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Ðàáîòà 1. Ãåîìåòðè÷åñêàÿ èíòåðïðåòàöèÿ çàäà÷
ëèíåéíîãî ïðîãðàììèðîâàíèÿ. Êàíîíè÷åñêàÿ çàäà÷à
ëèíåéíîãî ïðîãðàììèðîâàíèÿ.

Çàäàíèå 1. Íàéòè íàèáîëüøåå çíà÷åíèå óêàçàííûõ ôóíêöèé,
èçîáðàçèâ íà ïëîñêîñòè îáëàñòü, çàäàííóþ ñëåäóþùèìè ëèíåéíûìè
îãðàíè÷åíèÿìè: kx + (b− l)y ≤ (b− l)a,

(a− k)x + ly ≤ (a− k)b,
x ≥ 0, y ≥ 0.

à)f1 = (a + k)x + (b + l)y;
á)f2 = (a + k)x + ly;
â)f3 = (a− k)x + ly.
Êàê èçìåíèòñÿ îòâåò â ïîñëåäíåì ñëó÷àå, åñëè äîïîëíèòåëüíî ïî-

òðåáîâàòü y → max?

Çàäàíèå 2. Ñëåäóþùèå çàäà÷è ëèíåéíîãî ïðîãðàììèðîâàíèÿ
ðåøèòü ãðàôè÷åñêè.

à) 
kx + ly → max,
ax + by ≥ ab,
(l + a)x− ly ≥ −la,
lx− (l + b)y ≤ lb,
x ≥ 0, y ≥ 0.

á) 
kx + ly → min,
ax + by ≥ ab,
(l + a)x− ly ≥ −la,
lx− (l + b)y ≤ lb,
x ≥ 0, y ≥ 0.

â) 
kx + by → max,
ax + by ≥ ab,
(l + a)x− ly ≤ −la,
lx− (l + b)y ≥ lb,
x ≥ 0, y ≥ 0.
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ã) 
ax + 2by → max,
ax + by ≤ ab,
2ax + by ≤ 2ab,
x ≥ 0, y ≥ 0.

Çàäàíèå 3. Èçîáðàçèâ â ïðîñòðàíñòâå îáëàñòü äîïóñòèìûõ ïëà-
íîâ, ðåøèòü ãðàôè÷åñêè ñëåäóþùèå çàäà÷è ëèíåéíîãî ïðîãðàììèðîâà-
íèÿ.

à) kx + ly + (k + 2l)z → max,
bcx + acy + abz ≤ abc,
x ≥ 0, y ≥ 0, z ≥ 0.

á) 
kx + ly + (k − 2l)z → max,
acy + abz = abc,
bcx + abz = abc,
x ≥ 0, y ≥ 0, z ≥ 0.

Çàäàíèå 4. Îáúÿñíèòü, ïî÷åìó çàäà÷à 3á) ÿâëÿåòñÿ êàíîíè-
÷åñêîé çàäà÷åé ëèíåéíîãî ïðîãðàììèðîâàíèÿ. Óêàçàòü, â ÷åì ñîñòî-
ÿò åå ïåðâàÿ è âòîðàÿ ãåîìåòðè÷åñêèå èíòåðïðåòàöèè è êàêîé áàçèñ
ñîîòâåòñòâóåò êàæäîé èç âåðøèí îáëàñòè äîïóñòèìûõ ïëàíîâ.

Çàäàíèå 5. Çàïèñàòü çàäà÷è ëèíåéíîãî ïðîãðàììèðîâàíèÿ 1à) è
2á) â êàíîíè÷åñêîé ôîðìå, óòî÷íèòü ñìûñë âñïîìîãàòåëüíûõ ïåðåìåí-
íûõ. Óêàçàòü, êàêîé áàçèñ ñîîòâåòñòâóåò êàæäîé èç âåðøèí ìíîãîó-
ãîëüíèêà.

Çàäàíèå 6.Çàïèñàòü äàííóþ çàäà÷ó ëèíåéíîãî ïðîãðàììèðîâà-
íèÿ â êàíîíè÷åñêîé ôîðìå. Âûÿñíèòü, ÿâëÿåòñÿ ëè óêàçàííûé áàçèñ
äîïóñòèìûì.

Âàðèàíò 1.
7x1 + 2x2 − x3 − 2x4 → max,
x1 − 3x2 + x3 − x4 ≥ −2,
2x1 + 5x2 + 2x3 + x4 = 3,
x3 ≥ 0, x4 ≤ 0,

β = {a1, a3}.
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Âàðèàíò 2.
x1 + x2 + 10x3 + x4 → min,
5x1 − x2 + 8x3 − 2x4 ≥ −3,
3x1 − 3x2 − 12x3 − 4x4 = 1,
x3 ≥ 0, x4 ≤ 0,

β = {a1, a4}.

Âàðèàíò 3.
6x1 − 9x2 + 21x3 − 3x4 → max,
−4x1 + 6x2 − 14x3 + 2x4 ≤ 0,
2x1 − 3x2 + 7x3 − x4 = 2,
x1 ≥ 0, x2 ≤ 0,

β = {a1, a4}.

Âàðèàíò 4.
2x1 − x2 + 2x3 − x4 → min,
x1 + 10x2 − 3x3 − 2x4 ≥ −10,
4x1 + 19x2 − 4x3 − 5x4 = 2,
x2 ≥ 0, x3 ≤ 0,

β = {a1, a2}.

Âàðèàíò 5.5x1 − 2x2 + 3x3 − 4x4 → max,
x1 + 4x2 − 3x3 + 2x4 ≥ 0,
6x1 + 2x2 − 2x4 ≤ 3,

β = {a1, a3}.

Âàðèàíò 6.
12x1 − x2 + 7x3 + 11x4 → min,
24x1 − 2x2 + 14x3 + 22x4 − 5 ≥ 0,
x1 + x2 + x3 − x4 = 3,
x1 ≥ 0, x2 ≤ 0,

β = {a2, a4}.

Âàðèàíò 7.
x1 + 2x2 + x3 + 4x4 → max,
2x1 − x2 + 3x3 + x4 + 2 ≤ 0,
x1 + 3x2 − x3 − 6x4 = 3,
x3 ≥ 0, x4 ≤ 0,

β = {a1, a2}.
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Âàðèàíò 8.
2x1 − x2 + 3x3 − x4 → min,
x1 + 5x2 − x3 + x4 + 5 ≥ 0,
x1 + 16x2 − 6x3 + 4x4 = −1,
x3 ≥ 0, x4 ≤ 0,

β = {a1, a4}.

Âàðèàíò 9.
2x1 + 3x2 → max,
−4x1 + 5x2 ≤ 29,
3x1 − x2 ≥ 14,
5x1 + 2x2 = 38,
x2 ≤ 0,

β = {a1, a2}.

Âàðèàíò 10.
8x1 + x2 + x3 − x4 → min,
3x1 − 3x2 − 2x3 + x4 − 10 ≤ 0,
5x1 + 4x2 + 3x3 − 2x4 − 3 = 0,
x2 ≥ 0,

β = {a1, a2}.

Âàðèàíò 11.
x1 + 3x2 − x3 + 12x4 → max,
2x1 − 2x2 + x3 − 10x4 ≥ −3,
3x1 + x2 + 2x4 ≤ 1,
x1 ≥ 0, x4 ≤ 0,

β = {a2, a4}.

Âàðèàíò 12.
7x1 − 14x2 + 3x3 − x4 → min,
x1 − 2x2 + x3 − 3x4 − 5 ≥ 0,
5x1 − 10x2 + x3 + 5x4 = 2,
x4 ≤ 0,

β = {a2, a3}.

