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Àííîòàöèÿ. Ðàññìîòðåíà âîçìîæíîñòü óëó÷øåíèÿ ôèçèêî-ìåõàíè÷åñêèõ ñâîéñòâ äðåâåñèíû ïóòåì ñàìîïðîèç-
âîëüíîé ìèíåðàëèçàöèè äðåâåñíîé ìàòðèöû ïîä äåéñòâèåì îðãàíîìèíåðàëüíîãî êîìïëåêñà «àðàáèíîãàëàê-
òàí–êðåìíåçåìñîäåðæàùèé ïåñîê». Â êà÷åñòâå êðèòåðèÿ îïòèìèçàöèè ðåöåïòóðíîãî ôàêòîðà èñïîëüçîâàíî
îòíîñèòåëüíîå èçìåíåíèå ïëîòíîñòè ìîäèôèöèðîâàííîé äðåâåñèíû. Äëÿ ïðîâåäåíèÿ ýêñïåðèìåíòîâ áûëè èçãî-
òîâëåíû îïûòíûå îáðàçöû èç äðåâåñèíû ñîñíû îáûêíîâåííîé. Îðãàíè÷åñêèé êîìïîíåíò îðãàíîìèíåðàëüíîãî
êîìïëåêñà ïðåäñòàâëÿë ñîáîé àðàáèíîãàëàêòàí, âûäåëåííûé èç äðåâåñèíû ëèñòâåííèöû ïóòåì âîäíîé ýêñòðàê-
öèè. Ìèíåðàëüíûì êîìïîíåíòîì êîìïëåêñà ÿâëÿëàñü êðåìíåçåìñîäåðæàùàÿ ïîëèìèíåðàëüíàÿ ãîðíàÿ ïîðîäà ñ ñî-
äåðæàíèåì îêñèäà êðåìíèÿ áîëåå 90 %. Óñòàíîâëåíî, ÷òî ïðîöåññ ìèíåðàëèçàöèè äðåâåñíîé ìàòðèöû âîäîðàñ-
òâîðèìûì îðãàíîìèíåðàëüíûì êîìïëåêñîì íà îñíîâå àðàáèíîãàëàêòàíà è ïîëèìèíåðàëüíîé êðåìíåçåìñîäåðæà-
ùåé ãîðíîé ïîðîäû ìîæåò ïðîòåêàòü ñàìîïðîèçâîëüíî. Ïðè ýòîì ìàêñèìàëüíîå îòíîñèòåëüíîå óâåëè÷åíèå
ïëîòíîñòè äðåâåñèíû, äîñòèãàåìîå çà ñóòêè, îãðàíè÷èâàåòñÿ 12 %. Ýòî ïîçâîëÿåò ïîâûñèòü ïðî÷íîñòü âäîëü
âîëîêîí è òâåðäîñòü äðåâåñèíû íà 47 è 71 % ñîîòâåòñòâåííî. Ïîëó÷åííûå ìàòåìàòè÷åñêèå âûðàæåíèÿ, ñâÿçû-
âàþùèå ïðî÷íîñòü è òâåðäîñòü äðåâåñèíû ïîñëå ìèíåðàëèçàöèè ñ îòíîñèòåëüíûì èçìåíåíèåì åå ïëîòíîñòè,
ìîãóò ÿâëÿòüñÿ îñíîâîé äëÿ ïðîãíîçèðîâàíèÿ ýòèõ ñâîéñòâ ìàòåðèàëà èç äðåâåñèíû ïðè åå ìîäèôèêàöèè.
Êëþ÷åâûå ñëîâà: îðãàíîìèíåðàëüíûé êîìïëåêñ, àðàáèíîãàëàêòàí, êðåìíåçåìñîäåðæàùèé ïîëèìèíåðàëüíûé
ïåñîê, ìîäèôèöèðîâàííàÿ äðåâåñèíà, îòíîñèòåëüíîå èçìåíåíèå ïëîòíîñòè, ïðî÷íîñòü, òâåðäîñòü,
ñàìîïðîèçâîëüíûé ïðîöåññ.
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Abstract. The aim of this work was assess the ability to improve the physicomechanical properties of wood by natural
mineralization of the wood matrix under the influence of the organic-mineral complex of the composition
arabinogalactan-silica-containing polymineral sand. As a criterion for optimizing the prescription factor, the value of the
relative density change of the modified wood was used. For the experiments, prototypes of common pine wood were
made. The organic component of the organic-mineral complex was arabinogalactan isolated from larch wood by water
extraction. The mineral component of the complex was silica-containing polymineral rock with a silica content of more
than 90 %. It has been established that the process of mineralization of the wood matrix with a water-soluble organic-
mineral complex based on arabinogalactan and a polymineral silica-containing rock can occur spontaneously, while the
maximum relative increase in wood density achieved in 24 hours is limited to 12 %. This increase in the density of
wood allows it to increase its strength along the fibers and hardness by 47 % and 71 %, respectively. The obtained
mathematical expressions relating the strength and hardness of wood after mineralization with a relative change in its
density, which can be the basis for predicting these properties of wood material during its modification.
Key words: organic-mineral complex, arabinogalactan, silica-containing polymineral sand, modified wood, relative
density change, strength, hardness, natural impregnation.

