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1. DARBA VISPAREJS RAKSTUROJUMS

Darba aktualitate

ReizZ ar iedzvotaju skaita pagwvigu palielimiSanos pasa@l pieprajums [EC
kokmateriliem kliist arvien liedks (146). Bpec starp meza efektikas izmantoSanas virzieniera k
noZmigs ir paddinats koksnes izejvielu kvaiites \Ertgjums, kas dod ies§ju paaugstiat koksnes
pielietoSanas lietdegumu gan 1dz Sim ziAmas produkcijas, gan pavisam jaunu Bdtjumu
razoSam (120, 131)Ipagbas, kuras ir iitiski svaigas kokmatediu talakaja izmantoSam, pasau
ir petitas da#das valsts (30). Ir at#s, ka &s var lutiski atXkirties atkatba no koku augSanas
geognifiskas vietas, konkitajiem augSanas apgliem, meza kopSanas ganieniem u.tml.
(15, 16, 33, 55, 86, 105, 143). Tas iZ ka ar Latvijas saimnieciski namigako koku sugu
VErtéjuma nevar pgauties viergi uz citur iedito pieredzi, bet irgveic atseviki petijumi.

Latvija kokmaterilu razoSana ir tautsaimnieciski siga mezsaimni@bas sagvdaa, bet ir
jutams koksnes izejvielas no kvatiés viedoka raksturojoSas inforigijas tikums. Paragtpriede
(Pinus sylvestris |.ir izplafitaka koku suga msu valst, tapec ar [@Etijjumiem pamatots no priedes
stumbriem iegstamu kokmate#ilu kvalitates raksturojums ir akiils no vaiekiem aspektiem, jo ir
nepiecieSams:

 kokmaterilu kvalitates prognozu modeldanai;

* meZzsaimniecigls razoSanas phoSanai;

* Latvijas saimnieciski namigo koku sugu datualzu veidoSanai;

 apdo kokmaterilu kvantitaivas un kvalitavas \ertéSanasalakai atfstibai;

* no Latvig augosSas priedes sagatavotu kokmatekonkugtspgjas noértegjumam
starptautiskdj tirdznieaba;

* Latvijas nacioalo standartu izsidei;

* izmantoSanai profesialaja apnaciba.

Petfjumu merkis

Galvenais ptijumu nerkis ir noskaidrot Latv§ meza galvenajcirté iegistamu priedes
apdo kokmaterilu kvantitaivu un kvalitatvu raksturojumu saigia ar stumbra zarojumu.

Galvenie uzdevumi

1. Noteikt meza galvermjcirte iegistamu kvantitavo raditaju lielumus un to izkliedi
kokmaterilu sagatavoSanai piémotaj (komercilaja) priedes stumbra ¢a

2. Noskaidrot zaru raksturojumu priedes stumloradecilaja dda.

3. Noteikt priedes stumbra komeilaja dda sagatavojamo apakokmaterilu kvalitati un
vértibu saistba ar zarojumu.

4. Noskaidrot koku sadplmu Ec stabilisites &ditaja lieluma un saigbu ar apio
kokmaterilu kvalitati.

Zinatniska novitate

Par Latvia meza galvenajcirté sagatavojamiem priedes stumbriem irti@gpilrigi jauna
informacija:

1) zaru raksturojums pa paveidiera¢ gaurngra, skaita un izvietojuma;

2) pec zarojuma savstagp atskirigu stumbra zonu raksturojums;



3) jauna metode ajmakokmaterilu sadaljumam atkaiba no kvaliites un @rtibas;
4) koku sadajlums meza galvenagirte pec stabiliites aditaja lieluma.

Darba praktiska nozame

1. Rtjumu laika iegito, Latvijas vidjiem apsikliem atbilstoSo galvenaj cirte
sagatavojamo priedes stumbru &m raksturojumu var izmantot stégiskajai pEnoSanai
mezsaimniembas unémumos.

2. Atrasto matentisko sakaibu mizas procendila daudzuma noteikSanaie@ mizas
biezuma un kokmateila caurngra attiegbas var lietot razoSarmizas daudzuma &kiniem, jo &
ir vienkarSi izmantojama un dod pietiekami prac rezulstu.

3. legitie dati par priedes stumbra komafaja dda esoSo zaru raksturojumu pa
paveidiem, pc iznmera, skaita un sad@ima stumbra garenass virzieir piengroti kriterialo
lielumu pamatoSanai naciglajos kokmatedlu kvalitates standartos.

4. Izstadato metodiku priedes ajpm kokmaterilu neatkaigai \erteéSanai pc kvalitates,
vadoties no zaru raksturojuma, igjgms lietot & pamatojumu jaunu noteikumu iZxdé priedes
apdo kokmaterilu &kiroSanai.

5. Izstadato metodisko pg&Emienu priedes stumbra koksnes na@gaogrtibas noteikSanai
var izmantot ekonomigk pamatojuma sagatavoSanai, ammjot saimniecisko datbu
meZsaimniebas unemua.

6. Atzinas par koka stabilites &ditaja ietekmes tendenci uz kokmasduwi kvalitati
ieteicamspemt \era mezaudzu kopSanasapb3aia.

Darba aprobacija

Promocijas darba rezatti aprolacija veikta, autoram par tiem ojot 4 starptautisks
zinatniskaps konferengés un 8 naciofla mepa konferenes. Ar darba tematiku sait
zinatniski noZmiga infornacija apkopota 9 publicijas, no kuim 5 ietvertas starptautiski aizs
arvalstu izdevumos. Ziiniska darba izs&ide iegitas atzhas izmantotas, piedaloties LLU Meza
fakultaté 4 pEtijumos un sagatavojot attigas atskaiSu nogkes.

Promocijas darba struktira un apjoms

Promocijas darbs sast no 6 nod&m. Pirmaj nodda veikts g Etijumu apskats g
literatiras par koksnes izmantoSanagsaba svaigam kokmaterilu ipagbam un to noteikSanas
papémieniem. Otrad nodda apskatta promocijas darba izpidlietota metodika datu ieguvei un
apstidei. TreSaj nodda dots datu ieguvei izmantoto priedes paraugkokpauigs raksturojums,
sadaljums [@Ec caurmdra un augstuma, stumbra komalas ddas caurrdru un garumu
raksturojoSie lielumi, raukuma un mizas skaitliskaaksturojums un statistiskais Bagjums.
Ceturtafi nodda apkopoti priedes zarugjumi par sadajumu pa paveidiem, par caugm un
skaita izmaiam stumbra garenass virzienmieturu a@lumiem, stumbra iedgbmu pa zoam
atkafiba no zaru raksturojuma. Piekdajodda sniegts metodikas izmantoSanasdgid neatkagai
priedes ap@ kokmaterlu kvalitates \erteSanai saisba ar zaru raksturojumu, noteikta priedes
stumbra komeralas ddas nosaita vertiba. Sestaj nodda dots priedes sadalms galvend cirte
pec stabiliites Aditaja lieluma, izdaits statistisks & raditaja nowertejums un noskaidrotas
tendences ietekmei uz stumbra koksnes latalit

Promocijas darba apjoms ir 112 Ipp., infarija sakirtota 20 tabus un 60 aglos,
4 pielikumos atsevi& ssjuma uz 360 lpp., izmantoti 153 liteaas avoti.



2. AR KOKMATERI ALU IPASIBAM SAISTITU PETIJUMU APSKATS PEC
LITERAT URAS

AtbilstoSi & zinatniska darba tematikai publicijas galvenokrt atlagta informacija par
stumbra pamatizenu raksturoSanas pamieniem, zardpa3bu izgEti, apdo kokmaterilu kvalitates
un \ertibas noteikSanu. Uzmdra pieérsta at vispargjam nos&drném attiegba uz kvaliites
verteSanu, meza & koksnes izejvielu avota sasgelementu savstagfas saisibas trak&jumam,
kokmaterilu iek&jas struktiras iz@tes paémieniem un tehniskajienidzeKiem.

Pasall meza nozares Zitniskas Etnieabas tematik attieaba uz koksni k& izejvielu
izpauzas divas tendencestijumu saisiSana ar pilnu koksnesgsimu, gkot no augoSa mezadk
pat gatavajai produkcijai, un dait modéu izmantoSana kopsakhbu skaidroSanai starp koksnes
kvalitati nosako8m ipagbam un maifgajiem lielumiem, kas dod iegp prognozt koksnegpasbu
parametriskos aditajus ar razoSamn nepiecieSamo ticaibas pakpi (127, 128, 134, 138). Starp
aktualakajiem ir jaujums par gala produkcijas piedm atbilstoSas inforatijas pieejartbas
iesgEjam koksnes izejvielu pbmas pas sakuma. To, kada konteksi musdieras pasaules 8noga
tiek apfikota pieeja koksnes izmantoSanasistitiai, pamatojoties uz infor@oiju par &s
kvalitativajam ipadbam, uzskatmi var pafidit ar vienkirSa modi paldzibu (skat. 2.1. att.).

KOKSNES IZEJVIELU PIOSMA /
WOOD RAW MATERIAL FLOW

Mezizstiade Parstrade | Parstrade I
Harvesting  Processing  Processing Il

1
>

v

» »
> >

(%] E :czs‘
—— -
v 2 =3 =52 jr=fte] £5
N © o = e e = S 3
o = < = Q35 o £ 50
(2] — n 4 = - s o
2 2 T © T o =
© + w) o c = 5
~N D o = o c c E; o
o O o 3 << 5 o) < T
S o 39 o O g © — C

»
»
»

=
)

:-----------------------------------. “
! Metodes unitizeKi 5: I

Methods and too

leteknEjoSie faktor
Factors affecting

Vertgjamasipadbas
Features should be estima

VerteSanasimeni
Levels of estimation

KVALIT ATES VERTESANA
ESTIMATION OF QUALIT

2.1. Koksnes izejvielu kvaliates \ert éSanas modelis
Fig. 2.1. Wood raw material quality estimation model



Modelis ada, ka kopurmar koksnes kvaliti saisito jaugjumu loks ir plass. Tas ietver lielu
daudzumu atsews ipadbu, to ietekmjoSos faktorus, kuri agkata attietba uz mezaudzi,
atsevikiem kokiem, apkjiem kokmatetliem, to @rstrades starpproduktiem un gala produkciju,
tapat ar nepiecieSamo metodisko g@mienu izstidaSanu, nmdraparairas un dagu tehnisku
lidzeKu atistibu.

2.1.Ipadbas kvalitates raksturoSanai un fis ietekngjoSie apsakli

Ipa3bas, kuras izmantoakaditajus kvalitites raksturoSanai, var attiekties uz visu koku vai
tikai kadu & ddu — kodolkoksni, aplievu, koksnegril raksturojumu apli@vu.tml. Publikicijas
atamets, ka visa koka kvaliti raksturo raukums (29, 30), stumbra cagmsnkitiSaugstura (28),
koka vecums (28), atse¥i$ apdo kokmaterlu — @ izméri (98), stumbra da, no kuras Sis
kokmaterils sagatavots (98)ikumairiba (45, 139), zargaurners un skaits (45, 60, 139), aplievas
un kodolkoksnes daudzums (45, 10@)inas koksnes daudzums gadsks (38), jauibas koksnes
daudzums (30, 38, 87, 139), gaalsi platums (30, 38) un kokmatala iekEja strukira, resp.,
stumbra koks®ieskgto zaru raksturojums (39). Ar kvalies aditajiem saisits af gala produkcijas
veids (146). 8nu fimer ka kvalitates &ditaju nem \&ra mikrofibrillu lenki (38).

Pie apsikliem, kas ietekm ar koksnes kvaliti saisitasipasbas, vispirms aiméti tie, kuri
ietekn® mezaudzi koput un augoSus kokus.adli ir: augSanas apddli (21, 39, 45, 51), meza
atjaunoSanas veids (139, 146)paieni audzes rabas paaugstisanai k& selekcija, msloSana
(30), nosusiasana (56), tehnofisko koridoru izvietojums (39), stumbra formas \w&dna, augoSu
koku atzaroSana (50), citi meZa kopSanagmpéeni (30, 56), grunts mitruma apkli (88), mizas
slimibas (84), koku savstadja konkurence au@z(139).

2.2. Koka stumbra kvalitati raksturojoSas ipadbas

Raukuma btibu formukjusi dazdi petnieki (29, 36, 46, 52, 60, 78, 106, 109, 114, 113H),
150, 151). Raukums ir funkciala atkafba no koka kiSaugstuma caura un koka augstuma. Tas
ir saisits ar davo zaru vainaga re® garumu un reizar to ar ar zaru raksturojumu. Raukuma
apraksiSanai pasw liels skaits daadu funkcioralu sakatbu, un @tijumi Saj virziera joprojam
turpinas. Izmanto trigonometrisko funkciju, polinoghis, pakipes un geometriskus raukuma
noteikSanas modies. Modelis var tikt pamatots ar@timu no galotnesdz stumbra komerglajai
dalai. Raukumu var aprakistar vienu sakabu visam stumbram, bet neprediit rodas stumbra
pad resgda dda, kur ir blizums (106).

Mizas daudzumsagina k& ekonomisk, ta ekolgsiska vertgjuma (29). Mizas biezumu @ti
paredzt pat vienai koku sugai. To biezi modelr mizas koeficientu, ko ajkina ka attiedbu starp
stumbra caurgru bez mizas un cau@ru ar mizu (29, 140). Ir svagi pareizi noertét mizas
daudzumu kokmatéii tilpuma noteikSan Zviedrifa ir specilas Sim naikam izstadatas formulas (104).

