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ÓÑÈËÈÉ

7.1. Ôåðìà

Ôåðìà � øàðíèðíî-ñòåðæíåâàÿ êîíñòðóêöèÿ, çàãðóæåííàÿ â óçëàõ

(øàðíèðàõ). Ôåðìà ÿâëÿåòñÿ óïðîùåííîé ìîäåëüþ ðåàëüíîé ñèñòåìû,

â êîòîðîé ñòåðæíè ìîãóò èìåòü âåñ, ñîåäèíÿòüñÿ æåñòêî, à íå òîëüêî

øàðíèðíî è íàãðóçêà ìîæåò áûòü ïðîèçâîëüíîé. Îäíàêî âûáðàííàÿ

ìîäåëü äîñòàòî÷íî òî÷íî îïèñûâàåò áîëüøèíñòâî ïðàêòè÷åñêèõ ñõåì

è øèðîêî èñïîëüçóåòñÿ â èíæåíåðíûõ ðàñ÷åòàõ.

Ïîñòîÿííàÿ íàãðóçêà � ðàâíîìåðíî ðàñïðåäåëåííàÿ ïî âñåé äëèíå

�åðìû íàãðóçêà, âûçâàííàÿ âåñîì êîíñòðóêöèè. Âðåìåííàÿ íàãðóçêà

� ðàâíîìåðíî ðàñïðåäåëåííàÿ íà îïðåäåëåííûõ ó÷àñòêàõ íàãðóçêà îò

äåéñòâèÿ âíåøíèõ �àêòîðîâ.

Ïîñòàíîâêà çàäà÷è. Íàéòè ìàêñèìàëüíîå è ìèíèìàëüíîå óñèëèå

â ñòåðæíÿõ �åðìû îò äåéñòâèÿ ïîñòîÿííîé q
ï

è âðåìåííîé q
âð

íà-

ãðóçêè, ðàâíîìåðíî ðàñïðåäåëåííîé ïî íèæíåìó èëè âåðõíåìó ïîÿñó.

Ïëàí ðåøåíèÿ

1. Ñòðîèì ëèíèè âëèÿíèÿ îïîð �åðìû YA(x), YB(x), ãäå x � ãî-

ðèçîíòàëüíàÿ êîîðäèíàòà ïîëîæåíèÿ åäèíè÷íîé âåðòèêàëüíîé ñèëû,

ïðèëîæåííîé ê íèæíåìó èëè âåðõíåìó ïîÿñó.

2. Âûðàæàåì óñèëèÿ Sk â çàäàííîì k-ì ñòåðæíå ÷åðåç YA(x),
YB(x) ïîëüçóÿñü ìåòîäîì �èòòåðà è/èëè âûðåçàíèÿ óçëîâ [10℄. Ñòðîèì

ãðà�èê �óíêöèè Sk(x) � ëèíèþ âëèÿíèÿ óñèëèÿ Sk.

3. Âû÷èñëÿåì óñèëèå îò äåéñòâèÿ ïîñòîÿííîé íàãðóçêè q
ï

, ðàâ-

íîìåðíî ðàñïðåäåëåííîé ïî âñåìó íèæíåìó èëè âåðõíåìó ïîÿñó ïî

�îðìóëå Sï

k = ωq
ï

, ãäå ω � ïëîùàäü ëèíèè, îãðàíè÷åííîé ëèíèåé

âëèÿíèÿ Sk(x) óñèëèÿ â çàäàííîì ñòåðæíå.

4. Âû÷èñëÿåì ìàêñèìàëüíîå çíà÷åíèå Sâð

kmax óñèëèÿ îò äåéñòâèÿ

âðåìåííîé íàãðóçêè. Ïðèêëàäûâàåì ðàâíîìåðíî ðàñïðåäåëåííóþ íà-

ãðóçêó q
âð

ê òîé ÷àñòè íèæíåãî èëè âåðõíåãî ïîÿñà, ãäå îðäèíàòû

ëèíèè âëèÿíèÿ Sk(x) ïîëîæèòåëüíûå. Ïî �îðìóëå Sâð

kmax = ω+q
âð

,

ãäå ω+
� ïëîùàäü ëèíèè, îãðàíè÷åííîé ëèíèåé âëèÿíèÿ Sk(x) âûøå

îñè àáñöèññ.
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5. Âû÷èñëÿåì ìèíèìàëüíîå çíà÷åíèå Sâð

