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UDK: 630*245
OPI1nl.HaJIHI1 HaYQHI1 pan

OPE3HBAlhE rPAHA Y 3ACNJ:HMA TOnOJIE
MEXAHH30BAHHM YPEllAJHMA

M3BOA: Y pany cy npnxaaaua pe3YJITaTH acrpaxasaua yrnuaja <}JaKTopa (npesnax
rpaue, 6poj rpana, CTapOCT sacaaa, 6poj opesaaan,a, panna CKJlOn ypeljaja sa ope
3HBaIhe rpana, HT~) ua rpajan.e opeaanan.a rpaaa y aacanaua TOnOJle. Ipaae cy
opesaaane ca MexaHH30BaHHM ypehajaua Stihl HT 75 11ypeljajeM Husqvarna 250
PS. YCTaHOBJbeHO je na apeae opesaaaisa rpana, 3Ha'lajHo pacre ca 6pOjCM onpe
3aHHX rpana y CBI1M 3aca,uHMa 6e3 o63Hpa na crapocr sacana Hpaauax caaa,e. DBa
3aBHCHOCT je npencraan.ena CTneHOM <}JHIlKl\HjOM. Ilopca rora, apesre opesanan,a
rpana pacre ca noaehan.ea npocesaor npe-nnnca rpana onpeaannx na cTa6J1y. 3a
ynas y nopve pana MOry ce Y3eTH nrrtepaana no ner rpana, c 063HpOM .ua y OKBI1PY
OBHX mrrepaana ne nocroje CTaTHCTH'IKH suasajne paanaxe upevena opeausan,a
rpana.

KJhy'llle pesn: MexaHH30BaIIH ypeljaj aa opeaasau,e rpaua, opeaasaa,e rpaua, Pal
MaK cazuse, crapocr sacana, 6poj oapesanax rpaaa

PRUNING IN POPLAR PLANTATIONS BY MECHANISED DEVICES
Abstract: The effects of factors (branch diameter, number of branches, plantation
age, number of prunings, working assembly of pruning devices, etc.) on the dura
tion of pruning in poplar plantations were investigated. Poplar branches were prun
ed by mechanised devices Stihl HT 75 and Husqvarna 250 PS. It was concluded that
pruning time increases significantly with the number of removed branches in all
plantations disregarding the plantation age and spacing. This correlation is repre
sented by a degree function. Also, pruning time increases with the size of average
branch diameter removed from the tree. The intervals of five branches can be tak
en as the working norms, because within these intervals there are no statistically
significant differences of pruning time.

Key words: mechanised pruning device, pruning, spacing, plantation age, number
of removed branches

op Bojucnae Bajuh; pea. npodiecop, Illyuapcku ifJaK)lJlmem Ynueepsumema y Beozpaoy, Beozpao
up Munopao llanunoeuh.acucmenm. lllyuapcxu qraxynmem Ynueepsumema y Beoepaoy, Beoepao
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BojMCJIaB EajMh, MMJIOpan )J,aHMJIOBMh

1. YBO,l(

Y TeXHOJIOIIIKOM CMlICJIY lfBOPOBli CY rpeunca aa npsery. OA lhllXOBOr 6poja, AlI

MeH311ja, Ay611He ypaCJIOCTlI, 3ApaCTBeHOr crarsa 1I Meijyc06He YAaJbeHOCTli y BeJIliKOj

Mepll. sasnca yIIoTPe6JbllBOCT npsera. 3a MeXaHlIlfKY 06paAY npsera BeOMaje saasajao
na lfBOPOBli IIITO Malhe IB611jajy npeva IIepll.lj>epl1jll npsera, OAHOCHO na ce HaJIa3e y

AeJIy KOjll ocraje IIOCJIe rsyurreisa, Hexana je npe-nunc npnera xoje ocraje IIOCJIe JbY

urreisa 1I3HOCliOAo16 cm, a nanac je OKO Tpll nyra Malhl1, 3aTOje BeOMa ananajao na ce

na apeue xpene ca opeaasaa.e« rpaHa. Ha IIp01l3BOAll.Ma ofipane ztpaera ca ypaCJIHM cy
BliM rpaaaaa, jasrsajy ce acnanajyhn lfBOpOBll., KOjll saasajno yrasy na KaJIll.TeT 1I3pa

ijeHI1X IIpOH3BOAa. Y UHJbY A0611jalha COpTI1MeHaTa sanrer KBaJII1TeTa, npaueu.yje ce Me

pa Here y BliAY opesaeaa,a AOlhHX rpana Ay6ener cTa6JIa. Peaxnaja cTa6JIa aa opesaaaa,e
rpana MO)l{e na 6YAe paana-nrra, 3aTOIIpHJIliKOM opesasatsa rpana rpefia yaern y pasuar
paa,e naure lj>aKTopa, xao IIITO cy: BpCTa npsera, CTapOCT cTa6JIa, CTapOCT caznrana ca KO

j liMa je OCHOBaH sacan, rycrnny camse, HalfliH opesasarsa, lITA.

IIp06JIeMaTliKa opesusarsa rpana y sacanaaa TOIIOJIaje y napexrnoj 3aBliCHOCTll.

OA: apeveaa opesasan,a ca aCIIeKTa CTapOCTH sacana, ronaunser A06a, naxaaa H mrren
311.TeTa opesaaan,a 1I cpencrsa sa opesaaaa,e.

