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Egles (Picea abies (L.) Karsten) valéjo zaru izméru saistiba
ar stumbra caurméru
Z. Sarmulis '*; A. Dréska ', L. Lipins '

Sarmulis, Z., Dréska, A., Lipins, L. (2009). Relationship between
spruce (Picea abies (L.) Karsten) uncovered knots dimensions and stem
diameter. MeZzinatne / Forest Science 19(52): 122-133.

Kopsavilkums: Pétijuma mérkis — noskaidrot egles stumbra valéjo zaru caurméra
izmainu raksturu saistiba ar stumbra parametriem, izmantojot 54 egles paraugkoku stumbru
mérijumu datus. Paraugkoki nejausi izvéléti cir§anas vecumu sasniegusas eglu audzés ierikotos
parauglaukumos dazadas Latvijas vietas (Jaunpiebalg, Kaivé, Misa, Rinda, Rucava, Saldi).

Katram paraugkoka stumbram noteikti galvenie izméri, taja skaita ari caurmérs dazada
attdluma no stumbra resgala, lai apzinatu stumbra formu visa ta garuma. Uzmériti visi valéjie zari,
noteikts to caurmérs, attalums no stumbra resgala griezuma plaknes un orientacija pa stumbra
perimetru attieciba pret debespusém Dazada garuma stumbru salidzina$anai, to garums izteikts
relativa forma. Tada pasa veida, saistiba ar stumbra caurmeéru krasaugstuma, izteikts ari zaru
caurmeérs. Zaru skaita izmainas apsekotas pa 1 m garam stumbra dalam.

Pétijuma rezultati rada, ka relativa forma izteikts zara caurmérs stumbra garenass virziena
mainas lidzigi visas paraugkoku krasaugstuma caurméra grupas. Vidéjais caurmeérs maksimumu
sasniedz tada attaluma no resgala griezuma, kas lidzinas 0,7 no stumbra garuma. Atseviskiem
resnakajiem zariem caurmeérs maksimumu sasniedz taja stumbra vieta, kur attalums lidzinas 0,6
no stumbra garuma.

Nozimigakie vardi: egle, valéji zari, izméri, skaits.
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Sarmulis, Z., Dréska, A., Lipin$, L., Latvian University of Agriculture. Relationship
between spruce (Picea abies (L.) Karsten) uncovered knots dimensions and stem
diameter.

Abstract: The research objective is to clarify the character of uncovered knots diameter
depending on tree stem dimensions. The reason for such objective is the lack of well-defined
relationships between different indices used for the quantifying of the tree stem quality
features necessary for simulation purposes. Computer tomography and other non-destructive
methods for detection of knots parts enclosed inside tree stem wood are well-known recently;
anyway the methods for research how to predict knots features on the basis of the main
tree stem data should be developed to enable acquiring of adequate results in computer
simulation. The relationship between knot size and tree dimensions is easily noticeable, but the
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mathematical description of it for spruce trees in Latvia is unknown yet.

The material for research has been obtained from sample plots in different places in
Latvia (Jaunpiebalga, Kaive, Misa, Rinda, Rucava, Saldus). Sample plots are arranged in mature
spruce stands. The breast height diameter of every spruce tree is measured in whole sample
plot area. Sample trees have been chosen randomly, but at the same time so that the trees
distribution in breast height diameter groups would be proportional to the distribution of all
sample plot spruce trees.

The stem main dimensions and diameter after every 1 or 2 m from butt end have been
taken from each sample tree stem. Obtained uncovered knots data encompasses knot diameter
measured in direction of the shorter axis and distance from the stem butt end. The number of
knots in every 1 m long stem portion has been recorded.

On the basis of sample tree stems dimensional data the mathematical models has been
created for each sample tree to avoid the influence of stem surface unevenness. These models
have been used for further exploration of relationship between knots and stem dimensional
features. To enable comparison between stems of different length the relative value of
length is used. The same method is used for knots diameter — the relative value of it is obtained as
ratio to tree stem breast height diameter.

