
Âîïðîñû äëÿ ïðîâåðêè îñòàòî÷íûõ çíàíèé

ñòóäåíòîâ ïî îáùåìó êóðñó

"Ýêñòðåìàëüíûå çàäà÷è â ìåõàíèêå"

1. Êàêîå ñîñòîÿíèå íàçûâàåòñÿ ïîëîæåíèåì ðàâíîâåñèÿ ìåõàíè÷åñêîé ñèñòåìû?

2. Êàêèì ìîæåò áûòü ïîëîæåíèå ðàâíîâåñèÿ ìåõàíè÷åñêîé ñèñòåìû?

3. ßâëÿåòñÿ ëè óñëîâèå ìèíèìóìà ïîòåíöèàëüíîé ýíåðãèè íåîáõîäèìûì óñëîâèåì
óñòîé÷èâîñòè ðàâíîâåñèÿ ñèñòåìû?

4. Êàêàÿ èç ïåðå÷èñëåííûõ íèæå çàäà÷ ÿâëÿåòñÿ Ïðîñòåéøåé çàäà÷åé âàðèàöè-
îííîãî èñ÷èñëåíèÿ?

1∫
0

(1 + t) ẋ2dt, x(0) = 0, x(1) = 1, (1)

1∫
0

ẋ2dt+ 4x2(0)− 5x2(1) → extr, (2)

1∫
0

(
ẍ2 − 48x

)
dt, x(0) = 1, ẋ(0) = −4, x(1) = ẋ(1) = 0. (3)

5. Óðàâíåíèå Ýéëåðà äëÿ ôóíêöèîíàëà
t1∫
t0

L
(
t, q(t), q̇(t)

)
dt + l

(
q(t0), q(t1)

)
èìååò

âèä:

d

dt

∂L

∂q̇
− ∂L

∂q
= 0, (4)

d

dt

∂l

∂q̇
− ∂l

∂q
= 0, (5)

d

dt

∂L

∂q
− ∂L

∂q̇
= 0. (6)

6. Êàêàÿ èç ïåðå÷èñëåííûõ íèæå çàäà÷ ÿâëÿåòñÿ Çàäà÷åé ñ çàêðåïëåííûìè êîí-
öàìè â ñëó÷àå íåñêîëüêèõ íåèçâåñòíûõ ôóíêöèé?

I(y, z) =

∫ b

a

√
1 + y′2 + z′2

v(x, y, z)
dx→ extr, (7)

1∫
0

(
x1

2 + x2
2 + 2ẋ1ẋ2

)
dt→ extr, x1(0) = x2(0) = 0, x1(1) = x2(1) = sh 1, (8)

1∫
0

(
x(y(t))

2 − 48ẋ
)
dt→ extr, y(0) = 1, ẋ(0) = −4, x(1) = ẏ(1) = 0, (9)

T∫
0

(
ẋ2 + x

)
dt→ extr, x(0) = 0, x(T ) = ξ. (10)
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7. Íåîáõîäèìûì óñëîâèåì â Çàäà÷e ñî ñòàðøèìè ïðîèçâîäíûìè ÿâëÿåòñÿ âû-

ïîëíåíèå ñëåäóþùåãî óðàâíåíèÿ äëÿ ôóíêöèîíàëà I(y) =
∫ b

a
F (x, y, y

′
, . . . , y(n))dx:

d

dt

∂F

∂ẏ
− ∂F

∂q
= 0, (11)

Fy +
d

dx
Fy′ − d2

dx2
Fy(2) + . . .+ (−1)n+1 d

n

dxn
Fy(n) = 0, (12)

Fy −
d

dx
Fy′ +

d2

dx2
Fy(2) − . . .+ (−1)n

dn

dxn
Fy(n) = 0. (13)

8. Åñòü ëè â ïåðå÷íå çàäà÷ (7) � (10) Çàäà÷à ñ ïîäâèæíûìè êîíöàìè.

9. Ïðàâèëüíî ëè çàïèñàíà Èçîïåðèìåòðè÷åñêàÿ çàäà÷à:

I0 (x(t)) =

t1∫
t0

f0(t, x(t), ẋ) dt→ extr, (14)

Ii (x(t)) =

t1∫
t0

fi(t, x(t), ẋ) dt = αi, i = 1, . . . ,m (15)

x(t0) = x0, x(t1) = x1. (16)

10. Êàêàÿ èç ïåðå÷èñëåííûõ íèæå çàäà÷ ÿâëÿåòñÿ Çàäà÷åé Áîëüöà.

B (x(t)) =

t1∫
t0

L
(
t, x(t), ẋ(t)

)
dt+ l

(
x(t0), x(t1)

)
→ extr, (17)

1∫
0

ẋ2dt+ 4x2(0)− 5x2(1) → extr, (18)

1∫
0

(
ẍ2 − 48x

)
dt+ x(0), ẋ(0) = −4, x(1) = ẋ(1) = 0. (19)

11. Ïëàí ðåøåíèÿ Çàäà÷è Ëàãðàíæà.

12. Â êàêèõ çàäà÷àõ èñïîëüçóþòñÿ ñëåäóþùèå âûðàæåíèÿ:

L = L
(
t, x(t), ẋ, λ

)
=

m∑
i=0

λi · fi(t, x(t), ẋ), λ = (λ0, λ1, . . . , λm). (20)

L =

t1∫
t0

(
m∑
i=0

λifi(t, x(t), u(t)) + p (t) ·
(
ẋ(t)− φ (x(t), u(t), t)

))
dt+ (21)

+
m∑
i=0

λi ψi

(
t0, x(t0), t1, x(t1)

)
, (22)

L̂ẋ(tk) = (−1)k l̂x(tk), k = 0. (23)
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13. Ïëàí ðåøåíèÿ Çàäà÷è îïòèìàëüíîãî óïðàâëåíèÿ.

14. Ôîðìóëèðîâêà Ïðèíöèïà Ïîíòðÿãèíà:

• Íà îïòèìàëüíîì óïðàâëåíèè ôóíêöèÿ Ëàãðàíæà äîñòèãàåò ñâîåãî ìèíèìóìà

• Íà îïòèìàëüíîì óïðàâëåíèè ôóíêöèÿ Ëàãðàíæà äîñòèãàåò ñâîåãî ìàêñèìó-
ìà

• Íà îïòèìàëüíîì óïðàâëåíèè ôóíêöèÿ Ãàìèëüòîíà äîñòèãàåò ñâîåãî ìàêñè-
ìóìà.

15. Âåðíî ëè, ÷òî íåîáõîäèìîñòü â ïðèíöèïå ìàêñèìóìà Ïîíòðÿãèíà âîçíèêàåò â ñëó-
÷àå, êîãäà íèãäå â äîïóñòèìîì äèàïàçîíå óïðàâëÿþùåé ïåðåìåííîé íåâîçìîæíî
óäîâëåòâîðèòü íåîáõîäèìîìó óñëîâèþ ñòàöèîíàðíîñòè ïî u:

L̂u = 0. (24)
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