Âàðèàíò 13.
x1 + 2x2 + 3x3 + x4 → min,
2x1 − 2x2 − 5x3 − 3x4 + 5 ≥ 0,
3x1 − 2x2 + 3x3 + 2x4 = −2,
x4 ≤ 0,

β = {a3, a4}.
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Âàðèàíò 14.
x1 + x2 + x3 − x4 → min,
2x1 + x2 − 2x3 − x4 = −3,
x1 + 2x2 + 5x3 − 2x4 ≥ 5,
x1 ≥ 0, x3 ≤ 0,

β = {a1, a2}.

Âàðèàíò 15.
2x1 + x2 − 3x3 + x4 → max,
3x1 − x2 + 2x3 − x4 = 10,
x1 − 2x2 + 5x3 − 2x4 ≥ 4,
x2 ≥ 0, x3 ≤ 0,

β = {a3, a4}.

Âàðèàíò 16.
3x1 + 4x2 − x3 + x4 → max,
−5x1 + 3x2 − x3 + 2x4 − 1 ≤ 0,
x1 − x2 + x3 − x4 = −5,
x1 ≥ 0, x2 ≤ 0,

β = {a1, a2}.

Âàðèàíò 17.
−5x1 − 2x2 + 5x3 − x4 → min,
4x1 − 3x2 + 4x3 + 9x4 − 17 ≥ 0,
3x1 + x2 + 2x3 − 5x4 = −2,
x2 ≥ 0, x3 ≤ 0,

β = {a1, a3}.

Âàðèàíò 18.
−x1 + 3x2 + 6x3 − x4 → max,
x1 + 5x2 − 3x3 ≤ 5,
3x1 + x2 + 2x3 + x4 ≥ 7,
x3 ≥ 0, x4 ≥ 0,

β = {a1, a4}.

Âàðèàíò 19.
3x1 + 4x2 − x3 + 4x4 → min,
−5x1 + 3x2 − x3 + 2x4 − 1 ≤ 0,
x1 − 4x2 + x3 − x4 = −5,
x1 ≤ 0, x2 ≥ 0,

β = {a2, a3}.
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Âàðèàíò 20.
2(x1 + x3 − x4) → max,
−(x1 + 10x2 − x4)− 2 ≥ 0,
x1 − 4x2 + 2x3 − 9 = 0,
x1 ≤ 0,

β = {a2, a4}.

Âàðèàíò 21.
−x1 − 2x2 + 4x3 − 2x4 → min,
x1 − 3x2 + 4x3 + 8x4 − 11 ≤ 0,
2x1 + 1x2 + 2x3 − 4x4 + 1 = 0,
x2 ≥ 0, x4 ≥ 0,

β = {a3, a4}.

Âàðèàíò 22.
x1 + 3x2 + 6x3 − x4 → max,
3x1 + 5x2 − x3 − 6 ≤ 0,
2x1 + x2 + 2x3 + x4 − 3 ≥ 0,
x2 ≥ 0, x3 ≤ 0,

β = {a1, a2}.

Âàðèàíò 23.
2x1 + 2x3 − 2x4 → min,
−x1 − 10x2 + x4 ≥ 2,
x1 − 4x2 + 2x3 − 9 = 0,
x1 ≤ 0, x2 ≥ 0,

β = {a1, a3}.

Âàðèàíò 24.
−(9x1 − 4x2 + x3 − x4) → max,
x1 + 11x2 − x4 ≤ 3,
−5(x2 + x3 − 9x4) + 10 = 0,
x2 ≤ 0,

β = {a1, a4}.

Âàðèàíò 25.
4x1 − 2x2 − x3 − 5x4 → min,
4x1 − 3x2 + x3 + x4 − 22 ≤ 0,
2x1 + x2 + 2x3 − 2x4 + 2 = 0,
x2 ≥ 0, x4 ≤ 0,

β = {a2, a3}.
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Âàðèàíò 26.
x1 + 3x2 + 2x3 − x4 → max,
3x1 + 4x2 − x3 + 2x4 − 8 ≤ 0,
x1 + 2x2 − x3 = 2,
x2 ≥ 0, x3 ≥ 0,

β = {a2, a4}.

Âàðèàíò 27.
−9x1 + 4x2 − x3 + x4 → min,
x1 + 11x2 − x4 ≥ −3,
−5x2 − 5x3 + 45x4 + 10 = 0,
x2 ≤ 0,

β = {a3, a4}.

Âàðèàíò 28.
12x1 + x2 + 7x3 + 11x4 → max,
24x1 + 2x2 + 14x3 + 22x4 − 5 ≤ 0,
x1 + x2 + x3 − x4 ≥ 3,
x1 ≥ 0, x3 ≤ 0,

β = {a1, a2}.

Âàðèàíò 29.
5x1 + 2x2 + 3x3 − 4x4 → min,
x1 + 4x2 + 3x3 + 2x4 − 11 ≤ 0,
6x1 + 2x2 − 2x3 + 6x4 − 5 = 0,
x2 ≥ 0, x4 ≤ 0,

β = {a1, a3}.

Âàðèàíò 30.
x1 + 3x2 − 5x3 + 9x4 → max,
2x1 − 2x2 + 3x3 − 7x4 + 12 ≤ 0,
x1 + 5x2 − 2x3 + 6x4 ≥ 16,
x2 ≥ 0,

β = {a1, a4}.
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Ðàáîòà 2. Ñèìïëåêñ-ìåòîä ëèíåéíîãî
ïðîãðàììèðîâàíèÿ.

Çàäàíèå 1. Ðåøèòü çàäà÷è 1à), 2à), 2á) èç ðàáîòû 1 ñèìïëåêñ-
ìåòîäîì. (Â ñëó÷àå íåîáõîäèìîñòè íàéòè íà÷àëüíûé äîïóñòèìûé áàçèñ
ïóòåì ïîäáîðà.) Óáåäèòüñÿ, ÷òî îòâåò íå çàâèñèò îò ìåòîäà ðåøåíèÿ
çàäà÷è. Ðåøèòü ñèìïëåêñ-ìåòîäîì çàäà÷ó 1â) èç ðàáîòû 1. Ñðàâíèòü
îòâåòû.

Çàäàíèå 2. Ðåøèòü äàííóþ çàäà÷ó ëèíåéíîãî ïðîãðàììèðîâà-
íèÿ ñèìïëåêñ-ìåòîäîì, âçÿâ â êà÷åñòâå íà÷àëüíîãî óêàçàííûé áàçèñ.
(Ïðåäâàðèòåëüíî óáåäèòüñÿ, ÷òî áàçèñ äîïóñòèì.)

Âàðèàíò 1.
3x1 + x2 − 8x3 + 2x4 + x5 → max,
2x1 − 2x2 − 3x3 − 7x4 + 2x5 = 5,
x1 + 11x2 − 12x3 + 34x4 − 5x5 = 6,
x1 ≥ 0, x2 ≥ 0, x3 ≥ 0, x4 ≥ 0, x5 ≥ 0.

β = {a1, a2}. (f∗ = 8 2/3).

Âàðèàíò 2.
7x1 + 2x2 − x3 − 2x4 + 2x5 → max,
x1 − 3x2 + x3 − x4 − x5 = 5,
−x1 + 5x2 + 2x3 + x4 − x5 = 7,
x1 ≥ 0, x2 ≥ 0, x3 ≥ 0, x4 ≥ 0, x5 ≥ 0.

