopak y mpolecy HOTPaKme jecTe MPOTHO3UpPaEe
notpaxme. IIporHosupame MOTpaxme Jaje  OAroBope Ha TNHTamke, KoJuko he
HajBepoBaTHHje M3HOCHUTH Oyayha moTpaxkma 3a mocMaTpaHUM MPOU3BOAMMA MMajyhu y
BUJY CTam€ Ha TPXKULITY U aKTUBHOCTH KOj€ Cy CIIPOBE/ICHE Y MPETXOAHO] a3y (MIaHupamy
NOTPaXHE) IMpoIeca MOTPaXme. Y MPOLeCy MPOrHO3Mpama MOTPAKIE MOCEOHY MaKmby
noTpe6HO je 06paTUTH Ha TO Ja MporHose Oyay HenpuctpacHe?*. ¥V oBoj dasu yect mpobaem
jecte Taj MTO IUJIAaHEPW YIJIABHOM MeINIajy TJIaH KeJbeHe Tpojaje (eHr. sales targets) n
nporuose Oynyhe morpaxkme. [Ipornoze Oyayhe morpaxme mMopajy aa Oyay 3acHOBaHE Ha
00JEKTUBHMM W HAyYHOYTEMEJhEHUM KPUTEPHjyMHUMa W y MOTYNHOCTH Ja TEHEPHIILY
HEMPUCTpPAacHE W ITO je Moryhe mnpenwsHuje mporHo3e. Ilocienma KOMIIOHEHTa Y
IUIAHUPAy MOTPAKILE JECTE YIPaBJbamkbe MOTPAKIHOM. YTNpPaBibambe MOTPAKEHOM J1aje
OJITOBOpE Ha MHUTakEe Ha KOjU HAYMH KOMIAHHMja Tpeba Ja ce NMpHIpeMH U Aendyje Ha
npezcrojehy norpaxkmy, uMajyhu y BUAy U3na3He pe3ynraTe U3 MpeTxoHe ABe (aze mporeca
notpaxme. Haj3HavyajHUjU Tpollec ympaBibamkba IMOTPAKIOM jecTe Mpolec IMpoiaje U
nnaHupama onepanuja (enr. Sales & Operations Planning - S&OP)*. Ogaj mporec je
3ay’)KeH 3a CHHXPOHHM3allM]y TOHYAE M TOTPaXKHe, Tj. Ha OCHOBY TmpoleHe o Oymyhoj
MOTPaKU, TEHEpHcaHe y apyroj ¢asu, BpUIM ce IUIaHUpame KAaKo M Ha KOJU HAYHUH
KOMIIaHuja Tpeba /a M3BPIIN 33J]0BOJbABAE OUEKHBaHE MOTpaxkie. [Ipunukom mianupama
aKTUBHOCTH Y OBOM IIpOLIECY BOAM C€ padyHa O TPOIIKOBUMA IMOTPEOHUX JIOTUCTUUYKUX
aKTUBHOCTH Kako O ce 3aJJ0BOJbHJIA MOTPaXmba (MPOU3BObA, CKIAJUIITEHE, TPAHCIIOPT,
UT/1.) ¥ BPIIU BUXOBO IUIAHUPAHE H TEMITUPAKE Y [IIJbY UCITYHaBamkha MOTPAKHHE KOPUCUKA U
HA Ta] HayuH ocTBapuBama mpodurabunnoct y JIC (eHr. supply chain surplus).
CrpyKTypaliHa TOBE3aHOCT eJeMeHaTa Ipolieca MoTpaKbe, MpUKa3aHa je Ha ciumu 3-3.

» Tlpema wuctpaxuBamuma 4ak 40% mnponmaje y cymepMapKeTHMa OJ[BHja CE TOKOM IIEpHOIa HPOMOIHja U
akiujckux camxema (Caplice & Ponce, 2017).

24V jureparypu HENPUCTpacHe NMPOTHO3e Ha3uBajy ce unbiased forecasts“. Uecto mniaHepu He obpahajy
MaXKky HA OBAj MOKAa3aTeJb TAYHOCTH MPOTHO3a, IITO MOXKE JTOBECTH N0 M3pa3uTo jommx Oynyhux mporeHa
notpaxme. [loceOHO BeaMKH MpoOiIeM NMpPEeACTaBIbajy MPOrHO3€E KOje Cy MPELHU3HE U NCTOBPEMEHO MPHUCTpacHe,
jep uX IJIaHepu yriIaBHOM YCBajajy Kao moOpe MpoTHOo3e, ITO HUKaKo He Ou Tpebano Omth ciydaj. [IporHose
MOpajy na Oyny HempHCTpPacHe U Mpenu3He U Tek Taga ce Mory kopucututu (Caplice & Ponce, 2017; Hastie,
Tibshirani, & Friedman, 2009; Makridakis et al., 1998).

23 Moro 61 ce pehy U 1a je 0Baj IpoLec HAj3HAYA]HHUJH HE CaMO Y IIPOLECY YIPaBJbaha MOTPAKEOM, HETO U Y
gutaBoM JIC, umajyhu y Buy na je ocHoBHH 3anaTak JIC ycarnamaBame MOHY/E ca MOTPaXKHOM KOPUCHHUKA Ha
TPXKHIITY.
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[Ipou3Boma U MaKOBAKE; )
*IpoMo1IHje;
Inannpame | aKIIUjCKa CHIDKEHbA;
VJh e e KaHAIH JNCTPHOYIHje.
~

* CrpaTerujcke, TaKTHUKE U OTIEPATUBHE IIPOTHO3E;
*pa3MaTpame yHYTPAIIBHUX U CIOJBALIHUX T€HEPATOpa MOTPaKELE;
. .
TporHosupame yTBphHBambe MaTeMaTHUKOT MA0IOHA IOTPAXKILE;
(0 p <t *Kpenpame HeNPUCTPACHHX M NPELU3HUX Oyayhux npornosa.

*banancupame n3Mely MOHyzE U MOTPaKIbLE,;
*TIpoIIeC Tpo/iaje U IaHupama onepanyja (S&OP);

VYnpasibame
MOTPAKEHOM )

Cruxka 3-3. CTpyKTypaiHa OBEe3aHOCT aKTHBHOCTH Y mipouecy notpaxme (Caplice & Ponce, 2017;
Lapide, 2006a))

IIpema Croxton et al. (2002) ynpaBibamke MOTPaXHOM OOyXBaTa M MPOIEC MPOTHO3UPAHA
MOTPaKIE Ka0 M CHHXPOHM3AIM]y onepaTuBHUX criocoOHocTH JIC ca moTpaxkmom. Camum
TUM yOYaBa C€ Jia caM IpOIeC NMPOTHO3Mpama MOTPAXIE NMpHUIaga MpOoIecy YyIpaBibamba
MOTPAXXEHOM. Pa3IuuTH CTaBOBH IO MPETXOAHOM MUTAKY MPOU3HUIIA3E U3 PATHUUTHX UWKOIA
Koje ce O6aBe mpobnemarukoMm BezaHoM 3a JIC. CyIITHHCKE pa3jiHKe Yy TOME Kako ce OJBHja
Ipoliec MPOrHO3UPama U yIpaBibamka MOTPAXKHKHOM He moctoje u3mel)y Behune ayropa, Beh ce
pasMKe caMO UCIOJbaBajy TMPWIMKOM  KiIacuuKamuje, OJHOCHO KaTeropucama
NPOTHO3Mpamka MOTPAXKEkE Kao MOCEOHOT TpoIieca y MpoIecy MOTPAXKE-E HIIH Kao MOTIpoIeca
yIIpaBJbarmba MOTPAKEHOM.

VYTHIaj mporHo3a Ha €KOHOMCKE IoKaszaresbe pajga ojipeleHe kommaHuje, mpuKaszaH je Ha

ciunu 3-4. Ca ciuke ce yo4uaBa [a MPaBUIIHO T'CHCPHUCAHC MPOTHO3C 3Ha‘-IajH0 AOIIPUHOCC
n06011>maH>y CKOHOMCKHUX I10Ka3aTcjba.
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Ynmaj MPOTrHO3a HA €KOHOMCKE NOKa3aTe/be

[Iponaja

ITosehaga ce nojanHOCT KIMjeHaTa

[ToBehasa ce pacronoKHBOCT POU3BO/IA
[TosehaBa ce mapTHIHMALN]Y HA TPKUILITY
Cmambyje ce moBpar po0e ca TpKHUIITa U Ipoaaja
110 CHHYKCHOJ LICHH

ITosehaga ce nojanHocT nocrojehux kinjenara

TpoukoBu

[Ipodur u3 MIacMana

nporeca TNpoU3BOaa
o ﬁ Cmarbyjy ce TPOLIKOBH CHPOBHHA
eTo 4
Makh TPOIIKOBH TPOU3BOIH
———— Cwma yJ.y Ce TPOIIKOBH MPOH3BO/IEHE
= CMarbyjy ce TPOLIKOBH CKIIAJULITCHHa i MAHUITYIIICAba POOOM
CMarbyjy ce TPOLIKOBH IPeToBapa U AUCTPUOYIije
ExoHoMcka ITopes Cwmarbyje ce JI0MyHCKO (BAHPEIHO) MOPYYHBAE
BﬂgﬂsziT ﬁ Olnakmasa ce TPaHCHOPT U KOHCOMMAALN]Y HOpyLOuHa
e Cmamyje ce Opoj XUTHHUX TOIIH/baKa
|£| ] CMmarbyjy ce TPOLIKOBH ITOCE/I0Baba 3a/IMXa
Sanuxe
- CMamyjy ce CUI'YPHOCHE 3ajIuXe
e CMatbyjy Ce HEKYPCHTHE 3aIHXE
Kanuranau — cpeacTsa MM yp J
TPOILKOBH
Viynma Ocrana o6pTHa
Tpow. HMOBHHA Cpe/icTBa
KaluTam (cpexcrsa)

CMamyjy ce 3a0CTaja IyroBama KinjeHara npemMa KOMIaHHju

zp

[MTobospmara ce uCKOpUIINEHOCT M palMOHATH3AIIH]a
HETIOKPETHUX U OOPTHHX Cpe/ICTaBa

Henokperna [ToboJsbInasa ce MIaHUpame U CIPOBOerhe MHBECTHIH]A

HMOBHHA

Cruka 3-4. YTuraj mporso3a Ha eKOHOMCKY A01aTy BpeaHocT kommanuje (Croxton et al., 2002)

Y HacTaBKy OBOT MOTIJIaBJba MpUKazaHe cy Hajuenrhe obiaactu npumene nporuosa y JIC, kao u
HOBM TpeHA0BU nipuMeHe poraosa y JIC, T3B. pull cuctem 3a mpoOTHO3UpamkE.

3.2. Ilpoyec ysohera Hoso2 npouszeo0a Ha mporcuuime u npoOCHOIUParbe

HoBu mpounsBoau Cy KJbYYHH 3a YCHEIIHO MOCIOBame. JeaHa o HajBAKHH]JUX OJJTyKa Koje
KOpITopaIyje IOHOCH jecTe Mpepacrojena CpeacTaBa 3a pa3BOj W JIAHCHPAKE HOBUX
npousBoza (Kahn, 2010). HoBu npou3Boau (mpor3BOAM KOJU CYy JIJAHCUPAHU y TIOCTIEIHE JIBE
TOJMHE) 3HAYajHO JOMpPHHOCE YKYNMHOM IMpoduTy Kommanuje. M3 HaBemeHor pasiora
KOMITaHUj€ Cy M3pa3suTO aKTHUBHE Ha IOJbY pas3Boja M yBohema HOBHUX mpou3Boja. [Ipema
HEKUM IIpolleHaMa ydemrhe HOBHMX IPOM3BOJAA y YKYIHOM OpyTO MpHUXOAYy M MPOpUTY
kommanuje kpehe ce 3a 6pyro nmpuxox ox 21% mo 48% nok ce 3a mpoduT yuerrhe nporemyje
y pacnony on 21% no 49% (Kahn, 2010). Yyeuthe HOBUX Mpou3BoAa y OpyTO HMpUXOAY U
npoduTy Bapupa ¥ of BpcTe MHAYCTpHje. Y Tabenu 3-1 W3BpIIEHA je CerMEHTanuja OpyTo
puxoJa 1 mpoduTa KOju reHePUIITy HOBH ITPOU3BOAM MPEMa BPCTU UHIIYCTPH]E.
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Tabena 3-1. [Ipuxomu reHepHcaHU O] CTpaHE HOBHUX mpousBoga Ha Tpxkumrty (Caplice & Ponce,
2017)

VYuewhe
Wnnycrpuja
y OpyTo npuxony y npodury
Wnnyctpuja pobe mupoKe MOTPOIIHe 24% 24%
YciyxHa HHAYCTpHja 25% 24%
XeMujcka HHIYCTpHja 18% 22%
dapmarneyrcka HHAYCTpHja 31% 33%
TexHomnomka HHAYCTpHja 47% 44%

Benuku 3Hauaj HOBUX MPOW3BOAA 3a MPO(UTAOMIIHOCT KOMIaHM]ja, HarjiamiaBa U BaKHOCT
MIPOTHO3a, jep MPOIleC MPOTHO3UPama UMa 3HavyajaH yTHUIla] Ha onabup u GpopMupame HOBUX
nmpou3Boja koMranuje. Ha ciaumu 3-5 mar je mpukas mpoiieca pa3Boja HOBOT ITPOU3BOIA, KOJU
ce y TpaKCH YeCTO Ha3WBa ,JieBak uzaeja™ (y JUTepaTypH ce KOPUCTH W Ha3uB stage-gate
process). On MHOTOOpOJHUX WHHIMjATHHX HJEja HAa CaMOM IIOYETKY, CaMO MaJloOpojHe
ycIieBajy ycHemHo na mnpoly BumiedasHe TECTOBE M MOCTaHy HOBM MPOU3BOJA HA TPKHUIITY.
IIpema mporenama Ha 100 wHHUIMjanHMX wuzAeja, camo 24 Oyny (¢UHATU30BaHE U
dopmanuzoBane y HOBU mpou3Boi. [IporHose nmajy 3HauajaH yTULA] PHIUKOM TECTUPAHA
U y 3aBUCHOCTH 0f a3e y K0joj ce MPOU3BO] HAJIa3H 3aBUCH U KapaTKep MPOrHo3e (Tj. KaKBY
TO KOHKpeTHY Oynyhy nHdopmanujy nporHose tpeda na od6e3dene TOHOCHOMMA OJTyKa). Y
dazama 1 u 2 morpebHO je 06e30enuTH NMPOTHO3€e Oyayher yKyImHOT TPXKUITHOT TOTCHIIHjana
MOTEHITH]jaTHOT HOBOT TMPOM3BO/1a (Tj. KOJUKH je Oyayhu OpyTo mpuXo[ 1Eeaor TPXKHIITAa Ha
KOMe O TOTCHIMjaTHU Mpom3BOj Ouo T1wiacupad). Y ¢(a3um 3 akieHaT MpPOTHO3a je Ha
yTBphHBamy MOTEHIIUjATHOT OPYTO MPUX0/1a KOJU OM KOMIIaHHja MOTJIa JIa OCTBApH MPOJ1ajoM
nocMaTpaHor npousBoza. Y ¢aszama 4 u 5 BpIIu ce MporHo3upame Moryhe KoJuuuHe mpojaje
NOTEHIIMjaJTHOI HOBOT' MPOM3BOJA, JOK c€ y (pa3su 5 BpIIM NPOTHO3Mpame MOTEHIIUjATHE
KOJIMYMHE TPOo/Iaje U reorpadCcke JOKaluje mpoaje.

Ddaza l ®aza 2 ®aza 3 Daza 4 ®aza 3 Pasa 6
[Tponanazxemne [Iperxomua Kpeupasmse Paseoj Tectu Komepuujanu-
H TCHEPHCAIHE TCXHHYKA TIOCJIOBHOT BATHIALH]A 3ammja

uacja eBanyanmja CLICHApHja
100 68 47 33 e L e 24
—/
IIporuosa ITporxoza - IMporuo3sa IMporuo3sa [poruosa IIpornosa
BEJIMMUHE BemuEe T yuemhay jeTHHIIE jeauHHLE jemnmIe
TPAKUITA HOBOT $ TPPKHLUTA HOBOT VKYTIHOM npoaaje nponaje MpoJaje Mo
Mpo3Boaa IpoO3BOaa TPIKY IITY JIOKALIM) U
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Cnuka 3-5. ®aze pas3Boja HoBor npousBoga (Caplice & Ponce, 2017)

VY 3aBucHOCTH 011 (ha3e eBaslyalyje y K0joj ce Haja3|u MOTSHIMjaTHH HOBU TIPOU3BO/I, 3aBUCE
U 3aJali, OJHOCHO OJIFOBOPH KOje MpOorHO3e Tpeba Aa najy Be3aHo 3a paszBoj Oymyher
npou3Boja. TeXHUKE KOje ce KOPHUCTE MPUIMKOM IMPOTHO3MPamha HOBHUX MPOU3BOJIA CY MHOTO
coucTuMpanuje Hero TexXHuke 3a Beh mocrojehe mpon3Boe Ha TPXKUILTY, HAKO CYy y IPAaKCH
pesyntupajyhe mporHo3e mpahene ca Benukom rpemkoMm (Kahn, 2010). Kao 3akipyuak o
YTHIIa]y IPOTHO3a Ha MPOIIEC Kpeupama HOBUX MPOU3BOA MPOU3UITIA3H J1a IPUITMKOM pa3Boja
HOBOT TIpou3BoAa, 0e3 o03mpa Ha push/pull Tauxy mocmatpaHor JIC, mporHo3upame uma
cenduyan 3agaTaKk Koju omMoryhaBa MEHAlIMEHTY [OHOIICHE OJJIyKa O TPIKUITHOM
MOTEHITHjaTy CBaKe OJ1 MHUIIM]ATHUX U7I€ja 32 HOBU ITPOU3BOI.

3.3. Vmuyaj npoyeca npoenosuparba Ha ynpasmsaree 3aauxama

VYTHIaj mporHo3a Ha TPOIIKOBE CBAaKOJHEBHOT (yHKUMoHMcama JIC, Hajmakiie ce yodaBa
OpUIMKOM yTBphUBama M cHpoBohema CcTpaTeruje yrpaBibama 3ajuxama. 3alluxe Ccy
pe3yaTar push cucrema, y Kome mporHoze ojnpelyjy morpebaH HUBO 3anMxa 3a CBAaKH
nocmarpanu aptukan (Caplice & Ponce, 2017). Y mectuma apxama 3anuxa (CKJIAIUIITa,
JTUCTPUOYTUBHH IICHTPU, MAJONPOAajHU OOJEKTH, WTA.), TPOTHO3E Cy KJbYYHE 3a CHUCTEM
yIpaBJbama 3aiuxama. Ha pa3nuuuTim JTokaiyjamMa yHyTap JIOTUCTHYKE MpEeXe Hala3u ce U
no Bumie xubaga CKVY y 3anuxama, u 3a cBaky on nocMmarpanux CKVY jeguauna norpedHe cy
NIPOTHO3€ TeHEPHCaHe M0 MECTy (MHATHE MOTPOLIHE W KOJHMYMHH MOTPAKEE Y HapeTHUX
Hekonuko Mecen (Nikolopoulos, 2010). KapakrepucTuke NoTpaxme Cy HajBaXXHUJU (pakTop
KOjU yTHYe Ha MOJUTUKY yIpaBibarba 3ajuxama. Y 3aBUCHOCTH OJ1 TOTa Ja JIH je MOTPaxmba
JIETEPMUHUCTHYKA (YecTo npuxBaheHa MpeTrnocTaBka MPUIMKOM MpopadyHa 3ajIuxa ajd je y
IOpakCH pEeTKO HCHYHkEHa CEeM Y CIIy4ajy NpPOHM3BOJHE TOTPOINE) HIM CTOXACTHYKA
(moTpakma Ha TPXKHUINTY YIJIABHOM HMa O00€JeXkje CTOXAaCTHYHOCTH) Y MHOTOME 3aBHCH
MOJINTHKA yTipaBJbama 3anuxama (Caplice & Ponce, 2017; Lewis, 1997).

Ha mpumep, ako ce mocmarpa (s,(J) cTparerujy ympaBibama 3aiuxama (s mpeacTaBiba HUBO
3aJuxa MpU KOME Ce BpIIM HApyYUBalkE€ HOBUX IUKIMYHUX 3anuxa (J), MOXKE Ce YOUUTH
3Hayaj IMpoleca MpPOrHo3upama Ha yTBphUBame HHUBOA CUTYPHOCHHMX 3aiuxa (ciuka 3-6 u
jenHaumHa 11).
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s+Q

Hueo .

JAMMXA 1

Y

«— L>» «— L &> R

Cruka 3-6. (s,(Q) MONUTHKA YIIpaBbamka 3ajixaMa ca CTOXaCTHYKOM MOTPaKEHOM

Huso 3anuxa Ipu KOME CC ¢ 5= ,LlDL +k5DL (1 1)

BPILU HOBO NOPYYHBAE / \

IIporHosa npoceune
MOTPaXXKikhe TOKOM nepuoja L

CurypHOCHE 3auXxe:
k — daxTop curypHocTH
0§, — CTaHIap/Ha JIeBHUjallkja rPemIKe

[IDOrHO3MDaka TOKOM nenuona L (RMSE)

U3 jennaunne 11 youaBa ce aa HUBO s, IPECTaB/ba CyMy IPOTHO3UPAHE MPOCEUHE MOTPAKELE

( M,,, ) TOKOM neproza HabaBKke L, U MpoU3BoAa KoeULMjeHTa k 1 IPOLEHEHe BPEJHOCTH 3a

CTaH/apHy J€BHjalMjy Tpelke NporHosupama (O0,,)*® Tokom mepuona HabaBke L.
CurypHOCcHH (akTop k IMPEKTHO yTHYEe HA HUBO ycayre?’ Koju mpyxka oapeheHu chucTeM 3a
YIpaBJbatbe 3aluxaMa jep MYJITHILIMKYje TPEIIKY MpOrHo3upama (O,,), ¥ THME 3HAYajHO
noBehaBa HUBO CHUTYPHOCHUX 3ajuxa. Y TMPaKTHYHO] NMPUMEHH, CHUTYPHOCHE 3alluXe ce
Hajuemhe MpojekTyjy Ha HUBO yciayre on 95%, mro 3HauM Ja Cy TaKBH CHCTEMU Y
mMoryhHoctu na yemyxke 95% notpaxme Koja ce 1mojaBibyje TokoM nepuoga L. Camum tum, 3a
5% mnotpaxme nocrojahe HegocTaTak 3anMxa U3 KOjuX OM ce MOTpakmka MOIJIa YCITYXKHUTH.
Kao 3akspyuak mpowsuinasu aa mrTo je Behm Hemocrarak 3ammxa onpeheHor cucrema 3a
yIIpaBJbamke 3a7IMXama, TO j€ U HMKH HUBO YCJIyre KOjy Taj CHCTEM MpyKa.

26y JUTEPATypH ce Kao alpoKCHUManyja 3a CTaHOapAHY ICBHjallHjy TPEIIKe, KOjy TeHepHuIle MOAET MPUINKOM
MIPOTHO3Mpamka, Hajuemhe KOPUCTH Cpehe KBaapaTHo oncTyname pesunyarna PMCE (pwmior 1).

27y cucTeMuMa 3a yIpaBJbame 3alHMXama, MoJ HUBOM YCIYTe CMarpa Ce HHBO PACIOJIOKHBOCTH MPOHM3BOJIA.
HwuBo ycmyre Moske ce oKkapakTepucaTH M Kao MPOLEeHAT NOTPaXbe KOji MocMaTpaHu cucteM obe3oel)yje cBojum
KOPHCHHIIIMA, TOKOM TIepro1a 0OHaBJbama (HabaBke) 3amxa (L).
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[Ipenm3no mnpensubame je O CYIITUHCKOT 3Hadaja 3a CMamUBaWkbe HUBOA CHTYPHOCHHX
3ajmMxa U Kajga Ou ce moTpaxma Moria npeasuaeta ca 100% ragnomhy, curypHocHe 3anuxe
He Ou yommre Owmie nmorpedue (Ballou, 2004). Thomopoulos (2015) Ttakohe uctude ma cy
CUTYPHOCHE 3aJIUXe HEONXOAHE 300T HENmpeUW3HOCTH MPWIMKOM IporHozupama. llto cy
MIPOTHO3€ MpeNu3HU]je, 00JbE Cy U OJTyKE MPUIMKOM yIpaBjbamka 3ajJuxamMa, a CAMUM THUM je
u mnpodurabunHuju nocmarpaHu cuctem. lloBehaBamwe mnpernusznocu nporuosza 3a 10%,
JIOBOJIM JI0 anpokcuMaTuBHOT naga on 10% y konmmunHu curypHocHux 3anuxa (Thomopoulos,
2015). OnHOCHO, MITO Cy MPOTHO3€ HENpEelHU3HHUje TO je HUBO CUTYPHOCHHMX 3aJIXa BUIIU
(Brown, 1959; Mangan, Lalwani, & Lalwani, 2016). Kao 3ak/py4ak mpousuia3u aa MoCTOju
TUPEKTHA TPOMOPIMOHATHOCT W3Mel)y Ta4HOCTH IIpolleca MPOTHO3Upama M HUBOA
CUT'YpHOCHUX 3aiuxa. CaMUM TUM TAa4YHOCT NMPOTHO3HPaMka je OCHOBHH KPHUTEPHjyM KOJ
n300pa MoJIena 3a MPOTHO3UPAE PHINKOM HHXOBE MPUMEHE Y JIOTHCTUYKUM CUCTEMUMA.

[Topen ytuiaja Ha HUBO §, IPOTHO3€ YTHUYY M Ha yTBphuBame komnuuHe QO Koja ce HabaBiba
Py CBaKOM HOBOM TIOpyuYMBamy. YTBphuBame konmwmumHe (J, Hajuemhe ce BpIIM TMPEKO
n3paza 3a €KOHOMUYHY KOJWYMHY HaOaBke (eHT. economic order quantity - EOQ). EOQ
dopmyina, (HacTana je Kao pe3yiaTaT ONTHMHU3ALMje YKYITHUX TPOIIKOBA - TPOUIKOBA HabaBKe
U TOCENOBamka 3alMxa, NMPU YeMy Ce MPETIOCTaBJba Ja j€ MOTPaKia JACTEPMHUHHCTUYKA)
TJIacu:

(12)

TJIe CY:

D — moTpakmka Ha TOJUIITHEM HUBOY (jeIMHHIIA KOJIMYUHE/TOANHH ),
C:— TPOIIKOBY NOpyYHBamka (JIMH/TOPYIOWHM);
Ce— TPOIITKOBH UyBama 3ajiuxa (JIMH/|eAMHUIN KOJIMYNHE/TOANHH ).

YouaBa ce fa je MporHo3a roUIIIkHE MOTPAKEHE HEOMXOIHA KaKo O ce YTBpAWUIA KOJUYHHA
HabaBke (IIUKIMYHUX 3aiuxa) (), TOKOM CBAaKOT IHKIyca. YTHIIA] MPOTHO3a HA MPOCEYHE
3alIMXe, Kao jelaH 01 OCHOBHUX MOKa3aTesba 3aIMXa, UCI0JbaBa Ce KPO3 YTUIAj HA KOTUYHHY
Koja ce mopydyje O ¥ Ha HUBO CUTYPHOCHHX 3ajuxa (00€ BEJIMUYMHE MPEICTaB/bajy OCHOBHE
napameTpe 3a yTBphHBambe MPOCEUHUX 3aTTNXA):

7 = %+k5m . (13)

Edekar TauHocTn mporHo3a Ha (PMHAHCH]CKE acCIEKTe yIpaBjbara 3aJIMXaMa, yodyaBa Cce U3
jemHayuHEe YKYMHUX JIOTUCTMYKHX TpoImKoBa. 3a (s,(J) CTparerdjy YKyIMHH JIOTUCTHYKH
TPOIIIKOBH C€ YTBPhYjy Kao:

Yxynnu mpowrxosu=Tpowxkoeu kynosune 3anuxa+Tpowxosu nopyuusearsa saruxa+Tpowxosu
yyeara 3anuxa +Tpowkosu Hedocmamka 3amuxa,;
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0

D
IC=cD+c|— |+c| =+ko,, |+ ch[HedocmamKa_ 3a/zuxa] . (14)
15 »

TC — yKynHM TPOIIKOBU (JIUH);

¢ — TPOIIIKOBH KYMOBUHE TTPOU3BOAA (IMH/j€IMHUIIA KOJUIUHE);

Cs— JEIMHUYHU TPOIIKOBH HEIOCTATKA 3auxa (IUH/KOTMYHMHI/TOUHN);
P— BepoBaTHOha HelOCTaTKA 3ajHXa.

VYTHIa] mporHo3a Ha YKYyNHE JIOTHUCTHYKE TPOIIKOBE KBAHTHU(HKOBAH j€ KpPO3 TAYyHOCT
nporHosupama (Jp;), 1 OJHOCH C€ Ha HMBO CHUTYPHOCHHX 3ajlHxa Koje ce (opmupajy 300r

HETaYyHOCTH IporHo3a. Ha Taj HaumH gona3u g0 noBehama TPOIIKOBa MMOCEI0Bamka 3a/IMXa, a
TUME U J10 ToBehama YKYMHHUX JJOTUCTUYKUX TPOILIKOBA.

[Topen yTuiaja Ha TPOIIKOBE IMOCEIOBamka 3aMXa, MPOTHO3E MMAjy CHa)XKaH YTHIQ] U Ha
TPOIIKOBE HEAOCTaTKa 3ajuxa. TpOIIKOBH IIOCEJOBama 3ajixa AWPEKTHO 3aBUCE OJ
TaYHOCTH TPOTHO34, jep HUBO CHUTYPHOCHUX 3ajMXa y3 BpeMe HCIOpYKe NMa BeoMa 3HaudajaH
yTHUIIa] HA BepoBaTHONy HAacTaHKa HEJOCTaTKa 3ajuxa. | eHepasHo, TPOIIKOBE HEI0CTaTKa
3aJMXa BEOMa je TEIIKO YTBPAWUTH jep o0yxBaTajy TPOLIKOBE H3ryOJbEHE Ipojaje, XUTHE
Ha0aBKe, M3ryOJbEHUX Kylalla M yriega. 3aro, BehMHa JIOTUCTHYapa YIrJaBHOM JAeduHUIIe
HUBO PACHOJIOXKHBOCTH MPOU3BOJIA, U HA OCHOBY HEra M3pauyHaBa ONTUMAIHY KOJUYMHY 32
nopy4MBame, 0e3 IMPEKTHOT W3pauyHaBamba TOPLUIKOBA HepocTaTka pobe (Nikolicic, 2011).

[TocToju BuIe HaUMHA 33 KBAaHTU(HUKAIIM]Y TPOIITKOBA HEIOCTAaTKA 3aJIMXa, & OBJIE j€ U3JI0OKEH
caMo jelaH, Kako OM ce WIyCTpOBaO YTHWIIA] TAYHOCTH MPOTHO3a Ha TPOIIKOBE HEIOCTATKa
3ajMxa, a CAMUM THM U Ha YKYITHE JIOTUCTUYKE TPOIIKOBE.

TpomkoBH HemocTaTka 3aluxa MOry ce KBaHTH¢uKoBath Ha cienehum Haumn (Caplice &
Ponce, 2017):

D
Tpowxosu neoocmamxa 3anuxa =c,0,,G (k) — |, (15)

rne, G, (k) mnpencraBba jenuHuuHy (QYHKIOMjy HEJOCTaTKa 3adXa ca HOPMAaJIHOM
pacnonenom (eHr. unit loss function). CaMmuM THM, IPOU3BOJ YMHHUONA O, - G, (k) TIpencTaBba
HajBepOBATHHU]y KOJUYMHY MPOU3BOJA KOjU he He0CTajaT y 3aBUCHOCTH O] 0/1a0paHOr WM
yTBpheHor (MUHUMH3AIIMjOM YKYITHHX TPOIIKOBa) (akTopa HHUBOA yciyre k. M3 HaBemeHor
MpoM3MiIa3y 3aKJbyvaK Ja ca mopehameM rperike nporno3upama ( 5y, ) 1071a3u U 10 moBehama
KOJMYHMHE 3a]IMXa KOje HEe0CTajy, MITO 3a MOCISIUIly UMa rnmoBehame TpoImkoBa HEIOCTaTKa
3aJMxa a CaMHM THM W YKYITHHX JIOTUCTHYKUX TPOIIKOBA.
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VY3umajyhu y 003up cBe HaBelIeHO, MOXE Ce KOHCTAaTOBaTH Ja je koj (s,() crpareruje
yIpaBJbama 3aJuxama, Iporec MpOorHo3upamka BakaH:

e 3a yTBphHBamke HUBOA 3JIMXa ITPU KOME CE BPIIUTH HOBO MOPYIHUBAE (S);

e 3a yrBphuBame kommunHe (Q) koja he ce HabaBJHaTH TOKOM CBAKOT IUKITYCA;

e 3a yTBphHUBame MpoceuHux 3anuxa (Zpr);

® 32 CMamelka YKYIMHUX JIOTUCTUYKUX TPOIIKOBA, jep MoBehameM MPEeru3HOCTH
MPOTHO3a JI0JIA3U J0 CMAamhEeHha JIOTUCTUYKUX TPOIITKOBA.

[Ipouiec nmporHo3upama je BaxaH U 3a Jpyre CTpaTeruje yrnpaBibama 3aluxama. ¥ OJHOCY Ha
npeTxoaHy (s,() cTparerujy, MpoIec NpOrHO3Upama HMMa jomn Behw yrtuna) Ha (R,S)
CTpaterujy ympapibama 3anuxama. Kom (R,S) cTpareruwje, 3aqmxama ce ymnparba momohy
nepuona u3mehy aBe HabaBke (R) ¥ HHBOA JI0 KOjeT c€ BPIIM MOPYIHMBamkEe HOBUX 3aymxa (S)
(eHr. order up to level), mITO je MpUKa3aHO HA CAUIH 3-7.

HHuBO 3a7T1HXa

—»

L ‘_ |_ BpeMe

i R < R —
Cnuka 3-7. (R,S) ctpateruja ynpasibama 3ajiuxaMma ca CTOXaCTHYKOM MOTPaKEOM
Kipyuna paznuka uzmehy (s,Q) u (R,S), cTpareruje jecte Ta ImMITO C€ KOJ MPBE YBEK BPIIH
MOpPYYMBabE UCTE KOJIMYMHE, JOK KOJ JIpyre, Ta KOJUYMHA Bapupa U 3aBUCH O] MOTPAKIHE
usmel)y nmepuona nperyena 3anuxa (R) U IOTpakikbe TOKOM BpeMeHa JocTaBe (Hcropyke - L)

3amuxa (R+L). CaMuM THM HHUBO /0 KOjer ce BpIIM MOMyHaBame 3anuxa (S) 3aBUCH O]

IPOLICHEHE IIPOCEYHE BPEAHOCTU MOTPAKEE ( 4,,,,) W NPELU3HOCTH Te IpoueHe (J,,.,)

TOKOM jeTHOT IIMKJTyca HabaBKe:
S= . TSy - (16)

[Ipoceune 3anuxe kox (R,S) crpareruje yrBplyjy ce mpema cienehem uspasy:
zZ, = (%+ k5, +LD). (17)

Kao u xox (s,Q) cTpareruje, mapamerap k npeacrtaBba GpakTop Koju AeUHUIIIE HUBO yCIyTe
karjenata. CraHmapaHu W ommTenpuxBaheHW HayWH yTBphUBama CUTYPHOCHUX 3aliixa
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NpYKa3aH jeAHadyrnHoM 11, 3acHMBa ce Ha MPETIOCTaBIM Jla pacrojesia pe3uayana oJIropapa
HOPMAaJTHO] paclofeiy, INTO je y JIuTepaTypu npuxBaheHo 0e3 KPUTHUKOI CTaBa MO TOM
NUTamky. Y OBOM JIOKTOPATy U PEajM30BaHO] CTYAMjU ciaydaja (mornasibe 7), yrBpheHo je aa
camo oko 50% pe3uzyna uMa HOpMaJIHy pacrnojeny (IocToje Maje Bapujalije y 3aBUCHOTH
0J1 ynoTpeO/peHOT MOjeNa 3a MPOTHO3Mpame). CXOAHO TOME, HaBeACHA IMPETIIOCTaBKa je
M3Yy3€THO TpoOJIeMaTHYHA U Y HapEIHUM HCTPaKUBambUMa MOTPEOHO jO] j€ TTOCBETUTH BHUIIIE
Naxme, Majyhu y BUy BEeH 3Ha4yaj Ha IPaBUITHO YTBPhHUBamHEe CUTYPHOCHHX 3aJIUXa.

Ha ocHOBy cBera HaBeqeHOra, MOXe ce€ KOHCTATOBATH Jla IIPOTHO3€ MMajy TUPEKTaH YTHIA]
Ha TIOKa3aTeJbe paja CHUCTeMa 3a yIpaBibame 3aimuxama. I[Ipema Nikolicic (2011), xao
OCHOBHHM TIOKa3aTeJbH Pajia CHCTEMa 3a YIPaBJbamke 3ajrxamMa KOPUCTE ce: MPOCEUYHE 3alIuXe,
KoeQuIMjeHT o0pTa 3anMxa, PachoJIOKHMBOCT MPOU3BOJAA, BpEME pealu3aluje MHKIyca
HOpyOMHE, TPOIIKOBH KalHTala Be3aHWX y 3alMXaMa, TPOIIKOBH CKJIQJUIIHE TEXHOJOTH]E,
TPOIIKOBH HEJOCTATKa 3ajJMXa, TPOIIKOBH Iporeca, UTA. MMajyhu y BuIy BaKHOCT mporeca
yrIpaBJbama 3anuxama y caBpemeHuM JIC, y cryamju ciaydaja (morjiaBibe 7) TpHKazaH je
yTHIIaj IPOTHO3a Ha 07jadpaHe MOKa3aTesbe pajia CUCTEMa 3a yIIPaBJbabe 3aInxama.

