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Äèñêðåòíàÿ çàäà÷à î ðþêçàêå

Âõîäíûå äàííûå:

Åñòü n âåùåé è ðþêçàê âìåñòèìîñòüþ s

Âåùü ñ íîìåðîì i õàðàêòåðèçóåòñÿ ðàçìåðîì (âåñîì) wi è

öåíîé ci

Öåí íåò, íóæíî íàáðàòü êàê ìîæíî áîëüøèé âåñ (ci = wi)

Íóæíî âûáðàòü íåêîòîðîå ïîäìíîæåñòâî âåùåé òàê, ÷òîáû:

Ñóììàðíûé ðàçìåð âûáðàííûõ âåùåé íå ïðåâîñõîäèë s

Ñóììàðíàÿ öåíà âûáðàííûõ âåùåé áûëà êàê ìîæíî

áîëüøå

Äîïîëíèòåëüíîå óñëîâèå: wi�ïîëîæèòåëüíûå öåëûå ÷èñëà.
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Åù¼ îäíî îïòèìàëüíîå ðåøåíèå:
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Âñåãî åñòü 2 · 2 · 2 · 2 = 16 âàðèàíòîâ ðåøåíèÿ:

êàæäóþ âåùü ìîæíî íåçàâèñèìî îò äðóãèõ

ëèáî âçÿòü, ëèáî íå âçÿòü.
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ïîäìíîæåñòâî ñ ìàêñèìàëüíîé ñóììàðíîé öåíîé

Òðóäî¼ìêîñòü: O(2n · n), ïðè àêêóðàòíîé ðåàëèçàöèè O(2n).
Íåäîñòàòîê: áîëüøîå (ýêñïîíåíöèàëüíîå) âðåìÿ ðàáîòû.
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Äèñêðåòíàÿ çàäà÷à î ðþêçàêå Ðåøåíèÿ: æàäíûå àëãîðèòìû

Ñîäåðæàíèå

1 Äèñêðåòíàÿ çàäà÷à î ðþêçàêå

Ïîñòàíîâêà çàäà÷è

Âàðèàíòû ïîñòàíîâêè çàäà÷è

Ïðèìåð

Ðåøåíèÿ: íàèâíûé àëãîðèòì

Ðåøåíèÿ: æàäíûå àëãîðèòìû

Ðåøåíèÿ: äèíàìè÷åñêîå ïðîãðàììèðîâàíèå

Âîññòàíîâëåíèå ðåøåíèÿ

Ñëó÷àé ci = wi

Äâå êó÷êè ìîíåò
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Æàäíûå àëãîðèòìû

Óïîðÿäî÷èì âåùè ïî êàêîìó-òî êðèòåðèþ

Ðàññìîòðèì âåùè â ïîëó÷åííîì ïîðÿäêå

Âîçüì¼ì òå èç íèõ, íà êîòîðûå õâàòàåò ìåñòà

Òðóäî¼ìêîñòü: O(n log n) íà ñîðòèðîâêó +O(n) íà âûáîð.
Íåäîñòàòîê: æàäíûå àëãîðèòìû ðåøåíèÿ ýòîé çàäà÷è íåâåðíû.
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Æàäíûå àëãîðèòìû

Óïîðÿäî÷èì âåùè ïî êàêîìó-òî êðèòåðèþ

Ðàññìîòðèì âåùè â ïîëó÷åííîì ïîðÿäêå

Âîçüì¼ì òå èç íèõ, íà êîòîðûå õâàòàåò ìåñòà

Òðóäî¼ìêîñòü: O(n log n) íà ñîðòèðîâêó +O(n) íà âûáîð.
Íåäîñòàòîê: æàäíûå àëãîðèòìû ðåøåíèÿ ýòîé çàäà÷è íåâåðíû.
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Æàäíûå àëãîðèòìû

Óïîðÿäî÷èì âåùè ïî êàêîìó-òî êðèòåðèþ

Ðàññìîòðèì âåùè â ïîëó÷åííîì ïîðÿäêå

Âîçüì¼ì òå èç íèõ, íà êîòîðûå õâàòàåò ìåñòà

Òðóäî¼ìêîñòü: O(n log n) íà ñîðòèðîâêó +O(n) íà âûáîð.
Íåäîñòàòîê: æàäíûå àëãîðèòìû ðåøåíèÿ ýòîé çàäà÷è íåâåðíû.
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Æàäíûå àëãîðèòìû

1. Ïîðÿäîê ñîðòèðîâêè: ïî óáûâàíèþ öåíû ci

n = 4

s = 6

i 1 2 3 4

wi 4 3 2 1

ci 7 5 3 2
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Æàäíûå àëãîðèòìû

1. Ïîðÿäîê ñîðòèðîâêè: ïî óáûâàíèþ öåíû ci

n = 4

s = 6

i 1 2 3 4

wi 4 3 2 1

ci 7 5 3 2

Íàéäåííîå ðåøåíèå:

Âûáåðåì âåùè ñ íîìåðàìè 1 è 3.

Ñóììàðíûé âåñ ðàâåí 4+ 2 = 6.

Ñóììàðíàÿ öåíà ðàâíà 7+ 3 = 10.

Ðåøåíèå îïòèìàëüíî.
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Äèñêðåòíàÿ çàäà÷à î ðþêçàêå Ðåøåíèÿ: æàäíûå àëãîðèòìû

Æàäíûå àëãîðèòìû

1. Ïîðÿäîê ñîðòèðîâêè: ïî óáûâàíèþ öåíû ci

n = 3

s = 3

i 1 2 3

wi 3 2 1

ci 4 3 2
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Æàäíûå àëãîðèòìû

1. Ïîðÿäîê ñîðòèðîâêè: ïî óáûâàíèþ öåíû ci

n = 3

s = 3

i 1 2 3

wi 3 2 1

ci 4 3 2

Íàéäåííîå ðåøåíèå:

Âûáåðåì âåùü ñ íîìåðîì 1.

Ñóììàðíûé âåñ ðàâåí 3.

Ñóììàðíàÿ öåíà ðàâíà 4.

Íî ýòî ðåøåíèå íåîïòèìàëüíî.

Èâàí Êàçìåíêî (ÌÊÍ ÑÏáÃÓ) Äèñêðåòíàÿ çàäà÷à î ðþêçàêå 20.02.2026 12 / 21
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Æàäíûå àëãîðèòìû

1. Ïîðÿäîê ñîðòèðîâêè: ïî óáûâàíèþ öåíû ci

n = 3

s = 3

i 1 2 3

wi 3 2 1

ci 4 3 2

Îïòèìàëüíîå ðåøåíèå:

Âûáåðåì âåùè ñ íîìåðàìè 2 è 3.