β = {a1, a2}. (f∗ → +∞).

Âàðèàíò 3.
x1 + x2 + 10x3 + x4 − x5 → max,
5x1 − x2 + 8x3 − 2x4 + 2x5 = 5,
3x1 − 3x2 − 12x3 − 4x4 + 4x5 = 8,
x1 ≥ 0, x2 ≥ 0, x3 ≥ 0, x4 ≥ 0, x5 ≥ 0.

β = {a2, a5}. (f∗ = −3/2).
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Âàðèàíò 4.
6x1 − 9x2 + 21x3 − 3x4 − 12x5 → max,
−4x1 + 6x2 − 14x3 + 2x4 + 8x5 = 5,
x1 + 3x2 + 4x3 − 2x4 − x5 = 9,
x1 ≥ 0, x2 ≥ 0, x3 ≥ 0, x4 ≥ 0, x5 ≥ 0.

β = {a2, a3}. (f∗ = −7, 5).

Âàðèàíò 5.
2x1 − x2 + 2x3 − x4 + x5 → max,
x1 + 10x2 − 3x3 − 2x4 − x5 = 6,
4x1 + 19x2 − 4x3 − 5x4 − x5 = 5,
x1 ≥ 0, x2 ≥ 0, x3 ≥ 0, x4 ≥ 0, x5 ≥ 0.

β = {a2, a4}. (f∗ = −7).

Âàðèàíò 6.
5x1 − 2x2 + 3x3 − 4x4 − x5 → max,
x1 + 4x2 − 3x3 + 2x4 − 5x5 = 7,
6x1 + 2x2 − 2x4 − 6x5 = 5,
x1 ≥ 0, x2 ≥ 0, x3 ≥ 0, x4 ≥ 0, x5 ≥ 0.

β = {a1, a2}. (f∗ = −2).

Âàðèàíò 7.
12x1 − x2 + 7x3 + 11x4 − x5 → max,
21x1 − 2x2 + 14x3 + 22x4 − 2x5 = 8,
x1 + x2 + x3 − x4 + x5 = 5,
x1 ≥ 0, x2 ≥ 0, x3 ≥ 0, x4 ≥ 0, x5 ≥ 0.

β = {a1, a5}. (f∗ = 5 4/23).

Âàðèàíò 8.
x1 + 2x2 + x3 + 4x4 + x5 → max,
2x1 − x2 + 3x3 + x4 − 5x5 = 9,
x1 + 3x2 − x3 − 6x4 − x5 = 5,
x1 ≥ 0, x2 ≥ 0, x3 ≥ 0, x4 ≥ 0, x5 ≥ 0.

β = {a2, a3}. (f∗ → +∞).
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Âàðèàíò 9.
2x1 − x2 + 3x3 − x4 − x5 → max,
x1 + 5x2 − x3 + x4 + 2x5 = 6,
x1 + 16x2 − 6x3 + 4x4 + 7x5 = 7,
x1 ≥ 0, x2 ≥ 0, x3 ≥ 0, x4 ≥ 0, x5 ≥ 0.

β = {a1, a4}. (f∗ = 11).

Âàðèàíò 10.
8x1 + x2 + x3 − x4 + 2x5 → max,
3x1 − 3x2 − 2x3 + x4 − 3x5 = 6,
5x1 + 4x2 + 3x3 − 2x4 + 5x5 = 8,
x1 ≥ 0, x2 ≥ 0, x3 ≥ 0, x4 ≥ 0, x5 ≥ 0.

β = {a1, a4}. (f∗ = 14).

Âàðèàíò 11.
x1 + 3x2 − x3 + 12x4 − x5 → max,
2x1 − 2x2 + x3 − 10x4 + x5 = 6,
3x1 + x2 + 2x4 = 9,
x1 ≥ 0, x2 ≥ 0, x3 ≥ 0, x4 ≥ 0, x5 ≥ 0.

β = {a3, a4}. (f∗ = 1).

Âàðèàíò 12.
7x1 − 14x2 + 3x3 − x4 + x5 → max,
x1 − 2x2 + x3 − 3x4 + 7x5 = 7,
5x1 − 10x2 + x3 + 5x4 − 13x5 = 6,
x1 ≥ 0, x2 ≥ 0, x3 ≥ 0, x4 ≥ 0, x5 ≥ 0.

β = {a1, a5}. (f∗ = 20).

Âàðèàíò 13.
x1 + 2x2 + 3x3 + x4 − x5 → max,
2x1 − 2x2 − 5x3 − 3x4 + x5 = 7,
3x1 − 2x2 + 3x3 + 2x4 − x5 = 3,
x1 ≥ 0, x2 ≥ 0, x3 ≥ 0, x4 ≥ 0, x5 ≥ 0.

β = {a1, a5}. (f∗ → +∞).
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Âàðèàíò 14.
x1 + x2 + x3 − x4 − x5 → max,
2x1 + x2 − 2x3 − x4 − 2x5 = 9,
x1 + 2x2 + 5x3 − 2x4 − x5 = 6,
x1 ≥ 0, x2 ≥ 0, x3 ≥ 0, x4 ≥ 0, x5 ≥ 0.

β = {a1, a3}. (f∗ = 5).

Âàðèàíò 15.
2x1 + x2 − 3x3 + x4 − x5 → max,
3x1 − x2 + 2x3 − x4 + 2x5 = 7,
x1 − 2x2 + 5x3 − 2x4 + 3x5 = 8,
x1 ≥ 0, x2 ≥ 0, x3 ≥ 0, x4 ≥ 0, x5 ≥ 0.

β = {a1, a3}. (f∗ = −1).

Âàðèàíò 16.
x1 + 3x2 − 8x3 + x4 + 2x5 → max,
−2x1 + 2x2 − 3x3 + 2x4 − 7x5 = 5,
11x1 + x2 − 12x3 − 5x4 + 34x5 = 6,
x1 ≥ 0, x2 ≥ 0, x3 ≥ 0, x4 ≥ 0, x5 ≥ 0.

β = {a1, a2}. (f∗ = 8 2/3).

Âàðèàíò 17.
2x1 + 7x2 − 2x3 − x4 + 2x5 → max,
−3x1 + x2 − x3 + x4 − x5 = 5,
5x1 − x2 + x3 + 2x4 − x5 = 7,
x1 ≥ 0, x2 ≥ 0, x3 ≥ 0, x4 ≥ 0, x5 ≥ 0.

β = {a1, a2}. (f∗ → +∞).

Âàðèàíò 18.
x1 − x2 + 10x3 + x4 + x5 → max,
5x1 + 2x2 + 8x3 − 2x4 − x5 = 5,
3x1 + 4x2 − 12x3 − 4x4 − 3x5 = 8,
x1 ≥ 0, x2 ≥ 0, x3 ≥ 0, x4 ≥ 0, x5 ≥ 0.
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β = {a2, a5}. (f∗ = −3/2).

Âàðèàíò 19.
6x1 + 21x2 − 9x3 − 3x4 − 12x5 → max,
−4x1 − 14x2 + 6x3 + 2x4 + 8x5 = 5,
x1 + 4x2 + 3x3 − 2x4 − x5 = 9,
x1 ≥ 0, x2 ≥ 0, x3 ≥ 0, x4 ≥ 0, x5 ≥ 0.

β = {a2, a3}. (f∗ = −7, 5).