kmin óñèëèÿ îò äåéñòâèÿ

âðåìåííîé íàãðóçêè. Ïðèêëàäûâàåì ðàñïðåäåëåííóþ íàãðóçêó q
âð

ê

òîé ÷àñòè íèæíåãî èëè âåðõíåãî ïîÿñà, ãäå îðäèíàòû ëèíèè âëèÿíèÿ

Sk(x) îòðèöàòåëüíûå. Ïî �îðìóëå S
âð

kmin = ω−q
âð

, ãäå ω−
� ïëîùàäü

ëèíèè, îãðàíè÷åííîé ëèíèåé âëèÿíèÿ Sk(x) íèæå îñè àáñöèññ.

6. Âû÷èñëÿåì ýêñòðåìàëüíûå çíà÷åíèÿ óñèëèÿ îò ñîâìåñòíîãî äåé-

ñòâèÿ âðåìåííîé è ïîñòîÿííîé íàãðóçêè:

Skmax = Sï

k + Sâð

kmax, Skmin = Sï

k + Sâð

kmin

Ïðèìåð 1 (ïðîñòàÿ ðåøåòêà). Íàéòè ìàêñèìàëüíîå è ìèíèìàëüíîå

óñèëèå â ñòåðæíÿõ 3-4, 4-5, 3-8, 2-8 �åðìû îò äåéñòâèÿ ïîñòîÿííîé

q
ï

= 6 êÍ/ì, è âðåìåííîé q
âð

= 16 êÍ/ì, íàãðóçêè, ðàâíîìåðíî

ðàñïðåäåëåííîé ïî íèæíåìó ïîÿñó (ðèñ. 81). Äàíî: a = 1 ì, h = 1 ì.

2 3 4

6 7 8 9 10

1 5

a a a a

h

✻
YA ❄1 ✻

YB

x

�èñ. 81 �èñ. 82

1. Ñòðîèì ëèíèè âëèÿíèÿ îïîð �åðìû YA(x), YB(x), ãäå x � ãî-

ðèçîíòàëüíàÿ êîîðäèíàòà ïîëîæåíèÿ åäèíè÷íîé âåðòèêàëüíîé ñèëû,

ïðèëîæåííîé ê íèæíåìó ïîÿñó.

Â íåêîòîðîé òî÷êå íèæíåãî ïîÿñà ñ êîîðäèíàòîé x ðàçìåùàåì

åäèíè÷íóþ ñèëó (ðèñ. 82). Ñîñòàâëÿåì óðàâíåíèÿ ðàâíîâåñèÿ êîí-

ñòðóêöèè â �îðìå óðàâíåíèé ìîìåíòîâ

YA · 4a− 1 · (4a− x) = 0, −YB · 4a+ 1 · x = 0

è íàõîäèì YA(x) = 1 − x/(4a), YB(x) = x/(4a). Ñòðîèì ãðà�èêè

ïîëó÷åííûõ �óíêöèé � ëèíèè âëèÿíèÿ (ðèñ. 85).

2. Âûðàæàåì óñèëèÿ S3−4 â ñòåðæíå 3-4 ÷åðåç YA(x), YB(x). Óñèëèå
S3−4 ìîæíî íàéòè ìåòîäîì �èòòåðà, òàê êàê ýòîò ñòåðæåíü âõîäèò â

ñå÷åíèå �èòòåðà, ïåðåñåêàþùåå òðè ñòåðæíÿ è ðàçäåëÿþùåå �åðìó

íà äâå ÷àñòè (ðèñ. 83)

8

✻
YA

✲S3−4

❘S8−4
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�èñ. 88
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�èñ. 89

0.35
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S2−8

�èñ. 90

Ïðåäïîëàãàÿ, ÷òî åäèíè÷íûé ãðóç

íàõîäèòñÿ ñïðàâà îò ñå÷åíèÿ

3a 6 x 6 4a, ò.å. â ïðåäåëàõ

ëèøü îäíîé ïîñëåäíåé ïàíåëè.