3.4. Ilpumena pull npunyuna 3a npocHozuparse y 1aHYUMAa CHAO0e8arbd

[Ipaxktuuno cBu JIC cy xomOunauuja push u pull cucrema (Caplice & Ponce, 2017). Kon
push cuctemMa M3BpILIABambe JOTMCTHYKHUX IpOLeca BPIIM C€ IMpe HAcTaHKa MOTPaXIke 3a
onpeheHnM npousBoArMa uiaM ycayrama. CaMuM THM, KOJl OBHUX CHCTEMa MPOrHO3€ MMajy
BaKHY YJIOTY jep C€ Ha OCHOBY MPOTHO3a BPIIHU IJIAHUPAKHE CBUX 3HAYAJHUX OJUTYKa KOj€ Cy
HEOIXO/IHE 32 IUIacupame (PMHATHOT MPOU3BOAA WM yciayre Ha Tpxkumre. Ca apyre crpaHe
KOJ pull cuctema M3BpIIaBamke JOTUCTUUKUX IPOIieca je peakifja Ha CTBapHY MOTPAKIY HA
TPKHINTY, T€ KOJ OBHX CHUCTEMa HHje MOTpeOHa HHWKakKBa MporHosa mnorpaxme (Caplice &
Ponce, 2017; Chopra & Meindl, 2007). Y npakcu ne noctoje JIC xoju cy 100% pull. Tauka y
KO0jOoj ce IulacMaH poOe WM yciiyra Ha TpXKHIITe Ipedallyje ca jeJHOr CUCTeMa Ha JPYTH,
HazuBa ce push/pull point (Caplice & Ponce, 2017). be3 003upa Ha KOM NPUHIIHITY
¢ynkumonume nocmatpuu JIC, mpBU KOpak KOjU MEHAlepd MOpPajy Mpery3eTd MPUIHKOM
miaHupama akTuBHOCTH y JIC jecte mporHosupame O0ynyhe norpaxme (Chopra & Meindl,
2007).

G. Fliedner (2006) nuckyryje o MOryhHOCTHM mNpuUMEHE pull TpUHIMIA Yy TPOIECY
MIPOTHO3Upamka, Kako O ce Kpeupayie Me)yCOOHO CHHXPOHH30BaHE, TPXKUIIIHO OCETJHUBE U
npema norpebama JIC mpuiarohene mporuose. Kao ocHOBY jemHOr TakBOTI' CHCTEMa y3uMa
XII, koje mpeMa BbeMy MPENCTaBbajy CTPYKTYPAITHH OKBHP 32 YKJbYYHBAHE CBHX KapuKa y
JIC y 13B. pull mpouec mnporHozupama. XII mpencraB/ba LEHTPAIN30BAaH CHUCTEM 3a
NPOTHO3UPAkE CIIOCOOAH 3a 3a/I0BOJbABAIEC  PA3TMUUTHX HPOPMALMOHUX TOTpeda,
pasmuuutux aktepa y JIC. V nmocamammum HCTpakuBamHMa Joka3aHo je na XII mory na
yHarmpeze Mpernu3HOCT MPOrHo3a, Kao U J1a JONPUHECY JOHOIICHE OAroBapajyhux omiayka y
JIC (G. Fliedner, 2006). XII mocrajy cBe 3acTyIJbCHH]E Y WHIAYCTPHUJU U TIPEACTABIHA]Y
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NOKYIIaj modoJblama JoHouewa oanyka y JIC ynanpehuBameM TaYHOCTH TpaaUIIMOHAIHUX
Mmetona 3a npornosupame (E. B. Fliedner & Lawrence, 1995).

Thomopoulos (2015) y cBOM HCTpaXuBamy OJJIa3u KOpaK Jajbe M TOpel TEeHEepaaTHOT
npemora o ynorpebu XII nmporunosa y JIC, on uzHocu u npemsior koje je XII meromomnoruje
Haj0ospe kopuctutH y JIC. 3a Bume emanoncke joructuike cucreme ca CKVY pacnopehennm
mo pasnmuuuTuM Jiokanujama (wim kaga oapehena CKY wumma Bumie Bapujanmja y 00ju,
BeMYMHU, MoJieny), Thomopoulos (2015) npeanaxe T/] u BY merononoruje 3a XI1. Kox obe
METO/OJIOTHje TOTPEeOHO je YTBPAMTH cTaHAapaHy aeBujanujy cBake CKY kako O6m ce
Kpenpajia TOJIMTUKA 3a yIpaBibamke 3anuxama. Takohe ce W3HOCH Tpenopyka Ja ce y
curyanrjaMma kaga CKY wumajy crammonapHu mabnoH mnotpaxme, T/l meromonoruja
npuMemyje 3a MporHozupame Oyayhe morpaxme. Kao Hajuemhu npumep ymotpede XII y
JIC, Thomopoulos (2015) naBogu npuMep Majomnpojaje Kol Koje Cy 3a MPOU3BOJAC KOjU Ce
CBaKOJHEBHO KOH3YMHUPAajy, MOTpeOHE W MHIMBUAyaJHE U TOTAJHE NMPOTHO3E TeHEpUCaHe Ha
HajBHIIIEM HUBOY arperanuje. HAMBUAYyaaHe MPOTHO3E Cy MOTpeOHE Kako OM ce Kpeupalia
NOJIMTHKA YIIpaBJhbaha 3ajuxamMa Ha CBaKO] OJ IMOCMAaTpaHUX JOKalhja, IOK Cy TOTalHe
NpoTHO3¢ TMOTpeOHe Ja Ou ce M3BpLIMIA YKpYyNbeHa Ha0aBKa 3alMxa 3a CBaKy OJ
nocmarpanux CKVY. Caplice and Ponce (2017) nuckyTyjy 0 MpeIHOCTHMA OBaKBOT CHCTEMa
oOHaBJpama 3anuxa (eHr. risk pooling), uctuuyhum 1a OH 3HA4YajHO CMamyje HHUBO
CUT'YPHOCHUX 3aJIMXa Y JIOTUCTUYKOM CHUCTEMY YCIIe/l CMambHUBamba BapujaOMITHOCTH MTPOTHO3A.

[TocToju Hekomuko ¢aza (cnuka 3-8) Koje Cy HEOIXOHE KaKo Ou ce Kpeupao pull cuctem 3a
nporuosupame 3acHoBaHd Ha XI1 (G. Fliedner, 2006).

Kpeupame
yroeopa
u3mely
akrepay

JC

Jedunucame
cTpareruje
yIIpaBJbaba

3ajeTHUIKO
[IOCJIOBHO

3ajuxamMa IJIaHupamke

Pa3Boj
MPOTHO3a
MOTPAKELE

Jememe

IIPOTHO3a

Cruka 3-8. @a3ze mpmmkoM kpenpama pull cuctema 3a nmpornosupame v JIC (G. Fliedner, 2006)

G. Fliedner (2006) kao paznore, 3amTo cy noTpeOHe pull mporHo3e HaBOAM:
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® KOHKYPCHIIH]Y;

® HMHOBaTUBHY MPUPOAY MPOU3BO/A;

e xomiuiekcHe JIC;

e [pupoAdy CTpyTKType Tpoikosa y JIC.

CBu HaBenenu ¢akrtopu uay y mnpuior tome aa JIC mopajy Outm y cramy aa Op30 u
epuKacHO pearyjy Ha HEIUIaHUPaHy INPOMEHUBOCT MOTPAXKI-E, KA0 U HA OCTaje TP)KUIIHE
curHaie. OBU (akTOpH CTUMYJHINY pa3Boj ajara UM TeXHUKa Koje omoryhaBajy Behy
BUJBUBOCT noTpaxme ayx 1enor JIC (G. Fliedner, 2006). Ilopen HaBenenux (axkropa xoju
CTUMYJIMINTY pa3Boj pull cucrema 3a mporHosupame y JIC, mocToju u HU3 mpenpeka Koje y
npakcu oHeMOoTyhaBajy HEeroBo Kperupame Kao IITo CY:

® HEIOCTaTaK MOBEPema M I'yOMTaK KOHTPOJIE MPHIMKOM JIeJbeha OCETIHUBUX MOAATAKA;

e HEJOCTaTaK 3aMHTEPECOBAHOCTH (YHYTpALIlkE U criosballibe) yuecHuka y JIC 3a
KpEeHpameM JeHOT TaKBOT CHCTEMA;

® HejocTaTak eKcrepara u3 00JacTH U TPOIIKOBU UHBECTHIIH]A;

e mpobiieM GpopMUpame XHjepapxuje 3a MPOTHO3UPABE;

® CTpax O]l HellojaJHe KOHKYPEHIIM]je U HEOCTaTaK OBEPEHa y OCTANIe YUECHHUKE Y
nocmarpanom JIC.

Nmajyhu y Buay HaBemeHu 3Hauda] kojy XII mporHosupame uma y pull cucremy 3a
MIPOTHO3UPAKE, Y HAPETHOM TOTJIaBJby MUCKyTOBahe ce 0 cTamy y 001acTH Kaja je y MUTamy
npumena XII npornosay JIC.

3.5. Pesume noznasma

Kao mTo je HaBezieHO, Y TUTEpATypH jOII HE IMOCTOJH KOHIIEH3YC OKO TaYHOT Ha3MBa Ipoleca
IPOTHO3Mpama MOTpaxmbe, Kaga ce mporuose npumemnyjy y JIC. Ca qpyre cTpaHe, KOHLIEH3YC
MIOCTOjU KaJia je y MUTamky BaXKHOCT U YJIOTra IpOrHo3a Ha e(uKacHo oJBUjame mporeca y JIC.
VY mornmampy je ommcaHa M yiora IpOTHO3a TNPHIMKOM yBOhema HOBOI HPOM3BOJAA Ha
TPXKHIITE, Ka0 M YTHIAQj] Ha CTpaTeruje ympaBibama 3anuxama. CaBpeMeHU TpPEHIIOBU
YCMEPEHH CY Ka TPaXEHhy Pa3IuIUTHX METOAa U METOJI0JIOTHja KOje OW MOTJIe HCTOBPEMEHO
Kepupatu Meh)ycoOHO CHHXpOHH30BaHE, TPXKUIMTHO OCET/bMBE W Tpema morpedama JIC
npunarohene mporroze. Kao moryhe pememe, G. Fliedner (2006) je mpemnaxuo XII u y
OBOM JIOKTOPATy TEXHUIITE j€ Ha OBOj BPCTU MPOTHO3HUPAHA.
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4. Crame y 00J1aCTH XHjepPaAPXUjCKHUX POrHO3a NPUMEHEHUX Y JJAHIMMA CHA0IeBamba

Ha ocHOBy nuckyToBHUX crenuduuHUX moTpeda 3a mporHo3ama koje umajy JIC, rue ce cBe
yenrthe kao pemneme npemiaxy X1, u Ha ocHOBY nipenopyka on ctpane G. Fliedner (2006)-a
koju cyrepuie aa cy XII kpyune ykommko ce y JIC HacToju ycmocraButH pull cucrema 3a
IPOTHO3UPAKE, Y OBOM IOIJIaBJbY M3BPUICH je mperies crama y npuMmenu XII ynyrap JIC.
CarnenaBajyhum ucTpakMBauka NHTamka M3 HCTPAKUBAUKE JIUTEpaType, MPOU3WIa3e TpH
KJby4YHa MMHUTamka Ha KOj€ je MOTPeOHO 0AroBopuTH IpriukoM ynorpede XI1y JIC:

1. koje MojieIe/MeTO 00T Hje KOPUCTHTH TIPHIIMKOM TeHepHcamba 0a3HuX IPOrHo3a;

2. Kako  KOHCTpyHCaTH XMjepapXujy 3a TpOrHo3upame (OJHOCHO Ha  Koje
ocobuHe/reorpad)cka TOAPYYja/TUCTPUOYTHBHE KaHAJIC/UTHA., WU3BPIIUTH PACIIOILCITY
YKYITHE TTOTPAXKIE) U

3. kojy XII Meromonorujy KOPUCTUTH NPWIMKOM TpeaBuhama XHjepapXxujCKuX
BpEMEHCKHX cepuja?

Y oBoM JnokTOpary, u3mely ocrajor, Aar je M JONPUHOC MCTPaXHBaWy y OOJACTH,
onroeapajyhu Ha mocTaB/beHa MUTAKA.

4.1. Hajoossu modenu 3a eenepucarbe OA3HUX NPOSHO3A Y TAHYUMA CHADOe8arba

Jla 6u ce 1ao oroBOp Ha MUTAKE KOJU MOJIENH /1]y HajTIPEIU3HI]e HHANBUAYATHE TIPOTHO3E,
Kao ¥ Ha MHUTamke KOJU MOJICTH HaJBHIIIEC OJr0Bapajy CTPYKTYPH BPEMEHCKHX CepHja Koje ce
mory niporahy y JIC, ociioHalr je moTpakeH y MpeTXOJHUM CTyHjaMa, HAPOUYHUTO Y TTO3HATUM
M-takmMudemuma’’ (Makridakis et al., 1982; Makridakis, Chatfield, Hibon, Lawrence, &
Mills, 1993; Makridakis & Hibon, 2000). Pezyntatu M-TakMuuema Cy Oyro BpeMeHa
u3a3uBaIU MoneMuky msmely ucrpaxkupaua (Fildes & Nikolopoulos, 2006). Paznor nexu y
YUBEHUIM jep cy M-TakMuyema JoKa3aja Ja jeJHOCTaBHHUjU Mojenu kao mTo cy EC,
CYNEpPHUjOPHUJU OJ 3HATHO CO(PHUCTULHMPAHHUJUX CTATUCTHYKUX MeToma. Y Tabemm 4-1,
HaBeJneHo je 15 paznuuntux monena 3a EC, kinacupukoBaHUX MpeMa Ce30HATHOCTH U TPEHITY.
Jomr jegaH aprymMeHT KOju TOBOPH y NMPWJIOT MPUMEHH OBHX MOjela 3a mporrosupame y JIC
JeKU Y YMECHULIM J1a, IPeMa UCTpakuBamwy Syntetos et al. (2016), y npakcu 30% noTpaxxmu
npaTu ayroperpecuBHu mpoiiec npsor crernena (AP(1) mpomec), 3a koju cy ce mogemu EC
MOKA3aJM OJTMYHU 32 MPOTHO3Mpame. M3 Tor pasnora, y OBOM HCTpaXuBamy KopuitheHu cy
MOJICJTM 3aCHOBAHM Ha MOpaBHAKkY MPOTHO3a (€HT. exponential tail smoothing - ETC) koju cy
Hazgorpaawa EC mozena.

% Bba3He MporHOo3e MPeACTaBJbajy OHE MPOTHO3E KOje Cy KpenpaHe KopuithemeM TUPEKTHUX (YHUBAPHjaHTHHUX )
Mojiena 3a nporHosupame (Hnp. APUMA, Xomnr, uta.).

2 M-TakMHYERa Cy HH3 YyBCHHMX EMITMPHjCKMX TECTHpama TAYHOCTH HpeaBubhama pasiuduTHX MOJENa 3a
MPOTHO3Wpamke OpraHu3oBaHW of crpaHe mpod. Spyros Makridakis-a (https://www.insead.edu/faculty-
research/faculty/spyros-makridakis).
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TaGena 4-1. Pexyp3usHe jeqHaunnae moaena 3a EC*

Jejan Mupuaetuh MacT. mHX. caoop.

# [; 0O3HayaBa HMBO cepHja y TPEHYTKY f, bt HATHO y TPEHYTKY f,

KOeQUITH]eHTH Y PEKYP3UBHIM je/IHATMHAMA, ¢y =+ '+ -+¢", u 0 h = \_(h -1) mode +1.

30 3a Bume ngeTaspa 0 HaunHy Kiacudukanuje u Bpcrama EC momena, mornenatn (Gardner, 1985; Pegels, 1969).
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HaBenenu Monenu umajy UCTe Taukacte IporHo3e (Tj. IPOTHO3HMPAjy UACHTUYHE BPETHOCTH),
anmu pasnuka usMely mux je y tome mro ETC monmenu omoryhaBajy u yrBphuBame
NPEIUKIIMOHNX MHTEpBaja W MHTEpBaja MoBepema. [IpeAUKIMOHN W MHTEpBAIM MOBEPEHA
MMajy BaXKHY yJIOTY IPWJINKOM YTBphHBama HHBOA CHTYPHOCHHUX 3aJHMXa, IITO NPEACTaBIba
jom jemaH 3HaudajaH aprymeHT 3a ymoTpeOy ETC momena ymecto EC y mpeameTHOM
HCTpaKNBambY- ..

4.2. Koncmpyucare xujepapxujcke cmpykmype 3a npo2HO3Uupare y 1aHyuma chaboesarsa

Y mwpy wu3bopa oarosapajyher HuBoa arperanuje (yKpylmaBama) TOKOM IIOCTyIaka
npeasuhama (Tj. Ha GopMHUpamkEe XUjepapXUjCKe CTPYKTYpE 3a MPOTHO3ZUPALE), HEOTIXOTHO je
npoHahu kommnpomuc usmely nearperanvje (yCuTHhaBama) YKYIHE BpEMEHCKe cepHje (Koja
IpeZcTaBba EJOKYIHY HOTPpaXiby) Ha JeTajbHe, MpeLUn3He HUBOe U MHopMalrja Koje Cy,
U3 TOCMaTpaHUX MpOrHO3a, MoTpedbHe MeHayepuma. Iloceban 3Hawa] Tpeba MOCBETHTH
dbopmupamy xujepapxuje 300T BHCOKE CTOXAaCTUYHOCTH KOja HAcTaje Kao IOCIeanIa
Jiearperaiyje yKymHe MOTpaKme Ha W3Pa3uTO CHUTHE HHUBOE. Xujepapxuja (opmMupaHa Ha
TakaB HAYyMH YECTO je KOMIUIMKOBaHA 3a TNpeaBulame W NPHINKOM TNPAKTHYHE MPHUMEHE
JI0JTa31 JI0 3HAYajHHUX TPElIaka y MPorHo3aMa. JemaH oJ] pasjora jecte ¥ TO IITO JOHBHM HUBOU
(KOI W3pa3sUTO YCUTHCHHX XHjepapxHja), 4YecTo HMajy BeoMa BHCOKe KoeduiujeHre
Bapujanyje. Ca apyre ctpaHe, KOJIU4YMHA HH(pOpMaIMja Koje MeHayiepu 1001jajy U3 mporHosa
Mopa OMTH ajiekBaTaH ca morpebdama 3a ruianupame Oynyhux akrtuBHoctH y JIC. Paznuuuntu
emanonu y JIC 3axTeBajy paznnuute HHGoOpMaLrje Kao u3jia3He pesynrate u3 nporxosa (G.
Fliedner, 1999). IIpu Tome Tpeba mmatu y Buay na usmel)y moHomema omiyka y JIC u
HAaYMHA Ha KOjU j€ M3BPIICHO KpEUpame XHjepapxuje 3a MPOTHO3UpAmkE TOCTOJU jaKa
mehy3aBucHocT (Zotteri & Kalchschmidt, 2007). Arperupane NporHo3e Cy YIJIIaBHOM
MPEIU3HAje OJ1 MPOTHO3E Yy JlearperipaHuM HUBOMMa, jep Y BehnHM ciiydajeBa MMajy Mamy
CTaHJapAHY JI€BUjallH]jy TPELIKe y 0JJHOCY Ha cpeamy Bpeanoct (Chopra & Meindl, 2007).

Paznuuntin HuBoM ommyuuBama y JIC 3axTeBajy pasNuMuMTE XHjepapXHjcKe CTPYKType
npeasuhama y IUJby JTOHOIICHE OJTyKa U M3BpIIAaBakba aKTUBHOCTH M Ipoleca. Y MpakcH,
MHOTE KOMITaHHje TeHEPHIIY IIPOTHO3E 38 CBAKH CEKTOP MOCEOHO, IITO YIIIaBHOM JIOBOJH 10
HeyckiaahheHocTH u3Melyy MOCIOBHUX TIpolieca KOJH C€ CIPOBOJE OJ CTpaHEe MapKETHUHTa,
NpOM3BOAE U JorucTuke. Kao pesynrar, 4ecTo 1onasu 1O CTBapama BHCOKHX TPOIIKOBA U
HeoaroBapajyhe pacnoyioKMBOCTH Mpou3Boaa (Hu3ak HUBO yciyre). Kao jeman ox oarosopa
Ha TaKBY CHUTYaIlljy TOTPeOHO je U3BPIIUTH Kpenpame 3ajequnukux XI1 koje 6u oOyxBaTaie
cBe OHE MH(poOpMalyje Koje cy moTpeOHEe pa3IMuuTHM HHUBOMMA OjyunBama yHyrtap JIC.
Kpenpame xujepapaxujcke CTpyKType MOXKe Ce U3BPILUTH Ha Bulle HauuHa. Lapide (2006b)
je nmao mpuka3z Moryhux HauMHa IUIAaHHpama XHjepapXuje 3a pas3inuuTe (YHKIHMOHATHE
obnactu kommnanuje (cmuka 4-1).

3! Bume merasba y Be3u ca HaunHoM Ha koju ETC Bpiue npensuhama 1 fetasbHa Komnapanuja ca EC Mogenima
Moske ce poHahu y (Rob Hyndman, Koehler, Ord, & Snyder, 2008).
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AcHekT norpaxise Acnexr cnabucBama DUHAHCHCKH ACTIEKT

Cnuka 4-1. PazauuuTe XujepapXyjcKke CTPYKTYpE 3a pa3inuuTe PyHKIHOHAIHE 00J1aCTH KOMIIAHH]€

Ca ciuke 4-1 youaBajy ce pasnuuuTe norpede 3a mHpopMmanMjama Be3aHHM 3a Oyayhy
NOTPaXkbY KOPUCHHMKA OJ CTpaHe IMpojaje, MapKeTHHra, JIOTHUCTUKE, IPOU3BOIIBE U
¢dbuHaHcHjcKOT cekTopa. HaBenmene wHdoOpmaiyje cy HEONMXOJHE CBAKOM OJI MOMEHYTHX
CEeKTOpa Kako OW W3BPIIMJIM ITUIAHUPAKmE U CIPOBOhEHmE aKTUBHOCTH Yy HacTymnajyhem
nepuony. bpojau dakTopu AMKTHPAjy HAUYMH HAa KOjU he KOMIaHUW]je W3BPIIUTH KPEUPAHE
XHjepapXHujCcKe CTPYKTYpE 3a mpeaBuhame. Y MpaKkCH 4ecTO MOCTOju HeyckiaaheHocT usmehy
U3IJIe/1a XUjepapXxucjke CTPYKType Koja MPOU3BOAM HajTauHHUje MPOTHO3E U OHE KOja HajOoJbe
0JIrOBapa OpraHM3alMOHOj CTPYKTYypHu Kommanuje. Koja xujepapxujcka ctpykrypa omoryhasa
HajTayHHje TPOTHO3€e, a KOja HajBUIIE OJroBapa OpraHU3alMoOHO] CTPYKTYpU KOMITaHHje WIIN
JIC, mpexacraBipajy JBa pa3iuuuTa KpPUTEPHUjyMa, YECTO M TMOTIYHO IUCjyHKTHa (Miller,
2002). IIpeTxomoHO HABEACHO MUTAWkE MPEJACTaBJba JEIHO O] KJbYYHHX IHUTamka Ha KOje
MJIaHEPH MOPajy Jla OAr0OBOPE MPUIMKOM KOHCTPYHCakha XHjepapXuje.

Jebunncame ajekBaTHE CTpaTeTrHje je€ jeJaH OJ] KJbYYHHMX CTPATENIKMX 3ajaTaka CBakKe
opranm3anyje ga Ou ce 3aA0BOJbMIIEC paznuumrTe noTpede 3a mHPopmanujama yayrap JIC,
(Vogel, 2013). V 1y cBpxy Chen and Chen (2004) cy mpennoXuiw JBa aaropuTMa 3a
yTBphUBame onTuMale Xxujepapaxujcke CTpyKType Kopuctehu ce mMpuHIMIOM MUHUMH3AIIN]e
KoeQUIMjeHTa BapHjalje MOTPaXIe. AJTOPUTMH Oupajy pas3iIuuuTe XHjepapXUCjKe
CTPYKTYpE, ca IIMJbeM (POPMUPABEM XUjEPaPXUjCKE CTPYKTYpPE KOja y ceOH CapKH caMo OHE
0COOMHE TOTpaXme KOje MHHUMHU3Y]y BapujadmiHocT mopaTtaka. Vogel (2013) u3Hocu
apryMeHTe MPOTHB OBAKBOI HAaYMHA KOHCTpyHCama XHjepapxuje TBpaehu crtaB ma u300p
aJICcKBaTHE XHjepapXuje He MOKe OuTH moapeh)eH MUHUMHU3AIH]U BapUjaOUITHOCTH TIOTPAXKELE,
Beh je xujepapxujy moTpeOHO GopMHpaTH y CKIIaTy ca MmoTpebaMa W HAYMHOM JIOHOIICHA
onnyka y mocmarpanoM JIC. Syntetos et al. (2016) Takohe 3acTymnajy Te3y 1a HUBO arperaiyje
nojaTaka, Tj. HauYMH Kpeupama XHjepapXHujCcKe CTPYKType 3a IMPOTHO3MPame, 3aBUCH O]
OJUTyKa KOj€ XHMjepapXxHjcka CTPyKTypa Tpeba 1a moapxku y nocmarpanom JIC.

WNmajyhn y BHOy NpeTXomHO IUCKYTOBAaHO, Kao TEHEPAIHM 3aKJbydaK MPOU3WIA3H Jia
NpWIMKOM JepuHUCAma XHjepapuje 3a mnpeasuhame IUTaHEpU MOpajy u3abpaTth OHY
XHjepapxujy Koja MPOM3BOIM HajBHIIEe HHPOpManuja 3a e(OUKACHO JOHOIICHE OJJIyKa Yy
nocmatpanoM JIC (Tabar, 2013; Zotteri & Kalchschmidt, 2007; Zotteri, Kalchschmidt, &
Caniato, 2005). Y TOM KOHTEKCTY, IUIaHEpU Mopajy na OanaHcupajy usmely pasznuuutux
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cekTopa M opranmsauuja ynyrap JIC. Ha mpumep, mpous3Boama 4eCcTO 3aXxTeBa INPOTHO3E
YKYITHE TIOTPaXHhe Ha HEAEJbHOM HHUBOY, JIOK CEKTOpP MapKeTHHIra 3axTeBa IPOTHO3E Koje
o0yxBaTajy MOTpaxmwy ojpel)eHux pernoHa Ha KBapTalHOM HUBOY. Ca Jpyre cTpaHe CEKTOp
JIOTUCTUKE WMa 3a/laTak Ja YCKIamumTu TadyHo oapehene ckmamumue jenunune CKY y
CKJIQJUIITa KOja Cy pacriopeheHa myx JIOTHCTHYKE MPEKe, Kao M J1a W3BPIIH AUCTPUOYIIH]Y
MpoM3BOJa Ka MaJIONPOJajHUM 00jeKTUMa y TayHO AeduHUCAHUM Tepuoauma. Kako 6um ce
aJIeKBaTHO MCIYHUJIM HaBEJEHU 33/alld, CEKTOPY JIOTUCTHKE MOTpedHe cy mHpopMalmje rae
he ce Ha TPXKUIITY TIOjaBUTH MOTPAXKHHa, 32 KOJUM IPOU3BOJOM U Y K0joj kommuunu (Caplice
& Sheffi, 2006). IIpocTopHO IOLMpame NOTPAXKHE MOTPeOHO je M 300T IUIAHUpamba
CKJIAUIIHUX JIOKAIHja, OaJlaHCHpamba HUBOA 3aJIMXa Y CBUM YBOPOBHMA JIOTHCTHYKE MpEXKeE,
Kao ¥ 3a JIOUMPamke 0AroBapajyhux TpaHCIOPTHUX Cpe/cTaBa y JIOTUCTHYKO] MpexHu (Ballou,
2004). Ipomec mporHo3upama Mopa Ja OATOBOPH Ha CBe OBe 3ajaTke. Mako je om Benwke
BaXHOCTH 3a IUIaHUpame U U3BplIaBame 3a1ataka y JIC, mpoCcTOpHO JIOIHUpamke MOTPAKILE je
MNONPWIMYHO 3aHEMapeHo Yy JIMTepaTypd, IITO MOKa3zyje W pe3yiTaT YNUTHUKA U3 paja
Syntetos et al. (2016).

C 003upoM Ha TO J1a JOTHCTUYKH CHCTEM MOpA 3aJI0BOJBUTH CHeUU(UUHE 3aXTeBE, MPOTHO3E
TeHepHcaHe 3a JIOTUCTHYKU CHUCTEM Mopajy na obe3dene uH(oOpMaiugje Koje Ciayxke Kao
yJa3He BPEJHOCTH KaKO 3a IUIAHUPAEhE CTpaTerHje TaKo W 3a ONEPaTHBHO OJUTYYUBAHE
YHYTap JIOTUCTHYKOT cuctema. [Ipunmkom ymorpebe MporHo3a y JIOTUCTHYKOM CHCTEMY
MOCTOj€ TPH KJby4UHa NMUTamka Ha KOj€ TPOTHO3€ MOPajy JaTH OJIrOBOpE:

e KoJuKa he 6utu noTpaxma y OyayheMm nepuoay 3a CBaku MPOU3BOJL Y aCOPTUMAHY;
e rJe he ce mojaBuTH MoTpaxkma (y KOjeM YBOPY JIOTHCTHYKE MPEKE) U
e Kkaja he ce MojaBUTH NMOTPAXKHHa.

[Iporunoze y JIC mopajy 6utu nerasbHe, reHepucane a0 HuBoa CKY, reorpadcke mokammje
NOTPaXKEk€ M BPEMEHCKOT MEpHoAa YHyTap Kora ce BpIIU MomymaBame 3anuxa (Caplice &
Sheffi, 2006). Kako Ou ce W3BPIIMIIO MPABIIIHO YIIPABJbAE 3aMXaMa AyXK Ielie JOTHCTHYKE
Mpexke, IPOTHO3e Cy MoTpedHe 3a cBaky Jokanujy (Thomopoulos, 2015). Takohe, morpeOHe
cy u arperupaHe nporHose 3a cBaky CKY, kako Ou ce ocTBapuie paluuOHAIHH]jE
(exoHOMHYHE) HaOaBke. Ha OCHOBY M3II0)KEHOT MOXKE C€ YOUMTH KOMIATAaOMIHOCT u3Melhy
noruke XII u crpareruje ynpaBibama 3ajiixaMa, TOKOM Tporieca ojapehuBama eKOHOMIUYHUX
Konu4yrHa HabaBku 3a cBaky CKVY Ha paznuuuTuM JoKalpdjaMa yHYTap JIOTUCTHUYKE MPEXE
(Thomopoulos, 2015). Zotteri and Kalchschmidt (2007) Ttakohe TBpAe Aa NPUIUKOM
IJIaHUpama 3ajuxa, MPorHo3e Tpebda ma Oyay Beoma AeTajbaHe, A0 HMBOA (pUHATHE MPOojaje
CKY (IIOC - mogauu) u 3a nepuon ox Heaesby naHa. KibyuyHa akTMBHOCT 32 CMambUBaHE
BapujabunHocTy notpaxme y JIC jecte moBe3nBame CBUX MPOTHO3a Koje ce oaBujajy y JIC ca
[NOC nompaumma (Chopra & Meindl, 2007).

VY mpakcH je yrilaBHOM BEJIMKH H3a30B KPEHpame MPOrHO3a NeUHUCAHUX TpeMa HaBeICHUM
KpUTEpHjyMUMa. Pasnor Jiexw y YMIEHUIM J1a, KaJa ce Jearperandja yKymHe MOTPaXmbe
W3BPIIN Ha JeTajbHE HUBOE (KAa0 IITO je TO CIy4yaj ca MporHo3amMa Koje 3axXTeBa JOTUCTUYKU
CHUCTEM) MOJIEJIM 3a MPOTHO3UPAEKE YeCTO HUCY Y MOTYhHOCTH Ja HICHTU(PHUKY]Y BaKHE
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nmrabjaoHe YHyTap BPEMEHCKUX cepuja (YIJIaBHOM TPEHI M CE30HAIHOCT). Y TaKBUM
curyanujama, Oyayhe mporaoze curypHo Hehe OWTH TauHe, jep MOJEIM HE MOTY Ja
MHKOPIIOPHPAjy CBE BaKHE IIabJIOHE BPEMEHCKHX cepHuja y mporHose. Ha cmumm 4-2, nat je
MpUKa3 3aBUCHOCTH M3Mel)y HHMBOA arperaiyje rnojaTaka U HBHXOBE YIMOTpeOHE BPEIHOCTH
NpUIMKOM TuiaHupama y JIC.

Mama ynorpedna

Beha ynorpebna
BPEIHOCT

BpEAHOCT

OO = @) - OO

Cruka 4-2. MelyzaBUcHOT n3Mel)y HUBOA arperaiyje nojaraka 1 lbbuxoBe yIoTpeOJbUBOCTH

Jlaxure u mpenn3Hmje

TIPOTHO3€E

Teske w HETIPELH3HH]E

IIPOTHO3¢

Y HemaBHO 00jaBJbeHOM HCTpaxuBamwy, Syntetos et al. (2016) w3aBOjUIM Cy YETHPH

kapakrepuctuke (numensuje) JIC (cnmuka 4-3), yHyTap KOjux je Moryhe HO3HIMOHHUpATH
XHjepapXxHjCcKy CTPYKTYpy 3a mporuosupame y JIC:

e y)XWHa JIaHIla cCHa0O/ieBama (Opoj emanona);

e Treorpadcka Jokaiuja moTpPaKmbe;

® CTpPyKTypa MpOU3BOJIa U

® BpPCMCHCKAa KOMIIOHCHTA.

JumeH3uja npousBoaa

Cee CKY

[poussoana
dbamuiuja

[lojennnaune
CKY

IIpoussohau

Jlan

Henema

Meceng

Ksapran

BpeMencka quMeH3Hnja

Beaenpoaaja

Poba >
Hudopmanuje

JdumeH3uja qy:KuHe

i

Wndopmanmje

&
&
: <
Cae sokanuje 45’
Jlokamuja rpyre &
el 49
/ Tlojennnauna §
JI0Kaluja &
IRVIVGEGE $°
Magonpoaaja
Poba
I[Horpomay
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Cnuka 4-3. Yetpu kipyune qumensuje JIC xoje yruay Ha GpopMupame Xujepapxujcke CTpyKType 3a
nporHosupame (Syntetos et al., 2016)

Cymupane 3akjbydyke O VTHIAJy TPETXOJHO HAaBEIECHUX JIMME3HWja Ha pa3IHuuTe
dbyHKIIMOHATHE W opraHu3anuoHe obOmactu ynyrap JIC, Syntetos et al. (2016) cy namm
tabenapHo (Tabena 4-2). Moke ce YOUHuTH /1a CBE HaBeJeHE KapaKTEePUCTUKE UMajy yTHIIA] Ha
OJITyKe KOje MEHAllepu JOHOCE MPHIUKOM Ne(UHHCAka CTPATETHje yIpaBibamba 3alnxama,
OJTHOCHO KaJIa OJITy4yjy O: KOJMYMHHU MPOU3BOJIA (3aJIMXa) KOjy j€ TOTPEOHO YCKIAAUIITHTH
y CBAaKOM €IIAJIOHY (Iy’KHHA), KOJTMYMHY MPOMU3BOJa (3a11xa) Kojy je moTpeOHOo 06e30eauTu
Ha MecTUMa (uHAIHE Tpojaje (JoKaIrja MOTPaXKkHE), MOTPAKEHU 32 CBAKH O]l TIPOU3BOJA Y
acopTuMaHy (IpOM3BON), KA0 M O BPEMEHCKO] KOMIIOHEHTH IOTPAXHE OJHOCHO y KOM
BPEMEHCKOM OKBHPY C€ BpIIM JOHOUICHE OIYKa BE3aHHX 3a 3aJIMXE a CAMUM THM U
IPOTHO3Upake (IHEBHO, HENEJHHO, MECEUHO, UT/I. ).

Ta0ena 4-2. Ytunaj kapakrepuctuka (aumensuja) JIC Ha pasnuunte omiyke y JIC

Jyxwuna (0poj emaona) Jlokamuja motpaxme IIpoumsBong  Bpeme

VYupasipame 3anMxama X X X X
IInanupame Tpancnopra X X X
Omnyke 0 JOKaIUju CKIaUIITa X

30HUpame 3aMXa Y CKIaJUIITHMA X

IInanupame npou3BoImHe X X

Ca ppyre crpane, Heke apyre omnyke y JIC kao mTo je (Hmp. miiaHupame MPOU3BOALE), CY
MHOT'O Mam-€ MOJJI0KHE YTHIIA]y HaBEJCHE YeTpu KapakTepucTuke. M3 tabene 4-2 ce youasa
Jla Ha IJIaHMpame MPOU3BOAKE YTUYY CaMO CTpPYKTypa mHpous3Bojga U Bpeme. Camum TUM
TeHEepHCamke MPOTHO3a 3a MOTpede MPOU3BOIHE j€ 3HAUAJHO J€THOCTABHM]E HETrO IITO j& TO
OMo crydaj ca MpOTHO3aMa HEOMXOAHUM 3a e(uKacHO ympaBbame 3anuxama. Kop
IJIaHUpama MPOU3BOJIbEe KibyuyHe MH(pOpMaIMje cy Be3aHe 3a Oyayhy moTpaxmy 3a CBaku
MojeAMHAYHH TIPOU3BO/I, TPYITY IPOM3BOAA MK OpEH/I, KA0 M BPEMEHCKH WHTEPBAJ 3a KOJHU Ce
yIBphyje moTpaxma (YrJIaBHOM je 3a IUIAHUpPAmEe MPOU3BOAIKE HEMOXOTHO H3BPILIMTH
IPOTHO3UPALE 3a MIEPUOJT O] TOAUHY JAaHA YHATIPE).