Ha OCHOBy pesyirrara nocanaunsnx acrpaxcraarsa n acxycraaa H3 npaxce, IIpOll.3

JIa3l1 na ca opeaaaaisesr rpana rpefia noxera 1l.3Meijy rpehe 1I xerapre ronnae CTapOCTli

sacana. ).];0 rana rpeoa YKJIOHliTli onrrehene 1I npesoxrepao pasaajene 60lfHe rpane y UlI

rsy lj>opMlIpalha spxa cTa6JIa. Ipane je najfion,eOpe311.BaTli KpajeM 311.Me lIJIli y rrponehe,
KaKO 6H ce osroryhano HOpMaJIHOsapacran,e 03JIeAa HaCTaJIliX opeaasarsea. Opeaanaa,e
rpana aa speue Mll.pOBalha sereranaje liMa npennocrn a xana je y mrrarsy npernennocr
xpyae, HHTe311.TeT opeaasaaa rpaaa (6poj rpana OApe3aHlIX na crafirry) je OA rrocefinor
suaxaja, jep y BeJIHKoj Mepll yrase aa 6YAynll. Pa3BOj cTa6JIa (A HAP a III e B, 2002). Jalfll

3aXBaT, nopen OCTaJIOr, nosehasa npannn cynxaae CBeTJIOCTli y AOlhll neo cTa6JIa, IIITO

noncneuryje rrojaay BOAeHI1X 1I360jaKa.

Y sacany KOjll. je OCHI1BaH canaauaua 2/2 lIJIli 2/3, xpounsa ce lj>opMlIpa najsetn
he aa BIfCIfHll. 1l.3HaA 4 m, sa TaHKll.M rpan-nmaaa, a y sacany KOjll je OCHOBaH cannauaaa
crapocru 1/1 ll.JIli 1/2, xpounsa cTa6JIa ce lj>opMll.pa aa Bll.Cll.HlI OA OKO 2 m (S e k a win,
1964). AKO ynopennao TPoIIIKoBe opeaasaaa rpaua ca noseharsex ynorpefirsaaocra
npsera 360r opesasaaa rpana, OHAa AOJIa3l1MO AO aaxrsysxa na rpane y sacanaua rono
JIe He TPe6a Ope311.BaTli na BlICIfHll. sehoj OA 6-8 m. CTa6JIa lfllje cy rpaae Ope311BaHe na
aehoj BlICIfHlI IIOAJIO)l{Ha cy JIOMOBll.Ma IIOA yrauajeu jaxor serpa. Cesa, 1I3paAa 1I rpan
cnopr IIIYMCKliX copraueaara y sacaaaaa TOnOJIeAOCTacy OJIaKWaHlI, aKOcy rpaae ope

311.BaHe. 3a opesaaaa,e rpana xopacre ce PYlfHll. 1I MeXaHll.30BaHli ypehajn (Hmco n a h ,
Baj Ifn, 1998). OA py-mnx ypehaja KOPliCTli ce pysaa recrepa 1I PYlfHIf xpecas ca xexa
neM. MexaH1I30BaHll. ypeijajll cneunjanasoaaaa sa opeaanarse rpana KOjll. ce nanac KO

pncre KOA Hac, cy IIP01l3BOAll. rrosnarax CBeTCKll.X lj>lIPMlI STIHL, HUSQVARNA, lITA.
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Opesasaa,e rpaHa y sacanaua TOIIOJle MeXaHH30BaHHM ypeijajHMa

CJ1mm 1. Ypeha] sa opeanaarse rpana Husq
varna 250 PS

Fig. 1. Pruning device Husqvarna 250 PS

PaJl.HH CKJIOn ypehaja Husqvarna 250 PS MOry 6HTH recrepa HJIH xHJl.payJIH'IHe
MaKaJe. TeXHH'IKe KapaKTepHCTHKe ype1)aja cy:

- caara 2,1 kW
- aanpennaa ll,HJIHHJl.pa 48,7 em3

- BH6pall,Hje Ha npa3HoM XOJl.y JIeBO-Jl.eCHO 1,0/1,0 m·s-2

- BH6pall,Hje npn najsehoj 6P3HHH JIeBO-Jl.eCHO 1,9/2,1 m·s-2

- 6yKa, cnara/nparacax . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 108/94 dB
-- MacaMOTopa 7,0 kg
- MaKC. PMHH npHTHcaK . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 130 bar
- MaKC. xanauarer XHJl.payJIH'IHe nyune 13 L-min- l .

PaJl.HH CKJIOn ype1)ajaStihl HT 75 je recrepa, TeXHH'IKe xapaxrepacraxe ypehaja
cy cnenehe:

- CHara 0,9 kW
- 3anpeMHHa ll,HJIHHJl.pa . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 25,4 em3

- BH6pall,Hje aa npasuox XOJl.y, pyxaua-uea 2,4/1,3 m·s-2

- BH6pall,Hje npn najsehoj 6p3HHH, pynana-uea 6,8/3,8 m·s-2

- 6yKa, cuara/npnracax . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 98 dB
- Maca MOTopa 6,7 kg.

