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M3Bopa: Y 0BOM pasly NpMKasaHu cy pesynTaTi UCTparkMBarba yTuuaja ogadpaHmx daktopa Ha
NPOAYKTUBHOCT Npepaze NUNAaHCKUX Tpynaua dykse Ha npumepy n3adpaHor npomnssohaya pe-
3aHe rpahe y Cpduju npmeHOM MeToaa CTaTUCTUYKOr MogeAnpatrba. AHanusa je odyxeatuna
TP OCHOBHA GaKTOPa KOjU MMajy YTULLA] HA NPOAYKTUBHOCT, @ TO CY AYKMHA, CPeaU NPEUYHUK
1 6poj pe3osa Ha TpynumMma OyKBe Koju cy npepahuBaHu y NOCMaTpaHOM BPEMEHCKOM Nepu-
oay. UctparkmBatba cy cnpoBeseHa Ha y30pKy og 105 Tpynaua vy kemy cy dune 3actynsbeHe
pasiMunTe BeNIMYMHE Cpeatber NpeyYHnKa, Ay*K1MHa 1 dpoja pesosa. cTparkuBatrba cy UMana
33 UW/b Aa yTBpae GYyHKLMOHANHY 3aBUCHOCT o4adpaHux paktopa 1 NPOAYKTUBHOCTU KaKo
bu ce: ussenun ogrosapajyhu 3aksyuum, gane CTpyyHe NpenopyKke u Npeanoxune mepe 3a
noseharbe NPoOAYKTUBHOCTM Y M3adpaHOM Mpom3BogHOM cuctemy. Ca Lun/bem carnesaBarba
bYHKLMOHaNHe 3aBUCHOCTU M3adpaHux Bapujadan, cnpoBeAeHo je CTaTUCTUYKO Mogenvpatbe y
nporpamckum naketnma SPSS, v.20 n MS Excel npu yemy je Kao 3aBMCHa NPOMEH/bMBa M3adpaH
bpoj Tpynaua Koju ce npepage y jeiHOM caTy, @ Kao He3aBUCHe NPOMEH/bMBE 3anpemmnHa (Koja
y cedu cagpu cpesbu NPEeUYHnK 1 AyKUHY Tpynaua) u dpoj pesosa. CTaTUCTUUKKN J0OUjeHn
napameTpu NoKasaaum cy CUrHMbUKaHTaH yT1Laj 3anpemuHe 1 dpoja pe3osa Ha npomeHy dpoja
Tpynaua Koju ce npepage y jeaHom caTy. Y 40O1jeHOM perpecMoHOM Mogeny, KoebuumjeHT Ko-
penaumje R nsHocu 0,994, aoK je KoedbuumjeHT geTepmuHaumje R?=0,988. C o63npom aa ce y
NWNAHCKO]j Npepaam ApBeTa NPoAyKTUBHOCT Hajuelwhe n3pakasa Kao 3anpemmHa npepaheHunx
Tpynauay jeAMHULM BpeMEHA U3BeAeH je U TpaHchopMMcaHn 0dNUK jeaHauYMHe Koju nokasyje
3aBMCHOCT 3anpemuHe o4 dpoja Tpynaua v dpoja pesosa. MocTaB/batbem xmMnoTesa n Tymave-
HeM CTaTUCTUYKMX NOKa3aTe/ba YCTAHOB/bEHO je Aa je yTULLAj aHanM3npaHux Gaktopa Beoma
BE/IMKM, A/l Aa NOPes, tbUX HA NPOAYKTUBHOCT YTUYY TEXHUYKM U OPraHmn3aLMOHKN GaKTopu.

K/byuHe peum: NpoayKTUBHOCT, TPYNum, 3anpemuHa, Spoj pe3osa, kopesnauuja, perpecuja

YBOA

Y ycnoerma n3paxkeHe KOHKypeHumje 1 Benn-  HOCTW Koje ce CnpoBoge y npasuy ybnakasarba
Ke noTpaXtbe 3a APBHOM CUPOBMHOM C jeaHe  KAMMATCKMX NPOMeHa C Apyre cTpaHe, npeayseha
CTpaHe 1 OrpaHUYEeHUX LWYMCKUX pecypca 1 aKTUB- 13 ApBHE MHAYCTPUje yNaKy BE/IMKe Harope Aa ce
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[ApPBHa CMPOBMHA Y MOTMYHOCTU U LWITO PaLMOHan-
Huje uckopuctu (Sretenovié, Glavonji¢, 2014).
CTanHe NpomeHe 3axTeBa TPXKULUTA, jayakbe KOH-
KypeHuuje, noseharbe LleHa OCHOBHUX CMPOBUHA
W HepocTaTak KBaMbUKOBaHe pagHe cHare camo
Cy Heku o npodnema ca Kojuma ce npeayseha y
APBHOj MHAycTpMju Cpduje cBakogHeBHO cycpehy.
[a 6u npeanysehe morno ga oncraHe u aa ce pa-
3BMWja Y OBAaKBUM YC/I0BMMA NOC/0BaHba, OHO MOpa
aa dyae cBeCHO CBMX CBOjUX A0OpUX M owmnx
cTpaHa v aa dyne GneKkcMdUAHO U cnpemHo Ha
CBaKOJHEBHe NPOMeHe Koje OKpyere Hamehe.
M3 Tor pasnora oueHa ycnewHocT! Npon3BoaHEe
npeacTaB/ba BEOMA BaxKaH GpaKTop y aHamsm oue-
He cTatba npegyseha. Mokasate/bu nomohy Kojux
npeaysehe nckasyje csoje nponssogHe moryhHo-
CTU ¢y, Hajuewhe, NPOAYKTUBHOCT U EKOHOMMY-
HocT. NMpema Cufar et al. 2012, Syksa ce moxe
KOPUWCTUTM 3a fodKjatbe Hajmarbe 250 nponseoaa,
ann u3paga CBaKOr HWje onpaBAaHa y cMUCAY
epUKacHOCTU N eKOHOMUYHOCTU. 360r Tora je uy
0BOM paly nocedaH aKLeHaT CTaB/beH Ha jefiaH o4,
nokasaTesba YCNEeLWwHOCTU NPON3BOAHOT CUCTEMA,
a TO je NPOAYKTUBHOCT.