Ñóììàðíûé âåñ ðàâåí 2+ 1 = 3.

Ñóììàðíàÿ öåíà ðàâíà 3+ 2 = 5.

Çíà÷èò, àëãîðèòì ðàáîòàåò íåâåðíî.
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Æàäíûå àëãîðèòìû

2. Ïîðÿäîê ñîðòèðîâêè: ïî óáûâàíèþ âåñà wi

n = 4

s = 6

i 1 2 3 4

wi 4 3 2 1

ci 7 5 3 2
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Æàäíûå àëãîðèòìû

2. Ïîðÿäîê ñîðòèðîâêè: ïî óáûâàíèþ âåñà wi

n = 4

s = 6

i 1 2 3 4

wi 4 3 2 1

ci 7 5 3 2

Íàéäåííîå ðåøåíèå:

Âûáåðåì âåùè ñ íîìåðàìè 1 è 3.

Ñóììàðíûé âåñ ðàâåí 4+ 2 = 6.

Ñóììàðíàÿ öåíà ðàâíà 7+ 3 = 10.

Ðåøåíèå îïòèìàëüíî.

Èâàí Êàçìåíêî (ÌÊÍ ÑÏáÃÓ) Äèñêðåòíàÿ çàäà÷à î ðþêçàêå 20.02.2026 12 / 21



Äèñêðåòíàÿ çàäà÷à î ðþêçàêå Ðåøåíèÿ: æàäíûå àëãîðèòìû

Æàäíûå àëãîðèòìû

2. Ïîðÿäîê ñîðòèðîâêè: ïî óáûâàíèþ âåñà wi

n = 3

s = 3

i 1 2 3

wi 3 2 1

ci 4 3 2
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Æàäíûå àëãîðèòìû

2. Ïîðÿäîê ñîðòèðîâêè: ïî óáûâàíèþ âåñà wi

n = 3

s = 3

i 1 2 3

wi 3 2 1

ci 4 3 2

Íàéäåííîå ðåøåíèå:

Âûáåðåì âåùü ñ íîìåðîì 1.

Ñóììàðíûé âåñ ðàâåí 3.

Ñóììàðíàÿ öåíà ðàâíà 4.

Íî ýòî ðåøåíèå íåîïòèìàëüíî.
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Æàäíûå àëãîðèòìû

2. Ïîðÿäîê ñîðòèðîâêè: ïî óáûâàíèþ âåñà wi

n = 3

s = 3

i 1 2 3

wi 3 2 1

ci 4 3 2

Îïòèìàëüíîå ðåøåíèå:

Âûáåðåì âåùè ñ íîìåðàìè 2 è 3.

Ñóììàðíûé âåñ ðàâåí 2+ 1 = 3.

Ñóììàðíàÿ öåíà ðàâíà 3+ 2 = 5 > 4.

Çíà÷èò, àëãîðèòì ðàáîòàåò íåâåðíî.
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Æàäíûå àëãîðèòìû

3. Ïîðÿäîê ñîðòèðîâêè: ïî âîçðàñòàíèþ âåñà wi

n = 4

s = 6

i 1 2 3 4

wi 1 2 3 4

ci 2 3 5 7
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Æàäíûå àëãîðèòìû

3. Ïîðÿäîê ñîðòèðîâêè: ïî âîçðàñòàíèþ âåñà wi

n = 4

s = 6

i 1 2 3 4

wi 1 2 3 4

ci 2 3 5 7

Íàéäåííîå ðåøåíèå:

Âûáåðåì âåùè ñ íîìåðàìè 1, 2 è 3.

Ñóììàðíûé âåñ ðàâåí 1+ 2+ 3 = 6.

Ñóììàðíàÿ öåíà ðàâíà 2+ 3+ 5 = 10.

Ðåøåíèå îïòèìàëüíî.
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Æàäíûå àëãîðèòìû

3. Ïîðÿäîê ñîðòèðîâêè: ïî âîçðàñòàíèþ âåñà wi

n = 3

s = 5

i 1 2 3

wi 2 3 4

ci 1 2 4

Èâàí Êàçìåíêî (ÌÊÍ ÑÏáÃÓ) Äèñêðåòíàÿ çàäà÷à î ðþêçàêå 20.02.2026 12 / 21



Äèñêðåòíàÿ çàäà÷à î ðþêçàêå Ðåøåíèÿ: æàäíûå àëãîðèòìû

Æàäíûå àëãîðèòìû

3. Ïîðÿäîê ñîðòèðîâêè: ïî âîçðàñòàíèþ âåñà wi

n = 3

s = 5

i 1 2 3

wi 2 3 4

ci 1 2 4

Íàéäåííîå ðåøåíèå:

Âûáåðåì âåùè ñ íîìåðàìè 1 è 2.

Ñóììàðíûé âåñ ðàâåí 2+ 3 = 5.

Ñóììàðíàÿ öåíà ðàâíà 1+ 2 = 3.

Íî ýòî ðåøåíèå íåîïòèìàëüíî.
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Æàäíûå àëãîðèòìû

3. Ïîðÿäîê ñîðòèðîâêè: ïî âîçðàñòàíèþ âåñà wi

n = 3

s = 5

i 1 2 3

wi 2 3 4

ci 1 2 4

Îïòèìàëüíîå ðåøåíèå:

Âûáåðåì âåùü ñ íîìåðîì 3.

Ñóììàðíûé âåñ ðàâåí 4.

Ñóììàðíàÿ öåíà ðàâíà 4 > 3.

Çíà÷èò, àëãîðèòì ðàáîòàåò íåâåðíî.
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Æàäíûå àëãîðèòìû

4. Ïîðÿäîê ñîðòèðîâêè: ïî óáûâàíèþ ¾óäåëüíîé ñòîèìîñòè¿ ci

wi

n = 4

s = 6

i 1 2 3 4

wi 1 4 3 2

ci 2 7 5 3
ci

wi
2.0 1.75 1.666 . . . 1.5
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Æàäíûå àëãîðèòìû

4. Ïîðÿäîê ñîðòèðîâêè: ïî óáûâàíèþ ¾óäåëüíîé ñòîèìîñòè¿ ci

wi

n = 4

s = 6

i 1 2 3 4

wi 1 4 3 2

ci 2 7 5 3
ci

wi
2.0 1.75 1.666 . . . 1.5

Íàéäåííîå ðåøåíèå:

Âûáåðåì âåùè ñ íîìåðàìè 1 è 2.