�àññìàòðèâàåì ëåâóþ ÷àñòü �åðìû,

íå ñîäåðæàùóþ ãðóç. Ñîñòàâëÿåì

ñóììó ìîìåíòíîâ îòíîñèòåëüíî

òî÷êè �èòòåðà ñòåðæíÿ, ò.å. òî÷êè,

â êîòîðîé ïåðåñåêàþòñÿ ëèíèè äâóõ

äðóãèõ ñòåðæíåé äàííîãî ñå÷åíèÿ.

Òàêîé òî÷êîé äëÿ ñòåðæíÿ 3-4

ÿâëÿåòñÿ øàðíèð 8:

∑
M8 = S3−4 · h− YA · 2a = 0

Îáëàñòü îïðåäåëåíèÿ ðåøåíèÿ ýòîãî

óðàâíåíèÿ S3−4(x) = YA · 2a/h çàäà-

íà îãîâîðåííûì ïîëîæåíèåì ãðóçà:

3a 6 x 6 4a. Ñòðîèì â ýòîì ïðî-

ìåæóòêå ãðà�èê S3−4(x) = 2YA(x),
ìàñøòàáèðóÿ ãðà�èê YA(x) â äâà ðà-
çà (ñ ó÷åòîì òîãî, ÷òî ïî óñëîâèþ a =
= h = 1 ì) (ðèñ. 86). ×òîáû äîñòðî-

èòü ëèíèþ âëèÿíèÿ â äðóãîé îáëàñòè

èçìåíåíèÿ x ïðåäïîëîæèì, ÷òî ãðóç

íàõîäèòñÿ â íåêîòîðîé òî÷êå ñëåâà îò

ñå÷åíèÿ ò.å. 0 6 x 6 2a. �àññìîòðèì
ðàâíîâåñèå ïðàâîé ÷àñòè �åðìû. Òî÷-

êà �èòòåðà äëÿ ñòåðæíÿ îñòàåòñÿ òîé

æå � øàðíèð 8. Ñîñòàâëÿåì ñóììó

ìîìåíòîâ

−S3−4 · h+ YB · 2a = 0

è ïîëó÷àåì S3−4(x) = 2YB(x). Ó÷àñòîê 2a 6 x 6 3a íå ïîïàë íè

â ëåâóþ, íè â ïðàâóþ âåòâü ëèíèè âëèÿíèÿ. Îäíàêî â êðàéíèõ åãî

òî÷êàõ îðäèíàòû èçâåñòíû. Ïîëüçóÿñü ñâîéñòâîì ëèíåéíîñòè çàäà÷è,

ñîåäèíÿåì ýòè òî÷êè òàê íàçûâàåìîé ïåðåõîäíîé ïðÿìîé.

Ëèíèÿ âëèÿíèÿ, ñîñòàâëåííàÿ èç äâóõ ïîñòðîåííûõ âåòâåé ãðà�è-

êà S3−4(x) è ïåðåõîäíîé ïðÿìîé îáðàçóþò ëèíèþ âëèÿíèÿ óñèëèÿ

S3−4, îçíà÷àþùóþ çàâèñèìîñòü ýòîãî óñèëèÿ îò ìåñòà ïîëîæåíèÿ

åäèíè÷íîé íàãðóçêè (ðèñ. 86).

Ñòðîèì ëèíèþ âëèÿíèÿ óñèëèÿ â ñòîéêå 3-8 ïðè äâèæåíèè åäèíè÷-

íîãî ãðóçà ïîíèçó. Äëÿ ýòîé ñòîéêè íå ñóùåñòâóåò ñå÷åíèÿ �èòòåðà.

Ñå÷åíèå, ðàññåêàþùåå �åðìó è ïðîõîäÿùåå ÷åðåç ýòîò ñòåðæåíü ïå-
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ðåñåêàåò êàê ìèíèìóì ÷åòûðå ñòåðæíÿ. Èñïîëüçóåì ìåòîä âûðåçàíèÿ

✲S3−4

✻
S3−8

✛S2−3

❄1

�èñ. 91

óçëîâ. Çäåñü ñóùåñòâóåò òîëüêî äâå âîçìîæíî-

ñòè äëÿ ïîëîæåíèÿ åäèíè÷íîé íàãðóçêè. Ëèáî

íàãðóçêà íàõîäèòñÿ â óçëå, ëèáî íåò. Äåéñòâè-

òåëüíî, åñëè åäèíè÷íàÿ íàãðóçêà íàõîäèòñÿ â

óçëå, òî (ðèñ. 91) èç óðàâíåíèÿ ïðîåêöèè íà

âåðòèêàëüíóþ îñü ñðàçó æå ïîëó÷àåì S3−8 = 1.
Åñëè íàãðóçêè â óçëå íåò è îí íåçàãðóæåí, òî

î÷åâèäíî

(íàïðèìåð, èç ëåììû î íóëåâûõ ñòåðæíÿõ) óñèëèå â íåì ðàâíî íóëþ.