Ype1)aj sa opesanaa.e rpaaa Stihl HT
75 je recrepa sa opeanaan,e rpana ca jen
HOll,eJIHHJl.pH'IHHM Jl.BOTaKTHHM MOTOpOM.
Ype1)aj sa opesaaaa,e rpana Husqvarna 250 PS

je xnnpaymoma recrepa sa opesaaaa,e rpana
cajeJl.HOl.l,HJIllHJl.Pll'lHllM Jl.BOTaKTHllM MOTO
pOM. Iloxohy anarrrepa, MO)Ke ce MOHTllpaTll
np0Jl.Y)KeTaK na KOMe cy xanpaynasue.aasase,

Y TOry acrpaaorsan,a xopaiuheaa cy
06a ypehaja, CTHM UITO cy aa ypehajy Husq
varna 250 PS 61-fJIe CBe speae MOHTHpaHe xn
Jl.payJIll'lHe MaKaJe xao panna ypehaj",

2. IUIJh PAM.

OCHOBHH unn, ncrpaxa
san.a je na ce YCTaHOBH KOj H tlJa
xropn (npesnax rpaae, rrpe-tans

cTa6JIa, 6poj rpana, CTapOCT sacana, 6poj opesnaan,a, parnur CKJIOn ypehaja sa opesnaa
lhe rpana, nrn) llMajy npecynaa yrnuaj na rpajan,e opesaaan.a rpana MexaHll30BaHllM

CJ1HK3 2. Ypehaj sa opesaaan.e rpana STIHL HT 75
Fig. 2. Pruning device STIHL HT 75

• BeJlHKY novoh IIpHJlHKOM repeacxax panosa ayropioaa cy npYlKHJlH .l\HIIJI. HHlK. Pa,nMHJla Illa
KHn H .l\HIIJI. HHlK. I1BaH Toaameeaha, na qeMy HM ce ayropn HCKpeHo saxaan.yjy.
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Bojacnas Bajah, Mnnopan ,l],aHl1nOBl1n

ypeljajesr. .ll:O,ll,aTHlf l.I,lfJb acrpasoraan.a 6lfO je YCTaHOBJbefbe ediexara pana ypehajesa
Husqvama 250 PS H ypehajesr Stihl HT 75 npa opesuaas.y rpana y sacaaaaa TOnOJIa

paamonrre CTapOCTlf H pasaaxa caznse.

3.METO,ll;PAM

3.1 Meron npmcyun-an.a nonaraxa

Hcrpazcasaa.a cy 06aBJbeHa aa Ome,ll,HHM nOBpWHHaMa non sacanaaa TOnOJIa,

H3,ll,BojeHHM aa nonpysjy illY KJIeHaK H illY BaqKH MOHOWTOp.

Ha nonpysjy illY KJIeHaK y sacanaaa TOnOJIe CTapOCTH TpH, xerapa H urecr ro
znnra ca palMal.l,HMa caznse 6x6 m H 4,25 x4,25 m, asapureaa cy norpeona CHHMafba y TO

xy opeaasaisa rpana ypehajesr Husqvama 250 PS ca Xlf,ll,payJIHqHHM MaKalaMa.

Ipaae cy opesnaaae no BHCHHe on 6 m, paxyaaro on seun,e. Ha nonpysjy illY Ea
qKlf MOHOWTOp, Y 3aCa,ll,lfMa TOnOJIe CTapOCTH serapa H rrer ronnaa ca palMaKOM caznse
5x5 m, mapmeaa cy norpefiaa CHHMafba y TOKy opeausan,a rpana ypehajem Stihl HT 75.
Y OBlfM 3aCa,ll,HMa rpane na crafiny cy opesaaane no BHCHHe on 5 m. Hcrpaxnaan,a xoja
cy aaspmena na nonpysjy illY KJIeHaK O,ll,HOCe ce ua npyro opeaaaarse rpaua y aacany,
a na nonpysjy illY BaqKlf MOHOWTOp aa npso. Y CBHM sacanaaa nperxonno je map
nreao q,opMlfpafbe spxa, O,ll,HOCHO opeaasaae cy ,ll,e6Jbe 601-IHe rpane. 3aCa,ll,H cy OCHOBa

HH caznranaaa crapocrn 1/2.

Tpajarse opesnaan.a rpaaa je MepeHo ,ll,HrHTaJlHHM caTOM, no nporosuoj MeTO,ll,I1,

ca rasaourhy ouarasaisa no na jeaaay cexynny. Y TOKY pana CHHMaHO je:

- BpeMe npenasa O,ll, cTa6JIa ,ll,0 cTa6JIa;

- apene opeaasau.a rpana na cTa6JIy;

- apeue sacroja y TOKY pana.
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Ope3HBalhe rpana y sacazmuaTOnOne MeXaHH30BaHHM ypeljajHMa

IIoJ/,aUH CHHMalha YHOIlleHH cy Y CHHMaqKH JIHCT npnnarohen rrorpefiaaa OBHX

acrpasorsaa,a. Ilopezt nonaraxa 0 rpajarsy paJ/,HHX onepaunja, y CHHMaqKH JIHCT cy yne

mena H nOJ/,aUH 0 6pojy 0J/,pe3aHHX rpana sa CBaKOM cratiny, KaO H npesamc OJ/,pe3aHHX

rpaua sa OJ/,pe~eHH, ynanpen YTBp~eHH6poj crafiana.

