Őčńăćńěŋĺě

Ććěďěŋĺě 3

Čńăćă 1 Ğăďăçĺ âěőàĺĺ àăáŕĺáăŋĺľ ŋă őďŋőľ ňăèĺŋě á ďńĺâěńìŋőáâïňĺ àăąőâ, ŕàőŕőàæĺőŋăńìŋëňĺ ŕàőĺğćőńìŋőľ äãŋłæĺĺ 15 1.1 Őáŋőćŋëě őąőğŋăçěŋĺï ĺ őŕàěďěńěŋĺï : : : : : : : : : : : 15 1.2 Ńĺŋěľŋëě äãŋłæĺĺ : : : : : : : : : : : : : : : : : : : : : 24 1.3 Ćëŕãłńëě ĺ ćőčŋãâëě äãŋłæĺĺ : : : : : : : : : : : : : : 31 1.4 Śâãŕěŋçăâëě äãŋłæĺĺ : : : : : : : : : : : : : : : : : : : 40

Čńăćă 2 Ğăďăçĺ âěőàĺĺ àăáŕĺáăŋĺľ ŋă őďŋőľ ňăèĺŋě á ďńĺâěńìŋőáâïňĺ, ńĺŋěľŋő ĺńĺ łãáőçŋő-ńĺŋěľŋő ğăćĺáïéĺňĺ őâ ćàěňěŋĺ 49 2.1 Ğăďăçă ňĺŋĺňĺğăæĺĺ ňăłáĺňăńìŋőčő ğăŕăğďëćăŋĺï á ńĺŋěľŋëňĺ äãŋłæĺïňĺ ďńĺâěńìŋőáâěľ : : : : : : : : : : : : 49 2.2 Ğăďăçă ňĺŋĺňĺğăæĺĺ ďńĺŋë àăáŕĺáăŋĺï á łãáőçŋő-ńĺŋěľŋëňĺ äãŋłæĺïňĺ ďńĺâěńìŋőáâěľ : : : : : : : : : : : : : : : : : 51 2.3 Ŕőńĺŋőňĺăńìŋëě ĺ ŕáěćďőŕőńĺŋőňĺăńìŋëě ăńčőàĺâňë ďńï ğăďăç á őąéĺň ďĺàěłâĺćŋëň áàőłőň : : : : : : : : : : : : 56 2.4 Śńőęŋőáâì ğăďăç á őąéĺň ďĺàěłâĺćŋëň áàőłőň : : : : : 64

Čńăćă 3 Ğăďăçĺ âěőàĺĺ àăáŕĺáăŋĺľ ŋă ŕăàăńńěńìŋëå ňăèĺŋăå ĺ ć ňŋőčőőŕěàăæĺőŋŋëå áĺáâěňăå á ńĺŋěľŋő àăáâãéĺňĺ ďńĺâěńìŋőáâïňĺ 70 3.1 Őáŋőćŋëě őąőğŋăçěŋĺï ĺ őŕàěďěńěŋĺï : : : : : : : : : : : 70 3.2 Ćáŕőňőčăâěńìŋëľ àěğãńìâăâ : : : : : : : : : : : : : : : : 71 3.3 Ŕăàăńńěńìŋëě ňăèĺŋë. NP -âàãďŋőáâì : : : : : : : : : 74 3.4 Ňŋőčőőŕěàăæĺőŋŋëě áĺáâěňë : : : : : : : : : : : : : : : 79 3.5 Ŕőńĺŋőňĺăńìŋő-àăğàěèĺňëě áńãçăĺ. : : : : : : : : : : : 92

Śŕĺáőł ńĺâěàăâãàë 101

Ććěďěŋĺě

Ć âěőàĺĺ àăáŕĺáăŋĺľ ĺááńěďãîâáï ćőŕàőáë őŕâĺňăńìŋőčő àăáŕàěďěńěŋĺï ĺ ãŕőàïďőçěŋĺï łőŋěçŋőčő ňŋőęěáâćă âàěąőćăŋĺľ, őąáńãęĺćăěňëå ďěâěàňĺŋĺàőćăŋŋëňĺ áĺáâěňăňĺ á őďŋĺň ĺńĺ ŋěáłőńìłĺňĺ àěáãàáăňĺ, ŕàĺ àăğńĺçŋëå ŕàěďŕőńőęěŋĺïå őâŋőáĺâěńìŋő åăàăłâěàă ĺå őąáńãęĺćăŋĺï. Ŕőď àěáãàáăňĺ ňőčãâ ŕőŋĺňăâìáï ňăèĺŋë, áâăŋłĺ, ãçěąŋëě ŕőňěéěŋĺï, ŕàĺąőàë ĺ â. ŕ., ŕőď âàěąőćăŋĺïňĺ | ćëŕőńŋïěňëě àăąőâë, ŕàőčàăňňë, èłőńìŋëě ğăŋïâĺï, čàãğőŕěàěćőğłĺ ĺ ňŋőčőě ďàãčőě. Ďńï őŕàěďěńěŋŋőáâĺ, ć ďăńìŋěľèěň àěáãàáë ąãďěň ŋăğëćăâì ňăèĺŋăňĺ, ă âàěąőćăŋĺï | àăąőâăňĺ. Ěáńĺ ŕàőáňőâàěâì ňŋőčőçĺáńěŋŋëě áâăâìĺ, őąğőàë ĺ ňőŋőčàăäĺĺ, ŕőáćïéěŋŋëě ğăďăçăň âěőàĺĺ àăáŕĺáăŋĺľ, âő ňőęŋő őąŋăàãęĺâì őčàőňŋőě łőńĺçěáâćő àăğńĺçŋëå ğăďăç, àăááňăâàĺćăěňëå ć àăňłăå íâőľ âěőàĺĺ. Ŕőíâőňã ŋěőąåőďĺňő őŕĺáăâì, łăłĺě ĺňěŋŋő ğăďăçĺ ąãďãâ àăááňăâàĺćăâìáï ć ďĺááěàâăæĺĺ ĺ łăłĺě őčàăŋĺçěŋĺï ŋă ğăďăçĺ ŕàĺ íâőň ŕàěďŕőńăčăîâáï.

Ŕěàćőě ĺğ őčàăŋĺçěŋĺľ áćïğăŋő á ďőáâãŕŋőáâìî ĺŋäőàňăæĺĺ ő ŕăàăňěâàăå ğăďăçĺ. Ďăńěě àěçì ŕőľďěâ âőńìłő ő ďěâěàňĺŋĺàőćăŋŋëå ğăďăçăå âěőàĺĺ àăáŕĺáăŋĺľ. Ć ŋĺå ŕàěďŕőńăčăěâáï, çâő ćáï ĺáåőďŋăï ĺŋäőàňăæĺï őą ĺŋďĺćĺďãăńìŋőľ ğăďăçě őŕàěďěńěŋă ĺ ĺğćěáâŋă ğăàăŋěě.

Őáâăńìŋëě őčàăŋĺçěŋĺï áćïğăŋë á áăňĺňĺ ňăèĺŋăňĺ ĺ àăąőâăňĺ. Őąëçŋő łăęďőľ àăąőâě áőŕőáâăćńïěâáï ňŋőęěáâćő ňăèĺŋ, łăęďăï ĺğ łőâőàëå ňőęěâ ĺńĺ ďőńęŋă ćëŕőńŋĺâì íâã àăąőâã. Ěáńĺ łăęďăï àăąőâă ňőęěâ ąëâì ćëŕőńŋěŋă ńîąőľ ňăèĺŋőľ, âő őąáńãęĺćăîéăï áĺáâěňă ŋăğëćăěâáï őďŋőőŕěàăæĺőŋŋőľ (őďŋőáâăďĺľŋőľ) á őďŋőľ ĺńĺ ŋěáłőńìłĺňĺ ŕăàăńńěńìŋëňĺ ňăèĺŋăňĺ.

Ć ňŋőčőőŕěàăæĺőŋŋëå (ňŋőčőáâăďĺľŋëå) áĺáâěňăå àăąőâă áőáâőĺâ ĺğ ŋăąőàă őŕěàăæĺľ. Ć ďăńìŋěľèěň ąãďãâ àăááňăâàĺćăâìáï áńěďãîéĺě âĺŕë ňŋőčőőŕěàăæĺőŋŋëå ğăďăç. Ěáńĺ łăęďăï àăąőâă áőáâőĺâ ĺğ ŕőáńěďőćăâěńìŋëå őŕěàăæĺľ ĺ ŕőàïďőł ćëŕőńŋěŋĺï őŕěàăæĺľ őďĺŋăłőć ďńï ćáěå àăąőâ ĺ őŕàěďěńïěâáï ŕőáńěďőćăâěńìŋőáâìî ňăèĺŋ, âő âăłăï őąáńãęĺćăîéăï áĺáâěňă ŋăğëćăěâáï áĺáâěňőľ ŕőâőçŋőčő âĺŕă. Ć áńãçăě, ěáńĺ ŕőàïďőł ćëŕőńŋěŋĺï őŕěàăæĺľ ŋě äĺłáĺàőćăŋ ĺ ňőęěâ ąëâì àăğńĺçŋëň ďńï łăęďőľ àăąőâë, âő âăłăï őąáńãęĺćăîéăï áĺáâěňă ŋăğëćăěâáï áĺáâěňőľ őâłàëâőčő âĺŕă. Ŕőďàőąŋő á àăğńĺçŋëňĺ ŕőáâăŋőćłăňĺ ĺ àěğãńìâăâăňĺ ďńï ğăďăç á őďŋőľ ĺńĺ ŋěáłőńìłĺňĺ ŕăàăńńěńìŋëňĺ ňăèĺŋăňĺ ňőęŋő őğŋăłőňĺâìáï ć ňőŋőčàăäĺĺ [?], ă ďńï ğăďăç á ňŋőčőőŕěàăæĺőŋŋëňĺ áĺáâěňăňĺ ć ňőŋőčàăäĺĺ [?].

Ąãďěň ŕàěďŕőńăčăâì, çâő ć łăęďëľ ňőňěŋâ ćàěňěŋĺ ŋă ńîąőľ ňăèĺŋě ćëŕőńŋïěâáï ŋě ąőńěě őďŋőľ àăąőâë ĺ ć łăęďëľ ňőňěŋâ ćàěňěŋĺ ńîąăï àăąőâă őąáńãęĺćăěâáï ŋě ąőńěě őďŋőľ ňăèĺŋőľ.

Ć ğăćĺáĺňőáâĺ őâ åăàăłâěàă őąáńãęĺćăîéěľ áĺáâěňë ŕàőæěáá ćëŕőńŋěŋĺï łăęďőľ àăąőâë ĺńĺ ěě őŕěàăæĺĺ ńĺąő ďőńęěŋ ŕàőâěłăâì ŋěŕàěàëćŋő, ńĺąő ňőčãâ ďőŕãáłăâìáï ŕàěàëćăŋĺï á ŕőáńěďãîéĺň ďőőąáńãęĺćăŋĺěň. Ć àăááňăâàĺćăěňőľ àăąőâě ąãďěň ŕàěďŕőńăčăâì, çâő ŕàěàëćăŋĺï ć ćëŕőńŋěŋĺĺ őŕěàăæĺľ ŋěďőŕãáâĺňë.

Ŕàőæěáá äãŋłæĺőŋĺàőćăŋĺï őąáńãęĺćăîéěľ áĺáâěňë ňőęěâ ąëâì őŕĺáăŋ ŕãâěň ğăďăŋĺï àăáŕĺáăŋĺï, âő ěáâì ŋěłőâőàőľ áőćőłãŕŋőáâĺ ãłăğăŋĺľ őâŋőáĺâěńìŋő âőčő, łăłĺě àăąőâë ĺńĺ őŕěàăæĺĺ ćëŕőńŋïîâáï ňăèĺŋăňĺ ć łăęďëľ ňőňěŋâ ćàěňěŋĺ. Ŋăŕàĺňěà, ŕàĺ áďěńăŋŋëå ćëèě ŕàěďŕőńőęěŋĺïå àăáŕĺáăŋĺě ňőęŋő àăááňăâàĺćăâì łăł áőćőłãŕŋőáâì ďćãå ňăááĺćőć çĺáěń, łőâőàëě ãłăğëćăîâ łăęďőľ őŕěàăæĺĺ ňőňěŋâ ŋăçăńă ěě ćëŕőńŋěŋĺï ĺ ŋőňěà ňăèĺŋë, ŋă łőâőàőľ őŋă ćëŕőńŋïěâáï. Ďàãčĺě àăğńĺçŋëě áŕőáőąë ğăďăŋĺï àăáŕĺáăŋĺľ őŕĺáăŋë ć ňőŋőčàăäĺïå [?], [?], [?]. Ŕàĺ ğăďăŋĺĺ àăáŕĺáăŋĺï ďőńęŋë áőąńîďăâìáï ćáě ãáńőćĺï ĺ őčàăŋĺçěŋĺï, ćëâěłăîéĺě ĺğ ŕőáâăŋőćłĺ àăááňăâàĺćăěňőľ ğăďăçĺ, âő ěáâì àăáŕĺáăŋĺě ďőńęŋő ąëâì ďőŕãáâĺňëň. Śńěďãěâ őâňěâĺâì, çâő ŕőáâàőěŋĺě ďőŕãáâĺňőčő àăáŕĺáăŋĺï ĺ ďăęě ćëïáŋěŋĺï âőčő äăłâă, áãéěáâćãěâ ńĺ őŋő ćőőąéě, ïćńïěâáï ğăçăáâãî ŋěâàĺćĺăńìŋőľ ğăďăçěľ.

Ěáńĺ áãéěáâćãěâ ŋěáłőńìłő ďőŕãáâĺňëå àăáŕĺáăŋĺľ, âő ćőğŋĺłăěâ áâàěňńěŋĺě ŕőáâàőĺâì ŋăĺńãçèěě ĺğ ŋĺå. Ć áćïğĺ á íâĺň ŕőïćńïěâáï ćőŕàőá őæěŋłĺ łăçěáâćă àăáŕĺáăŋĺľ. Ć âěőàĺĺ àăáŕĺáăŋĺľ ŋăĺąőńìèěě àăáŕàőáâàăŋěŋĺě ŕőńãçĺń áńěďãîéĺľ áŕőáőą őæěŋłĺ. Łăęďőě ďőŕãáâĺňőě àăáŕĺáăŋĺě őďŋőğŋăçŋő őŕàěďěńïěâ ćěłâőà ňőňěŋâőć ğăćěàèěŋĺï ćëŕőńŋěŋĺï àăąőâ. Ŕő íâőňã ćěłâőàã őŕàěďěńïěâáï ŋěłőâőàăï ďěľáâćĺâěńìŋăï ŋěãąëćăîéăï ŕő łăęďőľ łőőàďĺŋăâě äãŋłæĺï ĺ łăçěáâćő àăáŕĺáăŋĺï őæěŋĺćăěâáï ğŋăçěŋĺěň íâőľ äãŋłæĺĺ. Řăáŕĺáăŋĺě, łőâőàőňã áőőâćěâáâćãěâ ŋăĺňěŋìèěě ğŋăçěŋĺě äãŋłæĺĺ áàěďĺ ćáěå ďőŕãáâĺňëå àăáŕĺáăŋĺľ, ŋăğëćăěâáï őŕâĺňăńìŋëň. Ć łăçěáâćě łàĺâěàĺěć őŕâĺňăńìŋőáâĺ ŋăĺąőńěě çăáâő àăááňăâàĺćăîâáï äãŋłæĺĺ, őŕàěďěńïîéĺě áńěďãîéĺě ŕőŋïâĺï: ďńĺŋă àăáŕĺáăŋĺï, áãňňă ňőňěŋâőć ğăćěàèěŋĺï àăąőâ, ćğćěèěŋŋăï áãňňă ňőňěŋâőć ğăćěàèěŋĺï àăąőâ, çĺáńő ğăŕăğďëćăîéĺå àăąőâ, ňăłáĺňăńìŋőě ğăŕăğďëćăŋĺě àăąőâë őâŋőáĺâěńìŋő ďĺàěłâĺćŋőčő áàőłă ĺ ŋěłőâőàëě ďàãčĺě.

Őąëçŋő ć ğăďăçăå âěőàĺĺ àăáŕĺáăŋĺľ ŕàěďŕőńăčăěâáï, çâő ćàěňï ćëŕőńŋěŋĺï (ďńĺâěńìŋőáâì) łăęďőľ àăąőâë ĺńĺ ěě őŕěàăæĺĺ ŋă łăęďőľ ňăèĺŋě äĺłáĺàőćăŋő. Őďŋăłő ŋă ŕàăłâĺłě őŋő çăáâő ğăćĺáĺâ őâ ćàěňěŋĺ ŋăçăńă ćëŕőńŋěŋĺï. Ć çăáâŋőáâĺ, ć [?] ãłăğëćăěâáï, çâő áãéěáâćãěâ ňŋőęěáâćő äăłâőàőć, łőâőàëě ňőčãâ ćńĺïâì ŋă ďńĺâěńìŋőáâì àăąőâë. Ŋăŕàĺňěà, ěáńĺ àăąőâë ŕàőćőďïâáï ŕàĺ ãåãďèěŋĺĺ ŕőčőďŋëå ãáńőćĺľ ĺńĺ á ŋăáâãŕńěŋĺěň âěňŋőâë, ěáńĺ àăąőâă ğăłńîçăěâáï ć őçĺáâłě ğăčàïğŋěŋŋőľ ňěáâŋőáâĺ ĺńĺ ć àěňőŋâě àăąőâăîéĺå ňěåăŋĺğňőć. Ś ŕőňőéìî âăłĺå ğăďăç ňőęŋő ňőďěńĺàőćăâì àăáŕàěďěńěŋĺě àěáãàáőć ďńï âãèěŋĺï ńěáŋëå ŕőęăàőć, ŕàőæěáá ąőàìąë á íŕĺďěňĺïňĺ ĺ ňŋőčőě ďàãčőě. Ĺğãçěŋĺî âăłĺå ğăďăç ŕàěďáâăćńïěâ łăł âěőàěâĺçěáłĺľ, âăł ĺ ŕàăłâĺçěáłĺľ ĺŋâěàěá.

Ŕěàćëľ èăč ć íâőň ŋăŕàăćńěŋĺĺ ąëń áďěńăŋ Ňěńìŋĺłőćëň Ő.Ŋ. ĺ Ÿăäàăŋáłĺň §.Ň. [?]. Őŋĺ àăááňőâàěńĺ ğăďăçĺ, ć łőâőàëå ďńĺâěńìŋőáâì łăęďőľ àăąőâë J_i ć ňőňěŋâ ćàěňěŋĺ t ğăďăěâáï äãŋłæĺěľ, p_i = a_i + ˇ(t);

čďě a_i ≥ 0 ĺ ˇ(t) ≥ 0 | äãŋłæĺï, őŕàěďěńěŋŋăï ďńï ćáěå t ≥ 0. Ć áńãçăě őďŋőľ ňăèĺŋë ć [?] ãáâăŋőćńěŋő, çâő ěáńĺ ˇ(t) ňőŋőâőŋŋő ćőğàăáâăěâ ŕàĺ t ≥ 0, âő ŕěàěáâăŋőćłă àăąőâ ŕő ŋěãąëćăŋĺî ćěńĺçĺŋ a_i, ňĺŋĺňĺğĺàãěâ ďńĺŋã àăáŕĺáăŋĺï; ěáńĺ ˇ(t) | ňőŋőâőŋŋő ãąëćăîéăï ďĺääěàěŋæĺàãěňăï äãŋłæĺï ĺ | dˇ(t) dt | ≤ 1 ŕàĺ t ≥ 0; âő ŕěàěáâăŋőćłă àăąőâ ŕő ŋěćőğàăáâăŋĺî ćěńĺçĺŋ a_i ňĺŋĺňĺğĺàãěâ ďńĺŋã àăáŕĺáăŋĺï. Ć íâőľ ęě àăąőâě ĺğãçăńĺáì ğăďăçĺ ŕőáâàőěŋĺï őŕâĺňăńìŋőčő ŕő ďńĺŋě àăáŕĺáăŋĺï ďńï áĺáâěňë ŕőâőłőćőčő âĺŕă (‚ow shop) ŋă m ňăèĺŋăå. Ăćâőàë àăááňőâàěńĺ ďćě ćőğňőęŋëě áĺâãăæĺĺ. Ć ŕěàćőň áńãçăě ďńĺâěńìŋőáâì őŕěàăæĺĺ ğăćĺáĺâ őâ ćàěňěŋĺ ŋăçăńă ćëŕőńŋěŋĺï àăąőâë. Ćő ćâőàőň áńãçăě ďńĺâěńìŋőáâì őŕěàăæĺĺ ğăćĺáĺâ őâ ćàěňěŋĺ ŋăçăńă ćëŕőńŋěŋĺï áăňőľ őŕěàăæĺĺ. Ć ŕěàćőň áńãçăě ğăďăçă äőàňãńĺàőćăńăáì áńěďãîéĺň őąàăğőň. Ŕãáâì ďńĺâěńìŋőáâì őŕěàăæĺĺ i àăąőâë J_j őŕàěďěńïěâáï łăł p_{i;j} = a_{i;j} + ˇ(s_j);

čďě a_{i;j} | äĺłáĺàőćăŋŋëě çĺáńă, min_{i;j} a_{i;j} = a > 0 ďńï ćáěå 1 ≤ i ≤ m−1, 1 ≤ j ≤ n ĺ max_{i;j} a_{i;j} = A ďńï ćáěå 2 ≤ i ≤ m, 1 ≤ j ≤ n, s_j | ŋăçăńő ćëŕőńŋěŋĺï àăąőâë J_j ŕěàćőľ ňăèĺŋőľ, ˇ(t) ≥ 0 | ďĺääěàěŋæĺàãěňăï äãŋłæĺï ĺ | dˇ(t) dt | ≥ – > 0 ŕàĺ t ≥ 0. Ć [?] ŕőáâàőěŋ ŕőńĺŋőňĺăńìŋëľ ăńčőàĺâň, ŋăåőďïéĺľ âőçŋőě àěèěŋĺě ğăďăçĺ ŕàĺ ãáńőćĺĺ, çâő çĺáńő àăąőâ n ≥ N, čďě N(a; A; –) | łőŋěçŋőě çĺáńő, ŋěğăćĺáïéěě őâ äãŋłæĺĺ ˇ(t). Ćő ćâőàőň áńãçăě àăááňăâàĺćăńăáì ğăďăçă ŋă ďćãå ňăèĺŋăå. Ďńĺâěńìŋőáâì őŕěàăæĺĺ i àăąőâë J_j őŕàěďěńïěâáï łăł p_{i;j} = a_{i;j}+ˇ(s_{i;j}), čďě ˇ(t) ≥ 0 | ňőŋőâőŋŋő ćőğàăáâăîéăï äãŋłæĺï ŕàĺ t ≥ 0, a_{1;i} ≥ a_{2;i} > 0: Ďńï íâőľ ğăďăçĺ ć [?] ŕőáâàőěŋ ăńčőàĺâň á ăąáőńîâŋőľ őæěŋłőľ âőçŋőáâĺ.

Ć [?],[?],[?],[?] àăááňăâàĺćăńăáì ğăďăçă ŕőáâàőěŋĺï őŕâĺňăńìŋőčő ŕő ďńĺŋě àăáŕĺáăŋĺï n àăąőâ ŋă őďŋőľ ňăèĺŋě á ďńĺâěńìŋőáâïňĺ, àăćŋë- ňĺ p_i = a_is_i + b_i:

Ć íâĺå àăąőâăå ŕőłăğăŋő, çâő őŕâĺňăńìŋőě àăáŕĺáăŋĺě áâàőĺâáï ãŕőàïďőçěŋĺěň àăąőâ ŕő ŋěãąëćăŋĺî ćěńĺçĺŋ b_i=a_i: Łàőňě âőčő ć [?] àăááňăâàĺćăńĺáì ğăďăçĺ, łőčďă ćàěňï ćëŕőńŋěŋĺï àăąőâë J_i őŕĺáëćăěâáï ŕőńĺŋőňőň őąéěčő ćĺďă

a_{in}x^n + a_{in+1}x^{n+1} + : : : + a_{i1}x + a_{i0}:

Ďńï íâĺå ňőďěńěľ ăćâőàăňĺ ąëńĺ ŕàěďńőęěŋë íćàĺáâĺçěáłĺě ăńčőàĺâ- ňë. Ć [?] Ňőèěőć Č. àăááňőâàěń ğăďăçĺ ŋă őďŋőľ ňăèĺŋě á àăğńĺçŋëňĺ łàĺâěàĺïňĺ őŕâĺňăńìŋőáâĺ, ć łőâőàëå ďńĺâěńìŋőáâì àăąőâë J_i ŕàïňő ŕàőŕőàæĺőŋăńìŋă ňőňěŋâã ŋăçăńă ěě ćëŕőńŋěŋĺï ĺ àăćŋă p_i = ¸_is_i:

Ăćâőà ŕőłăğăń, çâő ěáńĺ ňăèĺŋă ćëŕőńŋïěâ àăąőâë ąěğ ŕàőáâőï, âő ďńĺŋă àăáŕĺáăŋĺï ć íâĺå ğăďăçăå ŋě ğăćĺáĺâ őâ ŕěàěáâăŋőćłĺ àăąőâ, ĺ, áńěďőćăâěńìŋő, ńîąăï ŕěàěáâăŋőćłă ïćńïěâáï őŕâĺňăńìŋőľ. Ć [?] Ňőèěőć Č. àăááňőâàěń áńěďãîéĺě łàĺâěàĺĺ: ňĺŋĺňĺğăæĺï ňăłáĺňăńìŋőčő ğăŕăğďëćăŋĺï, ňĺŋĺňĺğăæĺï çĺáńă ğăŕăğďëćăîéĺå àăąőâ ĺ ňĺŋĺňĺğăæĺï ćğćěèěŋŋőľ áãňňë ćàěňěŋ őłőŋçăŋĺï àăąőâ. Ďńï ćáěå łàĺâěàĺěć ć [?] ŕőáâàőěŋë ŕőńĺŋőňĺăńìŋëě ăńčőàĺâňë ŋăåőęďěŋĺï őŕâĺňăńìŋőčő àăáŕĺáăŋĺï. Šăň ęě őâňěçěŋő, çâő ŕőńĺŋőňĺăńìŋő-àăğàěèĺňëě áńãçăĺ ďńï ğăďăç ŋă őďŋőľ ňăèĺŋě á ŕőáâőïŋŋëňĺ ďńĺâěńìŋőáâïňĺ őáâăîâáï ŕőńĺŋőňĺăńìŋő-àăğàěèĺňëňĺ ĺ ć àăááňăâàĺćăěňőň áńãçăě.

Ďăńìŋěľèěě őąőąéěŋĺě ğăďăç á ďńĺâěńìŋőáâïňĺ àăąőâ, ŕàőŕőàæĺőŋăńìŋëňĺ äãŋłæĺĺ őâ ňőňěŋâőć ŋăçăńă ĺå ćëŕőńŋěŋĺï, àăááňăâàĺćăîâáï ć ŕěàćőľ ĺ âàěâìěľ čńăćăå ďĺááěàâăæĺĺ. Őáŋőćŋëě àěğãńìâăâë ďńï íâĺå ğăďăç, ŕőńãçěŋŋëě ăćâőàőň ďĺááěàâăæĺĺ, őŕãąńĺłőćăŋë ć [?], [?], [?].

Ć [?] Ňőèěőć Č. àăááňőâàěń áńěďãîéãî ğăďăçã. Ňŋőęěáâćő ĺğ n àăąőâ ďőńęŋő ąëâì ćëŕőńŋěŋő ŋă őďŋőľ ňăèĺŋě. Ćáě àăąőâë čőâőćë ł ćëŕőńŋěŋĺî ć ňőňěŋâ ćàěňěŋĺ 0. Ďńĺâěńìŋőáâì àăąőâë J_i ğăďăěâáï äőàňãńőľ p_i = 1 + ¸_is_i: Šàěąãěâáï ňĺŋĺňĺğĺàőćăâì áãňňăàŋőě ćàěňï ğăćěàèěŋĺï ćáěå àăąőâ. Ňőèěőć Č. ŕőłăğăń, çâő áàěďĺ őŕâĺňăńìŋëå àăáŕĺáăŋĺľ áãéěáâćãěâ àăáŕĺáăŋĺě, őąńăďăîéěě áńěďãîéĺňĺ áćőľáâćăňĺ. Ŕěàćőľ ćëŕőńŋïěâáï àăąőâă á ŋăĺąőńìèĺň ¸_i: Řăąőâă á ŋăĺňěŋìèĺň ¸_i ŋě ćëŕőńŋïěâáï ŋĺ ćâőàőľ, ŋĺ ŕőáńěďŋěľ. Řăąőâë ć őŕâĺňăńìŋőľ ŕőáńěďőćăâěńìŋőáâĺ ãŕőàïďőçěŋë ć ŕőàïďłě ãąëćăŋĺï, ěáńĺ őŋĺ ćëŕőńŋïîâáï ďő àăąőâë á ŋăĺňěŋìèĺň ¸_i; ĺ ãŕőàïďőçěŋë ć ŕőàïďłě ćőğàăáâăŋĺï, ěáńĺ őŋĺ ćëŕőńŋïîâáï ŕőáńě àăąőâë á ŋăĺňěŋìèĺň ¸_i.

Ć [?] Łãŋŋăâåãà Ă.Ś. ĺ Čãŕâă Ś.Ł. àăááňőâàěńĺ áńěďãîéãî ğăďăçã. Ňŋőęěáâćő ĺğ n àăąőâ ďőńęŋő ąëâì ćëŕőńŋěŋő ŋă őďŋőľ ňăèĺŋě. Ćáě àăąőâë čőâőćë ł ćëŕőńŋěŋĺî ć ňőňěŋâ ćàěňěŋĺ 0. Ďńï łăęďőľ àăąőâë J_i őŕàěďěńěŋő ďĺàěłâĺćŋőě ćàěňï ŋă ŋăçăńő ćëŕőńŋěŋĺï. Ďńĺâěńìŋőáâì łăęďőľ àăąőâë őŕàěďěńïěâáï áãňňőľ äĺłáĺàőćăŋŋőľ çăáâĺ ĺ ŋěłőâőàőľ èâàăäŋőľ ďőąăćłĺ ğă ŋăàãèěŋĺě ďĺàěłâĺćŋőčő áàőłă. Ćěńĺçĺŋă èâàăäŋőľ ďőąăćłĺ ŕàïňő ŕàőŕőàæĺőŋăńìŋă àăğŋőáâĺ ňěęďã ňőňěŋâőň ŋăçăńă ćëŕőńŋěŋĺï àăąőâë ĺ ďĺàěłâĺćŋëň áàőłőň. Šàěąãěâáï ŕőáâàőĺâì àăáŕĺáăŋĺě ňĺŋĺňăńìŋőľ ďńĺŋë. Ć [?] ďńï àěèěŋĺï íâőľ ğăďăçĺ ăćâőàë ŕàěďńőęĺńĺ âőçŋëě íłáŕőŋěæĺăńìŋëě ăńčőàĺâňë, őáŋőćăŋŋëě ŋă ňěâőďě ćěâćěľ ĺ čàăŋĺæ ĺ ďĺŋăňĺçěáłőň ŕàőčàăňňĺàőćăŋĺĺ, ă âăłęě àïď íćàĺáâĺçěáłĺå ŕőńĺŋőňĺăńìŋëå ăńčőàĺâňőć. Ć ďăńìŋěľèěň íâă ğăďăçă ŋěğăćĺáĺňő àăááňăâàĺćăńăáì ć [?], [?]. Ć [?] ăćâőàőň ďĺááěàâăæĺĺ ŕőłăğăŋő, çâő íâă ğăďăçă ïćńïěâáï NP -âàãďŋőľ ć áĺńìŋőň áňëáńě. Šăň ęě àăááňőâàěŋë àăğńĺçŋëě ŕőďğăďăçĺ ďăŋŋőľ ğăďăçĺ. Ć çăáâŋőáâĺ, ãáâăŋăćńěŋă ěě NP-âàãďŋőáâì ĺ őŕĺáăŋ ŕáěćďőŕőńĺŋőňĺăńìŋëľ ăńčőàĺâň ďńï áńãçăï, łőčďă ćáě àăąőâë ĺňěîâ őąéĺľ ďĺàěłâĺćŋëľ áàőł. Řěğãńìâăâë íâőľ áâăâìĺ ĺğńőęěŋë ćő ćâőàőľ čńăćě ďăŋŋőľ ďĺááěàâăæĺĺ. NP-âàãďŋőáâì ĺ ŕáěćďőŕőńĺŋőňĺăńìŋëľ ăńčőàĺâň ďńï ğăďăçĺ á őąéĺň ďĺàěłâĺćŋëň áàőłőň âăłęě ŕőńãçěŋë ĺ ć [?]. Łàőňě âőčő ć [?] àăááňőâàěŋă ğăďăçă, ć łőâőàőľ àőáâ èâàăäŋőľ ďőąăćłĺ őčàăŋĺçěŋ ďàãčĺň ďĺàěłâĺćŋëň áàőłőň âăłęě őďĺŋăłőćëň ďńï ćáěå àăąőâ. Ďńï íâőľ ğăďăçĺ ć [?] ŕőáâàőěŋ ŕáěćďőŕőńĺŋőňĺăńìŋëľ ăńčőàĺâň. Ć [?] ďńï ğăďăç, àăááňőâàěŋŋëå ć [?], ŕőáâàőěŋë ŕőńŋëě ŕőńĺŋőňĺăńìŋëě ăŕŕàőłáĺňăæĺőŋŋëě áåěňë.

Ňőďěńĺ, ć łőâőàëå ďńĺâěńìŋőáâì àăąőâë ïćńïěâáï ãąëćăîéěľ ńĺŋěľŋőľ ĺńĺ łãáőçŋő-ńĺŋěľŋőľ äãŋłæĺěľ, àăááňăâàĺćăńĺáì ć [?], [?], [?]. Ć [?] ĺğãçăńăáì ğăďăçă ŋăåőęďěŋĺï ďőŕãáâĺňőčő őâŋőáĺâěńìŋő ďĺàěłâĺćŋëå áàőłőć àăáŕĺáăŋĺï, łőčďă ďńĺâěńìŋőáâì àăąőâë J_i ğăďăěâáï äőàňãńőľ p_i = −a_is_i + b_i; čďě 0 < b_i < 1 ĺ b_id_i < a_i ≤ d_i: Ăćâőàë ãáâăŋőćĺńĺ, çâő ğăďăçă ïćńïěâáï NP -ŕőńŋőľ ãęě ć âőň áńãçăě łőčďă ã àăąőâ áãéěáâćãěâ âőńìłő ďćă àăğńĺçŋëå ďĺàěłâĺćŋëå áàőłă. İâőâ àěğãńìâăâ ćńěçěâ NP -âàãďŋőáâì ĺ áőőâćěâáâćãîéĺå őŕâĺňĺğăæĺőŋŋëå ğăďăç, ć çăáâŋőáâĺ, ğăďăçĺ ňĺŋĺňĺğăæĺĺ çĺáńă ğăŕăğďëćăîéĺå àăąőâ. Ć [?] ąëń ŕőáâàőěŋ âőçŋëľ ŕőńĺŋőňĺăńìŋëľ ăńčőàĺâň àěèěŋĺï íâőľ ğăďăçĺ ć ŕàěďŕőńőęěŋĺĺ, çâő ćáě àăąőâë ĺňěîâ őąéĺľ ďĺàěłâĺćŋëľ áàőł.

Ďĺááěàâăæĺï ŕőáćïéěŋă ĺááńěďőćăŋĺî łőňąĺŋăâőàŋőľ áńőęŋőáâĺ ĺ ŕőáâàőěŋĺî íääěłâĺćŋëå ăńčőàĺâňőć ďńï áŕěæĺăńìŋëå łńăááőć ŕăàăňěâàĺçěáłĺå ğăďăç âěőàĺĺ àăáŕĺáăŋĺľ, ć łőâőàëå ďńĺâěńìŋőáâĺ àăąőâ ğăćĺáïâ őâ ňőňěŋâă ŋăçăńă ĺå ćëŕőńŋěŋĺï.

Ŕěàćăï čńăćă ŕőáćïéěŋă ĺááńěďőćăŋĺî áńőęŋőáâĺ ĺ ŕőáâàőěŋĺî íääěłâĺćŋëå ăńčőàĺâňőć ďńï ğăďăç ŋă őďŋőľ ňăèĺŋě á ďńĺâěńìŋőáâïňĺ àăąőâ, ŕàőŕőàæĺőŋăńìŋëňĺ äãŋłæĺĺ őâ ćàěňěŋĺ. Ćàěňï ćëŕőńŋěŋĺï àăąőâë J_i àăćŋő p_i = ¸_iˇ(s_i), čďě ˇ(t) | ŋěłőâőàăï äãŋłæĺï őâ ćàěňěŋĺ, őďĺŋăłőćăï ďńï ćáěå àăąőâ.

Ć àăğďěńě 1.1 äőàňãńĺàãîâáï őŕàěďěńěŋĺï őáŋőćŋëå ŕőŋïâĺľ łőňąĺŋăâőàŋőľ áńőęŋőáâĺ ğăďăç ďĺáłàěâŋőľ őŕâĺňĺğăæĺĺ ĺ ğăďăç âěőàĺĺ àăáŕĺáăŋĺľ, ŕàĺćěďěŋë íâăńőŋŋëě NP -âàãďŋëě ğăďăçĺ ĺ ććěďěŋë őąőğŋăçěŋĺï ďńï àăááňăâàĺćăěňëå ğăďăç âěőàĺĺ àăáŕĺáăŋĺľ.

Ć àăğďěńě 1.2 àăááňăâàĺćăîâáï ğăďăçĺ, ć łőâőàëå äãŋłæĺï ˇ(t) ĺňěěâ ćĺď ˇ(t) = at + b: Şáâăŋăćńěŋő, çâő ěáńĺ àăąőâë ćëŕőńŋïîâáï ąěğ ŕàőáâőěć, âő áãňňăàŋőě ćàěňï őąàăąőâłĺ ŋě ğăćĺáĺâ őâ ŕőáńěďőćăâěńìŋőáâĺ ćëŕőńŋěŋĺï íâĺå àăąőâ. Ĺáŕőńìğőćăŋĺě íâőčő äăłâă ŕőğćőńïěâ ŕőáâàőĺâì âőçŋëě ŕőńĺŋőňĺăńìŋëě ăńčőàĺâňë ďńï ğăďăç áő áńěďãîéĺňĺ łàĺâěàĺïňĺ őŕâĺňăńìŋőáâĺ: - ňĺŋĺňĺğăæĺï ňăłáĺňăńìŋőčő ğăŕăğďëćăŋĺï;

- ňĺŋĺňĺğăæĺï ćğćěèěŋŋőčő áãňňăàŋőčő ćàěňěŋĺ ğăćěàèěŋĺï ćëŕőńŋěŋĺï ćáěå àăąőâ;

- ňĺŋĺňĺğăæĺï çĺáńă ğăŕăğďëćăîéĺå àăąőâ; - ňĺŋĺňĺğăæĺï ňăłáĺňăńìŋőčő ćàěňěŋŋőčő áňěéěŋĺï.

Ć àăğďěńě 1.3 ãáâăŋăćńĺćăěâáï ŕőńĺŋőňĺăńìŋăï àăğàěèĺňőáâì ğăďăçĺ ňĺŋĺňĺğăæĺĺ ďńĺŋë àăáŕĺáăŋĺï, łőčďă äãŋłæĺï ˇ(t) ïćńïěâáï ćëŕãłńőľ ĺńĺ ćőčŋãâőľ. Ďăńěě, àăááňăâàĺćăîâáï ğăďăçĺ á łàĺâěàĺïňĺ ňĺŋĺňĺğăæĺĺ ňăłáĺňăńìŋőčő ćàěňěŋŋőčő áňěéěŋĺï ĺ ňĺŋĺňĺğăæĺĺ ćğćěèěŋŋőčő áãňňăàŋőčő ćàěňěŋĺ ğăćěàèěŋĺï ćëŕőńŋěŋĺï ćáěå àăąőâ. Ďńï ğăďăç á łăęďëň ĺğ łàĺâěàĺěć ćëďěńïîâáï ŕőńĺŋőňĺăńìŋő àăğàěèĺňëě łńăááë ŕőďğăďăç, ğăćĺáïéĺě őâ ćĺďă äãŋłæĺĺ ˇ(t). Ć çăáâŋőáâĺ, ãáâăŋăćńĺćăěâáï ŕőńĺŋőňĺăńìŋăï àăğàěèĺňőáâì ğăďăçĺ ňĺŋĺňĺğăæĺï áãňňăàŋőčő ćàěňěŋĺ ğăćěàèěŋĺï ćëŕőńŋěŋĺï ćáěå àăąőâ, łőčďă äãŋłæĺï ïćńïěâáï ćëŕãłńőľ.

Ć àăğďěńě 1.4 ĺááńěďãîâáï ğăďăçĺ ňĺŋĺňĺğăæĺĺ ďńĺŋë àăáŕĺáăŋĺï, łőčďă ďńĺâěńìŋőáâĺ àăąőâ ŕàőŕőàæĺőŋăńìŋë áâãŕěŋçăâőľ äãŋłæĺĺ. Ďńï ćáěå àăááňőâàěŋŋëå ć íâőň àăğďěńě ğăďăç ãáâăŋăćńěŋă ĺå NP -âàãďŋőáâì ĺ ŕőáâàőěŋë "ŕáěćďőŕőńĺŋőňĺăńìŋëě"ăńčőàĺâňë.

Ćâőàăï čńăćă ŕőáćïéěŋă ĺááńěďőćăŋĺî áńőęŋőáâĺ ĺ ŕőáâàőěŋĺî íääěłâĺćŋëå ăńčőàĺâňőć ďńï ğăďăç ŋă őďŋőľ ňăèĺŋě á ďńĺâěńìŋőáâïňĺ àăąőâ, ńĺŋěľŋő ĺńĺ łãáőçŋő-ńĺŋěľŋő ğăćĺáïéĺňĺ őâ ćàěňěŋĺ.

Ć àăğďěńě 2.1 ãáâăŋăćńĺćăěâáï NP -âàãďŋőáâì ğăďăçĺ ňĺŋĺňĺğăæĺĺ ňăłáĺňăńìŋőčő ćàěňěŋŋőčő áňěéěŋĺï ŋă őďŋőľ ňăèĺŋě á ńĺŋěľŋëňĺ äãŋłæĺïňĺ ďńĺâěńìŋőáâĺ.

Ć àăğďěńě 2.2 àăááňăâàĺćăîâáï ğăďăçĺ ňĺŋĺňĺğăæĺĺ ďńĺŋë àăáŕĺáăŋĺï, ć łőâőàëå ďńĺâěńìŋőáâì àăąőâ őŕàěďěńïěâáï áãňňőľ äĺłáĺàőćăŋŋőľ çăáâĺ ĺ ŋěłőâőàőľ èâàăäŋőľ ďőąăćłĺ. Łăęďăï àăąőâă J_I ĺňěěâ ďĺàěłâĺćŋëľ áàőł d_i ŋă ŋăçăńő ćëŕőńŋěŋĺï. Ÿâàăä àăćěŋ ŋãńî, ěáńĺ àăąőâă ŋăçĺŋăěâ ćëŕőńŋïâìáï ďő íâőčő ďĺàěłâĺćŋőčő áàőłă, ĺ ŕàïňő ŕàőŕőàæĺőŋăńěŋ łőńĺçěáâćã ćàěňěŋĺ, ŕàőèěďèěňã á ňőňěŋâă ŋăáâãŕńěŋĺï ďĺàěłâĺćŋőčő áàőłă, âő ěáâì ďńĺâěńìŋőáâì àăąőâë ćëçĺáńïěâáï ŕő äőàňãńě p_i = a_i(s_i − d_i)^+ + b_i: Şáâăŋăćńĺćăěâáï NP -âàãďŋőáâì ć áĺńìŋőň áňëáńě ďăŋŋőľ ğăďăçĺ.

Ć àăğďěńăå 2.3 ĺ 2.4 ĺğãçăěâáï ğăďăçă ĺğ ŕàěďëďãéěčő àăğďěńă á ãáńőćĺěň, çâő ćáě àăąőâë ĺňěîâ őąéĺľ ďĺàěłâĺćŋëľ áàőł ŋă ŋăçăńő ćëŕőńŋěŋĺï (d_i = D). Ć àăğďěńě 2.3 áâàőĺâáï ŕáěćďőŕőńĺŋőňĺăńìŋëľ ăńčőàĺâň ďńï íâőľ ğăďăçĺ, ă ć àăğďěńě 2.4 ãáâăŋăćńĺćăěâáï ěě NP - âàãďŋőáâì. Šăň ęě àăááňăâàĺćăîâáï âàĺ ŕőďğăďăçĺ ďăŋŋőľ ğăďăçĺ. Ğăďăçă (P D ≥): Řěèĺâì ğăďăçã á őąéĺň ďĺàěłâĺćŋëň áàőłőň ŕàĺ ãáńőćĺĺ, çâő b_i=a_i ≥ b_j=a_j ŕàĺ ćáěå J_i; J_j ∈ J âăłĺå, çâő b_i > b_j ĺ a_i > 0; a_j > 0:

Ğăďăçă (P D ≤): Řěèĺâì ğăďăçã á őąéĺň ďĺàěłâĺćŋëň áàőłőň ŕàĺ ãáńőćĺĺ, çâő b_i=a_i ≤ b_j=a_j ŕàĺ ćáěå J_i; J_j ∈ J âăłĺå, çâő b_i > b_j ĺ a_i > 0; a_j > 0:

Ğăďăçă P DP . Řěèĺâì ğăďăçã á őąéĺň ďĺàěłâĺćŋëň áàőłőň ŕàĺ ãáńőćĺĺ, çâő áãéěáâćãěâ ŕàőňěęãâőł ćàěňěŋĺ [t_0; t_1]; t_0 < t_1 , łőčďă ňăèĺŋă ŋăåőďĺâáï ŋă ŕàőäĺńăłâĺłě, â.ě. ŋě őąáńãęĺćăěâ ŋĺ őďŋőľ àăąőâë, ĺ D ∈ [t_0; t_1].

Ć àăğďěńě 2.3 ãáâăŋőćńěŋă ŕőńĺŋőňĺăńìŋăï àăğàěèĺňőáâì ğăďăçĺ

(P D ≥) ĺ ŕőáâàőěŋë "ŕáěćďőŕőńĺŋőňĺăńìŋëě"ăńčőàĺâňë ďńï őáâăńìŋëå ğăďăç. Ć àăğďěńě 2.4 ãáâăŋăćńěŋă NP -âàãďŋőáâì ďćãå ŕőáńěďŋĺå ğăďăç.