Ïîëó÷àåì ëèíèþ âëèÿíèÿ õàðàêòåðíîé äëÿ ñòîåê òðåóãîëüíîé �îðìû

(ðèñ. 87).

Ñòðîèì ëèíèþ âëèÿíèÿ óñèëèÿ â ñòîéêå 2-7 ïðè äâèæåíèè åäè-

íè÷íîãî ãðóçà ïîíèçó. Âûïîëíÿåì ñå÷åíèå �èòòåðà, ïåðåñåêàþùåå

ñòåðæåíü 2-7 (ðèñ. 92). Âûáèðàåì äëÿ ñîñòàâëåíèÿ ðàâíîâåñèÿ ëåâóþ

÷àñòü, òàê êàê ãðóç, äâèãàÿñü ïîíèçó, ìîæåò áûòü òîëüêî ñïðàâà, à

ñëåâà îñòàåòñÿ ëèøü øàðíèð 1, â êîòîðîì, î÷åâèäíî, ëèíèÿ âëèÿíèÿ

S2−7(0) = 0. Èòàê, ñîñòàâëÿåì óðàâíåíèå ïðîåêöèé íà âåðòèêàëüíóþ

îñü

∑
Y = −S2−7 − YA = 0,

îòêóäà ïîëó÷àåì S2−7 = −YA. Ñòðîèì ëèíèþ âëèÿíèÿ, ñîåäèíÿÿ

çàìåíÿÿ ëåâûé ó÷àñòîê ïåðåõîäíîé ïðÿìîé (ðèñ. 90). Ëèíèÿ âëèÿíèÿ

ýòîãî æå óñèëèÿ ïðè äâèæåíèè ãðóçà ïîâåðõó áóäåò ñóùåñòâåííî

èíîé (ðèñ. 89). Ïðè äâèæåíèè ãðóçà ñëåâà îò ñå÷åíèÿ, ðàññìàòðèâàåì

ðàâíîâåñèå ïðàâîé ÷àñòè �åðìû (ðèñ. 92), îòêóäà ñëåäóåò S2−7 = −

−YB.

✻YA

✲S7−8

✲S1−2

❄S2−7

✻YB

✛S7−8

✛S1−2
✻
S2−7

�èñ. 92 �èñ. 93

Ëèíèÿ âëèÿíèÿ ñòåðæíÿ 2-8 ñòðîèòñÿ àíàëîãè÷íî. Èç óðàâíåíèé

ïðîåêöèé äëÿ ëåâîé è ïðàâîé ÷àñòè (â çàâèñèìîñòè îò ïîëîæåíèÿ

ãðóçà) èìååì S2−8(x) = −YB/ cos 45
◦ = −1.41YB (ïðè 0 6 x 6 a)

è S2−8(x) = YA/ cos 45
◦ = 1.41YA (ïðè 2a 6 x 6 4a). Äîñòðàèâàÿ

íåäîñòàþùèé ó÷àñòîê (a 6 x 6 2a) ïåðåõîäíîé ïðÿìîé, ïîëó÷àåì

ëèíèþ âëèÿíèÿ (ðèñ. 90)
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✻YA

✲S2−3

✒S2−8

✲ S7−8

✻YB

✛S7−8

✛S2−3

✠S2−8

�èñ. 94 �èñ. 95

3. Âû÷èñëÿåì óñèëèÿ â ñòåðæíÿõ 3-4, 3-8, 2-7 îò äåéñòâèÿ ïîñòî-

ÿííîé íàãðóçêè q
ï

= 6 êÍ/ì, ðàâíîìåðíî ðàñïðåäåëåííîé ïî âñåìó

íèæíåìó ïîÿñó:

Sï

3−4 = ω3−4qï = 1

2
· 1 · 4 · 6 = 12 êÍ,

Sï

3−8 = ω3−8qï = 1

2
· 1 · 2 · 6 = 6 êÍ,

Sï

2−7 = ω2−7qï = 1

2
· 0.75 · 4 · 6 = 9 êÍ.