Bpoj nOTPe6HHX H H3BpIlleHHX CHHMalhanpaxaaan je y Ta6eJIH 1. C 063HpOM aa

BapHja6HJIHOCT rpajaisa opesnaaa,a rpaaa, 6poj H3BpIlleHHx Mepelha y CBHM aacanasia

je y CBHM cnyxajeanaa Berm OJ/, 6poja nOTpe6HHX Mepelha.

3.2. MeToA ofipane nonaraxa

MeTOJ/, ofipane nonaraxa cacrojao ce y:

- oopasyny CHHMaqKHX JIHCTOBa;

- passpcraaarsy crafiana npeMa 6pojy 0J/,pe3aHHX rpaua;

- aspanynaaatsy rpajan,a paJ/,HHX onepannja (apesre opeaaaan.a rpana na cTa6JIy,

speue npenasa);
- nposepa CTaTHCTHqKe snasajuocra pa3JIHKa speaena opesneatsa rpana aa

pa3JIHqHT 6poj 0J/,pe3aHHX rpana aa cTa6JIy;

- rrposepa CTaTHCTuqKe snasajaocra pa3JIHKa H3Me~y spesreaa opesasan,a rpana

cTa6JIa y PalJIHqHTHM CTapOCTIIMa sacana;

YCTaHOBJhelhY 3aBHCHOCTH speaeaa opeaasaaa rpana OJ/, npocesnor npesuuxa

rpane aa cTa6JIy;

- YCTaHOBJhelhY 3aBHCHOCTII speweaa opesnaaa.a rpaaa OJ/, 6poja 0J/,pe3aHHX

rpana aa CTa6JIy.

4. PE3YJITATII IICTPAx\IIBAIhA II IhIIXOBA AHAJIlI3A

IIoJ/,aUII H3 oopaayaarnx CHHMallKHX JIHCTOBa 6HJIH cy npenuer MaTeMaTHlIKo-CTa

THCTlIlIKHX aHaJIH3a. Ofipa-rya CHHMaqKOr JIHCTa nonpaayaesao je aspasynaaan,e rpaja

Iha paJ/,HHX onepannja, xao H apewena sacroja y TOKY pana, Bpeste opesaaau.a rpana pas

BpCTaHO je npeua 6pojy rpana 0J/,pe3aHHX na CTa6JIy aa CBaKII sacan nocefino.

C 063HpOM na paavax cazm,e HeMa YTHLI,aj na BpeMe opesasaaa rpana, ucmrrana

je CTaTHCTlIqKa anasajnocr pa3JIHKa H3Mel)y speveaa opesaaaaa rpana y sacanaxa pal

JIH'IHTOr pasaaxa cazuse, a HCTe CTapOCTH. IIocJIe rora je asapureno ncnaraaaa,e CTa

THCTHqKe snasajnocra pasnnxa H3Me~y speueaa opesaaaisa rpana y sacanava pa3JIHqH

re CTapOCTH.

Ha OCHOBy pesyrrrara aHaJIH3e sapujance (F= 84,25, p= 0,000) npOII3JIa3H, na H3

Me~y npOCeQHOr speaena opesaean.a rpana ypehaje« Husqvama 250 PS Y PalJIHQHTHM

crapocrnaa sacana nocroje CTaTHCTHQKH snasajae pa3JIHKe, raxohe H H3Me~y npOCeQHOr

spesreaa opesnaau,a rpana y sacanaaa CTapOCTH 4 H 5 ronnna ype~ajeM Stihl HT 75
(F= 10,08, p= 0,002). Tecrnpaa,e je nsspureao aa HHBOy 3HaQajHOCTH 95% (rafiena 2).
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Tafiena 2. Pe3YJITaTM CTamCTMlIKor TeCTa (Hledieos recr)
Table 2. Results of statistical test (Scnette-testj

BpCTa
ypel)aja
Device

Pa3MaK ca.llibe

6x6 4 .O&~
Husqvama 6

250 PS 3 0,594,25 x4,25
4 O,~Q

Stihl HY 75 5x5 4 0,41
5 x

x

x

x

x

x

CTaUICTMqKI1 snasajae pasnaxyje spevena opeaaaan,a rpana aa nam HI1BO 3Ha

QajHocTI1 95% nocroje 113Meijy CBI1X cTapOCTI1 ooyxsaheaax y OBI1M I1CTpmKI1BaIhI1Ma.
MeijyTI1M, CTaTI1CTI1QKI1 snasajae pa3JII1Ke He nocroje 113Meijy npocesrror speaeua ope

sasarsa rpaua y sacanaaa crapocrn 4 ronane, ca Pa3JIHQHTHM pa3MaKOM cann,e. DPHyc
TaHOBJbaBalhY 3aBI1CHOCTH speaeua opesnnarsa rpana cTa6JIa 0.11, 6poja rpana aa cTa6JIy,
nonaua cy 06je.ll,HlheHI1 H TpeTHpaHH xao na rrorany H3 HCTor CTaTHCTHqKOr csyna.

3aBHcHocT spexeaa opeaasarsa rpana 0.11, 6poja rpana onpesanax na cTa6JIy npa

xasanaje rpa<pHQKH aa rpadiasony 1.

2,50 .

tr [min]

2,00

1,50 .

