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PEY YPE/THUKA

Yaconmuc ITOBONPUBPEJNHA TEXHUKA, y CBOjOj MHUCHjH, OJHOCHO,
JornpHu-HOCY uH(popMauju U apupMaiuju o01acTi MexaHu3aluje MoJbOIPUBpE]IE,
y YKYITHOM TUpaxy on detupu Opoja 2007. roauHe npukasyje pagose koju he outu
caommrteHn Ha ckyny "JlaH mnoseompuBpenHe TtexHuke" 7.12.2007. romumHe Ha
IossonpuspentoM daxynrety y beorpany - 3emyny.

YkynHu o0uM vaconmcuMa oOyxpara 45 pagoBa U3 00JIACTH TIOJHOIPUBPETHE
TeX-HHUKe, KOJH C€ MOTy TpYyNHCAaTH IO TEMaTCKUM O0JlacTUMa OJ TEeHEepaTHOT
pa3Boja, HHGOPMAIIMOHUX TEXHOJIOTHja, MOTOHCKUX jeMHHUIA, 00paae 3eMJBHIITA,
CEeTBE U HeTe TajeHuX Ombaka, yompama W TPaHCIIOpTa, Ka0 U MHTEH3UBHOT r'ajema
U OOHOBJBMBHUX M3BOpa eHepruje. HepaBHOMEPHOCT y CTPYKTYpH 3aCTYIJBCHOCTH
MOjeANHUX TeMa MO-)K€ UMATH HUCXOIWINTEe Yy CMHCIY CyrepHcama TeMaTCKHX
CKyTIOBa Yy HapeAHOM IEpU-Ofy, Tpe CBera Kaja ce€ HUMajy y BHIOY aKTYyeIHHU
MOMEHTH Y CTBapamy MOCIOBHOT aMOHjEHTa Y MOJHONIPHBPEIN CXOIHO MPOIECHMA
EBPOIICKUX MHTerpanyja, MehyHapon-HUX crmopasyma W 3Ha4ajHUX W3BO3HUX
MoryhHOCTH Halle MOJFONpPUBPEIHE Mpou3-BoAme. OBOMe CBakako Tpeda nomaTu
HEOIMXOJJHOCT WCTHIAKha TeMa OJf HAIlMOHANHOI 3Havaja, Mpe cBera kKaja je y
MHUTakY: MOCIOBAhE BOJHIM PECYpCHMa, MEXaHH3alrja CTOYapCKe IIPOU3BOIBE U
Pa3Boj ¥ MPUMEHA TEXHOJIOIIKO-TEXHUUKUX CHCTEMa CKIIa-AUIIHO IUCTPUOYTHBHUX
[IEHTapa Kao TEHEepAIHOT JOIPUHOCA OPTaHM3alUjH MAaJHX IOJFOIPUBPEIHUX
npousBohava, TPKUIIHO aTPaKTUBHUX CHPOBHHA U IIPH TOME CTBa-pamy aMOujeHTa
Beher cremena QuHanM3anMje NpUMapHE MPOM3BOIKE. Y HAPEIHOM NEPHOLY
UCTpakHBauu OM Tpebasm ma ce OpHjeHTHINy M Ha adupmaryjy OOHOBJBHBHX
U3BOpa CHepruje Oa3MpaHWX Ha MOTYNHOCTHMAa OCTBAapUBUM Y IIPUMAPHO]
MOJBONPU-BPEIHO] TPOU3BOAKBU. Y TOM CMHUCIy Owio Ou BeoMa KOPHUCHO
O0jemIMHATH H YCME-PUTH HCTPAKWBAUYKEe WHHUIHUjAaTUBE CBHX PEICBAHTHHX
MHCTUTYIIM]jA HaIIIE 3eMJbE.

Topex Tora, Haramaea ce 3HaYajHo ydenrhe ayTopa U3 HHOCTPAHCTBA Y JAOMPH-
HOCy pa3MeHe nH(popmMalrja Ha Mel)yHapOIHOM HUBOY.

IToceOHO ce McTHYe YHILEHUIIA JIa je 3HadyajaH Opoj pajoBa pe3yiTaT HaydHO-
HCTPaXMBAYKUX Mpojekata (puHaHCHpaHUX oJ cTpaHe Bnane Penybnuke CpoOuje y
KaTerOpHjH HAIIMOHATHUX, TEXHOJOMIKHAX U UHOBAIIMOHUX MpojeKara.

3axBasbyjyhin ce ayropuMa paaoBa, MOpa C€ HArJacUTH Jla C€ Y HapeIHOM
nepu-oay, OO3MPOM Ha HABEACHO, OYCKyje IIMPH W PAa3HOBPCHUJH CAAPIKajU
JOMIPUHOCA CTPYYHaKa MOJbOIMPUBPEIHE TEXHHUKE, y peali3alijd MUCHjE YacoIuca
U apupMaIuju CTpyke.

Ilpog. op Munan Besuh
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CTABE U TEHAEHIIMJE HA TPKULITY
CPEACTABA MEXAHU3AIIUJE Y EBPOIIN

YBOJ

ExoHOMCKa cHTyalija Ha €BPOIICKOM TPXKHIUTY MOJBONPUBPEAHOM MEXaHH3AIHjOM
je, jomr yBek, mobpa. Toxkom 2005. roawHe BpEeOHOCT MpoaTe MEXaHH3alHdje je Oma
19,8 OumoHa eBpa mTo npeacrassba nosehame 011 4% y 0HOCY Ha MPETXOJHY TOJHUHY.
3a caga ce moxe pehu na ce odekyje mctu TpeHa u 3a 2008. roamny. Tpxkumire,
pa3BujeHO y 3amanHoj EBpormu, je MONpHHENIO0 OBOM IOPAcTy BEOMa Majo, YaK HCIOJ
npoceka. Y HoBompuaonumM wiannnama EY a moce6HO y 3emspama uctoune EBpome
(Pycuja, YkpajuHa) oBaj pa3Boj je U JaJb¢ BeOMa JHHAMHYAH.

OEHTPU NTPOU3BOJIILE:
HEMAYKA, HTAJIMJA U ®PAHITY CKA

Ca, ornpunuke, 4,500 mpemyseha u 135,000 3anocnenux, HHAYCTpHja MEXaHHU3AIIH]e
y 3ananHoj EBporn cianma y HajBehe y obmactn mammHCTBa. Haj3HavajHuje nokammje cy
Hemauxa, WUrtanuja u ®panmycka. Y oBUM 3eMJbaMa je, YKYITHO, IPOU3BEAEHO BHIIE O
168,000 tpakTopa y 2005. roauHu, ITO NpeacTaBiba yaeo ox 20% y CBETCKOM TPXKUIITY
u 77% y esporckoM. OO31MpoM ma ce pagu O TPaKTOPHMAa BHCOKHX Iepdopmanc,
BUXOB yJICO Y CMUCIY MPoJaje, je 3HaYajHo BUIH. Y Aeny oOpane 3emibuiinra, Uramija
3ay3uMa TpBo Mecto y EBporu ca mudpama nponaje o 520 Mmunnona espa. Maiuse 3a
youpame ce yriaBHOM mnpomsBoge y Hemaukoj. Tokom 2005.roguuae nugpe BesaHe 3a
npoJajy u3Hocuiie cy 1,3 6unnona espa ca 40% ynena y eBporickKoM TP KHUIITY.

YKyIHO, 4eTBPTHHA €BPOIICKE Npojaje je ocTBapeHa npeko Hemauke. OBo mokasyje
na je Hemauka, ka0 MpOM3BOAHM PETHOH, yCIIeNa J1a OJPXKH CBOje MECTO y TII00aTHOM
ycony. Y 2005. romuam 200 ¢upmu, xoje ce OaBe MPOUM3BOAKBOM MEXaHH3aIHje,
ycmesno a ocTBapu noaatHo nosehame nponaje ox 4% mto u3Hocu 4,7 OWIMOHA eBpa.
buno je nznenaljyjyhe na je, no npeu nyT nomahe TpKUIITE HANPABHUIIO AUCIPONIOPLIHU]Y
y JompHuHOCY pa3Bojy. TpakTopu ce pauyHajy ca 51% on nponsBonme. AKO ce yrnopeau
ca pexopnoM u3 2004.ronune, OpojuaHe BpeTHOCTH Cy ce cMammie 3a 8% no 54,590.
Wnak, mpousBeeH je Benuku Opoj Tpakropa cHare Motopa mpeko 110 hp. ITpoussohauu
MalrHa ¥ opyha 3a o0paay 3emsbuInTa Cy UMany nosehame y mponaju ox oko 8% mro



j€ MCKJbYYMBO OHMO pe3ynTar AoOpe MOJUTHKE M3BO3a. Y 00JACTH CEeTBE M HETe yceBa
(ammkanmja XpaHuBa M 3amTuTa OWsba), mpojaja je mopacia 3a 3%. [IpousBohaun
MallMHA 3a YOWpame Cy IOHOBO OCTBApPHIIM AWUCIPONOPLHOHAIHM pacT Mpojaje.
TexHn4KH cucTeMH 3a ceHaxy Oenexxe mopacT y mpofaaju o oko 13% mok ce mponaja
YHHBEp3aJIHUX W CWJIQXHUX KomOajHa jom Opke pas3Buja. Ilocime HEKOJNMKO TEMIKHX
roJiiHa TMpOM3BOhauM MallMHA HaMEHEHHX XOPTUKYJITYpH, Cy KOHa4yHO Owin Yy
MoryhHOCTH [1a IpHjaBe MO3UTHBAH OWIIAHC MIPOaje U TO 3aXxBasbyjyhul pa3Bojy gomaher
Tpxkumra. Y 2008. rognHu ce oveKyje HOMHUHaJIaH 1mopacT mpojaje o1 5% 3acHOBaH Ha
TekyheM MO3UTHBHOM pa3Bojy Ha JomaheM TpKMINTY M KOHCTAaHTHOM pacTy M3BO3a Ha
Tp>kuIITe Mctoune EBpore.

CBETCKO TP KUIITE MEXAHU3AIIMJOM

Ilpema HeKMM mNpolleHaMa CBETCKa MPOM3BOJIA TPEHYTHO HM3HOCH 47 OWiIHoHA
espa. EY uma yuemrhe ox 42% y 0Boj cymu a cienu je Amepuka ca 30% (ciuka 1).

Tpxwmre MexanuzanujoM y EBponu ce Mema. Y MOTUTHYKHM U IPYTHM cdepama
BOJIC C€ BPJIO 3HAYAjHU Pa3TOBOPH KOjH cy Beh caja MpOMEHWIN HEKe YCIIOBe U Koju he
HAaCTaBUTH Ja paje Ha ToMe y OyayhHoctn. OGHOBJBMBU HM3BOpH EHEprHje cy BeoMa
3Ha4YajaH HOBM CETMEHT Ha TpxumTy. Hemauka je mocrama Bogehm mpomsBohau 6mo-
JM3eNa, KOjH ce YrJaBHOM MPOM3BOJM OJ] yJbaHe permue. [lopex oBora, y, OTIIPUITHKE
3,000 6uorac mocTpojema, ce MPOM3BOAM EIEKTPUYHA SHEPrHja 3a jaBHY MOTPOIIY. 3a
OBe CBpxe ce Hajuernhe KOPUCTH KyKypy3. MHoru (apMmepu KOPHUCTE OBaj IOJATHU
Marepujal Kako OW ocurypamd cBoje mpuxone. Mmak, He cMejy ce NOTLHEHUTH
BpeMeHCKH 3axTeBU. OBe aKTUBHOCTH Cy, Yy TIOCIEIIE IBE TOJAWHE, pe3yiTupane
BEJIMKOM TOTPaKHOM 32 ofipeheHuM MariHama (CuitakHU KoMOajHN).

Ocrane; 7%

Janan ; 4%
Huanja; 5%
JlatuHo-AMepuKa ; 8% \ EY; 42%

7 Mpn.(on. EBpa

CeBepna Amepuka; 30%

Hcrouna EBpona; 4%

Cauxa 1. Ceemcka npouszgoorwa nowonpuspeone mexanusayuje



Crame U TeHIICHIIHje CpelcTaBa MEXaHH3alHlje Y CBETY 3

JInbepanm3anrja TPKUIITA MEXaHU3AIHjOM, Koja he HacTaBUTH TpeHH yCHOHA U Y
Oynyhe, ce Mopa TTIOMEHYTH Kao jelaH OJ pa3BojHHX Kopaka. OBa imbepanuzaiyja je
npaheHa mpoMeHaMa y MOJUTHYKOM CMHCITY VYKJbY4dyjyhnm cMameme WIN TOTaTHO
YKUAame, 3a MPOU3BOAKBY Be3aHHX CyOBeHuuja y EBporm. OBo pe3ynTHpa BeTHKHM
e€KOHOMCKUM HIPHUTHCKOM Ha IOJEONPUBPENY M MMa TEHICHIHU]Y YOp3ama CTPYKTYypHUX
NpoMeHa Koje Cy HeomnxojHe (apMepuma Kako OM OJpKajld CBOje IIOCIOBAkE Yy 30HU
npodura.

3Hayaj MCHAIMCHTA KBAJIUTETA CBE BUIIIC PACcTe M Ka0 Pe3yJiTaT MMa 3HaudajaH Opoj
JIOKyMeHaTa KOju ce THYy NMPOM3BOJIE M MPOILECOBarba MOJLONPUBPEIHUX IIPON3BOJIA.
CBe 0BO 3aXTeBa CaBpeMEHE TEXHOJIOUIKO-TEXHUUKE CUCTEME KOHTPOJIE KBAJIUTETA.

Wnak, npuiauB HOBYaHMX CpeJACTaBa M3 MOJBONPUBpPEAE TE, CTOra M JIOCTYIHA
(hmHAHCHjCKa CpeACTBa 3a 3aMEHY JI0TPajalnX TEXHUYKHUX CPE/ICTaBa, OCTajy HajBaKHU]a
OCHOBA 32 pa3B0j TPXKHUIITA MEXaHU3ANUjoM U TpakTopuma. Y 2004. ToIWHY je IPUIINB Y
EVY nopactao 3a 7% nok je y 2005. mano onao. Mnak ce TpeHyTHa CUTyaluja, Be3aHa 3a
NPWIMBE HOBYAHHMX CpEICTaBa, MOXKE OKapaKTepHCaTH Kao MoBoJbHA. lleHa mieka je
nojp>kaHa HoBuM npemujama. Y 2008. ce ¢dapmepu MoOry HajaTH TOBHUIICHY IEHA
3pHacTuX Kyatypa. ¥ 2004. u 2005. neHe 3pHACTHX KynTypa Cy, Ha CBETCKOM TPXKHUILTY
Ouie HHCKE YIPKOC TEHAEHIMjaMa HEJOBOJbHE CHAO/JIEBEHOCTH M BHCOKOT KBaJIHMTETa
yOpaHHX MPOU3BO/A.

3ATTATHA MEXAHU3AIIMJA 3A HCTOYHE
CTPYKTYPHE ITIPOMEHE

Ha 3acuhenom tpxwumry 3anagHe EBpome mpeTxoqHO TMOMEHYTH (GakToOpH Cy
MOy37aHl HMHIUKaTopu Oyayher pasBoja. Ha HOBHM TpXKHMINTHMAa Yy IICHTPAIHO] H
ucrouHoj EBpomm ce mocraBiba muTame A0 KOI' HMBOA he, TPEHYTHO BPJIO BHCOKHU
3aXTEBU 32 CaBPEMEHUM TEXHHUYKHUM CHUCTEMHMMa, ONTH IOKPHBEHM MOryhHOCTHMa 3a
(uHaHCHpame.

Y 2005. ronuHu BHUIIIE O] je[JHE NETUHE YKYITHOT M3B03a W3 Hemauke oaHOCHIIO
ce Ha LeHTpalHy u ucrouHy Espomy. Tpxuiure TpakTopuma U IOJbOIPUBPEIHUM
MamrHama ce nosehano u y 3emsbama HOBMM wianunama EY u To 3a jenny tpehuny
TOKOM TpEeTX0/He TpH roauHe. Mnak je jom yBek Ha HUCKOM HHBOY aKO CE YHOpPEaH ca
3emsbaMa 3amagHe EBpone cnmune Benmmumbe. Y Ilosbekoj je camo 9,000 Tpaktopa
npoxaro y 2004. BpenHocTn 3a octane 3eMJbe Cy Yak W HIDKE. Y TIOJBOTIPHBPEAN je
npeaBul)eHa CTpyKTypHa poMeHa rmodena. HabaBHe KBOTE 3a IPOM3BOJE U3 CTOYAPCTBA
Cy 3Ha4ajHO mopacye a ca 00paJuBHX MOBPIIMHA CE€ OCTBApYyje A0Oap mpoduT o1 u3B03a
3pHACTHUX KyiTypa. Y BehMHH HOBO-IIPHAPYKEHUX 3eMajba MMOJHONPUBpPENA je jedaH O
Hocehnx cTy0oBa eKOHOMCKOT pa3Boja.

IMOJbOINNPUBPEJHA TEXHHUKA Y 3ATTIA/THOJ EBPOITN

VY 2005. ronuHH je 3ama HO TPXKUILITE CTarHUPajIo Ha OTHpwuinke 16 OunmoHa eBpa.
Paznor oBoMe ce MOXe TPaXMTH Y CMamelby MHBECTHIMja Yy 3eMibaMa jykHe EBpome
Koje cy Omie morohene cymom. Y 2008. ronuHN ce MOXKe OYCKMBATU Mambe mochame
jep Cy MIak MO3UTHBHY yTUIAJHH (PAaKTOPU MPEJOMHHAHTHH.



TpoKulITE TPAKTOpPA

VY 2005. romuHE TPXKUIITE TPaKTOpuUMa y 3amafgHoj EBpomu je mocturio mudpy on
169,500 xomaza, mMTO MpeNCTaBba cMabemne 01 5%. Y HapeqHOj TOIUHU Ce HIaK MOXKe
OUYEKWBATH CTAOMITHO TPXHUINTE ca mopactoM y Hemaukoj, [lanckoj, Ayctpuju, benruju
n llBajuapckoj. Ha eBpomnckoM TpKuINTYy ce, reHepanHo, noBehao ymeo Tpakrtopa
MambUX CHara KOjH CIyXe 3a KOMyHaJHE PaJoBe W pajioBe y XOPTHKYINTypu. Tpakropn
cuare Behe ox 150 hp cBe Bume no6ujajy Ha 3Ha4ajy (Tadena 1).

Tabena 1. Pazeoj 3anaonoeeponckoe mpacuwma mpakmopuma.