Äëÿ âû÷èñëåíèÿ ω2−8 = ω+
2−8 + ω−

2−8 òðåáóåòñÿ îïðåäåëèòü êîîð-

äèíàòó òî÷êè ïåðåñå÷åíèÿ ëèíèè âëèÿíèÿ ñ îñüþ x. �àññìàòðèâàåì

y1

y2
c

a− c

�èñ. 96

ëèíèþ âëèÿíèÿ íà âòîðîé ïàíåëå

(a 6 x 6 2a (ðèñ. 96). Èç ïîäîáèÿ

òðåóãîëüíèêîâ èìååì ñîîòíîøåíèå

y1/c = −y2/(a − c), îòêóäà c = y1a/(y1 −
− y2). Â íàøåì ñëó÷àå äëèíà ïàíåëè

a = 1 ì, îðäèíàòû ëèíèè âëèÿíèÿ y1 =
=

√

2/4 = 0.35, y2 = −

√

2/2 = 0.7.
Ïîëó÷àåì: c = 1/3 = 0.33 ì. Âû÷èñëÿåì ïëîùàäè òðåóãîëüíèêîâ:

ω+

2−8 = 1

2
· 0.35 · (a+ c) = 0.236,

ω−

2−8 = −
1

2
· 0.7 · (3a+ c) = −0.943,

ω2−8 = 0.236− 0.943 = −0.707

Çàìåòèì, ÷òî íå âû÷èñëÿÿ êîîðäèíàòó òî÷êè ïåðåñå÷åíèÿ ëèíèè

âëèÿíèÿ ñ îñüþ x, îáùóþ ïëîùàäü ìîæíî âû÷èñëèòü ïî �îðìóëå

(11.2) íà ñ. 241, êàê ïëîùàäü �èãóðû, îãðàíè÷åííîé ëîìàíîé, èëè,

åùå ïðîùå, ïî �îðìóëå òðàïåöèé. Äëÿ �åðìû ñ ïàíåëÿìè îäèíàêîâîé

äëèíû a èìååì ω = a(y0/2 + y1 + y2 + y3 + y4/2), ãäå yi, i = 0, ..., 4 �
îðäèíàòû ëèíèé âëèÿíèÿ. Â ðàññìàòðèâàåìîì ñëó÷àå, ãäå â êðàéíèõ

òî÷êàõ (íà îïîðàõ) îðäèíàòû ëèíèè âëèÿíèÿ ðàâíû íóëþ, ïîëó÷àåì

ñîâñåì ïðîñòîå âûðàæåíèå: ω = a(y1+y2+y3). Òàêèì îáðàçîì, óñèëèå

â ñòåðæíå 2-8 îò ïîñòîÿííîé íàãðóçêè èìååò âèä

Sï

2−8 = ω2−8qï = −0.707 · 6 = −4.243 êÍ.

Çíàê ìèíóñ â ðåçóëüòàòå ïîêàçûâàåò, ÷òî ñòåðæåíü ñæàò.

4. Âû÷èñëÿåì ìàêñèìàëüíûå çíà÷åíèÿ óñèëèé â ñòåðæíÿõ 3-4, 3-8,

2-7, 2-8 îò äåéñòâèÿ âðåìåííîé íàãðóçêè q
âð

= 16 êÍ/ì, ðàâíîìåðíî

ðàñïðåäåëåííîé ïî òîé ÷àñòè íèæíåãî ïîÿñà, ãäå îðäèíàòû ëèíèè
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âëèÿíèÿ ïîëîæèòåëüíûå:

Sâð

3−4,max = ω3−4qâð = 1

2
· 1 · 4 · 16 = 32 êÍ

Sâð

3−8,max = ω3−8qâð = 1

2
· 1 · 2 · 16 = 16 êÍ

Sâð

2−7,max = ω2−7qâð = 1

2
· 0.75 · 4 · 16 = 24 êÍ

Sâð

2−8,max = ω2−8qâð = 0.236 · 16 = 3.771 êÍ.

