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Àííîòàöèÿ. Ðîñò äåðåâÿííîãî äîìîñòðîåíèÿ îòìå÷àåòñÿ óæå òðåòèé ãîä, ÷òî
îáóñëîâëèâàåòñÿ ââåäåíèåì íîâîé íîðìàòèâíîé äîêóìåíòàöèè è ïðàêòè÷åñêè íåîã-
ðàíè÷åííûì ìàòåðèàëîì äëÿ ñòðîèòåëüñòâà. Áûëî ïðîâåäåíî ìíîãî èññëåäîâàíèé íà
òåìó âëàãîíàêîïëåíèÿ â ñòåíîâûõ êîíñòðóêöèÿõ, íî â íèõ íå áûëî íåñòàöèîíàðíîãî
ðàñ÷åòà äëÿ äëèòåëüíîãî ïåðèîäà âðåìåíè äëÿ îòðàæåíèÿ òåíäåíöèé íàêîïëåíèÿ èëè
óõîäà âëàãè èç ñëîåâ êîíñòðóêöèé. Àêòóàëüíûì ÿâëÿåòñÿ èçó÷åíèå âëàãîíàêîïëåíèÿ
çà äåñÿòèëåòíèé öèêë â ñòåíîâîé êîíñòðóêöèè èç äåðåâà äëÿ I êëèìàòè÷åñêîãî ðàéîíà
ââèäó íåäîñòàòî÷íîãî èññëåäîâàíèÿ â äàííîé îáëàñòè. Öåëüþ ðàáîòû ÿâëÿåòñÿ ðàñ-
÷åò âëàãîíàêîïëåíèÿ êîíñòðóêöèè ñòåíû èç äåðåâà â äåñÿòèëåòíåì öèêëå äëÿ êëèìà-
òè÷åñêèõ óñëîâèé íà ïðèìåðå Êðàñíîÿðñêà. Ðàññìîòðåí òèïîâîé óçåë óãëîâîãî ñî-
ïðÿæåíèÿ. Ïðîñëåæèâàåòñÿ çàâèñèìîñòü ñîðáöèîííîé âëàæíîñòè íà âëàãîíàêîïëå-
íèå ìàòåðèàëîâ êîíñòðóêöèè.
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Original article

CALCULATION OF MOISTURE ACCUMULATION
IN A TEN-YEAR CYCLE FOR A MULTI-LAYER WALL

MADE OF WOOD

Rashit A. Nazirov, Semur A. Aliev
Siberian Federal University (SFU), Krasnoyarsk, Russia

Abstract. The growth of wooden housing construction has been noted for the third
year in a row, this is due to the introduction of new regulatory documents and practically
unlimited material for construction. Many studies have been done on the topic of moisture
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accumulation in wall structures, but they did not have a non-stationary calculation for a long
period of time to reflect the trends in the accumulation or removal of moisture from the
layers of structures. The study of moisture accumulation over a ten-year cycle in a wooden
wall structure for the I climatic region is relevant due to insufficient research in this area.
The aim of the study is to calculate the moisture accumulation of a wooden wall structure in
a ten-year cycle for the climatic conditions of Krasnoyarsk. A typical node of the angular
conjugation is considered. The purpose of the study is to identify moisture accumulation in
the corner junction of walls made of solid timber, insulated with mineral wool board in a
ten-year cycle. The dependence of sorption humidity on the moisture accumulation of
construction materials is traced.

Keywords: wood, moisture accumulation, sorption moisture, numerical calculation,
angular conjugation