3eMiba 2004 2005 %

Ayctpuja 7083 6721 -5,1%
Benruja 4089 3609 -11.7%
Hancka 2575 2850 10,7%
duncka 5046 4507 -10,7%
dpaHiycka 40275 37505 -6 9°/.
Hemauka 22143 23498 6,1%
I'puka 3027 2628 -13,2%
WUcnanng 163 343 110.4%
Hpcka 2881 3175 10,2%
Uranuja 33184 33064 -0,4%
JlyxcemOypr 213 195 -8,5%
Xonannuja 3698 3318 -10,3%
Hopgemxka 3927 4028 2,6%
Hopryran 7253 6248 -13,9%
IInanuja 19926 16503 -17,2%
[IIBencka 4144 4169 0,6%
[IBajmapcka 3141 3103 -1,2%
Benuka bpuranuja 15518 14006 -9,7%
YKYITHO 178286 169470 -4,9%

Hzeop: CEMA Statistical Group, VDMA Landtechnik

Tp:xumre komM6ajHa

VY HapenHoj rOAWHM Ce MOXKE OYeKHMBATH IoBehaHO MHTEpecoBame 3a KoMOajHe
003UpOM Ha TNPWINYHO CTaOWITHE TPXKUIIHE YCIIOBE MPEeTXOAHMX TonuHa. Hajeehe
TpxkuwTe je y Hemaukoj u masme pacte. Y HapemHMM TOIMHAMa CE HIIAK MOXKE
OYEKHMBATH ITOHOBHHU Maj mpojaje o03UpoM Ha LMUKIWYHU pa3Boj. Ha ¢paniyckom
TPXXUIITY ce o4ekyje mpomaja oko 1,700 mo 1,800 HOBMX KomOajHA. 3a €BpOIICKO
Tpxkumre nudpa ox 6,700 komana ce ynHM peanucTuyHa 3a nepuoj 2007/2008. Ako
KOJIMYMHA MPOJATHX KoMaja Oyjie Ha MCTOM HHMBOY WM ce Maio moseha To obehaBa
Jobap mopact npojaje 3axBasbyjyiu HOBUM MOJICIMMA HA TPXKHIITY.

Kpmuu xombajuun

VY nocneame ABe roanHe ce Oenexu 3HayajHo noBehame Opoja mponaTux jeMHULA
KpMHHX KoMmOajHa 3axBasbyjyhu yOmpamy KyKypy3a KOjU c€ KOpPHCTH y Owmo-rac
nocrpojemuma. bpoj nponarux komana y Hemaukoj, 3a neprion 2004/05, je mopacrao 3a
34% na ckopo 500 xomana. 3a HapenHH MEPUOJ je TpeaBUl)eH UCTH TPEHH TaKko J1a ce
ouekyje na he 1,200 komama kombajHa Haliu CBOje KyIile Ha TPXKHUIITY 3ananHe EBpore.
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MaiiuHe 3a cakyIubame Ouomace

TpokuIITe 32 MaIlIHE 32 CaKyIJbakbe OnoMace je TPeHYTHO Yy maay oj Hajmame 10%
Ha jemBa 12,500 xomazna. Mnak ce edekar ox 5% pacra y HMpPETXOIHO] CE30HH HE CME
3aHEMApPUTH aJM HEraTUBaH OWIAHC Yy IMOjeIUHAYHHM 3eMJbaMa U Jlajbe m3HeHalyjyhu.
3HavajHU TPEH/OBH Cy YCIIOCTaBJ/CHH MPETXOJHUX TOJWHA Ca Pa3BOjeM MallhHa 3a
Gamupame ca ypehajem 3a oOMmoraBame Oama m moryhnomhy mpaBibema Oama Behmx
MIpEeYHHUKA.

Onpema 3a yonpame KPMHOT 0HJba

3a npousBohaue ompeme 3a yOupame KpMHOr Ousba, ce3oHa 2005/06 ce moxe
OKapaKTepucaTH Kao 3aJj0BoJbaBajyha. Y HCTO BpeMe Ha OBE MalllMHE yTUYYy CTPYKTYpHE
MPOMEHE y TOJHONPUBPENN MHOTO BUILIE HEro Ha OCTaje jep Cy IVIaBHH KYIIH OBHX
MammrHa Mane moponmuHe dapme. M3 Tor pasiora Huje pasodapaBajyha mpomaja on
60,000 xomana y EBporu, Beh yBua y TpeHI y CEKTOpY KOHCTPYKIHje MallhHa IJie
pazaHu 3axBar He mpenasu 10 m.

MamuHe 32 alVIMKALIAjY XPAHUBA

[Tocne penaTuBHO NOOPUX NMPETXOMHHUX T'OAWHA TPXKUIITE TEXHUYKHMM CHCTEMHUMa
aruIMKalje XpaHuBa OIeT JOXKHMBJbaBa JIaraH! NaJl. TPEeHyTHO CTambe MPOIaTHX MalliHa
y 3amagHoj Esporm u3HOcH 21,000 M MOXe ce OYEeKMBATH CIMYaH TPEHJ WM ONaru
MopacT y HapeAHOM Iepuogy. TOKOM NpEeTXOAHMX TOJWMHA Tpou3Bohaum cy ce
¢dokycupanu Ha MammHe Beher pajHOr 3axBaTa Tako Jla HOBHM PacHIlaud ca JBa JKCKa
nMajy pagHu 3axBaT Behu ox 40 m.

MammuHe 3a 3aIUTUTY OMJba

Ha Tpxuiity mamimHaMa 3a 3aliTUTy OWba CHTyalldja je MPHIMYHO yCTalbeHa
nocieamux nap roguHa. [locne nmaga npoxaaje ncrnox 10,000 komaxa y 2005. rogunu
IIOHOBO C€ OYeKyje mopact mnpopaje. ['maBua tpxumra cy Hemauka n @panmycka. Tako
jey 2006. 3abenexxen Behu Opoj ucmopyka MaliuHa O IPeIBUleHOT.

TexHUUYKH cucTeMH 00paje 3eM/BMIITA U CATHe

IIpomsBohaun mammHa w opyha 3a oOpamy 3eMJBHINTa W CETBY C€ MOpajy
NPUIArOANTH PA3IMYUTUM 3aXTEBHMa Kylala W IOHYIUTH BEOMa IIHPOK CIIEKTap
pa3NMUMTHX TpHUKJbydaka Koju ce MehycoOHo mory komOuHOoBatH. Benmku Opoj
nobaBjpada ce TAKMHYH Ha OBOM TPXKUIITY (HEe padyHajyhu MaImmHe 3a caimy) 3a OKO
1 6unmon eBpa y 3amagHoj EBpomu. TpenytHn max morpaxme y 2005. ce He padyHa.
YMecTo Tora, MOXe ce 04eKHBATH CTAOMIIN3alM]ja Ha TPIKUILTY.



Omnpema 3a MJIEKAPCTBO

Jo 2015. roguHe TpPXKHUINTE MJCKOM W MIICYHHUM mpousBoauMa y Erpomm je
orpaHndeHo kBorama. OmpeMa ca HOBUM TEXHHYKHM pEHICHHMA 32 MY)Ky T€HEPaTHO
npaTH KBOTe 3a Mileko. Y Hemaukoj ce mocneamux roJuHa yjaaraio JI0cTa Yy KyHOBUHY
kBoTa. OUuTIeHo je Aa u3 TOT pasiiora u3ocraje mosehame u MoOoIbIIaKke mocTojehx
KarnanuTeTa 3a IPOU3BO/IbY U Ipepaay MIleKa.

VY 2005. romunn ce y Hemaukoj Genexu nmaj Ha Tpxumty on 5% Ha 116 munrona
eBpa M IMOKa3yje Najbe TEHICHIHMje Maaa. 3axBajbyjyNW HEONXOJHOCTH pPEMOHTa W
onpxaBama ()apMH M IPOHM3BOJHUX IOCTPOjeHa, MOXKE CE OYEKMBATH OIOpaBaK Ha
TpkumrTy. HajBaxkHrja TeMa y OKBHPY OBOT CEKTOpa je ayToMaTh3allfja M eKCTEeH3Hja
OlcepBallMOHMX  (QYHKIMja KopumhelmeM KOHBEHIMOHAJHE ONpeMe Kao |
ayTOMAaTH30BaHUX cHUcTeMa (poboTH 3a MyXy) KOjH C€ CyodaBajy ca CIOpPHUM aiu
KOHCTaHTHHUM HAIPETKOM.

HEMAYKA KAO ITIOKPETAY PA3BOJA 3AITAJIHE EBPOIIE

Hemauko Tpxwumre he pactu u nmajee amm cropuje. Pasmor oBome je Behm Opoj
(dhapMepa ¥ KOHTpAKTOpa KOjU IUIAHUPAjy MHBECTHpame 10 kpaja 2007., u, yriiaBHOM,
Behe maBectunmje mo gapmu. OBO ce mMoceOHO OAHOCH Ha ceBepHy Hemauky rae cy
unBectuije mMHoro Behe. OBo moBchame wuHBecTHIMja je Hactano y oxapeheHoj
CUTyallMju y TOJHOTIPHBpPEAN KOja je, 3a caja, joIl YBEK MO3WTHBHA, Kao W BehmM
OCTBapeHUM NPHUXOJMMa ¥ HOBUM MOT'YHHOCTHMa CTBOPEHUM TOJUTHKOM OOHOBJEUBHX
n3Bopa eHepruje. I[loBehame Opoja HOBO-PETHCTPOBAaHWX TpakKTopa je Omio
HEOYEKMBAHO BHCOKO. Y MNPBHX IIECT MECEM OBE TOJIUHE, TPXKHUIITE je Mopacio 3a
15%. Mo kpaja 2006. romuue 27,000 HOBHX TpakTopa je mpomaro y Hemaukoj.
TpxumTe MamyHa 32 youpame je Takohe y mopacTy y OIHOCY Ha IPETXOIHE TOJIHE.
Kon 6anepa ce, ca npyre ctpane, Tek o4ekyje moehame y HapeaHoM nepuony. bpoj
TMIOJIOBHHMX MalllMHa KOJ TProBalla je CBe MamH, IITO OJIaKIIaBa IIPo/Jajy HOBHX MallHHa.
Bnana mnanupa na noseha mopes 3a 3% 3a Hapenny romuny. O63upom na BehuHa
Mamux (apmu kopuctu flat-rate mopes, oBo moBehame he ytumatu Ha oHe dapmepe
Koju Ha0aBibajy HOBY MexaHu3auujy. M3 Tor pasmora ce Mopa BOAMTH padyHa O
MIPERY TPKHIITA.

PE3EPBUCAHU ®PAHIIYCKN UHBECTUTOPU

ITocne crabumuor pasBoja TokoMm 2005. ronwHe, BEIWYHHA jeTHOT OJ HajBehmx
EBPOICKUX TPXKHIITA, he ce cMamHUTH 3a OKO 5% Yy HapeaHoM mnepuony. TpkumTe
TpaKTOpHMa je Mokasano 7% cMamema Opoja TpakTopa Te ce A0 Kpaja FOJMHE OYeKyje
35,000 nmponatux jenununa. Tpakropu Behe cHare Takole urpajy cBe 3Ha4ajHH]jy YJIOTY
Ha (PpaHIlyCKOM TPXKHINTY, TMOCEOHO MOMTO j€ TPKHUINTE KOMIIAKTHHX TPakKTOpa
HaMEHCHUX XOPTUKYJITYPH W BHHOTPAJNApCTBY, A0 caja OMJIO BeoMa CHPOMAIIHO. 3a
TpXXUIITEe KOMOajHa ce 04eKyjy hcTe nugpe Kao 3a MPETXOAHY TOAUHY, JOK CE 3a CBY
ocrally MEXaHW3alWjy O4eKyje Maja HoTpaxme. be3 o03upa Ha cBe, Dpaniycka je
OJUTyYHJIa JIa YCBOjH MOJEN KOjU INpEACTaB/hba HACTAaBaK CTapor Mojena cyOBeHIHja
KoJIMKO Tox je To moryhe. Mcriare mpemuja dapMepuMa cy OuiIe OIJIOKECHE TOKOM
NpOMEHa INTO je JoBeJo Jo Onare HecurypHoctH Mely dapmepuma. ['eHepanHo ce
unak, koj papmepa, ouekyje nosehama npuiMaa.
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CTAIBE Y BEJIMKOJ BPUTAHUJU

IMouerak 2006. ronuHe je OMO BeoMa HEYOCIJBHB 32 TPIKHUILITE MOJHOIPHBPEITHOM
MeXaHU3aIljoM Yy Belnkoj bpurtanuju. nak, mame npomeHe Ha 60Jbe cy youeHe Beh Ha
nponehe. 3a TpxumTe TpakTopa ce mpeasuha mctd HUBO kao y 2006. romuHH ca
HO/IjeTHAKO U3PaXKEHOM IOTPAXKEHOM 38 KOMIIAKTHAM TPAKTOpHMA M TpakTopuma Behux
cHara. Y geny MammHa 3a yOupame ce yodaBa Onard maj 3axBajbyjyhu JomIdjemMm
KBaJUTETy yOpanmx Kynrtypa y 2005. romuam. Bpurancka mosbompuBpena je Takolhe
HOABPrHYTa MPOMEHaMa. Y CEeKTOpY IPOU3BOAE MIIEKa BelNnduHA apMu ce nosehasa
0e3 003upa mTo cy Beh Ha BpXy €BPOIICKE JUCTE MO BEIUYMHH CTOYAPCKUX (DapMu.
AMHUHCTpaTHBHE TOTEIKoe TOKOM HCIUIaTe HOBO-OJ00pCHHMX CyOBeHIMja (CHUCTEM
nojiceha Ha Hemauku) Beh n3asuBa HenmaroaHo ocehame Ko hapMmepa.

3AK/bYYAK

[Mocne cymie y 2005. roauHu, TPXKUIITA MEXaHU3ALM]jOM Y jy:KHOj EBpomnu nokasyjy
Onaro pesepBHcaHM pa3Boj. 3a pa3nuKy of jyra EBpone, ¢apmepu y meHTpamHOj u
cesepHoj EBporm ynaxy mHoro Bumie. OHO mTo nokpehe nHBecTHIMjE Cy CTPYKTYpHE
IPOMEHE.

Cee y cBemy, Tpkumre 3anagHe EBpome he octaT Ha HHMBOY O NMPETXOAHE
roaune, nok he morpebe y LienTpannoj u Mcroynoj EBponu mokasuBaty jJaraHu HopacT.
Ilpoceyna BenMuMHA MallMHAa M Jajbe HacTaB/ba [a pacTe, Yak W Ha 3amnaJHoM
€BPOIICKOM TPIKHIITY.
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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.



Effective Machine Utilisation on Small and Medium Sized Plant Production Farms 11

1  number

harvester

120 kW tractor 1000

500

80 kW tractor 100 200 300
60 kW tractor 50
30
40 kW tractor 20 plant size [ha]

10

5

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 #ractors, 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 together 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. (Mago6 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 N
16

12 1

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 =60 kW tractor ==3=80 kW tractor =—@=120 kW tractor harvester
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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)
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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
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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). (sce 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 (Magoé 2006). [5]
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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.

Uzimaju¢i u obzir sada$nju 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 veli¢ine. 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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OPTIMIZACIJA TRAKTORSKO MASINSKIH AGREGATA
ZA RAZLICITE TEHNOLOGIJE OBRADE ZEMLJISTA

Zoran 1. Mileusnié¢, Milan S. Pevic,
Dragan V. Petrovié, Rajko Miodragovi¢, Steva Bozi¢

Poljoprivredni fakultet, Beograd-Zemun

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, zemlji$ni 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 potroSnja energije u pomenutim procesima. Ove veliCine 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

UvoD

Savremenoj biljnoj proizvodnji se odvija u okviru ostrih ekonomskih, ekoloskih i
drugih ograni¢enja. Pored niza klasi¢nih problema, situaciju otezavaju i najnovije
posledice globalnog zagrevanja planete i oSteCenog ozonskog sloja, uz dodatne zahteve
za povecanjem proizvodnje prouzrokovane eksplozivnim prirastajem svetskog
stanovnistva, itd. Uspesno poslovanje u ovim uslovima je, pored ostalog, moguce samo
uz pazljivo planiranje i precizno izvodenje sloZenih tehnic¢ko-tehnoloskih procesa na
kojima se savremena biljna proizvodnja zasniva i §to tacnijem 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 buduc¢nosti. Nagli razvoj poljoprivredne proizvodnje otvorio je nove
ekonomske, energetske i ekoloske probleme, tako da stari koncepti konstrukcija traktora
ne omogucavaju izvrSavanje postavljenih zadataka na zadovoljavaju¢i nacin. Sli¢na je
situacija 1 u pogledu traktorsko-masinskih agregata, na c¢iju strukturu utice niz
parametara, od kojih su najvazniji: struktura setve, zemlji$ni 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 uti€u 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 mocniju racunarsku 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 li 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 I METOD RADA

Matematicko modeliranje danas podrazumeva primenu digitalnih racunara.
Predstavlja pouzdan pristup koji, uz odgovarajuce ulazne podatke, omogucava postizanje
visoke ta¢nosti 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 pripadajuc¢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 ogranicenja odnosi se na povrsine za gajenje pojedinih useva, oznacenih
indeksom "i". Zbir povrSina X; zasejanih odgovaraju¢im biljnim vrstama (kojih ima
ukupno "n" — i=1,...n) ne moze prevazi¢i ukupnu raspolozivu povrsinu "b" gazdinstva:
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Z Xx;<b. [1a]
i=1
Za svaku (i-tu) biljnu vrstu je mogucée definisati maksimalnu, zeljenu, ili minimalnu
povrsinu b; koja se moze zasejati:

X, 2,=<b, [1b]

i
Druga grupa ogranicenja odnosi se na maksimalno vremensko angazovanje agregata

za izvrSenje obima svih planiranih radova po ra¢unskim periodima:
n m
DY eix; <d, 2]
i
gde je: ] - indeks traktora
cjj - vremensko angazovanje po jedinici povrSine u
traktora
d;; - maksimalno vremensko angaZovanje "j"
zasejane "1"-tom biljnom vrstom
Treca grupa ogranicenja odnosi se na ogranicenje nenegativnost promenljivih:

X 20 (3]

nn

) -tog

Vli”

-toj biljnoj vrsti

-tog traktora u obradi parcele x;

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

Cunin = Zn: i ainij (4]
i

nen

gde je a;j potro$nja goriva "j
vrstom.

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

Hi"

-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 c¢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, odrzavajuci se na

nivou 30+0.5°C, a higroskopska vlaznost zemljiita na dubini orniénog 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 [0o/min] 2200 2200
Broj obrtaja pri maksimalnoj snazi [o/min] 2000 1800
Mnax/Myimax [NmM] / [0/min] 1320/1400 820/1210
Rezerva obrtnog momenta [Nm] 40 35
Oblast konstantne snage [o/min] 600 500
Specifi¢na efektivna potrosnja goriva [g/kWh] 235 251
Broj stepeni prenosa napred/nazad 16/5 15/4
Hodni sistem tockovi tockovi
- prednji 620/70R30 16.9R-30
- zadnji 710/70R42 20.8R42
Dimenzije traktora:
- duzina [mm)] 5690 5410
- §irina [mm] 2540 2974
Energetska snabdevenost u odnosu na konstruktivnu 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 . Prc.eénik Rgstojanje Masa
Tip agrega- zahvat | radnih |Klirens| diska | izmedu [ke]
tiranja | [m] | tela[-] [m] tela [m] &
Lemken EurOpal (P-1) Nosen | 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) Vucena| 6.5 52 0.660 0.54 7500
Multitiler Franquet (MT-1) Vucen | 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 zemlji$ta 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, $to obezbeduje optimalne uslove za
kulturne biljke i mikroorganizme u smislu vodno-vazdus$nog, toplotnog i hranidbenog
rezima zemljiSta. Postavljeni zadaci se reSavaju sistemima obrade.

O MJ/ha x10
Hli/ha
0% goriva

MT NT

varijante obrade zemljiSta

SI. 1. Potrosnja 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 pobolj$anje
vodno vazdu$nog rezima zemljista, povecava se zaliha hranljivih elemenata, akumulira
vlaga, Sto rezultira poveéanom potro$njom goriva.