Šàěâìï čńăćă ŕőáćïéěŋă ĺááńěďőćăŋĺî áńőęŋőáâĺ ĺ ŕőáâàőěŋĺî íääěłâĺćŋëå ăńčőàĺâňőć ďńï ğăďăç ŋă ŋěáłőńìłĺå ŕăàăńńěńìŋëå ňăèĺŋăå ĺńĺ ć ňŋőčőőŕěàăæĺőŋŋőľ áĺáâěňě őąáńãęĺćăŋĺï.

Ć àăğďěńě 3.1 ŕàĺćőďïâáï őáŋőćŋëě őŕàěďěńěŋĺï ĺ őąőğŋăçěŋĺï ďńï ğăďăç âěőàĺĺ àăáŕĺáăŋĺľ ŕàĺ ŋăńĺçĺĺ ŋěáłőńìłĺå ňăèĺŋ.

Ć àăğďěńě 3.2 äőàňãńĺàãěâáï ćáŕőňőčăâěńìŋăï ğăďăçă 4-ŔŘŐĹĞĆĚĎĚŊĹĚ. Şáâăŋăćńĺćăěâáï ěě ŕàĺŋăďńěęŋőáâì ł łńăááã NP -ŕőńŋëå ğăďăç. Ć ďăńìŋěľèěň íâőâ àěğãńìâăâ ĺáŕőńìğãěâáï ďńï ďőłăğăâěńìáâćă NP-âàãďŋőáâĺ ŋěłőâőàëå ğăďăç âěőàĺĺ àăáŕĺáăŋĺľ.

Ć àăğďěńě 3.3 ĺğãçăîâáï ğăďăçĺ âěőàĺĺ àăáŕĺáăŋĺľ, łőčďă łăęďăï àăąőâă ňőęěâ ąëâì ćëŕőńŋěŋă ŋă őďŋőľ ĺğ ďćãå ĺďěŋâĺçŋëå ňăèĺŋ. Řăááňăâàĺćăîâáï łàĺâěàĺĺ ňĺŋĺňĺğăæĺĺ ďńĺŋë àăáŕĺáăŋĺï ĺ ňĺŋĺňĺğăæĺĺ áãňňăàŋőčő ćàěňěŋĺ ğăćěàèěŋĺï ćëŕőńŋěŋĺï ćáěå àăąőâ. Ďńï őąőĺå łàĺâěàĺěć ãáâăŋăćńĺćăěâáï NP -âàãďŋőáâì ŕőáâàőěŋĺï őŕâĺňăńìŋőčő àăáŕĺáăŋĺï.

Ć àăğďěńě 3.4 àăááňăâàĺćăîâáï ğăďăçĺ ŕőáâàőěŋĺï àăáŕĺáăŋĺï ć áĺáâěňăå ŕőâőçŋőčő ĺ őâłàëâőčő âĺŕă. Ćő ćáěå ğăďăçăå ďńĺâěńìŋőáâì őŕěàăæĺĺ ŕàïňő ŕàőŕőàæĺőŋăńìŋă ćàěňěŋĺ ŋăçăńă ěě ćëŕőńŋěŋĺï. Ŕěàćőľ àăááňăâàĺćăěâáï ğăďăçă ňĺŋĺňĺğăæĺĺ ďńĺŋë àăáŕĺáăŋĺï ć áĺáâěňě ŕőâőçŋőčő âĺŕă ĺğ âàěå ňăèĺŋ. Ďőłăğăŋő, çâő ěáńĺ P ≠ NP; âő ďńï ěě àěèěŋĺï ŋě áãéěáâćãěâ ŕőńĺŋőňĺăńìŋőčő ăńčőàĺâňă, łőâőàëľ čăàăŋâĺàőćăŋő ŋăåőďĺâ àăáŕĺáăŋĺě ďńĺŋë ć äĺłáĺàőćăŋŋőě çĺáńő àăğ åãęě ďńĺŋë őŕâĺňăńìŋőčő àăáŕĺáăŋĺï. Ďăńěě ć àăğďěńě 3.4 àăááňăâàĺćăîâáï áńěďãîéĺě ğăďăçĺ:

- ňĺŋĺňĺğăæĺï ňăłáĺňăńìŋőčő ćàěňěŋŋőčő áňěéěŋĺï ć áĺáâěňě ŕőâőçŋőčő âĺŕă ĺğ ďćãå ňăèĺŋ;

- ňĺŋĺňĺğăæĺï ďńĺŋë àăáŕĺáăŋĺï ć áĺáâěňě őâłàëâőčő âĺŕă ĺğ âàěå ňăèĺŋ;

- ňĺŋĺňĺğăæĺï ňăłáĺňăńìŋőčő ćàěňěŋŋőčő áňěéěŋĺï ć áĺáâěňě őâłàëâőčő âĺŕă ĺğ ďćãå ňăèĺŋ.

Ŕőłăğëćăěâáï NP -âàãďŋőáâì àăááňăâàĺćăěňëå ğăďăç.

Ć àăğďěńě 3.5 áâàőïâáï âőçŋëě ŕőńĺŋőňĺăńìŋëě ăńčőàĺâňë ďńï ğăďăç ňĺŋĺňĺğăæĺĺ ďńĺŋë àăáŕĺáăŋĺï ć áĺáâěňăå ŕőâőçŋőčő ĺ őâłàëâőčő âĺŕă ĺğ ďćãå ňăèĺŋ.

Őáŋőćŋëě àěğãńìâăâë ďĺááěàâăæĺĺ őŕãąńĺłőćăŋë ć àăąőâăå [3 - 7,] [34 - 37] ĺ ďőłńăďëćăńĺáì ŋă Ćâőàőň áĺąĺàáłőň łőŋčàěááě ŕő ŕàĺłńăďŋőľ ĺ ĺŋďãáâàĺăńìŋőľ ňăâěňăâĺłě (č. Ŋőćőáĺąĺàáł, Řőááĺï, 1996), ŋă Śĺňŕőğĺãňě ŕő ĺááńěďőćăŋĺî őŕěàăæĺľ 1996 (č. Ąàăãŋèćěľč, Čěàňăŋĺï, 1996), ŋă Šàěâìěň àăąőçěň áěňĺŋăàě ŕő ňőďěńïň ĺ ăńčőàĺâňăň ć ŕńăŋĺàőćăŋĺĺ ĺ âěőàĺĺ àăáŕĺáăŋĺľ (č.Łěňąàĺďę, Ćěńĺłőąàĺâăŋĺï, 1997), ŋă Ňěęďãŋăàőďŋőľ łőŋäěàěŋæĺĺ ŕàőąńěňë őŕâĺňĺğăæĺĺ ĺ íłőŋőňĺçěáłĺě ŕàĺńőęěŋĺï (č. Őňáł, Řőááĺï 1997), ŋă Ňěęďãŋăàőďŋőň áĺňŕőğĺãňě ŕő łőňąĺŋăâőàŋőľ őŕâĺňĺğăæĺĺ (č. Ąàîááěńì, Ąěńìčĺï, 1998), ŋă áěňĺŋăàăå ć Ĺŋáâĺâãâě ňăâěňăâĺłĺ ŚŐ ŘĂŊ.

Ŋěŕàĺŋăďńěęăéĺě ăćâőàã àěğãńìâăâë ąãďěň äőàňãńĺàőćăâì ć ćĺďě "ãâćěàęďěŋĺľ".

Čńăćă 1 Ğăďăçĺ âěőàĺĺ àăáŕĺáăŋĺľ ŋă őďŋőľ ňăèĺŋě á ďńĺâěńìŋőáâïňĺ àăąőâ, ŕàőŕőàæĺőŋăńìŋëňĺ ŕàőĺğćőńìŋőľ äãŋłæĺĺ

1.1 Őáŋőćŋëě őąőğŋăçěŋĺï ĺ őŕàěďěńěŋĺï

Ďăŋŋëľ àăğďěń áőďěàęĺâ őáŋőćŋëě őŕàěďěńěŋĺï ŕőŋïâĺľ łőňąĺŋăâőàŋőľ áńőęŋőáâĺ ğăďăç ďĺáłàěâŋőľ őŕâĺňĺğăæĺĺ ĺ ğăďăç âěőàĺĺ àăáŕĺáăŋĺľ. Ć łőŋæě àăğďěńă áäőàňãńĺàőćăŋë ŋěłőâőàëě áŕěæĺăńìŋëě őŕàěďěńěŋĺï ĺ ãâćěàęďěŋĺï, ă âăłęě ŕàĺćěďěŋë íâăńőŋŋëě NP -âàãďŋëě ğăďăçĺ, łőâőàëě ąãďãâ ĺáŕőńìğőćăâìáï ďńï ăŋăńĺğă áńőęŋőáâĺ ğăďăç âěőàĺĺ àăáŕĺáăŋĺľ.

Ćáě őŕàěďěńěŋĺï, áćïğăŋŋëě á őáŋőćŋëňĺ ŕőŋïâĺïňĺ ğăďăç ďĺáłàěâŋőľ őŕâĺňĺğăæĺĺ, ćğïâë ĺğ [?], ĺ ãàőćěŋì äőàňăńĺğăæĺĺ áőőâćěâáâćãěâ æěńïň ŋăáâőïéěčő ĺááńěďőćăŋĺï.

Ŕőď ğăďăçěľ ąãďěň ŕőŋĺňăâì ŋěłőâőàëľ őąéĺľ ćőŕàőá, ŋă łőâőàëľ áńěďãěâ ďăâì őâćěâ. Őąëçŋő ğăďăçă áőďěàęĺâ ŋěáłőńìłő ŕăàăňěâàőć, ĺńĺ áćőąőďŋëå ŕěàěňěŋŋëå, łőŋłàěâŋëě ğŋăçěŋĺï łőâőàëå ŋě őŕàěďěńěŋë. Ğăďăçă ˝ őŕàěďěńïěâáï áńěďãîéěľ ĺŋäőàňăæĺěľ: (1) őąéĺň áŕĺáłőň ćáěå ěě ŕăàăňěâàőć, (2) äőàňãńĺàőćłőľ âěå âàěąőćăŋĺľ, łőâőàëň ďőńęěŋ ãďőćńěâćőàïâì őâćěâ ĺńĺ, ďàãčĺňĺ áńőćăňĺ, àěèěŋĺě ğăďăçĺ.

Ĺŋďĺćĺďãăńìŋăï ğăďăçă I ŕőńãçăěâáï ĺğ ğăďăçĺ ˝, ěáńĺ ćáěň ŕăàăňěâàăň ğăďăçĺ ˝ ŕàĺáćőĺâì łőŋłàěâŋëě ğŋăçěŋĺï.

Łőňąĺŋăâőàŋăï őŕâĺňĺğăæĺőŋŋăï ğăďăçă ˝ ěáâì ńĺąő ğăďăçă ňĺŋĺňĺğăæĺĺ, ńĺąő ğăďăçă ňăłáĺňĺğăæĺĺ ĺ áőáâőĺâ ĺğ áńěďãîéĺå âàěå çăáâěľ:

(1) ňŋőęěáâćă D_Π ĺŋďĺćĺďãăńìŋëå ğăďăç;

(2) łőŋěçŋőčő ňŋőęěáâćă S_Π(I) ďőŕãáâĺňëå àěèěŋĺľ ĺŋďĺćĺďãăńìŋőľ ğăďăçĺ I ∈ D_Π;

(3) äãŋłæĺĺ ffi_Π; áőŕőáâăćńïîéěľ łăęďőľ ĺŋďĺćĺďãăńìŋőľ ğăďăçě I ∈ D_Π ĺ łăęďőňã ďőŕãáâĺňőňã àěèěŋĺî ff ∈ S_Π(I) ŋěłőâőàőě ŕőńőęĺâěńìŋőě çĺáńő ffi_Π(I; ff); ŋăğëćăěňőě ćěńĺçĺŋőľ àěèěŋĺï ff:

Ěáńĺ ˝ ğăďăçă ňĺŋĺňĺğăæĺĺ, âő őŕâĺňăńìŋëň àěèěŋĺěň ĺŋďĺćĺďãăńìŋőľ ğăďăçĺ I ∈ D_Π ïćńïěâáï âăłőě ďőŕãáâĺňőě àěèěŋĺě ff^∗ ∈ S_Π(I); çâő ďńï ćáěå ff ∈ S_Π(I) ćëŕőńŋěŋő ŋěàăćěŋáâćő ffi_Π(I; ff^∗) ≤ ffi_Π(I; ff)):

Śàěďĺ łőňąĺŋăâőàŋëå őŕâĺňĺğăæĺőŋŋëå ğăďăç, çăáâìî łőâőàëå ïćńïîâáï ĺ ğăďăçĺ âěőàĺĺ àăáŕĺáăŋĺľ, ňőęŋő ćëďěńĺâì ŕőńĺŋőňĺăńìŋő àăğàěèĺňëě ĺ NP -âàãďŋëě. Ďńï łăęďőľ ŕőńĺŋőňĺăńìŋő àăğàěèĺňőľ ğăďăçĺ ĺğćěáâěŋ ŕő łàăľŋěľ ňěàě őďĺŋ íääěłâĺćŋëľ ăńčőàĺâň ěě àěèěŋĺï, âő ěáâì ăńčőàĺâň, âàãďőěňłőáâì łőâőàőčő (çĺáńő ćëŕőńŋïěňëå íńěňěŋâăàŋëå őŕěàăæĺľ, ćàěňï àěèěŋĺï) őčàăŋĺçěŋă áćěàåã ŋěłőâőàëň ŕőńĺŋőňőň őâ ďńĺŋë ğăŕĺáĺ ĺáåőďŋőľ ĺŋäőàňăæĺĺ ğăďăçĺ, ğăłőďĺàőćăŋŋőľ ć ąĺŋăàŋőň ăńäăćĺâě. Ďńï NP -âàãďŋëå ğăďăç âăłĺě ăńčőàĺâňë ŋěĺğćěáâŋë ĺ áłőàěě ćáěčő ŋě áãéěáâćãîâ. Ćő ćáïłőň áńãçăě, ěáńĺ ąë áãéěáâćőćăń ŕőńĺŋőňĺăńìŋëľ ăńčőàĺâň àěèěŋĺï łăłőľńĺąő őďŋőľ NP -âàãďŋőľ ğăďăçĺ, âő áãéěáâćőćăńĺ ąë ŕőńĺŋőňĺăńìŋëě ăńčőàĺâňë ďńï őçěŋì ňŋőčĺå ğăďăç, łőâőàëě âàăďĺæĺőŋŋő áçĺâăîâáï âàãďŋőàěèăěňëňĺ.

Ąőńěě ŕőďàőąŋő á ćőŕàőáăňĺ őæěŋłĺ áńőęŋőáâĺ ăńčőàĺâňőć ĺ âěőàĺěľ ŕőńĺŋőňĺăńìŋőľ áćőďĺňőáâĺ łőňąĺŋăâőàŋëå ğăďăç ňőęŋő őğŋăłőňĺâìáï ć ňőŋőčàăäĺïå [?],[?],[?].

Ć ďĺááěàâăæĺĺ ĺáŕőńìğãěâáï őąéěŕàĺŋïâăï âěåŋĺłă ďőłăğăâěńìáâćă NP -âàãďŋőáâĺ őŕâĺňĺğăæĺőŋŋëå ğăďăç. Ŕãáâì ć łőŋěçŋőň ňŋőęěáâćě S ďőŕãáâĺňëå àăáŕĺáăŋĺľ âàěąãěâáï őâëáłăâì àăáŕĺáăŋĺě S^?, łőâőàőňã áőőâćěâáâćãěâ ŋăĺňěŋìèěě ğŋăçěŋĺě F (S). Śäőàňãńĺàãěň áőőâćěâáâćãîéãî ğăďăçã àăáŕőğŋăćăŋĺï: áãéěáâćãěâ ńĺ ćő ňŋőęěáâćě S âăłőě àăáŕĺáăŋĺě S_0, çâő F (S_0) ≤ y ďńï ğăďăŋŋőčő çĺáńă y? Őçěćĺďŋő, ãłăğăŋŋőě àăáŕĺáăŋĺě áãéěáâćãěâ âőčďă ĺ âőńìłő âőčďă, łőčďă F (S^?) ≤ y. Šăłĺň őąàăğőň, őŕâĺňĺğăæĺőŋŋŋăï ğăďăçă ŋě ńěčçě, çěň áőőâćěâáâćãîéăï ěľ ğăďăçă àăáŕőğŋăćăŋĺï, ĺ ĺğ NP -âàãďŋőáâĺ ğăďăçĺ àăáŕőğŋăćăŋĺï áńěďãěâ NP -âàãďŋőáâì ĺáåőďŋőľ őŕâĺňĺğăæĺőŋŋŋőľ ğăďăçĺ. Ďńï ďőłăğăâěńìáâćă NP -âàãďŋőáâĺ ğăďăçĺ àăáŕőğŋăćăŋĺï ďőáâăâőçŋő őáãéěáâćĺâì ŕőńĺŋőňĺăńìŋőě áćěďěŋĺě ł ŋěľ ŋěłőâőàőľ ğăćěďőňő NP -âàãďŋőľ ğăďăçĺ.

Ŕãáâì ˝ | ğăďăçă àăáŕőğŋăćăŋĺï, D_Π | ňŋőęěáâćő ěě ĺŋďĺćĺďãăńìŋëå ğăďăç, Y_Π | ňŋőęěáâćő ěě ĺŋďĺćĺďãăńìŋëå ğăďăç á őâćěâőň "ďă", I | ĺŋďĺćĺďãăńìŋăï ğăďăçă.

Šőčďă ŕőńĺŋőňĺăńìŋăï áćőďĺňőáâì ğăďăçĺ àăáŕőğŋăćăŋĺï ˝_1 ł ğăďăçě ˝_2 őğŋăçăěâ ŋăńĺçĺě äãŋłæĺĺ f : D_{Π1} → D_{Π2} ; ãďőćńěâćőàïîéěľ ďćãň ãáńőćĺïň:

(1) äãŋłæĺï f ćëçĺáńïěâáï ŕőńĺŋőňĺăńìŋëň ăńčőàĺâňőň ĺ (2) ďńï ćáěå I ∈ D_{Π1} ćëŕőńŋïěâáï, çâő I ∈ Y_{Π1} âőčďă ĺ âőńìłő âőčďă, łőčďă f(I) ∈ Y_{Π2}:

Śàěďĺ NP -âàãďŋëå ğăďăç ňőęŋő ćëďěńĺâì ğăďăçĺ, ďńï łőâőàëå áãéěáâćãîâ ŕáěćďőŕőńĺŋőňĺăńìŋëě ăńčőàĺâňë ĺå àěèěŋĺï, âő ěáâì ăńčőàĺâňë, áńőęŋőáâì łőâőàëå őčàăŋĺçěŋă áćěàåã ŋěłőâőàëň ŕőńĺŋőňőň őâ ďńĺŋë ğăŕĺáĺ ĺáåőďŋőľ ĺŋäőàňăæĺĺ ğăďăçĺ, ğăłőďĺàőćăŋŋőľ ć ãŋăàŋőň ăńäăćĺâě (ŋăâãàăńìŋőě çĺáńő k ć íâőň ăńäăćĺâě ŕàěďáâăćńïěâáï ŕőáńěďőćăâěńìŋőáâìî k ěďĺŋĺæ). Őáâăńìŋëě NP -âàãďŋëě ğăďăçĺ őâŋőáïâáï ł łńăááã NP -âàãďŋëå ć áĺńìŋőň áňëáńě. Ěáńĺ íâăńőŋŋăï ğăďăçă ïćńïěâáï NP -âàãďŋőľ ć áĺńìŋőň áňëáńě, âő ŋěâ ŋěőąåőďĺňőáâĺ áâàőĺâì ěě ŕőńĺŋőňĺăńìŋőě áćěďěŋĺě ł àăááňăâàĺćăěňőľ ğăďăçě àăáŕőğŋăćăŋĺï. Ďőáâăâőçŋő ŕőáâàőĺâì ŕáěćďőŕőńĺŋőňĺăńìŋőě áćěďěŋĺě ĺ âěň áăňëň ãąěďĺâìáï ć NP -âàãďŋőáâĺ ć áĺńìŋőň áňëáńě ĺáåőďŋőľ ğăďăçĺ.

Őąőğŋăçĺň äãŋłæĺĺ ďńĺŋë ğăŕĺáĺ ĺŋďĺćĺďãăńìŋőľ ğăďăçĺ I, ğăłőďĺàőćăŋŋőľ ć ąĺŋăàŋőň ĺ ãŋăàŋőň ăńäăćĺâě, çěàěğ Length(I) ĺ Max(I) áőőâćěâáâćěŋŋő. Šőčďă ŕáěćďőŕőńĺŋőňĺăńìŋăï áćőďĺňőáâì ğăďăçĺ àăáŕőğŋăćăŋĺï ˝_1 ł ğăďăçě ˝_2 őğŋăçăěâ ŋăńĺçĺě äãŋłæĺĺ f : D_{Π1} → D_{Π2}, ãďőćńěâćőàïîéěľ áńěďãîéĺň ãáńőćĺïň:

(1) łăęďăï ĺŋďĺćĺďãăńìŋăï ğăďăçă I ∈ D_{Π1} ŕàĺŋăďńěęĺâ ňŋőęěáâćã Y_{Π1} âőčďă ĺ âőńìłő âőčďă, łőčďă f(I) ∈ Y_{Π2} ;

(2) äãŋłæĺï f ňőęěâ ąëâì ćëçĺáńěŋă ğă ćàěňï, őčàăŋĺçěŋŋőě ŕőńĺŋőňőň őâ ďćãå ŕěàěňěŋŋëå Length(I) ĺ Max(I);

(3) áãéěáâćãěâ âăłőľ ŕőńĺŋőň q_1; çâő ďńï ćáěå I ∈ D_{Π1} ĺňěěâ ňěáâő ŋěàăćěŋáâćő q_1(Length(f(I))) ≥ Length(I);

(4) áãéěáâćãěâ âăłőľ ŕőńĺŋőň q_2 őâ ďćãå ŕěàěňěŋŋëå, çâő ďńï ćáěå I ∈ D_{Π1} ćëŕőńŋěŋő ŋěàăćěŋáâćő Max(f(I)) ≤ q_2(Max(I); Length(I)):

Ŕàĺćěďěň áŕĺáőł íâăńőŋŋëå NP -âàãďŋëå ğăďăç, ĺáŕőńìğãěňëå ďńï ďőłăğăâěńìáâćă NP -âàãďŋőáâĺ ğăďăç âěőàĺĺ àăáŕĺáăŋĺľ, àăááňăâàĺćăěňëå ć ďĺááěàâăæĺĺ.

Ğăďăçă ŚŞŇŇĂ ŘĂĞŇĚŘŐĆ.

Ďăŋë æěńëě e_i ≥ 1; i ∈ I; ĺ æěńőě E ≥ 1: Ŋăľâĺ I^′ ⊆ I âăłőě, çâő ∑ i∈I^′ e_i = E:

Ğăďăçă ŔŘŐĹĞĆĚĎĚŊĹĚ ŘĂĞŇĚŘŐĆ.

Ďăŋë æěńëě e_i ≥ 1; i ∈ I; ĺ æěńőě E ≥ 1: Ŋăľâĺ I^′ ⊆ I âăłőě, çâő ∏ i∈I^′ e_i = E:

Ğăďăçă 3-ŘĂĞĄĹĚŊĹĚ.

Ďăŋë ňŋőęěáâćő I, áőáâőïéěě ĺğ 3n íńěňěŋâőć, æěńőě E ≥ 1 ĺ æěńëě E=4 ≤ e_i ≤ E=2; i ∈ I; âăłĺě, çâő^∑_{i∈I} e_i = nE: Ŋăľâĺ âăłőě àăğąĺěŋĺě I ŋă n ŋěŕěàěáěłăîéĺåáï ŕőďňŋőęěáâć I_1; I_2; : : : ; I_n, çâő ďńï ńîąőčő l 1 ≤ l ≤ n; ćëŕőńŋěŋő áőőâŋőèěŋĺě^∑_{i∈Il} e_i = E:

Ğăďăçă ŠŘĚŢŇĚŘŊŐĚ ŚŐŮĚŠĂŊĹĚ.

Ďăŋő ňŋőęěáâćő ˘ ⊆ W × X × Y; čďě W; X ĺ Y | ŋěŕěàěáěłăîéĺěáï ňŋőęěáâćă, áőďěàęăéĺě őďĺŋăłőćőě çĺáńő íńěňěŋâőć q: Ćěàŋő ńĺ, çâő ˘ áőďěàęĺâ âàěåňěàŋőě áőçěâăŋĺě, â.ě. ŕőďňŋőęěáâćő ˘^′ ⊆˘ âăłőě, çâő |˘^′| = q ĺ ŋĺłăłĺě ďćă àăğŋëå íńěňěŋâă ĺğ ˘^′ ŋě ĺňěîâ ŋĺ őďŋőľ àăćŋőľ łőőàďĺŋăâë.

Ćáě ŕěàěçĺáńěŋŋëě ğăďăçĺ ŕàĺćěďěŋë ć áŕĺáłě NP -âàãďŋëå ğăďăç ć [?]. Ğăďăçă ŚŞŇŇĂ ŘĂĞŇĚŘŐĆ ĺ ğăďăçă ŔŘŐĹĞĆĚĎĚŊĹĚ ŘĂĞ-

ŇĚŘŐĆ ïćńïîâáï NP -âàãďŋëňĺ, ă ğăďăçă 3-ŘĂĞĄĹĚŊĹĚ ĺ ğăďăçă ŠŘĚŢŇĚŘŊŐĚ ŚŐŮĚŠĂŊĹĚ ïćńïîâáï NP -âàãďŋëňĺ ć áĺńìŋőň áňëáńě.

Ŕőáłőńìłã ďńï NP -âàãďŋëå ğăďăç áłőàěě ćáěčő ŋě áãéěáâćãîâ íääěłâĺćŋëě ŕőńĺŋőňĺăńìŋëě ăńčőàĺâňë, ŕàěďáâăćńïěâ ĺŋâěàěá ŕőáâàőěŋĺě ďńï ŋĺå ŕàĺąńĺęěŋŋëå ŕőńĺŋőňĺăńìŋëå ăńčőàĺâňőć.

Ăńčőàĺâň A ŋăğëćăěâáï ŕàĺąńĺęěŋŋëň ăńčőàĺâňőň àěèěŋĺï ğăďăçĺ ňĺŋĺňĺğăæĺĺ ˝; ěáńĺ ďńï ńîąőľ ĺŋďĺćĺďãăńìŋőľ ğăďăçĺ I ∈ D_Π ăńčőàĺâň A őâëáłĺćăěâ ŋěłőâőàőě ďőŕãáâĺňőě àěèěŋĺě ff ∈ S_Π(I): Őŕàěďěńĺň őâŋőèěŋĺě R_A(I) áńěďãîéĺň őąàăğőň:

R_A(I) =

A(I) OP T (I) : Ŕőčàěèŋőáâìî ŕàĺąńĺęěŋŋőčő ăńčőàĺâňă A àěèěŋĺï ğăďăçĺ ˝ ŋăğőćěň ćěńĺçĺŋã R_A; őŕàěďěńïěňãî áńěďãîéĺň őąàăğőň:

R_A = inf{r ≥ 1|R_A(I) ≤ r ďńï ćáěå I ∈ D_Π}:

Ŕěàěľďěň ł őŕĺáăŋĺî ğăďăç âěőàĺĺ àăáŕĺáăŋĺľ. Łăł ãęě ąëńő ãŕőňïŋãâő ćő ććěďěŋĺĺ, ć ďăńìŋěľèěň ąãďãâ àăááňăâàĺćăâìáï ğăďăçĺ, ãďőćńěâćőàïîéĺě áńěďãîéĺň ãáńőćĺïň.

• Ćáï ĺáåőďŋăï ĺŋäőàňăæĺï őą ĺŋďĺćĺďãăńìŋőľ ğăďăçě őŕàěďěńěŋă ĺ ĺğćěáâŋă ğăàăŋěě.

• Ć łăęďëľ ňőňěŋâ ćàěňěŋĺ ŋă ńîąőľ ňăèĺŋě ćëŕőńŋïěâáï ŋě ąőńěě őďŋőľ àăąőâë.

• Ć łăęďëľ ňőňěŋâ ćàěňěŋĺ ńîąăï àăąőâă őąáńãęĺćăěâáï ŋě ąőńěě őďŋőľ ňăèĺŋőľ.

• Ŕàěàëćăŋĺï ć ćëŕőńŋěŋĺĺ àăąőâ ŋě ďőŕãáâĺňë.

Ć ďćãå ŕěàćëå čńăćăå ďăŋŋőľ àăąőâë àăááňăâàĺćăîâáï ğăďăçĺ ŕőáâàőěŋĺï àăáŕĺáăŋĺľ ŋă őďŋőľ ňăèĺŋě.

Ŕãáâì ŋă őďŋőľ ňăèĺŋě âàěąãěâáï ćëŕőńŋĺâì ňŋőęěáâćő àăąőâ J = {J_1; J_2; : : : ; J_n}. Őąőğŋăçĺň çěàěğ s_i ňőňěŋâ ŋăçăńă ćëŕőńŋěŋĺï àăąőâë J_i: Ŕàěďŕőńăčăěâáï, çâő ćáě àăąőâë čőâőćë ł ćëŕőńŋěŋĺî ć ňőňěŋâ ćàěňěŋĺ t_0 ≥ 0; ă ďńĺâěńìŋőáâì àăąőâë J_i àăćŋă p_i = ¸_iˇ(s_i); čďě ˇ(t) | łãáőçŋő-ŋěŕàěàëćŋăï äãŋłæĺï, őŕàěďěńěŋŋăï ďńï ćáěå t ≥ t_0, ¸_i > 0 | àăæĺőŋăńìŋëě çĺáńă, 1 ≤ i ≤ n:

Őąőğŋăçĺň çěàěğ C_i = s_i + p_i | ćàěňï ğăćěàèěŋĺï àăąőâë J_i: Ďńï őŕĺáăŋĺï æěńěćëå äãŋłæĺľ őŕàěďěńĺň áńěďãîéĺě ŕăàăňěâàë: d_i | ďĺàěłâĺćŋëľ áàőł ŋă ğăćěàèěŋĺě ćëŕőńŋěŋĺï àăąőâë J_i; w_i ≥ 0 | ćěá àăąőâë J_i:

Ć ďĺááěàâăæĺĺ àăááňăâàĺćăîâáï ğăďăçĺ áő áńěďãîéĺňĺ æěńěćëňĺ äãŋłæĺïňĺ.

f = C_{max} = max_{Ji∈J} C_i | ćàěňï ğăćěàèěŋĺï ćáěå àăąőâ, f = ˚C_i =^∑_{Ji∈J} C_i | áãňňă ćàěňěŋ ğăćěàèěŋĺï ćáěå àăąőâ, f = ˚w_iC_i =^∑_{Ji∈J} w_iC_i | ćğćěèěŋŋăï áãňňă ćàěňěŋ ğăćěàèěŋĺï ćáěå àăąőâ, f = L_{max} = max_{Ji∈J} (C_i − d_i) | ňăłáĺňăńìŋőě ćàěňěŋŋőě áňěéěŋĺě, f = ˚U_i =^∑_{Ji∈J} U_i | çĺáńő ğăŕăğďëćăîéĺå àăąőâ, čďě U_i = 1; ěáńĺ C_i > d_i; ĺ U_i = 0 ć ŕàőâĺćŋőň áńãçăě. Šàěąãěâáï ŋăľâĺ àăáŕĺáăŋĺě, łőčďă æěńěćăï äãŋłæĺï f ŕàĺŋĺňăěâ ŋăĺňěŋìèěě ğŋăçěŋĺě.

Ŕàĺ őąőğŋăçěŋĺĺ łőŋłàěâŋőľ ğăďăçĺ ąãďěâ ĺáŕőńìğőćăâìáï ğăŕĺáì ¸|˛|‚, ććěďěŋŋăï ć [?]. Ć ŕőńě ¸ ğăŕĺáëćăěâáï ĺŋäőàňăæĺï ő ňăèĺŋăå. Ďńï ğăďăç ŕőáâàőěŋĺï àăáŕĺáăŋĺï ŋă őďŋőľ ňăèĺŋě ¸ = 1. Ć ŕőńě ˛ ãłăğëćăîâáï àăğńĺçŋëě åăàăłâěàĺáâĺłĺ àăąőâ. Ğăŕĺáì p_i = ˇ_i(s_i) ć íâőň ŕőńě őğŋăçăěâ, çâő ďńĺâěńìŋőáâì ćëŕőńŋěŋĺï àăąőâë J_i àăćŋă p_i = ˇ_i(s_i); ğăŕĺáì prec őğŋăçăěâ, çâő ňěęďã àăąőâăňĺ ěáâì őâŋőèěŋĺï ŕàěďèěáâćőćăŋĺï; ğăŕĺáì w:i: őğŋăçăěâ, çâő ňăèĺŋă ďőńęŋă ćëŕőńŋïâì àăąőâë ąěğ ŕàőáâőěć. Ć âàěâìěň ŕőńě ğăďăěâáï ćĺď æěńěćőľ äãŋłæĺĺ.

Ąãďěň čőćőàĺâì, çâő ĺŋďĺćĺďãăńìŋăï ğăďăçă åőàőèő őŕàěďěńěŋă, ěáńĺ ćëŕőńŋěŋë áńěďãîéĺě ãáńőćĺï:

ˇ(t_0) > 0; (1.1)

t_1 + ¸_iˇ(t_1) < t_2 + ¸_iˇ(t_2) ŕàĺ ćáěå t_2 > t_1 ≥ t_0 ĺ ćáěå J_i ∈ J: (1.2)

Ŕàőłőňěŋâĺàãěň íâĺ ãáńőćĺï ŕőďàőąŋěě. Ŕěàćőě ãáńőćĺě őğŋăçăěâ, çâő ć ŋăçăńìŋëľ ňőňěŋâ ćàěňěŋĺ ćáě àăąőâë ĺňěîâ ŕőńőęĺâěńìŋãî ďńĺâěńìŋőáâì. Ĺğ ćâőàőčő ãáńőćĺï áńěďãěâ, çâő ěáńĺ àăąőâă ŋăçŋěâ ćëŕőńŋïâìáï àăŋìèě, âő ĺ àăŋìèě ğăłőŋçĺâáï, åőâï ćàěňï, ğăâàăçěŋŋőě ŋă ěě ćëŕőńŋěŋĺě, ňőęěâ ąëâì ĺ ąőńìèě. Ğăňěâĺň, çâő ć íâőň ãáńőćĺĺ ŋăàïďã á äãŋłæĺěľ ˇ(t) ãçăáâćãîâ ĺ ŕăàăňěâàë ¸_i: Ŕőíâőňã őďŋĺ ĺŋďĺćĺďãăńìŋëě ğăďăçĺ ďńï ŋěłőâőàőľ äãŋłæĺĺ ˇ(t) ňőčãâ ąëâì åőàőèő őŕàěďěńěŋë, ă ďàãčĺě á âőľ ęě äãŋłæĺěľ | ŋěâ. Ć łăçěáâćě ŕàĺňěàă àăááňőâàĺň ˇ(t) = 1=t: Ĺŋďĺćĺďãăńìŋăï ğăďăçă á ˇ(t) = 1=t ĺ t_0 = 1 åőàőèő őŕàěďěńěŋă, ěáńĺ ¸_i < 1 ďńï łăęďőľ àăąőâë J_i. Šăłĺň őąàăğőň, ďńï ŋěłőâőàëå äãŋłæĺľ ãáńőćĺě (??) áãęăěâ łńăáá àăááňăâàĺćăěňëå ğăďăç. Ěáńĺ ˇ(t) | ŋěãąëćăîéăï äãŋłæĺï, âő ćâőàőě ãáńőćĺě ćëŕőńŋěŋő ďńï ńîąőčő ŋăąőàă ŕăàăňěâàőć ¸_i:

Ńěňňă 1 Ŕãáâì ˇ(fi) ≤ 0 ďńï ŋěłőâőàőčő fi > t_0 ĺ ďńï ńîąőčő t ∈ [t_0; fi) ćëŕőńŋïěâáï ˇ(t) > 0; ă ďńï ĺŋďĺćĺďãăńìŋőľ ğăďăçĺ á ďńĺâěńìŋőáâïňĺ àăąőâ p_i = ¸_iˇ(s_i) ćëŕőńŋěŋë ãáńőćĺï (??) ĺ (??). Šőčďă ďńï ńîąőčő s_i ∈ [t_0; fi) ćàěňï ğăćěàèěŋĺï àăąőâë J_i ňěŋìèě fi:

Ďőłăğăâěńìáâćő. Ďěľáâćĺâěńìŋő, Ci = si +¸iˇ(si): Šăł łăł si < fi; âő ŕő ãáńőćĺî 2 s_i + ¸_iˇ(s_i) < fi + ¸_iˇ(fi) ≤ fi: Ńěňňă ?? ďőłăğăŋă.

Ŕàěďŕőńőęĺň, çâő æěńěćăï äãŋłæĺï ŋě ãąëćăěâ őâ ćàěňěŋĺ ğăćěàèěŋĺï łăęďőľ àăąőâë. İâő ãáńőćĺě ćëŕőńŋïěâáï ďńï ćáěå àăááňăâàĺćăěňëå ďăńěě ğăďăç. Šőčďă ĺğ ãáńőćĺľ (??) ĺ (??) áńěďãěâ, çâő ć őŕâĺňăńìŋőň àăáŕĺáăŋĺĺ ňăèĺŋă àăąőâăěâ ąěğ ŕàőáâőěć, ĺ àăáŕĺáăŋĺě ŕőńŋőáâìî őŕàěďěńïěâáï ŕőáńěďőćăâěńìŋőáâìî ı ćëŕőńŋěŋĺï àăąőâ. Šăłãî ŕőáńěďőćăâěńìŋőáâì ąãďěň ŋăğëćăâì àăáŕĺáăŋĺěň. Ąőńěě âőčő, ĺğ ãáńőćĺľ (??) ĺ (??) áőčńăáŋő ńěňňě 1 áńěďãěâ, çâő ěáńĺ ďńï ŋěłőâőàőčő fi > t_0 ćëŕőńŋïěâáï ˇ(fi) ≤ 0; âő ćáě àăąőâë ğăłăŋçĺćăîâáï ďő ňőňěŋâă fi ĺ ĺå ďńĺâěńìŋőáâì áâàőčő ŕőńőęĺâěńìŋă.

Ć [?] ąëńő ććěďěŋő ŕőŋïâĺě 1-ŕàĺőàĺâěâŋő ŕőàőęďăîéěčő äãŋłæĺőŋăńă.

Őŕàěďěńěŋĺě 1 [?] Ŕãáâì P | ňŋőęěáâćő ćáěå ŕěàěáâăŋőćőł ı ĺğ

íńěňěŋâőć ňŋőęěáâćă J: Ťãŋłæĺőŋăń f(ı) ŋă ňŋőęěáâćě P ŋăğëćăěâáï 1-ŕàĺőàĺâěâŋő ŕőàőęďăîéĺň, ěáńĺ áãéěáâćãěâ äãŋłæĺőŋăń !(i) âăłőľ, çâő ďńï ńîąëå íńěňěŋâőć i; l ĺ ńîąëå ŕěàěáâăŋőćőł ı^1 = (ı_1; i; l; ı_2) ĺ ı^2 = (ı_1; l; i; ı_2) ĺğ P ćëŕőńŋïîâáï áőőâŋőèěŋĺï:

(a) ěáńĺ !(i) > !(l); âő f(ı^1) ≤ f(ı^2);

(b) ěáńĺ !(i) = !(l); âő f(ı^1) = f(ı^2):

Ćěńĺçĺŋă !(i) ŋăğëćăěâáï ŕàĺőàĺâěâőň íńěňěŋâă i:

Şâćěàęďěŋĺě 1 [?] Ŕãáâì ı ∈ P ĺ äãŋłæĺőŋăń F (ı) ïćńïěâáï 1-ŕàĺőàĺâěâŋő

ŕőàőęďăîéĺň ŋă ňŋőęěáâćě P. Šőčďă F (ı) ŕàĺŋĺňăěâ ňĺŋĺňăńìŋőě ğŋăçěŋĺě ŋă ńîąőľ ŕěàěáâăŋőćłě, ć łőâőàőľ íńěňěŋâë ãŕőàïďőçěŋë ŕő ŋěćőğàăáâăŋĺî ĺå ŕàĺőàĺâěâőć.

1.2 Ńĺŋěľŋëě äãŋłæĺĺ

Ŕãáâì ˇ(t) | ŕàőĺğćőńìŋăï ńĺŋěľŋăï äãŋłæĺï, âő ěáâì ˇ(t) = at + b Šőčďă ćàěňï ćëŕőńŋěŋĺï àăąőâë J_i àăćŋő

p_i = ¸_i(as_i + b): (1.3)

Ěáńĺ a = 0, âő ŕőńãçăěň ğăďăçĺ âěőàĺĺ àăáŕĺáăŋĺľ á äĺłáĺàőćăŋŋëňĺ ďńĺâěńìŋőáâïňĺ. Śńãçăľ b = 0 ĺğãçăńáï ć [?], [?].

Ďńï àăááňăâàĺćăěňëå ğăďăç ãáńőćĺï (??) ĺ (??) ŕàĺŋĺňăîâ áńěďãîéĺľ ćĺď:

at_0 + b > 0; (1.4)

− ¸_ia < 1 ŕàĺ ćáěå J_i ∈ J: (1.5)

Ğăňěâĺň, çâő ěáńĺ ć àăááňăâàĺćăěňőľ ğăďăçě a < 0 ĺ ćëŕőńŋïîâáï ãáńőćĺï (??) ĺ (??), âő áőčńăáŋő ńěňňě 1 ćáě àăąőâë ğăłăŋçĺćăîâáï ďő ňőňěŋâă −b=a:

Řăááňőâàĺň ğăďăçã 1|p_i = ¸_i(as_i + b)|C_{max}.

Šěőàěňă 1 Ŕãáâì ć ĺŋďĺćĺďãăńìŋőľ ğăďăçě 1|p_i = ¸_i(as_i +b)|C_{max} ćë-

ŕőńŋěŋë ŋěàăćěŋáâćă (??) ĺ (??). Šőčďă ńîąăï ŕěàěáâăŋőćłă àăąőâ ďăěâ őŕâĺňăńìŋőě àăáŕĺáăŋĺě ĺ

C_{max} = t_0 + b^{∑n}_{i=1} ¸_i , ŕàĺ a = 0; (t_0 + b=a)^{∏n}_{i=1}(¸_ia + 1) − b=a , ŕàĺ a ≠ 0:

(1.6)

Ďőłăğăâěńìáâćő. Ŕőłăęěň, çâő ňőňěŋâ ğăćěàèěŋĺï n àăąőâ ğăďăěâáï äőàňãńőľ (??) ĺ ŋě ğăćĺáĺâ őâ ŕőàïďłă ĺå ćëŕőńŋěŋĺï. Ďńï áńãçăï a = 0 ãâćěàęďěŋĺě őçěćĺďŋő. Ďńï áńãçăï a ≠ 0 ďőłăğăâěńìáâćő ŕàőćěďěň ĺŋďãłæĺěľ ŕő çĺáńã àăąőâ. Řăááňőâàĺň ŕàőĺğćőńìŋãî ŕěàěáâăŋőćłã ı ĺğ n àăąőâ. Ąěğ őčàăŋĺçěŋĺï őąéŋőáâĺ ňőęŋő áçĺâăâì, çâő àăąőâë ğăŋãňěàőćăŋë ŕő ŕőàïďłã őâ 1 ďő n: Ďńï n = 1 àăćěŋáâćő ćëŕőńŋěŋő. Ŕãáâì őŋő ćëŕőńŋěŋő ďńï n = k − 1: Šőčďă ĺňěěň

C_k = C_{k−1} + p_k = (t + b=a)^{k−1∏}_{i=1}(¸_ia + 1) − b=a + ¸_k(as_k + b)

= (t + b=a)^{k−1∏}_{i=1}(¸_ia + 1) − b=a + ¸_ka((t + b=a)^{k−1∏}_{i=1}(¸_ia + 1) − b=a)) + ¸_kb

= (¸_ka + 1)(t + b=a)^{k−1∏}_{i=1}(¸_ia + 1) + ¸_kb − ¸_kb − b=a

= (t + b=a)^{k∏}_{i=1}(¸_ia + 1) − b=a: Šěőàěňă ?? ďőłăğăŋă.

Řěğãńìâăâ âěőàěňë ?? ŕőğćőńïěâ ŕàĺňěŋïâì łńăááĺçěáłãî âěåŋĺłã ĺğ âěőàĺĺ àăáŕĺáăŋĺľ ďńï àěèěŋĺï ğăďăç á ŕàőŕőàæĺőŋăńìŋëňĺ ńĺŋěľŋëňĺ ďńĺâěńìŋőáâïňĺ. Ďěľáâćĺâěńìŋő, àăááňőâàĺň ğăďăçã 1|p_i = ¸_i(as_i + b); prec|f_{max}, ć łőâőàőľ ŋă őďŋőľ ňăèĺŋě âàěąãěâáï ćëŕőńŋĺâì n àăąőâ á őâŋőèěŋĺěň ŕàěďèěáâćőćăŋĺï ňěęďã àăąőâăňĺ. Ďńï łăęďőľ àăąőâë J_i ğăďăŋă áâőĺňőáâŋăï äãŋłæĺï f_i(C_i): Ćáě äãŋłæĺĺ f_i ïćńïîâáï ŋěãąëćăîéĺňĺ ĺ ňőčãâ ąëâì àăğńĺçŋë ďńï àăğŋëå àăąőâ. Šàěąãěâáï ŕőáâàőĺâì àăáŕĺáăŋĺě àăąőâ, ňĺŋĺňĺğĺàãîéěě äãŋłæĺî f_{max} = max_{Ji∈J} f_i.

Ăŋăńőčĺçŋő łńăááĺçěáłőňã áńãçăî ŕàĺňěŋěŋĺě ŕàăćĺńă Ńőńí [?] ŕőğćőńïěâ ŋăľâĺ őŕâĺňăńìŋãî ŕěàěáâăŋőćłã, àěèăîéãî íâã ğăďăçã.

Ŕàăćĺńő Ńőńí. Ŕãáâì L ⊆ J | ňŋőęěáâćő àăąőâ, ã łőâőàëå ŋěâ ŕőáńěďãîéĺå, ĺ àăąőâă J_l ∈ L âăłőćă, çâő

f_l(C_n) = min_{i∈L} f_i(C_n);

čďě C_n ćëçĺáńïěâáï ŕő äőàňãńě (??). Šőčďă áãéěáâćãěâ őŕâĺňăńìŋőě àăáŕĺáăŋĺě, ć łőâőàőň J_l ćëŕőńŋïěâáï ŕőáńěďŋěľ.