Nmajyhu y Bugy cBe NpeTXOAHO HABEACHO, MOXE CE 3aKJbyYUTH Jla TJIaBHH KPUTEPUjyM 3a
KpeHnpame XHjepapxujcke CTpyKType 3a mporHozupame y JIC mpezacraBibajy mHpopmanuje
KOj€ Cy HEMOXOAHE pa3IMYMTUM eIlaJOHMMA 3a IUIaHHpame U HU3BPLIABAKE JOIMCTUUYKUX
nporeca. Kpenpana xujepapxmjcka CTpyKTypa M TipaTehe mporHose Tpeba ma 006e30exe
nH(popmalmje 3a cBe yKJby4eHEe CTpaHe:

e wuwH(pOpPMaIHje O YKYITHO] TOTPAXKELU CBAKOT T10j€MHAYHOT TTPOU3BO/IA 3a CEKTOP
IIPOU3BOJIIHE;

e TOTPaXHy IO PErHOHUMa/paMuiIrjaMa Ipou3Boa/OpeHI0BUMa/MapKama 3a
(MHAHCH]CKU U CEKTOP MAapKETHHTa, Kao U

e MPOTHO3E MPOCTOPHE MOTPAKIHE 38 CEKTOP JIOTUCTHKE.
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VY oBoMm pany (mornaBjbe 7) KpewpaHa je XHujepapxHjcka CTPYKTypa IpeMa IPEeTXOIHO
nepuHucanuM kputepujyma. Takohe, u3BpmieHo je u XII JOTHCTHYKOr JIaHIA jeJHE OX
JUJIEPCKUX KOMITAaHHWja y MHAYCTpHUjU nuha Ha Tpxkumty Jyroucroune EBpore.

4.3. H360p XII memooonozuje 3a npedsularbe Xujepapxujckux pemeHCcKux cepuja

VY muspy uzbopa XII merononoruje, morpedbHo je nedpurucar mra je To XII metomonoruja u
KOje paznmuuure Metojoiioruje mnocroje y obmactu XII. Meronmonoruja y XII mpencrasiba
Ha4YMH Ha KOjHU j€ U3BPIICHO KOMOMHOBAKE TUPEKTHUX (MHANBUIYATHUX) MPOTHO3a Ca [UJbEM
Kpenpama (PUHAIHUX MPOTHO3a Yy CBAKOM YBOPY HPETXOAHO JAe(UHHUCAHE XMjepapXHjcKe
CTPYKTYype 3a NpOorHo3upame. [7maBHM kputepujym 3a u30op wu3mely pazmuuutux XII
METOJIONIOTH]ja jecTe MPELU3HOCT KOjy OHE OCTBApyjy MPUIMKOM MPOTHO3HMpama oapeheHe
xujepapxuje. Pasnor 3a kopumrheme NPErU3HOCTH KAa0 OCHOBHOT KpUTEpUjyMa 3a H300p
u3Mely pazmmuntux XI1 Metononoruja, jecTe Taj MTO je ePUKACHO IMIAHUPAE U YIIPaBIbabhe
JIOTUCTUYKAM CHCTEMOM YCKO TTOBE3aHO ca mperu3HuM nporrozama (Caplice & Sheffi, 2006).

Heraune mporuose mim rpemke NpUIMKOM Tpolieca MPOTHO3UPamka WM HeTauHEe HMPOTHO3e
9YeCTO W3a3MBajy BHCOKE TPOUIKOBE M JIOBOAE [0 TNOTPEIIHO NPOLCHEHUX 3ajIHXa,
HeaJIeKBaTHO Je(PUHHMCAHUX TPAHCIOPTHUX U CKIAJUIIHUX KaranuTera, HeaJleKBaTHO
neunucane Habaske, uta. (Chopra & Meindl, 2007). IIpeunsHocT mporeca MporHo3upama
JUPEKTHO yTHUYE Ha HUBO 3ajJMXa KOje KOMIIaHHMja Mopa Ja OJp’kaBa Kako O 3aJ0BOJbHIIA
neunucanu HUBO ycayre (Miller, 2002). Hetaune nporno3e CUrypHO Bojie kKa HeepukacHUM
U CKyIIUM JIOTUCTHYKHM IIpOILlECHMa, a 4YeCTO M Ka He3aJoBoJbaBajyheM HHUBOY yciyre
KpajlbuX KOPUCHUKA (y CHUTyalHjama Kajga Cy MPOTHO3e Oujie MPEeBHUIE NMECUMUCTHYHE). Y
muoruMm JIC, ma Ou ce mompaBmia €PUKACHOCT W €(EKTUBHOCT JIOTHCTHYKHX IpoIeca
HajBOXXHH]E je TMOO0JBIIATH KBAIUTET MPOTHO3Mpama noTpaxkmwe (Caplice & Sheffi, 2006).
OcuMm Tora, moy3JaHe MPOTHO3€E Cy €CEHIMjaTHe 3a ONCTaHAK U pacT KOMIIaHHW]a HA TPXKUIITY
(Nikolopoulos, 2010) a XII MeTog070THj€ KOj€ TEHEPUILY MPOTHO3E Ca HAJHIKOM T'PEIIKOM
Cy HajroxxeJbHUje 3a npumeny y JIC.

[ToueBmm onx 50-THX TOAMHA MPOILIOT BEKa, Y JUTEPATYPH MOCTOJH MHTE3MBHA pacmpana o
npeaHocTuMa U HemoctaruMma ase riaBHe XII meromonoruje (Tl m BY meromonoruje).
['enepanHo, paHW HCTpakWBayul OWIM Cy 3aWHTEepecoBaHW 3a mnpenusHoct T/ u BY
METO/IOJIOTHja CaMO Ha HAjBUIEM arperupaHoM HHUBOY Xujepapxuje (HHUBOY YKYITHE
noTpaxme). Takohe, ncTpakuBama U3 TOT MEPUOJIA YIIIAaBHOM Cy Onjia Be3aHa 32 EKOHOMCKY
npobiemMatuky ¥ BehnHa uctpaxuBada je ¢aBopuzoBana bY meromonorujy (Collins, 1976;
Dunn, Williams, & DeChaine, 1976; Dunn, Williams, & Spivey, 1971; Edwards & Orcutt,
1969; Kinney, 1971). Kao apryMeHT 3a TakaB CTaB y JINTEPATYPU CE YECTO HABOAUO 3aKJbydaK
na BY mpuctyn moxe na reHepuiie TadHuje nporHose ox TJl, xkao m na Oosbe ommie
VHyTpalime Be3e u3Mel)y HIKUX HUBOA XHjepapXHje W HajBUIIET arperupaHor HuBoa (Dunn
et al., 1976; Weatherford, Kimes, & Scott, 2001). Ilopen HaBemeHOT, TOCTOjaTu Cy H
3aroBapHuIy (Manoopojauju) TJI mpucTymna kao nmpucryna KOju MOKE Jia TEHEPHIIEe TaYHU]e
MPOTHO3€ Ha HAJBHINIEM XHjepapXujCKoM HUBOY (Aigner & Goldfeld, 1973; Grunfeld &
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Griliches, 1960). Aprymentu 3a T/l mpuctyn Ounu cy Aa NMOAald y HWKUM HHBOMMA
xujepapxuje (a To cy mojamu koje bY kopucTtu kao yna3 y nporec nporHo3upama) mocenyjy
3Ha4YajHO M3PAXKEHM]Y CTOXACTHYHOCT, Ka0 M Ja MMajy HEMOBOJbAaH OJHOC u3Mel)y mpasor
curHana u ciuydajue rtpemke (Vogel, 2013). Ocum Tora, 3aroBopuunm TJI| mpucryna
3actynaiau cy Te3y naa je T/l jemHOCTaBHMjM 3a MPHUMEHY W NPEHHU3HHUJU TOKOM TepHojia
YHyTap Kora IOCTOjU pelaTUBHO cTaOuiHa motpaxwa (Weatherford et al., 2001). Uako je
BehnHa ucTpakuBadya oO3HauaBajia bY Kao CymepuOpHUJU TPHUCTYI, Yy JHUTEPATypH HHU]jC

CTBOpEH KOHCEH3yC OKo Tora na i bY wmum Tl monenu renepuinty tadnuje nporHose (Vogel,
2013).

[Tocreneno, amnukanuja XI1 y Bume pasnuuutux obnactu, mocedbno y JIC, mosena je 1o
notpede cTBapama MPEeLU3HUX MPOTHO3a Y CBUM HHUBOMMA XHjepapXuje, He caMo y HajBUIIEM
HuBoy (G. Fliedner, 1999; Vogel, 2013). Y HOBHjUM HCTpaKHBambHUMa, YCMEPEHHUM Ha
MPEIU3HOCT TPOTHO3a Yy CBHM HHUBOMMA Xxujepapxuje, bY je mokazao 0oJbe YKyIHE
nepbopmance (Athanasopoulos et al., 2009; Rob J. Hyndman et al., 2011; Seongmin, Hicks,
& Simpson, 2012). Y oBUM wuCTpaXWBamMMa W Jake Tpaje ,,MpTBa TpkKa™“ wusmMehy
nperusHocty T/l u BY merononoruje Ha HajBUIIEM arperupaHoM HHUBOY XHUjepapxuje, aiu
Kajia ce y3Me y 003up uMTaBa xujepapxuja, bY mpucryn ce mokazao 3HayajHO MPEIM3HUJUM
on T/l mpucryma. Y nureparypud HE MOCTOj€ €r3akTHO NePUHHUCAHH pas3yio3u 3amTto TJI
NPUCTYN TOKa3yje Jjiome nepdopmMaHce Kaja ce MOCMaTrpajy MpOTHO3€ Ha CBUM HUBOHMMA
xujepapxuje. Kao jenan on nmorennujamaux pasnora Gross and Sohl (1990) u Strijbosch et al.
(2008) HaBOome HAUYMH Ha KOJH j€ M3BPIICHO ,,CIyIITame (Jearperamuja) MpOrHO3a ca
HaJBHIIET HA HAJHWKHU JIOKU HUBO. 3a KPEHPabe MPOTHO3a Y IOKEM HUBOY XHjepapxuje KO/
TJI MeTomonoruje KOpUcTe ce T3B. JIearperaiiond napaMmeTpu wiu nponopuuje. Gross and
Sohl (1990) cy ucnutanu 21 pa3nuuuT HAuYMH 32 YTBphUBakE JAearpearalfioHux Mpornopiyja.
OBa cryawja je Kao pe3yinTaT MOHYIWIAa JIBa HauMHA Ha Koje je TOTPeOHO H3BPLIMTH
yTBphUBame MOMEHYTHX IapaMerapa:

® TIPOCEYHO MCTOPHjCKO yuenihe (€HT. average historical proportions) u
e yyenrthe UCTOPH]CKUX TIpOceKa (€HT. proportions of the historical averages).

Hanac, Behuna xopucnuka TJI MeTomonoruje u gabe KOPUCTH JAcarperarioHe MporopIuje
kpeupane oxa crpane Gross and Sohl (1990). Hamemene nearperaniioHe TPOMOPIHjE
nokymanu cy aa yaampene Chen, Yang, and Hsia (2008) 1 npeioxXuian cy CBOj METOJ 3a
yTBphUBame JearperanuoHux mnpomopuuja. Athanasopoulos et al. (2009) cy Ttakohe
NpeJCTaBUIM HOBH MPUCTYI 3a yTBphHUBame JearperaloHUX MPONopIHja KOjU je 3HauajHO
yHanpenno TtadHocT TJ[ mertomonorwje. Ilpuctyn je paamkamHO Apyradmju oOf CBHX
JMOCAIAllllbUX M 3aCHUBA c€ Ha Kopumihewmy Oynyhmx mporHosa y mOuby yTBphuBama
JlearperaliioHnX rmapaMerapa.

[Ipob6nem ca npeosnal)yjyhum HauuHOM yTBphHBama mpomnopuuja JIeKH y YHHEHUIM J1a CBE
METO/Ie UMajy CTaTUUKy MPUPOAY, Tj., MOCTOjehrn MPUCTYNU HUCY Y CTamy Ja Ha a/IeKBaTaH
HAUWH PENpe3eHTY]y WHAMBHIYaIHY IWHAMHKY y OJIHOCY u3Mel)y HOmer M ropmer HHBOA
xujepapxuje. CXOQHO TOME, y OBOM JOKTOpaTy M3BpPLICHO j€ Kpeupame IpHUCTyNa 3a
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yIBphUBame JearperallioHuX Npomopurja Koju omoryhaBa yTBphuBame AMHAMUKE U
mabiona y wmehycoOHOM opHOCY u3Mel)y IOmer U TOpHer HUBOA Y XHjepapXuju
(motmornassbe 5.5). Y mpemiokeHOM MPHUCTYIY JearperaiuoHy MapaMeTpu Cy MocMaTpaHu
Kao (GyHKIHMj€ Y BpEMEHY, KOje Cy YTBphEeHE IMPOTHO3UpAmkEM KOJIMYHHUKA u3Mel)y NOmer H
ropwmer HuBoa. therosa nmpenHocT oriena ce U 'y TOMe IITO j€ peIaTUBHO JIaK 3a yrnoTpedy u
MIPUMEHUB 3a BEIUKHA Opoj pa3nuuutux ydecHuka y JIC.

4.4. Pe3ume nocnasma

VY nornaBmy Cy JaTy OJrOBOPH Ha TPU Haj3HAYajHUja MUTaka Kaja je y nuTamby npumena XI1
nporuno3a y JIC. Ha Taj HauMH, OCTBapeHU Cy W HEKH O]l IMJbEBA OBOI MCTpakMBama. Ha
OCHOBY CBeTra H3HECEHOT MOXKE C€ 3aKJbYyUHTH Ja:

e ETC wmonmene tpeba KOPHCTHTH TPHWIMKOM TeHEpUCama Oa3HUX TMPOTHO3a Y
XHjepapXHjCKUM CTPYKTypaMma;

® XWjepapXxHjcKa CTPyKTypa Tpeda Ja oaroeapa norpedbama IlaHUpama W JOHOIICHA
oynyhux omnyka y JIC u na

e y JUTEpAaTypu HE MOCTOjU KOHCEeH3yc Kkoja XII Meromonoruja y cBUM cHTYyalujama
npyka HajTauHuje nporHo3e. Ca aApyre crpaHe, y JUTEPATYpH MOCTOjU KOHCEH3YC Ja
je y JIC moTpeOHO TPUMEHUTH OHE METOJIOJIOTH]jE 3a MPOTHO3UPAmE KOje MPYXKajy
HajTavyHH]€ MMPOTHO3E.
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5. IlpuHounu u Metoae y 00J1aCTH XUjepapXujCKor MPOrHO3UpPama

Ha ocHoBy auckycuje y moTnoriasiby 4.3, jacHO je Aa y JuTepaTypyd HE TMOCTOjU jacaH
KOHCEH3YC, M0 muTamy Kojy XII MeTomomornjy KOPUCTUTH 3a TIpeABUNambe XHjepapXujCKuX
BpeMEHCKHX cepuja. M3 Tor paszmora y OBOM IMOIIaBJbY YKJbY4YeHE Cy cBe mocTojehe
meroponoruje U mozaenu 3a XII u objammeHn Cy MPUHIMIM U METOJE KOje KOPUCTE IpH
Kpeupamy npornosa. Ilopen onuca nocrojehux monena 3a XII, mpukazan je U 00pa3noxkeH
HOBH MOJIEJT 33 XHjE€PAPXU)jCKO MPOTHO3UPAE, KPEUPAH y OBOM JIOKTOpPATY.

5.1. Homenxnamypa 3a xujepapxujcko npocHo3upare

3a Oosbe pasymeBame OCHOBHHMX mnpuHuMna y XII, mpumep amjarpama Xujepapxujcke
CTPYKTYpE 3a IMIPOTHO3HMpame JaT je Ha ciunu S-1. Ha nujarpamy je nprka3aHna xujepapxuja ca
K=2 nuBoa u n=13 BpeMmeHckux cepuja. Hajsumu HuBo arperamnuje (HuBo 0) je aearperupan
Ha n; = 4 cepuje y HUBOY 1. CBaka o7 OBUX cepHja je Jajbe MojesheHa Ha 10 JABE CepHje y
HUBOY 2, Tj., 12 = 8.

HomenkiaTtypa 3a XII

n Ykyman 6poj BpeMEHCKHX CepHja y XHjepapXuju;

ny 0poj ceprja y T0IkEeM HUBOY XHjepapxuje;

Vi BPEIHOCT YKYyTHE (arperupane) BpeMeHCKe cepHje y TpeHyTky t3at = 1,...,T,
¥V BEKTOD BPEIHOCTU CBUX BPEMEHCKHX CepHja Y TPEHYTKY f;

Vit BPEIHOCT CEPHj€ Y UBOPY j XHjepapXHjCKe CTPYKTYPE Y TPCHYTKY f;

Ykt  BEKTOpP CBHX BPEIHOCTH y JOHEM HUBOY XUjepapXuje y TPEHYTKY 7;

S cymupajyha MaTpulla JUMEH3Hje 1 X Nk, Koja nedUHHUIIEe KaKo Ce BpIIM arperamndja y
XHjepapXuju;

Vn JUPEKTHA MPOTHO3a arperupaHe cepuje s — mnepuoja yHampel, uMajyhu y BULy 1a je cepuja
rocMarpasa Jio TpeHyTka 7

Vn (uHATHE POTHO3€ arperupaHe cepuje;

Yn BEKTOp CBUX (PMHATHHX MPOTHO3a Y XHjepapXuju;

Ykn  BEKTOp CBHX JUPEKTHUX IPOrHO3a (/1 — meproa yHampe[) I0mber HUBoa XHjepapxuje;

Yk  BEKTOp CBUX (DMHAIHHX IIPOTHO3a JIOK-ET HUBOA XUjepapXuje;

P MCTOpHjCKa Mponopuyja u3Mely Jomer HUBOa U arperupaHor HUBOA XHjepapxuje;

pj BEKTOpP CBHX MCTOPH]jCKUX MPOTOPIHja H3Mel)y JOBmEr U arperupaHor HUBoa XHjepapxuje;

Tit KOJMYHUK m3Melhy cepuja HOmer u arperupaHor HUBOA y XUjepapXuj, Tj., % Tj.,3aj=1,..,
Pk

D; MPOTHO3a JiearperaloHe NporopIdje y YBOPY j, i — epruojia YHaIpe,;

Pxn BEKTOp h — mepHOAA YHAmpead CBUX [earperalioHUX MpOIOpPLHja Yy [JOHEM HHBOY
XHjepapxuje;

Yin JUpEKTHA IPOTHO3a (A — meprojia yHarpea) YBopa Koju je / HuBoa u3Haj j,
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.SQ]EQ CyMa IUPEKTHUX MporHo3a (# — mepuoia yHampeld) y 4YBOpY XHjepapxuje Koju je [ HuBoa

W3HAJ YBOpa j M TUPEKTHO j€ MOBE3aH ca THM YBOPOM.

Hugo 0 @

T OBONOIRO
o2 (a8)(a5) (bA)(EB) (UA)UB) (W)(IE)

Cnuka 5-1. Xujepapxujcka CTpyKTypa CUMYITUPAHIX BPEMEHCKHUX CEpHja

3a OWJI0 KOjU TpEHYTaK ¢, arperupaHe BPEIHOCTH BPEMEHCKHUX CepHja HUKHX HHUBOA
XHjepapxuje Kopecrnonaupahe BpeJHOCTHMA Yy cepHjaMa KOje C€ Hajlla3e y BHUIIMM HUBOHMMA
xujepapxuje. [IpeTxoqHo HaBEeEHO MOXKE C€ JIaKO MPEJCTABUTH YBOhEHEM T3B. ,,cymupajyhe
Matpure® (S). S Marpuiia JUKTHpa HAaYMH HAa KOJU C€ BPIIM KpeHpame TOPHHUX HHUBOA W3
HIDKUX HUBOA xujepapxuje. majyhu y Buay Xujepapxujy ca ciauKe, HaBEICHH MPOIEC MOXKE
Cce MPEIICTAaBUTH Kao:

Vi 11 11 1 1 1 1]

Yar | |1 1000000

VBt 001 1 000 0| -
yea | oo 00 1 1 0 of
Yool o000 00 1 1|77
Yaae | {10 00 0 0 0 of| %
vage|={o 1 0 0 0 0 0 0| B
Year| o 01 00 0 0 0]
yeee| {0 00 1 0 0 0 of |7
vear | 00001 0 0 o] P
Yesi| 1000 0 0 0 1 0 o] DB
Ybis 0000001 0oV~
ypge| L0 0 0000 0 1
v, S

WM Y KOMITAKTHH]O] (OpMH:
Ve =S Vi (18)
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5.2. Bottom up memooonoecuja (bY)

Kox BY metononoruje nmpBu Kopak HNpuiInkoM Kpeupama XII jecte reHepucame AUPEKTHUX
(6a3HUX) MPOTHO3a HA HajHWKEM HUBOY Xujepapxuje. HakoH kpenpama AUPEKTHUX MPOTHO3a,
BPIIIM C€ FBUXOBA arperaiyja Ha BUIlle HUBoe, kopuctehu matpuity S. Ha oBaj HauuH Bpiu ce
Kpenpame (QUHATHHX TPOTHO3a y CBUM HHBHMa XHjepapxuje, ceM y JIOHmEeM HHUBOY. 3a
(GUHANTHE MPOTHO3EC y JOHKEM HHUBOY y3MMajy C¢ HMHUIMjATHE TUPEKTHE MPOTHO3E KOje Cy
TeHEpUCAaHE Yy JOKEM HHUBOY XHjepapxwuje, Tj., ¥k, = ¥k n. VIMajyhu y Buny naBeneno, BY ce

MOK€e NMPEACTABUTH Kao:
yh = S'?K,h- (19)

Hajsaxxuuja npennoct BY mpuctyna jecre y Tome IITO ce MHUIMjATHE TUPEKTHE MPOTHO3E
(Ha OoCHOBY KOjux ce yTBphyjy cBe ocTaje MpOrHo3e Yy XHujepapXuju), U3BpILIABajy Ha
HajHIKEM HUBOY xujepapxuje. Ha taj HaunH ko BY MeTonomnoruje He 1051a3u 0 AMCTOP3Uje
uHpopMaldja Koje ce Haja3e y BPEMEHCKHM cepHujama, IITO je YecTo Cllydaj Kajxa ce
WHUIIMJAJTHO TPOTHO3HMpPAmke BPIIM ca TOJAllMMa W3 BHUIIET HUBOA XHjepapxuje (Kao Ha
npumepy koxa TJ[ meromonoruje). Ha ocHoBy Tora BY metomonoruja je cnoco6Ha ma 6osbe
OJICTIMKAa WHIWBUIYAJIHY TUHAMHKY CBAaKe CEpHje Y JIOHEM HUBOY XHjepapxuje. Mehytum, To
MMa CBOje KOCEKBEHIIE KOj€ CE€ Ca)XETO MOTY OIUCcaTH Ha cieAchu HauWH: cepuje y JO0HEeM
HUBOY XHjepapxHje 4ecTO Cy HM3pa3HTO CTOXaCTUYHE U IMPOMEHHMBE ca J0cTa IIymMa y
nojanyuMa, IITO H3a3MBa MOTEIMIKOhe MPHUIMKOM Kpeupama HHIMBHIYaTHHX MoJena 3a
IPOTHO3eE.

5.3. Top down memooonoeuja (T/)

Cympotrao BY metomonoruju, T[] meromonorrja 3acHMBa C€ Ha T'€HEpPUCAY WHHIIM]ATHE
(ba3He) mporHo3e Ha HajBUIEM HHBOY xujepapxuje (Y,). Hakon kpempama nporHosze Ha
HajBUILEM HUBOY XHjepapXHje BPIIH Ce Jiearperaiyja npor1o3e Ha Hike HuBoe. Ha Taj HaunH
JlearperalyjoM IMpOrHo3¢ ca HajBUIIEr HUBOA U HHCHUM ,,CIYIITAaHheM Ha HUXKE HHUBE
U3BpIIaBa ce yTBphuBame CBUX (MHATHUX MPOrHO3a y CBUM HUBOMMAa W YBOPOBHMA
nocMaTpaHe xujepapxuje. [learperanuja HMHUIMjaIHE IPOTHO3€ BpIIM ce THOMoOhy TK3.
JearperaiiuoHux mapamerapa  (pi,...,pnk), KOJU IUKTHpPA)y Kako he ce U3BpIIUTH
,»YCUTHABaWke U ,,CIyIITamke MPOTHO3E Ca HAJBUIIET HWUBOA HA JIOKbM HHUBO XHjepapXuje.
Kana je yrBpheH nomu HUBO, CBU MPEOCTAIM HUBOM W CEPHjE BPJIO JIAKO C€ YTBPHYjy
kopuithesbeM Matpuiie S. Marpuna S je KpewpaHa NpemMa HAa4YMHY Ha KOjU je BpIIeHa
Jearperaiyja HajBUIIET HHBOAa Ha JOWU HUBO xujepapaxuje. Y TJI meTomomoruju
WHUIMjaJTHE TPOTHO3E HAJBHILET HUBOA jeTHaKe Cy U (DMHATHUM IPOTHO3aMa, Tj., Y = Vp. Y
JTUTEpaTypH ce Kao Hajuemrhe kopumrhenu T/l mpuctymnu mpoHanase:

® IIPOCEYHO UCTOPHjCKO yueurhe (eHr. average historical proportions) — TI1 u
e yuemhe UCTOPHU]JCKUX TIpOCeKa (€HT. proportions of the historical averages) — T]12.
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Hagenenu T/l mpuctynu cy pe3yirar ONCEXHE CTyAHje crpoBeneHe on crpane Gross and
Sohl (1990), koju cy ucniutanu 21 HauuH 3a yrBphHBame Aearpearaiionux mnponopuuja. T/1
u T/I2 npeacraBipajy NpUCTyIIE KOJU y ceOU cajip>ke OHE JiearepraiioHe napaMmerpe Koju ¢y y
OBO]j CTYJIW]J! JAJIM HajTa4HU]€ MIPOTHO3E.

VY cnyuajy T/]1 nearperanmonu napemaTpy yTBpheHH cy Ha cienehu HauuH:

1 Y,
pj=7Xi=175 (20)

3aj = 1,..., ny. CBaku mapamerep p; oApaxana IPOCEYHO UCTOPHU)CKO yuelnrhe ceprja y JomeM
HUBOY Xujepapxuje (V) y OAHOCY Ha YKYIHY cepHjy (HajBHIIM HUBO arperaunuje) (1:), 3a
nepuon ¢t = 1,..., T.

VY cnyuajy T/I2 nearperanronu napeMatpu yrepleHn cy Ha cienehn HauuH:

St
Pj =<7 o - (21)
t=1T

Kox T/12 mpucryna p; ogpaxaBa ogHoc u3Mel)y mpoceyHe BpeIHOCTH BPEMEHCKE CepHje y
JIOEEM HHUBOY arperaimje y OJHOCY Ha NMPOCEUYHY BPETHOCT BPEMEHCKE CepHje y HajBHILIEM
HUBOY ()1), 3@ mocMatpanu nepuon ¢ = 1,..., 7. Y3majyhu y o03up xujepapxujy JaTy Ha CIULH
5-1 u xopucrehu ce marpuanoM HoTamujoM, T/] MeTogoIOTHja MOKeE ce onucatu Ha cienchu
HAYMH:

Wl 11 1]

Vs 11000000

Yer | 1001 1000 0| -
Jea| o000 1 1 0 0f "
Foa | {0000 0 0 1 1|7
Fan| |1 00000 0 off 2
Vasa|={0 1 0 0 0 0 0 of{2
Fsan| {00100 00 02
Fsal (0001 00 0 off
e | 0000 1 00 off22
Fesn | |00 0 0 0 1 0 o]0
Fps| 0000001 0 Ve
Fppy| L0 0 0 000 0 1]

WM Y KOMITAKTHH]O] (hopMu:
V=S yK,ha (22)
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Ine je y, , KpEHMPAaHO MHOXKEHEM HAjBUILIET XMjEPapXHMjCKOI HUBOA ; , Ca JearperanioHuM

napameTpuma p;=[pu, ...,ppa]" , OTHOCHO Yy p, = Pp, - p;.

CxonmHo HaBeneHome, reHepanau u3pas 3a TJI meromomormjy (TH1 u T/2), moxe ce
MIPEJICTaBUTH Ha clie/ichy HAYMH:

Yo=S"In"Dj (23)

UctpaxxuBaun Chen et al. (2008) cy Ha ocHOBY uctpaxuBama Gross and Sohl (1990),
NOKYIIAJIN J1a yHaIpenae npenusHoct nporHosupamwa TJ1 u T2 monena u npemioxuwim cy
HoBu T/l mpucTyn xoju ce 6a3upa Ha MMHHMU3AIUH KBaJpaTHOT OJCTyMNama pe3uayana Ha
OCHOBY KOra c€ BpIIM IHpopadyyH JearperalMoHux mnapamerapa. Hauumn yTBphHuBama
JiearperafoHnX MPOTOPIIHja y OBOM IPUCTYILY je cieaehn:

_ Tleayieve

pj B ZZ=13’t2 ’ (24)

TJl mpuctyn koju cy npemnoxwmm (Chen et al., 2008) xao nmpuctyn koju Ou Tpebayio na
TeHEepHIIe TayHu]e porHo3e, y ogHocy Ha TJI1 u T/I2 moxnene, o3naueH je kao T/I3.

3a moteHmMjanHO YyHampehewme TauHoctu TJ[ metomosiorwje, MpeIokKEeHO je Ja ce 3a
padyHame JearperaiioHux Mporopiirja Kopucte gupektHe (6a3ne) nmporuose uz bY Mmozena
(G. Fliedner, 2001)*2. Uspasz 3a yrBphuBame [earperaMoHOr mapamerpa 3a 4Bop AA
XHjepapxuje ca ciamke 5-1 riacu:

_ Ya . Yaa 25
Paa Yat9p+IctIp VaatVap’ (25)
JlearperainoHy mapaMeTpy 3a CBE OCTajie YBOPOBE y XHjE€pPapXHjy MOTY Ce€ YTBPIUTH Ha
CJIMYaH Ha4MH. Y OKBUPY OBOTI paja, MPeTX0JHO HaBeaeHa Moaudukanuja T/ meTogonoruje
o3HaueHa je ca T/14.

5.4. Top down npucmyn b6azupan na npocrozupanum nponpyujama (THDII)

TJI mpuctyn 6a3upaH Ha MPOTHO3UPAHUM TIporiopIHjama (eHr. top down approach based on
forecasted proportions - TIA®II), npencraBba aaTepHATHBHU MPUCTYN 3a YTBphUBame
JearperaliuoHux mnapamerapa (p;) (Athanasopoulos et al., 2009). Jloruka oBor Mmojena
3aCHUBA Ce Ha Kopulhewmy MHANBUIYAITHUX POTHO3a CBUX CEpUja y XUjepapXuju Kako Ou ce
YIBPAMIN Jearperanyonu mnapamerpu. 3a paszmuky on T/l m T2 xoju nearperarpioHe
napameTpe Iocmarpajy Kao uctopujcke cratuuHe Bpeanoctu, TJPII kopuctu Oynyhe

32 JleTasbn 0 HaUMHY YTBphUBama JearperaiiOHUX NpOIOpLHUja MOTy ce npoHahu y npuiory pana (G. Fliedner,
2001).
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NpOTHO3€ Kako OW ce YTBpAWIM JlearperanyoHd mnapameTrpu. ['enepanna ¢opmyna 3a
yTBphuBame nearperanuonux napamerapa y TA®II npuctyny je:

v

_ k-1 Jin .

p; = lli=0 g+ (26)
Sj,h

rae y% NpeaCcTaB/ba AUPEKTHY NPOTHO3Y (A — mepuoja yHampea) 4Bopa Koju je / HUBoa

U3HaxA j, JOK S% O3HayaBa CyMy IUPEKTHUX MpOrHo3a (4 — mepuoAa yHampen) y 4BOpY

XHjepapxuje Koju je / HUBoa U3HaJl YBOpa j M JUPEKTHO j€ MOBE3aH ca THM YBOPOM.

5.5. Optimal combination npucmyn (OL])

[Tpuctyn ontumaiine kKomOuHaIuje (eHr. optimal combination approach - Oll) 3acHuBa ce Ha
reHeprcamy HEe3aBUCHUX 0a3HUX MPOTHO3a 3a CBE cepuje y xujepapxuju (Rob J Hyndman et
al., 2007). IIpobGnem Koju HacTaje ca TCHEPUCAkEM HE3aBUCHUX Oa3HUX MPOTHO3a jecTe
HETOCTOjabe T3B. ,,arperalioHe KOCr3UCTEeHTHOCTH  KOja MPECTaBJba JeIHY OJ1 HajBAKHUJUX
ocobuna XII koja oGe306ehyje na ce cabupameM IMPOrHO3a HIKMX HHMBOA Y XHjepapXuju
no0ujajy mporHo3e y BUIIMM HHMBHOMa xujepapxuje. OLl mpuctyn pemaBa oBaj mpoOieM u
ycIieBa Jia y CBOje MPOrHO3e MHKOPIOPHUpa AUPEKTHE MIPOTHO3€ Y CBUM HUBOMMA XUjepapxuje
KOj€ HCITyHaBajy OCOOMHY arperalMoHe KOET3MCTeHTHOCTHW. Ha Taj HaumH mTO 3a CBOje
NPOTHO3€ KOPHUCTH JupekTHe mporHo3e OLl mpuctynm kopucTu cBe NOCTYIHE WH(pOpMAIHje
KOj€ ce Haja3e y MojeJMHaYHIM BPEMEHCKHUM CepHjaMa y CBAaKOM YBOPY YHYTap XHjepapxuje.
I'enepanna uzaeja Ol mpuctyma u3BeneHa je W3 MpeICTaBibamba MpOrHo3a (A — mepuona
yHaIpea) KOpHUIINCHEM JIMHEAPHOT PErpecHMOHOr MOJena, JOK ce (HuHaiHe MTpPOrHo3e
yTBplhyjy Ha cienehu HauuH:

Yn=S(E'S)7'S'yn. (27)

5.6. Top down npucmyn bazuparn nHa npoeHo3uparby 00Hoca uzmely 0orez u Hajsuues HU80a
xujepapxuje (T{DP)

[Ipob6nem ca aearperaunonuM mapamerpuma Tl MeTomoNOTHje IPOU3UIIAa3H U3 YUH-CHHILIE J1a
BehrHa mpHCTyna mocMarpa JearperaioHe napaMeTpe Kao CTaTU4HE BPEIHOCTH yTBpheHe
Ha OCHOBY MHCTOpUjCKMX BpenHocTu. I[IpoOiem ca Tako KpeupaHUM JearperarroHuM
napamMeTpuMa jecTe Taj INTO OHM HHCY Yy CTamky Jla OIOHAIId]y KapaKTEePUCTHKE
WHIUBUIYATHUX BPEMEHCKHX cepuja (yoOuuajeHo TpeHa win ce3oHaHocT) (Vogel, 2013).
Kaxko 6u ce emuMuHICa0 HaBeIEHU MPOOJIEM Y OBOM JIOKTOPATY MPEJIOKEH je HOBH MPUCTYII
y T/I MmeTomonoruju 3a yrBphuBame qearperaliMoHux napamerapa, 6asupaH Ha IPOTHO3HpabY
onHoca u3Mel)y JOmer W HajBUINET HHUBOA Xujepapxuje (eHr. top down forecasting ratio
approach - TI®OP) (Mircetié, Nikolici¢, Stojanovié, & Maslarié, 2017).
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TI®P je nosu MeTox 3a yTBphUBame Jearperailmonux nponopuuja (pP;), Koju ce cacToju u3

IpOrHO3Mpama /s — mepuoja yHamnpen ojgHoca usmehy aomer (V) ¥ ropemer HuBoa (V:) y
xujepapxuju. [IpexomHo HaBEAECHO MOXE C€ IPEICTaBUTH Ha clie/ichr HaunH:

—

B =(50), = (%) 5 (28)
%!ifyt > 0

,J€P Ve = Xi=1Yjt U Yjt € R*.
0, y cylipoTHOM,

_ ) kK oA 1. _
3a]—1,...,nk,1/127=1pj—1,r;[erj’t—{

THADP moxe na oncivka HHIUBUAYAIHY TUHAMUKY u3Mely nomer (1)) U TOpmer HuBoa (1),
Ka0 M Ja Tako YTBpheHy IOUHAMUKY YKJbYYH Yy TMPOLEHY BPEIHOCTH JiearperamuHux
napamerpa. 3a pasnuky ox Behune T/ mpucryma (THA1, THA2, TA3) xoju mocMatpajy
JlearperaliioHe mnapaMeTpe Kao CTaTMYHE BPEJAHOCTH ONHCAHE IMPOCEYHUM HCTOPH)CKUM
BpenHoctuma, kon TH®P mpucryma omHoc usmely nomer (vj;) U Topmer HHBOA (Vr)
nocMaTpa ce kao GpyHKIuja y BpeMeHy. Ha Taj HaumH, HHIUBUAYadHA JUHAMHKA y OTHOCY
n3Mel)y Jomer M Tropmer HUBOA j€ cadyBaHa W HHje H3TYyOJbeHA, INTO j€ YECTO CIIy4aj
NPUIMKOM TeHepaIn3alrje JearperaiioHux napamerapa Kpo3 mpoceyHe BpeIHOCTH (Kao IITO
je cayuaj kox TH1, TA2 u TA3). Camum tum, TIDP moxe na renepumne 6yayhe mpornose
JUHAMUYKHUX Jlearperaiuonux mnapamerapa. OuekuBama cy Ja he AMHAMUYKH TapaMeTpu
TJI®P Monena npenu3Huje BPIIUTH Jearperainnjy mporHo3a ca HajBHIIET HUBOA HAa HajHUXKe
HUBOE ¥ CaMUM TUM JIonpuHeTH noBehamwy Taunoctu T/] merononoryje.

TJDP nocenyje onpehene cnmuunoctu ca T4 (G. Fliedner, 2001) u TADII (Athanasopoulos
et al., 2009). CnuyHOCTH C€ cacToje y TOME Jia CBa TPH MPHUCTyIa Kopucre Oyayhe mpornose
3a yTBphuBame JearperaioHux napaMmerapa. [ maBHa pasnuka je y Tome mro T4 u TADII
Bpllle yTBphuBame JearperallMoOHuUX mapaMerapa KopucTtehu TMpOrHo3e HOHmEer HHBOA
xujepapxuje (THPII) nm kopuctehu mporrnose ceux cepuja y xujepapxuju (T/14). Ca npyre
crpane, TJI®P Bpim 1MpeKTHO MPOTHO3UPAKE BPEIHOCTH JiearpearaliioHuX napamerapa.