Zari ir skujkoku galvea vaina, kas ir par iemeslu kokmatdui iras pazemiaSanai vai
brakéSanai. RaksturojoSie lielumi ir zaru skaits, ca&msn zara paveids. Zara ieaugumakie
butiski ietekne kokmaterila izmantoSanu, jo noatvienlaikus atkagi zara izmdri un zara
aiznemtais tilpums stumbra kok&(19, 20, 30, 90, 133, 134, 152, 153). RaZza¥aaza nozarzaru
raksturojums 3jzina ar no atzaroSanas opeijas izpildes iesgam apdo kokmaterilu
sagatavoSanas laik153).

Zarainuma raksturoSanaiéna koka vainaga garumu, ¥jd un maksimalo zara caur@ru
katra mietu (mm), katra mietura a@tumu no galotnes (60), zaru ieaugumakie caurneru pie
koka stumbra, nosaka mieturu skaittigranstumbra caurénu tieSi zem zaru mietura, mietura
atalumu no koka galotnes (19, 20, 133, 13&tijBmos ir at&iribas, no kda caurrara zarus



apdajos kokmatealos nem \&ra. Ir norades, ka ngem \era zarus ar caurdmu fidz 7 mm (19, 20)
vai aff, ka zarus uzskaita no 12.5 mm caénran(133).

Koka stabiliites Aditajs raksturo koka augstuma unifaugstuma cau@ra attieg¢bu. To
izmanto stumbra formas vasanas izptei, \€ja iztuibas skaidroSanai, salsai ar vainaga
raksturojumu, koku savstajas konkurences igte (35). Minimalais lielums k priedei, & eglei ir
konstants lielums, vieTdzgs 0.5 (117).

Kokmateralu kvalitate saisis af ar cenu, kas ir viens no sigakajiem mezsaimnigou
ietekntjoSiem faktoriem (62). Cena palieisreiz ar kokmatetla tievgda caurndru, bet tikai idz
noteiktam lielumam, kur notiek idzinaSaras (80).

Apkopojot literatiras apskat iegito informaciju var atat, ka g@Etijumu daudzums un
konkreta kvalitates jauijumiem velita tematika apliecinaasla @Etnieabas virziena aktualiti un
noZzmibu, ka afi apstiprina izéles pareitbu attie@ba uz Saj darks tuvak analiZtajiem aditajiem.

3. PETIJUMU MATERI ALS UN METODIKA

Petijjumos izmantotas pa atsei8m darba uzdevumiem &t&igas metodes. Datu igkSara
ieverots gan ginveidiguma principsada noZmg, lai ar datiem dtu reprezergta visa ar ptijumu
merki saistta geneglkopa, gan nejauSas &es princips, lai paraugi datu ieguvei netiktu
tendenciozi izraudtd. Papémieni nmerjumiem iz\Eléti atbilstoSi nepiecieSamajai i@gfamo datu
preciziatei.

Darbs ieskts ar galveno noskaidrojamaditaju izvéli.

3.1. Galvenie gtijjumos noskaidrojamie raditaji

Koka stumbra caurdns un garums ir apa kokmaterilu iznakuma galvenie raksturat
kvantitaiva noZmé un reiz batiski kvalitates ietekmataji. Gan razoSai) gan @tnieaba tie ir
pamats, uz kura balst citi apdos kokmatetilus no daidiem viedolkiem raksturojoSie lielumi.
Saji darks, nosakot koku caurénu kriSaugstura un augstumu, stumbru causma un garumu,
pirmkart, noskaidrots §ama materila matenitiskas statistikas raksturojums, oirk iedits
pamatots priekSstats pagrtama vecuma priedes kokmasdui dimensiim Latvija. Uz So &ditaju
pamata noteikts tilpumsakpilna garuma stumbriema tatsevigam to ddam, saisiba ar Siem
pamatizn@riem noskaidrots stabifites aditajs certama vecuma priedn.

Raukums k caurngra izmahas raksturojoSs lielums stumbra garenvirzidnd priekSstatu
ka par stumbra formuataf zinama mera par kvalifiti. Tam ir kitiska nozme ap# kokmaterilu
tilpuma noteikSam pec caurngra un garuma, un agdarlka tas izraudits galvenokrt & iemesla
pec.

Mizas kvantitatvajiem @ditajiem ir biatiska noZme caurrdra noteikSam, merot
kokmaterilus ar automati&am iekartam, un kokmatealu tilpuma noteikSalm AutomatiZtas
meriericesatri un predzi var noteikt app kokmaterlu caurngru ar mizu jebkur kokmaterila
vieta, bet flakai izmantoSanai nepiecieSamais catmtbez mizasajegust apekinu cda.

Mizas procentélais daudzums ir nepiecieSams kokmatariuzneriSara pec kraujnera.
Kladaina mizas procerili daudzuma lietoSana ir viens nglaniem atiritbam starp kokmatezlu
uzskaites dokumentos nodfto un faktisko tilpumu. & kraujnEra uzntra af augsteértigakus
sortimentus,apec tilpuma atgiribas var izraig negaivas ekonomiska rakstura sekas.

Apalo kokmaterlu kvalitates \ertéSana nav iedoajama bez zaru ietverSanas starp pirm
karta vera nemamiem krigrijiem. Paslaik pieejaminformacija par priedes un citu Latdijizplattu
un saimnieciski namigu koku sugu zariem ir visai neliela. Viens n@ Etnieadbas darba
uzdevumiem ir iegt pietiekamu datu daudzumu, Kisitu spriest par priedes stumbros sastopamo



zaru iedajumu Ec to veseluma, izamiem, par zaru skaitu un izvietojumu stumbra gaireiena
un pa perimetru.

Stumbra sadglms pa zarojuma zam saisis ar zaru izgti, bet tam ir cieSa kopsakba ar
garumu un caurgmu, tas ir nommigs kokmateéglu kvalitates \Ertgjuma dazdas stumbra das un
tapec noteikti skadms la atsevi&s aditajs.

Stumbra sadgums pa kvantitavi un kvalitaivi at&kirigam stumbra dam ir vislielakaja
méra saistts ar kokmatefilu ekonomisku grtgjumu. Saj darls izstadata metode priedes ajoa
kokmaterilu vertéSanai, izmantojot zaru raksturojumu, un ieteiktsa@as \ertibas Editajs.

Koka stabiliites &ditaju izmanto stumbra formas vasanas izgtei, \gja izturibas
skaidroSanai, sai&tai ar vainaga raksturojumu, koku savstgpg konkurencesgijumos. Riditajs
ietverts starp galvenajiem, jo tam ir seiatar kokmate#iiu kvalitati.

3.2. Datu ievakSana

AtbilstoSi darba rerkim un uzdevumiem darbam nepiecieSamo datak&ana teritoéili
ierobeZota ar visu Latviju. Otrs ierobeZojoSs ngeats saskaa ar darba rerki ir paraugkoku
vecums: parauglaukumi izketi tikai cirSanas vecumu sasnieg@sisaudzs meza galvenajcirte.
Visa valsts teritorija aptverta ar kopska?2 parauglaukumu vign (skat. 3.1. att.).

3.1. att. Parauglaukumu izvietojums Latvijas teritarij a
Fig. 3.1. Thelocation of sample plots over all the area of Latvia

Parauglaukums i2letaja audz iekartots &, lai tas reprezeftu kopunt visu audzi un lai
taja butu ne mazk ka 60 gtamas sugas, t.i.,, priedes koki. Katru parauglaukiangoso priedi
numug. Numurs novietots stumbra zielunepug, lai So atzmi vartu izmantot & orientieri,
nosakot zaru sadaimu pa stumbra perimetru. #&augstuma caurrs katrai priedei uzerits ar
dastngru, merjjumus izdarot divos savstajpperpendikudiros virzienos.

No parauglaukuma ke koku skaita pc gadjuma principa atlas ne mazk ka 20
paraugkoki, kurizlak izmantoti detaliztaku datu ieguvei.

Katra paraugkoka stumbra garumsrits lidz vietai galotnes da kur caurnars ar
mizu ir 3 cm. Reiz ar garuma ®riSanu, atiméts kreves mizas garums, panmokaltud (vai
trupgjusa) un pirna vesel, saauguszara atraSas atilums no stumbra restza

Caurngrs nerits gan ar mizu, gan beast Caurngra neriSanai bez mizas stumbrsnisanas
vieta nomizotsidz pat koksnei, izvairoties r@iar mizu n@aemt ar kadu ddu no koksnes.

Zaru uzngriSara un \eérteéSarm at@mlums no stumbra restga griezumaitiz katram zaram
merits ar nerlenti. Ja ir bijuSas Saubas par zaravekli péc veseluma, zara griezuma virsma
nofidzinata ar asu cirvi. Katrs uzéntais zars atmets , lai to neskatu atlartoti.
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3.2. att. Stumbra zonu izvietojuma varianti kvalitates \ert éSanai ec zaru raksturojuma

A —raditaju izmaigpu konstatSanai stumbra garenvirzi@n
B — kvalitates \erteSanai

Fig. 3.2. Patterns of the arrangement of stem sections for quality grading
depending on knots features

A —to recognize the stemwise variance of knotsifes;
B — for quality grading

Stumbra iedajums pa zoam zaru uzrariSara pa@adits 3.2. agla. ledatjums A izmantots,
lai noteiktu zaru skaita un caugm izmahas stumbra garenvirzignkonstagjot kata no zoram
attieaga paveida zara vijo un liekko caurngru, af skaitu. ledajums B lietots kokmateiia
kvalitates \ertéSanai, kas pamatojas uz visiem stumbra garumaipahal variantiem pa 1.5 m
gamm \erteSanas zaam.

Meérjjumu dati ied@ti no 178 priedes stumbriem.

3.3. Datu apstiade

3.3.1. Stumbra caurngra precizitate. Pamatojoties uz stumbra cauna nerjumiem ar
dastngru, lidz 3m atilumam no stumbra resganerjjumus veicot ik pa 1 m, beil&k ik pa 2m,
katram paraugkokam sagatavots stumbra formas nsodedifiski apuméts ar ikni (skat. 3.3. att.).
Lai parliecinatos par to, cik labi § izlidzinatas hnijas ieditais caurrars sakit ar faktiskajiem
merfjumiem, ir apekinata So lielumu procenila atkiriba (skat. 1. form.).

Uzmerito un no iknes nolago izfidzinato caurndru lielumu at&iribu vidcgjais aritnetiskais
lielumsir 1.77 £ 0.12 %.

Ta ka ar dastraru uzn@rito un uz izidzinatas liknes nolago stumbra caurgmu vidgja
atXkiriba negrsniedz 2 %, tad 1 cm lielumu tsasniegtu tikai pie 50 cm cawtra (apdo
kokmaterilu uzmerisara caurngru izsaka veselos centimetrosjida neliela nesakiiia nevar bt
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par iemeslu rezultiem, kas htiski atkirtos no fidos apgkinos ieditiem, kas balsti tieSi uz
MErfjumos ar dast@ru iegitiem lielumiem.

AD =1000(Dy,, = D,;s)/ Dy, (2)
kur AD -faktisko caurréra nerijumu un no izldzinatas knijas nola#o lielumu atg&iriba, %; /the difference
between actual measurements and numerical valefrom smoothed curve, %;
Dy, -ar dastraru uzneritais caurrars, cm /diameter measured with calliper, cm;

D . -no izlidzinatas inijas nolagtais caurmars, cm /diameter read from smoothed curve, cm.

nls

50
£ 5 407 —a— Pr35-1
g g 307 —Poly. (Pr35-1y
'g Q
£ E 20 ,
g S R?=0.9937
O 0O 10+

O T T T T T T

0 5 10 15 20 25 30

Attalums no resda, m /Distance from the butt end, m

3.3. att.1zlidzinata linija ar mizu meérita caurmera izmaipam paraugkoka Pr35-1 stumbra
garenvirziena
Fig. 3.3. The smoothed curve of the variance of over bark diameter lengthwise the stem of the
sample tree Pr35-1

AtSkiribu sadajuma pa bieZzumiem redzams ceatdis, t.i., ap nulli grupjosas klases spilgti
izteikts p@rsvars, ko apstiprina mekscesa lielums statistiskajoaditajos. Merjjumu at&iribas
sadadjuma poligons (skat. 3.4. att.) un algnatas varhitibas no&da uz to, ka ar vaiitibu 0.91 nav
sagaidma 10 % prsniedzoSa ak¥riba.

—e— Faktisks / Actual

>, 2000
: A
) Teorgtisks /
qg; 1500 Theoretical
L 1000 -
7]
S
, 500 .
5 /
o0 __&

0 — T T

-30 -20 -10 0 10 20 30

Caurngra nerfjumu at¥iriba, % /Diameter
mesurement difference, %

3.4. att. Ar dastmeru uzmerita un no izlidzinatas liknes iedita caurmera atskiriba
Fig. 3.4. The difference between diameters measured by calliper
and obtained from smoothed curve
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Lidzgi ka stumbra caur@ra noteikSanai jebkarataluma no resgia, tiek konstréta mizas
biezuma izmaias pafidoSa izidzinata finija. Lai garliecinatos par to, cik labi §c izlidzinatas finijas
iegitais mizas biezums sakrar faktiskajiem rarjjumiem, ir apgkinata So lielumu procenala
at&iriba.

3.3.2. Relatvais stumbra garums. Caurngra un mizas biezuma izmai skaidrojumam
starp visiem paraugkokiem nepiecieSams fe#& Stumbra garums, lai izgtu paraugkoku
stumbru garumu at#ibu ietekmi savstagps dazdu stumbru sadizimajumos. Stumbra garumu
pienemot vienidzigu 100 %, jebkuru &atfumu no stumbra resgmapekina, neizsakot to metros, bet
procentos (skat. 2. form.).

L, =10001/L,,, (2)

kur L, -at@lums no stumbra resga %; /the distance from stem butt end, %;

| -atslums no stumbra resigg m /the distance from stem butt end, m;

L

m -Stumbra garums, mstem length, m.

3.3.3. Raukums.Raukums katra paraugkoka sumbragkinats atsevigi pa 1 m gariem
nogrieziem unisakajai atlikuSajai stumbra galotnes|aia(skat. 3. form.).

