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Àííîòàöèÿ. Ïðèìåíåíèå äðåâåñèíû â êà÷åñòâå êîíñòðóêöèîííîãî ìàòåðèàëà ïðåäïîëàãàåò íàëè÷èå
èíôîðìàöèè î åå ôèçèêî-ìåõàíè÷åñêèõ ïîêàçàòåëÿõ, êîòîðûå âî ìíîãîì îïðåäåëÿþòñÿ åå ìàêðîñòðóêòóðíûì
ñòðîåíèåì. Ê ïðåèìóùåñòâàì äðåâåñèíû ìîæíî îòíåñòè ëåãêóþ îáðàáàòûâàåìîñòü, îòíîñèòåëüíî âûñîêóþ
ïðî÷íîñòü è ìàëûé óäåëüíûé âåñ. Â òî æå âðåìÿ îíà îáëàäàåò ðÿäîì íåäîñòàòêîâ, òàêèõ êàê ïîðîêè, ìàëàÿ
îãíå- è áèîñòîéêîñòü è ò. ä., êîòîðûå ìîæíî óñòðàíèòü íà ýòàïå åå òåõíîëîãè÷åñêîé ïåðåðàáîòêè
(ñîðòèðîâêà, ðàñïèëîâêà, ñóøêà, ïðîïèòêà). Êðîìå òîãî, íåêîòîðûå îñîáåííîñòè äðåâåñèíû òðåáóþò
ñïåöèàëüíîãî ó÷åòà, íàïðèìåð àíèçîòðîïíîñòü ñòðîåíèÿ, èçìåí÷èâîñòü ôèçèêî-ìåõàíè÷åñêèõ õàðàêòåðèñòèê
ïî ðàäèóñó è âûñîòå ñòâîëà äåðåâà. Îäíàêî â ïðàêòèêå ïðîèçâîäñòâà ñòðîèòåëüíûõ êîíñòðóêöèé è èçäåëèé
íå ðåãëàìåíòèðóþòñÿ äîïóñòèìûå çíà÷åíèÿ ðàñïðåäåëåíèÿ ïëîòíîñòè è ìàêðîñòðîåíèÿ äðåâåñèíû. Âîïðîñû
âëèÿíèÿ ýòèõ ïàðàìåòðîâ íà ìåõàíè÷åñêèå ñâîéñòâà ðàññìîòðåíû íà ïðèìåðå îáðàçöîâ èç ëèñòâåííèöû
äàóðñêîé. Ðàçðàáîòàí àëãîðèòì ïðîãíîçèðîâàíèÿ ôèçèêî-ìåõàíè÷åñêèõ ïîêàçàòåëåé äðåâåñèíû íà îñíîâå
îïðåäåëåíèÿ åå ïëîòíîñòè. Âûïîëíåí àíàëèç ïîëíîãî ôàêòîðíîãî ýêñïåðèìåíòà ïî îöåíêå âëèÿíèÿ
îñîáåííîñòåé ìàêðîñòðóêòóðû è ïëîòíîñòè äðåâåñèíû íà ìåõàíè÷åñêèå õàðàêòåðèñòèêè. Ïîëó÷åííûå äàííûå
ïîêàçàëè, ÷òî îïðåäåëåíèå êà÷åñòâà äðåâåñèíû è ñôåðà åå ïðèìåíåíèÿ â ñòðîèòåëüñòâå äîëæíû âûïîëíÿòüñÿ
ñ ó÷åòîì ïëîòíîñòè è ïàðàìåòðîâ ìàêðîñòðîåíèÿ.
Êëþ÷åâûå ñëîâà: äðåâåñèíà ëèñòâåííèöû, ìàêðîñòðîåíèå äðåâåñèíû, ïðåäåë ïðî÷íîñòè ïðè ñæàòèè âäîëü
âîëîêîí, ïëîòíîñòü äðåâåñèíû.

