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Kopsavilkums. Saja pétijuma skaidrots, ka dazads audzu sugu sastavs ietekmé harvestera
darbu krajas kopsanas cirtés Latvija. Apsekotajas priezu un eglu tiraudzés, ka ari mistrotajas
lapu koku audzés, noteikts vidéjais izvacama koka stumbra tilpums, péc kura iespé&jams
prognozét harvestera darba raziguma izmainas.

Pétijumam izmantoti harvestera dati — darba laika uzskaites faili (*.drf), kuros darba
razigums izteikts ka sagatavotais apalkoksnes apjoms kubikmetros laika vieniba - stunda
(m*h™). Dati pemti no 99 krajas kop$anas cirsmam, 33 priezu tiraudzém, 33 eglu tiraudzém
un 33 lapu koku mistraudzém. Visi dati ievakti A/S ,Latvijas valsts meZi” apsaimniekotajos
mezos. Pétijumu rezultata noskaidrots, ka augstako darba razigumu harvesters uzrada
stradajot priezu tiraudzés — 3,96 m* h™', kur vidéja izvacama koka stumbra tilpums ir 0,092 m?.
Otrs augstakais harvestera darba razigums konstatéts jaukto sugu audzés — 3,67 m*h™, kur
vidéja izvacama koka stumbra tilpums ir 0,085 m3, savukart zemakais raziguma raditajs ir
eglu tiraudzés — 3,09 m*h™', pie vidéja izvacama koka stumbra tilpuma 0,068 m®. Butiskas
harvestera darba raziguma atskiribas ir starp priezu un eglu tiraudzém. Salidzinot darba
raziguma aprékinatas standartnovirzes, redzam, ka mistraudzés tas ir vislielakas, turpreti
eglu tiraudzés — vismazakas. Tas nozimé, ka harvestera darba raziguma raditaji, kopjot
dazadas mistraudzes, svarstas plasa diapazona, un mezizstradatajiem bas grati prognozéjams
darba razigums katra atsevis$ka mistraudzes cirsma, turpreti eglu tiraudzés harvestera darba
raziguma raditaju izkliedes diapazons ir $auraks.
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In machine operated commercial thinning one of the most economic parameters is
the work productivity of the harvester. According to the definition, work productivity is a
measure which shows what amount of product can be produced per unit of time. Harvestrer
work productivity is usually measured as the volume of the product — roundwood harvested
per hour (m®h'). Harvester productivity in commercial thinnings is affected by a variety of
factors. Summarizing the findings of several forestry scientists these factors can be divided into
3 big groups: forestry factors, technical factors and operator’s factors.

The species of a tree as a factor affecting harvester productivity in commercial thin-
nings has been researched only partly. Several specialists admit that the work in coniferous
stands cause fewer problems than work in deciduous and mixed stands. Thus, it has been
approved that harvester productivity in coniferous stands is higher than in deciduous stand
under similar conditions. When performing commercial thinning it is very important to
develop a target stand model, which significantly depends on the composition of species in
the stand. The prevailing view is — the more complex the composition of the tree species of the
forest stand before thinning, the quicker the productivity of the machinery decreases, when
compared to pure stands.

The data of the harvester — time-tracking files (*.drf) have been used as a basis for the
study, where productivity is expressed as the prepared amount of round timber in cubic meters
in a unit of time — an hour (m® h™!). The data were collected from about 99 commercial thinning
areas which were divided into three types depending on the composition of the species: pure
pine stands, pure spruce stands and deciduous tree mixed stands. All the data for the study
were collected in the forests managed by JSC “Latvia’s State Forests”.

These thinned stands were selected so that their area would not be less than 2.0 ha.
Afterwards these machine operated thinned stands were divided according to their compo-
sition of species. The felling sites in which, when divided into compartments, the dominant
species differed, and where the forest types differed considerably, were excluded. As a result,
the analysis was carried out from 99 commercial thinning sites with a total area of 556.1 ha.
This data group accounts for 4.3 % of the annual area harvested in commercial thinnings in
JSC “Latvia’s State Forests”. To exclude regional specifics, peculiarities of operators, logging
companies and harvesters, the thinned stands were selected uniformly located over the entire
territory of Latvia. In the researched felling sites the three most popular makes and models
of commercial thinning harvesters in Latvia were used: John Deere 1070, Ponsse Beaver and
Valmet 901.4.

The research demonstrates that the harvester showed its highest productivity while
working in pure pine stands — 3.96 m? h™!, where the average volume of the stem to be removed
is 0.092 m?. The second best result was achieved in the mixed stands — 3.67 m® h~!, where the
average volume of the stem to be removed is 0.085 m? but the lowest rate was demonstrated
in pure spruce stands — 3.09 m* h™" at the average volume of the stem to be removed 0.068 m*.
Significant differences were observed in the productivity of the harvester between pure pine
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and pure spruce stands. Comparing the calculations of standard deviations in the harvester
productivity it can be seen that they are the biggest in mixed stands, while the lowest rate
is demonstrated in pure spruce stands. Hence it may be concluded that the productivity
rates of the harvester can vary in a large range during thinning in different mixed stands,
therefore it could be difficult for the loggers to predict the productivity performance in each of
the mixed stand felling areas. On the contrary, the range of the harvester's productivity rates
in pure spruce stands is smaller.

