Ŕőńãíňŕĺàĺçěáłĺľ ăŋăńĺğ íńěłâàőŋŋőľ áâàãłâãàë ňőńěłãń á ĺáŕőńìğőćăŋĺěň ćăàĺăæĺőŋŋőľ ćőńŋőćőľ äãŋłæĺĺ íńěłâàőŋőć ć ŕàĺąńĺęěŋĺĺ ĂŔŚŃČ.

Ă.Ň. Šőłňăçěć, Ă.Ń. Ůãčàěěć ČŊŰ ŘŤ Ŋăãçŋő-Ĺááńěďőćăâěńìáłĺľ Ťĺğĺłő-Ţĺňĺçěáłĺľ Ĺŋáâĺâãâ ĺň. Ń.§. Łăàŕőćă Ćőàőŋæőćő ŕőńě 10, 103064, Ňőáłćă

äăłá +7-(095)-975-2450 Ćëáèĺľ Ţĺňĺçěáłĺľ Łőńńěďę ŘĂŊ

8 ďěłăąàï 1999

Ăŋŋőâăæĺï Řăğàăąőâăŋ ŕőńãíňŕĺàĺçěáłĺľ ňěâőď àăáçěâă íńěłâàőŋŋőľ áâàãłâãàë ňőńěłãń, ãçĺâëćăîéĺľ ŕăàŋãî łőààěńïæĺî íńěłâàőŋőć, őąàăğãîéĺå åĺňĺçěáłãî áćïğì. Ć łăçěáâćě íńěłâàőŋŋőľ ćőńŋőćőľ äãŋłæĺĺ ňőńěłãń ĺáŕőńìğőćăŋő ăŋâĺáĺňňěâàĺğőćăŋŋőě ŕàőĺğćěďěŋĺě áâàőčő ńőłăńĺğőćăŋŋëå čěňĺŋăńěľ (ĂŔŚŃČ). Ŕőńãçěŋŋëň ňěâőďőň àăááçĺâăŋ àïď âěáâőćëå ňőńěłãń, á ĺáŕőńìğőćăŋĺěň łăł áâăŋďăàâŋőľ, âăł ĺ ňőďĺäĺæĺàőćăŋŋőľ ŕăàăňěâàĺğăæĺĺ MINDO/3.

1 Ććěďěŋĺě.

Ć áőćàěňěŋŋëå ab-initio ňěâőďăå łćăŋâőćőľ åĺňĺĺ ŕőńãçěŋĺě ãďőćńěâćőàĺâěńìŋëå á âőçłĺ ğàěŋĺï åĺňĺĺ àěğãńìâăâőć ďőáâĺčăěâáï ğă áçěâ àăáèĺàěŋĺï ąăğĺáă őďŋőíńěłâàőŋŋëå äãŋłæĺľ, ãçěâă ąőńìèěčő çĺáńă łőŋäĺčãàăæĺľ ĺńĺ ãçěâă ŕőŕàăćőł âěőàĺĺ ćőğňãéěŋĺľ ćëáèĺå ŕőàïďłőć. İâĺ ŕőďåőďë âàěąãîâ ğŋăçĺâěńìŋëå ğăâàăâ ňăèĺŋŋőčő ćàěňěŋĺ, łőâőàëě ł âőňã ęě ąëáâàő àăáâãâ á ãćěńĺçěŋĺěň àăğňěàă áĺáâěňë (ćŕńőâì ďő N^5 − N^7, čďě N-àăğňěàŋőáâì ąăğĺáă őďŋőíńěłâàőŋŋëå őàąĺâăńěľ) [1]. İâő őčàăŋĺçĺćăěâ ŕàĺňěŋĺňőáâì ab-initio ŕőďåőďőć ł àěăńìŋëň áĺáâěňăň, ŕàěďáâăćńïîéĺň ĺŋâěpěá á ŕàăłâĺçěáłőľ âőçłĺ ğàěŋĺï.

Ŕőńãíňŕĺpĺçěáłĺě ňěâőďë, ĺáŕőńìğãîéĺě ŕàĺąńĺęěŋĺě áăňőáőčńăáőćăŋŋőčő ŕőńï ďńï ŕàőąŋőľ ćőńŋőćőľ äãŋłæĺĺ íńěłâàőŋőć, ďőáâĺčăîâ åĺňĺçěáłĺ őáňëáńěŋŋëå àěğãńìâăâőć ğă áçěâ ŕőďąőàă ŕăàăňěâàőć íâĺå ňěâőďőć ŕőď íłáŕěàĺňěŋâăńìŋő ŋăąńîďăěňëě ğŋăçěŋĺï âěőàěâĺçěáłĺ ćëçĺáńěŋŋëå áćőľáâć. Őďŋăłő, àőáâ ğăâpăâ ňăèĺŋŋőčő ćpěňěŋĺ őâ çĺáńă ąăğĺáŋëå äãŋłæĺľ ŕpěďáâăćńïěâáï łãąĺçěáłőľ ğăćĺáĺňőáâìî N^3, ŕőíâőňã ĺ ĺå ŕàĺňěŋěŋĺě ł áĺáâěňăň ąőńìèőčő àăğňěàă ňőęěâ áâăńłĺćăâìáï á őŕàěďěńěŋŋëňĺ âàãďŋőáâïňĺ. Śâőńì ćëáőłĺě âàěąőćăŋĺï ł ćëçĺáńĺâěńìŋëň àěáãàáăň ŋě ŕőğćőńïîâ ŕàĺňěŋïâì ňěâőďë łćăŋâőćőľ åĺňĺĺ ŕàĺ ňăááĺàőćăŋŋëå àăáçěâăå ŕőâěŋæĺăńìŋőľ íŋěàčĺĺ ňőńěłãńïàŋëå áĺáâěň, ŋěőąåőďĺňëå, ŋăŕàĺňěà, ć ğăďăçăå ňőńěłãńïàŋőľ ďĺŋăňĺłĺ åĺňĺçěáłĺå àěăłæĺľ. Ŕőíâőňã á ŕàăłâĺçěáłőľ ĺ ňěâőďĺçěáłőľ âőçěł ğàěŋĺï ćăęŋő àăğćĺâĺě łćăŋâőćő-åĺňĺçěáłĺå ňěâőďőć á ğăćĺáĺňőáâìî őâ păğňěpă áĺáâěňë ąőńěě áńăąőľ, çěň łãąĺçěáłăï. Ďńï ŕőáâàőěŋĺï âăłĺå ňěâőďőć áńěďãěâ ĺğąěčăâì ďĺăčőŋăńĺğăæĺĺ ňăâàĺæ àăğňěàă N × N. Ć àăąőâăå [2,3], ŋăŕàĺňěà, ãłăğăŋŋăï ďĺăčőŋăńĺğăæĺï őąåőďĺâáï ğă áçěâ ŋĺçěň ŋěáłőňŕěŋáĺàőćăŋŋőčő ŕàěŋěąàěęěŋĺï ňăâàĺçŋëňĺ íńěňěŋâăňĺ äőłĺăŋă ňěęďã ąăğĺáŋëňĺ äãŋłæĺïňĺ, æěŋâàĺàőćăŋŋëňĺ ŋă ãďăńěŋŋëå ć ŕàőáâàăŋáâćě ăâőňăå. Őďŋăłő, ńĺŋěľŋőľ ğăćĺáĺňőáâĺ ğăâàăâ ňăèĺŋŋőčő ćàěňěŋĺ őâ àăğňěàă áĺáâěňë ňőęŋő ďőáâĺčŋãâì ććěďěŋĺěň ąăğĺáă őďŋőíńěłâàőŋŋëå äãŋłæĺľ, őŕàěďěńïěňëå ŕőňĺňő Ţăàâàĺ-Ťőłőćáłőľ ŕàőæěďãàë, ă ĺňěŋŋő, ŕàĺ ĺáŕőńìğőćăŋĺĺ áőćěàèěŋŋő ďàãčőľ äőàňë ćăàĺăæĺőŋŋőľ ćőńŋőćőľ äãŋłæĺĺ íńěłâàőŋőć. Ŋă íâőň ŕãâĺ ćőğňőęŋő áőğďăŋĺě ňěâőďőć, íääěłâĺćŋëå á âőçłĺ ğàěŋĺï ğăâàăâ ňăèĺŋŋőčő ćàěňěŋĺ, ĺ őďŋőćàěňěŋŋő ãçĺâëćăîéĺå łőààěńïæĺî íńěłâàőŋőć [4]. Ĺňěŋŋő íâőâ ŕőďåőď ąãďěâ ĺáŕőńìğőćăŋ ć ŋăáâőïéěľ àăąőâě.