Wneja Bogmba 3a T®PP mpucTynm 3acHHMBa ce Ha MPETIOCTAaBUM Ja MOCToje oapeheHu
NPEBUINBY MIA0JIOHU Y OAHOCY U3Mel)y TOWET U rOpH-er HUBOA y XUjepapXuju, KOjU ce MOTy
POTHO3UpATH Y OyayhHOCT (Ha MCTH HAUYMH KaKO CE BPIIX U MPOTHO3UpAmE OUII0 Koje Apyre
BpPEMEHCKE CepHje) U KOPUCTUTHU Kao JIearperalioHy MmapaMeTpu 3a JIeJbehe U NMpepacioaety
MPOTHO3a HAjBUILET HWBOA HA HWIKE HHUBOE y XHjepapxuju. AJoroputraMm HavyrHa Ha KOjU
THADP Bpmm yrBphuBame Oyayhux mporHosa JaT je Ha CIUMIU 5-2 ¥ UMIUVIEMEHTHPaH je y R

codTBepy.
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Kopauu AKTHBHOCT Ormc

Jedunucatu cymupajyhy MaTpuiy S.
1 l S I
5 l ; ] Jedunucatn # - mepHoja yHampen 3a Koje ce BpIIH

4 TIPOTHO3HPABE.

@opMHpaTH HCTOPHjCKe TIPOIOpPIHje H3Mel)y JOomer u

3 Tie = J;‘— TOPHET HUBOA.
=y
4 B VTBpANUTH [earperaioHe MPONoOpIHje 3a /1 -IepHoja
: ;=) = (f')h ] yHampe, kopuctehn ETC anropurme (Tabena 4-1)
"
7 3aj=1,...,nk;112?§1}3}-=1; Tae v, =
Fpe 4
== 1 Ve >0
{ st >»JeP Ve =Z?=1Yj,t HYj¢ e
0, y cyipoTHOM,
5 B @opMHpaTH BEKTOP CBHX JearperaliHoHHX IPOIMOpIHja
| Bon = [5]:1 = 1,1
6 o YTBpUTH NPOTHO3E 32 Y, /1 - Iepuoia yHanpes (V).
Vl h — Jh
7 ol =5 P Ben ] VTBpANUTH cBe ()HHATHE IIPOTHO3E ¥, , 32 CBE UBOPOBE Y
L __J| X"jepapxuju.

Crmuka 5-2. Anropuram nporaosupama TJIPP Mmoxemom
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C o63upom Ha To na TH®DP nocmarpa nearperannone napamerpe kao (GpyHKIHUje y BpEMEHY,
KOje cy mpojekToBaHe y OymyhHOCT /# — mepuona yHampen (jenHaumHa 28), moTpeOHE Cy
onpehene monudukamnuje jennaunHe 22, kako 6u ce m3Bpmmio XI1 u kpenpame (HUHATHHX
MPOTHO3a 3a CBAaKM OJI YBOPOBA Yy XHjepapxuju. Y3umajyhu y o03up jemHaunne 22 u 28,
¢bunanne nporuoze TIDP mpuctyma mory ce m3pasutd y mMarpuyHoj Gopmu Ha cienehu
HAuWH:

~

Vi 111 1 1111
Yl 1100000 0
Yau | 10O 1 1000 0|, -
Yea | 1000001 1 0 ofFm
You | 1000000 0 1 1]]Fm
Vs | 10000 0 0 of]F
Vs |=0 1000 0 0 of{2" [[]
Vs | 1001 00 0 0 ofF
Fus| 0001 00 0 of]Fe
Foul 100001 00 offZ
sl 1000000 1 0 of 2]
5ol 10000001 0 Pus
sl L0000 000 1] ¥,
—
v, 5

WM Y KOMITAKTHH]O] (OpMH:

Yo =S"Vn" Dk (29)

5.7. Pe3ume nocnasma

VY mornaBsby je 1aT ONMUC Pa3IMIUTHX METOJ0JIOTH]a U Mojiena Koje ce kopucte y XII (Tabena
5-1). YxynHo je onucano ocam mojena. CBUX ocaM Mojelia MOTy ce€ KIIaCH(UKOBATH Yy JEIHY
oJ1 TpeHyTHO TpH noctojehe meromonoruje: bBY, T/ u OLI.

Ta0ena 5-1. [Ipukas moxena u metozonoruja 3a XI1

Pennu 6poj Hazus Mertononoruja Ckpahenuiia
1 Bottom up bY bY
2 Top down 1 T TI1
3 Top down 2 TI T2
4 Top down 3 TI T3
5 Top down 4 TI T4

Top down approach based on forecasted

o)

T TADII
proportions A A
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7 Optimal combination o)1} o)1}
8 Top down forecasting ratio approach TI TDP

VY mornasspy je matr u npenor 3a HoBu Moxaen y TJI metomonoruju (TADP). Monen yBoau
HOBM HayuMH 3a YTBphuBame jAearperalMHuxX Mpornopuuja, Kopuctehn HHIMBUAYAIHY
nuHamMuKy usmel)y nomer (yj:) u ropmwer HuBoa ();). Llusb mpemnoxeHor mojena jecte na
JONIpUHECe TAYHM]O] Jlearperalyjy MporHo3a ca HajBUIIET HUBOA Ha HajHWKE HUBOE, U CAMUM
UM noBeha TagyHocT nporuosupama T/ merononoruje.
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6. BpenHoBawe M KOMIapauMja pa3jMYUTHX MeETOJ0JOrMja M TMpHCTyNa 3a
XHjepapXujcKo NPOrHo3upame

3a eBanyalujy HpeAIoKEHOT MOJea Y JOKTOpaTy je M3BpILICHAa CUMYJalMoHa CTyauja Koja
o0yxBaTa CBE METO/IOJIOTH]E U pa3IMYUTEe MPUCTYIIE IUCKYTOBaHe y MOrIaBby S5 (Tabena 5-1).
CumynanuoHna cTynyja je y3 Mambe U3MEHE U3BpIIeHA IpeMa KpUTEepHjyMuMa 1 rapaMmeTpruMa
nedunncanum y cryauju Rob J. Hyndman et al. (2011). [loMmeHyTO MCTpakuBame je MPBO
TaKBO HCTPaXXMBamWe€, T€ je IMPEACTaB/bAJIO BOJAMUIbY 3a TECTUPAamE TAYHOCTH IpeaBubama
pasmuuutux XII mertomonormja w mpucTyma. Jom jemaH o paszjiora 3amTo je Y OBOM
JIOKTOpPAaTy OCJIOHALl 3a YTBPHUBamE TAUHOCTH PA3JIMYUTUX IPUCTYIA CTABJbEH Oalll Ha OBY
CTYZIM]Y JeCTe W Taj IITO Cy JIBa ayTopa oBe cryauje (Hyndman n Athanasopoulos), npu3Hatu
ayTOPUTETH y 00JIACTH MPOTHO3Mpama BpeMeHckuX cepuja u ayropu OL[ u TADII monena 3a
XIT*3, Kao mepa TauHocTu mpornosa ysera je PMCE cratuctuka (eHr. root mean square
error) Koja TpeJCTaBJba NPOIECHY CTaHIApIHE NeBHjallMje pe3uayana KOju HacTajy Kao
pa3iMka CTBapHE BPEAHOCTH y HEKOM IEpPHOAY M IMPOrHO3€ KPEeHpaHor Mojena 3a JaTH
HEepUOI.

6.1. Kpeuparwe cumynayuja

Bpennoctn BpeMeHCKHMX cepHja Koje Cy KopuimheHe y CHUMYJANHjU TEHEpUCaHE Cy U3
APUMA mnporneca. APUMA mnpornecu kopumheHu Cy 3a TeHEepHcame BPEMEHCKUX cepHhja y
XHjepapxuju jep Cy ce MOKazadh M3Y3eTHO KOPUCHUM Yy HUCTPaXHMBabUMa BE3aHUM 3a
nporunosupame norpeda y JIC. I[Iporuosupame y JIC npencraBiba HOBY 001aCT y CaBPEMEHOM
nporsosupamy (eHr. supply chain forecasting) (Syntetos et al., 2016)>*.

Temena (p,d,q) APUMA npoueca nzabpana cy Ha ciaydajaH HAauuH KopumhemeM yHupopmHe
pacrnioaene. MakcumaiiHe BpeTHOCTH 3a TeMe nudepennnpama (d), crenena ayroperpecuje (p)
W CTereHa MOKPETHOT mpoceka (g) orpanuuene cy Ha 0, 1 u 2. BpenHoctu mapamerapa 3a
TeMEHa p W ¢ Hajaze ce y uHTepBany [0,1] u Takohe cy reHepucaHe W3 HEMPEKUIHE
yaudopmue pacnogene U(0,1). Kpeupame APHMMA mporeca wu3BpIIEHO je mpeMa
cyrectujama usnoxxeHuM y kiwuzu Cowpertwait and Metcalfe (2009).

APUMA mnponecu kopumheHH Cy 3a CHUMYyJalMjy BPEMEHCKHUX Cepuja Yy JOHEM HHUBOY
XHjepapaxuje, MpeCTaBJbeHe Ha CIUIM S5-1, TOK Cy BPEIHOCTH BPEMEHCKUX CEpHja Y CBUM
MPEoCTaIiM YBOPOBMMAa M HHUBOMMA XHjepapxuje yrBpheHe Kopuiihewmem cymupajyhe
Marpuiie S.

CtpykTypa KOBapHjaHCHE MaTpHIle, KOja je KopuIllheHa y CUMYJIAllijh Ceprja Y JOHEM HUBOY
xujepapxuje je cueneha:

3 Wsmely ocrtanor, Rob Hyndman je TpeHyTHO M YpeIHHUK Haj3HAuajHHUjer Jacomuca U3 00JIACTH MPOTHO3Hpamka
International Journal of Forecasting (https://www.journals.elsevier.com/international-journal-of-forecasting).

34 3a pume gmerassa o mpumenn APUMA mpoueca y nporsosupamy notpaxme JIC mornemartu (Mircetic,
Nikolicic, Maslaric, Ralevic, & Debelic, 2016; Mircetic, Ziramov, Nikolicic, Maslaric, & Ralevic, 2015).
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Kako Ou ce mTo BuIie MpuOIMKIIa peaiiM BPpETHOCTIMA BPEMEHCKHX CepHja KOje Ce MOTy
OYCKUBATU Yy MPAKCH, CEPHje y JOHEM HUBOY Cy CHUMYJMpaHE HAa Ta] HAYWH JIa MOCEAY]Y
MO3UTHUBHY Kopesalujy u3Mel)y oHuX 4BOpOBa KOjU Cy U3BEACHH U3 HCTE CEpHje Y HUBOY |
(A, b, Il umu [1). Takohe, koBapujaHCHa MaTpHUIla J03BOJbaBa MO3UTUBHY Kopenaiujy usmehy
YBOpOBa KOju cy u3BeaeHu u3 A u b, uimu L u Jl, Tj. 103BOJbaBa ce MO3UTUBHA KOpenaluja
usmely AA, Bb, BA, bb u LIA, 11b, 1A, JIb.

Cumynanuonu mporec je nonoBbeH 500 myra, renepurryhu 500 pa3nuuutux cueHapuja, Tj.
BpPEIHOCTH BPEMEHCKHX cepHuja y xujepapxuju. CBaka o]l TeHEpHUCAHHX cepuja MMa 1o 56
CHUMYJIMPAHUX BPEJIHOCTH.

6.2. Esanyayuja npoenosa paziuuumux XI1 memooonozuja u npucmyna

VY muspy eBanyanidje TauHOCTH npenasubama cBakor of Tectupanux XII monena, yrBphena je
Tpelika y MPOTHO3HMpamy KOjy TEHEpHWIIe MoCMaTpaHW Mojael Ha TecT ckymy. CBaka of
CUMYJIMPAHUX BPEMEHCKHUX CepHja y XHjepapXujH MOJe/heHa j€ Y IBE TPYIIE:

e MIpPBY IPyIy YHMHE MOAAIM KOjU Cy KopHInheHy 3a TpeHupame™,

e pyry Ipyly YvHE MoJalM KOju Cy KOpUIIheHU 3a TeCTHpame TaYHOCTH KpEeupaHHX
MPOTHO3A.

WNHunmjanHo, TpEHUHT MOJAIM CacTojaid Cy ce u3 12 BpPEemIHOCTH, JOK CYy TECT MOJaIlH
cajip>Kaju 8 BPETHOCTH.

Hakon ¢opMmupama TpEeHUHT W TECT MojaTaka TeHepucaHe cy mporHose on 1 g0 8 mepuona
YHampea W 3a CBAaKy CEpH]y Yy XHjepapXdju TECT MOoJall Cy KOPUIINEHU 3a eBalyallujy
TaYHOCTH KpeupaHux mporHoza. Ilpolec je HacTaB/beH ca CYKIECHUBHUM IoBehaBameM
TPEHHUHI CKyIa 3a jeJHY BPEAHOCT, IOHOBHUM KpEHpameM MOJeNia U FeHEpUCAaHeM HOBHX

35V cTpy4HOj IMTepaTypu ce HOJ TPEHHHI IIoJaluMa II0Apa3yMeBajy OHE BPEJHOCTH Koje cy KopuiuheHe
NPWIMKOM KpEHpama MoJelia 3a MPOTHO3Mpame (YIIIaBHOM IUPEKTHUX mNporHo3a). Kako Ou ce yTBpamia
Ta4YHOCT Mojesia M wu3beryia mpucTpacHOCT (MMajyhm y BuAy na cy MOJENHM KpeupaHd Ha ToJaruMma 3a
TECTUPAE), KOPUCTE Ce TECT MoAanu. TecT moaanu MpeacTaBibajy OHe BPEAHOCTH KOje HUCY KopHuITheHe TOKOM
Kpeupama Mojena. ['pelike Koje MoOJeNn MpaBd IMPHIMKOM I[POrHO3Mpama TECT Mojaraka IMpecTaBibajy
JIOBOJHHO TMOY3/aH IMOKa3aTesb TAYHOCTH IPOrHO3a T'€HEPUCAHHUX O] CTpaHe Mojelia U KOpUCTe Kao (pHHAIIHA
Mepa TaqYHOCTH MpOTHO3upama Mojaena. C TUM Ja ce y JUTepaTypH mpenopydyje u cross-validation pesynrara
(Hastie et al., 2009)
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nporro3a oa 1 no 8 mepuona ynanpen. TpeHUHT U TeCT MoJaIM Cy CyKIleCHBHO moBehaBaHu
CBE JOK TPEHUHT TOJAly HHUCY JocTuriu 48 orcepBaiyja M JOK TECT MMOAANN HUCY
0o0yXBaTUIM TEPUOJ IITO je Ha Kpajy JeAHOT CHMYJIAIMOHOT CIIeHapuja Mpou3Beno 32
pa3MynTa TPEHUHT M TECT CKYTIA.

3a cBe 32 mporHo3e (jeTHOT CHMYJAIMOHOT CIIeHapHja) u3padyHaTa je TeCT Ipemika (cross-
validation npunnun). HakoH Tora M3BpIIEHO je padyyHamEe MPOCEYHE TECT TPEIIKe Koje Cy
MO/JIENIM HAIPaBWIIM Ha JeJHOM CHUMYJIALMOHOM CLIEHapHjy (KOju ce cacTojao u3 32 pazauyuTe
IIPOTHO3€), PAauyyHamEM IIPOCEYHE TECT Ipelike 3a reHepucaHe 32 nporHose. PuHaiHa
BPEIHOCT 3a YKYNHY TECT TpEUIKy KOjy TIIOCMaTpaHH MOJEN TEHEpUIle NPUINKOM
npornosupama 500 cUMyTUpaHUX XHjEpapXUjCKUX CTPYKTypa, JOOHMjeHa je Kao MpOCedHa
BpenHocT cBux mnojeauHayHux PMCE (3a cBaku MojelMHAYHU CLIEHApUO), Kao IITO je
MpUKa3aHo Ha cauiy 6-1.

1 2 e 8 TTepuon

z
-, Hepuon

> >
IPOTHO3HPAILA

NPOTHO3HPARkA

Pesynratu y
Tabenu 6-1

Toran Toran

A PP

b e

2]
Vrpocedaname 32 cKyma mopaTaka

)b Pivs

v v

anoceqanau,e 34 BPEMCHCKH TCPHOI MPOTHO3HPAILA

b

v

Cruka 6-1. ITponec yrBphrBama rpeliike Iporao3upama (cross-validation TpUHII)

6.3. Pezynmamu cumynayuone cmyouje

Pesynratu cumynannone cTyamje nmpukasanu cy y tadbenu 6-1 u npencrasibajy PMCE rpemky
3a CBaKy o cepuja y xujepapxuju. Pesynratu nokazyjy na cy TJ1, TA2 u T3 octBapunu
3HA4YajHO JIOIIM]j€ MPOTHO3€ Yy OJTHOCY Ha ocraje monene. Moryhm pasnosu 3a TO MOTY ce
npoHahn y 4YMEBCHHUIIM Ja Cy CHUMYyJHpaHe cepuje uMmane Bapupajyhu HuBO MelycoOHe
Kopenanuje u ydenrha y yKymHoj (ToTaimHoj) ceprju. Y mocMaTpaHoj CUMYJIAIlOHO] CTYIHjH, 3a
HaBeJIeHe MoKa3aTesbe YTBpHEHO je 1a UMajy YTULAj Ha TAYHOCT pa3inyuTux mojena 3a XII.
Takohe ce, ka0 JOAATHO OOjalllbEHE 3a MPUKA3aHE PE3yIATaTe MOKE HArJIACHTU Ja Cy Y
JOBEM HUBOY XUjepapXuje CepHje MMajie U3Pa3uTo CTOXAaCTHYaH M MPOMEHUB TpeHH. Takas
tpern, T/, T2 u T/I3 Moxenu HUCY MOTIIM aIcKBaTHO Ja OJICIIMKAjy, OOyXBaTe W YKJbyde
npuiukoM Oyayhux mpoleHa JearperalvoHux napaMerapa p;. Kao KyiaMmuHanmja HaBeJeHUX
daktopa, TJ1, TA2 u THA3 ™Momemun cy MNpOU3BENH BeJUKe Ppe3uayaje MPUINKOM
IPOTHO3HUPAbA.
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TaGena 6-1. PMCE 3a cBaky cepujy y xujepapxuju (mpocek 1o0ujeH Ha y30pky ox 500 pasnuuuTux
CUMYJIAIIMOHUX CIICHApH]a)

PMCE
Huso Usop
BY TA1 T2 THA3 TH4 (0)1 TADIT TADP
Hwuso 0 Toran 49,46 57,97 57,97 57,97 57,97 51,34 57,97 57,92
A 17,40 56,10 534 81,9 20,98 17,96 20,51 19,43
b 15,88 54,65 54,88 86,25 18,45 15,95 17,65 16,36
Huso 1
10 26,59 84,03 90,31 134,1 34,13 26,69 30,95 31,45
pil| 19,21 89,10 83,09 151,47 21,50 19,29 20,82 21,61
AA 11,44 39,71 37,27 59,77 13,97 12,07 15,26 13,44
Ab 9,01 27,95 27,77 39,50 10,06 9,47 11,50 9,48
BA 8,78 33,85 344 52,14 9,98 9,21 16,17 9,21
bb 9,97 27,91 27,71 42,31 11,49 10,28 16,55 10,13
Hugo 2
A 16,51 72,30 69,1 105,16 19,81 16,90 20,35 20,37
b 13,53 30,30 29,72 39,04 18,71 13,85 15,74 14,72
JA 8,73 21,06 20,6 35,84 9,92 9,07 12,69 9,21
b 13,16 73,36 67,53 122,07 14,35 13,52 17,70 15,12

IMpocexk 16,90 52,18 50,29 77,50 21,10 17,35 21,07 19,11

TabGena Takohe oTKkpuBa u masie pasiauke y nepbopmancama uzmehy bY, T/I4, OLl, TADII u
THDP. TI'enepanmno, BY je moxkazao Hajoospe pesynrare (mpema kputepujymy PMCE),
ocTBapyjyhu Malio HIXKY TpeliKy nporHosupama y oaHocy Ha OLl (3a oxo 2%). Jlama
uctpaxuBamba PMCE rpemke BY u OIl mozena, moka3zana cy na pasnuka usmel)y mporrosa
oBa J1Ba Mojena Huje cratuctuuky 3HadajHa. PMCE rpemka TA®P je Beoma 63y PMCE
rpemike BY u OL] monena (y okBupy on 10%), mro je nosunmonupano TADP na tpehe mecto
no TtayHoctu y cryamju. TJIDP je octBapmo ommmuHe pesyarare, uMajyhu y Buay u
yueHUIY Aa paziuka usmely nporanosu TIDP u nBa Hajo0spa Monena (bY u OLl) Huje Ouna
CTaTUCTHYKK 3HayajHa. Takohe, om cBux TJ mpuctyma, TIDP je octBapmo Haj60BM
pesyiarar. Ha Taj HaYyMH Q0Ka3aHa je W NMpBa XHUIOTe3a JAMCEpPTalMje: JcarperairoHe
MIPOTIOPITH]e KOj€ Cy KPeHpaHe Kao TWHAMHUUYKH (PaKTOPH, MOTY yHAmpeauTH npenuzHoct T/1
METOJIOJIOTH]e.

VYkynHa rpemka npornosupama 3a T1, TA2 u T3 je wak aBa n0 Tpu myTa JIOLWIHja O
rpemike BY mopena (oxko 200% 3a THA1 u TH2, no wak mpexo 300% 3a T/3)! dama
UCTpaXMBama Cy MoKa3aja Jia je pas3Jior OBAaKO BEJIMKE IPEeIIKe Yy MPOTHO3Upamy HaBEACHHUX
Mojiena, Mocjienuua Tora IITo Cy Yy oApeheHUM CHMYIAallMOHUM ClLieHapUjUMa HaBeIeHU
MOJICNIA JIPACTHYHO JIOIIH]j€ MPOTOo3upaiu Oyayhe BpeIHOCTH HEro mTo je To OMo cirydaj ca
npeoctanumM moaenuma’®. Kao mocnenuia HapeeHOT OCTBAPEH je HEHAIOKHAIUB 320CTaTaK y

36 YTumaj pasIMYMTHX TOKa3aTesba BPEMEHCKUX CEpHja Ha IPENM3HOCT Mozena Owhe merasbHuMje oOpaheH y
MOTIIOTJIaBIBY 8.5.
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TA4HOCTHU TPOTHO3a, KOju 10 Kpaja cumynanuone cryauje TA1, T2 u T/I3 Hucy mornu ga
HAJ0KHAJIE Y OJTHOCY Ha IpeocTajie MoJele. 3a pa3iuKy o nomeHnytux moaena bY, T/14, OL],
TAPII u TPP nokazanu cy mocrojaHocT renepuiryhu crabuiHe mporHose, 6e3 o03upa Ha
YHyTpalime OCOOMHE BPEMEHCKHX cepHja Koje cy reHepucane y 500 cumynanmuoHUX

crieHapuja. J[obujeHn pe3ynratu cy y carjlaCHOCTH ca UCTpaKUBambeM U3 pana Mircetic et al.
(2017).

Cnuka 6-2, mnyctpyje pesyirare npukazane y tabenu 6-1. YouaBa ce na bBY, T[4, OLl,
TADII u TADP nmajy y3ak yHyTpallby KBApTAIHU pa3Mak, IITO UMIUIMIUPA /1a CYy TPEIKe Y
MPOTHO3Mpamky KOje TEHEepHUIly OBH MOJIEIM KOH3UCTEHTHE 3a CBE cepuje y xujepapxuju. Ca
npyre crpane, aucneps3uja rpemaka TJ1, T2 u T/I3 je MHOTrO BHIIIa Y OJJHOCY HA PETXOIHO
HaBeZieHe Moene U ounrieano je aa cy TJ1, TA2 u T/I3 Monenu moka3aiu 3Ha4ajHO JIOIIH]e
pe3yaTare Hero ocTajlu MOJEIH.

Emmnupucjku yrBpheHe pasiauke y Tadenu 6-1 u cnunum 6-2 TeCTUpaHe Cy Y IMJbY YTBphHUBama
CTATUCTUYKE 3HAYAJHOCTH YOUYEHUX pe3nuuuToCTH. [I-BpenHocT (eHr. p-value), koja oarorapa
Xu xBagpar cratuctunu (enr. y2-Chi Squared) Kpymkan-Bamuc tecra (Kruskal & Wallis,
1952) (enr. Kruskal-Wallis test) je mama on 0,05, mTo uMIiIMnupa fa MOCTOje pa3iHKe y
IpoTHO3aMa Koje Cy reHepucaiu mocMaTpanu moaenu. Kako 6u ce yrBpAniIu napoBu Mozesa
YHje ce MPOTHO3€ PA3JIMKYyjy OJ OCTauX MPOrHo3a, ymoTpedsbeH je JlaHoB Tect (Dunnett,
1955) (enr. Dunn’s post-hoc test). TecT je nokaszao na cy nporaosze T/[1 u T2 cratuctuuku
3Ha4YajHO Apyrauuje oJl MPOrHo3a OCTAIUX MOJIENa, alu Aa Hucy Mel)ycoOHo pasmuuute. Tect
je mokazao u ga cy mnporroze TJI3 moxaena pa3iuymMTe O CBUX OCTAJIMX IMPOTHO3a M JIa HE
MOCTOJM CTAaTUCTUYKH 3Ha4ajHa paznuka usmely npornosa bY, T/14, OLI, TADIT u TADP.

BY Tl Ta2 T3 T4 01T TOSI1 TO%P

Cauka 6-2. PMCE koHKypeHTHHX Moena TecTupanux Ha APUMA cumynupanum cepujama
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6.4. Kombunosare npocnosa pasnuvumux mooena 3a XI1

VY auteparypu 4ecTo MOCTOjU IMPEIOT J1a c€ KOPUCTH KOMOWHOBAmWE MPOTrHO3a PATMUUTHX
MoJiela Kako OW ce OCTBapuje TauyHHWje TMPOTHO3e, Yy CHTyaldjama KaJa He TOCTOje
CTATUCTUYKU 3Ha4yajHE paziuke u3Mel)y MporHos3a Buie pa3znuuutux mojaena (Fildes &
Nikolopoulos, 2006). I'enepanHo, oBa mpemopyka ce Jaje U UCTHUYE y CIy4a]y TUPEKTHHX
uHauBuayaTHuX mnporHo3a. llro ce tuue XII He mocroje paxoBum Koju ce 0OaBe
KOMOMHOBameM pasanuuTux monena 3a XII, yak He mocToje HU TIpenopyke. Y OBOM
JIOKTOpaTy TecTHpaHa je MoryhHoct koMmOuHOBama Mojena 3a XII. Wmajyhu y Buny
pesynrare JlaHoBor Tecta 3a KpeuWpame KOMOMHOBAaHHMX XHjepapXHjCKHX IPOTrHO3a
kopuithenn cy monenu: bBY, OL, T[4, TA®II u TADP. Kpeupana cy nBa HaumHa 3a
KOMOWHOBAaHE IPOrHO3A:

e KOMBI - xomOuHOBame Mojena 6e3 TexuHCKoT (akTopa (jeaHaunHa 22);
e KOMB?2 - xomOuHOBame Mozena KopuithemeM TeXUHCKOT (akTopa (jeaHaunHa 23),
KOjH c€ MOT'Y Ipe/ICTaBUTH Ha clieiehy Ha4KH:

BY+OL+ T/l4+ TA®N+ TADP
4 b

KOMB1 =

(30)

KOMB2 = K, - BY + K, - OLl+ K3 - T/14 + K, - TA®I + ks - TADP, (31)

I'penika
PMCE;

rue je: K; = 3 T M Ipemka = Y;cy PMCE;, U € {BY, OL], T/14, TA®II, TADP}.

JjEeu PMCE;

VrephuBamwe TexuHckuX (akropa kox KOMB2 wogena wu3BpiieHo je, y3  Maie
MoaudHUKaIyje, mpeMa MPUCTYITY KOjH je npeacTaBibeH y Ballou (2004).

Pesynratu xomOuHOBama XII mpukazanu cy y Tabenu 6-2 U UMILTUIIUPA]Y 1a KOMOWHOBAHE
MoJIeJIa 3aucTa MOKEe JIOBECTH JI0 MoBehama TayHOCTH MPOTHO3a, YaK U y ciy4dajy XII (uume
je 1oka3aHa M Ipyra Xumnore3a JucepTanuje: KOMOMHOBamE Mojena 1 MeToonoruja 3a XI1
MOYe pe3yNTOBaTH reHepucameM npenusnujux XI1 nporuosa). Ha taj HaumH KOMOMHOBameM
monena 3a XII mory ce ocTBapuTH TadHHje TPOTHO3E a CaMUM THM W HIDKE TPEIKe
MPOTHO3UpPamka, Y OJHOCY Ha yoOWYajeHy CHUTYyallljy KOpHUIThema caMO JeTHOT MOJena WIIH
metomaoioruje 3a XI1.

Tabena 6-2. PMCE xoMOMHOBaHMX IPOTHO3a 3a CBAKYy CEPHUjy Yy XHjepapxuju (IIPOCEK HA y30PKY O]
500 pa3MUUuUTHX CHMYJIAMOHUX CIICHApH)a).

PMCE
Totan A b 10 pit AA Ab BA bb oA b JA b Ilpocek

KOMBI 57,97 20,51 17,65 3095 20,82 1526 11,50 16,17 16,55 2035 1574 12,69 17,70 17,04
KOMB2 57,92 1943 1636 3145 21,61 1344 948 921 10,13 20,37 14,72 921 1512 1649
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6.5. Peszume nozcnasmwa

Ha ocHOBy cumynanuoHne cTyauje Koja je mpruKa3aHa y MpeIMETHOM MOIJIaB/by yodaBa ce Jia
je TI®P monen nmokazao yHanpeheme y TauHOCTH NporHosupama ynyrap TJ] meronomnoruje.
THADP ce nanasu y3 BY u OIll, monmene umja je Mpenu3HOCT MOTBpPhHEHA y MPETXOJTHUM
ctyndjama. Ysumajyhu y o03up na m3melyy mporHosza Bumie paznuuutux XII mMozena Huje
MOCTOjajla CTaTUCTUYKHM 3HayajHa paslidka, y OBOM JIOKTOpaTy TeCTHpaHa je wujeja
koMOnHOBama XII mpornosa (komOumHoBame XII mporHosa ce 10 cama HHje pa3marpajio y
auteparypH). Pesynratn komOuHOBama cy oxpalpyjyhu u morpebHa Cy najba UCTpaXKHBamba
Kako Ou ce yMOTIYHOCTH MCHHMTAIM MO3UTUBHU U HETaTUBHU €(EeKTH KOMOMHOBama MoJelna
3a XII.
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7. Xujepapxujcko NMPOrHO3UpPame NMOTPAKI€ Y BHIIE €IIAJOHCKOM JMCTPUOYTHBHOM
JIAHIY - CTyAHja cay4aja

Crynuja cnydaja u3Be/€HA je y KOMIIAaHUJU Koja ce 0aBU NMPOU3BOIKBOM M JUCTPHOYLIHjOM
nuha. Kommanuja je MyATHHAlMOHAJIHOT KapakTepa W Y HEHOM cacTaBy ce Haiasu 58
(abpuka, ca TOAUIIEBMM IIPHXOAOM Of Oko 14 Munumjapau monapa®’. TpikuiuTe Ha KojeM
KOMITaHHUja Tociyje mpoTexe ce o CesepHe Amepuke, 3anmanne Esporne 10 Asuje*®. YV oBom
JIOKTOpaTy, CTyaMja ciydaja je Qokycupana Ha Tpkumte Jyroucroune EBpome, Ha koM
KOMITaHHja TIOCeAyje TPOU3BOAHM IIOTOH M pa3rpaHaTry IUCTPUOYTHBHY CTPYKTYpy H
no3ulMoOHrpaHa Mely mpBe Tpu Komranwje. ExoHOomMHja oOMMa y TpaHCHOPTY Tepera, y
KOMOWHAIIM]H ca 3aXTeBUMa TPXKHINTA J1a ce 00e30ee Op3a u moy3aaHa BpeMeHa HCIOpPYKeE,
IpOY3pOKOBala je Ja AaHac BehWHa BENMKHX KOMIIaHUja MOCEAYje CIIATOHCKY CTPYKTYpY
(Caplice & Sheffi, 2006). N3 uctux pasmora mocMaTpaHa KOMIIaHHja IOCEAyje BUILE
CIIATOHCKY CTPYKTYpPY M IbeHa JUCTPUOYTHBHA MpeXa ce TMpyxXa IPeKO HEKOIUKO
TUCTpUOYTUBHUX LIEHTApa, KOJH Cy JOLUPAaHHU Ha IKUpeM reorpagckoM noapydjy (ciuka 7-1).
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AL 4 nu 2 U 3 EHCTpHEy‘rHEHH LeHTPM
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-feneae; Eproauchu NaHum
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Cnuka 7-1. CTpyKTypa BHUIIIE €MIAIOHCKOT JUCTPUOYTUBHOT JIaHIIA IOCMAaTPaHe KOMITaHHU]¢e

37 TlpemMa M3pUYMTOM 3aXTeBy MEHAllepa, MMe KOMIaHWje Hehe OWTH HaBeJEHO, Kako OU ce 3aIUTUTUIIA
NPUBATHOCT MOJATAKA.

3% YcmenmHocT KOMIAHHMj€ BHAU CE M y TOME INTO ce OHA Hanmasu y npBux 100 HajyCHEIIHHjHX CBETCKUX
koMmmaHuja npema ®opobcoBoj muctu (eHr. Forbes).
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®abpuka mpousBoau Buiie on 200 pa3snTuUMTHX BpcTa MpPOM3BOJA, 3a Koje ce oko 95%
CHUpOBHHCKE Oa3e Hama3u ca JgomaheM TpPXKHUINTY, JOK ce mpeoctanux 5% yBO3H U3
UHOCTpaHCTBa. JlucTpuOyluja MOYMIE U3 LEHTPAIHOT CKIAJHINTA, KOje je IUPEKTHO
nmoBe3aHo ca ¢padpuKoM 3a MPou3BOAKY Nuha. ['ogunma KOJIWYUHA OTIIPEME U3 HEHTPATHOT
ckmagumTa Kpehe ce oxko 250 000 mo 300 000 manmeTHUX jeaUHUIA, JOK j€ KamaruTeT
neHTpaHor ckiaaumrTa oko 11 000 manmetHux jemauna. LleHTpamHO CKIagUIITEe UCTIOPYYYje
npousBoje AucTpuOyTuBHUM mneHTpumMa (/L) koju mmajy 3agaTak a ONCIYXKY]y pa3InuuTe
MapKETUHIIKE perroHe. Y 3aBUCHOCTH O] BEIMYMHE M BAXHOCTH MAPKETHHILIKUX PErHOHa,
pazmuuut je u 6poj HIl koju cy 3amyxenu 3a oapehene peruone. Haa muctpuOyunuja
3aCHMBA CE€ Ha MCIOpPYYHBamky MPOM3BOJA TPrOBHHCKHM JaHUUMa (BEIMKHM, MalluM H
JOKaJHUM), KOjU IUIacHpajy TMPOM3BOJAEC KpajlbUM  IOTpOILIauyMMa IyTeM CBOjUX
MaJIOTIPOJIajHUX O0jeKara.

Hajpeha moTpaxkma 3a mpon3BoauMa 10jaBJbyje c€ y MPOJChHUM U JIETHUM Meceruma (Maj,
JyH U jyi), Kaja MOTpaKmka JocTke kommunHe u 10 14 000 maneTra y TOKY jelHE HeIebe
(cmmmm 7-2)*°. Ca canke 7-2 yodaBa ce /1a OTPaKEa MMa W3PAKEH CE30HATHU KapakTep ca
ciabuM W omagajyhum TpeHaoMm (MOCIEAWIa CBE OIITPUjEe KOHKYPEHLUjEe Ha TPXKUIITY
uHayctpuje nuha).

Taxohe ca ciuke 7-2 youaBa ce Ja mopea omnaaajyher TpeHaa noTpaxma UCIojbaBa 0COOUHY
IPOMEHHBE CE30HATTHOCTH IITO JOAATHO KOMIUTHKYje Tmporiec mporHosupama. Ca rpaduka
CE30HATHOCTH Ha CIIMIM 7-2 jaCHO ce yo4aBa Ja y MOCIEAHEM IIOCMAaTPaHOM MIEPHUOTY T0JIa3U
70 3HayajHe NpoMeHe y IabnoHy ce3oHanHocTu'’. Pa3nosu 3a OBAaKBY MPOMEEMBOCT

CE30HAJIHOCTH MOTY OUTH PA3JIMYUTH U YTIIaBHOM C€ TpOoHaIa3e y:

e TIpOMEHaMa YHyTap MPOM3BOIHOT acopTUMaHa (yBohemhe HOBHX MPOHU3BOIA);
® aKTHUBHOCTHMMA KOHKYpEHIIH]E;

® MaKpPOEKOHOMCKO] CTAOMIIHOCTH OApel)eHOT TPIKHUIIITA;

® TPUPOJHHUM HETOTroAaMa, UTI.

[TpunrkoM nporHo3upama NOTPaKkbe y OBOM JOKTOpATy KOpUIINEHH Cy MOJAIM O MOTPaXbU
3a 200 pasnmmuuTuX TpousBoga, TokoMm mepuona on 2012. mo 2015. rogune. Kako 6u ce
Kpenpayiu onaropapajyhm mojenu, y MocMaTpaHoj CTYyAWJU CiIydaja Kao TPEHHHI MOJaly
kopuithene cy cepuje u3 2012. u 2013. rogune, 10K Cy TECT MOJATKE MpEACTaBIballe cCepHje
u3 2014. rogusne.

3 3a pume geTa’ba O CTPYKTYpH M MIA0JIOHMMAa KOjU JOMHHHPA]y y LEHTPAJTHOM CKJIAJHWINTY IIOCMATPaHE
KoMIaHuje, nmornenaru (Mircetic et al., 2016).