MpoayKTUBHOCT NpeAcTaB/ba M3pas Npou3Bosa-
Hux moryhHocTu npeayseha, o4HOCHO, NocmaTpa-
HO M3 EKOHOMCKOT yrna, Hajuewhe paunoHanHo
Kopuwherbe pagHe cHare. MpoayKTUBHOCT M3pa-
»KaBa cnocodHocT npeayseha fa npousseae oape-
HeHy KonMumHy nporsBoaa 3ag08osbaBajyher Kea-
nmTeTa y Hajkpahem BpemeHCKOM nepwuoay, y3
HajMatbM yTpolaK pagHe cHare. Ha npoayKkTme-
HOCT Zenlyje MHOro ¢akTopa, Koju ce Mmory nogenu-
TU y ABe OCHOBHe rpyne. To cy 00jeKTUBHU U Cy-
OjekTnBHU dakTopn. OBjeKTUBHU PaKTOPK CY OHM
Koju Ha npeaysehe Aenyjy U3 OKpYyKekba U Ha FUX
npeaysehe He MOXe MHOTO Aa yTuye. Heku og, Tnx
baKTopa cy TEXHOMOLWKM NPOHANACLM, HOBA Hayuy-
Ha gocTturHyha, NpUpoaHM YCIOBU U Mepe Apy-
WwTBEHeE 3ajeaHunue. Ceu oBu dakTopw, y Behoj unm
Marb0j MepM, yTUYY Ha MNOC/IOBakbE jeAHOT Npeay-
3eha. ®aKTopu Koju cy aHaM3MpaHu y OBOM paay,
a Ha Koje cBako npeay3sehe moxe u Tpeda Aa yTu-
Ye fa OM ONCTano Ha TPXKULWTY, Cy CYyOjeKTUBHM
dakTopu. Mpey rpyny cydjeKTnBHMX GpaKTopa YMHe
JbyACKM paKTopu Y Koje cnagajy CTpyKTypa pagHe
CHare, pafiHO MUCKYCTBO, KaApPOBCKA MNOUTMKA U
apyru. Jpyra rpyna cybjektnsHux daktopa cy op-
raHusauuoHu daktopu. Nopes HaBeseHUX PpaKTo-
pa, npema Eliasson L. (2011) Ha npogyKTUBHOCT
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1 edUKACHOCT NPOU3BOAHE BENUKM YTULA] UMAjy
KBa/IUTET N Apyre KapaKTepuUCTMKe CMPOBUHE ca
CBOjMM MapameTprMma of, KOjUX Cy Haj3HAyajHUju
pa3maTtpaHu y 0BOM pafly Ha npumepy nsadpaHor
npou3BOAHOr CUCTEMA.

MIPEAMET U I/ PAAA

OCHOBHM MpegMeT WUCTpaXkMBarba y OBOM
paZy npeactas/ba npepaga SykosBux Tpynaua y
n3adpaHom npousBogHOM cucTemy y Cpduju.
OCHOBHM LiM/b Pajia cacTojao ce y UCTPaXKMBakby U
aHanu3u ytuuaja cneaehux napamerapa 6ykoBumx
Tpynaua: AY»KMHA U CpeatbM NPeYHUK Tpynaua 1
5poj pe3oBa, Ha NPOAYKTMBHOCT HbUXOBe Npepase
y usadpaHom npoussogHOM cuctemy. MocedaH
Uu/b pasa npeacrassbano je ussohere ogpehe-
HUX 3aK/byyaKa 1 C TUM y Be3UN AedUHUCatbe 04-
rosapajyhux npenopyka u mepa og, 3Havaja 3a
yHanpehere NpoLyKTUBHOCTM Y M3adpaHOM Npo-
M3BOAHOM CUCTEMY.

METOA PAAA Y1 OBPAAA IIOAATAKA

3a notpede cnpoBoherba UCTPaAXKUBaHbA, Y
0BOM pay KopuwheHe cy cnegehe HayyHe meTo-
e UCTpaXKMBatba: aHanu3e, MHAYKUnje, AefyKun-
je Kao M meToge CTaTUCTU4YKe aHanamse. MNopes
Tora, KopuwheHe cy U TeXHUKe TEPEHCKOT UCTpa-
YKMBakba: UHTEPBjY U CHUMarbe. CTaTUCTMYKA 00-
pafia noAaTaka BpLUEHA je y CTaTUCTMYKOM Nporpa-
my SPSS, v.20.0 i MS Excelu. OCHOBHM CTaTUCTUUKM
anaTtu, Koju ce Hajyewhe KopucTe 3a aHanM3y 1
npojekumje noHawara oapeheHnx eKOHOMCKUX
nojasa, dasnpaHu cy Ha perpecMoHoj 1 Kopenaum-
OHOj aHaNM3M Kao HEM3OCTaBHUM MeTogama. 3a
NpoLEeHy 3Ha4YajHOCTW NojeaMHUX eNemeHaTa 4o-
OujeHUX perpecMoHux mogena TpeHaa kopuwhe-
HU cy KoeduumjeHT aetepmuHaumje (R? ), koedu-
uMjeHT Kopenayuje (R), t-cTaTUCTUKe J0OUjeHUX
oueHa napamertapa u F-ctatuctuka (Rankovic,
2012). Mpar cTaTUCTMYKE 3HAYajHOCTU Y CBUM CNy-
yajesuma duo je a=0,05 (HMBO A03BO/bEHE IPELLKE
je jeaHak unm mambm og 5%) (Rankovic, 2012). Y
OBOM pagy, meTofa aHanuse KopuwheHa je 3a
aHaM3y NPUKYN/bEHUX NogaTaka o npepagu oy-
KOBMX TPynaua y n3adpaHom npomn3BOLHOM CUCTE-
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my. MeToaa nHaykumje je kopuwheHa y pagy 3a
nssohere ogpeheHunx 3ak/byyaka o npepaam oy-
KOBWX TpynavLa, Kao 1 3a oueHy NoKasaTesba Npo-
OYKTUBHOCTM. MeToga aeaykumje je kopuwheHa
3a odjawrberbe YMbEeHMLA U n3Bohere 3aK/byya-
Ka Ha OCHOBY noAaTaka AodujeHuX U3 HaBeAeHUX
CTAaTUCTUYKMX NaKeTa.

MpuKyn/barbe nogaTaka 0daB/beHO je y Npou-
3BOZAHOM CMCTEMY KOju ce Hanasm y Kpaswesy. Pe-
3yATaTU CHMMaka Ccy ynucueaHu y Beh npunpe-
M/bEHE CHMMAYKe nuctoBe. HaKoH 3aBplieHor
CHMMaHba, CBM NOJALN CYy NOABPrHYTU Hajnpe /io-
TMYKOj KOHTPO/IU, @ 3aTUM CY YHOLLIEHW Y HaBeaeHe
CTaTUCTUYKe MaKeTe Yy KOjMMa je BpLUEHA HMX0Ba
odpaga. [ly>K1MHa Tpynaua KpeTana ce y oncery of,
2,0 m po 5,8 m, nok cy cpeatbn NpevyHnum Bapu-
pann og 23 cm po 78 cm. bpoj pe3oBa Ha nocma-
TPaHMM TPyNuMma KpeTao ce og 6 Ao 26 no Tpyn-
Ly, Y 3aBUCHOCTU Of MNPETXO4HO HaBeAEeHMUX
KapaKTepucTuKa Tpynaua. Tpynum cy npepahusa-
HW KopucTehu TPU HauMHA NU/bera: ,HA OWTPO”,
,ApU3MMpare” n ,KPyKHO MHAnBMayanHo. vy
3aBMCHOCTU Of, KapaKTepucTuka Tpynaua dmpaH je

1 oaroBapajyhu HauMH Nu/berba. Y30pak Ha Kome
je U3BpLUEHO CHUMatbe Y M3adpaHOM BPpeMEHCKOM
nepuoay nsHocwmo je 105 Tpynaua.