Ďàãčőľ ăáŕěłâ ŕàĺňěŋĺňőáâĺ ňěâőďă ňőńěłãńïàŋőľ ďĺŋăňĺłĺ ĺńĺ ňěâőďă Ňőŋâě-Łăàńő ł ŕàőąńěňăň åĺňĺçěáłőľ àěăłæĺőŋŋőľ áŕőáőąŋőáâĺ áőáâőĺâ ć âőň, çâő ďńï őŕĺáăŋĺï åĺňĺçěáłĺå ŕàěćàăéěŋĺľ, ĺňěîéĺå ňěáâő ć ąőńìèĺå ňőńěłãńăå, ć ŕàĺŋæĺŕě, ŋěâ ŋěőąåőďĺňőáâĺ ć ŕàĺňěŋěŋĺĺ łćăŋâőćőåĺňĺçěáłőčő (łćăŋâőćőňěåăŋĺçěáłőčő) őŕĺáăŋĺï łő ćáěľ ňőńěłãńě, âăł łăł áőąáâćěŋŋő åĺňĺçěáłĺě ŕàěćàăéěŋĺï ğăâàăčĺćăîâ ńĺèì ěě ňăńãî çăáâì. İâő őąáâőïâěńìáâćő àăğŋëě ăćâőàë ŕëâăîâáï ãçěáâì, ŕàĺňěŋïï păğŋőãpőćŋěćőě őŕĺáăŋĺě ďńï păğŋëå çăáâěľ ňőńěłãńë [5, 6]. Řěăłæĺőŋŋëľ æěŋâp ŕàĺ íâőň őŕĺáëćăîâ âőçŋëňĺ ňěâőďăňĺ łćăŋâőćőľ åĺňĺĺ, ă őáâăćèãîáï çăáâì - ňěâőďăňĺ ňőńěłãńïpŋőľ ňěåăŋĺłĺ [7]. Őďŋăłő, ć ŋăáâőïéěě ćàěňï âăłőčő àőďă ŕőďåőďë ŕàěďáâăćńïîâ áőąőľ ad hoc ŕàőæěďãàë, ć łőâőàëå äőàňă ĺ åăàăłâěà ćğăĺňőďěľáâćĺï çăáâěľ áĺáâěňë, őŕĺáëćăěňëå łćăŋâőćőåĺňĺçěáłĺňĺ ňěâőďăňĺ ĺ ňőńěłãńïàŋőňěåăŋĺçěáłĺňĺ ňěâőďăňĺ ŋě ĺňěěâ ŋĺłăłőčő őąőáŋőćăŋĺï [8{26]. Ć ďěľáâćĺâěńìŋőáâĺ âăłőě őŕĺáăŋĺě âpěąőćăńő ąë ïćŋőčő păğďěńěŋĺï ŕěpěňěŋŋëå. Šăłăï ŕàőæěďãàă, ąãďãçĺ ćëŕőńŋěŋŋőľ, őąěáŕěçĺńă ąë łőààěłâŋëľ äãŋłæĺőŋăńìŋëľ ćĺď áèĺćłĺ àăğŋőàőďŋëå őŕĺáăŋĺľ àăğŋëå çăáâěľ ňőńěłãńïàŋőľ áĺáâěňë.

Őâďěńěŋĺě íńěłâàőŋŋëå ŕěàěňěŋŋëå, łőŋâàőńĺàãîéĺå åĺňĺçěáłőě ŕàěćàăéěŋĺě, őâ łőőàďĺŋăâ őáâăńìŋëå íńěłâàőŋőć áâăńłĺćăěâáï á őŕàěďěńěŋŋëňĺ âàãďŋőáâïňĺ. Śâăŋďăàâŋëě łćăŋâőćőåĺňĺçěáłĺě ŕàőæěďãàë, őáŋőćăŋŋëě ŋă ŕàĺąńĺęěŋĺĺ ŇŐ ŃŁĂŐ, ŕàěďőáâăćńïîâ ŋăň ďěńőłăńĺğőćăŋŋőě őŕĺáăŋĺě áĺáâěňë. Łăŋőŋĺçěáłĺě ŇŐ, ďěńőłăńĺğőćăŋŋëě ŕő ćáěľ ňőńěłãńě, ŋě őąńăďăîâ áćőľáâćőň ŕěàěŋőáĺňőáâĺ ĺ ŕőíâőňã őŕĺáăŋĺě ć âěàňĺŋăå ŇŐ ŃŁĂŐ ŋě ňőęěâ őąěáŕěçĺâì łőppěłâŋãî áèĺćłã, łőčďă păğŋëě áćïğĺ őďŋőčő ăâőňă ŕpĺŋăďńěęăâ păğŋëň ŕőďáĺáâěňăň. Ńőčçŋőľ őáŋőćőľ ďńï ŕőáâàőěŋĺï áňěèăŋŋëå QM/MM ňěâőďőć ňőč ąë áâăâì âăłőľ łćăŋâőćőåĺňĺçěáłĺľ ňěâőď őŕĺáăŋĺï íńěłâàőŋŋőľ áâàãłâãàë ňőńěłãń, ć łőâőàőň őďŋőíńěłâàőŋŋëě áőáâőïŋĺï åőàőèő ńőłăńĺğőćăŋë. Ć ňěâőďě, őáãéěáâćńïîéěň áèĺćłã, ćőńŋőćăï äãŋłæĺï áĺáâěňë ďőńęŋă áâpőĺâìáï ĺğ ńőłăńĺğőćăŋŋëå ďćãåíńěłâpőŋŋëå áćïğěćëå ćőńŋőćëå äãŋłæĺľ (čěňĺŋăńěľ) [27]. Ŕőńãçăîéĺěáï ć íâőň ňěâőďě ćŋãâpĺáćïğěćëě áćőľáâćă ĺ åăpăłâěpĺáâĺłĺ ňěęáćïğěćëå ćğăĺňőďěľáâćĺľ ĺňěîâ ŋăčńïďŋëľ äĺğĺçěáłĺľ áňëáń ĺ ňőčãâ ąëâì ĺŋâěpŕpěâĺpőćăŋë ć ćĺďě ćłńăďőć, ăŋăńőčĺçŋëå âěň, łőâőàëňĺ őŕěàĺàãěâ ňěâőď ňőńěłãńïpŋőľ ňěåăŋĺłĺ.

Ŕőńãíňŕĺàĺçěáłĺľ łćăŋâőćőåĺňĺçěáłĺľ ňěâőď ňőęěâ ąëâì ŕőáâàőěŋ ďńï àăğŋëå ŕàőąŋëå ćőńŋőćëå äãŋłæĺľ. Łőŋłàěâŋëľ ćĺď ćőńŋőćőľ äãŋłæĺĺ őŕàěďěńïěâáï őáőąěŋŋőáâïňĺ łńăááă ňőńěłãń, ŋă łőâőàëľ őàĺěŋâĺàőćăŋ ňěâőď, ĺ âěňĺ äĺğĺçěáłĺňĺ áćőľáâćăňĺ ĺńĺ ïćńěŋĺïňĺ, łőâőàëě ŋěőąåőďĺňő ćőáŕàőĺğćěáâĺ ć ěčő àăňłăå. Šăł, ďńï őŕĺáăŋĺï åĺňĺçěáłĺå ŕàěćàăéěŋĺľ ćăęŋő ãňěâì őŕĺáëćăâì àăğàëć ĺ őąàăğőćăŋĺě åĺňĺçěáłĺå áćïğěľ. Őďŋăłő, ŕàőąŋăï ćőńŋőćăï äãŋłæĺï őďŋőíńěłâàőŋŋőčő ŕàĺąńĺęěŋĺï, łăł åőàőèő ĺğćěáâŋő, ĺňěěâ ŋěŕàăćĺńìŋëľ ŕàěďěń ŕàĺ àăğàëćě áćïğěľ, çâő őáőąěŋŋő ŋăčńïďŋő ćĺďŋő ŋă ŕàĺňěàě ňőńěłãńë ćőďőàőďă: ćŋě ğăćĺáĺňőáâĺ őâ àăááâőïŋĺï ňěęďã ăâőňăňĺ ćőďőàőďă ćőńŋőćăï äãŋłæĺï íńěłâàőŋőć ć íâőň ŕàĺąńĺęěŋĺĺ őáâăěâáï ŋěĺğňěŋŋőľ, ă ćěáă ĺőŋŋëå ĺ łőćăńěŋâŋëå łőŋäĺčãàăæĺľ àăćŋëňĺ, çâő ŕàĺćőďĺâ ł äĺğĺçěáłĺ ŋěŕàăćďőŕőďőąŋőňã őŕĺáăŋĺî áĺáâěňë ŕàĺ ąőńìèĺå ňěęăâőňŋëå àăááâőïŋĺïå, â. ě. ŕàĺ čőňőńĺâĺçěáłőň àăğàëćě σ-áćïğĺ.