Âàðèàíò 20.
2x1 − x2 + 2x3 − x4 + x5 → max,
x1 − 2x2 − 3x3 + 10x4 − x5 = 6,
4x1 − 5x2 − 4x3 + 19x4 − x5 = 5,
x1 ≥ 0, x2 ≥ 0, x3 ≥ 0, x4 ≥ 0, x5 ≥ 0.

β = {a2, a4}. (f∗ = −7).

Âàðèàíò 21.
−2x1 + 5x2 + 3x3 − 4x4 − x5 → max,
4x1 + x2 − 3x3 + 2x4 − 5x5 = 7,
2x1 + 6x2 − 2x4 − 6x5 = 5,
x1 ≥ 0, x2 ≥ 0, x3 ≥ 0, x4 ≥ 0, x5 ≥ 0.

β = {a1, a2}. (f∗ = −2).

Âàðèàíò 22.
−x1 − x2 + 7x3 + 11x4 + 12x5 → max,
−2x1 − 2x2 + 14x3 + 22x4 + 21x5 = 8,
x1 + x2 + x3 − x4 + x5 = 5,
x1 ≥ 0, x2 ≥ 0, x3 ≥ 0, x4 ≥ 0, x5 ≥ 0.

β = {a1, a5}. (f∗ = 5 4/23).
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Âàðèàíò 23.
x1 + x2 + 2x3 + 4x4 + x5 → max,
2x1 + 3x2 − x3 + x4 − 5x5 = 9,
x1 − x2 + 3x3 − 6x4 − x5 = 5,
x1 ≥ 0, x2 ≥ 0, x3 ≥ 0, x4 ≥ 0, x5 ≥ 0.

β = {a2, a3}. (f∗ → +∞).

Âàðèàíò 24.
−x1 − x2 + 3x3 + 2x4 − x5 → max,
x1 + 5x2 − x3 + x4 + 2x5 = 6,
4x1 + 16x2 − 6x3 + x4 + 7x5 = 7,
x1 ≥ 0, x2 ≥ 0, x3 ≥ 0, x4 ≥ 0, x5 ≥ 0.

β = {a1, a4}. (f∗ = 11).

Âàðèàíò 25.
−x1 + x2 + x3 + 8x4 + 2x5 → max,
x1 − 3x2 − 2x3 + 3x4 − 3x5 = 6,
−2x1 + 4x2 + 3x3 + 5x4 + 5x5 = 8,
x1 ≥ 0, x2 ≥ 0, x3 ≥ 0, x4 ≥ 0, x5 ≥ 0.

β = {a1, a4}. (f∗ = 14).

Âàðèàíò 26.
x1 + 3x2 + 12x3 − x4 − x5 → max,
2x1 − 2x2 − 10x3 + x4 + x5 = 6,
3x1 + x2 + 2x3 = 9,
x1 ≥ 0, x2 ≥ 0, x3 ≥ 0, x4 ≥ 0, x5 ≥ 0.

β = {a3, a4}. (f∗ = 1).

Âàðèàíò 27.
x1 − 14x2 + 3x3 − x4 + 7x5 → max,
7x1 − 2x2 + x3 − 3x4 + x5 = 7,
−13x1 − 10x2 + x3 + 5x4 + 5x5 = 6,
x1 ≥ 0, x2 ≥ 0, x3 ≥ 0, x4 ≥ 0, x5 ≥ 0.

β = {a1, a5}. (f∗ = 20).
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Âàðèàíò 28.
−x1 + 2x2 + 3x3 + x4 + x5 → max,
x1 − 2x2 − 5x3 − 3x4 + 2x5 = 7,
−x1 − 2x2 + 3x3 + 2x4 + 3x5 = 3,
x1 ≥ 0, x2 ≥ 0, x3 ≥ 0, x4 ≥ 0, x5 ≥ 0.

β = {a1, a5}. (f∗ → +∞).

Âàðèàíò 29.
x1 + x2 + x3 − x4 − x5 → max,
−2x1 + x2 + 2x3 − x4 − 2x5 = 9,
5x1 + 2x2 + x3 − 2x4 − x5 = 6,
x1 ≥ 0, x2 ≥ 0, x3 ≥ 0, x4 ≥ 0, x5 ≥ 0.

β = {a1, a3}. (f∗ = 5).

Âàðèàíò 30.
−3x1 + x2 + 2x3 + x4 − x5 → max,
2x1 − x2 + 3x3 − x4 + 2x5 = 7,
5x1 − 2x2 + 1x3 − 2x4 + 3x5 = 8,
x1 ≥ 0, x2 ≥ 0, x3 ≥ 0, x4 ≥ 0, x5 ≥ 0.

β = {a1, a3}. (f∗ = −1).

Çàäàíèå 3. Ðåøèòü äàííûå çàäà÷è ëèíåéíîãî ïðîãðàììèðîâà-
íèÿ ñèìïëåêñ-ìåòîäîì, ïðåäâàðèòåëüíî ðåøèâ âñïîìîãàòåëüíóþ çàäà-
÷ó ïî âûáîðó áàçèñà.

à)
Âàðèàíò 1. 

2x1 − 2x2 + 5x3 − x4 → max,
3x1 − 5x2 + 11x3 − 2x4 = 14,
x1 + 5x2 + 2x3 + x4 = 4,
x1 ≥ 0, x2 ≥ 0, x3 ≥ 0, x4 ≥ 0.

Âàðèàíò 2. 
2x1 − 2x2 − 3x3 + 7x4 → max,
x1 + 11x2 + 12x3 + 34x4 = 24,
x1 + 5x2 + 2x3 + 16x4 = 6,
x1 ≥ 0, x2 ≥ 0, x3 ≥ 0, x4 ≥ 0.
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Âàðèàíò 3. 
3x1 + x2 − 8x3 + 2x4 → max,
2x1 + 10x2 + 12x3 + 4x4 = 6,
x1 + 5x2 + 2x3 + 6x4 = 7,
x1 ≥ 0, x2 ≥ 0, x3 ≥ 0, x4 ≥ 0.

Âàðèàíò 4. 
3x1 + x2 − 8x3 − 2x4 → max,
2x1 + 10x2 − 12x3 + 3x4 = 12,
x1 + 5x2 + 2x3 − 6x4 = 6,
x1 ≥ 0, x2 ≥ 0, x3 ≥ 0, x4 ≥ 0.

Âàðèàíò 5. 
x1 + 3x2 − 5x3 + 9x4 → max,
2x1 + 2x2 + 3x3 + 7x4 = 5,
x1 + 5x2 + 2x3 + 6x4 = 3,
x1 ≥ 0, x2 ≥ 0, x3 ≥ 0, x4 ≥ 0.

Âàðèàíò 6. 
x1 + 3x2 − 5x3 + 9x4 → max,
2x1 + 2x2 + 3x3 + 7x4 = 9,
x1 + 5x2 + 2x3 + 6x4 = 11,
x1 ≥ 0, x2 ≥ 0, x3 ≥ 0, x4 ≥ 0.

Âàðèàíò 7. 
x1 + 3x2 − 5x3 − 9x4 → max,
2x1 + 2x2 + 3x3 + 7x4 = 2,
x1 + 5x2 + 2x3 + 6x4 = 1,
x1 ≥ 0, x2 ≥ 0, x3 ≥ 0, x4 ≥ 0.