MpownssoaHu cuctem y Kpasbesy y Kome je CHU-
Mahbe M3BPLUEHO NpeAcTaB/ba TPEHYTHO Hajsehu
NpPOV3BOAHM CUCTEM 3a Npepasy dyKoBUX Tpynaua
y Cpdujn ca roguwbuMm KanauuTeTom of, OKO
30.000 m3, oiHOCHO AHEBHMM KamauuUTeTOM of,
oko 100 m?. MNMpoun3BOAHM CUCTEM 3amnolu/baBa
npeko 400 pagHuKa 1 npepahyje UCKbyunso Oy-
Koge Tpynue. CHMMakre je BpweHo 16 pagHux
CaTu Ha UCTOj MalUMHKM, TPAYHOj NUAK TPyN4apu,
mapke Rulmak RM-120 y TOKy 4eTupwu aaHa, Kojy
je oncnyxuBao jeaaH pagHuK. Ha octanvm mawm-
HaMma, y HaCTaBKy TEXHOJIOLLKOT npoLeca npepaje,
paanau cy pagHuLM Ynjm je npouec paaa 3aBMcmo
op, ePpMKacHOCTM paja Ha TPAYHOj MUK Tpynyapwy,
LUTO je O, BENIMKOT 3HaYaja Kaga ce BpLUM Mepere
NPOAYKTUBHOCTU. MPOAYKTUBHOCT je CHMMaHa
camo y npBoj $a3un pasa Ha NMHMjK 3a ABOdaAsHY
npepagy. 36MpHU Noaaum o BpeaHoOCTMMa nojesu-
HUX MapameTapa Koju cy AodujeHn y TOKY CHUMa-
Hba NpUKasaHu cy y Tabenn 1.

Tabena 1. 36upHe BpeaHOCTM M3adpaHux daKkTopa NPOAYKTUBHOCTH Npepase OyKoBUX TpynaLa Koje cy Aodu-
jeHe y TOKy cHMMaHba y n3adpaHom npoussogHom cuctemy y Cpduju

P Bpoj npepaheHnx Tpynaua

3anpemuHa npepaheHunx Tpynaua

bpoj pe3osa

(kom/h) (m3/h) (kom/h)
1. 7 4,16 119
2. 4 1,75 56
3. 7 4,21 98
4, 9 3,94 112
5. 6 3,21 101
6. 8 4,04 118
7. 4 1,53 46
8. 7 3,75 108
9. 4 2,24 48
10. 5 3,69 80
11. 10 5,99 123
12. 8 3,94 95
13. 7 4,98 98
14. 7 4,76 90
15. 5 3,01 51
16. 7 4,53 98

Cpeatba BpegHoCT 6,5625 3,7325 90,0625

M3BOp: opurnHan
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3anpemuHa Tpynaua godujeHa je kopuwhe-
wem dopmyne:

roe je:
g, — CpeArbu nNpeuHuk Tpynua [m]

71— AyXuHa Tpynua [m]

T - Jlynondos 6poj 3a0KpyKeH Ha Age Aeummane
(3,14).

[OodujeHe BpefHOCTU Cy 3a0KpyKUBaHe Ha
ABe geummarne Tj. Ha UCTU Opoj Aeummana Ha Koju
ce 3a0Kpy»Kyje no ctapum JYC cTaHgapgmma Koju
ce v gasbe npumersyjy y npakcu y Cpduju namy
KOHKPETHOM MPOM3BOAHOM CUCTEMY.

Ob6paja NpUKyn/beHUX NOAATaKa BpLUEHA je y
nporpamcknum naketnma SPSS, v.20.0. n MS Excel,
Y KOjuMa cy crojeHe perpecuMoHa u KopenaumnoHa
aHa/M3a Kao jeAUHCTBEH MeTOAO/OLWKM anar. Je-
AaH oA, TaKBMX MakeTa KopuwheH je n y paay
Potkdny et al.,, 2013. Y noOMeHyTUM CTaTUCTUY-
KMM MaKkeTUMa BPLUEHO je ogpehusarbe 0dimka u
cTeneHa 3aBUCHOCTU M3mely NPOAYKTUBHOCTU
npepaze dykosux Tpynaua n ogadpaHux dbakTtopa.
3a noTpede y oBom pagy KopuwheHe cy moryhHo-
CTM U3payyHaBakba NapameTapa ABOCTPYKe JNHe-
apHe perpecuje Kao U CTaTUCTUYKOT BpeAHOBakba
NCTUX.

MapameTpu jeaHauYMHa KOjU Cy M3payvyHaTH
NoABPrHYTU CY OLEHM CTAaTUCTUUYKE 3HAYaAjHOCTH
OAHOCHO CUTHUPUKAHTHOCTU, MPEKO HUXOBUX
CTaHAApPAHUX rpelaka u ogrosapajyhe t - ctatu-
ctuke. Mpema Bojovic¢ S., Mitrovic S., 2010, po-
dnjeHn moaenmn CTaTUCTUYKM CY OLEHEHU KPO3
OLEeHY M aHanusy KoedbuumjeHTa geTepMUHaLmje
(R?) n KoeduumjeHTa Kopenaumje (R). Koedpuuu-
jeHT kopenaumje (R) KopuwheH je Kao enemeHT Ha
OCHOBY KOjer je oLer1BaH HUBO NMOBE3aHOCTYH 3a-
BUCHE U HE3aBUCHUX MPOMEH/bUBUX.-

RE3YATATU UCTPAJKHBAIHA

MpBK KOpaK y TEPEHCKOM UCTPaXKMnBakby npes-
CTaB/bao je eBuAEeHTUpPare dpoja TpynaLa Koju ce
npepajge y jeHOM caTy, HbMX0Ba 3aNpeMuHa 1
Opoj pe3oBa Ha CBaKOM nojeaMHavyHoM Tpynuy. Ha

84

Taj HAaUMH, CTBOPEHA je Nosa3Ha OCHOBa 3a Jodu-
jarbe PyHKUMOHaNHe 3aBMcHOCTU dpoja Tpynaua
KOju ce npepaje y jeAHOM caTy y O4HOCY Ha 3a-
npemuHy u 6poj pesosa.

Hynta xunoTesa y oBOM c/yyajy npeTnocrasu-
Na je Aa He nocToju mehysasucHoCT amehy nMHe-
apHor KomnosuTta Bapujadnau u dpoja Komaga npe-
paheHux Tpynaua.
X, — He nocroju mefysasucHoct usmehy nuHeap-
HOr Komno3uTta Bapunjadau n dpoja Komaga npepa-
HeHux Tpynaua.
X, — Moctoju mehysasncHocT nsmelyy mHeapHor
KomnosuTta Bapujadam n dpoja Komaga npepahe-
HUX Tpynaua.

dyHKUMOHaNHA 3aBUCHOCT dpoja Tpynaua 1
JIHEeapHOr KOMMO3MTa NpUKa3aHa je IMHeapHoOMm
jeAHauYMHOM:

. y=a-x,+b-x,

roe je:
y — 6poj Tpynaua [kom]
X,— 3anpemuHa Tpynaua [m’]

x,— &poj pesosa [kom].

OCHOBHM NapameTpu 0BOr mogena cy:
a=0,657

b=0,045
S,,= 0,282
S,,= 0,012
t, =233
t, = 3,824

| t(a)l < t[o,os)
[t < toos)
R=0,994
R? = 0,988
R_2=0,916
Se=0,781
F, = 597,46
Sig. = 0,000

Ha ocHoBy fo8ujeHnx napameTtapa jefHauymHa
nma cnegehu odnuk:
y=0,657 - x, + 0,045 - x,
OpcTynarbe cTBapHor 6poja Tpynaua o4 perpe-
CMOHWX BPEAHOCTU Yy BPEMEHY MPUKa3aHo je Ha
rpaduKoHy 1.
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Scatterplot
Dependent Variable: bpoj Tpynaua
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IpadmkoH 1. MpuKas oacTynarba cTBapHoOr dpoja Tpynaua o PerpecuoHmnx BpeaHoCTu y BpemeHy

(MU3BOP: OpUrMHan)

BpegHocT KoedumunjeHTa Kopenaumje R (R =
0,994) n Herosa CTaTUCTMYKA 3HAYajHOCT NOKa3syjy
Aa je dpoj Tpynaua, y BeNIMKOj mepu nosesaH ca
JNINHEapHUM KOMNo3nuTomM Bapujadau. Koepuum-
jeHT aetepmuHaumje R?nsHocum 0,988 wTo goaat-
HO MoKasyje aa ce dpoj npepaheHnx dyKOBUX Tpy-
naua y vM3adpaHom MPOU3BOAHOM CUCTEMY Y
3Ha4ajHOj mepun MoxKe 00jaCHUTU NPOMEeHama 3a-
npemuHe u dpoja pesoBa Ha TpynuMma. To KOH-
KpeTHO 3Hauu aa ce 98,8% ykynHor dpoja Tpynaua
MoKe 08jacHWUTV NpeKo oBe aBe Bapujadne.