R=(dyg =)/ 1, (3)
kur R -raukums, cm i / taper, cm nt;
drsg ,dtvg -attieagi caurners ar mizu apia kokmaterila resgal un tievgad, cm /round timber

diameter over bark, accordingly at the log ertd and top end, cm;
| -apda kokmaterila garums, m found timber length, m.

3.3.4. Mizas procentdlais daudzums.Mizas procentaéio daudzumu, kasada, kidu ddu
no koggja tilpuma ainem miza, jebkur apda kokmaterila vieta var iedit pec attiedbas starp
Skersgriezuma laukuma lielumiem Zajieta, nosakot tos ar mizu un bez mizas ( skat. 4. form.

V. o, =10000(d2 —-d2 )/dZ , 4)
kur Vm% -mizas procentilais daudzums, %;bark percentage, %;
d,,.d,, -atieagi kokmaterila caurngrs ar mizu un bez mizas, crotind timber

diameter, accordingly over bark and under baik, c

3.3.5. Kokmaterialu nosaata vertiba. Pamatojoties uz Latvijas kokma@u cenu anake
noteiktagm videjam verttbam dazdiemcaurngra skaitliskajiem lielumiem un korekcijai izmantbjo
kvalitates indeksu, ir sa&fita vidkjo cenu tabula. Maksiaha skaitliska vértiba Saj tabub pienemta
vienlidziga 100 % un tad visasangjas \ertibas attiemyi parrekinatas, fdgjadi iegastot 1 ni
kokmaterilu relatvo vertibu skaitliskos lielumus atkand no caurmdra un no kvalidtes &ditaja
lieluma (skat. 3.5. att.).

Nosadtas \ertibas skaitlisko lielumu atrod, kokmat@a faktiskajai kvaliitei atbilstoSo
relatva forma izteikto \ertibu izsakot procentos no koksnes pilnastilas (skat. 5. form.). Par
pilnu vertibu pimemts augakajai kvaliitei atbilstoSs #rtibas lielums, neatkagi no kokmateila
caurngra unipadbam, kas vagtu ieteknet ta talako izmantoSanu.
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K, =100f,, / f ., )

kur K v - apda kokmaterila nosata vertiba, % /the relative value of round timber, %;

fkv - faktiskajai kvalittei atbilstoSa relata forma izteikta \ertiba; % /relative value

corresponding to actual quality, %;

f . -augsikajai kvaliatei atbilstoSa (pilna)ytpaSa kokmateiia koksnes &rtiba, % /relative value

pin
corresponding to the best quality of the sammbér, %.

Ja nosata vértiba pnosaka visam stumbram vaidai stumbra dai, kas sagv no
kvalitates zha atirigiem nogriegiem, tad to &ina ka vidgjo s\erto lielumu @gc kvalitates zha
atXirigo nogrieau tilpuma (skat. 6. form.).

K, 200DV, fy (T V), (6)

kur \/I - pec kvalitates viendatgas kokmate#ia i-tas ddas tilpums, rfy / the volume of i-part of timber of

uniform quality, nf
n - &c kvalitates atgirigo ddu skaits the number of parts of unequal quality;
-pec kvalitates viendalgas kokmatedia i-tas ddas relaiva vertiba, % /the relative value of i-part

of timber of uniform quality, %.

kv,i

l 80-100
1 m3 relaiva 100+ C160-80
vertiba, % Egggg
Relative value @ 0-20

of 1m3, %

80

25 40 .
15 5 Kvalitate, %
Caurngrs, cm Quality

Diameter, cm

3.5. att. Priedes apk kokmaterialu 1 m® relativa vertiba atkariba no caurmera un kvalit ates
Fig. 3.5. Therelative value of 1m?pine round timber depending on diameter and quality

3.3.6. Koka stabilitates raditajs. Koka stabiliites &ditajs (19) raksturo attiebu starp
koka augstumu, izteiktu metros unpasa koka KiSaugstuma caur@ru, izteiktu centimetros (skat.
7. form.):

Kg=H/Dy, (7)
kur K, - koka stabiliites aditajs / tree slenderness;

H - koka augstums, ihtree height, m;
D, , - koka knSaugstuma caurgrs, cm /tree breast-height diameter, cm.
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4. REZULTATI
4.1. Galvenie izndri

Apalo kokmaterilu galvenie iznari raksturo to garumu un resnumu. AugoSiem koki@m t
ir caurners un koka augstums.&fjumos analiztas paraugkoku kopas koku G§augstuma
caurneru sadajums atbilst norralajam, &pec var uzskat, ka iz\&letie paraugkoki reprezent
cértama vecuma priedes Latvijas mezos.

Paraugkoku KrSaugstuma caur@ra (cm) statistiskieaditaji:

- aritmetiskais vidtjais 32.21

- standartkida 0.65

- standartnovirze 8.73

- ekscess -0.40
- asimetrija -0.01

Pamatojoties uz agkinatajiem statistiskajiem lielumiem var spriest, kalgji ap 59 %
ceértamo koku sagaimi ar kifiSaugstuma caurru starp 20 un 36 cm, 33 % koku — ar §kinela
36 cm caurraru, 8 % koku — ar cauréns lidz 20 cm. Ap 55 % koku vamibar augstumu starp 19
un 27 m, 34 % koku — ar augstumu virs 27 m, 11 % kekuaugstumudz 19 m.

Caurntra izmahas stumbra garenvirzignir noteiktas ne tikai atsews katram
paraugkokam, bets skaitas ar visiem paraugkokiem kapun pa paraugkoku caudna gru@m
(skat. 4.1. att.).

——16
—=—20
——24
——28
—32
—o—36
—x—40
——44
——48
——52

Caurngrs, cm /Diameter, cm

Attalums no stumbra restzg % /
Distance from the stem butt end, %

4.1. att. Ar mizu mérita caurmera izmainas stumbra garenvirziera
pa visu paraugkoku kraSaugstuma caurngra grupam

16 ... 52 - kiiSaugstuma caurdrs, cm

Fig. 4.1. Over bark diameter variance lengthwise the stem
in the breast-height diameter groups of all sample trees

16...52 — tree breast-height diameter, cm
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4.2. Raukums

Lai izsekotu raukuma izmgm stumbra garenvirzi@nun iegitu priekSstatu par vigiam
vertibam dazdas stumbra das, katra paraugkoka stumbram takimats atsevigi pa 1 m gariem
nogrieziem, fEc tam izdarot an@i ka visai paraugkoku kopaia tafn pa stumbru galveno izru
grupam. Konstagts, ka vidji starp visiem paraugkokiem ligKais raukums ir stumbra resgéidz
apneram 15 % aflumam no stumbra garuma un galotne$i,dsekot jau ar apreram 65 % no
stumbra garuma, kur tagmsniedz 1 cm M. Stumbra vidusda raukums vidji ir zem 1 cm i, un
var teikt, ka kopurm puse no priedes stumbra garuma ir @uSraukumu. Visliedka izkliede ap
raukuma vidjam \ertibam ir pad resgal un galotnes da (skat. 4.2. att.).

Atseviki aprkinot raukuma vidjos lielumus un standartnovirzi 1.5, 2.5 uidzl 8.5 m
ataluma no resg, noteikts raukuma skaitliskieluma novirzes lielums, akis atbilst varbtibai
0.95 (skat. 4.1. tabulu). A8ie skaili liecina, ka izkliede ap viglam vertibam ir liela. leverojams
novirzes samazijums pafidas, gikot tikai ar 5.5 m afflumu no stumbra restgm Vismazka
raukuma izkliede saska ar veikto apgkinu ir 7.5 m atiluma no resgéa. Varhitiba, ka raukums no
aprkinatas vidgjas \ertibas nealdrsies vaiik ka 10 %, nav liela. T mairas no 0.15 pie 4.5 m
ataluma no resda lidz 0.26 pie 7.5 m d@fuma no resda. Stumbra cauréna ietekme uz raukumu
izpauzas galvenakt resgda dda. No 7... 8 m aftluma no stumbra resigaraukuma aidribas
starp daZ#da caurrdra kokmatedlu grupu vidjiem caurngriem vairs nav fbtiskas, kas
noskaidrots, ar T — testanpaudi saidzinot raukumus da#la kokmatedlu caurngra grugas.

Ir aprekinats un analigts raukums katram 2, 3, 4 un 5 m garam kokmigen, sagatavotam
stumbra resgal vidusdda un galotnes da. Konstagts, kaisakiem kokmatedliem (2 un 3 m)
raukums ir lieiks stumbra resgalbet gafkiem (4 un 5 m) galotnes Wa Tam par iemeslu ir
apstklis, ka stumbra da ar palieliatu raukumu resgalir isaka nek galotnes da. Neliels
raukuma atsribas starp ceritlaja stumbra di sagatavotiem dada garuma kokmatatiem nav
uzskaimas k batiskas.

Pienemot, ka jebkuram no nogrigem ir koniska forma, ir apkinats raukums datla
garuma kokmateiliem, sagatavotiem stumbra reggalidusdda un galotnes da, par pamatu
nemot nogrieda tilpumu un tievgla caurndru. Sadi apekinatu raukuma lielumu var izmantot
kokmaterila formas no®rteSanai: ja pc tilpuma apgkinatais raukums ir liekks nek pec galu
caurneriem noteiktais, tad kokmatélam ir izliekta forma. Préfa gadjuma, t.i., ja raukums §c
tilpuma ir mazks nelk pec galu caurrériem noteiktais, tad kokmatéla forma ir ieliekta.

_ 45
£ 2
e E R? = 0.6971
& g 3 - SRS
U)‘ (@]
e o
2 515/ \ /
3
o
0 T T T T 1
0 20 40 60 80 100

Attalums no stumbra resiza % /
Distance from the stem butt end, %

4.2. att. Visu paraugkoku raukuma izmaina stumbra garenvirziera
Fig. 4.2. Stem lengthwise variance of taper of all sample trees
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4.1. tabula Table 4.1

Raukums, cm ni*, daZada attaluma no stumbra resgda, iesggjams ar varbiitibu 0.95
Taper, cm i, at different distances from stem butt end, abphility 0.95

Attalums no stumbra resga m / Jm Videjais /Mean Maksinlais / Minimalais /

Distance from the stem butt end, Maximum Minimum
1.5 2.37 451 0.24
2.5 1.50 2.87 0.12
3.5 1.01 1.93 0.08
4.5 0.83 1.70 0.04
55 0.71 1.29 0.14
6.5 0.72 1.24 0.20
7.5 0.72 1.15 0.29
8.5 0.74 1.24 0.24

4.3. Mizas biezums un daudzums

Vispirms mizas biezums noteikts akinu cda, pamatojoties uz cau@ra nerjumiem ar
mizu un bez mizas. alakai anaizei lietoti izidzinati mizas biezumi, kas i@fi no Ilinijas,
konstrigtas pamatojoties uz ansSanas vidis apekinatajiem mizas biezumiem. Végh procentala
atXiriba starp apkinato un no izidzinatas inijas nolago mizas biezumu ir 1.370.39 %.

Vidgji jau pirmajos 15 % no stumbra garuma, virziero stumbra resd@a, mizas biezums
samazias lidz 1 cm, bet g 30 % no stumbra garum@aidgjais lielums vairs nefysniedz 5 mm

(skat. 4.3. att.).

R*=0.8114

0 20 40

Mizas biezums, cm Bark
thickness, cm
RN

80

Attalums no stumbra restzg % /
Distance from the stem butt end, %

100

4.3. att. Visu paraugkoku mizas biezuma izmaia stumbra garenvirziera
Fig. 4.3. Stem lengthwise variance of bark thickness of all sample trees

Izkliede ap vidjam mizas biezumaégvtibam liecina par lielu aidribu starp atsevisem
kokiem. Nelielas,1dz 10 % atkiribas no vidjiem lielumiem sagainas ar vartitibu, ne augaku
ka 0.15. Viens no galvenajiem &idbu iemesliem ir stumbra cauéns (skat. 4.4. att.).

Izsakot mizas biezumu procentos no kokmal®mcaurngra, iedist relatvo mizas biezumu.
Vidgji starp visiem paraugkokiem tas ir 6 % pasumbra resgalbet idz vietai, aptuveniitizigai
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1/3 no stumbra garuma, samaairidz 2 %. &ds lielums saglafjas stumbraalakaja daa, un tikai
pedejos stumbra garuma 20 % tas strauji pal@difidz 8 %.

N7
%
< T——

0 2 4 6 8 10
Attalums no resda, m/Distance from the butt end, m

=
o

Mizas biezums, cn
Bark thickness, cn
=

o
[

4.4. att. Mizas biezuma vidjais lielums dazda attaluma no stumbra resgda atkariba no
stumbra caurméra meérisanas viel

Caurners: 1 — virs 30 cm; 2 —vigais;
3 —starp 20 un 30 cm; 4igd¥ 20 cm

Fig. 4.4. The mean value of bark thickness at different distance from the stem butt end regarding
to stem diameter at measuring point

Diameter: 1 — over 30 cm; 2 — average;
3 — between 20 and 30 cm; 4 — under 20 cm

Pa visu paraugkoku kopw@ tilpuma noteikts vigjais mizas daudzums ir 9.07 + 0.08 %.
Tas apgkinats af gan atsevi§em paraugkokiem, gan pa kokmasricaurngra un mizas biezuma
grupam. Lielakais, ap 22 %, mizas daudzums ir to kokmakergrum, kuriem mizas biezums
tievgal parsniedz 2 cm (skat. 4.5. att.).