Ŕőćâőàĺć ŕàăćĺńő Ńőńí ďńï őáâăćèĺåáï àăąőâ, ŋě ąőńěě çěň ğă O(n^2) íńěňěŋâăàŋëå őŕěàăæĺľ ŕőńãçĺň őŕâĺňăńìŋőě àăáŕĺáăŋĺě. Šěőàěňă 2 Ŕãáâì ć ĺŋďĺćĺďãăńìŋőľ ğăďăçě 1|p_i = ¸_i(as_i+b); prec|f_{max}

ćëŕőńŋěŋë ŋěàăćěŋáâćă (??) ĺ (??). Šőčďă ŕőáâàőěŋŋăï ŕő ŕàăćĺńã Ńőńí ŕěàěáâăŋőćłă ïćńïěâáï őŕâĺňăńìŋőľ.

Ďőłăğăâěńìáâćő. Ŕő âěőàěňě ?? ćěńĺçĺŋă C_n ŋě ğăćĺáĺâ őâ ŕőáńěďőćăâěńìŋőáâĺ àăąőâ ĺ ňőęěâ ąëâì ŋăľďěŋă ğă ŕőńĺŋőňĺăńìŋőě ćàěňï. Ďăńìŋěľèěě àăááãęďěŋĺě áőćŕăďăěâ á ďőłăğăâěńìáâćőň ăŋăńőčĺçŋőčő àěğãńìâăâă ďńï ğăďăçĺ á äĺłáĺàőćăŋŋëňĺ ďńĺâěńìŋőáâïňĺ ĺ ćŕěàćëě ąëńő őŕãąńĺłőćăŋő Ńőńí [?]. Őąőğŋăçĺň çěàěğ f^?_{max}(J) ğŋăçěŋĺě æěńěćőľ äãŋłæĺĺ ć őŕâĺňăńìŋőň àăáŕĺáăŋĺĺ. Šőčďă ćëŕőńŋïîâáï áńěďãîéĺě ŋěàăćěŋáâćă:

f^?_{max}(J) ≥ min_{Ji∈L} f_i(C_n); (1.7)

f^?_{max}(J) ≥ f^?_{max}(J \ J_i) ďńï ćáěå J_i: (1.8)

Ŕãáâì àăąőâă J_l ∈ L âăłőćă, çâő f_l(C_n) = min_{Ji∈L} f_i(C_n): Őąőğŋăçĺň çěàěğ f_l(J) ğŋăçěŋĺě őŕâĺňăńìŋőľ æěńěćőľ äãŋłæĺĺ ŕàĺ ãáńőćĺĺ, çâő J_l ćëŕőńŋïěâáï ŕőáńěďŋěľ. Šőčďă

f_l(J) = max{f_l(C_n); f^?_{max}(J \ l)}:

Ĺğ ŕőáńěďŋěčő àăćěŋáâćă ĺ ŋěàăćěŋáâć (??), (??) áńěďãěâ, çâő f^?_{max}(J) ≥ f_l(J); ĺ áãéěáâćãěâ őŕâĺňăńìŋőě àăáŕĺáăŋĺě, ć łőâőàőň àăąőâă J_l ćëŕőńŋïěâáï ŕőáńěďŋěľ. Šěőàěňă ?? ďőłăğăŋă.

Řăááňőâàĺň ğăďăçĺ, ć łőâőàëå æěńěćëě äãŋłæĺĺ ïćńïîâáï 1-ŕàĺőàĺâěâŋő-ŕőàőęďăîéĺňĺ äãŋłæĺőŋăńăňĺ.

Šěőàěňă 3 Ŕãáâì ďńï ĺŋďĺćĺďãăńìŋőľ ğăďăçĺ 1|p_i = ¸_i(as_i + b)|L_{max}

ćëŕőńŋěŋë ãáńőćĺï (??) ĺ (??). Šőčďă ńîąăï ŕěàěáâăŋőćłă àăąőâ ŕő ŋěãąëćăŋĺî ćěńĺçĺŋ d_i ïćńïěâáï őŕâĺňăńìŋőľ.

Ďőłăğăâěńìáâćő. Ŕőłăęěň, çâő æěńěćăï äãŋłæĺï L_{max} ïćńïěâáï 1-ŕàĺőàĺâěâŋő-ŕőàőęďăîéĺň äãŋłæĺőŋăńőň á ŕàĺőàĺâěâőň !_i = −d_i. Ŋăľďěň ďőáâăâőçŋëě ãáńőćĺï, ŕàĺ łőâőàëå L_{max}(ı_1; J_l; J_k; ı_2) ≤ L_{max}(ı_1; J_k; J_l; ı_2): Ĺňěěň ćő-ŕěàćëå,

L_{max}(ı_1; J_l; J_k; ı_2) = max_{Ji∈J} L_i(ı_1; J_l; J_k; ı_2)

= max( max J_i∈J\{J_l}\{J_k} L i(ı_1; J_l; J_k; ı_2); L_l(ı_1; J_l; J_k; ı_2); L_k(ı_1; J_l; J_k; ı_2)) = max( max J_i∈J\{J_l}\{J_k} L i(ı_1; J_l; J_k; ı_2); C(ı_1; J_l) − d_l; C(ı_1; J_l; J_k) − d_k):

Ćő-ćâőàëå L_{max}(ı_1; J_k; J_l; ı_2) = max( max J_i∈J\{J_l}\{J_k} L i(ı_1; J_l; J_k; ı_2); C(ı_1; J_k) − d_k; C(ı_1; J_k; J_l) − d_l):

Šăł łăł C(ı_1; J_l; J_k)−d_l ≥ C(ı_1; J_l)−d_l; C(ı_1; J_k; J_l)−d_k ≥ C(ı_1; J_k)−d_k; ĺ ŕő âěőàěňě 1 C(ı_1; J_l; J_k) = C(ı_1; J_k; J_l); âő L_{max}(ı_1; J_l; J_k; ı_2) ≤ L_{max}(ı_1; J_k; J_l; ı_2) ŕàĺ d_l ≤ d_k:

Šěőàěňă ?? ďőłăğăŋă.

Šěőàěňă 4 Ŕãáâì ďńï ĺŋďĺćĺďãăńìŋőľ ğăďăçĺ 1|p_i = ¸_i(as_i + b)|˚w_iC_i

ćëŕőńŋěŋë ãáńőćĺï (??) ĺ (??). Šőčďă ńîąăï ŕěàěáâăŋőćłă àăąőâ ŕő ŋěćőğàăáâăŋĺî ćěńĺçĺŋ w_i(¸^{−1}_i + a) ïćńïěâáï őŕâĺňăńìŋőľ.

Ďőłăğăâěńìáâćő. Ŕőłăęěň, çâő æěńěćăï äãŋłæĺï f = ˚w_iC_i ïćńïěâáï 1-ŕàĺőàĺâěâŋő ŕőàőęďăîéĺň äãŋłæĺőŋăńőň á ŕàĺőàĺâěâőň !_i = w_i(¸^{−1}_i +a): Ŋăľďěň ďőáâăâőçŋëě ãáńőćĺï, ŕàĺ łőâőàëå f(ı_1; J_l; J_k; ı_2) ≤ f(ı_1; J_k; J_l; ı_2): Šăł łăł C(ı_1; J_l; J_k) = C(ı_1; J_k; J_l); âő æěńěćëě äãŋłæĺĺ őâńĺçăîâáï âőńìłő áńăčăěňëňĺ á ćěáăňĺ w_l ĺ w_k: Ŕőíâőňã ĺňěěň

w_lC(ı_1; J_l) + w_kC(ı_1; J_l; J_k) ≤ w_kC(ı_1; J_k) + w_lC(ı_1; J_k; J_l): (1.9)

Ŕàěőąàăğãěň ńěćãî ĺ ŕàăćãî çăáâĺ ŋěàăćěŋáâćă 8. Ć àěğãńìâăâě ĺňě- ěň. w_lC(ı_1; J_l) + w_kC(ı_1; J_l; J_k) = w_l(C(ı_1) + ¸_l(aC(ı_1) + b))

+w_k(C(ı_1) + ¸_l(aC(ı_1) + b) + ¸_ka(C(ı_1) + ¸_l(aC(ı_1) + b)) + ¸_kb):

w_kC(ı_1; J_k) + w_lC(ı_1; J_k; J_l) = w_k(C(ı_1) + ¸_k(aC(ı_1) + b)) +w_l(C(ı_1) + ¸_k(aC(ı_1) + b) + ¸_la(C(ı_1) + ¸_k(aC(ı_1) + b)) + ¸_lb): Ŕőďáâăćńïï ŕőńãçěŋŋëě ćëàăęěŋĺï ć (??), ŕőńãçăěň

(1 + ¸_ka)w_k¸_l(aC(ı_1) + b) ≤ (1 + ¸_la)w_l¸_k(aC(ı_1) + b):

Śńěďőćăâěńìŋő, ěáńĺ w_k(¸^{−1}_k + a) ≤ w_l(¸^{−1}_l + a); âő f(ı_1; J_l; J_k; ı_2) ≤ f(ı_1; J_k; J_l; ı_2):

Šěőàěňă ?? ďőłăğăŋă.

Řăááňőâàĺň ğăďăçã ő ňĺŋĺňĺğăæĺĺ çĺáńă ğăŕăğďëćăîéĺå àăąőâ 1|p_i = ¸_i(as_i + b)|˚U_i. Łńăááĺçěáłăï ğăďăçă 1||˚U_i á âěň ęě łàĺâěàĺěň őŕâĺňăńìŋőáâĺ àěèăěâáï ăńčőàĺâňőň Ţőďęáőŋă-Ňãàă [?] ğă O(n log n) őŕěàăæĺľ. Ăŋăńőčĺçŋëľ ăńčőàĺâň àăááňăâàĺćăńáï ć [?] ďńï ğăďăçĺ 1|p_i = ¸_is_i|˚U_i. Őąőğŋăçĺň çěàěğ J^∗ | ňŋőęěáâćő ŋěğăŕăğďëćăîéĺå àăąőâ ć őŕâĺňăńìŋőň àăáŕĺáăŋĺĺ ĺ ąěğ őčàăŋĺçěŋĺï őąéŋőáâĺ ąãďěň áçĺâăâì, çâő ŋãňěàăæĺï àăąőâ ć ăńčőàĺâňě ŋă èăčě 5 áőćŕăďăěâ á ŕőáâàőěŋŋőľ ŕőáńěďőćăâěńìŋőáâìî.

Ăńčőàĺâň 1.

Ÿăč 1. Ŕőńăčăěâáï J^∗ := J:

Ÿăč 2. Řăąőâë ãŕőàïďőçĺćăîâáï ŕő ŋěãąëćăŋĺî ćěńĺçĺŋ d_i: Ÿăč 3. Ěáńĺ ŋĺłăłăï àăąőâă ĺğ J^∗ ć ŕőáńěďőćăâěńìŋőáâĺ ŋě ğăŕăğďëćăěâ, âő áâőŕ. Ŕőáńěďőćăâěńìŋőáâì őŕâĺňăńìŋă.

Ÿăč 4. Ć ŕőńãçěŋŋőľ ŕőáńěďőćăâěńìŋőáâĺ ŋăåőďĺâáï ŕěàćăï ğăŕăğďëćăîéăï àăąőâă. Ŕãáâì J_k ïćńïěâáï âăłőľ àăąőâőľ.

Ÿăč 5. Ŋăåőďĺâáï àăąőâă J_i âăłăï, çâő ¸_i = max_{j=1;:::;k} ¸_j. Řăąőâă J_i áâăćĺâáï ŕőáńěďŋěľ ć J^∗: Ŕőńăčăěâáï J^∗ = J^∗ \ J ĺ őáãéěáâćńïěâáï ćőğćàăâ ŋă èăč 3.

Ďőłăęěň, çâő íâőâ ăńčőàĺâň ŕőğćőńïěâ ŋăåőďĺâì őŕâĺňăńìŋőě àěèěŋĺě ğăďăçĺ 1|p_i = ¸_i(as_i + b)|˚U_i. Ďńï ãďőąáâćă ŋăľďěŋŋëě ăńčőàĺâňőň ŋă èăčě 4 àăąőâë, ąãďěň ŋăğëćăâì łàĺâĺçěáłĺňĺ.

Šěőàěňă 5 Ŕãáâì ć ĺŋďĺćĺďãăńìŋőľ ğăďăçě 1|p_i = ¸_i(as_i + b)|˚U_i ćë-

ŕőńŋěŋë ãáńőćĺï (??) ĺ (??). Šőčďă Ăńčőàĺâň 1 ŋăåőďĺâ őŕâĺňăńìŋőě àăáŕĺáăŋĺě.

Ďőłăğăâěńìáâćő. Ĺğ âěőàěňë ?? áńěďãěâ, çâő ěáńĺ áãéěáâćãěâ àăáŕĺáăŋĺě ąěğ ğăŕăğďëćăîéĺå àăąőâ, âő őŋő ąãďěâ ŋăľďěŋő ŋă ŕěàćőň èăčě ăńčőàĺâňă. Ŕãáâì âěŕěàì S^∗ | őŕâĺňăńìŋőě àăáŕĺáăŋĺě, Z^∗ | ňŋőęěáâćő ěčő ğăŕăğďëćăîéĺå àăąőâ, ĺ Z^∗ ≠ ∅: Ŕãáâì ć àěğãńìâăâě àăąőâë ăńčőàĺâňă ŋăľďěŋő àăáŕĺáăŋĺě S á k ğăŕăğďëćăîéĺňĺ àăąőâăňĺ J_{i1} ; : : : ; J_{ik} : Őąőğŋăçĺň ňŋőęěáâćő íâĺå àăąőâ çěàěğ Z: Ŕő ĺŋďãłæĺĺ ŕőłăęěň, çâő łăęďőľ àăąőâě ĺğ ňŋőęěáâćă Z ňőęŋő ĺŋêěłâĺćŋő ŕőáâăćĺâì ć áőőâćěâáâćĺě àăąőâã ĺğ ňŋőęěáâćă Z^∗.

Ďńï ãďőąáâćă ąãďěň áçĺâăâì, çâő àăąőâë ğăŋãňěàőćăŋë ŕő ŋěãąëćăŋĺî ćěńĺçĺŋ d_i: Ŕãáâì J_{r1} ïćńïěâáï ŕěàćőľ łàĺâĺçěáłőľ àăąőâőľ, ŋăľďěŋŋőľ ŋă èăčě 4, ă J_{i1} ïćńïěâáï ŕěàćőľ àăąőâőľ, ćëąàăŋŋőľ ăńčőàĺâňőň ŋă èăčě 5. Őąőğŋăçĺň I_1 = {J_1; : : : ; J_{r1} }: Šőčďă C_{r1} =^∑_{i∈I1} p_i > d_{r1} . Łàőňě âőčő, d_i ≤ d_{r1} ďńï ćáěå i = 1; : : : ; r_1: Šăł łăł ćěńĺçĺŋă C_{r1} ŋě ğăćĺáĺâ őâ ŕőáńěďőćăâěńìŋőáâĺ ćëŕőńŋěŋĺï àăąőâ, âő áàěďĺ àăąőâ ĺğ I_1 ěáâì ŕő łàăľŋěľ ňěàě őďŋă ğăŕăğďëćăîéăï ć őŕâĺňăńìŋőň àăáŕĺáăŋĺĺ, âő ěáâì Z^∗ ∩ I_1 ≠ ∞. Śńěďőćăâěńìŋő, ć őŕâĺňăńìŋőň àăáŕĺáăŋĺĺ áàěďĺ àăąőâ J_{j1} ; : : : ; J_{jm} ěáâì àăąőâë á ĺŋďěłáőň, ŋě ŕàěćëèăîéĺň r_1: Ćëąěàěň àăąőâã áőčńăáŋő áńěďãîéěňã ŕàăćĺńã. Ěáńĺ J_{i1} ∈ Z^∗, âő ćëąěàěň ěě j_1 = i_1. Ć ŕàőâĺćŋőň ćëąěàěň ŕàőĺğćőńìŋãî àăąőâã J_{j1} ∈ Z^∗∩I_1: Šőčďă ¸_{j1} ≤ ¸_{i1} ĺ j_1 ≤ r_1: Ŕőłăęěň, çâő ďńï ńîąőčő 1 ≤ q ≤ k áãéěáâćãěâ ĺŋêěłâĺćŋőě őâőąàăęěŋĺě g : {i_1; : : : ; i_q} → Z_∗ âăłőě, çâő

¸_{jp} ≤ ¸_{ip} ďńï ćáěå p ≤ q; (1.10)

j_p ≤ r_p; ďńï ćáěå p ≤ q; (1.11)

čďě J_{rp} | łàĺâĺçěáłăï àăąőâă ŋă p-ľ ĺâěàăæĺĺ. Łăł ąëńő ŕőłăğăŋő ćëèě ďńï q = 1 âăłőě ĺŋêěłâĺćŋőě őâőąàăęěŋĺě áãéěáâćãěâ.

Ŕàěďŕőńőęĺň, çâő q < k ĺ J_{i1} ; : : : ; J_{iq} | áőćőłãŕŋőáâì q ŕěàćëå ğăŕăğďëćăîéĺå àăąőâ, ćëçĺáńěŋŋëå ăńčőàĺâňőň ŋă èăčě 4, ĺ J_{j1} ; : : : ; J_{jq} áőőâćěâáâćãîéĺě ĺň ğăŕăğďëćăîéĺě àăąőâë ĺğ àăáŕĺáăŋĺï S^∗ âăłĺě, çâő ćëŕőńŋěŋë ãáńőćĺï (??) ĺ (??). Ŕãáâì J_{rq+1} | łàĺâĺçěáłăï àăąőâă, ŋăľďěŋŋăï ŋă (q + 1)-ľ ĺâěàăæĺĺ. Šőčďă ĺğ âěőàěňë 1 áńěďãěâ, çâő

d_{rq+1} < (t + b=a)^{rq+1∏}_{l=1} (¸_la + 1)=^{q∏}_{l=1}(¸_{il} a + 1) − b=a:

Ĺğ (??) ĺ (??) ŕőńãçăěň

(t+b=a)^{rq+1∏}_{l=1} (¸_la+1)=^{q∏}_{l=1}(¸_{il} a+1)−b=a ≤ (t+b=a)^{rq+1∏}_{l=1} (¸_la+1)=^{q∏}_{l=1}(¸_{jl} a+1)−b=a:

Śńěďőćăâěńìŋő, áàěďĺ àăąőâ Z^∗ ěáâì àăąőâë á ŋőňěàőň ŋě ąőńěě r_{q+1}; őâńĺçŋëě őâ àăąőâ J_{j1} ; : : : ; J_{jq} : Ěáńĺ J_{iq+1} ∈ Z^∗ \ {J_{j1} ; : : : ; J_{jq} }, âő ąěàěň j_{q+1} = i_{q+1}. Ć ŕàőâĺćŋőň áńãçăě ćëąěàěň ŕàőĺğćőńìŋãî àăąőâã ĺğ Z^∗ ∩ I_{q+1} \ {J_{j1} ; : : : ; J_{jq} } ć łăçěáâćě j_{q+1}: Ŕőłăęěň, çâő ¸_{jq+1} ≤ ¸_{iq+1} :

Ďěľáâćĺâěńìŋő, J_{jq+1} ŋě ňőęěâ áőćŕăďăâì ŋĺ á łăłőľ àăąőâőľ J_{ip} ; p ≤ q; âăł łăł ć íâőň áńãçăě J_{ip} ∈ Z^∗\{J_{j1} ; : : : ; J_{jq} } ⊂ Z^∗\{J_{j1} ; : : : ; J_{jp−1} }, ĺ áőčńăáŋő ŕàĺćěďěŋŋőňã ćëèě ŕàăćĺńã ćëąőàă àăąőâë J_p; ňë ďőńęŋë ąëńĺ ćëąàăâì j_p = i_p: Śńěďőćăâěńìŋő, J_{jq+1} ∈ I_{q+1} \ {J_{j1} ; : : : ; J_{jq} }; ĺ ŕő ćëąőàã i_q ŋă èăčě 5 ăńčőàĺâňă 1 ĺňěěň ¸_{jq+1} ≤ ¸_{iq+1} ; çâő ğăćěàèăěâ ďőłăğăâěńìáâćő ĺŋďãłæĺőŋŋőčő èăčă. Ć ĺâőčě ŕőńãçĺńĺ, çâő çĺáńő íńěňěŋâőć ć ňŋőęěáâćăå Z ĺ Z^∗ áőćŕăďăěâ, ĺ ăńčőàĺâň 1 ŋăåőďĺâ őŕâĺňăńìŋőě àăáŕĺáăŋĺě. Šěőàěňă ?? ďőłăğăŋă.

1.3 Ćëŕãłńëě ĺ ćőčŋãâëě äãŋłæĺĺ

Řăááňőâàĺň ğăďăçĺ á ŋěńĺŋěľŋëňĺ äãŋłæĺïňĺ ďńĺâěńìŋőáâĺ, ďńï łőâőàëå ãďăěâáï ŋăľâĺ őŕâĺňăńìŋãî ŕěàěáâăŋőćłã ğă ŕőńĺŋőňĺăńìŋőě őâ çĺáńă àăąőâ ćàěňï.

Ŕãáâì ˇ(t) | ćëŕãłńăï äãŋłæĺï, ãďőćńěâćőàïîéăï ãáńőćĺïň (??) ĺ (??). Ŕàĺňěàăňĺ âăłĺå äãŋłæĺľ ďńï t_0 = 0 ïćńïîâáï: ˇ(t) = exp(t); ˇ(t) = t^2+1; ˇ(t) = 1=(t+1); ˇ(t) = |t−1|+1: Łăł ąëńő őâňěçěŋő àăŋěě, ć ŕěàćëå ďćãå ŕàĺňěàăå ãáńőćĺï (??) ĺ (??) ćëŕőńŋïîâáï ďńï ńîąëå ¸_i; ă ďńï ˇ(t) = |t − 1| + 1 ĺ ˇ(t) = 1=(t + 1) ğăďăçă 1|p_i = ¸_iˇ(s_i)|F åőàőèő őŕàěďěńěŋă, ěáńĺ ¸_i < 1 ďńï łăęďőľ àăąőâë J_i.

Řăááňőâàĺň ğăďăçã 1|p_i = ¸_iˇ(s_i)|L_{max}. Ŕãáâì ŕăàăňěâàë ğăďăçĺ ãďőćńěâćőàïîâ áńěďãîéěňã őčàăŋĺçěŋĺî

d_i ≤ d_l ďńï ćáěå J_i; J_l âăłĺå, çâő ¸_i < ¸_l: (1.12) Šěőàěňă 6 Ŕãáâì ˇ(t) | ćëŕãłńăï äãŋłæĺï ŕàĺ t ≥ t_0, ă ĺŋďĺćĺ-

ďãăńìŋăï ğăďăçă 1|p_i = ¸_iˇ(s_i)|L_{max} ãďőćńěâćőàïěâ ãáńőćĺïň (??),

(??) ĺ (??). Šőčďă ńîąăï ŕěàěáâăŋőćłă àăąőâ ŕő ŋěãąëćăŋĺî ćěńĺçĺŋ ¸_i + d_i ïćńïěâáï őŕâĺňăńìŋőľ.

Ďőłăğăâěńìáâćő. Ŕőłăęěň, çâő æěńěćăï äãŋłæĺï L_{max} ïćńïěâáï 1- ŕàĺőàĺâěâŋő ŕőàăęďăîéĺň äãŋłæĺőŋăńőň á ŕàĺőàĺâěâőň !_i = −¸_i − d_i: Řăááňőâàĺň ďćă àăáŕĺáăŋĺï ı^1 = (ı_1; J_i; J_l; ı_2) ĺ ı^2 = (ı_1; J_l; J_i; ı_2), őâńĺçăîéĺěáï ďàãč őâ ďàãčă âőńìłő ŕőńőęěŋĺěň ďćãå àăąőâ J_l ĺ J_i. Ŕàěďŕőńőęĺň, çâő

¸_l + d_l > ¸_i + d_i: (1.13) Šőčďă ďńï àăąőâ J_l ĺ J_i ćëŕőńŋïěâáï, çâő ¸_l ≥ ¸_i ĺ d_l ≥ d_i. Śŋăçăńă ďőłăęěň ŕěàćőě ŋěàăćěŋáâćő. Ŕàěďŕőńőęĺň őąàăâŋőě, ŕãáâì ¸_l < ¸_i: Šőčďă ĺğ (??) áńěďãěâ, çâő d_i ≤ d_l ĺ, áłńăďëćăï ďćă ŕőáńěďŋĺå ŋěàăćěŋáâćă ŕőńãçăěň ŕàőâĺćőàěçĺě.

Ŋěàăćěŋáâćő d_l ≥ d_i ć áńãçăě ¸_l > ¸_i áńěďãěâ ĺğ (??), ă ć áńãçăě ¸_l = ¸_i áńěďãěâ ĺğ (??).

Ŕőłăęěň, çâő ĺğ ŋěàăćěŋáâćă ¸_l ≥ ¸_i áńěďãěâ, çâő

C_{max}(ı_1; J_l; J_i) ≥ C_{max}(ı_1; J_i; J_l): (1.14) Őąőğŋăçĺň çěàěğ —t ćàěňï ğăćěàèěŋĺï ŕőáńěďŋěľ àăąőâë ĺğ ŕěàěáâăŋőćłĺ ı_1. Šőčďă ĺňěěň

C_{max}(ı_1; J_l; J_i) = —t + ¸_lˇ(—t) + ¸_iˇ(—t + ¸_lˇ(—t)); (1.15)

C_{max}(ı_1; J_i; J_l) = —t + ¸_iˇ(—t) + ¸_lˇ(—t + ¸_iˇ(—t)): (1.16)

Řăááňőâàĺň ńĺŋěľŋãî äãŋłæĺî

R(t) = t

ˇ(—t + ¸_lˇ(—t)) − ˇ(—t) ¸_lˇ(—t) + ˇ(—t)(—t + ¸_lˇ(—t)) − —tˇ(—t + ¸_lˇ(—t)) ¸_lˇ(—t) : Šăł łăł

R(—t) = ˇ(—t); R(—t + ¸_lR(—t)) = ˇ(—t + ¸_lˇ(—t)); (1.17) âő ŕőďáâăćĺć (??) ć (??), ŕőńãçăěň

C_{max}(ı_1; J_l; J_i) = —t + ¸_lR(—t) + ¸_iR(—t + ¸_lR(—t)): (1.18) Ĺğ ńĺŋěľŋőáâĺ äãŋłæĺĺ R(t); áőčńăáŋő âěőàěňě (??) áńěďãěâ àăćěŋáâćő —t + ¸_lR(—t) + ¸_iR(—t + ¸_lR(—t)) = —t + ¸_iR(—t) + ¸_lR(—t + ¸_iR(—t)): (1.19) Šőčďă ĺğ (??) ĺ (??) ĺňěěň

C_{max}(ı_1; J_l; J_i) = —t + ¸_iR(—t) + ¸_lR(—t + ¸_iR(—t)): (1.20) Ĺğ (??) ĺ ŕàěďŕőńőęěŋĺï ¸_l > ¸_i áńěďãěâ, çâő —t < —t + ¸_iR(—t) = —t + ¸_iˇ(—t) < —t + ¸_lˇ(—t): Šőčďă ĺğ ćëŕãłńőáâĺ äãŋłæĺĺ ˇ(t) ćëâěłăěâ ŋěàăćěŋáâćő R(—t+¸_iR(—t)) ≥ ˇ(—t+¸_iˇ(—t)): Śàăćŋĺć ćëàăęěŋĺï ć àăćěŋáâćăå (??) ĺ (??), ŕőńãçĺň C_{max}(ı_1; J_l; J_i) ≥ C_{max}(ı_1; J_i; J_l):

Ďăńěě ĺňěěň L_{max}(ı_1; J_l; J_i) = max{L_{max}(ı_1); C_{max}(ı_1; J_l) − d_l; C_{max}(ı_1; J_l; J_i) − d_i}; (1.21) L_{max}(ı_1; J_i; J_l) = max{L_{max}(ı_1); C_{max}(ı_1; J_i) − d_i; C_{max}(ı_1; J_i; J_l) − d_l}: (1.22) Ĺğ (??) ĺ ŋěàăćěŋáâćă d_l ≥ d_i ŕőńãçăěň

C_{max}(ı_1; J_l; J_i) − d_i ≥ C_{max}(ı_1; J_i; J_l) − d_l: (1.23) Łàőňě âőčő,

C_{max}(ı_1; J_l; J_i) − d_i ≥ C_{max}(ı_1; J_i) − d_i: (1.24) Ĺğ (??), (??), (??), (??) áńěďãěâ L_{max}(ı_1; J_l; J_i) ≥ L_{max}(ı_1; J_i; J_l) ĺ őâáîďă ĺ ĺğ (??), ŕőńãçăěň L_{max}(ı^1) ≥ L_{max}(ı^2).

Őáâăńőáì ŕőłăğăâì, çâő ěáńĺ ¸_l +d_l = ¸_i +d_i; âő L_{max}(ı^1) = L_{max}(ı^2). Ŕőłăęěň, çâő ĺğ àăćěŋáâćă ¸_l + d_l = ¸_i + d_i áńěďãěâ, çâő ¸_l = ¸_i ĺ, áńěďőćăâěńìŋő, d_l = d_i: Ďěľáâćĺâěńìŋő, ŕãáâì ¸_l > ¸_i, âőčďă ĺğ (??) d_l ≥ d_i ĺ ¸_l + d_l > ¸_i + d_i: Ŕőńãçăěň ŕàőâĺćőàěçĺě. Śńěďőćăâěńìŋő, ŕăàăňěâàë àăąőâ J_i ĺ J_l áőćŕăďăîâ ĺ L_{max}(ı^1) = L_{max}(ı^2).

Śőčńăáŋő őŕàěďěńěŋĺî 1 æěńěćăï äãŋłæĺï L_{max} ïćńïěâáï 1-ŕàĺőàĺâěâŋő ŕőàőęďăîéĺň äãŋłæĺőŋăńőň á ŕàĺőàĺâěâőň !_i = −¸_i − d_i, ĺ ŕő ãâćěàęďěŋĺî 1 ńîąăï ŕěàěáâăŋőćłă, ć łőâőàőľ àăąőâë àăáŕőńőęěŋë ŕő ŋěãąëćăŋĺî ćěńĺçĺŋ ¸_i+d_i, ïćńïěâáï őŕâĺňăńìŋőľ. Šěőàěňă ?? ďőłăğăŋă. Śńěďáâćĺě 1 Ŕãáâì ˇ(t) | ćëŕãłńăï äãŋłæĺï ŕàĺ t ≥ t_0, ă ĺŋďĺ-

ćĺďãăńìŋăï ğăďăçă 1|p_i = ¸_iˇ(s_i)|C_{max} ãďőćńěâćőàïěâ ãáńőćĺïň (??)

ĺ (??). Šőčďă ńîąăï ŕěàěáâăŋőćłă àăąőâ ŕő ŋěãąëćăŋĺî ćěńĺçĺŋ ¸_i,

ïćńïěâáï őŕâĺňăńìŋőľ.

Řăááňőâàĺň ğăďăçã 1|p_i = ¸_iˇ(s_i)|˚w_iC_i.

Šěőàěňă 7 Ŕãáâì ˇ(t) | ćëŕãłńăï äãŋłæĺï ŕàĺ t ≥ t_0, ă ĺŋďĺćĺ-

ďãăńìŋăï ğăďăçă 1|p_i = ¸_iˇ(s_i)|˚w_iC_i ãďőćńěâćőàïěâ ãáńőćĺïň (??) ĺ (??). Šőčďă a) ěáńĺ ˇ(t) ≥ 0 ďńï ćáěå t; lim_{t→∞} dˇ(t) dt = ∞ ĺ w_i ≥ w_l ďńï ćáěå J_i; J_l âăłĺå, çâő ¸_i < ¸_l; âő ńîąăï ŕěàěáâăŋőćłă àăąőâ ŕő ŋěãąëćăŋĺî ćěńĺçĺŋ ¸_i − w_i ğăďăěâ őŕâĺňăńìŋőě àăáŕĺáăŋĺě; b) ěáńĺ ˇ(t) ≥ 0 ďńï ćáěå t; lim_{t→∞} dˇ(t) dt = H ĺ w_i(¸^{−1}_i + H) ≥ w_l(¸^{−1}_l + H) (1.25) ďńï ćáěå J_i; J_l âăłĺå, çâő ¸_i < ¸_l; âő ńîąăï ŕěàěáâăŋőćłă àăąőâ ŕő ŋěãąëćăŋĺî ćěńĺçĺŋ ¸_i −w_i(¸^{−1}_i +H) ğăďăěâ őŕâĺňăńìŋőě àăáŕĺáăŋĺě; c) ěáńĺ áãéěáâćãěâ fi > t_0 âăłőě, çâő ˇ(fi) = 0 ĺ ďńï ńîąőčő t ∈ [t_0; fi) ćëŕőńŋěŋő ˇ(t) > 0; lim_{t→fi−0} dˇ(t) dt = H ĺ w_i(¸^{−1}_i + H) ≥ w_l(¸^{−1}_l + H) ďńï ćáěå J_i; J_l âăłĺå, çâő ¸_i < ¸_l; âő ńîąăï ŕěàěáâăŋőćłă àăąőâ ŕő ŋěãąëćăŋĺî ćěńĺçĺŋ ¸_i −w_i(¸^{−1}_i +H) ğăďăěâ őŕâĺňăńìŋőě àăáŕĺáăŋĺě.

Ďőłăğăâěńìáâćő ŕàőćěďěň ďńï áńãçăï b).

Řăááňőâàĺň ďćă àăáŕĺáăŋĺï ı^1 = (ı_1; J_i; J_l; ı_2) ĺ ı^2 = (ı_1; J_l; J_i; ı_2), őâńĺçăîéĺěáï ďàãč őâ ďàãčă âőńìłő ŕőńőęěŋĺěň ďćãå àăąőâ J_l ĺ J_i. Ŕàěďŕőńőęĺň, çâő

¸_l − w_l(¸^{−1}_l + H) > ¸_i − w_i(¸^{−1}_i + H): (1.26)

Šőčďă ďńï àăąőâ J_l ĺ J_i ćëŕőńŋïěâáï, çâő ¸_l ≥ ¸_i ĺ w_l(¸^{−1}_l + H) ≤ w_i(¸^{−1}_i + H). Śŋăçăńă, ďőłăęěň ŕěàćőě ŋěàăćěŋáâćő. Ŕàěďŕőńőęĺň őąàăâŋőě, ŕãáâì ¸_l < ¸_i: Šőčďă ĺğ (??) w_l(¸^{−1}_l + H) ≤ w_i(¸^{−1}_i + H) ĺ, ćëçĺâăï ŕőáńěďŋěě ŋěàăćěŋáâćő ĺğ ŕàěďëďãéěčő ŕőńãçăěň ŕàőâĺćőàěçĺě.

Ŋěàăćěŋáâćő w_l(¸^{−1}_l + H) ≤ w_i(¸^{−1}_i + H) ć áńãçăě ¸_l > ¸_i áńěďãěâ ĺğ (??), ă ć áńãçăě ¸_l = ¸_i áńěďãěâ ĺğ (??).

Őąőğŋăçĺň çěàěğ —t ćàěňï ğăćěàèěŋĺï àăąőâ ĺğ ŕěàěáâăŋőćłĺ ı_1. Šő- čďă f(ı_1; J_l; J_i) = f(ı_1) + w_l—t + w_l¸_lˇ(—t) + w_i—t + w_i¸_lˇ(—t) + w_i¸_iˇ(—t + ¸_lˇ(—t));

f(ı_1; J_i; J_l) = f(ı_1)+w_i—t+w_i¸_iˇ(—t)++w_l—t+w_l¸_iˇ(—t)+w_l¸_lˇ(—t+¸_iˇ(—t)): Ďăńěě ĺňěěň

f(ı_1; J_l; J_i) − f(ı_1; J_i; J_l) = w_l¸_lˇ(—t) + w_i¸_lˇ(—t) + w_i¸_iˇ(—t + ¸_lˇ(—t))

− w_i¸_iˇ(—t) − w_l¸_iˇ(—t) − w_l¸_lˇ(—t + ¸_iˇ(—t)): (1.27)

Řăááňőâàĺň ńĺŋěľŋãî äãŋłæĺî R(t) = at + b; őŕàěďěńěŋŋãî ć ŕàěďëďãéěľ âěőàěňě. Ŕőďáâăćĺć (??) ć (??), ŕőńãçăěň

f(ı_1; J_l; J_i) − f(ı_1; J_i; J_l) = w_l¸_lR(—t) + w_i¸_lR(—t) + w_i¸_iR(—t + ¸_lR(—t))

−w_i¸_iR(—t) − w_l¸_iR(—t) − w_l¸_lˇ(—t + ¸_iˇ(—t)):

Ĺğ ćëŕãłńőáâĺ äãŋłæĺĺ ˇ(t) áńěďãěâ, çâő

f(ı_1; J_l; J_i) − f(ı_1; J_i; J_l) ≥ w_l¸_lR(—t) + w_i¸_lR(—t) + w_i¸_iR(—t + ¸_lR(—t))

−w_i¸_iR(—t) − w_l¸_iR(—t) − w_l¸_lR(—t + ¸_iR(—t)): Ğăňěŋĺć R(t) ŋă at + b, ŕőńãçăěň

f(ı_1; J_l; J_i) − f(ı_1; J_i; J_l) ≥ (at + b)¸_l¸_i(w_i(¸^{−1}_i + a) − w_l(¸^{−1}_l + a)):

Ğăňěâĺň, çâő ĺğ (??) (¸^{−1}_i + a) ≥ 0 ďńï ńîąőľ àăąőâë J_i. Šőčďă ěáńĺ w_i ≥ w_l, âő f(ı_1; J_l; J_i) − f(ı_1; J_i; J_l) ≥ 0: Ěáńĺ w_i < w_l, âő ĺğ ćëŕãłńőáâĺ äãŋłæĺĺ ˇ(t) áńěďãěâ, çâő a ≤ H ĺ f(ı_1; J_l; J_i)−f(ı_1; J_i; J_l) ≥ (at+ b)¸_l¸_i(w_i(¸^{−1}_i + H) − w_l(¸^{−1}_l + H)) ≥ 0: Ĺâăł f(ı_1; J_l; J_i) ≥ f(ı_1; J_i; J_l): Łàőňě âőčő ĺğ ¸_l ≥ ¸_i áőčńăáŋő áńěďáâćĺî (??) ĺňěěň, çâő C_{max}(ı_1; J_l; J_i) ≥ C_{max}(ı_1; J_i; J_l): Ŕőíâőňã f(ı^1) ≥ f(ı^2).

Ŕàěďŕőńőęĺň, çâő ¸_l − w_l(¸^{−1}_l + H) = ¸_i − w_i(¸^{−1}_i + H): Šőčďă ĺğ (??) áńěďãěâ, çâő ¸_l = ¸_i; w_l = w_i ĺ, áńěďőćăâěńìŋő, f(ı^1) = f(ı^2). Ŕő âěőàěňě (??) ńîąăï ŕěàěáâăŋőćłă, ć łőâőàőľ àăąőâë àăáŕőńőęěŋë ŕő ŋěãąëćăŋĺî ćěńĺçĺŋ ¸_i − w_i(¸^{−1}_i + H), ïćńïěâáï őŕâĺňăńìŋőľ. Śńãçăľ b) ďőłăğăŋ. Ďőłăğăâěńìáâćő áńãçăěć a),c) ŕàőćőďĺâáï ăŋăńőčĺçŋő.

Šěőàěňă ?? ďőłăğăŋă.

Śńěďáâćĺě 2 Ŕãáâì ˇ(t) | ćëŕãłńăï äãŋłæĺï ŕàĺ t ≥ t_0, ă ĺŋďĺ-

ćĺďãăńìŋăï ğăďăçă 1|p_i = ¸_iˇ(s_i)|˚C_i ãďőćńěâćőàïěâ ãáńőćĺïň (??)

ĺ (??). Šőčďă ńîąăï ŕěàěáâăŋőćłă àăąőâ ŕő ŋěãąëćăŋĺî ćěńĺçĺŋ ¸_i

ïćńïěâáï őŕâĺňăńìŋőľ.

Ŕàőĺńńîáâàĺàãěň àěğãńìâăâ âěőàěňë ?? ŋă ŕàĺňěàăå.

Ŕàĺňěà 1

Ŕãáâì ˇ(t) = y^t; y > 1 ĺ ŕăàăňěâàë ğăďăçĺ 1|p_i = ¸_iˇ(s_i)|w_iC_i ãďőćńěâćőàïîâ áńěďãîéěňã őčàăŋĺçěŋĺî:

w_i ≥ w_l ďńï ćáěå J_i ĺ J_l âăłĺå, çâő ¸_i < ¸_l:

Šőčďă ńîąăï ŕěàěáâăŋőćłă àăąőâ ŕő ŋěãąëćăŋĺî ćěńĺçĺŋ ¸_i−w_i ğăďăěâ őŕâĺňăńìŋőě àăáŕĺáăŋĺě.

Ŕàĺňěà 2 Ŕãáâì ˇ(t) = t^y; y > 1; t_0 > 0 ĺ ŕăàăňěâàë ğăďăçĺ 1|p_i = ¸_iˇ(s_i)|w_iC_i ãďőćńěâćőàïîâ áńěďãîéěňã őčàăŋĺçěŋĺî:

w_i ≥ w_l ďńï ćáěå J_i ĺ J_l âăłĺå, çâő ¸_i < ¸_l:

Šőčďă ńîąăï ŕěàěáâăŋőćłă àăąőâ ŕő ŋěãąëćăŋĺî ćěńĺçĺŋ ¸_i−w_i ğăďăěâ őŕâĺňăńìŋőě àăáŕĺáăŋĺě.

Ŕàĺňěà 3

Ŕãáâì ˇ(t) = t^{−y}; y > 0; t_0 > 0 ĺ ŕăàăňěâàë ğăďăçĺ 1|p_i = ¸_iˇ(s_i)|w_iC_i ãďőćńěâćőàïîâ áńěďãîéěňã őčàăŋĺçěŋĺî:

w_i¸^{−1}_i ≥ w_l¸^{−1}_l ďńï ćáěå J_i ĺ J_l âăłĺå, çâő ¸_i < ¸_l:

Šőčďă ńîąăï ŕěàěáâăŋőćłă àăąőâ ŕő ŋěãąëćăŋĺî ćěńĺçĺŋ ¸_i − w_i¸^{−1}_i ğăďăěâ őŕâĺňăńìŋőě àăáŕĺáăŋĺě.

Ć ğăłńîçěŋĺě ŕăàăčàăäă àăááňőâàĺň áńãçăľ, łőčďă ˇ(t) ïćńïěâáï ćőčŋãâőľ äãŋłæĺěľ ŕàĺ t ≥ t_0. Ŕàĺňěàăňĺ âăłĺå äãŋłæĺľ ïćńïîâáï äãŋłæĺï ˇ(t) = √ t, ˇ(t) = log t: Ŕàőćěďï àăááãęďěŋĺï, ăŋăńőčĺçŋëě áńãçăî, łőčďă ˇ(t) ïćńïěâáï ćëŕãłńőľ äãŋłæĺěľ, ŕőńãçăěň áńěďãîéĺě àěğãńìâăâë.

Řăááňőâàĺň ğăďăçã 1|p_i = ¸_iˇ(s_i)|L_{max}. Ŕãáâì ŕăàăňěâàë ğăďăçĺ ãďőćńěâćőàïîâ áńěďãîéěňã őčàăŋĺçěŋĺî:

d_i ≥ d_l ďńï ćáěå J_i ĺ J_l ĺğ J âăłĺå, çâő ¸_i < ¸_l: (1.28) Šěőàěňă 8 Ŕãáâì ˇ(t) | ćőčŋãâăï äãŋłæĺï ŕàĺ t ≥ t_0, ă ĺŋďĺćĺďã-

ăńìŋăï ğăďăçă 1|p_i = ¸_iˇ(s_i)|L_{max} ãďőćńěâćőàïěâ ãáńőćĺïň (??), (??)

ĺ (??). Šőčďă ńîąăï ŕěàěáâăŋőćłă àăąőâ ŕő ŋěćőğàăáâăŋĺî ćěńĺçĺŋ ¸_i − d_i ïćńïěâáï őŕâĺňăńìŋőľ.

Ďőłăğăâěńìáâćő. Ŕőáłőńìłã ãáńőćĺï (??) ïćńïîâáï ăŋăńőčőň ãáńőćĺľ (??) ć âěőàěňě 7, âő ŕàőćőďï ăŋăńőčĺçŋëě àăááãęďěŋĺï, ŕőńãçăěň ãâćěàęďěŋĺě âěőàěňë.

Śńěďáâćĺě 3 Ŕãáâì ˇ(t) | ćőčŋãâăï äãŋłæĺï ŕàĺ t ≥ t_0, ă ĺŋďĺćĺ-

ďãăńìŋăï ğăďăçă 1|p_i = ¸_iˇ(s_i)|C_{max} ãďőćńěâćőàïěâ ãáńőćĺïň (??) ĺ (??). Šőčďă ńîąăï ŕěàěáâăŋőćłă àăąőâë ŕő ŋěćőğàăáâăŋĺî ćěńĺçĺŋ ¸_i ïćńïěâáï őŕâĺňăńìŋőľ.

Šěőàěňă 9 Ŕãáâì ˇ(t) | ćőčŋãâăï äãŋłæĺï ŕàĺ t ≥ t_0, ă ĺŋďĺćĺ-

ďãăńìŋăï ğăďăçă 1|p_i = ¸_iˇ(s_i)|˚w_iC_i ãďőćńěâćőàïěâ ãáńőćĺïň (??) ĺ (??). Šőčďă a) ěáńĺ ˇ(t) ≥ 0 ďńï ćáěå t; lim_{t→∞} dˇ(t) dt = H ĺ w_i(¸^{−1}_i +H) ≤ w_l(¸^{−1}_l +H) ďńï ćáěå J_i; J_l âăłĺå, çâő ¸_i < ¸_l; âő ńîąăï ŕěàěáâăŋőćłă àăąőâ ŕő ŋěćőğàăáâăŋĺî ćěńĺçĺŋ ¸_i + w_i(¸^{−1}_i + H) ğăďăěâ őŕâĺňăńìŋőě àăáŕĺáăŋĺě;

b) ěáńĺ áãéěáâćãěâ fi > t_0 âăłőľ, çâő ˇ(fi) = 0 ĺ ďńï ńîąőčő t ∈ [t_0; fi) ćëŕőńŋěŋő ˇ(t) > 0; lim_{t→fi−0} dˇ(t) dt = H ĺ w_i(¸^{−1}_i + H) ≤ w_l(¸^{−1}_l + H) ďńï ćáěå J_i; J_l âăłĺå, çâő ¸_i < ¸_l; âő ńîąăï ŕěàěáâăŋőćłă àăąőâ ŕő ŋěćőğàăáâăŋĺî ćěńĺçĺŋ ¸_i + w_i(¸^{−1}_i + H) ğăďăěâ őŕâĺňăńìŋőě àăáŕĺáăŋĺě.