Ñóììàðíûé âåñ ðàâåí 1+ 4 = 5.

Ñóììàðíàÿ öåíà ðàâíà 2+ 7 = 9.

Íî ýòî ðåøåíèå íåîïòèìàëüíî (9 < 10).

Çíà÷èò, àëãîðèòì ðàáîòàåò íåâåðíî.
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Ñîäåðæàíèå

1 Äèñêðåòíàÿ çàäà÷à î ðþêçàêå

Ïîñòàíîâêà çàäà÷è

Âàðèàíòû ïîñòàíîâêè çàäà÷è

Ïðèìåð

Ðåøåíèÿ: íàèâíûé àëãîðèòì

Ðåøåíèÿ: æàäíûå àëãîðèòìû

Ðåøåíèÿ: äèíàìè÷åñêîå ïðîãðàììèðîâàíèå

Âîññòàíîâëåíèå ðåøåíèÿ

Ñëó÷àé ci = wi

Äâå êó÷êè ìîíåò
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Ðåøåíèå äèíàìè÷åñêèì ïðîãðàììèðîâàíèåì

Âîñïîëüçóåìñÿ òåì, ÷òî âåñà� íåáîëüøèå öåëûå ÷èñëà

Áóäåì ðàññìàòðèâàòü âåùè ïî ïîðÿäêó

Ïîäçàäà÷à:

Ïóñòü ìû ðàññìîòðåëè ïåðâûå k âåùåé

Äëÿ êàæäîãî öåëîãî ñóììàðíîãî âåñà u (0 ⩽ u ⩽ s)

âûÿñíèì, êàêóþ ìàêñèìàëüíóþ ñóììàðíóþ öåíó ìîãóò

èìåòü âåùè ñ òàêèì âåñîì
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Ðåøåíèå äèíàìè÷åñêèì ïðîãðàììèðîâàíèåì

Âîñïîëüçóåìñÿ òåì, ÷òî âåñà� íåáîëüøèå öåëûå ÷èñëà

Áóäåì ðàññìàòðèâàòü âåùè ïî ïîðÿäêó

Ïîäçàäà÷à:

Ïóñòü ìû ðàññìîòðåëè ïåðâûå k âåùåé

Äëÿ êàæäîãî öåëîãî ñóììàðíîãî âåñà u (0 ⩽ u ⩽ s)

âûÿñíèì, êàêóþ ìàêñèìàëüíóþ ñóììàðíóþ öåíó ìîãóò

èìåòü âåùè ñ òàêèì âåñîì
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Ðåøåíèå äèíàìè÷åñêèì ïðîãðàììèðîâàíèåì

Ñîñòîÿíèå: (k,u)�êîëè÷åñòâî ðàññìîòðåííûõ âåùåé è

ñóììàðíûé âåñ.

Öåëåâàÿ ôóíêöèÿ: f(k,u)�ìàêñèìàëüíàÿ ñóììàðíàÿ öåíà.

Áàçà: f(0, 0) = 0, f(0,u) = −∞ äëÿ âñåõ u > 0.

Îòâåò: Ìàêñèìóì f(n,u) ïî âñåì 0 ⩽ u ⩽ s.

Ïåðåõîä: ïóñòü èçâåñòíû âñå f(k− 1,u), ïîëó÷èì âñå f(k,u).
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Äèñêðåòíàÿ çàäà÷à î ðþêçàêå Ðåøåíèÿ: äèíàìè÷åñêîå ïðîãðàììèðîâàíèå

Ðåøåíèå äèíàìè÷åñêèì ïðîãðàììèðîâàíèåì

Ñîñòîÿíèå: (k,u)�êîëè÷åñòâî ðàññìîòðåííûõ âåùåé è

ñóììàðíûé âåñ.

Öåëåâàÿ ôóíêöèÿ: f(k,u)�ìàêñèìàëüíàÿ ñóììàðíàÿ öåíà.

Áàçà: f(0, 0) = 0, f(0,u) = −∞ äëÿ âñåõ u > 0.

Îòâåò: Ìàêñèìóì f(n,u) ïî âñåì 0 ⩽ u ⩽ s.

Ïåðåõîä: ïóñòü èçâåñòíû âñå f(k− 1,u), ïîëó÷èì âñå f(k,u).
Äèíàìèêà âïåð¼ä: èç ñîñòîÿíèÿ (k− 1,u) åñòü äâà ïåðåõîäà.

Â (k,u), åñëè íå áðàòü âåùü k, öåíà íå èçìåíèëàñü

Â (k,u+ wk), åñëè áðàòü âåùü k, öåíà âûðîñëà íà ck

for k := 1 upto n:

for u := 0 upto s:

if f[k][u] < f[k - 1][u]:

f[k][u] := f[k - 1][u]

if f[k][u + w[k]] < f[k - 1][u] + c[k]:

f[k][u + w[k]] := f[k - 1][u] + c[k]
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Äèñêðåòíàÿ çàäà÷à î ðþêçàêå Ðåøåíèÿ: äèíàìè÷åñêîå ïðîãðàììèðîâàíèå

Ðåøåíèå äèíàìè÷åñêèì ïðîãðàììèðîâàíèåì

Ñîñòîÿíèå: (k,u)�êîëè÷åñòâî ðàññìîòðåííûõ âåùåé è

ñóììàðíûé âåñ.

Öåëåâàÿ ôóíêöèÿ: f(k,u)�ìàêñèìàëüíàÿ ñóììàðíàÿ öåíà.

Áàçà: f(0, 0) = 0, f(0,u) = −∞ äëÿ âñåõ u > 0.

Îòâåò: Ìàêñèìóì f(n,u) ïî âñåì 0 ⩽ u ⩽ s.

Ïåðåõîä: ïóñòü èçâåñòíû âñå f(k− 1,u), ïîëó÷èì âñå f(k,u).
Äèíàìèêà âïåð¼ä: èç ñîñòîÿíèÿ (k− 1,u) åñòü äâà ïåðåõîäà.

Â (k,u), åñëè íå áðàòü âåùü k, öåíà íå èçìåíèëàñü

Â (k,u+ wk), åñëè áðàòü âåùü k, öåíà âûðîñëà íà ck
for k := 1 upto n:

for u := 0 upto s:

if f[k][u] < f[k - 1][u]:

f[k][u] := f[k - 1][u]

if u + w[k] <= s:

if f[k][u + w[k]] < f[k - 1][u] + c[k]:

f[k][u + w[k]] := f[k - 1][u] + c[k]
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Ðåøåíèå äèíàìè÷åñêèì ïðîãðàììèðîâàíèåì

Ñîñòîÿíèå: (k,u)�êîëè÷åñòâî ðàññìîòðåííûõ âåùåé è

ñóììàðíûé âåñ.