40 33 Bume geTajka O PA3NTMYMTHM OONHMIMMA CE30HAIHOCTH KOje C€ jaBibajy KOJ IIPOM3BOAA M3 0OIACTH
uHaycTpuje nmuha, norenat ciuky 1y pany (Dekker, Van Donselaar, & Ouwehand, 2004). HaBeneHa civka u
ciuka 7-2 mocenyjy CiudHe adioHe Ce30HaTHOCTH.
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Crynuja cinydaja ce cacTojayia U3 JBa jejia. Y NPBOM ey H3BPUICHO je NMPOTHO3UPame
NOTPAXEE BHIIE EHIAIOHCKOT AMCTpUOYTUBHOr JaHma. IlporHosupame je WU3BPILIECHO
ynotpebom paznuuutux XII Mozena, mpema XHjepapXujCcKOj CTPYKTYpH Koja OJroBapa
noTpebama Oyneher mmanupama 1 JOHOIIEHA OJITyKa Y TocMaTpanoj kommnanuju. Kako 6u ce
yTBpaArA Hajoospn XII Momenu y natoj CTyauju Ciry4aja, U3BPIICHO j€ TeCTUPAke TAYHOCTH
porHo3upama mojeina npema tpu kpurepujyma: PMCE, MATIE u MIIE.

VY npyrom aejy, TecTupa je yruuaj nporuosa XI1 Mozena Ha mpouec yrpaBibamba 3aJuxama.
Kako 6u ce yrBpamo yruiaj nmporuosa XII moaena Ha mporec yrnpassbama 3ajiuxama, npahexa
Cy JIBa OCHOBHA IIOKa3aTesba paja CHCTEMA 3a YNPaBJbalkE 3ajliXxama: IPOCEYHE 3aluXe U
pacrmoyioKuBOCT Mpou3Bojaa. Yrtunaj XII mporHosa TecTupaH je Ha MpUMEPY TPU YBOpa y
XHjepapxHjH, 3a KOje je W3BPIICHO KpeHpame CTpaTeruje 3a yrnpaBibamhe 3aliuxama U 3a Koje
cy unentudukoanu XII Moen Koju MUHUMH3Y]Yy HaBEJICHE MTOKa3aTeshe 3aIuXa.

7.1. Ilpoenosuparve suuie emanonckoe OUCmpuOymueHoe 1aHya

Xujepapxujcka CTPYKTypa 3a TPOTHO3UPAE BHUIIE EMIAJOHCKOT JUCTPHUOYTHBHOT JIaHIIA
npukaszaHa je y tabemu 7-1 u cnunu 7-3.

TaGena 7-1. YBopoBH y XHjepapXUCjKOj CTPYKTYPH BHILIE EMIATOHCKOT AUCTPUOYTHBHOT JIaHIIA

Hugo Ornuc Haszus cepuje
IIpousBoama/IICHTPATHO
0 Toran
CKJIaTUIILITE
1T
ppoctopEa A, B, I, JI,Eu ®.
¢parmenranyja
2 JuctpuOyTUBHY LCHTPU AA, BA, bb, I1A, TA, EA u ®A.
AAA, AAB, AATI, AAJT, BAA, BADB, BAIl, bA/l, BBA, bbb, BBI1, 6B/,
3 Benukn kymum ITAA, LIAB, LTALL, ITA, JAA, 1AB, JALL, A, EAA, EAB, EAIL,

EAJl, DAA, ®AB, DALl u DA/

BT'A, BI'B, BI'L, BI'JI, BI'E, BI'®, BIT, BI'X, KA, KB, KII, K/I, KE, K®,
KT, KX, KPA, KPB, KPI1, KPJ[, KPE, KP®, KPT, KPX, HA, HB, HII,
4 Bpenp/octamu npomssomn  HJI, HE, H®, HT, HX, BCA, BCB, BCLI, BCJI, BCE, BC®, BCT, BCX,
BEBA, BEB, BELL, B5/I, BEE, BE®, BEI, BEX, BEAA, BBAB, BRALL,
BBAJI, BEAE, BEA®, BEAT u BEAX.

Xujepapxujcka CTPYKTypa je€ JAearperrupaHa J0 HHUBOA KOjU OJIroBapa BPCTH IPOU3BOJA.
Kpeunpana xujepapxuja o6e36ehyje cnenehe nadopmarnmje:

® YKYIHY HOTPaXiy (HEOIXOJHE IPOU3BOIBN);

® PETHOHAIHY MOTPAXKIY U MOTPAXKELY 110 BPCTH MPOU3BOAA (HEOIXOIHE MAPKETHUHTY);
® TIOTPaXHY BEIHMKHUX Kymara (HeonxoaHe (UHAHCH]CKOM CEKTOpY) U

® [IPOCTOPHY JIOLIMPAHOCT MOTPAXKHE (HEOMXOIHE JIOTUCTUYKOM CEKTOPY).
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Xujepapxujcka CTPYKTypa (QopMHpaHa IpemMa MPETXOJHO HAaBEICHUM KpUTEpHjyMUMa,
noceyje HecTallMoHapHE BPEMEHCKE CepHje y JOHEM HHBOY XHUjepapxuje, ca MaJiuM TPEHIOM
U HarjameHoM ce3oHanHomhy (ciauka 7-4).

JleTabHUjM YBUI y CTPYKTYpPY BPEMEHCKHMX cepHja nmar je y tabemu 7-2. YV Ttabemm 7-2,
MpUKa3aHu Cy Hajuemhu mabioHu BPEMEHCKUX CepHja TOCMaTPaHOT AUCTPUOYTHBHOT JIAHIIA.
WNnentudukaiuyja BpeMEHCKUX ceprja U3 Tabene 7-2 KpeupaHa je mpemMa alropuTMy KOjHu Cy
passumu RJ Hyndman and Khandakar (2007)*!.

TabGena 7-2. Hajuemhm oOnuuu mnpoueca MNOTpaXme Yy IMOCMaTPaHOM BHIE EIIATOHCKOM
JUCTPUOYTUBHOM JIAHILY

HpOIIeHTyaJ'IHI/I yYACO nmocMarpaHor mnpoueca noTpaxkme y cepnjaMa

TIpouec moTpaxkme . .
XHUjepapXujcKe CTPYKType

APUMA (1,0,0) 1%
APUMA (1,0,1) 1%
C-APUMA (0,1,1)(1,0,0)s2 16%
C-APUMA (1,0,1)(1,0,0)s2 13%
C-APUMA (3,1,1)(1,0,0)s2 1%

W3 tabene ce youaBa na Hajuemhu OOJHIM MOTPAKI-E MMAjy CE30HCKU KapakTep, KOju je y
ciyyajy C-APUMA (0,1,1)(1,0,0)s2 mpahena u TtpeHmom, ok y ciaydajy C-APMMA
(1,0,1)(1,0,0)s2 Tper Hema u3paxeH edekar. Y cBoM uctpaxuBamwy Ali, Boylan, and Syntetos
(2012) otkpunu cy aa 30% mnpou3BoAa HEMayKOT TPrOBUHCKOI JIaHLIA Ioceayje IadioHe
AP(1) mopmena, mTo je ekBuBamentTHo APUMA (1,0,0) mpomecy. Y mnpeaMeTrHoM
uctpaxuBary APMIMA (1,0,0) o6yxBata camo 1% cBux cepuja.

W3 HaBesieHOT ce MOKe 3aKJbYUUTH JIa je reHepain3anyja mabdaona notpaxme y JIC u3yzerHo
He3axBajaH 3amatak u na JIC mocenyjy HM3pa3sHTO pa3iuyuTe INAOIOHE TMOTPAXKEE Y
3aBUCHOCTH OJI TUNA MHIYCTpUje, KOHKYpPEHIIM]je, TYKMHE >KUBOTHOT ILUKIyca MPOM3BOJA,
CeKOHOMCKHMX TOKa3aTesba TPXKHUINTA, TOCMATPAaHOT €IIANOHAa M MHOTHX JIPYruX (akTopa Koje
je monekan Hemoryhe u kBantudukoBaru. CUTyannjy J0/IaTHO KOMIUIMKYj€ U YHIbCHUIIA /1A
UCTH TIPOM3BOIM HA PA3NMYUTHM TPXHUIITUMAa MOTY IIOCEJOBATH MOTIYHO Ppa3IHIUTE
mabsioHe moTpaxme. Y Oynyhum mcTpakuBamuMa Tpebanmo OM OOpaTHTH BHINE MaXmke Ha
HaBeJIeHY I10jaBy U JeTaJbHHje UCTPAXHUTU MUTAkE 0 HajuemhuM obnuimmMa norpaxme y JIC.
VYkonuko ce ycnejy uaeHTudukoatu Hajuenthu odiauuu norpaxmwe y JIC u yrBpae kana u
1OJ KOjUM OKOJIHOCTUMA JI0Jla3u J0 HUXOBOT CTBapama, (POKyc HCTpakuBama y 00JIaCTH
Morao OM ce MPEeyCMEpPHUTH Ha KPEUparme HOBHX AITOpUTaMa 3a MpEelHU3HHje MPOTHO3HpAHE
UIECHTU(UKOBAHUX MIa0JI0HA TOTPAKIHE.

41 33 Buwe netasma o Ha4YMHY paja MOMEeHyTOT aaroputMma norenatu (Mircetic et al., 2016; Mircetic et al., 2015)
Y TIpUJIOT 2.
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Tokom npoueca XII mporHo3upama 3a jeIUHHUILY TPOTHO3Upama u3abpana je nanera. [lepuon
IpoTHO3Upama yTBpheH je y3umajyhu y o03up 4MIEHUIlY a2 OH Mopa OUTH jeJHAaK JTyKUHH
BpeMeHa 3a Koje ce noHoce omnyke (Chopra & Meindl, 2007). Onnyke o HabaBIM MPOU3BOAA
(momymaBamy 3ajauxa) JOHOCE C€ Ha HEJASJHbHOM HHBOY, JOK CY IMPOU3BOJBU TOTpeOHE
TOJMIIEHE TIPOTHO3E KaKO OW ce M3BPIIWIO KPEHpame IJIaHa MPOU3BOAKE U IJIaHa HaOaBKe
cupoBrHa. Mmajyhm y BHIy HaBe[eHO, NMPOTHO3E Cy T'CHEpHCaHE Ha HEleJbHOM HHUBOY 3a
jenny roauny yHamnpen. CBU ocTaau CEKTOPH 3aXTeBajy MporHose u3Mel)y Ta aBa rnepuojaa, Te
ce MPOTHO3€ 3a MPEeOocTalie CEKTOpe JaKO MOTYy YTBPAUTH IOCMATpameM MHOTpeOHOr (0X
MHTEpeca) Nepuojia (MECEUHOT, KBapTAIHOT, MOJIYTOJUIIET, UTI.).

7.2.  Pezynmamu npocHosuparea nompaxjcroe y suule euaioHcKkom OUcCmpubdymueHoM 1aHyy

[TpunukoM nporHo3upama NoTpaxme, Kopuithenu cy csu mozaenu cem T/I4 mozaena, koju ce
[I0Ka3a0 M3Y3€THO HEMpPaKTU4YaH U KOMIUIEKCAH 3a NMPUMEHY Yy XHjepapxujama Koje HUMajy
BEIUKH OpOj YBOpPOBA, Kao IITO j€ TO Y MOcMaTrpaHoM ciydajy. Ilpeocraim moxenu cy 6e3
noTemnKkoha MPOrHO3UPAIA TOTPAXKEY MPEMa XHjepapXujCKOj CTPYKTYPH ca CIIMKe 7-2, ceM
mozaena TJI3, xkom kora je TpoIec MPOTHO3HMpama Tpaja0 3HA4YajHO OYKE Y OJHOCY Ha
peocTalie MoJiere.

[TpunukoM MporuHo3upama NocMaTpaHor TUCTpUOYTUBHOT JaHua bY mMonen nmoka3ao Hajoosbe
pesyntare (135.84 manera, npema kputepujymy PMCE rpemke). Ilopen BY monena, OL]
(137.21 nmanera) u TADP (147.97 nanera, 3a oko 9% HenpeuusHUje IPOTHO3E Y OJHOCY Ha
BY monen) Mmogenu cy takohe mokazanu modpe pesynrare (ciuka 7-5 u mpwior 3). Mako cy
HaBEJICHW MOJIENI TIOKa3alid Haj0oJke MporHo3e, mpuMeHoM Kpymikan-BamucoBor tecra Huje
yTBphEHO Ja MOCTOjU CTATUCTHUYKW 3HAuYajHa pasnuka u3mehy moxena. HaBemeHno ce moxke
YOUHUTH M Ca CJIMKE 7-5 Ha KOjOj C€ BHUIU Jla CBH MOJEIH HMMa]y TPHUOJMIKHO CIUYHY
TUCTPUOYIIN]y TpeIIKe, Te ce U 0e3 MajbuX CTATHCTUYKUX TECTOBAa MOXE 3aKJbYUUTH Ja HE
[IOCTOjU CTAaTUCTHYKM 3Ha4yajHa pas3iuka u3Mel)y mporrosa pasnmuutux monena. Kao pasmor
3amrto cy BY, OIl u TA®P renepucane Haj0oJbe MPOTHO3E y JaTOM CIIy4ajy, MPOU3HIIA3U
YUIBEHUIA J1a Cy CepUje y HajHIDKEM HUBOY XHjepapXuje umaje cTaOuiIHe, KOCT3UCTEHTHE
mabsioHe KOju Cy OWJIM CIIMYHU ca IMabjioHMMa cepuja y BUIIUM arperupaHuM HUBOWMA.
CxomHO TOMe, MOCTOjaja je BeHMKa MO3UTHBHA Kopenaiuja u3Mmehy cepuja y 10meM HHBOY
XHjepapxuje, Kao W Kopenamnuja u3Mehy cepuja u3 AOWmEr HUBOA Ca YKYITHOM arperupaHom
cepujom. [lopen Tora, cepuje y J0HEeM HUBOY UMaJie Cy MPUOIMKHO jeTHaKo yuernihe, Koje ce
kpetano usmehy 1% no makcumanuux 11%. IlpeTxoqHo uMIIMupa Aa He MOCTOjJU HU jeAHA
cepyja Koja 3HayajHO JOMHUHHpA Y JOKEM HUBOY Xxujepapxuje. KomOunoBamem nporunosa bY,
OLl u TIDP moznena kpeupane cy nNporHose koje cy Ouiie TauHuje ol MPOrHO3a CBUX MOJIENa
(KOMB 1 - 136.92 maneta; KOMB 2 — 136.68 nanera), cem on mporaoza bY mozena.
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Cnuka 7-5. PMCE rpemika Mojiena MpHUINKOM TIPOTHO3HPaka JJOTUCTHYKUX 3aXTEBA y BHUIIIC
eIasoHCKOM TucTpuOyTuBHOM JIC

PMCE rpermika npezcTaBiba caMo jelaH 0/ HHIUKATOpa Mperu3HOCTH nporHo3a. Kako 6u ce
CTEKAa0 YBHUJ KOJHKO j€ MPOCEUYHO OJCTYIAE OJ CTBApHE MOTPAXHE TOKOM IPOTHO3HPamka,
Ha cinuiy 7-6 u npuiory 4 nart je npukaz MAIIE rpemike koja mpeacTaBiba IPOIEHTYaTHO
OJICTYIIaEkh¢ MOJIeNIa MIPHIIMKOM MPOrHO3Upama o1 cTBapHuX BpeaHoctd. MAIIE rpemika je y
carjlacHocTuMa ca mpeTxogHo u3BeAeHuUM pesynatatuma PMCE rpemke. Takohe MAIIE
rpelika je jeIHOCTaBHUja 3a YTBphUBamEe TAaYHOCTH MPOTHO3UpPAama HAa HUBOY IIEJIIOKYITHE
XHjepapxuje, jep y3uma y 003Up MPOIEHTYaTHY BPEIHOCT TPEIIKEe y CBAKOM HHUBOY Y OJHOCY
Ha TIPOCEYHE BPEIHOCTH CEpHje Y TOM HHUBOY, 3a pa3inuky on PMCE koja maje amnconayTHH
npuka3 rpemke 3a cBaku HUBO. Ha Taj mauma PMCE rpemka He omoryhaBa kpeatopy
IPOTHO3A J1a JIAKO MPOLCHHM Jia JIH je MpUKa3aHa rpelIka BUCOKa TN HUCKA.
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Cmuka 7-6. MAIIE rpemka Moiena mpuInKoM IPOrHO3UPakha JOTUCTHIKHX 3aXTEBa Y BUIIIE
emasoHcKoM TucTpuOyTuBHOM JIC
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Nmajyhu y Buny criermuduunoct omnyka y JIC kxoje ce 1oHOCE Ha OCHOBY IMPOTHO3a, TOCEOHO
y TpolLecy yIpaBibamka 3aluxama, e TpelIKe Yy MporHo3amMa MOTPaXKie MMajy 3HayajaH
yTUIAj HA ONTHMAIHOCT IIOCMATPAHOT TpoLeca, MOTPEeOHO je 00paTUTH NMaXmy Ha joll jeAaH
nokazatesb TauHoctu (mopen PMCE) koju mpencraBiba OCHOBHM YJIa3HHM Iapamerap 3a
yTBphUBame CUTYPHOCHHX 3ayiixa (morieaaru 3.2.).

PMCE mpenacraBsba MpoOIEHY CTaHIApAHE JCBHjalllje pe3uayana MPHINKOM MPOTHO3Upamka,
KOja TMOJjeIHaKO TpPEeTUpa HETraTUBHE W MO3UTHUBHE pesuayane. [Ipobnem ca oBakBUM
HAYMHOM TPETUpama pe3uayalia, mpou3nia3u u3 ynmweHuie na y JIC Huje ,,cBejeqHo na mm
NPOTHO3E Tpelewyjy WM noTuewnyjy Oynyhy norpaxmy. To je moceOHO BakHO TOKOM
yIpaBJbamba 3ajuxama Iie IpelemhuBabe NOTPAKEE JOBOAM 10 CTBapama BUCOKUX 3alluXa U
BUIIIKOBA, JIOK TOTIECHHBAkE IPOY3pOKyje HemocraTak 3anuxa. Kako Oum ce crekao
CBEOOYyXBaTaH MpPHKa3 ,,cMepa‘ rpemiaka Tectupannx XI1 Mozena, Ha ciauiy 7-7 v IpUIIOTY 5
npukazaHna je MIIE rpemika nporuosupama.
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Cmuxka 7-7. MIIE rpemika Mozaena NpHMIMKOM MPOTHO3UPAamka JIOTUCTUUKHX 3aXTEBA Y BUIIIE
eImaIoHCKOM AucTpruOyTuBHOM JIC

Anamm3om MIIE rpermike monasu ce 10 3akjbydka ja cBU Tectupanu XI1 Moaenu noTiemyjy
MOTPAXKIY, IITO 3a TMOCICAUIly MOXE HWMAaTH HEJAOCTaTak 3aluxa. YOembHBO Haj00IBE
pe3ynrate mpemMa IOCMaTpHOM Kputepujymy mnokazao je THADP wmogen (-14.61%),
reHepuinyhu dak 3a oko 60% mnpeuusHHje MPOTHO3E OJ MPBOT HAPEIHOT MOJesa M0
npeunzHoctu (OL). [Topen TADP moznena, nobpe pesynrate nokazanu cy OL] (-23.44%), BY
(-25.21%) u THDII (-29.87%). KomOunoBame mporxosa npukaszano kpos KOMb 1 u KOMb
2, Takohe je mokasano ommuune pesynarare (KOMbB 1= -21.01%; KOMb 2 = -20.69%),
npou3BoJehu MPOTHO3E KOje Cy Mame MOTIEHUBANEC MOTPAKEY O CBUX MOjeIWHAYHUX
Mozena, cem of nporHo3a TDP moxena. Monenu TI1, T2 u T3 noka3zanu cy u3pasuro
JIOLIE PE3yJITaTe U MPOCEUHO Cy MOTLUEHUBAIN IIOTPAXKIbY 3a IPEKO 66 %.
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7.3.  Vnopeoua ananuza mooena 3a xujepapxujcko npocHo3uparse npema ymuyajy Ha 3auuxe

VYTuuaj npornosa Ha JIC nerassHO je oOpaljeH y ApyroM MoriaBiby y KOME je AUCKYTOBAaHO O
Pa3IMYUTUM TPOLIECHMAa/CEKTOPUMa/OJTyKaMa, Ha KOjeé MPOTHO3€ MMajy H3Y3eTHO BEIHKH
yTHIaj. JemHa o moia3Hux Xurnore3a Omia je na he ce Beha TayHOCT MPOrHO3a MO3UTHBHO
OJIpa3UTH Ha JIOTUCTUYKE ITOKa3aTeJbe, OAHOCHO Y OBOM CJIy4ajy TO Cy MOKa3aresbu 3aiuxa. Y
OBOM pajly je aHau3a yTuIaja pa3numauTux XII Mojeia Ha JJOTUCTUYKH CUCTEM M3BpIICHA 3a
MOJICKCTEM YIIpaBJbama 3ajuxama (Kao jeJaH O] JOTUCTUYKUX TMOJCHCTEMA), U3 clieaehunx
paszmora:

e qporHo3e y JIC ce Hajayke u Hajuenrhe KOPUCTE y MPOIECY YIIpaBibama 3a1ruxama,

e TIO3WTHMBAH WIM HETAaTHBAH yTHIIQ] MPOTHO3a HAjjeTHOCTaBHHU]JE je¢ KBAaHTHU(HUKOBATH
noMohy moka3aTesba 3aImnxa .

Cx0JIHO HaBeIeHOME, Ha OCHOBY T'€HEPHCAaHHMX MPOTHO3a, 3a MOTpede aHaIM3e M3BPIICHO je
Kpeupame CTpaTerdje yrpaBibama 3anmxama. Jla Ou ce yrBpauo yTtunaj paznuautux XII
MOjJIeNla Ha YINpaBjhabkbe 3aIMXaMa M HWIACHTU(UKOBAIM OHHM MOJEIH Koju omoryhaBajy
HajOoJbe MOKazaTesbe 3alluXa, TECTUpaH je ,,YTULA]“ CBakor MOjeJMHAYHOI MOjeia Ha
CTpaTerHjy yIlpaBibama 3aIuxama Koja ce IpuMemyje Y TPrOBUHCKUM JIaHIIUMA.

Y mocMmarpaHoM ciyyajy, 3ajJMX€ Cc€ MEpUOAMYHO KOHTPOJUILy, ca ojpeheHum
MoauduKanrjaMa Kako OM ce OcTBapwie YIITe[Ae NpU IUIAaCMaHy poOe Ha TP XKHIUTE.
OO0HaBJpamke 3aJIMXa y MTOCMaTPAaHOM CHCTEMY BPIIM C€ CBAKOT MOHEAe/bKa, 0e3 003upa Kaaa
je y TOKYy Heje/he HMCIOCTaB/beH Hajor 3a HaOaBky. Kao mrTo je mperxogHo OmHcaHO
(motmornassbe 3.2, jeqHaunHa 16), KO cucTeMa ca MepuoJIMYHAM OOHABJbAKEM 3aTMXa HUBO
JI0 KOora ce BpIIM opydnBame (S) yrBphyje ce kao 30up MporHo3upaHe MOTPAKEE 32 TIEPHO/T

obHaBbama 3aMuXa f{pr+R)H CUTYPHOCHHX 3amuxa kOpp,p. Ta xommunHa Bapupa u

NPBEHCTBEHO 3aBHCH O MOTPaXike TOKOM mepuoaa u3mely nBe HabaBke (R) W BpemeHa
nocraBe (ucropyke - L) 3amuxa (R+L). C o03upoM Ha TO Ja MOCTOjU BapujaOUIIHOCT y
IpOTHO3aMa MOTPAXKE-E 32 CBAKU Of Meproja 0OHaBJbamkba 3aIMXa I, CBAKH OJl TOCMATPAaHUX

nepuoa kapakrepucahe ce moceOHMM HHBOOM S; 10 KOra CE€ BPIIU MOPYYUBamke (jeTHAYMHA
32).

S + k&S (32)

i = Mok pL+R "
['ne ce i Haya3um y uaTepBany [1,52]; umajyhu y Bumsy na je 3a 52 "Henesbe moTpeOHO YTBPAUTH
HUBO JI0 Kora he ce BpIIMTH TMOPYYMBAHkE HOBHUX 3ailuxa. Y3umajyhu y o03up 1a ce y
MMOCMaTPaHOM CHCTEMY OOHAaBJbaHE 3alliXa BPIIM JEAHOM HEIEJbHO, 0e3 o03upa Kama je
nopyyuOMHa HCIOCTaBJbeHA, 30Mp IEpHojaa TMperiesa M BpeMeHa HCIOpyKe MNOopyuOHHe
(DL+R), yBeK je MCTM M M3HOCH HeAesby AaHa. M3 Tor pasmora 3a mocMaTpaHH CUCTEM

NOTPEOHO j€ TeHEpUCATH 52 HENIETbHE NPOTHO3€ NOTPAKEE (L 1y, 5 )-
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Konuunna npousBoza koju he Outu nopydyenu y oapehenoj Henesbu (¢i) IpeacTaBiba pa3iuKy
u3Mely Si+/ ¥ HMBOA 3a/IMXa Y TPEHyTKy HOpyuKBara HoBe nopyubune (IP)* (jennauuna 33).

q, =S, —1F (33)

Hugo 3anuxa /P y TpeHyTKy npucreha HoBe nopyioune, yrphyje ce nmpema jennaunnu 34:
[B:[O[_[H T4, —H; (34)

IZie [ TIpEe/CTaBba CTBAPHY MOTPAXIY y I - TO] HelesbH, rae /OH:.; npeacTaBiba KOJIUYUHY

3ajMxa Ha CTawy y i-/ HEJIeJbU.

OgakBa (hopMynaiyja mapaMerapa 3a yrnpapjbambe 3ajuxama KopuinheHa je 3a oleHy yTHIaja
XIT mporHoza Ha 3anmuxe. Taunuje, mpaheHe cy NpOCEYHE 3aIUXE W PACIOJIOKUBOCT
npoussona®, 3a ceakum on XII Mmonena umje Cy TpOrHO3e yHOTpeOJbEHE y CTpaTeruju
ynpaBJbama 3anuxama. [Ipoceune 3anmxe yrBpheHe cy kao cpeima BpeIHOCTH HUBOA 3ajMXa
3a 52 Henene:

Wi
— _i=l .

n

Z

pr

(35)

rJe ce [ Haja3u y uarepsany [1,52].

PacronoxkuBoct mpon3Boma KBaHTH(HKOBaHA j€ KpO3 KOJUYMHY NPOU3BOAA KOJHU CYy
HenocTajad (eHr. stockout), TOKOM 52 Heme/he 3a CBaKy OJ KPEHpaHUX CTpaTervja 3a
ynpassbame 3anuxama. [Iporena XIT mozxena Bpiiena je 3a usopose KI', BBAA u K/, 3aro
IITO HAaBEJICHU YBOPOBH:

e TI0CENyjy pa3InuuTe MabJ0HE MOTPAKELE U

e [peacTaBbajy Hajuenthe 00JIMKe NOTPAKELE Y JaTOM JAUCTPUOYTHBHOM JIAHILY.

7.3.1. Cmpamezuja ynpasmwara 3anuxama y KI" ueopy xujepapxucjke cmpykmype

Ha ocHoBy kpeupanux nporaosa mozena 3a XII y usopy KI" uzBpiuena je ynopenna ananmza
yTHIaja HaBeJIeHNX MMPOrHO3a Ha MoKa3aTesbe yrnpaBibama 3anuxama. [lorpaxma y usopy KI
IprKa3aHa je Ha ciuiy 7-8.

42 [P ce 4ecTo y CTPY4HO] IMTEpaTypy MoKe IPOHAhM 10l TEPMUHOM inventory position.
43 PacmonoXMBOCT TIPOM3BOAA MPEACTaBba HUBO YCIyre Kojy oapeleHa cTpaTerdja ylpapibama 3aluxama
06e30elyje cCBojuM KOpUCHUITMMA (32 BHIIIE JIeTasba MOTJISAATH MOTIIOTJIaBJbe 3.2).
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Cmuka 7-8. OcTBapena notpaxkma y uBopy KI' Tokom neproga ox 2012. mo 2015. rogune

[Ipukazany noTpaxkmy KapakTepHlle U3pa3uTo pacTyhu TpeH[ y Mmociele IBe roJuHe, Kao
U pEJIATUBHO CTa0MIIHA CE30HAHOCT (ciauKa 7-9).
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Cnuxka 7-9. Jlekomnosuruja notpakme y KI' uBopy npema JoMUHaHTHUM Inabaonuma’t

Pesynratu npumene npornosa XII mozaena Ha ynpasssame 3anuxama y KI' uBopy, npukazanu
cy y Tabenu 7-3. 13 Tabene ce youaBa jga HajMame MPOCEYHE 3aJIMXE HACTA]y yCJIEN MPUMEHE
TJ3 monena (143 manere), anu yjeAMHO CTpaTeruja yhpaBlbama 3ainxaMa Oa3upaHa Ha
nporaozama TJI3 monena ocTBapyje u HajBehu HemocraTtak 3amuxa (-233 manere). Hajmamu
HeJoCTaTaK 3aiuxa npoy3pokyje npumena TJIOP moxena (154 naneTHe jeauHuIle Ha HUBOY

4 JlekommosWIMja je W3BPIIEHA IIPEMa NPHHOMNHMMA T3B. ,,.STL® mexommosuumje (,.Seasonal and Trend
decomposition using Loess®). 3a sume netapa norienatu paxn (Cleveland, Cleveland, McRae, & Terpenning,
1990).
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on roauHy mana). Ha taj vaunn T ®DP je octBapmo 3a oko 7% mpenu3HUje MPOTHO3E O]
npBor HapeaHor mozena no tayHocty (KOMB 1).

Tabena 7-3. Ynopeana ananusza XI1 Moena npuiinkoM yrpaBibama 3aiuxama y usopy KI' 3a mepuos
0J1 TOJIMHY JlaHa

Mozen BY TAl TA2 TA3 Ol TA®I TADP KOMBl KOMB2

IIpoceune 3anuxe (manere) 207 146 150 143 209 197 215 211 210

Konmanaa 3annxa koja

. -167 225 -216 -233 -164 -174 -154 -162 -168
HepocTaje (manere)

Ha cnuu 7-10, nat je rpaduuku mprkas cTama 3ajuxa Ha ocHOBY nporHo3a TJI®P monena.
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Crnuxka 7-10. Crame 3anuxa y uBopy KI' Ha ocHoBy TI®P nporunosza

7.3.2. Cmpamezuja ynpasmara 3aruxama y BEAA ueopy xujepapxucjke cmpykmype

[Motpaxxwa y uBopy BBAA mpukazana je na cmumu 7-11. Usop BBAA kapakrepurie
MOTPaKKka ca jaKo cllabuM TpeHIOoM (CKOpo HemocTojehuM), M3pa3uToM Cce30HaaHOoImhy |
noBehaHuM cTerneHoM Imryma. Takolhe IPUMETHO je U J1a je y MOCIeIH0j TOAUHH JONUIO J10
HapylaBama mocTojehrx madiioHa MoTpakme MTO T0JATHO OTEXKaBa MPOIEC TPOTHO3UPaka
(cnuka 7-12).
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Cmuka 7-11. OctBapena nmotpaxma y uBopy BBAA Toxom neprona ox 2012. mo 2015. roguae
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Cnuka 7-12. lexkomnozunuja notpaxme y BBAA uBopy npema JOMUHaHTHUM IIa0JIOHUMA

VYrunaj nporuosa pazmmuutux XII mMoxena Ha 3anmuxe aart je y tabenu 7-4. [lpumetHo je nma
KajJla Cy y IHUTamky MPOCEUYHE 3aJIMXe HE MOCTOje BEJIMKE pa3iuke u3Mmely Moxena; pasiuka
u3Mel)y mpocedHux 3anmuxa mojena ca HajamwkuM 3anuxama (OL) (108 nmanera) u HajBUITUM
sanuxama (TA®IT) (116 nmanera) u3HOCH camo 8 MANETHUX jEAHHIIA 32 BPEMEHCKHU MEPHO]T OJ1
roauHy aaHa. Ca apyre crpaHe, IOCTOj€ 3HaYajHE pa3jiMKe 10 MUTalky HEJOCTaTKa 3aJInXa.
Mogemu TI®P u KOMB 2 npoy3pokoBanu cy HajMamH HEIOCTAaTak 3anuxa (y JaTOM
cinyuajy -48 manera). Ilopen wux, BY u OILl cy Takohe mokazaim OJjIMYHE pe3yJTaTe.
3HavajHo Behm HepocTarak 3anuxa mnpoyspokoBanu cy moxemu T3, T2, THA1 mox je
npumena TJDII monena pesynroBana HajpehuMm HegocTaTkoMm 3anuxa (-144 manere, 0THOCHO
Tpu myTa Behu HegocTarak 3anuxa y oqHocy Ha Hajoosbe mozene TIPP u KOMB 2).
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Tabena 7-4. Ynopenna ananusa XII Monena mpuiukoM yrpaBibama 3ainxama y 4Bopy BBAA 3a
HEpUOJ] O/l TOAMHY JaHa

Mozen BY TAl TJA2 TJ3 Ol THA®I TADPP KOMBlI KOMB2

IIpoceune 3anuxe (nanere) 109 111 111 115 108 116 112 110 110

Konmuunna 3anmxa koja Hezocraje

50 =79 79 60 50 -144 -48 -49 -48
(manere)

Ha ciumm 7-13, gar je rpaduyku mpuka3 mpoMeHe CTama 3airuxa Ha OcHOBY mporrosa T/IdP
Mojena.

300
1

250
I

200
1

Cratbe sanvxa
100 150
Il 1

—
-]
—
=

=)

s
——

50

LRI

T T T T
0 100 200 300

Bpeme

Cmuxa 7-13. Crame 3ammuxa y uBopy BBAA kpeupano Ha ocHoBy nporrosa TI®P moznena

7.3.3. Cmpameeuja ynpasmwarea 3anuxama y K/[ ueopy xujepapxucjke cmpyxmype

[Motpaxma y uBopy K]l mpukazana je Ha ciunu 7-14 w cmaga y rpyny CIOpagddHUX
(ummyncuBHUX) OONMKAa TOTPaXHe, KOje KapaKTepHUIlle H3pa3uTa HENPEABUAJEUBOCT
TPEHYTKa HACTaHKa MMITyJica (BEJMKE TOTPAXE-E) U CHare UMITysica (KOJUIMHE TTOTPAKE),
(cnmuka 7-15). Y3umajyhu y 003up 1a je KoJ 0BaKBUX OOJIMKA MOTPAKEE OTPEOHO U3BPIITUTH
HE CcaMO MPOTHO3Wpame KOJMYMHE MOTpakike Beh W TpeHyTka kaja he ce HM3HEHaAHA
IOTPaXKEHa M0jaBUTH, 0Baj OOJIHUK TOTPAKELE TIPEICTABIba HAjTEKN OOJMK 32 IPOTHO3Hpamke™® .

%V Ty cBpXy KOpPHCTE Ce TOCeOHO IM3ajHAPAHHM MOJEIM 3aCHOBaHHM Ha HcTpaxkuBamuma (Croston, 1972;
Syntetos & Boylan, 2001).
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Cmuxka 7-14. OctBapena notpaxkma y uBopy K/ 3a nepuoz ox 2012. no 2015. rogune

nogauw
0 100 200 300 400 500

- M _

Ce3oHanHocT
(]

_ AWA
/»//—“\\

TpeHa

100 200 300

cryyajHa rpewka
[ |

"
‘ 7 T T ‘ T

20120 20125 20130 20135 20140 20145 20150

Cnuka 7-15. [lekommno3suiigja notpaxise y uBopy KJI mpema q1oMUHAHTHUM I1a0JIOHMMA

Pesynraru npumene nporuosa XII monena Ha 3anuxe, mpuKasaHu ¢y y tadenu 7-5. Hajamke
npoceuHe 3anuxe ocrBapene cy npumenom mozaena T1, T2 u T/I3 (oxo 30 manera) anu je
ca Jpyre cTpaHe NMPUMEHa OBHX MOJENa MPOy3poKoBasia U Hajehe HemocTaTke 3ayimxa (OKO
140 manera). HemocraTak 3aimxa mpoy3poKOBaH MPUMEHOM OBHX MOJIENa 3a MPOTHO3UPABHE,
omo je oko 7 myra Behu on Hemocrarak 3anmuxa OLl monena (-17 manera), Koju je OCTBapuo
HajOoosbu pesynrar. TIDP u KOMbB 1 (-18 manmera) Hamaze ce oamax u3 OIl momena u
OCTBApWJIH Cy 3a | ManeTHy jeNMHUIly HEMpeln3Huje mporuo3e y onnocy Ha OL] moznen (oko
5%). IlpuMeHoM mpeocTanux MoJIena OCTBApYjy C€ MPUOIIMKHO UCTE MPOCEUYHE 3alnuXe (OKO
90 mameTHUX jeqWHMIIA), IOK je y morieny Hemocrarka 3amuxa THDII momen octBapuo
Hemto jomuje pesynrare (9 jenununa (60%) Behu Hemocrarak 3anmxa y ogHocy Ha OI]
MOJIeN).
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TaGena 7-5. Ynopeana ananuza XI1 Monena npuivkoM yrnpasibama 3aiauxama y uBopy K/ 3a nepuon
0]l TOIUHY JlaHa

Mogen BY TAl TA2 TA3 OLl TA®I TAOP KOMB! KOMB2

IIpoceune 3anuxe (mnanere) 92 36 34 32 93 90 92 92 92

Konmumna 3anmxa koja Hezocraje

-19  -140 -141 -142 -17 -28 -18 -18 -19
(maneTe)

Ha cnumm 7-16, nat je rpaduuku mpukas crama 3ajuxa Ha ocHOBY nporno3a TI®P monena.
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Cmuka 7-16. Ctame 3amuxa y uBopy KJI kpenpano Ha ocHoBy miporuosa T/I®P moxena

7.3.4. Pasmamparee ymuyaja mooena Ha 102ucmuyke noKa3amesmbe

Ha ocHoBy pe3ynraTta npuka3zanux y tabenama 7-3, 7-4 u 7-5, npou3wiia3y u 3aKJby4aK Ja cy
TADP, OLl, u KOMB1 moznenu moka3zanu ¥ HajOOJBE pe3yiTare ca acleKkTa MOCMaTpaHux
JOTHCTUYKHX Tepdopmancu. HaBenenn Monenu cy yjeauHo Ouiu u Mel)y Hajlipelu3HujuM Ha
ciukama 7-5, 7-6 u 7-7. Y3umajyhu y 003up HaBeJeHE YNHEHHUIIE MOXKE C€ KOHCTATOBAaTH Jia
ca mnoBehameM MNPEerU3HOCTH MNPOTHO3Mpama J0jJa3d M [0 M0oOO0JbIIama JIOTMCTUYKUX
nepbopmancu oapehenor cucrema. Ha Taj HaumH J0Ka3aHa je 4YeTBpPTA XHUIOTe3a
JAuMcepTaluje: TAYHU]e TPOTrHO3€e MO3UTHUBHO he ce 0pa3uTh Ha JJOTUCTHYKE TTepdopMaHce.