BpepHocT perpecnoHor napameTpa a y3 3anpe-
MUHY nsHocm 0,657, LOK perecMoHn napameTtap
Koju je y Be3u ca Opojem pesosa usHocu 0,045. Mo-
cmaTpajyhu oBe BpefHOCTU, Kao U BPeaHOCTU U
3HaAYajHOCT t CTAaTUCTMKA 33 3anpemuHy u 6poj pe-
30Ba, MOXKe Ce 3aK/by4uTu Aa Cy aHaIM3npaHu na-
paMeTpu y AUPEKTHO] BE3U ca dpojem TpynaLa Koju
ce npepage. To notephyje 1 rpadunyKkM NpuKas.

C 0831pom fa ce y NUNaHCKoj Npepasm ApBeTa
NpoAyKTMBHOCT Hajuyewhe n3pakasa Kao 3anpe-
MWHa npepaheHnx Tpynaua y jeAMHULM BpeMeHa,
jeaHauunHy dpoj (2) je duno notpedHo TpaHcdop-
MucaTv y odaMK Koju noKasyje 3aBUCHOCT 3anpe-
MWHe npepaheHnx Tpynaua y jeAMH1LM BpemeHa
Tj. NnpoAyKTMBHOCTM og, Spoja Tpynaua Koju ce npe-
paze y jeaHuumM BpemeHa 1 dpoja pesosa.

Ha ocHoBy n3BpLUeHe TpaHchopmaumje jeaHa-
ynHe 6poj (2), modujeHa je cneaeha jeaHaumnHa:
y=1,522+x,—0,068 X, ...cc.... (3)
roe je:
Y — NPOAYKTUBHOCT No 3anpemuHu [m3/h]
x, —dpoj Tpynaua [kom]
x, — &poj pesosa [kom].

JegHaumHa (3) nokasyje GyHKLMOHANHY 3aBK-
CHOCT 3anpemMuHe npepaheHux Tpynaua Tj. npo-
OYKTUBHOCTM o, Opoja Tpynaua u dpoja pesosa.
Kao wWTo ce u3 HaBeAeHe jeAHauYMHe MOXKe Buae-
TV, NPOAYKTUBHOCT M3payKeHa NpeKo 3anpemuHe
npepaheHunx Tpynaua je AMPEKTHO NPoONopLmo-
HanHa Opojy Tpynaua Koju ce npepase, a 00pHYTO
nponopunoHanHa 6pojy pe3osa. Y KOHKPETHOM
cny4ajy, ako ce dpoj Tpynaua noseha 3a 1, a §poj
pe3oBa cmakbk 3a 1 NPoAyKTUBHOCT Npepase Tpy-
naua y nocmaTpaHoM Mpou3BOAHOM cuctemy &u
ce nosehana3a 1,59 m?/h.

AUCKYCHJA PE3YATATA
N CTPAJKHMBAIbA

MprKasaHM pe3ynTaTu Cy jacHO MoKasanu se-
MKMW yTULaj n3adpaHux Gpaktopa Ha NpPOAYKTUB-
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HOCT npepage dyKoBuX Tpynaua y nsadpaHom
npou3BogHOM cucTemy. Mopes AnHeapHoOr mogae-
na, paheH je n cteneHn moaen y Kojem cy goduje-
HUW NOWMjK pe3ynTaTh U OHWU CaMUM TUM Y pagy
HUCY NpuKasmneaHu. MehyTum, nowTo je nocma-
TpaH yTuuaj cBe Tpu Bapujadne 3ajegHo, notephe-
HO je Aa je hWXOB yTULAj Ha BpeMe odpase Benu-
Ku. MocmaTpajyhu nnHeapHy perpecujy 3aBucHe?
Bapujadne n NMHeapHOr KOMMNO3UTA HEe3aBUCHUX?
Bapujadnu notpsheHo je aa AMHeapaH KOMNO3UT
odjawrbasa 99,4% ykynHor dpoja Tpynaua Koju ce
npepage y jeaHom caty. Ctora ce 3ak/byyyje aa je
HYNTa XMMOTe3a ONOBPrHYTa U Aa NOCTOjU INHeap-
Ha NOBEe3aHOCT KOHKPETHOT IHeapHOT KOMNO3M1Ta
W 3aBUCHe Bapujabne y Nponu3BOLHOM CUCTEMY Y
KOMe je CHMMatbe U3BPLLEHO.

Ha ocHOBY Hanpepa U3HeTor, y HAaCTaBKy je npu-
KasaHa nporHo3a moryhe npounsBoaHe YKONMKO
ce aHanusupaHu GaKTopU ycKkaage ca peasHum
moryhHocTMa npoussoaHor cuctema. Mpu Tom, y
npakcu cy moryhe pasnnuunte cutyaumje, y cmucay
Aa ce nosehasajy 1 dpoj Tpynaua Koju ce npepa-
hyjy y jeaHom caTty n dpoj pe3oBa, ga ce nosehasa
Opoj Tpynaua, a fa ce cMatbyje dpoj pe3oBsa, Aa ce
cMatmbyje 6poj Tpynaua, a ga ce nosehasa 6poj pe-
30Ba M a ce cMatbyjy M dpoj Tpynaua u 6poj peso-
Ba. 33 cBe 0Be KOMOMHaALMje Npema jegHaunHu (3)
33 NPOM3BOAHM CUCTEM je HAjKOPUCHMje, ca acnek-
Ta NPOAYKTUBHOCTM, Aa ce nosehasa dpoj Tpynaua
Koju ce npepahyjy y jeAHOM caTy, a Aa ce cmatbyje
6poj pesosa. Y Tom cmucay y Tadenm 2 cy npeacra-
B/bEHUW pe3ynTaTM Mofenvparba oBe onuuje 3a 5
cny4vajesa.

