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Âàðèàíòû èíäèâèäóàëüíûõ çàäàíèé îõâàòûâàþò òàêèå òåìû êàê
ãðàôè÷åñêîå ðåøåíèå çàäà÷ ëèíåéíîãî ïðîãðàììèðîâàíèÿ, ïðÿìîé è
äâîéñòâåííûé ñèìïëåêñ-ìåòîä, äèñêðåòíîå ïðîãðàììèðîâàíèå, àíàëè-
òè÷åñêèå ìåòîäû íåëèíåéíîãî ïðîãðàììèðîâàíèÿ, äèíàìè÷åñêîå ïðî-
ãðàììèðîâàíèå. Àäðåñîâàíî áàêàëàâðàì íàïðàâëåíèÿ 02.03.02 ¾Ôóí-
äàìåíòàëüíàÿ èíôîðìàòèêà è èíôîðìàöèîííûå òåõíîëîãèè¿. Ìîæåò
áûòü èñïîëüçîâàíî ïðè ÷òåíèè êóðñà ¾Èññëåäîâàíèå îïåðàöèé¿ ó áà-
êàëàâðîâ íàïðàâëåíèÿ 08.05.00 ¾Áèçíåñ-èíôîðìàòèêà¿.
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Ââåäåíèå

Êîíòðîëüíàÿ ðàáîòà ïî ìåòîäàì îïòèìèçàöèè è èññëåäîâàíèþ îïå-
ðàöèé âûïîëíÿåòñÿ ñòóäåíòàìè äîìà, â ÷àñû, îòâåäåííûå äëÿ ñàìîñòîÿ-
òåëüíîé ðàáîòû. Îíà ïðåäñòàâëÿåò ñîáîé ñåðèþ èíäèâèäóàëüíûõ çàäà-
íèé, îõâàòûâàþùèõ âñþ òåìàòèêó ïðàêòè÷åñêèõ çàíÿòèé, è ïî óðîâíþ
ñëîæíîñòè ñîîòâåòñòâóåò ýêçàìåíàöèîííûì çàäà÷àì.

Îáÿçàòåëüíûìè ïðè âûïîëíåíèè ðàáîòû ñ÷èòàþòñÿ ñëåäóþùèå çà-
äàíèÿ:

• çàäàíèÿ 1-3 èç ðàáîòû 1;

• çàäàíèå 1à èç ðàáîòû 2;

• çàäàíèÿ 1-4 èç ðàáîòû 5.

Ñòóäåíò, íå âûïîëíèâøèé îáÿçàòåëüíûå çàäàíèÿ, ê ýêçàìåíó íå
äîïóñêàåòñÿ. Âñå îñòàëüíûå çàäàíèÿ ÿâëÿþòñÿ ôàêóëüòàòèâíûìè. Èõ
ìîæíî âûïîëíÿòü ñ òàêèì ðàñ÷åòîì, ÷òîáû ñóììàðíûé ðåéòèíã, ñîñ÷è-
òàííûé â ñîîòâåòñòâèè ñ Ïðèëîæåíèåì 2, ñîñòàâèë íå ìåíåå 41 áàëëà.

Çàäàíèÿ ìîæíî âûïîëíÿòü ïèñüìåííî, â îòäåëüíîé òåòðàäè. Êðîìå
òîãî, äëÿ ðåøåíèÿ íåêîòîðûõ çàäà÷ èç ñâîåé êîíòðîëüíîé ðàáîòû ñòó-
äåíò ìîæåò íàïèñàòü ïðîãðàììó íà ëþáîì ÿçûêå ïðîãðàììèðîâàíèÿ.
Â ýòîì ñëó÷àå ñòóäåíò äåìîíñòðèðóåò ïðåïîäàâàòåëþ, êàê ðàáîòàåò íà-
ïèñàííàÿ èì ïðîãðàììà, ñäàåò â ðàñïå÷àòàííîì âèäå åå êîä è â ñëó÷àå
íåîáõîäèìîñòè çàùèùàåò íàïèñàííóþ èì ïðîãðàììó, îòâå÷àÿ íà âîïðî-
ñû ïðåïîäàâàòåëÿ. Çà êàæäóþ ïðàâèëüíî íàïèñàííóþ è ðàáîòàþùóþ
ïðîãðàììó ñòóäåíò ïîëó÷àåò äîïîëíèòåëüíûå 10 áàëëîâ, ïîìèìî áàë-
ëîâ, óêàçàííûõ â Ïðèëîæåíèè 2.

