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PEY YPEAHUKA

Yaconnc [TOJbONMPUBPEJHA TEXHUWUKA, y CBOjOj MHUCHjH, OJHOCHO,
JIOTIpU-HOCY MH(MOpMaIUju U apupManmju o0IacTH MEXaHU3AIM]je TOJHOTPUBPE/IE,
Yy YKYITHOM THUPaxy oj uyeTupH Opoja 2007. roauHe npukaszyje paaose koju he Outu
caommurenn Ha ckyny "Jlan mospompuBpenne Ttexaumke" 7.12.2007. roamHe Ha
[NossonpuBpenHoM dakynrery y beorpamy - 3emyny.

YkymHE 00MM yacomucuma oOyxBaTa 45 pamoBa W3 00JacTH IOJBONPUBPEIHE
TeX-HUKe, KOjU C€ MOTy TPYIHCATH 0 TEeMaTCKUM OOJlacTHMa OJi T€HEepaJHOT
pa3Boja, HHHOPMAITHOHUX TEXHOJIOTH]a, MOTOHCKUX JEAMHHUIA, 00paae 3eMJbHIITA,
CCeTBE M HEre rajeHux Omsbaka, youpama U TPaHCIIOpPTa, KA0 M MHTEH3UBHOT Trajema
1 OOHOBJEMBUX HM3BOpa eHepruje. HepaBHOMEPHOCT y CTPYKTYpH 3aCTYIJBEHOCTH
MOjeIMHAX TeMa MO-)K€ MMaTH HCXOJAHWINTEe Yy CMHUCIY Cyrepucama TEeMaTCKHX
CKyTIOBa Y HApeIHOM IIEpH-OIy, Ipe CBera Kaja ce WMajy y BHOY aKTyCIHH
MOMEHTH Y CTBapamy HOCIOBHOT aMOWjeHTa Y MOJbOIPHBPEIH CXOAHO MpoLecuMa
eBpPOIICKUX HWHTErpanuja, MehyHapon-HMX cmopasymMa H 3Ha4ajHUX W3BO3HHX
MoryhHOCTH Halle HOJBONpPUBPEIHE NMpou3-BoAme. OBOME CBakako Tpeba MoIaTu
HEOMXOMHOCT WCTHIIaba TeMa OJ HAI[MOHATHOT 3Hadaja, Ipe CBera Kama je y
MUTaY: TOCIOBaKkE BOJHUM PECypcHMa, MeXaHH3alhja CTOYapCKe TPOU3BOAKE U
Pa3Boj U MPHMEHA TEXHOJOMKO-TEXHUUKUX CHCTEMa CKIIa-IUIIHO AUCTPUOYTUBHIX
[IEHTapa Kao TeHEpaJHOr JONpPUHOCA OPTaHM3allMjd MaluX IOJFONPUBPEIHHUX
npom3Bohada, TPXKUIITHO aTPaKTUBHUX CHPOBUHA U IPH TOME CTBa-pamy aMOWjeHTa
Beher creneHa (uHaNM3anMje TPUMapHE MPOU3BOAWKE. Y HAPEAHOM TEPHOTY
HCTpaXWBauyul O Tpebaaw Na ce OPHjeHTUIIY W Ha apupMaiujy OOHOBJBHBHUX
u3BOpa eHepruje OasMpaHMX Ha MOTYhHOCTHMa OCTBapMBUM Yy IIPHUMAapHO]
MOJEOTIPH-BPEIHO] TPOU3BOOBH. Y TOM CMHCITy Omio OM BeoMa KOPHUCHO
00jeIMHUTH M yCME-PUTH MCTPAXXHUBAUKC WHHULMJaTHBE CBHUX PEICBAHTHHUX
WHCTUTYIIH]ja HAIIe 3eMJbC.

ITopen Tora, HarnamaBa ce 3Ha4ajHO yuenrhe ayTopa U3 HHOCTPAHCTBA Y AOTIPH-
HOCY pa3MeHe HH(popMalrja Ha Mel)yHapoJHOM HUBOY.

ITocebHO ce ncTude YMIHCHUIA Ja je 3Ha4dajaH Opoj pazoBa pe3yaTaT HayqHO-
UCTpaKUBAYKUX IpojekaTa (PUHAHCHpaHUX o] cTpaHe Biane Penybmuke Cpbuje y
KaTCFOpI/IjI/I HallMOHAJIHUX, TEXHOJIOIKNX U MHOBAIITMOHUX HpojeKaTa.

3axBasbyjyhin ce ayropuma pagoBa, MOpa Ce¢ HarJlaCHUTH Ja C€ y HapeJHOM
Mepu-oly, OO3UPOM Ha HABEACHO, OYCKyje IIUPH W Pa3HOBPCHHUJU CaapKaju
JOIPHHOCA CTPYYHhaKa I0JbOIPUBPENHE TEXHUKE, Y peann3aliju MUCHje Jacomuca
1 adupMaIuju CTpyke.

Ipog. op Munan Hesuh
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CTAIBE U TEHAEHIMJE HA TP KUIITY
CPEJACTABA MEXAHU3AIIUJE Y EBPOIIN

YBOJI

ExoHoMCKa cuTyanyja Ha €BPOIICKOM TPXKHUIUTY HOJBOIPUBPEIHOM MEXaHU3aLHjOM
je, jom yBek, nobpa. Toxom 2005. rogwHe BpeOHOCT MpoAaTe MEXaHW3aldje je Omia
19,8 OmmoHa eBpa MTO NpeacTaBsba moBehame o1 4% y 0JJHOCY Ha PETXOIHY TOJUHY.
3a caga ce moxe pehu nma ce ouekyje mctu tpena u 3a 2008. roaumny. Tpxuiire,
pa3BujeHo y 3amagHoj EBporu, je MomprHeIo OBOM MOpacTy BeoMa Majo, YaK HCIOJ
npoceka. Y HoBompurouumM wianuiaMa EY a nmoceOHO y 3emspama ncroune Epore
(Pycuja, YkpajuHa) oBaj pa3Boj je U Jajbe BeOMa JIUHAMHYAH.

OEHTPHU ITPOU3BO/JIBLE:
HEMAYKA, UTAJINJA 1 DPAHIIYCKA

Ca, ornpmiuke, 4,500 mpenyseha u 135,000 3anocineHnX, MHIyCTpHja MEXaHU3AIIH]C
y 3ananHoj EBpornu ciana y Hajeehe y obmactu MammucTBa. Haj3HauajHUje toKarmje cy
Hemauka, Utanuja u @paniycka. Y oBUM 3eMJbama je, YKYITHO, IPOU3BEICHO BHIIE OJ1
168,000 tpakropa y 2005. rogunu, mTo npeacrasiba yaeo oa 20% y CBETCKOM TPXKUIITY
n 77% y esporckoM. O03MpoOM Ja ce paayl O TPaKTOpHUMa BHCOKHX TepdopMaHc,
IUXOB Y/IC0 Y CMHUCITY MPOjiaje, je 3Ha4ajHo BUILM. Y ey oOpane 3emibuiiTa, Mrtanuja
3ay3uMa pBo MecTo y EBporm ca mudpama npoaaje ox 520 munnoHa eBpa. Mammae 3a
ybupame ce yriaBHOM npousBoje y Hemaukoj. Tokom 2005.roqune nudpe BesaHe 3a
npoJajy usHocuie cy 1,3 omimona espa ca 40% ynena y eBpOIICKOM TPXKHUIITY.

VYKyIHO, YeTBPTHHA €BPOIICKE TpoIaje je ocTBapeHa npeko Hemauke. OBo mokasyje
na je Hemauka, Kao IPOM3BOJHU PETMOH, YCIIeNa Jia OAPXKH CBOje MECTO y II00ATHOM
ycrony. Y 2005. roguau 200 ¢upmu, koje ce 0aBe NpOM3BOIIBOM MEXaHH3aluje,
ycresno aa octBapu noAatHo nosehame mponaje ox 4% mro nzHocH 4,7 OwinoHa eBpa.
buno je nznenalyjyhe na je, mo npeu nyT nomahe TpKUIITE HAPABHUIIO AMCIPOIIOPLHN]Y
y IorpuHOCy pa3Bojy. Tpakropu ce pauyHajy ca 51% o npousBoame. AKO ce ynopeau
ca pexopaoM u3 2004.roguHe, OpojuaHe BpeIHOCTH Cy ce cMamuie 3a 8% mo 54,590.
Wnak, npousBezieH je BeIMKH Opoj TpakTopa cHare Motopa rpeko 110 hp. ITponssohaun
MairHa u opyha 3a o0paay 3emibuIlTa Cy UMaiu nosehame y mponaaju ox oko 8% mro



j€ MCKJbYYHBO OMO pe3yJsiTaT J00pe MOIMTUKE M3B03a. Y OO0JIACTH CETBE U HEre ycepa
(armkanMja xpaHWBa W 3allTUTa OWsba), mponaja je mopacia 3a 3%. IIpousBohaun
MallMHa 3a YOWpame Cy IOHOBO OCTBapWJIM AMCIPOIIOPIMOHAIHM pacT IpoAaje.
TexHUYKHM CUCTEMH 3a CEHaxy Oesexe mopacT y mponaju ox oko 13% 1ok ce mpojaja
YHHUBEP3aJIHUX M CHJIKHUX KomOajHa jomr Opyke pas3Buja. I[lociie HEKOJMKO TEMIKHUX
rojiiHa TMPOM3BOhauM MallvMHA HAMEHEHUX XOPTHUKYITYPH, Cy KOHAYHO Owin y
MoryhHOCTH J1a TIpujaBe MO3UTHBAH OMJIAHC MPOJaje U TO 3axBasbyjyhu pa3Bojy nomaher
tpxkumTa. Y 2008. roguHu ce odeKyje HOMHHAJIaH Iopact npoaaje o1 5% 3acHOBaH Ha
TekyheM MO3UTHBHOM pa3Bojy Ha aAomaheM TPXKWIITY W KOHCTAHTHOM pacTy M3BO3a Ha
TpkumTe ucroune Espore.

CBETCKO TP KUIITE MEXAHU3AIINJOM

[Ipema HekMM TNpolleHaMa CBETCKa MPOU3BOJHa TPEHYTHO HM3HOCH 47 OuiMoHa
espa. EY uma yuemnthe on 42% y oBoj cymu a cienm je Amepuka ca 30% (ciuka 1).

Tpxumre MexanuzanujoM y EBpornu ce Mewa. Y MOMUTHYKHM U OPYruM cdepama
BOJIC C€ BPJIO 3HAYAjJHU PA3rOBOPH KOju Cy Beh cajla MPOMEHUIIM HEKE YCIIOBE U KOju hie
HACTaBUTH Jia paje Ha ToMe y OynyhHoctu. OOHOBJ/BMBH HM3BOpU €HEpruje Cy BeoMa
3HaYajaH HOBM CETMEHT Ha TpxumTy. Hemauka je mocrana Boaehu npounsBohau Guo-
J3ena, KOju ce YIJlaBHOM NPOM3BOIM Of yJbaHe penuiie. Ilopen oBora, y, OTIIpHINKE
3,000 6uorac moctpojema, ce MPOU3BOAN EIEKTPUYHA SHEPrija 3a jaBHY MOTPOIIbY. 3a
OBe CBpxe ce Hajuemhe KOpHUCTH KyKypy3. MHoOru (apMmepw KOpPHUCTE OBaj TOJATHU
MaTepujal Kako OW OCHrypaiid CBoje mnpuxonae. Mmak, He cMejy ce MOTUEHHUTH
BpEeMEHCKH 3axTeBH. OBe aKTUBHOCTH Cy, Y IOCIEAIC¢ [BE TONUHE, pe3yiTHpaje
BEJIMKOM TIOTPaXXEHOM 3a ojpel)eHnM MammHaMa (CrIaXHu KoMOajHu).

Ocrane; 7%

Jaman ; 4%
Nnmuja; 5%
JlatuHo-AMepuka ; 8% \

7 Mpn.(0H. EBpa

EY; 42%

CeBepHa Amepuka; 30%

Hcrouna EBpona; 4%

Cnuxa 1. Ceemcka npousgo0ra nobonpuspeone mexanusayuje



Crame ¥ TeHCHIHje CPEACTaBa MEXaHU3ALHje Y CBETY 3

JluGepanuzanuja Tp)KUINTa MEXaHU3AIMjOM, KOja he HACTaBUTH TpeH] YCIIOHA U Y
Oyayhe, ce Mopa MOMEHYTH Kao jelaH oj pa3BojHHX kopaka. OBa nubepanusaiyja je
npaheHa mpoMeHaMa y TOJUTHYKOM CMHCIY YKIJbY4yjyhM CMameme HIM TOTaTHO
YKUamke, 32 MPOU3BOJBbY Be3aHHMX cyOBeHuuja y EBponu. OBO pe3ynTHpa BEIHMKHM
€KOHOMCKHMM THPUTHCKOM Ha MOJBONPUBPENY M UMa TCHACHLM]Y yOp3ama CTPYKTYPHHX
MPOMEHa KOje Cy HeomxoaHe (hapMeprMa Kako OW OApIKalH CBOje MOCIOBAaEKkE y 30HU
mpogwura.

3Hayaj MEHaIMEHTa KBAIUTETA CBE BHUIIIEC pacTe M Kao pe3yJiTaT uMa 3HadajaH Opoj
JIOKyMEHaTa KOjU Ce€ THU4Yy HMPOHM3BOAKE M MPOLECOBaMka MOJONPUBPEAHUX IPOU3BOJIA.
CBe 0BO 3aXTEBa CaBpPEMEHE TEXHOJIOLIKO-TEXHUYKE CHUCTEME KOHTPOJIE KBAJIUTETA.

Wnak, mpunuB HOBYAHMX CpEICTaBa W3 IOJBOIPHUBPENE TE, CTOra M JOCTYIHA
(uHaHCHjCKa CPEICTBA 3a 3aMCHY JIOTPajaliuX TEXHUUKHUX CPEIICTaBa, 0CTajy HajBAKHHUja
OCHOBa 32 pa3BOj TPXKHUILTA MEXaHU3AIM]OM U TpakTopuma. Y 2004. TOIUHY je PUIUB Y
EY nopacrao 3a 7% nox je y 2005. mano onao. Mnak ce TpeHyTHa cuTyalyja, Be3aHa 3a
IIPUIMBE HOBYAHMX CPEACTaBa, MOXKE OKapakTeprcaTH Kao noBoJbHa. lleHa muexa je
nojp:xaHa HOBUM npemujama. Y 2008. ce ¢dapmepu MOry HajaTH NOBHIICHY IEHA
3pHacTuX Kynrypa. ¥ 2004. u 2005. meHe 3pHACTHX KYITypa Cy, Ha CBETCKOM TPXKHIITY
Onie HHUCKE YNPKOC TEHACHIMjaMa HEJOBOJbHE CHAOIEBEHOCTH M BHCOKOI KBAJINTETa
yOpaHHX IPOU3BOIA.

SATTIAJHA MEXAHU3AIINJA 3A UCTOYHE
CTPYKTYPHE IPOMEHE

Ha 3acuhenom Tpxwuiuty 3anagHe EBpomne mnpeTxoJHO MOMeHYTH (HakTopu Cy
noys3faHu MHAWKatopu Oynyher pasBoja. Ha HOBUM TpKuImITHMa y LEHTPAHO] H
ncrouHoj EBpomm ce mocraBjpa NUTame 10 KOI' HUBOA he, TPEHYTHO BPJIO BHCOKH
3aXTEBU 3a CAaBPEMEHUM TEXHHUYKHUM CHUCTEMHMMa, OMTH TOKpHUBeHHM MoryhHoctnma 3a
(uHAHCHpAE.

YV 2005. ronuHN BHIIE OJ jeqHE METHHE YKYITHOT M3B03a n3 Hemauke omgHOCHIO
ce Ha LeHTpanHy M HMcTouHy EBpormy. Tpikuiute TpakTopuMa W IOJBONPUBPEIHUM
MamrHama ce moBehano ¥ y 3emJpamMa HOBMM wiannnama EY u 10 3a jemny tpehuny
TOKOM IIPETXOHe TpU roguHe. Vmak je joir yBek Ha HUCKOM HHBOY aKO ce€ YHOpeIu ca
3emsbaMa 3anajaHe EBpome ciaunune Benmumbe. Y Ilosbckoj je camo 9,000 Tpakropa
npoaaro y 2004. BpeaHoctu 3a ocTaje 3eMJbe CYy Yak M HWKE. Y TOJbONPHUBPEIH je
npeaBuljeHa cTpyKTypHa npoMeHa rnovena. HaGaBHe KBOTe 3a IPOU3BOJIE M3 CTOYAPCTBA
Cy 3Ha4ajHO Topaciie a ca 00paarBHX MMOBPIINHA CE OCTBapyje 100ap MpoduT 0 U3B03a
3pHACTHX KyJaTypa. Y BehHHN HOBO-IIpHIpPYKEHUX 3eMalba MOJHONPHUBPENA j€ jeaH O
Hocehux cTy0oBa €eKOHOMCKOT pa3Boja.

INOJbOIMPUBPEJHA TEXHUKA VY 3AITAZTHOJ EBPOIIN

VY 2005. ronuHu je 3amagHo TPXKUILITE CTarHUPAaIo Ha oTIpuirke 16 OuinoHa eBpa.
Pasyior oBome ce MOXe TPaKHTH Yy CMambelmhy MHBECTHIMjA y 3eMsbama jyxHe EBpore
Koje cy Ouie norohene cymom. Y 2008. ronuHN ce MOXKE OYEKHBATH Makbhe MoBeharme
jep Cy WIlaK MO3UTUBHH YTHLAJHH (HAKTOPH ITPEAOMHHAHTHH.



Tp:xkuiTe TPaKTOpPa

Y 2005. roauHU TPXKUINTE TPaKTOpUMa y 3amaaHoj EBpomu je mocturiio mudpy oxa
169,500 xomama, mTo mpeAcTaBiba cCMambemne 01 5%. Y HapeqHOj TOAMHU Ce UMK MOXKE
OUEKHMBATH CTa0WIHO TpXKHUIITE ca nopacrom y Hemaukoj, [lanckoj, Aycrpuju, benruju
n IllBajmapckoj. Ha eBpomckoM TpKUIITY ce, TeHepainHo, mosehao ymeo TpakTopa
MambHX CHara KOjH CIIy)Ke 3a KOMYHaJIHE PaZioBE U PaJIoBE Yy XOPTHKYITYpH. Tpakropu
cHare Behe o 150 hp cBe Bume qo6mjajy Ha 3Ha4ajy (Tabena 1).

Tabena 1. Pazsoj 3anaonoegponckoe mpocuuima mpakmopuma.