Redukovana obrada zemljista je, sa gledista utroska energije, vrlo interesantna zbog
niskih troskova i povoljnih radnih rezima 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 oranicnog sloja, Sto 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
potros$nju primenom mulch-tehnologije i do 2,4 puta primenom redukovane tehnologije
(u setvi psenice). Koeficijent iskori§éenja 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+
1004
804
604 O MJ/ha x10
Hl/ha
401 0% goriva
20+ l
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 mogucéa usSteda energije od 2,8 puta za MT
tehnologiju 1 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 ogranicenja. Pre svega ona se moze primeniti:

* na zemljiStima lakSeg fizicko-mehaniCkog sastava,

* neophodna je provera postoje¢e mehanizacije koja bi mogla zadovoljiti

kriterijume

* uz proveru tehnologije predkulture

* uz periodi¢no prorahljivanje orni¢nog sloja

* ako se radi na zemljiStima teZeg mehani¢kog sastava kombinovati je sa

konvencionalnom tehnologijom gajenja

Primena izabranog modela optimizacije

Za aplikaciju matematickog 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
agrotehnickim rokovima za obradu datih biljnih vrsta.

Ulazni podaci dati su u tabelama 3 i 4. Na osnovu njih, uz pomo¢ 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 1 njihovo specifiéno optereCenje 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 | taheto | Meteo | Faktor | tpbruto | Model
R.br. | Traktor | Orude (Vha] | [Wha] | 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 Te-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
Qna thaneto | Meteo | Faktor | tp,bruto | Model
R.br. | Traktor | Orude [Vha] | [hha] | faktor |r.vrem.| [h/ha] | dani AT-rok
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. T-3 | s-1"] 1530 | 037 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 X2 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 slucaju traktora T-2,
amplitude oscilacija su jo§ izrazenije, kre¢u 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 X3 X3 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 ogranicavajucih uslova,
definisanih izrazima (1)-(2) u slede¢em obliku:

X13+X23=2000

0,93X,3<1680

0,75X,3<1680
0,75X51+0,64X,; < 1680
0,96X51+0,64X,3; <1680
0,59X51+0,64X,3; <1680
0,38X51+0,64X,3; <1680

0,64X,3 <1680
Uslovi nenegativnosti su (izraz 3):
X13 >0
X23 >0

Funkcija kriterijuma optimalnosti (izraz 4) ima oblik:

Cmin: 101 X13+ 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
potrosnje goriva. Sa slike 3, kada je u pitanju KT tehnologija, se vidi da nizi iznos
potrosnje ima traktor T-1 uz zadovoljavajuéu strukturu setve. Traktor T-2 ima povoljniju
strukturu gajenih biljnih vrsta i potro$nju goriva visu za 29%.

Tab. 7. Optimalna struktura setve uz minimalnu potrosnju goriva analiziranih traktora

KT MT NT

gorivo gorivo gorivo
) @ M

T-1 1263 737 157368 | 1200 800 78800 691 1309 | 45381

T-2 1250 750 | 202750 | 1200 800 86800 691 1309 | 40981

Nacin

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 (ul )
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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

SL. 5. Utrosak goriva traktora u NT sistemu obrade zemljista (ul )

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 ogranicenje 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$nju goriva za 10,7% od traktora T-1. Traktor T-1 u ovoj varijanti je
izgubio primat, jer sejalica za direktnu setvu kukuruza koja je kori¢ena u modelu, nije
optimalno reSenje za njega. U konkretnom modelu radi se o sejalici sa 4 reda sekcija,
koja tehnoloski i generacijski odgovara modelu traktora T-2, a traktor T-1 ima potencijal
za 12 rednu varijantu i time znac¢ajno smanjenje potros$nje goriva. Traktor T-2 svojim
vucnim 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 §to su statinost metode i pretpostavljena linearnost relacija. Medutim, kako je
proizvodni proces u poljoprivredi dugadak i preorijentacija proizvodnje nije moguéa u
kratkom periodu, staticnost metode nema vecih praktinih negativnih efekata na
planiranje i projektovanje.

Dobijeno optimalno resenje ovom metodom obezbeduje izvrSenje tehnologije
proizvodnje sa nizim troskovima po jedinici povrsine, manju potro$nju goriva i energije
kao 1 ve¢i obim kori$¢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.



28 Zoran 1. Mileusni¢, Milan S. Pevi¢, Dragan V. Petrovi¢, Rajko Miodragovi¢, Steva Bozié¢

LITERATURA

[1] Arvidsson, J., Keller, T., Gustafsson, T. (2004): Draught Requirementand Soil Deformation
During Soil Tillage, Poljoprivredna tehnika, br. 1, str. 1-7, Beograd.

[2] Devi¢, M. (1992): Primena kombinovanih agregata u obradi zemljista i setvi, Doktorska
disertacija, Poljoprivredni fakultet, Beograd.

[3] Pevi¢, M., Ralevi¢ N., Novakovi¢, D., Petrovi¢, D. (1995): "Estimation of Component
Distribution Influence on Combines Stability". Casopis "Agricultural Engineering", vol. 1, no.
3-4, p. 67-72.

[4] Filipovic, D., Kosutic, S., Gospodaric Z. (2004): Energy Efficiency in Conventional Tillage of
Clay Soil, Proceedings, pp 83-91, International Scientific Conference, Rousse, Bulgaria.

[5] Kaumncku, H. (1958): MexaHnueckuii M MHKpOarperaTHUH COCTaB IOYBH, METOAU €ro
u3yuyeHus, Mockaa.

[6] Mileusni¢, Z. (2007): Energetski bilans rada traktora u obradi zemljiSta za proizvodnju
ratarskih kultura, Doktorska disertacija, Poljoprivredni fakultet, Beograd.

[71 Novkovié¢, N. (1996): Planiranje i projektovanje u poljoprivredi, p. 312 Poljoprivredni
fakultet, Novi Sad.

[8] Petrovi¢, D., bevi¢, M., Trbojevi¢, G., Radojevi¢, R. (1988): Proucavanje moguénosti
primene linearnog programiranja u optimizacijama biljne proizvodnje, Zbornik radova, str.
29-37, Aktuelni zadaci mehanizacije poljoprivrede, Opatija.

[9] Petrovi¢, D., Radojevié, R., Raic¢evi¢, D., Gligori¢, M., Jovanovié, Z. (1988): Razvoj modela
za optimizaciju traktorsko masinskog parka, Zbornik radova, str. 147-156, Aktuelni zadaci
mehanizacije poljoprivrede, Opatija.

[10] Radojevi¢, R. (1998): Optimizacija strukture traktorsko-masinskog parka i racionalizacija
vremena rada u ratarskoj proizvodnji, Doktorska disertacija, Poljoprivredni fakultet, Beograd.

[11] Savin, L. (2004): Optimizacija sastava masinskog parka u poljoprivredi, doktorska disertacija,
Novi Sad.

Rezultati istrazivackog rada nastali su zahvaljuju¢i finansiranju Ministarstva za nauku,
tehnologiju i razvoj, Republike Srbije, Projekat "Optimalna tehnolosko tehnicka reSenja za
trzi§no orijentisanu biljnu proizvodnju", evidencionog broja TP 6918.A, od 1.04.2005.

THE OPTIMIZATION OF TRACTOR-MACHINERY COUPLES IN
DIFFERENT TILLAGE TECHNOLOGIES

Zoran 1. Mileusnic, Milan S. Devic, Dragan V. Petrovic, Rajko Miodragovic, Steva Bozic
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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SadrZaj: 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 razli¢itih 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
mogucnost poboljSanja njegovih vucnih pokazatelja. Smanjenje defleksionih otpora
moze se smatrati najjednostavnijim na¢inom smanjenja ukupnih otpora jer je direktno
vezano za mogucnost kori§¢enja unapred odabranih pneumatika kod kojih su ovi otpori
najmanji.

Defleksioni otpor predstavlja deo otpora kotrljanja eclasticnog 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 jos 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 razliitim
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
kru¢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 razli¢itih 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 I METOD RADA

Metodika istrazivanja zasnovana je na identifikovanju i odredivanju parametara
pneumatika koji uti¢u na intenzitet generisanih otpora, kao i potencijalnih vucnih sila, pri
kretanju elasti¢nog tocka na deformabilnoj podlozi. Pri ovome, razmatraju se uporedni
pokazatelji vuce dva radijalna pneumatika 12.4R28 razli¢itih 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 i pneumatik 2.

Vucéna sila

Najveéa 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+Wig® e, 1
gde su:
A — veli¢ina smicuée povrsine (povrsina otiska tocka)
¢ — kohezija podloge
W — vertikalno opterecenje na smicucu povrsinu (vertikalno opterecenje tocka)
@ — ugao unutrasnjeg trenja (frikcije) podloge

Otpor sabijanja podloge

Otpor sabijanja podloge (2) od strane to¢ka 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

be(p,+p,)n e e 2)

(n+1)~[];“+k¢ji

R =

c

gde su:
- k., kg 1 n parametri mehanicke nosivosti podloge, tj. respektivno, modul kohezije,
modul frikcije i eksponent prodiranja /5/
- b - Sirina traga pneumatika
- Pi, P - pritisak vazduha i pritisak karkasa pneumatika

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 i vuce kroz nju, pri ¢emu se javlja horizontalna sila otpora.

Ry =b-(c2g Ko +0.5-22 7, Ky ) oo 3)
it
z, 11(’ L (4)
—=+k
b

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

Otpor povlacenja Cestica

Otpor usled povlacenja Cestica javlja se prilikom kretanja tocka po koherentnim
veoma raskvaSenim podlogama kada dolazi do izraZenog lepljenja Cestica zemlje za
toCak. Prilikom dodira izmedu cCestica 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 optere¢ivanja 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 i 660 daN, §to pokriva dijapazon
realnih opterecenja traktora IMT 539 /9/.
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Nanosenje optere¢enja na pneumatik vrseno je preko namenskog uredaja - mernog
rama prikazanog na S/./. Uredaj omogucuje vertikalno opterecivanje pneumatika (poz.
8) oslonjenog na povrsinu postolja rama (poz. 6) — tj. posudu sa vlaznim peskom za
uzimanje otiska (1), uz nanoSenje definisanog vertikalnog opterecenja preko navojnog
vretena (poz. 9). Vertikalno optereCenje pneumatika mereno je preko davaca sile (poz.
2). Toak 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 koriS¢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.

i |
[ o |

SI. 1. Uredaj za opterecivanje tocka

REZULTATI ISTRAZIVANJA SA DISKUSIJOM
Identifikovanje parametara pneumatika koji uti¢u na vucu

Kao §to je vidljivo iz izraza za vucnu silu (1), povecanje kontaktne povrSine 4
dovodi do prenosenja vece kohezione sile preko veée povrsine kontakta, te smanjenja
klizanja uz efikasniju vu€u /6/ za ostale nepromenjene uslove kretanja. Porast sile
zavisi¢e od kohezionih svojstava podloge, tako da se najveée povecanje vucne sile moze
ocekivati kod kohezionih podloga, a nesto manje kod koheziono frikcionih. Kod
frikcionih podloga, koje ne spadaju u tipicne poljoprivredne podloge, povecéanje
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) oc¢igledno je da ¢e otpor sabijanja podloge biti veéi ako su
vedi Sirina pneumatika, pritisak vazduha u njemu i pritisak karkasa.

U izrazu za otpor potiskivanja Cestice zemlje ispred tocka (3) uocljivo je da velicina
ovog otpora raste sa porastom Sirine pneumatika i dubine njegovog tonjenja. Veca §irina
pneumatika, kao i veéi pritisak vazduha i pritisak karkasa uti¢u na vecu 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 opterec¢enja) na istoj podlozi,
otpor kretanja traktora sa pneumaticima iste oznake i dezena a razlicitih 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) razlicitih proizvodaca iste
oznake na istim naplacima, s obzirom da su standardizovane veli€ine, 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 optereéenja su iste. Iz navedenog
proisti¢e da je pri poredenju pneumatika iste oznake a razli¢itih proizvodaca sa aspekta
njihovog otpora kretanja potrebno utvrditi razliku u njihovim defleksionim otporima pri
istim vertikalnim optere¢enjima. Koris¢enjem numerickih modela vuce nije moguce
utvrditi razlike u otporima kretanja razli¢itih pneumatika istih dimenzija i konstrukcije.
Rezultati prethodnih ispitivanja /9/ ukazali su da su defleksioni otpori pneumatika 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 I iznose
0.0280509 1 0.416424, a za pneumatik 2 su 0.0373601 1 0.4368262, respektivno /9/.

Veca vrednost pritiska karkasa dovodi do veceg otpora kretanja na mekim
podlogama (2), (4). Kako je ukupan pritisak na podlogu W/A=p;+p., ako posmatramo
dva pneumatika optere¢ena 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
utice na otpore kretanja, prethodna konstatacija vazi¢e samo za slucaj ako je veca
kontaktna povrsina posledica njene vece duzine, tj. manje §irine.

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 povrsinu izvesno
imati manje otpore kretanja na svim podlogama. Ovaj pneumatik ¢e imati i bolja
potencijalna vucna 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 vucnog potencijala usled duze kontaktne povrSine, onda svakako zbog
manyjih otpora kretanja.

Parametri kontaktne povrSine

Prethodnim razmatranjem /9/ uticaja defleksionih otpora na promenu sile na
poteznici i efikasnost vuce, bez razmatranja ostalih uticaja, kao $to je povrsina otiska,
konstatovane su bolje vuéne osobine prneumatika I u odnosu na pneumatik 2 na tvrdim i
sabijenim podlogama. Eventualno veca kontaktna povr$ina (tj. njena duzina) pneumatika
1 na mekoj podlozi svakako bi znacila da su njegove vuéne sile i efikasnost vuce veci
nego kod pneumatika 2, bar u onoj meri koliko to omoguc¢uju manji defleksioni otpori.
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Na osnovu neposredno izmerenih dimenzija otisaka pneumatika (SL. 2 i SL 3),
uocljivo je da je za ceo razmatrani dijapazon pritisaka vazduha i vertikalnih optere¢enja
Sirina otiska pneumatika 1 manja, a duzina veéa. Ovo ukazuje da ¢e ukupni otpori
kretanja pneumatika 1, ¢iji su defleksioni otpori manji, izvesno biti manji na svim
podlogama.
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Efikasnost vuce na uzoranoj i mekoj podlozi

Putem numerickog modela vuce 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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na mekoj podlozi pri optimalnom klizanju
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Dobijene zavisnosti ukazuju da bi koris¢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 veéa za ceo realni dijapazon
osovinskih optereéenja i odgovarajuéih pritisaka vazduha. Navedeno ukazuje da je
pokazatelje vuce koris§¢enjem pneumatika sa manjim defleksionim otporima i ve¢om (ili
istom) a uzom kontaktnom povr§inom, moguée poboljsati na svim podlogama.

ZAKLJUCAK

Cinjenica da otpori kotrljanja to¢ka 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 oc¢ekivati kod pneumatika koji pored manjih defleksionih otpora imaju iste ili vece
kontaktne povrSine koje su posledica njihove vece duzine. NumericCkom 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 potrosnja goriva, razlikovala bi se minimalno za 4%. Ovi
rezultati ukazuju i na potencijalno veée razlike koje bi se ostvarile u okviru veéeg broja
pneumatika razli¢itih proizvodaca a istih dimenzija.

Mogucnost koriScenja prikazanog nacina 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 vuc¢e. Efikasnost vuce
rasla bi sa poveéanjem 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 Ruzi¢, 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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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.o0, 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 II 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 II
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
IT — 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¢m 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

Sample 0.2( i )p.m o.os(% um o.ooz(%)s um <o.(z[(;)2) um 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™' KCl1 (60%); 210 / Urea; 150 / *MAP (12:52:0); 320
Application date February 11" 2006
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, 1 ha™! Artea; 0.52, Duet Ultra; 1.0
Harvest

Harvesting date July 1272006

*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-Canavate (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 5.8 339 6.55 0.02
Disc harrow 7.2 42.0 3.47 0.04
Drill 5.9 344 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 inco_gne Total coits Gross maagin Income :
USS ha USS$ ha USS$ ha Costs ratio
CT 1290 1002 289 1.29
RT 1 1349 967 382 1.39
RT2 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
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Igor Kovacev, KreSimir Copec

Poljoprivredni fakultet Univerziteta u Zagrebu, SvetoSimunska 25,
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SadrZaj: U radu su prikazani rezultati jednogodiSnjeg eksperimenta proizvodnje ozime
pSenice razli¢itim sustavima obrade tla, provedenim na povr§inama imanja Njive d.o.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 dircktna sjetva
bez obrade. Usporedba sustava obrade prema utroSku energije pokazuje svu rastro§nost
konvencionalne obrade tla sa specificnom potroinjom 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 II je trebala 18.9 L ha™ i 2.85
L Mg, §to je 59.4 % i 65.2 % respektivno manje energije od konvencionalne obrade.
Najveée 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 trogi 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™ 1 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.

Kljuéne rijeci: Obrada tla, utroSak energije, proizvodni troskovi, ozima pSenica.
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TEHNICKI I TEHNOLOSKI ASPEKTI PROIZVODNJE
MLADOG KROMPIRA

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

Sadriaj: Istrazivanja su obuhvatila postavljanje ogleda sa razli¢itim nadinima 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 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.

Kljucne reci: mladi krompir, sadnja, pokrivanje, biokolektor, termicko susenje lisne
mase, ubiranje.

UvOoD

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 sirokoj potro$nji povrtarskih proizvoda sve je prisutnija potreba za kori¢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
(Markovié, 2006).

Krompir je svakodnevna komponenta u ljudskoj ishrani, kao i vaZzna 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 proleée kada jo§ uvek nije veliki izbor povrtarskih
kultura, a zbog izuzetnog kvaliteta mladi krompir je vrlo cenjena namirnica. Zbog ranog
ubiranja mladi krompir ima veliki agrotehnicki 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
i 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 razlicite 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 veci.

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 i biorazgradljivom folijom
debljine do 15 pum (sl. 2).

Pokrivanjem zasadenih krtola folijom, obezbeduje se dodatno zagrevanje
povrsinskog zemljista za 5-6° C, pri ¢emu se Stite krtole od niskih ranoproleé¢nih
temperatura sa jedne strane i ubrzava nicanje krtola sa druge strane. Poveéanjem
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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SI. 2. Priprema zemljista, sadnja i malc¢ovanje zemljista folijom

Rezultati istrazivanja tokom 2005. godine pokazali su da je dobijen najveci prinos
krompira primenom mal¢ folije i postavljanjem niskih tunela (Markovi¢ et al, 2006). Za
malCovanje zemljista koriS¢ena je crna folija debljine 20 um dok je za formiranje niskih
tunela, kori$¢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 kuéici, Prinos, Broj krtlolla po | Prose¢na masa
g t/ha kuéici 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 1.008 454 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 kiflas 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

Suva materija, Pepeo, Celuloza, Skrob,
Sorta o o o o

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 kiflas 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 pomoc¢u 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 delimicno 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 mehanicko 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 potro$nja oko 2,2
GJ/h, dok je prose¢ni povrsinski ucinak uredaja za suSenje lisne mase oko 0,8 ha/h
(Somer i Bajkin, 2000).

