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Àííîòàöèÿ. Ïðåäëîæåíà ñõåìà ïëîñêîé ñòàòè÷åñêè îïðåäåëèìîé ôåðìû ðàñ-
ïîðíîãî òèïà ñ êðåñòîîáðàçíîé ðåøåòêîé íà äâóõ íåïîäâèæíûõ øàðíèðíûõ îïîðàõ.
Ñ èñïîëüçîâàíèåì ñèñòåìû êîìïüþòåðíîé ìàòåìàòèêè Maple ìåòîäîì èíäóêöèè ïî
ðåçóëüòàòàì ðàñ÷åòîâ ïîñëåäîâàòåëüíîñòè ôåðì ñ ðàçëè÷íûì ÷èñëîì ïàíåëåé âûâå-
äåíû ôîðìóëû çàâèñèìîñòè ïðîãèáà îò ÷èñëà ïàíåëåé, ðàçìåðîâ è íàãðóçêè. Âàðèàí-
òû íàãðóçêè: ðàâíîìåðíî ðàñïðåäåëåííàÿ ïî óçëàì âåðõíåãî ïîÿñà è ñîñðåäîòî÷åííàÿ
â ñåðåäèíå ïðîëåòà. Äëÿ ðàñ÷åòà ïðîãèáà èñïîëüçîâàíà ôîðìóëà Ìàêñâåëëà – Ìîðà.
Æåñòêîñòè âñåõ ñòåðæíåé ïðèíÿòû îäèíàêîâûìè. Ïðèâåäåíî ðàñïðåäåëåíèå óñèëèé
ïî ñòåðæíÿì êîíñòðóêöèè è ôîðìóëû äëÿ îïðåäåëåíèÿ óñèëèé â íåêîòîðûõ ñòåðæíÿõ
è ðåàêöèé îïîð âíåøíå ñòàòè÷åñêè íåîïðåäåëèìîé êîíñòðóêöèè. Íàéäåíà ëèíåéíàÿ
àñèìïòîòèêà çàâèñèìîñòè ïðîãèáà îò ÷èñëà ïàíåëåé.

Êëþ÷åâûå ñëîâà: ðåøåò÷àòàÿ ôåðìà, ïðîãèá, èíäóêöèÿ, ÷èñëî ïàíåëåé, àñèì-
ïòîòèêà
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Original article

DEFLECTION OF AN ARCH TRUSS WITH
AN ARBITRARY NUMBER OF PANELS.

ANALYTICAL SOLUTION

Mikhail N. Kirsanov
National Research University «MPEI», Moscow, Russia

Abstract. A scheme of a planar statically determinate spacer-type truss with a
cruciform lattice on two fixed hinged supports is proposed. Using the Maple computer
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mathematics system, by induction, based on the results of calculations of a sequence of
trusses with a different number of panels, formulas are derived for the dependence of
the  deflection on the number of panels, dimensions and load. The load is considered
uniformly distributed over the nodes of the upper chord and concentrated in the middle
of the span. To calculate the deflection, the Maxwell – Mohr formula is used. The rigidity
of all rods is assumed to be the same. The distribution of forces over the elements of
a structure and formulas for determining the forces in some elements and the reactions
of supports of an externally statically indeterminate structure are given. A linear
asymptotics of the dependence of the deflection on the number of panels is found.