3eMiba 2004 2005 %

Aycrpuja 7083 6721 -5,1%
benruja 4089 3609 -11.7%
Jancka 2575 2850 10,7%
duncka 5046 4507 -10,7%
®paHnycka 40275 37505 -6 9°/.
Hemauka 22143 23498 6,1%
I'puka 3027 2628 -13,2%
Hcnann 163 343 110.4%
Hpcka 2881 3175 10,2%
Wrannja 33184 33064 -0,4%
JlykcemOypr 213 195 -8,5%
Xonaunnuja 3698 3318 -10,3%
Hopsemxka 3927 4028 2,6%
IMopTyran 7253 6248 -13,9%
Hlnanuja 19926 16503 -17,2%
IBencka 4144 4169 0,6%
IBajuapcka 3141 3103 -1,2%
Benuka bputannja 15518 14006 -9,7%
YKYITHO 178286 169470 -4,9%

H3zeop: CEMA Statistical Group, VDMA Landtechnik

Tp:xuimTe komOajHa

VY HapeJHOj TOJMHU Ce MOXKE OueKMBaTH noBehaHo MHTepecoBame 3a KOMOajHE
003MpOM Ha TPWINYHO CTAOWIHE TPXKHUIIHE YCIOBE MpeTxomHux romuHa. Hajsehe
TpkumTe je y Hemauko] u pmasbe pacre. Y HapeiHMM ToJMHama C€ HIAK MOXe
OUYEKMBATH TMOHOBHHU TaJ Tpojaje 003MpoM Ha LUKIMYHH pa3Boj. Ha ¢paHiryckom
TPXKHUIITY ce ouekyje nponaja oko 1,700 no 1,800 HoBHX komOajHa. 3a €BPOICKO
Tpxummre nugpa ox 6,700 xomama ce unHU peanucThuHa 3a mepuox 2007/2008. Ako
KOJIMUMHA MpOJIaTHX KoMaja Oyae Ha UCTOM HUBOY WM ce Maino noeha To obehasa
nmobap mopact mpojiaje 3axBajbyjyhun HOBUM MoennMa Ha TPKHUIITY.

KpMuu xomoéajun

VY mocnenme aBe roanHe ce Oenexu 3HadajHO mosehame Opoja MpoaaTHX jeIHUIA
KpMHUX KoMmOajHa 3axBajbyjyhu yOupamy KyKypy3a KOju ce KOpUCTH Yy Ouo-rac
moctpojemrmMa. bpoj mpogatux komama y Hemaukoj, 3a mepuox 2004/05, je mopacrtao 3a
34% na ckopo 500 xomasa. 3a HapeIHH MEPUOJ je mpeaBul)eH UCTU TPEH TaKo Ja ce
ouekyje na he 1,200 xomamga kombajHa Hahm CBoje KyTiie Ha TPXKUIITY 3anaxHe EBporre.
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MainuHe 3a cakylubambe 0omace

TpxuinTe 3a MalIMHE 33 CaKyIJbamkhe OMOMace je TPEHYTHO y Hany o Hajmame 10%
Ha jenBa 12,500 xomana. Mnak ce edekar ox 5% pacra y mpeTxoqHO] CE30HH HE cMe
3aHEMapUTH ald HeraTUBaH OWIIAHC y MOjeJMHAYHHM 3eMJbaMa M Jajbe u3HeHalyjyhu.
3HavajHH TPEHAOBH Cy YCIIOCTABJLEHHU IPETXOJHUX TOJMHA Ca Pa3BOjeM MalllHa 32
Oamupame ca ypehajem 3a oOMoTaBame Oana u MoryhHomrhy mpaBibema Oama Behmx
MPEYHHUKA.

Omnpema 3a youpame KpMHOT OHJba

3a npowusBohaue ompeme 3a yOupame KpMHOTr Omiba, cezoHa 2005/06 ce moxe
OKapaKTepucaT Kao 3a/10B0JbaBajyha. Y ucTo BpemMe Ha OBE MAIIMHE yTUYY CTPYKTYpHE
NPOMEHE y TOJHONPHUBPEIN MHOTO BHUILE HEro Ha OCTaJe jep Cy IJIaBHU KYIILH OBHX
MammHa Mane nopoamuHe ¢apme. M3 Tor pasmora Huje pazodapaBajyha mpomaja on
60,000 xomama y EBporm, Beh yBun y TpeHZI y CeKTOpy KOHCTPYKIHj€ MAaIlldHa T
paaHu 3axBat He npena3u 10 M.

MaiuuHe 32 aIVIMKALMjy XpaHUBA

[ocne pemaTuBHO MOOPHUX MPETXOAHUX TOAMHA TPXKUIITE TEXHHUYKAM CHCTEMHMA
aruTMKalMje XpaHuBa OIeT IOXKHUBJbaBa JIaraHu naj. TPEeHyTHO CTambe MPOJaTHX MallliHa
y 3amagHoj EBpormm usnocu 21,000 u MOXe ce OYCKMBATH CIUYaH TPCH] MU OJaru
MOpacT y HapeiHOM Mepuofy. TOKOM NpeTXOIHMX ToauMHa mpou3Bohaum cy ce
(oxycupanu Ha MamuHe Beher pagHOT 3axBaTa Tako Ja HOBH pPacHIadd ca [[Ba JHCKa
numajy pagHu 3axsat Behun ox 40 m.

MammuHe 3a 3alUTUTY OMJba

Ha Tpxwumry mammmaama 3a 3alITUTY OWJba CHTYyaldja je TPHINYHO YCTaJbeHa
nocneamux nap roguna. [locne maga npoxpaje ucnon 10,000 xomazna y 2005. rogusu
TIOHOBO C€ OuYeKyje nmopacT npoxaje. I maBHa TpxxkumTa cy Hemauka n @paniycka. Tako
jey 2006. 3abemesxeH Behn Opoj UCTIOpyKa MaIlIMHA O] TIPEIBUl)EHOT.

TexHHYKH cUCTeMHU 00paje 3eM/bUIITA U CaHbe

IIpoussohaun mamuHa u opyha 3a o0Opamy 3eMJbUIITa U CETBY C€ MOpajy
NPWIATOIUTH Pa3IUUUTUM 3aXTEeBHMa Kylala W IOHYIUTH BEOMa MIMPOK CIEKTap
pa3MuUTUX TpHKJbydaka Koju ce MelycoOHo Mory komOuHOBaTH. Benuku Opoj
Jn00aBJbada ce TAKMHYM Ha OBOM TPXKHIITY (HE padyHajyhu MamnivHe 3a cajiby) 3a OKO
1 OunmoH eBpa y 3ananuoj EBporu. TpenytHu max morpaxme y 2005. ce He padyHa.
‘YMecTo Tora, MOXKe ce OUeKHMBATH CTaOMIM3allija Ha TPXKHAIITY.



Onpema 3a MJIeKapcTBO

Ho 2015. romuHe TpXKUIITE MIEKOM W MIIEYHHM TNpom3Boamma y Epomm je
orpanndeHo kBorama. OmpeMa ca HOBUM TEXHHYKHUM pElICHHMa 32 MY)KY T€HEPalHO
npaTu KBOTe 3a Mieko. ¥ Hemaukoj ce mocieamux ToJuHa YIarajio J0CTa y KYIOBHHY
kBoTa. OUUIIIETHO je Ja U3 TOT pasjiora u3ocraje nmosehame U MOOOJbINAE MOCTOjehnx
KallaluTeTa 3a MPOM3BObY U NIpepasy Mileka.

V¥ 2005. roguau ce y Hemaukoj 6enexu maj Ha TpKUTYy of 5% Ha 116 munnona
€Bpa W TOKasyje JaJbe TeHICHIMje Majaa. 3axBasjbyjyhM HEOIXOIHOCTH PEMOHTAa H
ollp>kaBama (apMH M IPOM3BOAHHX IIOCTPOjeHba, MOXKE CEe OYEKMBATH OIIOpaBaK Ha
TpxumrTy. HajBakHrja TeMa y OKBHPY OBOT CEKTOpa je ayToMaTu3aldja M eKCTeH3Hja
oncepBalMoHUX  (yHKIMja KopumhemeM KOHBEHLHOHAIHE OIpeMe Kao |
ayTOMaTHU30BaHUX cHcTeMa (poOOTH 3a MyXy) KOjU CE€ CyodaBajy ca CIOpUM alli
KOHCTQHTHHMM HallpeTKOM.

HEMAYKA KAO IIOKPETAY PA3BOJA 3ATTIA/THE EBPOIIE

Hemauko Tpxkumire he pactu u masbe anum cropuje. Pasnor oBome je Behu 0Opoj
(dapMepa 1 KOHTpaKTOpa KOjU TUTAaHUPAjy MHBECTHpame 10 kpaja 2007., u, yriaBHOM,
Behe unBectuimje no ¢gapmu. OBo ce moceOHO OHOCH Ha ceBepHy Hemauky rae cy
nHBecTuije MHOTO Behe. OBo moBehame wHBecTHIHja je HacTtano y oapeheHoj
CUTyalllju y TOJhONPHUBPEIN KOja je, 3a cala, joIl YBEK IO3UTHBHA, Kao M Behum
OCTBAapEHHUM IPHXOIMMA 1 HOBUM MOTYhHOCTHMa CTBOPEHUM ITOJIMTHKOM OOHOBJEHUBHX
nzBopa eHepruje. IloBehame Opoja HOBO-pEerMCTpOBaHUX TpakTopa je OuiIo
HEOUYEKHBAHO BHCOKO. Y MNPBUX LIECT MECELH OBE TONMHE, TPXKHUIITE je Iopacio 3a
15%. Jo kpaja 2006. romune 27,000 HOBHX TpakTopa je npomaro y Hemaukoj.
Tpxumre MamuHa 3a youpame je Takohe y mopacTy y OJHOCY Ha MPETXOAHE TOJHHE.
Kop Ganepa ce, ca npyre cTpaHe, Tek odekyje nosehame y HapemHOM nepuoxy. bpoj
MOJIOBHUX MAIlIMHA KOJ TProBalia je CBE MamH, IITO OJIAKIIABA MPOJIA]y HOBUX MAILHMHA.
Bnana mianupa na noseha nopes 3a 3% 3a Hapeany roguny. O03upom na Behuna
Mamux ¢apmu xopuctu flat-rate mopes, oBo nmosehame he yrumaru Ha one dapmepe
Koju Ha0aBJbajy HOBY MeXaHM3auujy. M3 Tor pasmora ce Mopa BOAUTH padyyHa o
LIUPEHY TPXKUIITA.

PE3EPBUCAHHN ®PAHIIYCKHN HHBECTUTOPU

ITocne crabunHor passoja TokoM 2005. roanHe, BelWYMHA jeqHOT OX HajBehux
eBPOIICKUX TpXXHUIITA, he ce cMamuTu 3a 0KOo 5% y HapemHoM mnepuoxy. Tpixxwuiure
TpaKTOpHMa je mokazano 7% cMamera 0poja TpakTopa Te ce 10 Kpaja ToJMHE OYeKyje
35,000 mponatux jenununa. Tpakropu Behe cHare Takole Urpajy cBe 3Ha4ajHH]jy YJIOTY
Ha (PaHIyCKOM TPXKHUIITY, MOCEOHO IOWITO j€ TPXKUIUTE KOMIAKTHHUX TpPaKTopa
HAMEHEHUX XOPTHKYITYpH M BHHOIPAZapCcTBY, IO caja OWIO BeoMa CHPOMAIIHO. 3a
TPXKUIITE KOMOajHa ce 0YeKyjy MUcTe IM(pe Kao 3a MPEeTXOIHy TOJUHY, AOK Ce 3a CBY
OCTally MEXaHH3allMjy OdYeKyje maJ moTpaxme. be3 o03upa Ha cBe, Ppaniycka je
OJUTyYMJIa J1a YCBOjU MOJENl KOjU MpEeICTaB/ba HACTaBaK CTApOr MOJeNna CyOBeHIIHja
KOJUKO Tox je To moryhe. Mcrutare mpemmja dapmepumMa cy Omie OAJOXKEHE TOKOM
NpOMEHa IITO je IoBeso Jo Onare HecurypHoctH Mmely dapmepuma. ['eHepaiHo ce
umax, ko gapmepa, ouexyje mosehama npuimBa.
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CTABE Y BEJIMKOJ BPUTAHUIN

[Moyerak 2006. ronuue je 6MO BeoMa HEyOEHJbUB 32 TPXKHUILTE MOJHOIPUBPETHOM
MeXaHM3alujoM y Benukoj bpuranuju. Unak, mame npoMeHe Ha 6osbe cy youeHe Beh Ha
mposiehe. 3a TpxHIITe TpakTopa ce mnpensuha uMcTh HUBO Kao y 2006. romuHu ca
MOJ]jeTHAKO U3PAKEHOM MOTPAKHOM 32 KOMIAKTHUM TPAaKTOpUMa M TpakTopuma Behux
cHara. Y jeily MallMHa 3a yOupame ce youaBa Onard maj 3axBasbyjyhu Jommjem
KBaHUTeTy yOpaHux Kynarypa y 2005. romunn. Bputancka mosbonpuBpena je Takohe
MIOJBPTHYTa IIPOMEHaMa. Y CEKTOpY IPOHM3BOAIE MIIeKa BeJIM4YKMHA apmu ce nosehasa
6e3 o03mpa mTo cy Beh Ha BpXy eBpOICKE JHCTE IO BEIUYMHH CTOYAPCKUX (hapMu.
AIMUHCTpaTHBHE TOTEIIKOhEe TOKOM HCIUIaTeé HOBO-OJOOpEHHMX CyOBeHIMja (CHCTEM
nmonceha Ha Hemaukn) Beh n3a3uBa HenmaroaHo ocehame kox dapmepa.

3AK/bYYAK

[ocne cymre y 2005. roauau, TPXKUIITa MEXaHU3AIUjOM V jykHOj EBporn mokasyjy
Onaro pesepBHCaHH pa3Boj. 3a pasnuky oj jyra EBpome, dapmepu y IEHTpaiHOj U
ceBepHOj EBpomnu ynaxy muoro uire. OHO 1ITO IOKpehe MHBECTUIHjE CY CTPYKTYpHE
IIPOMEHE.

Cge y cBemy, Tpxumre 3anague EBpore he ocratu Ha HHMBOY O IIpeTXOJHE
roauHe, 1ok he norpede y Llenrpanuoj u Microunoj EBponu nokasusaty jiaraHu nopacrt.
Ilpoceyna BenaMYMHA MAIIMHA M Jajbe HACTaB/ba Ja pPacTe, Yak U Ha 3alagHoM
€BPOIICKOM TPIKHILTY.
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Abstract: 1t is essential to develop a cost effective fleet of machinery for the present day
various standard sizes of plants. In the case of the small units it is essential to develop
equipment and cost saving mechanical solutions, but there is also demand for the
building up of systems of machinery with modern, cutting edge technology and profit
improving attributes for the medium sized farms, which more favourable specific cost
level.

Farmers working from different amounts of capital on farms, which provide
different levels of mechanical development potential, have to develop mechanisation
solutions using the wide range of types and price range of the power and work
machinery.

Taking into consideration the current partitioned structure of the farms the goal was
established to determine that in the case of the different branches of plant production on
small and medium sized farms which combination of fleet of machinery can be used
effectively.

Based on the examinations it can be established that in case of the smallest farm size
(under 50 hectares) low level of utilization (400-500 operational hours per year) can be
reached in case of tractors. At medium farm sizes (50-300 ha) the same index is higher:
800-1400 operational hours per year. In case of large scale farms (over 300 hectares)
tractor categories have significant operational hours capacity (1000-1800 operational
hours per year).

Key words: mechanisation of small and medium sized farms, machine fleet planning,

machine utilisation, low cost machine fleet.

INTODUCTION

It is essential to develop a cost effective fleet of machinery for the present day
various standard sizes of plants. In the case of the small units it is essential to develop
equipment and cost saving mechanical solutions, but there is also demand for the
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building up of systems of machinery with modern, cutting edge technology and profit
improving attributes for the medium sized farms, which more favourable specific cost
level.

Farmers working from different amounts of capital on farms, which provide
different levels of mechanical development potential, have to develop mechanisation
solutions using the wide range of types and price range of the power and work
machinery.

Taking into consideration the current partitioned structure of the farms the goal was
established to determine that in the case of the different branches of plant production on
small and medium sized farms which combination of fleet of machinery can be used
effectively.

THE METHOD

Testing of the mechanised processes of agricultural harvesting was carried out using
models. In the model a crop rotation plan was adopted which mirrors the Hungarian
production characteristics using wheat and oil plants. Depending on the size of the farm
the proportion of the sewed area of each plant was established keeping in mind the
agronomical and production technological conditions.

At the basic level the experiments were focused on the lowest investment cost
power machinery range of products in Hungary. With this machinery because of the low
investment cost the amortisation cost is less and thus the cost of utilisation is low. The
determination of the basic data of the costs of machine utilisation has been carried out,
based on the database of the Hungarian Institute of Agricultural Engineering [2].

The model calculations involved the key plant size data of the formation of
machinery systems in the range of plant size ranging from 5 to 1000 hectares. On the
basis of these data, statements can be made regarding a larger segment of the estate
structure, and conclusions may be drawn regarding machinery utilisation and
mechanisation.

RESULTS

Conclusions drawn regarding the composition of the power machinery system and
the performance of hours run, based on the results of the model calculations

The composition of machine systems of minimal utilisation cost broken down in
categories of power machinery depending on the sizes of plants

In the course of carrying out our survey the universal power machinery was
categorised according to engine performance, as well as taking into consideration the
function of being a cereal harvesting machine. The composition of the power machinery
systems rendered to a particular area was determined on the criteria of power machinery
categories. Taking into consideration the crop structure, growing technology, conditions
of mechanised work typical of the Hungarian particularities and the composition of
categories of cost effective power machinery systems which are formed on the criterion
of plant size, regular interrelations can be established.
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Figure 1: Number of machines of various power machine categories
for the given plant size

The surveyed power machinery system that can be rendered to the smallest plant
size, in the case of tractors, consists of machines of 40 kW, a performance that is the
minimum requirement for the quality performance of soil work. If the size of the area is
higher, then first the performance of the machinery making up the fleet (from the size of
30 hectares tractors with 60 kW performance are required), next the number of tractors
increases. Thus, tractors of 40 and 80 kW performance are mentioned fogether in a
machinery system for plant size of 100 hectares or upwards. From the plant size of 300
hectares the function of power machinery mentioned above is filled by tractors of 60 and
120 kW performance, which have sufficient capacity for the increased workload. For the
plant size of 500 hectares or upwards the number of tractors increases in proportion to
the growth of requirement for capacity (see Figure 1).

It is necessary to note that, in the case of large plant size, the cost level of machinery
utilisation may be further decreased by increasing the number of performance-based
categories and optimising the distribution of work among machinery connections of
various performance levels. (Magé 2002). [4]

In order to increase utilisation, transportation tasks should also be realised by the
means of tractor-trailer connections.

The utilisation of an own, low capacity cereal harvester may be justified above the
plant size of 100 hectares. In the case of a plant size exceeding 500 hectares, the large
extent of the specialised mechanised work requires the utilisation of harvesters with
larger delivery value. According to the calculations, a 1000-hectare farm requires the
utilisation of at least two combine harvesters.
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Optimal mechanisation levels concerning tractors, depending on plant size

The number of tractors required by plants of various sizes is as follows:

1) In the case of a plant size not exceeding one hundred hectares, we calculated
with one tractor.

2) In the case of a plant size ranging from one to five hundred hectares, two
tractors of different performance levels are required.

3) In the case of a plant size exceeding five hundred hectares, two tractors are
required from both performance categories in order to carry out the work operations in
time and in good quality.

20

16

12

number / 100ha

5 10 20 30 50 100 200 300 500 1000
plant size [ha]

Figure 2: The number of specific power machines per one hundred hectares,
in the cases of various plant sizes examined

When analysing the number of own power machines per area unit it can be stated
that, in the case of a power machinery system of minimal utilisation costs, the coverage
on farms of over 50 hectares is favourable. The economically most favourable value can
be calculated over 200 hectares, in this case a maximum of one power machine is
sufficient for the cultivation of 100 hectares of land. (Figure 2)

The specific performance of engines per hectare decreases substantially in the
function of plant size. While on small plant sizes 2-8 kW/Ha engine performance is
required for every hectare, in the case of medium sized plants this value falls within the
range of 1-2 kW/Ha. In plants of large size the work operation may be carried out with a
requirement of 0.7 kW/Ha.