Èñïîëüçîâàíèå äðåâåñèíû êàê
ñòðîèòåëüíîãî ìàòåðèàëà îáó-

ñëîâëèâàåò íåîáõîäèìîñòü åå çà-
ùèòû îò âíåøíèõ âîçäåéñòâèé
äëÿ ñîõðàíåíèÿ ñâîéñòâ è äåêî-
ðàòèâíîãî âèäà ìàòåðèàëà. Ïðî-
ïèòî÷íûå ñîñòàâû íå îáåñïå÷èâà-

þò äîñòàòî÷íóþ ñòåïåíü ýêîëîãè-
÷íîñòè è íåâîñïðèèì÷èâîñòè ìà-
òåðèàëà ê âíåøíèì âîçäåéñòâèÿì
ïðè äëèòåëüíîé ýêñïëóàòàöèè [1,
2]. Îáðàáîòêà äðåâåñíîãî ñûðüÿ
è îñîáåííîñòè åãî ñòðîåíèÿ
(àíèçîòðîïèÿ) âëèÿþò íà ôèçè-

êî-ìåõàíè÷åñêèå õàðàêòåðèñòè-
êè, êîòîðûå ïðèîáðåòàåò â èòîãå
ãîòîâûé ìàòåðèàë. Îäíàêî áèî-
ñòîéêîñòü, ñòàáèëüíîñòü ôîðìû
è ðàçáóõàíèå â çíà÷èòåëüíîé ñòå-
ïåíè çàâèñÿò îò êîëè÷åñòâà óäà-
ëåííîé èç äðåâåñèíû âîäû. Èç-
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âåñòíî [3–6], ÷òî äëÿ ðàñòèòåëü-
íîãî ñûðüÿ õàðàêòåðíû äâå ôîð-
ìû ñîäåðæàùåéñÿ â íåì âîäû:
ñâÿçàííàÿ (ãèãðîñêîïè÷åñêàÿ),
êîòîðàÿ ñîäåðæèòñÿ â êëåòî÷íûõ
ñòåíêàõ äðåâåñèíû, è ñâîáîäíàÿ
(ìàêðîêàïèëëÿðíàÿ), íàõîäÿùàÿ-
ñÿ â ïîëîñòÿõ êëåòîê è â ìåæêëå-
òî÷íûõ ïðîñòðàíñòâàõ. Óâåëè÷å-
íèå ñîäåðæàíèÿ ñâÿçàííîé âîäû
â äðåâåñèíå ñîïðîâîæäàåòñÿ èç-
ìåíåíèåì åå ëèíåéíûõ ðàçìåðîâ
è îáúåìà (ðàçáóõàíèåì). Ýòî âû-
çâàíî òåì, ÷òî ñâÿçàííàÿ âîäà,
ðàçìåùàÿñü â êëåòî÷íûõ ñòåí-
êàõ, ðàçäâèãàåò ìèêðîôèáðèëëû.
Ñòåïåíü ðàçáóõàíèÿ çàâèñèò îò
ñîäåðæàíèÿ è ãèãðîñêîïè÷íîñòè
âõîäÿùèõ â êëåòî÷íûå ñòåíêè
êîìïîíåíòîâ (ëèãíèí, öåëëþëî-
çà, îñîáåííî ãåìèöåëëþëîçà).
Ïîýòîìó ìîäèôèöèðóÿ õèìè÷åñ-
êèé ñîñòàâ êëåòî÷íîé ñòåíêè, çà-
ìåùàÿ îðãàíè÷åñêèå êîìïîíåíòû
íà ìèíåðàëüíûå, ìîæíî â çíà÷è-
òåëüíîé ñòåïåíè óìåíüøèòü ãèã-
ðîñêîïè÷íîñòü è ðàçáóõàíèå
äðåâåñèíû.

Âñëåäñòâèå ïîðèñòîñòè äðåâå-
ñèíà ñïîñîáíà ïðè íåïîñðåäñò-
âåííîì êîíòàêòå ñ âîäîé óâåëè-
÷èâàòü âëàæíîñòü (âîäîïîãëîùå-
íèå). Ìàêñèìàëüíàÿ âëàæíîñòü
äðåâåñèíû ñêëàäûâàåòñÿ èç ïðå-
äåëüíîãî êîëè÷åñòâà ñâÿçàííîé
âîäû (ïðåäåëà íàñûùåíèÿ êëåòî-
÷íûõ ñòåíîê) è íàèáîëüøåãî êî-
ëè÷åñòâà ñâîáîäíîé âîäû. Îáúåì
ñâîáîäíîé âîäû çàâèñèò îò ïóñ-
òîò â äðåâåñèíå, ïîýòîìó ÷åì
áîëüøå ïëîòíîñòü äðåâåñèíû,
òåì ìåíüøå åå âëàæíîñòü.

Ðàñòâîðèìûé â âîäå êâàðöñî-
äåðæàùèé êîìïëåêñ íà îñíîâå
àðàáèíîãàëàêòàíà ñïîñîáåí çà-
ìåùàòü êîìïîíåíòû êëåòî÷íîé
ñòåíêè ðàñòèòåëüíîãî ñûðüÿ
[7–11] . Â ðàáîòå [12] äëÿ ìîäè-
ôèêàöèè äðåâåñèíû ïðåäëîæåí
âîäîðàñòâîðèìûé îðãàíîìèíå-
ðàëüíûé êîìïëåêñ ñîñòàâà êðåì-
íåçåìñîäåðæàùèé ïîëèìèíå-
ðàëüíûé ïåñîê – àðàáèíîãàëàê-
òàí, à â èññëåäîâàíèÿõ [13] ìåòî-
äîì êàëîðèìåòðèè óñòàíîâëåíî

îïòèìàëüíîå ñîîòíîøåíèå ýòèõ
êîìïîíåíòîâ.

Öåëü ðàáîòû – îöåíêà ñïîñîá-
íîñòè óëó÷øàòü ôèçèêî-ìåõàíè-
÷åñêèå ñâîéñòâà äðåâåñèíû ïóòåì
åå ïðîïèòêè îðãàíîìèíåðàëüíûì
êîìïëåêñîì «àðàáèíîãàëàêòàí–
êðåìíåçåìñîäåðæàùèé ïîëèìè-
íåðàëüíûé ïåñîê». Èñõîäÿ èç èç-
ëîæåííîãî, â êà÷åñòâå êðèòåðèÿ
îïòèìèçàöèè ðåöåïòóðíîãî ôàê-
òîðà èñïîëüçîâàíî îòíîñèòåëü-
íîå èçìåíåíèå ïëîòíîñòè �� ìî-
äèôèöèðîâàííîé äðåâåñèíû.
Äàííóþ õàðàêòåðèñòèêó ðàññ÷è-
òûâàëè ïî âûðàæåíèþ

��
� �

�
�

�1 0

0

, (1)

ãäå �0 è �1 – ïëîòíîñòü îïûòíîãî îáðàç-
öà äî è ïîñëå ìîäèôèêàöèè, ã/ñì3.