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

o B 2 A v -
SI. 4 Unistavanje lisne mase sitnilicom i termickim suSenjem

Osim susenja lisne mase, toplotna energija uni$tava sve nadzemne §teto¢ine kao §to
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 povrS§inom 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 zastic¢eni 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. Najce$ce 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 letvicastih transportera koji su obloZeni elasticnim
materijalom. Za §to efikasnije izdvajanje zemlje, a da ne dode do osStecenja 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 S§to manjeg oStecenja 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 uc¢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 utro$ak
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 u¢inak 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 trziitu 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 slucaju, 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 Ponjican
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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STUDY ON THE MIXING PROCESS IN DIRECT
INJECTION SYSTEMS FOR SITE-SPECIFIC
HERBICIDE APPLICATION

Jiri Vondricka, Peter Hloben, Peter Schulze Lammers

University of Bonn, Department of Agricultural Engineering, Germany

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"P (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)
(E) = (L) +Klogte @)
D uneyual D equal Mg
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where [/l is 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.

Inlet water Outlet

Inlet chemical
Inlet water

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

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 1/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
i 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. Mogucnost promene hemikata i njihovih koncentracija svrstava ovaj sistem u
jedan od tehni¢kih 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.
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REZULTATI PRIMENE MOBILNIH SISTEMA
NAVODNJAVANJA KISENJEM U BILJINOJ PROIZVODNJI

Rajko Miodragovi¢, Milan Pevi¢
Poljoprivredni fakultet - Beograd

Sadriaj. Ovaj rad predstavlja sintezu viSegodi$njih istrazivanja mobilnih sistema
navodnjavanja kiSenjem u ratarskoj i povrtarskoj proizvodnji. IstraZivanjima je
obuhvaceno tri tipa mobilnih sistema navodnjavanja kiSenjem tipa samohodnog kiSnog
topa i jednog mobilnog linearnog sistem kao predstavnika pokrivaju¢e koncepcije. Cilj
rada je odredivanje eksploatacionih parametara i efekata na prinos gajenih kultura.
Poljskim ogledima i eksploatativnim pradenjem u sezonama primene utvrdeni su
pokazatelji potroSnje energije, proizvodnosti i kvaliteta rada.

Produktivnost samohodnih kiSnih topova iznosila je od 0.11 do 0.20 ha/h sa
potro$njom energije od 104 do 150.2 kWh/ha. Produktivnost linearnog sistema iznosila
je 2.0 do 2.6 ha/h sa potro$njom energije od 45.37 kWh/ha.

Posebno znacajno povecanje prinosa je bilo zabelezeno kod graska, kukuruza i
semenskog kukuruza u poredenju sa uslovima bez navodnjavanja.

Kljuéne reci: susa, voda, samohodni kisni top, linear, potrosnja energije, produktivnost,
potroSnja goriva.

UvOD

Intenzivna biljna proizvodnja nije moguca bez navodnjavanja. Uz neka otvorena
pitanja iz obrade zemljiSta i primene hemijskih sredstava, u nasim uslovima postaje
osnovna determinanta savremene biljne proizvodnje. U svetskim razmerama, u 1975.
godini oko 16,60% od ukupnih obradivih povrsina je bila navodnjavana. Medutim oko
30-40 % svetske proizvodnje hrane je ostvarivano upravo na ovim povrsSinama.

Obim navodnjavanih povrsina se povecava i to, u proseku, po stopi od 10 miliona ha
godisnje. Do 2000. godine to ¢e znaciti punih 500 miliona ha pod navodnjavanjem.

Potreba za racionalnim koris¢enjem objektivnih resursa vode, dovela je do
znacajnog usavrSavanja metoda navodnjavanja. Na primer, u periodu 1958-69. odnos
povrsinskog navodnjavanja i navodnjavanja kiSenjem se sa 1 : 10 promeniona 1 : 5,4 u
SAD. Ovaj trend je nastavljen, rezultovace poveéanjem potro$nje vode za svega 5 % u
funkciji navedenog povecanja obima povrsina pod navodnjavanjem, do 2000. godine.
Ovo ¢e biti omoguéeno direktnim metodama, odnosno, usavrSavanjem tehnolosko-
tehnickih sistema navodnjavanja 1 indirektno, racionalnim koriS¢enjem uslova
proizvodnje i osobina kulturnih biljaka.
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Uticaji navodnjavanja predstavljeni su Sematski na slici 1.
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SI. 1. Sema uticaja navodnjavanja i medusobna povezanost elemenata
prirodnih i vestackih sistema

UsavrSavanje tehnolosko-tehnickih sistema i njihovo uvodenje u praksu predstavlja
vrlo znacajnu investiciju za svakog poljoprivrednog proizvodaca. Ogranicenja sa ovog
aspekta su opste prisutna. Time se, posebno, potencira znacaj optimalnog izbora, koji ¢e
povecanjem prinosa, u dinamici, dati i materijalne uslove za izvodenje navodnjavanja.
Pored toga eksploatacija sistema se suceljava sa potrebom vodenja, odrzavanja i pracenja
sistema navodnjavanja, u cilju ublazavanja i otklanjanja posledica subjektivne i
objektivne destrukcije sistema. Ovim se naglasSava znacaj eksploatacione metode sistema
navodnjavanja.

Obim navodnjavanih povrSina u nas ve¢ niz godina egzistira na oko 2% obradivih
povrsina. Potrebna intenzifikacija biljne proizvodnje u sklopu niza mera i postupaka
zahteva povecanje fizickog obima navodnjavanih povrsina.

Metoda navodnjavanja pod pritiskom, dominirajuéa i u naSim proizvodnim
uslovima manifestuje se u svom najraznovrsnijem vidu, odnosno, kisenju. Sirok
dijapazon tehnickih reSenja je koncepcijski aproksimativno, prilagoden heterogenim
uslovima proizvodnje. Optimalan izbor je nuznost koja se nalazi u interakciji prirodnih,
agrotehnickih, tehnoloskih, tehnickih i materijalnih faktora.

Projektno, izvedeni i realizovani sistemi, u praksi su izlozeni raznovrsnoj
destrukciji, Pored trivijalnih vidova, obi¢no subjektivne prirode, mnogo je znacajnije
istaci objektivne i neizbezne destrukcije.

Tehnolosko mesto, eksploatacija i odrzavanje sistema navodnjavanja, kao i
mogucnosti alternativnog koris¢enja sistema ili njegovih komponenata mogu u znacajnoj
meri smanjiti njegovu destrukciju i povecati materijalni efekat navodnjavanja.
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MATERIJAL I METOD RADA

Metodika rada prilagodena je sadrzaju i cilju rada. Poljska ispitivanja su obuhvatila
eksploatativna pracenja koja su u sebi sadrzavala utvrdivanja sledec¢ih parametara:
- produktivnost rada sistema
- potro$nja goriva
- kvalitet rada - ostvarivanje norme zalivanja
- efekti navodnjavanja na prinos gajenih biljaka
Prema navedenom, vrSena su konkretna merenja sledecih pokazatelja:
- potroSnja goriva metodom "punog rezervoara"
- ostvarena visina vodenog taloga kiSomerom dimenzija 300x300 mm, koji je
konstruisan na Institutu za poljoprivrednu tehniku, Poljoprivrednog fakulteta u Zemunu
- brzina kretanja agregata na trasama duzine 30 m
- klizanje tockova sistema po standardnoj poljskoj proceduri.

Ispitivanja su obavljena na 2 lokaliteta:

1. Ogledno dobro za navodnjavanje Instituta za kukuruz u Zemun Polju u periodu
maj-avgust 1998. godine. Ispitivana su tri mobilna uredaja tipa (samohodnog) kisnog
topa.

2. Proizvodnim parcelama "PKB-a" u periodu jun-jul 2006. godine, gde je vrSeno
ispitivanje samohodnog linijskog uredaja.

REZULTATI ISTRAZIVANJA I DISKUSIJA

Program istrazivanja je obuhvatio tri mobilna uredaja tipa (samohodnog) kisnog
topa i jednog lineara, kao predstavnika emisione i pokrivajuée koncepcije uredaja. Na
lokaciji u Zemun Polju zastupljeni zemljisni podtip je bio beskarbonatni Cernozem, a
hibridi kukuruza su bili ZP-599, ZP-651, ZP-670, ZP-670, ZP-677, ZP-678, ZP-704. Na
lokaciji u "PKB-a" u zoni sistema determinisana su dva podtipa zemljista, ernozem sa
znacima oglejavanja na lesu i livadska crnica na lesnoj terasi, a navodnjavane kulture su
boranija, silazni kukuruz i semenski kukuruz.

Zalivne povrSine su se karakterisale neravnim reljefom i pravougaonim oblikom.
Tehnicke karakteristike sistema tipa (samohodnog) kisnog topa date su u tabeli 1 i 2.

Tab. 1. Karakteristika sistema za navodnjavanje

Tip uredaja A-82/300-T B-75/320-T C-75/310-T1
Proizvodac MZT-Skopje MZT-Skopje BAUER-A
Rasprskivac Rain bird SR 103 EM Star gun SR 35
Masa (kg) 1730 1690 1220
Sirina (m) 2,20 2,20 1,89
DuZina (m) 3,30 3,50 4,41
Visina (m) 2,90 2,90 2,59
Precnik creva (mm) 82 75 75
Duzina creva (m) 300 320 280

Modeliranje sistema je izvedeno u skladu sa datim karakteristikama uredaja za
navodnjavanje (tabela 1) i izvorista voda (tabela 2).
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Osnovne tehnicke karakteristike masine sa linearnim kretanjima su:
- Tip agregata "Sever Valmont" - 15 kW sa dizel motorom "TAM" od 110,4 kW,
- Radni upravljacki napon 380-110/24 V,
- Protok pumpe 120 Vs,
- Pritisak na manometru 2,2 bara,
- Masina se krece pravolinijski duz otvorenog kanala sa vodom,
- Masina je vodena nadzemno - sajlom
- Masina je dvokrilna sa duzinom 2x500 m.
Kod sistema tipa (samohodnog) ki$nog topa izbor preénika mlaznice obavljen je u
kombinaciji sa karakteristikama delova sistema za navodnjavanje i varijantama celovitih
sistema.

Tab. 2. Karakteristike pumpnog agregata

Pumpa Snaga motora | Kapacitet | Manometarska
ump (kW) (I/mm) visina (m)
530 72
680 62
! 15 840 31
1000 37
330 120
690 105
I 24 840 85
1000 61
960 120
1170 110
i 37 1380 90
1620 67

U tabeli 3. date su radne karakteristike varijanti sistema za navodnjavanje koji su
ispitivani na zalivnom polju.

Eksploatacioni pokazatelji su utvrdeni za normu zalivanja od 20 mm pri jednom
prohodu, efektivno.

Tab. 3. Radna karakteristika varijanti sistema za navodnjavanje

.. Pre¢nik mlaznice Pritisak(bar) Protok
Varijanta - —

(mm) na masini | na mlaznici (I/s)
A-1 20,32 5,00 3,50 8,00
A-TI 22,86 7,00 4,50 11,00
B-I 17,70 5,70 3,50 6,30
B-1I 20,32 8,30 4,00 8,90
c-n 22,86 8,00 3,50 9,60
A-TII 20,32 7,30 5,00 9,50
B -1II 20,32 7,30 3,50 8,40
A-TII 20,32 7,10 5,00 9,50
C-1I 22,86 7,10 3,00 8,90
B-1II 20,32 7,40 3,50 8,40
C-1I 22,86 7,40 3,20 9,20
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U tabeli 4. dati su osnovni eksploatacioni pokazatelji ustanovljeni merenjem, za date
varijante sistema navodnjavanja.

Tab. 4. Pregled eksploatacionih pokazatelja

Varijanta Radna Domet U¢inak Efektivni Utro§ak3 Utros.energ.
Sirina (m) (m) (ha/pr.) rad (h) vode (m”) | (kWh/pr.)
A-1 59 29,50 1,88 13,09 377,00 196,40
A-1I 68 34,00 2,20 11,13 440,60 289,40
B-1 55 27,50 1,86 16,37 371,20 245,60
B-1I 60 30,00 2,04 12,73 408,00 331,00
C-1I 62 31,00 1,87 10,80 373,20 280,80

U tabeli 5. posebno se daju eksploatativni pokazatelji rada sistema ostvarenih na
III izvoristu i u simultanom radu.

Tab. 5. Eksploatacioni pokazatelji na pumpnom agregatu 111

Varijante Radna Domet Ucinak | Efektivni UtroEak3 Ucinak | Potros. energ.

Sirina (m) (m) (ha/pr.) rad (h) | vode (m’) | (ha/h) (kWh)

A 65 32,50 2,10 12,26 419,20 2,10 453,60

B 57 28,50 1,93 12,76 385,80 1,85 -

A 65 32,50 2,10 12,26 419,20 1,92 415,90

C 60 30,00 1,80 11,24 360,00 1,80 415,90

B 57 28,50 1,93 12,76 385,80 1,64 402,20

C 60 30,00 1,80 10,87 360,00 1,80 402,20

Na osnovu ustanovljenih eksploatacionih parametara odredeni su pokazatelji
proizvodnosti rada i utroSka energije za ispitivane varijante, tabela 6.

Analiza eksploatacionih pokazatelja je izvedena na bazi potroSnje vode od
200 m’/ha. Povecanje norma zalivanja za svakih 10 mm, uticalo je na poveéanje
potrebnog vremena od 2,55 do 4,41 h/ha. Poveéanje norme zalivanja sa 20 mm na
30 mm smanjilo je proizvodnost sistema za oko 33%. Analogno se povecava i utroSak
pogonske energije.

Tab. 6. Proizvodnost rada i utrosak energije ispitivanih varijanti

Varijanta Utroseno Promena norme

h/ha ha/h kWh/ha za 10 mm h/ha
A-1 6,94 0,144 104,50 +3,47
A-1I 5,05 0,198 131,50 +2,53
B-1 8,82 0,113 132,00 +4,41
B-1I 6,24 0,160 162,20 +3,12
C-1I 5,79 0,173 150,20 +2.89
A-1II 5,85 0,171 114,80 +2,92
B-1II 6,61 0,101 - +3,31
A-1II 5,85 0,171 111,80 +2,92
C-1II1 6,24 0,160 111,80 +3,12
B-1II 6,61 0,101 116,90 +3,31
C-1I1 6,04 0,166 116,90 +3,01

U tabeli 7. su dati ostvareni prinosi zastupljenih hibrida u uslovima suvog ratarenja i
navodnjavanja.
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Tab. 7. Prinosi kukuruza u uslovima uzgajanja (t/ha)

Hibrid Suvo ratarenje | Navodnjavanje | Povecanje (%)
ZP 599 7,08 13,78 94,60
ZP 651 7,57 13,34 76,20
ZP 670 6,97 13,82 98,30
ZP 677 7,39 14,33 93,90
ZP 678 7,50 14,16 88,80
ZP 704 7,82 15,16 93,90
120 +
OZP 599 983
100 4+ OzP 651 94,6 " 93,9 ga8 %9
OZP 670 76.2
80 + OzP 677 [
HZP 678
60T OZP 704
40 +
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.l 13,7813‘3413321 4331516
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Suvo ratarenje Navodnjavanje Povecanje (%)

Graf. 1. Uporedni prikaz ostvarenih prinosa u uslovima suvog ratarenja i navodnjavanja

Ostvareno povecanje prinosa u interakciji sa hibridom varirala je od 76,20%
(ZP 651) do 98,30% (ZP 670), $to se vidi i iz grafikona 1.

Pri eksploatacionom pracenju linijskog uredaja za navodnjavanje kiSenjem u
proizvodnim uslovima "PKB-a" vr§ena su merenja prethodno navedenih faktora koji ¢e
biti pojedinacno izlozeni i predstavljeni tabelarno i graficki.

U tabeli 8. prikazana je potrosnja goriva linearnog sistema za navodnjavanje.

Tab. 8. Potrosnja goriva sistema

Merenja Potrosnja goriva Potro$nja goriva
po ¢asu rada (1/h) po hektaru (I/ha)

1 25,40 10.94

2 23,20 10,00

3 22,25 9,59

4 20,16 8,69

5 20,35 8.76

6 19,73 8,20

7 21,45 8,65

8 22,30 9,45

9 20,25 8,58

10 19,31 8,18

Srednja vrednost 21,44 9,10

Na osnovu dobijenih rezultata moze se konstatovati, da je potrosnja goriva po ¢asu
rada motora nesto viSe od one koju proizvoda¢ propisuje (18-20 1/h) i iznosi prosecno
oko 21 I/h, odnosno 9,10 1/ha. Ovo minimalno povecanje potroSnje moze se pravdati
poveéanim klizanjem ( prose¢na vrednost klizanja iznosi 18 %).
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U tabeli 9. dat je prikaz vrednosti ostvarenog vodenog taloga.

Tab. 9. Vrednosti ostvarenog vodenog taloga (mm)

Pozicija 1 toranj 3 toranj 5 toranj 7 toranj 9 toranj
15,56 15,94 15,00 18,78 16,89

11,83 17,44 16,00 25,39 18,89

Ponavljanje 10,50 13,50 15,22 20,46 13,61
12,89 18,00 11,28 28,61 13,89

11,28 13,72 11,61 22,78 15,72

Srednja vrednost 12,41 15,72 13,82 23,20 15,80

Na osnovu dobijenih rezultata, moze se zakljuciti da visina ostvarenog vodenog
taloga varira, odnosno krecu se u intervalu od 12,41 mm do 23,20 mm. S obzirom da je
procentualni programator bio podesen na 30 propisana visina vodenog taloga od strane
proizvodac bi trebala da iznosi 14,78 mm. Razlog ovog odstupanja lezi u neadekvatnom
odrzavanju tj. precnik prskaca nije adekvatan s obzirom na toranj.

U tabeli 10. i grafikonu 2. date su vrednosti teoretske brzine kretanja, ostvarenih
brzina kretanja na osnovu izvrSenih merenja i vrednosti klizanja tockova uz napomenu
da je procentualni programator podesen na 30%.

Tab. 10. Teoretske i ostvarene brzine kretanja

Dan Teoretska Stvarna Klizanje Ucinak Potros.energije
brzina (m/h) | brzina (m/h) (%) (ha/h) (kWh/ha)
1 30 25.74 14.2 2.6 42.46
2 30 26.28 12.4 2.6 42.46
3 30 20.46 31.8 2.0 55.20
4 30 24.72 17.6 2.5 44.16
5 30 22.92 23.6 23 48.00
6 30 25.56 14.8 2.6 42.46
7 30 24.16 19.5 2.4 46.00
8 30 23.40 22.0 2.3 48.00
9 30 25.80 14.0 2.6 42.46
10 30 26.40 12.0 2.6 42.46
Sr. vrednost 30 24.54 18.2 2.45 45.37
311
30
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Graf. 2. Teoretska i stvarna brzina
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Na osnovu dobijenih rezultata moze se zakljuciti da klizanje prelazi vrednost od
15%, $to ima za posledicu nesto ve¢i utrosak energije. Razlog pove¢anom klizanju lezi u
vecoj koli¢ini vodenog taloga od zadate

Efekat navodnjavanja na prinos je veoma veliki, §to prikazuju visoki ostvareni
prinosi gajenih useva. To svakako doprinosi intenziviranju poljoprivredne proizvodnje
kao 1 moguénost ostvarenja dve Zetve godisnje.