Ś ďàãčőľ áâőàőŋë, âěőpĺï păğďěńěŋŋëå íńěłâpőŋŋëå ŕăp, ć łőâőàőľ ŕàőąŋăï ćőńŋőćăï äãŋłæĺï őáŋőćŋőčő áőáâőïŋĺï 2n-íńěłâpőŋŋőľ áĺáâěňë áâpőĺâáï ć ćĺďě ăŋâĺáĺňňěâpĺğőćăŋŋőčő ŕpőĺğćěďěŋĺï n áĺńìŋő őpâőčőŋăńìŋëå čěňĺŋăńěľ [28] ãçĺâëćăěâ ćŋãâàĺáćïğěćëě łőààěńïæĺĺ íńěłâàőŋőć, âő ěáâì őŕàěďěńïěâ áőőâŋőèěŋĺě ĺőŋŋëå ĺ łőćăńěŋâŋëå ćłńăďőć ćăàĺăæĺőŋŋő, çâő ŕőğćőńïěâ łőààěłâŋő őŕĺáëćăâì ŕàěďěń, őâćěçăîéĺľ čőňőńĺâĺçěáłőňã àăğàëćã σ-áćïğěľ.

Őáőąőčő ćŋĺňăŋĺï ć íâőň łőŋâěłáâě ğăáńãęĺćăěâ ňěâőď PCILO [29], łőâőpëľ őáŋőćăŋ ŋă ĺáŕőńìğőćăŋĺĺ âěőpĺĺ ćőğňãéěŋĺľ ďńï ãçěâă łőààěńïæĺĺ íńěłâàőŋőć, ŋő ć łăçěáâćě ŕàĺąńĺęěŋŋőčő őáŋőćŋőčő áőáâőïŋĺï ĺáŕőńìğãěâ ćőńŋőćãî äãŋłæĺî őďŋőíńěłâàőŋŋőčő ŕàĺąńĺęěŋĺï, łőâőàăï łőŋáâàãĺàãěâáï ĺğ áćïğěćëå ćőńŋőćëå äãŋłæĺľ, őŕàěďěńěŋŋëå a priori. Ć áćőî őçěàěďì, áćïğěćëě ćőńŋőćëě äãŋłæĺĺ ć íâőň ňěâőďě ŕpěďŕőńăčăîâáï ńőłăńĺğőćăŋŋëňĺ ĺ áâàőïâáï ďńï łăęďőľ áćïğĺ ňăłáĺňĺğăæĺěľ ŕěàěłàëćăŋĺï čĺąàĺďŋëå őàąĺâăńěľ (ČŐ). Šăłőě őŕpěďěńěŋĺě őâŋîďì ŋě čăpăŋâĺpãěâ âőčő, çâő ŕőńãçěŋŋëě ČŐ ąãďãâ őŕâĺňăńìŋëňĺ á âőçłĺ ğàěŋĺï ćăàĺăæĺőŋŋőčő ŕàĺŋæĺŕă. Łàőňě âőčő, ąőńìèĺě ćŋãâpĺáćïğěćëě łőppěńïæĺőŋŋëě ŕőŕpăćłĺ ãçĺâëćăîâáï âőńìłő ŕő âěőpĺĺ ćőğňãéěŋĺľ, çâő ňőęěâ ćëğćăâì ŋěęěńăâěńìŋëě ŕpőąńěňë áő áåőďĺňőáâìî ěě pïďőć. Őďŋăłő, ŋěâ ŋěőąåőďĺňőáâĺ ćëçĺáńïâì ćŋãâpĺáćïğěćëě łőppěńïæĺőŋŋëě íääěłâë ć păňłăå âěőpĺĺ ćőğňãéěŋĺľ - őŋĺ ňőčãâ ąëâì ćëçĺáńěŋë ćăàĺăæĺőŋŋő. Ďńï íâőčő ŋãęŋő pěèĺâì łćăŋâőćőňěåăŋĺçěáłãî ğăďăçã ďńï łăęďőľ ďćãåíńěłâpőŋŋőľ áćïğĺ (ŕăàë íńěłâàőŋőć) ć ŕpěďěńăå ŕőďŕpőáâpăŋáâćă őâŋőáïéĺåáï ł ŋěľ ąăğĺáŋëå őďŋőíńěłâàőŋŋëå äãŋłæĺľ. Ŕpĺ íâőň ňë ŕpĺåőďĺň ł âěőpĺĺ, łőâőpăï ďăěâ ŋăň ŋăĺńãçèãî ńőłăńìŋãî ďćãåíńěłâàőŋŋãî ćőńŋőćãî äãŋłæĺî (čěňĺŋăńì), ŕpěďáâăćńïîéãî åĺňĺçěáłãî áćïğì. Šăłőě àăááňőâàěŋĺě ŕăà íńěłâàőŋőć ŕàĺ őŕĺáăŋĺĺ áńőęŋőľ ňőńěłãńë áőőâćěâáâćãěâ ĺŋâãĺâĺćŋő ïáŋőľ åĺňĺçěáłőľ łőŋæěŕæĺĺ íńěłâàőŋŋëå ŕăà, ćőáåőďïéěľ ěéě ł Ńìîĺáã. Ć âő ęě ćàěňï, ć àăňłăå ďăŋŋőčő ŕőďåőďă Ńìîĺáőćáłĺě ŕàěďáâăćńěŋĺï őłăğëćăîâáï àěğãńìâăâőň őŕâĺňĺğăæĺĺ ŕőńŋőľ íŋěàčĺĺ ŋă őŕàěďěńěŋŋőň łńăááě äãŋłæĺľ. Łăł ŕőłăğëćăîâ àăáçěâë łőŋłàěâŋëå ňőńěłãń, ďńï áĺáâěňë á çĺáńőň ąăğĺáŋëå äãŋłæĺľ őłőńő 100 ćëçĺáńěŋĺě íńěłâàőŋŋőľ áâàãłâãàë ňěâőďőň PCILO ŕàĺňěàŋő ć 100 àăğ ąëáâàěě àăáçěâă á ŕàĺňěŋěŋĺěň ŕàőæěďãàë ŚŚŔ [30].