3a cnyyaj pa ce 6poj Tpynaua no caTy noseha
3a 1, a 6poj pe3oBa cmatbM 33 1y ogHOCY Ha HoU-
XOBe cpefihe BpegHocTv ns Tadene 1, morno 6u ce
oueKnBaTh Aa du cpeaHba BPegHOCT NPOAYKTUBHO-
CTM Mo caTy usHocuna 5,45 m® wro je 3a 1,72 m?
nnn 46,01% Buwe y ogHoCY Ha cpearby BpeaHOCT
npopesaHux Tpynaua n3 Tadene 1. Kaga du ce dpoj
Tpynaua no caty nosehao 3a 5, a 6poj pe3osa cma-
HMOo 3a 5 morio 6u ce oyekmBaTn ga du nopact
NPOAYKTUBHOCTM M3HOCKO BULLE OZ, TPW NyTa Y OA-
HOCY Ha cpefitby BPeAHOCT Koja je u3mepeHa npu-
JINKOM CHUMakba Y peasiHum yCcaoBMma, y nsadpa-
HOM NPOM3BOAHOM cucTemy. To Hajdosbe Nokasyje

! Bpoj Tpynaua

2 3anpemuHa 1 dpoj pesosa

86

KO/IMKO M3MepeHa MPOAYKTUBHOCT Yy peasHum
yCNOBMMa MOXKe Aa ce Nodosblia v Aa je noTpedHo
npeaysumaTti ogrosapajyhe mepe kako &u ce oHa
yHanpeauna v noAuraa Ha BULIK HUBO.

Tabena 2. Mpojekyuje moryhe NnpogyKTMBHOCTM Yy 3a-
BMCHOCTU oZ noseharba dpoja Tpynaua U cmarberba
Opoja pe3oBa

tg' Bpoj komaga* Bpoj pesosa* [poayKTMBHOCT
E[ n+l,.,n+5  n:-l,..,n5 y

K (kom/h) (kom/h) (m3/h)

1 7,56 89,06 5,45

2 8,56 88,06 7,04

3 9,56 87,06 8,63

4 10,56 86,06 10,22

5 11,56 85,06 11,81

*HanomeHa: n, — cpearbm 6poj kKomaga no cary,
n,— cpeArm 6poj pe3osa no caTy; M3Bop: opuruHan

Ha rpa¢dumKkoHy 6poj 2 aart je rpadnykmn npmKas
npoAyKTMBHOCTK, Npu nosehary dpoja Komazga
npepaheHnx Tpynaua 3a n +1,..., N + 5 n cmamery
Opoja pesosa3zan-1,.., n-5.

Ha ocHoBy pe3ynTata uctpakmBarba n 13Bp-
LEHMX aHanu3a, jeaHa o mepa Kojy ou Tpedano
npUMeHuTK 3a nosehake NPOAYKTUBHOCTU Y MO-
cMaTpaHOM MPOM3BOAHOM CUCTEMY jecTe Aa ce
npe odpaje BpLM pa3BpcTaBakbe TpynaLa no Kna-
cama u aed/bUHCKMUM paspeauma. HepososbaH
6poj TpaHcnopTepa U HUXOBO HENPaBU/IHO NOCTa-
B/bakbe Y MPOU3BOAHMU je jelaH 04 K/byUYHUX opra-
HU3aUMOHUX Npodnema nocmaTpaHe NPou3BOA-
e, KOjU OUPEKTHO yTMYe Ha MPOAYKTUBHOCT.
Modosbluakba y TPAHCMOPTHOM CUCTEMY Y BEJINKO]
mepu &u gonpuHena nosehary Opoja Tpynaua
Koju 61 ce mornm npepahusaTh y jeaHom cary. Mo-
pen 6p:Ke U Naklle maHunynaumje npeameTuma
odpase, UxoBa NpumeHa du pagHMKY 3HATHO
O/1aKLWana nocao, CMakbuaa Heros ymop u tume
AonpuHena nosehatby onwTe NPOAYKTUBHOCTU
HeroBor paja.

Mpema Loh i Koh-u (2004) y nocnearsunx He-
KO/IMKO roguHa npeagyseha cy ce ycmepumna Ha yca-
BpLUaBakbe TEXHO/IOTMje U CMakbere dpoja 3ano-
cneHux 380r nownx eKoOHoMcKkux ycnosa. OBa
YMHbEHMLA YKa3yje ga npodsiem Koju ce jaBs/ba y
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cBeTy noctoju u 'y Cpduju. ModanHe npomeHe y
Nnoc/ioBakby YTUYY MPBEHCTBEHO Ha edUKacHOCT
KOMMaHuje 1 NoKywajuma ga ce npoHahy ontu-
MasiHa pellera 3a nocaosake (Hernaus, 2009).
Y nopehetby ca HaBeAEHUM, CZIMYHA CUTYyaUM]a je
M Yy NPO3BOAHOM CUCTEMY Y KOME je cnpoBeseHo
UCTpakmBarbe. JeHa o4, pas/ivKa jecTe ga ce y
n3adpaHOM NPOU3BOAHOM CUCTEMY HE YNaXKy Be-
JINKA cpeacTBa y TEXHOJNOWKY MoAepHU3aunjy
Kako Ou ce onwTa NpoayKTUBOCT U edUKacHOCT
JoBene Ha 3af0BosbaBajyhu HMBO. HMBO npoayk-
TUBHOCTU M3adpaHor NPOM3BOAHOT CUCTEMA je Be-
oMa HM3aK y nopehery ca CAMYHUM NPOU3BOA-
HUM CUCTEMMMA Yy Pa3BUjeHUM €eBPOMCKUM
3em/bama. 3aocTajarbe npegyseha 3a npepaay
apseta (6e3 HamelwTaja) y Cpduju, 3a npeaysehu-
Ma y pa3BMjeHNM eBPOMNCKUM Ap}KaBamMa, Kajaa cy
Y NMUTakby MHBECTULM]E Y TEXHOIOLKY MOAEPHM3a-
unjy, Hajbosbe nokasyjy cnegehu npumepw
(Glavonjic¢ B., 2017): yKynHe MHBeCTULMjE Y Ha-
0aBKy MallKHa 1 onpeme no jeaHoMm npeaysehy y
npepaan gpseta y Hemaukoj y 2015. roguHun ns-
Hocune cy 56.745,2 EUR, y Cnosaukoj 7.703 EUR,
ay Cpdujn 3.259,3 EUR. U3 Tor, a n Apyrux pasno-
ra, NpoceyYHa NPOAYKTUBHOCT Y NPOM3BOAHM pe3a-

He rpahe y 2015.roanHu y Cpduju je nsHocmna
139,6 m®/pagHuky, a y Hemaukoj 1.129,8 m*/pag-
HUKy wTo je 8,1 nyTa BMwe Hero y Cpduju. Ykonu-
KO Kenun Aa nodosblua CBOjy KOHKYPEHTHOCT Ha
MehyHapogHOM TPKULLTY MHBECTULLM]E Y TEXHONO-
WKy moAepHu3aumjy he npeacras/batv HEMUHOB-
HOCT 3a u3adpaHo, a u apyra npeayseha y npepa-
am apseta Cpduje.

3AKAYYIH

Ycnep Hef0BO/bHE NOHYAE APBHE CUPOBUHE
Ha TPXKULWTY, n3adpaHo npeaysehe je npumopaHo
4a Kynyje Tpynue pasHUX AMMEH3Mja U NPOMEH-
JbMBOT KBA/NUTETA M3 PA3IUUUTUX LIYMCKUX ra-
3guMHcTaBa. To je jeaaH og pasnora 3dor yera npo-
OYKTUBHOCT y MOCMAaTpaHOM MPOU3BOAHOM
cucTemy Bapupa y WMPOKOM oncery.