Key words: harvester, productivity, thinning.
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Ietepcomc, 4. **, Apecka, A.* IIpOU3BOANTEABHOCTH TPYAQ XapBecTepa Ha pybOKax
yX0Aa B cpepHHE 06BEMBI CTBOAOB CPYOACHHBIX AepeBbeB B HACAKACHHSIX C PA3AHIHBIM
IOPOAHBIM COCTAaBOM.

Pestome. B AQaHHOM HCCAGAOBAHUH BBICHEHO, KAK DPA3AHUYHBIA ITOPOAHBIA COCTaB
AGCOHACKAEHHSI BAMSET Ha IIPOU3BOAMTEABHOCTh TPyAd XapBecTepa Ha pybkax yxoaa
B AarBuH. B MOAONIBITHBIX YMCTHIX COCHOBBIX M €AOBBIX HACAKACHHMSAX U B CMEIIAHHBIX
AMCTBEHHBIX HACAKAECHHSX OBIA ONPEAEAEH CPeAHUIT 00BEM CTBOAA IMOBAAEHHOIO AEpeBa IO
KOTOPOMY MOXXHO IIPOTHO3HUpPOBATh H3MEHEHHS IIPOU3BOAMTEABHOCTH TPyAd XapBecTepa.
B mporecce McCA€AOBAaHMIT HCIIOAB30BAHBI KOMITBIOTEDHbBIE AAQHHbBIE Y4YETAa DPEe3yABTATOB
paboThi xapBecTepa — daiia yuéTta pabouero Bpemenu (*drf.), rae IPOU3BOAMTEABHOCTD TPYAQ
BBIPAXKAETCSI KaK 3arOTOBACHHBIA OOBEM KPYTABIX A€COMATEPHUAAOB B EAMHHIY pabouero
Bpemenu - dac (m’/uac). Vndopmanus cobpana Ha 100 aecocekax, rae pybku yxopa
NPOBOAMAO  aKLMOHepHoe obmectBo A/S «Latvijas Valsts Mezi» («Aarsuiickue
rOCyAQpPCTBEHHBIE Aeca> ). VICIOAb30BaHHDIN AecOCeYHbI GOHA YCAOBHO 6bIA PaspeAeH Ha
TPH BHUAQ, B 3aBHCHMOCTH OT IIOPOAHOTO COCTaBa: YHCTBIE COCHOBBIE M YHCTBIE E€AOBBIE
HACaXKACHUS M CMeIIaHHbIe ANCTBEHHbIE HACAKACHUSL.

B pesyAabraTe HCCACAOBAHUI YCTAHOBAEHO, YTO HAHUOOABIIYIO HPOHU3BOAUTEABHOCTb
TPyAQd XapBecTep  AOCTHMraeT B YHMCTBIX COCHOBBIX HacakAeHMsIX — 3,96 M’/dac, rae
CpeAHHIT 00BeM CTBOAA IOBaAeHHOro AepeBa umeer 0,092 M. Bropoit HauBbICIIHIT
[IOKA3aTeAb MIPOM3BOAUTEABHOCTH TPYAQ XapBecTepa ONpPEACAEH B CMEIIAHHBIX AMCTBEHHBIX
HacaXAeHMAX — 3,67 M>/4ac, rae cpepHmil 06BEM CTBOAA IOBAACHHOTO AepeBa HMeeT
0,085 Mm%, B CBOIO OYepeAb caMasi HU3Kasl IPOU3BOAUTEABHOCTD TPYAQ YCTAHOBAEHA B YUCTHIX
eAOBBIX HacaXAeHMSIX — 3,09 M3/uvac, OpU CpeaHeM OOBEMe CTBOAA IIOBAACHHOIO AepeBa
0,068 m°.

ITpou3BOAUTEABHOCTb TpPyAQ XapBecTepa MMeeT CYL[eCTBEHHOE pasAUYHE MEXAY
YUCTBIMH COCHOBBIMU M YHMCTBIMU €AOBBIMH HacaxAeHnsMH. CpaBHHBasl IIPOH3BOAUTEAD-
HOCTb TPYAQ XapBecTepa, PAcyéT CTAHAAPTHBIX OTKAOHEHHMH II0KA3aA, YTO B CMEIIAHHBIX
AWCTBEHHBIX HACAXKAEHHSX OHO CaMOe BBICOKOE, a B YMCTBIX EAOBBIX HACHKACHUSX —

3 AaTBUIICKUIT CeABCKOXO3SIMCTBEHHBII YHUBepcuTeT, akyabreT Aeca, yA. Akapemusic 11, Earasa,

LV-3001, AaTBusi; *aa. moura: j.petersons@lvm.lv
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camoe Huskoe. M3 arToro CA€AYET, YTO BBIIIOAHSIA PY6KI/I YXO0Aa B CMEIIAHHBIX AHMCTBEHHBIX