Ć ńĺâěàăâãàě őŕĺáăŋë âăłęě ĺ ćăpĺăæĺőŋŋëě ňěâőďë, ĺáŕőńìğãîéĺě ńőłăńĺğőćăŋŋëě őàąĺâăńĺ. İâĺ őàąĺâăńĺ ńőłăńĺğőćăŋë ŋă áćïğïå ĺńĺ ŋěŕőďěńěŋŋëå íńěłâàőŋŋëå ŕăàăå ĺ ŋě áőďěàęăâ "åćőáâőć" ŋă őáâăńìŋëå ăâőňăå ňőńěłãńë. Šăłĺě MO ŕőńãçĺńĺ ŋăğćăŋĺě áâàőčő ńőłăńĺğőćăŋŋëå (SLMO) [31]. Ďńï ŋăáëéěŋŋëå őàčăŋĺçěáłĺå ňőńěłãń, çìĺ łăŋőŋĺçěáłĺě MO ňőęŋő åőàőèő ńőłăńĺğőćăâì áâăŋďăàâŋëňĺ ňěâőďăňĺ ńőłăńĺğăæĺĺ [32{36], őáŋőćăŋŋëňĺ ŋă ćăàìĺàőćăŋĺĺ ŕàőĺğćőńìŋëå łàĺâěàĺěć ńőłăńĺğăæĺĺ, őàąĺâăńĺ ŕàĺąńĺęěŋĺï SLMO őłăğëćăîâáï ŋěŕńőåĺň ŕàĺąńĺęěŋĺěň ł ŇŐ, ŕőńãçăîéĺňáï ńőłăńĺğăæĺěľ łăŋőŋĺçěáłĺå ďěńőłăńĺğőćăŋŋëå MO-ŃŁĂŐ, ãďőćńěâćőàïîéĺå ãàăćŋěŋĺïň Ţăàâàĺ-Ťőłă- Řãâăŋă. Śãéěáâćãěâ ďćě čàãŕŕë ňěâőďőć, ŕőğćőńïîéĺå ŋăľâĺ čĺąàĺďŋëě őàąĺâăńĺ. Ŕěàćăï čàãŕŕă ňěâőďőć őáŋőćăŋă ŋă a posteriori ŕàőæěďãàăå, ĺáŕőńìğãîéĺå àěèěŋĺě ãàăćŋěŋĺľ Ţăàâàĺ-Ťőłă-Řãâăŋă. Ćő ćâőàőľ čàãŕŕě ňěâőďőć čĺąàĺďŋëľ ąăğĺáŋëľ ŋăąőà őŕàěďěńïěâáï ŕàïňő, ąěğ ŕàěďćăàĺâěńìŋőčő àěèěŋĺï őďŋőíńěłâàőŋŋőľ ŕàőąńěňë. Ŕő ćŕőńŋě ŕőŋïâŋëň ŕàĺçĺŋăň ćâőàăï čàãŕŕă ňěâőďőć ąőńěě ŕàěďŕőçâĺâěńìŋă. Ŕpěőąpăğőćăŋĺě őâ ăâőňŋőčő ąăğĺáă ł čĺąàĺďŋőňã ŋěőďŋőğŋăçŋő ĺ áãéěáâćãîâ păğńĺçŋëě łpĺâěpĺĺ ěčő ćëŕőńŋěŋĺï, őáŋőćăŋŋëě łăł ŋă çĺáâő čěőňěâpĺçěáłĺå äăłâőpăå [37], łőčďă ŕëâăîâáï àăáŕőńőęĺâì ČŐ ŕő ŋăŕàăćńěŋĺî ł ăâőňã, á łőâőàëň őąàăğãěâáï åĺňĺçěáłăï áćïğì, âăł ĺ ŋă ňăłáĺňĺğăæĺĺ ŕěpěłpëćăŋĺï ňěęďã ČŐ, ŕàĺŋăďńěęăéĺň àăğŋëň ăâőňăň, ŋő őâŋőáïéĺňáï ł őďŋőľ ĺ âőľ ęě áćïğĺ [38]. Ŕőďőąŋëě ŕàěőąàăğőćăŋĺï ďăîâ ąńĺğłĺě àěğãńìâăâë. Ć âő ęě ćàěňï, íâĺ ŕőďåőďë ŋě ïćńïîâáï ćŕőńŋě őąőáŋőćăŋŋëňĺ, ĺ ąëńő ąë ąőńěě ńőčĺçŋő őŕàěďěńïâì ČŐ ćăàĺăæĺőŋŋő ćňěáâě á ďàãčĺňĺ ŕăàăňěâàăňĺ íńěłâàőŋŋőľ ćőńŋőćőľ äãŋłæĺĺ.

Ąńĺğłĺľ ł őŕĺáăŋŋőňã ćëèě ŕőďåőď ĺáŕőńìğőćăŋ ć àăąőâě [39] ĺ àěăńĺğőćăŋ ŋă ab-initio ãàőćŋě. İâő ŕàĺąńĺęěŋĺě ŕőńãçĺńő ŋăğćăŋĺě ŕő âĺŕã ćőńŋőćőľ äãŋłæĺĺ ăŋâĺáĺňňěâàĺğőćăŋŋőčő ŕàőĺğćěďěŋĺï áâàőčő ńőłăńĺğőćăŋŋëå čěňĺŋăńěľ (APSLG). Ć àăąőâě [40] ąëńő ŕőłăğăŋő, çâő ćőńŋőćăï äãŋłæĺï ŕàĺąńĺęěŋĺï APSLG ňőęěâ áńãęĺâì äőàňăńìŋőľ őáŋőćőľ ďńï àăğďěńěŋĺï íńěłâàőŋŋëå ŕěàěňěŋŋëå ć łőňąĺŋĺàőćăŋŋëå QM/MM ňěâőďăå. İâő ŕpĺąńĺęěŋĺě ąńĺğłő ł ďpãčĺň ŕăpŋëň âěőpĺïň, ć çăáâŋőáâĺ ł őąőąéěŋŋőňã ňěâőďã ćăńěŋâŋëå áćïğěľ ĺ ěčő àăğŋőćĺďŋőáâïň - á ĺáŕőńìğőćăŋĺěň ŕőńŋőčő ăłâĺćŋőčő ŕàőáâàăŋáâćă [41] ĺ á ŕàěďŕőçâĺâěńìŋëň áŕăàĺćăŋĺěň [42]. Őâńĺçĺě áőáâőĺâ ć áŕőáőąě őŕàěďěńěŋĺï ąăğĺáŋëå äãŋłæĺľ ŕàĺ łőŋáâàãĺàőćăŋĺĺ áćïğěćőľ äãŋłæĺĺ. Šăł, ć őâńĺçĺě őâ ňěâőďă ćăńěŋâŋëå áćïğěľ ć ňěâőďě APSLG ćěáă ĺőŋŋëå ĺ łőćăńěŋâŋëå ćłńăďőć őŕpěďěńïîâáï ďńï łăęďőľ čěňĺŋăńĺ ćăpĺăæĺěľ äãŋłæĺőŋăńă íŋěpčĺĺ.

Ab-initio ŕőďåőď [39], ĺáŕőńìğãîéĺľ äãŋłæĺî APSLG, ąëń ŕàőâěáâĺàőćăŋ ńĺèì ŋă ŋěąőńìèőň łőńĺçěáâćě ŕàőáâěľèĺå ňőńěłãńïàŋëå áĺáâěň. Ŕőńãçěŋŋëě àěğãńìâăâë ŋě ŕőğćőńïîâ áďěńăâì őďŋőğŋăçŋëľ ćëćőď ő ŕàĺňěŋĺňőáâĺ íâőčő ŕàĺąńĺęěŋĺï ł àăáçěâã ąőńìèĺå ňőńěłãńïàŋëå áĺáâěň, âăł łăł ãęě ć áńãçăě ňőńěłãńë CH_3F íńěłâàőŋŋăï íŋěàčĺï ć ŕàĺąńĺęěŋĺĺ APSLG őłăğëćăěâáï ğăňěâŋő ćëèě, çěň ć ňěâőďě áăňőáőčńăáőćăŋŋőčő ŕőńï ŕàĺ ĺáŕőńìğőćăŋĺĺ ĺďěŋâĺçŋëå ąăğĺáőć [43]. Řăáçěâ ŕőâěŋæĺăńìŋőľ łàĺćőľ ďńï ďĺááőæĺăæĺĺ őďŋőľ C-H áćïğĺ ć ňőńěłãńě ňěâăŋă ŕőłăğăń, çâő ŕàĺ ďńĺŋě áćïğĺ C-H, ąńĺğłőľ ł àăćŋőćěáŋőľ, ŕàĺąńĺęěŋĺě áâàőčő ńőłăńĺğőćăŋŋëå čěňĺŋăńěľ ďăěâ íŋěàčĺî ąőńěě ŋĺğłãî, çěň őąőąéěŋŋëľ ňěâőď ćăńěŋâŋëå áćïğěľ, ă ŋă ďĺááőæĺăæĺőŋŋőň ŕàěďěńě ŕő ŋě ćŕőńŋě ŕőŋïâŋőľ ŕàĺçĺŋě ŋăąńîďăěâáï őąàăâŋőě áőőâŋőèěŋĺě. Ć ďőŕőńŋěŋĺě ł ãłăğăŋŋëň ŋěőŕàěďěńěŋŋőáâïň, ŋěíňŕĺàĺçěáłăï àěăńĺğăæĺï ňěâőďă APSLG ŕőâàěąőćăńă ććěďěŋĺï ąĺőàâőčőŋăńìŋëå ćőńŋőćëå äãŋłæĺľ ĺ ğăňěŋě ćăàĺăæĺőŋŋőčő ňěâőďă őŕàěďěńěŋĺï łőíääĺæĺěŋâőć čěňĺŋăńěľ ŋă ňěâőď ňőňěŋâőć, çâő ďőŕőńŋĺâěńìŋő ğăâàãďŋïěâ ĺŋâěpŕpěâăæĺî őâďěńìŋëå áőáâăćńïîéĺå íŋěpčĺĺ. Ć íâőň łőŋâěłáâě ňë ŕàěďŕàĺŋïńĺ ĺááńěďőćăŋĺě ćőğňőęŋőáâĺ ŕőńãíňŕĺàĺçěáłőľ àěăńĺğăæĺĺ łćăŋâőćőåĺňĺçěáłőčő ňěâőďă, ĺáŕőńìğãîéěčő ŕàőąŋãî äãŋłæĺî ŕàĺąńĺęěŋĺï APSLG.