HabaBKa 1 npepazia CMPOBMHE IOLLNjEr KBaNU-
TeTa AMPEKTHO yTuye Ha NPOAYKTMBHOCT. [opes,
HWUCKOT NpoLeHTa nckopuwherba Tpynawa nowmjer
KBa/iMTeTa, KBA/IMTET A0OMjEHUX COPTUMEHATA je
npodnemaTnyaH, WTO AOBOAM A0 CUTyaUuje Aa je
npepagza TakBuUx Tpynaua y mMasoj Mepu ncnnatu-

Komaaum
NnHeap (Komagu)

89,06
88,06

7,56

5,45024
8,56
7,04024
9,56

MPOMHO3A NMPOAYKTUBHOCTH

Pe3osun
JNnHeap (Pe3osu)

87,06

MpoayKTneBHOCT
NuHeap (MpoAyKTMBHOCT)

86,06
85,06

10,22024
11,56
11,81024

8,63024
10,56

4 5

MpaduKoH 2. MNosehatbe NPoAyKTMBHOCTM Npu noBehaky 6poja Tpynala M cmakberby dpoja pe3osa
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Ba. MNopep osor ¢akTopa jow jeaaH og objeKTuns-
HUX GaKTOpa KOju y BENNKOj MepU yTUYe Ha Nnocso-
Bakbe npeayseha y nunaHckoj npepagu apsetay
Cpduju je BeNMKa KOHYKpeHUuja namehy nunaHa u
HMxoBa “6opda’’ Ha TPMKMLLUTY 33 CBaKM KYOHU Mme-
Tap ApBHe cMpoBMHe. TeXHONOLKA 3acTapenoct
Takohe npeacTaB/ba jefaH of BeNMKUX npodnema
NpoX3BOAHOT CUCTEMA Y KOME CYy CNpoBeAeHa uc-
TpaxkmBarba. MHore mawunHe cy ctape npeko 30
roAuHa, a maHunynaumja Tpynumma ce odassba
PYYHO WTO Takohe HeraTMBHO yTMYe Ha NPOoAYK-
TUBHOCT. [1py TOM 1 yTULAj APYTUX O8jEKTUBHUX U
cydjeKTUBHMX daKTopa Ha NPOAYKTUBHOCT je Beo-
Ma M3paxeHa, Hajuewhe y HeraTUBHOM CMUCAY.

MODELING

(aleksandra.lazarevic@sfb.bg.ac.rs)

PesynTaTu M3BpPLUEHUX CTaTUCTUYKUX MOLENM-
pakba U C TUM Yy Be3M NpeacTaB/beHe NPOrHO3€e Mo-
ryhe NnpoAyKTUBHOCTM jacHO NOKa3yjy Aa cy, nopes,
TEXHONOLWKe MoaepHM3aumnje, BaxKHU dakTopu
NPOAYKTUBHOCTU Cpeatby NPeYHmK 1 poj pesosa.
OodunjeHe PpyHKLUMOHANHE 3aBUCHOCTM MPOAYKTUB-
HOCTM M 0BMX daKTOpPa jacHO yKasyjy Ha notpedy
HabaBke Tpynaua wTo je moryhe seher cpearer
NPEYHUKA, a Aa NPUINKOM M3paje OCHOBA NU/be-
Ha Tpeda HacTojaTM Aa ce ca WTo MakbuM dpojem
pe3oBa goduje oarosapajyha KonnumHa ApBHUX
copTumeHaTa. 360r Tora OHM NpeacTaB/bajy ABa
BaYKHA e/leMeHTa 3a PacT NPOAYKTUBHOCTU HE CamMo
y n3adpaHom npomssogHom cuctemy seh u wupe.

THE ANALYSIS AND ASSESSMENT OF PRODUCTIVITY IN THE
PROCESSING OF BEECH LOGS ON THE EXAMPLE OF THE SELECTED
PRODUCTION SYSTEM IN SERBIA BY APPLYING STATISTICAL

M. Sc. Aleksandra Lazarevic, professional associate, University of Belgrade — Faculty of Forestry

Dr Slobodanka Mitrovic, full professor, University of Belgrade — Faculty of Forestry
Miljan Kalem, Graduate engineer of forestry, professional associate, University of Belgrade — Faculty of Forestry

Abstract: This paper presents the results of the study of the influence of the selected factors
on the productivity of the processing of beech logs on the example of the selected producer
of sawn timber in Serbia by applying statistical modeling. The analysis covered three basic
factors that have an impact on productivity: the length, middle diameter and number of cuts
on the logs of beech that were processed during the observed period. The research was carried
out on a sample of 105 logs, and it contained various sizes of middle diameters, lengths and
number of cuts. The research aimed to review the functional dependence of selected factors
and productivity in order to reach appropriate conclusions, provide expert recommendations
and measures to increase productivity and make appropriate forecasts of possible productivity
values. In order to examine the functional dependence of the selected variables, statistical
modeling was performed in SPSS, v.20 and MS Excel software packages, where the selected
dependent variable is the number of logs processed in one hour, and as an independent
variable the volume was taken into consideration (which contains the middle diameter and
the length of the logs) and the number of cuts. Statistically obtained parameters showed a
significant influence of the volume and number of cuts on the change of the number of logs
which are processed in one hour. In the obtained regression model the correlation coefficient
R is 0.994, while the coefficient of determination R?* = 0.988. Since in sawmill processing
productivity is most often expressed as the volume of processed logs in the unit of time, a
transformed form of the equation shows the dependence of the volume on the number of logs
and the number of cuts. By setting the hypothesis and by interpreting the statistical indicators,
it has been found that the impact of the analyzed factors is very high, but that, in addition to
them, productivity is influenced by technical and organizational factors.

Key words: productivity, logs, volume, number of cuts, correlations, regression
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INTRODUCTION

In the conditions of pronounced competition
and high demand for wood raw materials on the
one hand and limited forest resources and activi-
ties that are being implemented in the direction of
mitigation of climate change on the other, wood
processing companies are making great efforts to
fully and rationally use timber raw materials (Sre-
tenovi¢, Glavonjic, 2014). The constant change
of demand by consumers, the strengthening of
competition, the increase in prices of basic raw
materials and the lack of qualified labor are just
some of the problems that companies in Serbian
wood industry face on a daily basis. In order for a
company to survive and develop in such business
conditions it must be aware of all its good and bad
sides and be flexible and ready for everyday
changes that the environment imposes. For this
reason, the assessment of production parameters
is a very important factor in the analysis of a com-
pany’s assessment. The parameters by which the
enterprise expresses its productive capabilities
are, most often, productivity and cost-effective-
ness. According to Cufar et al. 2012, beech can be
used to obtain at least 250 products, but the pro-
cessing of each of them is not always justified in
terms of efficiency and economy. Similarly, in this
paper, emphasis is placed on one of the parame-
ters of performances of the production process,
which is productivity.

Productivity is an expression of the production
capability of a company, that is, from the econom-
ic point of view, most often rational use of the la-
bor force. Productivity expresses the ability of a
company to produce a certain amount of products
of satisfactory quality in the shortest period of
time, with the lowest amount of labor force con-
sumed. There are many factors that affect produc-
tivity that can be divided into two basic groups.
These are objective and subjective factors. Objec-
tive factors are those that affect the company from
within the environment and the company does
not have any impact on them. Some of these fac-
tors are technological discoveries, new scientific
achievements, natural conditions and measures of
the social community. All these factors affect the
business of a company to a greater or lesser ex-
tent. Those factors which were analyzed in this

paper, and which every company can and should
influence in order to survive in the market are sub-
jective factors. The first group of subjective factors
are human factors that include the structure of the
workforce, work experience, personnel policy and
others. The second group of subjective factors are
the organizational factors. In addition to the above
factors, according to Eliasson L. (2011), the qual-
ity of raw materials and other characteristics, has
a great influence on the productivity and efficiency
of production of which the most important are dis-
cussed in this paper on the example of the select-
ed production system.