The ranges of plant sizes of the “activation” of the power machinery categories

The individual power machinery categories are “activated” when they first appear in
the power machinery system developing in the function of the growing plant size. For
the “activation” of each power machinery category this is a specific range of plant size.
(For example: 80 kW performance category: directly from 100 hectares and upwards,
120 kW performance category: from 300 hectares and upwards. The attachment of a new
category also influences the costs of utilisation and investment on the level of machinery
systems. (see Figure 5 and 6).
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In connection to the above, up to the plant size of 100 hectares, the system of
machinery is formed on the basis of power machines belonging to each of the
performance categories. In the range of plant size not exceeding 30 hectares, if we aim
to utilise our own machines, in order to decrease the fixed costs, it is reasonable to utilise
machines of the lowest performance level and purchase cost, which are still capable of
performing the required workload. If the plant size and number of work tasks grow, the
solution is the increase of the level of performance rather than the number of machines.
Thus, the category of 60-kW tractors becomes a part of the optimal machinery system
from 30 hectares upward. 80-kW tractors are part of the system from 100, whereas
120-kW tractors are part of the system from 300 hectares upward. It is necessary to
point out that size in itself does not guarantee the fulfilment of the appropriate number of
work hours and favourable utilisation.

The use of own harvester — depending on performance and delivery value — is
economically justified over the plant size of 100 hectares.

It can be stated that the following issues must be consequently taken into
consideration prior to the “activation” of a new machine:

- is it not possible to perform the tasks by the means of internal redeployment rather
than by making a new purchase;

- can the missing capacity be covered by machine rental or other external service;

- is it possible to utilise the surplus capacity resulting from the new purchase (eg.
lease work);

The number of performed hours run in the function of plant size

—&—40 kW tractor =ll=60 kW tractor ==¥=80 kW tractor =—@=120 kW tractor harvester
2000

e
v

3

n
553

hours/machi

0+ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘

0 100 200 300 400 500 600 700 800 900 1000
plant size [ha]

Figure 3:The performed hours run by the categories of power machines
in the function of plant size

With differing plant sizes the number of performable hours run has influence on the
composition of categories of the power machinery system;
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- In the case of the examined smallest plant size (up to 50 hectares) low exploitage
may be achieved with tractors: maximum 400-500 hours run per year.

- In the case of medium size plant (50 to 300 hectares) this quantity is /arger, 800-
1400 hours run per year.

- With large size plants (above 300 hectares) the various categories of tractors
achieve significant performance (1000-1800 hours run per year).

A cereal harvester with well-chosen capacity can achieve good exploitage at 300
hours run per year in the case of plant size above 300 hectares, by which the cost of
operation becomes reasonable. (Figure 3)

15
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0 100 200 300 400 500 600 700 800 900 1000
plant size [ha]

Figure 4: The total performance of hours run by power machines
in the function of plant size

The number of hours run projected on a unit of area decreases with the increase of
plant size. In small plant sizes 10-15 hours run per year is realised. In the range of 30 to
300 hectares this value is 8-10 hours run per year, and, above this range, a value of 6
hours run per hectare can be observed when realising the efficient work plan. (Figure 4)

The costs of use of machines

The specifications of the function of operation costs of machines projected on the
size of plant
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Figure 5: Specific costs of machine utilisation in the function of plant size



Effective Machine Utilisation on Small and Medium Sized Plant Production Farms 15

The result calculated for the specific machine operation costs per hectare decreases
hyperbolically in the function of plant size (see Figure 5) and it borders the upper values
of a real broken hyperbolic function (Takacs 2000). (see Figure 6) [7]
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Figure 6. The broken function of the costs of specific machine utilisation per hectares,
indicating the extra costs of switching to power machines of greater
performance in order to increase capacity

From the plant size of 100 hectares it gradually approaches an imaginary line that
parallels the horizontal axis, thus indicating the operation cost level of a constant
machinery system formed in the case of a large plant size.

In the case of the costs of machine utilisation with certain plant sizes (see 50 and
200 hectares) a more favourable value than the operation cost level of a constant
machinery system formed in the case of a large plant size may be achieved. This may be
due to the low operation cost of harvester doing lease work and working with efficient
utilisation as well as to the appropriate utilisation of capacity of the tractors.

The composition of the utilisation costs of the machine system broken down into
categories of power machines

Figure 7 illustrates that in the case of very small plant sizes (5 to 10 hectares) the
specific costs of power machine utilisation are rather high even if machines of the lowest
possible performance but still appropriate work quality are utilised. From the plant size
of 20 hectares and upwards the specific utilisation cost of a 40 kW tractor is reduced to
the level of cost specific to the cost level of other power machines.

The utilisation costs of tractors used on over 20 hectares are at an acceptable level
already at the time of the activation of the given power machine. With the increase of the
plant size and the level of utilisation, this value decreases further.
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Figure 7: The specific utilisation cost per hours run for the various
power machines in the plant sizes examined

The cost per hours run for the cereal harvesters is substantial. While the cost of
utilisation decreases with the increase of the level of utilisation of low-performance
combine harvesters, in the case of high-performance machines the number of machines
increases together with the growth of the plant size, while the hour run per machine is
unchanged, thus the specific costs of utilisation remain unchanged too.

It must be admitted that the utilisation of the own harvester solely for the own crops
is not economical up to the plant size of 100 hectares, thus it is more favourable to
perform the work tasks through the use of lease work.

When defining the real costs, it must also be taken into consideration that if, on a
small plant, a power machine runs 100-200, or in a better case, 500 hours, then its
machine life is expected to be not 10 year (this was the basic amortisation period we
originally calculated with) but longer (Gockler 2007). This results in the decrease of
machine utilisation. [1]

CONCLUSIONS

The results of the calculations prove that every individual work operation should be
performed by the machine connection that can be utilised to the maximum extent, which
has sufficient capacity to carry out the given work task of the given plant size at the
appropriate time and in adequate quality. By achieving this, the work can be performed
at the lowest operational cost.

These figures were calculated presuming the best possible level of machine
utilisation among the given conditions, and low technical level of machines.
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In the case of small plants the power machines perform less than 500 hours run per
annum. With efficient work organisation, professional, and sometimes tight arrangement
of work order, on a medium sized plant one power machine may perform a substantial
number of hours run. In this case, in our calculations, 1000 hours run per annum per
power machine may be realised.

In the case of large size plants, the utilisation of a heavy-duty universal power
machine performing mostly tillage tasks is favourable in the range of 1000-1800 hours
run per annum, whereas the utilisation of a secondary tractor performing the tasks of
sowing, nutrient supply and plant protection becomes acceptable in the range of 500-
1000 hours run per annum.

On the basis of earlier national plant surveys it can be stated that in the small and
medium sized plants the power and work machines that could be regarded as new
investments are in line with the system of machines modelled in the function of plant
size introduced above.

The farmers working on small plants mostly rely on one 40-60 kW power machine
in their work, whereas power machines of the medium sized plants are in line with the
machine system modelled in the course of the calculations, however, in order to meet the
requirements of the production technology and the requirement of performance of the
employed work machines, we can often see a primary tractor of higher performance or
the number of secondary tractors is higher (Magé 2006). [5]
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EFIKASNO ISKORISCAVANJE MEHANIZACIJE
NA MALIM I SREDNJIM FARMAMA
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Sadriaj: Odredivanje najefikasnijeg sastava mehanizacije za svaku farmu je vrlo
znacajno u danasnje vreme. Neophodno je uraditi matematicke modele za planiranje
sastava mehanizacije za male i sradnje veli¢ine farmi za ratarsku proizvodnje.
Odredivanje strukture i iskoris¢enost masina koje se moze primeniti na farmama male i
srednje veli¢ine, utiCe na ekonomske informacije vezane uz mehanizaciju ratarske
proizvodnje.

Uzimajuéi u obzir sadasnju fragmentiranu strukturu farmi, popstavljen je cilj da se
odredi najefikasnija kombinacija masina, koja bi se koristila u razli¢itim vrstama biljne
proizvodnje na malim i farmama srednje veliCine. Konstatovano je, na osnovu
istrazivanja, da se na najmanjim farmama (ispod 50 ha) mogu koristiti traktori manjeg
nivoa iskoris¢avanja (400-500 radnih sati godiSnje). Na farmama srednje veliine
(50-300 ha) taj indeks je veci: 800-1400 radnih sati godisnje. U slucaju velikih farmi
(preko 300 ha), traktori treba da imaju znacajan radni kapacitet (1000-1800 radnih sati
godisnje).

KljuCne reCi: mehanizacija malih i srednjih farmi, planiranje sastava masinskih sistema,
iskoris¢enost masina, mehanizacija sa niskim troskovima
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SadrZaj: Traktor predstavlja osnovu traktorsko-masinskog agregata i osnovnu pogonsku
jedinicu u savremenoj poljoprivrednoj proizvodnji. Smatra se da ¢e to ostati i u
buduénosti. Na strukturu traktorsko-masinskog agregata uti¢e niz parametara, od kojih
su najvazniji: struktura setve, zemljisni uslovi, koncepcija i kategorija traktora, veli¢ina
poseda itd.

U radu su definisani parametri koji uti¢u na strukturu traktorsko masinskih agregata
za obradu zemljiSta, kao i potro$nja energije u pomenutim procesima. Ove veli¢ine su
ujedno ulazni podaci za optimizaciju traktorskih sistema u razli¢itim varijantama
tehnologije obrade zemljista. Optimizacija traktorskih sistema za obradu zemljista je cilj
ovoga rada.

KljuCne reCi: traktor, optimizacija, linearno programiranje, traktorsko-masinski park,
obrada zemljista.

Lista simbola:

KT Konvencionalna obrada zemljista
MT Konzervacijska obrada zemljista-mal¢ tehnologija
NT Nulta obrada zemljista

UvOoD

Savremenoj biljnoj proizvodnji se odvija u okviru ostrih ekonomskih, ekoloskih i
drugih ograniCenja. Pored niza klasicnih problema, situaciju otezavaju i najnovije
posledice globalnog zagrevanja planete i oSte¢enog ozonskog sloja, uz dodatne zahteve
za povecanjem proizvodnje prouzrokovane eksplozivnim prira§tajem svetskog
stanovnistva, itd. Uspesno poslovanje u ovim uslovima je, pored ostalog, moguce samo
uz pazljivo planiranje i precizno izvodenje slozenih tehnicko-tehnoloskih procesa na
kojima se savremena biljna proizvodnja zasniva i §to taénijem predvidanju ishoda. Sve
to je, najvise u poslednjem kvartalu proslog veka, intenziviralo uvodenje matematickog
aparata i u oblast poljoprivrede.
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Traktor je jo§ uvek osnovna pogonska jedinica u poljoprivredi, a smatra se, da ¢e to
ostati 1 u buducnosti. Nagli razvoj poljoprivredne proizvodnje otvorio je nove
ekonomske, energetske i ekoloske probleme, tako da stari koncepti konstrukcija traktora
ne omogucavaju izvrSavanje postavljenih zadataka na zadovoljavajuci naéin. Sli¢na je
situacija 1 u pogledu traktorsko-masSinskih agregata, na ¢iju strukturu utie niz
parametara, od kojih su najvazniji: struktura setve, zemljiSni uslovi, koncepcija i
kategorija traktora, veli¢ina poseda itd.

Savremena tehnologija biljne proizvodnje bazirana je na primeni adekvatnog
tehnickog sistema traktorsko-masinskih agregata. Uslovi odvijanja zastupljene biljne
proizvodnje uticu na Cinjenicu da pored osnovnih tehnoloskih, tehnicki sistem mora
odgovarati datoj proizvodnji i sa stanoviSta kapaciteta. U velikom broju slucajeva,
traktorsko-masinski parkovi poljoprivrednih gazdinstva su predimenzionisani, $to se
naravno nepovoljno odrazava na troSkove biljne proizvodnje. Postoje¢e matematicke
metode programiranja, uz sve moc¢niju raunarsku podrsku, mogu efikasno resiti
problem optimizacije [3], [6], [7], [8], [9]. Linearno programiranje je jedna od tih
metoda, koja je i primenjena u ovom radu.

Obrada zemljista nije kraj tehnoloSkog proizvodnog procesa sam po sebi, nego je u
velikoj meri integralni element kompleksnih proizvodnih procesa, uslovljenih brojnim
ekonomskim i ekoloskim zahtevima. Ovi zahtevi se Cesto menjaju, §to je posledica
promenljivih uslova poljoprivredne i socijalne politike. Bez obzira da 1i je u pitanju
zemljiSte, voda ili klimatska zastita, "ekoloska" proizvodnja ili redukcija proizvodnih
troskova, klju¢ uspeha je u izboru odgovarajuce tehnike obrade zemljista [1], [2], [4].

MATERIJAL Il METOD RADA

Matematicko modeliranje danas podrazumeva primenu digitalnih racunara.
Predstavlja pouzdan pristup koji, uz odgovarajuce ulazne podatke, omogucava postizanje
visoke taCnosti u odredivanju optimalnog sastava traktorsko-maSinskog parka za
gazdinstvo. Ove metode su veoma efikasne u praksi, jer istovremeno uzimaju u obzir sve
u datom trenutku poznate relevantne proizvodne uslove pri nalaZenju najpovoljnije
(optimalne) varijante.

Za odredivanje optimalne strukture setve koristi se metoda linearnog programiranja.
Problem se formuliSe odgovaraju¢im linearnim matematickim modelom i po pravilu
reSava primenom tzv. Simplex metode.

U ovom radu je prikazana optimizacija strukture setve na bazi minimalne potrosnje
energenata u tehnologiji proizvodnje. Primenjen je program EXCEL sa pripadaju¢im
"alatom” SOLVER. Osnovni principi formiranja modela opisani su u tekstu koji sledi.

U svojoj strukturi matematicki model mora da sadrzi:

* sistem nezavisno promenljivih veli¢ina,
* sistem ogranicenja,
» funkciju kriterijuma optimalnosti-ciljnu funkciju.

Prva grupa ogranic¢enja odnosi se na povrsine za gajenje pojedinih useva, oznacenih
indeksom "i". Zbir povrSina x; zasejanih odgovaraju¢im biljnim vrstama (kojih ima

n.n

ukupno "n" —i=1,...n) ne moZze prevazi¢i ukupnu raspolozivu povrsinu azdinstva:
k 1 k 1 "b" gazdinst
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=}

X, <b. [1a]
i=l
Za svaku (i-tu) biljnu vrstu je moguce definisati maksimalnu, Zeljenu, ili minimalnu
povrsinu b; koja se moze zasejati:
X, 2,=<b,. [1b]
Druga grupa ogranic¢enja odnosi se na maksimalno vremensko angazovanje agregata
za izvrSenje obima svih planiranih radova po racunskim periodima:

iicuxu < d; 2]
i

gde je: j - indeks traktora
cij - vremensko angaZovanje po jedinici povrSine u "i"-toj biljnoj vrsti "j"
traktora
d;j - maksimalno vremensko angaZovanje "j"-tog traktora u obradi parcele x;
nn

zasejane "i"-tom biljnom vrstom
Treca grupa ogranicenja odnosi se na ograni¢enje nenegativnost promenljivih:

x>0 [3]

-tog

Ciljna funkcija odreduje minimalnu potros$nju goriva traktora uz definisanje
optimalne strukture setve, koja bi obezbedila sigurno izvrSenje svih radova u
agrotehni¢kim rokovima.

n m
Chin = z z ainij [4]
i

gde je a;; potrosnja goriva "
vrstom.

Pri tome je broj traktora i traktorsko masinskih agregata, neophodnih za izvrSenje
svih operacija obrade odreden matricnom metodom [9].

-tog traktora u obradi parcele x; zasejane "i"-tom biljnom

Eksperimentalni uslovi

U radu su numericki obradeni i analizirani rezultati konvencionalne tehnoloske
obrade zemljista, u okviru koje je prvo izvrSena osnovna obrada plugom, a zatim
i dopunska obrada i konzervacijske obrade zemljiSta sa dva razliCita traktora i
odgovaraju¢im orudima ¢ije su karakteristike date u tabelama 112 [7].

U toku konvencionalne i konzervacijske obrade zemljista,

* radni otpori su varirali u granicama od 37 kN do 55 kN, uz ostvarenu radnu
brzinu od 5-8 km/h,

* nivo klizanja pogonskih tockova traktora bio je 20 %,

* broj obrtaja motora 2000 °/min,

« zapreminska masa zemljita oscilovala je od 1,3-1,5 g/cm’.

Pri tome, temperatura atmosferskog vazduha bila je stabilna, odrzavajuéi se na
nivou 30+0.5°C, a higroskopska vlaznost zemljiita na dubini orni¢nog sloja je iznosila
16-21%.
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Radni otpori agregata su izmereni dinamografom Alfred-Amsler & Co Schaffhausen
(Schweiz No 239, Presstopf 288/278) i elektronskom mernom opremom; pojacalom
HBM DMC plus sa dava¢ima HBM LY 21/350, zapreminska masa zemljista cilindrima
Kopeckog, a higroskopska vlaznost zemljiSta na dubini orani¢nog sloja odredena je
primenom metode Kacinskog (v. Kacinski 1958). Eksperiment je izvrSen na parcelama
PKB-korporacije, gazdinstva "Omoljica" iz Omoljice, AD Ravnica Bajmok i "BD Agro"
iz Dobanovaca.

Tab. 1. Karakteristike traktora

Tehnicke karakteristike T-1 T-2
Tip traktora 4x4 S 4x4 S
Snaga motora [kW] 217 140
Nominalni broj obrtaja [o/min] 2200 2200
Broj obrtaja pri maksimalnoj snazi [o/min] 2000 1800
Minax Myvmax  [NmM] / [0/min] 1320/1400 820/1210
Rezerva obrtnog momenta [Nm] 40 35
Oblast konstantne snage [o/min] 600 500
Specifi¢na efektivna potro$nja goriva [g/kWh] 235 251
Broj stepeni prenosa napred/nazad 16/5 15/4
Hodni sistem toc¢kovi tockovi
- prednji 620/70R30 16.9R-30
- zadnji 710/70R42 20.8R42
Dimenzije traktora:
- duzina [mm] 5690 5410
- Sirina [mm] 2540 2974
Energetska snabdevenost u odnosu na konstruktivou masu [kW/t] 22,37 17,90
Energetska snabdevenost u odnosu na ukupnu masu [kW/t] 15,50 11,66
Specifi¢na masa bez balasta [kg/kW] 44,70 55,85
Specifi¢na masa sa balastom [kg/kW] 64,51 85,71
Nivo buke u kabini dB (A) 73,8 81,5
Tab. 2. Tehnicke karakteristike prikljucnih oruda
Nagin | Radni | Broj Pre¢nik |Rastojanje
Tip agrega- | zahvat | radnih | Klirens | diska | izmedu Masa
tiranja | [m] | tela[-] [m] | tela[m] | (k€]

Lemken EurOpal (P-1) NosSen | 1.8-3 5/6 80 - 0,90 1710
Panter (P-2) Nosen | 1.2 3 81 - 0.90 900
Kuhn Disc. XL (T¢-1) Vucéena| 6.5 52 0.660 0.54 | 7500
Multitiler Franquet (MT-1) Vuéen | 6.5 - - - - 6500
Lemken Solitair 9/600K-DS (S-1) | Vucen 6 48 - - 0.125 | 1520
JD Maxemergy 7200 (S-2) Vucen | 2.8 4 - - 0.70 -
Rau-Gruber (MT-1) Vucena| 4 - 75 - - 2945
Rau Tiler (MT-2) Vucena| 4 - 42 - 23 -
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REZULTATI I DISKUSIJA

Traktor T-1

Osnovni cilj obrade zemljiSta je stvaranje ornice, koja obezbeduje najpovoljnije
uslove za rast i razvoj poljoprivrednih kultura. Vazan zahtev koji treba da ispuni obrada
je dobijanje povoljne strukture orni¢nog sloja, $to obezbeduje optimalne uslove za
kulturne biljke i mikroorganizme u smislu vodno-vazdusnog, toplotnog i hranidbenog
rezima zemljista. Postavljeni zadaci se resavaju sistemima obrade.