Çàäà÷è, âõîäÿùèå â äàííóþ ðàáîòó, âûïîëíÿþòñÿ ñòóäåíòîì â òå-
÷åíèå âñåãî ñåìåñòðà ïî ìåðå èçó÷åíèÿ ìàòåðèàëà, îôîðìëÿþòñÿ è ñäà-
þòñÿ ïðåïîäàâàòåëþ äëÿ ïðîâåðêè. Åñëè êàêîå-òî èç çàäàíèé ðåøåíî
íåïðàâèëüíî, îíî âîçâðàùàåòñÿ ñòóäåíòó äëÿ äîðàáîòêè.

Ïîëíîñòüþ âûïîëíåííàÿ è ïðîâåðåííàÿ ðàáîòà õðàíèòñÿ ó ñòóäåí-
òà. Îíà ìîæåò áûòü èñïîëüçîâàíà ïðè ïîâòîðåíèè ïðîéäåííîãî ìàòå-
ðèàëà âî âðåìÿ ïîäãîòîâêè ê ýêçàìåíó èëè ïðè èçó÷åíèè äðóãèõ ìàòå-
ìàòè÷åñêèõ äèñöèïëèí.



Âàðèàíòû èíäèâèäóàëüíûõ çàäàíèé

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 (çäåñü è äàëåå çíà÷åíèÿ ïàðàìåòðîâ a, b, c, k, l äëÿ
êàæäîãî âàðèàíòà óêàçàíû â Ïðèëîæåíèè 1):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.
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â) 
kx + by → max,
ax + by ≥ ab,
(l + a)x− ly ≤ −la,
lx− (l + b)y ≥ lb,
x ≥ 0, y ≥ 0.

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 â ïåðâîé ãåîìåòðè÷åñêîé èíòåðïðåòàöèè òîé æå ñàìîé çàäà÷è.

Çàäàíèå 6.Çàïèñàòü äàííóþ çàäà÷ó ëèíåéíîãî ïðîãðàììèðîâà-
íèÿ â êàíîíè÷åñêîé ôîðìå. Âûÿñíèòü, ÿâëÿåòñÿ ëè óêàçàííûé áàçèñ
äîïóñòèìûì.
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Âàðèàíò 1.
7x1 + 2x2 − x3 − 2x4 → max,
x1 − 3x2 + x3 − x4 ≥ −2,
2x1 + 5x2 + 2x3 + x4 = 3,
x3 ≥ 0, x4 ≤ 0,

β = {a1, a3}.

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}.
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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}.

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

β = {a3, a4}.

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}.



Âàðèàíòû èíäèâèäóàëüíûõ çàäàíèé 9

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}.

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}.
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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}.

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.
à) Ðåøèòü çàäà÷ó 1à) èç ðàáîòû 1 ñèìïëåêñ-ìåòîäîì. Óáåäèòü-

ñÿ, ÷òî îòâåò íå çàâèñèò îò ìåòîäà ðåøåíèÿ çàäà÷è. Ïî ïîñëåäíåé
ñèìïëåêñ-òàáëèöå âíîâü çàïèñàòü çàäà÷ó â êàíîíè÷åñêîé ôîðìå, íî óæå
äëÿ íîâîãî áàçèñà, è îáúÿñíèòü, ïî÷åìó íàéäåííîå çíà÷åíèå öåëåâîé
ôóíêöèè äåéñòâèòåëüíî ìàêñèìàëüíî.

á) Ðåøèòü çàäà÷ó 2à) èç ðàáîòû 1 ñèìïëåêñ-ìåòîäîì, äëÿ ÷åãî
ïðåäâàðèòåëüíî íàéòè íà÷àëüíûé äîïóñòèìûé áàçèñ ïóòåì ïîäáîðà è
ïðåîáðàçîâàòü çàäà÷ó ê âèäó, äîïóñêàþùåìó íåïîñðåäñòâåííóþ çàïèñü
ñèìïëåêñ-òàáëèöû.