25.00+ 22.18
20.00 : s
15.00 :

10.00+
5.00+
0.00

Mizas % /Bark %

vidgji/  <=0.5
average

Mizas biezuma grupas, cm /
Bark thickness groups, cm

4.5. att. Mizas procentdila daudzuma vidgjais lielums
apalo kokmaterialu grupas ar at&kirigu mizas biezumu
Fig. 4.5. The average bark percentage of round timber groups with different bark thickness
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SaidzinaSanainemtas 1 m garu nogrigd grupas, mizas biezumu nosakot tievg#la
redzams 4.5. ata, tad 8 % nefirsniedzoSs mizas procealais daudzums ir tikai phas mizas
grupa, bet ieérojami palieliras reiZ£ ar mizas biezumu. Atseki®m kokmateidliem miza var
parsniegt 20 % no kagpa tilpuma.

Ta ka mizas relawais biezums un procentos izteikts mizas daudzwamsafojas uz vieniem
un tiem paSiem ap@akokmaterila izmériem &ersvirziers, tad labi saprotama So alagitaju cie&
korelatva saisiba (koeficients 0.90). To var izmantot mizas préegia daudzuma &teSanai jgc
mizas biezuma. Saibu labi apraksta taisnes viglojums (skat. 8. form.):

V., =3.5304b

kur Vo, - mizas tilpums, % bark volume, %;

b

m

+07724, 8)

mz%

L0 - Mizas relavais biezums, %the relative thickness of bark, %.

4.4. Zaru raksturojums

Pa visiem paraugkokiem kapuzmneriti un nowrteti 25041 véejo zaru, no tiem 9679
trupgjusi, 7095 nokaltuSi un 8267 veseli. Viena parakgkstumbra vigjais zaru skaits ir 141 + 4.
Tas maias no 67 paraugkoku gra@r 16 cm kiSaugstuma caugru lidz 222 paraugkoku gragpr 52
cm kiiSaugstuma caugru. Analizjot priedes stumbra zarus@to sadajuma pa paveidiem
konstagts, ka vidji starp visiem paraugkokiem ir 33.7 = 1.0 % @&jy$o (standartnovirze 14.0 %),
28.9 = 0.9 % nokaltuSo (standartnovirze 12.6 %) 3m4 + 0.9 % veselo, saauguSo zaru
(standartnovirze 11.6 %).

Veselo zaru vigjais caurndrs apm. pusotidtigi parsniedz trupjuSos un nokaltuSos, bet
tikai ap 16 % ir caur@gra at¥iribas starp nokaltuSo un t@jpSo zaru paveidiem. Starp visiem
paraugkokiem vigiais caurmirs pa paveidiem ira8ls: trugjuSiem zariem tas ir 17.5 £ 0.1 mm,
nokaltuSiem — 21.0 + 0.1 mm, bet veseliem, saaagusi 30.4 + 0.2 mm. Var uzskiatkka &di zari
ir nelieli.

Zaru victjais caurnars palieliras reiz ar stumbra KiSaugstuma cauriru (skat. 4.2. tab.).

4.2. tabula Table 4.2
Vidgjais zara caurmers (mm) /
Average diameter of knot (mm)

KraSaugstuma caurra . o Veseli, saaugusi
grupa, cm G_roup of breast-| Trupgjusi /Unsound| Nokaltusi /Dead Sbund
height diameter, cm
16 9.9+0.2 11.1+0.3 17.9+0.5
20 11.6+0.2 14.7 £ 0.3 24.6 £ 0.6
24 13.9+0.2 16.7 £ 0.2 25.4+0.5
28 13.7+0.2 18.7+0.4 26.4 + 0.6
32 16.5+0.2 20.4+£0.3 30.2+04
36 18.4+0.2 23.0+£0.3 30.7+04
40 18.8+0.3 23.1+0.4 34.1+0.6
44 21.8+0.2 26.0+04 33.9+0.5
48 22.1+04 27.1+£0.9 32.2+0.7
52 245+0.4 26.8+1.0 35.1+1.0
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KraSaugstuma cau@mam palielinoties no 16 cmidz 52 cm, vidjais trugjuso zaru
caurners palieliras 1.4 reizes, nokaltuSo — 1.2 reizes, bet vesatyguso — 1.7 reizes.

Analizéto paraugkoku grupai 3o paliefijumu labi apraksta vierskSas lin@aras
sakarbas (9 — truguSiem zariem, 10 — nokaltuSiem zariem, 11 — vesglisaauguSiem zariem):

d, =0.3956d, , + 3.6605, (R* = 0.9837) 9)
d, =0.4401d, , +5.7861, (R* = 0.9615) (10)
d, =0.415d, , +14.924, (R*=0.8617) (12)

kur dZ - zara vi@jais caurndrs, mm /the mean diameter of knot, mm;

d1.3 - kriSaugstuma caurgrs, cm fthe breast-height diameter, cm.

Vertejot pa 1.5 m gam zoram konstadts, ka liefikie truggjuSie zari stumbra resigadda
Vidgji ir ar 21 mm caurréru. Talak to caurnars pakipeniski palielias fidz 26 mm, un tas ir stumbra
vieta, kas atbilst 40% no stumbra garuma. Ne gietas truguSo zaru caurers atkal sk
samazigaties un stumbra viet atbilstod 80% no i garuma, vairs ir tikai 20 mm. Pagalotnes da
esoSie liglkie truggjusie zari ir ar cauraru ap 15 mm (skat. 4.6. att.). Tievajiemi@augstuma
caurners 16 tdz 20 cm) stumbriem ligko truggjuSo zaru vidjais caurmars nesasniedz 20 mm un
izteikti nemaias stumbra garenass virzienResmakiem stumbriem tru§uSo zaru caurgrs ir
lielaks, un 52 cm KrSaugstuma caurra grup tas sasniedz 38 mm.

Katros \rtetajos 1.5 m liglkais nokaltuSo zaru cauens vickji ir 20 mm stumbra resdga
daa, bet palielias lidz 37 mm stumbra vid Zem 20 mm tas samazmtikai Edejos 10 % no
stumbra garuma (skat. 4.7. att.). NokaltuSo zawzra palieliraSaras reiZ ar stumbra resnumu ir
tikpat izteikta K trupgjuSiem zariem: 52 cm k8augstuma caurra grug@ lielako zaru vidjais
caurngra sasniedz 55 mm.
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4.6. att. Lielako trup &juso zaru caurmera izmainas stumbra garenvirziera
Fig. 4.6. Thevariance of the diameter of the biggest unsound knots lengthwise the stem

Katra 1.5 m gai& stumbra erteSanas da lielakie veselie, saauguSie zari stumbra garenass
virziena mairas daudz mak nelé trupgjusie un nokaltuSie. Stumbra vidu$glgo caurmrs vidji ir
49 mm. Hlak tievgda virziera tas palielias lidz 54 mm viet, kas atbilst 80 % stumbra garuma,
bet @c tam pakpeniski samazis lidz 40 mm pastievgai.
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4.7. att. Lielako nokaltuSo zaru caurnera izmainas stumbra garenvirziera
Fig. 4.7. Thevariance of the diameter of the biggest dead knots lengthwise the stem

Vertejot zaru skaita izmaas stumbra garenvirzienpa katriem stumbra garuma 5 %
konstakts, ka trupjuSo zaru skaits palielis visai vienrarigi, maksimumu sasniedzot starp 30 un 40 %
no stumbra garuma. Tad r@wgjama skaita samazisaras, un [gdéjos stumbra garuma 15 %di
zaru jau ir pavisam maz. NokaltuSo zaru skaita immaaksturs stumbra garenvirzieir lidzigs
trupgjuSiem zariem. Tie padas, sikot ar 15 % no stumbrgaruma, un to skaits garuma viien
talak stumbra garenvirzi@n sakotngji palielinas maz. Stradka skaita palieliaSanas @kas,
tuvojoties 40 % no stumbra garuma, maksimumu sdzaigie 60 — 70 % no stumbra garumec P
tam So zaru skaits garuma vileh viennerigi samazias lidz pat paSai stumbra galotnei. Veselie,
saaugusie zari vigi sakas pie atluma no stumbra resig kasidzinas 35 % no stumbra garuma.
Skaita palieligjlumam ir izteikts tempa adpinajums, kas &k samaziaties pie 80 % no stumbra
garuma. Liedkais veselo zaru skaits ir pie 90 % no stumbramaru

Trupgjuso zaru visliglkais (vicji no 6 lidz 7) skaits 1.5 m garas stumbrdadaslikekaja
pust ir vieta, kas atbilst 35 % no stumbra garuma (skat. 4t§. at

10
R?=0.885

Knots number in 1.5m zone

Zaru skaits 1.5 m zan.

O T T T T 1

0 20 40 60 80 100
Attalums no stumbra restzg % /

The distance from the stem butt end, %

4.8. att. TrupgjusSo zaru skaita izmanas 1.5 m @értéSanas zoas
Fig. 4.8. Thevariance of the number of unsound knotsin 1.5 m grading zones

Lielakais (vickji no 5 lidz 6) nokaltuSo zaru skaits 1.5 m @sérteSanas zanir ieverojami
talak no stumbra resda (skat. 4.9. att.). V@i ta ir vieta, kasidzinas 65 % no stumbra garuma.
Veselajiem zariem ir izteikta to skaita pali@karas stumbra tievda virziera. Pedéjos 5 % no
stumbra garuma stumbra sfikéis puses 1.5 m davidgji ir 10 [idz 12 veselie zari.
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4.9, att. Nokaltuso zaru skaita izmapas 1.5 m értéSanas zoas
Fig. 4.9. The variance of the number of dead knotsin 1.5 m grading zones

Zaru mieturu alums maias stumbra garuma virzienStumbra resda dda tas ir liekks,
tad diezgan vienarigi samazias lidz 4/5 no stumbra garuma, b@&tgia stumbra garuma piekttia
atkal Wust lielaks. Vidgjais atilums starp mieturiem ir 28.4 + 0.29 cm.

Lidz apm. 55% no stumbra garuma mietureis gkaita prsvas ir trupgjuSie zari. Blak lidz
75% no stumbra garuma mieturos visgRiir nokaltuSo zaru, bet tikai stumbra garun@agpos
25% domir veselie zari. Vidjais zaru skaits vienmietui ir 2.8+0,03.

Zaru caurrdra atgiribas pa stumbra perimetra sektoriem idzl14.3 %. Zaru skaita
sadaljuma pa sektoriem ak¥ribas nav tik izteiktas. a6 neprsniedz 6.6 %. Lai arkonstagtas
atXiribas ir lutiskas, értejot ar materatiskas statistikas pgmieniem, is nevar kalpot par pamatu,
lai ierosiratu noteikt ap@ kokmaterila kvalitati pa & pusm vai ceturtd&m, dalot kokmatediu
pa & garenasi ar vienu (lai iatu 2 puses) vai dam (lai ieditu 4 ceturtdias) plakam.

4.5. Stumbra zarojuma zonas

Katra paraugkoka stumbrs ietlalzoras atkatba no zaru raksturojuma. Stumbra resgalim
tuvaka dda, kué nav vdgjo zaru, apuncta ki bezzaru zona. Pagkanmas zonas akumu pimemta
stumbra resgalim taka valéja zara atraSas vieta. Ja tas ir nokaltis vai jau tgjip, tad ar to kas
nokaltuSo zaru zona. Ar pirmo veselo, saauguso zaltuusskaiit veselo zaru zonu. Stumbra
iedaijums paargja zarojuna zoram mirgtaja veida ir nedaudz nosas, jo veselo zaru zamereti
sastopami amokaltusi un trugusi zari. Atkiriba starp nokaltuSo un veselo zaru zonu garumiem ir
praktiski maznouniga, bet atsevis katrai no 8m garums ir apm. divas reizes dik$ neld bezzaru
zonai (skat. 4.3. tab.). Bezzaru zonayaim apm. piekto da no stumbra garuma.

Ta ka izplattakajam apd kokmaterilu sortimentam, ko sagatavo no priedes risddas,
zagbalkim, minimalais garums atbilstoSi standartam nepiecieSams vismaz 38J) tad paraugkoki,
kuru stumbriem bezzaru zonaisika nekk 3.0 m, ir atdati atsevi&a grupm, to apzmgjot ka
“stumbri arisu bezzaru zonu”. No visa analz stumbru skaitaatliem atbilst 33.3 %. AtlikuSie
stumbri savukrt vel sadaiti pa divam gru@m ar at&irigu bezzaru zonas garumu. Stumbri, kuriem
bezzaru zona ir vismaz 3.0 m gara, beisika nek 6.0 m, ieskaiti grupa “stumbri ar vidja
garuma bezzaru zonu™.adlu pavisam ir 42.5 %. Grap'stumbri ar garu bezzaru zonu” (bezzaru
zonas garumamalpiat 6.0 m vai vaiik, lai no &s var sagatavot vismaz 2 mirilm garuma
zagbalkus) iedaiti 24.2 % visu anali@o stumbru.

Mingétas stumbru grupas ar &i8§gu bezzaru zonu garumukak iedaftas atkaiba no
nokaltuSo zaru zonas garuma. Paakabgadjumu, \ertgjot no iesgjamo kokmatetlu kvalitates
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viedoKa, pimemta Agbaka maksinmilo garumu, t.i., 5.5 m n@psniedzoSa nokaltuSo zaru zona. Ja
zona ir gadka, tad attieryi vertéts, vai & nefrsniedz 2 migtos Agbaku garumus, resp., 11.0 m.
Ka pats slikiikais gagjums uzskats ads, kad nokaltuso zaru zona ir faa nekk 11.0 m.