DEPENDENCE OF MECHANICAL CHARACTERISTICS OF WOOD ON ITS DENSITY
AND MACROSTRUCTURE

Mikhail F. LAVROV, e-mail: yakutia@lenta.ru

Dmitry K. CHAKHOV, e-mail: tdodk@mail.ru
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Abstract. The use of wood as a structural material assumes the availability of information about its physical-mechanical
properties which, in many respects, are determined by its macro-structural configuration. Among the advantages of wood
are easy treatment, relatively high strength, and low specific weight. But the wood has a series of disadvantages such
as flaws in the wood, low flame resistance and biostability etc. which can be removed at the stage of the technological
processing (drying, preservative treatment). In addition, some features of timber, such as the anisotropy of the structure,
variability of physical and mechanical properties along the radius and height of the tree trunk, require special
considerations. But in the practice of manufacture of timber building structures and products, allowable values of the density
distribution and macrostructure are not regulated. Issues of the influence of these parameters on mechanical properties
are considered on the example of dahurian larch wood. The algorithm of forecasting physical-mechanical characteristics
of the wood on the basis of its density determination has been developed. The analysis of the full factorial experiment
for assessment of the influence of macrostructure features and density of the wood on mechanical parameters has been
made. The data obtained show that the wood quality and the sphere of its use in construction should be determined
with due regard for the density and parameters of the macrostructure.
Key words: larch, characteristics of wood macrostructure, compression strength along the fibers, density of wood,
dependence of mechanical properties on parameters of macrostructure and wood density.

Ï
ðîáëåìà ïîâûøåíèÿ ýêñïëóà-
òàöèîííûõ õàðàêòåðèñòèê

êîíñòðóêöèé èç äðåâåñèíû, à òàê-
æå êîìïîçèöèîííûõ ìàòåðèàëîâ
è êëååíûõ èçäåëèé íà åå îñíîâå
îñîáåííî àêòóàëüíà äëÿ èñïîëü-
çîâàíèÿ â ñåâåðíûõ ðàéîíàõ [1].
Îïûò ñòðîèòåëüñòâà â ßêóòèè ïðî-
äåìîíñòðèðîâàë äîñòàòî÷íóþ íà-

äåæíîñòü è äîëãîâå÷íîñòü êîíñò-
ðóêöèé èç äðåâåñèíû ëèñòâåííè-
öû, íåñìîòðÿ íà íåêîòîðóþ ñëîæ-
íîñòü òåõíîëîãèè åå îáðàáîòêè.
Íàïðèìåð, ïðè âûñóøèâàíèè äîñ-
êè èç ëèñòâåííèöû êîðîáÿòñÿ,
íà ïîâåðõíîñòè âûñòóïàåò ñìîëà,
ïîÿâëÿþòñÿ òðåùèíû è âîçðàñ-
òàåò æåñòêîñòü äðåâåñèíû [2–4].

Èññëåäîâàíèÿìè îòå÷åñòâåí-
íûõ è çàðóáåæíûõ ó÷åíûõ óñòà-
íîâëåíî, ÷òî ïðî÷íîñòíûå è óï-
ðóãèå ñâîéñòâà äðåâåñèíû íàõî-
äÿòñÿ â ïðÿìîé çàâèñèìîñòè îò
ïëîòíîñòè, ñóììàðíî îòðàæàþ-
ùåé îñîáåííîñòè åå àíàòîìè÷å-
ñêîãî ñòðîåíèÿ [5, 6]. Ïëîò-
íîñòü äðåâåñèíû èìååò ïðåèìó-
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ùåñòâà ïåðåä øèðèíîé ãîäè÷-
íîãî ñëîÿ, ïðîöåíòîì ïîçäíåé
äðåâåñèíû è ìîæåò ñëóæèòü îï-
ðåäåëÿþùèì ôàêòîðîì êà÷åñò-
âà äðåâåñèíû.