Keywords: lattice truss, deflection, induction, number of panels, asymptotics
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Êàê ïðàâèëî, ðàñ÷åò äåôîðìàöèé è óñèëèé â ñòðîèòåëüíûõ êîíñòðóêöèÿõ
ïðîèçâîäèòñÿ ÷èñëåííî, â îñíîâíîì ìåòîäîì êîíå÷íûõ ýëåìåíòîâ [1–5].
Â êà÷åñòâå àëüòåðíàòèâû è äëÿ òåñòîâûõ ðàñ÷åòîâ ïðîñòûõ ñòàòè÷åñêè îïðå-
äåëèìûõ ñõåì êîíñòðóêöèé ïðèìåíÿåòñÿ àíàëèòè÷åñêèé ìåòîä ðàñ÷åòà
[6–10]. Ôîðìóëû çàâèñèìîñòè ïðîãèáà îò ÷èñëà ïàíåëåé äëÿ ïëîñêèõ âíåøíå
ñòàòè÷åñêè íåîïðåäåëèìûõ ôåðì â ñèñòåìå Maple ïîëó÷åíû â [10–12]. Àíà-
ëèòè÷åñêèå ìåòîäû ðàñ÷åòà, îñíîâàííûå íà ñèñòåìàõ êîìïüþòåðíîé ìàòåìà-
òèêè, ïðèìåíèìû è â çàäà÷àõ îïðåäåëåíèÿ ÷àñòîò ñîáñòâåííûõ êîëåáàíèé
ôåðì. Îöåíêà íèæíèõ ãðàíèö ñîáñòâåííûõ ÷àñòîò íåêîòîðûõ ñòàòè÷åñêè îï-
ðåäåëèìûõ ðåãóëÿðíûõ ïëîñêèõ ôåðì â àíàëèòè÷åñêîé ôîðìå ïî ìåòîäó Äîí-
êåðëåÿ ñ èñïîëüçîâàíèåì ñèñòåìû Maple äàíà â [8, 9, 13, 14]. Àíàëèòè÷åñêèé
ðàñ÷åò ïðîãèáà ïðîñòðàíñòâåííîé ôåðìû ñ ïðîèçâîëüíûì ÷èñëîì ïàíåëåé
âûïîëíåí â [15]. Â ìîíîãðàôèè Â.À. Èãíàòüåâà [16] ïðèâåäåíû àëãîðèòìû
è àíàëèòè÷åñêèå ðàñ÷åòû äåôîðìàöèé è ÷àñòîò êîëåáàíèé íåêîòîðûõ ðåãó-
ëÿðíûõ ñòåðæíåâûõ êîíñòðóêöèé. Â ñïðàâî÷íèêå [17] ñîäåðæàòñÿ ôîðìóëû
äëÿ ðàñ÷åòà ïðîãèáà è óñèëèé â ðàçëè÷íûõ ïëîñêèõ ðåãóëÿðíûõ ñòàòè÷åñêè
îïðåäåëèìûõ ôåðìàõ ñ ïðîèçâîëüíûì ÷èñëîì ïàíåëåé ïîä äåéñòâèåì ðàñ-
ïðåäåëåííûõ è ñîñðåäîòî÷åííûõ íàãðóçîê. Ïîñòàíîâêà çàäà÷è ïîèñêà è ðàñ-
÷åòà ïëîñêèõ è ïðîñòðàíñòâåííûõ ñòàòè÷åñêè îïðåäåëèìûõ ðåãóëÿðíûõ
ôåðì âïåðâûå ïðîâåäåíà R.G. Hutchinson è N.A. Fleck [18, 19].

Â íàñòîÿùåé ðàáîòå ïðåäëàãàåòñÿ ñõåìà ðåãóëÿðíîé àðî÷íîé ôåðìû
ñ êðåñòîîáðàçíîé ðåøåòêîé (ðèñ. 1). Ñòàâèòñÿ çàäà÷à âûâåñòè ôîðìóëó çà-
âèñèìîñòè ïðîãèáà ôåðìû îò ÷èñëà ïàíåëåé. Äëèíà ïðîëåòà êîíñòðóêöèè
L AB n a= = +2 3( ) , ãäå 2n – ÷èñëî ïàíåëåé â ãîðèçîíòàëüíîé ÷àñòè ðèãåëÿ.
Îáùàÿ âûñîòà ôåðìû 5h.