4.3. tabula Table 4.3

Stumbra zarojuma zonu statistiskie aditaji
The statistical indices of stem knottiness zones

Garums Length
m/m % no stumbra garuma /
Ta i)
Radtjs / — in % of stem Iengtr\ll |
Index nokaltuso eselo nokaltuso eselo
bezzaru / zaru / bezzaru / zaru /
knot-free zaru / sound knot-free zaru / sound
dead knots dead knots
knots knots
aritmetiskais
vidgjais / 4.51 9.83 9.50 19.37 41.03 39.60
average
standartlada / 0.20 0.29 0.26 0.83 0.97 0.82
standard error
standartnovirze
standard 2.65 3.81 3.48 11.12 12.96 10.94
deviation

Analizéto stumbru skaita ied@ms atkaiba no mirgtajiem zarojuma zonu garumiem
redzams 4.10. att.eP ta var spriest, ka 90 % ggdmu galvendj cirte priezu audzs rekas
rekinaties ar 5.5 m frsniedzosu nokaltuSo zaru zonas garumdz 5.5 m gara nokaltuSo zaru zona
bieZk ir kokiem ar garu bezzaru WA Vidgji tada ir katram ceturtajam kokam, kura bezzana da

vismaz 6.0 m gara.

50 ON<5.5m EIN=5.5m...11.0mE N>11.0m

40
30
20
10

0

S

>6.0m 3.0m...6.0m <3.0m
Bezzaru dis garums, m/

The length of knot-free zone, m

4.10. att. Paraugkoku skaita sadajums atkariba no zarojuma zonu garuma, %

N — nokaltu$o zaru zonas garums

Fig. 4.10. Thedistribution of sample trees number depending on knottiness zones length, %

N — the length of dead knots zone
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4.6. Priedes stumbra kvaliite un ertiba

Stumbra kvaliti raksturo iegstamo ap kokmaterilu atbilstba noteikim prasbam. Saji
darka kokmaterilu kvalitates \erteéSanai izmantotgpasi Sim nalkam izstadats paémiens, kas dod
objekiivu, no daizdiem normawiem dokumentiem neatkigu rezuliitu. Par pamatu iiemta ataja,
ka zari kokmategia kvalitati samazina 70-80 % no visiendrteSanas gagumiem. Ta ka ir iegats
labs zaru raksturojums, tad stumbra ka#dit pa ¥rtéSanas zoim piepgemta atbilstoSi zaru
caurngram un skaitam katmo &am.

Ka augsikajai kvalititei atbilstoSi uzskai visi gadjumi, kad vagjo zaru visgr nav, bet
kvalitate ka vidgja verteéta tad, kad zaru raksturojumsri€Sanas viet sakit ar Etjumos iegita
priedes zaru raksturojuma gdm \ertibam. Attieagi kvalitate starp augsko un vicjo uzskaita
ka laba, bet starp vigo un zemu — & apmierinoSa. Robeéitibas (skat. 4.4. tab.) starp kvatés
grupem pamatotas, anatipt varhitibas lielumus, arddu sagaidmas attietgas zaru raksturojuma
skaitliskas \ertibas.

Visi paraugkoku stumbri n@wtéti atbilstoSi zaru raksturojuma robe&kibam katda no
kvalitates grugm un sadati pa iedomitam sagarumo3anas Vdet 4, lai katra nogriega garums
butu starp 3.0 un 5.5 m.aBsniedzot grupas 4 robesttibas, Kk af tad, ja nogriega minimalais
caurners bez mizas nesasniedz 10 cm, kawditerteta ka zema, t.i., atbilstoSa grupai 5.

Stumbra garenvirziankvalitate nemaias viennerigi (skat. 4.11. att.), joge stumbra dias,
kur kvalitati pazemina nokaltuSie un trgjpSie zari, ilak galotnes virzienir veselo, saauguso zaru
zona, kui atmiruSo zaru skaits un cauire ir samazifjies. Liekkaja dda (66.3 %) gagumu
pirmais nogrieznis atbilst augkhjai kvalittei.

4.4. tabula Table 4.4
Zaru maksimalas vertibas pa kvalitates grupam /
Maximum values of knots of quality groups

Kvalitate /Quality

Zara paveids Knot kind
1 2 3 4

caurngrs, mm /diameter, mm

trupgjis / unsound 0 15 30 40
nokaltis /dead 0 20 40 60
vesels, saaudzisbund 0 35 60 105

skaits 1.5 m zan/ number in 1.5 m zone

trupejusi / unsound 0 3 6 9
nokaltusi /dead 0 3 6 9
veseli, saaugusisound 0 4 7 10
visi / all 0 7 12 17

Kvalitate: 1 — auggka; 2 — laba;
3 — victja; 4 — apmierinoSa /
Quality: 1 — the best; 2 — good;
3 — average; 4 — satisfactory
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4.11. att. Paraugkoka Dnd2-60 stumbra sagarumosSanagetas un
nogrieznu garumi atbilstoSi kvalitatei
Fig. 4.11. The sample tree Dnd2-60 stem cross-cutting points and log length depending on
quality

To gadjumu skaits, kad pirmais nogrieznis atbilst labai ka#dit (11.4 %) ir nedaudz
maziks nek tadu, kad jau paSam pirmajam nogrieznim ir tikaicjadkvalitate (13.7 %). Otrais
nogrieznis atbilst augaitajai kvalititei 24.6 % gagumu, ton&r veért§jums ar Bditaju 3 ir jau
30.3 %. Satzinajuma ar pirma nogrieza kvalititi, daudz vaiik ir gadjumu, kad 1 ir ieverojami
zemnaka: \ertgjums ar &ditaju 4 sastopams 23.4 % gaohmu, bet ar 5 — 9.1 % ggdmu. Raditajam
2 atbilstoSas kvalites sastopatbha maz at§ras no pirmd nogrieaa — 12.6 %.

Tre& nogrieqa \ertejums gandiz pilniba atbilst vicgjai un zemai kvalittei. Visbiezk
vertejums ir ar Bditaju 5 (32.6 % gagumu). Daudz neak$ras \ertejums ar &ditaju 4 — 31.4 %
gadjumu. Vertgjums 3 ir dots 25.7 % ggdmu. Laba kvaliite treSajam nogrieznim ir tikai
aptuveni 10 % no sagarumoSana&ngim: 8.0 % gagumu \ertgjums ir 2, bet tikai 2.3 % gadmu
ir atbilstoSi augskajai kvalifaitei. Augstika un laba kvalite vairs nav sastopamaket ar ceturto
nogriezni. Strauji samazis af raditijam 3 atbilsto3o gapimu skaits. Saj atéiluma no stumbra
resgda atkirtbam starp paraugkokiem par iemeslu biezi vien ir tagséddem stumbriem ceturtais
nogrieznis ir pati galotnes [ bet gatkajiem & Vel ir tikai vidusdda. No visiem anali&tajiem
paraugkokiematdu, kuriem nogriegu skaits sagarumoSanas€isi negrsniedz 4, ir 8.6 %.

Visvairak (32.0 %) ir paraugkoku, kuru stumbrqkvalitites sadati 6 nogrienos. Talak
pec skaita ir &di, kur sagarumoSanaséesha ir 7 (25.7 %) vai 5 (21.7 %) nogrigiz Stumbrs tiek
sadaits ast@os nogrieaos 9.7 % gagumu un dewios — 2.3 % gagumu. Lai noskaidrotu
iesggjamas kvalitites izmanu rakstura aidribas dazda garuma stumbriem, tie sadiaba grugm
pec viena stumbra nogried skaita. Katt no grupgm apgkinats vicgjais kvaliites aditaja lielums
pa nogriedu se@bas numuriem sagarumoSanag€nsh Analizé noskaidrots, ka stumbriem ar
nogriezu skaitu 1dz 6, nogérojama izteikta kvalittes pazemi@Saras tendence stumbra galotnes
virziena. Ja nogriegu skaits ir liefiks, tad, inpemot paSu §déjo nogriezni, savstagms atkiribas
starp i#lakajiem nav lielas. Gakajiem stumbriem rakstiga neliela tendence kvaliei
paaugstiaties stumbra da starp i vidu un &dgjo nogriezni.

Analizgjot kvalitates \ertejumu pa stumbru KSaugstuma cauma gru@am, kvalitates
raditajiem attie@gs sadajums noteikts pc tilpuma (skat. 4.12. att.).
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4.12. att. Stumbra tilpuma sadafjums atbilstosi kvalitates raditaja lielumam dazadas
kr aSaugstuma caurngra grupas

1...5 - kvaligtes aditaji

Fig. 4.12. The distribution of stem volume corresponding to quality in different breast-height
diameter groups

1...5 - quality grades

Pec tilpuma visvaiik augsikas kvaliites kokmatefiu iegist no kokiem, kas ir 28 un 32 cm
kriSaugstuma caurra grug@s, attie@gi 63.8 un 59.8 %. Kapa tendence ir kvalites vienngrigam
palielimjumam idz alam mirgtajam caurngdra grumgm, pec tam atkal samazinoties lki&h
caurngra stumbru grugs, bet ar ak izteiktu izmanu raksturu. Kvaliites aditajam 2 atbilstoSu
kokmaterilu samaziaSaris tendence ir virziemno mazka caurngra grupas uz gr@m ar liekku
caurneru lidz pat 32 cm KSaugstuma caufram. Kvaliites BAditajiem 3 un 4 atbilstoSu
kokmaterilu ir izteikti vairak, sakot ar 36 cm caur@ma grupu. Liedko caurngru grug@s ir verojama
zemnikas kvaliites kokmatealu parsvara tendence.
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4.13. att. Priedes paraugkoku stumbru nosata vertiba saisiba ar bezzaru zonas garumu
Fig. 4.13. The estimation of relative value of pine sample trees stems depending on the length of
knotless zone
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Daifjumos ar kokmateiliem \ertibu izsaka cena. Kopuircenu ietekra daudzi apsakli.
Saj darta kokmaterilu Vértiba izteikta relava forma, lai izvaifitos no réli kokmaterglu tirga
es0S0 cenu avstibu pasivigas ietekmes uzenteSanas rezudtiem. Vera nemti tikai divi \ertibas
ieteknetaji: apda kokmaterila caurngrs un kvaligtes \ertgjums.

Katra paraugkoka stumbram ir akinata nosatta vértiba, noteikts visas paraugkoku kopas
aritmetiskais victjais lielums (55.96+0.56 %) un standartnovirze $7%), nowrtéta atbilsiba
normalajam sadajumam. Konstats, ka stumbra nosaajai \Ertibai ciedka poziiva saisitba
(korekcijas koeficients 0.7637) ir ar stumbra bezzanasigarumu (skat. 4.13. att.).

Ar koka galvenajiem iz@riem ir \aji izteikta negéatva korefcija (ar kmSaugstuma
caurneru korehcijas koeficients ir -0.2654, bet ar koka augstusasi ir -0.1418). Ir &rojama ar
tendence stumbra nos&gai \ertibai palieliraities reiz ar koka stabilites Bditaja lielumu
(korekcijas koeficients 0.2346).

4.7. Koka stabilitates raditaja lielums un saistba ar zaru raksturojumu

Koka stabiliites aditajs apgkinats atsevigi katram paraugkokam un tad noteikti it
lielumu materatiskas statistikasaditaji:

- vidgjais aritnetiskais 0.81
- standartkida 0.01
- standartnovirze 0.14
- ekscess 1.07
- asimetrija 0.76

Stabiliites &ditaja skaitliskais lielums ma#s robeids starp 0.50 un 1.32. Ar koka
kriSaugstuma caumru (skat. 4.14. att.) tam ir cig#@ saistba (koredicijas koeficients -0.72) nék
ar koka augstumu (koedijas koeficients -0.19).
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4.14. att. Visas paraugkoku grupas stabilites raditaju lielumi
Fig. 4.14. The slenderness indices of all sample tree group

Savstarpji salidzinot viena koka zaru refab skaitu paraugkoku grap ar atgirigiem
stabilitaites &ditaja lielumiem ir noérota tendence tam samaaies reiz ar stabilifites &ditaja
palieliraSanos (skat. 4.15. att.).
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4.15 att. Zaru skaita saistba ar koka stabilitates raditaju

T — trumgjusi (R’=0.3214); N — nokaltusi
(R*=0.3777); V — veseli, saaugusi’t®.6225)

Fig. 4.15. The relative knot number regarding to slenderness

T — unsound (&0.3214); N — dead
(R?=0.3777); V — sound (R0.6225)

NokaltuSo un trugjuSo zaru skaits samazm apngram fda pa% tem@m ka palieliras
stabilitates &ditaja lielums, bet veselo zaru skaits samazimpngram divas reizestrak. No
kokmaterilu izmantoSanas vied@k jebkuru zaru samazjums neap3adimi ir vélams. Veselo
zaru skaita samaziBaras par negatu uzskaima no i viedoKa, ka, kokam augota iesgja razot
organislas vielas ir lieiika tad, ja veselo zaru ir vak.

Konstattas zaru caurfma atkiribas stumbru gr@s ar daida lieluma stabilites
raditajiem. Vidgjais zaru caurg@rs ir iewerojami lielaks stumbriem ar maku stabiliites &ditaju —
at&iriba ir apn@ram divas reizes. Zaru makgit@ caurngra \ertcjuma pa apskatajam paraugkoku
stumbru grupm nowrojamasidzigas atkiribas.

Stabiliites EAditaja saisiba ar stumbra kvaliti izpauzas ar caur ietekmi uz stumbra
sadaljumu pa zarojuma zam. Reiz ar stabiliites Aditaja palieliriSanos, sainas veselo zaru
zona, bet bezzaru un nokaltuSo zaru zonkstkgagkas. Starp §déjam straujik pagarias
nokaltuso zaru zona.
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Secirajumi

1. Rtjumos priedes galvermgirté iegata stumbra caur@ra, garuma, raukuma un mizas
biezuma datu arile @da, ka skaitlisko &tibu izkliede ir liela un @pec So parametrisko
raksturofju savstarpjas saisibas pretzai aprakgBanai izstidajami tieSi Sim naikam paredati
moddi, kuros var izmantot Sajdarka iegatos nérjjumu datus.