HaCaXXACHMAX, IIPOHU3BOAUTEAPHOCTDb XapBECTE€pa IIPOSABASETCI B 60Ab]JlOM AHAIIa30HE,

IIO3TOMY A€CO3arOTOBUTEASIM 6YA€T 3aTPYAHUTEADHO IIPOTHO3HPOBATb INPONU3BOAUTEABPHOCTD

TPpyAa Ha TOH MAM HHOM Aecoceke. B 4HCTBIX eAOBBIX HaCa’XKAEHHAX IIPOHN3BOAHUTEADPHOCTD

XapBECTE€PA HAXOAUTCA B 6oaee Y3KOM AHalla3oHe.

Karouesvie cro6a: xapBecTep, IPOU3BOAUTEALHOCTD TPYAQ, PYOKa yX0AQ.

Ievads

Mezsaimniecibai Latvijas ekonomika,
salidzindgjuma ar citiem biznesa virzieniem,
ir ipasi svariga nozime, un tadé] viens no
tas uzdevumiem ir - ar iespéjami zemakam
izmaksam, ievérojot valsti pastavosas likumu
un noteikumu prasibas, sarazot augstveér-
tigu koksni. Paraléli masinizacijas ievieSanai
mezizstrades praksé, notiek mezizstrades
masinu raziguma izpéte. Ja galvenas iz-
manto$anas cirtés masinizétas tehnologijas
nodro$ina atru un efektivu cértamo koku
apstradi un parvieto$anos smagos brauksanas
apstaklos, tad, izdarot kopS$anas cirtes, ir
buatiski svarigi lai palieko$a audzes dala
saglabatos vesela un tas turpmaka attistiba
batu perspektiva, izslédzot atstijamo koku
saknu un virszemes dalas bojagjumus un sa-
sniedzot mérka audzes optimumu (Posumb,
1978; Caseabes, 1989; Ovaskainen, 2009).

Veicot kopsanas cirti masinizéti, viens
no svarigakajiem ekonomiskajiem raditajiem
ir harvestera darba razigums - lielums, kas
rada, kadu produkta daudzumu var sarazot
noteikta laika vieniba. Harvestera darba
razigumu parasti méra ka stunda sagatavotas
apalkoksnes apjomu (m*h!).

Harvestera darba razigumu krajas
kopsanas cirtés ietekmé dazadi faktori, kas,
apkopojot vairaku mezzinatnieku atzinas,
iedalami 3 lielas grupas:
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1) mezsaimnieciskie faktori;
2) tehniskie faktori;
3) operatora darba faktori.

Ieprieks teiktais liecina, ka harvestera
darba razigums krajas kopsanas cirtés ir
sarezgits daudzfaktoru raditajs. Lielakaja dala
pétijumu, kas saistiti ar tehnikas izmanto$anu
mezizstradé, konstatéts, ka meZsaimnieciskos
faktorus galvenokart nosaka meZaudzes
taksacijas raditaji:

o cértama koka vidéjais stumbra tilpums;
« audzes sugu sastavs;

« audzes bieziba;

« meza aug$anas apstaklu tips (grunts
noturiba, koku savstarpéjais izvietojums);
« cértama koka stumbra forma.

Tadé] analizéta sakariba starp cértamo
koku vidéjo stumbra tilpumu un mezZizstra-
des razigumu. Praktiski visu mezizstradé
izmantoto tehnisko lidzeklu raziguma radi-
taji cie$i korelé ar vidéja koka stumbra
tilpumu (m?). So sakaribu konstatgjusi ari
Latvijas valsts meZzinatnes institata ,Silava”
pétnieki: ka, palielinoties vidéja koka stum-
bra tilpumam, palielinas ari harvestera darba
razigums. To apliecina arl daudzu Ziemelval-
stis (Brunberg, 1997; Brunberg et al., 2007;
Lageson, 1997; Eliasonu, 1998; Siren, 2003)
un Ziemelamerika veikto pétijumu rezultati
(Kellog & Bettinger, 1994; Landford &
Stokes, 1995, 1996; Pulkki, 2003 ). Modernie

harvesteri ir tik efektivi, ka lielu izméru
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koku apstradasana ir tikai nedaudz laik-
ietilpigaka salidzindgjuma ar mazaku izméru
koku apstradi, kas nodrosina darba raziguma
pieaugumu, tomer §I attieciba nav lineara. Pie
noteikta stumbra tilpuma harvestera darba
razigums atkal siak samazinaties (Lageson,
1997), kas liecina, ka konkrétajai meZiz-
strades masinai $adas koku dimensijas ir
parak lielas.