5. Âû÷èñëÿåì ìèíèìàëüíîå çíà÷åíèå â ñòåðæíÿõ 3-4, 3-8, 2-7, 2-8

îò äåéñòâèÿ âðåìåííîé íàãðóçêè q
âð

= 16 êÍ/ì, ðàâíîìåðíî ðàñïðå-

äåëåííîé ïî òîé ÷àñòè íèæíåãî ïîÿñà, ãäå îðäèíàòû ëèíèè âëèÿíèÿ

ïîëîæèòåëüíûå. Ñòåðæíè 3-4, 3-8 è 2-7 íå èìåþò îòðèöàòåëüíûõ

îðäèíàò â ëèíèÿõ âëèÿíèÿ, ñîîòâåòñòâóþùèå ïëîùàäè ðàâíû íóëþ.

Sâð

3−4,min = Sâð

3−8,min = Sâð

2−7,min = 0,

Sâð

2−8,min
= ω−

2−8qâð = −0.943 · 16 = −15.085 êÍ.

6. Âû÷èñëÿåì ìàêñèìàëüíûå çíà÷åíèÿ óñèëèÿ îò ñîâìåñòíîãî äåé-

ñòâèÿ âðåìåííîé è ïîñòîÿííîé íàãðóçêè:

S3−4,max = Sâð

3−4,max + Sï

3−4 = 32 + 12 = 44 êÍ,

S3−8,max = Sâð

3−8,max + Sï

3−8 = 16 + 6 = 22 êÍ,

S2−7,max = Sâð

2−7,max + Sï

2−7 = 24 + 9 = 33 êÍ,

S2−8,max = Sâð

2−8,max + Sï

2−8 = 3.771− 4.243 = −0.471 êÍ.

Ìèíèìàëüíûå çíà÷åíèÿ óñèëèÿ îò ñîâìåñòíîãî äåéñòâèÿ âðåìåííîé è

ïîñòîÿííîé íàãðóçêè:

S3−4,min = Sâð

3−4,min
+ Sï

3−4 = 0 + 12 = 12 êÍ,

S3−8,min = Sâð

3−8,min
+ Sï

3−8 = 0 + 6 = 6 êÍ,

S2−7,min = Sâð

2−7,min + Sï

2−7 = 0 + 9 = 9 êÍ,

S2−8,min = Sâð

2−8,min + Sï

2−8 = −15.085− 4.243 = −19.328 êÍ.

Ïðèìåð 2 (ñëîæíàÿ ðåøåòêà). Íàéòè ìàêñèìàëüíîå è ìèíèìàëüíîå

óñèëèå â ñòåðæíå 3-4 �åðìû îò äåéñòâèÿ ïîñòîÿííîé q
ï

= 18 êÍ/ì è

âðåìåííîé q
âð

= 6 êÍ/ì íàãðóçêè, ðàâíîìåðíî ðàñïðåäåëåííîé ïî

íèæíåìó ïîÿñó. Äàíî: a = 1 ì, h = 1 ì (ðèñ. 97).

2 3 4

6 7 8 9 10

1 5

a a a a

h

�èñ. 97
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�åøåíèå

1. Ñòðîèì ëèíèè âëèÿíèÿ îïîð �åðìû YA(x), YB(x), ãäå x � ãî-

ðèçîíòàëüíàÿ êîîðäèíàòà ïîëîæåíèÿ åäèíè÷íîé âåðòèêàëüíîé ñèëû,

ïðèëîæåííîé ê íèæíåìó ïîÿñó (ðèñ. 98).