Ïî ðåçóëüòàòàì îáçîðà íàó÷-
íûõ ðàáîò ïðèíÿòî, ÷òî ñòðóêòóð-
íûå íåîäíîðîäíîñòè, ïëîòíîñòü
è ðàçìåðíûå õàðàêòåðèñòèêè
äðåâåñèíû îêàçûâàþò íàèáîëü-
øåå âëèÿíèå íà êà÷åñòâî è îäíî-
ðîäíîñòü ñòðóêòóðû äðåâåñíîãî
ñûðüÿ, à òàêæå íà ïðîãíîçèðîâà-
íèå ñòàáèëüíîñòè ôèçèêî-ìåõà-
íè÷åñêèõ ïîêàçàòåëåé èçäåëèé.
Â ýòîé ñâÿçè äåòàëèçèðîâàííóþ
îöåíêó ðàñïðåäåëåíèÿ ïëîòíîñòè
è ïàðàìåòðîâ ìàêðîñòðîåíèÿ
äðåâåñèíû íåîáõîäèìî âûïîë-
íÿòü ñîâðåìåííûìè íåðàçðóøà-
þùèìè ìåòîäàìè ïðè îòáîðå ñû-
ðüÿ äëÿ ïèëîìàòåðèàëîâ è îòâåò-
ñòâåííûõ êîíñòðóêöèé [7–9].

Äëÿ èñïûòàíèé èñïîëüçîâàëè
ïðåäâàðèòåëüíî êîíäèöèîíèðî-
âàííûå ñòàíäàðòèçèðîâàííûå îá-
ðàçöû ðàçìåðîì 20�20�30 ìì
âëàæíîñòüþ 7–9 %, èçãîòîâ-
ëåííûå èç äðåâåñèíû ëèñòâåííè-
öû äàóðñêîé, êîòîðàÿ ïðîèçðà-
ñòàåò íà þãå ßêóòèè. Ôèçèêî-ìå-
õàíè÷åñêèå õàðàêòåðèñòèêè îá-
ðàçöîâ ðàññ÷èòûâàëè ñîãëàñíî

ÃÎÑÒ 16483.1, ÃÎÑÒ 16483.18,
ÃÎÑÒ 16483.10, ÃÎÑÒ 16483.0.

Íà îñíîâå ïîëíîãî ôàêòîðíî-
ãî ýêñïåðèìåíòà èññëåäîâàëè
òðè ôàêòîðà:

� øèðèíó ãîäè÷íûõ ñëîåâ x1,
0,833 ìì � õ1 � 2,5 ìì;

� ïðîöåíòíîå ñîäåðæàíèå ïîçä-
íåé äðåâåñèíû â ãîäè÷íîì ñëîå
x2, 13 % � õ2 � 22 %;

� ïëîòíîñòü x3, 437,5 êã/ì3 � õ3

� 556,4 êã/ì3.
Ïîñëå îïðåäåëåíèÿ íà÷àëüíîé

âëàæíîñòè îáðàçöîâ îïûòíûì ïó-
òåì óñòàíàâëèâàëè ïîêàçàòåëè ìà-
êðîñòðóêòóðû, ïëîòíîñòü è ïðåäåë
ïðî÷íîñòè ïðè ñæàòèè âäîëü âî-
ëîêîí. Äëÿ ïðîâåäåíèÿ ýêñïåðè-
ìåíòà áûë âûáðàí Â-ïëàí ñ ÏÔÏ â
îðòîãîíàëüíîé ÷àñòè ñ îáùèì ÷è-
ñëîì îïûòîâ, ðàâíûì

N = 2k + 2k = 23 + 2 · 3 = 14,

ãäå k – êîëè÷åñòâî ôàêòîðîâ, k = 3.

Çíà÷åíèÿ ïëîòíîñòè äðåâåñè-
íû è ïðåäåëà ïðî÷íîñòè ïðè ñæà-
òèè âäîëü âîëîêîí ìàëûõ ÷èñòûõ
îáðàçöîâ ïðèâåäåíû â òàáë. 1.