Ďńï ŕőńãíňŕĺpĺçěáłőľ ŕăpăňěâpĺğăæĺĺ ňěâőďă APSLG ć łăçěáâćě áâăàâőćőľ ňë ĺáŕőńìğőćăńĺ åőàőèő ĺğćěáâŋãî ŕăàăňěâàĺğăæĺî MINDO/3 [44], łőâőpăï ãďőćńěâćőpĺâěńìŋő ćőáŕpőĺğćőďĺâ íŋěpčěâĺçěáłĺě åăpăłâěpĺáâĺłĺ ĺ čěőňěâàĺçěáłĺě ŕăàăňěâàë őpčăŋĺçěáłĺå áőěďĺŋěŋĺľ ŕàĺňěŋĺâěńìŋő ł ŕàőąŋőľ ćőńŋőćőľ äãŋłæĺĺ íńěłâàőŋőć ć ŕàĺąńĺęěŋĺĺ Ţăàâàĺ-Ťőłă. Łàőňě âőčő, łăł ąëńő őâňěçěŋő ć [45] őďŋőæěŋâàőćëě ŕăàăňěâàë ňěâőďă MINDO/3 ąńĺğłĺ łăł ł őæěŋłăň, ŕőńãçăěňëň ĺğ áŕěłâàőć áćőąőďŋëå ăâőňőć ĺ ĺőŋőć [46], âăł ĺ ł őæěŋłăň ŕăàăňěâàőć [47], áďěńăŋŋëň ć àăňłăå âěőàĺĺ íääěłâĺćŋőčő čăňĺńìâőŋĺăŋă ćăńěŋâŋőľ őąőńőçłĺ. İâő ŕőğćőńïěâ áďěńăâì ćëćőď ő âőň, çâő őáőąěŋŋőáâĺ ŕàőąŋőľ ćőńŋőćőľ äãŋłæĺĺ ŕàĺąńĺęěŋĺï ŚŚŔ ŋăåőďïâ őâàăęěŋĺě ć ďćãåæěŋâàőćëå ŕăàăňěâàăå ňěâőďă MINDO/3, âőčďă łăł őďŋőæěŋâàőćëě ŕăàăňěâàë ňěâőďă MINDO/3 ďőáâăâőçŋő ãŋĺćěàáăńìŋë ĺ ŋě çãćáâćĺâěńìŋë ł ďěâăńïň ŕàőąŋőľ ćőńŋőćőľ äãŋłæĺĺ íńěłâàőŋőć. Ĺáŕőńìğãï ŕăpăňěâpĺğăæĺî ĺŋâěčpăńőć ŕő áńíâěàőćáłĺň ĂŐ, ŕàĺňěŋïěňãî ć ňěâőďě MINDO/3 ĺ ćĺď ćőńŋőćőľ äãŋłæĺĺ ňěâőďă APSLG, ňë ŕőáâpőĺň äãŋłæĺőŋăń íŋěpčĺĺ, ćăpĺăæĺï łőâőpőčő ďăěâ őæěŋłã ŕăàăňěâàőć ćőńŋőćőľ äãŋłæĺĺ áĺáâěňë ĺ ěě íńěłâpőŋŋőľ (ĺ ŕőńŋőľ) íŋěpčĺĺ.

2 Šěőàĺï.

Řăááňőâpĺň ćëpăęěŋĺě ďńï ŕőńŋőľ íńěłâàőŋŋőľ íŋěpčĺĺ (äãŋłæĺőŋăńă íŋěàčĺĺ) ć ŕàĺąńĺęěŋĺĺ APSLG/MINDO/3. Čăňĺńìâőŋĺăŋ ňőńěłãńïàŋőľ áĺáâěňë ňőęŋő ŕpěďáâăćĺâì ć ćĺďě áãňňë őďŋőæěŋâàőćëå ĺ ďćãåæěŋâàőćëå ćłńăďőć: H = ∑ A H_A + 1 2 ∑ A≠B H_{AB}. (1) Ć łăçěáâćě őďŋőíńěłâàőŋŋëå ąăğĺáŋëå äãŋłæĺľ ďńï ŕőáâàőěŋĺï čěňĺŋăńěľ ňěâőďă APSLG/MINDO/3 ćëąěpěň čĺąpĺďŋëě őpąĺâăńĺ (ČŐ). Ŋă łăęďőň ăâőňě ąãďěň áâpőĺâì ČŐ á ŕőňőéìî őàâőčőŋăńìŋőčő ŕpěőąpăğőćăŋĺï ĺáåőďŋőčő ŋăąőpă ĂŐ. Ŕàĺ íâőň őŕâĺňăńìŋëě ČŐ őŕpěďěńïîâáï ćăpĺăæĺőŋŋő - ĺğ ãáńőćĺï ňĺŋĺňãňă äãŋłæĺőŋăńă íŋěpčĺĺ. Šăłĺň őąàăğőň, ďńï łăęďőčő âïęěńőčő (ŋě ćőďőàőďŋőčő) ăâőňă ŋěőąåőďĺňő őŕàěďěńĺâì èěáâì ŋěğăćĺáĺňëå ãčńőć, őŕàěďěńïîéĺå ňăâàĺæã h ∈ SO(4) őàâőčőŋăńìŋőčő ŕàěőąàăğőćăŋĺï ć çěâëàěåňěàŋőň ŕàőáâàăŋáâćě (ŕàěőąàăğőćăŋĺě ăâőňŋőčő ąăğĺáă ĺğ őďŋőľ s- ĺ âàěå p-őàąĺâăńěľ ł ąăğĺáã ČŐ) []. Őąőğŋăçĺň ČŐ, őâŋőáïéĺěáï ł m-âőľ åĺňĺçěáłőľ áćïğĺ łăł r_m ĺ l_m (ŕpăćăï ĺ ńěćăï ČŐ, őâŋőáïéĺěáï ł áćïğĺ m). Šőčďă, ćëpăęěŋĺě ďńï ŋĺå çěàěğ ăâőňŋëě ąăğĺáŋëě äãŋłæĺĺ ňőęŋő ğăŕĺáăâì łăł: r_{mσ} = ∑ i h^r_{mi}a_{iσ}. (2) l_{mσ} = ∑ i h^l_{mi}a_{iσ}. (3)

Ňőńěłãńïàŋëě ĺŋâěčàăńë ĺğćěáâŋë ć ŕàĺąńĺęěŋĺĺ MINDO/3 ć ąăğĺáě ćăńěŋâŋëå s- ĺ p-äãŋłæĺľ. Ŕőáłőńìłã čěňĺŋăńĺ ćëàăęěŋë çěàěğ ČŐ, âő ĺ ĺŋâěčàăńë ďőńęŋë ąëâì ŕàěőąàăğőćăŋë ł íâőňã ąăğĺáã. Řăğńăčăï ČŐ ŕő ăâőňŋőňã ąăğĺáã, ňë ŕőńãçăěň ňőńěłãńïpŋëě ĺŋâěčpăńë ć ąăğĺáě ČŐ ć ćĺďě ńĺŋěľŋőľ łőňąĺŋăæĺĺ áâăŋďăpâŋëå ĺŋâěčpăńőć ňěâőďă MINDO/3. Ćëŕĺèěň ćëpăęěŋĺï ďńï ćáěå ĺŋâěčpăńőć, ĺáŕőńìğãï ňăâpĺæã ČŐ h.