Âàðèàíò 8. 
5x1 + 2x2 − x3 + 3x4 → max,
3x1 + x2 + 2x3 + 3x4 = 9,
6x1 + 3x2 + 2x3 + 4x4 = 14,
x1 ≥ 0, x2 ≥ 0, x3 ≥ 0, x4 ≥ 0.
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Âàðèàíò 9. 
5x1 + 2x2 − x3 − 3x4 → max,
3x1 + x2 + 2x3 + 3x4 = 5,
6x1 + 3x2 + 2x3 + 4x4 = 12,
x1 ≥ 0, x2 ≥ 0, x3 ≥ 0, x4 ≥ 0.

Âàðèàíò 10. 
3x1 + 2x2 − 2x3 − x4 → max,
7x1 + 5x2 + 3x3 + 2x4 = 2,
x1 + x2 + x3 = 10,
x1 ≥ 0, x2 ≥ 0, x3 ≥ 0, x4 ≥ 0.

Âàðèàíò 11. 
−x1 + 2x2 − 2x3 + x4 → max,
7x1 + 5x2 − 3x3 − 2x4 = 3,
x1 + x2 + x3 = 1,
x1 ≥ 0, x2 ≥ 0, x3 ≥ 0, x4 ≥ 0.

Âàðèàíò 12. 
x1 + 2x2 + 2x3 − x4 → max,
4x1 + 5x2 + 3x3 + 2x4 = 2,
x1 + x2 − x3 = 0,
x1 ≥ 0, x2 ≥ 0, x3 ≥ 0, x4 ≥ 0.

Âàðèàíò 13. 
3x1 + 2x2 − 2x3 − x4 → max,
7x1 + 5x2 + 3x3 + 2x4 = 12,
x1 + x2 + x3 = 1,
x1 ≥ 0, x2 ≥ 0, x3 ≥ 0, x4 ≥ 0.

Âàðèàíò 14. 
6x1 + 3x2 − 2x3 − 4x4 → max,
7x1 + 4x2 + 3x3 + 2x4 = 3,
x1 + x2 − x3 − 2x4 = 0,
x1 ≥ 0, x2 ≥ 0, x3 ≥ 0, x4 ≥ 0.



19

Âàðèàíò 15. 
6x1 + 3x2 − 2x3 − 4x4 → max,
7x1 + 4x2 + 3x3 + 2x4 = 5,
x1 + x2 + x3 + 2x4 = 3,
x1 ≥ 0, x2 ≥ 0, x3 ≥ 0, x4 ≥ 0.

Âàðèàíò 16. 
−x1 + 5x2 − 2x3 + 2x4 → max,
−2x1 + 11x2 − 5x3 + 3x4 = 14,
x1 + 2x2 + 5x3 + x4 = 4,
x1 ≥ 0, x2 ≥ 0, x3 ≥ 0, x4 ≥ 0.

Âàðèàíò 17. 
7x1 − 3x2 − 2x3 + 2x4 → max,
34x1 + 12x2 + 11x3 + x4 = 24,
16x1 + 2x2 + 5x3 + x4 = 6,
x1 ≥ 0, x2 ≥ 0, x3 ≥ 0, x4 ≥ 0.

Âàðèàíò 18. 
2x1 − 8x2 + x3 + 3x4 → max,
4x1 + 12x2 + 10x3 + 2x4 = 6,
6x1 + 2x2 + 5x3 + x4 = 7,
x1 ≥ 0, x2 ≥ 0, x3 ≥ 0, x4 ≥ 0.

Âàðèàíò 19. 
−2x1 − 8x2 + x3 + 3x4 → max,
3x1 − 12x2 + 10x3 + 2x4 = 12,
−6x1 + 2x2 + 5x3 + x4 = 6,
x1 ≥ 0, x2 ≥ 0, x3 ≥ 0, x4 ≥ 0.

Âàðèàíò 20. 
9x1 − 5x2 + 3x3 + x4 → max,
7x1 + 3x2 + 2x3 + 2x4 = 5,
6x1 + 2x2 + 5x3 + x4 = 3,
x1 ≥ 0, x2 ≥ 0, x3 ≥ 0, x4 ≥ 0.
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Âàðèàíò 21. 
9x1 − 5x2 + 3x3 + x4 → max,
7x1 + 3x2 + 2x3 + 2x4 = 9,
6x1 + 2x2 + 5x3 + x4 = 11,
x1 ≥ 0, x2 ≥ 0, x3 ≥ 0, x4 ≥ 0.

Âàðèàíò 22. 
−9x1 − 5x2 + 3x3 + x4 → max,
7x1 + 3x2 + 2x3 + 2x4 = 2,
6x1 + 2x2 + 5x3 + x4 = 1,
x1 ≥ 0, x2 ≥ 0, x3 ≥ 0, x4 ≥ 0.

Âàðèàíò 23. 
3x1 − x2 + 2x3 + 5x4 → max,
3x1 + 2x2 + x3 + 3x4 = 9,
4x1 + 2x2 + 3x3 + 6x4 = 14,
x1 ≥ 0, x2 ≥ 0, x3 ≥ 0, x4 ≥ 0.

Âàðèàíò 24. 
−3x1 − x2 + 2x3 + 5x4 → max,
3x1 + 2x2 + x3 + 3x4 = 5,
4x1 + 2x2 + 3x3 + 6x4 = 12,
x1 ≥ 0, x2 ≥ 0, x3 ≥ 0, x4 ≥ 0.

Âàðèàíò 25. 
−x1 − 2x2 + 2x3 + 3x4 → max,
2x1 + 3x2 + 5x3 + 7x4 = 2,
x2 + x3 + x4 = 10,
x1 ≥ 0, x2 ≥ 0, x3 ≥ 0, x4 ≥ 0.

Âàðèàíò 26. 
x1 − 2x2 + 2x3 − x4 → max,
−2x1 − 3x2 + 5x3 + 7x4 = 3,
x2 + x3 + x4 = 1,
x1 ≥ 0, x2 ≥ 0, x3 ≥ 0, x4 ≥ 0.
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Âàðèàíò 27. 
−x1 + 2x2 + 2x3 + x4 → max,
2x1 + 3x2 + 5x3 + 4x4 = 2,
−x2 + x3 + x4 = 0,
x1 ≥ 0, x2 ≥ 0, x3 ≥ 0, x4 ≥ 0.

Âàðèàíò 28. 
−x1 − 2x2 + 2x3 + 3x4 → max,
2x1 + 3x2 + 5x3 + 7x4 = 12,
x2 + x3 + x4 = 1,
x1 ≥ 0, x2 ≥ 0, x3 ≥ 0, x4 ≥ 0.

Âàðèàíò 29. 
−4x1 − 2x2 + 3x3 + 6x4 → max,
2x1 + 3x2 + 4x3 + 7x4 = 3,
−2x1 − x2 + x3 + x4 = 0,
x1 ≥ 0, x2 ≥ 0, x3 ≥ 0, x4 ≥ 0.

Âàðèàíò 30. 
−4x1 − 2x2 + 3x3 + 6x4 → max,
2x1 + 3x2 + 4x3 + 7x4 = 5,
2x1 + x2 + x3 + x4 = 3,
x1 ≥ 0, x2 ≥ 0, x3 ≥ 0, x4 ≥ 0.

á) Çàäà÷à 2â) èç ðàáîòû 1.

Çàäàíèå 4. Ðåøèòü äàííóþ çàäà÷ó ëèíåéíîãî ïðîãðàììèðîâà-
íèÿ äâîéñòâåííûì ñèìïëåêñ-ìåòîäîì.

kx + ly → min,
ax + by ≥ ab,
(l + a)x− ly ≥ la,
x ≥ 0, y ≥ 0.