Öåëåâàÿ ôóíêöèÿ: f(k,u)�ìàêñèìàëüíàÿ ñóììàðíàÿ öåíà.

Áàçà: f(0, 0) = 0, f(0,u) = −∞ äëÿ âñåõ u > 0.

Îòâåò: Ìàêñèìóì f(n,u) ïî âñåì 0 ⩽ u ⩽ s.

Ïåðåõîä: ïóñòü èçâåñòíû âñå f(k− 1,u), ïîëó÷èì âñå f(k,u).
Äèíàìèêà íàçàä: â ñîñòîÿíèå (k,u) åñòü äâà ïåðåõîäà.

Èç (k− 1,u), åñëè íå áðàòü âåùü k, öåíà íå èçìåíèëàñü

Èç (k− 1,u− wk), åñëè áðàòü âåùü k, öåíà âûðîñëà íà ck

for k := 1 upto n:

for u := 0 upto s:

if f[k][u] < f[k - 1][u]:

f[k][u] := f[k - 1][u]

if f[k][u] < f[k - 1][u - w[k]] + c[k]:

f[k][u] := f[k - 1][u - w[k]] + c[k]
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Ðåøåíèå äèíàìè÷åñêèì ïðîãðàììèðîâàíèåì

Ñîñòîÿíèå: (k,u)�êîëè÷åñòâî ðàññìîòðåííûõ âåùåé è

ñóììàðíûé âåñ.

Öåëåâàÿ ôóíêöèÿ: f(k,u)�ìàêñèìàëüíàÿ ñóììàðíàÿ öåíà.

Áàçà: f(0, 0) = 0, f(0,u) = −∞ äëÿ âñåõ u > 0.

Îòâåò: Ìàêñèìóì f(n,u) ïî âñåì 0 ⩽ u ⩽ s.

Ïåðåõîä: ïóñòü èçâåñòíû âñå f(k− 1,u), ïîëó÷èì âñå f(k,u).
Äèíàìèêà íàçàä: â ñîñòîÿíèå (k,u) åñòü äâà ïåðåõîäà.

Èç (k− 1,u), åñëè íå áðàòü âåùü k, öåíà íå èçìåíèëàñü

Èç (k− 1,u− wk), åñëè áðàòü âåùü k, öåíà âûðîñëà íà ck
for k := 1 upto n:

for u := 0 upto s:

if f[k][u] < f[k - 1][u]:

f[k][u] := f[k - 1][u]

if u - w[k] >= 0:

if f[k][u] < f[k - 1][u - w[k]] + c[k]:

f[k][u] := f[k - 1][u - w[k]] + c[k]
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Äèñêðåòíàÿ çàäà÷à î ðþêçàêå Ðåøåíèÿ: äèíàìè÷åñêîå ïðîãðàììèðîâàíèå

Ðåøåíèå äèíàìè÷åñêèì ïðîãðàììèðîâàíèåì

Àíàëèç:

Âðåìÿ ðàáîòû: O(n · s)
Òðåáóåìàÿ ïàìÿòü: O(n · s)

for k := 1 upto n:

for u := 0 upto s:

if f[k][u] < f[k - 1][u]:

f[k][u] := f[k - 1][u]

if f[k][u] < f[k - 1][u - w[k]] + c[k]:

f[k][u] := f[k - 1][u - w[k]] + c[k]
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Äèñêðåòíàÿ çàäà÷à î ðþêçàêå Ðåøåíèÿ: äèíàìè÷åñêîå ïðîãðàììèðîâàíèå

Ðåøåíèå äèíàìè÷åñêèì ïðîãðàììèðîâàíèåì

Îïòèìèçàöèÿ ïî ïàìÿòè: çàìåòèì, ÷òî f(k,u) ⩾ f(k− 1,u).

Âðåìÿ ðàáîòû: O(n · s)
Òðåáóåìàÿ ïàìÿòü: O(s)

for k := 1 upto n:

for u := 0 upto s:

if f[k][u] < f[k - 1][u]:

f[k][u] := f[k - 1][u]

if f[k][u] < f[k - 1][u - w[k]] + c[k]:

f[k][u] := f[k - 1][u - w[k]] + c[k]

Èçáàâèìñÿ îò ðàçìåðíîñòè k â ìàññèâå.
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Äèñêðåòíàÿ çàäà÷à î ðþêçàêå Ðåøåíèÿ: äèíàìè÷åñêîå ïðîãðàììèðîâàíèå

Ðåøåíèå äèíàìè÷åñêèì ïðîãðàììèðîâàíèåì

Îïòèìèçàöèÿ ïî ïàìÿòè: çàìåòèì, ÷òî f(k,u) ⩾ f(k− 1,u).

Âðåìÿ ðàáîòû: O(n · s)
Òðåáóåìàÿ ïàìÿòü: O(s)

for k := 1 upto n:

for u := 0 upto s:

if f[u] < f[u]:

f[u] := f[u]

if f[u] < f[u - w[k]] + c[k]:

f[u] := f[u - w[k]] + c[k]

Ïåðâûé ïåðåõîä òåïåðü äåëàåòñÿ àâòîìàòè÷åñêè.
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Äèñêðåòíàÿ çàäà÷à î ðþêçàêå Ðåøåíèÿ: äèíàìè÷åñêîå ïðîãðàììèðîâàíèå

Ðåøåíèå äèíàìè÷åñêèì ïðîãðàììèðîâàíèåì

Îïòèìèçàöèÿ ïî ïàìÿòè: çàìåòèì, ÷òî f(k,u) ⩾ f(k− 1,u).

Âðåìÿ ðàáîòû: O(n · s)
Òðåáóåìàÿ ïàìÿòü: O(s)

for k := 1 upto n:

for u := w[k] upto s:

if f[u] < f[u - w[k]] + c[k]:

f[u] := f[u - w[k]] + c[k]
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Äèñêðåòíàÿ çàäà÷à î ðþêçàêå Ðåøåíèÿ: äèíàìè÷åñêîå ïðîãðàììèðîâàíèå

Ðåøåíèå äèíàìè÷åñêèì ïðîãðàììèðîâàíèåì

Îïòèìèçàöèÿ ïî ïàìÿòè: çàìåòèì, ÷òî f(k,u) ⩾ f(k− 1,u).