Ïîñëå îïðåäåëåíèÿ îïòèìàëü-
íûõ óñëîâèé ïðîïèòêè âîäíûì
ðàñòâîðîì îðãàíîìèíåðàëüíîãî
êîìïëåêñà â ñëó÷àå ïðîòåêàíèÿ
ñàìîïðîèçâîëüíîãî ïðîöåññà îá-
ðàçöû äðåâåñèíû ïîäâåðãàëè äî-
ïîëíèòåëüíûì èñïûòàíèÿì ñ öå-
ëüþ óñòàíîâëåíèÿ ïðåäåëà ïðî÷-
íîñòè ïðè ðàçðóøåíèè R, ÌÏà, è
òâåðäîñòè HBW, H/ìì2:

R
P

S
� max , (2)

ãäå Pmax – ìàêñèìàëüíàÿ ðàçðóøàþùàÿ
íàãðóçêà, Í; S – ïëîùàäü ïîïåðå÷íîãî
ñå÷åíèÿ îáðàçöà, ìì.

HBW �
� �

0102

0 5 2 2

,

, ( )

F

D D D d�
, (3)

ãäå F – ïðèëîæåííàÿ íàãðóçêà, H; D –
äèàìåòð øàðèêà, ìì; d – äèàìåòð îòïå-
÷àòêà, ìì.

Äëÿ ïðîâåäåíèÿ ýêñïåðèìåíòà
èçãîòîâèëè îïûòíûå îáðàçöû
äðåâåñèíû ñîñíû îáûêíîâåííîé
(Pinus Sylvestris L.) ðàçìåðîì
20�20�30 ìì. Îáðàçöû äîâîäèëè
äî ïîñòîÿííîé ìàññû m0 ïðè
òåìïåðàòóðå 105 °Ñ (äëÿ âçâåøè-
âàíèÿ îáðàçöîâ èñïîëüçîâàëè
àíàëèòè÷åñêèå âåñû).

Ïðåäâàðèòåëüíî ãîòîâèëè âîä-
íûé ðàñòâîð îðãàíîìèíåðàëüíî-
ãî ìîäèôèêàòîðà ñëåäóþùèì îá-

ðàçîì: íàâåñêó àðàáèíîãàëàêòà-
íà (ÀÃ) ñìåøèâàëè ñ îòìûòûì îò
ãëèíèñòûõ âêëþ÷åíèé êðåìíåçåì-
ñîäåðæàùèì ïîëèìèíåðàëüíûì
(Ï) ïåñêîì (ïðåäâàðèòåëüíî ìåõà-
íè÷åñêè äèñïåðãèðîâàííûì íà
øàðîâîé ìåëüíèöå Retsch PM100
äî ñðåäíåãî ðàçìåðà ÷àñòèö
186±20 íì).

Ðàçìåðíûå õàðàêòåðèñòèêè ÷à-
ñòèö îïðåäåëÿëè ìåòîäîì äèíà-
ìè÷åñêîãî ðàññåÿíèÿ ñâåòà, ðåà-
ëèçóåìûì íà àíàëèçàòîðå ðàçìå-
ðà ñóáìèêðîííûõ ÷àñòèö è �-ïî-
òåíöèàëà Delsa Nano Series Zeta
Potential and Submicron Particle
Size Analyzers. Çàòåì äîáàâëÿëè
íåîáõîäèìîå êîëè÷åñòâî äèñòèë-
ëèðîâàííîé âîäû è âûäåðæèâàëè
ñìåñü ïðè òåìïåðàòóðå 25±2 °Ñ â
òå÷åíèå 24 ÷. Äëÿ èäåíòèôèêàöèè
ÀÃ â âèäå ïîëó÷åííîãî ïðîäóêòà
èñïîëüçîâàëè ìåòîä ÈÊ-ñïåêòðî-
ñêîïèè. Çàïèñü ÈÊ-ñïåêòðîâ áûëà
âûïîëíåíà ìåòîäîì íàðóæíîãî
ïîëíîãî âíóòðåííåãî îòðàæåíèÿ
(ÍÏÂÎ) íà ÈÊ-Ôóðüå-ñïåêòðî-
ìåòðå «Vertex 70v» («Bruker»,
Ãåðìàíèÿ) ñ àëìàçíîé ïðèçìîé
GladiATR («Pike Tech», ÑØÀ) â
äèàïàçîíå 4000–400 ñì-1 ñ ðàçðå-
øåíèåì 4 ñì-1.

Ïîëèìèíåðàëüíûé êðåìíåçåì-
ñîäåðæàùèé ïåñîê (ìåñòîðîæäå-
íèå Êðàñíîôëîòñêèé çàïàä, Àð-
õàíãåëüñêàÿ îáë.) äëÿ îïðåäåëå-
íèÿ ìèíåðàëüíîãî ñîñòàâà áûë
ïîäâåðãíóò ðåíòãåíîôëóîðåñöåíò-
íîìó àíàëèçó íà ñïåêòðîìåòðå
ShimadzuEDX-800 (ÖÊÏ «Àðêòè-
êà» ÑÀÔÓ). Äëÿ ïðîâåäåíèÿ îñ-
íîâíûõ ýêñïåðèìåíòîâ ïî ìîäèôè-
êàöèè äðåâåñèíû ãîòîâèëè ðàñ-
òâîðû, ñîäåðæàùèå ñëåäóþùåå
ñîîòíîøåíèå (ïî ìàññå) êîìïî-
íåíòîâ (â ïåðåñ÷åòå íà 100 ã ðàñòâî-
ðà): 2%ÀÃ–10%Ï, 5%ÀÃ–10%Ï,
10%ÀÃ–10%Ï è 20%ÀÃ–10%Ï.