Çàäàíèå 5. à) Ïóñòü â çàäà÷å èç çàäàíèÿ 1à) äîáàâèëè íîâîå
óñëîâèå:

ax + by ≤ ab.
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Ðåøèòü âîçíèêàþùóþ çàäà÷ó ëèíåéíîãî ïðîãðàììèðîâàíèÿ, âîñ-
ïîëüçîâàâøèñü äâîéñòâåííûì ñèìïëåêñ-ìåòîäîì.

á) Ïóñòü â çàäà÷å èç çàäàíèÿ 1à) êîýôôèöèåíòû öåëåâîé ôóíêöèè
èçìåíèëè ñâîè çíà÷åíèÿ:

f ′
1 = (a− k)x + (b− l)y.

Âûÿñíèòü, èçìåíèòñÿ ëè îïòèìàëüíûé ïëàí.
â) Ïóñòü â çàäà÷å èç çàäàíèÿ 1â) êîìïîíåíòû âåêòîðà îãðàíè÷å-

íèé èçìåíèëè ñâîè çíà÷åíèÿ íà (b − 2l)a è (a − 2k)b ñîîòâåòñòâåííî.
Âûÿñíèòü, êàê ýòî ïîâëèÿåò íà âèä îïòèìàëüíîãî ïëàíà.

ã) Ïóñòü â çàäà÷å èç çàäàíèÿ 1â) 1-ûé êîýôôèöèåíò öåëåâîé ôóíê-
öèè èçìåíÿåò ñâîå çíà÷åíèå. Â êàêèõ ïðåäåëàõ îí ìîæåò èçìåíÿòüñÿ,
÷òîáû ýòî íå ïîâëèÿëî íà âèä îïòèìàëüíîãî ïëàíà?
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Ðàáîòà 3. Òåîðèÿ äâîéñòâåííîñòè.

Çàäàíèå 1. Çàïèñàòü çàäà÷è, äâîéñòâåííûå ê äàííûì çàäà÷àì
ëèíåéíîãî ïðîãðàììèðîâàíèÿ. Â ïåðâîì ñëó÷àå çàïèñàòü äâîéñòâåííóþ
çàäà÷ó äâóìÿ ñïîñîáàìè è ñðàâíèòü îòâåòû.

à) 
kx + ly → min,
(a + k)x + (b− l)y ≤ kl,
lx + ky ≤ a + b,
x ≥ 0, y ≥ 0.

á)
Âàðèàíò 1. 

7x1 + 2x2 − x3 − 2x4 → max,
x1 − 3x2 + 3x3 − x4 ≥ −2,
2x1 + 5x2 + 2x3 + x4 = 3,
x3 ≥ 0.

Âàðèàíò 2. 
x1 + x2 + 10x3 + x4 → min,
5x1 − x2 + 8x3 − 2x4 ≥ −3,
3x1 − 3x2 − 12x3 − 4x4 = 1,
x3 ≥ 0, x4 ≥ 0.

Âàðèàíò 3. 
6x1 − 9x2 + 21x3 − 3x4 → max,
−4x1 + 6x2 − 14x3 + 2x4 ≤ 0,
2x1 − 3x2 + 7x3 − x4 = 2,
x1 ≥ 0, x2 ≥ 0.

Âàðèàíò 4. 
2x1 − x2 + 2x3 − x4 → min,
x1 + 10x2 − 3x3 − 2x4 ≥ −10,
4x1 + 19x2 − 4x3 − 5x4 = 2,
x2 ≥ 0, x3 ≥ 0.
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Âàðèàíò 5. 5x1 − 2x2 + 3x3 − 4x4 → max,
x1 + 4x2 − 3x3 + 2x4 − 5 ≥ 0,
6x1 + 2x2 − 2x4 ≤ 3.

Âàðèàíò 6. 
12x1 − x2 + 7x3 + 11x4 → min,
24x1 − 2x2 + 14x3 + 22x4 − 5 ≥ 0,
x1 + x2 + x3 − x4 = 3,
x1 ≥ 0, x2 ≥ 0.

Âàðèàíò 7. 
x1 + 2x2 + x3 + 4x4 → max,
2x1 − x2 + 3x3 + x4 + 2 ≤ 0,
x1 + 3x2 − x3 − 6x4 = 3,
x3 ≥ 0, x4 ≥ 0.

Âàðèàíò 8. 
2x1 − x2 + 3x3 − x4 → min,
x1 + 5x2 − x3 + x4 + 5 ≥ 0,
x1 + 16x2 − 6x3 + 4x4 = −1,
x3 ≥ 0, x4 ≥ 0.

Âàðèàíò 9. 
2x1 + 3x2 → max,
−4x1 + 5x2 ≥ 29,
3x1 − x2 ≤ 14,
5x1 + 2x2 = 38,
x2 ≥ 0.

Âàðèàíò 10. 
8x1 + x2 + x3 − x4 → min,
3x1 − 3x2 − 2x3 + x4 − 10 ≤ 0,
5x1 + 4x2 + 3x3 − 2x4 − 3 = 0,
x2 ≥ 0.
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Âàðèàíò 11. 
x1 + 3x2 − x3 + 12x4 → max,
2x1 − 2x2 + x3 − 10x4 ≥ −3,
3x1 + x2 + 2x4 ≤ 1,
x1 ≥ 0, x4 ≥ 0.

Âàðèàíò 12. 
7x1 − 14x2 + 3x3 − x4 → min,
x1 − 2x2 + x3 − 3x4 − 5 ≥ 0,
5x1 − 10x2 + x3 + 5x4 = 2,
x4 ≥ 0.

Âàðèàíò 13. 
x1 + 2x2 + 3x3 + x4 → max,
2x1 − 2x2 − 5x3 − 3x4 + 5 ≥ 0,
3x1 − 2x2 + 3x3 + 2x4 = −2,
x4 ≥ 0.

Âàðèàíò 14. 
x1 + x2 + x3 − x4 → min,
2x1 + x2 − 2x3 − x4 = −3,
x1 + 2x2 + 5x3 − 2x4 ≥ 5,
x3 ≥ 0.

Âàðèàíò 15. 
2x1 + x2 − 3x3 + x4 → max,
3x1 − x2 + 2x3 − x4 = 10,
x1 − 2x2 + 5x3 − 2x4 ≥ 4,
x2 ≥ 0, x3 ≥ 0.

Âàðèàíò 16. 
3x1 + 4x2 − x3 + x4 → max,
−5x1 + 3x2 − x3 + 2x4 − 1 ≤ 0,
x1 − x2 + x3 − x4 = −5,
x1 ≥ 0, x2 ≥ 0.
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Âàðèàíò 17. 
−5x1 − 2x2 + 5x3 − x4 → min,
4x1 − 3x2 + 4x3 + 9x4 − 17 ≥ 0,
3x1 + x2 + 2x3 − 5x4 = −2,
x2 ≥ 0, x3 ≥ 0.

Âàðèàíò 18. 
−x1 + 3x2 + 6x3 − x4 → max,
x1 + 5x2 − 3x3 ≤ 5,
3x1 + x2 + 2x3 + x4 ≥ 7,
x3 ≥ 0, x4 ≥ 0.

Âàðèàíò 19. 
3x1 + 4x2 − x3 + 4x4 → min,
−5x1 + 3x2 − x3 + 2x4 − 1 ≤ 0,
x1 − 4x2 + x3 − x4 = −5,
x1 ≥ 0, x2 ≥ 0.

Âàðèàíò 20. 
2(x1 + x3 − x4) → max,
−(x1 + 10x2 − x4)− 2 ≥ 0,
x1 − 4x2 + 2x3 − 9 = 0,
x1 ≥ 0.