For citation: Nazirov R.A., Aliev S.A. Calculation of moisture accumulation in a
ten-year cycle for a multi-layer wall made of wood. News of Higher Educational Institutions.
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Ââåäåíèå. Ïîñëåäíèå äåñÿòèëåòèÿ äåðåâÿííûì äîìîñòðîåíèåì â Ðîñ-
ñèè ñèñòåìíî íå çàíèìàëèñü. Ïåðâûå èçìåíåíèÿ ñòàëè ïîÿâëÿòüñÿ â 2017 ã.
ñ ââåäåíèåì ÑÏ 64.13330.2017 «Äåðåâÿííûå êîíñòðóêöèè», â êîòîðîì èäåò
ðå÷ü îá èñïîëüçîâàíèè ïåðåêðåñòíî-êëååíîé äðåâåñèíû, ïîçâîëÿþùåé
ñòðîèòü ìíîãîýòàæíûå çäàíèÿ. Äàëüíåéøåå ðàçâèòèå ñâÿçàíî ñ ââåäåíèåì
â 2020 ã. äâóõ íîâûõ íîðìàòèâîâ – ÑÏ 451.1325800.2019 «Çäàíèÿ îáùåñò-
âåííûå ñ ïðèìåíåíèåì äåðåâÿííûõ êîíñòðóêöèé» è ÑÏ 452.1325800.2019
«Çäàíèÿ æèëûå ìíîãîêâàðòèðíûå ñ ïðèìåíåíèåì äåðåâÿííûõ êîíñòðóê-
öèé», îòðàæàþùèõ èñïîëüçîâàíèå äåðåâÿííûõ êîíñòðóêöèé äëÿ îáùåñò-
âåííûõ è æèëûõ ìíîãîêâàðòèðíûõ äîìîâ. Â 2021 ã. ïðîèçîøëè èçìåíåíèÿ
òðåáîâàíèé ïî ðàñ÷åòó ïåðåêðåñòíî-êëååíîé äðåâåñèíû â ÑÏ 64.13330.2017
«Äåðåâÿííûå êîíñòðóêöèè». Â 2022 ã. ïîÿâèëèñü ÑÏ 515.1325800.2022
«Çäàíèÿ èç êëååíîãî äåðåâÿííîãî áðóñà. Ïðàâèëà ïðîåêòèðîâàíèÿ è ñòðîè-
òåëüñòâà» è ÑÏ 516.1325800.2022 «Çäàíèÿ èç äåðåâÿííûõ ñðóáíûõ êîíñò-
ðóêöèé. Ïðàâèëà ïðîåêòèðîâàíèÿ è ñòðîèòåëüñòâà».

Ìèíñòðîåì è Ì×Ñ Ðîññèè óòâåðæäåíà äîðîæíàÿ êàðòà äî 2024 ã. ïî ðàç-
âèòèþ äåðåâÿííîãî äîìîñòðîåíèÿ. Ïëàíèðóåòñÿ óâåëè÷èòü îáëàñòü ïðèìåíå-
íèÿ äåðåâÿííûõ êîíñòðóêöèé, ïðîâåäåíèå òåõíè÷åñêèõ ðåãëàìåíòîâ, à òàêæå
ïîäãîòîâêó ïèëîòíûõ ïðîåêòîâ æèëûõ è îáùåñòâåííûõ çäàíèé ýòàæíîñòüþ
îò 3 äî 12, ïîñòðîåííûõ ïî òåõíîëîãèè CLT (ïåðåêðåñòíî-êëååíîé äðåâåñè-
íû). Â ñâÿçè ñ ýòèì íåìàëîâàæíóþ ðîëü èãðàåò îïðåäåëåíèå âëàæíîñòè â ñòå-
íîâîé êîíñòðóêöèè. Ýòîìó áûëè ïîñâÿùåíû èññëåäîâàíèÿ êàê â ïðîøëîì
[1–7], òàê è â íàñòîÿùåå âðåìÿ [8–11], â ÷àñòíîñòè, ìíîãîñëîéíîñòü â äåðåâÿí-
íûõ êîíñòðóêöèÿõ. Ïîýòîìó ïðîáëåìà ïåðåóâëàæíåíèÿ îãðàæäàþùèõ êîíñò-
ðóêöèé îñòàåòñÿ íàèáîëåå àêòóàëüíîé.

Ó÷èòûâàÿ ïåðñïåêòèâíîñòü ïðèìåíåíèÿ äåðåâÿííûõ êîíñòðóêöèé, ìîæ-
íî êîíñòàòèðîâàòü, ÷òî âëàãîíàêîïëåíèå ñòåíîâîé êîíñòðóêöèè èç äåðåâà
â äåñÿòèëåòíåì öèêëå ÿâëÿåòñÿ àêòóàëüíîé öåëüþ äëÿ èññëåäîâàíèÿ.