Koku suga, ka harvestera razigumu
ietekméjoss faktors krajas kopsanas cirtés,
izpétits tikai daléji. Vairaki specialisti atzist,
ka darbs skujkoku audzés ir mazak prob-
lematisks neka lapu koku un mistrota sastava
audzés. Lidz ar to ari harvestera razigums
skujkoku audzés ir lielaks, neka lidzigos
apstaklos lapu koku audzés. Veicot kop$anas
cirti, Ipasi svarigs ir paredzétas mérka audzes
izveides modelis, ko butiski nosaka audzes
sugu sastavs. Jo sarezgitaks mezaudzes koku
sugu sastavs pirms kop$anas, jo, salidzinajuma
ar tiraudzém, straujak samazinas izmantotas
tehnikas darba razigums (Uusitalo, 2004).

Nemot véra iepriek§ minéto, noteikts
§1 pétijuma mérkis - salidzinat harvestera dar-
ba razigumu krajas kop$anas cirtés dazada
sugu sastava audzes.

Materials un metodes
Harvestera darba razigums saistiba ar
audzes raksturojumu analizéts, izmantojot
harvesteru darba laika uzskaites failus — *.drf.
Katra konkrétaja cirsma tie automatiski

fikséjas un uzkrajas izmantojama harvestera

datora, saglabajot gan informaciju par
harvestera aktivo darba laiku un dikstavem,

kubikmetru
apalkoksnes sagatavotas konkrétaja laika

gan datus par to, cik vidgji

vieniba - stunda (m®h™!) katra cirsma,
dalijuma pa operatoriem u.c.

Saja pétijuma harvesteru darba laika
uzskaites faili iegati no A/S ,Latvijas valsts
mezi” datu arhivu serveriem. Vispirms rapigi
ir atlasitas un izvértétas masinizéti izkoptas
audzes. Lai izslégtu regionalas, operatoru,
mezizstrades firmu un harvesteru ietekmes
ipatnibas, izraudzitas audzes ir vienmérigi
izvietotas visa valsts teritorija. Pienemts,
ka pétijjuma darba razigums analizéjams,
izmantojot 99 krajas kopsanas cirsmu datus.
Izkoptas audzes atlasitas ta, lai to platiba
nebutu mazaka par 2,0 ha. Péc tam tas ieda-
litas péc sugu sastiva. Pétijuma netika
ieklautas tas krajas kopsanas cirsmas, kuras,
sadalijuma pa nogabaliem, at$kiras valdosa
suga un meZa tips. Analizei izmantota
99 krajas kopsanas cirsmas (kopéja platiba
556,1 ha) iegita informacija. Sada ievakto
sastada 4,3% no

A/S “Latvijas valsts mezZi” izkopto krajas

datu kopa ikgadéja
kopsanas cirsmu platibas.

Pétitajas cirsmas izmantoti tris Latvija
popularako  krajas kopSanas harvesteru
modeli: John Deere 1070, Ponsse Beaver un
Valmet 901.4.

cirsmam apkopota 1. tabula.

Informacija par pétijuma
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1. tabula, Table 1
Pétijuma izmantoto krajas kopsanas cirsmu raksturojums
Characterization of the sampling plots in the study area

Izcirsta vid. | Harves-

LVM ; Nogabals I_’la— ; . stumbra 5 i VA Harvestera
iecirknis K;'Iartals g-l) tl}]l)a’ %astays tll%lms,dm g%mhfi marka, modelis
Forest b(l)gi;ct Compart- Ara P eaii utte Hm " Harvester make,

district ment(—s) hea, compost on average arves (?r model
a trunk producti-
volume, m* | vity, m* ™!

Aknistes 37 12; 15 7,7 9E1B 0,141 5,23 John Deere 1070
Ziguru 437 15 4,9 9E1B 0,130 4,37 John Deere 1070
Krivukalna 410 28 2 10E 0,096 4,33 John Deere 1070

Misas 345 11 5,2 9E1B 0,118 4,73 Ponsse Beaver

Aknistes 246 1 3,1 9E1B 0,110 4,07 Valmet 901.4
Zilokalnu 194 20; 26 4,7 9E1B 0,122 4,86 John Deere 1070
Pededzes 522 6;9; 10 6,3 9E1B 0,096 3,96 John Deere 1070

Madonas 4 4;5;7;8 3,5 9E1B 0,081 3,64 Valmet 901.4
Limbazu 45 4; 5 34 9E1B 0,066 3,21 John Deere 1070

Aknistes 242 16 4,7 10E 0,066 3,31 Valmet 901.4
Lubanas 322 18 3 9E1B 0,047 2,89 John Deere 1070
Piebalgas 259 13;22 3,7 9E1B 0,052 3,01 John Deere 1070
Vecumnieku 299 8 2,1 10E 0,048 2,85 John Deere 1070
Ludzas 196 2;13;18;22 9,5 10E 0,064 3,16 John Deere 1070
Lejasciema 445 8 2,1 9E1B 0,061 3,4 John Deere 1070
Apriku 203 17 3,1 9E1B 0,065 3,11 John Deere 1070