OBJECT AND AIM OF THE STUDY

The main research object in this paper is the
processing of beech logs in the selected produc-
tion system in Serbia. The main objective of the
study was to investigate and analyze the impact of
the following factors on beech logs on the produc-
tivity of their processing in the selected produc-
tion system: the length and the pitch diameter of
the logs and the number of cuts. The specific goal
of the study was to make certain conclusions and,
in this regard, define appropriate recommenda-
tions and measures of importance for improving
the efficiency of production in the selected pro-
duction system.

MATERIAL AND METHODS

For the purpose of carrying out the research in
this paper, the following scientific methods of re-
search were used: analysis, induction, deduction,
and methods of statistical analysis. In addition, the
techniques of field research were used: interviews
and recordings. Statistical data processing was
performed in the statistical program SPSS, v.20.0
and MS Excel. The basic statistical tools that are
most commonly used for analysis and projections
of behavior of certain economic phenomena are
based on regression and correlation analysis as in-
dispensable methods. The coefficient of determi-
nation (R?), the coefficient of correlation (R), t-sta-
tistics of the obtained parameter estimates and
F-statistics were used to estimate the significance
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of individual elements of the obtained regression
models of trend (Rankovic, 2012). The statistical
significance threshold in all cases was a = 0.05 (the
level of permissible error is equal to or less than
5%) (Rankovic¢, 2012). In this paper, the analysis
method was used to analyze the collected data on
the processing of beech logs. The induction meth-
od was used to draw certain conclusions on the
processing of beech logs, as well as for assessing
the indicators of productivity. The method of de-
duction was used to explain the facts and make
conclusions based on the data obtained from the
mentioned statistical packages.

Data collection was peformed in a production
system located in Kraljevo. The results of the re-
cordings were recorded in the already prepared
recording sheets. Upon completion of the record-
ing, all data were subjected to logical control first
and then entered into the listed statistical packag-
es in which their processing was performed. The
length of logs ranged from 2.0 m to 5.8 m, while
the mean diameters ranged from 23 cm to 78 cm.
The number of cuts on the observed logs ranged
from 6 to 26 per log, depending on the previously
described characteristics of the logs. The logs were

processed using three types of sawing: “sharp”,
“prism” and “circularly individual”. Depending on
the characteristics of the logs, the appropriate
sawing method was selected. The sample on
which the recording took place in the selected
time period was 105 logs.

The sawmill in Kraljevo, where the recording
was performed, is currently the largest manufac-
turing system for the processing of beech logs in
Serbia with an annual capacity of about 30,000m?,
or daily capacity with slightly more than 100m>.
The production system employs over 400 workers
and processes only beech logs. The recording was
performed for 16 hours on the same machine, log
band saw - brand Rulmak RM-1200, operated by
one worker in the course of four days. On other
machines, the technological process of processing
was carried out by workers whose work process
depended on the efficiency of work on band saw
logs, which is of great importance when measur-
ing productivity. Productivity was recorded only in
the first phase of work on the line for two-phase
processing. Collective data on the values of indi-
vidual parameters obtained during the recording
are shown in Table 1.

Tabena 1. 361pHe BpegHOCTM n3adpaHux GpakTopa NPOAYKTMBHOCTU Npepase SYKOBUX Tpynaua Koje cy Aodu-
jeHe y TOKy cHUMaHba y 3adpaHom npounssoaHom cuctemy y Cpduju

Sar e Number of processed logs

Volume of processed logs

Number of cuts

(pcs/h) (m>/h) (pcs/h)
1. 7 4.16 119
2. 4 1.75 56
3 7 4.21 98
4. 9 3.94 112
5. 6 3.21 101
6. 8 4.04 118
7. 4 1.53 46
8. 7 3.75 108
&) 4 2.24 48
10. 5 3.69 80
11. 10 5.99 123
12. 8 3.94 95
13. 7 4.98 98
14. 7 4.76 90
15. 5 3.01 51
16. 7 4.53 98

Mean value 6.5625 3.7325 90.0625

Source: original
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The volume of logs was obtained using the for-
mula:

where:
ds - pitch diameter of the log [m]
I - log length [m]
7t - Ludolf’s number rounded to two decimals
(3.14).

The obtained values rounded up to two deci-
mals, i.e. to the same number of decimals that it is
rounded off according to the old JUS standards
that are still applied in practice in Serbia and in the
specific production system.

The processing of collected data was per-
formed in the SPSS software packages, v.20.0. and
MS Excel, in which regression and correlation anal-
ysis is combined as a unique methodological tool.
One of such packages was used in Potkany et al.
2013. In these statistical packages, the shape and
degree of dependence between the productivity
of processing beech logs and the selected factors
are determined. For the purposes of this study, the
possibilities of calculating the parameters of the
double linear regression and their statistical eval-
uation were used.

Parameters of the equations that are calculat-
ed are subjected to the estimation of statistical
significance or significance, through their standard
errors and corresponding t - statistics. According
to Bojovi¢ S., Mitrovic S., 2010, the obtained
models were statistically estimated through the
assessment and analysis of the coefficient of de-
termination (R?) and the coefficient of correlation
(R). The correlation coefficient (R) was used as an
element on the basis of which the level of inter-
connection of dependent and independent varia-
bles was evaluated.

RESULTS

The first step in the field research was to re-
cord the number of logs that are processed in one
hour, their volume and the number of cuts on
each individual log. In this way, the starting basis
for obtaining the functional dependence of the

number of logs processed in one hour in relation
to the volume and number of cuts was created.

The zero hypothesis in this case assumed that
there is no interdependence between the linear
composite of the variables and the numbers of
pieces of processed logs.

HO - There is no interdependence between the
linear composite of the variable and the number
of pieces of processed logs.

H1-There is an interdependence between the
linear composite of the variable and the number
of pieces of processed logs.

The functional dependence of the number of
logs and linear composites is shown by a linear
equation:

y=a-x +bx,
where is:
y - number of logs [pcs]
x, - log volume [m’]
x, - number of cuts [pcs].

The basic parameters of this model are:
a=0.657

b=0.045
S,,=0.282
S, =0.012
t, =233
t, = 3.824

| t(a)l < t(o.os)
| t(b) < t(o.os)
R=0.994
R?=0.988
R_2=0.916
Se=0.781
Foq=597.46
Sig. = 0.000

On the basis of the obtained parameters, the
equations have the following form:

y=0.657+x,+0.045-X, ..ccccc....... (2)

The deviation of the actual number of logs
from the regression values in time is shown in
Graph 1.

The value of the correlation coefficient R (R =
0.994) and its statistical significance show that the
number of logs is to a large extent associated with
the linear composite of the variables. The determi-
nation coefficient R? is 0.988, which further shows
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Scatterplot
Dependent Variable: Number of logs

Number of logs
s

T
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Regression Standardized Predicted Value
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Graph 1. Display of the deviation of the actual number of logs from the regression values in time

(Source: original)

that the number of processed beech logs in the
selected production system can be significantly
explained by changes in volume and number of
cuts on logs. This means that 98.8% of the total
number of logs can be explained through these
two variables.

The value of the regression parameter a with
volume amounted to 0.657, while the regression
parameter that is related to the number of cuts is
0.045. Observing these values, as well as the val-
ues and significance of t statistics for the volume
and number of cuts, it can be concluded that the
parameters analyzed are directly related to the
number of logs being processed. This is confirmed
by the graphic display.