Ïîëó÷åííûå ðåçóëüòàòû ïîêà-
çàëè ëèíåéíóþ çàâèñèìîñòü ïðå-
äåëà ïðî÷íîñòè ïðè ñæàòèè Rñæ

âäîëü è ïîïåðåê âîëîêîí îò
ïëîòíîñòè � (ðèñ. 1) ïðè ñòåïå-
íè êîððåëÿöèè ñîîòâåòñòâåííî
R 2 = 0,91 è R 2 = 0,88:

y x� �0 0175 16105, , ; (1)

y x� �0 0036 0 9469, , . (2)

Íà òùàòåëüíî îòîáðàííûõ îá-

ðàçöàõ ñ èäåíòè÷íûìè õàðàêòåðè-
ñòèêàìè ìàêðîñòðóêòóðû âûÿâëå-
íà õîðîøàÿ êîððåëÿöèîííàÿ
ñâÿçü ìåæäó ïðî÷íîñòíûìè ïîêà-
çàòåëÿìè è ïëîòíîñòüþ îáðàçöîâ.
Ïðè îòñóòñòâèè ñîðòèðîâêè êîýô-
ôèöèåíòû êîððåëÿöèè ñîñòàâëÿ-
þò 0,48–0,69. Ýòî äîêàçûâàåò,
÷òî ìàêðîñòðóêòóðà äðåâåñèíû
äîëæíà ó÷èòûâàòüñÿ êàê âàæíûé
ôàêòîð, âëèÿþùèé íà ðåàëüíûå
ïðî÷íîñòíûå ñâîéñòâà èçäåëèé.

Äàííûå äëÿ èçó÷åíèÿ âçàèìî-
ñâÿçè ïðåäåëà ïðî÷íîñòè ïðè
ñæàòèè âäîëü âîëîêîí îò øèðè-
íû ãîäè÷íûõ ñëîåâ è ñîäåðæàíèÿ
ïîçäíåé äðåâåñèíû ïðèâåäåíû â
òàáë. 2.

Äëÿ ïîñòðîåíèÿ ðåãðåññèîííîé
ìîäåëè ïî ðåçóëüòàòàì Â-ïëàíà
èñïîëüçîâàëè ïðîãðàììó, ñîñòàâ-
ëåííóþ â ôîðìàòå Excel 2007.
Óðîâåíü çíà÷èìîñòè âëèÿíèÿ ôà-
êòîðîâ îïðåäåëÿëè ñ ïîìîùüþ
ðåãðåññèîííîãî óðàâíåíèÿ

�y = 70,561 – 3,489x1 – (3)

– 2,192õ2 + 4,539x3 – 1,099õ1õ2 +

+ 1,66õ1õ3 – 1,99õ2õ3.

Ãðàôèêè, õàðàêòåðèçóþùèå çà-
âèñèìîñòü âëèÿíèÿ ïëîòíîñòè, ñî-
äåðæàíèÿ ïîçäíåé äðåâåñèíû è
øèðèíû ãîäè÷íûõ ñëîåâ íà ïðå-
äåë ïðî÷íîñòè äðåâåñèíû ïðèâå-
äåíû íà ðèñ. 2. Ïîêàçàíî, ÷òî ñ
óâåëè÷åíèåì øèðèíû ãîäè÷íûõ
êîëåö ïðî÷íîñòíûå ïîêàçàòåëè
ñíèæàþòñÿ, ïðè ýòîì âçàèìîâëèÿ-
íèå äâóõ ôàêòîðîâ óñèëèâàåòñÿ.