U tabeli 11. dati su prinosi gajenih kultura ostvarenih u uslovima navodnjavanja i
bez navodnjavanja.

Tab. 11. Efekti navodnjavanja na prinos kultura u zalivnom polju

Prinos (t/ha)
Kultura 1993. 1994. 1995.
Bez navodnj.| Sa navodnj. | Bez navodnj. |Sa navodnj.| Bez navodnj. | Sa navodnj.
Boranija 4,5 7,9 49 8,3 4,1 8,0
Sil.kukuruz 23,6 30,2 21,1 29,0 25,8 32,5
Sem.kukuruz 2,3 4,1 1,6 32 2,7 4,0
35~ Oboranija Osilazni kukuruz Osemenski kukuruz
30
25
E 20
=
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Graf. 3. Prikaz ostvarenih prinosa sa i bez navodnjavanja

Na osnovu dobijenih rezultata moze se zakljuciti da su u uslovima navodnjavanja
prinosi bili znatno veci (grafikon 3), Sto svakako opravdava primenu ovih sistema za
navodnjavanje uz dobru organizaciju rada i racionalno kori$éenje.

ZAKLJUCAK

Uskladivanje parametara sistema za navodnjavanje je osnovni uslov njihovog
optimalnog koris¢enja.

U tom smislu su za odredeno izvoriste i tip uredaja definisani odnosi precnika
mlaznica, pritiska i protoka vode.
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Proizvodnost rada i utroSak energije u efektivnom vremenu zavise od obroka
zalivanja u jednom prohodu.

Produktivnost lineara je bila od 2,0 do 2,6 ha/h. Potro$nja energije testiranih sistema
navodnjavanja je bila 125,3 kWh/ha za samohodni ki$ni top a 45,37 kWh/ha za linear.
Razlika je bila vrlo znacajna (36,21%) i pokazuje prednost linearnog sistema.

Linijski uredaji za navodnjavanje kiSenjem predstavljaju savremene uredaje za
intenzivno zalivanje i iziskuju vrlo strucan, kvalitetan i efikasan rad ljudi, kako onih koji
rukuju njima, tako i onih koji izraduju eksploatacione sezonske programe za njihovo
koris¢enje.

Ostvareno povecanje prinosa, primenom navodnjavanja je vrlo znacajno, (varira
zavisno od rasta gajenih kultura) i opravdava ekonomska ulaganja "sistema" za
navodnjavanje.
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INVESTIGATION OF MOBILE IRRIGATION SYSTEMS
FOR PLANT PRODUCTION

Rajko Miodragovi¢, Milan Pevi¢
Faculty of Agriculture - Belgrade

Abstract: This paper provides the synthesis of long lasting research of mobile raining
irrigation systems in crop and vegetable production. The research included three types of
mobile self-propelled rain guns and one linear representing both broadcasting and
covering concepts. The paper is aimed at determining exploitation parameters and
yielding effects in cropping. Field testing and exploitation monitorning in adequate
seasonal use provided the indicators of energy consumption, productivity and work
quality.

The productivity of self-propelled rain guns ranged from 0.11 to 0.20 ha/h with
energy consumption from 104 to 150.20 kWh/ha. The linear productivity ranged
between 2.0 anri 2.6 ha/h with energy consumption of 45,37 k Wh/ha.

Extremely significant yield increase was recorded in greenbeans, maize (corn,
popcorn, sweet corn) and seed maize production in comparasion to dry cropping
alternative.

Key words: drought, water, self - propelled rain guns, linear, energy consumption,
productivity, fuel consumption.
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MEHANIZOVANA REZIDBA SLJIVE
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SadrZaj: Rad predstavlja rezultate istrazivanja mehanizovane rezidbe §ljive sorte stenley.
Rezidba je obavljena hidraulicnim rezacem HR-85 u agregatu sa traktorima Rakovica 65
i Torpedo TD 75A. Rezultati ispitivanja pokazuju da se mehanizovana rezidba moze
koristiti u proizvodnji §ljive za industrijsku preradu. Indeks proizvodnosti mehanizovane
rezidbe sa ru¢nom korekcijom u odnosu na ru¢nu rezidbu je 1,50 i mehanizovane rezidbe
u odnosu na ruénu je 87,94 §to je zavisilo od stanja zasada, odnosno prose¢no za dve
godine ispitivanja 1,90 odnosno 58,5.

Kljuéne redi: Sljiva, mehanizovana rezidba, korekcija, indeks proizvodnosti, pokazatelji.

UvoD

Svedoci smo sve intenzivnije primene mehanizacije u rezidbi voca za industrijsku
preradu u nasim vocarskim zasadima, posebno u zasadima visnje i Sljive.

Industrija je trziStu ponudila razli¢ite tipove rezaca za rezidbu koji se usavrSavaju, a
pojavljuju se i novi modeli ovih masina razli¢itih koncepcija rada.

Stalno prisutni problemi u vreme rezidbe §ljive, kao $to su nedostatak radne snage,
visoki troskovi za njeno angaZovanje i produzena rezidba, doprineli su da se ubrza
uvodenje masina u rezidbi kostiCavog voéa za industrijsku preradu. Primenom masina ne
samo da se smanjuju troSkovi proizvodnje, ve¢ se i vreme znatno skraduje, a $to se
pozitivno odrazava na kvalitet preradevina.

Joci¢ et al. (1987), ispituju mehanizovanu rezidbu jabuke i §ljive. Za mehanizovanu
rezidbu S§ljive iznose podatke o ucinku za bruto radno vreme od 2,7537 ha, prosecne
radne brzine od 1,51-1,58 km/h i procentu utroska radnog vremena ¢istog rada od
83,17%. Neni¢ et al. (1996), iznose rezultate ispitivanja HR-85 u rezidbi jabuke i daju
zakljucak da HR-85 postize solidan ucinak 3,35 ha bruto povrsine u rezidbi jabuke kao i
da prosecna radna brzina treba da bude veca od 2,21 km/h.
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MATERIJAL I METOD

Ispitivanje hidraulicnog rezaca HR-85 u uslovima eksploatacije obavljeno je u
sezoni rezidbe Sljive u PKB "Barajevske plantaze"- Barajevo, u zasadu §ljive PajSuma i
Purinci.

Reza¢ je radio u agregatu sa traktorom Rakovica 65 i Torpedo TD 75A.

Sorta $ljive je - Stenley, uzgojni oblik poboljSana piramida, na podlozi dzanarika
razmaka sadnje 6 x 5 m.

Varijante ogleda u rezidbi §ljive su bile:

M/M - mehanizovana rezidba
MR/MH - mehanizovana rezidba sa ru¢nom korekcijom
R/H - ruéna rezidba

Dimenzije stabla i obim debla su merena metrom. Visina debla je merena od tla do
prvih ramenih grana, a obim debla je meren na visini 40 cm od tla. Visina i Sirina krune
merena je numerisanom letvom duzine 6 m. Letva je bila numerisana na svakih 5 cm
duzine i sastojala se iz tri dela svaki deo duzine 2 m. Spajanje letve obavljeno je preko
dve metalne kvadratne cevi duzine 20 cm. Dimenzije ploda su merene nonijusom.

Efektivno radno vreme je obracunato bez zastoja i odmora, a bruto je preracunato sa
svim zastojima i odmorima.

Hidrauli¢ni reza¢ HR-85 je vucena masina koja se agregatira sa traktorima snage
preko 45 KW. Namenjen je za rezidbu razlicitih vrsta voéa za industrijsku preradu
(vi$nja, tresnja, $ljiva, maslina, breskva, jabuka, kruska).

U toku rada hidrauli¢nim rezacem HR-85 angazovana su dva radnika (traktorista i
rukovaoc rezacem).

REZULTATI I DISKUSIJA

Vreme rezidbe i visina debla dat je u tabeli 1. Rezidba §ljive je obavljena u prvoj
dekadi marta 2000. godini i tre¢oj dekadi marta 2001. godine. Prosecna visina debla
iznosila je 72,30 cm u 2000. godini, a u 2001. godini je bila 73,15, §to iznosi rast od
0,85 cm.

Tabela 1. Vreme rezidbe i visina debla

Pokazatelji 2000 2001
Vreme rezidbe 5.03. 20.03.
Visina debla (cm) 72,30 73,15

Pre rezidbe meren je obim debla. Rezultati merenja obima debla dati su po
varijantama ogleda u tabeli 2.

Tabela 2. Rezultati merenja obima debla

Nagin rezidbe 2000 god. 2001 god.
(cm) (cm)
Mehanizovana rezidba 73,96 74,76
Mehanizovana sa ruénom korekcijom 74,54 75,34
Rucna rezidba 74,14 74,85

1z tabele 2. se vidi da je prosecan obim debla uglavnom bio ujednacen.
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Pre i posle rezidbe merene su visina i Sirina krune, a rezultati su dati u tab. 3.1 4. Iz
tabele 3. se vidi da je visina krune pre rezidbe u zasadu PajSuma bila od 500,3-520,3 cm
a posle rezidbe se kretala od 379,0 cm kod mehanizovane rezidbe do 479,0 kod rucne
rezidbe. U zasadu DPurinci visina krune se kretala od 487,5-535,3 cm, a posle rezidbe se
kretala od 404,6 cm kod mehanizovane rezidbe sa ru¢nom korekcijom do 470,0 cm
kod ruéne rezidbe. Kod ruéne rezidbe visina krune posle rezidbe je bila veca od 64 do
100 cm u odnosu na mehanizovani nacin rezidbe.

Tabela 3. Visina krune $ljive pre i posle rezidbe

Visina krune (cm)
Nacin rezidbe PajSuma Durinci
Pre rezidbe Posle rezidbe Pre rezidbe Posle rezidbe
M/M 500,3 379,0 5353 419,3
MR/MH 510,0 381,3 487,5 404,6
R/H 520,3 479,0 519,0 470,0

Iz tabele 4. se vidi da se $irina krune kretala pre rezidbe u zasadu PajSuma od 498,0-
514,3 cm a posle rezidbe se kretala od 344,3 cm kod mehanizovane rezidbe sa ru¢nom
korekcijom do 453,0 kod rucne rezidbe. U zasadu Purinci Sirina krune se kretala od
451,0-528,6 cm, a posle rezidbe se kretala od 434,6 cm kod mehanizovane rezidbe sa
ru¢nom korekcijom do 425,0 cm kod ru¢ne rezidbe. Kod ru¢ne rezidbe i $irina krune je
posle rezidbe bila ve¢a od 78 do 102 cm u odnosu na mehanizovani nacin rezidbe.

Tabela 4. Sirina krune §ljive pre i posle rezidbe

Sirina krune (cm)
Nacin rezidbe PajSuma Purinci
Pre rezidbe Posle rezidbe Pre rezidbe Posle rezidbe
M/M 500,6 351,3 470,0 347,0
MR/MH 514,3 3443 451,0 334,6
R/H 498,0 453,0 528,6 425,0

U tabeli 5. dati su rezultati trajanja rezidbe po varijantama ogleda. Vidi da se rezidba
po stablu kretala od 14,4 s/stablo kod mehanizovane rezidbe u agregatu sa traktorom
Torpedo TD 75 do 1152,4 s/stablo kod rucne rezidbe. Prosecna brzina rada za obe
godine je bila 2,2 km/h kod rada sa traktorom Rakovica 65, odnosno 2,8 km/h u radu sa
traktorom Torpedo TD 75. Znatno povecanje brzine rada u 2001. godini je usledilo zbog
¢injenice da nije bilo grana za rezidbu pre¢nika vecih od 30 mm.

Tabela 5. Pokazatelji rezidbe Sljive

Pokazatelji M/M MR/MH R/H
R-65 T-75 R-65 T-75 R-65 T-75
Vreme rezidbe s/stablo 19,7 14,4 603,5 | 250,3 | 11524 796
Brzina rada (km/h) 2,2 2,8 2,2 2,8 - -
Indeks proizvodnosti 58,5 553 1,9 32 1 1
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Indeks proizvodnosti se kretao od 1 kod rucne rezidbe do 87,94 kod mehanizovane
rezidbe u drugoj godini ispitivanja dok je prosecan indeks proizvodnosti za obe godine
bio 58,5 (Rakovica 65) 1 55,3 (Torpedo TD 75). Odnos mehanizovane rezidbe sa ru¢nom
korekcijom i rucne rezidbe je 1,9 (Rakovica 65) do 3,2 (Torpedo TD 75). Komneni¢
(1994), iznosi podatke ispitivanja HR-85 u agregatu sa traktorom Torpedo 9006 da
mehanizovana rezidba u odnosu na ruénu je 56,13 puta brza, odnosno 28,66 puta brza u
odnosu na mehanizovanu rezidbu sa ru¢nom korekcijom. Rucna rezidba je za 1,89 puta
sporija u odnosu na mehanizovanu rezidbu sa ru¢nom korekcijom.

U tabeli 6. dat je prinos §ljive po varijantama ogleda.

Tabela 6. Prinos $ljive

Nagin rezidbe Prinos §ljive kg/stablo
2000 2001 Prosek
M/M 63,47 63,60 63,53
MR/MH 66,11 66,21 66,16
R/H 71,37 69,40 70,38

Prinos $ljive se kretao od 63,47 kg/stablu u 2000. godini kod mehanizovane rezidbe
do 71,37 kg/stablo kod rucne rezidbe, a u 2001. godini od 63,60 kg/stablo kod
mehanizovane rezidbe do 69,40 kg kod ruéne rezidbe. ProseCan prinos je bio
63,53 kg/stablo kod mehanizovane rezidba do 70,38 kg/stablo kod ruéne rezidbe.
Prose¢ni prinos po stablu Sljive stenli kod rucne rezidbe je veé¢i u odnosu na
mehanizovanu rezidbu za 6,85 kg/stablo i 4,22 kg/stablo kod mehanizovane rezidbe sa
ru¢nom korekcijom

U tabeli 7. date su karakteristike ploda §ljive po varijantama ogleda. Masa ploda
Sljive bila je najveca u 2001. godini kod mehanizovane rezidbe sa ru¢nom korekcijom
28,75 g a najmanja kod ru¢ne rezidbe u 2000. godini 21,10 g. Duzina ploda je bila
najvec¢a 2001. godine kod mehanizovane rezidbe 45,04 mm, a najmanja kod rucne
rezidbe 43,10 mm u 2000. godini. Sirina ploda je bila najveéa kod mehanizovane rezidbe
sa ruénom korekcijom 33,90 mm u 2001. godini, a najmanja kod ruéne rezidbe
31,60 mm u 2000. godini.

Visina ploda je bila najve¢a kod mehanizovane rezidbe sa ruénom korekcijom
32,15 mm u 2001. godini, a najmanja kod ruc¢ne rezidbe 28,60 mm u 2000. godini.
Najmanji plod je bio kod ru¢ne rezidbe u 2000. godini. Rezultati merenja su pokazali da
su plodovi koji su otreseni sa stabala koja su orezana mehanizovano bili krupniji od onih
koji su orezani ru¢no.

Tabela 7. Karakteristike ploda Sljive

- M/M MR/MH R/H
Karakteristike ploda
2000 2001 2000 2001 2000 2001
Masa ploda (g) 27,00 28,40 26,30 28,75 21,10 25,75
Duzina ploda (mm) 44,17 45,04 43,77 45,34 43,10 44,65
Sirina ploda (mm) 32,30 33,01 32,57 33,90 31,60 33,16
Visina ploda (mm) 28,67 31,16 29,97 32,15 28,60 31,46
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ZAKLJUCAK

Na osnovu dvogodisnjih istrazivanja rezidbe §ljive hidraulicnim rezacem HR-85
mozemo izvesti sledece zakljucke:

- Mehanizovanu rezidbu S§ljive sorte stenly treba slobodnije primenjivati u
tehnologiji proizvodnje.

- U ispitivanju mehanizovana rezidba je u odnosu na ruénu imala indeks
proizvodnosti 55,3 do 58,5.

- Rezultati merenja su pokazali da su plodovi koji su otreseni sa stabala koji su
orezani mehanizovano bili krupniji od onih koji su orezani ru¢no.
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MECHANIZED PRUNING OF PLUMS

Vaso Komneni¢', Milovan Zivkovi¢?, Mirko Urosevié’

YInstitute PKB Agroekonomik, Padinska Skela-Belgrade
vasokom@yahoo.com
“Faculty of Agriculture, Zemun-Belgrade

Abstract: The paper presents the results of the two-year long experiments with
mechanized plum pruning of cv Stanley with hydraulic pruner HR-85 powered by
tractors Rakovica 65 and Torpedo TD 75A.

The results suggest that mechanized pruning is more widely applied in plum
production and processing. Index of productivity of mehanized pruning with manual
correction and mechanized pruning in comparison with manual pruning ranges from 1,50
to 87,94, depanding on the condition of the orchard, average for two years investigation
from 1,90 to 58,5.

Key words: plum, mechanized pruning, index productivity.
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Caopoicaj: YOupame mieHuIe naHac ce o0aBjba jeqHO(GA3HO, MPUMEHOM JKETBEHHX
KoM0ajHa ca pPa3TUYUTOM TEXHOJOMKOM ImeMoM ypehaja 3a Bpmualy. 3a cBe je
3ajeIHUYKO JIa Ce KeTBa 00aBJba jeZIHO(A3HO, Y3 pa3IuuuT KBaauTeT pajga. Ha kBamurer
pama JKeTBeHMX KoMOajHa yTmue Behm Opoj ¢akTopa, MOUeB OF CTama YCeBa,
MOJICIICHOCTH KOMOajHa, OJHOCHO JC()PUHUCAHOCTH PEJICBAaHTHUX MapameTapa,
UCIIPAaBHOCTH, OOYYEHOCTH pyKOBaola. YKOJIUKO PEJIEBAaHTHH IapamMeTpu HHUCY
yckinaljeHd, OHIa Ce KBaJUTET pajga KoMOajHa HapyliaBa y 3HA4YajHOj MEPH, YHMME CE
nosehasajy ry0unu u yzieo npumeca y opuieHoj Macu. L{nss uctpakuBama Ouo je 1a ce
M0JbCKO-JIA00OPATOPHjCKUM HCIIMTHBAKBUMa HEKMX KOMOajHa YTBPOH KBAaJHUTET paja, y
3aBUCHOCTH O]l PENICBaHTHHX Mapamerapa, T¢ Ja Ce ca OCHOBY JOOMjeHHX pe3ynrara
yKa)ke Ha MPETHOCTH, OJJHOCHO Ha HEJOCTAaTKE MPUMEHCHE KOHIICIIH]E.

Kuwyune peuu: kombajn, scemsa, xkeaiumem paod, 3pHO.