Îáðàáîòêó îáðàçöîâ äðåâåñè-
íû â ñàìîïðîèçâîëüíîì ðåæèìå
ïðîâîäèëè ïóòåì ïîãðóæåíèÿ èõ
â âîäíûé ðàñòâîð îðãàíîìèíå-
ðàëüíîãî êîìïëåêñà íà ôèêñèðî-
âàííûå âðåìåííûå èíòåðâàëû:
12, 24, 48 è 72 ÷. Òåìïåðàòóðíûé
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ðåæèì ïîääåðæèâàëñÿ ïîñòîÿí-
íûì, ðàâíûì 25±2 °Ñ. Ïî èñòå÷å-
íèè çàäàííîãî âðåìåíè îïûòíûå
îáðàçöû èçâëåêàëè èç ðàñòâîðà
è äîâîäèëè äî ïîñòîÿííîé ìàññû
m1. Ïëîòíîñòü äðåâåñèíû äî è
ïîñëå îáðàáîòêè êîìïëåêñîì îï-
ðåäåëÿëè ïî ñòàíäàðòíîé ìåòî-
äèêå ÃÎÑÒ16483.1–84 «Äðåâåñè-
íà. Ìåòîä îïðåäåëåíèÿ ïëîòíî-
ñòè» ñ ó÷åòîì ñîîòâåòñòâóþùåé
ìàññû îáðàçöîâ (m0 èëè m1) è èõ
îáúåìà (ðàññ÷èòûâàëè ïî òî÷íûì
ãåîìåòðè÷åñêèì ðàçìåðàì). Îò-
íîñèòåëüíîå èçìåíåíèå ïëîòíî-
ñòè äðåâåñèíû ðàññ÷èòûâàëè ïî
âûðàæåíèþ (1).

Îïðåäåëåíèå ôèçèêî-ìåõàíè-
÷åñêèõ õàðàêòåðèñòèê (ïðî÷-
íîñòü, òâåðäîñòü) äðåâåñèíû äî è
ïîñëå ìîäèôèêàöèè ïðîâîäèëè
íà èñïûòàòåëüíîé ìàøèíå Shi-
madzu–AGS-X.

Èñïûòàíèÿ îáðàçöîâ íà ïðî÷-
íîñòü ïðè ñæàòèè äðåâåñèíû
âäîëü âîëîêîí îñóùåñòâëÿëè â

ñîîòâåòñòâèè ñî ñòàíäàðòíîé ìå-
òîäèêîé ïî ÃÎÑÒ 16483.10–73
«Äðåâåñèíà. Ìåòîäû îïðåäåëå-
íèÿ ïðåäåëà ïðî÷íîñòè ïðè ñæà-
òèè âäîëü âîëîêîí». Îïûòíûé
îáðàçåö ïîìåùàëè ìåæäó îïîð-
íûìè ïîâåðõíîñòÿìè ïðåññà. Â
ïðîãðàììíîå îáåñïå÷åíèå ââî-
äèëè äàííûå ïî ðàçìåðàì îáðàç-
öà è íåîáõîäèìóþ ñêîðîñòü ðàâ-
íîìåðíîãî íàãðóæåíèÿ –
25000±5000 Í/ìèí. Äëÿ ðàñ÷åòà
èñïîëüçîâàëè ôîðìóëó (2), ãäå
ïëîùàäü ïîïåðå÷íîãî ñå÷åíèÿ S

óñòàíàâëèâàëè ïî òî÷íûì ãåîìåò-
ðè÷åñêèì ðàçìåðàì îáðàçöà.

Äëÿ îïðåäåëåíèÿ òâåðäîñòè
îáðàçöîâ èõ ðàçìåùàëè ìåæäó
îïîðíûìè ÷àñòÿìè ìàøèíû, à
ñâåðõó (íà òîðöåâóþ èëè òàíãåí-
òàëüíóþ ñòîðîíó) óñòàíàâëèâàëè
ñòàëüíîé øàðèê äèàìåòðîì 9,87
ìì. Ñ ïîìîùüþ ÏÊ çàäàâàëè ðåã-
ëàìåíòèðóåìóþ ïî ÃÎÑÒ íàãðóç-
êó 245,2 Í, êîòîðóþ âûäåðæèâà-
ëè â òå÷åíèå 15 ñ. Çàòåì ïðåêðà-

ùàëè èñïûòàíèå è èçìåðÿëè äèà-
ìåòð ïîëó÷åííîãî îòïå÷àòêà íà
îáðàçöå. Òâåðäîñòü äðåâåñèíû
ðàññ÷èòûâàëè ïî âûðàæåíèþ (3).

Ìèíåðàëüíûé àíàëèç êðåìíå-
çåìñîäåðæàùåé ãîðíîé ïîðîäû
ïîêàçàë, ÷òî ñîäåðæàíèå îñíîâ-
íûõ êîìïîíåíòîâ ñëåäóþùåå:
SiO2 (91,4 %), Al2O3 (5,1 %),
Fe2O3 (0,6 %), CaO (0,3 %), Na2O
(1,4 %), K2O (0,4 %). Âàæíî îò-
ìåòèòü, ÷òî çíà÷èòåëüíîå ñîäåð-
æàíèå â ïîëèìèíåðàëüíîì ïåñêå
SiO2 ìîæåò ñâèäåòåëüñòâîâàòü î
âûñîêîì êà÷åñòâå îñàäî÷íîé
ãîðíîé ïîðîäû.