Madonas 310 15 2,5 9E1B 0,051 2,92 Valmet 901.4
Limbazu 134 2;3 2,1 9E1B 0,045 2,02 John Deere 1070
Silvas 257 2 2,3 9E1B 0,048 2,26 John Deere 1070
Ziguru 315 9;10; 12 10,3 9EIB 0,065 3,34 | John Deere 1070
Malupes 236 8 2,1 10E 0,051 2,91 John Deere 1070
Pededzes 525 15 4,7 9E1B 0,049 2,36 John Deere 1070

Aknistes 13 15 3 9E1B 0,049 2,77 Valmet 901.4
Skaistkalnes 373 4 3,7 9E1B 0,071 3,15 John Deere 1070
Pededzes 150 6;7;8;9 9 10E 0,057 3,01 John Deere 1070
Piejtras 344 9; 14; 15 10 9E1B 0,051 2,48 John Deere 1070
Salacgrivas 153 1 2,1 9E1B 0,053 1,99 John Deere 1070
Ogres 240 14; 17 8 10E 0,051 2,75 John Deere 1070
Krivukalna 410 26 3,7 10E 0,056 2,85 John Deere 1070

Aknistes 248 18; 19 6,7 10E 0,048 1,54 Valmet 901.4
Lejasciema 443 15; 16 3 9E1B 0,066 2,85 John Deere 1070
Valmieras 38 5;9 16,3 10E 0,046 1,33 John Deere 1070
Pededzes 482 S;7 2,2 9E1B 0,048 1,86 John Deere 1070
Sikénu 209 7 2,4 10E 0,049 2,6 John Deere 1070

Rézeknes 100 7; 8;9; 10 16,7 SB2M2E1A 0,144 5,61 Ponsse Beaver
Melnupes 146 7;18 4,6 30s3E2B1 0,152 6,15 John Deere 1070

BalA
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1. tabula (turpinajums), Table 1 (continued).

Izcirsta vid. | Harves-
LVM Kvarts Nogabals Ifla- ; 'stumbra 5 e I Harvestera
iecirknis Ix:/artals g—i tl}l:a’ iastays tll%lms,dm gu3mh§{ marka, modelis
Forest bcl)reit Compart- A a4 pecies Ll Hrn Harvester make,
district 0Cl ment(—s) ;;Ba, composttlon average arveste?r model
a trunk producti-
volume, m* | vity, m* h™!
Engures 151 12;22 2,5 6B2E2L 0,155 6,78 Ponsse Beaver
Malupes 434 3 2,1 SB3A2E 0,135 5,2 John Deere 1070
Krivukalna 270 17 4,3 SA4B1Ba 0,130 5,67 John Deere 1070
Veéru 208 9; 10; 11; 12 8,5 6B2P1E1Ba 0,147 5,6 John Deere 1070
Rendas 336 1;5;6; 13;20| 6,7 6B2M1P1E 0,149 5,93 Ponsse Beaver
Balvu 44 2 7,7 SB4A1E 0,149 5,59 John Deere 1070
Abelu 106 3;4 6,8 6B3AI1E 0,133 5,09 John Deere 1070
Balvu 57 9;10; 17 10 SB4A2E 0,143 5,04 John Deere 1070
Pededzes 215 1 12,9 6B2E1A 0,119 4,26 John Deere 1070
Rijienas 285 1;3;5;6 5,8 3Ba3E3BI1A 0,070 3,52 John Deere 1070
Lubanas 582 2;7 5,5 SA3Ba2B 0,082 3,72 Valmet 901.4
Venemas 230 16 2 6B2E1IM1A 0,108 4,03 John Deere 1070
Limbazu 308 12 59 4B3Ba2M1E 0,044 2,22 John Deere 1070
Pededzes 181 1;2;5 9,6 SB3L2M 0,096 3,81 John Deere 1070
Rendas 422 20; 21 2,2 SB3M1Ba 0,049 2,36 Ponsse Beaver
Lejasciema 315 14; 15; 16; 8,6 6B2E1IM1A 0,056 2,99 John Deere 1070
17;23
Balvu 160 2;6;8;9; 13 6,4 4B2P2A1 0,062 3,32 John Deere 1070
EIM
Limbazu 467 S 2,5 3Ba3M2- 0,066 3,57 John Deere 1070
E1B10Os
Sikénu 29 1;2 58 SA4B1W 0,054 2,3 John Deere 1070
Abelu 161 5;6 10,8 4B3A3E 0,063 3,81 John Deere 1070
Malupes 415 22; 23; 24; 11,6 4B2A2M1- 0,044 2,14 John Deere 1070
29; 30 E1P
Engures 147 14; 15; 16 1,8 3A3B3P1E 0,053 2,82 Ponsse Beaver
Rendas 425 2 5,4 6B2A1E1P 0,061 3,34 Ponsse Beaver
Limbazu 144 13 5,6 4B2M2E2A 0,051 2,74 John Deere 1070
Lejasciema 440 25;28;29 2,7 4B3A2P1E 0,051 2,06 John Deere 1070
Ropazu 309 3;4 6,6 6B2M1A1E 0,048 2,05 John Deere 1070
Kokneses 232 1;3;7;8,12 | 11,4 6B3E1IM 0,048 1,96 John Deere 1070
Malupes 156 4 2,5 SB4A2L 0,044 2,25 John Deere 1070
Sventenes 36 13; 14 5,3 6B2E2P1M 0,046 2,47 John Deere 1070
Ogres 185 S 2,8 3L3A2Ba2B 0,049 2,73 John Deere 1070
Kokneses 200 19; 21 2,1 6B3EIM 0,049 2,78 John Deere 1070
Lejasciema 116 4;5;11 6,8 4A4B2E 0,051 0,97 Ponsse Beaver
Ventas 376 2;3;4; 5; 6; 8,4 9P1E 0,180 9,64 Ponsse Beaver
7;8;9
Ventas 374 1;62; 3;4; 5; 18,5 9P1E 0,130 4,91 John Deere 1070
; 10; 11
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1. tabula (turpinajums), Table 1 (continued).