1

ë.â. YA

ë.â. YB 1

�èñ. 98

2. Âûðàæàåì óñèëèå S3−7 â ñòåðæíå 3-4 ÷åðåç YA(x). Óñèëèå S3−7

íåëüçÿ íàéòè ìåòîäîì �èòòåðà, òàê êàê íå ñóùåñòâóåò ñå÷åíèå �èòòå-

ðà, ïåðåñåêàþùåå òðè ñòåðæíÿ, âêëþ÷àÿ ñòåðæåíü 3-7, è ðàçäåëÿþùåå

�åðìó íà äâå ÷àñòè. Èñïîëüçóåì ìåòîä âûðåçàíèÿ óçëîâ. Èç óñëîâèÿ

ðàâíîâåñèÿ óçëà 1, ñîâïàäàþùåãî ñ îïîðîé A (ðèñ. 99), ïîëó÷èì äâà

óðàâíåíèÿ

∑
X = S1−7 cos 45

◦ + S1−2 = 0,
∑

Y = S1−7 sin 45
◦ + YA(x) = 0,

(7.1)

èç êîòîðûõ ñëåäóåò S1−2(x) = YA(x), ò.å. ïðè äâèæåíèè ãðóçà ïîâåðõó
ëèíèÿ âëèÿíèÿ óñèëèÿ â ñòåðæíå 1-2 ñîâïàäàåò ñ ëèíèåé âëèÿíèÿ

îïîðû YA(x) è

S1−7(x) = −

√

2 YA(x). (7.2)

Ñèñòåìà óðàâíåíèé (7.1) íå çàâèñèò îò ïîëîæåíèÿ ãðóçà, ñëåäîâàòåëü-

íî, îáëàñòüþ îïðåäåëåíèÿ ðåøåíèÿ (7.2) ÿâëÿåòñÿ âñÿ äëèíà �åðìû

0 6 x 6 4a. Äàëåå âûðåçàåì óçåë 7. Â îáùåì ñëó÷àå ðàññìàòðèâàòü

ðàâíîâåñèå óçëà, ê êîòîðîìó ïðèñîåäèíåíû áîëåå äâóõ ñòåðæíåé ñ

íåîïðåäåëåííûìè óñèëèÿìè íå èìååò ñìûñëà � ñèñòåìà äâóõ óðàâ-

íåíèé ðàâíîâåñèÿ ñ òðåìÿ è áîëåå íåèçâåñòíûìè íå èìååò ðåøåíèÿ.

Íî â äàííîì ñëó÷àå, äâà ñòåðæíÿ 6-7 è 7-8 ëåæàò íà îäíîé ïðÿìîé,

ïîýòîìó èç óðàâíåíèÿ ïðîåêöèé íà âåðòèêàëü (ðèñ. 100)

∑
Y = −S3−7 sin 45

◦

− S1−7 sin 45
◦ = 0 (7.3)

ñðàçó ïîëó÷èì

S3−7(x) = −S1−7(x) =
√

2YA(x) (7.4)

Îäíàêî, îáëàñòü îïðåäåëåíèÿ ýòîé �óíêöèè îãðàíè÷åíà. Â óðàâíåíèå

(7.3) ïðîåêöèè íå âõîäèò åäèíè÷íàÿ ñèëà, òàê êàê ïðåäïîëàãàëîñü,

÷òî óçåë è äâå ñîñåäíèå ñ íèì ïàíåëè íåçàãðóæåíû. Îáëàñòü îïðåäå-

ëåíèÿ �óíêöèè (7.4) ñîñòîèò èç òî÷êè x = 0 è èíòåðâàëà çàêðûòîãî
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2a 6 x 6 4a. Ïðè x = a åäèíè÷íàÿ ñèëà ïðèëîæåíà ê óçëó (ðèñ. 101).

Óðàâíåíèå ïðîåêöèé â ýòîì ñëó÷àå èìååò âèä

YA(x) S1−7

S1−2✲
✒✻
45

◦

45
◦

45
◦

7 S7−8S6−7

S1−7
S3−7

✛ ✲

✠ ❘
45

◦
45

◦

7 S7−8S6−7

S1−7
S3−7

✛ ✲

✠ ❘❄1

�èñ. 99 �èñ. 100 �èñ. 101

∑
Y = −S3−7 sin 45

◦

− S1−7 sin 45
◦

− 1 = 0, (7.5)

îòêóäà S3−7(a) = −S1−7(a) −
√

2 = −

√

2/4 = −0.35. Èçîáðàæàåì
ãðà�èê �óíêöèè (7.4) â îáëàñòè åå îïðåäåëåíèÿ, çíà÷åíèå S3−7 =
= −0.35 ïðè x = a, ñîåäèíÿåì êðàéíèå òî÷êè ãðà�èêà íà ïåðâîé