Ðåçóëüòàòû ýêñïåðèìåíòîâ ïî
âëèÿíèþ ïðîäîëæèòåëüíîñòè îá-
ðàáîòêè îïûòíûõ îáðàçöîâ îðãà-
íîìèíåðàëüíûì êîìïëåêñîì ñî-
ñòàâà 10%ÀÃ–10%Ï íà îòíîñè-
òåëüíîå èçìåíåíèå ïëîòíîñòè
äðåâåñèíû ïðè ñàìîïðîèçâîëü-
íîì ïðîòåêàíèè ïðîöåññà ìîäè-
ôèêàöèè ïðåäñòàâëåíû â òàáë. 1.

Äàííûå (ñì. òàáë. 1) ïîêàçû-

1. Îòíîñèòåëüíîå èçìåíåíèå ïëîòíîñòè îïûòíûõ
îáðàçöîâ ïðè ðàçëè÷íîé ìîäèôèêàöèè

Âðåìÿ
îáðàáîòêè, ÷

Ñðåäíèé
îáúåì

îáðàçöîâ,
ñì3

Ñðåäíÿÿ
ìàññà

îáðàçöîâ, ã,
m0/m1

��ñð, %

12 11,08 4,49/4,66 3,8

24 10,72 4,46/4,88 9,3

48 10,57 4,39/4,87 10,8

72 10,66 4,41/4,89 11

1 – ìàêñèìàëüíàÿ ðàçðóøàþùàÿ íàãðóçêà Pmax, êÍ; 2 – ñðåä-

íåå çíà÷åíèå Rñð, ÌÏà

Ðåçóëüòàòû îïðåäåëåíèÿ ïðåäåëà ïðî÷íîñòè
ïðè ñæàòèè R îáðàçöîâ äðåâåñèíû âäîëü âîëîêîí

2. Îòíîñèòåëüíîå èçìåíåíèå ïëîòíîñòè îïûòíûõ
îáðàçöîâ ïðè ìîäèôèêàöèè ðàçíûìè ñîñòàâàìè

Ñîñòàâ
êîìïëåêñà

Ñðåäíèé
îáúåì

îáðàçöîâ,
ñì3

Ñðåäíÿÿ
ìàññà

îáðàçöîâ, ã,
m0/m1

��ñð, %

2%ÀÃ–10%Ï 10,78 4,39/4,55 3,7

5%ÀÃ–10%Ï 10,57 4,25/4,53 6,8

10%ÀÃ–10%Ï 10,78 4,39/4,85 10,5

20%ÀÃ-10%Ï 11 4,42/4,95 11,9

3. Èñïûòàíèÿ îáðàçöîâ äðåâåñèíû íà òâåðäîñòü

Ñîñòàâ êîìïëåêñà Ñðåäíèé äèàìåòð
îòïå÷àòêîâ d, ìì

Ñðåäíåå çíà÷åíèå
òâåðäîñòè

ïî Áðèíåëëþ
HBW, Í/ìì2

Êîíòðîëüíûé îá-
ðàçåö

5,1 1,12

2%ÀÃ–10%Ï 3,8 2,17

5%ÀÃ–10%Ï 3,5 2,52

10%ÀÃ–10%Ï 2,9 3,71

20%ÀÃ–10%Ï 2,9 3,8

Ï ð è ì å ÷ à í è å. Ïðèëîæåííàÿ íàãðóçêà F = 245,2 Í, äèàìåòð
øàðèêà – 9,87 ìì.
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âàþò, ÷òî ìîäèôèêàöèÿ äðåâåñè-
íû, ïðîâîäèìàÿ â ñàìîïðîèç-
âîëüíîì ðåæèìå, íàèáîëåå èí-
òåíñèâíî ïðîòåêàåò â ïåðâûå 24 ÷
ýêñïåðèìåíòà è ïðàêòè÷åñêè çà-
êàí÷èâàåòñÿ ÷åðåç 48 ÷.

Îòíîñèòåëüíîå èçìåíåíèå
ïëîòíîñòè îïûòíûõ îáðàçöîâ ïðè
èõ îáðàáîòêå îðãàíîìèíåðàëü-
íûì êîìïëåêñîì ðàçëè÷íîãî ñî-
ñòàâà â òå÷åíèå 24 ÷ ïðåäñòàâëå-
íî â òàáë. 2.

Ñëåäóåò îòìåòèòü, ÷òî ñ óâåëè-
÷åíèåì ñîäåðæàíèÿ àðàáèíîãàëà-
êòàíà â êîìïëåêñå ïëîòíîñòü îá-
ðàçöîâ äðåâåñèíû âîçðàñòàåò.
Îäíàêî ñàìîïðîèçâîëüíûé ïðî-
öåññ âíå çàâèñèìîñòè îò âðåìåíè
ìîäèôèêàöèè è êîíöåíòðàöèè ÀÃ
ïðèâîäèò ïðàêòè÷åñêè ê îäèíàêî-
âîìó ìàêñèìàëüíîìó çíà÷åíèþ
îòíîñèòåëüíîãî óâåëè÷åíèÿ ïëîò-
íîñòè îáðàçöîâ â ïðåäåëàõ 12 %.

Ðåçóëüòàòû îïðåäåëåíèÿ ïðå-
äåëà ïðî÷íîñòè ïðè ñæàòèè îá-
ðàçöîâ âäîëü âîëîêîí, ïðåäñòàâ-
ëåííûå íà ðèñóíêå, ïîêàçûâàþò,
÷òî ñ óâåëè÷åíèåì ñîäåðæàíèÿ
îðãàíè÷åñêîãî êîìïîíåíòà â êîì-
ïëåêñå âåëè÷èíà R ïîñòîÿííî âîç-
ðàñòàåò è äîñòèãàåò ñâîåãî ìàêñè-
ìóìà ïðè ñîäåðæàíèè ÀÃ 20 %.
Îòíîñèòåëüíîå óâåëè÷åíèå � ïðî-
÷íîñòè äðåâåñèíû îò èñõîäíî-
ãî äî ìàêñèìàëüíîãî çíà÷åíèÿ
(ìîäèôèöèðîâàííûé êîìïëåêñîì
20%ÀÃ-10%Ï) ñîñòàâèëî 47 %.