701 B MJ/ha x10
60- Bl/ha
50+ 0% goriva

KT MT NT

varijante obrade zemljiSta

SI. 1. Potro$nja energije obrade zemljista na bazi traktora T-1

Dubina obrade direktno uti¢e na povecanje potrosnje goriva po jedinici povrSine.
Konvencionalnom obradom se vr$i produbljivanje orani¢nog sloja, tj. vr$i se poboljsanje
vodno vazdu$nog rezima zemljiSta, povecava se zaliha hranljivih elemenata, akumulira
vlaga, §to rezultira pove¢anom potro$njom goriva.

Redukovana obrada zemljista je, sa glediSta utroska energije, vrlo interesantna zbog
niskih troskova i povoljnih radnih reZzima agregata - traktora. Primena ove tehnologije je
ogranicena tehnologijom gajenja biljnih vrsta, te se primenjuje kod biljnih vrsta koje ne
zahtevaju veée dubine obrade (pSenica, jeCam...). Pri tome treba biti obazriv, jer
redukovanom obradom u viSegodiSnjem neprekidnom ciklusu dolazi do sabijanja
zemljiSta i smanjivanja orani¢nog sloja, §to je nepovoljno po gajene biljne vrste.

Konvencionalna obrada, u slucaju traktora T-1, je energetski najzahtevnija (434,85
MJ/ha). Alternativne tehnologije daju moguce usteda energije i to: za 3 puta nizu
potro$nju primenom mulch-tehnologije i do 2,4 puta primenom redukovane tehnologije
(u setvi pSenice). Koeficijent iskori§é¢enja goriva je najvisi u NT varijanti obrade i ide do
21,46%. U ovom radnom rezimu koeficijent korisnosti traktora je iznosio 0,61.
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Traktor T-2
120+
100+
804
60- O MJ/ha x10
Hi/ha
401 0% goriva
4h
KT MT NT

varijante obrade zemljiSta

SI. 2. Energetski inputi obrade zemljista na bazi traktora T-2

Konvencionalna obrada i u ovom ogledu je energetski najzahtevnija (740,20 MJ/ha).
Obzirom da se radi o vrlo intenzivnoj tehnologiji gajenja ratarskih biljnih vrsta,
primenom alternativnih tehnologija je moguca usteda energije od 2,8 puta za MT
tehnologiju i1 direktnom setvom od 9,2 puta. Primenjena tehnologija odnosi se na
proizvodnju merkantilnog kukuruza. Obzirom na vrlo velike razlike u potro$nji energije
ipak primena direktne setve ima i neka ogranienja. Pre svega ona se moze primeniti:

* na zemljiStima lakSeg fizicko-mehanickog sastava,

* neophodna je provera postojeCe mehanizacije koja bi mogla zadovoljiti

kriterijume

* uz proveru tehnologije predkulture

* uz periodi¢no prorahljivanje orni¢nog sloja

+ ako se radi na zemljistima tezeg mehanic¢kog sastava kombinovati je sa

konvencionalnom tehnologijom gajenja

Primena izabranog modela optimizacije

Za aplikaciju matematicCkog modela, na osnovu dobijenih energetskih inputa,
usvojena je veli¢ina poseda od 2000 ha, (po 1000 ha kukuruza i pSenice). U strukturi
setve zastupljene biljne vrste su kukuruz i pSenica, a kritiCan period definisan je
agrotehni¢kim rokovima za obradu datih biljnih vrsta.

Ulazni podaci dati su u tabelama 3 i 4. Na osnovu njih, uz pomoc¢ razvojnog modela,
simulira se na racunaru ceo godi$nji biolosko-tehni¢ko-tehnoloski ciklus gazdinstva. Kao
medurezultat dobijaju se matrice vremenskih koeficijenata za odgovarajuce traktore po
varijantama obrade (tabele 5 i 6), koje predstavljaju osnovu za odredivanje njihovog
optimalnog broja, kao i njihovo specificno optereenje po jedinici povrSine
odgovarajucih biljnih vrsta u toku godine (izrazi 1, 2, 3 i 4). Agrotehnicki rok (AT rok),
za godisnji ciklus, podeljen je na 24 intervala (kalendarska godina podeljena na 24
intervala) tj. definisani su model dani kako bi se problem matematicki definisao. Meteo
faktor ukazuje na koliko se efektivnih dana u odredenom AT roku moze racunati.
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Tab. 3. Ulazni inputi na bazi Traktora T-1 U CT varijanti obrade pSenice
Qna | taneto | Meteo | Faktor | twbruto | Model
R.br. | Traktor | Orude [/ha] [h/ha] faktor |r.vrem. | [h/ha] dani AT-rok
1. T-2 P-1 39,96 0,91 1,30 1,15 1,36 16-19 [16.08-15.10
2. T-2 T¢-1 12,65 0,61 1,30 1,15 0,92 16-19 [16.08-15.10
3. T-2 MT-1 | 10,56 0,21 1,30 1,15 0,31 18-20 [16.09-31.10
4, T2 | s-1" | 11,60 | 0,24 1,30 1,55 0,48 | 20-21 [16.10-15.11
75,00
Tab. 4. Ulazni inputi na bazi Traktor T-2 U CT varijanti obrade psenice
Qpa tianeto | Meteo | Faktor | tn,bruto | Model
Rbr. | Traktor | Orude | 1| 1phat | faktor | r.vrem. | [Wha] | dani | 2T7OK
1. T-3 P-2 57,75 1,64 1,30 1,15 2,45 16-19 [16.08-15.10
2. T-3 MT-2 | 13,20 0,38 1,30 1,15 0,57 16-19 |16.08-15.10
3. T-3 MT-3 | 14,60 0,42 1,30 1,15 0,63 18-20 ({16.09-31.10
4, T3 | s-1™] 1530 | 0,37 1,30 1,55 0,75 | 20-21 |16.10-15.11
101,00

Tab. 5. Matrice vremenskih koeficijenata traktora T-1 u MT varijanti obrade

Model dani X2 X5 Vremensko angazovanje

7 0 0,73 730

8 0 0,73 730

16 0,23 0 230

17 0,23 0,19 420

18 0,33 0,19 520

19 0,33 0,19 520
20 0,34 0,19 530
21 0,24 0,19 430
22 0 0,19 190

Potreban broj traktora T-1 je po varijantama tehnologije za navedene rokove varira
od 5 u CT tehnologiji do 3 traktora u MT i NT varijanti obrade. U slu¢aju traktora T-2,
amplitude oscilacija su jo§ izraZenije, krecu se u intervalu od 7 traktora za CT

tehnologiju do 4 za MT i 3 za NT varijantu obrade zemljista.

Tab. 6. Matrice vremenskih koeficijenata traktora T-2 u NT varijanti obrade

Model dani Xi3 Xas Vremensko angazovanje

7 0 0,55 550

8 0 0,55 550

16 0,14 0 140

17 0,14 0 140

18 0,14 0 140

19 0,14 0 140

20 0,38 0 380

21 0,38 0 380

22 0 0 0
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Ovako postavljeni matematicki model reSava se pomocu ograni¢avajucih uslova,
definisanih izrazima (1)-(2) u slede¢em obliku:

X13+X53=2000
0,93X,3 < 1680
0,75X13< 1680

0,75X130,64X,; < 1680

0,96X30,64X,; < 1680

0,59X13+0,64X,; < 1680

0,38X13+0,64X,; < 1680

0,64X,; <1680
Uslovi nenegativnosti su (izraz 3):
X320
X23 >0

Funkcija kriterijuma optimalnosti (izraz 4) ima oblik:

Cmin: 1 01X13+ 1 02X23

REZULTAT OPTIMIZACIJE

Prikaz reSenja dat je u tabeli 7 po varijantama tehnologija i modelu traktora. Ova
reSenja daju uvid u ostvareni uticaj odabranog traktora na strukturu setve po kriterijumu
potro$nje goriva. Sa slike 3, kada je u pitanju KT tehnologija, se vidi da nizi iznos
potro$nje ima traktor T-1 uz zadovoljavajucu strukturu setve. Traktor T-2 ima povoljniju
strukturu gajenih biljnih vrsta i potroSnju goriva visu za 29%.

Tab. 7. Optimalna struktura setve uz minimalnu potrosSnju goriva analiziranih traktora
KT MT NT

Nacin - - -
gorivo gorivo gorivo
O] 0] @
T-1 1263 737 157368 | 1200 800 78800 691 1309 | 45381
T-2 1250 750 | 202750 | 1200 800 86800 691 1309 | 40981

obrade | psenica | kukuruz pSenica | kukuruz pSenica | kukuruz

Traktor T-2
202750

157368
Traktor T-1

SI. 3. Utrosak goriva traktora u KT sistemu obrade zemljista (u [ )
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Traktor T-2
86800

78800
Traktor T-1

SI. 4. Utrosak goriva traktora u MT sistemu obrade zemljista (ul)

Traktor T-2
40981

45381
Traktor T-1

SI. 5. Utrosak goriva traktora u NT sistemu obrade zemljista (u [ )

Vrlo sli¢ni su energetski parametri rada i u MT tehnologiji (slika 4), s tim da je
traktor T-1 zadrzao primat, ali od 10% ispred traktora T-2. U ovoj varijanti obrade
uvedeno je dodatno ograni¢enje da povrSine pod kukuruzom ne smeju biti manje od
800 ha. Kada je u pitanju NT tehnologija Traktor T-2 daje bolje rezultate (slika 5). On
ima nizu potro$nju goriva za 10,7% od traktora T-1. Traktor T-1 u ovoj varijanti je
izgubio primat, jer sejalica za direktnu setvu kukuruza koja je kori§¢ena u modelu, nije
optimalno reSenje za njega. U konkretnom modelu radi se o sejalici sa 4 reda sekcija,
koja tehnoloski i generacijski odgovara modelu traktora T-2, a traktor T-1 ima potencijal
za 12 rednu varijantu i time znacajno smanjenje potroS$nje goriva. Traktor T-2 svojim
vucénim potencijalom takode moze biti agregatirani sa 12 rednom varijantom, ali ne
moze ispoStovati tehnoloSke brzine setve od 10-12 km/h.

ZAKLJUCAK

Rezultati modeliranja, ilustrovani slikama 3-5, potvrduju primenljivost metode
linearnog programiranja za optimizaciju traktorsko-masinskog parka i pored nedostataka
kao Sto su staticnost metode i pretpostavljena linearnost relacija. Medutim, kako je
proizvodni proces u poljoprivredi dugacak i preorijentacija proizvodnje nije moguca u
kratkom periodu, staticnost metode nema veéih praktiCnih negativnih efekata na
planiranje i projektovanje.

Dobijeno optimalno reSenje ovom metodom obezbeduje izvrSenje tehnologije
proizvodnje sa nizim troskovima po jedinici povrSine, manju potro$nju goriva i energije
kao i ve¢i obim kori$c¢enja traktora tokom godine.

Znacajno je napomenuti da osnovni problem u obezbedivanju uslova primene
navedene metode lezi u nedostatku evidencije, tj. relevantnih ulaznih parametara.
Primena metoda programiranja u podsistemu biljne proizvodnje je jedan od puteva ka
uvodenju jedinstvenog informacionog sistema biljne proizvodnje.
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THE OPTIMIZATION OF TRACTOR-MACHINERY COUPLES IN
DIFFERENT TILLAGE TECHNOLOGIES

Zoran 1. Mileusnic, Milan S. Pevic, Dragan V. Petrovic, Rajko Miodragovic
Faculty of Agriculture, Zemun-Belgrade

Abstract: At present, tractor represent the major power unit in agricultural production
and it is expected to remain so. Structure of tractor-machinery couples is influenced by
crop production structure, soil structure, tractor conceptions and category, average
surface area etc.

This paper presents relevant parameters that define the structure of tractors-
machinery couples in soil tillage, as well as the power consumption in these processess.
These variables simultaneously represents the input data in optimizing the tractors-
machinery systems in different variants of soil tillage technology. Tha aim of the paper
is to optimize tractor systems.

Key words: tractor, optimization, linear programming, tractor-machinery couples, soil
tillage.
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Sadriaj: U radu se utvrduje u kolikoj meri koriS¢enje pogonskih pneumatika
poljoprivrednog traktora sa manjim otporima kotrljanja moze da dovede do poboljsanja
pokazatelja vuce. Prvenstveno se razmatra defleksioni otpor, komponenta otpora
kotrljanja koja je direktno uslovljena konstrukcijom pneumatika, a koju je relativno lako
izmeriti.

Eksperimentalnim putem su odredeni defleksioni otpori i karakteristike kontaktne
povrsine dva pneumatika 12.4R28 razlicitih proizvodaca, te numerickom analizom
utvrden njihov uticaj na pokazatelje vuCe traktora. Dobijeni rezultati su ukazali na
znacajne razlike ovih otpora, te da se kao jedan od upotrebljivih kriterijuma za izbor
pogonskih pneumatika poljoprivrednih traktora moze primeniti i izbor onih sa manjim
defleksionim otporima i duzom kontaktnom povr§inom. Za ispitivane pneumatike
utvrdena je razlika u efikasnosti vuce od oko 4 % na uzoranim i mekim podlogama.

KljuCne reCi: otpor kotrljanja, defleksija, pneumatik, kontaktna povrsina, vuca.

UvoD

Smanjenje bilo koje komponente otpora kretanja traktora daje potencijalnu
mogucénost poboljSanja njegovih vuénih pokazatelja. Smanjenje defleksionih otpora
moze se smatrati najjednostavnijim nac¢inom smanjenja ukupnih otpora jer je direktno
vezano za mogucnost koriS¢enja unapred odabranih pneumatika kod kojih su ovi otpori
najmanyji.

Defleksioni otpor predstavlja deo otpora kotrljanja elasticnog tocka nastao usled
histerezisnih gubitaka tokom makro i mikro deformisanja pneumatika prilikom njegovog
kotrljanja. Uticaj defleksionih otpora na vucu po tvrdim i sabijenim podlogama je
nesumnjiv, s obzirom da je to prakti¢no jedini otpor kretanja pri jednolikom kretanju
traktora po horizontalnoj podlozi /10/, /9/.

Pored defleksionog, ukupni otpor kretanja elasticnog tocka po mekanoj -
deformabilnoj podlozi sastoji se jo§ i od otpora koji nastaje kao posledica vertikalne
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deformacije - sabijanja podloge, otpora nastalog usled njene horizontalne deformacije —
potiskivanja (guranja) Cestica zemlje ispred tocka, kao i otpora povlaCenja Cestica
zemlje. Uticaj defleksionih otpora na vucu na mekanim podlogama je uslovno receno
sakriven u ukupnom otporu kretanja tocka. Ne postoje literaturni podaci koji bi ukazali
na to koliki je udeo defleksionih otpora u ukupnim otporima kretanja na razlicitim
poljoprivrednim podlogama, mada je ocigledno da ¢e njihov uticaj na ukupne otpore
rasti sa porastom vertikalne nosivosti (sabijenosti) podloge. Manji ukupni otpori
kretanja, na svim podlogama sem tvrde, ne znace automatski i realno vece vucne sile i
bolju efikasnost vuce, s obzirom na to da manji defleksioni otpori mogu da ukazu i na
krué¢e bokove pneumatika te manju kontaktnu povrSinu izmedu tocka i podloge, koja
opet sa svoje strane dovodi do manje vucne sile bez obzira $to su otpori kotrljanja manji.
Zato bi pri poredenju defleksionih otpora razliCitih pneumatika pri analizi vuce na
mekanim podlogama trebalo uporediti i parametre njihovih kontaktnih povrSina koji
pored uticaja na otpore kretanja utiCu i na intenzitet realizovanih vucnih sila. Uticaj
defleksionih otpora na vucu na tvrdim i sabijenim podlogama prethodno je detaljno
razmotren /9/, te se ovaj rad moze smatrati nastavkom razmatrane problematike.

MATERIJAL Il METOD RADA

Metodika istrazivanja zasnovana je na identifikovanju i odredivanju parametara
pneumatika koji utiu na intenzitet generisanih otpora, kao i potencijalnih vuénih sila, pri
kretanju elasti¢nog tocka na deformabilnoj podlozi. Pri ovome, razmatraju se uporedni
pokazatelji vuCe dva radijalna pneumatika 12.4R28 razlicitih proizvodaca, istog dezena
gazeteg sloja (R1), Cije se potencijalne vucne karakteristike uporeduju na istim
podlogama (uzoranoj i mekoj) pri istim uslovima kretanja. Pneumatici koji se razmatraju
u radu su oznaceni kao pneumatik 1 1 pneumatik 2.

Vuéna sila

Najveca vucna sila pogonskog tocka proporcionalna je maksimalnoj smicajnoj sili
koju pneumatik generiSe u kontaktu sa podlogom, a ¢ija je vrednost za optimalno
klizanje prema Mohr-Coulombovoj teoriji /5/ moze izraziti kao:

H=ACcH+Wtg D . (1)
gde su:
A — veli¢ina smicuce povrsine (povrsina otiska tocka)
¢ — kohezija podloge
W — vertikalno optere¢enje na smi¢ucu povrsinu (vertikalno opterecenje tocka)
@ — ugao unutrasnjeg trenja (frikcije) podloge

Otpor sabijanja podloge

Otpor sabijanja podloge (2) od strane tocka dobijen je koriS¢enjem pretpostavke da
je reakcija podloge u svim tackama kontakta radijalna i jednaka normalnom pritisku koji
deluje na plocu iste Sirine kao tocak, a utisnute na istu dubinu kao tocak. Odreden je na
osnovu energetskog bilansa, polazeéi od toga da je intenzitet ovog otpora posledica rada
utroSenog na formiranje traga dubine z,:
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n+l

bo(p,+p.)n e e Q)

1
(n+1)-(l;”+k¢jn
gde su:

- k., kg 1 n parametri mehani¢ke nosivosti podloge, tj. respektivno, modul kohezije,
modul frikcije 1 eksponent prodiranja /5/

- b - §irina traga pneumatika

- p;, .- pritisak vazduha i pritisak karkasa pneumatika

R =

¢

Otpor potiskivanja

Otpor potiskivanja (guranja) Cestica zemlje ispred tocka prilikom njegovog kretanja
R, dobijen je na osnovu analogije za slucaj kada se vertikalna ravna ploca utiskuje u
zemlju 1 vuce kroz nju, pri ¢emu se javlja horizontalna sila otpora.

Ry =b-(c2g Ko +0.5-23 74 Ky ) o 3)
"
4
2o = lfl—pc .................................................... @)
—S+ky
b

gde su:
zy— tonjenje tocka
vs — specifi¢na tezina podloge
K, i K,, — Terzaghijevi parametri nosivosti podloge

Otpor povlacenja ¢estica

Otpor usled povlacenja Cestica javlja se prilikom kretanja to¢ka po koherentnim
veoma raskvasenim podlogama kada dolazi do izrazenog lepljenja Cestica zemlje za
tocak. Prilikom dodira izmedu Cestica zalepljenih za tocak i Cestica podloge dolazi do
javljanja smicajnih napona i odredenih energetskih gubitaka koji se manifestuju kao
otpor povlacenja Cestica. Ovaj otpor kod poljoprivrednih traktora nije od znacaja s
obzirom da se javlja pri uslovima kretanja kada se poljoprivredna mehanizacija po
pravilu ne koristi, te ovde nije razmatran.