Êîíñòðóêöèÿ ñîñòîèò èç K n= +8 44 ñòåðæíåé, âêëþ÷àÿ ÷åòûðå ñòåðæíÿ,
ìîäåëèðóþùèå íåïîäâèæíûå øàðíèðíûå îïîðû. Ñóììàðíàÿ äëèíà âñåõ

ñòåðæíåé êîíñòðóêöèè 2 2 3 4 19 4 8( ) ( ) ,n a n c d h+ + + + + ãäå c a h= +2 2 ,

d a h= +2 24 . Âåðòèêàëüíûå áîêîâûå îïîðíûå ÷àñòè ôåðìû ñîäåðæàò ïî

òðè ïàíåëè. Ðàñ÷åò ïðîãèáà (ñìåùåíèå öåíòðàëüíîãî óçëà ðèãåëÿ C) âûïîë-
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íÿåòñÿ íà âåðòèêàëüíóþ íàãðóçêó, ðàâíîìåðíî ðàñïðåäåëåííóþ ïî óçëàì
âåðõíåãî ïîÿñà, ëèáî íà ñîñðåäîòî÷åííóþ â óçëå C (ðèñ. 2).

Ðàñ÷åò óñèëèé. Äëÿ îïðåäåëåíèÿ ïðîãèáà èñïîëüçóåòñÿ ôîðìóëà Ìàê-
ñâåëëà–Ìîðà. Óñèëèÿ â ñòåðæíÿõ ôåðìû, âõîäÿùèå â ýòó ôîðìóëó, íàõîäÿòñÿ
ðåøåíèåì ñèñòåìû óðàâíåíèé ðàâíîâåñèÿ óçëîâ. Îäíîâðåìåííî ñ óñèëèÿìè
âû÷èñëÿþòñÿ è ðåàêöèè îïîð [10–12]. Ýëåìåíòàìè ìàòðèöû ëèíåéíîé ñèñòå-
ìû óðàâíåíèé ðàâíîâåñèÿ ÿâëÿþòñÿ íàïðàâëÿþùèå êîñèíóñû óñèëèé, êîòî-
ðûå ðàññ÷èòûâàþòñÿ ïî äàííûì î êîîðäèíàòàõ óçëîâ è ïîðÿäêó ñîåäèíåíèÿ
ñòåðæíåé â óçëàõ.

Çíà÷åíèÿ óñèëèé â ñòåðæíÿõ èç ðåøåíèÿ ñèñòåìû ïîëó÷àþòñÿ â àíà-
ëèòè÷åñêîé ôîðìå. Ðàñïðåäåëåíèå óñèëèé â ôåðìå ïîðÿäêà n = 2 ïîä äåéñò-
âèåì ðàñïðåäåëåííîé íàãðóçêè ïðåäñòàâëåíî íà ðèñ. 3. Ïðèíÿòû ðàçìåðû

Òåîðèÿ ñîîðóæåíèé
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Ðèñ. 1. Ôåðìà ïîä äåéñòâèåì ðàâíîìåðíîé óçëîâîé íàãðóçêè ïî âåðõíåìó ïîÿñó, n = 3

Fig. 1. Farm under the action of a uniform nodal load on the upper belt, n = 3

Ðèñ. 2. Ôåðìà ïîä äåéñòâèåì ñîñðåäîòî÷åííîé íàãðóçêè, n = 2

Fig. 2. Farm under concentrated load, n = 2

Ðèñ. 3. Ðàñïðåäåëåíèå óñèëèé â ñòåðæíÿõ (íàãðóçêà ïî âåðõíåìó ïîÿñó, n = 2)

Fig. 3. Distribution of forces in the rods (upper belt load, n = 2)