1,00

0,00

----

3 5 7 9 11 13 15 17 19 21 23 25 27 29

1---3 god. 250 PS --6 god. 250 PS - - 4god. 250 PS
- ·4 god. STIHL HT 75 _. - . - 5 god. STIHL HT 75

rpaljJHKoH 1. 3aBMCHoCT speaena opesaaaisa rpana 0.11, 6poja onpesanax rpaaa aa cTa6JIy
Diagram 1. Dependence of pruning time on the number of removed branches per tree
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Opeaasan,e rpaaa y 3aCa,IlI1Ma TOnOJIe MeXaHI130BaHI1M ypehajava

Ha OCHOBy eneueaara 1I3BpIIIeHHX CTaTHCTHqKHX aHaJIH3a, MOJKe ce 3aKJbYQHTH

na speae opesaaaaa rpana MeXaHH30BaHHMypel)ajllMa Husqvama 250 PS i Stihl HT 75,
snasajao pacre ca noseharsev 6poja onpeaamrx rpana aa cratiny y CBIIM 3acap,HMa (ra
6ena 3). Ilapaaerpn <pyHKUlIje (a II b) Y CBIIM cnynajeanaa cy npeUlI3HO ouen.enu, IIITO

noxasyje t-TeCT. Taxohe, Koe<pHUlIjeHT xopenaunje je CHrHlI<pHKaHTaH H noxasyje BeOMa

-mpcry nOBe3aHOCT npOMeHJbIlBHX, IIITO 3HaQHna 6poj oztpesaaux rpana ua crafiny 3Ha

QajHo yTH'Ie na spesre opeanaaa,a cratina MexaHlI30BaHHM ypehajaua Husqvama 250 PS
H Stihl HT 75.

5

3

4

6

4
5x5

6x6

Ta6eJIa 3. Pe3YJlTaTI1 perpecaone aaanme
Table 3. Results of regression analysis
"
I y~~~:;a pa3~:~~:lhe ~T~:;~T Jenua«. perpecnje r I
I, Device zoo. Regression equation 1(ln a) I l(b)_T -.'.:

111I~;&~~a 4,25'4,25 ~:~t~1~{:1~~i:~I~;iii,;lr:n:~::
[ I"

Stihl tr = 0,043'ngO,835 27,44 0,85 71,9 0,17 752,9

II HT 75 tr = 0,840 5,54 20,6 0,86 74,7 0,24 1046,4

Jlereuna: Ir - BpCMC opeauaan.a rpana (min)
ng - 6poj O.l\PC3a1IHX rpaua aa cTa6J1y

Ta6eJIa 4. Bpeue opesnaan.a rpana MexaHU30BaHI1M ypeijajeM
Table 4. Pruning time by mechanised devices

- -- -_._- - ----_.. - _... - - ---------- ---------

CTapOCT 1- 3 I 4 16 - ~ I -sf c(;::r l 3 -\ 4 - 6 I 4 5

Ypeljaj IHusqvarna 250 PS Stihl!lT 75 Ypel}aj Husqvarn_a 250 PS IStihl HT 75
s Bpesie ope3uBalha r(laHa Ii BpeMe 0(le3uBalha r(laHa

p. rpaHa - - min - - . p. rpaHa - inin
11-_-_°.-.,_-_-_1_2 -_\-1_0_,1_4_-__-_-_-.- 0,_.1-3_-_--_-_-_t__ 0.-_--~_0_·._4 --.._0__ ,_0__5___ 14 1 02f688 .1 ,0._9 0,39 0,45

4 ~~~ig~l~m~lg~t&:t!!l~~I~~t.lit ~~ tii
5 .0,44 0,42 0,4:7. Q!17 (),19 18 1,26 1,05__ 1,34 0,49 0,56,
6 0,51 0,48 O,~? Q, 19 0,2~. 19 !,32 .1,Q9_ 1,40__0,5J 0,591
7 0,58 0,54 0,6]. 0,22 Q,~~ __ 201,37 I,lL 1,46 0,53 0,61
8 0,64 0,59 0,69 0,25 QJ.8 .. 21 1,43 I,lL ! ,~2 .Q,55 0,6_4
9 0,71 0,~4 Q,76 .0,27 0,31 22 1,49 1,~O. 1,58 °1570,66
100,7~ 0,69 (),~3 _ Q,}() 0,3j 2} 1,54 1,2_4 J,64 0,6(} _(},69
I {),84 0,74 01~)OQ-,-nO,E _ 24 L60. 1,~~ _~§9(),6~ _(),ZI
12 0,20 .0,79 . 0,96 0,~5 .(}l~Q 25 1,~5 1,32 1,75 0,64 0,74
130cC~6;O,83J I,Q3 ,Q}Z 0,43
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16,3

14,3

Ir [s] 12,3

10,3

8,3
1,3 1,6 1,9 2,2

dg [em]
2,5 2,8
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Diagram 2. Dependence of pruning time on the average branch diameter

KopHCTenH )l,06HjeHe <j>yHKu,Hje aapasyaaro je spesre opesaaaaa rpaaa y 3aBHC
HOCTH 0)1, 6poja onpesaaax rpaaa na cTa6JIy H npaxasano y Ta6eJIH 4.

Jenan 0)1, <j>aKTopa KOjH nopen 6poja rpana MO)l{e na YTHqe aa apesre opeaaaaa,a
je npesnnx oztpesaue rpane, Yrauaj Tor <j>aKTopaje MalhHy O)l,HOCy na oaaj, xana rpane
pexewo pyqHHM recrepaaa.