Ďőłăğăâěńìáâćő ăŋăńőčĺçŋő ďőłăğăâěńìáâćã âěőàěňë ??.

Řăááňőâàĺň ŋěáłőńìłő ŕàĺňěàőć, ĺńńîáâàĺàãîéĺå âěőàěňã. Ŕàĺňěà 4 Ŕãáâì ˇ(t) = √ t ĺ ŕăàăňěâàë ğăďăçĺ 1|p_i = ¸_iˇ(s_i)|w_iC_i ãďőćńěâćőàïîâ áńěďãîéěňã őčàăŋĺçěŋĺî:

w_i¸^{−1}_i ≤ w_l¸^{−1}_l ďńï ćáěå J_i ĺ J_l âăłĺå, çâő ¸_i < ¸_l:

Šőčďă ńîąăï ŕěàěáâăŋőćłă àăąőâ ŕő ŋěćőğàăáâăŋĺî ćěńĺçĺŋ ¸_i + w_i¸^{−1}_i ğăďăěâ őŕâĺňăńìŋőě àăáŕĺáăŋĺě. Ŕàĺňěà 5 Ŕãáâì ˇ(t) = t + ln t ĺ ŕăàăňěâàë ğăďăçĺ 1|p_i = ¸_iˇ(s_i)|w_iC_i ãďőćńěâćőàïîâ áńěďãîéěňã őčàăŋĺçěŋĺî:

w_i(¸^{−1}_i + 1) ≤ w_l(¸^{−1}_l + 1) ďńï ćáěå J_i ĺ J_l âăłĺå, çâő ¸_i < ¸_l: Šőčďă ńîąăï ŕěàěáâăŋőćłă àăąőâ ŕő ŋěćőğàăáâăŋĺî ćěńĺçĺŋ ¸_i + w_i(¸^{−1}_i + 1) ğăďăěâ őŕâĺňăńìŋőě àăáŕĺáăŋĺě. Ŕàĺňěà 6 Ŕãáâì ˇ(t) = 100 − t^2 ĺ ŕăàăňěâàë ğăďăçĺ 1|p_i = ¸_iˇ(s_i)|w_iC_i ãďőćńěâćőàïîâ áńěďãîéĺň őčàăŋĺçěŋĺïň: ¸_i < 1 20 ďńï ćáěå J_i ∈ J;

w_i(¸^{−1}_i − 20) ≤ w_l(¸^{−1}_l − 20) ďńï ćáěå J_i ĺ J_l âăłĺå, çâő ¸_i < ¸_l: Šőčďă ńîąăï ŕěàěáâăŋőćłă àăąőâ ŕő ŋěćőğàăáâăŋĺî ćěńĺçĺŋ ¸_i + w_i(¸^{−1}_i − 20) ğăďăěâ őŕâĺňăńìŋőě àăáŕĺáăŋĺě.

1.4 Śâãŕěŋçăâëě äãŋłæĺĺ

Řăááňőâàĺň ğăďăçã 1|p_i = ¸_iˇ(s_i)|C_{max} á äãŋłæĺïňĺ ďńĺâěńìŋőáâĺ ćĺ- ďă ˇ(t) = a_1 ŕàĺ t ≤ b; a_1 + a_2 ŕàĺ t > b;

(1.29)

čďě a_1; a_2; b | ŕőńőęĺâěńìŋëě àăæĺőŋăńìŋëě çĺáńă.

Ďńï ãďőąáâćă ćëçĺáńěŋĺľ ŕàěďŕőńőęĺň, çâő ćáě àăąőâë čőâőćë ł ćëŕőńŋěŋĺî ć ňőňěŋâ ćàěňěŋĺ t_0 = 0: Ğăňěâĺň, çâő ěáńĺ^{n∑}_{i=1} ¸_ia_1 ≤ b, âő ğăďăçă áâăŋőćĺâáï âàĺćĺăńìŋőľ. Ŕőíâőňã ŕãáâì^{n∑}_{i=1} ¸_ia_1 > b: Šőčďă

C_{max} =^{n∑}_{i=1} ¸_ia_1 +^∑_{i∈{i|si>b}} ¸_ia_2: (1.30)

Ŕãáâì J_m ∈ J | àăąőâă á ŋăĺąőńìèĺň ¸_i.

Ńěňňă 2 Ďńï ğăďăçĺ 1|p_i = ¸_iˇ(s_i)|C_{max} áãéěáâćãěâ őŕâĺňăńìŋőě

àăáŕĺáăŋĺě, ć łőâőàőň àăąőâă J_m ŋăçĺŋăěâ ćëŕőńŋïâìáï ŋě ŕőğďŋěě ňőňěŋâă ćàěňěŋĺ b ĺ áàěďĺ àăąőâ ňŋőęěáâćă {J_i | s_i ≤ b} ćëŕőńŋïěâáï ŕőáńěďŋěľ.

Ďőłăğăâěńìáâćő. Ŕàěďŕőńőęĺň, çâő ć őŕâĺňăńìŋőň àăáŕĺáăŋĺĺ ı àăąőâă J_m ŋăçĺŋăěâ ćëŕőńŋïâìáï ŕőáńě ňőňěŋâă ćàěňěŋĺ b. Ŕãáâì J_k ∈ {J_i | s_i ≤ b} ĺ ćëŕőńŋïěâáï ŕőáńěďŋěľ ĺğ àăąőâ íâőčő ňŋőęěáâćă. Řăááňőâàĺň ŕěàěáâăŋőćłã ı^∗, ć łőâőàőľ ŋă ňěáâě àăąőâë J_m áâőĺâ àăąőâă J_k ĺ ŋăőąőàőâ. Ğăňěâĺň, çâő ňŋőęěáâćă àăąőâ, łőâőàëě ćëŕőńŋïîâáï ŕőáńě ňőňěŋâă ćàěňěŋĺ b, ć àăáŕĺáăŋĺïå ı ĺ ı^∗ őâńĺçăîâáï âőńìłő àăąőâăňĺ J_k ĺ J_m áőőâćěâáâćěŋŋő. Őąőğŋăçĺć ŕěàěáěçěŋĺě íâĺå ňŋőęěáâć çěàěğ J^′, ŕőńãçăěň

C_{max}(ı) =^{n∑}_{i=1} ¸_ia_1+^∑_{i∈J ′} ¸_ia_2+¸_ma_2 ≥^{n∑}_{i=1} ¸_ia_1+^∑_{i∈J ′} ¸_ia_2+¸_ka_2 = C_{max}(ı^∗):

Śńěďőćăâěńìŋő, àăáŕĺáăŋĺě ı^∗ ïćńïěâáï őŕâĺňăńìŋëň.

Ŕàěďŕőńőęĺň, çâő ć őŕâĺňăńìŋőň àăáŕĺáăŋĺĺ ı àăąőâă J_m ŋăçĺŋăěâ ćëŕőńŋïâìáï ďő ňőňěŋâă ćàěňěŋĺ b ĺ áãéěáâćãîâ àăąőâë ĺğ {J_i | s_i ≤ b}, łőâőàëě ćëŕőńŋïîâáï ŕőáńě ŋěě. Ŕãáâì J_k ∈ {J_i | s_i ≤ b} ĺ ćëŕőńŋïěâáï ŕőáńěďŋěľ ĺğ àăąőâ íâőčő ňŋőęěáâćă. Řăááňőâàĺň ŕěàěáâăŋőćłã ı^∗, ć łőâőàőľ ŋă ňěáâě àăąőâë J_m áâőĺâ àăąőâă J_k ĺ ŋăőąőàőâ. Šăł łăł ¸_ma_2 ≥ ¸_ka_2, âő ňőňěŋâ ŋăçăńă łăęďőľ àăąőâë ĺğ {J_i | s_i ≤ b} łàőňě àăąőâë J_m; ŋě ãćěńĺçĺâáï. Őąőğŋăçĺň çěàěğ t ćàěňï ğăćěàèěŋĺï àăąőâ ĺğ {J_i | s_i ≤ b} ć àăáŕĺáăŋĺĺ ı. Šőčďă

b ≥ s_k(ı) = t − ¸_ka_1 ≥ t − ¸_ma_1 = s_m(ı^∗):

Śńěďőćăâěńìŋő, C_{max}(ı) = C_{max}(ı^∗) ĺ àăáŕĺáăŋĺě ı^∗ ïćńïěâáï őŕâĺňăńìŋëň. Ńěňňă ?? ďőłăğăŋă.

Šěőàěňă 10 Ŕãáâì ˇ(t) | äãŋłæĺï, ğăďăŋŋăï àăćěŋáâćőň (??). Šő-

čďă ğăďăçă 1|p_i = ¸_iˇ(s_i)|C_{max} ïćńïěâáï NP -âàãďŋőľ.

Ďőłăğăâěńìáâćő. Śćěďěň ł ğăďăçě 1|p_i = ¸_iˇ(s_i)|C_{max} íâăńőŋŋãî NP -âàãďŋãî ğăďăçã ŚŞŇŇĂ ŘĂĞŇĚŘŐĆ. Ŕãáâì |I| = n ĺ y = max_{i∈I} e_i; Y =^∑_{i∈I} e_i. Ŕőńőęĺň |J| = n + 1; ¸_0 =^{yb}_{a1E} ĺ ¸_i =^{eib}_{a1E} ďńï ćáěå 1 ≤ i ≤ n: Ŕőłăęěň, çâő ć íâőľ ğăďăçě àăáŕĺáăŋĺě ı; ć łőâőàőň C_{max}(ı) ≤^{b(Y +y)}_E +

a_2b(Y −E) a_1E ; áãéěáâćãěâ âőčďă ĺ âőńìłő âőčďă, łőčďă ć I ěáâì ŕőďňŋőęěáâćő

I^′ ⊆ I âăłőě, çâő áãňňă àăğňěàőć ěčő íńěňěŋâőć àăćŋă E. Ŕő ńěňňě (??) ć őŕâĺňăńìŋőň àăáŕĺáăŋĺĺ ĺňěěň J_0 ∈ {J_i | s_i ≤ b} ĺ s_0 ≥ s_i ďńï ćáěå J_i ∈ {J_i | s_i ≤ b}: Ŕãáâì ć àăáŕĺáăŋĺĺ ı àăąőâă J_0 ŋăçĺŋăěâ ćëŕőńŋïâìáï ć ňőňěŋâ ćàěňěŋĺ b_0 ≤ b. Šőčďă ĺňěěň

b ≥ b_0 =^∑_{i∈{i|si≤b}\0} p_i = a_1^∑_{i∈{i|si≤b}\0} ¸_i =^∑_{i∈{i|si≤b}\0} e_ib E :

Śńěďőćăâěńìŋő, ∑ i∈{i|s_i≤b}\0 e_i ≤ E: (1.31)

Ćëçĺáńĺň ďńĺŋã àăáŕĺáăŋĺï. Ĺňěěň

C_{max} =^{n∑}_{i=0} ¸_ia_1 +^∑_{i∈{i|si>b}} ¸_ia_2 =^{n∑}_{i=0} e_ib a_1E a_1 +^∑_{i∈{i|si>b}} e_ib a_1E a_2 =

b(Y + y) E + a_2b a_1E ∑ i∈{i|s_i≤b}\0 e_i = b(Y + y) E + a_2bY a_1E − a_2b a_1E ∑ i∈{i|s_i≤b}\0 e_i:(1.32)

Ĺğ (??) ĺ (??) ŕőńãçăěň, çâő C_{max}(ı) ≤^{b(Y +y)}_E +^{a2b(Y −E)}_{a1E} âőčďă ĺ âőńìłő âőčďă, łőčďă_∑ i∈{i|s_i≤b}\0 e_i = E:

Šěőàěňă ?? ďőłăğăŋă.

Ŕãáâì a_1; ¸_i; b | æěńëě ŕőńőęĺâěńìŋëě çĺáńă. Őŕĺèěň ăńčőàĺâň, łőâőàëľ âőçŋő àěèăěâ ğăďăçã 1|p_i = ¸_iˇ(s_i)|C_{max} ğă O(bn) íńěňěŋâăàŋëå őŕěàăæĺľ.

Ăńčőàĺâň 2.

Ÿăč 1. Ŋăåőďĺâáï àăąőâă J_m ∈ J âăłăï, çâő ¸_m = max_{Ji∈J} ¸_i. Ÿăč 2. Řěèăěâáï áńěďãîéăï őŕâĺňĺğăæĺőŋŋăï ğăďăçă.

Ŋăľâĺ J^′ ⊆ J \ {J_m};

łőâőàőě ňăłáĺňĺğĺàãěâ ćěńĺçĺŋã^∑_{i∈{i|Ji∈J ′}} ¸_i (1.33)

ŕàĺ ãáńőćĺĺ, çâő^∑_{i∈{i|Ji∈J ′}} a_1¸_i ≤ b: (1.34)

Ÿăč 3. Śâàőĺâáï áńěďãîéăï ŕěàěáâăŋőćłă ı: áŋăçăńă ć ŕàőĺğćőńìŋőň ŕőàïďłě ćëŕőńŋïîâáï àăąőâë ňŋőęěáâćă J^′, ğăâěň àăąőâă J_m ĺ ŋăłőŋěæ ć ŕàőĺğćőńìŋőň ŕőàïďłě ćëŕőńŋïîâáï őáâăćèĺěáï àăąőâë.

Šěőàěňă 11 Ŕãáâì ˇ(t) ğăďăěâáï àăćěŋáâćőň (??). Šőčďă Ăńčőàĺâň

2 âőçŋő àěèăěâ ğăďăçã 1|p_i = ¸_iˇ(s_i)|C_{max} ŋě ąőńěě çěň ğă O(bn) íńěňěŋâăàŋëå őŕěàăæĺľ.

Ďőłăğăâěńìáâćő. Ĺğ (??) áńěďãěâ, çâő æěńěćăï äãŋłæĺï ŕàĺŋĺňăěâ ňĺŋĺňăńìŋőě ğŋăçěŋĺě ć âőň áńãçăě, łőčďă áãňňă^∑_{i∈{i|si>b}} ¸_i ŕàĺŋĺňăěâ ňĺŋĺňăńìŋőě ğŋăçěŋĺě. Šăł łăł ∑ i∈{i|s_i>b} ¸_i =^∑_{Ji∈J} ¸_i −^∑_{i∈{i|si≤b}} ¸_i;

âő ďńï ŕőáâàőěŋĺï őŕâĺňăńìŋőčő àăáŕĺáăŋĺï âàěąãěâáï ŋăľâĺ âăłőě ňŋőęěáâćő ĺŋďěłáőć àăąőâ {i | s_i ≤ b}, çâőąë áãňňă^∑_{i∈{i|si≤b}} ¸_i ąëńă ňăłáĺňăńìŋőľ. Ŕő ńěňňě 2 ĺňěěň J_m ∈ {J_i | s_i ≤ b} ĺ àăąőâă J_m ćëŕőńŋïěâáï ŕőáńěďŋěľ áàěďĺ âăłĺå àăąőâ. Śńěďőćăâěńìŋő,^∑_{i∈{i|si≤b}\m} ¸_i ≤ b; ĺ ŕőíâőňã, àěèĺć ğăďăçã (??) | (??) , ŋăľďěň ĺáłőňőě ňŋőęěáâćő. Ğăďăçă (??) | (??) | ĺğćěáâŋăï ğăďăçă ő àîłğăłě | ňőęěâ ąëâì àěèěŋă ăńčőàĺâňőň ďĺŋăňĺçěáłőčő ŕàőčàăňňĺàőćăŋĺï ğă O(bn) íńěňěŋâăàŋëå őŕěàăæĺľ. Šàãďőěňłőáâì ćâőàőčő èăčă ĺ őŕàěďěńïěâ âàãďőěňłőáâì ćáěčő ăńčőàĺâňă. Šěőàěňă ?? ďőłăğăŋă.

Řăááňőâàĺň äãŋłæĺî ˇ(t) áńěďãîéěčő ćĺďă:

ˇ(t) = a_1 + a_2; ěáńĺ t < b; a_1; ěáńĺ t ≥ b

(1.35)

čďě a_1; a_2; b | ŕőńőęĺâěńìŋëě çĺáńă.

Ğăňěâĺň, çâő ğăďăçă 1|p_i = ¸_iˇ(s_i)|C_{max} ŋě ňőęěâ ąëâì åőàőèő őŕàěďěńěŋă, âăł łăł ďńï ńîąőčő ŋăąőàă ¸_i ãáńőćĺě (??) ŋě ćëŕőńŋïěâáï. Ŕőíâőňã ććěďěň ďőŕőńŋĺâěńìŋőě őčàăŋĺçěŋĺě. Ŕãáâì, ŋăçĺŋăï á ňőňěŋâă ćàěňěŋĺ 0, ňăèĺŋă àăąőâăěâ ąěğ ŕàőáâőěć. Őąőğŋăçĺň íâã ğăďăçã 1|p_i = ¸_iˇ(s_i); w:i:|C_{max}. Šőčďă ĺňěěň:

C_{max} =^{n∑}_{i=1} ¸_ia_1 +^∑_{i∈{i|si<b}} ¸_ia_2:

Šěőàěňă 12 Ŕãáâì äãŋłæĺï ˇ(t) ğăďăŋă àăćěŋáâćőň (??). Šőčďă

ğăďăçă 1|p_i = ¸_iˇ(s_i); w:i:|C_{max} ïćńïěâáï NP -âàãďŋőľ.

Ďőłăğăâěńìáâćő. Ŕőáâàőĺň ŕőńĺŋőňĺăńìŋőě áćěďěŋĺě ğăďăçĺ ŚŞŇ- ŇĂ ŘĂĞŇĚŘŐĆ ł ğăďăçě 1|p_i = ¸_iˇ(s_i)|C_{max}. Ŕőńőęĺň, ¸_i =^{eib}_{(a1+a2)E} ďńï ćáěå i; 1 ≤ i ≤ n: Ŕőłăęěň, çâő ć íâőľ ğăďăçě àăáŕĺáăŋĺě ı; ć łőâőàőň C_{max}(ı) ≤^{ba1Y}_{(a1+a2)E} +^{a2b}_{a1+a2} ; áãéěáâćãěâ âőčďă ĺ âőńìłő âőčďă, łőčďă ć I ěáâì ŕőďňŋőęěáâćő I^′ ⊆ I âăłőě, çâő áãňňă àăğňěàőć ěčő íńěňěŋâőć àăćŋă E. Šăł łăł ŕő ãáńőćĺïň ğăďăçĺ ňăèĺŋă á ňőňěŋâă ćàěňěŋĺ 0 àăąőâăěâ ąěğ ŕàőáâőěć, âő ćëŕőńŋěŋĺě ŕőáńěďŋěľ àăąőâë ĺğ ňŋőęěáâćă {i | s_i < b} ğăłăŋçĺćăěâáï ŋě àăŋěě ňőňěŋâă ćàěňěŋĺ b. Śńěďőćăâěńìŋő,

b ≤^∑_{i∈{i|si<b}} p_i =^∑_{i∈{i|si<b}} ¸_i(a_1 + a_2) =^∑_{i∈{i|si<b}} e_ib E ; ĺ ∑ i∈{i|s_i<b} e_i ≥ E: (1.36)

Ďăńěě ĺňěěň

C_{max} =^{n∑}_{i=1} ¸_ia_1 +^∑_{i∈{i|si<b}} ¸_ia_2 =^{n∑}_{i=1} e_ib (a_1 + a_2)E a_1 +^∑_{i∈{i|si<b}} e_ib a_1E a_2 = bY a_1 (a_1 + a_2)E + a_2b (a_1 + a_2)E ∑ i∈{i|s_i<b} y_i (1.37)

Ĺğ (??) ĺ (??) ŕőńãçăěň, çâő C_{max}(ı) ≤^{ba1Y}_{(a1+a2)E} +^{a2b}_{a1+a2} âőčďă ĺ âőńìłő âőčďă, łőčďă_∑ i∈{i|s_i<b} y_i = E:

Šěőàěňă 13 ďőłăğăŋă.

Ŕãáâì a_1; a_2; ¸_i; b | æěńëě ŕőńőęĺâěńìŋëě çĺáńă. Őŕĺèěň ăńčőàĺâň, łőâőàëľ âőçŋő àěèăěâ ğăďăçã 1|p_i = ¸_iˇ(s_i); w:i:|C_{max} ğă O(bn) íńěňěŋâăàŋëå őŕěàăæĺľ.

Ăńčőàĺâň 3.

1. Řěèăěâáï áńěďãîéăï őŕâĺňĺğăæĺőŋŋăï ğăďăçă.

Ŋăľâĺ J^′ ⊆ J; łőâőàőě ňĺŋĺňĺğĺàãěâ ćěńĺçĺŋã^∑_{Ji∈J ′} ¸_i

ŕàĺ ãáńőćĺĺ, çâő^∑_{i∈{Ji∈J ′}(a_1 + a_2)¸_i ≥ b:

2.Śâàőĺâáï áńěďãîéăï ŕěàěáâăŋőćłă ı: áŋăçăńă ć ŕàőĺğćőńìŋőň ŕőàïďłě ćëŕőńŋïîâáï àăąőâë ňŋőęěáâćă J^′ ĺ ğăâěň ć ŕàőĺğćőńìŋőň ŕőàïďłě őáâăćèĺěáï àăąőâë.

Šěőàěňă 13 Ŕãáâì äãŋłæĺï ˇ(t) ğăďăŋă àăćěŋáâćőň (??). Šőčďă ăń-

čőàĺâň 3 ŕőğćőńïěâ ŋăåőďĺâì âőçŋőě àěèěŋĺě ğăďăçĺ 1|p_i = ¸_iˇ(s_i); w:i:|C_{max} ŋě ąőńěě çěň ğă O(bn) íńěňěŋâăàŋëå őŕěàăæĺľ.

Ďőłăğăâěńìáâćő ăŋăńőčĺçŋő ďőłăğăâěńìáâćã âěőàěňë ??.

Ć ğăłńîçěŋĺě ŕăàăčàăäă àăááňőâàĺň ğăďăçã 1|p_i = ¸_iˇ(s_i)|C_{max}, ć łőâőàőľ äãŋłæĺï ˇ(t) ĺňěěâ ćĺď (??) ĺ ŕàőáâőĺ ŋă ňăèĺŋě ďőŕãáłăîâáï.

Ŕãáâì ŕőàïďőł ğăŕãáłă àăąőâ ŋă ćëŕőńŋěŋĺě äĺłáĺàőćăŋ. Šőčďă ďńĺŋă őŕâĺňăńìŋőčő àăáŕĺáăŋĺï őâŋőáĺâěńìŋő íâőčő ŕőàïďłă ŋăåőďĺâáï áńěďãîéĺň őąàăğőň. Ďńï łăęďőľ àăąőâë J_i ćëçĺáńïîâáï ćěńĺçĺŋë s_i ĺ C_i, ŕàĺ ãáńőćĺĺ, çâő àăąőâë ćëŕőńŋïîâáï ąěğ ŕàőáâőěć. Ěáńĺ ňőňěŋâ ğăćěàèěŋĺï ŕőáńěďŋěľ àăąőâë ňěŋìèě b; âő àăáŕĺáăŋĺě őŕâĺňăńìŋő. Ć ŕàőâĺćŋőň áńãçăě ŋăåőďĺâáï àăąőâă J_k âăłăï, çâő s_k < b ≤ C_k.

Šőčďă ěáńĺ s_k + ¸_ka_2 < b; âő ć őŕâĺňăńìŋőň àăáŕĺáăŋĺĺ őâŋőáĺâěńìŋő ğăďăŋŋőčő ŕőàïďłă àăąőâă J_k ŋăçĺŋăěâ ćëŕőńŋïâìáï ć ňőňěŋâ ćàěňěŋĺ s_k ć ŕàőâĺćŋőň áńãçăě | ć ňőňěŋâ ćàěňěŋĺ b:

Šăłĺň őąàăğőň, łăł ĺ ć àăááňőâàěŋŋëå ćëèě ğăďăçăå, ďőáâăâőçŋő ŋăľâĺ őŕâĺňăńìŋãî ŕěàěáâăŋőćłã ı ďńï ŋăåőęďěŋĺï őŕâĺňăńìŋőčő àăáŕĺáăŋĺï. Ŕãáâì ı = (ı_1; : : : ; ı_n) | ŋěłőâőàăï ŕěàěáâăŋőćłă, k(ı) = max{k | (a_1 + a_2)^{k−1∑}_{i=1} ¸_{ıi} < b}; J^0(ı) = {ı_i | i = 1; : : : ; k(ı)}: Šőčďă ďńĺŋă łàăâçăľèěčő àăáŕĺáăŋĺï S_ı; ğăďăćăěňőčő ŕěàěáâăŋőćłőľ àăąőâ ı őŕàěďěńïěâáï ŕő äőàňãńě:

C_{max}(S_ı)^{n∑}_{i=1} ¸_ia_1 +^∑_{i∈J 0(ı)} ¸_ia_2 + min{0; b + a_1¸_{k(ı)} −^∑_{i∈J 0(ı)} ¸_i(a_1 + a_2)}:

Šěőàěňă 14 Ěáńĺ äãŋłæĺï ˇ(t) ğăďăŋă àăćěŋáâćőň (??), âő

ğăďăçă 1|p_i = ¸_iˇ(s_i)|C_{max} ïćńïěâáï NP -âàãďŋőľ.

Ďőłăğăâěńìáâćő Śćěďěň ğăďăçã ŚŞŇŇĂ ŘĂĞŇĚŘŐĆ ł ğăďăçě 1|p_i = ¸_iˇ(s_i)|C_{max}: Ŕőńőęĺň ¸_i =^{yib}_{(a1+a2)E} ďńï ćáěå i; 1 ≤ i ≤ n. Ŕàőćěďï àăááãęďěŋĺï, ăŋăńőčĺçŋëě àăááãęďěŋĺïň ć âěőàěňăå ?? ĺ 14, ŕőńãçĺň, çâő ć ğăďăçě 1|p_i = ¸_iˇ(s_i)|C_{max} àăáŕĺáăŋĺě ı; ć łőâőàőň C_{max}(ı) ≤^{ba1Y}_{(a1+a2)E} +^{a2b}_{a1+a2} ; áãéěáâćãěâ âőčďă ĺ âőńìłő âőčďă, łőčďă ć I ěáâì ŕőďňŋőęěáâćő I^′ ⊆ I âăłőě, çâő áãňňă àăğňěàőć ěčő íńěňěŋâőć àăćŋă E. Šěőàěňă ?? ďőłăğăŋă.

Ŕãáâì a_1; a_2; ¸_i ĺ b | æěńëě ŕőńőęĺâěńìŋëě çĺáńă. Őŕĺèěň ăńčőàĺâň, łőâőàëľ âőçŋő àěèăěâ ğăďăçã 1|p_i = ¸_iˇ(s_i)|C_{max} ğă O(bn) íńěňěŋâăàŋëå őŕěàăæĺľ.

Ăńčőàĺâň 4.

1. Řěèăěâáï áńěďãîéăï őŕâĺňĺğăæĺőŋŋăï ğăďăçă.

Ŋăľâĺ J^′ ⊆ J; łőâőàőě ňĺŋĺňĺğĺàãěâ ćěńĺçĺŋã^∑_{Ji∈J ′} ¸_i (1.38) ŕàĺ ãáńőćĺĺ, çâő^∑_{Ji∈J ′}(a_1 + a_2)¸_i ≥ b: (1.39)

2. Śâàőĺâáï ŕěàěáâăŋőćłă ı_1: áŋăçăńă ć ŕàőĺğćőńìŋőň ŕőàïďłě ćëŕőńŋïîâáï àăąőâë ňŋőęěáâćă J^′ ĺ ğăâěň ć ŕàőĺğćőńìŋőň ŕőàïďłě ćëŕőńŋïîâáï őáâăćèĺěáï àăąőâë.

3. Řěèăěâáï áńěďãîéăï őŕâĺňĺğăæĺőŋŋăï ğăďăçă.

Ŋăľâĺ J^′ ⊆ J; łőâőàőě ňăłáĺňĺğĺàãěâ ćěńĺçĺŋã^∑_{Ji∈J ′} ¸_i (1.40)

ŕàĺ ãáńőćĺĺ, çâő^∑_{Ji∈J ′}(a_1 + a_2)¸_i ≤ b: (1.41)

4. Śâàőĺâáï àăáŕĺáăŋĺě ı_2: áŋăçăńă ć ŕàőĺğćőńìŋőň ŕőàïďłě ćëŕőńŋïîâáï àăąőâë ňŋőęěáâćă J^′ ă ğăâěň á ňőňěŋâă ćàěňěŋĺ b ć ŕàőĺğćőńìŋőň ŕőàïďłě ćëŕőńŋïîâáï őáâăćèĺěáï àăąőâë.

5. Ćëçĺáńïîâáï ğŋăçěŋĺï äãŋłæĺőŋăńőć C_{max}(ı_1) ĺ C_{max}(ı_2). Ŕěàěáâăŋőćłă, ŋă łőâőàőľ ğŋăçěŋĺě äãŋłæĺőŋăńă ňěŋìèě, ąěàěâáï ć łăçěáâćě àěèěŋĺï.

Šěőàěňă 15 Ŕãáâì äãŋłæĺï ˇ(t) ğăďăŋă àăćěŋáâćőň (??) . Šőčďă

ăńčőàĺâň 3 âőçŋő àěèăěâ ğăďăçã 1|p_i = ¸_iˇ(s_i)|C_{max} ğă O(bn) íńěňěŋâăàŋëå őŕěàăæĺľ.

Ďőłăğăâěńìáâćő. Łăł ąëńő őâňěçěŋő àăŋěě, ć őŕâĺňăńìŋőň àěèěŋĺĺ ğăďăçĺ 1|p_i = ¸_iˇ(s_i)|C_{max} ńĺąő ňăèĺŋă àăąőâăěâ ąěğ ŕàőáâőěć, ńĺąő ňăèĺŋă ğăłăŋçĺćăěâ ćëŕőńŋïâì àăąőâë ňŋőęěáâćă J^0 \ {k(ı)} ŋě ŕőğďŋěě ňőňěŋâă ćàěňěŋĺ b ĺ ğăâěň á ňőňěŋâă ćàěňěŋĺ b ćëŕőńŋïěâ őáâăćèĺěáï àăąőâë. Ŋă èăčăå 1 ĺ 2 ŋăåőďĺâáï őŕâĺňăńìŋăï ŕěàěáâăŋőćłă, łőčďă ňăèĺŋă àăąőâăěâ ąěğ ŕàőáâőěć. Ŋă èăčăå 3 ĺ 4 ŋăåőďĺâáï őŕâĺňăńìŋăï ŕěàěáâăŋőćłă, łőčďă ňőňěŋâã b ŕàěďèěáâćãěâ ŕàőáâőľ. Ŕőńãçěŋŋëě àěèěŋĺï áàăćŋĺćăîâáï ĺ ĺğ ŋĺå ćëąĺàăěâáï őŕâĺňăńìŋőě.

Šàãďőěňłőáâì ăńčőàĺâňă őŕàěďěńïěâáï âàãďőěňłőáâìî àěèěŋĺï ğăďăçĺ (??), (??) ĺ ğăďăçĺ (??), (??) ĺ àăćŋă O(bn). Šěőàěňă ?? ďőłăğăŋă.

Őâňěâĺň, çâő ć äőàňãńĺàőćłăå âěőàěň 10, 12 ĺ 14 ŋě ãłăğăŋő ïćńïîâáï ńĺ çĺáńă a_1; a_2; b çăáâìî ćåőďă ğăďăçĺ 1|p_i = ¸_iˇ(s_i)|C_{max} ĺńĺ ŋěâ. Őďŋăłő ďőłăğăâěńìáâćă âěőàěň áŕàăćěďńĺćë ć őąőĺå áńãçăïå.

Čńăćă 2 Ğăďăçĺ âěőàĺĺ àăáŕĺáăŋĺľ ŋă őďŋőľ ňăèĺŋě á ďńĺâěńìŋőáâïňĺ, ńĺŋěľŋő ĺńĺ łãáőçŋő-ńĺŋěľŋő ğăćĺáïéĺňĺ őâ ćàěňěŋĺ

2.1 Ğăďăçă ňĺŋĺňĺğăæĺĺ ňăłáĺňăńìŋőčő ğăŕăğďëćăŋĺï á ńĺŋěľŋëňĺ äãŋłæĺïňĺ ďńĺâěńìŋőáâěľ

Ć íâőľ čńăćě ňë àăááňőâàĺň ğăďăçĺ ŋă őďŋőľ ňăèĺŋě, ć łőâőàëå ďńĺâěńìŋőáâì àăąőâë J_i àăćŋă p_i = ˇ_i(s_i): Ŕãáâì ˇ_i(t) = a_it+b_i. Šőčďă, łăł ąëńő őâňěçěŋő ćő ććěďěŋĺĺ, ć ğăďăçě 1|p_i = a_is_i + b_i|Ś_{max} ŕěàěáâăŋőćłă, ć łőâőàőľ àăąőâë ãŕőàïďőçěŋë ŕő ŋěãąëćăŋĺî ćěńĺçĺŋ b_i=a_i ïćńïěâáï őŕâĺňăńìŋőľ. Řăááňőâàĺň ğăďăçã 1|p_i = a_is_i + b_i|L_{max}. Ěáńĺ a_i = 0 ĺńĺ b_i = 0 ďńï ćáěå àăąőâ, âő ŕěàěáâăŋőćłă, ć łőâőàőľ àăąőâë ãŕőàïďőçěŋë ŕő ŋěãąëćăŋĺî ĺå ďĺàěłâĺćŋëå áàőłőć ïćńïěâáï őŕâĺňăńìŋőľ. Ŕěàćëľ áńãçăľ àăááňőâàěń Ďęěłáőŋ [?], ă ćâőàőľ | Ňőèěőć [?].

Šěőàěňă 16 Ŕãáâì ćáě àăąőâë ŕőáâãŕăîâ ŋă ćëŕőńŋěŋĺě ć ňőňěŋâ t_0 > 0. Šőčďă ğăďăçă 1|p_i = a_is_i + b_i|L_{max} ïćńïěâáï NP -âàãďŋőľ ãęě ć âőň áńãçăě, łőčďă a_i = 0 ďńï ćáěå àăąőâ łàőňě őďŋőľ ĺ d_i = D ďńï ćáěå àăąőâ á a_i = 0.

Ďőłăğăâěńìáâćő. Śćěďěň ł ğăďăçě 1|p_i = a_is_i + b_i|L_{max} íâăńőŋŋãî ğăďăçã ŔŘŐĹĞĆĚĎĚŊĹĚ ŘĂĞŇĚŘŐĆ, áäőàňãńĺàőćăŋŋãî ć ŕăàăčàăäě 1.1. Ŕãáâì E_0 =^{n∏}_{i=1} e_i: Őŕàěďěńĺň ŕőďğăďăçã ğăďăçĺ 1|p_i = a_is_i +b_i|L_{max} á n + 1-ľ àăąőâőľ ĺ p_0 = 1; d_0 = t_0E + 1; p_i = (e_i − 1)s_i; d_i = E_0(t_0E + 1)=t_0E; ďńï ćáěå 1 ≤ i ≤ n: Ŕőłăęěň, çâő ć áäőàňãńĺàőćăŋŋőľ ğăďăçě àăáŕĺáăŋĺě S, ŕàĺ łőâőàőň L_{max} ≤ 0 áãéěáâćãěâ âőčďă ĺ âőńìłő âőčďă, łőčďă áãéěáâćãěâ ŕőďňŋőęěáâćő I âăłőě, çâő ŕàőĺğćěďěŋĺě àăğňěàőć ěčő íńěňěŋâőć àăćŋő E:

1.Ŕãáâì áãéěáâćãěâ ŕőďňŋőęěáâćő I âăłőě, çâő^∏_{i∈I} e_i = E: Šőčďă àăáŕĺáăŋĺě S áâàőĺâáï áńěďãîéĺň őąàăğőň. Śŋăçăńă ć ŕàőĺğćőńìŋőň ŕőàïďłě ćëŕőńŋïîâáï àăąőâë á ŋőňěàăňĺ ĺğ ňŋőęěáâćă I; ğăâěň àăąőâă J_0; ĺ ğăâěň őáâăćèĺěáï àăąőâë. Ć ŕőáâàőěŋŋőň àăáŕĺáăŋĺĺ àăąőâë ĺğ ňŋőęěáâćă I ğăłőŋçăâ ćëŕőńŋěŋĺě ć ňőňěŋâ C(I) = t_0^∏_{i∈I} e_i = t_0E; àăąőâă J_0, áőőâćěâáâćěŋŋő, | ć C_0 = t_0E+1; ĺ ŕőáńěďŋïï ĺğ őáâăćèĺåáï àăąőâ ć ňőňěŋâ C(J) = E_0(t_0E + 1)=t_0E. Śńěďőćăâěńìŋő, ćáě àăąőâë ąãďãâ ćëŕőńŋěŋë ďő ŋăáâãŕńěŋĺï ďĺàěłâĺćŋőčő áàőłă ĺ L_{max} = 0.

2.Ŕãáâì áãéěáâćãěâ àăáŕĺáăŋĺě S âăłőě, çâő L_{max} ≤ 0. Šőčďă ć ŋěň àăąőâă J_0 ŋăçĺŋăěâ ćëŕőńŋïâìáï ć ňőňěŋâ t ≤ t_0E: Ŕàěďŕőńőęĺň, çâő t < t_0E: Šőčďă ćëŕőńŋěŋĺě ćáěå àăąőâ ğăłăŋçĺćăěâáï ć ňőňěŋâ C(J) ≤ E_0(t + 1)=t > E_0(t_0E + 1)=t_0E; çâő ŕàőâĺćőàěçĺâ ŕàěďŕőńőęěŋĺî L_{max} ≤ 0. Śńěďőćăâěńìŋő, t = t_0E: Ěáńĺ ć ŕàőæěááě ćëŕőńŋěŋĺï àăąőâ ňăèĺŋă ć łăłőľ-âő ňőňěŋâ ŕàőáâăĺćăěâ, âő őŕïâì ŕőńãçăěň C(J) > E_0(t_0E + 1)=t_0E; ĺ ŕàĺåőďĺň ł ŕàőâĺćőàěçĺî. Śńěďőćăâěńìŋő, ć ŕàőňěęãâłě [t_0; t_0E] ňăèĺŋă àăąőâăěâ ąěğ ŕàőáâőěć. Őąőğŋăçĺň ňŋőęěáâćő àăąőâ, ćëŕőńŋïěňëå ć íâőň ŕàőňěęãâłě, çěàěğ I. Šőčďă t_0E = t_0^∏_{i∈I} e_i ĺ ŕőďňŋőęěáâćő I ïćńïěâáï ĺáłőňëň. Šěőàěňă ?? ďőłăğă- ŋă. 2.2 Ğăďăçă ňĺŋĺňĺğăæĺĺ ďńĺŋë àăáŕĺáăŋĺï á łãáőçŋőńĺŋěľŋëňĺ äãŋłæĺïňĺ ďńĺâěńìŋőáâěľ

Řăááňőâàĺň ğăďăçã 1|p_i = a_i(s_i − d_i)^+ + b_i)|C_{max}.

Ć ďăńìŋěľèěň ŋăğőćěň íâã ğăďăçã ğăďăçěľ P . Ğăňěâĺň, çâő ŕàĺ őŕâĺňăńìŋőň àăáŕĺáăŋĺĺ ňăèĺŋă ąãďěâ àăąőâăâì ąěğ ŕàőáâőěć. Ś ãçěâőň áłăğăŋŋőčő æěńěćăï äãŋłæĺï ňőęěâ ąëâì ğăŕĺáăŋă ć ćĺďě C_{max} = ∑ i∈I p_i, ă àăáŕĺáăŋĺě ąãďěâ ŕőńŋőáâìî őŕàěďěńïâìáï ŕőáńěďőćăâěńìŋőáâìî ı ğăŕãáłă àăąőâ ŋă ćëŕőńŋěŋĺě. Ďăńěě àăáŕĺáăŋĺěň ďńï ğăďăçĺ P ąãďěň ŋăğëćăâì ŕěàěáâăŋőćłã ı, ãłăğëćăîéãî ŕőàïďőł ğăŕãáłă àăąőâ ŋă ćëŕőńŋěŋĺě. Ůěàěğ C(ı) ąãďěň őąőğŋăçăâì ďńĺŋã àăáŕĺáăŋĺï, ğăďăŋŋőčő ŕěàěáâăŋőćłőľ ı. Ŕěàěáâăŋőćłã ı, łőâőàăï ňĺŋĺňĺğĺàãěâ ćěńĺçĺŋã C(ı) =^∑_{i∈I} p_i(ı), ąãďěň ŋăğëćăâì őŕâĺňăńìŋőľ. Şâćěàęďěŋĺě 2 [?] Ŕãáâì ĺňěěâáï âăłőě àăáŕĺáăŋĺě ďńï ŕěàćëå k

àăąőâ ĺğ ňŋőęěáâćă J;^{k∑}_{i=1} p_i = t; çâő d_j ≤ t ďńï ćáěå j > k: Šőčďă őŕâĺňăńìŋăï ŕőáńěďőćăâěńìŋőáâì őáâăćèĺåáï àăąőâ ŕőńãçăěâáï ãŕőàïďőçěŋĺěň ĺå ŕő ćőğàăáâăŋĺî ćěńĺçĺŋ (b_i − d_ia_i)=a_i:

Řăááňőâàĺň ĺğćěáâŋãî ğăďăçã 1||˚w_iL_i ňĺŋĺňĺğăæĺĺ áãňňăàŋőčő ćğćěèěŋŋőčő ğăŕăğďëćăŋĺï ŋă őďŋőľ ňăèĺŋě.

Ğăďăçă 1||˚w_iL_i Ŕàĺ ğăďăŋŋëå æěńőçĺáńěŋŋëå ŕăàăňěâàăå –_i ≥ 0; _i ≥ 0; ‹_i ≥ 0; J_i ∈ J,ŋăľâĺ ćěńĺçĺŋë ˛_i, ãďőćńěâćőàïîéĺě ãáńőćĺïň i = max{0; ˛_i + –_i − ‹_i};

˛_i + –_i ≤ ˛_j; ěáńĺ ˛_i < ˛_j; J_i ∈ J; –_i–_j = 0; ěáńĺ ˛_i = ˛_j; j ∈ I; J_i ∈ J; ˛_i ≥ 0 ĺ ňĺŋĺňĺğĺàãîéĺě ćěńĺçĺŋã L =^∑_{i∈I} _i_i.

Ŕăàăňěâàë –_i; ‹_i; _i őąőğŋăçăîâ ďńĺâěńìŋőáâì ćëŕőńŋěŋĺï, ďĺàěłâĺćŋëľ áàőł ĺ èâàăäŋőľ ćěá àăąőâë J_i áőőâćěâáâćěŋŋő , ˛_i | ŕěàěňěŋŋăï, őąőğŋăçăîéăï ćàěňï ŋăçăńă ćëŕőńŋěŋĺï àăąőâë J_i, _i | ćěńĺçĺŋă ğăŕăğďëćăŋĺï àăąőâë J_i. Ć [?] ŕőłăğăŋő, çâő ğăďăçă 1||˚w_iL_i ïćńïěâáï NP -âàãďŋőľ ć áĺńìŋőň áňëáńě. Ğăňěâĺň, çâő ďńï ğăďăçĺ 1||˚w_iL_i àăáŕĺáăŋĺě őŕàěďěńïěâáï ŕěàěáâăŋőćłőľ ı, ãłăğëćăîéěľ ŕőàïďőł ğăŕãáłă àăąőâ ŋă ćëŕőńŋěŋĺě.

Ŕő ćåőďã ğăďăçĺ 1||˚w_iL_i ŕàĺ ŋěłőâőàőň " > 0 ŕőńãçĺň ćåőď ğăďăçĺ P_›.Őąőğŋăçĺň = max_{i∈I} _i; – = max_{Ji∈J} –_i ĺ ŕőńőęĺň

b_i = –_i; J_i ∈ J;

d_i = ‹_i − –_i; J_i ∈ J;

a_i = _i"; J_i ∈ J; čďě " > 0:

Ŕãáâì ~ =^∑_{Ji∈J} –_i | ďńĺŋă àăáŕĺáăŋĺï ć ğăďăçě 1||˚w_iL_i; r_i = s_i − d_i: Šăł łăł ‹_i ≥ 0; âő _i ≤ ~ ďńï ćáěå J_i ∈ J:

Ŕãáâì ı | ŋěłőâőàăï ŕěàěáâăŋőćłă àăąőâ ňŋőęěáâćă J,ă S_ı(P_›) = {s_i|J_i ∈ J} ĺ S_ı(1||˚w_iL_i) = {˛_i|J_i ∈ J} | àăáŕĺáăŋĺï, őŕàěďěńïěňëě ŕěàěáâăŋőćłőľ ı ć ğăďăçăå P_› ĺ 1||˚w_iL_i áőőâćěâáâćěŋŋő. Ňŋőęěáâćă ğăŕăğďëćăîéĺå àăąőâ ć àăáŕĺáăŋĺïå S_ı(P_›) ĺ S_ı(1||˚w_iL_i) áőőâćěâáâćěŋŋő őąőğŋăçĺň çěàěğ J_›(ı) = {J_i ∈ J|s_i ≥ d_i} ĺ J(ı) = {J_i ∈ J|˛_i + –_i ≥ ‹_i}. Ŕãáâì {J_{j1} ; :::; J_{jk} } | àăąőâë ňŋőęěáâćă J_›(ı); ŕěàěçĺáńěŋŋëě ć ŕőàïďłě ĺå ćëŕőńŋěŋĺï.Šőčďă ćěńĺçĺŋă ȷ_{jq} =^{q∑}_{i=1} r_{ji} a_{ji} ğăďăěâ ãćěńĺçěŋĺě ćàěňěŋĺ őłőŋçăŋĺï àăąőâë J_{jq} ć àăáŕĺáăŋĺĺ S_ı(P_›) ŕő áàăćŋěŋĺî á àăáŕĺáăŋĺěň S_ı(1||˚w_iL_i).