2. Analizjot priedes stumbra Ygos zarus pc to sadgjluma pa paveidiem konstas, ka
vidgji starp visiem paraugkokiem ir 33.7 + 1.0 % ®@jyso (standartnovirze 14.0 %), 28.9 + 0.9 %
nokaltuSo (standartnovirze 12.6 %) un 37.4 £ 0.9e¥elo, saauguSo zaru (standartnovirze 11.6 %).
Zaru skaita sadalimam pa migtajiem paveidiem ir tendence mdias atkaiba no stumbra
caurngra.

3. Vdgjo zaru victjais caurmdrs pa paveidiem vigi starp visiem paraugkokiem ir
&ads: trugjuSiem zariem tas ir 17.5 + 0.1 mm, nokaltuSiem1-02+ 0.1 mm, bet veseliem,
saaugusiem — 30.4 + 0.2 mm. Var uzsk&g &di zari ir nelieli.

4. Vienai treSdi no koku kopskaita \gie zari sastopami jau pirmajos stumbra garuma
3 metros no res¢a Tas noumg, ka Siem stumbriem nav pietiekami garas bezzatasddai to
nemtu \era no &lakas apdo kokmaterilu izmantoSanas viedgk

5. Stumbra bezzaru zona &jidaiznem nepilnu piekto da no stumbra garuma. Aigiba
starp nokaltuSo un veselo zaru zonu garumiem ktigkd maznommiga, bet katra ncam atsevigi
nedaudz grsniedz diviarSu bezzaru zonas garumu.

6 No kogja galvenaj cirte iegastamo priedes apmkokmaterlu tilpuma 46.1 % atbilst
augsiikajai kvalitei.

7. Rec tilpuma kokmatedlu ar labu kvaliiti (kvalitates aditajs 2) ir par 55.0 % mak
nela ar vicju kvalitati (kvalitates aditajs 3).

8. Virziera no stumbra resga uz galotni kvalite samaziis. Tendence kvaiitei
paaugstiaties veselo, saauguso zaru zow\erojama tikai gaitko stumbru grui

9. Priedes stumbragsiba viscie8k saisis ar stumbra bezzaru lda garumu. Tai ir
tendence samazities reiz ar koka augstuma unigaugstuma caura palieliriSanos.

10. Ir no¥rojama tendence stumbrartibai palielirities reiz ar koka stabilites aditaju.

11. Zaru skaitam un cauBnam ir no\Erojama samazasaras tendence reézar stabilifites
raditaja palieliraSanos.

12. Reiz ar stabilittes aditaja palieliraSanos s&inas veselo zaru zona un samasi@aif
tas procentos izteiktdda no stumbra kagpa garuma. Pagardis bezzaru un nokaltuSo zaru zonas,
turklat nedaudz stragk tas notiek attieva uz bezzaru zonas garumu.
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1. GENERAL

This paper has been presented at the Forest Wole®epartment of Latvian Agriculture
University. The research was carried out duringpieod of 1996 — 2007.

Topic of the paper

Together with continuous growth of world populatiche demand for wood becomes
greater (146). Therefore, among different develapnuérections for better forest utilization, the
purposefully detailed assessment of wood qualityraag material, facilitating improved wood
utilization in production of traditional products avell as brand new articles, proves to be very
perspective (120, 131).

Features significantly affecting wood processingenheen studied in many countries all
over the world (30). It is proved that parametri@macteristics of them may differ substantially
depending on forest stand geographic location, gr@wite conditions, tending of forest stands and
other circumstances (15, 16, 33, 55, 86, 105, TAIBrefore, the estimation of economically more
important tree species in Latvia should not be thasdy on scientific conclusions made in other
countries, so a particular research is neededi®purpose.

In Latvia, from the national economy point of vietie production of wood is a relevant
sector of forest management on the state levelpniesiess, there is a remarkable lack of
information about quality of wood as raw materRihe Pinus sylvestris [..is the most widespread
tree species in Latvia; therefore, a research workrovide the characteristic of round timber,
obtainable from pine tree trunk, is an actual p&riom several aspects, as it is necessary:

* to create models for wood quality early preidict

« for planning purposes in forest industry;

* to create or supplement data basis of econdimitmre relevant domestic tree species;

« for the further development of methods to pdevithe quantitative and qualitative
assessment of round timber;

« for the estimation of the competitiveness ofvian pine timber in the world market;

* as data useful for the national timber stanslargprovement;

* as supplementary information for the profesai@ducation.

The goal of study

The main goal of study is to work out the quantiaiand qualitative characteristic of pine
round timber from final felling in Latvia dependiog tree trunk knottiness.

Main objectives

1. Determine the values and statistical assegsaighe numerical data of the quantitative
indices in the commercial (suitable to produce tbtimber) part of pine tree trunk.

2. Clear up the characteristic of knots in themagercial part of pine tree trunk.

3. Asses the quality and value of round timbétaimable in the commercial part of pine
tree trunk, depending on knottiness.

4. Clear up the distribution of pine trees inafifielling depending on slenderness, and the
relationship between this index and the qualityoaind timber.
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Scientific novelty

Scientific novelty of the work appears as completew information on the commercial
part of pine tree trunk harvested in final fellimgLatvia that is important for the assessment of
wood as raw material:

1) the characteristic of knots evaluating thaémndk diameter, number and location;

2) the characteristic of tree trunk zones diffgrby knottiness;

3) a new method for the classification of roumabier depending on quality and value;

4) the distribution of pine trees in final fejrdepending on slenderness.

Practical significance

1. The obtained in research dimensional chariatiteof pine tree trunk, representing mean
conditions in final felling in Latvia, is suitabte apply it for strategic planning in forest entésps.

2. The mathematical equation worked out for thiewation of bark percentage, depending
on the ratio between bark thickness and tree trdigkneter, might be applied for practical
assessment of bark volume in timber production & simple for using and as the accuracy of
result is sufficient.

3. Data obtained about knots in commercial pdrtpme tree trunk providing the
characteristic of kind, diameter, number and lasatare suitable to make the background of
criterions used in the national timber standards.

4. The new method for the impartial estimatiompiofe round timber quality depending only
on knots characteristic might be used as the fdiom#or another kind of timber grading rules.

5. The methodical approach in estimation thetikegavalue of tree trunk wood might be
applied for the foundation in the planning of ecmioactivities of forest enterprise.

6. The knowledge obtained about possible imphatee slenderness on wood quality might
be recommended for the planning of forest standitgnmethod.

Work approbation

Reports on the research included in the doctoedishwere presented in four international
and eight national conferences and symposia. Nitieles were published, five of which are in
international scientific proceedings. The knowleddpained in research has been applied in four
scientific works at Forest Faculty of Latvian Agritural University.

Structure and volume of work

The paper comprises six chapters. Chapter 1 prexddeoverview of the current situation in
research related to the quality of wood as raw nmte analysing features, impacts,
interdependence, research methods and tools. Claptatains the review of methods used for the
collection and handling of data. Chapter 3 contéiescharacteristic of sample trees, diameter and
height distribution, diameter and length charaztgion of commercial part of pine tree stem, taper
and bark quantitative and statistical evaluatiomaer 4 contains results of investigation on knots
diameter, kind, number, location and variationtatise between knot whorls, stem zones with
different knottiness. Chapter 5 contains the pecattapplying of impartial method for grading the
pine round timber regarding to knottiness, andddleulations of relative value of the commercial
part of pine tree stem. Chapter 6 contains theiligton of pine trees by slenderness, statistical
indices of slenderness and impact trends on woaltitgu
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The doctoral thesis was written on 112 pages, thoty 20 tables and 60 figures. Four
appendixes are included in a separate volume cemg@r860 pages. The list of literature consists of
153 literature sources.

2. RESEARCH OF WOOD QUALITY AS RAW MATERIAL

In accordance with the topic of this doctoral teesiformation selected in literature survey
is connected with methods of tree trunk dimensiehalracterization, the research of knots features
and the assessment of round timber quality andevaiitention was also paid to the general
conceptions concerning wood quality estimatiorth®interpretation of mutual relationship among
components of wood flow chain from the wood quatibint of view, to the methods and tools for
the investigation of the internal structure of tenbTwo main tendencies could be distinguished in
research aimed to study wood quality as raw madtedaonnect research with the complete wood
flow chain, and to apply different models for thevestigation of relationship among quality
features and factors affecting them, enabling &djot parametric indices of wood quality with
sufficient accuracy (127, 128, 134, 138).

Among more important there is the question of pmbsi to obtain wood quality
information that corresponds with demands of ermtpets, at the very beginning of wood flow
chain. The context of the approach to the develeoproewood utilization, based on the information
about wood quality features can be depicted in Empodel (see Fig. 2.1). There is vast range of
guestions comprising different levels of observat{forest stand, separate tree, tree trunk, log, a
piece of sawn timber etc.), particular featurestdes affecting them, the development of research
methods and tools.

2.1. Wood quality features

The whole tree and its parts (heartwood, sapwoodpdwcells and the like) can be
characterized by different indices representinglityjudeatures. The most frequently cited in
literature are as follows: taper (29, 30), breasght diameter (28) and tree age (28) for a whole
tree, dimensions (98), part of the tree stem (88)pkedness (45, 139), diameter and number of
knots (45, 60, 139), sapwood and heartwood rafip1@0), amount of juvenile wood (30, 38, 87, 139),
width of year-rings (30, 38), latewood portion ieay-ring (38), internal structure of timber, i.e.,
characteristic of knots included into stem-wood)(3Bhe angle of microfibrills is used as the
quality indicator on wood cells level (38). The cleristic of wood end products is connected
with quality indices as well (146).

Parametric characteristic of quality features depesn many circumstances. The quality of
forest stands on the whole and growing trees astlyraffected by growing conditions (21, 39, 45),51
method of reforestation (139, 146), means to im@rderest productivity as tree breeding,
fertilization (30), draining (56), arrangement e€hnological areas (39), tree stem shape formation,
pruning (50), methods for tending forest stand (&8), ground water conditions (88), tree bark
diseases (84), and tree competition (139).

2.2. Tree trunk quality features

Taper, as an important tree trunk quality indicat@s been formulated by several authors
(29, 36, 46, 52, 60, 78, 106, 109, 114, 135, 180, 151). It describes functional relation between
tree breast-height diameter and tree height. Tiserelationship between taper and relative length
of tree crown, and at the same time knots chaiatiteas well. There are a lot of functions known
to describe taper, and research is still going mrthis direction. Trigonometric, polynomial,
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exponential and geometrical methods are used fer taaodels. Model can be based on the distance
from tree top up to the commercial part of treekr(52). It is possible to describe taper by alsing
equation for all the tree height, neverthelesscdneacy appears at the very butt portion of tree
trunk (106).

The amount of tree bark should be known from thil lsconomical and ecological aspects
(29). Bark thickness is hardly predictable parameteen for a separate tree species. A quite
frequently used model is based on the ratio betweenstem diameter under the bark and over the
bark (29, 140). The accurate estimation of barkwamds important for timber volume calculation.
In Sweden the special equations are used for thzoge (104).

Knots are the most frequent defect that serveshasréason to lower timber grade.
Characteristic of knots comprises diameter, numkieid and their location. Ingrowths angle of
knot has a substantial effect on further use obéimbecause of dimensions of knot and its volume
inside stem-wood (19, 20, 30, 90, 133, 134, 153).16 is important to know knots characteristic
in connection with the possibility to disbranchvested trees (153).

To prepare knots characteristic, data are colleetedut tree crown length, mean and
maximum knot diameter for every whorl, distancarirthe tree top, knot ingrowths angle, diameter
at stem surface, number of knot whorls, stem diamgist under the whorl and whorl to whorl
distance (19, 20, 60, 133, 136). There are differeferences concerning knot minimum diameter
that has to be taken into account: they vary frobn(Z9, 20) up to 12.5 mm (133).

Tree slenderness is expressed as ratio betweerhaight and diameter at breast-height.
This indicator is used in investigations of treenstand crown shape, wind durability and tree
competitiveness (35). Minimum numerical value ofsitconstant and equals to 0.50 for pine and
spruce (117).

Timber quality has tight connection with price thstone of the most substantial factors
affecting forest management (62). Price increasgsther with round timber top diameter, but only
up to some extent (80).

The knowledge obtained from literature witnesseshef actuality and significance of the
research direction selected for this doctoral thetbie rightness regarding to the quality features
chosen for estimation.

3. MATERIAL AND METHODS

The methods used in research differ accordinglyseéparate tasks. The principles of
planning were used in data collection to represéiriarget groups in general, and the principles of
random selection to avoid partial selection of sesipMeasurement methods have been chosen in
accordance with the necessary accuracy of data.

The research work has been started with the clajiceore important indicators, related to
tree trunk dimensions and quality.

3.1. Basic indicators

Diameter and length of tree stem are the main &idis of possible quantitative outcome of
round timber, and they act as factors of qualitthatsame time. Both in industry and research these
parameters make the basis to support the applicatfomany other indices, suitable for the
characterization of round timber from different @sgs. In this research work data collection of tree
breast-height diameter and height, stem diametktegth is aimed at feasibility, firstly, to obtai
supplementary statistical material, secondly, tlarge information about possible dimensions of
timber from final felling in pine forest stands limtvia. These basic parameters have been applied
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for entire stem and its separate parts volume talons, and for the exploration of tree slendesnes
in pine forest stands.

Diameter variance lengthwise tree stem is charnaerby taper, the indicator, which
provides useful information for round timber shapel quality estimation. It is substantial factor in
round timber volume calculation, and this is thamraason facilitating to include taper among the
more important indicators, chosen for exploratiomhis research work.

The quantitative indicators of tree bark are sulighfactors in round timber diameter and
volume calculations. The automatic timber measurgnuevices provide numerical values of
diameter over bark in any measuring point, but @éemunder bark should be calculated.