YTpOllIeHO speae sa opestrearse rpana ypehajea ca XH)I,payJIHqHHM MaKa3aMa je
. name Hero )l,BOCTpyKO Bene0)1, speuena yrpourenor sa opeaaaan,e rpana MOTOpHHM ype
l)ajeM ca TeCTepOM, na urra je yrnuao H npesaax rpaae. Y sacanaaa TOnOJIe aa nonpysjy
illY EaqKH MOHOllITOP, MepeHH cy npeqHHu,H O)l,pe3aHHX rpaaa na cTa6JIHMa ca raarronr
hy )1,0 aa MHJIHMeTap, a 3aTHM mpasynar npocesaa npexnnx O)l,pe3aHHX rpaua aa CBa
KOM cTa6JIy y ysopxy OBHnonaua cy xopamheaa sa acnarasaa,a yrnuaja npexanxa rpa
aa aa spene lhHXOBor onceuaisa ypehajea Stihl HT 75. TIpeqHHK rpaaa ce xperao y pac
nony 0)1, 1-5 em.

C 063HpOM na je BeOMa TellIKO MepHTH nojenaaasno npeve onceuan,a CBaKe rpa
He,MepeHO je YKYnHO rpajaa,e opeaasarsa CBHX rpaaa na je)l,HOM cTa6JIy. Ha OCHOBy TaKO
CHHMJbeHHX nonaraxa, speae opeaaaarsa jenae rpane napasynaro je xao npoceuno, Ko
pHCTenH OBe nonarxe acnarana je 3aBHCHOCT speaeaa opeaasan.a rpana ypehajea Stihl
HT 750)1, npocesaor npesaasa onpesaaax rpana na crafiny (rparpaxoa 2).

CTaTHCTHqKH eJIeMeHTH perpecnone aHaJIH3e cy cneneha:
t(a)=3,01 p=O,OI t(b)=3,12 p=O,OI
r=0,63 ,-2=39,5% F= 11,76 p=0,003 Sr=0,25.

Ha OCHOBy CTaTHCTHqKHX eneueaara usspmeae perpecnoae aHaJIH3e npOH3JIa3H
na npeae opeaanan,a rpaaa pacre ca noaehaa.ea npocesnor npesunxa rpana oztpesanax
na cTa6JIy. Ta 3aBHCHOCT je npectaarsena JIHHeapHoM perpecaoaoxr je)l,HaqHHoM:

tr= 0,783 +0,490· dg.
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Koetpanajear xopenaunje je caraudmxaaraa na HllBOY saasajuocra 95% H no
xasyje cpenn,e jasy KOpeJIaTHBHY rrOBe3aHOCT rrpOMeHJbHBHx. Koedurnajear nerepsonra
uaje noxasyje na ce OKO 40% sapajaunja MO)l(e o6jacHIlTH yrauajev npocexnor npesnn
xa onpesannx rpana na apewe opeaaaaisa rpaaa, aJIH BenH neo THX sapajaunja ocraje
neoojaunseu, rj, OHe cy npoyapoxasane yrauajea npyrnx $aKTopa.

Pa3JIHKe H3Meijy rtpocexuor apesreaa opesusau,a rpaua y sacannaa pa3JIHlJIlTe
CTapOCTIl cy BeJIHKHM ,neJIOM nocnennua 6poja onpeaaunx rpaua na cTa6JIy (Ta6eJIa 4).

Mehyrua, nopen 6poja rpana, yrnuaj HMajy Ilnpyrn $aKTopH, xao lI.lTO cy: penna
6poj opeaaaaisa rpana, rrpexna« rpaua, craaaunru yCJIOBH, ocrrOC06JbeHOCT pyxoaaoua,
epexencxe npnnaxe, arn, Y CBHM sacannaa cy HOBIl $aKTOpll y onpeheuoj MepH IlMaJIll
yrnuaj na rpajan.e opeaasan.a rpaua (Ta6eJIa 5).

AKo ynopeznoao apeue yrpoureno sa onceuan.e HCTor 6poja rpana aa CTa6JIy (l0
rpana rro crafiny) y aacanaua Pa3JIHlJHTe crapocrn, BH,nIlMO na je apesre opeaasan,a
rpana aa cTa6JIy y sacany CTapOCTIl TpH ronnne Bene on epesrena opesuean.a y sacany
CTapOCTH 'IeTHpH ronaue, OBapa3JIHKa MO)l(e na 6y,ne nocnemrua 6poja H3Bpll.leHHX ope
suaarsa y sacany, ll.lTO YUIlJe aa rrpOCelJHH npesnas onpesanax rpana HBHCHHy na KOjOj
ce cTa6JIa opesyjy. fIOCTOjH MorynHocT na cy jour HeKH $aKTopH HMaJIH yrnuaj, ll.lTO MO
)l(e 6HTH npenjaer ,naJbHX ucrpascaaan,a.