Izcirsta vid. | Harves-
LVM Kvarta Nogabals I_’la- ; .stumbra . e Y Harvestera
iecirknis ;arta: s g-l) tl}]l)a’ %asta.vs tll%mtlts’dm gl?ﬁfi marka, modelis
Forest b%i;c Compart- A 4 P ea;s. utte Hm " Harvester make,
district ment(-s) ;ea, composition average arvester model
a trunk producti-
volume, m* | vity, m* !
Silvas 20 3; 10 8,4 9P1E 0,125 4,88 John Deere 1070
Skaistkalnes 203 3;8 2,4 9P1E 0,118 4,67 Ponsse Beaver
Engures 92 22 4,5 10P 0,143 5,17 John Deere 1070
Jaunjelgavas 61 14; 15 2,8 9P1B 0,092 4,02 Ponsse Beaver
Ventas 31 17; 18; 30 4,3 9P1B 0,094 4,02 Ponsse Beaver
Usmas 129 L2 2,8 9P1E 0,113 4,04 John Deere 1070
Lejasciema 198 21; 30; 31; 54 9P1E 0,110 4,22 John Deere 1070
32; 34; 35
Rendas 415 5;6;7 6,8 10P 0,140 4,3 John Deere 1070
Grobinas 502 1 2,7 9P1B 0,130 4,74 John Deere 1070
Stren¢u 449 8;16; 17; 9,2 9P1B 0,083 4,02 Ponsse Beaver
18; 19
Ventas 209 11; 13 3,7 10P 0,135 4,74 John Deere 1070
Lejasciema 88 34 4,3 9P1E 0,081 3,77 John Deere 1070
Lubanas 171 1 3,1 9P1B 0,093 3,96 Ponsse Beaver
Rendas 415 12; 14; 16 4,8 9P1E 0,122 4,48 John Deere 1070
Alsungas 141 S 2,5 9P1E 0,080 3,58 John Deere 1070
Sikénu 197 8 2,2 9P1E 0,076 3,74 John Deere 1070
Balvu 78 17; 18; 19 6,2 10P 0,108 4,57 John Deere 1070
Jaunjelgavas 41 10; 12 8,7 9P1B 0,077 3,88 John Deere 1070
Pededzes 608 2;12; 13; 7,5 9P1E 0,071 3,36 Ponsse Beaver
15; 16

Rendas 478 19 2,1 9P1E 0,120 3,65 John Deere 1070
Grinu 457 15; 22 2,8 9P1E 0,060 2,34 John Deere 1070
Alsungas 382 7;9 2 9P1E 0,068 3,5 Valmet 901.4
Balvu 11 28 4,4 9P1B 0,065 3,51 John Deere 1070
Ergemes 49 13 3,8 9P1E 0,059 3,13 John Deere 1070
Ugiles 59 2 5,3 9P1E 0,068 3,65 Ponsse Beaver
Jaunjelgavas 161 2;3;4 2,1 9P1E 0,062 3,65 John Deere 1070
Ventas 48 28 2,9 9P1E 0,064 2,84 Ponsse Beaver
Alsungas 132 4;5;7 6,9 9P1E 0,060 2,79 Ponsse Beaver
Birzgales 48 4 5,9 9P1E 0,085 3,54 John Deere 1070
Ventas 66 35 34 9P1E 0,055 2,73 John Deere 1070
Bauskas 46 2 9,8 9P1E 0,050 2,84 John Deere 1070
Kraslavas 254 1 5,5 9P1B 0,045 2,97 John Deere 1070
Ventas 370 13;14; 15; 16 | 44 9P1E 0,045 2,37 Ponsse Beaver
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Daudzo ierobezojo$o kritériju dél
atlasitas cirsmas péc sugu sastava iedalitas 3
grupas:

1) priezu tiraudzes (valdo$a suga — priede
sastada vismaz 80 %);

2) eglu tiraudzes (valdosa suga — egle sastada
vismaz 80 %);

3) lapu koku mistraudzes (valdo$a suga —
lapu koki sastada no 51-70 %).