â) Ðåøèòü ñèìïëåêñ-ìåòîäîì çàäà÷ó 2á) èç ðàáîòû 1. Êàê ñâÿçàíû
ìåæäó ñîáîé ïåðâîíà÷àëüíûå ñèìïëåêñ-òàáëèöû â çàäà÷àõ 2à) è 2á),
åñëè ïåðâîíà÷àëüíûå áàçèñû â íèõ ñîâïàäàþò?

ã) Ðåøèòü ñèìïëåêñ-ìåòîäîì çàäà÷ó 1â) èç ðàáîòû 1. Â ÷åì ðàçíèöà
ìåæäó îòâåòîì, ïîëó÷åííûì ñ ïîìîùüþ ñèìïëåêñ-ìåòîäà, è îòâåòîì,
íàéäåííûì ãðàôè÷åñêè?

ä) Ðåøèòü ñèìïëåêñ-ìåòîäîì çàäà÷ó 3à) èç ðàáîòû 1.

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

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∗ = 3)

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.

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)
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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)

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)
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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)

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)
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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 ïåðâîíà÷àëüíîãî äîïóñòèìîãî 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.

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.
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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.

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.
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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.

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.
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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.

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.
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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.

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.
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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.

Ðåøèòü âîçíèêàþùóþ çàäà÷ó ëèíåéíîãî ïðîãðàììèðîâàíèÿ, âîñïîëü-
çîâàâøèñü äâîéñòâåííûì ñèìïëåêñ-ìåòîäîì.

á) Ïóñòü â òîé æå çàäà÷å êîìïîíåíòû âåêòîðà îãðàíè÷åíèé èçìå-
íèëè ñâîè çíà÷åíèÿ íà (b− 2l)a è (a− 2k)b ñîîòâåòñòâåííî. Âûÿñíèòü,
êàê ýòî ïîâëèÿåò íà âèä îïòèìàëüíîãî ïëàíà.

â) Ïóñòü â òîé æå çàäà÷å êîýôôèöèåíòû öåëåâîé ôóíêöèè èçìå-
íèëè ñâîè çíà÷åíèÿ:

f̂1 = (a− k)x + (b− l)y.

Âûÿñíèòü, èçìåíèòñÿ ëè îïòèìàëüíûé ïëàí.
ã) Â êàêèõ ïðåäåëàõ ìîãóò èçìåíÿòüñÿ êîýôôèöèåíòû öåëåâîé

ôóíêöèè, ÷òîáû îïòèìàëüíûé áàçèñ ñîäåðæàë òå æå ñàìûå ïåðåìåí-
íûå?
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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.

Çàäàíèå 3. Çàïèñàòü çàäà÷ó, äâîéñòâåííóþ ê çàäà÷å 1à) ðàáîòû
1, ïîñëå ÷åãî ðåøèòü åå (äâîéñòâåííûì) ñèìïëåêñ-ìåòîäîì. Ñðàâíèòü
âîçíèêàþùèå ïðè ýòîì ñèìïëåêñ-òàáëèöû ñ ñèìïëåêñ-òàáëèöàìè èç çà-
äàíèÿ 1à) ðàáîòû 2.

Çàäàíèå 4. Ïðåäñòàâèòü ìàòðè÷íûå èãðû ñ äàííûìè ïëàòåæ-
íûìè ìàòðèöàìè â âèäå ïàðû çàäà÷ ëèíåéíîãî ïðîãðàììèðîâàíèÿ è
ðåøèòü èõ, èñïîëüçóÿ òåîðåìû äâîéñòâåííîñòè.

a)

A =
(

a− kb a a + kb
a + lb a a− lb

)
;

á)

B = AT ;

â)

C = −AT .
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Ðàáîòà 4. Äèñêðåòíîå ïðîãðàììèðîâàíèå.