Pa3MaK camse HeMa yrnuaj na aperaeopesueaa,a rpana na cTa6JIy, aJIH 3aTO YTHlJe
na apesre npenasa, O,nHOCHO ca noeehaa.ev pasaaxa caruse, pacre Hspesre npenasa. Ilo
pen pasuaxa cazuse npoxonnocr repeua HMa saa-rajau yrnuaj na ,ny)l(HHy apeueaa npe
JIa3a. Y sacanaaa TOrrOJIe KOjH cy ooyxsahena OBHM ncrpaxuaarsea, npocesno speae
npenasa aa pasuax caznse 6x6 m H3HOCH 0,20 min rro cTa6JIy, aa pasua« camse 5x5 m je
0,12 min no cTa6JIy, a aa pasaax cann.e 4,25 x4,25 m je 0,11 min rro cTa6JIy. AKo nome
,naMO npoce-ma speaeaa npenasa, BH,nHMO na cy nopen pasuaxa caznse, yrnnaj HMaJIH H
npyru $aKTopH, ooyxsaheaa CTaHHll.lHHM yCJIOBHMa y Hajll.lHpeM CMHCJIy.

75



Bojacnan Bajah, MlinoplI)l )],aHlinOBlill

1-5 1-5

6-10

11-15

16-20

21-25

xxx
xx

x

xxx
xxx
xxx

xxx
xxx
xxxx

xxx
xxx
xxx

xx
xx

xxx
xxx

xxx
-- --- - - -----

xxx

Q,J2
4 O,I~

5 1°,20
_LO,~~

7 O,2~_

6-10 8 0,3()
9 O,n
10 0,14
110,36
12 O,~O_

1I-15 13 0,44,
f4 ··-Q~4Ii

. __ +1,05.. 0,49 ..
16

xx
x

xx
xx

3acTojHy TOKY pana ypehajera Husqvama 250 PS H3HOCHJIH cy 9,83%, a ypehajea
Stihl HT 75, H3HOCHJIIi cy 12,96%. OBHsacroja cy HaCTaJIH uaj-remhe 360r aarnaarsnaa
IDaMaKa3a, canaisa ropusa, ourrpeisa, HT,lI,. Ha OCHOBy nonaraxa 0 BpeMeHY Ope3l1BaIDa

rpaaa (Ta6eJIa 4), YCTaHOBJbeHOr npOCe1.JHOr speuena rrpenasa sa pa3JIH1.JHTe passraxe
caznse H speueaa sacroja, MOry ce yCTaHoBHTH HOpMepana MexaHH30BaHHM ypehajmra.
Beoua je 3Ha1.JajHo na ce npHJIHKOM YCTaHOBJbaBalDa HOpMH pana, aa yJIa3 y nopae KO
pHCTl-1 6poj onpeaannx rpaaa na cTa6JIy, xao H pasvax cazm,e. ITpaKTH1.JHa npnaeaa HOp
MH 6H 6HJIa 3Ha1.JajHo OJIaKWaHa, aKO 611 npOCe1.JaH 6poj rpana onpeaanax aa crariny 6HO
ziar y HHTepBaJIHMa neher pacnona.

I1MajyhH OBO y BH,lI,y, ncmrraaa je CTaTHCTH1.JKa 3Ha1.JajHocT pa3JIHKa H3Meijy ape

MeHa opeaasaisa rpana aa pa3JIH1.JHT 6poj onpesaaax rpana sa CTa6JIy. Pe3YJITaTH aHaJIH
se sapnjaace sa ypehaj Husqvama 250 PS (F=22,69, p=O,OOO) H sa ypehaj Stihl HT 75
(F= 30,44, p=O,OOO) noxasyjy, na nocroje CTaTHCTH1.JKH 3Ha1.JajHe pa3JIHKe. Ipynacan,e
rronaraxa sa ypeha] Stihl HT 75, nsapureno je na OCHOBy pe3yJITaTa TeCTa CTaTIiCTII1.JKH
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3HalJajHHx paannxa. XOMOI'eHe rpyrre, xoje cy H3ABojeHe na OCHOBy pesyrrrara crrposene
HOI' TeCTa, MOry ce Y3eTl1 xao yrras y nopve pana sa opesaaan.e rpana ypehajev Stihl
HT 75 (rafiena 6). To 3HalJll, na aarepaamr y nopuaaa rpeoa na 6YAY OA rro ner rpana.
H sa npyra ypehaj, Husqvama 250 PS, pe3YJlTaTH recrapau.a nosasyjy na ce xao ynas y
nopae MOry KOpHCTHTll, 'raxohe, aarepsana OA rro ner rpana, Beova je saasajao na ce
npu ycraaoan.asajy HOpMH pana AOAaTHO speue 06jeKTllBH3yje y lilTO je Moryne sehoj
Mepll. Y TOKY ncrpaaomaisa KOHCTaTOBaHO je na je pyxonanau npa paAY ca ypehajev
Husqvama 250 PS YOAHOCy na ypeljaj Stihl HT 75 Malhe H3JlO)l(eH orrrepeheisy Hurre
THOM nejcrsy BH6paIl,Hja. To je II JlOI'lllJHO, C063llpOM na npupony pamror ypeljaja Me
xaaasaaa. Kana je y rrllTalhY xopmuhea.e ypehaja Stihl HT 75 ysemhe AOAaTHOI' spe
MeHa je HapOlJHTO anasajno II u.erona 06jeKTllBH3all,Hja rpeoa na 6YAe npenjaer AaJbHX
acrpascuaan,a,