ôåðìû: a h= =4 2ì ì, . Çíà÷åíèÿ óñèëèé îêðóãëåíû äî äâóõ çíàêîâ è îòíå-
ñåíû ê íàãðóçêå P. Òîëùèíà îòðåçêîâ, èçîáðàæàþùèõ ñòåðæíè, óñëîâíî
ïðîïîðöèîíàëüíà ìîäóëÿì óñèëèé â ýòèõ ñòåðæíÿõ. Ñæàòûå ñòåðæíè îáî-
çíà÷åíû ñèíèì öâåòîì, ðàñòÿíóòûå – êðàñíûì. Ñòåðæíè, íå íåñóùèå íà-
ãðóçêó, ïîêàçàíû òîíêèìè ëèíèÿìè ÷åðíîãî öâåòà. Ïî÷òè âåñü âåðõíèé ïîÿñ
ïðè òàêîé íàãðóçêå ðàñòÿíóò, íèæíèé ïîÿñ – ñæàò. Ïðè ýòîì îêàçûâàåòñÿ,
÷òî íàèáîëåå ðàñòÿíóòûå è ñæàòûå ñòåðæíè ïðè n = 2 íàõîäÿòñÿ íå â ñåðåäè-
íå ïðîëåòà, à â íàêëîííûõ íèæíèõ áîêîâûõ ÷àñòÿõ ðèãåëÿ. Ðàñïðåäåëåíèå
óñèëèé ñ òàêîé îñîáåííîñòüþ õàðàêòåðíî äëÿ ôåðì c êðåñòîîáðàçíîé ðåøåò-
êîé [11].

Óñèëèÿ â íåêîòîðûõ íàèáîëåå ñæàòûõ è ðàñòÿíóòûõ ñòåðæíÿõ ìîæíî
íàéòè àíàëèòè÷åñêè êàê ôóíêöèþ ÷èñëà ïàíåëåé. Íàïðèìåð, äëÿ âåðõíåãî
ñòåðæíÿ â íàêëîííîé ÷àñòè êîíñîëè (ñì. ðèñ. 3) â ðåçóëüòàòå ðàñ÷åòà ôåðì ïî-
ðÿäêà 1, ..., 5 èìååì ñëåäóþùóþ ïîñëåäîâàòåëüíîñòü çíà÷åíèé:

O Pc h O Pc h O Pc h O P1 1 1 11 2 2 17 2 3 15 4 43( ) / , ( ) /( ), ( ) / , ( )= = = = c h

O Pc h

/( ),

( ) / ,

2

5 281 = K

Îáùèé ÷ëåí ýòîé ïîñëåäîâàòåëüíîñòè îïðåäåëÿåòñÿ ñðåäñòâàìè ñèñòåìû
êîìïüþòåðíîé ìàòåìàòèêè Maple

O Pc n h1 13 9 2= -( )/( ).

Àíàëîãè÷íî íàõîäÿòñÿ çàâèñèìîñòè îò ÷èñëà ïàíåëåé äðóãèõ óñèëèé
è ðåàêöèé îïîð:

O Pa n n h D Pc h D

U Pc n

2
2

1 2

1

6 4 2 2 0

15 8

= - - + = - =

= - -

( )/( ), /( ), ,

( )/( ), ( )/( ),

( )/( ), (

2 9 4 2

3 1 2 2
2

2h U Pa n n h

X Pa n h Y PA A

= - +
= + = n + 7 2)/ .

Çàìåòèì, ÷òî óñèëèÿ O2 è U 2 ìåíÿþò çíàê ïðè óâåëè÷åíèè ÷èñëà ïàíå-
ëåé.