The results obtained reveal the well expressed increasing of knots average diameter
towards the point where the distance from stem butt end equals to 0.7 of whole stem length.
After that point knots average diameter diminishing rate is not as expressive as previously
mentioned increase. A similar variation has been described in publications previously ( Crsxxun,
2004), but a difference appears regarding to numerical values in breast height diameter
groups: in recent investigations these values mostly are little bit prevailing those stated previously
in literature. The reason of it could be the largest spruce branches in this geographic area if
compared to sites in other natural conditions.

The maximum of largest knots in 1 m long stem parts appears at stem point in the distance
from stem butt end equalling to 0.6 of whole stem length.

The maximum of uncovered knots number per 1 m long stem portion is at the same place
as for maximum of knots average diameter.

Key words: spruce, uncovered knots, size, number.

Capmyanc 3., Apecka A, Awumunbimn A, AaTBUACKHHA CEAbCKOXO3SFICTBEHHBIH
yHUBepcHTeT, KapeApa AeCOIKCIIAyaTAliU. B3aHMOCBsI3b pa3sMepPOB OTKPBITBHIX CYyYKOB €AH
(Picea abies (L.) Karsten) c pasMepaMu CTBOA.

Pesrome: L]eap nccaep0BaHUS — BHIIBACHHE XapaKTepa U3MEHEHHI AMaMeTpa OTKPBITBIX
CYYKOB €AM B 3aBHCUMOCTH OT AMAMETPA CTBOAA. AASL AOCTYDKEHHUS [IOCTaBAEHHOW 3aAaQuM
UCIIOAB30OBAHBl HU3MepeHUs 54 CIBOAOB IPOOHBIX AEPEBbEB, IIPOM3BOABHO BbIOPAHHBIX
Ha IPOOHBIX [AOLIAASIX, 3A0XKEHHDIX B ADEBOCTOSIX €AU I'AABHOTO IIOAb30BAHMS B PA3HBIX MECTAX
AatBum.

ITyrem o6Mepa KaXAOTO CTBOAA HAMAEHBI TAABHBIE IIAPAMETPB, B TOM HHCAE
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BBIBASIOIINE H3MEHEHMs AMAMeTpa CTBOAA IIO Mepe OTAAACHHOCTH OT KOMAEBOTO
cpesa. IIpomsBepeH Taroke OOMep KaKAOLO OTKPBITOLO CydKa, OIPEAEASS €0 AHAMETP,
PaccTosIHIe A0 KOMAEBOI'O TOPIIa CTBOAA M pa3MelljeHHe 110 IePUMETPY CTBOAA.

AAS CpaBHEHHS CTBOAOB C PAa3HOH AAMHOHM, IPHUMEHEHa OTHOCHTEAbHas ¢opma
BBIPOKEHHs 9TOTrO pa3Mepa. 3a OCHOBY IPHUHMMAsl AMaMeTp CTBOAA Ha BBICOTE TIPYAH, B
OTHOCHTEABHOH QpOpMe BRIPKEH TakXKe H AaMeTp CydKkoB. KoAmdecTBo CydKkoB ompeAeAeHO 110
YaCTSIM CTBOAA AAUHOM 1 M.

Pe3yAbTaThl MCCACAOBAHHS ITOKA3BIBAIOT CXOACTBO XapakTepa H3MEHEHMH CpeAHero
AUaMeTpa CydKa II0 Mepe YAAACHHUS OT KOMAEBOTO Cpe3a y CTBOAOB Pa3HBIX TPYIII AMaMeTpa
Ha BBICOTe IPyAH. MaKcHMaAbHAs BEAMYHMHA AMAMeTpa CydKa HAOAIOAAETCS HA PaCCTOSHUH
oT KoMAeBOro cpesa pasHbM 0,6..0,7 AAMHBI cTBOAA. AMaMeTp HamOOA€e TOACTBIX CY4KOB

AOCTHUTaET 0,2 OT BEAMYMHBI AaMEeTPa CTBOAA Ha BBICOTE I'PYAH.

Karouesvie cro8a: eb, OTKPBITBIE CYdKH, pa3sMep, KOAUIECTBO.