Çàäàíèå 1. Â çàäà÷å 1à) èç Ðàáîòû 1 ñäåëàòü çàìåíó ïåðåìåííûõ
Âàðèàíò 1.

x = 4x1 + 1
2; y = 3y1 + 1

3 .

Âàðèàíò 8.

x = 2x1 + 2
3; y = 3y1.

Âàðèàíòû 2�7 è 9�30.

x = 2x1 + 1
2; y = 3y1 + 1

3 .

à)Êàê èçìåíèòñÿ îáëàñòü äîïóñòèìûõ ïëàíîâ è îïòèìàëüíîå çíà-
÷åíèå öåëåâîé ôóíêöèè?

á)Äîáàâèòü â ïîëó÷èâøóþñÿ ó Âàñ çàäà÷ó óñëîâèå öåëî÷èñëåííî-
ñòè è ðåøèòü âîçíèêøóþ çàäà÷ó öåëî÷èñëåííîãî ëèíåéíîãî ïðîãðàì-
ìèðîâàíèÿ ìåòîäîì âåòâåé è ãðàíèö.

â)Ðåøèòü òó æå ñàìóþ çàäà÷ó ìåòîäîì Ãîìîðè (äîñòàòî÷íî âûïîë-
íèòü äâå èòåðàöèè). Ñðàâíèòü îòâåòû.

Çàäàíèå 2. Â çàäà÷å 3à) èç Ðàáîòû 1 ñäåëàòü çàìåíó ïåðåìåííûõ

x = x1 + 1
2bc

; y = y1 + 1
3ac

; z = z1 + 1
6ab

.

à)Êàê èçìåíèòñÿ îáëàñòü äîïóñòèìûõ ïëàíîâ è îïòèìàëüíîå çíà-
÷åíèå öåëåâîé ôóíêöèè?

á)Äîáàâèòü â ïîëó÷èâøóþñÿ ó Âàñ çàäà÷ó óñëîâèå öåëî÷èñëåííî-
ñòè è ðåøèòü âîçíèêøóþ çàäà÷ó öåëî÷èñëåííîãî ëèíåéíîãî ïðîãðàì-
ìèðîâàíèÿ ìåòîäîì âåòâåé è ãðàíèö.

â)Ðåøèòü òó æå ñàìóþ çàäà÷ó ìåòîäîì Ãîìîðè. Ñðàâíèòü îòâåòû.

Çàäàíèå 3. Ðåøèòü çàäà÷ó î íàçíà÷åíèÿõ ñ ìàòðèöåé

A =


k a + k b + k c + k ab + k
l a + l b + l c + l ac + l

k + l a + k + l b + k + l c + k + l bc + k + l
a− k ab− k ac− k bc− k abc− k
a− l ab− l ac− l bc− l abc− l

 .
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Ðàáîòà 5. 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 óñëîâíîé îïòèìèçàöèè ìåòîäîì Ëà-
ãðàíæà. Ïðåäâàðèòåëüíî îáúÿñíèòü, ïî÷åìó óñëîâèå òèïà íåðàâåíñòâà
â äàííîé çàäà÷å ñëåäóåò çàìåíèòü íà óñëîâèå òèïà ðàâåíñòâà, à óñëîâèÿ
íåîòðèöàòåëüíîñòè ïðè ïîèñêå íàèáîëüøåãî çíà÷åíèÿ öåëåâîé ôóíê-
öèè ìîæíî îïóñòèòü.

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.
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Âàðèàíò 3. 
6
√

x2
1 · x2 · x3

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

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.
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Âàðèàíò 10. 
4
√

x1 · x2 · x3 · x4 → max,
2x1 + 3x2 + x3 + x4 ≤ 150,
x1 ≥ 0, x2 ≥ 0, x3 ≥ 0, x4 ≥ 0.

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.
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Âàðèàíò 17. 
5
√

x2
1 · x2 · x2

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

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.
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Âàðèàíò 24. 
7
√

x1 · x4
2 · x2

3 → max,
x1 + x2 + x3 ≤ 60,
x1 ≥ 0, x2 ≥ 0, x3 ≥ 0.