Âû÷èñëåíèå ïðîãèáà. Ïðîãèá ôåðìû (âåðòèêàëüíîå ñìåùåíèå ñðåäíåãî
óçëà C â íèæíåì ïîÿñå ðèãåëÿ) îïðåäåëÿåòñÿ ïî ôîðìóëå Ìàêñâåëëà – Ìîðà

D =
=

-

å S S l EF
j

P

j
j

K

j
[ ] [ ] /( )1

1

4
. (1)

Ñóììèðîâàíèå âåäåòñÿ ïî âñåì äåôîðìèðóåìûì ñòåðæíÿì êîíñòðóêöèè,
êðîìå ÷åòûðåõ íåäåôîðìèðóåìûõ îïîðíûõ. Îáîçíà÷åíî: S

j

P[ ] – óñèëèå â
ñòåðæíå ñ íîìåðîì j îò äåéñòâèÿ âíåøíåé íàãðóçêè; S

j

[ ]1 – óñèëèå â ýòîì æå
ñòåðæíå îò äåéñòâèÿ åäèíè÷íîé áåçðàçìåðíîé ñèëû, ïðèëîæåííîé ê óçëó C.

Äëèíà ñòåðæíÿ âû÷èñëÿåòñÿ ïî êîîðäèíàòàì åãî êîíöîâ. Æåñòêîñòü ñå÷åíèé
âñåõ ñòåðæíåé EF.

Ðàñ÷åò ïðîãèáà ïî ôîðìóëå (1) ïîñëåäîâàòåëüíîñòè ïÿòè ôåðì ñ óâåëè÷è-
âàþùèìñÿ ÷èñëîì ïàíåëåé äàåò ñëåäóþùèå çíà÷åíèÿ:

D

D
1

3 3 3 3 2

2
3 3

16 32 5 11

178 264 5

= + + +

= + +

P a c d h h EF

P a c

( ) / ( ),

( 5 49

71 159 35 37

3 3 2

3
3 3 3 3 2

d h h EF

P a c d h h EF

+

= + + +

) / ( ),

( ) / ( )D ,
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D

D
4

3 3 3 3 2

5
3

493 622 138 110

90 288

= + + +

= +

P a c d h h EF

P a

( ) / ( ),

( c d h h EF3 3 3 265 63+ + ) / ( ),...

Îáîáùåíèå ýòèõ ôîðìóë íà ïðîèçâîëüíîå ÷èñëî ïàíåëåé n äàåò èñêî-
ìóþ çàâèñèìîñòü

D = + + +P C a C c C d C h EF( )/ ,1
3

2
3

3
3

4
3 (2)

ãäå êîýôôèöèåíòû C ii , , ...,= 1 4 èìåþò âèä:

C n n nn n
1

4 3 210 6 6 1 25 752 414 1

3 197 67

= - - + + + - +

+ +

( ( ( ) ) ( ( ) )

( ( ) ) ( ) ) / ,

( ( ( ) )

- - - -

= + - + -

1 444 204 1 24

2 20 23 1 48 42
2

n n

n

n

C n n 91 245 1 8

113 53 1 76 36 1 43

4

- -

= + - - - -

( ) ) / ,

(( ( ) ) ( ) ) / ,

n

n nC n

C = + - - - -(( ( ) ) ( ) ) / .87 35 1 28 20 1 4n nn

(3)

Äëÿ ñëó÷àÿ ñîñðåäîòî÷åííîé íàãðóçêè (ñì. ðèñ. 2) çàâèñèìîñòü ïðîãèáà
îò ÷èñëà ïàíåëåé áóäåò èìåòü òàêîé æå âèä (2), íî ñ áîëåå ïðîñòûìè êîýôôè-
öèåíòàìè:

C n n nn n n
1

3 24 9 5 3 1 207 1 239 297 219 1= - + - + - + + + -( ( ( ) ) ( ( ) ) ( ) )/ ,

( ( ) ) / ,

( ( ) ) / ,

(

12

148 115 1 2

53 1 69 4

5

2

3

4

C n

C

C

n

n

= + - +

= - +

= 1 35 1 4+ -( ) ) / .n

(4)