Ievads
Mezsaimnieciskaja izejvielu razo$ana
pastavigi apzinami dati par resursiem, to
kvantitati un kvalitati. Dazadi mezaudzu,
ka ari atsevisku augosu koku wun jau
sagatavoto kokmaterialu uzmériSanas un
kvalitates loti

darbietilpigi, dargi un atrai informacijas

izvértéSanas panémieni ir

iegidanai neatbilsto$i. IevieSoties praksé
masdienu tehnologiju sasniegumiem, dazadas
tautsaimniecibas nozarés arvien plagakizmanto
modelésanu, kas dod pietiekami precizus
rezultatus, aprékinos par izejas lielumiem
izmantojot tadus attiecigos razo$anas objektus
raksturojosus parametrus, kas iegtstami atri
un salidzino$i vienkarsi, vai ari datu bazés jau
ieprieks$ uzkrato informaciju. Lai to realizétu,
ir jazina likumsakaribas, kas saista minétos
izejas datus ar tiem parametriem, kuru
raksturlielumi nepiecie$ami razo$anas léemumu
pamatos$anai. Atziméjams, ka modelésanai jau
ir nozimiga vieta ari meZa nozaré (Kalliovirta,
Tokola, 2007; Tegelmark, 1999; Temesgen,
Gadow, 2004; Usenius, 2007; Votter, 2006).

Tadeé| aizvien aktualaka klast sakaribu izpéte

starp dazadiem mezaudzes elementiem,
atseviska koka uzbaves sastavdalam u.tml
Izvértéjot koka stumbru no koksnes kvalitates
viedokla, svarigs ir ari zaru raksturojums.
Koksné ieslégto zaru parametru noteik$anai
kada konkréta veida kokmaterialam arvien
plasak  izmanto tomografiju un citus
materidlu negraujosus panémienus (Auty,
2007; Chuanshuang et al, 2007; Clark et
al, 2007; Palmer et al, 2007; Todoroki et
al, 2005). Taja pasa laika turpinas pétijumi,
skaidrojot sakaribas starp zarus raksturojosiem
lielumiem un citiem koka stumbra uzbuves
elementiem, lai pietiekami precizi buatu
nosakama attieciga koksnes vaina, neveicot
katra atseviska zara uzmériSanu un ta kvalitates
apzina$anu un lai turpmaka vérté$anas
panémienu pilnveido$anas procesa ieprieks
atklatas sakaribas varétu izmantot kokmaterialu
sagaidamas kvalitates prognozu modelu
izstrade.

Latvija no rapnieciski izmantojamam
koku sugam priedei konkuréjo$a ir parasta egle,
kuras stumbram zaru ir daudz vairak (Sarmulis
et al, 2005). Lidz $im misu valsti pétits

egles zaru skaits viena koka stumbram,

124



Z. Sarmulis, A. Dréska, L. Lipin$

ki ari sadalijums pa paveidiem (veseli,
nokaltusi, trupéjusi zari), zaru caurmérs un
izvietojums stumbra sanu virsma. Atskiriba
no pétijumiem citur pasaulé (Loubére et
al, 2004; Crsxxun, 2004), masu riciba nav
Latvijas apstakliem piemérotas informacijas
par saistibu starp stumbra un zaru izmériem,
kas vizuali ir labi saskatama, bet skaitliski nav
izvértéta, lai butu izmantojama modelésana
nepieciefamo algoritmu pamato$anai. LLU
Meza izmantos$anas katedra ir veikti zinatniski
pétijumi ar mérki noskaidrot sakaribu raksturu,
kadas objektivi pastav starp egles stumbra
izmériem un zaru parametriem. Sim nolikam
izmantoti paraugkoku mérjjumu dati, kas
ieguti meza galvenajai cirtei atbilstosa vecuma
eglu audzés dazadas Latvijas vietas.

Materials un metodes

Eglu audzes paraugkoku ieguvei
izvélétas vairakas Latvijas vietas — Jaunpiebalga,
Kaivé, Misa, Rinda, Rucava, Salda. Katra
audzé ierikoti parauglaukumi, un tajos visiem
eglu  stumbriem izmeérits krasaugstuma
randomizéta  veida
kvalitates

paraugkoki.

