
Àíàëèç II Ìîäóëü II

Äîìàøíèå çàäà÷è
Íîìåð âàðèàíòà k � ïîñëåäíÿÿ öèôðà íîìåðà ñòóäåí÷åñêîãî áèëåòà. Ïóñòü

F0 = x+ y − z + πx9 + π2yz

F1 = sin(x) cos(y) cos(z)

F2 = exy ln(z + 1)

F3 = x− y + z + πy3 − π2xz

F4 = cos(x) sin(y) cos(z)

F5 = e−xz ln(y + 1)

F6 = y + z − x+ πz8 + π2xy

F7 = cos(x) cos(y) sin(z)

F8 = eyz ln(1− x)

F9 = x+ y + z + π2xyz

Çàäà÷à 1. (ñðîê ñäà÷è 16.11)
Íàéäèòå êàñàòåëüíîå ïðîñòðàíñòâî â íà÷àëå êîîðäèíàò
a) ìíîãîîáðàçèÿ â R5, çàäàííîãî îòîáðàæåíèåì U ⊂ R3 → R5 ïîñðåäñòâîì

F = (F(k+1) mod 10, F(k+2) mod 10, . . . , F(k+5) mod 10);

b) ìíîãîîáðàçèÿ â R3, çàäàííîãî óðàâíåíèåì Fk = 0;
c) îáðàçà ìíîãîîáðàçèÿ èç ïóíêòà b) ïðè îòîáðàæåíèè F .
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Çàäà÷à 2. (ñðîê ñäà÷è 23.11.2011)
a+b) Âîçüìèòå ôóíêöèè èç íàáîðà 1-8, íîìåðà êîòîðûõ ñðàâíèìû ñ íîìåðîì ñòóäåí-

÷åñêîãî áèëåòà ïî ìîäóëþ 4 (âñåãî äâà ïðèìåðà). Íàéäèòå òî÷êè íóëåâîãî ãðàäèåíòà, äëÿ
êàæäîé èç íèõ âû÷èñëèòå âòîðîé äèôôåðåíöèàë ôóíêöèè Ëàãðàíæà è ñèãíàòóðó åãî îãðà-
íè÷åíèÿ íà êàñàòåëüíîå ïðîñòðàíñòâî. Èñõîäÿ èç ýòîãî, óêàæèòå, êàêèå èç íèõ ÿâëÿþòñÿ
ìèíèìóìîì èëè ìàêñèìóìîì.

NN ôóíêöèÿ óñëîâèå
1 x x3 + y3 − 3xy = 3

2 y x3 + y3 − 3xy = 0, (x, y) 6= (0, 0)

3 xy x3 + y3 − 3xy = 0, (x, y) 6= (0, 0)

4 x2 + 2y2 x3 + y3 = 1

5 x5 + y5 + z5 x2 + y2 + z2 = 1

6 x2 + y2 + z2 x5 + y5 + z5 = 1

7 x4 + y4 + z4 x3 + y3 + z3 = 1

8 xyz x2 + y2 + z2 = 1

c) Ïóñòü A = (aij) � âåùåñòâåííàÿ ìàòðèöà ïîðÿäêà n × n. Íàéäèòå òî÷êè íóëåâîãî
ãðàäèåíòà det(A) ïðè óñëîâèÿõ

n∑
j=1

a2
ij = Si.

Ïîäñêàçêà: âñïîìíèòå ôîðìóëó äëÿ îáðàòíîé ìàòðèöû.
d) Âûÿñíèòå, ÿâëÿþòñÿ ëè îïðåäåëèòåëü ïîëó÷åííûõ â ïóíòêå c) ìàòðèö ìèíèìàëüíûì

èëè ìàêñèìàëüíûì, è äîêàæèòå íåðàâåíñòâî Àäàìàðà

(det(A))2 ≤
n∏

i=1

(
n∑

j=1

a2
ij

)
.
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Ïóñòü

ω0 = (ax3 + bx2y)dx+ (cx3 + dx2y)dy

ω1 = (ax2y + bxy2)dx+ (cx3 + dx2y)dy

ω2 = (ax2y + bxy2)dx+ (cx2y + dxy2)dy

ω3 = (axy2 + by3)dx+ (cx2y + dxy2)dy

ω4 = (axy2 + by3)dx+ (cxy2 + dy3)dy

φ0(x, y) = (sin(xy), cos(x) sin(y))