Ńěňňă 3 Ďńï ńîąőľ àăąőâë J_{jq} ∈ J_›(ı) áŕàăćěďńĺćă őæěŋłă ȷ_{jq} ≤ ~((1 + ")^q − 1): (2.1)

Ďőłăğăâěńìáâćő. Ĺğ őŕàěďěńěŋĺï ćěńĺçĺŋ r_j; d_j; ȷ_j; _j ďńï łăęďőčő j; 1 ≤ j ≤ k ĺňěěň

r_{ji} = s_{ji} − d_{ji} = ˛_{ji} + ȷ_{ji−1} + –_{ji} − ‹_{ji} = _{ji} + ȷ_{ji−1} ; (2.2)

čďě ȷ_{j0} = 0. Őæěŋłã (??) ďńï àăąőâ J_{jq} ∈ J_›(ı) ďőłăęěň ĺŋďãłæĺěľ ŕő q; 0 ≤ q ≤ k: Ŕàĺ q = 0 őæěŋłă (??) áŕàăćěďńĺćă, âăł łăł ȷ_{j0} = 0: Ŕãáâì őæěŋłă (??) áŕàăćěďńĺćă ďńï q = i−1. Šőčďă ŕàĺ q = i ĺğ áőőâŋőèěŋĺï (??) ŕőńãçăěň

ȷ_{ji} = ȷ_{ji−1} + r_{ji} a_{ji} ≤ ȷ_{ji−1} + (~ + ȷ_{ji−1} )"

= ȷ_{ji−1} (1 + ") + ~" ≤ ~((1 + ")^i − (1 + ") + ") = ~((1 + ")^i − 1):

Ńěňňă ?? ďőłăğăŋă.

Ńěňňă 4 Śãéěáâćãěâ "_0 > 0 âăłőě, çâő ŕàĺ ńîąőň " < "_0 ďńï ńîąőľ

ŕěàěáâăŋőćłĺ ı ĺňěěâ ňěáâő àăćěŋáâćő J(ı) = J_"(ı).

Ďőłăğăâěńìáâćő. Ŕőáłőńìłã ďńĺâěńìŋőáâĺ àăąőâ ć ğăďăçě P› ŋě ňěŋìèě ďńĺâěńìŋőáâěľ áőőâćěâáâćãîéĺå àăąőâ ć ğăďăçě 1||˚w_iL_i, âő ćáïłăï àăąőâă, ğăŕăğďëćăîéăï ć àăáŕĺáăŋĺĺ S_ı(1||˚w_iL_i), ïćńïěâáï âăłőćőľ ĺ ďńï àăáŕĺáăŋĺï S_ı(P_›) ĺ áŕàăćěďńĺćő J(ı) ⊆ J_›(ı). Ďőłăęěň, çâő ŕàĺ ďőáâăâőçŋő ňăńőň " ĺňěěâ ňěáâő őąàăâŋőě ćłńîçěŋĺě, â.ě. j_q ∈ J(ı) ďńï ńîąőľ àăąőâë j_q ∈ J_›(ı): Ĺáłőňőě áćőľáâćő ćëâěłăěâ ĺğ (??), ŋěàăćěŋáâćă r_{ji} ≥ 0 ŕàĺ j_i ∈ J_›(ı), æěńőçĺáńěŋŋőáâĺ ćěńĺçĺŋ _i ĺ ŋěàăćěŋáâć

ȷ_{ji−1} < 1; 1 ≤ i ≤ k; (2.3) ćëâěłăîéĺå ĺğ (??) ŕàĺ ňăńëå ". Ć łăçěáâćě âăłőčő " ďőáâăâőçŋő ŕőńőęĺâì " < "_0 = 1=((1=~ + 1)^{1=n−1} − 1):

Ńěňňă ?? ďőłăğăŋă.

Šěőàěňă 17 Ğăďăçă P ïćńïěâáï NP - âàãďŋőľ ć áĺńìŋőň áňëáńě.

Ďőłăğăâěńìáâćő. Ďńï ďőłăğăâěńìáâćă âěőàěňë ďőáâăâőçŋő ŕőłăğăâì ŕáěćďőŕőńĺŋőňĺăńìŋőě áćěďěŋĺě ł ğăďăçě P łăłőľ-ńĺąő íâăńőŋŋőľ NP -âàãďŋőľ ć áĺńìŋőň áňëáńě ğăďăçĺ. Ć łăçěáâćě ŕőáńěďŋěľ ćëąàăŋă ğăďăçă 1||˚w_iL_i. Ŕőłăęěň, çâő àěèěŋĺě ğăďăçĺ 1||˚w_iL_i áćőďĺâáï ł àěèěŋĺî ğăďăçĺ P_›. Ąőńěě âőčő, őŕâĺňăńìŋăï ŕěàěáâăŋőćłă ı^∗ ğăďăçĺ P_› ïćńïěâáï őŕâĺňăńìŋőľ ŕěàěáâăŋőćłőľ àăąőâ ĺ ďńï ğăďăçĺ SL, ěáńĺ " ďőáâăâőçŋő ňăńő.

Ĺâăł, ŕãáâì ı^∗ -őŕâĺňăńìŋăï ŕěàěáâăŋőćłă àăąőâ ć ğăďăçě P_› ŕàĺ ŋěłőâőàőň " ≥ 0. Ŕàěďŕőńőęĺň, çâő őŋă ŋě őŕâĺňăńìŋă ďńï ğăďăçĺ SL. Šăł łăł äãŋłæĺőŋăń L(ı) ğăďăçĺ 1||˚w_iL_i ŕàĺŋĺňăěâ æěńëě ğŋăçěŋĺï, âő ĺğ ŋăèěčő ŕàěďŕőńőęěŋĺï áńěďãěâ ŋěàăćěŋáâćő

L(ı^∗) − L(ı) ≥ 1; (2.4) čďě ı- őŕâĺňăńìŋăï ŕěàěáâăŋőćłă ďńï ğăďăçĺ 1||˚w_iL_i. Ďőłăęěň,çâő ĺğ (??) áńěďãěâ ŋěàăćěŋáâćő

C(ı^∗) − C(ı) > 0; (2.5) ŕàőâĺćőàěçaéěě őŕâĺňăńìŋőáâĺ ı^∗ ďńï ğăďăçĺ P_› ĺ ďőłăğëćăîéěě őŕâĺňăńìŋőáâì ı^∗ ďńï ğăďăçĺ 1||˚w_iL_i. Ŕőáłőńìłã ńěňňă ?? áŕàăćěďńĺćă ŕàĺ " < "_0, ŕőńìğãïáì ńěňňőľ ?? ĺ (??), ďńï ńîąőľ ŕěàěáâăŋőćłĺ ı ĺ ńîąőčő j_i ∈ J_›(ı) ŕőńãçăěň r_{ji} = _{ji} + ȷ_{ji−1} :

Śőčńăáŋő őŕàěďěńěŋĺî äãŋłæĺőŋăńă C ďńï ńîąőľ ŕěàěáâăŋőćłĺ ı

C(ı) =^∑_{Ji∈J} p_i =^∑_{Ji∈J}(b_i + a_i(s_i − d_i)^+) =^∑_{Ji∈J} b_i +^∑_{Ji∈Jϵ(ı)} a_i(s_i − d_i) =^∑_{Ji∈J} b_i +^∑_{Jj}

i∈J_ϵ(ı)

a_{ji} r_{ji} =^∑_{Ji∈J} b_i +^∑_{Jj}

i ∈J_ϵ(ı)

j_i "(_{ji} + ȷ_{ji−1} ) =^∑_{Ji∈J} b_i + "^∑_{Jj}

i ∈J_ϵ(ı)

j_i (_{ji} + ȷ_{ji−1} ):

Şçĺâëćăï ŋěàăćěŋáâćő (??) ĺ őŕàěďěńěŋĺě äãŋłæĺőŋăńă L ŕőńãçăěň C(ı^∗)−C(ı) = "(^∑_{Jj ∈J(ı∗)} _j_j−^∑_{Jj ∈J(ı)} _j_j)+"(^∑_{Jj}

i∈J(ı^∗)

j_i ȷ_{ji−1} −^∑_{Jj}

i ∈J(ı)

j_i ȷ_{ji−1} ) ≥ "(L(ı^∗) − L(ı) −^∑_J ji ∈J(ı) j_i ȷ_{ji−1}) ≥ " − "^∑_{Jj}

i ∈J(ı)

ȷ_{ji−1} : (2.6) Őæěŋĺň áćěàåã ćěńĺçĺŋã "^∑_{Jj} i∈J(ı) ȷ_{ji−1} : Ĺğ (??) ďńï ńîąőľ ŕěàěáâăŋőćłĺ ı ĺňěěň "^∑_{Jj}

i ∈J(ı)

ȷ_{ji−1} ≤ "~(^{n∑}_{q=1}(1 + ›)^q − n) ≤ "~(

(1 + ")^{n+1} − 1 − " " − n) = ~((1 + ")^{n+1} − 1 − "(n + 1)) = ~((1 + ")^{n+1} − 1 − " − n") = ~(^{n+1∑}_{i=0} i n + 1

(")^i − 1 − " − n") = ~^{n+1∑}_{i=2} i n + 1

(")^i

< ~^{n+1∑}_{i=2}

(n + 1)^i(")^i i! = ~("(n + 1))^{2 n+1∑}_{i=2}

(n + 1)^{i−2}(")^{i−2} i! : Ćőğìňěň àăæĺőŋăńìŋőě " " = 1 ~^2(n + 1)^2 :

Ğăňěâĺň, çâő " < "_0; ă ďńĺŋă ğăŕĺáĺ " ŋě ŕàěćőáåőďĺâ log_2~^2(n + 1)^2 ĺ őčàăŋĺçěŋă ŕőńĺŋőňőň őâ ďńĺŋë ĺáåőďŋőľ ĺŋäőàňăæĺĺ ğăďăçĺ SL: Šőčďă ĺňěěň

~("(n + 1))^{2 n+1∑}_{i=2}

(n + 1)^{i−2}(")^{i−2} i! ≤ "^{n+1∑}_{i=2} 1 i! ≤ (e − 2)" < 0:8":

Őâáîďă ĺ ĺğ (??) áńěďãěâ (??). Šěőàěňă ?? ďőłăğăŋă.

Řăááňőâàĺň ğăďăçã 1|p_i = a(s_i − d_i)^+ + b_i|C_{max}:

Šěőàěňă 18 Ğăďăçă 1|p_i = a(s_i −d_i)^+ +b_i|C_{max} ïćńïěâáï NP -âàãďŋőľ.

Řăááňőâàĺň ĺğćěáâŋãî ğăďăçã 1||˚L_i ňĺŋĺňĺğăæĺĺ áãňňăàŋőčő ğăŕăğďëćăŋĺï. Ć [?] ďőłăğăŋă NP-âàãďŋőáâì íâőľ ğăďăçĺ. Ŕőćâőàïï ďőłăğăâěńìáâćő âěőàěňë ??, ãąěęďăěňáï ć âőň, çâő ğăďăçă ňĺŋĺňĺğăæĺĺ áãňňăàŋőčő ğăŕăğďëćăŋĺï áćőďĺâáï ł ğăďăçě 1|p_i = a(s_i −d_i)^+ +b_i|C_{max}:.

2.3 Ŕőńĺŋőňĺăńìŋëě ĺ ŕáěćďőŕőńĺŋőňĺăńìŋëě ăńčőàĺâňë ďńï ğăďăç á őąéĺň ďĺàěłâĺćŋëň áàő- łőň Ć ďăńìŋěľèěň ąãďěň ŕàěďŕőńăčăâì, çâő ďĺàěłâĺćŋëě áàőłĺ ďńï ćáěå àăąőâ őďĺŋăłőćë ĺ àăááňőâàĺň áńěďãîéĺě ğăďăçĺ.

Ğăďăçă P D. Řěèĺâì ğăďăçã P ŕàĺ ãáńőćĺĺ, çâő ĺňěěâ ňěáâő àăćěŋáâćő d_i = D ďńï ćáěå J_i ∈ J

Ğăďăçă (P D ≥): Řěèĺâì ğăďăçã P D ŕàĺ ãáńőćĺĺ, çâő b_i=a_i ≥ b_j=a_j ŕàĺ ćáěå J_i; J_j ∈ J âăłĺå, çâő b_i > b_j ĺ a_i > 0; a_j > 0:

Ğăďăçă (P D ≤): Řěèĺâì ğăďăçã P D ŕàĺ ãáńőćĺĺ, çâő b_i=a_i ≤ b_j=a_j ŕàĺ ćáěå J_i; J_j ∈ J âăłĺå, çâő b_i > b_j ĺ a_i > 0; a_j > 0:

Ğăďăçă P DP . Řěèĺâì ğăďăçã P D ŕàĺ ãáńőćĺĺ, çâő áãéěáâćãěâ ŕàőňěęãâőł ćàěňěŋĺ [t_0; t_1]; t_0 < t_1 , łőčďă ňăèĺŋă ŋăåőďĺâáï ŋă ŕàőäĺńăłâĺłě, â.ě. ŋě őąáńãęĺćăěâ ŋĺ őďŋőľ àăąőâë, ĺ D ∈ [t_0; t_1].

Ć íâőň ŕăàăčàăäě ãáâăŋőćĺň ŕőńĺŋőňĺăńìŋãî àăğàěèĺňőáâì ğăďăçĺ (P D ≥) ĺ ŕőáâàőĺň "ŕáěćďőŕőńĺŋőňĺăńìŋëě"ăńčőàĺâňë ďńï őáâăńìŋëå ğăďăç. Őâňěâĺň, çâő áőčńăáŋő ãâćěàęďěŋĺî 2 áŕàăćěďńĺćő áńěďãîéěě ãâćěàęďěŋĺě: ěáńĺ D ≤ 0, âő őŕâĺňăńìŋăï ŕőáńěďőćăâěńìŋőáâì àăąőâ ć ğăďăçě P D ĺ, áńěďőćăâěńìŋő, ćő ćáěå ěě çăáâŋëå áńãçăïå ŕőńãçăěâáï ãŕőàïďőçěŋĺěň àăąőâ ŕő ćőğàăáâăŋĺî ćěńĺçĺŋ b_i=a_i. Ŕãáâì ňŋőęěáâćő àăąőâ J ğăŋãňěàőćăŋő áńěďãîéĺň őąàăğőň:

1:Ěáńĺ b_i < b_j; âő i < j:

2:Ěáńĺ b_i = b_j ĺ b_i=a_i < b_j=a_j; âő i < j: (2.7) Ńěňňă 5 Ŕěàěáâăŋőćłă ı; ãłăğëćăîéăï ŕőàïďőł ğăŕãáłă àăąőâ ŋă

ćëŕőńŋěŋĺě ć áőőâćěâáâćĺĺ á ŕőàïďłőň ĺğ (2:7), ğăďăěâ őŕâĺňăńìŋőě àăáŕĺáăŋĺě.

Ďőłăğăâěńìáâćő ŕàőćěďěň őâ ŕàőâĺćŋőčő. Ŕãáâì ı | őŕâĺňăńìŋőě àăáŕĺáăŋĺě, ć łőâőàőň áãéěáâćãîâ àăąőâë J_i ĺ J_j âăłĺě, çâő j < i ,ĺ àăąőâă J_i ćëŕőńŋïěâáï àăŋìèě àăąőâë J_j. Ąěğ őčàăŋĺçěŋĺï őąéŋőáâĺ ňőęŋő áçĺâăâì, çâő àăąőâë J_i ĺ J_j ćëŕőńŋïîâáï őďŋă ğă ďàãčőľ. Ěáńĺ íâő ŋě âăł, âő ćáěčďă ňőęŋő ŋăľâĺ àăąőâë J_{i1} ĺ J_{j1} , łőâőàëě ćëŕőńŋïîâáï ăŋăńőčĺçŋëň őąàăğőň ĺ j_1 < i_1.

Ěáńĺ D ≤ s_i < s_j, âő àăąőâë J_i ĺ J_j ŕàĺŋăďńěęăâ ňŋőęěáâćã Q àăąőâ, ŋě ãŕőàïďőçěŋŋëå ł ňőňěŋâã ćàěňěŋĺ D. Řăąőâë ňŋőęěáâćă Q ãŕőàïďőçĺň áőčńăáŋő ŕőàïďłã ĺğ (2:7): Šőčďă ŕő őŕàěďěńěŋĺî ğăďăçĺ (P D ≥) íâĺ àăąőâë ãŕőàïďőçăâáï ŕő ćőğàăáâăŋĺî ćěńĺçĺŋ b_i=a_i; çâő áőčńăáŋő ãâćěàęďěŋĺî 2 ćńěçěâ őŕâĺňăńìŋőáâì àăáŕĺáăŋĺï.

Ŕãáâì t_0 = s_i < D < s_j . Őąőğŋăçĺň çěàěğ —ı àăáŕĺáăŋĺě, ŕőńãçăîéěěáï ĺğ ı ŕěàěáâăŋőćłőľ àăąőâ J_i ĺ J_j. Ŕãáâì t_{ij} = p_i(ı) + p_j(ı) ĺ t_{ji} = p_j(—ı) + p_i(—ı) Šőčďă

t_{ij} = b_i + b_j + (t_0 + b_i − D)a_j;

t_{ji} = b_i + b_j + (t_0 + b_j − D)^+a_i:

Ďőłăęěň, çâő t_{ij} ≥ t_{ji}. Ěáńĺ (t_0 + b_j − D)^+ = 0; âő t_{ij} ≥ t_{ji} ćëŕőńŋěŋő. Ěáńĺ ęě (t_0 + b_j − D)^+ > 0; âő ĺňěěň

t_{ij} − t_{ji} = (t_0 + b_i − D)a_j − (t_0 + b_j − D)a_i

= a_ia_j(b_i=a_i − (D − t_0)=a_i − b_j=a_j + (D − t_0)=a_j) = a_ia_j(b_i=a_i(1 − (D − t_0)=b_i) − b_j=a_j(1 − (D − t_0)=b_j)) ≥ 0 Śńěďőćăâěńìŋő, ěáńĺ ć ŕěàěáâăŋőćłě ı ŕěàěáâăćĺâì ňěáâăňĺ àăąőâë J_i ĺ J_j,âő ďńĺŋă àăáŕĺáăŋĺï ŋě ãćěńĺçĺâáï. Ŋăłőŋěæ, ěáńĺ s_i < s_j ≤ D; âő őâ ŕěàěňěŋë ŕőáńěďőćăâěńìŋőáâĺ ćëŕőńŋěŋĺï àăąőâ J_i ĺ J_j ć ŕěàěáâăŋőćłě ı ďńĺŋă àăáŕĺáăŋĺï ŋě ĺğňěŋĺâáï. Ć łăęďőň ĺğ àăğőąàăŋŋëå áńãçăěć ŕěàěáâăŋőćłă àăąőâ J_i ĺ J_j ŋě ãåãďèăěâ ğŋăçěŋĺï äãŋłæĺőŋăńă C. Őâáîďă áńěďãěâ áãéěáâćőćăŋĺě őŕâĺňăńìŋőčő àăáŕĺáăŋĺï ı; ć łőâőàőň àăąőâë ćëŕőńŋïîâáï ŕő ćőğàăáâăŋĺî ćěńĺçĺŋ b_i. Ńěňňă ?? ďőłăğăŋă.

Šěőàěňă 19 Ďńï àěèěŋĺï ğăďăçĺ (P D ≥) áãéěáâćãěâ ăńčőàĺâň âàã-

ďőěňłőáâĺ O(n log n):

Śŕàăćěďńĺćőáâì âěőàěňë ŋěŕőáàěďáâćěŋŋő ćëâěłăěâ ĺğ ńěňňë ??.

Śäőàňãńĺàãěň ąěğ ďőłăğăâěńìáâćă âàĺ ńěňňë.

Ńěňňă 6 Ŕãáâì ı - őŕâĺňăńìŋőě àăáŕĺáăŋĺě ć ğăďăçě P D; ć łőâőàőň

ćëŕőńŋěŋĺě àăąőâë i ğăłăŋçĺćăěâáï ďő ŋăáâãŕńěŋĺï ďĺàěłâĺćŋőčő áàőłă D. Šőčďă áãéěáâćãěâ âăłőě őŕâĺňăńìŋőě àăáŕĺáăŋĺě ı^∗, ć łőâőàőň àăąőâă i ćëŕőńŋïěâáï ŕěàćőľ.

Ńěňňă 7 Ŕãáâì ı - őŕâĺňăńìŋőě àăáŕĺáăŋĺě ć ğăďăçě P D, ďńï àă-

ąőâë i ćëŕőńŋěŋő ŋěàăćěŋáâćő s_i(ı) ≥ D ĺ b_i=a_i ≥ b_j=a_j ďńï ńîąőľ àăąőâë j ∈ I âăłőľ, çâő s_j(ı) ≥ D: Šőčďă áãéěáâćãěâ âăłőě őŕâĺňăńìŋőě àăáŕĺáăŋĺě ı^∗ , ć łőâőàőň àăąőâă i ćëŕőńŋïěâáï ŕőáńěďŋěľ.

Ńěňňă 8 Ŕãáâì ć őŕâĺňăńìŋőň àăáŕĺáăŋĺĺ ı ğăďăçĺ P D ďńï àăąőâë i áŕàăćěďńĺćő ŋěàăćěŋáâćő s_i ≤ D ĺ b_i ≤ b_j ďńï ćáěå j âăłĺå,çâő s_j < s_i: Šőčďă áãéěáâćãěâ âăłőě őŕâĺňăńìŋőě àăáŕĺáăŋĺě ı^∗, ć łőâőàőň àăąőâă i ćëŕőńŋïěâáï ŕěàćőľ.

Ğăňěâĺň çâő ãâćěàęďěŋĺï ńěňň ?? ĺ ?? őçěćĺďŋë, ă áŕàăćěďńĺćőáâì ńěňňë ?? ŋěŕőáàěďáâćěŋŋő ćëâěłăěâ ĺğ ãâćěàęďěŋĺï ??. Ŕěàěľďěň ł ŕőáâàőěŋĺî ăńčőàĺâňőć.

Ŕãáâì ňŋőęěáâćő àăąőâ I ğăŋãňěàőćăŋő áńěďãîéĺň őąàăğőň:

1:Ěáńĺ b_i=a_i < b_j=a_j; âő i < j:

2:Ěáńĺ b_i=a_i = b_j=a_j ĺ b_i > b_j; âő i < j: (2.8)

Ŋĺęě ć íâőň ŕăàăčàăäě ąãďěň ŕàěďŕőńăčăâì, çâő àăąőâë ňŋőęěáâćă I ğăŋãňěàőćăŋë ć ŕőàïďłě,ğăďăŋŋőň ć (??). Ůěàěğ ⟨k; d; l_0; l_1⟩ őąőğŋăçĺň çăáâŋãî ğăďăçã P DP , ć łőâőàőľ ňŋőęěáâćő àăąőâ áőáâőĺâ ĺğ ŕěàćëå k àăąőâ ňŋőęěáâćă I, őąéĺľ ďĺàěłâĺćŋëľ áàőł àăćěŋ d, ă [l_0; l_1] | ĺŋâěàćăń ŕàőäĺńăłâĺłĺ. Ŕãáâì ⟨n; D; t_0; t_1⟩ - ĺáåőďŋăï ğăďăçă P DP , 0 ≤ t_0 ≤ D ≤ t_1.Řăááňőâàĺň ďćãåŕăàăňěâàĺçěáłőě áěňěľáâćő çăáâŋëå ğăďăç P DP : {⟨k; ´⟩|k = 1; :::; n; ´ = 0; :::t_0}, čďě ⟨k; ´⟩ = ⟨k; D −

´; t_0 − ´; t_1 − ´⟩. Ůěàěğ C^∗_{max}(k; ´) őąőğŋăçĺň őŕâĺňăńìŋőě ğŋăçěŋĺě æěńěćőľ äãŋłæĺĺ C_{max} ć ğăďăçě ⟨k; ´⟩.Ďńï ŕàőáâőâë ćëłńăďőł ąãďěň ŕàěďŕőńăčăâì, çâő äãŋłæĺï C^∗_{max}(k; ´) őŕàěďěńěŋă ďńï ćáěå ğŋăçěŋĺľ ŕăàăňěâàőć k ĺ ´, ŕàĺçěň C^∗_{max}(k; ´) = ∞ ďńï k ∉ [1; n] ĺńĺ ´ ∉ [0; t_0].

Ńěňňă 9 Ďńï ğăďăçĺ P DP áŕàăćěďńĺćë áńěďãîéĺě àěłãààěŋâŋëě áő-

őâŋőèěŋĺï ďĺŋăňĺçěáłőčő ŕàőčàăňňĺàőćăŋĺï:

C^∗_{max}(1; ´) = b_1 ŕàĺ b_1 ≤ t_0 −´ t_1 − ´ + b_1 + (t_1 − D)a_1 ŕàĺ b_1 > t_0 − ´;

(2.9)

C^∗_{max}(k; ´) = min{C_1; C_2}; (2.10) čďě C_1 = b_k + C^∗_{max}(k − 1; ´ + b_k);

C_2 = C^′_{max} + b_k + (C^′_{max} − D + ´)a_k; C^′_{max} = max{t_1 − ´; C^∗_{max}(k − 1; ´)}:

Ďőłăğăâěńìáâćő. Śőőâŋőèěŋĺě (??) ŕőğćőńïěâ ćëçĺáńĺâì ďńĺŋã őŕâĺňăńìŋőčő àăáŕĺáăŋĺï, łőčďă âàěąãěâáï ćëŕőńŋĺâì őďŋã àăąőâã. Ďńï őąőáŋőćăŋĺï áŕàăćěďńĺćőáâĺ áőőâŋőèěŋĺï (??) ŕàěďŕőńőęĺň, çâő ğŋăçěŋĺï ćáěå ćěńĺçĺŋ ĺğ ŕàăćőľ çăáâĺ ćëàăęěŋĺï (??) ãęě ĺğćěáâŋë. Šőčďă ŕő ńěňňăň ?? ĺ ?? ďńï àăąőâë k áãéěáâćãěâ őŕâĺňăńìŋőě àăáŕĺáăŋĺě, ć łőâőàőň íâă àăąőâă ćëŕőńŋïěâáï ńĺąő ŕěàćőľ ďő ĺŋâěàćăńă ŕàőäĺńăłâĺłĺ, ńĺąő ŕőáńěďŋěľ ŕőáńě íâőčő ĺŋâěàćăńă. Ć ŕěàćőň áńãçăě őŕâĺňăńìŋőě àăáŕĺáăŋĺě őáâăńìŋëå àăąőâ ŕőńãçăěâáï àěèěŋĺěň ğăďăçĺ ⟨k − 1; ´ + b_k⟩; ĺ, áńěďőćăâěńìŋő, C^∗_{max}(k; ´) = C_1: Ćő ćâőàőň áńãçăě àăąőâă k ŋăçĺŋăěâ ćëŕőńŋïâìáï ć ňőňěŋâ ćàěňěŋĺ t_1 − ´,ěáńĺ ŕàěďèěáâćãîéĺě ěľ àăąőâë ğăćěàèĺńĺáì ďő ňőňěŋâă ćàěňěŋĺ t_0 − ´; ĺńĺ ć ňőňěŋâ ćàěňěŋĺ C^∗_{max}(k − 1; ´) | ć ŕàőâĺćŋőň áńãçăě, ĺ âőčďă

C^∗_{max}(k; ´) = C_2: Ńěňňă ?? ďőłăğăŋă.

Ŕãáâì D^+ = max{0; D}:

Šěőàěňă 20 Ğăďăçă P DP á æěńőçĺáńěŋŋëňĺ ĺáåőďŋëňĺ ďăŋŋëňĺ, n

àăąőâăňĺ ĺ ďĺàěłâĺćŋëň áàőłőň D àăğàěèĺňă á âàãďőěňłőáâìî O(nD^++ n log n):

Ďőłăğăâěńìáâćő. Ďěľáâćĺâěńìŋő,ĺğ äőàňãń (??),(??) áńěďãěâ, çâő ďńï ŕőńãçěŋĺï őŕâĺňăńìŋőčő àăáŕĺáăŋĺï ğăďăçĺ ⟨n; 0⟩ ďőáâăâőçŋő àăááňőâàěâì n(t_0 + 1) ğăďăç ⟨k; ´⟩. Łàőňě âőčő, ďńï ŕőńãçěŋĺï ĺáåőďŋőľ ŋãňěàăæĺĺ àăąőâ âàěąãěâáï O(n log n) őŕěàăæĺľ. Śńěďőćăâěńìŋő, àěèěŋĺě ğăďăçĺ P DP ŋăåőďĺâáï ğă O(nD^+ + n log n) őŕěàăæĺľ. Šěőàěňă ?? ďőłăğăŋă.

Ůěàěğ ⟨k; d⟩^′ őąőğŋăçĺň çăáâŋãî ğăďăçã P D, ć łőâőàőľ ňŋőęěáâćő àăąőâ áőáâőĺâ ĺğ ŕěàćëå k àăąőâ ňŋőęěáâćă I ĺ őąéĺľ ďĺàěłâĺćŋëľ áàőł àăćěŋ d. Ŕãáâì ⟨n; D⟩^′ - ĺáåőďŋăï ğăďăçă P D. Ůěàěğ C^∗_{max}(k; d) őąőğŋăçĺň őŕâĺňăńìŋőě ğŋăçěŋĺě æěńěćőľ äãŋłæĺĺ C_{max} ć ğăďăçě ⟨k; d⟩.Ďńï ŕàőáâőâë ćëłńăďőł ąãďěň ŕàěďŕőńăčăâì, çâő äãŋłæĺï C^∗_{max}(k; d) őŕàěďěńěŋă ďńï ćáěå ğŋăçěŋĺľ ŕăàăňěâàőć k ĺ d, ŕàĺçěň C^∗_{max}(k; d) = ∞; ěáńĺ k ∉ [1; n] ĺńĺ d ∉ [0; D].

Ńěňňă 10 Ďńï ğăďăçĺ P D áŕàăćěďńĺćë áńěďãîéĺě àěłãààěŋâŋëě áő-

őâŋőèěŋĺï ďĺŋăňĺçěáłőčő ŕàőčàăňňĺàőćăŋĺï :

C^∗_{max}(1; d) = b_1; (2.11)

C^∗_{max}(k; d) = min

C^∗_{max}(k − 1; d − b_k) + b_k C^∗_{max}(k − 1; d) + b_k + a_k(C^∗_{max}(k − 1; d) − d)^+ min i∈(0;b_k) max

d + i C^∗_{max}(k − 1; d; d − b_k + i; d + i)

; (2.12)

čďě C^∗_{max}(k − 1; d; d − b_k + i; d + i) ïćńïěâáï őŕâĺňăńìŋëň àěèěŋĺěň çăáâŋőľ ğăďăçĺ P DP ⟨k − 1; d; d − b_k + i; d + i⟩:

Ďőłăğăâěńìáâćő. Śőőâŋőèěŋĺě (??) ŕőğćőńïěâ ćëçĺáńĺâì ďńĺŋã őŕâĺňăńìŋőčő àăáŕĺáăŋĺï, łőčďă âàěąãěâáï ćëŕőńŋĺâì őďŋã àăąőâã. Ŕàěďŕőńőęĺň, çâő ğŋăçěŋĺï ćáěå ćěńĺçĺŋ ĺğ ŕàăćőľ çăáâĺ ćëàăęěŋĺï (??) ãęě ĺğćěáâŋë. Šőčďă,ěáńĺ àăąőâă k ć őŕâĺňăńìŋőň àăáŕĺáăŋĺĺ ćëŕőńŋïěâáï ďő ďĺàěłâĺćŋőčő áàőłă, âő ŕő ńěňňě ?? íâă àăąőâă ćëŕőńŋïěâáï ŕěàćőľ, ĺ őŕâĺňăńìŋőě àăáŕĺáăŋĺě őáâăńìŋëå àăąőâ ŕőńãçăěâáï àěèěŋĺěň ğăďăçĺ ⟨k − 1; d − b_k⟩^′; ĺ, áńěďőćăâěńìŋő, C^∗_{max}(k; d) = C^∗_{max}(k − 1; d − b_k) + b_k: Ěáńĺ àăąőâă k ć őŕâĺňăńìŋőň àăáŕĺáăŋĺĺ ćëŕőńŋïěâáï ŕőáńě ďĺàěłâĺćŋőčő áàőłă, âő ŕő ńěňňě ?? őŋă ćëŕőńŋïěâáï ŕőáńěďŋěľ, ĺ âőčďă C^∗_{max}(k; d) = C^∗_{max}(k−1; d)+b_k+a_k(C^∗_{max}(k−1; d)−d)^+: Ŋăłőŋěæ,ěáńĺ àăąőâă k ć őŕâĺňăńìŋőň àăáŕĺáăŋĺĺ ŋăçĺŋăěâ ćëŕőńŋïâìáï ďő ďĺàěłâĺćŋőčő áàőłă,ă ğăłăŋçĺćăěâ ćëŕőńŋïâìáï ŕőáńě ŋěčő,âő őŕâĺňăńìŋőě àăáŕĺáăŋĺě őáâăńìŋëå àăąőâ ŕőńãçăěâáï àěèěŋĺěň ğăďăçĺ ⟨k − 1; d; d − b_k + i; d + i⟩ ďńï ŋěłőâőàőčő i ∈ (0; b_k); ĺ, áńěďőćăâěńìŋő, C^∗_{max}(k; d) = min_{i∈(0;bk)} max{d + i; C^∗_{max}(k − 1; d; d − b_k + i; d + i)} Ńěňňă ?? ďőłăğăŋă.

Šěőàěňă 21 Ğăďăçă P D á æěńőçĺáńěŋŋëňĺ ĺáåőďŋëňĺ ďăŋŋëňĺ, n àă-

ąőâăňĺ ĺ ďĺàěłâĺćŋëň áàőłőň D àăğàěèĺňă á âàãďőěňłőáâìî O(nD^+p^2 + n log n); čďě p = max_{Ji∈J} b_i:

Ďőłăğăâěńìáâćő. Ğăňěâĺň, çâő ŕàĺ äĺłáĺàőćăŋŋëå ğŋăçěŋĺïå d ĺ k ĺňěěâáï ŋě ąőńěě p^2 àăğńĺçŋëå ğăďăç ⟨k − 1; d; d − b_k + i; d + i⟩: Ŕőíâőňã ĺğ (??),(??) áńěďãěâ, çâő ďńï ŕőńãçěŋĺï őŕâĺňăńìŋőčő àăáŕĺáăŋĺï ğăďăçĺ ⟨n; D⟩^′ ďőáâăâőçŋő àěèĺâì ŋě ąőńěě nD^+p^2 ğăďăç ⟨k − 1; d; d − b_k + i; d + i⟩: ĺ ŋě ąőńěě nD^+ ğăďăç ⟨k; d⟩^′: Łàőňě âőčő, ďńï ŕőńãçěŋĺï ĺáåőďŋőľ ŋãňěàăæĺĺ àăąőâ ŋăďő ćëŕőńŋĺâì O(n log n) őŕěàăæĺľ. Śńěďőćăâěńìŋő, àěèěŋĺě ğăďăçĺ P D ŋăåőďĺâáï ğă O(nD^+p^2 + n log n) őŕěàăæĺľ. Šěőàěňă ?? ďőłăğăŋă.

Ńěňňă 11 Ďńï ğăďăçĺ (P D ≤)áŕàăćěďńĺćë áńěďãîéĺě àěłãààěŋâŋëě

áőőâŋőèěŋĺï ďĺŋăňĺçěáłőčő ŕàőčàăňňĺàőćăŋĺï:

C^∗_{max}(1; d) = b_1; (2.13)

C^∗_{max}(k; d) = min

C^∗_{max}(k − 1; d − b_k) + b_k C^∗_{max}(k − 1; d) + b_k + a_k(C^∗_{max}(k − 1; d) − d)^+

:(2.14)

Ďőłăğăâěńìáâćő. Śőőâŋőèěŋĺě (??) ŕőğćőńïěâ ćëçĺáńĺâì ďńĺŋã őŕâĺňăńìŋőčő àăáŕĺáăŋĺï, łőčďă âàěąãěâáï ćëŕőńŋĺâì őďŋã àăąőâã. Ďńï őąőáŋőćăŋĺï áŕàăćěďńĺćőáâĺ áőőâŋőèěŋĺï (??) ŕàěďŕőńőęĺň, çâő ğŋăçěŋĺï ćáěå ćěńĺçĺŋ ĺğ ŕàăćőľ çăáâĺ íâőčő ćëàăęěŋĺï ãęě ĺğćěáâŋë.Ğăňěâĺň,çâő âăł łăł àăąőâë ğăŋãňěàőćăŋë ć ŕőàïďłě, ãłăğăŋŋőň (??), âő ďńï ğăďăçĺ (P D ≤) íâĺ àăąőâë ğăŋãňěàőćăŋë ŕő ãąëćăŋĺî b_i: Šőčďă ěáńĺ àăąőâă k ć őŕâĺňăńìŋőň àăáŕĺáăŋĺě ŋăçĺŋăěâ ćëŕőńŋïâìáï ďő ďĺàěłâĺćŋőčő áàőłă, âő ŕő ńěňňě ?? őŋă ćëŕőńŋïěâáï ŕěàćőľ, ĺ őŕâĺňăńìŋőě àăáŕĺáăŋĺĺ őáâăńìŋëå àăąőâ ŕőńãçăěâáï àěèěŋĺěň ğăďăçĺ ⟨k − 1; d − b_k⟩^′; ĺ, áńěďőćăâěńìŋő, C^∗_{max}(k; d) = C^∗_{max}(k − 1; d − b_k) + b_k: Ěáńĺ àăąőâă k ć őŕâĺňăńìŋőň àăáŕĺáăŋĺĺ ćëŕőńŋïěâáï ŕőáńě ďĺàěłâĺćŋőčő áàőłă, âő ŕő ńěňňě ?? őŋă ćëŕőńŋïěâáï ŕőáńěďŋěľ, ĺ âőčďă C^∗_{max}(k; d) = C^∗_{max}(k − 1; d) + b_k + a_k(C^∗_{max}(k − 1; d) − d)^+: Ńěňňă ?? ďőłăğăŋă.

Šěőàěňă 22 Ğăďăçă (P D ≤) á æěńőçĺáńěŋŋëňĺ ĺáåőďŋëňĺ ďăŋŋëňĺ, n àăąőâăňĺ ĺ ďĺàěłâĺćŋëň áàőłőň D àăğàěèĺňă á âàãďőěňłőáâìî O(nD^+ + n log n) .

Ďőłăğăâěńìáâćő. Ďěľáâćĺâěńìŋő, ĺğ (??),(??) áńěďãěâ, çâő ďńï ŕőńãçěŋĺï őŕâĺňăńìŋőčő àăáŕĺáăŋĺï ğăďăçĺ ⟨n; D⟩^′ ďőáâăâőçŋő àěèĺâì nD^+ ğăďăç ⟨k; d⟩^′: Łàőňě âőčő, ďńï ŕőńãçěŋĺï ĺáåőďŋőľ ŋãňěàăæĺĺ àăąőâ âàěąãěâáï ćëŕőńŋĺâì O(n log n) őŕěàăæĺľ. Śńěďőćăâěńìŋő, àěèěŋĺě ğăďăçĺ (P D ≤) ŋăåőďĺâáï ğă O(nD^+ + n log n) őŕěàăæĺľ. Šěőàěňă ?? ďőłăğăŋă.

2.4 Śńőęŋőáâì ğăďăç á őąéĺň ďĺàěłâĺćŋëň áàő- łőň Ć íâőň ŕăàăčàăäě ãáâăŋőćĺň NP-âàãďŋőáâì ğăďăç P D; P DP; (P D ≤): Řăááňőâàĺň ĺğćěáâŋãî ğăďăçã Śãňňă àăğňěàőć, áäőàňãńĺàőćăŋŋãî ć ŕăàăčàăäě 1.1.

Ŕő ćåőďã ğăďăçĺ ŚŞŇŇĂ ŘĂĞŇĚŘŐĆ ŕőńãçĺň ćåőď ğăďăçĺ P D. Őąőğŋăçĺň e = max_{i∈I} e_i; E_0 =^∑_{i∈I} e_i ĺ ŕőńőęĺň

b_0 = 1;

a_0 = —^{−1};

b_i = —e_i; i ∈ I; a_i = "e_i; i ∈ I;

D = —E;

čďě " = e^{−2}n^{−2}; — = "(28E_0n)^{−1}:

Ďńï ďőłăğăâěńìáâćă NP -âàãďŋőáâĺ ğăďăçĺ P D ŋăň ŕőâàěąãěâáï áńěďãîéăï ńěňňă.

Ńěňňă 12 Ŕãáâì K = {J_1; : : : ; J_k} | áŕĺáőł ŋěàăáŕĺáăŋŋëå àăąőâ

ł ňőňěŋâã ćàěňěŋĺ t > D; ĺ ŕãáâì ŋăçĺŋăï á ňőňěŋâă t àăąőâë ćëŕőńŋïîâáï ŕőáńěďőćăâěńìŋő ŕő ŕőàïďłã ŋőňěàőć ć áŕĺáłě K.Šőčďă ŕàĺ ńîąőň l = 1; : : : ; k

C_l = D + (T − D)^{l∏}_{i=1}(1 + a_i) +^{l∑}_{i=1}(b_i^{l∏}_{j=i+1}(1 + a_j)): (2.15) Ďőłăğăâěńìáâćő. Ĺğ őŕàěďěńěŋĺï ćěńĺçĺŋ t_i; p_i ĺ ãáńőćĺï ńěňňë ďńï łăęďőčő i = 1; : : : ; k ĺňěěň

C_i = C_{i−1} + b_i + (C_{i−1} − D)a_i: (2.16) Şâćěàęďěŋĺě ńěňňë ďőłăęěň ĺŋďãłæĺěľ ŕő q 1 ≤ q ≤ k. Ŕàĺ q = 1 ĺňěěň C_1 = D + (T − D)(1 + a_1) + b_1 = T + b_1 + (T − D)a_1 ĺ àăćěŋáâćő (??) ćëŕőńŋïěâáï. Ŕãáâì ďńï q = l − 1 àăćěŋáâćő (??) áŕàăćěďńĺćő. Šőčďă ĺğ (??) ŕàĺ q = l ŕőńãçăěň C_l = C_{l−1} + b_l + (C_{l−1} − D)a_l = D + (T − D)^{l−1∏}_{i=1}(1 + a_i) +^{l−1∑}_{i=1}(b_i^{l−1∏}_{j=i+1}(1 + a_j)) + b_l

+(D + (T − D)^{l−1∏}_{i=1}(1 + a_i) +^{l−1∑}_{i=1}(b_i^{l−1∏}_{j=i+1}(1 + a_j)) − D)a_l

= D + (T − D)^{l−1∏}_{i=1}(1 + a_i) + a_l(T − D)^{l−1∏}_{i=1}(1 + a_i) +^{l−1∑}_{i=1}(b_i^{l−1∏}_{j=i+1}(1 + a_j)) + a_l^{l−1∑}_{i=1}(b_i^{l−1∏}_{j=i+1}(1 + a_j)) + b_l

= D + (T − D)(^{l−1∏}_{i=1}(1 + a_i))(1 + a_l) + (^{l−1∑}_{i=1}(b_i^{l−1∏}_{j=i+1}(1 + a_j)))(1 + a_l) + b_l

= D + (T − D)^{l∏}_{i=1}(1 + a_i) +^{l∑}_{i=1}(b_i^{l∏}_{j=i+1}(1 + a_j)): Ńěňňă ?? ďőłăğăŋă.

Šěőàěňă 23 Ğăďăçă P D ïćńïěâáï NP -âàãďŋőľ.

Ďőłăğăâěńìáâćő. Ďńï ďőłăğăâěńìáâćă ãâćěàęďěŋĺï âěőàěňë ďőáâăâőçŋő ŕőłăğăâì ŕőńĺŋőňĺăńìŋőě áćěďěŋĺě ł ğăďăçě P D łăłőľ-ńĺąő íâăńőŋŋőľ NP -âàãďŋőľ ğăďăçĺ. Ć łăçěáâćě ŕőáńěďŋěľ ćëąěàěň ğăďăçã ŚŞŇŇĂ ŘĂĞŇĚŘŐĆ, ă ŕàěőąàăğőćăŋĺě ćåőďă ğăďăçĺ ŚŞŇŇĂ ŘĂĞ- ŇĚŘŐĆ łő ćåőďã ğăďăçĺ P D ŕőłăğăŋő ć ŋăçăńě íâőčő ŕăàăčàăäă. Ŕőłăęěň, çâő àěèěŋĺě ğăďăçĺ ŚŞŇŇĂ ŘĂĞŇĚŘŐĆ áćőďĺâáï ł àěèěŋĺî ğăďăçĺ P D.