Parametri kontaktne povrsine

Veli¢ina kontaktne povrSine pneumatika na mekoj podlozi odredivana je
utiskivanjem pneumatika u vlaznu peskovitu podlogu. Postupak se sastojao iz
vertikalnog opterecivanja pneumatika do zadate sile, formiranja i fotografisanja otisaka,
te njegovog planimetrisanja. Za pritiske vazduha od 0.6-1.1 bar pneumatici su
opterecivani vertikalnim optere¢enjem od 480, 570 1 660 daN, Sto pokriva dijapazon
realnih opterecenja traktora IMT 539 /9/.
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Nanosenje opterecenja na pneumatik vrSeno je preko namenskog uredaja - mernog
rama prikazanog na SI. /. Uredaj omogucuje vertikalno optereéivanje pneumatika (poz.
8) oslonjenog na povrsinu postolja rama (poz. 6) — tj. posudu sa vlaznim peskom za
uzimanje otiska (1), uz nanoSenje definisanog vertikalnog optereé¢enja preko navojnog
vretena (poz. 9). Vertikalno opterecenje pneumatika mereno je preko davaca sile (poz.
2). Tocak sa pneumatikom je pri ovome putem osovine sa lezajevima (poz. 7) postavljen
u vertikalno pokretni ram (poz. 4) koji je pomocu klizaca (poz. 5) vezan za osnovni ram
uredaja (poz. 3).

Za merenje sile utiskivanja pneumatika kori$¢eni su davac sile na bazi mernih traka
Philips PR6200/53 A, merni opseg 0+50 kN, klase tacnosti 0.2 i digitalno merno pojacalo
HBM UPM-60.

7
I 0 I

SI. 1. Uredaj za opterecivanje tocka

REZULTATI ISTRAZIVANJA SA DISKUSIJOM
Identifikovanje parametara pneumatika koji uticu na vucu

Kao $to je vidljivo iz izraza za vucnu silu (1), povecanje kontaktne povrsine 4
dovodi do prenosenja vece kohezione sile preko vece povrsSine kontakta, te smanjenja
klizanja uz efikasniju vucu /6/ za ostale nepromenjene uslove kretanja. Porast sile
zavisi¢e od kohezionih svojstava podloge, tako da se najvece povecanje vucne sile moze
ocekivati kod kohezionih podloga, a nesto manje kod koheziono frikcionih. Kod
frikcionih podloga, koje ne spadaju u tipi¢ne poljoprivredne podloge, povecanje
kontaktne povrSine nece se odraziti na poboljSanje vuce s obzirom da kod njih
dominantan uticaj na povecanje sile otpora smicanju ima vertikalno opterecenje W.

Na osnovu relacije (2) o€igledno je da ¢e otpor sabijanja podloge biti veci ako su
veéi Sirina pneumatika, pritisak vazduha u njemu 1 pritisak karkasa.

U izrazu za otpor potiskivanja Cestice zemlje ispred tocka (3) uocljivo je da veli¢ina
ovog otpora raste sa porastom Sirine pneumatika i dubine njegovog tonjenja. Veca Sirina
pneumatika, kao i veci pritisak vazduha i pritisak karkasa uticu na ve¢u dubinu tonjenja
tocka (4).
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Defleksioni otpor takode uti¢e na otpor kretanja po mekim podlogama. Za iste
uslove eksploatacije (brzina, klizanje, raspored osovinskih opterecenja) na istoj podlozi,
otpor kretanja traktora sa pneumaticima iste oznake i1 dezena a razli€itih proizvodaca ili
razliCite konstrukcije (radijalni ili dijagonalni) zavisi¢e od konstrukcionih karakteristika
pneumatika koje se ogledaju u karakteristikama njihove krutosti koje su funkcija pritiska
vazduha. Nazivne dimenzije pneumatika (precnik i Sirina) razli¢itih proizvodaca iste
oznake na istim naplacima, s obzirom da su standardizovane veliCine, bice iste /3/, /7/.
Kako vrednost pritiska u pneumaticima zavisi od vertikalnog opterecenja tocka, ova
vrednost se propisuje od strane proizvodaca pneumatika. Po pravilu vrednosti pritiska za
pneumatike istih oznaka a razlicitih proizvodaca za ista optereenja su iste. Iz navedenog
proistic¢e da je pri poredenju pneumatika iste oznake a razlicitih proizvodaca sa aspekta
njihovog otpora kretanja potrebno utvrditi razliku u njihovim defleksionim otporima pri
istim vertikalnim optereéenjima. Kori§¢enjem numerickih modela vuce nije mogude
utvrditi razlike u otporima kretanja razli¢itih pneumatika istih dimenzija i konstrukcije.
Rezultati prethodnih ispitivanja /9/ ukazali su da su defleksioni otpori preumatika 1
manji za gotovo 35% nego defleksioni otpori pneumatika 2, tj. ako se sile defleksionih
otpora F, izraze kao

parametri jednacine u i a koji zavise od krutosti pneumatika, za pneumatik 1 iznose
0.0280509 1 0.416424, a za pneumatik 2 su 0.0373601 1 0.4368262, respektivno /9/.

Veéa vrednost pritiska karkasa dovodi do veceg otpora kretanja na mekim
podlogama (2), (4). Kako je ukupan pritisak na podlogu W/4A=p,+p., ako posmatramo
dva pneumatika optereéena istim vertikalnim optere¢enjem W i sa istim pritiskom
vazduha p;, pritisak karkasa bi¢e manji kod onog pneumatika koji ima vecu kontaktnu
povrsinu, te ¢e i njegov otpor kretanja biti manji. Medutim kako i Sirina pneumatika
uti¢e na otpore kretanja, prethodna konstatacija vazi¢e samo za slucaj ako je vecéa
kontaktna povrsina posledica njene vece duzine, tj. manje Sirine.

Zbog ovoga se kod pneumatika istih dimenzija pri istim pritiscima vazduha i
opterecenjima, uticaj pritiska karkasa na otpore kretanja moze svesti na utvrdivanje
karakteristika kontaktne povrsine. Pri ovome ¢e pneumatik sa manjim defleksionim
otporom koji ima isti ili manji pritisak karkasa a nema Siru kontaktnu povrsSinu izvesno
imati manje otpore kretanja na svim podlogama. Ovaj pneumatik ¢e imati i bolja
potencijalna vuéna svojstva na svim podlogama, s obzirom na duzu kontaktnu povrsinu
sa vise rebara u zahvatu. Njegova vuca ¢e na poljoprivrednim podlogama biti bolja, ako
ne i zbog boljeg vuénog potencijala usled duze kontaktne povrsine, onda svakako zbog
manjih otpora kretanja.

Parametri kontaktne povrsine

Prethodnim razmatranjem /9/ uticaja defleksionih otpora na promenu sile na
poteznici i efikasnost vuce, bez razmatranja ostalih uticaja, kao Sto je povrSina otiska,
konstatovane su bolje vuéne osobine pneumatika 1 u odnosu na pneumatik 2 na tvrdim i
sabijenim podlogama. Eventualno veca kontaktna povrSina (tj. njena duzina) pneumatika
1 na mekoj podlozi svakako bi znacila da su njegove vucne sile i efikasnost vuce veci
nego kod pneumatika 2, bar u onoj meri koliko to omoguéuju manji defleksioni otpori.
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Na osnovu neposredno izmerenih dimenzija otisaka pneumatika (S 2 i SI. 3),
uocljivo je da je za ceo razmatrani dijapazon pritisaka vazduha i vertikalnih optereéenja
Sirina otiska pneumatika 1 manja, a duzina ve¢a. Ovo ukazuje da ¢e ukupni otpori
kretanja pneumatika 1, Ciji su defleksioni otpori manji, izvesno biti manji na svim

podlogama.
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Efikasnost vuce na uzoranoj i mekoj podlozi

Putem numerickog modela vuée prema ASAE D497.4 /4/, /1/, za sluCajeve
preraspodele opterecenja pogonskog tocka 480-660 daN, pri optimalnom klizanju /2/
traktora IMT 539 odredena je efikasnost vuce za nesabijene poljoprivredne podloge
(uzorana, CI=900 kPa ; meka, CI=450 kPa).
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SI. 4 Efikasnost vuce za pneumatike sa razlicitim defleksionim otporom
na uzoranoj podlozi pri optimalnom klizanju
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SI. 5 Efikasnost vuce za pneumatike sa razlicitim defleksionim otporom
na mekoj podlozi pri optimalnom klizanju
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Dobijene zavisnosti ukazuju da bi kori§¢enje pneumatika 2 umesto pneumatika 1
dovelo do smanjenja efikasnosti vuce razmatranog traktora za cca 4 % na uzoranoj i
mekoj podlozi. Ovo smanjenje je minimalno utvrdeno s obzirom na povoljniji oblik
otiska pneumatika 1, ¢ija je Sirina manja a duzina veca za ceo realni dijapazon
osovinskih optere¢enja i odgovaraju¢ih pritisaka vazduha. Navedeno ukazuje da je
pokazatelje vuce kori§¢enjem pneumatika sa manjim defleksionim otporima i ve¢om (ili
istom) a uzom kontaktnom povrsinom, moguce poboljsati na svim podlogama.

ZAKLJUCAK

Cinjenica da otpori kotrljanja todka po &vrstoj podlozi zavise od konstrukcije
pneumatika, pruza mogucnost izbora onog pogonskog pneumatika koji ¢e imati
najmanje vrednosti ovih otpora. Kao deo otpora kretanja koji je relativno lako izmeriti,
razmatran je samo defleksioni otpor. Pri ovome je utvrdeno da se bolji pokazatelji vuce
mogu ocekivati kod pneumatika koji pored manjih defleksionih otpora imaju iste ili vece
kontaktne povrSine koje su posledica njihove veée duzine. NumeriCkom proverom
efikasnosti vuce traktora IMT 539, u zavisnosti od toga koji od ispitivanih radijalnih
pneumatika bi se koristio na uzoranim i mekim poljoprivrednim podlogama, ostvarena
efikasnost vuce, a time i potro$nja goriva, razlikovala bi se minimalno za 4%. Ovi
rezultati ukazuju i na potencijalno vece razlike koje bi se ostvarile u okviru veéeg broja
pneumatika razliCitih proizvodaca a istih dimenzija.

Mogucnost kori§¢enja prikazanog nacCina izbora pogonskih pneumatika putem
odredivanja defleksionih otpora i parametara kontaktne povrSine odnosi se na sve
korisnike poljoprivrednih traktora prilikom izbora pneumatika pogonskih tockova. Na
ovaj nacin izabrani pneumatici doveli bi do povecanja efikasnosti vuce. Efikasnost vuce
rasla bi sa povecanjem vertikalne nosivosti podloge i bila bi najveéa na tvrdim
podlogama.
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AGRICULTURAL TRACTOR'’S TIRE RESISTANCE DUE
TO THE DEFLECTION AND IT’S INFLUENCE ON TRACTION
ON AGRICULTURAL SOILS

Vladimir Muzikravié, Dragan RuZié¢, Nenad Poznanovi¢

FTN - Departman za mehanizaciju i konstrukciono masinstvo - Novi Sad

Abstract: The paper discusses in what degree the usage of agricultural tractor tires with
lower rolling resistance can benefit in traction. The component of the rolling resistance
due to deflection that depends on tire design characteristics and that considerably easy
can be measured is analyzed.

The resistance of tires due to the deflection and footprint characteristics for tires
12.4R28 made by different manufacturers was determined experimentally. Using
numerical traction model, influence of measured values on the tractor’s tractive
performance was analyzed. Obtained results show significant difference of deflection
resistance for tested tires and imply that tire selection for agricultural tractors, among
other criterions, may be based on sellection of tires with lower rolling resistance and
longer footprint. For two tested tires obtained difference for tractive efficiency was about
4 % for tilled and soft soils.

Key words: rolling resistance, tire deflection, footprint, traction.
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ENERGETIC AND ECONOMICS OF TILLAGE SYSTEMS
IN WINTER WHEAT PRODUCTION
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Igor Kovacev, Kresimir Copec
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Svetosimunska 25, HR-10000 Zagreb, Croatia, e-mail: skosutic@agr.hr

Abstract: The paper presents results of one year experiment in winter wheat production
with three different soil tillage systems carried out in Slavonia, at fields of agricultural
enterprise Hana NaSice d.o.o, location Lila. Test crop was winter wheat, variety Renan.
Tillage systems were: conventional, conservation and no-till. Energy requirement
comparison showed extraordinary expensiveness of conventional tillage with specific
consumption of 46.6 L ha™' and 8.19 L Mg of diesel fuel. Conservation tillage I system
required 29.8 L ha™' and 4.92 L Mg, which is 36.1 % less energy per hectare and
40.0 % less energy per ton. Conservation tillage I required 18.9 L ha” and 2.85 L Mg,
which is 59.4 % less energy per hectare and 65.2 % less energy per ton. The most energy
saving soil tillage system is no-till with fuel consumption of only 6.2 L ha™ 0.92 L Mg
of diesel fuel or 86.7 % less energy per hectare and 88.8 % less energy per ton than
conventional system. Soil tillage systems comparison regarding labour requirement
unveiled that conventional tillage required 1.95 h ha' and 0.34 h Mg', while
conservation tillage I required 1.29 h ha” and 0.21 h Mg or 33.8 % and 37.9 % less
labour requirement than conventional tillage system respectively. Conservation tillage 11
required 0.74 h ha” and 0.11 h Mg" or 62.3 % and 67.6 % less labour requirement.
No-till required only 0.32 h ha™ and 0.05 h Mg which is 83.8 % and 86.3 % less than
conventional tillage system. The lowest yield of 5.69 t ha” achieved conventional tillage,
while the highest yield of 6.73 t ha™ achieved no-till.

Key words: Soil tillage, energy requirement, production costs, winter wheat.

1. INTRODUCTION

Winter wheat (Triticum aestivum L.) with 200.000 ha in average or almost 1/3 of
total cereals area is besides maize (Zea mays L.) among the most important arable crops
in Croatia (Anonymous 2006a). The mainly utilised soil tillage system in this crop
production is conventional system, based on mouldboard ploughing as primary tillage
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operation, followed with secondary tillage performed by disc harrow and seed-bed
implement. This tillage technology is, from one side, the most expensive, complicated,
organisationally slow, with high fuel consumption and labour requirement, and, from
another side, ecologically unfavourable (Zugec et al., 2000.). Although it is known that
non-conventional tillage systems in comparison to conventional tillage system can save
enormous quantity of energy and labour, decreasing thus environment pollution and
production costs, currently 93.7% of the fields in Croatia are being tilled by the
conventional tillage system (Zimmer et al., 2001).

2. MATERIALS AND METHODS

The experiment was performed at agricultural company "Njive"d.o.0. near a village
Lila, located 250 km north-east from Zagreb (45° 30’ N, 18° 06’ E). Experimental field
was consisted of 9 plots with dimension length 100 m x width 30 m each, organized as
randomized blocks with three replications. Implements, which were included in different
tillage systems, are as follows:

1. Conventional tillage - plough, disc harrow, seed-bed implement (CT);
2. Conservation tillage I — chisel plough, disc harrow (RT 1); 3. Conservation tillage
II — shallow chisel plough, disc harrow (RT 2); 4. No-till - no-till drill (NT).

Depth of tillage for mouldboard plough was in average 29.6 cm, disc harrow
10.4 cm and seed-bed implement 6.0 cm. Chisel ploughing was done to 30.3 c¢cm in
average, while shallow chisel worked in average to 15 cm. The tillage with different
systems was performed on the Gleyic Podzoluvisol, (Anonymous, 1998). Its texture in
ploughed layer according to Anonymous (1975) belongs to the silty loam.

Table 1. Soil particle size distribution and soil type

0.2-2 um 0.05-0.2 um | 0.002-0.05 pm <0.002 pm .
Sample (%)H %) K %) K %) K Soil type
A 0.80 28.80 44.60 25.80 Loam
B 2.20 8.60 69.40 19.80 Silty loam
C 1.00 10.20 58.00 30.80 Silty clay loam

Schedule of the field operations (tillage, fertilizing, sowing, crop protection,
harvesting) and soil moisture content at the moment of tillage are shown in Table 2. On
the experimental field previous crop was onion (Allium cepa L.). Working conditions
regarding soil moisture content, soil compaction and post-harvest residues at the
beginning of experiment were equal for all tillage treatments. The energy requirement of
each tillage system was determined by tractor’s fuel consumption measurement for each
implement in each tillage system applying volumetric method. Energy equivalent of
38.7 MJ L™ (Cervinka, 1980) was presumed. In this experiment 4WD tractor with engine
power of 141 kW was used. The working width of the tillage implements was chosen
according to the pulling capacity of the tractor. The labour requirement was determined
by measuring the time for finishing single tillage operation at each plot of the known
area (3000 m?). The yields were determined by weighing grain mass of each harvested
plot. For economic analysis data on labour inputs for various operations under each
tillage system, cost of soil preparation and other operations were collected. Production
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costs for each tillage system were based on actual sequence of operations conducted in
the experiment. Costs of all field operations during the growing season, wage price of
labour and prices of soybean and winter wheat were obtained according to Anonymous
(2006a) and Anonymous (2006b). All costs and income figures are presented as per
hectare.

Table 2. Date of field operations, soil moistures and application rates

Description Cropping period 2005/2006
Tillage & Sowing
Primary tillage October 10™ 2005
Soil moisture, % at 0;15;30 cm depth 30.6; 34.7; 34.5
Secondary tillage October 12" 2005
Soil moisture, % at 0;15;30 cm depth 26.4; 30.8; 322
Sowing date October 13" 2005
Crop; Cultivar Winter Wheat; "Renan"
Fertilising
Application date October 09™ 2005
Fertiliser; rate, kg ha™ KCl (60%); 210 / Urea; 150 / *MAP (12:52:0); 320
Application date February 112006
Fertiliser; rate, kg ha™ **CAN (27%); 120 and *MAP (12:52:0); 50
Application date March 26™ 2006
Fertiliser; rate, kg ha™' Urea (46%); 150
Crop protection
Application date October 29™ 2005
Chemical; rate, 1 ha™! Tornado; 1.7
Application date May 25" 2006
Chemical; rate, 1 ha! Direkt; 0.17
Application date May 16" and May 25" 2006
Chemical; rate, | ha™ Artea; 0.52, Duet Ultra; 1.0
Harvest

Harvesting date | July 12" 2006

*monoammonium phosphates
**calcium ammonium nitrate

3. RESULTS AND DISCUSSION
3.1 Yield

In winter wheat production, NT system achieved the greatest average yield of 6.73
Mg ha™ or 18.3% more than CT system, while RT 2 and RT 1 achieved 16.5% and 6.5%
more than CT, respectively. CT system achieved the lowest yield of 5.69 Mg ha™.
Although yield differences were recorded, analysis of experimental data by ANOVA
showed that differences weren’t significant. The similar results obtained Dawelbeit and
Babiker (1997). Juric et al. (2004) obtained not statistically significant difference of
winter wheat yields with conventional tillage and single disc harrowing tillage system.
Lyon et al. (1998) determined 8.0% greater winter wheat yield with conventional tillage
than with no till. Lawrence et al. (1994) showed in a four years study that no-till had a
higher wheat yield than reduced or conventional tillage did. Arshad and Gill (1997)
comparing conventional, reduced and zero tillage systems found that during three years
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experiment the greatest average wheat yield had reduced tillage, while conventional
tillage had the lowest. Moreno et al. (1997) reported of higher winter wheat yield under
conservation than traditional tillage but differences weren't significant.