caurmérs, ka ari

atlasiti uzmériSanai un zaru

izvértéSanai nepiecie$amie

Pielietotais nejausas paraugkoku izvéles
princips pilniba nav ievérots gadijumos, kad
atlase bijusi korigéjama ta, lai paraugkoki
konkrétaja
kragaugstuma caurméra pakapém propor-
koku

nogasanas katram uzmériti un péc kvalitates

parauglaukuma  sadalitos pa

cionali skaitam. Péc paraugkoku
novértéti visi ta valéjie zari, izmérits ari
stumbra caurmérs ar un bez mizas, lai iegatu
datus paraugkoku stumbru virtualo modelu
caurmérs  noteikts,

sagatavoéanai. Zaru

mérjumu izdarot pa zara pamatni Veidojoéé

ovala isako asi un zara atralanas vietas uz
stumbra, péc attaluma no stumbra resgala
griezuma plaknes. Péc kvalitates zars novertéts
ka vesels, ja ta koksnei nav konstatétas trupes
pazimes un ti saaugsi ar stumbra koksni. Par
nokaltu$u uzskatits zars bez trupes, bet ar
stumbra koksni nesaaudzis. Zars atzits par
trupéjusu, ja ta koksnei ir acimredzami trupes
bojajumi.

Pamatojoties uz paraugkoku stumbru
un zaru mérjumiem, katram paraugkokam
izveidots modelis, kur stumbra caurmeéra
izmainas ta garenass virziena ir izlidzinatas,
izsledzot padzilinajumus vai izvirzijumus
koksné vai miza. Modelos uzradits katra
valéja zara paveids (vesels, nokaltis vai
trupéjis), caurmérs un attilums no stumbra
resgala griezuma plaknes.

Darba gaita meklétas sakaribas starp
zaru un stumbra izmériem dazados attalumos
no stumbra resgala griezuma. Dazada garuma
stumbru savstarpéjai salidzinasanai faktisko
izméru vietd izmantoti to relativie lielumi.
Faktiskos
viss stumbra garums pielidzinats skaitlim 1.

izmérus parrékinot relativajos,
Savukart zaru caurmérs skaitliski izvértéts
attieciba pret stumbra kragaugstuma caurméru.
Lai izsekotu zaru skaita izmainu raksturam
stumbra garenass virziena, katra paraugkoka
zari saskaititi visas 1 m garajas stumbra dalas,
uzradot gan to kopéjo, gan ari jau ieprieks
minéto skaitu pa zaru paveidiem. Visi
paraugkoki sadaliti pa 4 cm caurméra pakapém
un dati analizéti katrai atseviski.

Zaru caurmérs raksturots ar ta vidéjo
lielumu katra 1 m garaja stumbra dala un
turpat konstatéto lielako zara caurméru (skat.

1. tabulu).
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1. tabula, Table 1
Egles val&jo zaru vidéjais caurmérs pa 1 m garam stumbra daJam

Average diameter of spruce uncovered knots in every 1 m long stem portion

Krg:ilrlﬁ;?;m Stumbra dalas Vidéjais Krgjla;;lis;l;na Stumbra dalas Vidéjais
Nr. caurmers, mm Nr. caurmeérs, mm

Bre§§?£;gh ¢ Stem portion Average Brenglg:igh ¢ Stem portion Average
diameter group No diameter, mm diameter group No diameter, mm

16 1 12,9+ 0,4 24 2 17,7+1,3

2 14,6 +0,5 3 19,6+ 1,3

3 162+1,1 4 169+1,3

4 153+0,8 5 20,6 £2,0

5 17,6+ 1,0 6 20,6 £1,5

6 17,4+£1,2 7 20,3+1,5

7 16,1+0,7 8 199112

8 154+0,8 9 233+ 1,5

9 142+0,6 10 20,9+ 1,6

10 184+12 11 212413

11 153+0,6 12 243+13

12 151+0,6 13 239+ 14

13 16.4+0,8 14 254+1,6

14 188+1,3 15 252+1,8

20 1 149+12 16 23,4+1,8

2 14,5+0,8 17 19,5+1,3

3 14,5+0,6 28 1 15,0+0,6

4 16,7+ 0,6 2 14,7+0,6

S 17,2£0,6 3 16,0+ 0,7

6 18,3+0,8 4 18,2+0,8

7 17,7+0,9 S 17,5+0,8

8 18,8+0,8 6 22,0+ 1,4

9 17,6 £0,6 7 20,1+1,0

10 17,3+0,6 8 22,4+ 14

11 18,0+ 0,6 9 21,2+0,9

12 18,8 £0,7 10 22,0+ 1,4

13 18,540,7 11 22,0£1,0

14 17240,5 12 21240,9

15 17,4+0,6 13 24,0+ 1,0

16 17,6 £0,9 14 25,6+1,0

17 19,6 £ 1,6 15 21,0+0,8

24 1 17,1+1,3 16 22,1407
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1. tabula (turpinajums), Table 1 (continued)