Âðåìÿ ðàáîòû: O(n · s)
Òðåáóåìàÿ ïàìÿòü: O(s)

for k := 1 upto n:

for u := w[k] upto s:

if f[u] < f[u - w[k]] + c[k]:

f[u] := f[u - w[k]] + c[k]

Îøèáêà: âåùè ìîãóò áûòü âçÿòû áîëåå îäíîãî ðàçà.

Çàòî ïîëó÷èëîñü ðåøåíèå îäíîãî èç âàðèàíòîâ ïîñòàíîâêè

çàäà÷è.
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Äèñêðåòíàÿ çàäà÷à î ðþêçàêå Ðåøåíèÿ: äèíàìè÷åñêîå ïðîãðàììèðîâàíèå

Ðåøåíèå äèíàìè÷åñêèì ïðîãðàììèðîâàíèåì

Îïòèìèçàöèÿ ïî ïàìÿòè: çàìåòèì, ÷òî f(k,u) ⩾ f(k− 1,u).

Âðåìÿ ðàáîòû: O(n · s)
Òðåáóåìàÿ ïàìÿòü: O(s)

for k := 1 upto n:

for u := s downto w[k]:

if f[u] < f[u - w[k]] + c[k]:

f[u] := f[u - w[k]] + c[k]

Òåïåðü êàæäàÿ âåùü áåð¼òñÿ íå áîëåå îäíîãî ðàçà.
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Äèñêðåòíàÿ çàäà÷à î ðþêçàêå Âîññòàíîâëåíèå ðåøåíèÿ

Ñîäåðæàíèå

1 Äèñêðåòíàÿ çàäà÷à î ðþêçàêå

Ïîñòàíîâêà çàäà÷è

Âàðèàíòû ïîñòàíîâêè çàäà÷è

Ïðèìåð

Ðåøåíèÿ: íàèâíûé àëãîðèòì

Ðåøåíèÿ: æàäíûå àëãîðèòìû

Ðåøåíèÿ: äèíàìè÷åñêîå ïðîãðàììèðîâàíèå

Âîññòàíîâëåíèå ðåøåíèÿ

Ñëó÷àé ci = wi

Äâå êó÷êè ìîíåò

Èâàí Êàçìåíêî (ÌÊÍ ÑÏáÃÓ) Äèñêðåòíàÿ çàäà÷à î ðþêçàêå 20.02.2026 15 / 21



Äèñêðåòíàÿ çàäà÷à î ðþêçàêå Âîññòàíîâëåíèå ðåøåíèÿ

Âîññòàíîâëåíèå ðåøåíèÿ

Íóæíî óçíàòü íå òîëüêî îòâåò, íî è êàê îí áûë ïîëó÷åí.

Ïðåèìóùåñòâà:

Ðåøåíèå äîáàâëÿåò îòâåòó íàãëÿäíîñòè

Ïðîùå îòëàæèâàòü ïðîãðàììó

Ñóùåñòâóåò îáùèé ìåòîä âîññòàíîâëåíèÿ ðåøåíèÿ

Íåäîñòàòêè:

Äîïîëíèòåëüíûé îáú¼ì êîäà

Íåêîòîðûå îïòèìèçàöèè ñòàíîâÿòñÿ íåâîçìîæíûìè
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Âîññòàíîâëåíèå ðåøåíèÿ

Íóæíî óçíàòü íå òîëüêî îòâåò, íî è êàê îí áûë ïîëó÷åí.

Ïðåèìóùåñòâà:

Ðåøåíèå äîáàâëÿåò îòâåòó íàãëÿäíîñòè

Ïðîùå îòëàæèâàòü ïðîãðàììó

Ñóùåñòâóåò îáùèé ìåòîä âîññòàíîâëåíèÿ ðåøåíèÿ

Íåäîñòàòêè:

Äîïîëíèòåëüíûé îáú¼ì êîäà

Íåêîòîðûå îïòèìèçàöèè ñòàíîâÿòñÿ íåâîçìîæíûìè
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Äèñêðåòíàÿ çàäà÷à î ðþêçàêå Âîññòàíîâëåíèå ðåøåíèÿ

Âîññòàíîâëåíèå ðåøåíèÿ

Íóæíî óçíàòü íå òîëüêî îòâåò, íî è êàê îí áûë ïîëó÷åí.

Ïðåèìóùåñòâà:

Ðåøåíèå äîáàâëÿåò îòâåòó íàãëÿäíîñòè

Ïðîùå îòëàæèâàòü ïðîãðàììó

Ñóùåñòâóåò îáùèé ìåòîä âîññòàíîâëåíèÿ ðåøåíèÿ

Íåäîñòàòêè:

Äîïîëíèòåëüíûé îáú¼ì êîäà

Íåêîòîðûå îïòèìèçàöèè ñòàíîâÿòñÿ íåâîçìîæíûìè
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Äèñêðåòíàÿ çàäà÷à î ðþêçàêå Âîññòàíîâëåíèå ðåøåíèÿ

Âîññòàíîâëåíèå ðåøåíèÿ

Íóæíî óçíàòü íå òîëüêî îòâåò, íî è êàê îí áûë ïîëó÷åí.

for k := 1 upto n:

for u := 0 upto s:

if f[k][u] < f[k - 1][u]:

f[k][u] := f[k - 1][u]

if f[k][u] < f[k - 1][u - w[k]] + c[k]:

f[k][u] := f[k - 1][u - w[k]] + c[k]

Çàâåä¼ì äîïîëíèòåëüíûé ìàññèâ p, â êîòîðîì äëÿ êàæäîãî

ñîñòîÿíèÿ çàïèøåì, îòêóäà ìû â íåãî ïðèøëè.
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Äèñêðåòíàÿ çàäà÷à î ðþêçàêå Âîññòàíîâëåíèå ðåøåíèÿ

Âîññòàíîâëåíèå ðåøåíèÿ

Íóæíî óçíàòü íå òîëüêî îòâåò, íî è êàê îí áûë ïîëó÷åí.

for k := 1 upto n:

for u := 0 upto s:

if f[k][u] < f[k - 1][u]:

f[k][u] := f[k - 1][u]

p[k][u] := 0

if f[k][u] < f[k - 1][u - w[k]] + c[k]:

f[k][u] := f[k - 1][u - w[k]] + c[k]

p[k][u] := 1
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Äèñêðåòíàÿ çàäà÷à î ðþêçàêå Âîññòàíîâëåíèå ðåøåíèÿ

Âîññòàíîâëåíèå ðåøåíèÿ

Íóæíî óçíàòü íå òîëüêî îòâåò, íî è êàê îí áûë ïîëó÷åí.