Ðåøåíèÿ èìåþò âèä ïîëèíîìîâ ïî ÷èñëó ïàíåëåé. Ïîðÿäîê ïîëèíîìîâ
äëÿ ñîñðåäîòî÷åííîé íàãðóçêè íèæå, ÷åì äëÿ ðàñïðåäåëåííîé. Â ïðîöåññå
ïîëó÷åíèÿ ðåøåíèÿ (3) ïîòðåáîâàëîñü ñîñòàâèòü è ðåøèòü îäíîðîäíîå ðå-
êóððåíòíîå óðàâíåíèå äåâÿòîãî ïîðÿäêà. Ôîðìóëû (4) ïîëó÷åíû èç ðåøåíèé
ðåêóððåíòíûõ óðàâíåíèé îò âòîðîãî äî ïÿòîãî ïîðÿäêà, à ïðåîáðàçîâàíèÿ
ïîòðåáîâàëè çíà÷èòåëüíî ìåíüøå âðåìåíè. Ñèìâîëüíûé ïðîöåññîð â Maple
âûïîëíÿåò ïðåîáðàçîâàíèÿ çíà÷èòåëüíî ìåäëåííåå, ÷åì ÷èñëåííûé ïðîöåñ-
ñîð ýòîé æå ñèñòåìû.

×èñëåííûé ïðèìåð. Ðàññìîòðèì çàâèñèìîñòü ïðîãèáà îò ÷èñëà ïàíå-
ëåé äëÿ ôåðìû äëèíû L n a= + =2 2 3 60( ) ì ñ îáùåé íàãðóçêîé íà âåðõíèé
ïîÿñ P n P0 2 7= +( ) (ðèñ. 4). Îáîçíà÷èì áåçðàçìåðíûé ïðîãèá, îòíåñåííûé
ê ñóììàðíîé íàãðóçêå è äëèíå ïðîëåòà: D D' /( )= EF P L0 . Êðèâûå, ïîñòðîåí-
íûå ïî ôîðìóëàì (2), (3), ñîîòâåòñòâóþò ðàçëè÷íûì âûñîòàì ôåðìû. Îáíà-
ðóæèâàþòñÿ çíà÷èòåëüíûå ñêà÷êè çíà÷åíèé ïðîãèáà. Â çàâèñèìîñòè îò ÷åò-
íîñòè ÷èñëà ïàíåëåé âåëè÷èíà îòíîñèòåëüíîãî ïðîãèáà ìîæåò ìåíÿòüñÿ
â íåñêîëüêî ðàç. Îñîáåííî çàìåòíû ñêà÷êè â íà÷àëå ãðàôèêà, ïðè ìàëîì
÷èñëå ïàíåëåé. Ñ óâåëè÷åíèåì ÷èñëà n ñêà÷êè ñãëàæèâàþòñÿ. Ñêà÷êîîáðàç-
íîå èçìåíåíèå ïðîãèáà íå ñêðûâàåò ñóùåñòâóþùåé íàêëîííîé àñèìïòîòû
íàéäåííîé çàâèñèìîñòè. Óãîë íàêëîíà àñèìïòîòû íàõîäèòñÿ êàê ïðåäåë:
lim
n

n h L
®¥

=D'/ /( ).8

Êàê è ñëåäîâàëî ïðåäïîëàãàòü, ôåðìû ñ ìåíüøåé âûñîòîé h èìåþò áîëü-
øèé ïðîãèá. Çàâèñèìîñòü ïðîãèáà îò ÷èñëà ïàíåëåé ïðè íàãðóæåíèè ôåðìû
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ñîñðåäîòî÷åííîé ñèëîé (ñì. ðèñ. 2) êà÷åñòâåííî èìååò òàêîé æå âèä è àñèì-
ïòîòó: lim