3.2 Energy requirement

The conventional tillage system (CT) was expectantly the greatest fuel consumer
with 46.6 L ha'. RT 1 system enabled saving of 36.1% of energy per hectare and RT 2
system enabled saving of even 59.4%, while NT achieved enormous saving of 86.7% in
comparison to CT soil tillage system. Bowers (1992) showed a composite of average
fuel consumption and energy expended, based on data from different countries around
the world and reported that average fuel consumption for mouldboard ploughing is
17.49+2.06 L ha, chisel ploughing 10.20£1.50 L ha™', while no-till planter required
4.02+1.03 L ha”. In comparing these data to other sources, wide variations can be
expected due to soil types, field conditions, working depth, etc. On the other hand,
Koller (1996) reported that the fuel consumption was 49.40 L ha” for mouldboard
ploughing, 31.30 L ha™ for chisel ploughing and 13.40 L ha™ for no-till. Hernanz and
Ortiz-Cafavate (1999) presented data that coincide between previously mentioned
results.

Table 3. Energy and labour requirement of different soil tillage systems

Tillage Fuel Energy Work rate | Productivity
system L ha' MJ Mg hah' h Mg
CT Average Yield = 5.69 Mg ha”'
Plough 335 227.8 0.73 0.24
Disc harrow 7.2 49.0 3.47 0.05
Drill 5.9 40.1 3.38 0.05
Total 46.6 316.9 0.35
RT 1 Average Yield = 6.06 Mg ha”'
Chisel 16.7 106.6 1.41 0.12
Disc harrow 7.2 46.0 3.47 0.05
Drill 5.9 37.7 3.38 0.05
Total 29.8 190.3 0.22
RT 2 Average Yield = 6.63 Mg ha’!
Shallow Chisel 5.8 33.9 6.55 0.02
Disc harrow 7.2 42.0 3.47 0.04
Drill 5.9 34.4 3.38 0.04
Total 18.9 110.3 0.10
NT Average Yield = 6.73 Mg ha’!
No till drill 6.2 | 357 | 315 | 005

Further comparison of tillage systems was done with respect to energy requirement
to obtained yield (Table 3). The CT system showed to be the greatest energy consumer
requiring 316.9 MJ Mg". RT 1 and RT 2 systems required 190.3 MJ Mg™ and 110.3 MJ
Mg, enabled thus saving of 39.9% and 65.2%, respectively. NT system proved to be
even more efficient requiring only 35.7 MJ Mg' enabling saving of 88.8% in
comparison to CT system.
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3.3 Economic analysis

Total costs include all the inputs (labour, machine costs, seed, fertiliser and plant
protection chemicals) from soil tillage to harvest, including grain transport within field.
Storage and handling costs weren’t taken into account since its great variability.

CT system resulted in the highest costs with 1002.00 $ ha™'. The costs of RT 1
system with 967 $ ha' were only 3.5% lower, while RT 2 with 941 $ ha' achieved 6.1%
lower costs. NT system with 866 $ ha™ achieved 13.6% lower costs (Table 4). Although
both RT systems and NT realised only slightly lower costs than CT system, comparison
of gross margins could better express benefits of non-conventional soil tillage systems
versus conventional tillage system. So, RT 1 realised 32.2% greater gross margin, while
RT 2 realised even 72.3% greater gross margin. NT system achieved respectably 103.8%
greater gross margin than CT system. According to Zentner et al. (1996) net economic
return in reduced tillage was higher than in mouldboard plough tillage on the heavy clay
soil. On the contrary Hoffman et al. (1999) found that net economic returns in the
mouldboard plough tillage system increased more than in reduced and no-tillage
systems.

Table 4. Total cost, gross income and gross margin for different tillage systems

Tillage Gross incqune Total coits Gross ma{lgin Income :
USS$ ha USS ha USS$ ha Costs ratio
CT 1290 1002 289 1.29
RT 1 1349 967 382 1.39
RT 2 1440 941 498 1.53
NT 1455 866 589 1.68
4. CONCLUSIONS

Summarizing results of annual experiment results together with previously acquired
experience following could be concluded:

1. Conservation tillage system I (RT 1) enabled 36.1% energy saving per hectare,
while conservation tillage system II (RT 2) achieved saving of 59.4% energy per hectare
in comparison to conventional tillage system (CT) energy requirement.

2.No-till (NT) system achieved saving of 86.7% energy per hectare in comparison
to conventional tillage system (CT) energy requirement.

3.Conservation tillage system I (RT 1) achieved 37.1% higher productivity,
conservation tillage system II (RT 2) achieved 71.4% higher and no-till (NT) even
85.7% higher productivity in comparison to conventional tillage system (CT).

4. No-till (NT) achieved the greatest yield of 6.73 Mg ha™', the next is conservation
tillage system II (RT 2) with yield of 6.63 Mg ha" then follows conservation tillage
system I (RT 1) with 6.06 Mg ha™' and finally conventional tillage system (CT) with
5.69 Mg ha™. Differences weren’t statistically significant.
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5.No-till (NT) realised 103.8% higher gross margin, while conservation tillage
system II (RT 2) and conservation tillage system I (RT 1) had 72.3% and 32.2% higher
gross margins than conventional tillage system. This short-term experiment showed that
non-conventional tillage systems due to their lower energy and labour requirement could
be economically important tool to decrease production costs.
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ENERGETIKA I EKONOMIKA OBRADE TLA
U PROIZVODNJI OZIME PSENICE

Silvio Ko$uti¢, Dubravko Filipovié¢, Zlatko Gospodaric,
Igor Kovacev, KreSimir Copec

Poljoprivredni fakultet Univerziteta u Zagrebu, SvetoSimunska 25,
HR-10000 Zagreb, Hrvatska, e-mail: skosutic@agr.hr

Sadraj: U radu su prikazani rezultati jednogodisnjeg eksperimenta proizvodnje ozime
pSenice razlic¢itim sustavima obrade tla, provedenim na povrSinama imanja Njive d.0.0. u
mjestu Lila, pokraj Nasica. Test usjev je bila ozima pSenica, varijetet Renan. Primjenjeni
sustavi obrade tla bili su kako slijedi: konvencionalni, konzervacijski i direktna sjetva
bez obrade. Usporedba sustava obrade prema utro$ku energije pokazuje svu rastro$nost
konvencionalne obrade tla sa specificnom potro$njom goriva od 46.6 L ha” i 8.19 L
Mg, Konzervacijska obrada I je iziskivala 29.8 L ha™ i 4.92 L Mg, odnosno 36.1% i
40.0 % manje energije respektivno. Konzervacijska obrada I je trebala 18.9 L ha i 2.85
L Mg, 3to je 59.4 % i 65.2 % respektivno manje energije od konvencionalne obrade.
Najvece ustede energije postignute su direktnom sjetvom bez obrade ili no-till sustavom
koji je trosio svega 6.2 L ha' i 0.92 L Mg diesel goriva, odnosno 86.7% i 88.8%
respektivno manje od konvencionalne obrade. Usporedba razli¢itih sustava obrade tla
prema utrosku ljudskog rada pokazuje da konvencionalna obrada troi 1.95 h ha' i
0.34 h Mg, konzervacijska obrada I tro$i 1.29 h ha™ i 0.21 h Mg™ ili 33.8% i 37.9%
respektivno manje od konvencionalne obrade. Konzeravacijska obrada II iziskivala je
0.74 h ha i 0.11 h Mg™, odnosno 62.3% i 67.6% respektivno manje. Direktna sjetva
trebala je svega 0.32 h ha™ i 0.05 h Mg, $to je 83.8% i 86.3% respektivno manje od
konvencionalne obrade. Najmanji urod od 5.69 t ha” postignut je konvencionalnom
obradom, dok je najveéi urod od 6.73 t ha™' postignut direktnom sjetvom bez obrade.

Kljucne rijeCi: Obrada tla, utroSak energije, proizvodni trodkovi, ozima p3enica.
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TEHNICKI I TEHNOLOSKI ASPEKTI PROIZVODNJE
MLADOG KROMPIRA

Andelko Bajkin, Vladan Markovi¢, Ondrej Ponjican
Poljoprivredni fakultet - Novi Sad

Sadriaj: Istrazivanja su obuhvatila postavljanje ogleda sa razli¢itim nacinima gajenja
mladog krompira, primenom pokrivanja biljaka i mal¢ovanja zemljista, kao i ispitivanja
razli¢itog sortimenta krompira u cilju izbora najboljeg za proizvodnju mladog krompira.
Drugi deo istrazivanja obuhvatio je analizu primenjene mehanizacije, pocev od
sadnje od berbe. Poseban znacaj je dat analizi rada maSinama za mehanic¢ko sakupljanje
krompirove zlatice (biokolektor) i maSinama za termi¢ko susenje lisne mase, u cilju
maksimalno moguceg eliminisanja primene hemijskih sredstava u proizvodnji mladog
krompira. U radu su analizirane masine za mehanizovano ubiranje mladog krompira.

KljuCne reCi: mladi krompir, sadnja, pokrivanje, biokolektor, termicko suSenje lisne
mase, ubiranje.

UVOD

Krompir predstavlja jednu od osnovnih gajenih kultura kako po povrSinama na
kojima se gaji tako i po znacaju u ljudskoj ishrani. Pored zrelog krompira poseban znacaj
u ljudskoj ishrani ima mladi krompir.

U S$irokoj potrosnji povrtarskih proizvoda sve je prisutnija potreba za koriS¢enjem
zdravstveno bezbedne hrane. Jedan od preduslova za ostvarenje proizvodnje povréa u
sistemu dobre poljoprivredne prakse jeste maksimalno moguca eliminacija primene
hemijskih sredstava u svim fazama proizvodnje povréa pa tako i mladog krompira
(Markovi¢, 2006).

Krompir je svakodnevna komponenta u ljudskoj ishrani, kao i vazna sirovina u
preradivackoj industriji od kojeg se spravlja skrob, alkohol, ¢ips i mnogi drugi proizvodi.
Pored zrelog krompira poseban znacaj u ljudskoj ishrani ¢ini i mladi krompir. Mladi
krompir predstavlja mlade, jo§ potpuno neformirane krtole, izuzetno cenjene u ishrani.
Mladi krompir za berbu pristize u prole¢e kada jos uvek nije veliki izbor povrtarskih
kultura, a zbog izuzetnog kvaliteta mladi krompir je vrlo cenjena namirnica. Zbog ranog
ubiranja mladi krompir ima veliki agrotehni¢ki znacaj, jer posle njega mogu da se gaje
mnoge kulture, ¢ime doprinosi boljem iskoris¢avanju zemljista (Lazi¢ Branka i sar,
2001). Mladi krompir, po pravilu, uvek ima dobru cenu, pa je to i visokoakumulativna
kultura.
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Zbog izuzetnog kvaliteta, zelja potrosaca je da ga koriste u ishrani preko cele
godine. To se uglavnom moze posti¢i dubokim zamrzavanjem, pa je zato mladi krompir
1 znacajna sirovina u preradivackoj industriji (Markovic i sar, 2006).

REZULTATI ISTRAZIVANJA I DISKUSIJA

Radi postizanja rane proizvodnje mladog krompira, kada mu je cena na trziStu
najveca, primenjuju se razliite agrotehnicke metode. Metode su vezane, pre svega, za
primenu razli¢itih vrsta repromaterijala u okviru razli¢itih tehnologija gajenja mladog
krompira.

Rana sadnja, sadnja krupnih krtola, a pre svega sadnja naklijalih krtola jedan je od
nacina dobijanja ranog mladog krompira. Za sadnju naklijalih krtola treba koristiti
automatske sadilice, pri ¢emu radnik ravnomerno prazni gajbice sa naklijalim krtolama
na trakaste transportere, odakle ih zahvataju kaSike (sl. 1). Krtole pre naklijavanja
moraju biti kalibrisane (ujednacene po dimenzijama), kako bi kvalitet i brzina sadnje bili
Sto vedi.

SI. 1. Sadilica naklijalih krtola

Pri proizvodnji mladog krompira na ve¢im povr§inama, ¢im vremenski uslovi
dozvole, moze da se koristi kombinovana masina koja istovremeno sa sadnjom izvodi
povrsinsku pripremu zemljista i malCovanje zemljista foto 1 biorazgradljivom folijom
debljine do 15 pm (sl. 2).

Pokrivanjem zasadenih krtola folijom, obezbeduje se dodatno zagrevanje
povrsinskog zemljista za 5-6° C, pri ¢emu se Stite krtole od niskih ranoprole¢nih
temperatura sa jedne strane i ubrzava nicanje krtola sa druge strane. Povecanjem
temperature, i usled delovanja suncevih zraka, dolazi do postepene razgradnje folije pri
¢emu lisna masa-cima nesmetano nastavlja sa svojim razvojem.
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A b S e s SO R PR S
SI. 2. Priprema zemljista, sadnja i malcovanje zemljista folijom

Rezultati istrazivanja tokom 2005. godine pokazali su da je dobijen najveéi prinos
krompira primenom mal¢ folije i postavljanjem niskih tunela (Markovi¢ et al, 2006). Za
malCovanje zemljista kori$¢ena je crna folija debljine 20 um dok je za formiranje niskih
tunela, koriS¢ena transparentna folija debljine 30 pm.

Za proizvodnju mladog krompira izuzetno je vazan izbor sorte kako po prinosu tako
i po kvalitetu pogodnih za zamrzavanje. Ispitivanjem je obuhvaceno 11 sorti, (tabela 1).
Rezultati ispitivanja sortimenta pokazali su da je najviSi prinos ostvarila sorta Rosara
(60,1 t/ha), koja ujedno ima i veliki broj krtola po kucici i potrebnu krupnoéu pogodnu
za zamrzavanje.

Tab. 1. Prinos mladog krompira ispitivanog sortimenta

Sorta Masa po kucici, Prinos, Broj krthol.a po | Prose¢na masa
g t’/ha kudici krtole, g
Rosara 1.336 60,1 23 58,0
Kleopatra 1.088 49,0 25 43,5
Aladin 1.068 48,1 24 44,5
Baltica 1.008 45,4 20 50,4
Amorosa 884 39,8 12 73,6
Magda 856 38,5 17 50,35
Red anna 844 38,0 19 44,4
Stemster 840 37,8 8 105,0
Rosana 820 36,9 19 43,0
Red cherry 624 28,1 11 56,7
Valjevski kiflag 600 27,0 13 46,1

Za proizvodnju mladog krompira namenjenog zamrzavanju ili pak koris¢enju u
svezem stanju izuzetno je bitan hemijski sastav koji direktno odreduje kvalitet odredene
sorte. Rezultati hemijskih analiza ispitivanih sorti prikazani su u tabeli 2. Po visokom
sadrzaju suve materije i skroba posebno se izdvajaju sorte Magda i Valjevski kiflas.
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Tab. 2. Rezultati hemijskih analiza mladog krompira

Sorta Suva materija, Pepeo, Celuloza, Skrob,
% % % %

Rosana 17,17 0,97 0,69 10,30
Rosara 17,92 0,87 0,57 9,77
Red anna 15,90 1,02 0,69 9,34
Aladin 15,90 0,93 0,52 8,75
Red cherry 18,52 1,02 0,49 10,27
Kleopatra 16,59 0,93 0,41 10,03
Amorosa 15,66 0,88 0,49 7,52
Stemster 15,40 1,10 0,66 6,89
Baltica 17,36 1,25 0,61 8,83
Magda 19,64 1,20 0,68 11,98
Valjevski kiflag 19,95 1,08 0,49 12,17

Pri gajenju mladog krompira namera je da se proizvede bioloski zdrav proizvod.
Jedan od preduslova za ostvarenje tog cilja je minimalna primena hemijskih sredstava u
svim fazama proizvodnje.

U toku vegetacije, u nepovoljnim godinama, moze da se pojavi krompirova zlatica.
Da bi se izbegla upotreba insekticida, osim novih ekoloskih sredstava, moze se primeniti
i mehanicko sakupljanje krompirove zlatice i njenih larvi pomocu biokolektora koji se
postavlja na prednji deo traktora pomocu hidrauli¢kih nosaca, slika 3.

SI. 3. Masina za sakupljanje krompirove zlatice i njenih larvi

Mladi krompir vadi se pre nego $to krtole dostignu punu tehnolosku zrelost, pri
¢emu je lisna masa izuzetno bujna. Umesto uniStavanja cime hemijskim sredstvima na
bazi kiselina, u cilju dobijanja zdravstveno bezbednog proizvoda, primenjuje se
kombinacija rotacione sitnilice i toplotne energije.

Kod maSina za termicko uklanjanje lisne mase, za izvor toplote posebno su
konstruisani gorionici u kojima sagoreva tecni gas. U delimi¢no izolovanim prostorima
od okoline, gde su postavljeni gorionici, stvara se mikroklima sa visokom temperaturom
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meSavine produkata sagorevanja i okolnog vazduha. Prisustvo tako emitovanih
produkata sagorevanja u slobodnom prostoru ne ugrozava ni okolinu, niti same biljke.
Porastom temperature lisne mase, raste temperatura vode i pare u njihovom tkivu §to
izaziva intenzivno mehanic¢ko razaranje strukture tkiva usled ¢ega dolazi do ubrzanog
uvenuca lisne mase (Bajkin i sar, 2005).

Primenom toplotne energije za uklanjanje lisne mase, pri ubiranju mladog krompira,
radna temperatura prostora za tretiranje je oko 850° C, a energetska potrosnja oko 2,2
GJ/h, dok je prosecni povrSinski ucinak uredaja za suSenje lisne mase oko 0,8 ha/h
(Somer i Bajkin, 2000).

Na prednjem delu traktora postavlja se rotaciona sitnilica, pomoc¢u koje se uklanja
gornja trecina lisne mase, dok se na zadnjem delu traktora postavlja uredaj za termicko
suSenje lisne mase, slika 4.

SI. 4 Unistavanje lisne mase sitnilicom i termickim susSenjem

Osim suSenja lisne mase, toplotna energija uniStava sve nadzemne StetoCine kao Sto
su krompirova zlatica, lisne vasi, plamenjaca, gljivice i drugo. Izrasle korovske biljke se,
takode, uniStavaju manje ili viSe uspesno, a kod nekih korovskih vrsta se u znatnoj meri
umanjuje njihov reproduktivni potencijal. Pravilnim sprovodenjem tehnologije
koris¢enja toplote za termicko tretiranje nadzemne biljne mase mladog krompira,
zagrevanje zemljista, kao i delova biljaka pod njenom povrSinom je identi¢no zagrevanju
za vreme toplih letnjih dana. Na primer, pri brzini kretanja masine od 3 km/h, u suvom
zemljistu na dubini od 0,5 cm temperatura poraste za 2,2, a u vlaznom za 1,6° C
(Hoffman, 1990).

Na osnovu navedenog moze se zakljuciti da su podzemni delovi biljaka zasticeni od
visoke temperature ve¢ na maloj dubini, a isto tako i prisutna mikroflora u zemljistu.