Âîññòàíàâëèâàåì ðåøåíèå:

Ñíà÷àëà íàõîäèì îòâåò

Çàòåì èä¼ì ñ êîíöà, êàæäûé ðàç íàõîäÿ ïðåäûäóùåå

ñîñòîÿíèå ñ ïîìîùüþ ìàññèâà p

k := n

u := 0

for v := 1 upto s:

if f[k][u] < f[k][v]:

u := v

while k > 0:

if p[k][u] == 1:

output k

u := u - w[k]

k := k - 1
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Äèñêðåòíàÿ çàäà÷à î ðþêçàêå Âîññòàíîâëåíèå ðåøåíèÿ

Âîññòàíîâëåíèå ðåøåíèÿ

Íóæíî óçíàòü íå òîëüêî îòâåò, íî è êàê îí áûë ïîëó÷åí.

Âîññòàíàâëèâàåì ðåøåíèå:

Ñíà÷àëà íàõîäèì îòâåò

Çàòåì èä¼ì ñ êîíöà, êàæäûé ðàç íàõîäÿ ïðåäûäóùåå

ñîñòîÿíèå ñ ïîìîùüþ ìàññèâà p

k := n

u := 0

for v := 1 upto s:

if f[k][u] < f[k][v]:

u := v

while k > 0:

if p[k][u] == 1:

output k

u := u - w[k]

k := k - 1
Èâàí Êàçìåíêî (ÌÊÍ ÑÏáÃÓ) Äèñêðåòíàÿ çàäà÷à î ðþêçàêå 20.02.2026 16 / 21



Äèñêðåòíàÿ çàäà÷à î ðþêçàêå Ñëó÷àé ci = wi

Ñîäåðæàíèå

1 Äèñêðåòíàÿ çàäà÷à î ðþêçàêå

Ïîñòàíîâêà çàäà÷è

Âàðèàíòû ïîñòàíîâêè çàäà÷è

Ïðèìåð

Ðåøåíèÿ: íàèâíûé àëãîðèòì

Ðåøåíèÿ: æàäíûå àëãîðèòìû

Ðåøåíèÿ: äèíàìè÷åñêîå ïðîãðàììèðîâàíèå

Âîññòàíîâëåíèå ðåøåíèÿ

Ñëó÷àé ci = wi

Äâå êó÷êè ìîíåò
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Äèñêðåòíàÿ çàäà÷à î ðþêçàêå Ñëó÷àé ci = wi

Ñëó÷àé ci = wi

Åñòü n âåùåé è ðþêçàê âìåñòèìîñòüþ s

Âåùü ñ íîìåðîì i õàðàêòåðèçóåòñÿ ðàçìåðîì (âåñîì) wi

Öåí íåò, íóæíî íàáðàòü êàê ìîæíî áîëüøèé âåñ (ci = wi)

Óïðîñòèì íàøå ðåøåíèå:

Âîñïîëüçóåìñÿ òåì, ÷òî âåñà� íåáîëüøèå öåëûå ÷èñëà

Áóäåì ðàññìàòðèâàòü âåùè ïî ïîðÿäêó

Ïîäçàäà÷à:

Ïóñòü ìû ðàññìîòðåëè ïåðâûå k âåùåé

Äëÿ êàæäîãî öåëîãî ñóììàðíîãî âåñà u (0 ⩽ u ⩽ s)

âûÿñíèì, ìîæíî ëè íàáðàòü ðîâíî òàêîé âåñ
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Äèñêðåòíàÿ çàäà÷à î ðþêçàêå Ñëó÷àé ci = wi

Ñëó÷àé ci = wi

Åñòü n âåùåé è ðþêçàê âìåñòèìîñòüþ s

Âåùü ñ íîìåðîì i õàðàêòåðèçóåòñÿ ðàçìåðîì (âåñîì) wi

Öåí íåò, íóæíî íàáðàòü êàê ìîæíî áîëüøèé âåñ (ci = wi)

Óïðîñòèì íàøå ðåøåíèå:

Âîñïîëüçóåìñÿ òåì, ÷òî âåñà� íåáîëüøèå öåëûå ÷èñëà

Áóäåì ðàññìàòðèâàòü âåùè ïî ïîðÿäêó

Ïîäçàäà÷à:

Ïóñòü ìû ðàññìîòðåëè ïåðâûå k âåùåé

Äëÿ êàæäîãî öåëîãî ñóììàðíîãî âåñà u (0 ⩽ u ⩽ s)

âûÿñíèì, ìîæíî ëè íàáðàòü ðîâíî òàêîé âåñ
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Äèñêðåòíàÿ çàäà÷à î ðþêçàêå Ñëó÷àé ci = wi

Ñëó÷àé ci = wi

Åñòü n âåùåé è ðþêçàê âìåñòèìîñòüþ s

Âåùü ñ íîìåðîì i õàðàêòåðèçóåòñÿ ðàçìåðîì (âåñîì) wi

Öåí íåò, íóæíî íàáðàòü êàê ìîæíî áîëüøèé âåñ (ci = wi)

Óïðîñòèì íàøå ðåøåíèå:

Âîñïîëüçóåìñÿ òåì, ÷òî âåñà� íåáîëüøèå öåëûå ÷èñëà

Áóäåì ðàññìàòðèâàòü âåùè ïî ïîðÿäêó

Ïîäçàäà÷à:

Ïóñòü ìû ðàññìîòðåëè ïåðâûå k âåùåé

Äëÿ êàæäîãî öåëîãî ñóììàðíîãî âåñà u (0 ⩽ u ⩽ s)

âûÿñíèì, ìîæíî ëè íàáðàòü ðîâíî òàêîé âåñ
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Äèñêðåòíàÿ çàäà÷à î ðþêçàêå Ñëó÷àé ci = wi

Ñëó÷àé ci = wi

Ñîñòîÿíèå: (k,u)�êîëè÷åñòâî ðàññìîòðåííûõ âåùåé è

ñóììàðíûé âåñ.

Öåëåâàÿ ôóíêöèÿ: f(k,u)�ìîæíî ëè íàáðàòü òàêîé âåñ.

Áàçà: f(0, 0) = true, f(0,u) = false äëÿ âñåõ u > 0.

Îòâåò: Ìàêñèìàëüíîå u, äëÿ êîòîðîãî f(n,u) = true.

Ïåðåõîä: ïóñòü èçâåñòíû âñå f(k− 1,u), ïîëó÷èì âñå f(k,u).
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Äèñêðåòíàÿ çàäà÷à î ðþêçàêå Ñëó÷àé ci = wi

Ñëó÷àé ci = wi

Ñîñòîÿíèå: (k,u)�êîëè÷åñòâî ðàññìîòðåííûõ âåùåé è

ñóììàðíûé âåñ.