Òâåðäîñòü îáðàçöîâ äðåâåñè-
íû, îáðàáîòàííûõ ðàçëè÷íûìè ñî-
ñòàâàìè îðãàíîìèíåðàëüíîãî êîì-

ïëåêñà, ïðåäñòàâëåíà â òàáë. 3.
Ïîëó÷åííûå äàííûå ïîêàçûâàþò
çíà÷èòåëüíîå óâåëè÷åíèå òâåðäî-
ñòè ïî Áðèíåëëþ îáðàáîòàííîé
îðãàíîìèíåðàëüíîé êîìïîçèöè-
åé äðåâåñèíû. Ïîêàçàòåëü � äëÿ
òâåðäîñòè â ñëó÷àå îïûòíûõ îá-
ðàçöîâ ñîñòàâèë 71 %.

Ðàçáðîñ ñðåäíèõ çíà÷åíèé
äèàìåòðà îòïå÷àòêîâ, òâåðäîñòè,
îáúåìà è ìàññû (ñì. òàáë. 1–3)

íå ïðåâûøàåò 3 %. Ïðîâåäåííûå
ýêñïåðèìåíòû ïîêàçàëè, ÷òî â
ïðîöåññå ñàìîïðîèçâîëüíîé ìî-
äèôèêàöèè äðåâåñèíû îðãàíîìè-
íåðàëüíûì êîìïëåêñîì ïðè íîð-
ìàëüíîé (25 °Ñ) òåìïåðàòóðå ïðî-
èñõîäèò íàñûùåíèå ïîðîâîãî è
êëåòî÷íîãî ïðîñòðàíñòâà äðåâå-
ñèíû ìèíåðàëüíûìè êîìïîíåíòà-
ìè, ÷òî âûçûâàåò îòíîñèòåëüíîå
óâåëè÷åíèå åå ïëîòíîñòè. Îäíàêî
íåçàâèñèìî îò ñîñòàâà êîìïëåêñà
è ïåðèîäà îáðàáîòêè îáðàçöîâ â
äàííîì ðåæèìå ìèíåðàëèçàöèÿ
äðåâåñíîé ìàòðèöû ÿâëÿåòñÿ äëè-
òåëüíûì ïðîöåññîì è íå ïðåâû-
øàåò 12 % ïî îòíîñèòåëüíîìó
óâåëè÷åíèþ ïëîòíîñòè äðåâåñè-
íû. Âìåñòå ñ òåì äàæå òàêîå âîç-
ðàñòàíèå ïëîòíîñòè äðåâåñèíû
ïîçâîëÿåò óâåëè÷èòü åå ïðî÷íîñòü
è òâåðäîñòü íà 47 è 71 % ñîîòâåò-
ñòâåííî.

Àïïðîêñèìàöèÿ ôóíêöèîíàëü-
íûõ çàâèñèìîñòåé âèäàR f� ( )��
è HBW � f ( )�� ðàçëè÷íûìè ìà-
òåìàòè÷åñêèìè óðàâíåíèÿìè ïîç-
âîëèëà óñòàíîâèòü, ÷òî ïåðå÷èñ-
ëåííûå ôóíêöèè èìåþò ñòðîãèé

ëèíåéíûé õàðàêòåð ñ êîýôôèöè-
åíòîì äîñòîâåðíîñòè àïïðîêñè-
ìàöèè 0,99 è 0,98 ñîîòâåòñòâåí-
íî. Ñàìè ëèíåéíûå óðàâíåíèÿ
èìåþò âèä:

R = 3,31�� + 39,7; (4)

HBW = 0,23�� + 1,2. (5)

Ïîëó÷åííûå ìàòåìàòè÷åñêèå
âûðàæåíèÿ (4) è (5) ñëóæàò îñíî-
âîé äëÿ ïðîãíîçèðîâàíèÿ ôèçè-
êî-ìåõàíè÷åñêèõ ñâîéñòâ ìàòåðè-
àëà èç äðåâåñèíû ïðè åå ìîäè-
ôèêàöèè ïóòåì ìèíåðàëèçàöèè
äðåâåñíîé ìàòðèöû.

Â û â î ä

Ïðîöåññ ìèíåðàëèçàöèè äðå-
âåñíîé ìàòðèöû âîäîðàñòâîðè-
ìûì îðãàíîìèíåðàëüíûì êîìï-
ëåêñîì íà îñíîâå àðàáèíîãàëàê-
òàíà è ïîëèìèíåðàëüíîé êðåìíå-
çåìñîäåðæàùåé ãîðíîé ïîðîäû
ìîæåò ïðîòåêàòü ñàìîïðîèçâîëü-
íî, ïðè ýòîì ìàêñèìàëüíîå îòíî-
ñèòåëüíîå óâåëè÷åíèå ïëîòíîñòè
äðåâåñèíû, äîñòèãàåìîå çà 24 ÷,
îãðàíè÷èâàåòñÿ 12 %. Äàííîå
ïîâûøåíèå ïëîòíîñòè äðåâåñèíû
îáåñïå÷èâàåò óâåëè÷åíèå ïðî÷-
íîñòè âäîëü âîëîêîí è òâåðäîñòè
íà 47 è 71 % ñîîòâåòñòâåííî.