Ŕãáâì ı | őŕâĺňăńìŋăï ŕěàěáâăŋőćłă ć ğăďăçě P D ĺ ŕãáâì Q | ňŋőęěáâćő àăąőâ, ćëŕőńŋïîéĺåáï ąěğ ŋăàãèěŋĺï ďĺàěłâĺćŋőčő áàőłă. Řăááňőâàĺň ďćă áńãçăï. Ŕãáâì àăąőâă J_0 ŕàĺŋăďńěęĺâ Q. Šăł łăł b_0 ≥ b_i ďńï ńîąőľ àăąőâë J_i ∈ J; ňőęŋő áçĺâăâì, çâő áàěďĺ àăąőâ ĺğ Q àăąőâă J_0 ćëŕőńŋïěâáï ŕőáńěďŋěľ. Ěáńĺ ć àăáŕĺáăŋĺĺ, ğăďăŋŋőň ŕěàěáâăŋőćłőľ ı; àăąőâă J_0 ŋăçĺŋăěâ őąáńãęĺćăâìáï ć ňőňěŋâ ćàěňěŋĺ —E, âő ňŋőęěáâćő àăąőâ Q \ {J_0} ïćńïěâáï àěèěŋĺěň ğăďăçĺ ŚŞŇŇĂ ŘĂĞŇĚŘŐĆ. Ŕàěďŕőńőęĺň, çâő àăąőâă J_0 ć őŕâĺňăńìŋőľ ŕěàěáâăŋőćłě ı ŋăçĺŋăěâ őąáńãęĺćăâìáï ć ňőňěŋâ ćàěňěŋĺ T; T < —E: Ŕőłăęěň, çâő âőčďă ŋě áãéěáâćãěâ J ⊆ I âăłőčő, çâő^∑_{i∈J} e_i = E: Ŕàěďŕőńőęĺň ŕàőâĺćŋőě, â.ě. ŕãáâì âăłőě ŕőďňŋőęěáâćő J áãéěáâćãěâ. Ŕőáâàőĺň ŕěàěáâăŋőćłã ı^∗ áńěďãîéĺň őąàăğőň. Ŕãáâì ŕěàćëňĺ ćëŕőńŋïîâáï àăąőâë ĺğ ňŋőęěáâćă J, ğăâěň | àăąőâă J_0, ĺ, ŋăłőŋěæ, őáâăćèĺěáï àăąőâë ć ŕàőĺğćőńìŋőň ŕőàïďłě. Ąãďěň áçĺâăâì, çâő àăąőâë ć ŕěàěáâăŋőćłě ı ğăŋãňěàőćăŋë ć ŕőàïďłě j_0; j_1; : : : ; j_n; ă ć ŕěàěáâăŋőćłě ı^∗ | ć ŕőàïďłě k_0; k_1; : : : ; k_n: Řăąőâë ňŋőęěáâćă J ąãďãâ ğăćěàèěŋë ć ňőňěŋâ ćàěňěŋĺ —E, âăł łăł ŕő ŕàěďŕőńőęěŋĺî^∑_{i∈J} b_i =^∑_{i∈J} —e_i = —E: Ŕő ńěňňě ?? ŕőńãçăěň

C_{max}(ı) = D + (T + 1 − D)^∏_{ji∈I\Q}(1 + a_{ji} ) +^∑_{ji∈I\Q} b_{ji} (^{n∏}_{l=i}(1 + a_{jl} ));

C_{max}(ı^∗) = D +^∏_{ki∈I\J}(1 + a_{ki}) +^∑_{ki∈I\J} b_{ki}(^{n∏}_{l=i}(1 + a_{kl} )):

Śńěďőćăâěńìŋő,

C_{max}(ı) − C_{max}(ı^∗) = (T + 1 − D)^∏_{ji∈I\Q}(1 + a_{ji}) +^∑_{ji∈I\Q} b_{ji} (^{n∏}_{l=i}(1 + a_{jl} ))

−^∏_k i∈I\J (1 + a_{ki}) −^∑_{ki∈I\J} b_{ki} (^{n∏}_{l=i}(1 + a_{kl} ))

≥ (1 − (D − T ))^∏_j i∈I\Q (1 + a_{ji}) −^∏_{ki∈I\J}(1 + a_{ki}) −^∑_{ki∈I\J} b_{ki}(^{n∏}_{l=i}(1 + a_{kl} ))

≥ (1 − (D − T ))^∏_j i∈I\Q (1 + "e_{ji} ) −^∏_{ki∈I\J}(1 + "e_{ki} ) −^∑_{ki∈I\J} —e_{ki} (^{n∏}_{l=i}(1 + "e_{kl} ))

≥ 1 − (D − T ) + (1 − (D − T ))^∑_j i∈I\Q "e_{ji} − 1 −^∑_{ki∈I\J} "e_{ji}

−^{n∑}_{i=2} n i ("e)^i −^∑_{ki∈I\J} —e_{ki} (^{n∏}_{l=i}(1 + "e_{kl} )): (2.17)

Őæěŋĺň áćěàåã^{n∑}_{i=2} n i ("e)^i: n∑ i=2 n i ("e)^i ≤ "^{n∑}_{i=2} n^ie^i"^{i−1} i! ≤ "^{n∑}_{i=2} n^{1−i}e^{1−i} i! < 0:8" (2.18)

Őæěŋĺň áćěàåã^∑_{ki∈I\J} —e_{ki} (^{n∏}_{l=i}(1 + "e_{kl} )): Ś ãçěâőň (??) ŕőńãçăěň ∑ k_i∈I\J

—a_{ki} (^{n∏}_{l=i}(1 + "e_{kl} )) ≤ "^∑_{ki∈I\J} 1 28n (1 +^{n∑}_{i=1} "e_i + 0:8") ≤ 1 28 "(1 + 1 en + 0:8 e^2n^2

) ≤ 0:1": (2.19)

Ĺğ (??), ĺáŕőńìğãï (??),(??) ĺňěěň

C_{max}(ı)−C_{max}(ı^∗) ≥ 1−(D−T )+(1−(D−T ))^∑_{ji∈I\Q} "e_{ji} −1−^∑_{ki∈I\J} "e_{ji} −0:9":

Šăł łăł D − T ≤ D = —B = " 28n ; ă^∑_{ji∈I\Q} e_{ji} −^∑_{ki∈I\J} e_{ji} ≥ 1 ŕőńãçăěň

C_{max}(ı) − C_{max}(ı^∗) ≥ 0:1" − " 28n − " 28en^2

> 0;

çâő ŕàőâĺćőàěçĺâ őŕâĺňăńìŋőáâĺ ı: Ŕãáâì âěŕěàì ı őŕâĺňăńìŋăï ŕěàěáâăŋőćłă âăłăï, çâő àăąőâă J_0 ŋě ŕàĺŋăďńěęĺâ Q. Šăł łăł e_i | æěńëě, àăąőâă J_0 ŋăçĺŋăěâ ćëŕőńŋïâìáï ŋě àăŋìèě ňőňěŋâă ćàěňěŋĺ —E + —; ĺ C_{max}(ı) ≥ —E + — + 1 + —a_0 > 2:

Ŕãáâì ı^∗ ŕěàěáâăŋőćłă ć łőâőàőľ àăąőâă J_0 ćëŕőńŋïěâáï ŕěàćőľ, ă ğăâěň | őáâăćèĺěáï àăąőâë ć ŕàőĺğćőńìŋőň ŕőàïďłě. Šőčďă ŕő ńěňňě ??, ĺáŕőńìğãï (??), (??), ŕőńãçăěň C_{max}(ı^∗) = D+(1−D)^{n∏}_{i=1}(1+a_i)+^{n∑}_{i=1}(b_i^{n∏}_{j=i+1}(1+a_j)) ≤ D+1+^{n∑}_{i=1} "e_i+0:9" < 2;

çâő ŕàőâĺćőàěçĺâ őŕâĺňăńìŋőáâĺ ı: Šěőàěňă ?? ďőłăğăŋă. Šěőàěňă 24 Ğăďăçă (P D ≤) ïćńïěâáï NP -âàãďŋőľ. Śŕàăćěďńĺćőáâì âěőàěňë ?? ćëâěłăěâ ĺğ âőčő, çâő ŕăàăňěâàë ğăďăçĺ P D, ŕőáâàőěŋŋőľ ć åőďě ďőłăğăâěńìáâćă âěőàěňë ??, ãďőćńěâćőàïîâ áńěďãîéěňã ãáńőćĺî: ěáńĺ b_i > b_j; âő b_i=a_i ≤ b_j=a_j ďńï ńîąëå J_i; J_j ∈ J: Šěőàěňă 25 Ğăďăçă P DP ïćńïěâáï NP -âàãďŋőľ.

Ďěľáâćĺâěńìŋő, ŕőńőęĺć ć ğăďăçě P D ŕàőäĺńăłâĺłã ňăèĺŋë ć ŕàőňěęãâłě [1 + —E; 1 + —E + —] ĺ, ŕőćâőàïï àăááãęďěŋĺï ĺğ ďőłăğăâěńìáâćă âěőàěňë ??, ŕőńãçăěň âàěąãěňőě.

Čńăćă 3 Ğăďăçĺ âěőàĺĺ àăáŕĺáăŋĺľ ŋă ŕăàăńńěńìŋëå ňăèĺŋăå ĺ ć ňŋőčőőŕěàăæĺőŋŋëå áĺáâěňăå á ńĺŋěľŋő àăáâãéĺňĺ ďńĺâěńìŋőáâïňĺ

3.1 Őáŋőćŋëě őąőğŋăçěŋĺï ĺ őŕàěďěńěŋĺï

Ŕãáâì ğăďăŋő ňŋőęěáâćő àăąőâ J = {J_1; J_2; : : : ; J_n}. Łăęďăï àăąőâă J_i ∈ J áőáâőĺâ ĺğ ŕőáńěďőćăâěńìŋőáâĺ őŕěàăæĺľ O_{i;1}; O_{i;2}; : : : O_{i;k(i)}. Őąőğŋăçĺň çěàěğ s_{i;m} | ňőňěŋâ ŋăçăńă ćëŕőńŋěŋĺï őŕěàăæĺĺ O_{i;m}: Šőčďă ďńĺâěńìŋőáâì íâőľ őŕěàăæĺĺ àăćŋă p_{i;m} = ¸_{i;m}ˇ(s_{i;m}): Ćáě àăąőâë ŕőáâãŕăîâ ŋă ćëŕőńŋěŋĺě ć ňőňěŋâ ćàěňěŋĺ t = 1. Ŕàěàëćăŋĺï ŕàĺ ćëŕőńŋěŋĺĺ àăąőâ ŋě ďőŕãáłăîâáï. Őŕěàăæĺĺ ćëŕőńŋïîâáï ŋă M ňăèĺŋăå. Ć íâőľ čńăćě àăááňőâàĺň áńěďãîéĺě ğăďăçĺ âěőàĺĺ àăáŕĺáăŋĺľ.

Ğăďăçă P (áĺáâěňă á ŕăàăńńěńìŋëňĺ ňăèĺŋăňĺ). Łăęďăï àăąőâă i ∈ I áőáâőĺâ ĺğ őďŋőľ őŕěàăæĺĺ, łőâőàăï ňőęěâ ćëŕőńŋïâìáï ŋă ńîąőľ ňăèĺŋě

Ğăďăçă F (áĺáâěňă ŕőâőłőćőčő âĺŕă). Łăęďăï àăąőâă J_i ∈ J áőáâőĺâ ĺğ M ŕőáńěďőćăâěńìŋëå őŕěàăæĺľ. Őŕěàăæĺï O_{i;m} ćëŕőńŋïěâáï ŋă ňăèĺŋě m: Ŕőàïďőł ćëŕőńŋěŋĺï őŕěàăæĺľ őďĺŋăłőć ďńï ćáěå àăąőâ ĺ őŕàěďěńïěâáï ŕőáńěďőćăâěńìŋőáâìî ňăèĺŋ 1; 2; : : : ; M.

Ğăďăçă O (áĺáâěňă őâłàëâőčő âĺŕă). Łăęďăï àăąőâă J_i ∈ J áőáâőĺâ ĺğ M őŕěàăæĺľ. Őŕěàăæĺï O_{i;m} ćëŕőńŋïěâáï ŋă ňăèĺŋě m: Ŕőàïďőł ćëŕőńŋěŋĺï őŕěàăæĺľ ŕàőĺğćőńìŋëľ.

Łăł ĺ ćŕěàćëå ďćãå čńăćăå ďńï őąőğŋăçěŋĺï łőŋłàěâŋőľ ğăďăçĺ ďńï ãďőąáâćă ąãďěâ ĺáŕőńìğőćăâìáï ğăŕĺáì ¸|˛|‚. Ć őâńĺçĺě őâ őďŋőňăèĺŋŋëå ğăďăç ć ŕěàćőň ŕőńě ¸ áćïğăŋŋőň á őčàăŋĺçěŋĺïňĺ ŋă ňăèĺŋë ąãďãâ áâőïâì ďćă áĺňćőńă ¸_1 ĺ ¸_2, łăęďőě ĺğ łőâőàëå őąőğŋăçăěâ áńěďãîéěě:

ěáńĺ ¸_1 = P; âő àăąőâë ćëŕőńŋïîâáï ć áĺáâěňě á ŕăàăńńěńìŋëňĺ ňăèĺŋăňĺ;

ěáńĺ ¸_1 = F; âő àăąőâë ćëŕőńŋïîâáï ć áĺáâěňě ŕőâőłőćőčő âĺŕă; ěáńĺ ¸_1 = O; âő àăąőâë ćëŕőńŋïîâáï ć áĺáâěňě őâłàëâőčő âĺŕă. Ěáńĺ ¸_2 ïćńïěâáï ŋăâãàăńìŋëň çĺáńőň, âőčďă çĺáńő ňăèĺŋ àăćŋő ¸_2: Ěáńĺ ¸_2 = ∘; âő çĺáńő ňăèĺŋ ŕàőĺğćőńìŋő. Ğŋăçěŋĺï ğăŕĺáěľ ć ŕőńïå ˛ ĺ ‚ őáâăîâáï ŕàěęŋĺňĺ.

3.2 Ćáŕőňőčăâěńìŋëľ àěğãńìâăâ

Ć íâőň ŕăàăčàăäě àăááňőâàĺň ćáŕőňőčăâěńìŋãî ğăďăçã, łőâőàãî ć ďăńìŋěľèěň ĺáŕőńìğãěň ďńï ďőłăğăâěńìáâćă NP-âàãďŋőáâĺ ğăďăç âěőàĺĺ àăáŕĺáăŋĺľ, ĺğãçăěňëå ć ŋăáâőïéěľ áâăâìě.

Ğăďăçă 4-ŔŘŐĹĞĆĚĎĚŊĹĚ.

Ğăďăŋë ňŋőęěáâćő I; áőáâőïéěě ĺğ 4n íńěňěŋâőć, čàăŋĺæă E ∈ Q^+ ĺ

"àăğňěàë"e_i ∈ Q^+; e_i ≥ 1 ćáěå íńěňěŋâőć, i ∈ I; ŕàĺçěň^5 √ E < e_i <^3 √ E ĺ^∏_{i∈I} e_i = E^n: Ňőęŋő ńĺ I àăğąĺâì ŋă n ŋěŕěàěáěłăîéĺåáï ŕőďňŋőęěáâć I_1; I_2; : : : ; I_n âăłĺå, çâő^∏_{i∈Ij} e_i = E; 1 ≤ j ≤ n:

Őâňěâĺň, çâő ãłăğăŋŋëě őčàăŋĺçěŋĺï ŋă àăğňěàë íńěňěŋâőć ŕàĺćőďïâ ł âőňã, çâő łăęďőě ňŋőęěáâćő I_j ďőńęŋő áőďěàęăâì àőćŋő çěâëàě íńěňěŋâă ĺğ ňŋőęěáâćă I:

Šěőàěňă 26 Ğăďăçă 4-ŔŘŐĹĞĆĚĎĚŊĹĚ ïćńïěâáï NP -ŕőńŋőľ ć áĺńì-

ŋőň áňëáńě.

Ďőłăğăâěńìáâćő. Ŕőáłőńìłã ğă ŕőńĺŋőňĺăńìŋőě ćàěňï ńěčłő ŕàőćěàĺâì, çâő ğăďăŋŋőě àăğąĺěŋĺě ňŋőęěáâćă I ãďőćńěâćőàïěâ ŋěőąåőďĺňëň âàěąőćăŋĺïň, âő ńěčłő ćĺďěâì, çâő ğăďăçă 4-ŔŘŐĹĞĆĚĎĚŊĹĚ ńěęĺâ ć łńăááě NP: Şąěďĺňáï ć âőň, çâő ďăŋŋăï ğăďăçă ïćńïěâáï NP - ŕőńŋőľ ć áĺńìŋőň áňëáńě. Ďńï íâőčő áćěďěň áńěďãîéãî NP -ŕőńŋãî ć áĺńìŋőň áňëáńě ğăďăçã ŠŘĚŢŇĚŘŊŐĚ ŚŐŮĚŠĂŊĹĚ ł ğăďăçě 4- ŔŘŐĹĞĆĚĎĚŊĹĚ.

Ŕãáâì W = {w_1; w_2; : : : ; w_q}; X = {x_1; x_2; : : : ; x_q}; Y = {y_1; y_2; : : : ; y_q} ĺ ˘ ⊆ W × X × Y; őŕàěďěńïîâ ŕàőĺğćőńìŋãî ĺŋďĺćĺďãăńìŋãî ğăďăçã ĺğ ğăďăçĺ ŠŘĚŢŇĚŘŊŐĚ ŚŐŮĚŠĂŊĹĚ. Ŋě őčàăŋĺçĺćăï őąéŋőáâĺ, ňőęŋő áçĺâăâì, çâő |˘| ≥ q: Ŕőáâàőĺň ňŋőęěáâćő I ĺğ 4|˘| íńěňěŋâőć. Łăęďőňã íńěňěŋâã g ∈ W^⋃ X^⋃ Y ąãďěâ áőőâćěâáâćőćăâì N(g) íńěňěŋâőć ĺğ ňŋőęěáâćă A, čďě N(g) | çĺáńő âàőěł ĺğ ˘; ć łőâőàëě ćåőďĺâ g: İńěňěŋâë, áőőâćěâáâćãîéĺě äĺłáĺàőćăŋŋőňã g ∈ W^⋃ X^⋃ Y; őąőğŋăçĺň çěàěğ g[1]; g[2]; : : : ; g[N(g)]: Řăğňěàë íâĺå íńěňěŋâőć őŕàěďěńĺň áńěďãîéĺň őąàăğőň:

”(w_i[1]) = ’^{10}_Q ’_i; 1 ≤ i ≤ q;

”(w_i[l]) = ’^{11}_Q ’_i; 1 ≤ i ≤ q; 2 ≤ l ≤ N(w_i); ”(x_j[1]) = ’^{10}_Q ’_{q+j}; 1 ≤ j ≤ q;

”(x_j[l]) = ’^{11}_Q ’_{q+j}; 1 ≤ j ≤ q; 2 ≤ l ≤ N(x_j); ”(y_k[1]) = ’^{10}_Q ’_{2q+k}; 1 ≤ k ≤ q;

”(y_k[l]) = ’^8_Q’_{2q+k}; 1 ≤ k ≤ q; 2 ≤ l ≤ N(y_k);

čďě ’_k ěáâì k-őě ŕàőáâőě çĺáńő, ă Q = 3q+1. Ěďĺŋáâćěŋŋëľ íńěňěŋâ, áőőâćěâáâćãîéĺľ łăęďőľ âàőľłě ffi_l = (w_i; x_j; y_k) ∈ Z; őąőğŋăçăěâáï çěàěğ u_l; ă ěčő àăğňěà ”(u_l) ğăćĺáĺâ őâ ĺŋďěłáőć íńěňěŋâőć âàőľłĺ áńěďãîéĺň őąàăğőň, ”(u_l) =^{’12Q}_{’i’j ’k} : Ć łăçěáâćě čàăŋĺæë ćőğìňěň E = ’^{42}_Q : Ĺğ ŋěàăćěŋáâćă Ůěąëèěćă ďńï àăáŕàěńěńěŋĺï ŕàőáâëå çĺáěń [?] áńěďãěâ, çâő k < ’_k < 10k ln k=9, ćëąàăŋŋëě àăğňěàë íńěňěŋâőć ãďőćńěâćőàïîâ ŋěàăćěŋáâćã^5 √ E < ”(a) <^3 √ E: Řăğňěà ňăłáĺňăńìŋőčő íńěňěŋâă ŋě ŕàěćőáåőďĺâ á_1q^{42} ln q + á_2 ĺ őčàăŋĺçěŋ ŕőńĺŋőňőň őâ őąéěčő çĺáńă íńěňěŋâőć ğăďăçĺ ŠŘĚŢŇĚŘŊŐĚ ŚŐŮĚŠĂŊĹĚ.

Ďńï ďőłăğăâěńìáâćă áĺńìŋőľ NP -ŕőńŋőâë ğăďăçĺ 4-ŔŘŐĹĞĆĚĎĚŊĹĚ ďőáâăâőçŋő ŕőłăğăâì, çâő ĺáłőňőě 4-àăğąĺěŋĺě áãéěáâćãěâ âőčďă ĺ âőńìłő âőčďă, łőčďă ˘ áőďěàęĺâ âàěåňěàŋőě áőçěâăŋĺě.

1. Ŕàěďŕőńőęĺň áŋăçăńă, çâő ĺňěěâáï âàěåňěàŋőě áőçěâăŋĺě ˘^′ ⊆ ˘: Śőőâćěâáâćãîéěě 4-àăğąĺěŋĺě ŕőńãçăěâáï ĺğ |˘| ŕőďňŋőęěáâć, łăęďőě ĺğ łőâőàëå áőďěàęĺâ 4 íńěňěŋâă | őďĺŋ ćĺďă u_l; őďĺŋ ćĺďă w_i; őďĺŋ ćĺďă x_j; őďĺŋ ćĺďă y_k; čďě (w_i; x_j; y_k) = ffi_l ∈ ˘: Ěáńĺ ffi_l ∈ ˘^′; âő u_l čàãŕŕĺàãěň c íńěňěŋâăňĺ w_i[1]; x_j [1]; y_k[1]: Ěáńĺ ffi_l ∉ ˘^′; âő u_l čàãŕŕĺàãěň c íńěňěŋâăňĺ w_i[r]; x_j[r]; y_k[r]; r ≠ 1: Ğăňěâĺň, çâő ć ŕőńãçěŋŋőň àăğąĺěŋĺĺ ŕàőĺğćěďěŋĺě íńěňěŋâőć ć łăęďőľ çěâćěàłě àăćŋő E = ’^{42}_Q :

2. Ŕàěďŕőńőęĺň, çâő ğăďăŋő 4-àăğąĺěŋĺě ŋãęŋőčő ćĺďă. Řăááňőâàĺň ńîąőě 4-ňŋőęěáâćő ĺğ íâőčő 4-àăğąĺěŋĺï. Řăğňěà ńîąőčő íńěňěŋâă g ∈ W^⋃ X^⋃ Y ĺňěěâ ćĺď ”(g) = ffi^r_Qffi_g; čďě r | æěńőě, ă ’_g | ŕàőáâőě çĺáńő ŋě àăćŋőě ’_Q: Šăł łăł E = ’^{42}_Q ; âő ć 4-àăğąĺěŋĺě ćåőďĺâ íńěňěŋâ u_l: Řăğňěà ńîąőčő íńěňěŋâă u_l ĺňěěâ ćĺď ”(u_l) =^{’12Q}_{’iffij’k} ; čďě 1 ≤ i ≤ q; q + 1 ≤ j ≤ 2q; 2q + 1 ≤ i ≤ 3q: Ŕőíâőňã ć 4-àăğąĺěŋĺě ćåőďĺâ ŕő őďŋőňã íńěňěŋâã, áőőâćěâáâćãîéěňã łăęďőňã ĺğ áőáâăćńïîéĺå âàőľłĺ, ŕàĺçěň ćáě âàĺ íńěňěŋâă ńĺąő ĺňěîâ ćĺď w_i[1]; x_j [1]; y_k[1]; ńĺąő w_i[r]; x_j [r]; y_k[r]; r ≠ 1: Ŕãáâì w_i; x_j; y_k őąőğŋăçăîâ áőőâćěâáâćãîéĺě íńěňěŋâë ňŋőęěáâć W; X ĺ Y; ă ffi_l = (w_i′ ; x_j′ ; y_k′) őąőğŋăçăěâ áőőâćěâáâćãîéãî âàőľłã ĺğ ˘: Ĺğ ŕàőáâőâë çĺáěń ’_i; ’_j; ’_k; ’_i′ ; ’_j′ ; ’_k′ áńěďãěâ, çâő i = i^′; j = j^′; k = k^′: Šăłĺň őąàăğőň, âàőľłĺ ćĺďă w_i[1]; x_j [1]; y_k[1]; ćåőďïéĺě ć ğăďăŋŋőě 4-àăğąĺěŋĺě, áőďěàęăâáï ć ˘ ĺ őąàăğãîâ ĺáłőňőě âàěåňěàŋőě áőçěâăŋĺě. Šěőàěňă ?? ďőłăğăŋă.

3.3 Ŕăàăńńěńìŋëě ňăèĺŋë. NP-âàãďŋőáâì

Ć íâőň ŕăàăčàăäě ŕőłăęěň NP -âàãďŋőáâì ğăďăç ŕőáâàőěŋĺï àăáŕĺáăŋĺľ ŋă ŕăàăńńěńìŋëå ňăèĺŋăå á ďńĺâěńìŋőáâïňĺ àăąőâ p_i = ¸_is_i ĺ á łàĺâěàĺïňĺ C_{max} ĺ ˚C_i.

Řăááňőâàĺň ğăďăçã P 2|p_i = ¸_is_i|C_{max}. Śäőàňãńĺàãěň ŋěáłőńìłő ćáŕőňőčăâěńìŋëå ãâćěàęďěŋĺľ.

Şâćěàęďěŋĺě 3 [?] Ŕãáâì á ňőňěŋâă ćàěňěŋĺ t ŋă ŋěłőâőàőľ ňă-

èĺŋě ąěğ ŕàőáâőï ćëŕőńŋïěâáï n àăąőâ. Šőčďă ćàěňï C_n ğăćěàèěŋĺï ćëŕőńŋěŋĺï ćáěå àăąőâ àăćŋő

C_n = t^{n∏}_{i=1}(¸_i + 1) (3.1)

ĺ ŋě ğăćĺáĺâ őâ ŕőàïďłă ćëŕőńŋěŋĺï àăąőâ.

Şâćěàęďěŋĺě ïćńïěâáï çăáâŋëň áńãçăěň âěőàěňë ??.

Ńěňňă 13 Ŕãáâì n őŕěàăæĺľ ć àăáŕĺáăŋĺĺ s ćëŕőńŋïîâáï ŋă m ňă-

èĺŋăå, ŕàĺçěň ňăèĺŋă k; 1 ≤ k ≤ m; àăąőâăěâ ąěğ ŕàőáâőěć ć ŕàőňěęãâłě ćàěňěŋĺ [T_k; —T_k]. Šőčďă n∏ i=1 (¸_i + 1) = ∏m k=1 —T_k ∏m k=1 T_k

: (3.2)

Śŕàăćěďńĺćőáâì ńěňňë ?? ŋěŕőáàěďáâćěŋŋő ćëâěłăěâ ĺğ ãâćěàęďěŋĺï ??.

Šěőàěňă 27 Ğăďăçă P 2|p_i = ¸_is_i|C_{max} ïćńïěâáï NP -âàãďŋőľ.

Ďőłăğăâěńìáâćő. İâăńőŋŋãî NP -âàãďŋãî ğăďăçã ŔŘŐĹĞĆĚĎĚ- ŊĹĚ ŘĂĞŇĚŘŐĆ áćěďěň ł ğăďăçě P 2|p_i = ¸_is_i|C_{max}. Ŕãáâì E_0 =^∏_{i∈I} e_i: Ŕőńőęĺň M = n + 2; ¸_{n+1} = 2^{E0}_E − 1; ¸_{n+2} = 2E − 1; ¸_i = e_i − 1; čďě i ∈ I: Ŕőłăęěň, çâő ć ŕőáâàőěŋŋőľ ğăďăçě àăáŕĺáăŋĺě s; ŋă łőâőàőň C_{max}(s) ≤ 2E_0; áãéěáâćãěâ âőčďă ĺ âőńìłő âőčďă, łőčďă ć I ěáâì ŕőďňŋőęěáâćő I^′ ⊆ I âăłőě, çâő ŕàőĺğćěďěŋĺě àăğňěàőć ěčő íńěňěŋâőć àăćŋő E.

1. Ŕãáâì âăłőě ŕőďňŋőęěáâćő áãéěáâćãěâ. Šőčďă àăáŕĺáăŋĺě s áâàőĺâáï áńěďãîéĺň őąàăğőň. Ŋă ŕěàćőľ ňăèĺŋě ćëŕőńŋïîâáï àăąőâă J_{n+1} ĺ àăąőâë á ŋőňěàăňĺ ĺğ ňŋőęěáâćă I^′ ć ŕàőĺğćőńìŋőň ŕőàïďłě, ă ŋă ćâőàőľ | őáâăńìŋëě àăąőâë. Šőčďă —T_1 = (¸_{n+1} + 1)^∏ i∈I^′ (¸_i + 1) = 2

E_0 E ∏ i∈I^′ e_i = 2E_0;

—T_2 = (¸_{n+2} + 1)^∏ i∈I\I^′ (¸_i + 1) = 2E^∏_{i∈I\I′} e_i = 2E_0:

ğŋăçĺň çěàěğ I_1 ňŋőęěáâćő àăąőâ, ćëŕőńŋïěňëå ŋă íâőľ ňăèĺŋě. Śńěďőćăâěńìŋő, C(s) = max{ —T_1; —T_2} ≤ 2E_0; ĺ àăáŕĺáăŋĺě s ĺáłőňőě.

2. Ŕãáâì áãéěáâćãěâ àăáŕĺáăŋĺě s âăłőě, çâő C_{max}(s) ≤ 2E_0: Ć àăáŕĺáăŋĺĺ s àăąőâë n + 1 ĺ n + 2 ćëŕőńŋïîâáï ŋă àăğŋëå ňăèĺŋăå. Ďěľáâćĺâěńìŋő, ěáńĺ íâő ŋě âăł, âő C_{max}(s) ≥ (¸_{n+1}+1)(¸_{n+2}+1) = 2^{E0}_E 2E = 4E_0 > 2E_0; ĺ ŕőńãçăěň ŕàőâĺćőàěçĺě. Ŕãáâì ďńï őŕàěďěńěŋŋőáâĺ àăąőâă n + 1 ć àăáŕĺáăŋĺĺ s ćëŕőńŋïěâáï ŋă ŕěàćőľ ňăèĺŋě. Őąőğŋăçĺň çěàěğ I_1 ňŋőęěáâćő ŋőňěàőć àăąőâ, ćëŕőńŋïěňëå ŋă íâőľ ňăèĺŋě. Ŕőńőęĺň I^′ = I_1 \ {n + 1}. Šăł łăł C_{max}(s) = max{T_1; T_2} ≤ 2E_0; ĺ ∏ i∈I (¸_i + 1) = 4E^2_0 ; âő ĺğ ?? áńěďãěâ, çâő ć ŕàőňěęãâłě ćàěňěŋĺ [1; 2E_0] ćáě ňăèĺŋë àăąőâăîâ ąěğ ŕàőáâőěć. Šőčďă 2E_0 = —T_1 = 2

E_0 E ∏ i∈I^′ e_i: Śńěďőćăâěńìŋő,^∏_{i∈I′} e_i = E; ĺ ňŋőęěáâćő I^′ ĺáłőňőě. Šěőàěňă ?? ďőłăğăŋă.

Řăááňőâàĺň ğăďăçã P 2|p_i = ¸_is_i|˚C_i.

Şâćěàęďěŋĺě 4 [?] Ŕãáâì á ňőňěŋâă ćàěňěŋĺ t ŋă ŋěłőâőàőľ ňă-

èĺŋě ąěğ ŕàőáâőï őąáńãęĺćăěâáï ŕőďàïď k àăąőâ. Šőčďă k∑ i=1 C_i = t^{k∑}_{i=1}^{i∏}_{j=1}(¸_j + 1): (3.3)

Śŕàăćěďńĺćőáâì ãâćěàęďěŋĺï áńěďãěâ ĺğ őŕàěďěńěŋĺï ďńĺâěńìŋőáâĺ àăąőâ p_j = ¸_jt_j:

Ńěňňă 14 Ŕãáâì a_i ≥ 2 ďńï ćáěå 1 ≤ i ≤ n; n ≥ 2: Šőčďă^{n−1∑}_{k=1}^{k∏}_{i=1} a_i ≤ n∏ i=1 a_i:

Ďőłăğăâěńìáâćő ŕàőćőďĺâáï ŕő ĺŋďãłæĺĺ. Ŕàĺ n = 2 ãâćěàęďěŋĺě áŕàăćěďńĺćő, âăł łăł a_1 ≤ a_1a_2: Ŕãáâì ďńï n = l − 1 ŋěàăćěŋáâćő ćëŕőńŋěŋő. Šőčďă l−1∑ k=1 k∏ i=1 a_i =^{l−1∏}_{i=1} a_i +^{l−2∑}_{k=1}^{k∏}_{i=1} a_i ≤ 2^{l−1∏}_{i=1} a_i ≤^{l∏}_{i=1} a_i:

Ńěňňă ?? ďőłăğăŋă.

Şâćěàęďěŋĺě 5 [?] Ŕãáâì ňŋőęěáâćő àăąőâ J ãŕőàïďőçěŋő ć ŕő-

àïďłě ćőğàăáâăŋĺï ćěńĺçĺŋ ¸_i: Šőčďă ďăŋŋëľ ŕőàïďőł ğăďăěâ őŕâĺňăńìŋőě àăáŕĺáăŋĺě ďńï ğăďăçĺ 1|p_i = ¸_is_i|˚C_i.

Śŕàăćěďńĺćőáâì íâőčő ãâćěàęďěŋĺï áńěďãěâ ĺğ ãâćěàęďěŋĺï ?? ĺńĺ âěőàěňë ??.

Šěőàěňă 28 Ğăďăçă P 2|p_i = ¸_is_i|˚C_i ïćńïěâáï NP -âàãďŋőľ.

Ďőłăğăâěńìáâćő. Ğăďăçã ŔŘŐĹĞĆĚĎĚŊĹĚ ŘĂĞŇĚŘŐĆ áćěďěň ł ğăďăçě P 2|p_i = ¸_is_i|˚C. Ŕőńőęĺň M = n+4; ĺ ¸_{n+1} = 2^{E0}_E −1; ¸_{n+2} = 2E−1 ¸_{n+3} = ¸_{n+4} = 6E_0 − 1; ¸_i = e_i − 1; i ∈ I: Ŕőłăęěň, çâő ć íâőľ ğăďăçě àăáŕĺáăŋĺě s; ŕàĺ łőâőàőň ˚C(s) ≤ y = 24E^2_0 + 8E_0; áãéěáâćãěâ âőčďă ĺ âőńìłő âőčďă, łőčďă ć I ěáâì ŕőďňŋőęěáâćő I^′ ⊆ I âăłőě, çâő ŕàőĺğćěďěŋĺě àăğňěàőć ěčő íńěňěŋâőć àăćŋő E.

1. Ŕãáâì âăłőě ŕőďňŋőęěáâćő áãéěáâćãěâ. Šőčďă àăáŕĺáăŋĺě s áâàőĺâáï áńěďãîéĺň őąàăğőň. Ŋă ŕěàćőľ ňăèĺŋě ćëŕőńŋïîâáï àăąőâë J_{n+1}, J_{n+3} ĺ àăąőâë ňŋőęěáâćă I^′ , ă ŋă ćâőàőľ | őáâăńìŋëě àăąőâë. Łăęďăï ňăèĺŋă ćëŕőńŋïěâ àăąőâë ąěğ ŕàőáâőěć ć ŕőàïďłě ćőğàăáâăŋĺï ćěńĺçĺŋ ¸_i: Šőčďă àăąőâë J_{n+3}; J_{n+4} ŋăçĺŋăîâ ćëŕőńŋïâìáï ć ňőňěŋâë ćàěňěŋĺ:

t_{n+3} = (¸_{n+1} + 1)^∏_{i∈I′}(¸_i + 1) = 2

E_0 E ∏ i∈I^′ e_i = 2E_0;

t_{n+4} = (¸_{n+2} + 1)^∏_{i∈I\I′}(¸_i + 1) = 2E^∏_{i∈I\I′} e_i = 2E_0:

Őąőğŋăçĺň çěàěğ ff_i áãňňăàŋőě ćàěňï ćëŕőńŋěŋĺï àăąőâ ŋă ňăèĺŋě i. Ŕãáâì |I^′| = k: Ĺğ ?? ŕőńãçăěň

ff_1 =^{k∑}_{i=1} C_i + C_{n+1} + C_{n+3} =^{k∑}_{i=1}^{i∏}_{j=1}(¸_j + 1) + 2a + 12E^2_0 :

Ĺğ ńěňňë ?? áńěďãěâ, çâő^{k∑}_{i=1}^{i∏}_{j=1}(¸_j + 1) ≤ 2E_0 ĺ ff_1 ≤ 12E^2_0 + 4E_0: Ŕàőďěńăć ăŋăńőčĺçŋëě ćëçĺáńěŋĺï ďńï ňăèĺŋë 2, ŕőńãçăěň: ff_2 ≤ 12E^2_0 + 4E_0: Śńěďőćăâěńìŋő, ˚C(s) ≤ 24E^2_0 + 8E_0 , ĺ àăáŕĺáăŋĺě s ĺáłőňőě.

2. Ŕãáâì áãéěáâćãěâ àăáŕĺáăŋĺě s âăłőě, çâő ˚C(s) ≤ y: Ć àăáŕĺáăŋĺĺ s àăąőâë J_{n+3}, J_{n+4} ŋě ňőčãâ ćëŕőńŋïâìáï ŋă őďŋőľ ňăèĺŋě, âăł łăł C_{n+3} + C_{n+4} ≥ (6E_0 + 1) + (6E_0 + 1)^2 > y: Ŕőłăęěň, çâő ć àăáŕĺáăŋĺĺ s ćëŕőńŋěŋĺě íâĺå àăąőâ ďőńęŋő ŋăçăâìáï ŋě ŕőğďŋěě ňőňěŋâă ćàěňěŋĺ 2E_0: Ŕãáâì íâő ŋě âăł. Śőčńăáŋő ãâćěàęďěŋĺî ?? őŕâĺňăńìŋőě àăáŕĺáăŋĺě àăąőâ ŋă łăęďőľ ňăèĺŋě ŕőńãçăěâáï ãŕőàïďőçěŋĺěň ĺå ć ŕőàïďłě ćőğàăáâăŋĺï ćěńĺçĺŋ ¸_i: Ŕőíâőňã ňőęŋő áçĺâăâì, çâő àăąőâë J_{n+3}; J_{n+4} ćëŕőńŋïîâáï ŕőáńěďŋĺňĺ. Ŕàěďŕőńőęĺň, çâő ć àăáŕĺáăŋĺĺ s àăąőâă J_{n+3} ŋăçĺŋăěâ ćëŕőńŋïâìáï ć ňőňěŋâ ćàěňěŋĺ 2E_0x; čďě x > 1. Šőčďă àăąőâă J_{n+4} ŋăçĺŋăěâ ćëŕőńŋïâìáï ŋě àăŋěě ňőňěŋâă ćàěňěŋĺ 2E_0=x: Šăł łăł 2E_0x + 2E_0=x > 4E_0; ĺ ćáě ŕăàăňěâàë ğăďăçĺ æěńëě, âő 2E_0x + 2E_0=x ≥ 4E_0 + 1;

˚C(s) ≥ s_{n+3} + s_{n+4} + C_{n+3} + C_{n+4}

≥ 2E_0x+

2E_0 x +2E_0x6E_0 +

2E_0 x 6E_0 ≥ (6E_0 +1)(4E_0+1) = 24E^2_0 +10E_0 +1:

Ŕőńãçĺńĺ ŕàőâĺćőàěçĺě. Śńěďőćăâěńìŋő, ł ňőňěŋâã ćàěňěŋĺ 2E_0 ćáě àăąőâë, łàőňě àăąőâ J_{n+3}; J_{n+4}; ďőńęŋë ąëâì ćëŕőńŋěŋë. Šőčďă ć àăáŕĺáăŋĺĺ s àăąőâë J_{n+1} ĺ J_{n+2} ćëŕőńŋïîâáï ŋă àăğŋëå ňăèĺŋăå, âăł łăł ĺŋăçě C_{max}(s) ≥ (¸_{n+1} +1)(¸_{n+2} +1) = 2^{E0}_E 2E = 4E_0 > 2E_0: Ŋě őčàăŋĺçĺćăï őąéŋőáâĺ ňőęŋő áçĺâăâì, çâő àăąőâë J_{n+1} ĺ J_{n+3} ćëŕőńŋïîâáï ŋă ňăèĺŋě 1, ĺ ŕãáâì I_1 | ňŋőęěáâćő àăąőâ, ćëŕőńŋïěňëå ŋă íâőľ ňăèĺŋě. Ŕőńőęĺň I^′ = I_1 \ {n + 1; n + 3}. Šăł łăł^{n+2∏}_{i=1} (¸_i + 1) = 4E^2_0 ; âő ĺğ ?? ćáě ňăèĺŋë ćëŕőńŋïîâ àăąőâë ąěğ ŕàőáâőěć ć ŕàőňěęãâłě ćàěňěŋĺ [1; 2E_0]: Šőčďă 2E_0 = —T_1 = 2E_0=E^∏_{i∈I′} e_i: Śńěďőćăâěńìŋő,^∏_{i∈I′} e_i = E; ĺ ňŋőęěáâćő I^′ ĺáłőňőě. Šěőàěňă ?? ďőłăğăŋă.

3.4 Ňŋőčőőŕěàăæĺőŋŋëě áĺáâěňë

Ć íâőň ŕăàăčàăäě ãáâăŋőćĺň NP -âàãďŋőáâì àïďă ğăďăç ŕőáâàőěŋĺï őŕâĺňăńìŋőčő àăáŕĺáăŋĺï àăąőâ ć ňŋőčőőŕěàăæĺőŋŋëå áĺáâěňăå.

Śŋăçăńă ŕőłăęěň, çâő ďńï ğăďăçĺ F 3|p_{i;l} = ¸_{i;l}(as_{i;l} + b)|C_{max} áãéěáâćãěâ âăłőě őŕâĺňăńìŋőě àăáŕĺáăŋĺě, ŕàĺ łőâőàőň ňăèĺŋë ćëŕőńŋïîâ àăąőâë ć őďĺŋăłőćőľ ŕőáńěďőćăâěńìŋőáâĺ.

Ńěňňă 15 Őŕâĺňăńìŋőě àăáŕĺáăŋĺě s^∗ ğăďăçĺ F m|pi;l = ¸i;l(asi;l + b)|C_{max} ňőęŋő ĺáłăâì ć łńăááě àăáŕĺáăŋĺľ, ŕàĺ łőâőàëå ňăèĺŋë 1 ĺ 2 ćëŕőńŋïîâ àăąőâë ć őďŋőľ ĺ âőľ ęě ŕőáńěďőćăâěńìŋőáâĺ.

Ďőłăğăâěńìáâćő. Ŕàěďŕőńőęĺň, çâő ć àăáŕĺáăŋĺĺ s ňăèĺŋă 1 ćëŕőńŋïěâ őŕěàăæĺĺ ć ŕőáńěďőćăâěńìŋőáâĺ ı_1 = (i_1; : : : ; i_n) , ă ňăèĺŋă 2 | ć ŕőáńěďőćăâěńìŋőáâĺ ı_2 = (j_1 = i_1; j_2 = i_2; : : : ; j_p = i_p; j_{p+1} = i_{r+1}; : : : ; j_{p+q} = i_r; : : : ; j_n); q > 1; r > p ≥ 0:

Ĺğ âěőàěňë ?? ďńï àăáŕĺáăŋĺï s áŕàăćěďńĺćë áńěďãîéĺě áőőâŋőèě- ŋĺï s_{ir+1;2}(s) = max{b=a^{r+1∏}_{k=1}(¸_{ik;2}a + 1) − b=a; C_{jp;2}(s)};

s_{ir ;2}(s) = max{b=a^{r∏}_{k=1}(¸_{ik;2}a + 1) − b=a; C_{jp+q−1;2}(s)} = C_{jp+q−1;2}(s);

≥ C_{ir+1;2}(s) ≥ C_{ir+1;1}(s) = b=a^{r+1∏}_{k=1}(¸_{ik;2}a + 1) − b=a:

Řăááňőâàĺň àăáŕĺáăŋĺě s^′, őâńĺçăîéěěáï őâ àăáŕĺáăŋĺï s âőńìłő âěň, çâő ňăèĺŋă 1 ćëŕőńŋïěâ őŕěàăæĺĺ ć ŕőáńěďőćăâěńìŋőáâĺ ı_0 = (i_1; : : : ; i_{r−1}; i_{r+1}; i_r; i_{r+2}; : : : ; i_n):

Ďńï àăáŕĺáăŋĺï s^′, ĺáŕőńìğãï âěőàěňã ??, ŕőńãçăěň áńěďãîéĺě áőőâŋőèěŋĺï

s_{ir+1;2}(s^′) = max{b=a(¸_{ir+1;2}a + 1)^{r−1∏}_{k=1}(¸_{ik;2}a + 1) − b=a; C_{jp;2}(s^′)};

s_{ir;2}(s^′) = max{b=a^{r∏}_{k=1}(¸_{ik;2}a + 1) − b=a; C_{jp+q−1;2}(s^′)}: Šăł łăł C_{jp;2}(s) = C_{jp;2}(s^′); âő s_{ir+1;2}(s) ≥ s_{ir+1;2}(s^′): Őâáîďă áńěďãěâ, çâő C_{jp+q−1;2}(s) ≥ C_{jp+q−1;2}(s^′) ĺ, áńěďőćăâěńìŋő, s_{ir ;2}(s) ≥ s_{ir;2}(s^′):

Ŕőćâőàïï őŕĺáăŋŋëě àăááãęďěŋĺï ŋě ąőńěě çěň O(n^2) àăğ, ŕàĺåőďĺň ł àăáŕĺáăŋĺî —s ć łőâőàőň ňăèĺŋë 1 ĺ 2 ćëŕőńŋïîâ âàěąőćăŋĺï ć őďŋőľ ĺ âőľ ęě ŕőáńěďőćăâěńìŋőáâĺ ĺ ćëŕőńŋïěâáï áőőâŋőèěŋĺě C_{i;2}(s) ≥ C_{i;2}(—s); ďńï ćáěå J_i ∈ J. Šěň áăňëň C_{max}(s) ≥ C_{max}(—s). Ńěňňă ?? ďőłăğăŋă.

Ńěňňă 16 Őŕâĺňăńìŋőě àăáŕĺáăŋĺě s^∗ ğăďăçĺ F m|p_{i;l} = ¸_{i;l}(as_{i;l} + b)|C_{max} ňőęŋő ĺáłăâì ć łńăááě àăáŕĺáăŋĺľ, ŕàĺ łőâőàëå ňăèĺŋë m− 1 ĺ m ćëŕőńŋïîâ àăąőâë ć őďŋőľ ĺ âőľ ęě ŕőáńěďőćăâěńìŋőáâĺ. Ďőłăğăâěńìáâćő ńěňňë ?? ăŋăńőčĺçŋő ďőłăğăâěńìáâćã ŕàěďëďãéěľ ńěňňë.

Ĺğ ńěňň ?? ĺ ?? ŋěŕőáàěďáâćěŋŋő áńěďãěâ áńěďãîéěě. Ńěňňă 17 Ŕãáâì çĺáńő ňăèĺŋ m ≤ 3: Šőčďă őŕâĺňăńìŋőě àăáŕĺáă-

ŋĺě ğăďăçĺ F m|p_{i;l} = ¸_{i;l}(as_{i;l} + b)|C_{max} ňőęŋő ĺáłăâì áàěďĺ àăáŕĺáăŋĺľ, ŕàĺ łőâőàëå ćáě ňăèĺŋë ćëŕőńŋïîâ àăąőâë ć őďŋőľ ĺ âőľ ęě ŕőáńěďőćăâěńìŋőáâĺ.