Öåëåâàÿ ôóíêöèÿ: f(k,u)�ìîæíî ëè íàáðàòü òàêîé âåñ.

Áàçà: f(0, 0) = true, f(0,u) = false äëÿ âñåõ u > 0.

Îòâåò: Ìàêñèìàëüíîå u, äëÿ êîòîðîãî f(n,u) = true.

Ïåðåõîä: ïóñòü èçâåñòíû âñå f(k− 1,u), ïîëó÷èì âñå f(k,u).
Äèíàìèêà âïåð¼ä:

for k := 1 upto n:

for u := 0 upto s:

f[k][u] := f[k][u] or f[k - 1][u]

if u + w[k] <= s:

f[k][u + w[k]] := f[k][u + w[k]] or

f[k - 1][u]
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Äèñêðåòíàÿ çàäà÷à î ðþêçàêå Ñëó÷àé ci = wi

Ñëó÷àé ci = wi

Ñîñòîÿíèå: (k,u)�êîëè÷åñòâî ðàññìîòðåííûõ âåùåé è

ñóììàðíûé âåñ.

Öåëåâàÿ ôóíêöèÿ: f(k,u)�ìîæíî ëè íàáðàòü òàêîé âåñ.

Áàçà: f(0, 0) = true, f(0,u) = false äëÿ âñåõ u > 0.

Îòâåò: Ìàêñèìàëüíîå u, äëÿ êîòîðîãî f(n,u) = true.

Ïåðåõîä: ïóñòü èçâåñòíû âñå f(k− 1,u), ïîëó÷èì âñå f(k,u).
Äèíàìèêà íàçàä:

for k := 1 upto n:

for u := 0 upto s:

f[k][u] := f[k - 1][u]

if u - w[k] >= 0:

f[k][u] := f[k][u] or f[k - 1][u - w[k]]
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Äèñêðåòíàÿ çàäà÷à î ðþêçàêå Ñëó÷àé ci = wi

Ñëó÷àé ci = wi

Ñîñòîÿíèå: (k,u)�êîëè÷åñòâî ðàññìîòðåííûõ âåùåé è

ñóììàðíûé âåñ.

Öåëåâàÿ ôóíêöèÿ: f(k,u)�ìîæíî ëè íàáðàòü òàêîé âåñ.

Áàçà: f(0, 0) = true, f(0,u) = false äëÿ âñåõ u > 0.

Îòâåò: Ìàêñèìàëüíîå u, äëÿ êîòîðîãî f(n,u) = true.

Ïåðåõîä: ïóñòü èçâåñòíû âñå f(k− 1,u), ïîëó÷èì âñå f(k,u).
Èçáàâèìñÿ îò ðàçìåðíîñòè k â ìàññèâå:

for k := 1 upto n:

for u := 0 upto s:

f[u] := f[u]

if u - w[k] >= 0:

f[u] := f[u] or f[u - w[k]]
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Äèñêðåòíàÿ çàäà÷à î ðþêçàêå Ñëó÷àé ci = wi

Ñëó÷àé ci = wi

Ñîñòîÿíèå: (k,u)�êîëè÷åñòâî ðàññìîòðåííûõ âåùåé è

ñóììàðíûé âåñ.

Öåëåâàÿ ôóíêöèÿ: f(k,u)�ìîæíî ëè íàáðàòü òàêîé âåñ.

Áàçà: f(0, 0) = true, f(0,u) = false äëÿ âñåõ u > 0.

Îòâåò: Ìàêñèìàëüíîå u, äëÿ êîòîðîãî f(n,u) = true.

Ïåðåõîä: ïóñòü èçâåñòíû âñå f(k− 1,u), ïîëó÷èì âñå f(k,u).
Óáåð¼ì ïåðåõîä, êîòîðûé òåïåðü íå íóæåí:

for k := 1 upto n:

for u := w[k] upto s:

f[u] := f[u] or f[u - w[k]]
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Äèñêðåòíàÿ çàäà÷à î ðþêçàêå Ñëó÷àé ci = wi

Ñëó÷àé ci = wi

Ñîñòîÿíèå: (k,u)�êîëè÷åñòâî ðàññìîòðåííûõ âåùåé è

ñóììàðíûé âåñ.

Öåëåâàÿ ôóíêöèÿ: f(k,u)�ìîæíî ëè íàáðàòü òàêîé âåñ.

Áàçà: f(0, 0) = true, f(0,u) = false äëÿ âñåõ u > 0.

Îòâåò: Ìàêñèìàëüíîå u, äëÿ êîòîðîãî f(n,u) = true.

Ïåðåõîä: ïóñòü èçâåñòíû âñå f(k− 1,u), ïîëó÷èì âñå f(k,u).
Ðàçâåðí¼ì öèêë, ÷òîáû íå áðàòü âåùè ìíîãî ðàç:

for k := 1 upto n:

for u := s downto w[k]:

f[u] := f[u] or f[u - w[k]]
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Äèñêðåòíàÿ çàäà÷à î ðþêçàêå Ñëó÷àé ci = wi

Ñëó÷àé ci = wi

Êàê òåïåðü ñäåëàòü âîññòàíîâëåíèå îòâåòà?

Çàìåòèì, ÷òî çà âðåìÿ ðàáîòû àëãîðèòìà êàæäîå f(u) ìåíÿåò
çíà÷åíèå ñ false íà true íå áîëüøå îäíîãî ðàçà.

Äàâàéòå çàïèñûâàòü íå ëîãè÷åñêîå çíà÷åíèå, à ìîìåíò ýòîãî

èçìåíåíèÿ!
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Äèñêðåòíàÿ çàäà÷à î ðþêçàêå Ñëó÷àé ci = wi

Ñëó÷àé ci = wi

Êàê òåïåðü ñäåëàòü âîññòàíîâëåíèå îòâåòà?

Çàìåòèì, ÷òî çà âðåìÿ ðàáîòû àëãîðèòìà êàæäîå f(u) ìåíÿåò
çíà÷åíèå ñ false íà true íå áîëüøå îäíîãî ðàçà.

Äàâàéòå çàïèñûâàòü íå ëîãè÷åñêîå çíà÷åíèå, à ìîìåíò ýòîãî

èçìåíåíèÿ!

Ñîñòîÿíèå: (u)� ñóììàðíûé âåñ.