YBOJ

XerBa mIIeHWIE NPUHLOUIKJETHO IOCMATPaHO Y 3aBHCHOCTH OJf KOMIUIEKca
MalliHa, TEXHOJIOLIKOT Ipolieca, YTPOLIKa paja U eHepruje, BeIMUMHe TyOuTaKa, Kao u
TpoIIKOBa Moxe OMTH oOaBibeHa BuIIe(da3zHO, ABOda3HO M jeaHO]azHO. 3a KETBY
MIICHUIIC KOPHUCTE CE YKCTBCHHM KOMOAjHM KOjU y jeTHOM MpPOXOIy 00aBe KOIICHE,
BpIIKAOY M Cemapaiujy 3pHa oJ mpuMeca U ciiame. 3axBajbyjyhu yBoljemy caBpeMeHHX
KoMOajHa Yy TEXHOJIOIIKM TIPOLIEC JKETBE, TIyOWIM ce€ 3Ha4YajHO CMamyjy, IMITO
MCTOBPEMEHO 3Ha4M Ja ce u npuHocH rnosehasajy. KBanmurer paga kombajHa oryena ce
ca acriekTa ryOuTaka KOju ce jaBJbajy Ha IIOjeIMHAM JeJOBUMa KOMOajHa, KBaJMTETa
OBpIICHE Mace M yzAena npuMmeca. YumeHUIA je 1a ce KOJ Hac y eKCIUIOATAHjH KOPUCTE
KOMOajHHU KOjU Cy y 3HA4ajHOM MPOIICHTY CTAPHjH O] IIETHACCT TOJMHA, ITO TUPEKTHO
yTUYe Ha BHCHHY I'yOUTaka W KBAJIUTET OBPIICHE Mace. Y paJOBHMa MHOTHX ayTopa
MOJKE C€ 3alla3uTH IPHCYCTBO NpoOIeMaTHKe yOupama CTPHUX XKHTA Y Y)KEM U LIHPeM
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cmuciy. [lpn ucrmtuBamy edekata pana xombajua Puro Dakovie M-1620 H, [9]
HaBoJIe /1a je uncToha 3pHa 3a70BoJbaBajyha jep je 1es0 3pHO y y30pKy U3 OyHKepa Ouiio
3aCTyIUbeHO y pacriony on 96,30-97,51%. [7] 3akipydyjy ma ce KOJ CBUX >KUTHHX
KOMOajHa yodyaBa TEXKHa KOHCTPYKTOpa Ka jeIHOCTABHHUM TEXHHYKHM pEIICHUMa Ca
MaJIo MMOKPETHHX JIEI0Ba, Ca HOBUM KOHCTpYKIHjamMa OyOma, moa0yOma, ciaMmoTpeca u
cemaparopa. ['younu y ’eTBH NIIeHHIIE Cy PEeIOBaH MpaTuiall U OHHU ce He Mory u3oehu,
Ny ce TMPaBHIHOM EKCIUIOATallijoM KOMOajHa MOTY CBeCTH Ha MUHHMYM, [8]. Bpoj
oOpraja BHWTIa Ha JKUTHUM KoMmOajHMMa Tpeba YCKIamuTH ca Op3WHOM KpeTamba
koMmbOajHa. ['yourm xemepa ce kpehy ox 0,1-1,0%, A0k ce YKYIHH TyOWIIM BpIIATHUIIC
kpehy on 0,15-0,8% on npuHoca. OnTUManiHM KBaIUTET paja KojJ KOMOajHUpama
CTPHHUX JKUTA MOCTHKE Ce MPHU BIIaXHOCTU 0] 14-16%, [6]. KBanureT oBpIicHe Mace je
3a70BoJbaBajyhu ca nmpexo 90% 1uenor 3pHa U Mame oj 1% HeoBpuieHor 3pHa, [10]. Kox
CaBpEMEHHX JKUTHUX KOMOajHa ca J00pUM TEXHHYKUM pellehbuMa rapamMeTpy TEXHUIKE
Y TEXHOJIOLIKE CUT'YPHOCTH Cy MU3Y3€THO J00pH, IITO yKa3yje Ha KBaINTET HaOaB/LEHUX
ManmHa, [3]. Mctn ayropu HaBoae Ja y CTPYKTYPH OBpIICHE Mace LEeNO 3pHO YHHH
npeko 90%. Pazmarpajyhn edexre paga Heknx KomOajHa MpH KoMOajHUpPamy IIICHHIIE,
[4] HaBomm nma cy xon xombOajra b ryomunm xenepa sapupanu on 3,32 kg/ha ma no 5,95
kg/ha mro mpencrasspa 0,05-0,08% ox Ouomomkor nmpuHOCa, AOK cy Kox KomOajHa A
ryoui msHocuinn 6,18-20,19 kg/ha, ognocuo 0,14-0,45% op Ouomnomikor mpuHOCA.
Hctu ayrop HaBOOM 72 je y OBpIIEHOj MacH menor 3pHa 6uino 97,10%, mosomsbeHOT
0,75, mrypor 1,10% a ocranux npumeca 1,05%. Ucnutyjyhn xxutan xom6aju CLAAS
LEXION 450 y ycnoBuMa yOupama KyKypy3a W IIIcHHIC, [2] HaBome aa je y
3aBUCHOCTH OJ JeUHUCAHHUX Mapamerapa U Op3HMHe KpeTama KoMmOajHa, 1IeJIoT 3pHa Y
oBpIIeHO] Macu Omio 86,17-93,41%, nmonomiseHor 6,30-13,47%, a npumeca 0,29-0,36%.
[1] naBozme na cy ryounu Bpmeher ypehaja Bapupanu ox 5,18 kg/ha no 13,68 kg/ha xon
koMmbOajHa A, omHOCHO 5,14 mo 17,55 kg/ha xon xomOajua b. [S] HaBose na ce yBoheme
HOBHX KOMOajHa y TEXHOJIOLIKH IMPOLEC carjiefaBa ca aclekTa ryOuTaka M KBalUTeTa
oBpieHor 3pHa.Tako je y cTpykTypu nenor 3pHa 6mino 94,79-95,37%, omrehenor 0,48-
0,65%, momomseenor 0,70-0,77%, moma 0,56-2,47%, ueoBpmenor 0,56-0,63%,
mexaandkux npumeca 0,09-0,16% u mrypor 3paa 0,51-0,64%.

MATEPUJAJI U METOJ PAJA

VcnutuBama M3M0KEHa Y OBOM pajy Cy M3BpILICHa Ha MPOM3BOJHUM ITOBPIIMHAMA
y arpoekoJyomKuM ycioBuMa Cpema, Koje Cy Mo OOJHMKY ¥ BEIMYMHH TaKBe 1a
NPENICTaBIbajy MPOCCYHO CTame yceBa, IPH YeMy je BoleHO paduyHa O yjeIHa4eHOCTH
CKJona OMjbaka W HBUXOBO] yjeIHAuYeHOCTH 1O BUCHHHM. [loBprimHe cy Omie yriiaBHOM
paBHe mim Oxaro HarHyTe, a 3acTyrubeHe cy Omme copre IloGena u Penecanca. [locne
onabupa mapiiene yrBpheH je OMOJOUIKM NPUHOC W TO 1O AWjaroHAIM Hapiielie, Kao
CTame yceBa. Y MCIUTHBambKUMa cy kopuinhenn kombajun Z142 RM (kom6aju A) u JD
2264 (xomb0aju b).YTBphuBaHu cy ryOuMuu Ha Xeaepy y 3aBHCHOCTH Of IepudepHe
Op3uHe BUTIA U JIMHEeapHe Op3uHe KoM0OajHa, ryOuly Ha Bpiuehem ypehajy, ogHocHO, Ha
OyOmy y 3aBHCHOCTH O] pa3Maka 1oi0yoam-0yoam u nepugepHe Op3une OyOma, Kao n
KBaJINTET OBpIIEHEe Mace. KBanuTeT OBpIIEHE Mace OIHOCHO C€ Ha CajpiKaj: LeJIor,
MOJIOMJBEHOTI, LITypOr 3pHAa Kao M Ha OcTale IpuMece. 3a yTBphuBame ryOuTaKa
kopumhen je xuuann pam (1 m?). Pam je MOCTaBIbeH HAKOH MpOJAacka KoMbajHa ca
CTpaHe M3a XeAepa IZie He CMeTajy cilama U IUICBa, Y3 y3UMambe y30paka HajMame TPH
nyTa, IPH YeMy je HAacTOjaHO Na KoMOajH pajd IyHOM IIMPHHOM PAaJHOT 3axBara.
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I'yOurak Bpmanuie je yrBphuBaH mocraBibambeM ojaroBapajyhe mocyne, npu Kperamy
KoMOajHa, u3Mel)y MpemUX U 3aHBHX TOKOBA MOMPEKO WM KOCO 1oj yrioM oz 10-20°
y OIHOCY HAa TpaBal KpeTama. KBaIUTET OBpIICHOr 3pHa je oApehuBaH y3HMMameM
y30paka u3 OyHKepa KoMOajHa TIpH 4deMmy je OenexxeH Opoj y3opaka M PEeXuM pana
koMmbOajHa. OppehuBame TPOLEHTYATHOT canpiKaja 3ApaBOT W TOJIOMJBCHOT 3pHA H
npuMeca BPIIEHO je HAaKHAIHO Y 1abopaTOpHjCKUM YCIIOBUMA. 3a MPHUMEEHY METOTUKY
ce Moxe pehm ma je Owia craHmapaHa 3a OBy HpOOJEMaTHKy, a THYE CE IMOJHCKO-
71a00paTOPHjCKUX U €KCIUIOATAI[HOHIX UCTIUTHBamha KoMOajHa.
TexHWYKH ToAany UCIMTHBAHUX KoMOajHa pHKa3aHu cy y Taden 1.

Tab. 1. Texnuuku nooayu UCRUMUBAHUX KOMOAJHA

Mapamerpu Tun kombajHa

A b
3axBaT xezaepa (m) 4,27 6,1
[Ipeunuk OyOma (mm) 600 660
Hupuna 6yoma (mm) 1000 1670
[MoBpmmHa cramoTpeca (m?) 3,9 7,67
[NoBpmuHa ynmhema (m?) 2,53 5,83
3anpemuna Gymkepa (m) 2,70 7
Cnara motopa (kW) 73,5 184
Maca xomb6ajHa (t) 53 11,76
IIpeuynuk BuTIa (M) 0,9 1,1

PE3YJITATH UCTPAKUBAIBA U IUCKYCHJA

VY ToKy mcnnTHBama, KOMOAjHH Cy PajMiM y pPeJaTUBHO JOOPHM YCIIOBHMa, IPH
4yeMy je IpHHOC OMO penaTHBHO BHCOK M M3HOCHO je mpeko 5 t/ha, ca nqocta xxuTHE Mace.
OCHOBHH TTOJIaIlM O YCEBY M P&XXKUMY pajia KoMOajHa IpUKa3aHu cy y Tabenu 2.

Tab. 2. OcnogHu nodayu 0 yceay u pexncumy pada Kombajua

Mapametpu Tum kombajHa
A b
1 2 3
A.YCEB
Copra "TTo6ena" Penecanca
[Ipoceunu npunoc (t/ha) 5,72 6,75
BrnaxxHoct 3pHa u ciame (%) 11,22 1 19,20 11,73 u 19,4
Bpoj 6usbaka mo m’ 547 625
Crame yceBa VYcmpasan 6e3 kopoBa | YcmpaBaH 6e3 KOpoBa
OpHoc 3pHO:CaMa 1:1,17 1:1.05
b. KOMBAJH

[epudepna Op3uHa 6yOma (m/s) 26,7 ;29,8 u 33,0 27,6;,29.4 u 31,1
OtBopeHocT nox OyOma Ha yna3y (mm) 12;16 u 20 10;12u 15
Bpoj 06praja BeHTHIaTOpa (Min™) 950 1350
[on. cura: mpoayxeTak, ropme, J0me (mm) 16;12u 5 2/3u1/2
Panna Op3uHa (m/s) 0,48;0,62 u 0,84 1,11;1,25u 1,39
[potox xutHe Mace (kg/s) 2,4;3,08 1 4,18 9,08;10,2 u 11,34
Bpoj o6praja Gy6ma (min™') 850-1050 900
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Y Tabemu 6poj 3. mpukazaHu cy ryounu kombajHa A y 3aBUCHOCTH O] Ie(UHUCAHIX

napameTapa, nzpaxenn y (kg/ha).

Tab. 3. I'vouyu xombajua A y 3asucrnocmu 00 depunucanux napamemapa (kg/ha)

I'YBUIIU XEJEPA (kg/ha)
bp3uHa kpetama koMb6ajHa (m/s) bp3una Bnara
V,=0,48 | V= 0,62 V= 0,84 BUTIIA 3pHa
I'y6urm (kg/ha) (m/s) (%)
7,35 5,76 4,37 0,94
12,32 10,14 8,75 1,41 11,22
18,29 16,30 13,91 1,88
I'YBUIIU BPITAJIMIIE
Pa3zmak nonby6am -Oybam Ha ynaszy (mm) Iepudepna 6p3una | Boara
12 | 16 20 OyOma 3pHa
Cy6uim (kg/ha) (m/s) (%)
11,34 10,26 9,0 26,7
12,42 11,35 10,26 29,8 11,22
13,68 12,78 11,88 33,0

Ha ocHOBY pe3ynTaTa y Tabenu 3, MOXe ce 3aK/byYHUTH Ja Cy I'yOHLU Ha Xeaepy KoJ
kombajHa A Bapupanu y pacnony o 4,37 kg/ha (6p3una kperama xom6OajHa 0,84 m/s;
nepudepna Op3uHa Butia of 0,94 m/s), ma no 18,29 kg/ha (Op3una xperama kombajHa
on 0,48 m/s; Op3unHa BuTia on 1,88 m/s). EBumeHTan je yTuiaj Op3uHE Kperamba
kombajua u mnepudepHe Op3uWHE BUTIA Ha TyOUTKe Xelepa. AKO [OCMarpamo
MojeJMHAYHO Op3WHE KpeTama, youaBa ce J1a ce Ipu Op3uHU KpeTama komOajHa ox 0,48
m/s ryouiy Ha xenepy nosehasajy ca mpomeHoM Opoja oOpraja Butna. Tako cy HajMamu
ryouiy npu Op3unn Butia on 0,94 m/s u usnoce 7,35 kg/ha, a Hajeehn mpu Op3uHH
BuTia of 1,88 m/s u m3HOCe 18,29 kg/ha, miTo je yjenno u Hajeha BpeqHOCT OCTBapeHUX
rybuTtaka Ha xejepy kKox komOajua A. Crnmual je ciydaj u ca TyOMIMMa NpH Op3uHH
KpeTama koM0OajHa ox 0,62 m/s, Tako Ja Cy OHU M3HOCWIH 5,76,01HOCHO,16,30 kg/ha
(nepudepna Op3mna BuTina 0,94,0mHOCHO, 1,88 m/s).MHTepaknmja Op3uHEe KpeTama H
nepudepHe Op3uHE BUTIIA UMaJa je YTHIaja U Ko Op3uHe Kperama komOajua 0,84 m/s,
TaKO J1a j¢ ¥ MPU OBOM PESIKUMY pajiHe Op3uHe 3a0esIeKeH CIMYaH yTUIAj AehUHUCAHUX
napameTapa Ha BPeJHOCTH OCTBAPEHUX I'yOuTaka xenepa, koju cy usnocwiu 4,37 kg/ha,
HITO je yjeIHO U HajMarma BPEAHOCTH I'yOuTaKa Ha Xenepy komoOajHa A (Op3nuHa BUTIA 011
0,94 m/s),onHocHO, 13,91 kg/ha (6p3una Butna ox 1,88 m/s).

Hajsehn ry6umm Bprmanmme kom0ajHa 4 W3MEpPEHH Cy IpU pa3Maky MmoadyoOamb-
OyOam ox 12 mm u m3HOCcHH cy 13,68 kg/ha, y3 nmepudepny Op3uny 6yoma ox 33,0
m/s, a HajMamu NpU pa3Maky 1moadyoam-0ydam o1 20 mm u to 9,0 kg/ha, mpu yemy je
Op3una OyOma Owmra 33,0 m/s.Yomurre y3es, 3amaxa ce Ja ce ryOMId Ha BPIIAIUIN
MEHajy y 3aBHCHOCTH O]l IPOMEHE pacTojama moaoydam-0yOam U mepudepHe Op3uHe
OyOma, Tako mTO ce ca mosehameMm Opoja oOpraja OyOma W CMameHeM HHXOBOT
pacrojama ryouiu nosehasajy.

Bpenroctn rybutaka Ha xenepy u Bpirehem ypehajy xombajaa by 3aBUCHOCTH OJT
JneduHICaHNUX ITapameTapa IpUKa3aHu cy y Tadbenu 6poj 4.
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Tab. 4. I'vbuyu xombajna b y 3asucrocmu 00 dedhunucanux napamemapa (kg/ha)

I'VBUIU XEJIEPA (kg/ha)
bp3uHa kperama kombajHa (m/s) bp3una Bnara
V=Ll | v,=125 | V=139 BHT/IA 3pHa
I'y6umm (kg/ha) (m/s) (%)
3,32 4,80 5,94 1,32
6,45 8,15 9,40 1,50 11,73
9,55 11,50 12,87 1,67
I'VBUIU BPITAJIMIIE
Pa3mak nonOyOam- Oybam Ha ymasy (mm) Iepudepna 6p3una Bnara
10 | 12 | 15 OyOma 3pHa
I'y6umm (kg/ha) (m/s) (%)
5,85 4,48 3,32 27,6
7,02 5,46 4,09 29.4 11,73
8,19 7,02 5,65 31,1

Nwmajyhu y Buny ryOuTke Ha xemepy komOajHa b (tabema 4), 3amaxa ce ma cy
HajMamu Tyounu Ha xenepy ox 3,32 kg/ha 6unm y3 peskum pajne Op3uHe koMmOajHa 011
1,11 m/s u nepudepny 6p3uny Butiaa 1,32 m/s, mTO je yjeqHO U HajMama BPEIHOCT
ocTBapeHHX rybuTaka Ha Xemepy Koj oBor komOajHa. Hajeha Bpemgnoct ryOutaka Ha
xenepy komOajHa b 3a0esexkeHa je mpu pexumy pagae op3une ox 1,39 m/s (mepudepHa
Op3uHa BuTia o 1,67 m/s) u m3nocwmna je 12,87 kg/ha. Takole, u kox oBor komOajHa
CIMYaH je yTHIA] NpOMEHe pexuma pajaHe Op3uHe W Op3MHEe Kperama BHTIA Ha
BPEJHOCTH OCTBapeHHX T'yOWTaka Ha Xelepy. 3amaxa ce Ja ce ryOuunM Ha Xenepy ca
nosehameM Opoja oOpraja BUTIIa M Op3uHE KpeTama KomOajHa mosehaBajy, mTO je
3a0eJIe’KEeHO MIPU CBUM PEeKMMHUMa PaIHNUX Op3HHa.

Hajmamu ryOnnum Bpmanumne kom6ajHa b Omimm npu pasMaky moadyoam-0yOam o1
15 mm u m3HOoCcwmm cy 3,32 kg/ha, y3 nepudepny Op3uny 6yoma on 27,6 m/s, a Hajehn
npu pazMaky nondybam-0ybam on 10 mm u To 8,19 kg/ha, mpu gemy je Op3uHa OyOma
6mma 31,1 m/s. Ha ocHOBYy noOmjeHHMX pe3ynTara 3amaka ce TCHISHIMja MPOMEHE
ry0uTaka Ha BpIIAJHIM y 3aBHCHOCTH O] IIPOMEHE pacTojama Moadydam-O0yOam u
nepudepre Op3mHe OyOma, Tako mTo ce ca moBehameMm Opoja obOpraja OyOma u
CMambCHEM BUXOBOT pacTojama ryouru nosehasajy, nmpu uyeMy ce ca nosehamem Opoja
o0pTaja OyOma ¥ IpU UCTOM pacTojamy Moa0yoam-0yoam ryouru takole mosehasajy.