Ŕãáâì t - ŕàőĺğćőńìŋăï ČŐ (r ĺńĺ l). Ŕăpăňěâp U^t_m, ŕpěďáâăćńïîéĺľ ŕpĺâïęěŋĺě íńěłâpőŋă ŋă ČŐ t_m ł áćőěňã őáâőćã ňőęŋő ćëpăğĺâì łăł

U^t_m = ∑ i h^{t2}_{mi}U_i, (4)

čďě ĺŋďěłá i ŋãňěàãěâ s− ĺ p−AO, ŕàĺŋăďńěęăéĺě ďăŋŋőňã âïęěńőňã ăâőňã. Ŕpĺâïęěŋĺě íńěłâpőŋă ł ďpãčĺň őáâőćăň ĺ őââăńłĺćăŋĺě íńěłâpőŋőć ŋă őpąĺâăńïå păğŋëå ăâőňőć ŋě ğăćĺáïâ őâ őàąĺâăńìŋőčő (ăğĺňãâăńìŋőčő) łćăŋâőćőčő çĺáńă l, âő ěáâì őďĺŋăłőćë ďńï s− ĺ p−AO, ĺ ŕőíâőňã ďńï ńîąëå ČŐ ćëpăęăîâáï çěpěğ łãńőŋőćáłĺľ ďćãåæěŋâàőćëľ ĺŋâěčpăń γ_{AB} ĺ ğăpïďë őáâőćőć Z_B, łăł ĺ ć ňěâőďě SCF-MINDO/3. Ĺğ ĺŋâěčpăńőć, åăpăłâěpĺğãîéĺå őââăńłĺćăŋĺě ďćãå íńěłâpőŋőć ŋă őďŋőň ăâőňě, ďńï őæěŋłĺ íŋěàčĺĺ á ćőńŋőćőľ äãŋłæĺěľ ŕàĺąńĺęěŋĺï APSLG âpěąãîâáï ńĺèì ŋěłőâőpëě. Ćëàăğĺň ĺå çěpěğ áőőâćěâáâćãîéĺě ĺŋâěčpăńë ć ąăğĺáě ĂŐ: (mm | mm) = ∑ i h^{t4}_{mi} (ii | ii) + +2 ∑ i<j h^{t2}_{mi}h^{t2}_{mj} [(ii | jj) + 2 (ij | ij)] ; (5) (m_1m_1 | m_2m_2) = ∑ i h^{t2}_{m1i}h^{t2}_{m2i} (ii | ii) + + ∑ i<j [ h^{t2}_{m1i}h^{t2}_{m2j} + h^{t2}_{m1j}h^{t2}_{m2i} ] (ii | jj) + +4 ∑ i<j h^t_{m1i}h^t_{m1j} h^t_{m2i}h^t_{m2j} (ij | ij) ; (6) (m_1m_2 | m_2m_1) = ∑ i h^{t2}_{m1i}h^{t2}_{m2i} (ii | ii) + +2 ∑ i<j h^t_{m1i}h^t_{m1j}h^t_{m2i}h^t_{m2j} (ii | jj) +

+ ∑ i<j [ 2h^t_{m1i}h^t_{m1j} h^t_{m2i}h^t_{m2j} + h^{t2}_{m1i}h^{t2}_{m2j} + h^{t2}_{m1j}h^{t2}_{m2i} ] (ij | ij) . (7) Śãňňĺàőćăŋĺě ŕő i, j àăáŕàőáâàăŋïěâáï ŋă s- ĺ p-őàąĺâăńĺ őďŋőčő ăâőňă. Řěğőŋăŋáŋëľ ĺŋâěčpăń, őâćěçăîéĺľ ŕěpěáłőłã íńěłâpőŋă á ŕpăćőľ ČŐ ŋă ńěćãî (ĺńĺ ŋăőąőpőâ), ćëpăęăěâáï çěpěğ pěğőŋăŋáŋëě ĺŋâěčpăńë ć ąăğĺáě ĂŐ łăł β^{AB}_m = ∑ i∈A ∑ j∈B h^r_{mi}h^l_{mj}β^{AB}_{ij} . (8) Ďńï ćëçĺáńěŋĺï íńěłâàőŋŋőľ íŋěàčĺĺ ĺáŕőńìğãěň äőàňăńĺğň ćâőàĺçŋőčő łćăŋâőćăŋĺï. Ąãďěň áçĺâăâì, çâő őŕěàăâőàë àőęďěŋĺï íńěłâàőŋőć ŋă ŕàăćëå ĺ ńěćëå ČŐ ŕőďçĺŋïîâáï őąëçŋëň áőőâŋőèěŋĺïň ăŋâĺłőňňãâăæĺĺ ďńï őàâőčőŋăńìŋëå őàąĺâăńěľ []. Čăňĺńìâőŋĺăŋ ć âěàňĺŋăå âăłĺå őŕěpăâőpőć ćëpăęăěâáï áâăŋďăpâŋëň őąpăğőň. Őďŋőæěŋâàőćëě ćłńăďë ĺňěîâ ćĺď: H_A = ∑ m∈A (U^t_m − ∑ B γ_{AB}Z_B)n̂^t_m+ + 1 2 ∑ στ ∑ m1m2m3m4 (m_1m_2 | m_3m_4) t^+_{m1σ}t^+_{m3τ} t_{m4τ} t_{m2σ}, (9)

ă ďćãåæěŋâàőćëě: H_{AB} = − ∑ m1m2σ β_{m1m2} ( t^+_{m1σ}t^′_{m2σ} + h.c. ) + γ_{AB} ∑ m1m2 n̂^t_{m1}n̂^t_{m2} , (10)

čďě h.c. őğŋăçăěâ ípňĺâőćő áőŕpïęěŋĺě, ă őŕěpăâőpë çĺáěń ğăŕőńŋěŋĺï ŋă ČŐ ĺňěîâ áâăŋďăàâŋëľ ćĺď:

n̂^t_m = ∑ σ t^+_{mσ}t_{mσ}. (11)

Ćőńŋőćăï äãŋłæĺï áĺáâěňë ňěâőďă APSLG ĺňěěâ ćĺď: |Φ⟩ = ∏ m g^+_m |0⟩ , (12)

čďě m-âăï čěňĺŋăńì, âő ěáâì ďćãåíńěłâàőŋŋăï äãŋłæĺï m-âőľ áćïğĺ, ćëpăęăěâáï çěpěğ őŕěpăâőpë àőęďěŋĺï íńěłâàőŋőć ŋă ŕàăćëå ĺ ńěćëå áŕĺŋ-őàąĺâăńïå áőőâćěâáâćãîéĺå áćïğěľ:

g^+_m = u_mr^+_{mα}r^+_{mβ} + v_ml^+_{mα}l^+_{mβ} + w_m ( r^+_{mα}l^+_{mβ} + l^+_{mα}r^+_{mβ} ) . (13)

Şáńőćĺě ŋőpňĺpőćłĺ ĺňěěâ ćĺď:

⟨0| g_mg^+_m |0⟩ = u^2_m + v^2_m + 2w^2_m = 1. (14)

Šăłăï äãŋłæĺï őŕĺáëćăěâ áĺŋčńěâŋőě áőáâőïŋĺě ŕăàë íńěłâàőŋőć. Łőíääĺæĺěŋâë u_m ĺ v_m ŕàěďáâăćńïîâ áőąőľ ăňŕńĺâãďë ĺőŋŋëå ćłńăďőć ć ćőńŋőćãî äãŋłæĺî áćïğĺ m, ă w_m ŕàőŕőàæĺőŋăńìŋă ăňŕńĺâãďě łőćăńěŋâŋőčő (čőňěőŕőńïàŋőčő) ćłńăďă, łőčďă łăęďëľ íńěłâpőŋ áćïğĺ ŋăåőďĺâáï ã áćőěčő ăâőňă. Ŕàĺ ĺáŕőńìğőćăŋĺĺ áĺňňěâàĺçŋëå ČŐ ŕőáńěďŋĺľ ćłńăď áőćŕăďăěâ á ćőńŋőćőľ äãŋłæĺěľ Čăľâńěpă-Ńőŋďőŋă. Ěáńĺ ćáě ćłńăďë ŕőńőęĺâì őďĺŋăłőćëňĺ, âő ŕőńãçěŋŋăï äãŋłæĺï ąãďěâ áőćŕăďăâì á äãŋłæĺěľ őčàăŋĺçěŋŋőčő ŕő áŕĺŋã ŕàĺąńĺęěŋĺï Ţăpâpĺ-Ťőłă, ŕőáâàőěŋŋőľ ĺğ ČŐ r_m ĺ l_m. Őąéĺľ äőàňăńĺğň ŕőğćőńïěâ păááňăâpĺćăâì ŋěŕőďěńěŋŋëě íńěłâàőŋŋëě ŕăàë łăł őâďěńìŋëě áćïğĺ, őďŋăłő áàěďĺ àăğńĺçŋëå ćłńăďőć ć čěňĺŋăńì ŋěŋãńěćëň őáâăěâáï ńĺèì őďĺŋ ĺğ ĺőŋŋëå ćłńăďőć. Ďńï őŕàěďěńěŋŋőáâĺ ňőęŋő ŕàĺŋïâì ďńï čěňĺŋăńĺ, őâćěçăîéěľ ŋěŕőďěńěŋŋőľ íńěłâàőŋŋőľ ŕăàě, łőíääĺæĺěŋâ u_m păćŋëň ěďĺŋĺæě (á ãçěâőň ãáńőćĺï ŋőàňĺàőćłĺ), ă őáâăńìŋëě łőíääĺæĺěŋâë ŕőńőęĺâì păćŋëňĺ ŋãńî. Šěŕěpì, łőčďă ňë ğŋăěň ćëpăęěŋĺï ďńï čăňĺńìâőŋĺăŋă ĺ ďńï ćőńŋőćőľ äãŋłæĺĺ, ňőęŋő ćëçĺáńĺâì íńěłâpőŋŋãî íŋěpčĺî ć ŕpĺąńĺęěŋĺĺ APSLG-MINDO/3: E = ⟨Φ| H |Φ⟩ ⟨Φ | Φ⟩ (15)

ĺńĺ çěpěğ ŋőpňĺpőćăŋŋëě čěňĺŋăńĺ: E = ⟨Φ| H |Φ⟩ , (16) čďě |Φ⟩ őŕàěďěńěŋă ćëàăęěŋĺěň (11).