Péc tam $im cirsmam atrasti harves-
teru darba laika uzskaites faili, izmantojot
datorprogrammu ,Silvia”. Tegata informacija
apkopota, pamatojoties uz cirsmas vidéjo
raziguma raditaju harvesteram (m®h) un
vidéja izvicama koka stumbra tilpumu (m?),
bet izslédzot harvestera dikstaves, sadalijumu
pa operatoriem u.tml. Péc tam iegatie dati

statistiski apstradati ar datorprogrammu
SPSS 17.
Statistiskai apstradei pielietota vien-

faktora dispersijas analize un T-tests.
Dispersijas analize veikta, lai noskaidrotu
harvestera  darba  raziguma  at$kiribu

batiskumu audzé saistiba ar sugu sastavu
un vidéjo koku stumbru tilpumu. T-tests
izmantots, lai aprékinatu un grafiski attélotu
ticamibas intervalu.

Rezultati
Dispersijas analizes rezultati apkopoti
2. tabula.
Salidzinot 2. tabulas
zes, redzam, ka lapu koku mistraudzém tas

standartnovir-
ir vislielakas. Tas nozimé, ka, kopjot $adas

2. tabula, Table 2

Harvestera darba raziguma (m? h™) salidzinajums dazada sastava audzés

péc to izcirsta vidéja stumbra tilpuma (dispersijas analize)

Comparison of the productivity of a harvester (m*> h™') in stands

of different composition in according to average trunk volume (variation analysis)

Cirsmu skaits St . .. Standart-
Grupas Numb Summa Vidéjais Dispersija .
Groups DT Sum Average Variance floyirzes
cuttings Std. deviation
P - tiraudze 33 134,57 3,958 1,565 1,25081
(Pine) — pure
stand
E - tiraudze 33 105,12 3,092 0,834 0,91345
(Spruce) — pure
stand
LK — mistraudze 33 124,88 3,673 2,235 1,49515
Mixed stand
Variaciju
avots P-vértiba .
Source of e ol e L8 P-value et
variation
Starp grupam 13,252 2 6,626 4,289 0,016 3,088
Between groups
Ar grupam
Within groups 152,935 99 1,545
Kopa
Total 166,187 101
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audzes, harvestera darba raziguma raditaju
uzraditais diapazons var but plass. Turpreti
standartnovirzes eglu tiraudzém ir vismaza-
kas. Tade] mezizstradatajiem tajas buas vie-
glak prognozéjams sagaidamais darba razi-
gums neka lapu koku mistraudzu cirsmas.

Apskatot 2. tabulas otro dalu, redzam,
ka faktiska Fi$era vértiba ir lielaka par kritisko
Figera vértibu (F =4,289 > Fcrit = 3,088);
tas nozimé, ka ar 95 % varbutibu ir noraidama
nulles hipotéze, ka harvestera darba razigums
visu audZzu grupas ir vienads. Tas pats
secinams, aplakojot P-vértibu 0,016 < 0,05,
tade] arl $aja gadijuma, ar varbatibu 95 %,
nulles hipotéze ir noraidama.

Veicot gradacijas klasu salidzinajumu,
konstatéts, ka butiskas harvestera darba ra-
ziguma atskiribas novérojamas starp priezu

un eglu tiraudzém (2.tabula), kuras ari
vidéjie izcértamo koku stumbru tilpumi ir
at$kirigi. Tas redzams ari 1. attéla ar T-testu
aprékinatajos ticamibas intervalos. Mistrotu
lapu koku audzu ticamibas intervals sakrit ar
eglu un priezu tiraudzu ticamibas intervalu,
kas nozimé, ka harvestera darba razigumam
mistrotas lapu koku audzés un skujkoku
tiraudzés batisku at$kiribu nav.

1. attéla redzam, ka augstakais darba
razigums harvesteram ir stradajot prieiu
tiraudzés, pie vidéja izvacama koka stumbra
tilpuma 0,092 m’ otrs augstakais — lapu
koku mistraudzés, pie vidéja izvacama koka
stumbra tilpuma 0,085 m® bet zemakais -
eglu tiraudzés, kur vidéjais izvaicama koka
stumbra tilpums ir 0,068 m>.

5,00 —
4,00 T
= 3,00 -
g S
2,00 —
3,96 3,67
3,09
1,00 -
0,00 I I T
P-tiraudzes E-tiraudzes Mistraudzes
Pine — pure stands Spruce — pure stands Mixed stands

1. attéls. Harvestera darba raZzigums saistiba ar audzes sugu sastavu un vidéjo stumbra

tilpumu.