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.
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Çàäàíèå 5. Ðåøèòü äàííóþ çàäà÷ó îïòèìèçàöèè, èñïîëüçóÿ
óñëîâèÿ Êóíà-Òàêêåðà. Ïðåäñòàâëÿÿ öåëåâóþ ôóíêöèþ êàê ñóììó
ïîëíûõ êâàäðàòîâ, îáúÿñíèòü, ïî÷åìó îïòèìàëüíîå çíà÷åíèå öåëåâîé
ôóíêöèè íå ìîæåò äîñòèãàòüñÿ íà áåñêîíå÷íîñòè.

Π(x, y) = −(a2 + c2)x2 − 2b2y2 + 2b(c− a)xy+
+2(ak + cl)x + 2b(k − l)y → max,

x ≥ 0, y ≥ 0.
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Ðàáîòà 6. Äèíàìè÷åñêîå ïðîãðàììèðîâàíèå.

Çàäàíèå 1. Ðåøèòå çàäà÷ó 4 èç ðàáîòû 5 ìåòîäîì äèíàìè÷åñêî-
ãî ïðîãðàììèðîâàíèÿ, èñïîëüçóÿ ìåòîä

à)ïðÿìîé ïðîãîíêè;
á)îáðàòíîé ïðîãîíêè.
Ñðàâíèòå ïîëó÷èâøèåñÿ ó âàñ îòâåòû.

Çàäàíèå 2. Ðåøèòü äàííóþ çàäà÷ó óñëîâíîé îïòèìèçàöèè ìåòî-
äîì äèíàìè÷åñêîãî ïðîãðàììèðîâàíèÿ, åñëè çíà÷åíèÿ ôóíêöèé fi(xi)
çàäàíû ñëåäóþùåé òàáëèöåé.

xi f1 f2 f3 f4

0 −5 10 3 1
1 −4 9 4 −1
2 −3 8 5 −2
3 −2 7 3 −1
4 −1 6 4 0
5 0 5 5 1
6 1 4 3 2
7 2 3 4 3
8 3 2 5 2
9 4 1 6 1
10 5 0 5 0

> 10 6 −1 4 −2

Âàðèàíò 1.
f1(x1) + f2(x2) + f3(x3) + f4(x4) → max,
x1 · x2 + kx3 + lx4 = 12,
x1 ≥ 0, x2 ≥ 0, x3 ≥ 0, x4 ≥ 0,
x1 ∈ Z, x2 ∈ Z, x3 ∈ Z, x4 ∈ Z.

Âàðèàíò 2.
f1(x1) + f2(x2) + f3(x3) + f4(x4) → max,
x1 · x2 + kx3 + lx4 = 15,
x1 ≥ 0, x2 ≥ 0, x3 ≥ 0, x4 ≥ 1,
x1 ∈ Z, x2 ∈ Z, x3 ∈ Z, x4 ∈ Z.
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Âàðèàíò 3.
f1(x1) + f2(x2) + f3(x3) + f4(x4) → max,
x1 · x2 + kx3 + lx4 = 16,
x1 ≥ 0, x2 ≥ 0, x3 ≥ 1, x4 ≥ 1,
x1 ∈ Z, x2 ∈ Z, x3 ∈ Z, x4 ∈ Z.

Âàðèàíò 4.
f1(x1) + f2(x2) + f3(x3) + f4(x4) → max,
x1 · x2 + kx3 + lx4 = 18,
x1 ≥ 0, x2 ≥ 0, x3 ≥ 2, x4 ≥ 2,
x1 ∈ Z, x2 ∈ Z, x3 ∈ Z, x4 ∈ Z.

Âàðèàíò 5.
f1(x1) + f2(x2) + f3(x3) + f4(x4) → max,
x1 · x2 + kx3 + lx4 = 20,
x1 ≥ 0, x2 ≥ 0, x3 ≥ 2, x4 ≥ 2,
x1 ∈ Z, x2 ∈ Z, x3 ∈ Z, x4 ∈ Z.