Pesynrarn o xBanmTery unmhema 3pHa 3a 00e¢ BapHjaHTE HCIUTHBAHHUX KOoMOajHa
py KoMOajHUpamky MIIEHUIIEe TPUKa3aHu cy Tabenu 5.

KBanurer 3pHa yTBpleH je anannzom mMace n3 OyHkepa 3a 0ba komOajHa (Taberna 5).
Hajsume nemor 3pHa y oBpmieHoj Macu kom0OajHa A 96,40% Owmio je mpu pasmaky
no0y6am-0ydam 20 mm, y3 nepudepHy 6p3uHy ox 26,7 m/s, IOK je HajMambH Caapxkaj
IIEJIOT 3pHa 3a0eJIeKeH MPH pa3MaKy moaoyodam-0ydam ox 12 mm y3 nepudepHy Op3uHy
Oybma ox 33,0 m/s u To 95,26%. Hajsehin cappiaj mosomsbeHOr 3pHa OWIIO je IpH
pa3maky usmely noalyoma u Oyoma ox 12 mm, y3 nepudepny Op3uny 0yoma ox 33,0
m/s u o 2,09%. Hajmame nmonoMsseHOr 3pHa OMIIO je Ipu pa3Maky nondyoam-0ybam ox
20 mm u 10 1,56% y3 nepudepny 6p3uny 0yoma ox 26,7 m/s. Hajeuie mrypor 3pHa
3a0€JIeKEHO je TIPH UCTUM JIe(DHUHUCAHUM MapaMeTpuMa Kao M KOJ| IOJIOMJbEHOT 3pHa U
To 1,45% (MakcumyMm), ogHocHO 1,21% (MuHEMYM). OcTanux npumeca HajBHIIE je OuIo
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Ipy pa3Maky moadyoam-0ydam ox 12 mm u to 1,20%, y3 nepudepny Op3uny OyOma on
33,0 m/s, a Hajmamu 0,83% mpu pasmaky nopdyOam-0ybam on 20 mm y3 nepudepHy
Op3uny OyOma o 26,7 m/s. [Ipoceuna BnaxxHoCT 3pHa n3HOcuna je 11,22%.

Tab. 5. Keanumem uuwhersa 3pna ucnumusanux komoajua

KOMBAJH A
Kpamurer Pazmaxk Oybam-non0ybam (mm) IIpoceuna
yumhema 12 | 16 20 BIIAYKHOCT 3pHa
3pHa Iepudepua Op3uHa 6yOma (m/s)
(%) 33,0 29,8 26,7 (%)
Leno 3pHO 95,26 95,87 96,40
[TomomibeHO 2,09 1,80 1,56
Mrypo 1,45 1,31 1,21 11,22
Ocrane npumece 1,20 1,02 0,83
YkynHo 100 100 100
KOMEFBAJH b
Ksamurer Pa3mak Oybam-mon0y6am (mm) IIpoceuna
yuihema 10 | 12 | 15 BIIQKHOCT 3pHa
3pHa [epudepna 6p3uHa 6yOma (m/s)
(%) 31,1 293 27,6 (%)
Leno 3pHO 96,83 97,34 97,92
[TonomibeHO 1,12 0,87 0,52
Itypo 1,10 0,95 0,82 11,73
Ocrayne npumece 0,95 0,84 0,74
YkynHo 100 100 100

Pesynratin kBanmrTeTa pajga cemapanMoOHMX oprana koMmOajua b (tabema 5),
HEJIBOCMHCIICHO yKa3yjy Ja je HajMame IeJor 3pHa y u3Hocy ox 96,83% Owro mpu
pa3maky nonoybaw Oydam on 10 mm u nepudepnoj op3unu on 31,1 m/s. Hajsehu
caJipkaj 1IeJIor 3pHa y u3Hocy o 97,92%, 3abenexeH je mpu 3a3opy moadydam OyOam
ox 15 mm y3 nepudepny Op3uny 0yoma on 27,6 m/s. Hajmame moioMJbEHOT 3pHA Y
OBpIIICHO] MacH y u3Hocy o1 0,52% Ouno je mpu 3a3opy noaoydam-0yOma o1 15 mm, y3
nepudepHy Op3uHy OyOma ox 27,6 m/s, 1ok je Hajehm Omo mpu 3a3opy 1moaoydam-
6y6am ox 10 mm u 1o 1,12%, y3 nepudepny 6p3uny O6yoma ox 31,1 m/s. Hajsehn
cazpxaj mTypor 3pHa u3Hocuo je 1,10%, a najmamu 0,82%. IllTo ce octanmx npumeca
THYE HajBHUINE MX je OWI0 MpH pasMaky moadybam-OyOam on 10 mm y3 mepudepHy
op3uny ox 31,1 m/s u o 0,95 %, a Hajmame 0,74%, npu pa3maxy noadydam-0yoam ox
15 mm y3 nepudepny Op3uny 6yOma ox 27,6 m/s.

Behu rybumnm Ha xeaepy u Bpmehem ypehajy kombajaa A y onHocy Ha koMOajHa b,
npeMa HallleM MUIIJbEEY Pe3yiTar Cy Mpe CBera CTapocTd KomOajHa (Mpeko meceT
TOJIMHA CTAPOCTH), JIOIIE MOJCIICHOCTH, HEIOBOJbHE O0YUYEHOCTH KOMOajHepa U JeIOM
HenpaBuiHe ekciuioaranuje. Ilopex Tora, oBaj KOMOajH je M CIa0MjUX TEXHUYKUX
KapakTepucTHKa y ojxHocy Ha apyrn kom0OajH b. KombOaju b je xom0OajH HOBHje
reHepaiyje, CaBpeMeHe KOHIENIHje ca BeoMa J0OpHM TeXHHYKUM MOryHHOCTHMA, IITO
ce 0JIpa3miIo U Ha edexTe pana, OAHOCHO Ha TYOMTKE M KBATUTET OBPIICHE Mace.
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3AK/bYYAK

Pesynrati Hammx HMCTpaXKHMBama CEBHACHTHO YKa3yjy Ha YTHIA] Ie(GUHHUCAHHX
napamerapa Ha BPEIHOCTH OCTBapeHHX ryOMTaKa, Kako Ha Xelepy Tako W Ha Bpuiehem
ypehajy 3a o0e BapujaHTe UCIMTHBAaHUX KoMmOajHa. Tako cy HajBehu ryOumm Ha Xemepy
3abenexeHn kox kombajHa A U m3HOCHIH cy 18,29 kg/ha, y3 pexwm pamHe Op3mHE 01
0,48 m/s u Op3uny BuTna ox 1,88 m/s, a Hajmamu koxm kombOajHa b 3,33 kg/ha mpu
Op3uHK Kperama komOajHa of 1,11 m/s y3 Op3uny Butia on 1,32 m/s. Hajeehu ryounm
Ha Bpiuehem ypehajy cy takolhe nzmepenu ko kom6ajHa A u to 13,68 kg/ha (pactojame
noz0y6am-0ybam 12 mm) y3 nepudepny 6p3uny OyOma ox 33,0 m/s, a HajMambH KOX
koMmbOajHa b u usnocunm cy 3,32 kg/ha npu pacrojamy noadybam-0ybam ox 15 mm
(nepudepna Op3una O0yoma 27,6 m/s). I1ITo ce kBanuTeTa OBpPIIICHE Mace THYE, HAJBUIIIC
I[EJIOT 3pHa OmIIo je koa komOajHa b u 0 97,92%, a HajMame Koa KOMOajHa A y U3HOCY
ox 95,26%.

Behu ryounu Ha xenepy u Bpiiehem ypehajy kombajua A y onHocy Ha koM0ajHa b,
npeMa HallleM MUIUBCHY pe3yiTaT Ccy Ipe CBera CTapocTh KomOajHa, Jiolie
NO/ICIICHOCTH, HEJIOBOJbHE OOYYCHOCTH KoMOajHepa ¥ HENpaBHIIHE EKCIUIoATalldje.
ITopen Tora, oBaj komM0ajH je W CHAOHjUX TEXHUYKHX KapaKTEPUCTHKA Yy OJHOCY Ha
Ipyrd KoMOajH koju je ucrnutuBaH. KomOaju b je xom0OajH HOBHje TeHepamyje,
caBpeMeHe KOHIIETIIHje ca BeoMa JOOpUM TEeXHHYKAM MOTyNHOCTHMA, IITO € Opa3wiIo
U Ha eekTe paja.

[eHepanHo 3aKjby4ak OBOI HCIHMTHBama OuW Omo na kom0OajH b mpezncrasiba
caBpeMeH KOMOajH ca BeoMa A0OpHM TEXHWYKMM MOTryhHOCTHMa, KOje y3 IMpaBUIIHY
ONTUMU3AIM]Y paja, CKCIUIOATAIllUjy W CAyKalMjy JbYOH MOXKE NONHM 0 H3paxaj y
EKCIIJIoAaTaIN]y y arpoeKoJIomKnuM yciaoBuma Cpema.
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RESULTS OF FIELD-LAB TRIALS ON WORKING QUALITY
OF SOME COMBINES FOR WHEAT HARVEST
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Abstract: Wheat harvesting today is being done in single phase, by using wheat combine
with different technology scheme of harvesting device. For all of these common is single
phase harvesting, with different work quality. Many factors influent on working quality,
starting from plant condition, combine adjustments, defining of relevant parameters,
condition and staff skills. If key parameters are not adjusted, quality of work is
signifficantly decrease, with increase losses of harvested mass. The aim of this paper
was to determine quality of work, by field-lab trials depending on parameters. Finaly
based on achieved parameters, proove advantages and disadvantages of applied concept.

Key words: combine, harvest, work quality, grain.
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PROBLEMS AND SOLUTIONS OF STORING
WOOD CHIPS IN PILES
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Abstract: Wood, including short rotation coppice, is a promising biofuel. Most of this
wood is transported, stored and used as chips. The storage of chips of recently harvested
wood in unventilated piles causes difficulties. Due to the high water content
microorganisms, above all mould fungi, develop and result in high temperature and
losses of dry matter. The first is bad for the operator’s health and the latter cause a
relevant loss of energy and money.

Key words: bio-mass, wood chips, storage, quality.
INTRODUCTION

Wood, including short rotation coppice, is a promising biofuel. Most of this wood is
transported, stored and used as chips. The storage of chips of recently harvested wood in
unventilated piles causes difficulties. Due to the high water content microorganisms,
above all mould fungi, develop and result in high temperatures and losses of dry matter
(SCHOLZ AND IDLER ET AL., 2005). The first is bad for the operator’s health and the
latter cause a relevant loss of energy and money (FEICHT, 2001).

MATERIAL AND METHODS

For the storage experiments, manually felled 2 to § years old short rotation poplars
and willows with a diameter of 120 mm in a height of 1.2 m as well as pine (material
produced from forest thinnings) were used. The moisture content was at 50% to 60%.

The materials were stored in the following containers or piles:

- Silos of 1.5 m3 (h = 2.0 m, d = 1.0 m), consisting of cylindrical rigid PU foam
bodies with rain protection (Fig. 1).

- Boxes of 10 m3 (h = 2.5 m, | =w = 2.0 m), consisting of rectangular arranged
thermally insulated side walls with rain protection.

- Piles of 18 m?® to 2000 m3 (h = 3...6 m, w = 4...15 m), consisting of freely placed
triangular stacks with and without rain protection. (Fig. 2).
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Temperature measurements were taken at 4 to 5 levels with embedded PT 100
temperature sensors and mini data loggers or with 1.20 m long electronic stack
thermometers. Measurements were taken at intervals of about 20 minutes to 7 days.
Losses in dry matter were determined with the help of balance bags, as used in
agriculture to determine silage loss (SCHOLZ AND IDLER ET AL., 2005). According
to the type of storage (silo, box, piles), 6 to 66 balance bags in total were arranged at
3 to 6 levels.

The wood chips and chunks were produced using four different chippers and had an
average length (median value) of 16 mm to 156 mm (HS 16 to HS 156), corresponding
to an average screen perforation width of about 10 mm to 80 mm.
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Figure 1. Length distribution of selected materials corresponding screening and manual
measurements with class limits of the Austrian standard (ONORM M7133, 1988) and the
European standard (PRCEN/TS 14961, 2004)

The number of mould fungi was determined using the indirect method. Here, 20 g of
germ reduced chopped wood (ca. 1 cm?) was added to 180 ml of Ringer solution, diluted
in a decade thinning row and put with a spatula either onto nutrient plates of malt extract
agar with 0.01% chloramphenicol admixture or onto DG 18 agar. The DG 18 plates are
analysed after 7 days incubation at 20 °C (mesophilic fungi) and the malt extract plates
after 1 to 2 days incubation at 37 °C (thermophilic fungi). The number of colonies
formed are counted and morphologically differing colonies identified. Measurement of
the spore concentration of the mould fungi in the air was carried out in accordance with
the technical standard for biological working substances TRBA 430 (TRBA NR. 430,
2001).
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Temperature in the pile

The average temperature in the wood chip piles shows a characteristic course.
Directly after storage it increases rapidly and reaches its maximum value of {U 60 °C
after 10 to 30 (50) days. This value is to a large extent determined by the bulk volume,
surface area, surrounding temperature and particularly by the size of the wood chips. 100
to 150 days after heaping up the pile (end of January) the temperature reaches a clearly
lower value and after hat successively decreases to the air temperature (Fig. 2).
The reason for the increase in temperature is the heat produced from the respiration of
the sap wood cells which are still alive (< 40 °C), and due to the activities of micro
organisms, particularly of the fungi (< 60 °C) and bacteria (< 70 °C).

Drying of the wood chips does not only depend on the temperature of the pile but
also on the initial moisture content and the size of the chips. Drying is to a large extent
complete after 100 to 150 days for fine as well as for coarse chips and even for whole
trees (o < 80 mm), thereby with the end of the high temperature phase in the piles. As a
result of the high flow resistance, and the high temperature and the condensation
produced by this under the surface of the pile, fine chips hardly dry to less than 30%
moisture content during one year. Even middle chips (31 mm ... 50 mm) seldom fall
below this value. Only chips with a length of more than 60 mm reach a moisture content
of less than 30%.
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P_ &0 i =P HE 10, 10 e, 1585
g w--F HE 10, 10 07, 1868 u
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Figure 2. Course of temperature during storage of fine chips and chunks in piles
HS x...chips or chunks of the median length of x mm, P...poplar,
W...willow, K...pine, RS...rain protection, u...air permeable floor
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Mould fungi and spores

The mould development shows close interactions with the temperature in the wood
chip piles. Here, the number of fungi, measured in colony forming units per gram of
fresh mass (cvu/g FM), increases analogue to the temperature in the first 10 to 30 (100)
days to the maximum value of about 103 to 108 cvu/g FM. It remains more or less
constant after that in contrast to the temperature and mostly only decreases slightly
(Fig. 3). This discrepancy could possibly be due to the fungi spores characteristic of not
dying in unfavourable conditions, but of remaining in a state of rest for longer periods of
time and hardly changing in number.

The number of mesophilic mould fungi in the range of 10 °C to 50 °C is not or only
slightly dependent on the average pile temperature. This means that in the storage of
wood chips, the possibilities of influencing the development of mesophilic mould fungi
is limited. However, the increased occurrence of thermophilics, thereby mainly the
potentially human pathogenic types, can be prevented by avoiding temperatures over
the average of 20 °C or maximum 35 °C.
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Figure 3. Mould development in 10 m?® piles of poplar chips of various length

The spread of spores, the air born germ cells of the mould fungi that are capable of
reproducing, is dependent on numerous factors, especially on the air speed and the
mould infestation. There is a good correlation between the number of fungi on the wood
chips and in the number of spores in the air. The spore concentration in the air,
determined at different distances and at different times in undisturbed wood chip piles
lies within the range of 10" to 10* cvu/m’. The measured values in the surrounding air
are thereby exceeded by about one or two powers of ten.

If the structure of the pile is disturbed, as is necessary in mechanically depositing
and redepositing the wood chips for instance, the spore concentration in the air can reach
values of 10° to 10° cvu/m’® for short time periods, depending on the distance.
The technical control value for biological waste treatment plants of 5-10% cvu/m® for
mesophilic mould fungi, for example, is therefore exceeded (TRBA NR. 211, 2001).
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Loss of dry matter and energy

In the storage of wood chips losses occur which can mainly be attributed to mould
fungi. The results of the experiments carried out show that the average dry matter loss in
unventilated piles of freshly harvested wood chips is at 10% to 30% per annum. Locally,
in particular in the peripheral zones, maximum values of over 40% p.a. can even occur
(Fig. 4). However, a statistically relevant correlation between the infestation of mould
fungi and the loss in dry matter is not deducible (SCHOLZ AND IDLER ET AL., 2005).
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Figure 4. Typical profile of dry matter loss in 10 m? piles of poplar chips after one years storage

In practice, it is not so much the loss in dry matter but far more the loss in
technically usable energy which is decisive. Insofar as condensing boiler technology is
not used, this results from the dry mass and moisture losses as well as the change in the
lower heating value which, however, only changes slightly in long term storage. For fine
chips HS 16, the energy loss is almost identical to the loss in dry matter and is at 20%
to 30% p.a. For coarse chips > HS 120, it lies within the range of — 5% to + 5% p.a.,
due to the small loss in dry matter and due to the small moisture content (Fig. 5).
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Figure 5. Mould fungi and final water content as well as dry matter and energy loss
during storage of chips and chunks from poplar in unventilated piles
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CONCLUSIONS

The loss of dry matter and the development of mould fungi cannot be completely
avoided during storage of wood chips in unventilated piles, but the energy loss and the
formation of fungi species hazardous to health can be reduced to an acceptable
minimum. Therefore, the wood chips or chunks should have an average length of at least
100 mm (corresponding to a screen perforation width of 40 mm to 50 mm), thus in the
upper range of the largest wood chip classes according to the existing Austrian standard
or the draft of the European standard.

REFERENCES

[1] Scholz, V.; Idler, C.; Daries, W.; Egert, J. and Gottschalk, K.: Energieverlust und
Schimmelpilzentwicklung bei der Lagerung von Feldholz-Hackgut. Bornimer Agrartechnische
Berichte Heft 39, Potsdam 2005, 151 p.

[2] Feicht, E.: Hackschnitzel-Alveolitis-Studie. Bayerische Landesanstalt fir Wald und
Forstwirtschaft, Freising 2001

[3] ONORM M 7133: Energiehackgut - Anforderungen und Priifbestimmungen. Osterreichisches
Normungsinstitut, Wien, 1988

[4] PRCEN/TS 14961: Solid biofuels — Fuel Specifications and Classes. Europdisches Komitee fiir
Normung, Draft, Brussel, Juli 2004

[5] TRBA NR. 430: Technische Regeln fiir Biologische Arbeitsstoffe - Verfahren zur
Bestimmung der Schimmelpilzkonzentrationen in der Luft am Arbeitsplatz. Bundesarbeitsblatt
8/2001

[6] TRBA NR. 211: Technische Regeln fiir Biologische Arbeitsstoffe - Biologische
Abfallbehandlungs anlagen, Schutzmassnahmen. Bundesarbeitblatt 83-88, 8/2001

Acknowledgement
The project was funded by the Fachagentur Nachwachsende Rohstoffe e.V. (Agency of
Renewable Resources) - FNR and the Ministerium fiir Verbraucherschutz, Erndhrung und
Landwirtschaft (Federal Ministry for Consumer Protection, Food and Agriculture) — BMVEL.