Figure 1. Productivity of a harvester depending on the composition of the stand species.
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3. tabula, Table 3

Harvestera darba raziguma (m? h') salidzinajums dazada sastava audzés (T-tests)

Harvester productivity (m® h™!) comparison in stands of different composition (T-test)

95 % ticamibas intervals
Audzes veids Vidgjais 95 % credibility interval
t df —m; -
Type of stand Average zemakais augstakais
lowest highest
P — tiraudze 18,451 33 3,95794 3,521S8 4,3944
(Pine) — pure stand
E — tiraudze 19,736 33 3,09176 2,7730 3,4105
(Spruce) — pure stand
LK - mistraudze 14,324 33 3,67294 3,1513 4,1946
Mixed stand

Savdabiga situacija Latvijas valsts
mezos ir ar lapu koku audzém, starp kuram
ir maz vidéja vecuma tiraudiu: lielakoties
sastopamas dazadu kombinaciju mistraudzes,
kuras biezi vien izvietoju$as mitras vietas,
augligas augsnés, ar lielu sugu daudzveidibu.
Savukart ari skujkoku tiraudzém ir ipatnéja
vésturiska veidoSanas, attistibas tendences
un vecumstruktara. Sobrid kopjamas par-
svara ir pagajusa gs. 70-tajos un 80-tajos
gados maksligi atjaunotas skujkoku audzes
ar biezibu 8-10 tukst. stadu uz hektara.
Arl jaunaudiu kop$ana nav tikusi veikta
pietieckami intensivi, jo ta laika merkis bija
izaudzét biezas eglu audzes (Epalts, 2005).
Tade], veicot krajas kop$anu $adas audzés,
tas negativi ietekmé harvestera darba razi-
gumu salidzinajuma ar priezu un lapu koku
audzém.

Meza augSanas apstaklu tips, ka
mezizstrades ma$inu razigumu ietekméjoss
faktors, parasti saistams ar grunts noturi-
bu - grunts nestspéju. Dazi autori (Epalts,
2002) atzist, ka tas var ievérojami pazeminat
tehnikas razigumu, tomeér to galvenokart no-

saka gadalaiks un klimatiskie apstakli, res-
pektivi, $is faktors ne vienmeér ir batisks. At-
$kirigi ir viedokli par cértamo koku stumbra
formas ietekmi uz darba razigumu. Vairaki
pétnieki atzist, ka stumbra forma ietekmé
koku atzaro$anu un lietkoksnes sortimentu
iznakumu (Uusitalo, 2004). Si pétijuma
dati ievakti no 100 cirsmam, kas vienmérigi
izkliedétas visa Latvijas teritorija, tadé] koku
stumbru formas Ipatnibam nevajadzétu
ietekmét izpétes rezultatus.

Vairaki pétnieki atzimé audzes bie-
zumu (koku skaitu uz hektaru) ka batisku
faktoru, kas
tehnikas razigumu pirms un péc izstrades

mezsaimniecisko ietekmeé
krajas kop$anas cirtés, tomér tas vairak
saistams ar izmantotas masinas tehniskajiem
raditajiem — masinas gabaritiem, darba agre-
gitu linearajiem izmériem u.c. (CaBeabes,
1989). Minéto faktoru iedarbiba vél pilniba
nav izzinata, tomeér tas nevarétu butiski
ietekmét veikta pétijjuma rezultatus, jo
tika
lidzigi kopsanas cir$u harvesteri, ar gandriz

izméginajumos izmantoti principa

vienadiem tehniskajiem parametriem.

163



Mezzinatne 28(61)'2014

Secinajumi

1. Izstradajot kop$anas cirtes ar harvesteru, augstakais darba razigums ir priezu
tiraudzés — 3,96 m® h™', pie vidéja izvacama koka stumbra tilpuma 0,092 m>. Otrs augstakais
darba razigums ir jaukto sugu audzés — 3,67 m*h™', pie vidéja izvicama koka stumbra
tilpuma 0,085 m? bet zemakais — eglu tiraudzés — 3,09 m* h™, pie vidéja izvacama koka
stumbra tilpuma 0,068 m>.

2. Veicot gradicijas klasu salidzinajumu, konstatéts, ka butiskas harvestera darba raziguma
atskiribas ir starp priezu un eglu tiraudzém, jo tajas ari izcértamo koku vidéjie stumbra
tilpumi ievérojami atskiras — 0,092 m® un 0,068 m°.

3. Mistroto lapu koku audzu ticamibas intervals sakrit ar eglu un priezu tiraudZu ticamibas
intervalu, kas nozimé, ka harvestera darba razigums, izstradajot mistrotas lapu koku audzes,
butiski neatskiras no darba raziguma skujkoku tiraudzés.

4. Salidzinot harvestera aprékinatas darba raZiguma standartnovirzes, konstatéts, ka
lielakas tas ir mistraudzés, bet mazakas — eglu tiraudzés. Tas nozimé, ka harvestera
darba raziguma raditaju izkliedes diapazons, kopjot dazadas mistraudzes, ir visai plass,
tadé] mezizstradatajiem buas grati prognozéjams darba razigums katra mistraudzes
cirsma salidzinajuma ar eglu tiraudzém, kur harvestera darba raziguma raditaju izkliedes
diapazons ir ievérojami $auraks.
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