Èññëåäîâàíèÿ âûïîëíåíû ïðè ôè-

íàíñîâîé ïîääåðæêå ãðàíòà ÐÔÔÈ

¹18-43-292002ð_ìê ñ èñïîëüçîâàíèåì

óíèêàëüíîé íàó÷íîé óñòàíîâêè «Ôè-

çèêîõèìèÿ ïîâåðõíîñòè íàíîäèñïåðñ-

íûõ ñèñòåì».

ÑÒÐÎÈÒÅËÜÍÛÅ ÌÀÒÅÐÈÀËÛ È ÈÇÄÅËÈß

Ë È Ò Å Ð À Ò Ó Ð À

1. ÑòåíèíÀ. À., Àéçåíøòàäò À.Ì.,ØèíêàðóêÀ. À. [è
äð.]. Ìèíåðàëüíûé ìîäèôèêàòîð ïîâåðõíîñòè äëÿ
çàùèòû ñòðîèòåëüíûõ ìàòåðèàëîâ èç äðåâåñèíû //
Ñòðîèòåëüíûå ìàòåðèàëû. 2014. ¹ 10. Ñ. 51–53.

2. Danilov V., Ayzenshtadt A., Makhova T., Bessert O.
Strength, thermophysical and fire properties of structu-
ral heat insulation based on wood-processing and min-
ing waste [Ïðî÷íîñòíûå, òåïëîâûå è îãíåñòîéêèå
ñâîéñòâà êîíñòðóêöèîííîé òåïëîèçîëÿöèè íà îñíîâå
îòõîäîâ äåðåâîîáðàáîòêè è ãîðíîäîáûâàþùåé
ïðîìûøëåííîñòè] // 16th International Multidiscip-
linary Scientific GeoConference & EXPO SGEM 2016,
Nano, bio and green-technologies for a sustainable

future. Vol. 1 “Micro & nano technologies advances in
biotechnology”. 2016. Pp. 313–318.

3. Ëîñêóòîâ Ñ. Ð., Àíèñêèíà À. À., Øàï÷åíêîâà
Î. À., Òþòüêîâà Å. À. Ñâÿçàííàÿ âîäà â äðåâåñèíå
ëåñîîáðàçóþùèõ ïîðîä Ñèáèðè: òåðìè÷åñêèé àíà-
ëèç è ñîðáöèÿ // Ñèáèðñêèé ëåñíîé æóðíàë. 2019.
¹ 3. Ñ. 26–32.

4. Ñòîðîäóáöåâà Ò. Í., Ãðèãîðüåâ Ä. Ñ. Âëèÿíèå âîäû
íà ïðî÷íîñòíûå õàðàêòåðèñòèêè êîìïîçèöèîííîãî
ìàòåðèàëà//Âîðîíåæñêèé íàó÷íî-òåõíè÷åñêèé âå-
ñòíèê. 2017. Ò. 3. ¹ 3(21). Ñ. 68–73.

5. Nazirov R. A., Verkhovets S. V., Inzhutov I. S. et al.
Moisture sorption models for wood [Ìîäåëè ñîðáöèè



2/2020 ÏPÎÌÛØËÅÍÍÎÅ È ÃPÀÆÄÀÍCÊÎÅ CÒPÎÈÒÅËÜCÒÂÎ 51

âëàãè äëÿ äðåâåñèíû] // Èíæåíåðíî-ñòðîèòåëüíûé
æóðíàë. 2016. ¹ 8(68). Ñ. 26–36.

6. Ñòîðîäóáöåâà Ò. Í., Àêñîìèòíûé À. À. Èññëåäîâà-
íèå âëèÿíèÿôðàêöèîííîãî ñîñòàâà è îáðàáîòêè äðå-
âåñíîãî íàïîëíèòåëÿ íà âîäîïîãëîùåíèå êîìïîçèòà
// Ëåñîòåõíè÷åñêèé æóðíàë. 2015. Ò. 5. ¹ 4(20).
Ñ. 161–169.

7. Grüll G., Forsthuber B., Ecker M. Sensitivity of water-
borne coating materials to high acidity and high content
of arabinogalactan in larch heartwood [×óâñòâèòåëü-
íîñòü ìàòåðèàëîâ, ïîêðûòûõ âîäîé, ê âûñîêîé êèñ-
ëîòíîñòè è âûñîêîìó ñîäåðæàíèþ àðàáèíîãàëàêòà-
íà â ëèñòâåííîé äðåâåñèíå] // Progress in Organic
Coatings. 2016. Pp. 367–378.

8. Êîïòÿåâà Å. È., Ìóäàðèñîâà Ð. Õ., Êîëáèí À. Ì.
Âçàèìîäåéñòâèå àðàáèíîãàëàêòàíà ëèñòâåííèöû ñè-
áèðñêîé ñ õëîðñóëüôóðîíîì // Âåñòíèê Áàøêèð-
ñêîãî óíèâåðñèòåòà. 2012. Ò. 17. ¹ 1. Ñ. 38–41.

9. Mustoe G. E. Wood petrification: a new view of
permineralization and replacement [Ïåòðèôèêàöèÿ
äðåâåñèíû: íîâûé âçãëÿä íà ïåðìèíåðàëèçàöèþ

è çàìåùåíèå] // Geosciences. 2017. No. 7(4).
Pp. 119/1–119/17.

10. Õàìàäèåâ Ð. È., Õàñàíîâ Ð. Ð. Ìåõàíèçìû è óñëî-
âèÿ çàìåùåíèÿ ìèíåðàëàìè êðåìíåçåìà ðàñòèòåëü-
íîé òêàíè îêàìåíåâøåéäðåâåñèíû//Ó÷åíûå çàïè-
ñêè Êàçàíñêîãî óíèâåðñèòåòà. Ñåðèÿ: Åñòåñòâåííûå
íàóêè. 2015. Ò. 157(2). Ñ. 118–128.