Ŕőłăęěň, çâő ěáńĺ P ≠ NP; âő ďńï ńîąőčő äĺłáĺàőćăŋŋőčő çĺáńă U ďńï ğăďăçĺ F 3|p_{i;m} = ¸_{i;m}s_{i;m}|C_{max} ŋě áãéěáâćãěâ ŕőńĺŋőňĺăńìŋőčő íćàĺáâĺçěáłőčő ăńčőàĺâňă A á ŕőčàěèŋőáâìî R_A = C_{max}(A)=C^?_{max} < U.

Ąőńěě âőčő, ãáâăŋőćĺň íâőâ äăłâ ďăęě ŕàĺ ãáńőćĺĺ, çâő ćáě łőíääĺæĺěŋâë ¸_{i;m} őŕěàăæĺľ, ćëŕőńŋïěňëå ŋă ňăèĺŋăå 1 ĺ 3 àăćŋë ňěęďã áőąőľ. Őąőğŋăçĺň ďăŋŋãî ğăďăçã çěàěğ F 3|p_{i;m} = ¸_{i;m}s_{i;m}; ¸_{i;1} = ¸_{i;3} = ¸|C_{max}:

Ďńï ďőłăğăâěńìáâćă ćőáŕőńìğãěňáï NP -âàãďŋőľ ć áĺńìŋőň áňëáńě ğăďăçěľ 3-ŘĂĞĄĹĚŊĹĚ.

Ŕãáâì Q ŋěłőâőàăï ĺŋďĺćĺďãăńìŋăï ğăďăçă 3-ŘĂĞĄĹĚŊĹĚ. Ŕő ćåőďã ğăďăçĺ Q ďńï ŕàőĺğćőńìŋőčő äĺłáĺàőćăŋŋőčő çĺáńă U ŕőáâàőĺň ćåőď ĺŋďĺćĺďãăńìŋőľ ğăďăçĺ Q_U ğăďăçĺ F 3|p_{i;m} = ¸_{i;m}s_{i;m}|C_{max}. Ŕőńőęĺň |J| = 4n + 1; ¸_{i;1} = ¸_{i;3} = U^E − 1 ďńï ćáěå 1 ≤ i ≤ 4n + 1, ¸_{i;2} = U^{ei} −1; 1 ≤ i ≤ 3n; ¸_{i;2} = U^{3E} −1; 3n+1 ≤ i ≤ 4n+1: Ďńï ãďőąáâćă ŋăğőćěň ŕěàćëě 3n àăąőâ R-àăąőâăňĺ, ă őáâăńìŋëě H-àăąőâăňĺ.

Ńěňňă 18 Ćåőď ğăďăçĺ Q_U ňőęěâ ąëâì ŕőáâàőěŋ ğă ćàěňï, őčàăŋĺ-

çěŋŋőě ŕőńĺŋőňőň őâ Length(Q) ĺ Max(Q).

Ďőłăğăâěńìáâćő. Ďěľáâćĺâěńìŋő, Length(Q) = 3n +^∑_{i∈I} log_2 e_i ĺ Max(Q) = E. Ďńï ŕőáâàőěŋĺï ćåőďă ğăďăçĺ Q_U ŋăň ŕőâàěąãěâáï ćëçĺáńĺâì ćěńĺçĺŋë ¸_{i;m}. Ďńï ćëçĺáńěŋĺï łăęďőľ ĺğ ŋĺå âàěąãěâáï ŋě ąőńěě çěň 3E − 1 őŕěàăæĺľ ãňŋőęěŋĺï ĺ őďŋő ćëçĺâăŋĺě. Šăłĺň őąàăğőň ďńï ŕőáâàőěŋĺï ćåőďă ğăďăçĺ Q_U ŕőâàěąãěâáï ŋě ąőńěě çěň O(12n + 3)3E íńěňěŋâăàŋëå őŕěàăæĺľ ĺ ćåőď ğăďăçĺ Q_U ňőęěâ ąëâì ŕőáâàőěŋ ğă ćàěňï, őčàăŋĺçěŋŋőě ŕőńĺŋőňőň őâ Length(Q) ĺ Max(Q). Ńěňňă ?? ďőłăğăŋă.

Ńěňňă 19 Ěáńĺ ğăďăçă Q ĺňěěâ őâćěâ "ďă", âő ć ğăďăçě Q_U őŕâĺ-

ňăńìŋőě ğŋăçěŋĺě æěńěćőľ äãŋłæĺĺ àăćŋő C^∗_{max} = U^{(4n+5)E}.

Ďőłăğăâěńìáâćő. Ŕãáâì áãéěáâćãěâ âăłőě àăğąĺěŋĺě I ŋă n ŋěŕěàěáěłăîéĺåáï ŕőďňŋőęěáâć I_1; I_2; : : : ; I_n, çâő ďńï ńîąőčő 1 ≤ l ≤ n ćëŕőńŋěŋő áőőâŋőèěŋĺě^∑_{i∈Il} e_i = E: Ŕőáâàőĺň àăáŕĺáăŋĺě s ć ğăďăçě Q_U áńěďãîéĺň őąàăğőň. Ćáě ňăèĺŋë ćëŕőńŋïîâ àăąőâë ąěğ ŕàőáâőěć ć ŕőàïďłě, ğăďăŋŋőň ŕěàěáâăŋőćłőľ ı = (3n + 1; I_1; 3n + 2; I_2; : : : ; 4n; I_n; 4n + 1): Ğăŕĺáì ı = (: : : ; j; I_k; l; : : :) őğŋăçăěâ, çâő ňěęďã àăąőâăňĺ j ĺ l ćëŕőńŋïîâáï àăąőâë ňŋőęěáâćă I_k ć ŕàőĺğćőńìŋőň ŕőàïďłě.

u u u u

u u u u u u u u

Ňăèĺŋă 1

Ňăèĺŋă 2

Ňăèĺŋă 3

J_{3n+1} J_{3n+2}

J_i : i ∈ I_1

J_{3n+1} J_{3n+2} J_i : i ∈ I_1

J_{3n+1} J_i : i ∈ I_1 J_{3n+2}

: : :

: : :

: : : - u1 log t

Řĺáãŋőł 1.

Šőčďă ĺğ ?? ŕőńãçăěň, çâő ćàěňěŋă ŋăçăńă ĺ őłőŋçăŋĺï ćëŕőńŋěŋĺï àăąőâë J_{3n+l}; 1 ≤ l ≤ n + 1 ŋă ňăèĺŋě 1 áőőâćěâáâćěŋŋő àăćŋë s_{3n+l;1} = U^{(4l−4)E} ĺ C_{3n+l;1} = U^{(4l−3)E}: Śńěďőćăâěńìŋő ŋă ňăèĺŋě 2 àăąőâă J_{3n+1} ŋăçĺŋăěâ ćëŕőńŋěŋĺě ć ňőňěŋâ U^E, Ŕàěďŕőńőęĺň, çâő ŋă ňăèĺŋě 2 àăąőâă J_{3n+l} ŋăçĺŋăěâ ćëŕőńŋěŋĺě ć ňőňěŋâ U^{(4l−3)E}, âőčďă C_{3n+l;2} = U^{4lE}: Őąőğŋăçĺň çěàěğ s_{Il;k} ĺ C_{Il;k} ňőňěŋâë ŋăçăńă ĺ őłőŋçăŋĺï ćëŕőńŋěŋĺï àăąőâ ĺğ ňŋőęěáâćă I_l ŋă ňăèĺŋě k áőőâćěâáâćěŋŋő. Šőčďă s_{Il;1} = U^{(4l−3)E} ĺ C_{Il;1} = U^{4lE}. Śńěďőćăâěńìŋő, àăąőâë ňŋőęěáâćă I_l ćëŕőńŋïîâáï ŋă ňăèĺŋě 2 ąěğ ğăďěàęłĺ, s_{Il;2} = U^{4lE}; C_{Il;1} = U^{(4l+1) ∑i∈I}l^{ei} = U^{(4l+1)E} = U^{(4(l+1)−3)E} ĺ àăąőâă J_{3n+l+1} ŋăçĺŋăěâ ćëŕőńŋěŋĺě ć ňőňěŋâ U^{(4(l+1)−3)E}. Ŕő ĺŋďãłæĺĺ ŕőńãçăěň, çâő ňăèĺŋă

2 ćëŕőńŋïěâ ćáě őŕěàăæĺĺ, áőčńăáŋő ŕěàěáâăŋőćłĺ ı ąěğ ŕàőáâőěć ĺ ğăďěàęěł ć ŕàőňěęãâłě ćàěňěŋĺ [U^E; U^{(4n+4)E}]. Ăŋăńőčĺçŋő àăááãęďăï, ŕőńãçăěň çâő ňăèĺŋă 3 ğăłăŋçĺćăěâ ćëŕőńŋěŋĺě ŕőáńěďŋěľ őŕěàăæĺĺ ć ňőňěŋâ ćàěňěŋĺ U^{(4n+5)E}: Ńěňňă ?? ďőłăğăŋă.

Ńěňňă 20 Śãéěáâćãěâ őŕâĺňăńìŋőě àěèěŋĺě ğăďăçĺ Q_U , ć łőâő-

àőň ćëŕőńŋěŋĺě łăęďőľ őŕěàăæĺĺ O_{i;k} ŋăçĺŋăěâáï ć ňőňěŋâ U^{zi,k} , čďě z_{i;k} ≥ 0 | ŋěłőâőàőě æěńőě çĺáńő.

Ďőłăğăâěńìáâćő. Ŕãáâì s | ŋěłőâőàőě ďőŕãáâĺňőě àăáŕĺáăŋĺě ć ğăďăçě Q_U ĺ O_{i;k} | ŕěàćăï ŕő ćàěňěŋĺ őŕěàăæĺï, łőâőàăï ŋăçĺŋăěâ ćëŕőńŋěŋĺě ć ňőňěŋâ U^z, čďě z ŋě ïćńïěâáï æěńëň. Ĺğ æěńőçĺáńěŋŋőáâĺ ĺáåőďŋëå ďăŋŋëå ğăďăçĺ Q, ãâćěàęďěŋĺï 2 ĺ ŕőáâàőěŋĺï ćåőďă ğăďăçĺ Q_U áńěďãěâ, çâő ěáńĺ őŕěàăæĺï ŋăçĺŋăěâ ćëŕőńŋěŋĺě ć ňőňěŋâ æěńőľ áâěŕěŋĺ U, âő őŋă ĺ őłăŋçĺćăěâ ćëŕőńŋěŋĺě ć ňőňěŋâ æěńőľ áâěŕěŋĺ U. Šăłĺň őąàăğőň, ńĺąő őŕěàăæĺï O_{i;k} | ŕěàćăï ŋă ňăèĺŋě k, ńĺąő ŕàěďèěáâćãîéăï ěľ őŕěàăæĺï ğăćěàèĺńăáì ć ňőňěŋâ æěńőľ áâěŕěŋĺ U. Šő ęě áăňőě őâŋőáĺâáï ĺ ł ŕàěďèěáâćãîéĺň ěľ őŕěàăæĺïň àăąőâë J_i. Šőčďă áãéěáâćãěâ âăłőľ ňőňěŋâ U^t, çâő t ≤ z | æěńőě ĺ ć àăáŕĺáăŋĺĺ s ćáě őŕěàăæĺĺ àăąőâë J_i, ŕàěďèěáâćãîéĺě O_{i;k} ĺ ćáě őŕěàăæĺĺ ňăèĺŋë k; , ŕàěďèěáâćãîéĺě O_{i;k} ğăłőŋçĺńĺ ćëŕőńŋěŋĺě ďő ňőňěŋâă U^t. Ŕőńőęĺň s_{i;k} = U^t. Ŕőńãçěŋŋőě àăáŕĺáăŋĺě őáâăŋěâáï ďőŕãáâĺňëň ĺ ěčő ďńĺŋă ŋě ãćěńĺçĺâáï. Ŕőćâőàĺć íâã ŕàőæěďãàã ďńï őáâăńìŋëå őŕěàăæĺľ, ŋăçĺŋăîéĺåáï ŋě ć ňőňěŋâë áâěŕěŋĺ U, ŕőáâàőĺň àăáŕĺáăŋĺě, ãďőćńěâćőàïîéěě ãáńőćĺî ńěňňë. Ńěňňă ?? ďőłăğăŋă.

Ńěňňă 21 Ěáńĺ ğăďăçă Q ĺňěěâ őâćěâ "ŋěâ", âő őŕâĺňăńìŋőě ğŋă-

çěŋĺě ć ğăďăçě Q_U C^∗_{max} ≥ U^{(4n+6)E}.

Ďőłăğăâěńìáâćő. Šăł łăł ďńï ńîąőľ àăąőâë J_i ∈ J ¸_{i;1} = U^E; âő ňăèĺŋă 2 ŋăçĺŋăěâ ćëŕőńŋěŋĺě ŋě àăŋěě ňőňěŋâă E. Őąőğŋăçĺň çěàěğ C(k) ćàěňï ğăćěàèěŋĺï àăąőâë ňăèĺŋë k. Šőčďă ĺğ ?? ŕőńãçăěň

C_2 ≥ U^{E 4n+1∏}_{i=1} (¸_i + 1) = U^EU^{nE}U^{3(n+1)E} = U^{4(n+1)E}:

Őâáîďă ĺ ĺğ âőčő, çâő ďńï ńîąőľ àăąőâë J_i ∈ J ¸_{i;3} = U^E; ŕőńãçăěň C^∗_{max} ≥ U^{(4n+5)E}. Ěáńĺ ŋă ňăèĺŋě 2 ěáâì ŕàőáâőľ ŕőáńě ňőňěŋâă U^E, âő C^∗_{max} > U^{(4n+5)E} ĺ ĺğ ńěňňë ?? ŕőńãçăěň C^∗_{max} ≥ U^{(4n+6)E}: Ŕő ńěňňě ?? ňőęŋő áçĺâăâì, çâő ć őŕâĺňăńìŋőň àăáŕĺáăŋĺĺ ŋă ćáěå ňăèĺŋăå àăąőâë ćëŕőńŋïîâáï ć őďĺŋăłőćőľ ŕőáńěďőćăâěńìŋőáâĺ. Ŕãáâì ı = {J_{(1)}; : : : ; J_{(n)}} | ŕěàěáâăŋőćłă, ğăďăîéăï ŕőàïďőł ćëŕőńŋěŋĺï àăąőâ ć őŕâĺňăńìŋőň àăáŕĺáăŋĺĺ. Őąőğŋăçĺň çěàěğ s_{(i);k}, C_{(i);k} ňőňěŋâë ŋăçăńă ĺ őłőŋçăŋĺï ćëŕőńŋěŋĺï őŕěàăæĺĺ i-ľ àăąőâë ĺğ ŕěàěáâăŋőćłĺ ı ŋă ňăèĺŋě k: Ŋăğőćěň ďćě H-àăąőâë áőáěďŋĺňĺ, ěáńĺ ć ŕěàěáâăŋőćłě ı ňěęďã ŋĺňĺ ŋěâ ďàãčĺå H-àăąőâ.

1. Ěáńĺ ŕěàćőľ ćëŕőńŋïěâáï R-àăąőâă, âő ŋă ňăèĺŋě 2 ěáâì ŕàőáâőľ. Ďěľáâćĺâěńìŋő ŕãáâì íâő àăąőâă J_l; l ≤ 3n: Šőčďă C_{(1);1} = U^E;

C_{(2);1} = U^{2E}; C_{(1);2} = U^EU^{el} < U^{2E} ĺ ŋă ňăèĺŋě 2 ěáâì ŕàőáâőľ.

Ŕãáâì ŕěàćőľ ć őŕâĺňăńìŋőň àăáŕĺáăŋĺĺ ćëŕőńŋïěâáï H-àăąőâă, âőčďă ňăèĺŋă 3 ŋăçĺŋăěâ őąáńãęĺćăŋĺě á ňőňěŋâă U^{4E}; Šőčďă ĺğ ?? ŕőńãçăěň

C_3 ≥ U^{4E 4n+1∏}_{i=1} (¸_i + 1) = U^{4E}U^{(4n+1)E} = U^{(4n+5)E}:

Śńěďőćăâěńìŋő, ěáńĺ ŋă ňăèĺŋě 3 ěáâì ŕàőáâőľ ŕőáńě ňőňěŋâă U^{4E}, âő ĺğ ńěňňë ?? ŕőńãçăěň C^∗_{max} ≥ U^{(4n+6)E}:

3. Ěáńĺ ć őŕâĺňăńìŋőň àăáŕĺáăŋĺĺ ňěęďã ďćãňï áőáěďŋĺňĺ Hàăąőâăňĺ ćëŕőńŋïěâáï ŋě ąőńěě ďćãå R-àăąőâ, âő ŋă ňăèĺŋě 3 ěáâì ŕàőáâőľ.

Ďěľáâćĺâěńìŋő, ŕãáâì íâő l-ï ĺ l + r-ï àăąőâë ć ŕěàěáâăŋőćłě ı; r ≤ 3 ĺ ŕãáâì őŕěàăæĺï l-ľ àăąőâë ŋă ňăèĺŋě 2 ŋăçĺŋăěâ ćëŕőńŋïâìáï ć ňőňěŋâ t ≥ U^{lE}: Šőčďă C_{(l);2} = tU^{3E}; C_{(l+r);2} ≥ tU^{6E+(r−1)E=4}: Ěáńĺ ňăèĺŋă 3 ćëŕőńŋïěâ ŕěàćëě l+r−1 àăąőâã ąěğ ŕàőáâőěć, âő C_{(l+r−1);3} = U^{4E}U^{(l+r−1)E} = U^{(l+r+3)E}; s_{(l+r);3} ≥ C_{(l+r);2} ≥ tU^{6E+(r−1)E=4} > U^{(l+r+3)E} = C_{(l+r−1);3} ĺ ŋă ňăèĺŋě 3 ňěęďã őŕěàăæĺïňĺ l + r − 1-ľ ĺ l + r-ľ àăąőâë ěáâì ŕàőáâőľ.

Ĺğ âőčő, çâő çĺáńő R-àăąőâ àăćŋő n + 1; ă çĺáńő H-àăąőâ àăćŋő 3n; ĺňěěň, çâő ć őŕâĺňăńìŋőň àăáŕĺáăŋĺĺ ňěęďã ďćãňï áőáěďŋĺňĺ Hàăąőâăňĺ ćëŕőńŋïěâáï àőćŋő âàĺ R-àăąőâë. Ŕőíâőňã ďăńěě ąãďěň áçĺâăâì, çâő ć ŕěàěáâăŋőćłě ı H-àăąőâë ĺňěîâ ŋőňěàă 4l + 1; 0 ≤ l ≤ n.

4. Ŕãáâì ć őŕâĺňăńìŋőň àăáŕĺáăŋĺĺ ňěęďã ďćãňï áőáěďŋĺňĺ Hàăąőâăňĺ J_{(4l+1)} ĺ J_{(4l+5)}; 0 ≤ l ≤ n − 1 ćëŕőńŋïěâáï âàĺ R-àăąőâë ĺ 3∏ i=1 (¸_{(4l+1+i);2} + 1) > U^E, âőčďă ŋă ňăèĺŋě 3 ěáâì ŕàőáâőľ. Ďěľáâćĺâěńìŋő, ŕãáâì őŕěàăæĺï 4l + 1-ľ àăąőâë ŋă ňăèĺŋě 2 ŋăçĺŋăěâ ćëŕőńŋïâìáï ć ňőňěŋâ t ≥ U^{(4l+1)E}: Šőčďă ĺğ ãâćěàęďěŋĺï 2 C_{(4l+5);2} ≥ t^{∏4}_{i=0}(¸_{(4l+1+i);2} + 1) = tU^{6E ∏3}_{i=1}(¸_{(l+i);2} + 1) > tU^{7E}: Ěáńĺ ňăèĺŋă 3 ćëŕőńŋïěâ ŕěàćëě 4l + 4 àăąőâë ąěğ ŕàőáâőěć, âő C_{(4l+4);3} = U^{4E}U^{(4l+4)E} = U^{(4l+8)E}; s_{(4l+5);3} ≥ C_{(4l+5);2} > tU^{7E} ≥ U^{(4l+8)E} = C_{(l+r−1);3} ĺ ŋă ňăèĺŋě 3 ňěęďã őŕěàăæĺïňĺ 4l+4-ľ ĺ 4l+5-ľ àăąőâë ěáâì ŕàőáâőľ.

5. Ŕãáâì ć őŕâĺňăńìŋőň àăáŕĺáăŋĺĺ ňěęďã ďćãňï áőáěďŋĺňĺ Hàăąőâăňĺ J_{(4l+1)} ĺ J_{(4l+5)} 0 ≤ l ≤ n − 1 ćëŕőńŋïěâáï âàĺ R-àăąőâë ĺ 3∏ i=1 (¸_{(4l+1+i);2} + 1) < U^E ĺ ŋěâ ŕàőáâőěć ŋă ňăèĺŋě 3, âőčďă ŋă ňăèĺŋě 2 ěáâì ŕàőáâőľ.

Ďěľáâćĺâěńìŋő, ŕãáâì őŕěàăæĺï 4l + 1-ľ àăąőâë ŋă ňăèĺŋě 1 ŋăçĺŋăěâ ćëŕőńŋïâìáï ć ňőňěŋâ t ≥ U^{4lE}: Šőčďă C_{(4l+5);1} = tU^{5E} Šăł łăł ŋă ňăèĺŋě 3 ŋěâ ŕàőáâőěć, âő^{3∏}_{i=1}(¸_{(4l+1+i);2} + 1) ≤ U^E ďńï ćáěå 0 ≤ l ≤ n:

Śńěďőćăâěńìŋő, C_{(4l);2} ≤ U^{E l∏}_{k=1} U^{3E 3∏}_{i=1}(¸_{(4k+1+i);2} + 1) ≤ U^{(4l+1)E} ≤ tU^E:

ĺ C_{(4l+4;2)} = tU^EU^{3E 3∏}_{i=1}(¸_{(4l+1+i);2} + 1) < tU^{5E}: Ŕőńãçăěň, çâő s_{(4l+5);1} ≥ C_{(4l+5);1} > C_{(4l+4;2)} ĺ ŋă ňăèĺŋě 2 ěáâì ŕàőáâőľ.

6. Ŕãáâì ć őŕâĺňăńìŋőň àăáŕĺáăŋĺĺ ňěęďã ďćãňï áőáěďŋĺňĺ Hàăąőâăňĺ J_{(4l+1)} ĺ J_{(4l+5)} 0 ≤ l ≤ n − 1 ćëŕőńŋïěâáï âàĺ R-àăąőâë ĺ 3∏ i=1 (¸_{(4l+1+i);2} + 1) = U^E: Šőčďă ć ğăďăçě Q ŕőńőęĺň I_l = {(4l + 2); (4l + 3); (4l + 4)}; 0 ≤ l ≤ n − 1: Ŋěâàãďŋő ãąěďĺâìáï, çâő àăğąĺěŋĺě ňŋőęěáâćă I ŋă âăłĺě ŕőďňŋőęěáâćă ïćńïěâáï ĺáłőňëň 3-àăğąĺěŋĺěň ć ğăďăçě Q: Ŕőńãçăěň ŕàőâĺćőàěçĺě, łőâőàőě ğăłăŋçĺćăěâ ďőłăğăâěńìáâćő ńěňňë. Ńěňňă ?? ďőłăğăŋă.

Šěőàěňă 29 Ěáńĺ P ≠ NP; âő ďńï ğăďăçĺ F 3|p_{i;m} = ¸_{i;m}s_{i;m}; ¸_{i;1} = ¸_{i;3} = ¸|C_{max} ŋě áãéěáâćãěâ ŕőńĺŋőňĺăńìŋőčő íćàĺáâĺçěáłőčő ăńčőàĺâňă A á ŕőčàěèŋőáâìî R_A = C_{max}(A)=C^?_{max} < U; čďě U | ŕàőĺğćőńìŋőě äĺłáĺàőćăŋŋőě çĺáńő.

Ďőłăğăâěńìáâćő. Ŕãáâì áãéěáâćãěâ ŕőńĺŋőňĺăńìŋëľ íćàĺáâĺçěáłĺľ ăńčőàĺâň A á ŕőčàěèŋőáâìî R_A < U. Šőčďă ŕő ďăŋŋőňã ćåőďã ĺŋďĺćĺďãăńìŋőľ ğăďăçĺ Q ğăďăçĺ 3-àăğąĺěŋĺě ŕőáâàőĺň ćåőď ĺŋďĺćĺďãăńìŋőľ ğăďăçĺ Q_U ğăďăçĺ F 3|p_{i;m} = ¸_{i;m}s_{i;m}|C_{max} ĺ àěèĺň ěě ăńčőàĺâňőň A. Ĺğ ńěňňë ?? áńěďãěâ, çâő ěáńĺ ĺŋďĺćĺďãăńìŋăï ğăďăçă Q ĺňěěâ őâćěâ "ďă", âő ăńčőàĺâň A ŕőńãçĺâ ğŋăçěŋĺě ć ğăďăçě Q_U C^∗_{max} < U^{(4n+5)E}U = U^{(4n+6)E}; ěáńĺ ĺŋďĺćĺďãăńìŋăï ğăďăçă Q ĺňěěâ őâćěâ "ŋěâ", âő ĺğ ńěňňë ?? ăńčőàĺâň A ŕőńãçĺâ ğŋăçěŋĺě ć ğăďăçě Q_U C^∗_{max} ≥ U^{(4n+6)E}. Ĺğ ńěňňë ?? áńěďãěâ, çâő ćàěňï àăąőâë ăńčőàĺâňă őčàăŋĺçěŋő ŕőńĺŋőňőň őâ Length(Q) ĺ Max(Q). Śńěďőćăâěńìŋő ŕőńãçăěň ŕáěćďőŕőńĺŋőňĺăńìŋëľ ăńčőàĺâň, àěèăîéĺľ NP -ŕőńŋãî ć áĺńìŋőň áňëáńě ğăďăçã 3-àăğąĺěŋĺě, çâő ŕàőâĺćőàěçĺâ čĺŕőâěğě P ≠ NP .

Šěőàěňă ?? ďőłăğăŋă.

Šěőàěňă 30 Ğăďăçă F 2|p_{i;m} = ¸_{i;m}s_{i;m}|L_{max} ïćńïěâáï NP -âàãďŋőľ.

Ďőłăğăâěńìáâćő. Ŕőáâàőĺň áćěďěŋĺě ğăďăçĺ 4-ŔŘŐĹĞĆĚĎĚŊĹĚ ł ğăďăçě F 2|p_{i;m} = ¸_{i;m}s_{i;m}|L_{max}. Ŕőńőęĺň |J| = 5n − 1;

¸_{i;1} = 0; ¸_{i;2} = e_i − 1; d_i = 2^{n−1}E^n; 1 ≤ i ≤ 4n; ¸_{4n+1;1} = E − 1; ¸_{4n+1;2} = 1; d_{4n+1} = 2E;

¸_{4n+i;1} = 2E − 1; ¸_{4n+i;2} = 1; d_{4n+i} = 2^iE^i; 2 ≤ i ≤ n − 1: Ŕőłăęěň, çâő ć íâőľ ğăďăçě áãéěáâćãěâ àăáŕĺáăŋĺě áő ğŋăçěŋĺěň æěńěćőľ äãŋłæĺěľ L_{max}(s) = 0 âőčďă ĺ âőńìłő âőčďă, łőčďă ć I áãéěáâćãěâ àăğąĺěŋĺě ŋă n ŋěŕěàěàáěłăîéĺåáï ŕőďňŋőęěáâć I_1; I_2; : : : ; I_n; âăłĺå çâő^∏_{i∈Ik} e_i = E ďńï 1 ≤ k ≤ n:

1. Ŕãáâì âăłőě àăğąĺěŋĺě áãéěáâćãěâ. Řăááňőâàĺň áńěďãîéěě àăáŕĺáăŋĺě. Ŋă ŕěàćőľ ňăèĺŋě ćëŕőńŋïîâáï àăąőâë á ŋőňěàăňĺ őâ 4n+1 ďő 5n − 1 ć ŕőàïďłě ćőğàăáâăŋĺï ŋőňěàőć. Ŋă ćâőàőľ ňăèĺŋě àăąőâë ćëŕőńŋïîâáï ć ŕőáńěďőćăâěńìŋőáâĺ (ı_k; 4n + k); 1 ≤ k ≤ n; čďě ı_k ŕàőĺğćőńìŋăï ŕěàěáâăŋőćłă àăąőâ á ŋőňěàăňĺ ĺğ ňŋőęěáâć I_k. Ŋěâàãďŋő ãąěďĺâìáï, çâő âăłőě àăáŕĺáăŋĺě ïćńïěâáï ďőŕãáâĺňëň.

2. Ŕãáâì áãéěáâćãěâ àăáŕĺáăŋĺě s âăłőě, çâő L_{max}(s) = 0: Šăł łăł max_{i∈I} d_i = 2^{n−1}E^n ĺ^{5n−1∏}_{i=1} (¸_{i;2} + 1) = 2^{n−1}E^n; âő ňăèĺŋă 2 àăąőâăěâ ąěğ ŕàőáâőěć ć ŕàőňěęãâłě [1; 2^{n−1}E^n]: Šăł łăł àăąőâă ćëŕőńŋěŋĺě 4n + 1 ğăłăŋçĺćăěâáï ďő ďĺàěłâĺćŋőčő áàőłă d_{4n+1} = 2E; âő őŋă ćëŕőńŋïěâáï ąěğ ğăďěàęěł ć ŕàőňěęãâłě [1; 2E] Śńěďőćăâěńìŋő, s_{1;1} = 1; C_{1;1} = E; s_{1;2} = E; C_{1;2} = 2E: Řăąőâă 4n + i; 2 ≤ i ≤ n − 1 ğăłăŋçĺćăěâáï ďő ďĺàěłâĺćŋőčő áàőłă d_{4n+i} = 2^iE^i, ĺ ăŋăńőčĺçŋő ćëèěĺğńőęěŋŋőňã ŋă ňăèĺŋě 1 őŋă ŋăçĺŋăěâ ćëŕőńŋïâìáï ŋě ŕőğęě ňőňěŋâă s_{i;1} = 2^{i−2}E^{i−1}: Ś ďàãčőľ áâőàőŋë ćëŕőńŋěŋĺě íâőľ àăąőâë ŋě ňőęěâ ŋăçăâìáï àăŋìèě íâőčő áàőłă, âăł łăł ŋă ňăèĺŋě 1 ć íâő ćàěňï ćëŕőńŋïěâáï àăąőâă i−1: Śńěďőćăâěńìŋő ŕőńãçăěň s_{i;1} = 2^{i−2}E^{i−1}; C_{i;1} = s_{i;2} = 2^{i−1}E^i; C_{i;2} = 2^iE^i; ďńï 2 ≤ i ≤ n − 1:

Ĺğ ŕàĺćěďěŋŋëå ćëèě àăááãęďěŋĺľ áńěďãěâ, çâő ŋă ňăèĺŋě 2 àăąőâë á ŋőňěàăňĺ őâ 1 ďő n ćëŕőńŋïîâáï ć ŕàőňěęãâłăå [2^{i−1}E^{i−1}; 2^{i−1}E^i]; 1 ≤ i ≤ n: Ŕãáâì I_k | ňŋőęěáâćő àăąőâ, ćëŕőńŋïěňëå ć ŕàőňěęãâőł [2^{k−1}E^{k−1}; 2^{k−1}E^i]: Šőčďă ĺğ ?? áńěďãěâ, çâő E =^∏_{i∈Ek}(v^2_{i;2} + 1) =^∏_{i∈Ek} e(i);

ĺ ŋăąőà ňŋőęěáâć I_k ğăďăěâ ĺáłőňőě àăğąĺěŋĺě.

Šěőàěňă ?? ďőłăğăŋă.

Ŕěàěľďěň ł àăááňőâàěŋĺî ğăďăç á áĺáâěňăňĺ őâłàëâőčő âĺŕă. Šěőàěňă 31 Ğăďăçă O3|p_{i;m} = ¸_{i;m}s_{i;m}; ¸_{i;3} = ¸|C_{max} ïćńïěâáï NP -

âàãďŋőľ.

Ďőłăğăâěńìáâćő. Ŕőáâàőĺň áćěďěŋĺě ğăďăçĺ ŔŘŐĹĞĆĚĎĚŊĹĚ ŘĂĞ- ŇĚŘŐĆ ł ğăďăçě O3|p_{i;m} = ¸_{i;m}s_{i;m}|C_{max}. Ŕãáâì^∏_{i∈I} e_i = E_0: Őąőğŋăçĺň çěàěğ —E = 2E_0: Ąěğ őčàăŋĺçěŋĺï őąéŋőáâĺ ňőęŋő áçĺâăâì, çâő n | çěâŋőě.

Ŕőńőęĺň |I| = n + 4;

¸_{i;1} = 0; ¸_{i;2} = e^2_i − 1; ¸_{i;3} = —E^2 − 1; 1 ≤ i ≤ n; ¸_{n+1;1} = 0; ¸_{n+1;2} = 4E^2_0=E^2 − 1; ¸_{n+1;3} = —E^2 − 1; ¸_{n+2;1} = 0; ¸_{n+2;2} = 4E^2 − 1; ¸_{n+1;3} = —E^2 − 1 ¸_{n+3;1} = —E^{n−1} − 1; ¸_{n+3;2} = —E^{n−1} − 1; ¸_{n+3;3} = —E^2 − 1; ¸_{n+4;1} = —E^{n+1} − 1; ¸_{n+4;2} = —E^{n−3} − 1; ¸_{n+4;3} = —E^2 − 1 Ŕőłăęěň, çâő ć ŕőáâàőěŋŋőľ ğăďăçě àăáŕĺáăŋĺě s; ŕàĺ łőâőàőň C(s) ≤ —E2n; áãéěáâćãěâ âőčďă ĺ âőńìłő âőčďă, łőčďă ć I ěáâì ŕőďňŋőęěáâćő I^′ ⊆ I âăłőě, çâő ŕàőĺğćěďěŋĺě àăğňěàőć ěčő íńěňěŋâőć àăćŋő E.

1. Ŕãáâì âăłőě ŕőďňŋőęěáâćő áãéěáâćãěâ. Šőčďă àăáŕĺáăŋĺě s ňőęěâ ąëâì ŕőáâàőěŋő áńěďãîéĺň őąàăğőň. Ŕěàćăï ňăèĺŋă áŋăçăńă ćëŕőńŋïěâ àăąőâã J_{n+3} ĺ ğăâěň àăąőâã J_{n+4}: Ŋă ćâőàőľ ňăèĺŋě ŕěàćëňĺ ć ŕàőĺğćőńìŋőň ŕőàïďłě ćëŕőńŋïîâáï àăąőâë á ŋőňěàăňĺ ĺğ ňŋőęěáâćă I^′, áńěďőň àăąőâë J_{n+1}; J_{n+4}; J_{n+3}; J_{n+2} ĺ ğăâěň őáâăćèĺěáï àăąőâë ć ŕàőĺğćőńìŋőň ŕőàïďłě. Šàěâìï ňăèĺŋă ćëŕőńŋïěâ àăąőâë ć áńěďãîéěľ ŕőáńěďőćăâěńìŋőáâĺ J_{n+4}; J_1; J_2; : : : ; J_n; J_{n+1}; J_{n+2}; J_{n+3}:

Ňăèĺŋă 1

Ňăèĺŋă 2

Ňăèĺŋă 3 - u1 log t u u u u u u u

u u u

u u u u u u u u u

J_{n+3} J_{n+4}

—E2 —E4 —E2n

J_{n+4} J_{n+3}

J_{n+4} J_1 J_n J_{n+1} J_{n+2} J_{n+3}

J_i : i ∈ I^′ Ji : i ∈ I \ I^′

Řĺáãŋőł 2.

Ŋěâàãďŋő ãąěďĺâìáï, çâő ćáě ňăèĺŋë àăąőâăîâ ąěğ ŕàőáâőěć ć ŕàőňěęãâłě [1; —E^{2n}] ĺ C_{max}(s) ≤ —E^{2n}:

2. Ŕãáâì áãéěáâćãěâ àăáŕĺáăŋĺě s âăłőě, çâő C(s) ≤ —E^{2n}: Ŕàěďŕőńőęĺň, çâő ćáě ňăèĺŋë àăąőâăîâ ąěğ ŕàőáâőěć á ňőňěŋâă 1. Ćëçĺáńĺň ćàěňěŋă ğăćěàèěŋĺï àăąőâë łăęďőľ ĺğ ňăèĺŋ. Ĺğ (3.1) ŕőńãçĺň

T_1 = (¸_{n+3;1} + 1)(¸_{n+4;1} + 1) = —E^{n−1} —E^{n+1} = —E^{2n};

T_2 =^{n+4∏}_{i=1}(¸_{i;2} + 1) = 16E^2_0 —E^{n−1} —E^{n−3 n∏}_{i=1} e^2_i = 16E^4_0 —E^{2n−4} = —E^{2n};

T_3 =^{n+4∏}_{i=1}(¸_{i;2} + 1) = —E^{2n}:

Ĺâăł ĺğ ŕőńãçěŋŋőčő ćĺďŋő, çâő ć àăáŕĺáăŋĺĺ s ćáě ňăèĺŋë àăąőâăîâ ąěğ ŕàőáâőěć ć ŕàőňěęãâłě [1; —E^{2n}] ĺ C_{max}(s) ≤ —E^{2n}: Ć ŕàőâĺćŋőň áńãçăě ŕőńãçĺň ŕàőâĺćőàěçĺě á ŕàěďŕőńőęěŋĺěň C(s) ≤ —E^{2n}: Ğăňěâĺň, çâő ĺğ íâőčő äăłâă ĺ ĺğ âőčő, çâő ¸_{i;3} = —E^2 − 1; ďńï ćáěå 1 ≤ i ≤ n + 4; áńěďãěâ, çâő ŋă ňăèĺŋě 3 ćáě àăąőâë ŋăçĺŋăîâ ĺ ğăłăŋçĺćăîâ ćëŕőńŋěŋĺě ć çěâŋëě áâěŕěŋĺ —E: Ćëçĺáńĺň ćàěňěŋă ğăćěàèěŋĺï àăąőâ J_{n+3} ĺ J_{n+4} ć ŕàěďŕőńőęěŋĺĺ, çâő ĺå ćëŕőńŋěŋĺě ŋăçĺŋăěâáï ć ňőňěŋâ 1 ĺ ŕàőĺáåőďĺâ ąěğ ğăďěàęěł. Ĺňěěň C_{n+3} =^{3∏}_{i=1}(¸_{n+3;i} + 1) = —E^{n−1} —E^{n−1} —E^2 = —E^{2n};

C_{n+4} =^{3∏}_{i=1}(¸_{n+4;i} + 1) = —E^{n+1} —E^{n−3} —E^2 = —E^{2n};

ĺğ ŕőńãçěŋŋőčő ćĺďŋő, çâő ć àăáŕĺáăŋĺĺ s àăąőâë J_{n+3} ĺ J_{n+4} ćëŕőńŋïîâáï á ňőňěŋâă 1 ąěğ ğăďěàęěł. Šőčďă ŋă ňăèĺŋě 2 àăąőâë J_{n+3} ĺ J_{n+4} ćëŕőńŋïîâáï ďàãč ğă ďàãčőň ć ŕàőňěęãâłě [ —E^2; —E^{2n−2}]: Ďěľáâćĺâěńìŋő, ěáńĺ ŕěàćăï ĺğ íâĺå àăąőâ ŋăçĺŋăěâ ćëŕőńŋěŋĺě ŋă ňăèĺŋě 2 ć ňőňěŋâ 0 < t < —E^2; âő őŕěàăæĺï íâőľ àăąőâë ŋă ňăèĺŋě 3 ŋě ňőęěâ ąëâì ćëŕőńŋěŋă ć ŕàőňěęãâłě [1; —E^{2n}]: Ăŋăńőčĺçŋő, ěáńĺ ćâőàăï àăąőâă ğăłăŋçĺćăěâáï ŋă ňăèĺŋě 2 ć ňőňěŋâ —E^{2n−2} < t < —E^{2n}; âő őŕěàăæĺï íâőľ àăąőâë ŋă ňăèĺŋě 3 ŋě ňőęěâ ąëâì ćëŕőńŋěŋă ć ŕàőňěęãâłě [1; —E^{2n}]: Ŕãáâì àăąőâă J_{n+3} ŋăçĺŋăěâ ćëŕőńŋěŋĺě ŋă ňăèĺŋě 2 ć ňőňěŋâ 1, âőčďă ŋă ňăèĺŋě 1 ŕěàćőľ ćëŕőńŋïěâáï àăąőâă J_{n+4}; áńěďőćăâěńìŋő, s_{n+3;1} = E^{n+1}; C_{n+3;2} = E^{n−1}; ĺ ŋă ňăèĺŋě 3 àăąőâă J_{n+3} ŋăçĺŋăěâáï ć E^{n−1} ĺ ğăćěàèăěâáï ćE^{n+1}: Ŕőńãçăěň ŕàőâĺćőàěçĺě á âěň, çâő ć àăáŕĺáăŋĺĺ s ŋă ňăèĺŋě 3 ćáě àăąőâë ŋăçĺŋăîâ ĺ ğăłăŋçĺćăîâ ćëŕőńŋěŋĺě ć çěâŋëě áâěŕěŋĺ —E: Ăŋăńőčĺçŋő àăááãęďăï ŕőńãçăěň, çâő ć àăáŕĺáăŋĺĺ s ŋă ňăèĺŋě 2 ŋĺ őďŋă ĺğ àăąőâ J_{n+3} ĺ J_{n+4} ŋě ňőęěâ ąëâì ŋăçăâă ć ňőňěŋâ 1 ĺńĺ ğăćěàèěŋă ć ňőňěŋâ —E^{2n}: Śńěďőćăâěńìŋő, ŋă ňăèĺŋě 2 n + 2 őáâăćèĺěáï àăąőâë ćëŕőńŋïîâáï ć ĺŋâěàćăńăå ćàěňěŋĺ [1; —E^2] ĺ [ —E^{2n−2}; —E^{2n}]: Šăł łăł

(¸_{n+1;2} + 1)(¸_{n+2;2} + 1) = (4E^2_0 =E^2)(4E^2) = 16E^2_0 = 4 —E^2 > —E^2;

âő àăąőâë J_{n+1} ĺ J_{n+2} ŋě ňőčãâ ć àăáŕĺáăŋĺĺ s őąě ćëŕőńŋïâìáï ć őďŋőň ĺŋâěàćăńě. Ŕãáâì ďńï őŕàěďěńěŋŋőáâĺ àăąőâă J_{n+1} ć àăáŕĺáăŋĺĺ s ćëŕőńŋïěâáï ć ĺŋâěàćăńě [1; —E^2]: Őąőğŋăçĺň çěàěğ I_1 ňŋőęěáâćő ŋőňěàőć àăąőâ, ćëŕőńŋïěňëå ć íâőň ĺŋâěàćăńě. Ŕőńőęĺň I^′ = I_1 \{n+1}. Ĺňěěň^∏_{i∈I1} (¸_i +1) = —E^2 = 4E^2_0 ; Šőčďă ĺğ (3.1) ĺňěěň —E^2 = 4E^2_0 = 4

E^2_0 E^2 ∏ i∈I^′ e^2_i :

Őâáîďă ŕőńãçăěň^∏_{i∈I′} e_i = E; ĺ ňŋőęěáâćő I^′ ĺáłőňőě. Šěőàěňă ?? ďőłăğăŋă.

Šěőàěňă 32 Ğăďăçă O2|p_{i;m} = ¸_{i;m}s_{i;m}|L_{max} ïćńïěâáï NP -âàãďŋőľ.

Ďőłăğăâěńìáâćő. Ŕőáâàőĺň áćěďěŋĺě ğăďăçĺ ŔŘŐĹĞĆĚĎĚŊĹĚ ŘĂĞ- ŇĚŘŐĆ ł ğăďăçě O2|p_{i;m} = ¸_{i;m}s_{i;m}|L_{max}. Ŕőńőęĺň T = 1; I = |n + 3|; ¸_{i;j} = e_i − 1; 1 ≤ i ≤ n; ¸_{n+1;j} = 2E_0=E − 1; ¸_{n+2;j} = 2E − 1; ¸_{n+3;j} = 2E_0 − 1; 1 ≤ j ≤ 2; d_i = 8E^3_0 1 ≤ i ≤ n + 2; d_{n+3} = 4E^2_0 :

Ŕőłăęěň, çâő ć ŕőáâàőěŋŋőľ ğăďăçě áãéěáâćãěâ àăáŕĺáăŋĺě s, ŋě ŋăàãèăîéěě ďĺàěłâĺćŋëå áàőłőć âőčďă ĺ âőńìłő âőčďă, łőčďă ć I ěáâì ŕőďňŋőęěáâćő I^′ ⊆ I âăłőě, çâő ŕàőĺğćěďěŋĺě àăğňěàőć ěčő íńěňěŋâőć àăćŋő E.

1. Ŕãáâì âăłőě ŕőďňŋőęěáâćő áãéěáâćãěâ. Ŕőáâàőĺň àăáŕĺáăŋĺě s áńěďãîéĺň őąàăğőň. Śčàãŕŕĺàãěň àăąőâë ć âàĺ ňŋőęěáâćă: N_1 = {i|i ∈ I^′} ∪ {n + 1}; N_2 = {n + 3}; N_3 = {i|i ∈ I \ I^′} ∪ {n + 2}: Ŋă ŕěàćőľ ňăèĺŋě àăąőâë ćëŕőńŋïîâáï ć ŕőáńěďőćăâěńìŋőáâĺ (ı_1; ı_2; ı_3); ŋă ćâőàőľ ňăèĺŋě | ć ŕőáńěďőćăâěńìŋőáâĺ (ı_2; ı_3; ı_1); čďě ı_k ŕàőĺğćőńìŋăï ŕěàěáâăŋőćłă àăąőâ ĺğ ňŋőęěáâćă N_k; 1 ≤ k ≤ 3: Šăł łăł ∏ i∈N_k (¸_{i;j} + 1) = 2E_0; 1 ≤ j ≤ 3; âő ć ŕőáâàőěŋŋőň àăáŕĺáăŋĺĺ ćáě ňăèĺŋë àăąőâăîâ ąěğ ŕàőáâőěć ć ŕàőňěęãâłě [1; 8E^3_0 ]; ĺ ćëŕőńŋěŋĺě ćáěå àăąőâ ğăćěàèăěâáï ďő ďĺàěłâĺćŋëå áàőłőć.