è âòîðîé ïàíåëè ïåðåõîäíûìè ïðÿìûìè. Ïîëó÷àåì ëèíèþ âëèÿíèÿ

S3−7(x) (ðèñ. 102)

0.35

0.7

-0.35

1.41

ë.â.S3−7

�èñ. 102

3. Âû÷èñëÿåì óñèëèå â ñòåðæíå 3-7 îò äåéñòâèÿ ïîñòîÿííîé íà-

ãðóçêè q
ï

= 6 êÍ/ì, ðàâíîìåðíî ðàñïðåäåëåííîé ïî âñåìó âåðõíåìó

ïîÿñó. Ïîëîæèòåëüíàÿ ÷àñòü ïëîùàäè

ω+
3−7 = 0.5 ·

√

2 · 0.8 + 0.5 ·
√

2/2 · (2 + 2/3) = 1.508.

Îòðèöàòåëüíàÿ ÷àñòü ïëîùàäè

ω−

3−7 = −0.5 ·
√

2/4 · (0.2 + 1/3) = −0.094.

Êîîðäèíàòû òî÷åê ïåðåñå÷åíèÿ ëèíèè âëèÿíèÿ ñ îñüþ x âû÷èñëÿåì

èç óñëîâèÿ ïîäîáèÿ òðåóãîëüíèêîâ (ñ. 106). Ñóììàðíàÿ ïëîùàäü

ω3−7 = ω+

3−7 + ω−

3−7 = 1.414.

Äëÿ ïðîâåðêè âû÷èñëÿåì ýòó æå ïëîùàäü ïî �îðìóëå òðàïåöèé

ω3−7 = 1 · (1.414/2− 0.35 + 0.7 + 0.35) = 1.414.

Óñèëèå â ñòåðæíå 3-7 îò äåéñòâèÿ ïîñòîÿííîé íàãðóçêè

Sï

3−7 = ω3−7qï = 1.414 · 6 = 8.485 êÍ.
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4. Âû÷èñëÿåì ìàêñèìàëüíîå çíà÷åíèå â ñòåðæíå 3-7 îò äåéñòâèÿ

âðåìåííîé íàãðóçêè q
âð

= 18 êÍ/ì, ðàâíîìåðíî ðàñïðåäåëåííîé ïî

òîé ÷àñòè íèæíåãî ïîÿñà, ãäå îðäèíàòû ëèíèè âëèÿíèÿ ïîëîæèòåëü-

íûå:

Sâð

3−7,max = ω+

3−7qâð = 1.508 · 18 = 27.153 êÍ.

5. Âû÷èñëÿåì ìèíèìàëüíîå çíà÷åíèå â ñòåðæíå 3-7 îò äåéñòâèÿ

âðåìåííîé íàãðóçêè q
âð

= 18 êÍ/ì, ðàâíîìåðíî ðàñïðåäåëåííîé ïî

òîé ÷àñòè íèæíåãî ïîÿñà, ãäå îðäèíàòû ëèíèè âëèÿíèÿ îòðèöàòåëü-

íûå:

Sâð

3−7,min = ω−

3−7qâð = −0.094 · 18 = −1.697 êÍ.

❄❄❄❄❄ ❄❄❄❄❄❄❄❄❄❄❄❄❄❄❄
q
âð

0.35

0.7

-0.35

1.41

�èñ. 103

6. Âû÷èñëÿåì ýêñòðåìàëüíûå çíà÷åíèÿ óñèëèÿ îò ñîâìåñòíîãî äåé-

ñòâèÿ âðåìåííîé è ïîñòîÿííîé íàãðóçêè:

S3−7,max = Sï

3−7 + Sâð

3−7 max = 35.638 êÍ,

S3−7 min = Sï

3−7 + Sâð

3−7 min
= 6.788 êÍ.

Óñëîâèÿ çàäà÷. Íàéòè ìàêñèìàëüíîå è ìèíèìàëüíîå óñèëèå â

äâóõ óêàçàííûõ ñòåðæíÿõ �åðìû îò äåéñòâèÿ ïîñòîÿííîé q
ï

è

âðåìåííîé q
âð

íàãðóçêè, ðàâíîìåðíî ðàñïðåäåëåííîé ïî íèæíåìó èëè

âåðõíåìó ïîÿñó. Äàíî: a = 1 ì, h = 1 ì.