Âàðèàíò 6.
f1(x1) + f2(x2) + f3(x3) + f4(x4) → max,
x1 · x2 · x3 + lx4 = 12,
x1 ≥ 0, x2 ≥ 0, x3 ≥ 0, x4 ≥ 0,
x1 ∈ Z, x2 ∈ Z, x3 ∈ Z, x4 ∈ Z.

Âàðèàíò 7.
f1(x1) + f2(x2) + f3(x3) + f4(x4) → max,
x1 · x2 · x3 + lx4 = 15,
x1 ≥ 0, x2 ≥ 0, x3 ≥ 0, x4 ≥ 1,
x1 ∈ Z, x2 ∈ Z, x3 ∈ Z, x4 ∈ Z.

Âàðèàíò 8.
f1(x1) + f2(x2) + f3(x3) + f4(x4) → max,
x1 · x2 · x3 + lx4 = 16,
x1 ≥ 0, x2 ≥ 0, x3 ≥ 1, x4 ≥ 1,
x1 ∈ Z, x2 ∈ Z, x3 ∈ Z, x4 ∈ Z.
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Âàðèàíò 9.
f1(x1) + f2(x2) + f3(x3) + f4(x4) → max,
x1 · x2 · x3 + lx4 = 18,
x1 ≥ 0, x2 ≥ 0, x3 ≥ 2, x4 ≥ 2,
x1 ∈ Z, x2 ∈ Z, x3 ∈ Z, x4 ∈ Z.

Âàðèàíò 10.
f1(x1) + f2(x2) + f3(x3) + f4(x4) → max,
x1 · x2 · x3 + lx4 = 20,
x1 ≥ 0, x2 ≥ 0, x3 ≥ 2, x4 ≥ 2,
x1 ∈ Z, x2 ∈ Z, x3 ∈ Z, x4 ∈ Z.

Âàðèàíò 11.
f1(x1) + f2(x2) + f3(x3) + f4(x4) → max,
kx1 + x2 · x3 · x4 = 12,
x1 ≥ 0, x2 ≥ 0, x3 ≥ 0, x4 ≥ 0,
x1 ∈ Z, x2 ∈ Z, x3 ∈ Z, x4 ∈ Z.

Âàðèàíò 12.
f1(x1) + f2(x2) + f3(x3) + f4(x4) → max,
kx1 + x2 · x3 · x4 = 15,
x1 ≥ 0, x2 ≥ 0, x3 ≥ 0, x4 ≥ 1,
x1 ∈ Z, x2 ∈ Z, x3 ∈ Z, x4 ∈ Z.

Âàðèàíò 13.
f1(x1) + f2(x2) + f3(x3) + f4(x4) → max,
kx1 + x2 · x3 · x4 = 16,
x1 ≥ 0, x2 ≥ 0, x3 ≥ 1, x4 ≥ 1,
x1 ∈ Z, x2 ∈ Z, x3 ∈ Z, x4 ∈ Z.

Âàðèàíò 14.
f1(x1) + f2(x2) + f3(x3) + f4(x4) → max,
kx1 + x2 · x3 · x4 = 18,
x1 ≥ 0, x2 ≥ 0, x3 ≥ 2, x4 ≥ 2,
x1 ∈ Z, x2 ∈ Z, x3 ∈ Z, x4 ∈ Z.
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Âàðèàíò 15.
f1(x1) + f2(x2) + f3(x3) + f4(x4) → max,
kx1 + x2 · x3 · x4 = 20,
x1 ≥ 0, x2 ≥ 0, x3 ≥ 2, x4 ≥ 2,
x1 ∈ Z, x2 ∈ Z, x3 ∈ Z, x4 ∈ Z.

Âàðèàíò 16.
f1(x1) + f2(x2) + f3(x3) + f4(x4) → max,
kx1 + lx2 + x3 · x4 = 12,
x1 ≥ 0, x2 ≥ 0, x3 ≥ 0, x4 ≥ 0,
x1 ∈ Z, x2 ∈ Z, x3 ∈ Z, x4 ∈ Z.

Âàðèàíò 17.
f1(x1) + f2(x2) + f3(x3) + f4(x4) → max,
kx1 + lx2 + x3 · x4 = 15,
x1 ≥ 0, x2 ≥ 0, x3 ≥ 0, x4 ≥ 1,
x1 ∈ Z, x2 ∈ Z, x3 ∈ Z, x4 ∈ Z.