The good information on bark percentage is necgssar stacked timber volume
calculations. Incorrect numerical value of barkogetage is one of the reasons of timber volume
difference between figures, fixed in documentatemg those of actual volume. Sometimes stacked
volume calculation method is used for high-quatityber; hence, volume differences can cause
economical losses.

Round timber grading is process, which is unimdgmawithout applying knots
characteristic as the main criterion. Current infation on knots of pine and other tree species,
commonly used in industry in Latvia, is not suffiot. Therefore, one of the tasks of this research
work is to obtain enough data about pine tree dtaots— dimensions, number, soundness, and
arrangement alongside tree stem.

There is a tight connection between knots chanatieiand tree stem quality at different
places from the stem butt end. Knottiness zonesldho be taken in account estimating the round
timber quality, and there is some relationship leemvthem and tree stem dimensions. Hence, the
characteristic of knottiness zones is importanughao analyse it as separate indicator.

Tree slenderness indicator is used in the exptoraif stem shape variance, wind durability,
tree crown characteristic, and inter-competitivenasiong trees. It is in relationship with timber
quality; therefore, it is decided to include slemdiss among other more substantial indicators.

3.2. Data collection

In accordance with research target and tasks tlvessary data collection territorially
includes only the information about Latvia. Anothienitation, corresponding to research target,
was the pine tree age: sample plots were chosegrirostands at the age of final felling. There were
22 sample plots arranged all over the territori atvia (see Fig. 3.1).

The arrangement of sample plot in stand choseregmarch was arranged so that stand trees
were represented in all, and the number of pinestgas 60 at least. Every pine tree inside the
sample plot was numbered. Number was arranged toth& North, to use it as reference-point
when the location of knots around tree trunk petene/as being fixed. The tree trunk diameter was
measured by calliper in two directions perpendidulto each other.

At least 20 sample trees were randomly chosenfaait pine trees inside the sample plot to
obtain data for further research. The tree trunkytle was measured up to the place near the tree top
where over-bark diameter equalled 3 cm. The distdrmn the tree trunk butt end up to the change
to thin bark, the first dead knot and the first miknot were fixed at the same time. Tree trunk
diameter was measured over bark and under barlor®&¢he measuring diameter under bark,
debarking at the place of measurement had to be tmroughly, but without taking part of wood
off.

The knots distance was measured by measuring thgkere was doubt regarding to
soundness of knot, the knot surface was cleanealyugharp axe. Every knot was marked after it
had been measured.

The arrangement of zones for knots measuremenndepn the task: pattemwas used to
analyse variance of knots number and diameter lhenge the trunks; following pattem the trunk
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guality grading was performed on the basis of tpualssessment zones in the every portion of 1.5 m
length with different parameters of quality featu(eee Fig. 3.2).
In all, 178 pine tree trunks were measured to aldata necessary for research.

3.3. Data processing

3.3.1. The accuracy of trunk diameterOn the basis of tree trunk diameter measurements
by calliper at every 1 m up to 3 m from trunk bemid and further at every 2 m, the model of trunk
shape had been prepared for every tree samplet arad depicted by a curve line (see Fig. 3.3).
The difference, expressed as percentage, had lzdemated between diameters measured by a
calliper and read on model curve (see formula Bsiertain if conformity between both numerical
values is tight enough.

The mean of difference between diameters measwreddalliper and read on trunk shape
curve is 1.77 £0.12 %.

As the mean difference is under 2.0 %, i.e., nucaénalue 1 cm of it would be only at
diameter 50 cm (diameter is expressed as integeeasuring round timber). It is likely that such a
small difference can not be the reason of signifigadiffering results in further calculations bdse
on data read on trunk model curve.

The distribution of frequency shows clearly expegsgrouping around zero class that is
confirmed by the skewness in calculation of stati$tindices. The area of measurements difference
distribution (see Fig. 3.4.) and probability eviderthat the difference of 10 % will not be exceeded
with probability of 0.91.

Smoothed curve, representing the variance of badkriess lengthwise tree stem, has been
constructed for each sample tree similarly as &tedtion of stem diameter at any distance from
tree stem butt end. The difference between bothengal values of bark thickness, from model
curve, and from tree stem measurements over aner wadk, expressed as percentage, has been
calculated to be sure if it is acceptable.

3.3.2. Relative length of tree trunk.To avoid impact of inequality of sample tree stems
length in the exploration of stem diameter and lthitkness variance among all the sample trees, it
is necessary to apply relative length of tree stEne length of any tree stem is assumed as equal to
100 %, and after that any distance from tree stattrehd is expressed as percentage (see formula 2).

3.3.3. Taper.The numerical value of taper are calculated for Amg long portion of tree
stem, and separately for the rest at tree ster(sexpformula 3).

3.3.4. Bark percentage.The numerical value of bark percentage, which sgmts the
portion of bark if it is compared with total volumat any point of tree stem or log, can be acquired
from the ratio between cross-section areas, cédculander and over bark at this point (see formyla

3.3.5. The relative value of round timberThe table of round timber mean prices in Latvia
is prepared on the basis of price analysis in timmbarket depending on log top diameter, after the
correction by index in correspondence to timbediguarhe maximum value in this table is taken
as equal to 100 %, and after that all other vadwegecalculated accordingly to it. The relativiegr
of 1 m? timber is obtained in this way, depending on htitmeter and quality (see Fig. 3.5.).
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To obtain the relative value of the entire steng thtio is calculated between the value,
corresponding to actual quality, and the highesbtétical value, irrespective of timber diameter
and quality features (see formula 5).

If tree stem consists of several sections of diffiéiquality, the relative value is calculated as
the mean weighted value depending on volume of saction (see formula 6).

3.3.6. Tree slendernessThis indicator characterizes the ratio betweere treeight,
expressed in metres, and diameter at breast-heghtessed in centimetres (see formula 7).

4. RESULTS

4.1. The main parameters

The main parameters of round timber charactetieeléngth and diameter of them. For
growing trees the breast-height diameter and tke treight are used. There is the normal
distribution of the breast-height diameters of skentees, analysed in this research, hence, ibean
assumed that sample trees are representing pawdfdinal felling age in forests in Latvia.

Statistical indices of sample trees breast-heigimhdters (cm) are as follows:

- average 32.21
- standard error 0.65
- standard deviation 8.73
- kurtosis -0.40

- skewness -0.01

On the basis of these indices, it is possible tonase that in average 59 % from pine trees
in final felling could be in breast-height diametgpup between 20 and 36 cm, 33 % — in group
over 36 cm, 8 % — in group under 20 cm. In its tapout 55 % of pine trees could be in tree height
group between 19 and 27 m, 34 % — in group oven2¥1 % — in group under 19 m.

Tree stem diameter lengthwise variance is analgseevery sample tree level separately, in
average on all the sample trees level, and on thesght diameter groups level (see Fig. 4.1).

4.2. Taper

The numerical value of taper is calculated in evemn long portion of each sample tree
stem. Further, the analysis is made to study tlezaae variance of taper in sample trees groups
with different tree dimensions, and in all set afnple trees as well.

The greatest taper, exceeding 1 cm'nis from very butt end of tree trunk up to 15 % of
trunk length, and at the top end portion startiogf 65 % of trunk length. At the trunk middle part
which is approximately equal with a half of entieagth of trunk, the mean value of taper is under
1 cm m’. The numerical value of taper is most dispersedra the mean at the both butt end and
top part of a tree trunk (see Fig. 4.2).

Applying mean values of taper and standard deuat@lculated at distances of 1.5 m,
2.5 m ... 8.5 m from trunk butt end, the valuesl@fiations, which could appear with probability of
0.95, are detected (see Table 4.1). These figunernm a considerable dispersion of taper around
average values. The dispersion of taper diminiseesrkably farther as 5.5 m from tree stem butt
end. Calculations show the minimum of dispersior7.& m from tree stem butt end. There is a
small probability that difference between particudase of taper and average value would be under
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10 %. The numerical value of it is from 0.15 (& s from tree stem butt end) up to 0.26 (at 7.5 m
from tree stem butt end). The impact of timber diéan on taper appears mainly near the tree stem
butt end. Farther as 7... 8 m from tree stem butt #rate are not significant taper differences in
timber groups of unequal diameter, as it has bésted using T-test to compare taper values in
different timber groups.

The numerical values of taper are calculated aadlyaed of every 2, 3, 4 and 5 m long log
processed out of butt part, middle part and top pltree trunk. There are ascertained the greater
values of taper for the shorter (2 and 3 m) loggée stem butt end section, and for the longer
(4 and 5 m) logs in tree stem top section. Theoreas difference of the length of the most tapered
tree stem portions from the tree stem butt endiarstem top part. Taper differences in the middle
part of tree stem are not significant.

The calculation of taper has been performed orvédgme and top end diameter basis, i.e.,
on the supposition that the shape of any of thege Is conical. If the log shape is concave or
convex, the value of actual taper will differ frahat calculated on volume basis. Such a fact can be
applied for the assessment of log shape: in the icewhich the taper, calculated on volume basis,
is greater the timber shape is convex; otherwigedbncave.

4.3. Bark thickness and volume percentage

At first, bark thickness is calculated on the basis sample trees stem diameter
measurements over and under bark. For further sisahumerical values of bark thickness are
used, which are read on smoothed curve, constractdtie basis of bark thickness, calculated for
each diameter measurement point. The average vhlhe difference between actual measurement
of bark thickness and the numerical value readask model curve is 1.37 = 0.39 %.

In average, bark thickness decreases up to 1 ¢heitrunk butt end portion equal to 15 %
of entire trunk length. At the trunk portion afted % of trunk length the mean value of bark
thickness does not exceed 5 mm (see Fig. 4.3)dEpersion of values of different trees witnesses
about considerable inequality. One of the mainaea®f it is trunk diameter (see Fig. 4.4).

The numerical value of probability that the diffece between particular case of bark
thickness and average value would be under 10 % woieexceed 0.15.

Bark thickness and timber diameter ratio, expresagdercentage, is the relative bark
thickness. In average among all the sample tre=sdtue of this index equals to 6 % at tree stem
butt end, but farther, up to 1/3 of tree stem Iapigtdecreases, and in the middle part of trem sse
about 2 %. Along the last 20 % of tree stem lemnrgthtive bark thickness increases rapidly up
to 8 %.

Average bark percentage, calculated on volume basisng all the sample trees group is
9.07 + 0.08 %. Bark percentage is obtained for s@pasample trees, and in timber groups of
different diameter or bark thickness. The greatabie, about 22 %, is in timber group, where bark
thickness exceeds 2 cm at log top end (see Fiy. Rdund timber groups, consisting of 1 m long
logs with similar bark thickness at top end, hagerbtaken for comparison. As it is seen from Fig.
4.5, bark percentage under 8 % is in thin barkdmmup only. Index increases remarkably together
with bark thickness. The bark percentage of sogs t@n be over 20 %.

As the bark relative thickness and bark volume ¢mage are based on the same
dimensions of trunk cross-section, the tight catieh (R=0.90) is natural fact. It is used to
calculate bark volume percentage on the basis i théckness. Relationship between both bark
relative thickness and bark volume percentagessridsed by linear equation (see formula 8).
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4 .4. Knots characteristic

There had been measured altogether and assess&l @xbvered pine knots, out of them
9679 unsound, 7095 dead and 8267 sound. The avetageer of knots per trunk is 141 + 4. It
varies from 67 in sample trees group of 16 cm lirkaght diameter up to 222 in group of 52 cm
breast-height diameter group. An average percerghgacovered knots per tree if analysed them
by the kind has been found out as follows: 33.7.G:% unsound knots (standard deviation 14.0 %),
28.9 + 0.9 % dead knots (standard deviation 12.618d)37.4 £ 0.9 % sound knots (standard deviation
11.6 %).

The average diameter of sound knots is one andf drhas greater as diameter of dead or
unsound knots. The difference between diametedeatl and unsound knots is about 16 % only.
The average diameter among all the sample treebdesfond out as follows: 17.5 + 0.1 mm for
unsound knots, 21.0 + 0.1 mm for dead knots, andl 3®.2 mm for sound knots. It may be said that
knots of such dimensions are small.

Diameter of all kinds of knots increases rapidlytls¢ same time as trunk diameter
(see Table 4.2). Analysing separately each treepgod breast-height diameter, it is ascertainet tha
within group of small diameter (16 to 20 cm at Istdaeight) the average diameter of unsound
knots does not exceed 20 mm and remains quite aunist all places of tree trunk. Diameter of
unsound knots increases at the same time as tranmietér, and it is on average 38 mm within 52 cm
breast-height diameter group. At the same timeraadb-height diameter increases from 16 cm up
to 52 cm, the average diameter of unsound knoteeases 1.4 times, dead knots diameter —
1.2 times, and sound knots diameter — 1.7 times.

In analysed sample trees group, the relationshiptioreed above is described by simple
linear equations (see formulae: 9 — for unsoundsri® — for dead knots, 11 — for sound knots).

Analysing knots diameter in every different 1.5and timber grading zone, it is ascertained
that diameter of the largest unsound knots in steen butt end part is 21 mm in average. Towards
the middle of tree stem, diameter of knots of ¥l increases up to 26 mm at 40 % of tree stem
length. After this point, average value of unsokndts diameter decreases, and it is only 20 mm at
80 % of tree stem length. At the very top partrektstem average diameter of unsound knots is
about 15 mm (see Fig. 4.6). In 16 to 20 cm treadirbeight diameter group diameter of unsound
knots is less than 20 mm, and the stem lengthvasance of it is much softer as in the group of the
largest trees. In 52 cm tree breast-height diamgrteup the largest diameter of unsound knots
is 38 mm.

The largest dead knots diameter in every diffedebtm long timber grading zone is very
similar to unsound knots diameter. It is in averda@enm in tree stem butt end part, and after that i
increases up to 37 mm in the middle of tree stemgtle In the last 10 % of tree stem length
diameter of dead knots is less than 20 mm (seedFy. Increasing of dead knots diameter together
with tree breast-height diameter is similar to tbAtunsound knots: in 52 cm tree breast-height
diameter group the largest diameter of dead kisd® imm.