Ìàòåðèàëû è ìåòîäû èññëåäîâàíèÿ. Äëÿ èññëåäîâàíèÿ áûëà âûáðàíà
íàðóæíàÿ îãðàæäàþùàÿ äåðåâÿííàÿ êîíñòðóêöèÿ èç áðóñà ñ íàðóæíûì óòåï-
ëåíèåì è îáëèöîâêîé (ðèñ. 1).
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Ðåøåíèå çàäà÷è òåïëî- è ìàññîîáìåíà â íàðóæíûõ îãðàæäàþùèõ êîíñò-
ðóêöèÿõ ñâîäèòñÿ ê ñîâìåñòíîìó ðåøåíèþ óðàâíåíèé òåïëîïðîâîäíîñòè
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ãäå l – êîýôôèöèåíò òåïëîïðîâîäíîñòè, Âò / (ì · ãðàä);
T – òåìïåðàòóðà, Ê;
m – êîýôôèöèåíò ïàðîïðîíèöàåìîñòè, êã / (ñ · ì · Ïà);
j – îòíîñèòåëüíàÿ âëàæíîñòü, %;
å – ïàðöèàëüíîå äàâëåíèå âîäÿíîãî ïàðà, Ïà;
E – äàâëåíèå íàñûùåííîãî âîäÿíîãî ïàðà, Ïà.

Ðåçóëüòàòû è îáñóæäåíèå. Ïðè ÷èñëåííîì ðàñ÷åòå òåïëîâëàæíîñòíûå
õàðàêòåðèñòèêè ñòðîèòåëüíûõ ìàòåðèàëîâ çàäàíû ôóíêöèîíàëüíûìè çàâèñè-
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Ðèñ. 1. Èññëåäóåìûé óçåë äåðåâÿííîé îãðàæäàþùåé
êîíñòðóêöèè

1 – äåðåâÿííûé áðóñ 180´180 ìì; 2 – óòåïëèòåëü; 3 – âåð-
òèêàëüíàÿ âîçäóøíàÿ ïðîñëîéêà; 4 – îáëèöîâî÷íûé ñëîé

Fig. 1. The investigated node a wooden enclosing structure
1 – timber 180´180 mm; 2 – insulation; 3 – vertical air layer;

4 – cladding layer



ìîñòÿìè [12] (òàáë. 1). Êîýôôèöèåíò òåïëîïðîâîäíîñòè âûáðàí â çàâèñèìî-
ñòè îò âëàæíîñòè è òåìïåðàòóðû (òàáë. 2).

Â òàáë. 3 äëÿ íàðóæíîãî âîçäóõà ïðåäñòàâëåíû îòíîñèòåëüíàÿ âëàæíîñòü
è òåìïåðàòóðà â äâóõ âàðèàíòàõ – ïåðâûé, êîãäà òåìïåðàòóðà ñîîòâåòñòâóåò
íîðìàòèâó è ïðè óõóäøàþùèõñÿ óñëîâèÿõ íà 10 %, ÷òî îòðàæåíî â òàáëèöå
÷åðåç ÷åðòó.
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Ò à á ë è ö à 1. Òåïëîâëàæíîñòíûå õàðàêòåðèñòèêè ìàòåðèàëîâ

T a b l e 1. Thermal-moisture characteristics of materials

Ìàòåðèàë
Êîýôôèöèåíò

òåïëîïðîâîäíîñòè
l, Âò/(ì × °Ñ)

Êîýôôèöèåíò
ïàðîïðîíèöàå-

ìîñòè m, ñ

UPM ProFi – îáëèöîâî÷íûé ñëîé (r = 540 êã/ì3) l(j) 2,5 ×10–11

Âîçäóøíàÿ ïðîñëîéêà l(j) 2,0 ×10–10

Óòåïëèòåëü ÒÅÕÍÎÂÅÍÒ ÏÐÎÔ – ïëèòû ìèíåðàëî-
âàòíûå èç êàìåííîãî âîëîêíà (r = 100 êã/ì3)

l(j) 8,9 ×10–11

Íåñóùèé ñëîé èç ñîñíû (r = 540 êã/ì3) ïî ÃÎÑÒ 8486–86 l(j) 1,67 ×10–11

Âèíò ñàìîíàðåçàþùèé èç óãëåðîäèñòîé ñòàëè 4,2´70
ïî ÃÎÑÒ 10621–80

58 –

Ò à á ë è ö à 2. Ãðàíè÷íûå óñëîâèÿ

T a b l e 2. Boundary conditions

Ãðàíèöà
Êîýôôèöèåíò
òåïëîîòäà÷è

aâ, aí, Âò/(ì2 × °Ñ)