Za razliku od tehnoloski zrelih krtola, mladi krompir vadi se pre nego Sto krtole
dostignu potpunu tehnolosku zrelost. Vreme vadenja uslovljeno je kako bioloskim, tako i
ekonomskim razlozima. Najcesce se smatra da vadenje krompira treba poceti kada 60 —
80% krtola dostigne masu iznad 20 grama

Mehanizovano ubiranje mladog krompira izvodi se kombajnima koji su najcesce
jednoredni, slika 5.
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S1.5. Mehanizovano ubiranje mladog krompira

Separacioni radni organi za izdvajanje zemlje, na kombajnu za ubiranje mladog
krompira, izvedeni su u obliku letviastih transportera koji su oblozeni elasti¢nim
materijalom. Za §to efikasnije izdvajanje zemlje, a da ne dode do oStecenja krtola, iznad
letvicastih transportera postavljene su gumene zavesice i gumeni valjci, koji imaju
zadatak da pored zemlje izdvajaju i delove cime. Pozadi kombajna, slika 5, nalaze se
platforme za radnike, koji sa inspekcionih traka uklanjaju nestandardne krtole, grudve
zemlje, zaostalu cimu i ostale primese.

Na kombajnima za ubiranje mladog krompira, radi Sto manjeg oSteéenja krtola
prilikom utovara u transportno sredstvo, istovarni transporter mora da ima mogucnost
podesavanja visine istovara u zavisnosti od napunjenosti transportnog sredstva kao i
uredaj za ublazavanje pada, kako bi oStecenje krtola bilo §to manje, slika 6.

SI. 6. Istovarni transporter sa uredajem za ublaZavanje pada krtola

Tokom 2006. godine (19. jun), u Ruskom Krsturu, izvedeno je ispitivanje vadenja
mladog krompira dvorednom vadilicom "Majevica" u agregatu sa traktorom IMT 542
nominalne snage 31 kW. Radna brzina agregata za vadenje iznosila je 3,54 km/h, pri
¢emu je postignut povrsinski u¢inak od 0,396 ha/h. Prinos krtola iznosio je 25,57 t/ha.
Angazovanje ljudskog rada pri radu vadilice iznosilo je 2,53 radnik h/ha a utroSak
masinskog rada 78,28 kWh/ha. Sakupljanje krtola mladog krompira izvodeno je ru¢no,
uz prebiranje, §to je angazovalo dodatnih 351,1 radnik h/ha.
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U toku 2007. godine (06. jun), u Begecu, izvedeno je ispitivanje vadenja mladog
krompira izoravanjem plugom koji je vukao traktor IMT 565 snage 46,5 kW. Radna
brzina pri izoravanju iznosila je 2,41 km/h, pri ¢emu je postignut povrsinski ucinak od
0,084 ha/h. Prinos krtola iznosio je 22,07 t/ha. Angazovanost ljudskog rada pri
izoravanju iznosila je 35,74 radnik h/ha a utroSak masinskog rada 54,02 kWh/ha. Na
sakupljanje krtola u gajbice i utovar istih u transportno sredstvo angazovano je ukupno
286,94 radnik h/ha.

ZAKLJUCAK

Istrazivanja su obuhvatila analizu primenjene mehanizacije, pocev od sadnje mladog
krompira pa do ubiranja. Poseban znacaj je dat analizi rada masinama za mehanicko
sakupljanje krompirove zlatice (biokolektor) i maSinama za termicko susenje lisne mase,
u cilju maksimalno moguceg eliminisanja primene hemijskih sredstava u proizvodnji
mladog krompira. U radu su analizirane maSine za mehanizovano ubiranje mladog
krompira.

Sto je proizvodnja mladog krompira ranija, na trzistu se postize ve¢a prodajna cena
ali se isto tako povecavaju i troskovi proizvodnje, kako kroz ulaganja u repromaterijal
(mal¢ folije, folije za niske tunele, nosecu konstrukciju), tako i kroz troskove nabavke
masina. U ovom sluéaju, trziste ¢e opredeliti nivo primene razli¢itih tehnologija gajenja.

Pri gajenju mladog krompira, kao i drugog povréa, namera je da se proizvede
bioloski zdrav proizvod. Jedan od preduslova za ostvarenje tog cilja je maksimalno
moguca eliminacija primene hemijskih sredstava u svim fazama proizvodnje, na primer,
primenom biokolektora za sakupljanje krompirove zlatice ili uklanjanje lisne mase
primenom uredaja za njeno termicko susenje.
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TECHNICAL AND TEHNOLOGICAL ASPECTS
OF YOUNG POTATO PRODUCTION

Andelko Bajkin, Vladan Markovi¢, Ondrej Ponji¢an
Faculty of Agriculture - Novi Sad

Abstract: Investigations obtained established experiments with different growing
methods of young potato with utilization plant and soil covering , soil mulching and
potato variety trails in the aim of choosing the best for young potato production.

Second part of research obtained analyses applied mechanization since planting up
to harvesting. Special importance was given to machinery for collecting potato Colorado
beetle (biocolector) and machinery for termic drying leaf mass in the aim of maximal
elimination of pesticides applications in the young potato production. In this paper also
were analysed machines for young potato harvesting.

Key words: young potato, planting, covering, biocolector, termic drying leaf mass,
harvesting
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INJECTION SYSTEMS FOR SITE-SPECIFIC
HERBICIDE APPLICATION
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Abstract: The direct injection systems for herbicide application keep the herbicide and
carriers (water) separetand meter and mix both on demand in the pipeline before entering
the nozzle. That makes possible varying of herbicide concentration without leaving
residues of pre-mixed solutions in the tank after operation. The ability to change the
chemicals and their concentration make the system suitable for site specific herbicide
application. As a consequence, there is a need to have a specific solution at the nozzle at
the correct time due to the spatial accuracy of the spray system.

Key words: herbicide, site specific application, mixing process, homogeneity, CFD.

INTRODUCTION

The direct injection systems for herbicide application keep the herbicide and carrier
(water) separate and meter and mix both on demand in the pipeline before entering the
nozzle. That makes possible varying of herbicide concentration without leaving residues
of pre-mixed solutions in the tank after operation. The ability to change the chemicals
and their concentration make the system suitable for site specific herbicide application.
As a consequence, there is a need to have a specific solution at the nozzle at the correct
time due to the spatial accuracy of the spray system.

There are two operation modes for site specific herbicide application systems. The
first is an offline system based on a weed map generated by a weed recognition system.
In this case there is sufficient time to prepare the herbicide solution before entering the
nozzle because the weed distribution is known in advance of the herbicide application.
This operation mode allows premixing of the solution or preparing an appropriate
mixture on demand to provide high spatial accuracy of the sprayer.

The other operating mode, an online system, couples the recognition system
(camera) with an application system (sprayer). The spatial accuracy of an online system
depends on the distance between recognition and application system, operation speed
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and reaction time of the entire system. The maximum distance between camera and
sprayer is expected to be less than 1 m when mounted at the sprayer boom for
mechanical stability. The regular operation speed lies between 2 and 3 ms-1. Therefore
the maximum system response time should be less than 0.5 s. To reduce the response
time of the direct injection system, the distance between the injection point and the
nozzle has to be minimized. The sprayer response time consists of two parts — firstly
injection time or response characteristic of the injection metering system, and secondly
transport time between the injection point and the nozzles by the carrier flow. In the
second part a uniform herbicide mixture has to be provided before the mixture enters the
nozzle.

Zhu et al (1999) stated that by injecting viscose materials in the spray boom, the
mixture uniformity without a mixing device is not adequate. Rockwell and Ayers (1996)
reported about problems with mixing dye and carrier by injection in the nozzle as well.

In this paper Computational Fluid Dynamics (CFD) software is used to optimize the
mixing process and to design an appropriate mixing chamber by simulating the flow and
mixing process in the direct injection system. The results will be verified by
experimental tests.

MATERIAL AND METHODS

The mixing process should reduce the concentration inhomogeneity in order to
achieve a desired process result. To determine the mixture quality the standard deviation
is normalized by dividing it by the average, giving a function called the coefficient of
variation (CoV=standard deviation of concentration measurements/mean concentration).
This function (most often reported as a percent) is else often called intensity of mixing or
degree of segregation and is easy to comprehend. The BBA (Federal Biological
Research Centre Germany) has determined the quality of the mixture in a conventional
sprayer tank to have less than a 15 % deviation in homogeneity. In a typical industrial
mixing process an additive might be considered well mixed at 5 % CoV (Handbook of
Industrial Mixing). In a direct injection system the 5 % CoV can be taken as the limit for
a well mixed homogenous mixture as well. An effective water-herbicide concentration is
needed before the mixture enters the nozzle which applies it to the target area. The
mixing process inside the mixing chamber must be continuous, as fast as possible for
online systems, and should result in a mixture with a high degree of homogeneity.
In order to achieve the short response time as required or the online application the
mixing chamber should be as small as possible by constant carrier flow.

An early first step in the understanding of the continuous mixing process is the
identification of the flow regime in which the process operates. The determinates are
the fluid flow rate and physical properties. Flow regime can vary with flow rate and
along the length of the mixing device. The quality of the mixture cannot be dependent on
the flow regime. It must never occur that a part of the mixture on the nozzle has a toxic
concentration which can contaminate the environment.

Blending in a flow can be radial or axial. With turbulent flow there is mass
interchange in both the radial and axial directions due the turbulent eddies. In laminar
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flow the velocity vectors are parallel and there is no radial mixing. When the flow is
highly turbulent single phase, there are many mixer design options like empty pipe,
valves, nozzles, tee and jet mixers, static or motionless mixers. When the flow is
laminar, either single or multiphase, there is only one design class option: static or
motionless mixers. Other inline mixing devices for turbulent flow are not usable. The
motionless mixers are based on the principle of moving the streams radially by a series
of baffles. These baffles may consist of twists of metal or plastic, corrugated sheets,
parallel bars, small-diameter passages and of tabs sticking out from the wall. Because of
the need to blend with different flow regimes and fluid properties (vide infra), three
different mixer designs (KMS, SMX and Quadro) have been found and their
optimization studied in direct injection systems.

I. KMS: twisted ribbon or bowtie type, with alternating left- and right-hand twists.
One element is 1.5 or 1.0 diameter in length. (Chemineer, Inc.)

II. SMX: several stacked sheets of corrugated metal running at 30° or 45° to the pipe
axis. Each element is 0.5 to 1.0 diameter in length and adjacent elements are
rotated 90° relative to each other. Mixer hydraulic diameter is determined by the
height of the corrugation or the number of stacked corrugated sheets. (Koch-
Glitsch,LP)

III. QUADRO: square shaped mixer doubles the number of formed layers on each
mixing element. One element is about 1 side size in length. (Sulzer Chemtech)

For theoretical investigation of the mixing process the Computer Fluid Dynamics
(CFD) software from Comsol Multiphysics was used. This software allows modelling of
flow relations as well as chemical reactions. Because of the numerical diffusion effect by
CFD software, the results will be compared with known data from literature and verified
by experimental methods after that.

For different mixing chamber designs the effect of mixing ratio, fluid properties
(viscosity and density) and the effect of different inlet position in the mixing process will
be studied.

The results for blending in pipeline mixing chamber can be correlated by plotting
the coefficient of variation reduction (CoVr = final CoV value/initial CoV value) versus
length/diameter ratio (L/D). In laminar flow there is no effect of viscosity, flow rate or
initial CoV on these correlations by motionless mixers. CoVr is usually found to
correlate with the L/D in an exponential form,

CoVr=Ki'® (1)
where blending coefficient Ki depends on the mixing device design and flow regime.

The CoVr represent the effect of mixing ratio in this case. The effect of viscosity in
turbulent flow for motionless mixers has been described by empirical relation (Streif et

al 1988)
(Ej = (Ej +Klogte )
D uneyual D equal Mg
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where L/l 1s the viscosity ratio and K is a coefficient depending on mixer type. There is
no relation for the density effect, because the impact depends mostly on position of the
mixing unit. The initial injection position affects the quality of mixing, especially in
motionless mixers where the division on the edge of an element is important for the
mixing process. The determination of the optimal inlet position is also necessary for
the mixing chamber design.

The mixing process is studied for the sprayer with a forward speed up to 3 m s/1,
water application rate 100 — 500 1/ha, herbicide application rate 0,2 — 5 1/ha and different
herbicide viscosity 1 — 500 mPa s and density 900 — 1200 kg/m’.

RESULTS AND DISCUSSION

The main problem with studying the mixing process in direct injection systems is
the identification of the fluid dynamic mode in sprayer pipelines. Usually it varies with
the machine operation speed and water application rate. The flow regime changes from
laminar, to transient to fully turbulent. There is no mixing in the pipeline in the laminar
flow regime. It is possible to achieve transient and fully turbulent flow in pipeline during
operation by reducing the diameter.

The simplest possibility to mix the fluids is using axial interchanges in an empty
pipe in turbulent flow. The value for Ki is 0.95 (Streiff et al. 1999) in this case. As initial
conditions for the mixing process investigation, normal operation values for
conventional field sprayers (200 1 ha-1 water application rate, 2 1 ha-1 herbicide
application rate and 2 m s-1 operation speed) and herbicide with physical properties
similar to water have been used. It is necessary to move the injection point up to 105 L/D
before the nozzle to achieve the final CoV of 5 %. The mixing length will be several
times longer for viscose materials or turbulence flow (slower application speed etc.). For
example, the mixing process for injecting in an empty pipeline used by Hloben (2006)
has been studied and calculated. Two types of direct injection systems were considered
in that study. For the configuration with a central injection in the pipeline boom section
consisting of 6 nozzles the calculated CoV value on the nozzle was as high as 192 % and
for the configuration with direct nozzle injection it was as high as 800 %. The mixing in
a pipeline without a mixing device is also not suitable for direct injection systems.

A simple approach to pipeline mixing in turbulent flow involves the use of side
injection tees. Fornay and Lee (1982) found that the momentum of the side stream must
be high enough to mix fully with the bulk stream to achieve shortest mixing length.
When the momentum is low, the side stream will be deflected and becomes a sidewall
injection and the mixing length will be about 50 to 100 diameters. A tee mixer can
rapidly reduce the mixing length by ca. 7 diameters under optimal condition but the
mixing length will increase with low momentum of the side stream, low turbulences,
higher viscosity etc. Therefore, using a tee or jet mixer (similar mixing principle) cannot
ensure optimal homogeneity in all condition by direct injection systems.

Motionless mixers are a very efficient design option in all flow regimes and also
mix fluids with high viscosity ratios. The efficiency of their mixing process was
evaluated by the Ki coefficient. The CFD software calculates the blending coefficient for
different flow regimes. The calculated efficiency in laminar flow is compared with
known values (Streiff et al. 1999) in Tablel.
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Table 1: Blending coefficient Ki for different motionless mixers — comparing calculated

and known values and laminar and turbulent flow regime

Device Ki —Laminar (calc.) | Ki-Laminar (Streiff) | Ki-Turbulent (Streiff)
Empty pipe 0 0 0.95
KMS 0.78 0.87 0.50
SMX 0.58 0.63 0.42
Quadro 0.61 - -

Lower values of the blending coefficient (i.e. better mixing properties) in the
column with calculated numbers is probably caused by numerical diffusion (see above).
The effect of inlet position has been studied by CFD simulation as well. Especially with
the KMS and Quadro mixer it is preferable if the herbicide concentrate flow is divided
by the edge of the first element alternatively 2 — 6 mixing L/D has to be added to ensure
the mixture quality.

The effect of viscosity on the mixing process can be documented with a simple
mixing device (Fig.1), where two fluids are mixed under same initial flow condition.
The CoV for low viscose fluid is 0.27 and for high viscose fluid it is 0.56! The impact of
viscosity on the mixing process becomes clear. The coefficient K for selected mixers
will be looked for.

Outlet

P |:>

Figure 1: Simple mixing device for testing viscosity impact on mixture homogeneity

Inlet water
Inlet chemical
Inlet water

By using known parameters the SMX mixer is an optimal solution because it has
highest performance compared to other devices when mixing fluids with high viscosity
ratios. A length 11 L/D is necessary to mix a herbicide to water ratio up to 1:1000
(corresponding 0.2 litre herbicide and water application rate 200 I'ha), and a viscosity
ratio up to 500:1 (viscose herbicide 500 mPas and water) in turbulent flow regime while
14 L/D is required in laminar flow regime. With the KMS mixer the mixing length will
be ca. 16 L/D in turbulent or 46 L/D in laminar flow regime. Turbulent flow is also
needed to achieve the possible shortest response time in online driven direct injection
systems because of more mixing efficiency in comparison with blending in laminar flow
regime (Table 1). By direct nozzle injection the smallest mixing chamber volume can be
just about 233 mm’. The time delay for standard flow conditions should be 12 ms for the
SMX mixer under average flow conditions.

CONCLUSION

If all possible herbicides should be mixed, an effective mixing device is necessary to
achieve appropriate homogeneity of water — herbicide mixture by all after-carrier pump
injecting systems according to the first CFD investigation. Nowadays, current injection
systems using only mixing in turbulent flow need a long L/D ratio to achieve the
required homogeneity and are not usable with viscose chemicals. If a short mixing length
or reaction time is required, the motionless mixers show good accuracy for application in
direct injection systems.

Turbulent flow is recommended to optimize the mixing process and to minimize the
time delay in the mixing chamber, which can be very small under optimal conditions.
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PROUCAVANJE INJEKTORSKIH SISTEMA U PARCIJALNOJ
APLIKACIJI HERBICIDA

Jiri Vondricka, Peter Hloben, Peter Schulze Lammers
University of Bonn, Department of Agricultural Engineering, Germany

SadrZaj: Sistemi za direktno injektiranje herbicida drze herbicid i nosa¢ (voda) odvojeno
1 mesaju ih neposredno pred razvodni sistem tj pred ulazak u rasprsivac. Na taj nacin se
omogucava variranje koncentracije herbicida bez ostavljanja ostataka u toku pred-
mesanja. Moguénost promene hemikata i njihovih koncentracija svrstava ovaj sistem u
jedan od tehnickih sistema lokalno-specifi¢ne aplikacije herbicida. Ovo ima za posledicu
distribuciju specificnog rastvora, ka rasprSivacu u odredenom trenutku kako bi se
ostvarila adekvatna preciznost sistema aplikacije.

KljuCne reCi: herbicidi, lokalno-specificna aplikacija, proces meSanja, homogenost,
CFD.