7.4. Pe3ume nocnasma

Pesynratn mnporHosupama HNOTpakmke pasnuuutux XII monena y Bullle €IIaTOHCKOM
TUCTPUOYTUBHOM CHUCTeMy Mokazanu cy na je TIDP monen mao mobpe pesynrare mpema
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kputepujymuma PMCE u MAIIE rpemke (ciuke 7-4 u 7-5), MOK je TpemMa KPUTEPHjyMy
MIIE (cnmuka 7-6) ocTBapuo HajOOJbe pe3yaTare M THME I0Ka3ao Ja TeHEpHIlEe HajMame
NPUCTPACHE MPOrHO3€ U MOTEHIIMjaTHO HajBUILIU HUBO YCIIyTE.

Kao 3akipyuak aHain3e yTHIaja Pa3IMIMTAX MOJENa 3a MPOTHO3WPAkE Ha TOKa3aTelhe
3anmuxa (MPOCeYHE 3aJIMXe W PACIONIOKUBOCTH MPOM3BOMA), 32 CBAKW OJ] TPH aHAIM3HpaAHA
YBOpa U3/BOjEHA CY 10 TPH HajO0Jba MOJIEIa:

e [MpeMa KpUTEepUjyMy mpocedHux 3anuxa y uBopy KI' Hajoosse mnepdopmance
octBapwiu ¢y monenu: T3, T2 u T/1; nok cy mpema KpuUTepujyMy HeAOCTaTKa
3anmxa Hajoosbe pesynarate octBapunu: TIADP, KOMB 1 u OIl.

e [Ilpema xputepujymy mnpocedHux 3anuxa y uBopy BBAA Haj6osse mepdopmance
octBapwiu ¢y moaenu: OLl, BY u KOMB 2; nok cy npema KpuTepujymy HeA0CTaTKa
3annxa Hajoosbe pesynrate octBapuiu: TIDP, KOMbB 2 u KOMB 1.

e Ilpema kputepujymy mnpocedHux 3anuxa y uBopy KJI Hajoosse mnepdopmance
octBapwm cy monenu: TJ3, T2 u T/1; nok cy mpema KpUTepHjyMy HEIOCTaTKa
3anuxa Hajoosbe pesynTate octBapuiu: OLl, TADP u KOMBI.

HaBenenu pesynratu cy y ckiany ca pesynraruma uz MIIA Ttabene (mpuitor 5) y Kojoj je
yrBpheno na T/DPP wmonen Hajmame mnotuemyje Oyayhy morpaxmy. Ilocnenuna
HaBeJleHOora MoTBpheHa je u y tabenama 7-3, 7-4 u 7-5, y xojuma ce TADP monen mokazao
Kao MOJIeJI KOjH je YBEeK OMO MpBU MM Mel)y mpBa JBa MoJieNna 0 KPUTEPHjyMy HEI0CTaTKa
3anuxa. BaxkHo je ucrahu ma Bucoky pacmonoxuBocT npousBona TJIDPP He octBapyje ca
3HAYajHO BHINWM 3anuxama, Beh cy m mpoceune 3anuxe T/[DPP monema nmpubamxHO jemHake
KOHKYPEHTHUM MOJIEIHMA.

Ha xpajy oBor moriaBba Ba)KHO j¢ HAIIOMEHUTH U HEKOJUKO YHH-CHHUIA KOje Cy yTBpheHe y
OBOM JIOKTOpaTy a HUCY JMPEKTHO BE3aHEe 3a caMy TeMy JOKTOpCKe aucepraiuje, Beh cy
NOTEHIMjaJTHO BakHe 3a Oynyha uctpaxuBama. Hamme, mpuIMKOM Kpeupama cTpareruje
ylpaBJbama 3aJIuXaMa 1 Je(uHUCakba CUTYPHOCHHX 3alliXa YTBPHEHO je Ja MOCTOjU BETHKO
OJICTYNamke Off y JUTEepaTypu OmiuTe NpuxBaheHOr craBa Ja pe3uiyaid MpaTe HOPMAIHY
pacnioneny. [IpernocraBka 0 HOPMATHOCTH pe3Uayana MOrjia Ou ce y MoCMaTpaHOM CIIydajy
npuMeHUTH Ha oko 50% uBopoBa. C 003UpoM /1a je Y OBOM JOKTOPATY UCTPAKUBAH U YTHIIA]
MIPOTHO3a Ha CUCTEM yIpaBjbarka 3ajuxama, npuMeheH je Beauku packopak u3mel)y oBe nBe
o6mactu*®. Kao jemHa oIl TMocleaulia TUCKOpAWHAIIM]Ee pa3Boja OBE JBE O0JAcCTH, Y OBOM
JOKTOpAaTy, YOUeHa je HeJIOTMYHOCT J1a CAaBPEMEHH MOJIENH 3a YIPaBJbahe 3aluxaMa HHUCY Y
CTalky Ja aJeKBaTHO M y MOTIYHOCTH HMCKOpHUCTe MoBehaHM CTeNeH MPEeLU3HOCTH HOBHUX
MoOJieNla U METO/O0JIOTHja 3a MporHo3upame. OCHOBU MpoOiieM Hamasu ce y jaeduHucamy
HUBOA CHT'YpHOCHHX 3alIMXa, KOje MpPEeICTaB/bajy Hacliehe W3 mepuojaa Kajaa je 3a MpOLEHY
Oynyhe mnorpaxme kopumrheHa NpPOCeYHAa MOTpaKmka, JOK C€ CTaHJaplHa JeBHjaldja

46 Hapenenu cras 3ay3umajy u Boylan and Syntetos (2008) u KOHCTaTyjy Ja cy ce OBe ABe 00JIacTH pa3BHjale 10
moyetka 60-THX TOAWHA 3ajeHO, 0K JaHac TOCTOjU jako ciaba mHTepaknuja n3Mmehy mux. 3a HaBeAeHO je
HajOoJpn mpumep Kmura (Brown, 1959) y kojoj je npeacraBiben EC mMonen 3a mporHo3upame UCKIbYYHBO 3a
notpede ynpaBibama 3alinxama.
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KOPHCTHIIA 33 MPOLIEHY CHTYPHOCHMX 3aJIMXa 3a CBe mepuoje yHanpen' . CaBpeMeHe MeTose
32 TPOTHO3Upamke Cy Y MOTYhHOCTH Ja TeHEpUIly MPOrHOo3e mpema nepuHHCcaHOM HUBOY
yciyre, MITO WMIUIAIMPA Ja HOBE METOJE MOTY IHUPEKTHO Ja WM3BpIIE MPOTHO3HpAmE U
NIPOCEYHE MOTPAXKEE M CHTYPHOCHHMX 3ajMXa 32 CBaKH IOjenuHadyHu repuoa. CaMuM TUM
Hamehe ce muTame 3amTo Ou ce U yoynyhe KOPUCTHIIE KJIAaCMYHE CUTYPHOCHE 3aiuxe (Koje
3Ha4ajHO ToBehaBajy mpoceuHe 3ajuxe), YKOJUKO C€ 3a CBaKM IMOJeTUHAYHHU TEPUOJ MOXKE
W3BPIIUTH TPOTHO3HMPAKE TMOTPAXEE ca yHarmpea AehUHHUCAHUM HUBOOM YCIyre OJ HIIp.
95%? V nureparypu Hucy mpoHal)eHu pagoBu Koju ce 0aBe HaBEJACHOM IMPOOIEMATUKOM,
Tako Ja HaBeACHHM mMpoOJeM TpeacTaBba jedaH o Oyayhux HCTpakMBayKuX IpaBara
MPOUCTEKIINX U3 MPEIMETHOT JIOKTOpaTa.
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8. /uckycuja

Ha ocHoBy cumynarmone cryauje (moriamibe 6) W CcTyauje ciiydaja (TmorjaBjbe 7) y OBOM
NIOTJIaBJby W3BpIICHA je JeTajbHAa aHalM3a pe3yliTara Koje cy ocTBapwid paznuauta X1
moxaenu. [lopen Tymadema pesynrara, JaT je U JAeTajbaH OMUC paszyiora U ¢akropa Koju Cy
YTULAIIA HAa TAKBE PE3YTaTe.

8.1. Huckycuja o pezyimamuma npocHO3Uparea CUMy1ayuoHe cmyouje

Pesynratu mpe3eHTOBaHM y MOTHOTaBiby 6.2 ummumimpajy na cy bY, OLl, TA®P, T/I4 u
TAPII nmokazanu HajOosbe pesyirare, reHepuinyhu MelycoOHO CTaTUCTHUYKU HACHTHYHE
nporaoze. Pesynrar BY wmogena je HeodekmBaHO 100ap, MOCEOHO y BUIIMM HHUBOMMA
xujepapxuje. Cnuuan pesynrar bY mopena moxke ce mpoHahu W y JaBemMa NPETXOIHUM
crynujama: Athanasopoulos et al., 2009; Rob J. Hyndman et al., 2011. Y nomenytum
crynujama bY je mokazao omnmuune pesyartare anu cy OLl m THA®DII octBapmmm maio
npeuusHuje nporHose (3a oko 1%), y ogHocy Ha BY mopen. Pasnore 3a oBakaB pe3ynraT
Tpebasio Ou MOTPaKUTH Y OCOOMHaMa CUMYJIMPAHUX BPEMEHCKUX cepHja, Mel)y3aBHCHOCTHMA
u3Mel)y cepuja (HUBO KoOpenalyje W MPOLEHTYanHO ydemhe y yKyNHO] Cepuju) Kao U y
YCBOjEHHM MapaMeTpuMa CUMYJIALMOHE CTyAHje (BPEMEHCKH XOPH30HT 3a KOjU C€ BPIIH
NPOTHO3UpAkE, XHjepapXujcka CTpyKTypa (OanaHcupaHa/HeOanmaHcupaHa), Opoj YBOpeBa y
Xujepapxuju, Opoj HHUBOA y XHjepapxwju, UTA.). Behnna cumynupanux cepwja umaie je
cTabmwiHe mabjioHe y KOojuMa ce HHje HaJla3|JI0 MHOTO IyMa (eHT. random noise). Y TaKBUM
OKJIOHOCTHMMa, TUPEKTHE MporHo3e reuepucane o crpane ETC moxaena Morie cy aa u3Bplie
TaYHO MJICHTU(PHKOBAKE MCTUHCKUX YHYTpaIIlbUX O0COOMHA cepHuja (TpEHI, CE30HATHOCT U
UKITYC) U yKJbydye ux y Oynyhe mpornose. Ha Taj Hauun, npornoze BY monena ocrane cy
KOHKYPEHTHE U Y TOPHUM HUBOMMA Xujepapxuje. Y pagoBuma (Athanasopoulos et al., 2009;
Rob J. Hyndman et al., 2011) Takohe ce uzpaxkaBa nzHeHaljeme OMIMIHIM Pe3yITaTUMa KOje
je octBapuo BY mopen, anmum ayTopu HUCY Jald CBOj€ MHIUBEHE HUTH JUCKYTOBAJIU O
MOTEHITMjaTHUM pa3jio3uMa TakBOTr pesynrtata. Mirceti¢c et al. (2017) w3Bpmuam cy
nporuosupame aBa emanona JIC (mpou3Boama-aIuCcTpUOYTUBHU IICHTPH) U Y ToM pany bY
MOJIEN je Mmoka3ao nobpe pesynrate (mornaBibe 6 y pany (Mircetic et al., 2017)). Kako 6u ce
NOTBpAWIA Ta4yHOCT BY Mozena, moTpeOHO je W3BPUIMTH [0JaBakbe¢ BHINE HHBOA Y
xujepapxujcke cTpykyrype. Ha Taj Hauns, hopmupana 6u ce Xujepapxujcka CTpykTypa Koja y
ceOu mocezyje BpeMEHCKE cepuje ca IIabIoHMMa KOju Cy 3HauyajHo onrepehenu mymom. Y
OyayhuM wHcTpakuBambMMa TOTPEOHO je JeTa/bHUjE MCTPAXKHUTH YTHUIA] PA3TUUYUTHX
XHMjepaxujCKuX CTPYKTypa M BPEMEHCKHX cepHja (y HajHM)KEHEM HHUBOY XHjepaxuje) ca
mabJIoHMMa Koje je Texe uaeHTH(ukoBatu (omreheHu, MpeKUHyTH, ontepeheHn ca MHOroO
IIyMa, UT/.) Ha TagHOCT BY mporHo3sa.

VY ucrpaxuBamuma (Athanasopoulos et al., 2009; Rob J. Hyndman et al., 2011), TI1 u T2

MOJIeNTA OWJIM Cy KOMITIETEHTHH CaMO y HajBUIIIEM HHBOY XHjepapxuje. VcTu 3akibydak MOXe
ce mpoHahu 1 y OBOM JTOKTOpaTy (moriasike 6, Tabemna 6-1). Y HIDKUM HUBOMMA XHjepapxuje,

107



JloxTopcka aucepranuja Jlejan Mupuaetuh MacT. mHX. caoop.

TJ1 u T/I2 cy noka3ayin 3HaTHO JIOILIKj€ pe3yaTaTe y 0OJJHOCY Ha KOHKYPEHTHE Mozee (CIrKa
8-1).

ya ydb e TOA

¢ TAO3
yb Pl yda TO4

TO®N
TOOP

yc R ycb

yd i S yca

yaa ybb

yab yba

Crmuka 8-1. Kommaparuja paznnautux Mozena 3a X1 mpema nporHo3upaHuM BPEMEHCKHM cepHjaMa

Ha cnumu 8-1 mar je mpukas nepodopmancu (mpema PMCE rpemmu) nmocmatpanux XII
MoJeNia TMPWIMKOM TPOTHO3UPamka Pa3IMuUTHX BPEMEHCKHX CepHja y XHjepapXHju.
JeraspHUja  KOMITapaldja Mojelia TpWKa3aHa je Ha Cciaund  8-2 W JIMHKY:
https://dejanmircetic.shinyapps.io/shiny_app/. Ca cnuke u JIMHKa JaKo ce yodaa fa cy T/[1 u
TJI2 Moaen KOMIIETEeHTHH CaMO Y HajBUIIIEM HUBOY XHjepapXHje U J1a Cy OCTBAPWIIM 3HAYajHO
JIOIINj€ PE3yNITaTe y OJAHOCY Ha OCTaJie Mojelie. Y HCTPaXUBaWkYy j€ YTBPHEHO Ja pa3auduTH
HUBOM Kopenalnuje u ydemha y ToTaaHoj cepuju (IOCMaTpeHe Cy caMoO CEephje Y HajHUKEM
HUBOY XHjepapxuje), uMmajy yrtunaj Ha TtauHocT XII monena. IloceOHy oOceT/bMBOCT Ha
nomenyte Qakrope mokazamu cy THl, TA2 u T/I3, mox cy octamu MOJENH OCTBapUIU
cTabuTHE M KOET3UCTEHTHE MPOTHO3e 06€3 003upa Ha Bapupajyhe HUBOE Kopemaluje u yuaenrha

Y YKYITHO] CEepHjH.
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8.2. Juckycuja o pe3yimamuma NpoSHOUPARA NOMPAdXNCIbe Y  6uule  eUdIOHCKOM
OUCMpUOYmMuHOM 1AHYY

Pesynratu emnpupHjcke CTyauje MPOrHO3Upama BUIIIE EIIATOHCKOT AUCTPHUOYTUBHOT JIaHIA
WHOyCTpUje muha, Mpe3eHTOBaHW y MOTHOrIaB/by 7.1, moaymapajy ce ca 3akJbydlluMa
W3BEACHUM U3 CUMYJIAIIMOHE CTY/AM]E U MOTJIM OM ce CyMUpaTH Ha cieachu HaunH:

e 1npema kpurepujymy Hajamke PMCE rpemike HajTauauju monenu ounu cy bY, Ol u
TIDP;

e mpeMa Kpurepujymy Hajumke MAIIE rpemke ocTBapeHH Cy CKOPO HJICHTHYHH
pe3yaTatu u Hajoosbe pesynrare octBapuiu cy OLl, BY u T/IOP;

o mpema kputepujymy MIIE rpemike HajOosbe pesynrare octBapuwiu cy TADP, OLl u
BY.

Haknagaum TecToBMMa je yTBphEHO Ja HE MOCTOj€ CTATHUCTHYKH 3HA4ajHE paszyiuke umehy
MPOTHO3a rpyre Mojena ca Hajtaunujum nporno3ama (bY, OL u TI®P) u nporno3a moaena
npBeHcTBeHO Oasupanuma Ha TJI meromonoruju (TADPII, TA1, TA2 u TA3), mto ce Moxe
BUJICTH W Ha ciukama 7-4, 7-5 m 7-6. Pasnor 3a oBakBe pe3yiaraTre MoOXe ce mpoHahu y
ocoOnHamMa BPEMEHCKUX ceprja Koje (hopMupajy XujepapxujcKy CTpYKTYpY 3a IPOTHO3HpAE.
VYHyTap Xujepapxujcke CTPYKType 3a MPOTHO3HMpame MOCTOjalla je jaka XOMOTEHOCT u3Mely
cepyja (M3pa3UTO CIMYHM NIAOJIOHM TOTPAaXHE) Koja je 3a IMOCeNuIly HMMaia BHCOKY
NO3UTUBHY Kopenanujy. Ilopen BUCOKe Kopenaluje cepuje cy ouie 1 NpuOIMKHUX BeTHYUHA
(jemnako ydvemhe y yKyIHO] BpeMeHCKO] cepuju). CBe OBe KapaKTEPHCTHKE BPEMEHCKHX
cepuja uspazuto noroayjy T/l MeTromosoruju, mMTO je AeTaJbHO 00jallllbeHO Yy TMOTIOTIaBIbY
8.5.1.

Kao mTo je HaBeneHo, 3a yTBphuBame MPEIM3HOCTH MPOTHO3UPAA Y BUIIE EIIATOHCKOM
IUucTpuOyTUBHOM J1aHIly KopuitheHa cy Tpu kputepujymuma: PMCE, MAIIE u MIIE. Kako
Ou ce yTBpaWiIa CTpyKTypa M OoJbe carjiefayie TIpelike MPOrHO3Mpama Koje HAcTajy y
pa3IMYUTHM HUBOMMA XHjepapxHje y HacTaBKy Cy IpHKa3aHEe XHjepapXUjCKe CTPYKType
PMCE, MAIIE u MIIE rpemxke.

8.2.1. Awnanusa npeyusHocmu  NPOCHOUPALA  NOMPAdCIE )V  BUWE  eUANOHCKOM
oucmpubymuenom nanyy npema PMCE epewyu

Ha ciumm 8-3 mar je mpuka3 mepodopmancu (nmpema PMCE rpemu) nmocmarpanux XI1
MoOJIeNla TIPUIIMKOM TPOTHO3Mpama BHINE CIIATOHCKOT JUCTPUOYTHBHOT JaHna. JletasbHHja
KOMITapariyja Mojerna MpUKa3aHa je Ha CITUITA 8-4 " JUHKY:
https://dejanmircetic.shinyapps.io/RMSE/. Ca ciuka u JuHKa yodaBa ce€ CIMYHA pacrojela

PMCE rperike nporao3upama Kao IITO je TO OUO Cllydaj U y CUMYJAIMOHO] CTYIUjU (CIIHKe
8-1 u 8-2). OgHOCHO, MOXXE CE€ KOHCTAaTOBAaTH /la Ca CMAambUBaKbEM I[IOCMAaTPAaHOI HUBOA Yy
xujepapxuju gonazu 1o naga PMCE rpemke.
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Crmuka 8-3. Kommaparuja paznnauTux Mozesna 3a X1 nmpeMa TaqaHOCTH IPOTHO3a 32 CBAaKH YBOP BHIIIS
emayionckor auctpuoOyTusHOT iadma (PMCE rpemka)
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Cruxka 8-4. [lojequHaunu pesynraTi nporHosupama XI1 monena y crynuju ciydaja (PMCE rpemka)
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8.2.2. Ananuza npeyusHocmu  NPOCHO3UPAFA  NOMPAdCHE )  GUUUE  eUATOHCKOM
oucmpubymuernom aanyy npema MAIIE epewyu

PMCE rpemka mnpuka3yje BEIWYMHY TpPEHIKE IPOTHO3Mpama H3PAXKEHY Y jeIUHHIN
NporHO3Mpama (majgerama) ajau He Jaje jacaH YBUJ KOJIMKO je MmocMaTpaHa Tpellika BeluKa
wim mana. M3 Ttor paszmora kopuctu ce MAIIE rpemka, koja Tpemiky HpOTHO3Hpama
u3paxkaBa y nporeHtuMa. Ha cnukama 8-5 m 8-6, mpukazaHe Cy XHjepapXHjCKe CTPYKTYpe
MAIIE rpemke, paszmuuutux XII Mozgema. JlerasbHHWja KoMIapaiyja Mojena Ipema
XH]jepapXxujcKoj ctpyktypu  MAIIE  rpemike, npuKa3zaHa je  Ha  JIMHKY:
https://dejanmircetic.shinyapps.io/MAPE/. Ca cnuka 1 TMHKaA yo4aBa ce Ja ca IpeslackoM Ha
HIDKE XHjepapXHjCKe€ HHMBOE J0JIa3W 70 TOBehame Tpelike MPOTHO3Mpama, ITO WU JecTe
OYCKMBAHO y3uMajyhu y o03up Aa cy HMKM HHBOM BHIIE CTOXAaCTHYHHU y OJHOCY cCa BUIIE
HuBoe. IIpeTxogHO HaBeneHO je Yy CcarflaCHOTH ca TEOPUjCKOM TMPETIOCTaBKOM Jia
BapHjaOMITHOCT MOTPAXKIGE OMA/ia Ca arperuparmeM MOTPAKILE U3 HIKUX EIIAJJIOHCKUX HUBOA
(Mangan et al., 2016). YV JIC HaBeneHa IOjaBe 4YeCTO C€ KOPUCTH Kao OIpaBlame 3a
LHEHTpaIN3alyjy 3aluxa, y LnJby CMambUBamha YKYITHUX CUTYPHOCHHUX 3aJIMXa KOje ce Hajla3e y

gyurasom JIC*,

* BEY

e TO1
g A TotalVBAHygag,
c VBAF,, o TH2

g P B vean, e TO3
I VBAB ou
BA VBAA e TOOMN
BB VBH TooP

=

e ——y
=
S

B

KE

“C sep HoE ke KO
BGF BGG gan kA KB

Crmuka 8-5. Kommaparuja paznmauTax Mozena 3a XI1 mpema TaqHOCTH MPOTHO32a 32 CBAKW YBOP BHUIIIE
emayioHckor nuctpuOyTuBHOT janma (MAIIE rpemka)

48 33 pume nerama morsexaTH Mangan et al. (2016) xoju HaBeICHH TPOIEC HA3MBAjy W 3aMCHUBAHE
CUTYpHOCHUX 3anmxa nHpopmanujama namehy ydecamka y JIC. Chopra and Meindl (2007) HaBeneHu mporec
JIeUHUITY Kao TOBIaYeHhe MOTPAXKILE U3 HIDKUX eIIajioHa (€HT. pooling the demand).
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cAB NF cas NF
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EAC KRE EAC
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% e
Ka'
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Cruka 8-6. [lojenuHadny pe3ynraTty mporno3upama XI1 mogena y crynuju ciydaja (MAIIE rpemika)
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8.2.3. Ananusa npeyusHocmu  NPOSHO3UPALA  NOMPAdXCHE V  8UUWe  eUanlOHCKOM
oucmpubymuernom aanyy npema MIIE epewiyu

PMCE u MAIIE rpemika TOHOCHOIIMMA OJUTyKa MpPYKajy MOTYNHOCT Ja carjiefiajy rpeiiky
IPOTHO3UpAamka U3PAKEHY y jeIMHUIM MPOTHO3Upama (y OBOM CIllydyajy y majuerama), Kao u
NPOICHTYaJIHY BPEIHOCT Tpemke. MelyTuMm, oBe rperike He MOTry Aa UACHTHPHKY]Y ,,cMep
IpeIKe MPOTHO3Upama. Y MHOTHM O0JacTHMa y KOjUMa c€ MPHUMEHY]y IPOTHO3e, CMEp
rpeIKe TPOrHO3Mpama HUje MOceOHO BaXkaH, T My C€ M He Tpuiaje Benmka naxma. Y JIC 1o
HUjEe CJIy4a] U CMEp TpellaKka MPOTHO3Mpamka MOXKE 3HA4YajHO YTUIATH Ha e(QUKACHOCT
JIOTUCTUYKHUX TIpolieca KOju Cy OCIOmeHU Ha mporHose. Umajyhm y Buay na y JIC Huje
CBEjeTHO Ja JIM TpeIlka MMa MO3WTHBAaH WM HEraTUBaH IMpea3HaK (y 3aBHCHOCTH O] TOTa
MOTy ce TMOjaBuTH paznuuute nocienuune y JIC, HOp.: mpekoMepHe 3aluxe, HEJIOBOJbHE
3ajmxe, Jouie pacrnopel)eHu Nmpou3BOAM — MO KOJIMYUHHM U CTPYKTYPH — Y JIOTHCTUYKHM
YBOPOBHMA, MPEAUMEH3MOHNCAHN UM HEJOBOJbHU JIOTUCTUYKHU KAaNallUTETH, UTA), U3BpILICHA
je KoMmaparuja Mojiea MPOrHO3Upama U npema kpurepujymy MIIE rpemxe® (ciuke 8-7 u
8-8). JlerasbHMja KOMITapaidja Mojena mpema xujepapxujckoj crpykrypu MIIE rpemike,
MpuKa3aHa je Ha JIMHKY: https://dejanmircetic.shinyapps.io/mpe_greska/.

* BY
TO1
g A Tolal VBAHygG, -
.o c VEAFVBAEVEAD . TO2
F VBAC e TO3

BA VEAA ° TO®N
BB VBH TOooP

BGC KE

BGD KD
BGE BGF poG gan ka KB KO

Cnuka 8-7. Komnapanuja paznuuutux Mozena 3a XI1 npema TayHOCTH MPOTHO3a 32 CBaKH YBOP BHUILIE
emanoHckor auctpuoyTusHor nanna (MIIE rpemka)

49 MIIE rpemka omoryhasa yTBphuBarme cMepa IpelKe IPOrHO3Uparba.
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Cnuka 8-8. [ojeauHavnu pe3yiaTaTi mporuo3upama XI1 moaena y cryauju ciydaja (MIIE rpenika)
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[Ipema MIIE kputepujymy, yoensuBo Hajoossu pesynrat octBapuo je T/IDP monen. Ha raj
HaunH TJI®P monen je mokazao mepdopmance koje 00e30elyjy HajBUIly pacmoIOKUBOCT
npou3Bona, mro je u3 yrna JIC um crpareruje ynpaBibama 3aluXaMa M3Yy3€THO BakKHA
KapakTepucTtuka. HaBeneHo je morBpheHo u Ha mpuMepruMa Koju Cy IIpuKa3aHu y Tabenama 7-
3,7-4u7-5.

8.3. Jlucxycuja o pezynmamuma npoenosuparea THDP mooena

TJDP moxen je HacTao Kao pe3yaTaT HACTOjama Ja Ce YHAMPEIU MPEIU3HOCT MPOTHO3UPakha
TJ] merononoruje. U3 Tor pasinora, pe3yiTaTH M 3aKJbydlld 10 Kojux ce jpomwio o TADP
MOJIeNTy TOKOM H3pajie AMcepTalyje, MoceOHO Cy M3JIBOJeHH W aHAJM3UPAHU Y OJHOCY Ha
ApyTE.

TADP je y cuMyJalHOHOj CTYAHjHU:

® TEHEpHCao CTATUCTUYKM 3Ha4ajHO npenusHuje npornosze ox T1, T2 u T/I3 monena;

e MPOTHO3E OBOT Mojena Oune mperusHuje u ox nporuosza T4 u TADII moxena, anu
pasnuKa y Ipenu3HOCTH HUje Ouia CTaTUCTHYKY 3HAYAjHA;

e mporHo3e T/I®P moxena Hucy O6miie cTaTUCTHYKK pa3nuaute oa mporHo3a bY u Ol
JIBa MOjieJia KOJU KOHCTAHTHO TIOKa3yjy J0Ope pe3yiTare W KOjH Cy Y MPETXOIHUM
nyOnuKamyjamMa  M3BJABOJEHHM  Kao  MOJEIM Cca  HaJTAUHUJUM  TIPOTHO3aMa
(Athanasopoulos et al., 2009; Rob J. Hyndman et al., 2011).

Ckopo uneHTnyHa cutyanuja ca neppopmancama TIIDP Monena je u y cTyauju cay4aja, rae
ce:

e qpema kpurepujymuma PMCE u MAIIE rpemke, TI®P ce namazu y3 OLl u BY
MoJene;

e npema MIIE xpurepujymy, TIDP je mokazao Hajoosbe pe3yaTaTe U TUME CE IMOKa3a0
Kao MOJeJI KOju TIOTCHIMjaJIHO MOXKE TPYXUTH HajBehn HuUBO yciyre, kama je y
[UTakY IPUMEHA Y YIPaBJbalkby 3alIUXaMa;

e OCTBAapHMO j€ HajMamkW HEAOCTAaTaK 3aJMxXa NPWIMKOM IPUMEHE Yy CTparerdjama
yIpaBJbamka 3ajiuxama.

Hajraunuje mpornoze TI®DP je octBapuo y ciydajeBUMa Kajaa je IOCTOjaja BHCOKA
NO3UTHBHA Kopenanuja u3Mmely cepuja koje Cy mmalie CIMYHO ydyemrhe y YKYITHOj CEpHjH.
Mopgen je mokasao qo0pe nmepdopMaHce y cUTyaljama Kajia je mocrojaja BUCOKA MO3UTHBHA
Kopenauuje u3Mmely cepwja y HajHIDKEM M HajBHIIEM HUBOY. VcnHTHBameM pe3ynrara
MojeJMHAYHNX CHUMYyJlallhja W Cepuja y CTYAHWjU clydaja, HHUje YTBpHEeH CHUMYJIAIMOHHU
crieHapuo 1moj kojuM cy mporHoze TJI®P monena Oune apacTHYHO HETayHE W JIOUIH]E O]
nporHo3a npeoctanux XII monena.

Kao moryhy mpernocraBky, anu 6e3 noka3a npoHaheHuUX y HCTpaxuBamwy, Mirceti¢ et al.
(2017) ykazanmu cy Ha cutauujy(e) y kojoj 6u T/IOP moreHnmjamHo Morao ja reHepuiie
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HETayHe NPOTHO3e: TO je y Cly4ajy Kaja MOCTOjU M3pPa3uTO CTOXAacCTH4YaH ogHOC u3mely
cepuja y JIOBEM U TOPHEM HHUBOY XHjepapxuje. Y TaKBOj CUTYallUjd, HHAUBUIYAIH MOJEIN
3a IUPEKTHE MPOrHO3¢ MMalM OM ToTelmKoha na MACHTHU(HKY]Y CBE KJbydHE IIA0JIOHE Yy
IIOMEHYTOM OJIHOCY M MHKOPHOPHPAjy MX y MpOIeHy Oyayhnx BpemIHOCTH [earperarioHux
napametapa TIDP monena. Jla 6u ce yTBpAWIO /1a JIM j€ TEOPHJCKH YOIIIIITe MOryhe aa ce y
MpacKu/CuMyJaljaMa TeHepHUIlle TTIOCMaTpaHu CiIy4aj, IoTpedHa Cy ajba UCTPAKUBAA, jEP
caM HauuH (opMHpama HajBUILIET HUBOA XHjepapxuje (cabupameM JOHBUX HHUBOA) CMambhyje
CTOXACTHKY y MOCMaTPaHOM OJIHOCY.

Moxe ce koHcTaTroBatu aa je T/I®P nokaszao Hajraunuje nporHose ynyrap T/l metomonoruje
U Ha Taj HAUYMH YHANpPEAMO Nperu3HOCT nporHo3upama TJI meromonoruje. Pa3BujeHn
IOpUCTYN je mopea moBehaBama TAauHOCTU MporHoszupama T/ meromosoruje, MO3UTHBHO
YTHUIIA0 U Ha yHanpeheme JorucThakux nepphopMaHCH.

8.4. Ocepm na pezynmame npumene Komounosarba mooena 3a XI1

Nako je y oBOM TIOKTOpaTy KOMOMHOBAHkE MPOTHO3a MPEIJI0KEHO M UCTPAKUBAHO KA0 jeIaH
0]l CEKYHJIapHUX LIMJbEBA JOKTOpaTa, npe3eHToBanu pesyaratu Mmojeina KOMb 1 u KOMB 2,
yKa3yjy Jla y HapeIHUM HCTpaKMBamkbMMa KOMOWHOBaWmE MPOTrHO3a Tpeba ma noduje BHIle
npocTopa 3a yrBphuBame morenuujamHor gompuHoca obrmactu XII. KOMB 1 u KOMB 2
MOJIENI Cy OCTBApUJIM OJUIMYHE PE3yNTaTe Kako y CUMYJAIMOHO], TAaKO U y CTYAUjU CIy4aja.
VY o6a cnyyaja, mporHo3e KOMOMHOBAaHUX MoJieNa OMJIE Ce Y CaMOM BpXY. Y CHUMYJAIMOHO]
CTyIUjH, KOMOMHOBAHU MOJIEIH Cy YaK OCTBapuiu TadyHuje mporHose ox bY, Ol u TIDP
Mojiea, MaKo je Ta pa3jiuKa W3y3eTHO Maja y alcCoJyTHUM BPEIHOCTHMA U CTaTUCTHUKH Oe3
3Haudaja. Y CTYIWjU CiTydaja KOMOMHOBAHU MOJICTH Cy OCTBApHIIA PE3YJITaTe KOJU Cy OWIIH Y
panry ca HajoospuM Moaenuma bY, OLl u T/IDP.

VY HapemHUM HCTpaXHBamkbUMa IMOTPEOHO je OOpaTHTH BHILE MAXHKHE HA TECTUPAHkE
Pa3IMYUTHUX TIPUCTYIA 32 KOMOMHOBAaWkE U yTBphUBambe HUXOBUX MPETHOCTH M HEIOCTATaKa,
ca acreTka TayHOCTH MPOTHO3Mpama, CIOKEHOCTH 3a MMIUIEMEHTalWjy M MoryhHoctu
006e30ehnBama arpernpane KOer3suCTeHTHOCTH KpEeHpaHuX MPOrHo3a.

8.5. Vmephusarwe ymuyaja pasnuuumux ¢Gaxkmopa na npeyusnocm XII moodena u
Memooonozuja

Y nuteparypu HeMa JOBOJAHO pajioBa KOjU ce 0aBe M3y4YaBamkeM YTHUIAja Pa3IUIHTHX
dakTopa, a OHU KOJU Y ITyOJMKOBAaHU OTPaHUYEHU CY U CBEJICHU HA XH]EPaAPXH]CKE CTPYKTYpE
KOje ce cacToje U3 JIBa HHBOA ca YKYITHO TP YBOpa y XUjepapXuju (jeaH y TOPHEM U JIBa Y
JIOlEM HUBOY XHjepaxuje). PamoBu ca TakBOM XHjepaxujoM IOMHUHHUPAJy 3aTO MITO TaKO
jeaHoCcTaBHE XHjepapxuje oMmoryhasajy MCTpa)kmBauMMa JIaKIIe M jeHOCTABHUjE TyMadewe
pe3yaTara y HUXOBUM HCTpaxkuBamwuma. Mwmajyhm y Buay ma je y OBOM JOKTOpary
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KopuitheHa 3HauajHO KOMIUIEKCHHUja Xujepapxuja (ciauka 5-1), moctojeha ucrpaxuBama caMo
Cy ACTMMHUYHO MOCTYXHJIa Kao peepeHTHA 32 TyMadyeme pe3ynraTa.

8.5.1. Amanuza ymuyaja xopenayuje u yuewha y momannoj cepuju na npeyuznocm XII1
Mooena u Memooono2uja

VY nureparypu ce yoOuuajeHO pa3Marpajy camo aBa (akropa (kopenanuja u ydemnihe y
TOTAJIHO] CEPHjH), Ka0 JOMUHAHTHH, Ha TadHOCT XII Mojema MpuianMKoM MpOTrHO3Upama. Y
MIPEAMETHOM JOKTOpaTy, KOJ CHMYJIAIMOHUX CIIEHapHja y KOjuMa Cy JIOWme CepHje y
XHjepapXyju TOCEHA0BaJIC TOMEIIaHW CKYI TO3WTHBHO M HETATUBHO KOPEIUPAHUX CepHja,
THA1, T2 u TA3 cy nokaszanm Jyomie nephopMaHce, OCHM TOKOM MPOTHO3UpPama HajBHIIET
HUBOA Yy Xujepapaxuju. Moryhu pasnor 3a oBakaB pe3ynTaT NOTEHIMjaTHO c€ Haja3u y
IpoIlecy arperaiuje, jep TOKOM arperanuje cepuja u3 JI0mer Ka rOpmhHM HUBOMMA J10J1a3U 10
meh)ycoOHor moHumTaBama madnoHa u3Mmely cepuja Koje cy HeraTMBHO Kopenupane. Kao
pe3yaTar y BHUIIMM HHUBOMMAa Xujepapxuje (opmupanu cy malOJIOHHM KOJH Cy UECTO
CTPYKTYPaJTHO 3HAa4YajHO DPA3IUYUTH (TMOTIIYHO PA3JIMYUT TPEHI, MEPHOAMYHOCT IIHKITyCa,
Ty’)KWHA CE30HATHOCTH, WT/.), OJl OHUX Yy HAJHW)KEM HHUBOY XHjepapxuje. Y TaKBUM
cutyanimjama T/1, T2 u TJI3 HuCy MOrM Aa TEHEPUIY NPEIU3HE MPOTHO3E Y JAOHHUM
HUBOMMA XHjepapxuje. Pa3jgor Tome jecte YWIEHWIIA J1a WHIWBHAYyATHH IIa0JOHH |
JUHAMUKA y OJHOCY M3Mel)y HajBUILEr M HajHWKET HUBOA Yy XMjepapXHju HHUje MOrjia OUTH
Ta4HO UJCHTU(UKOBAHA CTATUYKUM JlearperaiiioHuM npormnopijama. OBaj pe3yiaraT MOxe ce
npoHahu ¥ y NPETXOTHUM HCTpPaKUBAKbMMa jep HCTPaKMBA4M Ha IMpHUMEpY ymnpourheHe
X#jepapxuje (Ba HMBOA U TPU YBOpA Y XHjEpapXHju) MCTHUY Ja je y clydajy HeraTHBHE
Kopenanuje u3Mmehy cepuja y nomeM HHBOY moTpeOHO KopuctutH BY momen ymecto T/I
merononoruje (Dangerfield & Morris, 1992; G. Fliedner, 1999; Gordon, Morris, &
Dangerfield, 1997, Lapide, 1998, 2006b; Schwarzkopf, Tersine, & Morris, 1988; Wanke, de
Melo Mendes, & Arkader, 2010).