1. Çíà÷åíèÿ ïëîòíîñòè äðåâåñèíû è ïðåäåëà ïðî÷íîñòè ïðè ñæàòèè
âäîëü âîëîêîí

Ïîêàçàòåëè Ïëîòíîñòü, êã/ì3 Ïðåäåë ïðî÷íîñòè
ïðè ñæàòèè, ÌÏà

Ñðåäíåå 488,8 69,5

Ñòàíäàðòíàÿ îøèáêà 6,14 1,13

Ìåäèàíà 478,9 69,7

Ñòàíäàðòíîå îòêëîíåíèå 34,75 6,4

Ìèíèìóì 437,5 57,5

Ìàêñèìóì 556,4 80,2

Óðîâåíü íàäåæíîñòè (95 %) 12,5 2,3

Ðèñ. 1. Èçìåíåíèå ïðåäåëà ïðî÷íî-
ñòè ïðè ñæàòèè Rñæ âäîëü (à)
è ïîïåðåê (á) âîëîêîí
îò ïëîòíîñòè äðåâåñèíû �
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Îòðèöàòåëüíîå çíà÷åíèå êî-
ýôôèöèåíòà ïðè ôàêòîðàõ x1 è
x2 äåìîíñòðèðóåò, ÷òî ñ ðîñòîì
ñîäåðæàíèÿ ïîçäíåé äðåâåñèíû
è øèðèíû ãîäè÷íûõ ñëîåâ ïðî÷-
íîñòü äðåâåñèíû ëèñòâåííèöû
ïðè ñæàòèè âäîëü âîëîêîí ñíè-
æàåòñÿ (ðèñ. 2à). Êðîìå òîãî,
øèðèíà ãîäè÷íûõ êîëåö âëèÿåò
íà ïðî÷íîñòü áîëüøå, ÷åì ñîäåð-
æàíèå ïîçäíåé äðåâåñèíû.

Ïîëîæèòåëüíîå çíà÷åíèå êî-
ýôôèöèåíòà ôàêòîðà x3 ãîâîðèò
î òîì, ÷òî ñ óâåëè÷åíèåì ïëîòíî-
ñòè ïðî÷íîñòü äðåâåñèíû ëèñòâåí-
íèöû ïðè ñæàòèè âäîëü âîëîêîí
ïîâûøàåòñÿ (ñì. ðèñ. 2â). Èç
ïðåäñòàâëåííûõ ôàêòîðîâ ïëîò-

íîñòü èìååò íàèáîëüøåå çíà÷å-
íèå â îïðåäåëåíèè ïðî÷íîñòíûõ
ñâîéñòâ. Îòðèöàòåëüíûå çíà÷åíèÿ
êîýôôèöèåíòîâ õ1õ2 ïîêàçûâàþò
ñíèæåíèå ïðî÷íîñòíûõ ñâîéñòâ
äðåâåñèíû (ñì. ðèñ. 2à), ïîëîæè-
òåëüíûå çíà÷åíèÿ ôàêòîðîâ õ1õ3

– ïîâûøåíèå ïðî÷íîñòè ìàòåðèà-
ëà (ñì. ðèñ. 2â).

Ïîëó÷åííûå ðåçóëüòàòû ïîç-
âîëÿþò ñäåëàòü âûâîä î òîì, ÷òî
ïðè ðàâíîçíà÷íûõ çíà÷åíèÿõ
ïëîòíîñòè íàèáîëüøèìè ïðî÷íî-
ñòíûìè ïîêàçàòåëÿìè îáëàäàåò
ìåëêîñëîéíàÿ äðåâåñèíà ñ ìèíè-
ìàëüíûì ñîäåðæàíèåì ïîçäíåé
äðåâåñèíû.

Àíàëèç ðåãðåññèîííîãî óðàâ-
íåíèÿ è ãðàôèêîâ âëèÿíèÿ øèðè-
íû ãîäè÷íûõ ñëîåâ, ñîäåðæàíèÿ
ïîçäíåé äðåâåñèíû è ïëîòíîñòè
íà ïðî÷íîñòíûå ñâîéñòâà ïîêà-
çàë, ÷òî çíà÷èìûì ôàêòîðîì ÿâ-
ëÿåòñÿ ïëîòíîñòü. Äàííûå ðå-
çóëüòàòû ïîçâîëÿþò îöåíèòü ðå-
àëüíûå ïðî÷íîñòíûå ïîêàçàòåëè
è ïðåäñòàâèòü îñíîâíûå òðåáîâà-
íèÿ ê ñîðòèðîâêå äðåâåñèíû.