Krgjzllr%ls;gna Stumbra dalas Vidéjais Kr?js;lr%lséc??a Stumbra dalas Vidéjais
Nr. caurmeérs, mm Nr. caurmeérs, mm

Breggllgjigh ¢ Stem portion Average Breiirgjigh ¢ Stem portion Average
diameter group No diameter, mm diameter group No diameter, mm

28 17 22,0£0,8 36 N 15,8 +0,9

18 21,0£0,7 6 17,0+ 1,0

19 21,2+0,6 7 189+1,3

20 19,5+ 0,6 8 194+12

21 162£0,8 9 194+12

32 1 132+0,6 10 19,1+ 1,1

2 149+0,8 11 23,5+1,5

3 17,9+£0,9 12 21,5+1,3

4 20,1£2,2 13 22,6+1,0

N 18,8 +1,0 14 22,8+1,5

6 21,4+1,6 15 24,6+1,1

7 20,3+1,1 16 269+1,5

8 23,0£1,9 17 256+1,0

9 20,4 £0,9 18 26,0+1,1

10 21,9+ 1,4 19 24,7+ 1,0

11 22,8+ 13 20 25,7+1,1

12 20,4+1,0 21 23,6 +0,9

13 21,1+1,0 22 24,1+0,7

14 22,8+ 1,4 23 21,3+0,7

15 229+ 1,4 24 20,1+0,8

16 21,3+ 1,1 25 19,2+0,6

17 22,3+1,0 26 16,6 £ 1,8

18 232+1,0 40 1 12.6+0,3

19 23,8+1,1 2 14,7£0,9

20 24,1%1,0 3 19,6+1,8

21 24,1+ 1,3 4 17,7 £0,6

22 22,0409 s 20,6+2,1

23 22,9+09 6 18,6 £1,6

24 22,0 £0,9 7 189+1,7

25 18,1+0,7 8 192+1,9

36 1 156 +0,9 9 23423

2 159+ 1,0 10 22,3+1,9

3 14,5+0,8 11 21,7+ 1,7

4 187+1,8 12 198+ 1,6
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1. tabula (turpinajums), Table 1 (continued)

Kr?:iﬁgls g;ma Stumbra dalas Vid_éjais Krg:i?g;:na Stumbra dalas Vid_éjais
LI 1{170 diameterg:nm LA eml{JTzr o dian;)eet’::'g;m
diameter group ’ diameter group g
40 13 22,1+1,8 40 22 283+2,1
14 263+19 23 29,3+22
15 258+ 1,8 24 249+£1,9
16 263+1,6 25 244+13
17 265+ 14 26 23,5+1,1
18 272+ 1,6 27 23,0+ 1,1
19 29,7+1,6 28 28,0+ 1,7
20 264+12 29 27,9+ 1,6
21 26,7+ 1,5
tomer, turpinot darbus uzsaktaja virziena,
Rezultati un diskusija pamatotas ir iespé&jas izstradat modelésanai

Stumbra caurmérs krasaugstuma ir
viens no galvenajiem koka dimensionala
rakstura raditajiem, tadeé] ari zaru caurmérs
tiesi ar $o lielumu.

apskatams  saistiba

Analizéjot pétijjuma izmantotos datus, zaru
caurmeérs izteikts ka skaitliska attieciba pret
konkréta stumbra caurméru krasaugstuma.
Ta ka zaru caurméru nosaka koka aug$anas
gaita, tas dazadas stumbra vietas ir atskirigs.
Koku zaru dimensionilo ipa$ibu izpétei
pievérsusies daudzi zinatnieki (Bjorklund,
Moberg, 2007; Lejeune, 2004; Lemieux et al,
2007; Loubére et al, 2004; Usenius, 2007),
tomér vél arvien nav apzinatas likumsakaribas