Âàðèàíò 21. 
−x1 − 2x2 + 4x3 − 2x4 → min,
x1 − 3x2 + 4x3 + 8x4 − 11 ≤ 0,
2x1 + 1x2 + 2x3 − 4x4 + 1 = 0,
x2 ≥ 0, x4 ≥ 0.

Âàðèàíò 22. 
x1 + 3x2 + 6x3 − x4 → max,
3x1 + 5x2 − x3 − 6 ≤ 0,
2x1 + x2 + 2x3 + x4 − 3 ≥ 0,
x2 ≥ 0, x3 ≥ 0.
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Âàðèàíò 23. 
2x1 + 2x3 − 2x4 → min,
−x1 − 10x2 + x4 ≥ 2,
x1 − 4x2 + 2x3 − 9 = 0,
x1 ≥ 0, x2 ≥ 0.

Âàðèàíò 24. 
−(9x1 − 4x2 + x3 − x4) → max,
x1 + 11x2 − x4 ≤ 3,
−5(x2 + x3 − 9x4) + 10 = 0,
x2 ≥ 0.

Âàðèàíò 25. 
4x1 − 2x2 − x3 − 5x4 → min,
4x1 − 3x2 + x3 + x4 − 22 ≤ 0,
2x1 + x2 + 2x3 − 2x4 + 2 = 0,
x2 ≥ 0, x4 ≥ 0.

Âàðèàíò 26. 
x1 + 3x2 + 2x3 − x4 → max,
3x1 + 4x2 − x3 + 2x4 − 8 ≤ 0,
x1 + 2x2 − x3 = 2,
x2 ≥ 0, x3 ≥ 0.

Âàðèàíò 27. 
−9x1 + 4x2 − x3 + x4 → min,
x1 + 11x2 − x4 ≥ −3,
−5x2 − 5x3 + 45x4 + 10 = 0,
x2 ≥ 0.

Âàðèàíò 28.
12x1 + x2 + 7x3 + 11x4 → max,
24x1 + 2x2 + 14x3 + 22x4 − 5 ≤ 0,
x1 + x2 + x3 − x4 ≥ 3,
x1 ≥ 0, x3 ≥ 0.
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Âàðèàíò 29. 
5x1 + 2x2 + 3x3 − 4x4 → min,
x1 + 4x2 + 3x3 + 2x4 − 11 ≤ 0,
6x1 + 2x2 − 2x3 + 6x4 − 5 = 0,
x2 ≥ 0, x4 ≥ 0.

Âàðèàíò 30. 
x1 + 3x2 − 5x3 + 9x4 → max,
2x1 − 2x2 + 3x3 − 7x4 + 12 ≤ 0,
x1 + 5x2 − 2x3 + 6x4 ≥ 16,
x2 ≥ 0.

Çàäàíèå 2. Äëÿ çàäà÷ 1, 2à), 2â), 2ã), 3à) ðàáîòû 1 çàïèñàòü äâîé-
ñòâåííûå çàäà÷è è ðåøèòü èõ ãðàôè÷åñêè. Ñðàâíèòü îòâåòû è ïðîâå-
ðèòü âûïîëíåíèå òåîðåì äâîéñòâåííîñòè.
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Ðàáîòà 4. Íåëèíåéíîå ïðîãðàììèðîâàíèå.

Çàäàíèå 1. Ðåøèòü äàííóþ çàäà÷ó áåçóñëîâíîé îïòèìèçàöèè.

f(x, y) = 2x2 + by2 − 2(ab + c)xy − 2(a + c)x− 2(c + b)y → extr .

Çàäàíèå 2. Óáåäèòüñÿ, ÷òî òî÷êà (a, b, c) ÿâëÿåòñÿ ïîäîçðèòåëü-
íîé íà ýêñòðåìóì äëÿ ôóíêöèè

f(x, y, z) = a(x− a)2 + b(y − b)2 + c(z − c)2 + (x− a)(y − b)(z − c).

Ñîñòàâèâ ìàòðèöó âòîðûõ ïðîèçâîäíûõ, âûÿñíèòü, êàê âåäåò ñåáÿ
ôóíêöèÿ f(x, y, z)â îêðåñòíîñòè äàííîé òî÷êè.

Çàäàíèå 3. Íàéòè íàèáîëüøåå è íàèìåíüøåå çíà÷åíèÿ ôóíêöèè
f(x, y) èç çàäàíèÿ 1 â îáëàñòè, çàäàííîé íåðàâåíñòâàìè{

ax + ly ≤ akl,
x ≥ 0, y ≥ 0.

Çàäàíèå 4. Ðåøèòü çàäà÷ó ïîòðåáèòåëüñêîãî âûáîðà ìåòîäîì
Ëàãðàíæà.

Âàðèàíò 1. 
6
√

x1 · x2
2 · x3

3 → max,
x1 + x2 + 2x3 ≤ 100,
x1 ≥ 0, x2 ≥ 0, x3 ≥ 0.

Âàðèàíò 2. 
6
√

x1 · x3
2 · x2

3 → max,
x1 + x2 + 2x3 ≤ 110,
x1 ≥ 0, x2 ≥ 0, x3 ≥ 0.

Âàðèàíò 3. 
6
√

x2
1 · x2 · x3

3 → max,
x1 + 2x2 + x3 ≤ 120,
x1 ≥ 0, x2 ≥ 0, x3 ≥ 0.
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Âàðèàíò 4. 
6
√

x2
1 · x3

2 · x3 → max,
x1 + 2x2 + x3 ≤ 90,
x1 ≥ 0, x2 ≥ 0, x3 ≥ 0.

Âàðèàíò 5. 
6
√

x3
1 · x2 · x2

3 → max,
2x1 + x2 + x3 ≤ 180,
x1 ≥ 0, x2 ≥ 0, x3 ≥ 0.

Âàðèàíò 6. 
6
√

x3
1 · x2

2 · x3 → max,
x1 + x2 + x3 ≤ 150,
x1 ≥ 0, x2 ≥ 0, x3 ≥ 0.

Âàðèàíò 7. 
6
√

x4
1 · x2 · x3 → max,

x1 + 2x2 + x3 ≤ 140,
x1 ≥ 0, x2 ≥ 0, x3 ≥ 0.

Âàðèàíò 8. 
6
√

x1 · x4
2 · x3 → max,

x1 + x2 + 2x3 ≤ 50,
x1 ≥ 0, x2 ≥ 0, x3 ≥ 0.

Âàðèàíò 9. 
6
√

x1 · x2 · x4
3 → max,

x1 + x2 + x3 ≤ 60,
x1 ≥ 0, x2 ≥ 0, x3 ≥ 0.

Âàðèàíò 10. 
4
√

x1 · x2 · x3 · x4 → max,
2x1 + 3x2 + x3 + x4 ≤ 150,
x1 ≥ 0, x2 ≥ 0, x3 ≥ 0, x4 ≥ 0.
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Âàðèàíò 11. 
6
√

x1 · x2
2 · x3

3 · x4 → max,
2x1 + 2x2 + x3 + x4 ≤ 30,
x1 ≥ 0, x2 ≥ 0, x3 ≥ 0.

Âàðèàíò 12. 
6
√

x1 · x3
2 · x2

3 → max,
2x1 + 2x2 + x3 ≤ 80,
x1 ≥ 0, x2 ≥ 0, x3 ≥ 0.