Considering that in sawmill processing the pro-
ductivity is most often expressed as the volume of
processed logs in the unit of time, the equation
number (2) has to be transformed into a form that
shows the dependence of the volume of the indi-
vidual logs in the unit of time on the number of
logs processed in the same unit of time and num-
ber of cuts.

On the basis of transformation of equation
number (2), the following equation is obtained:

y=1.522+%,~0.068 X, ...co.e00rc... (3)
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where is:
y - productivity by volume [m3/ h]
x, - number of logs [pcs]
x, - number of cuts [pcs].

Equation (3) shows the functional dependence
of the volume of processed logs on the number of
logs and the number of cuts. As can be seen by
equation (3), the productivity expressed through
the volume of processed logs is directly propor-
tional to the number of logs that are processed,
and inversely proportional to the number of cuts.
In a particular case, if the number of logs is in-
creased by 1, and the number of cuts is reduced by
1, the productivity of log processing in the ob-
served production system would be increased by
1.59 m3/h.

DISCUSSION

The displayed results clearly show the high im-
pact of the selected factors on the productivity of
beech log processing in the selected production
system. In addition to the linear model, a step-by-
step model was developed in which the results
obtained were worse and they were not shown in
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this research paper. However, since the effect of all
three variables was observed together, it was con-
firmed that their impact on the processing time is
high. Observing the linear regression of the de-
pendent variable and the linear composite of inde-
pendent variables, it was confirmed that the linear
composite explains 99.4% of the total number of
logs that are processed in one hour. It is therefore
concluded that the zero hypothesis is contradicted
and that there is a linear connection between the
particular linear composite and the dependent
variable in the manufacturing system in which the
recording was performed.

Based on the above, the following is a forecast
of a possible production if the analyzed factors are
aligned with the real possibilities of the manufac-
turing system. In practice, different situations are
possible in terms of increasing the number of logs
and the number of cuts that are processed in one
hour, increasing the number of logs, reducing the
number of cuts, reducing the number of logs, and
increasing the number cuts and reducing both the
number of logs and the number of cuts. For all
these combinations according to the equation (3)
from the aspect of productivity it is the most ad-
vantageous for the production system to increase
the number of logs that are processed in one hour,
and to reduce the number of cuts. In this sense, in
Table 2 the results of modeling this option for 5
cases are presented.

In case the number of logs per hour is in-
creased by 1 and the number of cuts is reduced by
1 in relation to their mean values from Table 1,
one could expect that the average productivity per
hour would be 5.45m3, which is 1.72m?® or by
46.01% higher than the average value of sliced
logs from Table 1. If the number of logs per hour is
increased by 5, and the number of cuts decreased
by 5, one could expect that the productivity in-
crease would be more than three times compared
to the mean value measured during real-time re-
cording in the selected production system. It best
shows how much the measured productivity can
change in real terms and that appropriate meas-
ures need to be taken to improve it and raise it to
a higher level.

Graph 2 shows a proportional increase in
productivity, increasing the number of pieces of
processed logs forn+1, ..., n + 5 and reducing the
number of cuts forn -1, ..., n - 5.

Table 2. Projections of possible productivity depend-
ing on the number of logs and the number of cuts

- Number Number -
© é of pieces* of cuts* PrOdeCtIV'ty
o 3 n+l,.,n+5 n-1,.,n-5 (m/h)

(pcs/h) (pcs/h)
1 7.56 89.06 5.45
2 8.56 88.06 7.04
3 9.56 87.06 8.63
4 10.56 86.06 10.22
5 11.56 85.06 11.81

Note: n, - mean number of pieces per hour,
n, - average number of cuts per hour;
Source: original

In this regard, and based on the results of the
research and the performed analysis, one of the
measures for increasing the productivity in the ob-
served production system is sorting logs by classes
and thicknesses before processing, which will be
processed in one working time. Insufficient num-
ber of conveyors and their incorrect installation in
production can be cited as a key organizational
problem of the observed production that directly
affects productivity. Improvements in the trans-
port system to a large extent would contribute to
the increase in the number of logs that could be
processed in one hour. In addition to the faster
and easier manipulation of processing objects,
their application would greatly facilitate the work-
load of the worker, reduce his fatigue and thereby
contribute to the increase in the overall productiv-
ity of his work.

According to Loh and Koh (2004), in the past
few years companies have focused on improving
technology and reducing the number of employ-
ees due bad economic conditions. This fact indi-
cates that the problem that arises in the world
exists in Serbia as well. Global changes in business
have an impact primarily on the company efficien-
cy and attempts to find optimal business solutions
(Hernaus, 2009). Compared to the above, a similar
situation exists in the company where the record-
ing was performed. One of the differences is that
selected company does not invest great resources
in the technological modernization in order to
bring overall productivity and efficiency to a satis-
factory level. The productivity level of the selected
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Graph 2. Productivity increase by increasing the number of logs and reducing the number of cuts

production system is very low compared to similar
production systems in the developed European
countries. The lagging behind of wood processing
enterprises (without furniture) in Serbia, for com-
panies in developed European countries, when it
comes to investments in technological moderniza-
tion, are best illustrated by the following examples
(Glavonji¢ B. 2017): total investments in the pro-
curement of machines and equipment per compa-
ny in wood processing in Germany in 2015
amounted to 56,745.2 EUR, in Slovakia 7,703 EUR,
and in Serbia 3,259.3 EUR. For this and other rea-
sons, average productivity in the production of
sawn wood in 2015 in Serbia was 139.6 m3*/worker,
and in Germany 1.129.8 m3/worker, which is 8.1
times more than in Serbia. If the competitiveness
of Serbia in the international market is to be im-
proved, investments in technological moderniza-
tion are inevitable in the selected, as well as other
companies in the wood processing of Serbia.

CONCLUSIONS

Due to an insufficient supply of wood raw ma-
terials to the market, a selected company is forced
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to purchase logs of various dimensions and varia-
ble quality from different forest estates. This is one
of the reasons why productivity in the observed
production system varies greatly.

Procurement and processing of raw materials
of poor quality directly affect productivity. In addi-
tion to the low percentage of exploitation of logs
of poorer quality, the quality of the obtained as-
sortments is problematic, which leads to the situ-
ation that the processing of such logs is at the lim-
it of cost-effectiveness. In addition to this factor,
another objective factor which greatly influences
the operations of companies in the wood process-
ing industry in Serbia is the relationship among
sawmills and their “fight” on the market for each
cubic meter of timber raw materials. Technological
obsolescence is also one of the big problems of
the production system in which the research was
carried out. Many machines are over 30 years old,
so the manipulation of logs takes place manually
which also has a negative impact on productivity.
Moreover, the influence of other objective and
subjective factors on productivity is very pro-
nounced, most often in the negative sense.

The results of the performed statistical mode-
ling and related projections of possible productiv-
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ity clearly show that, in addition to technological
modernization, important factors of productivity
are the average diameter and the number of cuts.
The obtained functional dependencies of produc-
tivity and these factors clearly indicate the need to
procure logs of a larger average diameter as much
as possible, and that when making the founda-
tions of sowing, it is necessary to try to obtain as
much wood as possible with as few cuts as possi-
ble. Therefore, they represent two important ele-
ments for productivity growth, not only in the se-
lected production system, but also more widely.
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