Âàðèàíò 18.
f1(x1) + f2(x2) + f3(x3) + f4(x4) → max,
kx1 + lx2 + x3 · x4 = 16,
x1 ≥ 0, x2 ≥ 0, x3 ≥ 1, x4 ≥ 1,
x1 ∈ Z, x2 ∈ Z, x3 ∈ Z, x4 ∈ Z.

Âàðèàíò 19.
f1(x1) + f2(x2) + f3(x3) + f4(x4) → max,
kx1 + lx2 + x3 · x4 = 18,
x1 ≥ 0, x2 ≥ 0, x3 ≥ 2, x4 ≥ 2,
x1 ∈ Z, x2 ∈ Z, x3 ∈ Z, x4 ∈ Z.

Âàðèàíò 20.
f1(x1) + f2(x2) + f3(x3) + f4(x4) → max,
kx1 + lx2 + x3 · x4 = 20,
x1 ≥ 0, x2 ≥ 0, x3 ≥ 2, x4 ≥ 2,
x1 ∈ Z, x2 ∈ Z, x3 ∈ Z, x4 ∈ Z.
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Âàðèàíò 21.
f1(x1) + f2(x2) + f3(x3) + f4(x4) → max,
(kx1 + lx2 + x3) · x4 = 12,
x1 ≥ 0, x2 ≥ 0, x3 ≥ 0, x4 ≥ 0,
x1 ∈ Z, x2 ∈ Z, x3 ∈ Z, x4 ∈ Z.

Âàðèàíò 22.
f1(x1) + f2(x2) + f3(x3) + f4(x4) → max,
(kx1 + lx2 + x3) · x4 = 15,
x1 ≥ 0, x2 ≥ 0, x3 ≥ 0, x4 ≥ 1,
x1 ∈ Z, x2 ∈ Z, x3 ∈ Z, x4 ∈ Z.

Âàðèàíò 23.
f1(x1) + f2(x2) + f3(x3) + f4(x4) → max,
(kx1 + lx2 + x3) · x4 = 16,
x1 ≥ 0, x2 ≥ 0, x3 ≥ 1, x4 ≥ 1,
x1 ∈ Z, x2 ∈ Z, x3 ∈ Z, x4 ∈ Z.

Âàðèàíò 24.
f1(x1) + f2(x2) + f3(x3) + f4(x4) → max,
(kx1 + lx2 + x3) · x4 = 18,
x1 ≥ 0, x2 ≥ 0, x3 ≥ 2, x4 ≥ 2,
x1 ∈ Z, x2 ∈ Z, x3 ∈ Z, x4 ∈ Z.

Âàðèàíò 25.
f1(x1) + f2(x2) + f3(x3) + f4(x4) → max,
(kx1 + lx2 + x3) · x4 = 20,
x1 ≥ 0, x2 ≥ 0, x3 ≥ 2, x4 ≥ 2,
x1 ∈ Z, x2 ∈ Z, x3 ∈ Z, x4 ∈ Z.

Âàðèàíò 26.
f1(x1) + f2(x2) + f3(x3) + f4(x4) → max,
x1 · x2 · x3 · x4 = 12,
x1 ≥ 0, x2 ≥ 0, x3 ≥ 0, x4 ≥ 0,
x1 ∈ Z, x2 ∈ Z, x3 ∈ Z, x4 ∈ Z.
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Âàðèàíò 27.
f1(x1) + f2(x2) + f3(x3) + f4(x4) → max,
x1 · x2 · x3 · x4 = 15,
x1 ≥ 0, x2 ≥ 0, x3 ≥ 0, x4 ≥ 1,
x1 ∈ Z, x2 ∈ Z, x3 ∈ Z, x4 ∈ Z.

Âàðèàíò 28.
f1(x1) + f2(x2) + f3(x3) + f4(x4) → max,
x1 · x2 · x3 · x4 = 16,
x1 ≥ 0, x2 ≥ 0, x3 ≥ 1, x4 ≥ 1,
x1 ∈ Z, x2 ∈ Z, x3 ∈ Z, x4 ∈ Z.