CONTENTS

THE EUROPEAN MARKET FOR AGRICULTURAL MACHINERY ... 1

Laszl6 Magé
EFFECTIVE MACHINE UTILISATION ON SMALL AND MEDIUM SIZED PLANT
PRODUCTION FARMS ..ottt ettt st st 9

Zoran Mileusnic, Milan Djevic, Dragan Petrovic, Rajko Miodragovic

THE OPTIMIZATION OF TRACTOR-MACHINERY COUPLES IN DIFFERENT
TILLAGE TECHNOLOGIES ...t 19

Vladimir Muzikravi¢, Dragan Ruzi¢, Nenad Poznanovi¢

AGRICULTURAL TRACTOR’S TIRE RESISTANCE DUE TO THE DEFLECTION
AND IT'S INFLUENCE ON TRACTION ON AGRICULTURAL SOILS ......ccooiiirerrirrieeireeneierineenne 29

Silvio Kosutic, Dubravko Filipovic, Zlatko Gospodaric, Igor Kovacev, Kresimir Copec

ENERGETIC AND ECONOMICS OF TILLAGE SYSTEMS IN WINTER
WHEAT PRODUCTION ...t 39

Andelko Bajkin, Vladan Markovi¢, Ondrej Ponji¢an
TECHNICAL AND TEHNOLOGICAL ASPECTS OF YOUNG POTATO PRODUCTION .................. 47

Jiri Vondricka, Peter Hloben, Peter Schulze Lammers

STUDY ON THE MIXING PROCESS IN DIRECT INJECTION SYSTEMS
FOR SITE-SPECIFIC HERBICIDE APPLICATION ......cooiiiiiiriniinerernescseeeeiesisesseese s 55

Rajko Miodragovi¢, Milan Devi¢
INVESTIGATION OF MOBILE IRRIGATION SYSTEMS FOR PLANT PRODUCTION .......cccccovnee 61

Vaso Komneni¢, Milovan Zivkovi¢, Mirko Urogevié
MECHANIZED PRUNING OF PLUMS ...ttt ettt s 71

Sa3a Bara¢, Dragoslav Doki¢, Milan BiberdZi¢

RESULTS OF FIELD-LAB TRIALS ON WORKING QUALITY OF SOME COMBINES
FOR WHEAT HARVEST ...ttt s 77

Volkhard Scholz, Christine Idler, Johannes Egert
PROBLEMS AND SOLUTIONS OF STORING WOOD CHIPS IN PILES ........cccccovviirininiriniennins 85






ITOJbOITPUBPEJAHA TEXHHUKA ITossonpuspensnu

AGRICULTURAL ENGINEERING thakynrer Q”
< HucTtutyT 3a

Hayunu gacoruc I0JbONIPUBPEAHY A

Scientific Journal TEXHHKY

[peamer u HameHa: [IOJbOIIPMBPE/HA TEXHUKA je HayYHH YacOITUC KOju 00jaBIbyje
pe3ynTaTe OCHOBHHX M MPUMEHCHHX HCTPAKMBAaKka 3HAYAjHUX 32 pa3Boj y obnacTu
OMOTEXHHUKE, MOJFONPHUBPEIHE TEXHUKE, CHEPreTHKE, MPOIECHEe TEXHUKE M KOHTPOIIE,
Kao M eJEeKTPOHHKE U MH(popMaTuke y OHIBHO] U CTOYAPCKO] MPOU3BOIBM M OIroBa-
pajyhoj 3amrtuTh, gopaad U npepaar MOJbONPUBPEAHUX POU3BO/IA, KOHTPOIU U O4y-
Bakby JKMBOTHE CPEIMHE, PEBUTAIN3ALN]H 3eMJBUILTA, TIPUKYIJbalhy OTHAAaKa H HHXO-
BOM PEIMKIINPARY, OHOCHO KOpHIhekhy 3a MPOU3BO/bY TOPUBA U CUPOBUHA.

YIIYTCTBO 3A AYTOPE

3axBasbyjyhu Bam Ha MHTepecoBamy 3a yacormuc [IOJbONPUBPEJIHA TEXHUKA
MOJIUMO Bac Aa ce oOpaTuTe YPEeIHUIITBY ako OBa yIyTCTBAa HE OArOBOpPE HA CBa Ballla
[UTamka.

Pan mocraBuTH y MMCaHOj U €IEKTPOHCKO] POPMH Ha afpecy YpeaHUIITBA

Yaconuc [TOJLOMPUBPEJIHA TEXHUKA
[ossonpuBpennu paxynrter, MHCTUTYT 32 NOJBONPUBPEAHY TEXHUKY
11080 Beorpan-3emyHn, Hemamuna 6; 1. dax 127

VY nponpaTHOM MHECMY WJIM HA CaMOM Pajy HaBECTH UME ayTopa 3a aJby KOMYHH-
Kaiujy: Baxeha azipeca, 6poj TenedoHa u e-rouira.

Maga cBU paJlOBU MOJJIEXKY PELEH3UJH 332 OPUTHHAIHOCT, KBAJIUTET M BEPOAOCTO]-
HOCT NOZIaTaka M pe3yjraTra OAroBapajy MCKJbYy4HMBO ayTopH. IlompasymeBa ce na pan
HUje MyOJIMKOBaH paHHje U J1a je ayTOp Peryiicao 00jaBJbHBAKE pajia ¢ HHCTUTYIIHjOM
Y KO0jOj je 3arocieH.

Tun pana

Tpake ce OpUIMHATHMA HAYYHHU PAJOBH M MperiiefHH wiaHiu. [IperieqHu pagoBu
Tpeba na nAajy HOBe IOTJIese, YONIITaBake M YHHOUKALWjy HIeja Yy OIHOCY Ha
onpehenu canprxaj U He Ou Tpebaso ga Oyay MPEeBaCcXOHO U3BOIM paHHje 00jaBbEHUX
panosa. ITopen Tora, Tpaxke ce W NpPENMMHHAPHH M3BEIITAjU UCTPAXKHBamba y (popmu
kpahux npunora. OBa BpcTa Mpuiiora Mopa Jia Cajip ki HeKa HOBa Ca3Hama, METOJIE MK
TEX-HUKE KOjJU OYHIJICJHO TIIPEJICTaBJhajy HOBE JOMETe y oOnroBapajyhoj obmactu.
Kpatku npunosu oOjaBibuBaliec ce y moceOHOM Jeidy wyacomuca. Y 4Yacomucy je
MpeaBul)eH Mpoc-TOp 3a MIpUKaze K\WTra W WHPOpPMalHje O HAYYHHM U CTPYYHHM
CKyIMOBHMA.

Pan Tpeba na Oyzie HarmucaH Ha CPIICKOM je3UKY, 110 MoryhcTBy hupuimiom, a npux-
BaTajy Ce W MPHJIO3M Ha CHIJIECKOM je3uKky. byayhu nma cy obmacté moJbOnpuBpeIHE
TEXHUKE WHTEPIUCLUUILIMHAPHE, MOTPEOHO je aa O6ap yBox Oyje MmucaH pa3yMJbHBO 32
IIMpHU KPYT YHTANara, He caMo 3a OHe Koju pane y onpelheHoj yxoj obmactu. Hayunu
3HaAuaj pada u re2osu 3aKmsyuyu mpebdaio 6u da 6ydy jachu el y camom y8ody - TO
3HAYM JIa HUje JOBOJPHO JIaTH CaMo MPoOJeM KOju ce u3ydaBa Beh u BEeroBy UCTOpPH]Y,
3HA4aj 32 HAyKy M TEXHOJIOTH]y, crienn(HrIHEe M0jaBe 3a YMjU OMUC WU HCIUTHBAHE
Mory OWUTH yrnoTpeOJseHH pe3yNTaTh, Kao M OCBPT Ha OIIITA NMUTama Ha Koja paj MOXe



na na oarosop. OICyCTBO OBAaKBOT Mpuia3a MOXe 1a Oyze pasior HempHxBaTama pana
3a 00jaBJbUBALE.
HocTynak peBusuje

CBH pazoBU MHOAJTEXKY PEBH3HjH aKO YPEIHUK YTBpAM 1a Cajapikaj paga Huje
MPUKIAAaH 3a yacomuc. Y TOM ciydajy ce Bpaha ayropy. YpemanumrBo he ymaratu
HAIope Jia ce OJUuIyKa O pajay JOHece y mepuony kpaheMm ox 1Ba Mecena U Ja MPHXBa-
henn pag Oyne 00jaBJbeH y UCTOj TOAWHH KaJia je MPBH YT HOJHET.

IIpunpema pana

Pax tpeba nma Oyne mramman Ha xapTvju cranaapiaHor A4 ¢dopmara, ¢ AymiiuM
npopenom. JyxuHa panga je orpanuueHa Ha 20 cTpaHa, ykibyuyjyhu cimke, Taberne,
JUTEPATypy U OCTaJIe IPUIIOTE.

HacaoB - HacnoB paga Tpeba na Oynme Kparak, OMMCAaH W Jla OJAroBapa 3aXTeBUMa
WHJIEKCHpama. VIcroa HaclioBa HABECTH MME CBAKOT OJ ayTopa M yCTaHOBE y KOjoj
pamu. Cyrepuiie ce aa 0poj aytopa He Oyzae Behu ox Tpu, 6e3 003upa Ha KaTeropujy
pana. EBeHTyanmHO, mmpa mperyiefiHa CaolIITeHa MOTY CE€ Y TOM CMHCIY IOCEOHO
Pa3MO-TPHUTH, Y TOKY PEBH3H]E.

AncrpakT - Y u3Boxy Tpeba JAaTH KpaTak cajipikaj OHOra IITa je y paay Aaro, IlIaBHe
pesyJraTe ¥ 3aKJby4Ke KOju ciezie U3 muX. M3Bos He Tpeba 1a Oyze Ly>Ku O]l I0JIOBHHE
CTpaHe KyllaHe C IOYIUIMM TpopemoM. Y H3BOAY He Tpeba KOpHUCTHTH CKpaheHuIe,
MaTeMaTudke hopMyJsie UM HaBOJIE IUTepaType.

Jluteparypa - Jlucty nuTeparype JaTh Ha MoceOHOM JIUCTY M Takohe ¢ ABOCTPYKUM
mpopenoM. Pedepenne Tpeba ma campike ayTopa(e), HACIOB, TAYHO MME YaCOMHCA HIIH
KIbUTE U J1p., OpOj cTpaHa 0J1-110, U3/1aBaya, MECTO U JaTyM H3/1aBamba.

Ta6ene - TabGene Tpeda OpojaTu 1Mo pexy mojaBibuBama. CBaka Tabena Mopa Ja uma
03HAUCHE CBE PEJIOBE U KOJIOHE, YKJbYUYjyNU U jemuHMIIe Y KOjUMa Cy BEIMYHHE JaTe,
Jta OM ce MOTJIO pa3yMeTH 1ITa je y Tabenu npeacTaBibeHo. Caka Tabena Mopa z1a Oyne
LUTHpaHa y TEKCTY paja.

Camnke - Cruke Tpeba na Oyny moOpor kBanmrera ykibyuyjyhu o3Hake Ha muma. CBe
cimKe 1o moTpedu Tpeda ma mMajy jererny. Objammema cHMOOIa U MEPHE jeANHUIIC
Tpeba na ce Aajy y JereHmama ciuka. Ce ciuke Tpeba na Oyay HUTHUpaHE y TEKCTY.
VY ciydajy moceOHHX 3axTeBa Tpeba ce oOpaTutu YpeAaHuIITBy. Panuje myOnukoBaHe
CJIMKE MOTY CE MOCJIATH CaMO aKO UX MpaTh M MHCMEHA carjacHOCT ayTopa.

MaTteMaTHYKe 03HAKe - Y CKCIIOHCHTY TpeOa KOPHCTUTH Pa3IOMKE YMECTO KOpEHa.
PasnoMke y TeKCTy mucaTH HCKJBYYHMBO C KOCOM LPTOM a y jeHAYMHAMa KaJ o]l je TO
Moryhe. Jemnaunue oOenexaBaTi mounmmyhu c jemHaumHOM (1), ma masee pemom o
Kpaja paja.

IHO/bONPUBPEAHA TEXHUKA M3/a3M [Ba IyTa I'OAMIUBE Y U3gamwy MHCTUTYTA
3a mosboNpuUBpeHy TexHuKy [losbonpuBpennor dakynrera y beorpany. [Ipermniara 3a
2008. romuny usHocu 500 auHapa 3a uHCTUTyIHje, 150 muHapa 3a mojemunie u 50
JIUHapa 3a CTyJICHTE.

Ha ocrHoBy Munuperra MuHHCTapCTBa 32 HayKy u TexHOJOTHjy Pemyomuke CpbOuje mo
pewewy 60p. 413-00-606/96-01 ox 24. 12. 1996. roaune, yaconuc [10JbONPUBPE/IHA
TEXHUKA je ociobolen mahama nopesa Ha IpoMeT pode Ha MaJio.



MOI'YRHOCTHU U OBABE3E
CYU3JABAYA YACOIITNCA

VY onpehuBamy (u3nOHOMUjE Yacomuca
TTOJbOMPUBPEHA TEXHUKA, IPUIPEMH CaapxKaja U
(uHaHCHpawy HHErOBOTI H3/1aBarba, IMOpe] capajHHKa
W TIpeTIUIaTHUKA (MpaBHUX U GU3MYKUX JIMIA), 3HAYAJHY
nozpiky PakynTeTy Aajy ¥ CyM3aaBayu - paJHe opra-
HU3almje, npeayseha u aApyre yctaHoBe W3 00JIaCTH Ha
KOje ce MHCHja 4acomuca OTHOCH.

ITOBOTIPUBPEIHA TEXHUKA j€ Hay4YHH YacOITHC
Koju 00jaBJbyje pe3yiaTaTe OCHOBHHX U NPHUMCHCHUX
UCTpaXHBaKka 3HAYAjHUX 32 Pa3Boj y obnacTu OHOTEX-
HHKE, NOJbOIPHBPEIHE TEXHHUKE, CHEPreTHKE, MPOLIECHE
TEXHUKE M KOHTpPOJIE, Ka0 U CIEKTPOHHKE M HH(pOpMa-
THKE Y OMJBHOj M CTOYAapCKO] IPOU3BOIIBH M OrOBapa-
jyhoj 3amTuTH, nOpamy M Npepaad HOJbONPHUBPEIHHX
HPOM3BO/Ia, KOHTPOJIU M O4YyBamy JXHBOTHE CPEAHHE,
PEBHTAIM3ALM]H 3EMJBUILTA, MPUKYIJbABY OTMAgaKa H
IbUXOBOM PELHUKIHpPaby, OJHOCHO KopHuiheky 3a mpo-
U3BO/IbY TOPUBA H CHPOBHHA.

IIpaBa cym3gaBaua

Cymu3maBad dYacomuca MOXe OWTH CBako IpPaBHO
JHIe 0THOCHO TpahaHcko-mpaBHO nuie, npenysehe mmu
YCTaHOBa KOj€ je 3aMHTEPECOBAHO 3a IINPEHE H IUIach-
pame mHMOpManuja y 00JIACTH MOJHOTIPUBPEIHE TEX-
HHKE, OTHOCHO HayKe, CTPyKe U JPYTUX ACNaTHOCTH O
3Ha4yaja 3a MOJEPHY IOJHONPUBPEIHY INPOU3BOIY H
MIPOU3BO/IIbY XPaHE WM MOJEPHHjE PEYEHO - 3a YCIO-
CTaBJbam-E U PA3BOj OJPKUBOT JIAHIA XPaHE.

dupma Koja XKelH 1a IOCTaHe CyH3/aBad, YIIaToM,
JCIHOM TOJMIIKE, Ha padyyH H3J[aBaya CyMe Koja je
jenHaka oTnpuiaMke u3Hocy 10 TOIMIIBUX IpeTIuiaTa
cruue ciencha npasa:

- Jlemerupame cBOra MOPEICTABHUKA - CTPydmakKa y
Caser yacormuca;

- Y cBakoM Opojy vacomuca KOjU H3lIa3u 2 MyTa To-
TIBe, y TUpaxy ox o 200 npumepaka, moryhe je y
(bopMH pEeKITaMHOT 0JaTKa OCTBAPHUTH MPaBo Ha Gec-
IUIaTHO 00jaBJpMBaEkEe MO jeqHE IieJe CTPaHe CBOT
oriaca, a jelHOM FOJHIIE Ta CTpaHa Moxe 1a Oyje
y myHoj Ooju; Hamomumemo oBne nma IieHa jemHe
pekiaMHO-HH(pOpMaTHBHE CTpaHe y IIyHO] 0oju y
jenHom 6pojy usHocu 4.500 muHapa.

- Op cBakor Opoja M3amnuIoOr yacomwuca OECIIaTHO J0-
Omja 1o 3 mpuMepKa;

- YV cBakoM Opojy peKkIamMHOI JoJaTka My ce 00jaB-
Jbyje, TyHH Ha3WB, JIOTOTHII, ajapeca, OpOjeBH
tenedpo-Ha u dakca u ap., wMehy ampecama
Cyu3aaBaua;

- Mma mnpaBo Ha OecriaTHO 00jaB/bHBAKE CTPYYHO-
UH(OOPMATUBHHUX [PHUIIOTa, MPOU3BOJHOr [POrpama,
uHdopMalrja O MPOM3BOAUMA, CTPYYHHX UJIaHAKa,
BECTH U JIp.;

Kako ce nocraje cyusnaBay yaconuca
MMOJbOITPUBPE/THA TEXHUKA

IMomro ¢upma M3pa3u Keby [a MOCTaHE CyH3/ia-
Bau, o1 [TIOJbOITPMBPEJTHOI' ®AKVYJITETA nobuja
YeTHPH NIPUMEPKa YTOBOpa O CyH3/aBamy MOTIHCAHA U
OBepeHa o] cTpaHe u3faBaya. HakoH moTmucuBama ca
cBOje cTpaHe, cym3naBadu Bpaha nBa mpumepka Paxyn-
TeTy, Hocje 4era npuma (GakTypy Ha U3HOC CyW3/iaBad-
KOI' HOBYAaHOT' Jiejla. YTOBOp Ce CKiama ca BaxHoIhy
oI jemHe (KaleHIapcKe) TOOUHE, Tj. OAHOCH CE Ha IBa
Opoja "acomuca.

IMpunkom Bpahama NOTIHCAHMX yroBopa CyH3la-
Bay IllaJbe YPEAHHULITBY U CBOjY aApeCy, JIOTOTHUII, TEKCT
orjaca U pyKoIHuce IPUIIora Koje XKelll 11a My Ce IITaM-
nmajy, kao M uMe cBor npencraBHuka y Casery
yaconuca. Ha meropo wume criky u OecruiaTHU
IpUMEpLH Yaco-11ca U CBa Apyra IOLITa O U3/aBayva.

CymsnaBauku eo 3a gacomuc y 2008. ron. m3HOCH
10.000 muaapa. Hanomumemo, Ha Kpajy, Oa Cyu3aa-
BayKH CTAaTyc jeaHo] ¢upmu mpyxa MoryhHOCT ma ca
@DaKynTeTOM, OAHOCHO YPEIHHUIITBOM YacOINCa, Pasro-
Bapa ¥ J0roBapa U JApyre MOCIOBE, OCEOHO y TOMEHY
W3/1aBaIlTBA.

Hay4Ho-cTpy4HO HH()OPMATHBHHU MEUjyM
y paBHM pyKama

Kana ce uma Ha ymy na wacomuc, ca ABa oOMMHa
Opoja ca MHPOPMATHBHO-CTPYYHUM HOIATKOM, 100HUja
3HauajaH O6poj pupmu U mojenuHaia, Tpeba BEpoBaTH y
BeMMKy MOh OBOT CpeicTBa KOMYHHMIMpama ca CTpyd-
HOM U IIOCJIOBHOM jaBHoIhy.

Ham wacommc ctmke y pyke OHHX KOjH IIO3HAjy
obJractu gacomuca U \BuMa ce 6aBe, Te je cBaka IOHyIa
KOjy OH caapxku ymyheHa Ha mpaBe ocobe. Beh Ta
YHIbEe-HAIIA OCMHILJbaBa OpojHE Hamope W TpajHe
pe3ynTate KOju CTOje M3a MOAyXBaTa 3BAHOT H3aBame
JacoIHCca.

3a cBa noapobHHja obaBeliTema O 4YacCOMHUCY,
CYHM3[aBallTBY, yroBapamwy U 1p., 00paTHTe ce Ha:

YpenHuimrBo yacomnuca

[NOJbOITPBPEJHA TEXHUKA
[MossonpuBpennu daxynrer,

WHCTHTYT 33 HOJBONPUBPEAHY TEXHUKY

11080 beorpan-3emyn, Hemamwuna 6, . gax 127,
tei. (011)2194-606, dakc: 3163317.