Schwarzkopf et al. (1988) pa3Bwin cy aHAUIUTHYKY jeJHAYMHY KOja M3pa)kaBa Ja je HajBUIIN
HUBO XHjepapxHje Mame CTOXAaCTHYaH aKo je arperaiyja M3BpIICHA U3 cepHja Koje cy Oumie
HEraTHUBHO Kopenupane. Y ucrpaxuBawy Dangerfield and Morris (1992), xoje je 0cI0meHO
Ha noaatke u3 M-takmuuewa (Makridakis et al., 1982), dopmupano je 15753 arperupanux
cepuja (XHjepaxujCKUX CTPYKTypa CAauMIbCHHUX OFf TPHU uBOpa). Pesynraru cTyauje mokazaiu
cy na je y 82% cnyuajea BY pesynroBao OospuM MporHo3amMa y HajHH)KEM HHBOY
XHjepapxuje, y cilydajeBUMa BHUCOKO HEraTMBHO Kopemwpanux cepuja. G. Fliedner (1999)
Takoh)e TBpAM M@ je YKyIHa cepHja Mame CTOXAaCTHMYHA KajJa Ce arperanuja BpIIA W3
HEraTUBHO KOPETUpPAaHUX CepHja, LITO JOBOAM 10 MOOOJbIIama TAYHOCTH MPOTHO3A Y
HajBUILIEM HUBOY XH]jepapXuje.

Ca gpyre crpaHe, y OHMM CHUMyJlaldjamMa y KOjUMa j€ IOCTOjaja CHaKHAa MO3MTHBHA
Kopenmanuja y Hajamwxkem HuBoy; TI1, T2 u T3 cy octBapmwim mobpe pesyarare, a y
MOjeIMHUM CUMyJlallijaMa dYak Ccy OWiM W HajTayHuju Mojenu. Kao moTeHnujamHo
o0jalrmbeme 32 OBAKaB pe3yJITaT MOTJIa OM Ce y3€TH YMI-EHHUIIA J]a y CUTYyalldjaMa ca U3pa3uTo
MO3UTUBHOM KOpPEJIAIMjOM Yy HAjHIKEM HHUBOY XHjepapxHuje HE J0Ja3u J0 HapyllaBama
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CTPYKType malioHa IPUIMKOM arperupama BpeMEeHCKUX cepHja. Kao mocienuiia HaBeieHor,
MIOCTOj€ CIMYHU INAOJIOHM y BPEMEHCKUM CepHjaMa HajHW)KET HHMBOA W HajBHILIET HUBOA Y
xujepapxuju. ['enepanno, T/] merononoruja je y nocajanimbUM UCTpaKMBambUMa MOKa3ana
no0pe pe3yiaTaTe MPUIMKOM MPOTHO3UPamka CEpHja KOje MMajy CIMYHE IabIoHe Y HaJHIKEM
HUBOY xujepapxuje. CiuyHu 3akibydiiu Mory ce nponahu u y: G. Fliedner, 1999; Lapide,
1998. G. Fliedner (1999) cmaTpa Aa yKOJHKO IMOCTOjU MO3UTHBHA KOpenamuja y HajHIKEM
HUBOY XHjepapXxHje, y HajBUIIEM HHUBOY [0JIa3W 10 KpeWpama BPEMEHCKE cepHuje Koja
noceayje cauuHe mabjJoHe Kao ¥ MO3UTUBHO KOPEJIHpaHe ceprje y HajHIKeM HUBOY. U y ToM
pazny M3HOCH ce Te3a Ja MO3UTHBHA KOopeialuja y HajHWKeM HUBOY XHjepapXuje JTOBOIH 10
no0oJbIlIakba TAYHOCTH MPOTHO3a Y HAJBUIIIEM HUBOY XHjepapxuje, uako cy Schwarzkopf et al.
(1988) nmokazanu na MO3MTHBHA KOpeJaluja y HajHWKEM HHUBOY XHjepapxuje IOBOAU JI0
nosehama BapujaOMIHOCTH y HajBUIIEM HHUBOY. lIpeTxonHa KOHTPaAMKTOPHOCT MOXKE Ce
00jaCHUTH YHIECHUIIOM Ja je HeraTuBHU edekar moBehaHe BapHjaOUIHOCTH HA TAaYHOCT
MPOTHO3a KOMIIE30BaH ca edeKToM IIabjoHa KOJjU TOCeayjy Mame ITymMa M jacHHUje
nedUHUCaHy CE30HAHOCT, TpeH A W mukiayc. Lapide (1998) Ttakohe TBpam na ymorpeba T]]
METO/IOJIOTH]E€ JEIMHO WMa CMHCIA aKo Cy MIA0JIOHW TOTPAKEkE Y HAJHIKEM HHUBOY
XHjepapxuje UCTH win npubamkau. OH Jaje U mpuMep 3a KOMIIOHEHTY TPEH/Ia 3a KOjy UCTUYE
Jla je OTpeOHO J1a CBE cepHje Y HajHWKEM HHUBOY HCTOBPEMEHO MMajy pacTyhu, omanajyhu
WM KOHCTAHTaH TPEH/I.

[IpunrkoM mocMmaTpama U UCTPaXKUBamba MOjeIMHAYHUX CHUMYyJalrja, yTBpheHo je ma mopen
Kopenanuje, ydemhe y yKymHOj cepuju Takohe mma yrumaja Ha TadHocT T/l mporHosa. Y
Cly4ajy TPUOJIDKHO HCTOT ydemha y TOTaJIHO] cepuju (CBE cepuje Cy NpUOIHKHE
semmunne)’’ ceu TJI Mojenu TeHepuimly TPOTrHO3e Koje Cy MO TayHOCT KOMIATaOWIHe ca
nporno3ama octanux XII moxena. IlojenuHu ayTopu Cy y CBOjUM HCTpakMBamHMa Takohe
npumetiii aa TJ] metononoruja 1o6po ¢pynkunonumie kaga cy CKY jenunuie npubamKHO
UCTHUX BEJHMYMHA, Tj. UMAjy cIuuHO yyemihe y ykynHoj cepuju (Gordon et al., 1997; Lapide,
1998). AHanu30M MOjeIMHUYHUX CHMYJalMja youeHo je na cy apyru XII monenu yriaBHOM
ownmm 3HavajHo npenusnuju ox TH1, T2 m T/I3 moznena, kama je AOMHHHpaAia jeaHA WU
BUIIIC CE€pPHja y HAJHWIKEM HUBOY XHjepapxHje (a caMUM THM U Yy IEJIOKYITHO] XHjepapXuju).
JenuHu n3y3erak OWO je cirydaj Kajia Cy ceprje y HajHUKOM HHUBOY MMaJIe€ BUCOKY MTO3UTHBHY
KOpeNanujy U CIMYHE MIabJIoHe TOTpaxme. Y THM CcHTyanujama edekar ydemha cepuja y
TOTAJIHO] CepUjH, HUje OMO TOJMKO YTHIIajaH M 3Ha4dajaH 3a mpeuusHocT TJ[ meTomonoruje,
Mmaza je BY mpucrtyn u y TUM cuTyanujama yriiaBHOM OCTBapHBAa0O TauHH]j€ MPOTHO3E O] CBUX

Tl npucryna.

8.5.2. Paszsoj aneopumma 3a KeaHmugpukayujy ymuyaja paziuvumux Gakmopa Ha
npeyusnocm XII mooena u memooonozuja

Jla ©6u ce cBeoOyxBaTHHje YTBpAWJIa (M Omucana) mpuponaa Melhy3aBCHCHOCTH Pa3IHUUTHX
KapaKTepUCTUKAa BPEMEHCKHX cepuja Ha TayHocTH XII Mojena, pasBHjeH je alropuram
CTATUCTUYKOT y4era (BUIIECTpyKa JUHEApHa perpecuja). AJropuraMm mpyka yBUA Yy yTHIQ]

t
Zt:o)’j.t
S'EE=1 E§=1 yK,t-
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Pa3IMYUTUX KapaKTepUCTHKA BPEMEHCKUX cepHja Ha TayHocTH XII monena. Anroputam je
0a3upaH Ha Mepemy U U3/Bajalkby Pa3IMYUTHX KapaKTEepUCTHKA BPEMEHCKUX cepuja (Koje ce
Hajla3e y JOWkEM HUBOY XHjepapxuje), Koje cy ynoTpedsbeHe Kao Ha3aBHCHE MPOMEHHBE Y
BUIIIECTPYKO] JIMHEAPHO] perpecuju. Y anroputmy je obyxsahen 21 pazmuuut ¢akxtop, mTo
MpeICTaB/ba 3HAYAJHO MPOIIMPEHE Y OJHOCY Ha Jocajallma JABa (Kopejanujy u ydemihe y
TOTaHO] cepuju). Ha Taj HaumH, omoryhaBa ce 3HATHO IIMPH TIPETIIE]] YTHUIlaja Pa3TUuIUTHX
daktopa Ha npenu3HocT XI1 Mozena u MeTooI0TH]a.

[TpunukoM Kpeupama aJoropuTMa 3a CTaTUCTHYKO YU€HE LUJb je OM0 Kpenpame aropuTMa
KOjH C€ JIaKO MHTpENpeTHpa U Koju omoryhasa ja ce jeIHOCTaBHO M3BPIIU HIEHTH(UKALM]a
YTULAJHUX (Tj. CTATUCTUYKH 3HAYAJHUX ) KapaKTEPUCTHKA BpeMEHCKHX cepuja. Llumb Huje Ouo
CTBapama HajTauHujer Moryher alropurMa Ha JaToM CKyIy MoJlaTaka, y CMUCIY TPELIKe KOjy
aJITOpUTaM IPaBU MPWIMKOM NPOTHO3Mpama. JleTasbHa aHaIM3a CTATUCTHYKUX alrOPUTMHMA
KOJH TIPY’Ka]y HajTadyHHU]je MPOTHO3€, KaJla Cy y MHUTaky MOJAM KOj€ TeHEPUITY JTOTUCTHUUKHI
cucTteMu, Moxke ce mpoHahu y pamoBuma (Mircetic, Lalwani, Lirn, Maslaric, & Nikolicic,
2014; Mirceti¢, Ralevi¢, Nikolici¢, Maslari¢, & Stojanovi¢, 2016). Y nurteparypu HHjE
npoHalleHo ucTpaxuBame y obmactu XII ca OBakBUM HPUCTYNOM 33 KBAaHTHU(HUKAIH]Y
yTUlaja KapaKTepUCTHUKAa BpeMEHCKuX cepuja Ha TauHocT XII monena. Wucnmpanmja 3a
OBAaKaB MPHUCTYII JOLUIA j€ U3 HCTPAKUBAKA Y KOjUMa Cy KapaKTepUCTUKE BPEMEHCKUX CepHja
KopuitheHe kKako OM M3 BEJIMKOT CKyla BPEMEHCKHX CepHja HM3ABOjUJIE OHE KOje UMajy
abHopMaiHe mabnone nonamama (Fulcher & Jones, 2014; Rob J Hyndman, Wang, & Laptev,
2015).

C 003upoM Ha TO Ja HUCY MOCTOjalIa paHHWja UCTPAKHUBAKA, IPUITUKOM KPEHpama arOpuTMa
II0CTOjaja je arcoyiyTHa ciiobona n300opa KapakTeprCcTUKa BPEMEHCKUX cepuja koje he outu
YKJbY4EHE y allTOpUTaM M 3a Koje Cy I0CTOojalie MHAUIH]E 1a TOTEHIIMjajHO MOT'Y YTULIATH Ha
tauHocT XII monena. ¥ TabGenu 8-1 mpukaszaHe cy pa3inuuTe KapaKTEPHUCTUKE M3/BOjEHE U3
BPEMEHCKHUX cepHja. 3a popMupame alroputma kopuihena je 21 HezaBucHa npoMemuBa (Tj.
KapaKTepUCTHKa BpeMeHCKnX cepuja)’!. Tlopea muX, yKibydeH je U KoeHIMjeHT BapHjalje,
Kao jOII jeaHa Mepa WHIMBUIYATHUX KapakTepucThka cepuja. Kako Oum ce wu3Bpmia
KBaHTHU(UKAIMja HE caMO HHAWBUIyaTHUX ocoOwHa, Beh u rpymHor edekra xoju cepuje
nMajy Ha TagHocT XI1 mozena, kopunthene cy cienehe Tpu mpoMemUBe:

e Kopenamuja (Kopenanyja IOCMaTpaHE CepHje M3 JOHmEer HUBOA XHjepapxuje ca
YKYITHOM CEPHjOM M3 arperupaHor HUBOA);

e MpocevHa Kopenaiyja u3mely cepuja y 10beM HUBOY XHjepapXHje;

e MakcHMAalHO arperupano yuemhe (Hajseha BpeaHocT ydemrha mojeIMHauYHUX CepHja
U3 JOKET HUBOA Y YKYITHO] arperupaHoj Cepuju).

VY kononama tabene 8-1, mpukazaHe cy BpPEAHOCTH KOe(UIMjeHaTa CTATUCTUYKU 3HAYajHUX
npomewmuBux (I1 Bpennoct < 0,05).

5! [Ipeux 17 npoMemHMBHX MPEICTABIba]y HHANBUIYATHE KAPAaKTEPHCTHKE CEPHj€ M BULIE IETAba O IHMa MOXKE
ce npoHahu y (Rob J Hyndman et al., 2015).
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TaGena 8-1. [Ipensuhame PMCE rpemke nporaosupama XI1 mozaena
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PMCE

IIpomemuBe BY

TAl

T2

T3

T4

on

TADII

TIDP

KOMB1

KOMB2

10

11

12

13

14

15

16

17

18

19

20

21

Opcevak Ha y-0cH

(eHr. Intercept)

Tlognmima BapujaHca
ClTy4ajHe Iperke

(enr. Lumpiness - Variance
of annual variances of
remainder)

Enrtponuja

(ewr. Entropy - Spectral
entropy)

AyTokopenanuja npBor
cTerneHa

(eur. ACFI - First order of
autocorrelation)

IIpomena HuBOA

(ewr. Lshift - Level shift)
IIpomena Bapujance

(ewr. Vchange -Variance
change)

Bpoj Tauwaka npeceka

(‘enr. Cpoints - The number
of crossing points)

PaBHe Tauke

(eHr. Fspots - Flat spots)
Tpenn

(‘enr. Trend - Strength of
trend)

JluneapHoct

(Linearity - Strength of 0,6917
linearity)

3aKpUBILEHOCT

(enr. Curvature - Strength 0,7377
of curvature)

3aommTpeHocT

( ewr. Spikiness - Strength of

5,857

0,6392

spikiness)

CesoHajHOCT

(enr. Season - Strength of -13,31
seasonality)

CHara HarJiMx rnopacra
(eHr. Peak - Strength of
peaks)

CHara HarJmx rnagosa

(ewnr. Trough - Strength of
trough)

PenaTuBHa eHTpONMja

(enr. KLscore - Kullback-
Leibler score)

WHpexc npoMeHe penaTiBHE
CHTpOIHje

(enr. Change.idx - Index of
the maximum KL score)
Kopenauuja

(enr. Correlation)
IIpoceuna xopenamuja

(enr. Mean correlation)
Arperupano y4emthe

(enr. Aggregate share)
Koedumumjent Bapujamuje
(ewr. Coefficient of 0,3855
variation)

-16,69

21,90

-36,28

8,5043

1,7007

5,0987

-129,2

-48,91

-172,1

234,73

0,5085

-36,79

8,469

1,60

3,98

-135,1

-45,89

-186,9

211,30

0,5471

-52,69

9,649

2,370

7,718

-163,2

-65,13

-187,2

315,5

0,5198

0,6652

0,6934

0,7032

-14,50

-15,77

35,57

0,369

5,998

0,6512

0,6856

0,7485

-13,51

0,9742

-19,12

21,85

0,3843

12,11

0,6957

0,6137

0,908

-27,09

33,21

0,3625

5,932

0,914

0,6296

0,69506

-14,672

-2,317

-19,362

49,777

0,385

6,135

0,721

0,6947

0,7578

-14,55

-18,82

28,78

0,3894

6,168

0,6995

0,7099

0,7619

-14,53

-18,84

28,41

0,3870
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Koedunmjent
IeTepMHUHALHjE 0,6366 03523 03816 03018 0,6773 0,6263 0,1938  0,6687 0,6447 0,6428

(enr. Adjusted R?)

N3 tabene ce youaBa ga HajBehw yTHIA] Ha Mpenu3HOCT Mozena 3a XII mma MakcuMaiHO
arperupa”o ydemnihe cepuja W3 JOWmEr HHUBOoa Xujepapxuje. PaBue Tauke (eHr. flat spots),
nuHeapHocT (eHr. linearity), 3aKpHBJbEHOCT (€HT. curvature) W KOepUIIUJCHT BapHjaldje
takole moBehaBajy rpemky nporaozupama XI1 Mozena, aau BUXOB YTULA) jeé MHOTO Mambu
O]l yTHIaja MaKCHUMaJHOr arperupaHor ydemrha. OOpHYTO, CE30HAJHOCT M IPOCEYHA
Kopenauuja uMajy CcHWkaBajyhu edexkar Ha TayHocT mporrozupama XII moxpena, ca
uzyserkom TJIDII monena, Kox Kojer MpOMEHHBAa CE30HATHOCT HUje OWila CTaTUCTHYKU
sHauajua. 3a T/[1, TA2, TA3 u TADP, npoMmewmnBa Kopenaiuje je uMajaa CHIXaBajyhu
edekaT Ha TpemKy mporrHosupama. OOpHYTO, KOpenanuja TOBOAM J0 MoBehaBama Tpelike
konx OLl monema. Ilpomene HuBoa (eHr. Lshifts) mmajy cHmkaBajyhu edexar kama cy y
nutawy T1, T2 u T/I3, 1ok koA CBUX OCTalIMX MoOjeja MPOY3pOKyje MoBehame rpemike
nporaosupama. llpomemuBa penaTuBHe eHTponuje (eHr. KLscore) Ouna je CTaTUCTUYKU
3Ha4yajana camo kox TJI®P monena u nmana je epexar nopehaBama rpemke IpOrHO3Upamba.
YV nocneamom peny Tabene 8-1 mpukasaH je koeduIMjeHT AeTepMuHanuje (R? craThcTHKa),
KOju TpezcTaBiba nporeHat BapujabuiHoctd PMCE rpemke objamimeHne npeicTaB/beHUM
mozenoM. R’ craTucTuka kpeTana ce y pacroHy of 19,38% 3a TA®II, na yak m0 67,73%
objammene BapujabusmHocTH Tpemke 3a T[4 momen. Y3umajyhu y 003up BHCOK HHBO
JNeTepMHUHAIMje KOJU j€ OCTBapaH 3a TI0jeIMHE MOJEJNE€ Yy OBOj aHalM3W, MOXE Ce
KOHCTAaTOBaTH Ja KBaHTH(HUKAIH]ja PAa3IMUYUTAX OCOOMHA BPEMEHCKHX CEpHja 3aMcTa MOXKE
JTOTIPUHETH pa3yMeBamy TAYHOCTH TMporHo3upama XII momena um meromosioruja. OQHOCHO,
MOKe Cce KOHCTATOBATHM [Ja je JAoka3aHa Tpeha xumore3a aucepraunmje, Tj.:
KBaHTU(HKAIM]a PA3IMIUTUX OCOOMHA BPEMEHCKUX CEpHja MOXKE JONPUHETH pa3yMeBamby
TAa4HOCTHU IporHo3upama XII Mogena u metogonoruja.

Y O0BOM HCTpaXHBamky MEPEHE CY caMO KapaKTEPHUCTHUKE CEpHja Y IOHEM HUBOY XHjepapxuje
Y HUCTPAXMBAaH j¢ BUXOB yTHIIA] Ha npenn3HocT XII Mmoaena. Mepewe u yrBphuBame yruiaja
KapaKTepUCTUKAa BPEMEHCKHX CEpHja M3 CBUX HHUBOA y XHjEpapXHju MOXKE OUTH MpeaMeT
Oynyhux ucrpaxuBama.
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9. 3axk/pby4yHa pazmMaTpama

VY nokropary je y HOTIYHOCTH U JIeTaJbHO JaT OATOBOP Ha MPoOJIeM U IpeAMET UCTPAKUBAhA
U OCTBapeHU Cy CBU INJbEBH UCTPAKWBaMka, NS)UHICAHU Y MPBOM IIOTJIaBJby. Y HACTaBKY,
W3/IBOJCHH CY Haj3HAYAJHHUJU PE3YJTATH UCTPAKUBAbA!

Kao HajBaXHHUJU JOMPHUHOC JOKTOpaTa MPE3CHTOBAH j€ HOBU MPHUCTYII 3a yTBphUBame
nearperanuonux napamerapa y T/ merogonmoruju. [Ipemnoxenu npuctyn (TIDP) je
TeCTUpPaH M ymopeheH ca pa3IuYuTUM TMPUCTYNUMA Yy TEOPHJCKO] U EMITHPH]CKO]
CTYIIH]H.

Y cumymanmonoj cryauju, TJDPP je moka3zao MmocTojaHOCT W KOET3UCTEHTHOCT
reHepuinyhu crabuiaHe MporHo3e, 6e3 003uWpa Ha pa3IuyuTe OCOOMHE BPEMEHCKHUX
ceprja Koje Cy caudmaBajle XHJepapXujcKy CTpYyKTypy (tabdema 6-1). TIDP je
OCTBApuoO M HejTauHHUje mporHoze ynyrap T/ meromonoruje, yume je 1oKa3zaHa U pBa
XHUIIOTE3a JOKTOPCKE AUCEpTaIHje.

C 0063upom Ha TO /1a Y CUMYJIAIIMOHO] CTYANJU pas3iuKa y MPEIU3HOCTH MPOTHO3UPAbha
mmehy BY, OLL, TA®II, T[4 u T/I®OP Huje Ouna CTaTUCTUYKY 3HAYAjHA, Y TOKTOpATy
je tectupana u MoryhHoct xomOmHOBama HaBeneHux XII monena. Kao pesynrar,
KoMOuHOBame Mojena 3a XII pe3ynToBaio je TaYHMjUM MPOrHO3aMa HEro IITO je TO
6uo ciyuaj ca nojenuHaunuM XII Monmenuma, nako U KOMOMHOBaHE MPOTHO3E HHCY
Ouse CTaTUCTUYKH Pa3InYMTe O] MPOTHO3a MPETXOAHO HaBEACHUX Mojena (ciuka 6-
2). OBa KoHCTaTaIMja je y CarJlaCHOCTH ca JPYroM XHUIIOTE30M, YUME j& OBa XUIIOTE3a
U JIOKa3aHa.

[lpunukoM  TpOTrHO3Mpama  JIOTUCTHUKUX  3axTeBa y  BHUIIE  CIIAJIOHCKOM
muctpudytuBHoM Janiy bY, OIl u TADP nokazanmu cy Hajoosbe nmepdopmance nmpema
PMCE xputepujymy (cnuka 7-5). CnudyHa cuTyalyja je ¥ KoJ MpuMeHe KPUTEpHjyMa
MAIIE rpemke rae cy OLl, BY u TA®P nokaszanm Hajooske neppopmance (ciauka 7-
6). THDP je ocTtBapuo Hajoosbe pesynTtate mpema MIIE kpurepujymy u 6uo je nmpahen
ca OIl u BY monenuma (cnuka 7-7). Pa3nuka y mperu3HOCTH MPOTHO3HUpama u3Mely
mojena 3a XI1 y cBa Tpu HaBe[HA Cilydaja, HHje Ouila CTaTUCTUUKH 3HaYajHa (IPUII03H
5, 6 u 7). Crynuja cimydaja je mokasana u fa cy npornose T/I®P monena octBapuie
HajOOJBM YTHIIA] HA JIOTUCTHYKE NIepopMaHce, U3PAKEHE Y BHLY IPOCCUHUX 3aJIMXa U
pacroniokuBocTu npousBoja. [lorpedHa cy nama ucrpaxubama (Ha gpyrum JIC) kako
ou ce yrBpawio aa yu THDPP y cBuM Moryhwm XwujepapXwjcKUM CTpPyKTypama H
BPEMEHCKHUM cepHjaMa, MOKe OCTBApUTH HAJOOJbU YTHUIIA] HA JIOTUCTUYKE TIOKA3aTeIhe.
Ha ocHOBy cTynuje ciiydaja MOXe c€ W 3aKJby4WTH Ja ca moBehameM Mperu3HOCTH
MPOTHO3Mpama, J0ja3d M JO0 IO3UTUBHOI YyTHIAja HA JIOTHCTUYKE I0Ka3aTeJbe.
Hagseneno je npukaszano y tabenama 7-3, 7-4 u 7-5 u ciukama 7-5, 7-6 u 7-7, kao u
nerajbHO oOpaheHo y mormornasiby 7-4. M3 cBera HaBeOEHOT NPOU3MIA3H Ja Cy
pe3yaTaTu eMIMpHjCKe CTYIHje Yy CarjlaCHOCTH ca YETBPTOM XHIIOTE30M JIOKTOPCKE
JucepTanyje.

VY nokropary je obpahena u Mmel)y3aBHCHOCT KapaKTEpUCTHKAa BPEMEHCKHX cepuja U
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Ta4yHOCTH mporHo3a moxena 3a XII. Pesynratu ykasyjy na arperupano yuemihe,
pa3nuynTe BapHjaHTe KOePHIMjeHTa KOpenialuje, Ce30HAIHOCT U NpOMEHa HHBOA
BPEMEHCKUX cepuja uMajy Hajeehu yrunaj Ha TauHocT XI1 merononoruja (Tabena 8-1).
CxonHO TOME, OBHM DPE3yNTaTH C€ MOI'Yy KOPUCTUTH 3a 00Jb€ pazyMeBame yTullaja
KapakTepucThKa cepuje Ha TauHocT XII Mmonena, u Ha Taj HaunH omoryhaBa ce ogadbup
aJICKBaTHUX MoJieia TpeMa JIaToj XHjepapXuju, YMMe je JoKa3aHa u Tpeha xumoresa
nmpeAMETHE JOKTopcke aucepranuje. OBaj MOMPUHOC MOXKE OWTH 3HAYajaH y
NPaKTUYHUM IpHUMEHama, jep omoryhaBa KoMmaHHjamMa HICHTU(UKAIH]Y HajOOIBHX
XIT mpucryna 3a npensubame Oyayhe moTpaxme y aaroj curyauuju. Kako O6um ce
MOTITYHO MPOYYMJIa MHTEPAKIMja KOja MOCTOju u3Mely KapakTepuCTHKa BPEMEHCKHX
cepuja u TauHocty XII Moaena moTpebHa Cy Aajba UCTPAKUBAKbA.

MoryhHocT npuMeHe pe3yiTaTa IpeIMETHE JTOKTOPCKE IUCepTaIlije j€ YHUBEp3aIHa U HUje
excrumiTHO Be3aHa 3a JIC. Kpeupanu momern, NMpUHINAI KOMOWHOBaWka W KBaHTHU(UKAIIH]a
pa3IUuuTUX 0COOMHA BPEMEHCKHUX CepHja, y3 Maja NpuiarohaBama, MOTY C€ MPUMEHHUTH U Y
JIpYyruM 00JlacTUMa y KOjuMa MOCTOj€ XHjepapXUjCKe CTPYKTYpPE 3a TPOTHO3UPALE.

Ha ocHOBY cBera HM3J0XEHOT, CBEYKYIHHM pe3yiTaTh Moka3yjy na npemioxenu TJDP
OPUCTYN 3auCTa MOXKE TIOHYAMTH 3Ha4yajHa MoOOJbIIAba Y CMHCIY TPEIU3HOCTH,
MOCTOjaHOCTU U KoeraucTeHTHocTH. Ocum tora, TI®DP je nak 3a pa3ymeBame U jeTHOCTaBaH
3a MPUMEHY, ITO MOXE OWUTH jeHa OJ MPEIHOCTH y mopehemy ca IPyruM MaTeMaTHYKh
3axTteBHHjUM XII Meromonmorujama u mpuctynuma. Mmajyhu y Buay ocTBapeHe pesyirare,
yTBphUBame naearperairoHuX MPOIMOpIHja Kao INTO je NPEemIokeHo y jemHauyuHu 20,
MOKa3aJio ce Kao KOpHCHA HaIorpajika U 3HauajHo yHanpeheme y T/l meromomoruju.

[Topen HaBeneHOT, y OBOj AOKTOPCKO] MUCEPTAIHjU ,,0TBOPEHO™ j€ HEKOJIUKO HOBHX MHUTAHA
BE3aHUX 3a TeMy M OOJIaCT JUcepTaldje Koja YjeAMHO MpeACTaBibajy M mpasue Oymyhux
ucTpaknBama. Kao Haj3HavyajHU]ja HTamka — TeMe OyAyhux HCTpaXXHBamba MOTY Ce€ U3/IBOJUTH:

® TECTHpame UJeje /1a KpEeupame JearperallioHux MponopIirja 3a CBAaKM HUBO MOCEOHO,
a He caMo u3Mel)y Tomer U HajBHUILIET HUBOA (ILTO je CIIy4aj y OBOM JOKTOPATy) MOXKe
na noseze no yHanpehema taunoctu TJDP monena;

® Mepeme U YTBphUBame yTHIIAaja KapaKTePUCTHKA BPEMEHCKHUX CepHja U3 CBUX HHUBOA Y
xujepapxuju Ha npeunsHoct XII merononoruja;

® TECTHpAamE pA3UYATUX NPHUCTYNa 32 KOMOMHOBakC W yTBphUBame HUXOBUX
NPEJHOCTH W HEJOCTAaTaKa, ca acleTka TAa4HOCTH MPOTHO3Upama, CIOXKEHOCTH 32
UMIUIEMEeHTaljy u MoryhHocTH o00e30ehuBama arperupaHe KOEr3UCTEHTHOCTH
KpEeHpaHHUX MPOTHO3a;

e ucTpaxuBame ImabimoHa motpaxkme y JIC u yrBphuBame Hajuemhux mabiioHa u
(akTopa KOju yTHUy Ha HbUXOB HACTAHAK;

® JCTPAXUBAKE YTUIAja PA3TUUYUTHX XU]JEPAXUJCKUX CTPYKTypa U BPEMEHCKHX CepHja
(y HajHMKEHEM HHMBOY XHjepaxuje) ca MmadJIoHHMa Koje je TeXe HACHTHU(UKOBATH
(omrtehenu, mpekuHyTH, ontepeheHn ca MHOTO IIyMa, UTI.) Ha TayHOCT BY mporHo3a;
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® TECTHpame HJeje Ja Ce 3a CBAKH I0jeJIMHAYHU TIEPUOJ] HM3BPIIN IPOTHOZUPAHE
NOTPAXEHE ca YHANpea AePUHUCAHUM HUBOOM YCIIYTE;

e Kpeupame MoJena 3a YIpaBJhamke 3ajuxaMa Koju OM Morao y MOTIYHOCTH [a
HMCKOPHUCTH CBe MH(OpMaIrje Koje CaBpeMEHH MOJICIH 3a TPOTHO3UPAE TCHEPHUIITY;

e yrBphuBame Metonornoruje 3a XII koja Moke ga U3BPIIM NPOTHO3HpAE Y
cly4yajeBUMa Kajaa u3Mel)y 4YBOpoBa Yy XH]EpapXHjCKHM CTPYKTypamMa IIOCTOje U
napajiesHe Be3e.
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IMPUJIOI 1

['pemka TporHO3WMpama TNPEACTaB/ba HEMPEIM3HOCT KoOja HacTaje Kao IOCIeanla
HeMoryhHOCTH MoJieNa [ia FeHepuIle TIOTIYHO TauHe IporHose’>. [TocToje aBe Kiace rpemaka
IPOTHO3MpAha:

® TIpEIIKe KOje 3aBUCE O] jeIMHUIIEC TPOTHO3Upamka (KoMaJl, caT, MUHYT, Opoj JbyH...);

® TpelIKe KOje HE 3aBHUCE OJ1 jeTUHUIIC MPOTHO3UPAA.
Hajuenthu npencTaBHMK rpelike 3a IpOTrHO3Mpamka Koja 3aBHCH O] JeJMHULIE POTHO3Kparha
je 13B. PMCE rpenika (eHr. root mean squared error). PMCE rpemika yTBphyje ce Ha OCHOBY
pesuayana (e) mporHo3upama KOju MpeCTaBibajy pa3iauky u3Mel)y cTBapHe BpeaHOCTH (V) H

MPOrHO3MpaHe BpeaHOCTH ( '), jenHaunna 27:
ei:yi_j;z; (36)
rne je i = (1:N). Ha ocHoBy pe3uayana Bpum ce yrBphuame PMCE, jeanaunna 28:

N
PMCE= /%Ze,. : (37)

Hajrmo3natuju TmpeACcTaBHUK Tpeliaka MpOrHO3Wpama Koje He3aBUCE Off JCIUHHUIIC
nporrosupama jecre T3B. MAIIE rpeuika (enr. mean absolute percentage error). MAIIE ce

. e, .
yTBphyje Ha OCHOBY IIPOLIEHTYAIHOT OACTynama p, =100 -—, mpema jeaHaunHu 29:

MAHE=%ZN:|pi|. (38)

Taxole, yecto ce y nureparypu nponanaszu 138. MIIE rpemika (eHr. mean percentage error),
Koja ce yrBphyje npema jennaunnu 30:

N
M = %z P (39)

[Topen HaBeneHux y aureparypu ce ce uerthe npeanaxke ynorpeda 138. MACE rpemke (eHr.
mean absolute scaled error), 3a ynopehuBame TAaYHOCTH TPOTHO3Mpama HACIpPaM
HajIIPOCTHjer Moiena 3a TporHo3upame T3B. Naive mozena®. MACE rpemka yTephyje ce
npema jeaHaunHama 30 u 31:

e

9= 7 (40)
j :Z:!yz_yt—m|
1 N
MACA :WZ q,|- (41)

52 TlpunukoM ynotpeGe Mojiesa 3a IPOTHO3UPARE, NIOCEOHY MAaXHY MOTPEOHO je 00paTUTH Ha OHE MOJEJIE 3a
KOje ayTOpH NpHjaBibyjy jaKO HHCKY TI'pEIIKYy IPOTHO3Mpama. YecTo ce y Mpakcu HCIOCTaBH 1a NPUINKOM
npoliieca Kperpama Mojielia HUCY MCIIOLITOBaHa MPaBuila MPAaBUIIHOT 01a0upa rmojaraka 3a NpPOTrHO3Upama, IITOo
3a TOCJequIly NPOY3pOKYyje Ja OBH MOJENH BpIle T3B. overfitting nojaraka. 3a BHIIE JeTajba O HPABHIHOM
HA4YMHY 32 Y30pKOBama M TeCTUpama MporHo3a nornexaru (Hastie et al., 2009; Mirceti¢ et al., 2016).

33 3a pume undopmamuja o MACE rpemmm, mornematu (RJ Hyndman & Khandakar, 2007). 3a Bumie
nHpOPMAaIHja 0 TECTHPAIbY PA3NUINTHX MoJena 3a mporHosupame y JIC, Ha ocHoBy MACE rpemike, nmorienatu
(Mircetic et al., 2016; Mircetic et al., 2015).
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IMPUJIOT 2

3a MHOTre KOpDHUCHHMKE  yoOM4YajeHa  Tpemnpeka  npwimkoM  kopuithema — C-
APUMA (p,d,q)(P,D,Q) mozena jecte nipaBuiian u3oop temeHa. RJ Hyndman and Khandakar
(2007) mpemnaxy anroputam 3a uzbop p, d, q, P, D u Q temeHa Ha ocHOBY Akaike
information criterion (AIC) n Bayesian information criterion (BIC):

AIC=—2log)+2Ap+q+P+0+k): BIC = Nlog(SSTE) F(k+2)log(N),  (42)

rae je k=1 axko je ¢#0 u k=0 y cBum ocranmum curyanujama. L je MakCHMMH30BaHa
BepoBaTHONa Mojiena KpeupaHor HaJ Au(epeHIpaHuM noganuma. (1- B")?(1- B)* y, . SSE
j€ cyMa KBaJpaTHOT OJICTyNama pe3uayana. N je Opoj pesuayana KOpuImheHux 3a MmporeHy u
k je 6poj mpemukTtopa y Mozeny. Kako 6u ce mpaBmiHOo onpenuna temena y C-APMIMA
(p.d,q)(P,D,Q) moneny xopuiiheH je anroputam ca ciuke [12-1.

Kopumheme Canova-
Hansen Tecrta 3a
m300p Temena D.

A 4

H360p d npumemyjyhin KPSS TecT jeTUHHYHOT KOpeHa Ha
Ce30HATHO AH(epeHIHpaHuM noaanuma (ako je D=1) wiu
Ha OPHUTHHAIHHM ToganuMa (ako je D=0).

h 4

H36op p, g, P u Q munuvmsoBameM AIC Tpermike.
Jlo3BoJkeHa Cy M HHTEpAKITMOHA TeMeHa 32 MOJIENE KOJT
KOJHUX Baxku d+D< 2.