Âàðèàíò 29.
f1(x1) + f2(x2) + f3(x3) + f4(x4) → max,
x1 · x2 · x3 · x4 = 18,
x1 ≥ 0, x2 ≥ 0, x3 ≥ 2, x4 ≥ 2,
x1 ∈ Z, x2 ∈ Z, x3 ∈ Z, x4 ∈ Z.

Âàðèàíò 30.
f1(x1) + f2(x2) + f3(x3) + f4(x4) → max,
x1 · x2 · x3 · x4 = 20,
x1 ≥ 0, x2 ≥ 0, x3 ≥ 2, x4 ≥ 2,
x1 ∈ Z, x2 ∈ Z, x3 ∈ Z, x4 ∈ Z.

Çàäàíèå 3. Ðåøèòå ìåòîäîì äèíàìè÷åñêîãî ïðîãðàììèðîâàíèÿ
çàäà÷ó î íàéìå ðàáîòíèêîâ ïðè ñëåäóþùèõ óñëîâèÿõ:

1)Â íà÷àëå ðàññìàòðèâàåìîãî ïåðèîäà ñîòðóäíèêîâ íà ôèðìå íå
áûëî.

2)Îïòèìàëüíîå êîëè÷åñòâî ñîòðóäíèêîâ â òå÷åíèå ñëåäóþùèõ òðåõ
ìåñÿöåâ ñîñòàâëÿåò m1 = a; m2 = b; m3 = c ÷åëîâåê ñîîòâåòñòâåííî. Â
êîíöå ïåðèîäà êîëè÷åñòâî ñîòðóäíèêîâ ìîæåò áûòü ëþáûì.

3)Ïðèåì íà ðàáîòó îäíîãî ñîòðóäíèêà îáõîäèòñÿ ðóêîâîäñòâó ôèð-
ìû â bc äåíåæíûõ åäèíèö, óâîëüíåíèå � â b + l äåíåæíûõ åäèíèö.

4)Ïðèñóòñòâèå íà ðàáîòå îäíîãî ëèøíåãî ñîòðóäíèêà îáõîäèòñÿ ðó-
êîâîäñòâó ôèðìû â a+k äåíåæíûõ åäèíèö â òå÷åíèå ìåñÿöà, íåõâàòêà
îäíîãî ñîòðóäíèêà � â ab äåíåæíûõ åäèíèö â òå÷åíèå ìåñÿöà.
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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
Ðàáîòà 1. Çàäàíèå 5 3 áàëëà Çà êàæäóþ çàäà÷ó
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
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 3. Çàäàíèå 3 4 áàëëà
Ðàáîòà 3. Çàäàíèå 4 4 áàëëà Çà êàæäûé ïóíêò (à, á, â)
Ðàáîòà 4. Çàäàíèå 1à 1 áàëë
Ðàáîòà 4. Çàäàíèå 1á 4 áàëëà
Ðàáîòà 4. Çàäàíèå 1â 4 áàëëà
Ðàáîòà 4. Çàäàíèå 2à 1 áàëë
Ðàáîòà 4. Çàäàíèå 2á 4 áàëëà
Ðàáîòà 4. Çàäàíèå 2â 4 áàëëà
Ðàáîòà 4. Çàäàíèå 3 4 áàëëà
Ðàáîòà 5. Çàäàíèå 1 1 áàëë
Ðàáîòà 5. Çàäàíèå 2 2 áàëëà
Ðàáîòà 5. Çàäàíèå 3 2 áàëëà
Ðàáîòà 5. Çàäàíèå 4 2 áàëëà
Ðàáîòà 5. Çàäàíèå 5 2 áàëëà
Ðàáîòà 6. Çàäàíèå 1à 5 áàëëîâ
Ðàáîòà 6. Çàäàíèå 1á 5 áàëëîâ
Ðàáîòà 6. Çàäàíèå 2 5 áàëëîâ
Ðàáîòà 6. Çàäàíèå 3 5 áàëëîâ