Öåëåâàÿ ôóíêöèÿ: g(u)�ìèíèìàëüíîå êîëè÷åñòâî âåùåé k,

êîòîðûå íóæíî ðàññìîòðåòü ñ íà÷àëà,

÷òîáû íàáðàòü òàêîé âåñ.

Áàçà: g(0) = 0.

Èçíà÷àëüíî ïðèñâîèì g(u) = +∞ äëÿ âñåõ u > 0.

Îòâåò: Ìàêñèìàëüíîå u, äëÿ êîòîðîãî g(u) < +∞.

Ïåðåõîä: ðàññìîòðèì k-þ âåùü.
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Äèñêðåòíàÿ çàäà÷à î ðþêçàêå Ñëó÷àé ci = wi

Ñëó÷àé ci = wi

Ñîñòîÿíèå: (u)� ñóììàðíûé âåñ.

Öåëåâàÿ ôóíêöèÿ: g(u)�ìèíèìàëüíîå êîëè÷åñòâî âåùåé k,

êîòîðûå íóæíî ðàññìîòðåòü ñ íà÷àëà,

÷òîáû íàáðàòü òàêîé âåñ.

Áàçà: g(0) = 0.

Èçíà÷àëüíî ïðèñâîèì g(u) = +∞ äëÿ âñåõ u > 0.

Îòâåò: Ìàêñèìàëüíîå u, äëÿ êîòîðîãî g(u) < +∞.

Ïåðåõîä: ðàññìîòðèì k-þ âåùü.

for k := 1 upto n:

for u := w[k] to s:

if (g[u] = +inf) and (g[u - w[k]] < k):

g[u] := k
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Äèñêðåòíàÿ çàäà÷à î ðþêçàêå Ñëó÷àé ci = wi

Ñëó÷àé ci = wi

Âîññòàíîâëåíèå îòâåòà: g(u)�íîìåð âåùè,

êîòîðóþ íóæíî âçÿòü è ïåðåéòè ê ïîäçàäà÷å.
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Äèñêðåòíàÿ çàäà÷à î ðþêçàêå Ñëó÷àé ci = wi

Ñëó÷àé ci = wi

Âîññòàíîâëåíèå îòâåòà: g(u)�íîìåð âåùè,

êîòîðóþ íóæíî âçÿòü è ïåðåéòè ê ïîäçàäà÷å.

u := s

while g[u] = +inf:

u := u - 1

while u > 0:

k := g[u]

output k

u := u - w[k]
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Äèñêðåòíàÿ çàäà÷à î ðþêçàêå Ñëó÷àé ci = wi

Ñëó÷àé ci = wi

Âîññòàíîâëåíèå îòâåòà: g(u)�íîìåð âåùè,

êîòîðóþ íóæíî âçÿòü è ïåðåéòè ê ïîäçàäà÷å.

u := s

while g[u] = +inf:

u := u - 1

while u > 0:

k := g[u]

output k

u := u - w[k]

Àíàëèç:

Âðåìÿ ðàáîòû: O(n · s)
Òðåáóåìàÿ ïàìÿòü: O(s)
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Äèñêðåòíàÿ çàäà÷à î ðþêçàêå Äâå êó÷êè ìîíåò

Ñîäåðæàíèå

1 Äèñêðåòíàÿ çàäà÷à î ðþêçàêå

Ïîñòàíîâêà çàäà÷è

Âàðèàíòû ïîñòàíîâêè çàäà÷è

Ïðèìåð

Ðåøåíèÿ: íàèâíûé àëãîðèòì

Ðåøåíèÿ: æàäíûå àëãîðèòìû

Ðåøåíèÿ: äèíàìè÷åñêîå ïðîãðàììèðîâàíèå

Âîññòàíîâëåíèå ðåøåíèÿ

Ñëó÷àé ci = wi

Äâå êó÷êè ìîíåò
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Äèñêðåòíàÿ çàäà÷à î ðþêçàêå Äâå êó÷êè ìîíåò

Äâå êó÷êè ìîíåò

Çàäà÷à:

Åñòü n ìîíåò

Ìîíåòà ñ íîìåðîì i èìååò ñòîèìîñòü ci

Íóæíî ðàçäåëèòü ìîíåòû íà äâå êó÷êè êàê ìîæíî áîëåå

÷åñòíî: òàê, ÷òîáû ðàçíîñòü ìåæäó ñóììàìè ìîíåò â äâóõ

êó÷êàõ áûëà êàê ìîæíî ìåíüøå

Áóäåì ðåøàòü òàê:

Ðàññìàòðèâàåì ìîíåòû ïî ïîðÿäêó

Êàæäóþ ìîíåòó ëèáî áåð¼ì â ïåðâóþ êó÷êó,

ëèáî âî âòîðóþ êó÷êó

Ñ÷èòàåì ðþêçàêîì òîëüêî ïåðâóþ êó÷êó

Ñóììà âî âòîðîé êó÷êå îäíîçíà÷íî âîññòàíàâëèâàåòñÿ
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Äâå êó÷êè ìîíåò

Çàäà÷à:

Åñòü n ìîíåò

Ìîíåòà ñ íîìåðîì i èìååò ñòîèìîñòü ci

Íóæíî ðàçäåëèòü ìîíåòû íà äâå êó÷êè êàê ìîæíî áîëåå

÷åñòíî: òàê, ÷òîáû ðàçíîñòü ìåæäó ñóììàìè ìîíåò â äâóõ

êó÷êàõ áûëà êàê ìîæíî ìåíüøå

Áóäåì ðåøàòü òàê:

Ðàññìàòðèâàåì ìîíåòû ïî ïîðÿäêó
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Äâå êó÷êè ìîíåò

Áóäåì ðåøàòü òàê:

Ðàññìàòðèâàåì ìîíåòû ïî ïîðÿäêó

Êàæäóþ ìîíåòó ëèáî áåð¼ì â ïåðâóþ êó÷êó,

ëèáî âî âòîðóþ êó÷êó

Ñ÷èòàåì ðþêçàêîì òîëüêî ïåðâóþ êó÷êó

Ñóììà âî âòîðîé êó÷êå îäíîçíà÷íî âîññòàíàâëèâàåòñÿ

ïî ñóììå â ïåðâîé êó÷êå è îáùåé ñóììå ìîíåò

Â êîíöå íàéä¼ì äîñòèæèìóþ ñóììó,

íàèáîëåå áëèçêóþ ê ïîëîâèíå îáùåé ñóììû.

Ïîëó÷èëîñü ñâåñòè çàäà÷ó ê çàäà÷å î ðþêçàêå â ñëó÷àå ci = wi.
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Âîïðîñû?
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