5.3AKJhY~

Ha OCHOBy pesynrara H3BpIlleHHx aHaJJH3a MOry ce AOHeTH cneneha saxrsysua:
- 3aBHCHOCT spexena opesnaan,a rpaua OA 6poja onpesarrax rpana aa cTa6J1y y

sacamraa ronone Pa3J1H'IHTe crapocrn, MO)l(e ce npaxasarn cPYHKll,HjOM crene
HOI' 06JlHKa. Bpeae opeaaaan.a rpana saasajno pacre ca noaehan.eu 6poja OA
pesaanx rpana na crafiny;

- H3Meljy rrpOCe'IHHX npeuerra opesaaarsa rpana y sacanasra Pa3J1H'II1Te CTaPOC
TH, nocroje CTaTHCTH'IKH snasajae pa3JlI1Ke;

- aa HHBOy anashajaocra 95%, He nocroje CTaTHCTH'IKH saasajae pa3J1HKe H3Me
ljy rrpOCe'IHOI' speaena opesanan,a rpana ypehajea Husqvama 250 PS Yaacaztu
Ma crapocrn 4 ronnne ca pa3J1H'IHTHM pa3MaKOM cann.e;

- ca nosehaa.ea npOCe'IHOr npe-maxa onpesaaax rpana ca cTa6J1a, pacre HBpeMe
opesnaan.a;

- pasvax camse HeMa yrnuaj aa speae opeanaarsa rpana, aJJH 3aTO anasajno yTH
'Ie na speue npenasa,

- apeue opesasaa,a rpana na CTa6Jly ypehaje« Husqvama 250 PS ABOCTpyKO je
Bene OA speaena opeaasan.a rpana ypehajea Stihl HT 75, IllTO ce HMorno O'Ie
KHBaTH C063HpOM aa npapony ypeljaja;

- 3aMapalhe paAHHKa npn pany ypehajei« Stihl HT 75 je aapaxeuo, KaKO 3601' no
nozcajay KojeM AP)l(H ypeljaj npn pany, TaKO H3601' H3pa)l(eHI1X BH6pall,Hja. OBO
je 036HJhaH rrp06J1eM, xana je y mrrarsy nyrorpajaaje sopamhen,e onor ypeljaja.
Peuiea,e rpeoa Tpa)l(HTH y 'IeIllnHM OAMOpHMa, HJlH YH3MeHH pyxosaoua y TOKY
paAHOI' nana;

- AOAaTHO apene rrpHJlHKOM YCTaHOBJhaBalha HOpMH pana ypehajev Stihl HT 75
rpeoa, nopezt OCTaJJOI', KaJJKyJlHCaTH npeaacxonno HMajynl1 y BHAY 3aIllTHTY 3A
panrsa paAHHKa;
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- xpanaa nonpesun npecex KOjH ocraje xao nOCJIe;:UUla opesaaan,a rpane ypeha
jeMStihl HT 75, ym4~ na sanpxaaan,e nnare, UITO MO)!(e yruuara aa noaehano
HHQlHllHpalhe naroreaaua;

- sa OCHOBy pesynrara asnpureaor recruparsa npocesnax speaena opesnaarsa
rpaaa, npOH3JIalH na ce xao yJIaJ y nopae pana MexaHH30BaHHM ypeljajHMa, MO
ry QlOpMHpam xovoreae rpyne on ner rpana;

- C063HpOM na cy npenaer ncrpasoraatsa 6HJIH MeXaHH3MH nsa PalJIH4HTa npo
asaohaaa, ca naa PalJIH4HTa panna ypehaja, y uacrassy ncrpaacaaan.a rpefia CT
BOpHTH OCHOBy sa lhMXOBO o6jeKTHBHO nopehen,e.
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PRUNING IN POPLAR PLANTATIONS BY MECHANISED DEVICES

Summary

Pruning in poplar plantations is a significant tending operation that can increase the value
of the timber quality. The issues of pruning in poplar plantations depend directly on: pruning time
from the aspect of plantation age, season, method and intensity of pruning and pruning tools.

The study was performed in the region of SU Backi Monostor in poplar plantations Popu
lusreuramericana cv. Panonija aged 4 and 5 years, planting space 5x5 m, and in SU Klenak in the
plantations Populusreuramericana cl. 1-214 and Populusreuramericana cv. Panonija, aged 3, 4
and 5 years, planting space 6x6 m and 4.25x4.25 m. The branches were pruned by mechanised de
vices Stihl HT 75 and Husqvarna 250 PS.

Based on the study analyses of the dependence of pruning time on the number of removed
branches per tree, it was concluded that the duration grows significantly with the increase of the
number of removed branches in all plantations, disregarding the plantation age and spacing. This
correlation is represented by the degree function. The duration of pruning by Stihl HT 75 is two
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times lower than the duration of pruning by Husqvarna 250 PS, which was expected, considering
the type of the device.

The results of the analysis of variance and statistical tests show that there are no statistical
ly significant differences between average pruning time in plantations of the same age and differ
ent planting space. The differences were determined between the pruning times in different planta
tion ages.

In addition to the number ofbranches, one ofthe most significant factors affecting the prun
ing time, other factors of influence are also: ordinal number of prunings in plantation, diameter of
removed branches, site conditions, skilled operators, weather conditions, etc.

Pruning time grows with the size of the average diameter of branches removed from the
tree. This dependence can be represented by a linear regression equation.

The study results, supported by the necessary additional recording, can serve as the base for
the elaboration of working norms of pruning in poplar plantations.
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