Òàê, ïî äàííûì Â. Í. Âîëûí-
ñêîãî [5] è äðóãèõ ðîññèéñêèõ

ñïåöèàëèñòîâ, ïðî÷íîñòü ïèëîìà-
òåðèàëîâ òðåòüåãî è ÷åòâåðòîãî
ñîðòà ïî ÃÎÑÒ 8486 ìîæåò áûòü
âûøå ïðî÷íîñòè ïèëîìàòåðèàëîâ
íóëåâîãî è ïåðâîãî ñîðòîâ. Ïðè
ýòîì êîýôôèöèåíò âàðèàöèè äîñ-
òèãàåò 40 % è áîëåå, ÷òî íå ãàðàí-
òèðóåò ðåàëüíûõ ôèçèêî-ìåõàíè-
÷åñêèõ ñâîéñòâ ïèëîìàòåðèàëîâ
íà îñíîâàíèè îáíàðóæåíèÿ âèäè-
ìûõ ïîðîêîâ äðåâåñèíû [10–12].

Â û â î ä û

1. Íà îñíîâå àíàëèçà ðåãðåñ-
ñèîííîãî óðàâíåíèÿ è ãðàôèêîâ
âëèÿíèÿ øèðèíû ãîäè÷íûõ ñëîåâ,
ñîäåðæàíèÿ ïîçäíåé äðåâåñèíû
è ïëîòíîñòè íà ïðî÷íîñòíûå
ñâîéñòâà óñòàíîâëåíî, ÷òî ïðè
ðàâíîçíà÷íûõ ïîêàçàòåëÿõ ïëîò-
íîñòè íàèëó÷øèìè ïîêàçàòåëÿìè
ïðî÷íîñòè îáëàäàåò ìåëêîñëîé-
íàÿ äðåâåñèíà ñ íàèìåíüøèì ñî-
äåðæàíèåì ïîçäíåé äðåâåñèíû.

2. Ïîëó÷åííûå ðåçóëüòàòû ïî-
êàçàëè, ÷òî ïðè ñîðòèðîâêå äðå-
âåñèíû äëÿ ïðîèçâîäñòâà ñòðîè-
òåëüíûõ êîíñòðóêöèé äîëæíû
ó÷èòûâàòüñÿ ïëîòíîñòü è ñîäåð-
æàíèå ïîçäíåé äðåâåñèíû.

2. Ýêñïåðèìåíòàëüíûé ïëàí Â3 è ðåçóëüòàòû îïûòîâ

¹ Íîðìàëèçîâàííûå çíà÷åíèÿ
ôàêòîðîâ

Ðåçóëüòàòû äóáëèðîâàííûõ îïûòîâ

x1 x2 x3 1 2 3 4

1 –1 –1 –1 68,688 72,114 71,212 69,333

2 1 –1 –1 62,799 60,458 61,76 62,689

3 –1 1 –1 72,196 70,185 74,634 71,399

4 1 1 –1 59,198 60,433 60,855 58,762

5 –1 –1 1 79,386 79,265 80,754 79,602

6 1 –1 1 76,393 77,437 80,482 79,673

7 –1 1 1 72,666 73,923 73,985 75,714

8 1 1 1 67,033 66,117 68,538 69,924

9 –1 0 0 75,394 72,296 74,284 75,85

10 1 0 0 65,699 67,411 69,538 68,109

11 0 –1 0 72,122 73,896 73,238 72,794

12 0 1 0 65,438 68,033 69,499 67,863

13 0 0 –1 66,99 65,156 63,489 66,55

14 0 0 1 72,533 74,55 77,288 75,18

1 – x3 = 0, x2 = –1; 2 – x3 = 0, x2 = 0;
3 – x3 = 0, x2 = 1; 4 – x1 = 0, x3 = 1;
5 – x1 = 0, x3 = 0; 6 – x1 = 0, x3 = –1;
7 – x2 = 0, x1 = –1; 8 – x2 = 0, x1 = 0;
9 – x2 = 0, x1 = 1

Ðèñ. 2. Ãðàôèêè çàâèñèìîñòè ïðå-
äåëà ïðî÷íîñòè ïðè ñæàòèè âäîëü
âîëîêîí îò øèðèíû ãîäè÷íûõ
ñëîåâ (à), ñîäåðæàíèÿ ïîçäíåé
äðåâåñèíû (á) è åå ïëîòíîñòè (á)
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