The variance of sound knots diameter, analysingnthreevery different 1.5 m long timber
grading zone, is not as distinguishable as thadezfd or unsound knots diameter. The average
diameter of the largest sound knots is as folla@smm in the middle of tree stem length, 54 mm at
80 % of tree stem length, 40 mm at the very top @iiree stem.

Analysing the arrangement of knots stemwise treektin every 5 % of trunk length, it is
ascertained that the number of unsound knots isegeia direction from trunk butt end to top quite
equally, and the maximum is at 40 % of trunk lengtfter that point the unsound knot number
decreases, and in the last 15 % of trunk lengtietaee not many of them.

The pattern of stemwise variance of dead knotsniélag to that of unsound knots. Dead
knots appear approximately at 15 % of trunk lengtig at the beginning the increase of number is
even and slow. Further to the trunk top, near of%4Q@runk length, there is seen some sort of
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acceleration, and the maximum is achieved at 6@ -%7of entire trunk length. After that the
number of dead knots decreases evenly up to tamk t

In average sound knots appear at 35 % of tree &agth. The number of sound knots
increases rapidly up to 80 % of tree stem lengttd,the maximum is at 90 % of tree stem length.

The greatest number of unsound knots in everyréiffiel.5 m long timber grading zone (in
average 6 to 7 knots on the worst surface of tijniseat 35 % of tree stem length (see Fig. 4.8).

There are little bit less dead knots as unsoundskmalysing them in every different 1.5 m
long timber grading zone: in average 5 to 6 kno85% of tree stem length, where is the place of
the greatest number of them (see Fig. 4.9). Thengement of sound knots is of another kind.
There is remarkable increase of the number of sdunads in every different 1.5 m long timber
grading zone towards tree stem top. In the last 6f%ee stem length there are 10 to 12 sound
knots on the worst surface of timber in every défe 1.5 m long timber grading zone.

The average distance between knot whorls is 280429 cm. It varies in direction from
trunk butt end towards the top. The maximum ishathutt end portion of trunk, and the distance
between knot whorls decreases quite evenly towalsip to the 4/5 of entire trunk length. There
is some tendency of increasing in last 1/5 of triemigth.

Up to 55 % of trunk length the unsound knots amvaiting by number in knot whorls.
After this point up to 75 % of trunk length deadtsare dominating, and only the last 25 % long
portion at trunk top is such where sound knotsawst of all by number.

The knots diameter differences among the trunknpeter sectors are up to 14.3 %,
differences among knots number in trunk perime¢etas do not exceed 6.6 %. The differences
are statistically significant; nevertheless, thap oot serve as the basis to initiate the developme
of a new method for the grading of round timberasately in two halves or in four quarters of stem
perimeter.

4.5. Tree trunk knottiness zones

The tree stem of every sample tree has been dividied zones depending on knots
characteristic. The tree stem butt end part withmdovered knots is assumed as knot-free zone.
The place of the first uncovered knot serves ab#dwnning of next zone. If it is dead or unsound
one, then there is the beginning of dead knots.Zbhe sound knots zone begins at the place of the
first sound knot. The dividing of tree stem in zenmentioned above, is comparatively relative, as
there are some dead and unsound knots in sound kooe. In average, there is insignificant
difference between the dead knots zone length anddsknots zone length, but each of them is
approximately two times longer as knot-free zonee(sTable 4.3). Knot-free zone equals
approximately 1/5 of tree stem length.

The minimum length of the most widespread assortjsawlog, commonly produced out
of tree stem butt part, is 3.0 m, in accordancd wtandard (8). Hence, the sample trees without
knot-free zone 3.0 m or longer have been assigneéparate sample trees group, named as “short
knot-free zone trees”. From all number of sampbedr 33.3 % relate to this group. In its turn, the
rest of all sample trees has been divided into gsamups depending on knot-free zone length.
Sample trees, having the knot-free zone lengthn3.06r longer, but less than 6.0 m, have been
assigned to group “moderate knot-free zone trdess.the largest group as it comprises 42.5 % of
all the sample trees. The knot-free zone lengthilshioe at least 6.0 m (2 sawlogs of the minimum
length could be produced) to let a sample trealiarito group “long knot-free zone trees”. From
all the sample trees 24.2 % are corresponding suitth a demand.

All three above mentioned tree groups with différ&not-free zone length are divided
further depending on dead knots zone length. Adbtst case, if looking from the timber quality
point of view, the length of dead knots zone, woigler as 5.5 m (the maximum sawlogs length), is
assumed. In the cases of longer dead knots zoméwtifold sawlog length maximum, i.e. 11.0 m,
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has been used as criterion. Trees with dead kioois l2ength over 11.0 m are qualified as the worst
ones in corresponding group of knot-free zone lengt

There is depicted in Fig. 4.10 the distributioranflysed tree stems depending on knottiness
zones length. It could be concluded that in 90 %refl felling cases in pine forest stands, theddea
knots zone length over 5.5. m should be taken @&etmunt. The trees with a long knot-free zone
have a short dead knots zone more frequently. éma@e, every fourth tree, the knot-free zone of
which is at least 6.0 m long, has dead knots zookElonger as 5.5 m.

4.6. Pine tree trunk quality and value

The trunk quality is characterized by the corresjgmte of available round timber to certain
set of demands. In this research a new methodpbedpthat enables possibility to achieve result
impartial of regulations, instructions etc., whiate not steady for long time. The method is based
on the fact that quality of round timber is dimimsl by the presence of knots in 70 to 80 % of all
cases. As a vast characteristic of pine knots eepgped in this research work, the trunk quality by
separate mutually differing zones is qualified adewly to diameter and number of knots.

The highest quality is assigned in cases withoytkaot. Timber is classified as of average
guality in cases of similarity between knot chagaistic of timber have to be graded and average
values of knot characteristic, defined on the regedasis. The quality between the highest and
average is classified as good, but quality betwsamage and low — as satisfactory. The criterions
(see Table 4.4) to distinguish mutually all qualiisoups are based on the analysis of probability
calculated for numerical values of knots charastieri

All trunks of the sample trees have been gradedrdaowly to quality groups mentioned
above. The each trunk is divided into portionsdnadance to supposed cross-cutting points on the
basis of assumption that none of portions is shahnin 3.0 m (excluding the rest of trunk top) or
longer than 5.5 m, and cross-cutting points hawnlmosen so to gain as more as possible timber
classified as corresponding to the better qualibugs. The timber is classified as of low quality i
the criterions for group of satisfactory quality @axceeded, or the minimum diameter of supposed
log is under 10.0 cm (under bark measurement).

The changing of quality in direction from trunk totat top is not evenly decreasing (see Fig. 4.11).
After the part of trunk, where quality has been doed because of presence of many dead and
unsound knots, farther towards trunk top is portth sound knots and the better quality. Mostly
(in 66.3 % of all cases) the first log from thentkubutt end corresponds to the highest quality. The
first log is of good quality in 11.4 % of casesisliess than number of cases, in which the fogt |
is of average quality (13.7 %).

There are 24.6 % of cases, in which the secondclmgesponds to the best quality;
nevertheless, the assessment by quality indexaBdady in 30.3 % of all the cases. There are much
more cases of the worst quality as in the assegsonehe first log. In 23.4 % of cases the quality
index is 4, in 9.1 % of cases — index is 5. The p@nof cases of good quality (index 2) is almost
the same (12.6 %) as in the assessment of théofiyst

The assessment of the third log almost completelyresponds to average (25.7 %),
satisfactory (31.4 %) and low (32.6 %) quality. Tdedter quality is only in approximately 10 % of
all the bucking patterns: quality index 2 in 8.0d%cases, index 1 (the best quality) — in 2.3 % of
cases.

There are no cases of the best and good qualitpegrassessment of the fourth log, and
further. The number of cases of average qualityedses rapidly as well. At this distance from the
stem butt end, there are substantial differencevdmt tree stems of unequal length. The fourth log
of the shorter tree stem is the last one at vexy stem top part. At the same time, the fourtholog
a long tree stem is located in the middle of tteendength, where timber quality is different. Téer
are 8.6 % of all the sample trees, the numbergs & which does not exceed 4.
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Most of all (32.0 %) there are sample trees, slétad crosscut into 6 logs. There are little
bit less sample trees, suitable to crosscut intm3 (25.7 %), and into 5 logs (21.7 %). In 9.7 #6 0
cases tree stem bucking pattern comprises 8 log®rby in 2.3 % of cases — 9 logs. All the sample
trees have been grouped depending on the numbeg®fin the bucking pattern, to analyse the
variance of quality lengthwise the tree stem. Therage quality index has been calculated in each
group of trees in correspondence to log sequeneebeu in bucking pattern. A remarkable
tendency of decreasing of quality towards treehiap been found out in tree groups, having not
more as 6 logs in bucking pattern. In cases, thmben of logs in which is over 6, there is not
substantial quality difference between logs, placethe upper part of tree, excluding the very last
one. There is soft tendency, among the longestsstehguality increase between the middle of tree
stem and the last log at very top.

Assessment of quality within sample trees breastHheiameter groups is provided as well
and corresponding distribution of timber volume he®n detected (see Fig. 4.12). The highest
outcome of the best quality timber is expected fre@and 32 cm breast-height diameter tree
groups (accordingly 63.8 and 59.8 %). There is @alietendency to the increase of the best quality
timber in direction from 16 cm breast-height diaemegroup up to 28 and 32 cm groups, and a
slightly expressed decrease in groups of the larges (breast-height diameter 36 cm and over).

In business the timber value is expressed by prigmber price depends on many
circumstances. In this research relative valueimmbér is used to avoid the impacts of price
continuous fluctuation in timber market. Only twacfors have been taken into account: round
timber top diameter and quality group.

The relative value of each sample tree trunk, mesdne (55.96 + 0.56 %) and standard
deviation (7.39 %) have been calculated. It is dao®ed, that the relative value correlate most
tightly (R=0.7637) with knot-free zone length oéértrunk (see Fig. 4.13). There is slight negative
correlation with tree breast-height diameter (R=2664) and tree height (R= -0.1418). The
tendency for increase of relative value at the sime as tree slenderness (R= 0.2346) is detected
as well.

4.7. Tree slenderness and its relationship with kne characteristic

The numerical values of slenderness have beenlatdduseparately for every sample tree,
and then statistical indices have been found out:

- average 0.81
- standard error 0.01
- standard deviation 0.14
- kurtosis 1.07

- skewness 0.76

The numerical value of tree slenderness variesdeet®.50 and 1.32 (see Fig. 4.14). It correlates
most tightly with the tree breast-height diamefer (0.72) as it is with the tree height (R=-0.19).

If compare mutually the relative number of knotssemple tree groups having differing
slenderness, (see Fig. 4.15), there is noted tidetey of decreasing the relative number of knots
at the same time as slenderness increases. Twe timee decrease of sound knots is detected if
compared it with decreasing of dead and unsountsktindoubtedly, any decrease of the number
of knots is desirable from the timber as raw matggoint of view. On the contrary, the decrease of
sound knots is undesirable, because the possibiiity tree to produce organic mater is greater if
there are more live branches.

The knots diameter differences are detected anreeggroups having unequal slenderness.
The average diameters of knots are remarkably greathin the tree groups with less slenderness.
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The difference can be up to two times. The similifferences are ascertained regarding to knots
having the maximum diameter within estimation zone.

The slenderness affects correspondence of trurkoperto certain knottiness zones. It is
detected that with the increase of tree slendeyiesssound knot zone of trunk shortens, but knot-

free and dead knot zones becomes longer. The lefdtie dead knot zones increases faster as the
length of the knot-free zone does.
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Conclusions

1. The data obtained in this research are seitablapply them in models worked out
specially for describing the relationship amonghkrudiameter, length, taper, bark thickness and
other features of round timber, the numeric valagsvhich are dispersed considerably, as it is
followed in analysis.

2. On average among all three knot kinds thezaraore sound knots per tree (37.4 = 0.9 %,
standard deviation 11.6 %) than unsound knots (330 %, standard deviation 14.0 %) and dead
knots (28.9 = 0.9 %, standard deviation 12.6 %}pré&hs a tendency of variance of this proportion
depending on trunk diameter.

3. The average diameter of knots does not difararkably between unsound (17.5 £ 0.1
mm) and dead knots (21.0 + 0.1 mm). The averagmeter of sound knots (30.4 £ 0.2 mm) is
noticeably greater.

4. Approximately two thirds of all pine treesfinal felling are with a portion, which is at
least 3.0 m long, without uncovered knots. It hasbe qualified as an advantage in further
technological process.

5. The knot-free zone takes up approximately 206f%ntire trunk length on average. The
mean difference of length, if dead knot and sounct kkones are compared, is negligible, but the
length of each of these zones is more as twiceeloag the knot-free zone.

6. The volume of round timber without uncoveretbts makes 46.1 % out of all final
felling pine timber volume.

7. Out of all final felling pine timber volumehdre is more as two times greater volume of
timber of average quality as of good quality.

8. The timber quality decreases in direction frioumk butt end towards top. The tendency
of increased quality in trunk sound knot zone cambserved within group of longer trunks.

9. The relative value of pine tree trunk is tlghtorrelating with the length of knot-free
zone. There is a tendency of decrease of valueeasame time as tree breast-height diameter and
tree height increase.

10. There is a tendency of the increase of tragivel value of trunk at the same time as tree
slenderness becomes greater.

11. There is a tendency of the decrease of diamaat number of knots at the same time as
tree slenderness increases.

12. At the same time as tree slenderness increthgesound knot zone becomes shorter, but
knot-free and dead knot zones become longer. Tdreasing of dead knot zone is more expressed
if compared with the knot-free zone.
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