n
n h L

®¥
=D'/ / ( ).2

Çàêëþ÷åíèå. Ïðåäëîæåííàÿ ñõåìà ñòàòè÷åñêè îïðåäåëèìîé ðàñïîðíîé
ôåðìû äîïóñêàåò âûâîä àíàëèòè÷åñêîé çàâèñèìîñòè ïðîãèáà îò ÷èñëà ïàíå-
ëåé, íàãðóçêè è ðàçìåðîâ. Ïîëó÷åííûå ôîðìóëû ìîãóò áûòü èñïîëüçîâàíû
äëÿ îöåíêè ÷èñëåííûõ ðåøåíèé ýòîé êîíñòðóêöèè ñ ó÷åòîì âñåõ òåõ ïàðàìåò-
ðîâ, êîòîðûå äëÿ ìàêñèìàëüíîãî óïðîùåíèÿ êîíñòðóêöèè íå èñïîëüçîâàëèñü
â ðàññìîòðåííîé ìîäåëè. Â ÷àñòíîñòè, ÷èñëåííûì ìåòîäàì äîñòóïåí è ñòàòè-
÷åñêè íåîïðåäåëèìûé âàðèàíò ýòîé ôåðìû ñ æåñòêèìè ñîåäèíåíèÿìè ýëå-
ìåíòîâ âìåñòî øàðíèðíûõ ñâÿçåé. Ïðè ýòîì ñëåäóåò îáðàòèòü âíèìàíèå íà
òî, ÷òî çàâèñèìîñòü ïðîãèáà îò ÷èñëà ïàíåëåé èìååò ñêà÷êîîáðàçíûé õàðàê-
òåð. Èçìåíåíèå â ïðîåêòå ñîîðóæåíèÿ ÷èñëà ïàíåëåé âñåãî íà îäíó ìîæåò
èçìåíèòü æåñòêîñòü ôåðìû â íåñêîëüêî ðàç. Ïðè h = 1 äî n = 18 ôåðìû ñ ÷åò-
íûì ÷èñëîì ïàíåëåé â ïîëîâèíå äëèíû ðèãåëÿ áîëåå æåñòêèå, ïðè n > 18
ýôôåêò îáðàòíûé: áîëåå æåñòêèìè ñòàíîâÿòñÿ ôåðìû ñ íå÷åòíûì ÷èñëîì n.

Àíàëèòè÷åñêîå ðåøåíèå ïðèìåíèìî äëÿ ôåðì ñ âåñüìà áîëüøèì ÷èñëîì
ïàíåëåé. Ïîãðåøíîñòü âû÷èñëåíèé â ýòîì ñëó÷àå, â îòëè÷èå îò ÷èñëåííîãî
ðåøåíèÿ, íå íàêàïëèâàåòñÿ â ïðîöåññå ðåøåíèÿ («ïðîêëÿòèå ðàçìåðíîñòè»),
à  ñàì ðàñ÷åò íå òðåáóåò áîëüøèõ âû÷èñëèòåëüíûõ ìîùíîñòåé. Íàéäåíû
íåêîòîðûå àñèìïòîòèêè ðåøåíèÿ. Êàðòèíà ðàñïðåäåëåíèÿ óñèëèé â ðåøåòêå
ôåðìû ïîêàçàëà, ÷òî íàèáîëåå íàãðóæåííûå ñòåðæíè íå îáÿçàòåëüíî íàõî-
äÿòñÿ â ñåðåäèíå ïðîëåòà. Äëÿ íàèáîëåå êðèòè÷íûõ ê ïîòåðè ïðî÷íîñòè èëè
óñòîé÷èâîñòè ñòåðæíåé è äëÿ ðåàêöèé îïîð ïîëó÷åíû êîìïàêòíûå ôîðìóëû,
ñïðàâåäëèâûå äëÿ ëþáîãî ÷èñëà ïàíåëåé. Àëãîðèòì, ïðèìåíåííûé â ðåøå-
íèè ïîñòàâëåííîé çàäà÷è, ìîæåò áûòü ïåðåíåñåí è íà äðóãèå ðåãóëÿðíûå
ñòðîèòåëüíûå êîíñòðóêöèè.
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