kas

ieglistamiem

zaru izméru noteik$anai, pamatotos

uz  vienkarsi stumbra
raksturlielumiem un dotu pietiekami precizu
informaciju, ko varétu izmantot praktisku
razo$anas uzdevumu risina$ana. Ari misu
pétijuma rezultati vél nav tik pilnigi (skat.
R2 skaitliskas vértibas 1., 2. un 3. att.),
lai tos razo$anas

pielietotu vajadzibam,

nepiecieSamos algoritmus. Zaru caurmeéru
relativo lielumu izmainas stumbra garenass
virziend uzrdda pietiekami izteiktu tendenci
pakapeniski palielinaties lidz tai stumbra vietai,
kas ir tuvu 3 no stumbra garuma, bet péc
tam, galotnes virziena, nedaudz samazinaties
(skat. 1. un 2. att.). Pa 1 m garam stumbra
dalam  uzméritajiem zariem aprékinato
caurméru vidéjo lielumu izmainu raksturs
dazadas koku kragaugstuma caurmeéru grupas
ir savstarpéji lidzigs. Nelielajam atskiribam
par iemeslu drizak ir nevienads paraugkoku
skaits un, iespéjams, ari citi faktori, nevis
kadas objektivas, visai generalkopai piemitosas
ipasibas. Tas norada, ka pasreizéjos pétijumos
izmantotais paraugkoku skaits nav pietiekams,
lai precizi pamatotu skaitliskos lielumus zaru
vidéja caurmeéra noteiksanai péc ta, cik talu
konkréta stumbra dala atrodas no resgala
griezuma plaknes.

Pa 1 m garajam stumbra dalam

konstatéto zaru caurméra izmainu raksturs
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1. attéls. Egles zaru relativa caurmeéra vidéjas vértibas izmainas stumbra garenass virziena pa
kragaugstuma caurmeéra grupam: 16 cm R*=0,414; 20 cm R*=0,682; 24 cm R?=0,721;

28 cm R?=0,865; 32 cm R?=0,729; 36 cm R2=

Figure 1. The variation of spruce knots diameter

0,793; 40 cm R2=0,795.
average relative value lengthwise the stem in breast

height diameter groups: 16 cm R*=0.414; 20 cm R*=0.682; 24 cm R*=0.721; 28 cm R*=0.865;
32 cm R?=0.729; 36 cm R*=0.793; 40 cm R?=0.798.

no ieprieks apskatitajam vidéjam vértibam
at$kiras galvenokart ar skaitlisko vértibu
palielinaanos stumbra garenass virziena, kas ir
straujaka un ar tendenci maksimumu sasniegt
tie$i stumbra vidusdala, vai ari attalinoties no
tas galotnes virziena mazaka meéra neka tas
konstatéts attieciba uz zaru caurméra vidéjam
vértibam.

Iepriek§  minétais atbilst
literatird sastopamajam atzipdm (Crspxxus,

pamata

2004), tomér atskirigas ir vidéjo lielumu
skaitliskas vértibas pa koku krasaugstuma
caurméra grupam: musu pétijjumos tas ir
lielakas neka literatara uzraditas. Minétajas
publikacijas nav arl pietiekamas informacijas,
kas raksturotu eksperimentos izmantotos egles
paraugkokus, tadé] atskiribu céloni ir grati

konstatéjami, tomeér viens no pienémumiem —
$ajos pétijumos paraugkoku zaru caurmers ir
bijis lielaks.

Stumbra caurmeérs taja vieta, kur zaru
vidéjais caurmérs sasniedz maksimumu,
vidgji ir samazinajies lidz 0,6 no stumbra
kragaugstuma caurmeéra. Attalums no resgala
griezuma plaknes lidz $ai vietai vidéji ir 0,66
no stumbra garuma.

Pa 1 m garajam daJam konstatétie lielaka
caurméra zari maksimumu vidéji sasniedz
vietd, kur stumbra caurmérs ir 0,65 no $i pasa
stumbra kragaugstuma caurméra un attalums
no resgala griezuma plaknes ir 0,6 no stumbra
garuma.