11. Kiliusheva N., Ayzenshtadt A., Danilov V., Stenin A.
Organic-mineral modifier for petrification of wood [Îð-
ãàíîìèíåðàëüíûé ìîäèôèêàòîð äëÿ ïåòðèôèêàöèè
äðåâåñèíû] // 18-th International multidisciplinary
scientific GeoconferenceSGEM 2018: nano, bio and
green-technologies for a sustainable future (2–8 July).
2018. Vol. 18. Pp. 385–392

12. Ïàòåíò ÐÔ ¹ 2672430. Ñîñòàâ äëÿ óñêîðåííîé ïåò-
ðèôèêàöèè ïèëîìàòåðèàëîâ / Êèëþøåâà Í. Â., Àé-
çåíøòàäò À. Ì., Äàíèëîâ Â. Å., Ëåñîâèê Â. Ñ., Ñòå-
íèí À. À. 2018. Áþë. ¹ 32.

13. Êèëþøåâà Í. Â., Äàíèëîâ Â. Å., Àéçåíøòàäò À. Ì.
Òåïëîèçîëÿöèîííûé ìàòåðèàë èç êîðû ñîñíû è åå
ýêñòðàêòà // Ñòðîèòåëüíûå ìàòåðèàëû. 2016. ¹
11. Ñ. 48–51.

R E F E R E N C E S

1. Stenin A. A., Ayzenshtadt A. M., Shinkaruk A. A. et
al. Mineral surface modifier for protection of wood
building materials. Stroitel'nye materialy, 2014, no. 10,
pp. 51–53. (In Russian).

2. Danilov V., Ayzenshtadt A., Makhova T., Bessert O.
Strength, thermophysical and fire properties of struc-
tural heat insulation based on wood-processing and
mining waste. 16th International Multidisciplinary
ScientificGeoConference&EXPOSGEM2016,Nano,
bio and green-technologies for a sustainable future.
Vol. 1 “Micro & nano technologies advances in bio-
technology”, 2016, pp. 313–318.

3. Loskutov S. R., Aniskina A. A., Shapchenkova O. A.,
Tyut'kova E. A. Bound water in timber of forest-forming
rocks of Siberia: thermal analysis and sorption. Sibirskij
lesnoj zhurnal, 2019, no. 3, pp. 26–32. (In Russian).

4. Storodubceva T. N., Grigor'ev D. S. Influence of water
on strength characteristics of composite material.
Voronezhskij nauchno-tekhnicheskij vestnik, 2017,
vol. 3, no. 3(21), pp. 68–73. (In Russian).

5. Nazirov R. A., Verkhovets S. V., Inzhutov I. S. et al.
Moisture sorption models for wood. Inzhenerno-
stroitel'nyy zhurnal, 2016, no. 8(68), pp. 26–36. (In
Russian).

6. Storodubceva T. N., Aksomitnyj A. A. Investigation of
the influence of fractional composition and processing
ofwood filler on thewater absorption of the composite.
Lesotekhnicheskij zhurnal, 2015, vol. 5, no. 4(20),
pp. 161–169. (In Russian).

7. Grüll G., Forsthuber B., Ecker M. Sensitivity of water-

borne coating materials to high acidity and high content
of arabinogalactan in larch heartwood. Progress in
Organic Coatings, 2016, pp. 367–378.

8. Koptyaeva E. I., Mudarisova R. H., Kolbin A. M.
Interaction of arabinogalactan of Siberian larch with
chlorsulfuron.Vestnik Bashkirskogo universiteta, 2012,
vol. 17, no. 1, pp. 38–41. (In Russian).

9. Mustoe G. E. Wood petrification: a new view of per-
mineralization and replacement. Geosciences, 2017,
no. 7(4), pp. 119/1–119/17.

10. Khamadiev R. I., Khassanov R. R. Mechanisms and
conditions for the substitution of the plant tissue in
petrified wood with silicious minerals. Uchenye zapiski
Kazanskogo universiteta. Seriya Estestvennye nauki,
2015, vol. 157(2), pp. 118–128. (In Russian).

11. Kiliusheva N., Ayzenshtadt A., Danilov V., Stenin A.
Organic-mineral modifier for petrification ofwood. 18-th
International multidisciplinary scientific Geoconfe-
renceSGEM 2018: nano, bio and green-technologies
for a sustainable future, July 2–8, 2018, vol. 18,
pp. 385–392.

12. Patent RF 2672430. Sostav dlya uskorennoy petrifi-
katsii pilomaterialov [Composition for accelerated pet-
rification of sawn timber]. Kilyusheva N. V., Ayzen-
shtadt A. M., Danilov V. E., Lesovik V. S., Stenin A. A.
2018. Byul. No. 32. (In Russian).

13. Kilyusheva N. V., Danilov V. E., Ayzenshtadt A. M.
Heat insulation material from pine bark and its extract.
Stroitel'nye materialy, 2016, no. 11, pp. 48–51. (In
Russian).

ÑÒÐÎÈÒÅËÜÍÛÅ ÌÀÒÅÐÈÀËÛ È ÈÇÄÅËÈß

Äëÿ öèòèðîâàíèÿ: Êèëþøèíà Í. Â., Àéçåíøòàäò À. Ì., Äàíèëîâ Â. Å., Áåëÿåâ À. Î. Ìîäèôèêàöèÿ
äðåâåñèíû îðãàíîìèíåðàëüíûì êîìïëåêñîì // Ïðîìûøëåííîå è ãðàæäàíñêîå ñòðîèòåëüñòâî. 2020.
¹ 2. Ñ. 47–51. DOI: 10.33622/0869-7019.2020.02.47-51.

For citat ion: Kiliusheva N. V., Ayzenshtadt A. M., Danilov V. E., Belyaev A. O. Modification of Wood
by Organic-Mineral Complex. Promyshlennoe i grazhdanskoe stroitel’stvo [Industrial and Civil Engineering],
2020, no. 2, pp. 47–51. (In Russian). DOI: 10.33622/0869-7019.2020.02.47-51. �


