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Àííîòàöèÿ. Óçëîâûå ñîåäèíåíèÿ äåðåâÿííûõ ýëåìåíòîâ îïðåäåëÿþò ïðî÷-
íîñòü, æåñòêîñòü è íàäåæíîñòü äåðåâÿííûõ êîíñòðóêöèé â öåëîì. Ïðèìåíåíèå âêëå-
åííûõ â ìàññèâ äðåâåñèíû ñîåäèíèòåëüíûõ äåòàëåé â âèäå ðàçëè÷íîãî òèïà ñòàëüíûõ
ýëåìåíòîâ îáåñïå÷èâàåò êà÷åñòâåííûé ñêà÷îê â ðåøåíèè âîïðîñîâ ïîâûøåíèÿ òåõ-
íèêî-ýêîíîìè÷åñêîé ýôôåêòèâíîñòè ñêâîçíûõ êîíñòðóêöèé è ðàñøèðåíèÿ èõ íî-
ìåíêëàòóðû. Ïðèâåäåí àëãîðèòì ïîèñêà îïòèìàëüíûõ ïàðàìåòðîâ âêëååííûõ â ìàñ-
ñèâ äðåâåñèíû ñòàëüíûõ ïëàñòèí ñ âûñâåðëåííûìè îòâåðñòèÿìè, ãàðàíòèðóþùèìè
íàèáîëüøóþ íåñóùóþ ñïîñîáíîñòü. Èññëåäîâàíèÿ ïðîâåäåíû ïðè ïîìîùè ìåòîäà
ìíîãîôàêòîðíîãî ýêñïåðèìåíòà, îáåñïå÷èâàþùåãî óìåíüøåíèå êîëè÷åñòâà îïûòîâ
ïðè ñîõðàíåíèè äîñòîâåðíîñòè ïîëó÷åííûõ ðåçóëüòàòîâ. Îïðåäåëåíû íàèáîëåå çíà-
÷èìûå ïàðàìåòðû, âëèÿþùèå íà ïðî÷íîñòü ñîåäèíåíèÿ, êîòîðûìè ÿâëÿþòñÿ äëèíà
è øèðèíà ïëàñòèíû, à òàêæå ïëîòíîñòü çàïîëíåíèÿ åå âêëååííîé ÷àñòè îòâåðñòèÿìè.
Äîêàçàíî, ÷òî ñïîñîá óñòðîéñòâà îòâåðñòèé â ïëàñòèíå äàåò äîñòàòî÷íóþ ñòåïåíü
àäãåçèè ïî ñëîþ «êëåé-ìåòàëë», à òàêæå ïîâûøåíèå íåñóùåé ñïîñîáíîñòè è ñíèæå-
íèå äåôîðìàòèâíîñòè ñîåäèíåíèÿ çà ñ÷åò ýôôåêòèâíîãî âêëþ÷åíèÿ êëååâîãî ñëîÿ
â ðàáîòó äðåâåñèíû íà ñêàëûâàíèå.
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Original article

ASSESSMENT OF THE INFLUENCE OF VARIOUS FACTORS
ON THE BEARING CAPACITY OF GLUED STEEL

JOINTS PLATES WITH SOLID WOOD

Viktor I. Zhadanov, Vladimir S. Garipov, Ivan I. Lisitsky
Orenburg State University, Orenburg, Russia

Abstract. Nodal joints of wooden elements determine the strength, rigidity and
reliability of wooden structures as a whole. The use of connecting parts glued into an array
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of wood in the form of various types of steel elements provides a qualitative leap in matters
of both increasing the technical and economic efficiency of through structures and in terms
of expanding their nomenclature. The article presents an algorithm for finding optimal
parameters of steel plates glued into an array of wood with drilled holes that provide the
highest value of load-bearing capacity. The studies were carried out using the method
of  multifactorial experiment, which ensures a reduction in the number of experiments
while maintaining the reliability of the results obtained. The most significant parameters
affecting the strength of the joint are determined, which are the length and width of the
plate, as well as the density of filling its glued part with holes. It is proved that the method
of making holes in the plate provides a sufficient degree of adhesion along the
«glue-metal» layer, as well as an increase in the bearing capacity and a decrease in the
deformability of the joint due to the effective inclusion of the adhesive layer in the work
of  chipping wood.

Keywords: wooden elements, joint, glue, steel plate, hole, multifactor experiment,
bearing capacity

For citation: Zhadanov V.I., Garipov V.S., Lisitsky I.I. Assessment of the influence
of various factors on the bearing capacity of glued steel joints plates with solid wood. News

of Higher Educational Institutions. Construction. 2022; (6): 15–29. (In Russ.). DOI:
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Îñíîâíûì íåäîñòàòêîì èçâåñòíûõ òèïîâ ñîåäèíèòåëüíûõ ýëåìåíòîâ,
ïðèìåíÿåìûõ â óçëàõ äåðåâÿííûõ êîíñòðóêöèé â âèäå íàãåëåé, ìåòàëëè÷å-
ñêèõ çóá÷àòûõ ïëàñòèí, êîãòåâûõ øàéá è ò.ï., ÿâëÿåòñÿ èõ âûñîêàÿ äåôîðìà-
òèâíîñòü è, â ðÿäå ñëó÷àåâ, íåäîñòàòî÷íàÿ íåñóùàÿ ñïîñîáíîñòü [1–4]. Â êëåå-
íûõ äåðåâÿííûõ êîíñòðóêöèÿõ ýòè íåäîñòàòêè óñòðàíåíû çà ñ÷åò èñïîëüçîâà-
íèÿ â óçëàõ âêëååííûõ â ìàññèâ äðåâåñèíû àðìàòóðíûõ ñòàëüíûõ ñòåðæíåé
[5–7]. Òàêîé ñïîñîá èçâåñòåí â îòå÷åñòâåííîé è çàðóáåæíîé ñòðîèòåëüíîé
ïðàêòèêå êàê «ñèñòåìà ÖÍÈÈÑÊ». Ïðè âñåõ ñâîèõ äîñòîèíñòâàõ óçëû ïî ñèñ-
òåìå ÖÍÈÈÑÊ îáëàäàþò è ñóùåñòâåííûìè íåäîñòàòêàìè, òàêèìè êàê íåâîç-
ìîæíîñòü ïðèìåíåíèÿ â êîíñòðóêöèÿõ èç öåëüíîé äðåâåñèíû èç-çà îñîáåííî-
ñòåé ðàññòàíîâêè ñòåðæíåé â ñîåäèíåíèè, ïðîâåäåíèÿ ñâàðî÷íûõ ðàáîò â çîíå
êîíòàêòà ñòàëüíûõ ýëåìåíòîâ ñ äðåâåñèíîé.

Ñ òî÷êè çðåíèÿ óñòðàíåíèÿ âûøåïåðå÷èñëåííûõ íåäîñòàòêîâ öåëåñîîá-
ðàçíî ââåäåíèå â ïðàêòèêó íîâûõ òèïîâ âêëååííûõ ýëåìåíòîâ â âèäå ñòàëü-
íûõ ïëàñòèí. Äëÿ ëèêâèäàöèè íèçêîé ñòåïåíè àäãåçèè ïî ñëîþ «êëåé-
ìåòàëë» ðîññèéñêèìè ó÷åíûìè áûëî ïðåäëîæåíî äîïîëíèòåëüíî îáðàáà-
òûâàòü ïîâåðõíîñòü âêëåèâàåìîé ÷àñòè ïëàñòèí íàñå÷êàìè, íàêàòêîé èëè
ïðîôðåçåðîâàííûìè ïàçàìè, çà ñ÷åò ÷åãî äîñòèãàåòñÿ ïîâûøåíèå íåñóùåé
ñïîñîáíîñòè ñîåäèíåíèÿ ïî ñðàâíåíèþ ñ ãëàäêîé ïîâåðõíîñòüþ áîëåå ÷åì
â 2 ðàçà [8, 9].

Äëÿ óìåíüøåíèÿ òðóäîåìêîñòè ðàáîò ïî îáðàáîòêå ïîâåðõíîñòåé ïëà-
ñòèí è ïîâûøåíèÿ íåñóùåé ñïîñîáíîñòè ñîåäèíåíèé àâòîðàìè ñòàòüè ïðåä-
ëîæåí ñïîñîá îáðàáîòêè ïðè ïîìîùè âûñâåðëåííûõ â ïëàñòèíàõ ñêâîçíûõ
îòâåðñòèé. Òàêèå îòâåðñòèÿ ïîñëå çàïîëíåíèÿ âûáðàííîãî â ìàññèâå äðåâåñè-
íû ñîîòâåòñòâóþùåãî ïàçà è çàïîëíåíèÿ åãî êëååâîé êîìïîçèöèåé ïî ñâîåé
ñóòè âûïîëíÿþò ôóíêöèþ øïîíîê, îáåñïå÷èâàþùèõ ïåðåäà÷ó óñèëèÿ îò
ïëàñòèíû ÷åðåç êëååâóþ ïðîñëîéêó íà äðåâåñèíó, êîòîðàÿ çà ñ÷åò ýòîãî
ïîëíîöåííî ðàáîòàåò íà ñêàëûâàíèå âäîëü, ïîïåðåê èëè ïîä óãëîì ê âî-
ëîêíàì [10–12].
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Îäíàêî äî íàñòîÿùåãî âðåìåíè â íàó÷íîé è òåõíè÷åñêîé ëèòåðàòóðå
îòñóòñòâóþò ÷åòêèå óêàçàíèÿ ïî ïðîåêòèðîâàíèþ òàêîãî âèäà ñîåäèíåíèÿ.
Òàêæå íåò èññëåäîâàíèé ïî îïðåäåëåíèþ îïòèìàëüíûõ ïàðàìåòðîâ âêëååí-
íûõ ïëàñòèí – èõ äëèíû, øèðèíû, òîëùèíû, ðàçìåðîâ ñîåäèíèòåëüíûõ ôàñî-
íîê, äèàìåòðà è øàãà âûñâåðëèâàåìûõ îòâåðñòèé è ò.ï.

Äëÿ îòâåòà íà ïåðå÷èñëåííûå âîïðîñû è ìèíèìèçàöèè êîëè÷åñòâà
îïûòîâ öåëåñîîáðàçíî ïðè ïðîâåäåíèè èññëåäîâàíèé ïðèìåíèòü ìåòîäè-
êó ìíîãîôàêòîðíîãî ýêñïåðèìåíòà [13–16]. Â êà÷åñòâå õàðàêòåðèñòèêè
öåëè (ïàðàìåòð îïòèìèçàöèè), êîòîðàÿ ìîæåò çàäàâàòüñÿ êîëè÷åñòâåííî,
âçÿòà ðàçðóøàþùàÿ íàãðóçêà Nðàçð. Ýêñïåðèìåíòû âûïîëíåíû äëÿ ñëó-
÷àÿ âûäåðãèâàíèÿ ïëàñòèíû èç ìàññèâà äðåâåñèíû ïîïåðåê âîëîêîí, êàê
íàèáîëåå õàðàêòåðíîãî äëÿ ðàáîòû ñîåäèíèòåëüíîãî ýëåìåíòà â êîíñò-
ðóêöèè.

Íà îñíîâàíèè äàííûõ ïðåäûäóùèõ îïûòîâ, à òàêæå ñïðàâî÷íîé èíôîð-
ìàöèè, îòîáðàíû 10 ôàêòîðîâ, âëèÿþùèõ íà âåëè÷èíó ïàðàìåòðà îïòèìèçà-
öèè: äëèíà ïëàñòèíû X1, ìì; øèðèíà ïëàñòèíû X2, ìì; òîëùèíà ïëàñòèíû X3,
ìì; äëèíà ðàñïðåäåëèòåëüíîé ôàñîíêè X4, ìì; äèàìåòð îòâåðñòèé âî âêëåè-
âàåìîé ÷àñòè ïëàñòèíû X5, ìì; êîëè÷åñòâî îòâåðñòèé X6, øò.; ïëîòíîñòü çà-
ïîëíåíèÿ ïîâåðõíîñòè ïëàñòèíû îòâåðñòèÿìè X7, øò/ìì2; òîëùèíà êëååâîé
ïðîñëîéêè X8, ìì; òèï êëåÿ X9; äðåâåñèíà X10. Äâà ïîñëåäíèõ ôàêòîðà,
íåñìîòðÿ íà èõ çíà÷èìîñòü, áûëè èñêëþ÷åíû èç ïåðå÷íÿ ïî òîé ïðè÷èíå, ÷òî
â ïðàêòèêå ñòðîèòåëüñòâà íàèáîëüøåå ðàñïðîñòðàíåíèå êàê êîíñòðóêöèîí-
íûé ìàòåðèàë ïîëó÷èëà ñîñíà, à êëåé, ðåêîìåíäóåìûé ÑÏ 64.13330–2017
«Äåðåâÿííûå êîíñòðóêöèè», – ýïîêñèäíàÿ ñìîëà ÝÄ-20. Â èòîãå èìååì 8
ôàêòîðîâ. Äëÿ îïðåäåëåíèÿ íàèáîëåå çíà÷èìûõ ôàêòîðîâ èç óòâåðæäåííîãî
ïåðå÷íÿ, âëèÿþùèõ íà ïàðàìåòð îïòèìèçàöèè, ñîñòàâëåíà ìàòðèöà ðàíãîâ
(òàáë. 1).

Äëÿ ïðîâåðêè ñîãëàñîâàííîñòè ýêñïåðòíûõ îöåíîê ïðîâåäåíà ìàòåìàòè-
÷åñêàÿ îáðàáîòêà ðåçóëüòàòîâ ðàíæèðîâàíèÿ. Çíà÷åíèå êîýôôèöèåíòà ñîãëà-
ñîâàííîñòè (êîíêîðäàöèè) ýêñïåðòîâ Wí = 0,5.
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Ò à á ë è ö à 1. Ìàòðèöà ðàíãîâ

T a b l e 1. Rank matrix

Ýêñïåðòû
(m = 5)

Ôàêòîðû R = 8

X1 – lñò,
ìì

X2 – bñò,
ìì

X3 – tñò,
ìì

X4 – lô,
ìì

X5 – dîòâ,
ìì

X6 – nîòâ,
øò.

X7 – rî,
øò/ìì2

X8 – têë,
ìì

1 1 2 7 5 6 3 4 8

2 2 1 8 4 6 5 3 7

3 3 1 8 6 5 4 2 7

4 3 1 7 5 4 6 2 8

5 1 2 7 5 6 4 3 8
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Di
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(Di)2 156,25 240,25 210,25 6,25 20,25 0,25 72,25 240,25



Ñðåäíÿÿ ñóììà ðàíãîâ âû÷èñëÿåòñÿ ïî ôîðìóëå
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ãäå m – ÷èñëî ýêñïåðòîâ, aij – ðàíã i-ãî ôàêòîðà îò j-ãî ýêñïåðòà.

T =
+ + + + + + +

=
10 7 37 25 27 22 14 38

8
22 5, .

Ðàçíîñòü ìåæäó ñóììîé ðàíãîâ i-ãî ôàêòîðà è ñðåäíåé ñóììîé ðàíãîâ

Di a

a

k
a Tij

i

m
i

k

ij

j

m

ij

i

m

= - = -
=

= =

=
å

å å
å

1

1 1

1

. (2)

Ñóììà êâàäðàòîâ ðàçíîñòåé:
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Ðàññ÷èòàííàÿ âåëè÷èíà êîýôôèöèåíòà êîíêîðäàöèè âûøå çàäàííîãî
è  ìåíüøå åäèíèöû, ÷òî îçíà÷àåò íåîäèíàêîâîå ðàíæèðîâàíèå ôàêòîðîâ.
Çíà÷èìîñòü ïîëó÷åííîãî êîýôôèöèåíòà íåîáõîäèìî îöåíèòü ïî êðèòåðèþ
ñîîòâåòñòâèÿ c2 (êðèòåðèé Ïèðñîíà). Ðàñ÷åòíîå çíà÷åíèå êðèòåðèÿ îïðåäå-
ëÿåòñÿ ïî ôîðìóëå:
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Êðèòåðèé Ïèðñîíà ïðè óðîâíå çíà÷èìîñòè a = 0,05 è ÷èñëå ñòåïåíåé
ñâîáîäû f0 = k – 1 = 7 âçÿò èç ñïðàâî÷íèêà. Çíà÷åíèå c a; f

2 = 6,35 ìåíüøå
ðàñ÷åòíîãî çíà÷åíèÿ êðèòåðèÿ è ìîæíî óòâåðæäàòü, ÷òî ñòåïåíü âëèÿíèÿ
ôàêòîðîâ íà ïàðàìåòð îïòèìèçàöèè ñîãëàñóåòñÿ ñ êîýôôèöèåíòîì êîíêîðäà-
öèè W = 0,9. Äëÿ íàãëÿäíîñòè ñîñòàâèëè äèàãðàììó ðàíãîâ (ðèñ. 1).

Ñïîñîáàìè âîçäåéñòâèÿ íà îáúåêò èññëåäîâàíèÿ ÿâëÿþòñÿ ñëåäóþùèå
êîëè÷åñòâåííûå ôàêòîðû: X1 (X1) – äëèíà ïëàñòèíû (lñò), ìì; Õ2 (X2) – øèðèíà
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ïëàñòèíû (bñò), ìì; Õ3 (X7) – ïëîò-
íîñòü çàïîëíåíèÿ ïîâåðõíîñòè ïëà-
ñòèíû îòâåðñòèÿìè, øò/ìì2. Âñå
âûáðàííûå ôàêòîðû ñîâìåñòèìû,
îäíîçíà÷íû, óïðàâëÿåìû è íåçàâè-
ñèìû.

Òàê êàê êàæäûé èç ôàêòîðîâ ðåà-
ëèçóåòñÿ íà äâóõ óðîâíÿõ, òî èìååì
ïîëíûé ôàêòîðíûé ýêñïåðèìåíò òèïà
2k. Çíàÿ ÷èñëî ôàêòîðîâ (3 ôàêòîðà),
ìîæíî îïðåäåëèòü êîëè÷åñòâî îïû-
òîâ äëÿ ðåàëèçàöèè âñåõ âîçìîæíûõ
ñî÷åòàíèé óðîâíåé ôàêòîðîâ: N = 2k,
ãäå N – ÷èñëî îïûòîâ, k – ÷èñëî ôàê-
òîðîâ, 2 – ÷èñëî óðîâíåé. Äëÿ êîäèðî-
âàíèÿ ôàêòîðîâ ïðèìåíÿþòñÿ îáîçíà-
÷åíèÿ «–1» èëè «–» è «+1» èëè «+» äëÿ íèæíåãî è âåðõíåãî óðîâíåé ñîîò-
âåòñòâåííî.

Ñëåäóþùèì ýòàïîì ÿâëÿåòñÿ âûáîð èíòåðâàëà âàðüèðîâàíèÿ äëÿ êàæäî-
ãî èç âûáðàííûõ ôàêòîðîâ. Äëÿ îáëåã÷åíèÿ ïðîöåññà îáîçíà÷åíû íåêîòîðûå
êîíñòðóêòèâíûå îñîáåííîñòè âêëåèâàåìîé ÷àñòè ïëàñòèíû. Äèàïàçîí çíà÷å-
íèé äëèíû ïëàñòèíû lïë îãðàíè÷èëè çíà÷åíèÿìè 100 è 300 ìì äëÿ íèæíåãî è
âåðõíåãî óðîâíÿ ñîîòâåòñòâåííî èç êîíñòðóêòèâíûõ ñîîáðàæåíèé. Ïðè íåîá-
õîäèìîñòè âîñïðèÿòèÿ áîëüøèõ óñèëèé öåëåñîîáðàçíî ïðèìåíèòü íåñêîëüêî
ïàðàëëåëüíî ðàáîòàþùèõ ïëàñòèí. Ïðè êîíñòðóèðîâàíèè ñîåäèíåíèé øèðè-
íó ïëàñòèíû bïë íàçíà÷àþò íå áîëåå ïîëîâèíû âûñîòû ïîïåðå÷íîãî ñå÷åíèÿ
äåðåâÿííîãî ýëåìåíòà è åãî îñòðîæêè. Ñ ó÷åòîì ñîðòàìåíòà ïèëîìàòåðèàëîâ,
ïîñòàâëÿåìûõ íà ðûíîê, îïðåäåëåíî çíà÷åíèå âåðõíåãî óðîâíÿ ôàêòîðà X2.
Îòâåðñòèÿ, âûñâåðëèâàåìûå â ñòåðæíå, ïðèíÿòû äèàìåòðîì 10 ìì. Ðàñïîëî-
æåíèå îòâåðñòèé íà ïëàñòèíå – ðàâíîìåðíîå ïî ïëîùàäè. Ïîä ïëîòíîñòüþ çà-
ïîëíåíèÿ ïîâåðõíîñòè ïëàñòèíû îòâåðñòèÿìè ïðèíèìàåòñÿ êîëè÷åñòâî îò-
âåðñòèé, ïðèõîäÿùååñÿ íà åäèíèöó ïëîùàäè ñòåðæíÿ. Çíà÷åíèÿ óðîâíåé ôàê-
òîðîâ ïðèâåäåíû â òàáë. 2.

Âñå âîçìîæíûå ñî÷åòàíèÿ óðîâíåé ôàêòîðîâ ïðèâåäåíû â òàáë. 3.
Ñîñòàâëåííàÿ ìàòðèöà ïëàíèðîâàíèÿ ýêñïåðèìåíòà â êîäèðîâàííîé ôîð-

ìå ñ äîáàâëåíèåì ñòîëáöîâ ýôôåêòà âçàèìîäåéñòâèé ôàêòîðîâ ïåðâîãî è âòî-
ðîãî ïîðÿäêà ïðèâåäåíà â òàáë. 4.
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Ðèñ. 1. Ñðåäíÿÿ àïðèîðíàÿ äèàãðàììà
ðàíãîâ

Fig. 1. Average a priori rank chart

Ò à á ë è ö à 2. Çíà÷åíèÿ óðîâíåé ôàêòîðîâ, âîçäåéñòâóþùèõ íà îáúåêò

T a b l e 2. Values of the levels of factors affecting the object

Ôàêòîð
Çíà÷åíèÿ ôàêòîðîâ,

ñîîòâåòñòâóþùèå óðîâíÿì

íèæíåìó (–) âåðõíåìó (+)

X1 (äëèíà ïëîñêîãî ñòåðæíÿ) 100 300

X2 (øèðèíà ïëîñêîãî ñòåðæíÿ) 40 100

X3 (ïëîòíîñòü çàïîëíåíèÿ ïîâåðõíîñòè ñòåðæíÿ
îòâåðñòèÿìè)

0,002 0,004



Óðàâíåíèå ðåãðåññèè â îáùåì âèäå áóäåò èìåòü âèä

Y = b0 + b1X1 + b2X2 + b3X3 + b12X1X2 + b13X1X3 + b23 X2X3 + b123X1X2X3. (6)

Ïî ñîñòàâëåííîé ìàòðèöå ïëàíèðîâàíèÿ ýêñïåðèìåíòà ïðîâåäåíî òðè
ñåðèè îïûòîâ. Äëÿ íàòóðíûõ ýêñïåðèìåíòîâ èçãîòîâëåíû îáðàçöû, ïðåäñòàâ-
ëÿþùèå ñîáîé áðóñêè ñ âêëååííûìè ïëîñêèìè ñòàëüíûìè ñòåðæíÿìè, îáùèé
âèä êîòîðûõ ïðåäñòàâëåí íà ðèñ. 2.

Äåðåâÿííûå áðóñêè âûïîëíåíû èç ñîñíû 2-ãî ñîðòà ñ ðàçìåðàìè ïîïå-
ðå÷íîãî ñå÷åíèÿ 200´200 ìì, äëèíîé 600 ìì. Ïîñåðåäèíå âåðõíåé ãðàíè
áðóñüåâ âûáðàí ïàç íà òðåáóåìóþ ãëóáèíó è äëèíó. Âûïîëíåíèå ïàçà ïðîèç-
âåäåíî ðó÷íûì ôðåçåðîì ñ êîíöåâîé ôðåçîé. Ñòàëüíûå ïëàñòèíû ïîëó÷åíû
èç ñòàëè òîëñòîëèñòîâîé ãîðÿ÷åêàòàíîé (ñîðòàìåíò ïî ÃÎÑÒ 19903–74)
òîëùèíîé 6 ìì íà óñòàíîâêå ïëàçìåííîé ðåçêè. Îòâåðñòèÿ âî âêëåèâàå-
ìûõ ÷àñòÿõ ïëàñòèí ñâåðëàìè äèàìåòðîì 10 ìì âûïîëíåíû íà ñâåðëèëü-
íîì ñòàíêå â íåîáõîäèìîì êîëè÷åñòâå ñîãëàñíî ìàòðèöå ïëàíèðîâàíèÿ

Building constructions, buildings and structures. Bases and foundations
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Ò à á ë è ö à 3. Ñî÷åòàíèÿ óðîâíåé ôàêòîðîâ

T a b l e 3. Combinations of factor levels

¹ ñòðîê/
ñòîëáöîâ

Çíà÷åíèÿ ôàêòîðà

X1 X2 X3

êîäîâîå íàòóðàëüíîå êîäîâîå íàòóðàëüíîå êîäîâîå íàòóðàëüíîå

1 – 100 – 40 – 0,002

2 + 300 – 40 – 0,002

3 – 100 + 100 – 0,002

4 + 300 + 100 – 0,002

5 – 100 – 40 + 0,004

6 + 300 – 40 + 0,004

7 – 100 + 100 + 0,004

8 + 300 + 100 + 0,004

Ò à á ë è ö à 4. Ìàòðèöà ïëàíèðîâàíèÿ ýêñïåðèìåíòà

T a b l e 4. Experiment planning matrix

¹ X0 X1 X2 X3 X1X2 X1X3 X2X3 X1X2X3

1 + – – – + + + –

2 + + – – – – + +

3 + – + – – + – +

4 + + + – + – – –

5 + – – + + – – +

6 + + – + – + – –

7 + – + + – – + –

8 + + + + + + + +



ýêñïåðèìåíòà. Ïëàñòèíà ïðåäñòàâëÿåò ñîáîé ïëîñêèé ëèñò, íèæíÿÿ ÷àñòü
êîòîðîãî ïðåäíàçíà÷åíà äëÿ âêëåèâàíèÿ â ïàç, à âåðõíÿÿ äëÿ ñîåäèíåíèÿ
ñ íàãðóæàþùèì óñòðîéñòâîì. Ó âñåõ ïëàñòèí â âåðõíåé ÷àñòè, âûïîë-
íÿþùåé ðîëü ðàñïðåäåëèòåëüíîé ôàñîíêè, ñäåëàíî îòâåðñòèå äèàìåòðîì
22 ìì äëÿ øòèôòà.

Êîëè÷åñòâî èñïûòûâàåìûõ îáðàçöîâ, íåîáõîäèìûõ äëÿ îïðåäåëåíèÿ
óñèëèÿ âûäåðãèâàíèÿ N, ïðèíÿòî ðàâíûì ïÿòè äëÿ êàæäîé ñåðèè.

Ýêñïåðèìåíòû ïðîâåäåíû íà èñïûòàòåëüíîé ìàøèíå ÈÐ 5082-100
(ñ ìàêñèìàëüíûì óñèëèåì 10 ò) ñ ïîäâèæíîé íèæíåé òðàâåðñîé (ðèñ. 3).

Êîíòðîëèðóåìûå ïàðàìåòðû ïðè èñïûòàíèè: íàãðóçêà (íàãðóçêà ðàçðó-
øåíèÿ), ïåðåìåùåíèå âêëååííîé ïëàñòèíû îòíîñèòåëüíî áðóñà, ñêîðîñòü
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Ðèñ. 2. Ìîäåëü îáðàçöà äëÿ èññëåäîâàíèÿ ðàáîòû ñîåäèíå-
íèÿ íà âûäåðãèâàíèå ïëàñòèíû ïîïåðåê âîëîêîí äðåâåñèíû

(à) è âàðèàíòû êîíñòðóêöèé âêëååííûõ ïëàñòèí (á)

Fig. 2. A sample model for investigating the operation of the
joint for pulling out the plate across the wood fibers (a) and

variants of the designs of the glued plates (b)

Ðèñ. 3. Ïðîöåññ èñïûòàíèÿ îïûòíûõ îáðàçöîâ

Fig. 3. The process of testing prototypes



ïåðåìåùåíèÿ òðàâåðñû. Íà áîêîâûå ãðàíè áðóñà óñòàíîâëåíû èíäèêàòîðû
÷àñîâîãî òèïà äëÿ èçìåðåíèÿ ïåðåìåùåíèÿ âêëååííîé ïëàñòèíû îòíîñè-
òåëüíî áðóñà (È1, È2 ñ öåíîé äåëåíèÿ 0,001 ìì).

Ïðèñïîñîáëåíèå äëÿ ïåðåäà÷è íàãðóçêè ïðåäñòàâëÿåò ñîáîé ìàññèâ-
íóþ ìåòàëëè÷åñêóþ âèëêó, âûïîëíåííóþ èç öèëèíäðà äèàìåòðîì 50 ìì
ñ ïðîðåçüþ øèðèíîé 8 ìì íà ãëóáèíó 62 ìì è ñêâîçíûì îòâåðñòèåì
äèàìåòðîì 22 ìì äëÿ óñòàíîâêè ñòåðæíÿ. Òîðåö, âîçëå êîòîðîãî ðàñïîëî-
æåíî îòâåðñòèå, èìååò ñôåðè÷åñêóþ ïîâåðõíîñòü äëÿ âîçìîæíîñòè ïî-
âîðîòà ïðèñïîñîáëåíèÿ íà íåîáõîäèìûé óãîë áåç êàñàíèÿ äåðåâÿííîãî
áðóñêà. Â ïðîòèâîïîëîæíîì òîðöå âûïîëíåíî ðåçüáîâîå îòâåðñòèå Ì20
äëÿ óñòàíîâêè øïèëåê ðàçíîé äëèíû. Äëÿ èñïûòàíèé ïîòðåáîâàëèñü äâå
øïèëüêè, êîðîòêàÿ è äëèííàÿ, ÷òî îáóñëîâëåíî êîíñòðóêöèåé çàõâàòîâ
èñïûòàòåëüíîé ìàøèíû. Ïåðåäà÷à íàãðóçêè îò ïðèñïîñîáëåíèÿ ê îáðàç-
öó îñóùåñòâëÿëàñü ÷åðåç öèëèíäðè÷åñêèé øàðíèð, ïðåäñòàâëÿþùèé ñî-
áîé ñòåðæåíü äèàìåòðîì 21,5 ìì, óñòàíîâëåííûé â ñîâìåùåííîå ïî îñè
îòâåðñòèå â ñîåäèíèòåëüíîì ýëåìåíòå ñ îòâåðñòèÿìè ìåòàëëè÷åñêîé
âèëêè. Ïîýëåìåíòíàÿ ñõåìà è îáùèé âèä ñîáðàííîãî îáðàçöà ïðåäñòàâëå-
íû íà ðèñ. 4.

Èñïûòàíèå îáðàçöîâ âûïîëíÿëîñü â ðåæèìå ñòóïåí÷àòîãî íàãðóæåíèÿ
ñ  ïîñòîÿííîé ñêîðîñòüþ 0,01 êÍ/ñ áåç ðàçãðóçêè. Âåëè÷èíà ñòóïåíåé ñîñòàâ-
ëÿëà 0,1 îò îæèäàåìîé âåëè÷èíû ðàçðóøàþùåãî óñèëèÿ. Íà êàæäîé ñòóïåíè
ñíèìàëèñü ïîêàçàíèÿ ñ ïðèáîðîâ.

Äëÿ îáðàçöîâ âñåõ ñåðèé ïðè èñïûòàíèè íà âûäåðãèâàíèå ïîïåðåê âîëî-
êîí õàðàêòåðíûì áûëî òî, ÷òî ïðè èñïûòàíèè íà ïåðâîì ýòàïå îòêàëûâàëñÿ
ó÷àñòîê êëååâîãî ñëîÿ îò ñòåðæíÿ âáëèçè äíà ïàçà èç-çà èñ÷åðïàíèÿ àäãåçèè.
Äàëåå îòðûâàëñÿ îòêîëîâøèéñÿ ó÷àñòîê êëåÿ ñ õàðàêòåðíûì òðåñêîì. Äàëü-
íåéøåå ðàçðóøåíèå ïðîèñõîäèëî îò ñêàëûâàíèÿ äðåâåñèíû ïîïåðåê âîëîêîí
ïî ïëîùàäè êîíòàêòà êëååâîãî ñëîÿ, îñòàâøåãîñÿ íà ñòåðæíå.

Ðåçóëüòàòû ðàñ÷åòà äëÿ òðåõ ñåðèé îïûòîâ, ïðîâîäèìûõ â ðàçíîå âðåìÿ,
ïðåäñòàâëåíû â òàáë. 5.
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Ðèñ. 4. Óíèâåðñàëüíûé îáðàçåö ñ íàãðóçî÷íûì ïðèñïîñîáëåíèåì
à – ïîýëåìåíòíàÿ ñõåìà; á – îáùèé âèä îáðàçöà ñ ïðèñïîñîáëåíèåì

Fig. 4. Universal sample with load device
a – element – by–element scheme; b – general view of the sample with the device
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2 – ïîñòðî÷íûå äèñïåðñèè, îïðåäåëÿåìûå ïî ôîðìóëå:
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Äëÿ ïðîâåðêè ãèïîòåçû îá îäíîðîäíîñòè äèñïåðñèé âû÷èñëåí êðèòåðèé
Êîõðåíà. Äëÿ ýòîãî âûáðàíî íàèáîëüøåå èç ðàññ÷èòàííûõ çíà÷åíèé ïîñòðî÷-
íîé äèñïåðñèè.

Ôîðìóëà ðàñ÷åòà êðèòåðèÿ Êîõðåíà:
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Ïðè óðîâíå çíà÷èìîñòè a = 0,05 è ÷èñëå ñòåïåíåé ñâîáîäû f1 = 2 èç
ñïðàâî÷íîé òàáëèöû ïðèíÿòî çíà÷åíèå êðèòåðèÿ Êîõðåíà Ga = 0,5157.
Ïîëó÷åííîå ðàñ÷åòíîå çíà÷åíèå êðèòåðèÿ íå ïðåâûøàåò êðèòè÷åñêîãî
(0,433 < 0,5157). Ñ 95%-é äîâåðèòåëüíîé âåðîÿòíîñòüþ (P = 0,95) ìîæíî
óòâåðæäàòü, ÷òî äèñïåðñèè îäíîðîäíû, à çíà÷èò, îïûò âîñïðîèçâîäèì.

Ðàñ÷åò êîýôôèöèåíòîâ óðàâíåíèÿ ðåãðåññèè ïðîâåäåí ïî îáùåïðèíÿòûì
ôîðìóëàì [13]. Ðåçóëüòàòû ðàñ÷åòà êîýôôèöèåíòîâ óðàâíåíèÿ ðåãðåññèè
ïðåäñòàâëåíû â òàáë. 6.

Óðàâíåíèå ðåãðåññèè ñ ðàññ÷èòàííûìè êîýôôèöèåíòàìè

Y = 58,37 + 28,82X1 + 25,83X2 + 8,98X3 + 13,15X1X2 + 4,36X1X3 +

+ 3,94X2X3 + 2,28X1X2X3.

Äèñïåðñèÿ âîñïðîèçâîäèìîñòè
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y
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= , (9)

ãäå f1 = n – 1; f2 = N – ÷èñëà ñòåïåíåé ñâîáîäû.
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Ò à á ë è ö à 5. Ðåçóëüòàòû îïûòà

T a b l e 5. Experience results

¹ X1 X2 X3 Y1 Y2 Y3 Yñð Sn
2

1 – – – 14,22 11,95 15,49 13,89 3,22

2 + – – 35,87 41,43 45,96 41,09 25,54

3 – + – 40,12 35,51 32,23 35,95 15,71

4 + + – 94,56 105,67 119,59 106,61 157,28

5 – – + 17,44 19,35 22,68 19,82 7,03

6 + – + 57,51 56,31 52,16 55,32 7,88

7 – + + 45,32 51,98 48,26 48,52 11,14

8 + + + 135,35 143,51 158,32 145,73 135,59

Se = 363,39
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Äîâåðèòåëüíûé èíòåðâàë äëÿ êîýôôèöèåíòîâ ðåãðåññèè áóäåò ðàâåí:
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i

= ±
= ± × = ±

,

, , , ,212 1685 3 57
(12)

ãäå t – êðèòåðèé Ñòüþäåíòà ïî ñïðàâî÷íîé òàáëèöå ïðè âûáðàííîì óðîâíå
çíà÷èìîñòè a = 0,05 è ÷èñëå ñòåïåíåé ñâîáîäû f3 = f1, f2 = 16.

Çíà÷èìîñòü êîýôôèöèåíòîâ, èñõîäÿ èç óñëîâèÿ

| , , | .b b b tSi ij ijz bi³ (13)

Êîýôôèöèåíòû, çíà÷åíèå êîòîðûõ ìåíüøå 3,57, èñêëþ÷àþòñÿ èç óðàâ-
íåíèÿ ðåãðåññèè. Ìîæíî ñäåëàòü âûâîä, ÷òî äëÿ ïàðàìåòðà îïòèìèçàöèè
çíà÷èìû âñå ÷ëåíû óðàâíåíèÿ, êðîìå êîýôôèöèåíòà b123.

Èòîãîâîå óðàâíåíèå ðåãðåññèè ñî çíà÷èìûìè êîýôôèöèåíòàìè ïðèìåò
âèä

Y = 58,37 + 28,82X1 + 25,83X2 + 8,98X3 + 13,15X1X2 + 4,36X1X3 + 3,94X2X3.

Ïðîâåðêà àäåêâàòíîñòè ïîëó÷åííîãî óðàâíåíèÿ.
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Ò à á ë è ö à 6. Êîýôôèöèåíòû óðàâíåíèÿ ðåãðåññèè

T a b l e 6. Coefficients of the regression equation

¹ X1Yñð X2Yñð X3Yñð X1X2Yñð X1X3Yñð X2X3Yñð X1X2 X3Yñð Yñð

1 –13,89 –13,89 –13,89 13,89 13,89 13,89 –13,89 13,89

2 41,09 –41,09 –41,09 –41,09 –41,09 41,09 41,09 41,09

3 –35,95 35,95 –35,95 –35,95 35,95 –35,95 35,95 35,95

4 106,61 106,61 –106,61 106,61 –106,61 –106,61 –106,61 106,61

5 –19,82 –19,82 19,82 19,82 –19,82 –19,82 19,82 19,82

6 55,32 –55,32 55,32 –55,32 55,32 –55,32 –55,32 55,32

7 –48,52 48,52 48,52 –48,52 –48,52 48,52 –48,52 48,52

8 145,73 145,73 145,73 145,73 145,73 145,73 145,73 145,73

i

N

=
å

1
230,57 206,69 71,85 105,17 34,85 31,53 18,25 466,93

bi(j,z) b1 = 28,82 b2 = 25,83 b3 = 8,98 b12 = 13,15 b13 = 4,36 b23 = 3,94 b123 = 2,28 b0 = 58,37



Îñòàòî÷íàÿ äèñïåðñèÿ:
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ãäå S yR i

i

N

=
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åD 2

1

– îñòàòî÷íàÿ ñóììà êâàäðàòîâ;

fàä – ÷èñëî ñòåïåíåé ñâîáîäû äëÿ äèñïåðñèè àäåêâàòíîñòè, âû÷èñëÿåìîå
ïî  ôîðìóëå:

f N k
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= - +
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1

8 3 1 4
(15)

Âûïîëíèì ïðîâåðêó, èñïîëüçóÿ êðèòåðèé Ôèøåðà:

F
S

S
F

y

= = =àä
2

2

10 41

22 71
0 46,

,

,
, . (16)

Òàáëè÷íîå çíà÷åíèå F-êðèòåðèÿ ïðè óðîâíå çíà÷èìîñòè a = 0,05 ñîñòàâ-
ëÿåò 3,01. Òàê êàê ðàñ÷åòíîå çíà÷åíèå êðèòåðèÿ íå ïðåâîñõîäèò êðèòè÷åñêîå,
òî ìîæíî ñäåëàòü âûâîä îá àäåêâàò-
íîñòè ñîñòàâëåííîãî óðàâíåíèÿ ðåã-
ðåññèè. Íàèáîëüøåå âëèÿíèå íà ïà-
ðàìåòð îïòèìèçàöèè îêàçûâàþò
äëèíà è øèðèíà ïëîñêîãî ñòåðæíÿ
(ðèñ. 5).

Äëÿ íàãëÿäíîñòè ïîëó÷åííûõ
ðåçóëüòàòîâ ïîñòðîåíû ãðàôè÷å-
ñêèå çàâèñèìîñòè (ðèñ. 6, 7).

Àíàëèç ýêñïåðèìåíòàëüíûõ
íàáëþäåíèé è ïîëó÷åííûõ çàâè-
ñèìîñòåé ïîêàçàë, ÷òî ïëîòíîñòü
çàïîëíåíèÿ ïîâåðõíîñòè ïëàñòè-
íû îòâåðñòèÿìè îêàçûâàåò òàêæå
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Ðèñ. 5. Âëèÿíèå ôàêòîðîâ íà ïàðàìåòð îïòèìèçàöèè

Fig. 5. Influence of factors on the optimization parameter

Ðèñ. 6. Ìîäåëü ïðîöåññà

Fig. 6. Process model



çíà÷èòåëüíîå âëèÿíèå íà íåñóùóþ ñïîñîáíîñòü çà ñ÷åò áîëåå ðàâíîìåð-
íîãî ðàñïðåäåëåíèÿ ñêàëûâàþùèõ íàïðÿæåíèé ïî ïëîùàäêå «êëåé-äðå-
âåñèíà». Ýòîò ôàêò èìååò íåìàëîâàæíîå çíà÷åíèå â ñëó÷àÿõ, êîãäà ïðè
êîíñòðóèðîâàíèè óçëîâ ïðîåêòèðîâùèê îãðàíè÷åí â íàçíà÷åíèè äëèíû è
øèðèíû âêëååííîé ïëàñòèíû (ðÿäîì ðàñïîëîæåííûå óçëû, íåçíà÷èòåëü-
íàÿ âûñîòà ïîïåðå÷íîãî ñå÷åíèÿ ýëåìåíòà è ò.ï.). Íàïðèìåð, ïðè ôèêñè-
ðîâàííûõ çíà÷åíèÿõ äëèíû è øèðèíû âêëååííîé ïëàñòèíû óâåëè÷å-
íèå ïëîòíîñòè çàïîëíåíèÿ ïîâåðõíîñòè ïëàñòèíû îòâåðñòèÿìè ñ 0,002
äî 0,004 øò/ìì2 (ñì. ðèñ. 6) ïîçâîëÿåò óâåëè÷èòü íåñóùóþ ñïîñîáíîñòü
ñîåäèíåíèÿ íà 32 %.

Âûâîäû. 1. Ýêñïåðèìåíòàëüíûå èññëåäîâàíèÿ ïîäòâåðäèëè òåõíè÷å-
ñêóþ öåëåñîîáðàçíîñòü ïðèìåíåíèÿ â ñîåäèíåíèÿõ äåðåâÿííûõ êîíñòðóêöèé
ñòàëüíûõ âêëååííûõ ïëàñòèí.

2. Óñòàíîâëåíî, ÷òî íà íåñóùóþ ñïîñîáíîñòü ðàññìàòðèâàåìîãî êëàññà
ñîåäèíåíèé íàèáîëüøåå âëèÿíèå îêàçûâàþò äëèíà è øèðèíà ïëàñòèíû, à òàê-
æå ïëîòíîñòü çàïîëíåíèÿ ïîâåðõíîñòè âêëåèâàåìîé ÷àñòè ïëàñòèíû îòâåð-
ñòèÿìè.

3. Âûÿâëåíî, ÷òî íàèáîëüøàÿ íåñóùàÿ ñïîñîáíîñòü ñîåäèíåíèÿ ïðè ôèê-
ñèðîâàííûõ ðàçìåðàõ ïëàñòèíû äîñòèãàåòñÿ ïðè ïëîòíîñòè çàïîëíåíèÿ
ïîâåðõíîñòè åå âêëåèâàåìîé ÷àñòè, ðàâíîé 0,004 øò/ìì2.
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Ðèñ. 7. Îöåíêà îòêëèêà ïîâåðõíîñòè ôóíêöèè (ïëîò-
íîñòü çàïîëíåíèÿ îòâåðñòèÿìè 0,004 øò/ìì2)

Fig. 7. Evaluation of the function surface response (the
density of filling with holes 0,004 pcs/mm2)
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