2. Ŕãáâì áãéěáâćãěâ àăáŕĺáăŋĺě s âăłőě, çâő L(s) = 0: Šăł łăł ćëŕőńŋěŋĺě àăąőâë n + 3 ć àăáŕĺáăŋĺĺ s ğăćěàèăěâáï ł ňőňěŋâã ćàěňěŋĺ

4E^2_0 ; âő őŋă ćëŕőńŋïěâáï á ňőňěŋâă ćàěňěŋĺ 1 ąěğ ğăďěàęěł. Śńěďőćăâěńìŋő, áãéěáâćãěâ ňăèĺŋă, łőâőàăï ćëŕőńŋïěâ àăąőâã n + 3 ć ŕàőňěęãâőł ćàěňěŋĺ [2E_0; 4E^2_0 ]: Ąěğ őčàăŋĺçěŋĺï őąéŋőáâĺ ňőęŋő áçĺâăâì, çâő íâő ěáâì ňăèĺŋă 1. Šőčďă őáâăńìŋëě àăąőâë ćëŕőńŋïîâáï ŋă ŋěľ ć ŕàőňěęãâłĺ ćàěňěŋĺ [1; 2E_0]; [4E^2_0 ; 8E^3_0 ]: Šăł łăł (¸_{n+1;1}+1)(¸_{n+2;1}+1) = 4E_0 > 2E_0; âő àăąőâë n + 1 ĺ n + 2 ŋă ňăèĺŋě 1 ćëŕőńŋïîâáï ć àăğŋëě ŕàőňěęãâłĺ ćàěňěŋĺ. Ŕãáâì I^′ | ňŋőęěáâćő ŋőňěàőć àăąőâ, łőâőàëě ćëŕőńŋïîâáï ć âőň ęě ŕàőňěęãâłě, çâő ĺ àăąőâă n+1: Šăł łăł ňăèĺŋă 1 àăąőâăěâ ąěğ ŕàőáâőěć, âő ĺğ ńěňňë 2 áńěďãěâ, çâő

2E_0 = (¸_{n+1;1} + 1)^∏_{i∈I′}(¸_{i;1} + 1) = 2

E_0 E ∏ i∈I^′ e_i:

Ŕőíâőňã,^∏_{i∈I′} e_i = E; ĺ ňŋőęěáâćő I^′ ĺáłőňőě. Šěőàěňă 35 ďőłăğăŋă.

3.5 Ŕőńĺŋőňĺăńìŋő-àăğàěèĺňëě áńãçăĺ.

Łăł ąëńő őâňěçěŋő ćëèě, ďńï ŕőçâĺ ćáěå łàĺâěàĺěć àěğãńìâăâë ŕő NP -âàãďŋőáâĺ ğăďăç á ŕőáâőïŋŋëňĺ ďńĺâěńìŋőáâïňĺ ŕěàěŋőáïâáï ŋă ğăďăçĺ á ŕàőáâëň ńĺŋěľŋëň àőáâőň ďńĺâěńìŋőáâěľ. Ăŋăńőčĺçŋăï łăàâĺŋă ŋăąńîďăěâáï ĺ ďńï ŋěłőâőàëå ŕőńĺŋőňĺăńìŋő-àăğàěèĺňëå ğăďăç. Ďńï łăęďőľ ĺğ âăłĺå ğăďăç ňőęŋő ŕőáâàőĺâì ŕőńĺŋőňĺăńìŋëľ ăńčőàĺâň ć ŋěłőâőàőň áňëáńě íłćĺćăńěŋâŋëľ ăńčőàĺâňã ďńï àěèěŋĺï âăłőľ ęě ğăďăçĺ á ŕőáâőïŋŋëňĺ ďńĺâěńìŋőáâïňĺ. Ŋĺęě ďěńăěâáï ŕőŕëâłă ŕàěďńőęĺâì ŋěłőâőàëľ ňěâőď, ŕőğćőńïîéĺľ ŕő ãęě áãéěáâćãîéěňã ăńčőàĺâňã, ŕőáâàőĺâì ďàãčőľ ăńčőàĺâň, àěèăîéĺľ íłćĺćăńěŋâŋãî ğăďăçã.

Ŕãáâì Ŕ | őŕâĺňĺğăæĺőŋŋăï ğăďăçă, I_Ŕ | ĺŋďĺćĺďãăńìŋăï ğăďăçă, s_i| ďőŕãáâĺňőě àěèěŋĺě ğăďăçĺ I_Ŕ; 1 ≤ i ≤ n ĺ f(s_i) | ğŋăçěŋĺě æěńěćőľ äãŋłæĺĺ ŋă ďőŕãáâĺňőň àěèěŋĺĺ s_i. Ŕãáâì ‚(x) : R → R | áâàőčő ćőğàăáâăîéăï äãŋłæĺï.

Őŕàěďěńěŋĺě 2 Ąãďěň čőćőàĺâì, çâő ğăďăçă Ŕ ĺğőňőàäŋă ğăďăçě —Ŕ

őâŋőáĺâěńìŋő äãŋłæĺĺ ‚; ěáńĺ

1. Ďńï ńîąőľ ĺŋďĺćĺďãăńìŋőľ ğăďăçĺ I_Ŕ áãéěáâćãěâ ĺŋďĺćĺďãăńìŋăï ğăďăçă I¯_Ŕ; âăłăï, çâő ďńï ńîąőčő ďőŕãáâĺňőčő àěèěŋĺï s_i ğăďăçĺ I_Ŕ àěèěŋĺě —s_i = ‚(s_i) ïćńïěâáï ďőŕãáâĺňëň ďńï ğăďăçĺ I¯_Ŕ; ĺ ďńï ńîąőčő ďőŕãáâĺňőčő àěèěŋĺï —s_i ğăďăçĺ I¯_Ŕ àěèěŋĺě s_i = ‚^{−1}(—s_i) ïćńïěâáï ďőŕãáâĺňëň àěèěŋĺěň ğăďăçĺ I_Ŕ:

2. —f(‚(s_i)) = ‚(f(s_i)) ďńï ńîąőčő ďőŕãáâĺňőčő àěèěŋĺï s_i ğăďăçĺ I_Ŕ:

Ĺŋďĺćĺďãăńìŋëě ğăďăçĺ, őŕĺáăŋŋëě ć őŕàěďěńěŋĺĺ, ąãďěň ŋăğëćăâì ĺğőňőàäŋëňĺ. Řăááňőâàĺň ğăďăçĺ F 2||C_{max} O2||C_{max}: Ńěňňă 22 1. Őâŋőáĺâěńìŋő äãŋłæĺĺ ‚ = 2^x − b=a ğăďăçă F 2|p_{i;m} = ¸_{i;m}(as_{i;m} + b)|C_{max} ĺğőňőàäŋă ğăďăçě F 2||C_{max}:

2. Őâŋőáĺâěńìŋő äãŋłæĺĺ ‚ = 2^x − b=a ğăďăçă O2|p_{i;m} = ¸_{i;m}(as_{i;m} + b)|C_{max} ĺğőňőàäŋă ğăďăçě O2||C_{max}:

Ďőłăğăâěńìáâćő. Ďőłăęěň ŕãŋłâ 1. Ůĺáńőćëňĺ ŕăàăňěâàăňĺ, åăàăłâěàĺğãîéĺňĺ łăęďãî ĺŋďĺćĺďãăńìŋãî ğăďăçã á ŕőáâőïŋŋëňĺ ďńĺâěńìŋőáâïňĺ, ïćńïîâáï ďńĺâěńìŋőáâĺ ćëŕőńŋěŋĺï őŕěàăæĺľ —p_i: Ć ğăďăçăå á àăáâãéĺňĺ ďńĺâěńìŋőáâïňĺ çĺáńőćëňĺ ŕăàăňěâàăňĺ ïćńïîâáï ćěńĺçĺŋë ¸_i: Őąőğŋăçĺň çěàěğ ˙ ĺ —˙ ňŋőęěáâćă ćáěå őŕěàăæĺľ ć ğăďăçăå F 2||C_{max} ĺ F 2|p_{i;m} = ¸_{i;m}(as_{i;m} + b)|C_{max} áőőâćěâáâćěŋŋő, Ŕãáâì —s_i; i ∈ —˙ | ďőŕãáâĺňőě àăáŕĺáăŋĺě ŋěłőâőàőľ ĺŋďĺćĺďãăńìŋőľ ğăďăçě I¯_Ŕ. Ŕőáâàőĺň ĺŋďĺćĺďãăńìŋãî ğăďăçã I_Ŕ; ĺğőňőàäŋãî ĺŋďĺćĺďãăńìŋőľ ğăďăçě I¯_Ŕ: Ŕőńőęĺň ¸_{i;m} = 2^{p̄i,m} =a−1. Şąěďĺňáï, çâő ć ŕőáâàőěŋŋőľ ğăďăçě s_i = 2^{s̄i} −b=a ïćńïěâáï ďőŕãáâĺňëň àěèěŋĺěň. Őąőğŋăçĺň çěàěğ fi_i ĺ —fi_i ňőňěŋâ ğăćěàèěŋĺï őŕěàăæĺľ ć ğăďăçăå I_Ŕ ĺ I¯_Ŕ áőőâćěâáâćěŋŋő:

fi_i = s_i + ¸_i(as_i + b) = 2^{s̄i} − b a + ¸_ia(2^{s̄i} − b a ) + ¸_ib

= 2^{s̄i} (1 + ¸_ia) − b a = 2^{s̄i} 2^{p̄i} − b a = 2^{fīi} − b a : (3.4)

Ďńï ďőŕãáâĺňőáâĺ àěèěŋĺï ŋěőąåőďĺňő ćëŕőńŋěŋĺě ŋěàăćěŋáâć, áćïğăŋŋëå á ćěńĺçĺŋăňĺ s_i ĺ fi_i. Ŕőíâőňã ĺğ (3:3) ĺ ňőŋőâőŋŋőáâĺ äãŋłæĺĺ 2^x −^b_a áńěďãěâ, çâő ěáńĺ —s_i | ďőŕãáâĺňőě àěèěŋĺě ć ğăďăçě I¯_Ŕ, âő s_i | ďőŕãáâĺňőě àěèěŋĺě ć ğăďăçě I_Ŕ. Ăŋăńőčĺçŋő ŕàőćěàïěâáï ĺ őąàăâŋőě ãâćěàęďěŋĺě. Śőćŕăďěŋĺě æěńěćëå äãŋłæĺľ áńěďãěâ ĺğ àăćěŋáâćă max_{i∈I} 2^{fii} − b a = 2^{maxi∈I fii} − b a : Ćâőàőě ãâćěàęďěŋĺě ńěňňë ďőłăğëćăěâáï ăŋăńőčĺçŋő. Ńěňňă 25 ďőłăğăŋă.

Śńěďáâćĺě 4 Eáńĺ —s_i | őŕâĺňăńìŋőě àěèěŋĺě ğăďăçĺ I¯_Ŕ, âő s_i |

őŕâĺňăńìŋőě àěèěŋĺě ğăďăçĺ I_Ŕ, ĺğőňőàäŋőľ ğăďăçě I¯_Ŕ.

Ć [?], [?] ďńï âőçŋőčő àěèěŋĺï ğăďăç F 2||C_{max}; O2||C_{max} ŕàĺćěďěŋë ŕőńĺŋőňĺăńìŋëě ăńčőàĺâňë á âàãďőěňłőáâìî O(n log n) ĺ O(n); áőőâćěâáâćěŋŋő. Őąőğŋăçĺň ďńĺâěńìŋőáâĺ őŕěàăæĺľ àăąőâë i ŋă ŕěàćőľ ĺ ćâőàőľ ňăèĺŋăå çěàěğ a_i ĺ b_i.

Ăńčőàĺâň AF :

1. Ňŋőęěáâćő àăąőâ I àăğąĺćăěâáï ŋă ďćă ŕőďňŋőęěáâćă I_1 = {i|a_i ≤ b_i} ĺ I_2 = {i|a_i > b_i}:

2. Ŋăåőďĺâáï ŕěàěáâăŋőćłă ı, ć łőâőàőľ áŋăçăńă ĺďãâ őŕěàăæĺĺ ňŋőęěáâćă I_1 ć ŕőàïďłě ŋěãąëćăŋĺï ğŋăçěŋĺľ a_i; ă ğăâěň őŕěàăæĺĺ ňŋőęěáâćă I_2 ć ŕőàïďłě ŋěãąëćăŋĺï ğŋăçěŋĺľ b_i:

3. Ŋăåőďĺâáï àăáŕĺáăŋĺě, őąáńãęĺćăîéěě őŕěàăæĺĺ ć ŕőàïďłě ğăďăŋŋőľ ŕěàěáâăŋőćłőľ ı ŋă őąěĺå ňăèĺŋăå.

Ăńčőàĺâň AO:

1. Ňŋőęěáâćő àăąőâ I àăğąĺćăěâáï ŋă ďćă ŕőďňŋőęěáâćă I_1 = {i|a_i ≤ b_i} ĺ I_2 = {i|a_i > b_i}:

2. Śàěďĺ őŕěàăæĺľ ňŋőęěáâćă I_1 ćëąĺàăěâáï őŕěàăæĺï j_1 âăłăï, çâő b_{j1} ≥ max_{i∈I1} a_i, ă áàěďĺ őŕěàăæĺľ ňŋőęěáâćă I_2 ćëąĺàăěâáï őŕěàăæĺï j_2 âăłăï, çâő a_{j2} ≥ max_{i∈I1} b_i.

3. Ćëçĺáńïěâáï ¸ =^∑_{i∈I} a_i, ˛ =^∑_{i∈I} b_i.

4. Ć áĺńã áĺňňěâàĺĺ ğăďăçĺ ňőęŋő áçĺâăâì, çâő ¸+b_{j2} ≤ ˛ +a_{j1} : Ŋăåőďĺâáï ŕěàěáâăŋőćłă ı_ă = (ı_{I1\j1} ; ı_{I2\j2}; j_2; j_1) ĺ ı_b = (j_1; ı_{I1\j1}; ı_{I2\j2}; j_2); čďě ı_{I1\j1} | ŕàőĺğćőńìŋăï ŕěàěáâăŋőćłă ĺğ I_1 \ j_1, ă ı_{I2\j2} | ŕàőĺğćőńìŋăï ŕěàěáâăŋőćłă ĺğ I_2 \ j_2.

5. Śâàőĺâáï àăáŕĺáăŋĺě, őąáńãęĺćăîéěě őŕěàăæĺĺ ć ŕőàïďłě ğăďăŋŋőľ ŕěàěáâăŋőćłőľ ı_a ŋă ňăèĺŋě 1 ĺ ŕěàěáâăŋőćłőľ ı_b ŋă ňăèĺŋě 2.

Ć őąőĺå ăńčőàĺâňăå őŕěàăæĺï áàăğã áâăćĺâáï ŋă ćëŕőńŋěŋĺě, ěáńĺ ćáě ŕàěďèěáâćãîéĺě őŕěàăæĺĺ ćëŕőńŋěŋë ĺ ňăèĺŋă áćőąőďŋă.

Ăńčőàĺâňë AO ĺ AF àăąőâăîâ áńěďãîéĺň őąàăğőň Ć ăńčőàĺâňăå AO ĺ AF ćěńĺçĺŋë a_i ğăňěŋïîâáï ŋă ¸_i = (a_{i;1} + 1)a; b_i ğăňěŋïîâáï ŋă ˛_i = (a_{i;2} + 1)a ĺ łăęďăï őŕěàăæĺï áńőęěŋĺï ďćãå çĺáěń x_1 + x_2 | ŋă áńěďãîéãî őŕěàăæĺî (x_1 + b=a)(x_2 + b=a) − b=a:

Ăńčőàĺâň AF:

1. Ňŋőęěáâćő àăąőâ I àăğąĺćăěâáï ŋă ďćă ŕőďňŋőęěáâćă I_1 = {i|¸_i ≤ ˛_i} ĺ I_2 = {i|¸_i > ˛_i}:

2. Ŋăåőďĺâáï ŕěàěáâăŋőćłă ı, ć łőâőàőľ áŋăçăńă ĺďãâ őŕěàăæĺĺ ňŋőęěáâćă I_1 ć ŕőàïďłě ŋěãąëćăŋĺï ğŋăçěŋĺľ ¸_i; ă ğăâěň őŕěàăæĺĺ ňŋőęěáâćă I_2 ć ŕőàïďłě ŋěãąëćăŋĺï ğŋăçěŋĺľ ˛_i:

3. Ŋăåőďĺâáï àăáŕĺáăŋĺě, őąáńãęĺćăîéěě őŕěàăæĺĺ ć ŕőàïďłě ğăďăŋŋőľ ŕěàěáâăŋőćłőľ ı ŋă őąěĺå ňăèĺŋăå.

Ăńčőàĺâň AO:

1. Ňŋőęěáâćő àăąőâ I àăğąĺćăěâáï ŋă ďćă ŕőďňŋőęěáâćă I_1 = {i|¸_i ≤ ˛_i} ĺ I_2 = {i|¸_i > ˛_i}:

2. Śàěďĺ őŕěàăæĺľ ňŋőęěáâćă I_1 ćëąĺàăěâáï őŕěàăæĺï j_1 âăłăï, çâő ˛_{j1} ≥ max_{i∈I1} ¸_i, ă áàěďĺ őŕěàăæĺľ ňŋőęěáâćă I_2 ćëąĺàăěâáï őŕěàăæĺï j_2 âăłăï, çâő ¸_{j2} ≥ max_{i∈I1} ˛_i.

3. Ćëçĺáńïěâáï ¸ =^∏_{i∈I}(¸_i + b=a) − b=a, ˛ =^∏_{i∈I}(˛_i + b=a) − b=a. 4. Ć áĺńã áĺňňěâàĺĺ ğăďăçĺ ňőęŋő áçĺâăâì, çâő (¸ + b=a)(˛_{j2} + b=a) ≤ (˛ + b=a)(¸_{j1} + b=a):

Ŋăåőďïâáï ŕěàěáâăŋőćłĺ ı_ă = (ı_{I1\j1}; ı_{I2\j2}; j_2; j_1) ĺ ı_b = (j_1; ı_{I1\j1}; ı_{I2\j2}; j_2); čďě ı_{I1\j1} | ŕàőĺğćőńìŋăï ŕěàěáâăŋőćłă ĺğ I_1 \ j_1, ă ı_{I2\j2} | ŕàőĺğćőńìŋăï ŕěàěáâăŋőćłă ĺğ I_2 \ j_2.

5. Śâàőĺâáï àăáŕĺáăŋĺě, őąáńãęĺćăîéěě őŕěàăæĺĺ ć ŕőàïďłě ğăďăŋŋőľ ŕěàěáâăŋőćłőľ ı_a ŋă ňăèĺŋě a ĺ ŕěàěáâăŋőćłőľ ı_b ŋă ňăèĺŋě b.

Ŕãáâì I_Ŕ | ŕàőĺğćőńìŋăï ĺŋďĺćĺďãăńìŋăï ğăďăçă F 2|p_{i;m} = ¸_{i;m}(as_{i;m}+ b)|C_{max}; ă I¯_Ŕ ĺğőňőàäŋăï ěľ ĺŋďĺćĺďãăńìŋăï ğăďăçă F 2||C_{max}: Ăńčőàĺâň AF ŋăåőďĺâ őŕâĺňăńìŋőě àěèěŋĺě —s_i ğăďăçĺ F 2||C_{max}: Ŕőłăęěň, çâő ăńčőàĺâň AF ŋăåőďĺâ àěèěŋĺě s_i = 2^{s̄i} − b=a), łőâőàőě, łăł ąëńő őâňěçěŋő ćëèě, âăłęě ïćńïěâáï őŕâĺňăńìŋëň. Ďěľáâćĺâěńìŋő, ć ŋăçăńìŋëľ ňőňěŋâ ğŋăçěŋĺî łăęďőčő çĺáńőćőčő ŕăàăňěâàă x ć ğăďăçě I¯_Ŕ áőőâćěâáâćãěâ ğŋăçěŋĺě 2^x−b=a) ć ğăďăçě I_Ŕ. Šăł łăł äãŋłæĺï 2^x−b=a) áâàőčő ćőğàăáâăîéăï, őŕěàăæĺï áàăćŋěŋĺï ďćãå ćěńĺçĺŋ ďăěâ őďĺŋăłőćëľ àěğãńìâăâ. Ŕãáâì ŋă ŋěłőâőàőň èăčě ć ăńčőàĺâňě AF ćëçĺáńïěâáï çĺáńő —x = x_1 + x_2. Šőčďă ć ăńčőàĺâňě AF ŋă íâőň èăčě ŕőńãçăěâáï çĺáńő x = 2^{x1} 2^{x2} − b=a) = 2^{x1+x2} − b=a) = 2^x − b=a): Śńěďőćăâěńìŋő, ăńčőàĺâň AF ŕőńãçĺâ àěèěŋĺě s_i = 2^{s̄i} − b=a). Ŋěőąåőďĺňő őâňěâĺâì, çâő ŕő áàăćŋěŋĺî á ŕěàćőŋăçăńìŋëňĺ ăńčőàĺâňăňĺ őďŋă íńěňěŋâăàŋăï őŕěàăæĺï ğăňěŋěŋă ŋă çěâëàě ďàãčĺå íńěňěŋâăàŋëå őŕěàăæĺĺ, ĺ, áńěďőćăâěńìŋő âàãďőěňłőáâì ŕőńãçěŋŋëå ăńčőàĺâňőć ãćěńĺçĺâáï ŋě ąőńěě, çěň ć çěâëàě àăğă. Ŕàőćěďï ăŋăńőčĺçŋëě àăááãęďěŋĺï ĺ ďńï ăńčőàĺâňă AO ŕőńãçăěň, áńěďãîéěě ãâćěàęďěŋĺě.

Šěőàěňă 33 1.Ăńčőàĺâň AF ŋăåőďĺâ őŕâĺňăńìŋőě àăáŕĺáăŋĺě ğăďă-

çĺ F 2|p_{i;m} = ¸_{i;m}(as_{i;m} + b)|C_{max} á âàãďőěňłőáâìî O(n log n).

2.Ăńčőàĺâň AO ŋăåőďĺâ őŕâĺňăńìŋőě àăáŕĺáăŋĺě ğăďăçĺ O2|p_{i;m} = ¸_{i;m}(as_{i;m} + b)|C_{max} á âàãďőěňłőáâìî O(n).

Ć ğăłńîçěŋĺě ŕăàăčàăäă àăááňőâàĺň ğăďăçĺ F 2|p_{i;m} = ¸_{i;m}(as_{i;m} + b)|L_{max} ĺ O2|p_{i;m} = ¸_{i;m}(as_{i;m} + b)|L_{max}: Łăł ąëńő ďőłăğăŋő ć ŕàěďëďãéěň ŕăàăčàăäě őąě ğăďăçĺ ïćńïîâáï NP -âàãďŋëňĺ. Ŕőíâőňã, ŕàěďáâăćńïěâ ĺŋâěàěá ŕőáâàőěŋĺě ďńï ŋĺå ŕàĺąńĺęěŋŋëå ŕőńĺŋőňĺăńìŋëå ăńčőàĺâňőć. Őďŋăłő ĺğ áŕěæĺäĺłĺ ğăďăç ňĺŋĺňĺğăæĺĺ ňăłáĺňăńìŋőčő ćàěňěŋŋőčő áňěéěŋĺï ćĺďŋő, çâő æěńěćăï äãŋłæĺï ć őŕâĺňăńìŋőň àěèěŋĺĺ ňőęěâ ŕàĺŋĺňăâì ŋãńěćëě ĺ ďăęě őâàĺæăâěńìŋëě ğŋăçěŋĺï. Ŕőíâőňã ŕàĺ ŕőáâàőěŋĺĺ ŕàĺąńĺęěŋŋëå ăńčőàĺâňőć ć ńĺâěàăâãàě ŕő âěőàĺĺ àăáŕĺáăŋĺľ ŕàĺŋïâő àăááňăâàĺćăâì íłćĺćăńěŋâŋëě ğăďăçĺ, ć łőâőàëå ďńï łăęďőľ àăąőâë J_i ďőŕőńŋĺâěńìŋő ğăďăŋő ćàěňï ďőáâăćłĺ (delivery) q_i ≥ 0. Ćàěňï őłőŋçăŋĺï àăąőâë J_i ć âăłĺå ğăďăçăå ćëçĺáńïěâáï ŕő äőàňãńě

C_i = s_i + p_i + q_i: (3.5)

Ŕãáâì D = max_{Ji∈J} d_i Ŕőńőęĺć ďńï łăęďőľ àăąőâë J_k q_k = D − d_k; ŕőńãçĺň, çâő ŋă ńîąőň ďőŕãáâĺňőň àěèěŋĺĺ æěńěćëě äãŋłæĺĺ ďćãå ğăďăç őâńĺçăîâáï ŋă łőŋáâăŋâã D ĺ, áńěďőćăâěńìŋő ğăďăçĺ íłćĺćăńěŋâŋë ňěęďã áőąőľ. Őąőğŋăçĺň ğăďăçĺ á ćàěňěŋăňĺ ďőáâăćłĺ çěàěğ

F 2|p_{i;m} = ¸_{i;m}(as_{i;m}+b); q_i|Ś_{max} ĺ O2|p_{i;m} = ¸_{i;m}(as_{i;m}+b); q_i|C_{max}: Šőčďă ćěàŋő áńěďãîéěě ãâćěàęďěŋĺě.

Śńěďáâćĺě 5 1.Ăńčőàĺâň AF ŋăåőďĺâ àăáŕĺáăŋĺě ğăďăçĺ F 2|p_{i;m} = ¸_{i;m}(as_{i;m} + b); q_i|C_{max} á ŕőčàěèŋőáâìî R_A = 2:

2.Ăńčőàĺâň AO ŋăåőďĺâ àăáŕĺáăŋĺě ğăďăçĺ O2|p_{i;m} = ¸_{i;m}(as_{i;m} + b); q_i|C_{max} á ŕőčàěèŋőáâìî R_A = 2:

Ďőłăğăâěńìáâćő ŋěőŕáàěďáâćěŋŋő áńěďãěâ ĺğ âěőàěňë ??. Őąőğŋăçĺň çěàěğ C^∗_{max} őŕâĺňăńìŋőě àěèěŋĺě ğăďăçĺ F 2|p_{i;m} = ¸_{i;m}(as_{i;m}+b)|C_{max}; ă çěàěğ C^q_{max} őŕâĺňăńìŋőě àěèěŋĺě ğăďăçĺ F 2|p_{i;m} = ¸_{i;m}(as_{i;m}+b); q_i|C_{max}: Šőčďă ĺğ (3.4) ĺ ŋěőâàĺæăâěńìŋőáâĺ ćěńĺçĺŋ q_i ŕőńãçăěň, çâő C^q_{max} ≥ C^∗_{max} ĺ C^q_{max} ≥ max_{Ji∈J} q_i: Ś ďàãčőľ áâőàőŋë âăł łăł ăńčőàĺâň AF ŋăåőďĺâ őŕâĺňăńìŋőě àăáŕĺáăŋĺě ğăďăçĺ F 2|p_{i;m} = ¸_{i;m}(as_{i;m} + b)|C_{max}; âő C_{max}(AF ) ≤ C^∗_{max} + max_{Ji∈J} q_i ≤ 2C^q_{max}:

Ğăłńîçěŋĺě

Śäőàňãńĺàãěň őáŋőćŋëě àěğãńìâăâë ćëŕőńŋěŋŋëå ĺááńěďőćăŋĺľ. 1. Ĺááńěďőćăŋ ŋőćëľ èĺàőłĺľ łńăáá ğăďăç âěőàĺĺ àăáŕĺáăŋĺľ, ć łőâőàëå ďńĺâěńìŋőáâì àăąőâ ğăćĺáĺâ őâ ňőňěŋâă ŋăçăńă ěě ćëŕőńŋěŋĺï.

2. Ďńï áńãçăï, łőčďă ďńĺâěńìŋőáâì łăęďőľ àăąőâë ŕàőŕőàæĺőŋăńìŋă ńĺŋěľŋőľ äãŋłæĺĺ ĺğãçěŋă ćğăĺňőáćïğì ŕőńãçăîéĺåáï ğăďăç á łńăááĺçěáłĺňĺ ğăďăçăňĺ âěőàĺĺ àăáŕĺáăŋĺľ. Ć çăáâŋőáâĺ,

ă) ć ğăďăçăå á őďŋőľ ňăèĺŋőľ ĺ àăğńĺçŋëňĺ łàĺâěàĺïňĺ őŕâĺňĺğăæĺĺ ŕőáâàőěŋë âőçŋëě ŕőńĺŋőňĺăńìŋëě ăńčőàĺâňë őąőąéăîéĺě ĺğćěáâŋëě ăńčőàĺâňë ďńï ğăďăç á äĺłáĺàőćăŋŋëňĺ ďńĺâěńìŋőáâïňĺ.

ą) Řăğàăąőâăŋ ňěâőď, ŕőğćőńïîéĺľ ŕő ĺğćěáâŋëň ŕőńĺŋőňĺăńìŋëň ăńčőàĺâňăň ďńï ğăďăç á äĺłáĺàőćăŋŋëňĺ ďńĺâěńìŋőáâïňĺ áâàőĺâì ŕőńĺŋőňĺăńìŋëě ăńčőàâĺňë ďńï ğăďăç á ďńĺâěńìŋőáâïňĺ ŕàőŕőàæĺőŋăńìŋëňĺ ńĺŋěľŋőľ äãŋłæĺĺ. Ŋă őáŋőćě íâőčő ňěâőďă ŕőáâàőěŋë âőçŋëě ŕőńĺŋőňĺăńìŋëě ăńčőàĺâňë ďńï ğăďăç ňĺŋĺňĺğăæĺĺ ďńĺŋë àăáŕĺáăŋĺï ć áĺáâěňăå ŕőâőçŋőčő ĺ őâłàëâőčő âĺŕă ŋă ďćãå ňăèĺŋăå.

ć) Ĺááńěďőćăŋë ğăďăçĺ á ŕăàăńńěńìŋëňĺ ňăèĺŋăňĺ ĺ ňŋőčőőŕěàăæĺőŋŋëě ğăďăçĺ ŕàĺ ãáńőćĺĺ, çâő ďńĺâěńìŋőáâì łăęďőľ àăąőâë ŕàőŕőàæĺőŋăńìŋă ňőňěŋâã ŋăçăńă ěě ćëŕőńŋěŋĺï. Şáâăŋőćńěŋă NP -âàãďŋőáâì ć áĺńìŋőň áňëáńě ğăďăçĺ ňĺŋĺňĺğăæĺĺ ďńĺŋë àăáŕĺáăŋĺï ć áĺáâěňě ŕőâőçŋőčő âĺŕă ĺğ âàěå ĺ ąőńěě ňăèĺŋ. Ŕőłăğăŋă NP -âàãďŋőáâì ğăďăç ňĺŋĺňĺğăæĺĺ ďńĺŋë àăáŕĺáăŋĺï ŋă ďćãå ĺ ąőńěě ŕăàăńńěńìŋëå ňăèĺŋăå ĺ ć áĺáâěňě őâłàëâőčő âĺŕă ĺğ âàěå ĺ ąőńěě ňăèĺŋ. Şáâăŋőćńěŋă NP -âàãďŋőáâì ğăďăç ňĺŋĺňĺğăæĺĺ ňăłáĺňăńìŋőčő ğăŕăğďëćăŋĺï ć áĺáâěňăå ŕőâőçŋőčő ĺ őâłàëâőčő âĺŕőć ĺğ ďćãå ĺ ąőńěě ňăèĺŋ.

č) Řăááňőâàěŋă ğăďăçă ňĺŋĺňĺğăæĺĺ áãňňăàŋőčő ćàěňěŋĺ ğăćěàèěŋĺï ćëŕőńŋěŋĺï ćáěå àăąőâ ŋă ďćãå ĺďěŋâĺçŋëå ňăèĺŋăå. Ŕőłăğăŋő, çâő ěáńĺ ďńĺâěńìŋőáâì łăęďőľ àăąőâë ŕàőŕőàæĺőŋăńìŋă ňőňěŋâã ŋăçăńă ěě ćëŕőńŋěŋĺï, âő ğăďăçă áâăŋőćĺâáï NP -âàãďŋőľ, ć âő ćàěňï, łăł ć áńãçăě äĺłáĺàőćăŋŋëå ďńĺâěńìŋőáâěľ ğăďăçă ïćńïěâáï ŕőńĺŋńňĺăńìŋő-àăğàěèĺňőľ.

3. Ďńï áńãçăï, łőčďă ďńĺâěńìŋőáâì łăęďőľ àăąőâë ŕàőŕőàæĺőŋăńìŋă ŕàőĺğćőńìŋőľ äãŋłæĺĺ ćëďěńěŋë ŋőćëě èĺàőłĺě łńăááë ŕőńĺŋőňĺăńìŋőàăğàěèĺňëå ğăďăç. Ă ĺňěŋŋő,

ă) ŕőáâàőěŋë âőçŋëě ŕőńĺŋőňĺăńìŋëě ăńčőàĺâňë ďńï ğăďăçĺ ňĺŋĺňĺğăæĺĺ ďńĺŋë àăáŕĺáăŋĺï ŋă őďŋőľ ňăèĺŋě ďńï ŋěŕàěàëćŋőľ ćëŕãłńőľ (ĺńĺ ćőčŋãâőľ) äãŋłæĺĺ.

ą) ŕőáâàőěŋ âőçŋëľ ŕőńĺŋőňĺăńìŋëľ ăńčőàĺâň ďńï ğăďăçĺ ňĺŋĺňĺğăæĺĺ áãňňăàŋőčő ćàěňěŋĺ ğăćěàèěŋĺï ćëŕőńŋěŋĺï ćáěå àăąőâ ŋă őďŋőľ ňăèĺŋě ďńï ŋěŕàěàëćŋőľ ćëŕãłńőľ äãŋłæĺĺ.

ć) ŕàĺ ďőŕőńŋĺâěńìŋëå őčàăŋĺçěŋĺïå ŋă ĺáåőďŋëě ďăŋŋëě ğăďăç ŕőáâàőěŋë âőçŋëě ŕőńĺŋőňĺăńìŋëě ăńčőàĺâňë ďńï ğăďăç ňĺŋĺňĺğăæĺĺ ňăłáĺňăńìŋőčő ğăŕăğďëćăŋĺï ĺ ćğćěèěŋŋőčő áãňňăàŋőčő ćàěňěŋĺ ğăćěàèěŋĺï ćëŕőńŋěŋĺï ćáěå àăąőâ ŋă őďŋőľ ňăèĺŋě ďńï ŋěŕàěàëćŋőľ ćëŕãłńőľ (ĺńĺ ćőčŋãâőľ) äãŋłæĺĺ.

4. Ďńï áńãçăï, łőčďă ďńĺâěńìŋőáâì łăęďőľ àăąőâë ŕàőŕőàæĺőŋăńìŋă áâãŕěŋçăâőľ äãŋłæĺĺ, ãáâăŋőćńěŋă NP -âàãďŋőáâì ğăďăç ňĺŋĺňĺğăæĺĺ ďńĺŋë àăáŕĺáăŋĺï ďăęě ěáńĺ äãŋłæĺï ĺňěěâ âőńìłő őďĺŋ áłăçőł ććěàå ĺńĺ ćŋĺğ.

5. Şáâăŋőćńěŋă NP -âàãďŋőáâì ğăďăçĺ ňĺŋĺňĺğăæĺĺ ďńĺŋë àăáŕĺáăŋĺï, ć łőâőàëå ďńĺâěńìŋőáâì łăęďőľ àăąőâë őŕàěďěńïěâáï ŕàőĺğćőńìŋőľ ćëŕãłńőľ ŋěãąëćăîéěľ łãáőçŋő-ńĺŋěľŋőľ äãŋłæĺěľ.

Śŕĺáőł ńĺâěàăâãàë

[1] Ąãåèâăą Ă.Ă. Šěőàĺï çĺáěń. Ň.: Şçŕěďčĺğ, 1960.

[2] Číàĺ Ň.,Ďęőŋáőŋ Ď. Ćëçĺáńĺâěńìŋëě ňăèĺŋë ĺ âàãďŋőàěèăěňëě ğăďăçĺ. Ň.:Ňĺà,1982.

[3] Łőŋőŋőć Ă.Ć. Ő àăáŕĺáăŋĺïå àăąőâ ŋă őďŋőľ ňăèĺŋě á ďńĺâěńìŋőáâïňĺ, ŋěńĺŋěľŋő ğăćĺáïéĺňĺ őâ ćàěňěŋĺ Ďĺáłàěâŋëľ ăŋăńĺğ ĺ ĺááńěďőćăŋĺě őŕěàăæĺľ Š.2, N 1. 1995. Ś. 21-35.

[4] Łőŋőŋőć Ă.Ć. Łőňąĺŋăâőàŋăï áńőęŋőáâì áőáâăćńěŋĺï àăáŕĺáăŋĺľ ďńï àăąőâ á ŕàőáâëň ńĺŋěľŋëň àőáâőň ďńĺâěńìŋőáâěľ Ďĺáłàěâŋëľ ăŋăńĺğ ĺ ĺááńěďőćăŋĺě őŕěàăæĺľ Š.3, N 2. 1996. Ś. 15-32.

[5] Łőŋőŋőć Ă.Ć. Ğăďăçĺ âěőàĺĺ àăáŕĺáăŋĺľ ŋă őďŋőľ ňăèĺŋě á ďńĺâěńìŋőáâïňĺ àăąőâ, ŕàőŕőàæĺőŋăńìŋëňĺ ŕàőĺğćőńìŋőľ äãŋłæĺĺ Ďĺáłàěâŋëľ ăŋăńĺğ ĺ ĺááńěďőćăŋĺě őŕěàăæĺľ Š.5, N 3. 1998. Ś. 17-37.

[6] Łőŋőŋőć Ă.Ć. Ğăďăçĺ âěőàĺĺ àăáŕĺáăŋĺľ á ďńĺâěńìŋőáâïňĺ, ğăćĺáïéĺňĺ őâ ćàěňěŋĺ. Ăńčőàĺâňë ĺ áńőęŋőáâì. Šěğĺáë ďőłńăďőć. Ćâőàőľ Śĺąĺàáłĺľ Łőŋčàěáá ŕő Ŕàĺłńăďŋőľ ĺ Ĺŋďãáâàĺăńìŋőľ Ňăâěňăâĺłě (ĹŊŔŘĹŇ-96). , Ŋőćőáĺąĺàáł 1996, á 137.

[7] Łőŋőŋőć Ă.Ć. Ğăďăçĺ âěőàĺĺ àăáŕĺáăŋĺľ á ãćěńĺçěŋĺěň ďńĺâěńìŋőáâĺ àăąőâ ğă ŋăàãèěŋĺě ŋőàňăâĺćŋëå áàőłőć. Šěğĺáë ďőłńăďőć.

Ňěęďãŋăàőďŋăï łőŋäěàěŋæĺï Ŕàőąńěňë őŕâĺňĺğăæĺĺ ĺ íłőŋőňĺçěáłĺě ŕàĺńőęěŋĺï. , Őňáł 1997, á 97.

[8] Ňěńìŋĺłőć Ő.Ŋ. Ÿăäàăŋáłĺľ §.Ň. Ŕăàăňěâàĺçěáłăï ğăďăçă âěőàĺĺ àăáŕĺáăŋĺľ. Łĺąěàŋěâĺłă. 1979. N 3. Ś: 53-57.

[9] Ŕăŕăďĺňâàĺã Ţ., Śâăľčńĺæ Ł. Łőňąĺŋăâőàŋăï őŕâĺňĺğăæĺï. Ăńčőàĺâňë ĺ áńőęŋőáâì.Ňĺà, 1985.-510 á.

[10] Řěľŋčőńìď İ., Ŋĺćěàčěńìâ đ., Ďěő Ŋ. Łőňąĺŋăâőàŋëě ăńčőàĺâňë.

Šěőàĺï ĺ ŕàăłâĺłă. Ňĺà, 1980.-476 á.

[11] Šăŋăěć Ć.Ś., Čőàďőŋ Ć.Ś., Ÿăäàăŋáłĺľ §.Ň. Šěőàĺï àăáŕĺáăŋĺľ.

Őďŋőáâăďĺľŋëě áĺáâěňë. Ŋăãłă. Ňőáłćă. 1984.

[12] Šăŋăěć Ć.Ś., Śőâáłőć đ.Ŋ., Śâàãáěćĺç Ć.Ă. Šěőàĺï àăáŕĺáăŋĺľ.

Ňŋőčőáâăďĺľŋëě áĺáâěňë. Ŋăãłă. Ňőáłćă. 1989.

[13] Šăŋăěć Ć.Ś. Ÿłãàąă Ć.Ć. Ććěďěŋĺě ć âěőàĺî àăáŕĺáăŋĺľ. Ŋăãłă.

Ňőáłćă. 1975.

[14] Alidaee B. A Heuristic Solution Procedure to Minimize Makespan on a Single Machine with Non-linear Cost Functions. J. Opnl. Res. Soc. V.41, 1990. P. 1065-1068.

[15] Alidaee B., Landram F. Scheduling Deteriorating Jobs on a single Processor. Opns. Res. Letts. V.17, 1996. P.507-510.

[16] Browne S. Yechiali U. Scheduling deterioration jobs on a single processor. Oper. Res. V.38, 1990. P. 495-498.

[17] Chen Z-L. A note on single-processor scheduling with time-dependent execution times. Operations research letters, 1995. V. 17 , ü3. P. 127- 129.

[18] Chen Z-L. Parallel machine scheduling with time dependent processing times. Discrete Applied Mathematics, V. 70 (1996), P. 81-93.

[19] Chen Z-L. Erratum to "Parallel machine scheduling with time dependent processing times."Discrete Applied Mathematics , V. 75 (1997), P. 103.

[20] Cheng, T.C., Ding Q. The complexity of scheduling starting time dependent tasks with release times. Information Processing Letters V.65, 1998, 75-79.

[21] Conway R.W., Maxwell W.L., Miller L.W. Theory of scheduling.

Addison-Wesley, Reading, MA.

[22] Du J.,Leung J.Y.-T. Minimizing total tardiness on one machine is NP-hard. Math. Oper .Res. 1990. v.15, N. 3. P. 483-495.

[23] Garey M.R. Johnson D.S. Computers and Intractability: a Guide to the Theory of NP-Completness. Freeman, San Francisco.

[24] Gawiejnowicz S. Brief survey of continuous models of scheduling.

Foundations of Computing and Decision Sciences, vol. 21 (1996), no. 2, 81{100.

[25] Gawiejnowicz S., Pankowska L. Scheduling jobs with varying processing times. Information Processing Letters V.54, 1995. P. 175- 178.

[26] Glazebrook K.D. Single-Machine Scheduling of stochastic Jobs Subject to Deterioration or Delay. Nav.Res.Logist.Quart. V.39, 1992. P. 613- 633.

[27] Gonzalez T., Sahni S. Open shop scheduling to minimize ˛nish time.

J. Assoc. Comput. Mach. V. 23. 1976. P. 665-679.

[28] Graham R.L., Lawler E.L., Lenstra J.K., Rinnooy Kan A.H.G.

Optimization and approximation in deterministic sequencing and scheduling: a survey Ann.Discrete Math. V.5. 1979. P. 287-326.

[29] Gupta J.N.D. Gupta S.K. Single facility scheduling with nonlinear processing times. Computers ind. Engng. V.14, N 4, 1988. P. 387- 393.

[30] K.I.-J.Ho, J.Y.-T.Leung, W.D.Wei, Complexity of scheduling tasks with time-dependent execution times Information Processing Letters V.48, 1993, 315-320.

[31] Jackson J.R. Scheduling a production line to minimize maximum tardiness. Res.rep. 43, Management Science Research Project, University of California, Los-Angeles.

[32] Jonson S.M. Optimal two and three stage production schedules with set up times included Naval.Res.Logist.Quart. 1954. V.1, N.1. P.61-68.

[33] Karp R.M. Reducibility among combinatorial problems. R.E.Miller, J.W.Thatcher (eds.) Complexity of Computer Computations, Plenum Press, New York 1972. P.85-103.

[34] Kononov A.V. On schedules of a single machine jobs with processing times nonlinear in time. Operations Research and Discrete Analysis. Mathematics and Its Applications, Kluwer Academic Publishers, Dordrecht. 1997, 109-123.

[35] Kononov A.V. Scheduling Problems with Linear Increasing Processing Times. Operations Research Proceedings 1996, Springer 1997. P. 208- 212.

[36] Kononov A.V. Complexity of Scheduling Problems with the Time- Dependent Processing Times. Third Workshop on Models and Algorithms for Planning and Scheduling Problems. Abstracts. Cambridge, 1997, P. 29.

[37] Kononov A.V. Exact polynomial algorithms and complexity of some parametric scheduling problems on a single machine. International Symposium on Combinatorial Optimization. Abstracts. Brussel, 1998, P. 96.

[38] Kovalyov M.Y., Kubiak W. A fully polynopmial Approximation Scheme for Minimizing Makespan of Deteriorating Jobs Journal of Heuristics V 3, 1998. P.287-297.

[39] Kunnarthur A.S., Gupta S.K. Minimizing the makespan with late start penalties added to processing times in a single facility scheduling problem. Europian J. Oper. Res. V. 47, N 1. 1990. P. 56-64.

[40] Kubiak W., van de Velde S.L. Scheduling deteriorating jobs to minimize makespan. Report LPOM-94-12, Laboratory of Production and Operations Management, Department of Mechanical Engineering, Univercity of Twente, 1994.

[41] Lawler E.L. A "pseudopolynomial"algorithm for sequencing jobs to minimize total tardiness. Ann. of Discrete Math. Amsterdam:North- Holland 1977. V 1. P.331-342.

[42] Lawler E.L. Optimal sequensing of a single machine subject to precedence constraints. Management Sci. 1973, V 19, P. 544-546.

[43] E.L. Lawler, J.K. Lenstra, A.H.G. Rinnooy Kan, D.B. Shmoys, Sequensing and scheduling: Algorithms and complexity, in Handbooks in Operation Research and Management Science, Vol 4, North Holland, 1993, 445-522.

[44] Mosheiov G. Scheduling jobs under simple linear deterioration.

Computers Operations Research. V.21, N 6, 1994. P. 653-659. [45] Mosheiov G. V-shaped policies for scheduling deteriorating jobs. Oper.

Res. V.39, N 6, 1991. P. 979-991.

[46] Moore J.M. An n job, one machine sequensing algorithm for minimizing the number of late jobs. Management Sci. V.15, P.102- 109.

[47] Pilliboothamgudi, Sundararaghavan S., Kunnathur A.S. Single machine scheduling with start time dependent processing times: Some solvable cases. European Journal of Operational Research, V. 78 (1994), no. 3, 394{403.

[48] Woeginger G.J. Scheduling with time-dependent execution times.

Information Processing Letters, vol. 54 (1995), 155{156.