φ1(x, y) = (xey, yex)

φ2(x, y) = (x sin(y), y cos(x))

φ3(x, y) = (xy, ex + ey)

F0 = 4(x+ y)2 + y2 − 4

F1 = (x− y)2 + y2 − 1

F2 = 4x2 + (x+ y)2 − 4

Çàäà÷à 3. (ñðîê ñäà÷è 30.11)Ïóñòü ÷èñëà k,l,s� íîìåð ñòóäåí÷åñêîãî áèëåòà ïî ìîäóëþ
5,4 è 3 ñîîòâåòñòâåííî.

a) Âû÷èñëèòå φ∗l (ωk).
b) Âû÷èñëèòå èíòåãðàë ωk ïî ýëëèïñó E , çàäàííîìó óðàâíåíèåì Fs = 0.
c) Ïðè êàêèõ çíà÷åíèÿõ a,b,c,d ôîðìà ωk ÿâëÿåòñÿ äèôôåðåíöèàëîì ôóíêöèè R2 → R?

Íàéäèòå ýòó ôóíêöèþ.
d) Ïðè êàêèõ çíà÷åíèÿõ a,b,c,d îãðàíè÷åíèå ôîðìû ωk íà ýëëèïñ E ÿâëÿåòñÿ äèôôå-

ðåíöèàëîì ôóíêöèè E → R?
e) Äîêàæèòå, ÷òî äëÿ âñÿêîé ãëàäêîé êðèâîé C è ôóíêöèé P,Q : R2 → R âûïîëíåíî∣∣∫

C
(Pdx+Qdy)

∣∣ 6 LM , ãäå L � äëèíà êðèâîé C, à M = supC

√
P 2 +Q2.
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Ïóñòü

ω0 = xdx ∧ dy ω1 = ydx ∧ dy ω2 = zdx ∧ dy
ω3 = xdy ∧ dz ω4 = ydy ∧ dz ω5 = zdy ∧ dz
ω6 = xdx ∧ dz ω7 = ydx ∧ dz ω8 = zdx ∧ dz

v0 = yz∂/∂x+ zx∂/∂y + xy∂/∂z

v1 = zy∂/∂x+ xz∂/∂y + yx∂/∂z

v2 = xz∂/∂x+ yx∂/∂y + zy∂/∂z

v3 = xy∂/∂x+ yz∂/∂y + zx∂/∂z

v4 = yx∂/∂x+ zy∂/∂y + xz∂/∂z

Ïîâåðõíîñòü S0 � ãåëèêîèä

x = r cosφ, y = r sinφ, z = φ, 0 6 r 6 1, 0 6 φ 6 2π.

Ïîâåðõíîñòü S1 � òîð

x = (2 + cosψ) cosφ, y = (2 + cosψ) sinφ, z = sinψ, 0 6 ψ 6 2π, 0 6 φ 6 2π.

Çàäà÷à 4. (ñðîê ñäà÷è 7.12) Ïóñòü k, l, m � îñòàòîê ïðè äåëåíèè íîìåðà ñòóäåí÷åñêîãî
áèëåòà íà 9, 5 è 2 ñîîòâåòñòâåííî.

a) Âû÷èñëèòå ïðîèçâîäíóþ Ëè 2-ôîðìû ωk îòíîñèòåëüíî âåêòîðíîãî ïîëÿ vl.
b) Íàéäèòå èíòåãðàë 2-ôîðìû ωk ïî ïîâåðõíîñòè Sm.
c) Âû÷èñëèòå ïëîùàäü ïîâåðõíîñòè Sm.
d) Äîêàæèòå, ÷òî ïëîùàäü n-ìåðíîé ñôåðû ðàäèóñà R ðàâíà çíà÷åíèþ ïðîèçâîäíîé

îáú¼ìà øàðà ðàäèóñà r ïî ïåðåìåííîé r â r = R.