Cnuka I12-1. Anropuram 3a yrBphuBame Temnaa ko1 C-APUMA mozena (RJ Hyndman & Khandakar,
2007)
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MPUJIOTI 3

Ta0ena I1-1. PMCE rpeiiika nporHo3upama 3a CBakH YBOp y BHIE AUCTpuOyTHBHOM JIC

1% TA1 TA2 T3 oL THDII THADP KOMB1 KOMB2

Toran  1696.8819 1722.9190 1722.9190 1722.9190 1714.9429 1722.9190 1722.9190 1711.8567 1703.9961
A 664.31634  766.18470  804.98906 1018.8628  685.66428  718.20679  598.31601 646.24282  648.20109
b 512.88982  560.81105 563.88892  573.02751 498.42040 50541306  558.99121 521.32268  518.90704
10 29547489  327.15653  329.78019  344.65414  305.47551 308.29397 33570725  303.45877  299.06767
pl 164.65506 197.50371 202.95531 234.03987 167.35060 172.56181 170.10693 166.97753 167.43257
E 307.02830  390.54930  389.51513 44521224  316.33898  353.05599  238.68562  281.86502  283.79956
[} 296.91502  396.06694  410.55855  463.36843 321.56832  334.66831 260.47725  286.81651 287.51067
AA 664.31634  766.18470  804.98906 1018.8628  685.66428  718.20679  598.31601 646.24282  648.20109
BA 284.24637 41294376  394.32418  426.92425 301.05682  323.45913  366.78039  311.34457  307.66881
bb 271.44198  253.46565  240.73038  247.67070  223.10363  209.85139  361.39134  269.73570  268.27862
A 295.47489  327.15653  329.78019  344.65414  305.47551 308.29397 33570725  303.45877  299.06767
IA 164.65506 197.50371 202.95531 234.03987 167.35060 172.56181 170.10693 166.97753 167.43257
EA 307.02830  390.54930  389.51513 44521224  316.33898  353.05599  238.68562  281.86502  283.79956
DA 296.91502  396.06694  410.55855  463.36843 321.56832  334.66831 260.47725  286.81651 287.51067
AAA 148.70223  416.53124  387.18677  517.18146 149.25600  207.43327 168.01720 131.29697 132.16284
AAB 136.07912 130.52736 142.19762 172.03908 147.32643 158.63757 146.95978 143.22155 143.15737
AAIL 175.11821 140.84529 142.98996 150.08332 175.97950 180.83105 177.93464 176.12221 175.80459
AATl 353.39369 28543772  300.18127  328.96487  365.52748  403.09422  366.15331 361.05835  360.56508
BAA 91.499641 84.517241 87.570319 103.35739  84.741274  86.660785  99.907618  91.835342  91.527082
BAB 75999132 55.659569  61.904474  71.501877  74.353353  73.315353 79.729525 76.583933 76.653816
BAI 76.737823  54.829812  60.411228  69.740516  74.390896  71.713323 78.199548  76.259701 76.130145
BALT 21431561 45733405  453.54250  538.77435  236.19114 28631835  244.57401 224.71274  223.80033
BBA 80.623036  59.518090  61.111025  66.391002  80.932864  79.746922  75.803890  78.419751 78.143761
bbb 71.811133  58.292091 59.217182  69.491237  71.868654  71.852546  76.331066  72.653389  72.738998
BBL] 123.28489 117.35882 111.32832 120.05528 122.37445 122.85695 162.13144 130.22643 130.87499
BB/1 203.79387 190.93995 150.43239 152.16358 138.04041 102.42272  443.72222  252.76312  246.20512
AA 112.60023  97.330477  97.859046 102.55374 112.68761 113.17227 110.99197 110.97530 110.90121
LIAB 101.04708  76.112662  84.459135 103.77530 102.04336 108.91517  98.514568 100.43603 100.49481
JAV.NI 138.02085  244.73759  238.94091 286.96462 168.79995  201.20912 182.46764 153.07797 151.48455
A 70.607209 146.32599 117.39550 105.81639  67.618619  67.484640  205.80473  92.913450  93.186982
JAA 20.885202 12.764570 13.192673 15.506083 20.352491 18.077467 15.066354 18.147604 18.307194
JAB 11.170825  8.359850 8.582612 9.883754 11.152144 10.557495 13.308745 11.343803 11.389097
JAILL 40.792753 38329958  37.692475  36.396029  41.024646  41.179678  40.623688  40.809014  40.810042
OAJL 137.42589 169.06856 176.25222  213.68316 138.57753 141.32271 142.12812 138.58935 139.17875
EAA 42489764  31.962262  33.208569  39.407184  52.635286  48.190226  37.810034  42.777680  43.138801
EAB 91.829178  280.32056  291.21808  377.47786  92.193307 163.96782 106.75593 78.877006  79.471557
EAIT 96.533580  89.771705 88.173671 85.391275 103.06425 101.18195  95.647819  98.398687  98.509401
EAL 110.81397  52.850041 49.903047  47.101621 97.818036  71.566350  87.826072  98.277764  98.566168
DAA  72.193614  61.648253  64.515588  74.588589 = 69.124184  69.941265  69.374661 69.109835  69.289649
DAB 104.88373 127.63030 124.96369 140.42311 120.05733 126.84396 100.36706 105.91157 105.94858
DALl 47.785581 149.60620 151.96939 193.05386  53.003028  65.635765 78.626879  54.307868  54.178802
DAL 160.64597 157.51076 172.59941 186.42788 167.51738 172.62582 141.55748 156.18141 157.35465
BrA 165.42968 130.08562 148.48760  200.93403 165.90082 179.99481 180.61617 169.96213 170.03841
BI'b 114.05400 32197122  265.75825  334.50330 113.85654  202.93223  244.41204 142.04004 140.28575
BI'Ll 117.57623 104.25119 115.28175 142.68605 122.06187 132.77416 119.67906 119.57711 119.55121
Bra 67.497616  39.753169  37.280402  36.267510  71.371296  74.287719  71.034533  69.813302  69.751354
Br'E 176.23134 140.55724 142.73404 152.90110 176.67512 180.66992 174.73656 175.79219 175.84798
Bro 16.208093  7.869321 7.842999 11.282720 16.825355 18.777140  25.125591 18.662610 18.538690
BIT 366.96009 26736490  284.04059  321.18198  376.30568  407.93839  376.54324  372.76262  372.23841
Brx 38.439086  55.878650  55.578021 57.566281 38.964733  44.224541 39.598892  38.805772  38.830498
KA 61.080051 51.345331 55.494405  69.947124  59.627648 58917678  62.424271 60.880976  60.805570
Kb 70.825395  42.627217  40.085270  38.982059  67.570568  68.285750  74.400252  70.783082  70.696484
KIT 65.036009  49.084895 54958338  73.657901 64.594602  62.730844  66.423667  65.075062  65.195911
K1 45.073110  22.583582  22.708150  23.770697  44.928321 44.216447 45208420  45.017736  45.026236
KE 79.011739  55.416511 61.737205 71.410916  76.250266  73.423864  81.176836  78.642210  78.509002
Ko 7.809763 6.856093 7.089061 7.041352 8.067303 7.900529 8.322827 8.058304 8.047610

KT 130.83524 132.46437 126.37545 137.63447 129.55836 127.41966 138.75709 130.99652 130.86645
KX 211.71293  359.02363  365.66072  435.00255  221.46703  244.57144 161.03645 190.86164 19291519
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JloxTopcka aucepranuja
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KPA 81.305039  59.505440  63.957472  73.812349  81.479944  79.490006  71.435357  77.330224  77.063001
KPB 22.020763  26.028340  26.953387  28.162757  22.064360  22.403735  21.489986  21.804269  21.850776
KPL] 69.338056  55.612561 56.636694  63.425127  69.405949  69.419230  68.378655  68.959007  68.998730
KPI 15.101606 13.185017 11.686526 13.972446 15.055481 15.121795  22.438056 16.037989 15.915304
KPE 123.52884 120.31981 112.41119 121.21513 122.76652 123.17092 166.97727 131.50667 131.99076
KPD 7.065448 8.053634 6.339336 6.174284 6.964870 7.059027 10.608716  7.817991 7.724103

KPT 95.104161 330.24432 27399399  348.09763 67.844143 140.48939  407.17264 172.81861 166.11960
KPX 124.07256  219.01231 22447607  288.29384  95.525037  76.977687 105.00294 103.45974 103.43628
HA 111.82573  97.659974  98.025154 102.59555 111.90960 112.48696 110.32690 110.15542 110.13228
Hb 7.268978 5.991060 5.881128 5.830030 7.264065 7.217775 7.512498 7.318492 7.340875

HI{ 112.06072  96.031065 106.64397 131.18078 113.90032 123.75288 110.09123 11191611 111.92219
HI 37.486614  39.442945  39.887622 42561688  37.234294  36.370332  37.605906  37.437576  37.426683
HE 116.64452 116.70200 109.63183 117.30267 122.35699 129.37777 136.43744 121.31041 120.40813
Ho 60.571165 144.18411 148.68176 189.06006  78.514138  96.307526  66.652021 62.649213  62.451865
HI' 43.954389  204.53019 167.65741 185.18068  42.565659  44.472390 180.97919  62.077334  64.139517
HX 51.493502 128.39687 137.43020 189.25258  50.670608  50.200977  67.848562  54.749447  54.242002
BCA 17.976994 14.490522 15.274365 18.430977 17.645522  24.339372 15.872095 16.331779 16.388491
BCB 9.460008 7.875827 7.935180 8.045687 9.385893 23.064105  9.525653 9.451468 9.453295

BCL 12.448491 9.521013 10.059962 12.232104 12.216308 11.995295 12.090107 11.667107 11.727351
BCA 6.653649 5.673601 5.719151 5.939508 6.800130 6.670833 6.635313 6.692944 6.694530

BCE 11.242369 10.209661 10.640543 11.692928 11.088897 10.822067 11.056694 11.116253 11.123289
BCo 42.396888  41.786142  41.882793  42.077003  42.483086  42.482517 42369647  42.416082  42.415297
BCI’ 79.507330  82.548486  85.073585 100.46515 79.312922  78.539515 82.836380  80.096671 80.539360
BCX 81.845667  99.556685 103.75978 123.65654  82.998411 85.019329  84.185603 82.746512  82.755610
BBA 40.989677  36.668733  38.742692  46.805753  43.499399  40.749346  40.584270  40.393988  40.545852
BEb 21.974479 18.428155 18.477488 18.689927  26.255610  23.568123  22.216761 23.366010  23.375927
BBL{ 74.912987 142.35375 145.48473 18597950  75.035445 106.96026  62.606919  58.281021 59.932218
BB/| 33.359750 139.28189 146.97276 192.45402  33.571640  62.059705 51.946541 34.266207  33.823581
BBE 28.732351 25931536  27.119632  29.866277  27.459999  26.290816  28.277296  28.022059  27.987254
Bb® 102.12322 100.57861 100.65099 100.99190 104.09240 103.00261 101.92330 102.71185 102.73344
BB 87.916763  47.634819  48.517736  52.807735 79.187108  624.99664  70.725866  78.341249  78.666092
BBEX 39.548814  39.214700  39.067161 39.606358  37.178866  624.98072  39.661305  38.775931 38.737507
BbBA 68.917692  59.841217  63.269222  76.523030  66.402768  75.682755  66.418588  66.263692  66.363073
BBAB  14.527089 15.084665 14.877837 15.862112 14.419364  33.215465 14.903282 14.468303 14.468644
BbBA 51.702656  39.499337  41.874654  51.169211 50.581975  48.220774  48.750829  49.452881 49.465293
BBAJ]  81.595151 131.70074 133.44429 164.58301 90.906414 104.11328  65.134306  74.101639  74.400076
BBAE  46.875606  42.277995  44.262699  48.807724  45.066660  44.412389  46.106430  45.790235  45.760052
BBA 34.872308 164.34221 170.44071 220.33585 38.468550  58.314136  57.771670  34.610350  34.016529
BBAI'  56.359948 139.81308 117.76439 150.43647  59.526243  54.263598 80.802570  58.739853 57.904732
BBA 121.34728 24551232 250.99551 300.03862 123.82712 135.21578 113.65940 115.54845 116.57745
IIpocex  135.849 163.398 163.573 187.75 137.21 157.289 147.978 136.929 136.684
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JloxTopcka aucepranuja Jlejan Mupuaetuh MacT. mHX. caoop.

ITPUJIOI 4

Ta0ena I1-2. MAIIE rpeiika nporso3uparma 3a CBakd 4BOp y Bulire 1uctTpuoyTuBHOM JIC

BY Tl T2 T3 oL TADI T/IOP KOMBl  KOMBE2
Toran  20.39256  20.86509 20.86509  20.86509 20.72128  20.86509 20.87652  20.66345  20.54891
A 3810210  53.33319 56.18790  71.65938  40.11536  42.92487 36.24767  37.75816  37.87180
B 19.65185  22.19246  22.36341  22.82681 19.04401  19.52351 2205179  20.24035  20.11943
1 17.47863  22.73292 23.04575  24.54858 19.84610  20.15978 2322620  19.82689  19.35496
i\
E
@

34.16233 42.42528 43.21794 48.14235 34.72316 35.40213 35.30145 34.40676 34.48084
32.44623 43.60702 43.46801 50.96539 33.33915 37.45468 25.34314 29.42138 29.64417
22.67990 33.61184 35.05590 40.54153 24.73354 25.83246 20.92759 22.32476 22.35125

AA 38.10210 53.33319 56.18790 71.65938 40.11536 42.92487 36.24767 37.75816 37.87180
BA 18.53978 29.70063 28.17889 30.84885 20.48892 22.72249 23.48067 20.36944 20.17061
BB 23.36927 19.14457 19.08956 19.06862 18.82082 17.25004 31.40611 23.17723 22.98942
A 17.47863 22.73292 23.04575 24.54858 19.84610 20.15978 23.22620 19.82689 19.35496
JA 34.16233 42.42528 43.21794 48.14235 34.72316 35.40213 35.30145 34.40676 34.48084
EA 32.44623 43.60702 43.46801 50.96539 33.33915 37.45468 25.34314 29.42138 29.64417
DA 22.67990 33.61184 35.05590 40.54153 24.73354 25.83246 20.92759 22.32476 22.35125

AAA 58.29942 209.03012 195.39480  255.32327 58.13761 96.23073 64.73048 47.30991 47.79634
AAB 99.19226 123.06274 133.94240  160.52031 115.12554  133.70064 109.90618 107.81652  107.82262
AAILL 66.18630 54.85195 59.43939 67.81997 67.18785 74.08509 69.04201 67.37778 67.29102
AAJLl 34.95269 29.17799 32.01333 36.78238 37.11363 45.94521 36.15476 36.00026 35.95011
BAA 128.45269  146.59423 151.53978  176.81899 114.34700  120.36023 140.21752  127.06962  126.47069
BAB 56.29356 47.47923 54.01540 63.49305 56.49638 53.41765 57.43853 56.18511 56.52702
BAI 50.17908 40.55867 45.87391 54.25195 49.95931 47.78932 50.96359 50.16923 50.04177
BAY 20.15014 47.65909 47.21256 56.98973 22.63662 28.15434 22.61677 21.36671 21.23585
BBA 75.62006 63.89050 69.47354 81.67162 76.59545 72.45245 62.39956 70.25615 70.09464
bbb 52.02991 47.44180 49.25404 64.00832 52.54562 52.28173 59.24069 53.65881 53.38078
BBL] 26.65265 27.34107 25.71083 28.15094 26.08099 26.39370 33.35711 26.84514 27.46606
BB 36.66941 36.02736 27.80630 28.18095 25.41722 19.04696 84.74386 47.02823 45.05540
TAA 71.64793 60.41955 66.75233 79.07861 71.28238 72.20161 67.35790 69.46184 69.48553
IAB 50.47059 42.24082 48.74227 62.06966 51.34296 56.20830 50.20652 50.62593 50.64491
ALY 17.31121 37.27687 36.28436 44.66706 23.60056 28.86091 22.80522 20.58948 20.31836
AL 18.57080 35.71470 28.25600 26.59990 17.68801 17.44769 56.35870 25.19525 25.49039
JAA 60.63559 35.81692 38.36031 48.93671 58.78309 49.86428 43.41158 50.55894 50.81824
JAB 48.22091 33.78471 36.58402 46.52304 47.76330 43.05993 49.57418 46.40622 46.67729
JAILL 59.77669 51.71396 50.52994 48.52302 60.45635 59.84964 59.10880 59.78061 59.81047
A 59.97176 56.60044 57.27367 62.60163 58.78476 56.48570 57.22787 58.21818 58.29133
EAA 52.34388 38.95407 42.38460 55.39025 66.44981 56.83217 47.74340 52.39166 52.87291
EAB 16.08181 55.44278 57.95077 76.93145 16.21501 29.80393 17.60197 13.87475 13.99898
EAILT 56.04811 47.70682 46.60674 44.62444 59.56933 58.03765 54.87284 56.71758 56.77129
EAL 78.03973 34.12260 33.36512 33.28713 66.27482 45.32492 56.26966 66.26311 66.75106
DAA 60.50686 65.01049 71.04063 87.71938 60.20641 67.65920 67.14026 60.34054 60.61510
DAB 30.11812 41.10129 39.85252 46.85564 35.24739 37.46742 30.82581 31.06193 31.32271
DAI] 12.31672 46.39063 47.23127 62.09644 13.78895 17.84300 21.09880 14.54672 14.50469
DAL 31.75710 31.07836 35.61593 39.84380 33.30587 34.73820 29.50757 31.40754 31.51351
113.18734  130.57512 148.22706  192.13824 114.38234  142.45416 132.07713  119.50563  119.59928
243.27801  910.66767 764.40808  943.17574 241.47539  288.02957 434.32314  296.69189  291.38374
95.33290 123.54710 137.28487  169.03883 104.71803  124.73953 104.16482  100.57167  100.74669
679.57602  532.98547 499.80075  486.19799 774.07374  770.28539 730.80982  727.55965  727.00981
70.74254 59.36372 64.86145 77.11071 71.49434 7737113 69.84385 70.57961 70.68434
168.06762  72.53104 68.39585 67.18846 182.80540  197.66803 312.42734  218.28709  215.40230
43.62510 34.66177 37.77209 44.46779 46.15582 55.29375 45.17188 44.95947 44.89544
27.76189 43.59280 44.37508 41.01829 30.15818 42.33611 27.52681 27.62348 27.91692
112.59145  128.45562 138.70368  172.28670 106.78450  106.51015 120.48859  112.84068  112.43656
737.18115  579.76318 54528437  530.35604 659.82614  710.69931 787.18254  727.44205  724.88527
60.77221 50.58679 57.20901 77.09374 60.53651 57.82808 60.51316 60.29577 60.64687
333.67358  217.70940 239.56433  44.78635 320.05364  339.08391 313.54012  312.12012  312.54135
57.96774 48.26557 55.01904 64.73310 56.93932 54.31923 59.44593 57.86895 57.67061
72.72230 62.75107 55.96273 57.09023 75.16118 71.31258 82.51769 76.22760 75.57703
25.21319 25.52404 23.91641 26.80644 24.78721 23.50492 25.27048 24.59862 24.66550
36.70452 68.75684 70.16908 84.61106 38.94273 43.90485 24.32115 32.04347 32.82916
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KPA 129.22812  125.38804 139.70084  164.26309 130.66244  122.01094 94.69067 116.53231 116.31512
KPB 60.15599 63.45904 66.18364 72.81398 59.41505 58.04954 61.53647 59.70378 59.91073
KPL] 63.38568 56.50687 60.62235 75.26934 63.61332 63.67825 61.34886 62.60344 62.67152
KPI 187.39844  210.36855 170.62253  228.28006 196.37572  189.53574 379.81644  248.85707  246.13012
KPE 26.92875 28.23557 25.91564 28.49684 26.52828 26.74404 35.24436 27.49444 28.07568
KPD 125.92096  239.48301 139.65939  126.37132 117.96752  125.91360 290.87297 175.00440  168.80315
KPT 151.62219  698.07125 583.77940  734.24967 88.72496 243.17124 729.93285  295.95109  279.20220
KPX 25.14109 56.24198 57.97640 77.39444 19.53101 14.52988 22.11135 20.44876 20.53375
HA 74.40261 64.13969 71.39088 84.81596 74.28913 75.10499 68.97661 71.86967 71.97546
Hb 101.82621  113.72064 97.07546 85.99218 96.60015 101.27135 128.43287 105.52481  105.50627
HI{ 120.15132 14531118 161.22323  193.96109 125.08287  145.83967 125.65331  123.49576  123.01515
HI 109.61568  105.38168 99.08468 74.73935 112.62310  128.72306 102.07942  108.05140  108.46188
HE 23.38945 28.00648 25.94450 28.17705 28.01830 30.57962 27.36817 25.11237 24.89575
Ho 18.24799 53.44315 55.43384 72.57113 24.53991 31.49314 22.57565 19.53964 19.40698
HI 186.25056  1097.12200  918.24088  1003.55001  175.35055  194.44788 746.22592  203.02144 214.34171
HX 16.67683 43.55680 47.57040 70.02409 16.33225 15.94520 21.72642 17.26035 17.30216
BCA 115.10815  132.65248 143.10444  179.14633 112.86114  124.21513 114.95244  96.39111 94.77296
BCB 54.85067 52.30949 52.08005 51.67114 55.79682 114.11811 55.86088 55.45915 55.45116
BCL 114.57597  118.42555 129.24282  162.64494 111.28370  110.54963 84.47513 99.34789 100.09349
BCA 62.51560 54.65406 54.43641 53.45648 64.94270 69.60918 62.14984 63.19281 63.08612
BCE 102.83122  120.66074 128.73589  146.17811 99.40864 98.16224 106.59766  102.90799  102.76994
BCo 83.23680 80.43185 80.83853 81.65471 83.25349 82.39631 83.51504 83.33511 83.33191
BCI 208.43610  119.19503 11542622 99.20253 203.30619  187.50032 198.12375  203.14671  202.90169
BCX 57.74710 56.79808 56.88666 62.12378 57.53543 56.47182 56.10150 56.99355 57.12073
BBA 112.66191  159.66748 172.82600  215.54833 117.27451  91.03155 136.06125 111.91356  112.48312
BEb 62.98271 62.43765 62.27847 61.61124 69.16744 63.21130 63.94745 63.93541 64.17147
BBLL 25.87586 54.23909 55.60839 72.61300 26.03537 37.99884 19.92721 20.05722 20.53570
BB 10.74293 56.43130 60.23053 81.56871 10.84569 21.79439 18.44339 11.76158 11.61339
BBE 138.37868  159.54637 170.93960  193.75861 119.10037  112.66234 145.55599  132.11997  130.75501
BBD 79.40792 78.56915 78.73224 79.49881 81.16425 80.71538 79.69278 80.04377 80.09413
BB 129.59553  74.34685 81.40451 97.33771 113.02165  868.70973 75.36513 103.64018  105.03824
BBEX 56.24158 58.37743 58.26800 58.71398 55.40630 1213.32160 56.61634 55.67414 55.77482
BBAA 113.91139  169.25695 183.32211  228.40400 119.94635  144.46322 143.28289  122.01673  122.59139
BBAB 59.97054 50.21856 50.69298 49.30421 65.33768 160.02945 65.23113 63.13776 63.19281
BBAI] 146.22421  162.99572 179.04134 22542742 124.81538  118.63892 113.45090 127.06520  127.56533
BBAZ  30.80220 59.64970 60.64585 71.77775 34.78528 40.87450 25.93538 27.56934 28.20019
BBAE 144.66580  168.82089 181.14397  205.52954 124.23626  125.66466 152.94514  138.38124  137.94295
BBA®  10.35331 62.33709 65.09296 86.69628 11.70322 18.72185 19.52715 10.92341 10.59985
BBAT 310.23521  1023.66962  867.54405 1098.43046  322.26728  292.46459 351.73244  249.22240  242.09968
BBAX  25.58160 66.06731 68.02790 84.94405 26.21442 29.10712 23.08433 22.95160 23.50992
Tpocex 85.26 117.24 111.72 127.12 84.70 110.61 106.15 87.56 87.26
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ITPUJIOI 5

Ta0ena I1-3. MIIE rperika nporso3upama 3a CBakKd 4BOp y BuUllle TUCTpuOyTUBHOM JIC

BY Tl T2 TI3 o1 TA®II TJIOP KOMB KOMBL1
Toran 10.00124 10.8687184 10.8687184 10.868718 10.617919 10.8687184 10.8786112 10.4992570 10.3791772
A -11.1790 -48.3264083 -51.873582 -69.878192 -16.34209 -22.5615823 -16.568426 -14.696503 -14.216642
b 11.18385 13.5346714 13.9418919 15.045761 10.203891 11.0180117 14.9546783 12.1141405 11.1532692
10 0.01377356 10.8379656 11.8266825 15.669067 6.651551 7.2271715 14.6282690 7.0937325 7.3478646
I 6.226896 29.0719448 31.4529698 43.847882 7.682193 10.6485594 10.0297032 7.9795976 8.6387158
E 30.5243 43.2991735 43.1493867 50.965390 31.473036 35.9106514 18.5526934 26.8500237 27.9795651
) 20.21184 31.9239679 33.8404960 40.342850 22.685242 24.0524791 12.6278294 18.5083048 18.0527143
AA -11.17900 -48.3264083 -51.8735822 -69.878192 -16.342091 -22.5615823 -16.5684206 -14.6965023 -14.2166425
BA 5.652761 26.0621448 23.8654143 27.620652 9.834222 13.7559374 1.7035296 5.7301708 5.4194982
BB 17.57389 -2.6804545 0.9688821 -1.217308 10.153148 7.0932108 30.7905156 19.5058499 17.4195090
A 0.01377356 10.8379656 11.8266825 15.669067 6.651551 7.2271715 14.6282690 7.0937325 7.3478646
JA 6.226896 29.0719448 31.4529698 43.847882 7.682193 10.6485594 10.0297032 7.9795976 8.6387158
EA 30.52434 43.2991735 43.1493867 50.965390 31.473036 35.9106514 18.5526934 26.8500237 27.9795651
DA 20.21184 31.9239679 33.8404960 40.342850 22.685242 24.0524791 12.6278294 18.5083048 18.0527143
AAA 8.840046 -209.0301188 -195.3948002 -255.323268 8.391026 50.4007030 -0.8813808 5.4498972 6.5323791
AAB -87.98781 -119.4522175 -131.2183236 -159.113374 -105.838745 -125.2650988 -103.0130771 -98.9465453 -97.8657775
AAIL -22.11137 -30.1715962 -38.4614703 -51.509061 -26.922501 -37.7211942 -33.4363920 -27.4900880 -26.6032284
AALT -10.93833 -13.1417374 -19.3954345 -27.326968 -16.127421 -29.1690022 -16.0666423 -14.3774635 -14.4010624
BAA -122.2213 -144.5451892 -149.7663720 -176.050296 -103.229351 -114.2959823 -136.6620306 -120.7042335 -119.0300201
BAB -25.58427 -37.3838230 -47.0123373 -59.148039 -20.095056 -24.4273628 -36.4121810 -27.3638346 -26.8422198
BAI] -26.67786 -29.1538558 -37.7049465 -49.090176 -17.979552 -16.8010628 -29.0522141 -24.5698754 -24.0355393
BALT 18.48976 47.6590908 47.2125605 56.989734 21.442738 27.5938856 15.4647184 18.4657379 17.9617035
BBA -53.69796 -45.0614994 -54.0859312 -70.076265 -53.087183 -45.3895729 -25.1307057 -43.9719506 -43.9565349
BBB -12.61806 -29.3018515 -32.6679971 -55.254404 -16.315425 -14.1762945 -37.2666993 -22.0667266 -21.6405523
BBI] 7.531911 21.3607326 18.2201366 22.634032 5.550141 6.5485479 -14.7204511 -0.5461328 -0.6963193
BB/1 32.69746 -25.4930251 -11.2751721 -12.018182 17.950790 8.6324261 83.5404004 44.7295507 39.6784075
AA -35.43182 -33.9610286 -45.4838566 -64.518764 -30.098656 -37.4604447 -4.0545911 -23.1950210 -17.9266965
1IAB -17.62773 -30.5822412 -40.0702449 -56.986619 -20.976621 -33.9132222 -22.6888595 -20.4310719 -20.8374320
ALY 3.933997 36.8016505 35.6648377 44.667059 17.200693 24.7550212 0.9653051 7.3666653 7.1312132
AL -2.837331 -23.6733417 -8.5492580 4.362028 -2.821440 -6.9181721 54.8828567 16.4080288 18.3165692
JIAA 45.24198 -19.2336898 -24.3042698 -40.619808 41.839928 32.2141795 0.6961382 29.2593489 30.3343227
JIAB 0.6035368 -17.0960365 -22.5799319 -38.128425 1.362312 -3.1898282 32.2745865 11.4134785 13.3166245
JIALL 53.61428 45.8985724 44.1450633 40.529427 53.850003 52.8885431 51.0989911 52.8544262 52.9288358
AT -27.68525 20.5813031 26.2467894 51.823417 -24.721577 -17.8608220 -18.9043089 -23.7703790 -22.0236999
EAA 19.27184 -23.1567984 -29.4678013 -47.887585 49.308167 42.4840722 -2.0692957 22.1702383 19.8919770
EAB 15.48308 55.4427848 57.9507670 76.931449 15.702043 29.8039333 1.8218605 11.0023287 12.7016399
EAILL 50.68921 44.2753406 41.9064667 37.637882 54.849611 53.8832388 48.5851612 51.3746618 51.3891968
EALL 70.08638 8.4023790 2.7370219 -7.043104 56.086510 28.5637962 46.2078994 57.4602616 58.5613472
DAA 8.866284 -50.2228075 -58.8740035 -79.939309 -10.177198 -39.2496775 -33.5214581 -11.6107906 -9.9340297
DAB 18.30127 40.3660545 39.0151391 46.591061 27.886519 32.4836126 9.5190117 18.5689345 17.5397377
DAIL 4.587936 46.2115948 47.1189074 62.096440 8.259216 14.0180583 -2.0640641 3.5943625 1.8858715
DAL 30.83421 24.6408765 32.6566822 38.772821 32.495760 34.1264172 29.4353884 30.9217848 31.7831599
BrA -85.69207 -123.3588712 -143.2485899 -191.603053 -86.356152 -74.0810124 -115.6105220 -95.8862471 -97.0786186
BI'b 223.3959 -910.6676694 -764.4080814 -943.175739 222.155178 192.4209354 404.1073305 283.2194800 266.5033844
BI'l| -69.76337 -115.7133064 -132.1028645 -166.272332 -81.778188 -103.4107560 -87.3464265 -79.6293269 -80.1032917
B -674.6701 -532.8902840 -499.5115569 -485.776424 -770.650684 -765.9364637 -726.0413148 -723.7873698 -711.7208189
BIr'E -20.16415 -34.1946796 -43.4340093 -61.905243 -24.434418 -35.0142029 -25.5121877 -23.3702534 -22.8519473
B -154.4283 -43.0565742 -36.0175480 66.595193 -173.541124 -187.2805076 -310.0394806 -212.6696313 -192.7157950
BIT -14.18459 -16.3866690 -23.7398623 -34.780954 -19.363154 -32.7255442 -20.1616234 -17.9031236 -17.9077534
BI'X -17.35208 -22.1866907 -23.7646764 -16.118980 -24.069069 -38.8002763 -16.8945170 -19.4385543 -19.7227986
KA -84.56236 -119.9866764 -132.1741766 -169.217610 -74.839640 -77.9885345 -100.8615571 -86.7545176 -85.9699788
KB -731.3405 -579.6050125 -544.7918587 -529.608546 -648.318468 -704.8743198 -782.1651240 -720.6080375 -715.3629074
K1 -24.49698 -40.5056970 -50.2789253 -74.486820 -21.895114 -22.9395160 -36.4286326 -27.6069102 -26.8704931
KT -304.5975 -199.8832014 -222.6778259 33.852867 -228.986213 -310.2145444 -289.4591062 -274.3475978 -272.7877472
KE -36.25584 -38.1173907 -48.0277361 -60.423031 -26.989993 -25.5583373 -39.3867794 -34.2108719 -33.4127131
Kod 18.79425 -1.9573231 12.8048127 9.994650 29.082421 25.1638909 33.7049601 27.1938783 28.2980215
KIr -7.359919 20.1181195 17.4460757 22.163757 -3.389724 4.6562551 5.7905810 -1.6530206 -2.3165759
KX 36.70452 68.7568426 70.1690776 84.611061 38.942734 43.9048523 20.4831622 32.0434722 31.6634112
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KPA -109.2834 -112.3263494 -128.8534726 -156.798725 -109.047567 -98.2839112 -61.5485937 -93.2931976 -92.2458359
KPB 11.43659 49.5482358 59.2427763 71.241463 12.662672 17.8811028 3.4024266 9.1672288 8.2371975
KPIT -15.24625 -33.4056939 -40.7965139 -63.260624 -18.623607 -16.8627272 -25.1117360 -19.6605319 -19.3601167
KP[I -159.1982 -194.7326101 -151.4705164 -213.863986 -172.323851 -162.2205338 -377.5731575 -236.3650770 -238.3585239
KPE 7.462634 22.8299847 18.8760805 23.240427 5.567433 6.4704948 -16.4252393 -1.1317243 -1.3885672
KP® -23.20790 -234.7638191 -129.9166429 -115.589656 -38.566692 -23.9531434 163.7774663 34.0009574 34.5675180
KPI' 121.0629 -698.0712545 -583.7794017 -734.249666 24.236120 201.7876034 714.8601053 286.7197049 220.6467905
KPX 22.97435 56.2419761 57.9763965 77.394437 15.657125 -10.1241899 10.8548408 16.4954390 16.9895228
HA -38.12431 -36.6540232 -49.2817021 -69.693095 -32.972106 -40.3486593 -3.6399537 -24.9121232 -19.1585126
HB -64.68996 -95.7177328 -76.7588193 -63.830705 -46.238112 -65.2484756 -106.0072412 -72.3117714 -72.7223181
HIJ -94.63089 -135.3054857 -154.0240628 -190.783826 -101.346762 -126.6060670 -105.3208389 -100.4328312 -100.1015591
HIT -15.78072 -7.3173582 2.1104489 54.890127 -20.251992 -40.6790429 -9.3068122 -15.1131759 -16.1300730
HE -2.081225 23.5943288 20.2590140 23.858408 13.495424 19.9820328 -2.7426185 2.8905269 3.1991646
HD 10.05187 53.4431507 55.4338385 72.571132 20.693408 29.6539180 3.3860211 11.3771009 10.5311538
HI -111.8013 -1097.1122056 -917.6221520 -1003.245093 -120.499441 -113.4479907 739.4456700 169.0483247 200.7092663
HX 2.425319 43.0245107 47.3662384 70.024093 2.618011 -1.8483280 10.9673636 5.3368980 4.3807474
BCA 55.29975 -119.1297609 -132.0859337 -172.216861 50.628085 36.5115680 -72.7192681 11.0695229 12.9669513
BCB 13.97118 6.9824955 8.6647328 11.662775 9.199288 17.0668796 10.7258537 11.2987736 11.6884773
BCI -71.37394 -104.1740680 -117.3705373 -156.556931 -66.678664 -73.3683092 11.9448646 -42.0359121 -38.9998432
BCJ 11.69128 8.2406214 10.0145846 18.001743 10.095822 0.1044718 9.7722910 10.5197982 10.8272048
BCE -71.30466 -106.8477214 -116.7268567 -137.028841 -67.300588 -68.4182039 -80.0747609 -72.8933379 -73.2740671
BCD 79.42344 80.4318514 80.8385297 81.654707 79.330368 78.4832632 78.6923154 79.1487087 79.4049305
BCTI” -178.0909 -50.3686691 -41.2482217 4.856820 -171.167487 -151.2745449 -162.4729990 -170.5771250 -169.7943570
BCX -15.29965 19.5689504 26.1223658 53.203540 -12.482188 -6.8687486 -4.9719495 -10.9179306 -8.9840444
BBA -25.21069 -145.7599170 -161.6574183 -208.561092 39.733271 20.7089101 -93.0247591 -26.1673921 -16.9053880
BBEB 9.186871 0.9402805 1.6314277 4.528445 38.413954 31.0010628 6.9372297 18.1793515 18.1759937
BBIL 25.76136 54.2390868 55.6083870 72.612997 25.940254 37.9988441 0.6277832 17.4431328 19.3361935
BB]] 3.788927 56.4312952 60.2305295 81.568710 4.058031 20.4380582 2.5914443 3.4794675 4.9603724
BBE -104.6016 -145.2270120 -158.7139064 -184.600736 -68.065035 -75.4721631 -117.0865283 -96.5843837 -90.2065016
BB® 78.0371 77.5741243 77.7812613 78.754853 79.560046 77.9394931 77.8009770 78.4660563 78.4378516
BBI' 93.69936 -53.1956802 -64.1916362 -84.971444 69.393940 788.2448229 30.3281598 64.4738198 68.4505694
BBEX 34.29838 38.3676866 37.6790087 40.181789 23.103855 -1007.4863501 36.4688265 31.2903527 30.7400420
BBAA -7.114797 -155.2493017 -172.1261042 -221.448440 -40.815518 -91.6711756 -100.0816160 -49.3373104 -44.9297330
BEAB -25.70136 -6.0312813 -8.2380588 1.125127 -38.574974 -98.0154744 -39.3423847 -34.5395742 -33.3060781
BBAIL -97.21469 -147.4840220 -166.4638627 -219.075783 -31.719851 -58.2974890 -40.1833276 -56.3726214 -54.0502364
BBAJL 26.82191 59.6496991 60.6458498 77.777752 31.955267 39.4171884 7.7952264 22.1908005 20.3436060
BFAE -110.6088 -154.4982095 -168.9508108 -196.349022 -71.623772 -87.0240056 -124.1675818 -102.1333715 -103.9971379
BBAD® 9.381912 62.3370935 65.0929598 86.696276 10.849865 18.2991754 0.9726689 7.0681486 5.3593062
BBAT 93.99736 -1021.5014791 -864.6234745 -1096.451110 123.451692 85.4473983 261.7454773 159.7315109 160.4492235
BBAX 25.15053 66.0673055 68.0278999 84.944055 25.801220 28.8944318 16.7197391 22.5571621 23.3259947
IIpocex  -25.2141 -72.17 -66.55 -74.15 -23.443 -29.8777 -14.6162 -21.091 -20.698
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