Iepriek$éjo gadu pétijuma (Sarmulis et
al, 2005) zaru skaits vértéts péc to daudzuma
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2. attéls. Egles lielaka caurméra zaru relativas vértibas izmainas stumbra garenass virziena pa
kragaugstuma caurméra grupam: 16 cm R*=0,632; 20 cm R?=0,219; 24 cm R?=0,695;

28 cm R*=0,656; 32 cm R?=0,175; 36 cm R?=0,700; 40 cm R?=0,700.

Figure 2. The variation of the biggest spruce knots diameter relative value lengthwise the stem in
breast height diameter groups: 16 cm R*=0.632; 20 cm R*=0.219; 24 cm R*=0.695;

28 cm R?=0.656; 32 cm R*=0.175; 36 cm R?=0.700; 40 cm R*=0.700

1,5 m gara vértésanas zona stumbra sliktakaja
pusé. Ta ki $adas zonas izmanto stumbra
sadali$anai nogrieznos atbilstosi kvalitatei,
tad kritisko gadijumu apseko$anas procesa
atseviskas zonas savstarpéji parsedzas. Tadéjadi
konstatéjamas kvalitates izmainas stumbra
garenass virziena, bet nav nosakams zaru skaita
izmainu raksturs. Saja pétijuma zaru skaits
noteikts pa 1 m garam, secigam stumbra da]am,
kas savstarpéji neparsedzas.

Nosakot ~ zaru  skaitu  minétaja
veida, iegtas izmainu vidéjas vértibas
pa paraugkoku krasaugstuma caurméru

grupam. Konstatéta izteikta valéjo zaru skaita
palielina$anas virziena no stumbra resgala
griezuma uz galotni, maksimumu sasniedzot
vieta, kuras attalums no stumbra resgala

lidzinas 0,7 no stumbra garuma (skat. 3. att.).
Talakaja stumbra dala zaru skaits samazinas,
bet samazinasanas ir neizteiktaka. Ta zaru skaits
1 m garas stumbra dalas maksimuma vieta ir
2 lidz § reizes lielaks neka stumbra resgalim
dala, bet
stumbra galotnes dala vidéji ir tikai ap 15%.

tuvakaja skaita samazinaganas
Tievakajiem kokiem resgala dalas viena metra
ir 2 lidz 3 zari, bet maksimuma vieta — 5 lidz
6 zari. Resnakajiem kokiem zaru ir vairak.
Stumbra resgala dalas vienu metru gara
vérté$anas zona ir 3 lidz 4 valéjie zari, bet zaru
skaita maksimuma vieta tikpat gara stumbra
dalajauir 11 lidz 12 zaru.

Zaru skaita maksimuma vieta atbilst

zaru vidéja caurmeéra maksimuma vietai.
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3. attéls. Egles zaru skaita izmainas stumbra garenass virziena pa krasaugstuma caurméra
grupam: 16 cm R*=0,549; 20 cm R?=0,749; 24 cm R*=0,765; 28 cm R*=0,629;
32 cm R*=0,837; 36 cm R?=0,605; 40 cm R2=0,621.
Figure 3. The variation of spruce knots number lengthwise the stem in breast height diameter groups:
16 cm R?=0.549; 20 cm R*=0.749; 24 cm R*=0.76S5; 28 cm R*=0.629; 32 cm R*=0.837;
36 cm R?=0.60S; 40 cm R>=0.621.

Secinajumi

1. Egles stumbra vidéjais valéjo zaru caurmérs maksimumu sasniedz tada attiluma no stumbra
resgala griezuma plaknes, kas lidzinas 0,7 no stumbra garuma.

2. Egles zaru vidéja caurméra maksimuma vietd stumbra caurmeérs lidzinas 0,6 no $i pasa
stumbra krasaugstuma caurmeéra.

3. Secigas, vienada garuma vértéSanas zonas konstatétie resnakie zari caurméra
maksimumu sasniedz vieta, kuras attilums no resgala griezuma plaknes lidzinas 0,6 no
stumbra garuma.

4. Secigas, 1 m garas vértéSanas zonas konstatétais zaru skaits maksimumu sasniedz taja
stumbra dala, kur noteikts lielakais vérté$anas zona eso$o zaru vidéjais caurmeérs, t.i., kuras
attalums no resgala griezuma plaknes lidzinas 0,7 no stumbra garuma.
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