Òåìïåðàòóðà,
°Ñ

Âëàæíîñòü,
%

Âíåøíÿÿ 23 Òàáë. 3 72

Âíóòðåííÿÿ 8,7 21 50

Ò à á ë è ö à 3. Êëèìàòè÷åñêèå ïàðàìåòðû â ã. Êðàñíîÿðñêå

T a b l e 3. Climatic parameters in Krasnoyarsk

Ìåñÿö
Òåìïåðàòóðà íàðóæíîãî

âîçäóõà text, °C
Îòíîñèòåëüíàÿ âëàæíîñòü
íàðóæíîãî âîçäóõà jext, %

ßíâàðü –16,3 / –17,9 0,89 / 0,98

Ôåâðàëü –13,9 / –15,3 0,83 / 0,91

Ìàðò –5,9 / –6,5 0,72 / 0,80

Àïðåëü 2,4 / 2,6 0,6 / 0,66

Ìàé 9,7 / 10,7 0,56 / 0,62

Èþíü 16,4 / 18,0 0,64 / 0,71

Èþëü 18,7 / 20,6 0,71 / 0,79

Àâãóñò 15,6 / 17,2 0,77 / 0,84

Ñåíòÿáðü 9,0 / 9,9 0,77 / 0,84

Îêòÿáðü 1,7 / 1,9 0,75 / 0,82

Íîÿáðü –7,4 / –8,1 0,84 / 0,92

Äåêàáðü –13,6 / –15,0 0,86 / 0,94



Ãðàíè÷íûå óñëîâèÿ ñ âíåøíåé ñòîðîíû çàäàâàëèñü ñîãëàñíî òðåáîâà-
íèÿì ÑÏ 131.13330.2020 «Ñòðîèòåëüíàÿ êëèìàòîëîãèÿ» äëÿ ã. Êðàñíîÿðñêà,
ñ âíóòðåííåé – ÑÏ 50.13330.2012 «Òåïëîâàÿ çàùèòà çäàíèé».

Íà ðèñ. 2 ïðèâåäåí ðàñ÷åò â äåñÿòèëåòíåì öèêëå äëÿ êàæäîãî ñëîÿ êîíñò-
ðóêöèè, äîïîëíèòåëüíî âûäåëåí ó÷àñòîê, ãäå ñàìîðåçû êîíòàêòèðóþò ñ äåðå-
âÿííûìè íàïðàâëÿþùèìè.

Âûâîäû. Êàê âèäíî èç òàáë. 4, íàèáîëüøàÿ âëàãîåìêîñòü â íà÷àëå öèêëà
íàáëþäàåòñÿ ó íåñóùåãî ñëîÿ è äåðåâà ó ñòàëè (77,6 êã/ì3), òîãäà êàê ó îáëè-
öîâî÷íîãî ñëîÿ îíà íèæå (64,6 êã/ì3). Íàèìåíüøàÿ âëàãîåìêîñòü ó óòåïëèòå-
ëÿ (0,29 êã/ì3) ââèäó åãî íèçêîé ïëîòíîñòè.

Â êîíöå öèêëà âî âñåõ ñëîÿõ îãðàæäàþùåé êîíñòðóêöèè ñíèæàåòñÿ âëà-
ãîåìêîñòü, êðîìå îáëèöîâî÷íîãî ñëîÿ, â êîòîðîì íàáëþäàåòñÿ ñóùåñòâåííîå
ïîâûøåíèå ñîäåðæàíèÿ âëàãè ïî ìàññå (íà 25,9 %). Ýòèì è îáúÿñíÿåòñÿ
âûõîä îáëèöîâî÷íîãî ìàòåðèàëà èç ñòðîÿ â ïåðâóþ î÷åðåäü.

Íàó÷íî-ìåòîäè÷åñêèé ðàçäåë

99

Ðèñ. 2. Âëàãîíàêîïëåíèÿ çà äåñÿòèëåòíèé öèêë (à) è ïðè
óõóäøàþùèõñÿ óñëîâèÿõ (á)

Fig. 2. Moisture accumulation over a ten-year cycle (a) and with
deteriorating conditions (b)



Ïðåäëàãàåìîå ðåøåíèå óñòðàíåíèÿ ýòîé ïðîáëåìû â ïîäáîðå äðóãîãî
îáëèöîâî÷íîãî ìàòåðèàëà ñ ëó÷øèì ñîïðîòèâëåíèåì âëàãîíàêîëåíèþ èëè
æå èñïîëüçîâàíèå ãèäðîôîáíîãî ïîêðûòèÿ.
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