Âàðèàíò 13. 
6
√

x2
1 · x2 · x3

3 → max,
2x1 + x2 + 2x3 ≤ 100,
x1 ≥ 0, x2 ≥ 0, x3 ≥ 0.

Âàðèàíò 14. 
6
√

x2
1 · x3

2 · x3 → max,
3x1 + x2 + x3 ≤ 90,
x1 ≥ 0, x2 ≥ 0, x3 ≥ 0.

Âàðèàíò 15. 
6
√

x3
1 · x2 · x2

3 → max,
x1 + 3x2 + x3 ≤ 100,
x1 ≥ 0, x2 ≥ 0, x3 ≥ 0.

Âàðèàíò 16. 
5
√

x1 · x2
2 · x2

3 → max,
x1 + 2x2 + 3x3 ≤ 100,
x1 ≥ 0, x2 ≥ 0, x3 ≥ 0.

Âàðèàíò 17. 
5
√

x2
1 · x2 · x2

3 → max,
x1 + 3x2 + 2x3 ≤ 90,
x1 ≥ 0, x2 ≥ 0, x3 ≥ 0.
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Âàðèàíò 18. 
5
√

x2
1 · x2

2 · x3 → max,
2x1 + x2 + 3x3 ≤ 110,
x1 ≥ 0, x2 ≥ 0, x3 ≥ 0.

Âàðèàíò 19. 
5
√

x2
1 · x2

2 · x3 → max,
2x1 + 3x2 + x3 ≤ 120,
x1 ≥ 0, x2 ≥ 0, x3 ≥ 0.

Âàðèàíò 20. 
5
√

x2
1 · x2 · x2

3 → max,
3x1 + x2 + 2x3 ≤ 80,
x1 ≥ 0, x2 ≥ 0, x3 ≥ 0.

Âàðèàíò 21. 
5
√

x1 · x2
2 · x2

3 → max,
3x1 + 2x2 + x3 ≤ 90,
x1 ≥ 0, x2 ≥ 0, x3 ≥ 0.

Âàðèàíò 22. 
7
√

x4
1 · x2

2 · x3 → max,
x1 + 2x2 + x3 ≤ 100,
x1 ≥ 0, x2 ≥ 0, x3 ≥ 0.

Âàðèàíò 23. 
7
√

x4
1 · x2 · x2

3 → max,
x1 + x2 + 2x3 ≤ 50,
x1 ≥ 0, x2 ≥ 0, x3 ≥ 0.

Âàðèàíò 24. 
7
√

x1 · x4
2 · x2

3 → max,
x1 + x2 + x3 ≤ 60,
x1 ≥ 0, x2 ≥ 0, x3 ≥ 0.
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Âàðèàíò 25. 
7
√

x2
1 · x4

2 · x3 → max,
2x1 + 3x2 + x3 ≤ 150,
x1 ≥ 0, x2 ≥ 0, x3 ≥ 0.

Âàðèàíò 26. 
7
√

x1 · x2
2 · x4

3 → max,
2x1 + 2x2 + x3 ≤ 30,
x1 ≥ 0, x2 ≥ 0, x3 ≥ 0.

Âàðèàíò 27. 
7
√

x2
1 · x2 · x4

3 → max,
2x1 + 2x2 + x3 ≤ 80,
x1 ≥ 0, x2 ≥ 0, x3 ≥ 0.

Âàðèàíò 28. 
7
√

x3
1 · x3

2 · x3 → max,
2x1 + x2 + 2x3 ≤ 100,
x1 ≥ 0, x2 ≥ 0, x3 ≥ 0.

Âàðèàíò 29. 
7
√

x3
1 · x2 · x3

3 → max,
3x1 + x2 + x3 ≤ 90,
x1 ≥ 0, x2 ≥ 0, x3 ≥ 0.

Âàðèàíò 30. 
7
√

x1 · x3
2 · x3

3 → max,
x1 + 3x2 + x3 ≤ 100,
x1 ≥ 0, x2 ≥ 0, x3 ≥ 0.

Çàäàíèå 5. Ðåøèòü äàííóþ çàäà÷ó î ïëàíèðîâàíèè ïðîèçâîä-
ñòâà, èñïîëüçóÿ óñëîâèÿ Êóíà-Òàêêåðà.

{
Π(x, y) = −2x2 − by2 + 2(ab + c)xy − 2(a + c)x− 2(c + b)y → max,
x ≥ 0, y ≥ 0.
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Ïðèëîæåíèå 1. Çíà÷åíèÿ ïàðàìåòðîâ

Âàðèàíò a b c k l
01 2 3 3 1 1
02 2 4 4 1 1
03 2 5 5 1 2
04 2 6 3 1 2
05 2 7 4 1 3
06 3 2 2 1 1
07 3 4 1 1 1
08 3 5 4 1 2
09 3 6 5 1 2
10 3 7 6 1 3
11 4 2 5 1 1
12 4 3 4 2 1
13 4 5 3 2 2
14 4 6 2 2 2
15 4 7 1 2 3
16 5 2 2 2 1
17 5 3 3 2 1
18 5 4 4 2 2
19 5 6 5 2 2
20 5 7 6 2 3
21 6 2 5 1 1
22 6 3 4 2 1
23 6 4 3 1 2
24 6 5 2 2 2
25 6 7 1 1 3
26 7 2 2 2 1
27 7 3 3 1 1
28 7 4 4 2 2
29 7 5 5 1 2
30 7 6 4 2 3
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Ïðèëîæåíèå 2. Áàëëû

Íîìåð çàäàíèÿ Áàëëû Çàìå÷àíèÿ

Ðàáîòà 1. Çàäàíèå 1 1 áàëë Çà êàæäûé ïóíêò (à, á, â)
Ðàáîòà 1. Çàäàíèå 2 1 áàëë Çà êàæäûé ïóíêò (à, á, â, ã)
Ðàáîòà 1. Çàäàíèå 3 1 áàëë Çà êàæäûé ïóíêò (à, á)
Ðàáîòà 1. Çàäàíèå 4 2 áàëëà Ôàêóëüòàòèâíîå çàäàíèå
Ðàáîòà 1. Çàäàíèå 5 3 áàëëà Ôàêóëüòàòèâíîå çàäàíèå
Ðàáîòà 1. Çàäàíèå 6 1 áàëë
Ðàáîòà 2. Çàäàíèå 1 4 áàëëà Çà êàæäóþ çàäà÷ó
Ðàáîòà 2. Çàäàíèå 2 4 áàëëà
Ðàáîòà 2. Çàäàíèå 3à 6 áàëëîâ Ôàêóëüòàòèâíîå çàäàíèå
Ðàáîòà 2. Çàäàíèå 3á 3 áàëëà
Ðàáîòà 2. Çàäàíèå 4 4 áàëëà
Ðàáîòà 2. Çàäàíèå 5 2 áàëëà Çà êàæäûé ïóíêò (à, á, â, ã)
Ðàáîòà 3. Çàäàíèå 1 2 áàëëà Çà êàæäûé ïóíêò (à, á)
Ðàáîòà 3. Çàäàíèå 2 3 áàëëà Çà êàæäóþ çàäà÷ó
Ðàáîòà 4. Çàäàíèå 1 1 áàëë
Ðàáîòà 4. Çàäàíèå 2 2 áàëëà
Ðàáîòà 4. Çàäàíèå 3 2 áàëëà
Ðàáîòà 4. Çàäàíèå 4 2 áàëëà
Ðàáîòà 4. Çàäàíèå 5 2 áàëëà Ôàêóëüòàòèâíîå çàäàíèå