PROBLEMI I RESENJA ZA SKLADISTENJE DRVENIH CIPSOVA
U RASUTOM STANJU

Volkhard Scholz', Christine Idler', Johannes Egert2
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? Office of Wood Preservation and Room Hygiene, Potsdam, Germany

Sadrfaj: Sumska stabla i usevi sa kratkom rotacijom predstavljaju znacajan izvor
biomase. Vecina ovih materijala se transportuje, skladisti i koristi u formi Cipsa. Kod
kultura koje se odmah nakon ubiranja i usitnjavanja skladiste, moze do¢i do problema.
Obzirom na visok sadrzaj vlage i mikroorganizme, posebno gljive, dolazi do povisenja
temperature u skladiStima Sto uzrokuje gubitak u suvoj materiji. Sve ovo je negativno
kako po zdravlje radnika tako i po ekonomsku i energetsku efikasnost.

Kljuéne reci: cips od drveta, skladiste, gljive, gubici, energija, ekonomija.
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AGRICULTURAL ENGINEERING axynrer Q"—
& HuctutyT 32

Hayumnu qacomnmc MOJBOIPHBPETHY ~

Scientific Journal TEXHUKY

Ipenver n HameHa: [1OJbOIIPMBPEHA TEXHUKA je HayYHH 4acOIHC KOju 00jaBibyje
pe3yaTaTe OCHOBHHX M NPUMEHCHUX HCTPAKUBamka 3HAYAjHUX 3a pa3Boj y oOmacTu
OMOTEXHHUKE, MOJFONPUBPEIHE TEXHUKE, CHEPreTHKe, NPOIeCHe TeXHUKE U KOHTPOJIS,
Kao M eJEKTPOHMKE M MH(popMaThKe y OMJbHO] W CTOYAPCKO] NMPOU3BOIBLH U OJrOBa-
pajyhoj 3amruTH, nopany U Npepaan MOJbOIPUBPENHUX IPOU3BOA, KOHTPOIN U OUY-
Bamby JKMBOTHE CPEIMHE, PEBUTANIN3ALM]H 3EMJBUILTA, IPUKYIIJbaby OTIAJaKa U HBHXO0-
BOM PELUKIHPaBY, OJHOCHO KOpUIIhiemy 3a IPOU3BO/IHbY FOPHBA H CHPOBHHA.

YIIYTCTBO 3A AYTOPE

3axBaspyjyhn Bam Ha mHTepecoBamy 3a yacomuc [IOJbONPUBPEJIHA TEXHUKA
MOJIIMO Bac Jia ce oOpatuTe YpeJHUIITBY aKo 0Ba YIyTCTBa HE OJTrOBOpPE Ha CBa Balla
NHTamkA.

Pan moctaBuTH y MUCAHO] U IEKTPOHCKO] (hopMu Ha aapecy YpemaHHUINITBA

Yacomuc I[10/bOIIPUBPEJJTHA TEXHUKA
[MoseonpuBpeauu daxynrter, MHCTUTYT 32 NOJLONPUBPEAHY TEXHUKY
11080 beorpan-3emyn, Hemamuna 6; . dax 127

VY mpompaTtHOM MHCMY WIIM HA CAMOM Pajly HABECTH UME ayTopa 3a Jajby KOMYHH-
Karujy: Baxkeha agpeca, 6poj Tenedona u e-momra.

Maja cBU paioBH MOJICKY PEUCH3UJU 32 OPUTHHAIHOCT, KBAJIUTET U BEPOIOCTO]-
HOCT TO/IaTaka M pe3yJjTara OAroBapajy MCKJby4uuBO aytopu. IloapasymeBa ce na paj
HUje MyOJMKOBaH PaHKje | JIa je ayTOp PEryJrcao 00jaB/bHBAKE pajia ¢ HHCTUTYIIH]jOM
Y K0j0j je 3armocieH.

Tun paga

Tpaxe ce opUrMHaIHM HAay4YHU PaJiOBU W Tperieanu wianuu. [Ipernennu panosu
Tpeba na majy HOBE TMOTJe[e, YOIINTaBamke W YHHQUKANWM]y HIeja Y OTHOCY Ha
onpehenn canpxaj u He Ou Tpebao na OyIoy MpeBacXOIHO W3BOAM paHHje 00jaBJHEHUX
panosa. Ilopen Tora, Tpaxe ce M NMpETMMHHAPHU W3BEIITAjU UCTPaKHBamba y (OpPMHU
kpahux npusora. OBa BpcTa NpuiIora Mopa Jia caJp ki HeKa HOBa Ca3Hamba, METOe WIH
TeX-HUKE KOjU OYMIJIEAHO TIPEICTaBJbajy HOBE IOMeTe y ojaromapajyhoj obmactu.
Kpatku mpminosu objaBipmBahe ce y moceOHOM menmy dacomuca. Y dYacommey je
npeaBul)eH Mpoc-TOp 3a MpuKasze K\bHra U MHGOpMalMje O HayYHHM U CTPYyYHHM
CKYIIOBHMA.

Pan tpeba na Oyne HammcaH Ha CPIICKOM je3uKy, o MoryhcTBy hupuimiom, a mpux-
BaTajy ce ¥ NPIJIO3H HA SHIJIECKOM je3Ky. byayhm na cy obmactu mospompHBpenHe
TEXHHKE WHTEpIUCLUILIMHApHE, OTpeOHO je na Oap yBox Oyzae mucaH pasyMJbHBO 3a
IIMPH KPYyT YMTalala, HE CaMo 3a OHE KOju paje y oapeheHoj yxoj obnactu. Hayunu
3Hauaj pada u rwe208u 3aKmyuyu mpebano 6u da 6y0y jacHu eeh y camom y800dy - TO
3HAYM Ja HHje TOBOJFHO AT caMo MpoOiieM KOju ce u3ydaBa Beh U HEeTOBY UCTOPH]Y,
3Ha4aj 3a HAyKy W TEXHOJIOTH]y, ClielM(UYHE T10jaBe 3a YUjH OIHC WJIN UCIIUTHBAILC
MOTy OUTH YNOTpeOJbEHU pe3yJITaTH, Kao U OCBPT Ha OIILTA MUTaka Ha Koja pa] MOXe



na na oxrosop. OncycTBO OBAaKBOTI IpHJIa3a MOXKe Ja Oyze pasyor HelNpHxXBaTama paja
3a 00jaBJbUBambE.
IMocTynak peBusmuje

CBU paoBU MOJUIEXKY PEBU3UJU AKO YPEAHUK YTBPIAM Ja Cajapkaj paga HHje
NPUKJIaJaH 3a J9acomuc. Y TOM ciiydajy ce Bpaha ayrtopy. Ypemuwmrso he ymaratu
HaIope Jla ce OjIyKa O paiy JioHece y mepuoay kpahem o Ba Mecelia U Ja MpuXBa-
henu pag Oyne 00jaB/beH y UCTOj TOAWHY KaJia je MPBH MyT MOTHET.

IIpunpema pana

Pag Tpeba ma Oyme mTammaH Ha XapTuju cTaHmapaHor A4 ¢dopmarta, ¢ OymumMm
npopenoM. [lyxuHa pana je orpanmyena Ha 20 cTpaHa, yKJpyuyjyhm ciuke, tabene,
JIUTEPATypy U OCTale IPUIIOTe.

HacnoB - HacioB pana tpeba jga Oyne KpaTtak, OnMcaH M Ja OAroBapa 3axTeBUMa
MHJIEKCHpamwa. VICIoa HacioBa HaBECTH MME CBAKOI OJ ayTopa U YCTaHOBE Yy KOjOj
pamu. Cyrepurie ce aa 0poj ayropa He Oyae Behu ox Tpu, 6€3 003Upa Ha KaTeropujy
pana. EBeHTyasiHO, miMpa TperiiefiHa CaoMINTeHha MOTY C€ Y TOM CMHUCIY MOCEOHO
pa3Mo-TPUTH, y TOKY PEBH3H]jE.

Ancrpakr - YV u3Boxy Tpeba JaTH KpaTak caapikaj OHOra INTa je y paxy aro, riaBHE
pe3yaTare U 3aKJbYUKe KOjH ciiefie u3 iux. M3Box He Tpeba na Oyae ayKu 01 IOJIOBUHE
CTpaHe KyllaHe C AyIUIUM I[popenoM. Y H3BoAy He Tpeba KopucTHTH ckpaheHmuue,
MareMaTuike GopMyJie WIIM HAaBOJE JIUTEpaType.

Jlutepartypa - Jlucty nurepatype AaTH Ha MOCEOHOM JIHCTY M Takohje ¢ ABOCTPYKHM
npopenoM. Pedepeniie Tpeda ma campike ayropa(e), HACIOB, TAYHO MME YaCOIKCA WM
KIbUTE U JIp., OpOj cTpaHa 0/1-710, U3/1aBaya, MeCTO U JaTyM H3/aBama.

Tabene - TaGene Tpeba Opojatu mo peny nojasibuBama. CBaka Tabena Mopa Ja UMa
O3HAuCHE CBE pelOBE U KOJOHE, YKIbYUyjyhH U jeMHHIC Y KOjHMa Cy BEJIMYMHE Jate,
na 61 ce MorIo pa3yMeTH ITa je y Tabenu nmpeacraBibeHo. CBaka Tabena Mopa ma Oyae
UTUpPaHa y TEKCTY paja.

Cauxe - Cnuke Tpeba ma Oymy noOpor kBaiuTeTa yKJby4dyjyhm o3Hake Ha muma. CBe
CIIMKE 0 TOTpeOu Tpeba na uMmajy snereHay. OOjarimema cuM00Ia U MEPHE jeIUHUIIC
Tpeba na ce majy y JereHnama ciuka. CBe cimke Tpeba na Oyny LMTHpaHE y TEKCTY.
VY cnydajy moceOHUX 3axTeBa Tpeba ce oOpatutu YpenHumrTBy. Panmje myOnmkoBaHe
CIIMIKE MOTY Ce ITOCJIATH CaMO aKO MX IIPATH M IIMCMEHA CarJIaCHOCT ayTopa.

MaremaTuuKe 03HaKe - Y EKCIIOHEHTY Tpeba KOPHUCTUTH PA3IOMKE YMECTO KOPEHA.
PazioMke y TEKCTy MUCATH UCKIBYYUBO C KOCOM IIPTOM a Y jeJIHAaYMHaMa KaJi TOJ je TO
moryhe. JemnaunHe obOenexaBaTu mountbyhu ¢ jemHauuHoMm (1), ma gabe pemoM 10
Kpaja paja.

ITIOJbONNPUBPEJHA TEXHHUKA H3/1a3u [Ba IyTa roAullme y usgawy HMHcTutyTa
3a MOJBONPUBpPEIHY TexHUKY [losronpuBpeanor dakynrera y beorpany. [Ipermiara 3a
2008. romuay m3Hocu 500 nmHapa 3a mHCcTHTYIHje, 150 muHapa 3a mojenumane u 50
JIMHApa 3a CTyAEHTE.

Ha ocHOBY munberba MHUHHCTapCTBA 32 HAyKy M TexHoJorujy Pemyonuke Cpouje mo
pemewny 0Op. 413-00-606/96-01 ox 24. 12. 1996. roaune, waconuc [1OJLOIPUBPETHA
TEXHHUKA je ocnmobol)eH mrahama opes3a Ha mpoMeT pode Ha Malio.



MOI'YRHOCTH U OBABE3E
CYU3JABAYA YACOIINCA

VY oapehuBamy Gu3HOHOMHEjE Yacomuca
ITOJbOTIPUBPEJIHA TEXHUKA, NPHUIIPEMH CaapKaja U
(bvHaHCHpamby HErOBOI H3/aBama, MOpe] CapajHHKa
U MpeTIUIaTHUKA (MPaBHUX M (PU3UYKUX JIULA), 3HAYAJHY
noapmky Dakynrery aajy ¥ CyM3aaBauu - pajHe opra-
HH3aluje, npeayseha u Apyre ycTaHOBe U3 00JacTH Ha
KOje Ce MHCH]ja 4acOoInca OTHOCH.

ITOJbOITPUBPEHA TEXHUKA je HAy4HH 4acOIHC
KOju o0jaBibyje pe3yliTare OCHOBHHX W TPHUMEHECHUX
WCTpaKMBamka 3HA4YajHUX 32 Pa3Boj y obOiacTu OHMOTeX-
HHKE, MOJbONPUBPE/IHE TEXHUKE, CHEPIeTHKE, TIPOLIECHE
TEXHUKE U KOHTPOJIE, Ka0 U EJEKTPOHHKE M HH(pOpMa-
TUKE Y OMJBHO] ¥ CTOYAPCKOj MPOM3BOABGY U OATOBapa-
jyhoj 3amTuTH, DOpaam W Tpepamd NOJbONMPUBPEIHUAX
MPOM3BO/Ia, KOHTPOJIU M O4YYyBamy JXMBOTHE CPEIHHE,
pEBHTANM3ALM]H 3eMJBHILTA, IPUKYIUbAY OTIANaKa U
BHXOBOM PELUKIHMpPay, OMHOCHO Kopunihemy 3a Ipo-
U3BOJIHbY TOPHBA M CHPOBHHA.

IIpaBa cyuznaBaua

Cym3aBay dacompca MOXKe OUTH CBaKO MpPaBHO
JIMIE OJHOCHO rpaljaHcko-npaBHo Juile, npeay3ehe nim
YCTaHOBA KOj€ j& 3aMHTEPECOBAHO 3a IMPEHE U IIIaCH-
pambe uH(pOpMaInHUja y 00JaCTH MOJHONPHUBPEIHE TEX-
HUKE, OJJHOCHO HayKe, CTPYKE M JPYTHX JEIATHOCTH O
3HAyYaja 3a MOJEPHY IOJbONPUBPEIHY MPOU3BOIBY U
MPOU3BOIIbY XPaHE WM MOJEPHHU]j€ PEYEHO - 33 YCIO-
CTaBJbAKE U PA3BOj OJPXKUBOT JIaHIIA XPAHE.

dupma Koja )Kenu Ja MOCTaHe CyH3aBay, YILUIaTOM,
jeIHOM TOIWIIEe, Ha padyH H3[aBada CyMme Koja je
jenHaka OTHpmwiInKe u3Hocy 10 rogummuxX mpeTuiaTa
crude cneneha mpasa:

- Jlenerupame cBOra IMpeICTaBHHKA - CTpy4haka Y
CageT yaconuca;

- ¥V cBakoMm Opojy yacomuca KOjU H37a3d 2 IyTa To-
e, y THpaxy ox 1o 200 npumMepaka, moryhe je y
(hopMH peKIIaMHOT J0/1aTKa OCTBAPHTH IpaBo Ha Oec-
IJIaTHO OO0jaBJbHBAaK-E TIO jelHE IIeJie CTpaHEe CBOT
oriaca, a jeJIHOM TOIUIIEE Ta CTpaHa MOXe 1a Oyze
y myHoj Ooju; Hamommmemo oBme na meHa jeaHe
peKiIaMHO-HH(GOPMAaTHBHE CTpaHe Yy TyHO] Ooju y
jemHoM Opojy m3HocH 4.500 muHapa.

- Ox cBakor Opoja M3aILIOT Yacomuca OeCIUlaTHO J0-
6uja o 3 nmpumepka;

- Y cBakoM Opojy pekiIamMHOT JoaaTka My ce o0jaB-

Jbyje, TIyHH Ha3WB, JIOTOTHI, anpeca, OpojeBH
tenedpo-Ha W dakca wW np., Mehy ampecama
CyH3JaBaua;

- Nma mpaBo Ha OecmaTHO 00jaBJBHBAEKE CTPYUHO-
MHGOPMATHBHUX TPUJIOTa, MPOU3BOAHOT IPOrpama,
vHpOpMAIMja O TPOM3BOINMA, CTPYUYHHX UJIaHAKA,
BECTH H JIp.;

Kako ce nocraje cynzgapayd yaconuca
INOJbONTPUBPEJHA TEXHHKA

IMomro ¢Gupma u3pasu Kesby Ja MOCTaHE CyH3/ia-
Bau, on [TOJbOITPUBPEJJHOI" ®AKYJITETA noGuja
YETHpPH TPUMEpPKa YroBOpa O CyW3/aBarmy MOTIHCAHA
OBepeHa o] cTpaHe u3iaBaua. HakoH moTmucuBama ca
CBOje cTpaHe, cyu3naBay Bpaha aBa npumepka dakyi-
TeTy, mociie vera npuma (GakTypy Ha M3HOC CyH3/aBay-
KOI' HOBYAHOT Jiena. YTOBOp Ce cKkiama ca BaxkHouihy
on jenHe (KaJeHIApCKe) TOJHMHE, Tj. OJHOCH CE Ha JBa
Opoja yacomuca.

IMTpunukoM Bpahama MOTNHCAaHUX YroBOpa CyM3ja-
Bady I1aJb€ YPETHUILITBY U CBOjY aAPECY, JIOTOTHII, TEKCT
orjaca U pyKomnuce IpUJIora Koje )el a My ce ITaM-
majy, Kao M HMe CBOr' TpernctaBHuka y Casery
yacomuca. Ha meroBo uMe CTHXKY W OecCIulaTHH
TIPUMEPLH Yaco-T1ca U cBa Apyra IOLITa O] U3/aBaya.

CyusnaBauku J1eo 3a yaconuc y 2008. roa. usHocu
10.000 nunapa. Hamomumemo, Ha Kpajy, Aa Cyusaa-
BAuKM CTAaTyC jeaHoj ¢upMu mpyxa MoryhHocT na ca
®dakynTeToM, 0THOCHO yPETHUIITBOM YacoIlica, pa3ro-
Bapa M JI0roBapa U Jpyre IOCJIOBeE, IIOCEOHO Y JOMEHY
W3/1aBalITBA.

HayuHo-cTpy4Ho HH(GOPMATHBHE MeIHjyM
y MpaBUM pyKama

Kama ce mma Ha yMy jma 9acommc, ca JBa OOMMHA
Opoja ca MHGOPMATHBHO-CTPYYHUM HOJATKOM, N0oOHja
3HadajaH Opoj pupmu M mojenuHana, Tpeba BEpoBaTH y
BeNMMKy MOh OBOT CpeicTBa KOMYHHIMpPama ca CTPyd-
HOM H TIOCJIOBHOM jaBHoOIIY.

Hamr gacomuc cTmke y pyke OHHX KOjH IO3HAjy
obnactu yacomnuca 1 \UMa ce 6aBe, Te je cBaka IMOHyaa
Kojy OH canpxku ynyheHa Ha mpaBe ocobe. Beh Ta
4yHMibe-HUI[A OCMHILbaBa OpojHE Hamope H TpajHe
pe3yJsiTate Koju CTOje M3a MOAyXBara 3BaHOT H3/1aBambe
Yacornuca.

3a cBa moxpoOHHja obaBemTela O YaCOMUCY,
CyW3/aBallTBY, yroBapamy U Ip., 00paTHTe ce Ha:

YpenHumrBo yaconuca

I[NOJbOITPUBPEJHA TEXHUKA
[MoseonipuBpenHn paKynTer,

WHCTHUTYT 32 TIOJBONIPUBPEHY TEXHHUKY

11080 beorpan-3emyn, Hemamuna 6, 1. ¢ax 127,
tei. (011)2194-606, daxc: 3163317.