Śŋăçăńă păááňőâpĺň ćłńăďë ć íŋěpčĺî őâ őďŋőăâőňŋëå áńăčăěňëå ⟨Φ| H_A |Φ⟩ . Ćłńăď őâ őŕěpăâőpă çĺáńă ğăŕőńŋěŋĺï ĺňěěâ ćĺď: ⟨Φ| n̂^r_m |Φ⟩ = ∑ σ ⟨Φ| r^+_{mσ}r_{mσ} |Φ⟩ . (17) ⟨Φ| n̂^l_m |Φ⟩ = ∑ σ ⟨Φ| l^+_{mσ}l_{mσ} |Φ⟩ . (18) E_1 = ∑ σ ∑ A ∑ m (U^t_m − ∑ B γ_{AB}Z_B)P^{tσ}_m , (19) čďě P^{rσ}_m = ⟨0| g_mr^+_{mσ}r_{mσ}g^+_m |0⟩ (20) ĺ P^{lσ}_m = ⟨0| g_ml^+_{mσ}l_{mσ}g^+_m |0⟩ . (21) Ćëpăęěŋĺě ďńï P^{tσ}_m çěpěğ łőíääĺæĺěŋâë păğńőęěŋĺï čěňĺŋăńĺ ĺňěěâ ćĺď P^{rσ}_m = ⟨0| (u_mr_{m−σ} + w_ml_{m−σ}) · ( u_mr^+_{m−σ} + w_ml^+_{m−σ} ) |0⟩ = u^2_m + w^2_m, (22)

P^{lσ}_m = v^2_m + w^2_m (23) ĺ, őçěćĺďŋő, ŋě ğăćĺáïâ őâ σ. Ŕőíâőňã, E_1 = 2 ∑ A ∑ m (U^t_m − ∑ B γ_{AB}Z_B)P^t_m. (24)

Ćłńăď ć íŋěpčĺî őâ łãńőŋőćáłőčő őââăńłĺćăŋĺï íńěłâpőŋőć, ńőłăńĺğőćăŋŋëå ŋă őďŋőň ăâőňě, ĺňěěâ ćĺď (ąãďěň áçĺâăâì, çâő őpąĺâăńĺ ńőłăńĺğőćăŋë ŋă ŕàăćőň łőŋæě áćïğĺ): ⟨Φ| r^+_{m1σ}r^+_{m2τ} r_{m3τ} r_{m4σ} |Φ⟩ = = δ_{m1m2} δ_{m3m4} δ_{m1m3} (1 − δ_{στ} ) R^p_{m1} + + [δ_{m1m4} δ_{m2m3} (1 − δ_{m1m2} ) − δ_{m1m3} δ_{m2m4} (1 − δ_{m1m2} ) δ_{στ} ] P^p_{m1} P^p_{m2} , (25) čďě őââăńłĺćăŋĺě íńěłâàőŋőć ŋă őďŋőľ ČŐ ňőęěâ ąëâì ŕpěďáâăćńěŋő áńěďãîéĺň őąpăğőň:

R^r_m = ⟨0| g_mr^+_{mβ}r^+_{mα}r_{mα}r_{mβ}g^+_m |0⟩ = u^2_m (26) ďńï ŕpăćőľ ČŐ ĺ R^l_m = ⟨0| g_ml^+_{mβ}l^+_{mα}l_{mα}l_{mβ}g^+_m |0⟩ = v^2_m (27) ďńï ńěćőľ ČŐ. Šăłĺň őąpăğőň, áãňňăpŋëľ ćłńăď ć íŋěpčĺî őâ íńěłâpőŋŋőčő őââăńłĺćăŋĺï ŋă őďŋőň ăâőňě ŕàĺŋĺňăěâ ćĺď: E_{coul} = ∑ A [ ∑ m∈A (mm | mm) R^t_m+

+2 ∑ m1<m2 (2 (m_1m_1 | m_2m_2) − (m_1m_2 | m_2m_1)) P^t_{m1} P^t_{m2} ] (28)

Ćłńăď ć íŋěpčĺî őâ pěğőŋăŋáŋőčő çńěŋă ć čăňĺńìâőŋĺăŋě ŕàőŕőàæĺőŋăńěŋ ŕőàïďłã áćïğĺ ňěęďã ČŐ m-âőľ čěňĺŋăńĺ: Q^σ_m = ⟨0| g_mr^+_{mα}l_{mα}g^+_m |0⟩ = (u_m + v_m) w_m. (29) Ŕőàïďőł áćïğĺ, łăł ňë ćĺďĺň âăłęě ŋě ğăćĺáĺâ őâ σ. Śãňňăpŋëľ ćłńăď ć íŋěàčĺî őâ pěğőŋăŋáă (ŕěàěáłőłă íńěłâàőŋőć ňěęďã ČŐ, őâŋőáïéĺňáï ł őďŋőľ áćïğĺ, ŋő àăğŋëň ăâőňăň) păćěŋ: E_{res} = −4 ∑ A<B ∑ m∈A,B β^{AB}_m Q_m. (30)

Ćłńăď łãńőŋőćáłőčő ćğăĺňőďěľáâćĺï íńěłâpőŋőć ŋă păğŋëå ăâőňăå (ďćãåæěŋâàőćőčő) ć ŕőńŋãî íŋěàčĺî ĺňěěâ ćĺď: ⟨Φ| n̂^r_{m1}n̂^l_{m2} |Φ⟩ = ∑ στ ⟨Φ| r^+_{m1σ}l^+_{m2τ} l_{m2τ} r_{m1σ} |Φ⟩ (31)

Ŕőďáâăćńïï ćőńŋőćãî äãŋłæĺî ŕàĺąńĺęěŋĺï APSLG, ŕőńãçăěň, çâő ⟨Φ| r^+_{m1σ}l^+_{m2τ} l_{m2τ} r_{m1σ} |Φ⟩ = δ_{m1m2} (1 − δ_{στ} ) ⟨0| g_mr^+_{mσ}l^+_{m−σ}l_{m−σ}r_{mσ}g^+_m |0⟩ + + (1 − δ_{m1m2} ) P^p_{m1} P^p_{m2} . (32) ⟨0| g_mr^+_{mα}l^+_{mβ}l_{mβ}r_{mα}g^+_m |0⟩ = w^2_m (33) Šăłĺň őąpăğőň, ŕőáńěďŋĺľ ćłńăď ć íŋěpčĺî ňőęěâ ąëâì ğăŕĺáăŋ áńěďãîéĺň őąpăğőň: E_2 = 2 ∑ A<B γ_{AB}[2 ∑ m1≠m2 P^t_{m1} P^t_{m2} + ∑ m∈A,B w^2_m]. (34)

Ŕőńŋăï íńěłâàőŋŋăï íŋěàčĺï ĺňěěâ, âăłĺň őąàăğőň, ćĺď áãňňë çěâëàěå ćłńăďőć:

E = E_1 + E_{coul} + E_{res} + E_2. (35) İńěłâàőŋŋăï íŋěàčĺï áĺáâěňë ïćńïěâáï äãŋłæĺěľ 6L ãčńőć (L - çĺáńő âïęěńëå ăâőňőć ć ňőńěłãńě), őŕàěďěńïîéĺå ňăâàĺæë ŕěàěåőďă őâ ąăğĺáă AO ł ąăğĺáã ČŐ h_m, ĺ 3M łőíääĺæĺěŋâőć àăğńőęěŋĺï čěňĺŋăńěľ (M - łőńĺçěáâćő áćïğěľ), ĺğ łőâőàëå ćáńěďáâćĺě ãáńőćĺľ ŋőàňĺàőćłĺ ŋěğăćĺáĺňëňĺ őłăğëćăîâáï ńĺèì 2M ŕăàăňěâàőć. Őŕâĺňăńìŋãî ćőńŋőćãî äãŋłæĺî áĺáâěňë őŕàěďěńïěň ćăàìĺàãï łăł łőíääĺæĺěŋâë ČŐ h^t_{mi} ďńï âïęěńëå ăâőňőć, âăł ĺ łőíääĺæĺěŋâë (u_m, v_m ĺ w_m) čěňĺŋăńěľ. Łăęďăï ĺâěàăæĺï ćłńîçăěâ ŕőáńěďőćăâěńìŋãî őŕâĺňĺğăæĺî łőíääĺæĺěŋâőć ČŐ ĺ łőíääĺæĺěŋâőć čěňĺŋăńěľ. Ďńï ğăďăŋŋőčő ŋăąőàă łőíääĺæĺěŋâőć àăğńőęěŋĺï čěňĺŋăńěľ (u_m, v_m ĺ w_m) őŕâĺňĺğĺàãîâáï ãčńë, őŕàěďěńïîéĺě ňăâàĺæë h^t_{mi}, ă ğăâěň ďńï äĺłáĺàőćăŋŋëå łőíääĺæĺěŋâőć ČŐ őŕàěďěńïîâáï łőíääĺæĺěŋâë àăğńőęěŋĺï čěňĺŋăńěľ. Ůěàěďãîéĺěáï őŕâĺňĺğăæĺĺ ŕő ãčńăň ĺ łőíääĺæĺěŋâăň u, v ĺ w ćğăĺňŋő áőčńăáãîâáï ĺ áåőďĺňőáâì ďőáâĺčăěâáï őďŋőćàěňěŋŋő ŕő ćáěň ŋěğăćĺáĺňëň ŕěàěňěŋŋëň. Ďńï łăęďőčő âïęěńőčő ăâőňă ŕàőćőďĺâáï ŕàïňăï ňĺŋĺňĺğăæĺï äãŋłæĺĺ èěáâĺ ŕěàěňěŋŋëå, ă ďńï łăęďőľ áćïğĺ (ŋěâàĺćĺăńìŋőľ čěňĺŋăńĺ) ŕàőĺğćőďĺâáï ďĺăčőŋăńĺğăæĺï ňăâàĺæë 3×3. Šăłĺň őąàăğőň, çĺáńő èăčőć ć ŕàőæěďãàě őŕâĺňĺğăæĺĺ äãŋłæĺőŋăńă íŋěàčĺĺ áĺáâěňë ŕő ŕăàăňěâàăň ćőńŋőćőľ äãŋłæĺĺ àăáâěâ ńĺŋěľŋő á ãćěńĺçěŋĺěň àăğňěàă ňőńěłãńïàŋőľ áĺáâěňë. Šăłőě áćőľáâćő ňěâőďă őąãáńőćńěŋő őâáãâáâćĺěň ć ŋěň ďĺăčőŋăńĺğăæĺľ ňăâàĺæ ŕőàïďłă N×N, čďě N - çĺáńő ąăğĺáŋëå äãŋłæĺľ. İâő ŕőğćőńïěâ ŋăďěïâìáï ŋă âő, çâő ňěâőďőň APSLG-MINDO/3 ňőęŋő ąãďěâ àăááçĺâëćăâì áĺáâěňë ąőńìèőčő àăğňěàă.

3 Řěğãńìâăâë.

Ŕàĺćěďěŋŋăï ćëèě áåěňă őŕàěďěńěŋĺï őŕâĺňăńìŋőľ ćăàĺăæĺőŋŋőľ ćőńŋőćőľ äãŋłæĺĺ ć ŕàĺąńĺęěŋĺĺ APSLG ąëńă àěăńĺğőćăŋă ć ćĺďě ŕàőčàăňňë, ŕőğćőńïîéěľ àăááçĺâëćăâì őàčăŋĺçěáłĺě ňőńěłãńë. Ĺáŕőńìğãï çĺáńěŋŋëě ğŋăçěŋĺï ŕăàăňěâàőć ňěâőďă MINDO/3, ňë àăááçĺâăńĺ ŕőńãçěŋŋëň ňěâőďőň ŕàőáâěľèĺě âěáâőćëě ňőńěłãńë. Ŕàőćěàłă ăďěłćăâŋőáâĺ ŕàőčàăňňë ŕàěďńőęěŋŋőňã ăńčőàĺâňã ąëńă őáãéěáâćńěŋă ŋă ňőńěłãńăå, ďńï łőâőàëå ňőęŋő ŕőńãçĺâì ăŋăńĺâĺçěáłőě àěèěŋĺě ć àăňłăå áåěňë APSLG-MINDO/3. Ć łăçěáâćě âăłĺå ŕàőáâěľèĺå ňőńěłãń ąëńĺ ćğïâë ćőďőàőď (H_2), ňěâăŋ ĺ íâăŋ ć ğăáńőŋěŋŋőľ ĺ ğăâőàňőęěŋŋőľ łőŋäĺčãàăæĺïå. Ŕàĺ àăáçěâăå ňěâăŋă ĺ íâăŋă ňë ŕàěďŕőńőęĺńĺ sp^3 čĺąàĺďĺğăæĺî ďńï ČŐ ăâőňőć C. Śőćŕăďěŋĺě àěğãńìâăâőć, ŕőńãçěŋŋëå ăŋăńĺâĺçěáłĺ ĺ çĺáńěŋŋő ŕőğćőńïěâ ãâćěàęďăâì, çâő ŕàőčàăňňŋő àěăńĺğőćăŋŋëľ ăńčőàĺâň áőőâćěâáâćãěâ ŕàĺćěďěŋŋëň ćëèě äőàňãńăň.

Ďńï őæěŋłĺ łăçěáâćă ćőńŋőćőľ äãŋłæĺĺ APSLG ąëńĺ ŕàőćěďěŋë àăáçěâë ňěâőďőň APSLG-MINDO/3, á ĺáåőďŋëňĺ çĺáńěŋŋëňĺ ğŋăçěŋĺïňĺ ŕăàăňěâàőć MINDO/3. Řěğãńìâăâë àăáçěâă ŕàĺćěďěŋë ć âăąńĺæě 1. Ŕőńãçăîéĺěáï íńěłâàőŋŋëě íŋěàčĺĺ ĺ, áőőâćěâáâćěŋŋő, âěŕńőâë őąàăğőćăŋĺï ňőęŋő áàăćŋĺâì á àěğãńìâăâăňĺ àăáçěâă ĺáåőďŋëň ňěâőďőň SCF- MINDO/3. Śàăćŋěŋĺě íńěłâàőŋŋëå íŋěàčĺľ ŕőğćőńïěâ őŕàěďěńĺâì őâŋőáĺâěńìŋãî ćăęŋőáâì ďěńőłăńĺğăæĺĺ ĺ łőààěńïæĺĺ íńěłâàőŋőć ďńï íŋěàčĺĺ áĺáâěňë. Ďńï ňőńěłãńë ćőďőàőďă äãŋłæĺï ŕàĺąńĺęěŋĺï APSLG ŕàěďáâăćńïěâ áőąőľ äãŋłæĺî ŕőńŋőčő łőŋäĺčãàăæĺőŋŋőčő ćğăĺňőďěľáâćĺï ć ąăğĺáě ďćãå s-ĂŐ. Ŕőíâőňã íŋěàčĺï ňőńěłãńë ćőďőàőďă ŋĺęě ć áńãçăě äãŋłæĺĺ APSLG, çěň ďńï äãŋłæĺĺ SCF á âőľ ęě ŕăàăňěâàĺğăæĺěľ. Ďńï ąőńěě áńőęŋëå ňőńěłãń, łăł ĺ ć ŋěíňŕĺàĺçěáłőň ćăàĺăŋâě ňěâőďă APSLG, ćőğňőęŋë őâłńőŋěŋĺï íńěłâàőŋŋőľ íŋěàčĺĺ APSLG ć àăğŋëě áâőàőŋë őâ àăáçěâă ć őďŋőíńěłâàőŋŋőň ŕàĺąńĺęěŋĺĺ, ŕàĺçěň őłăğëćăěâáï, çâő ďńï őŕĺáăŋĺï ňőńěłãń, áőďěàęăéĺå ŋěŕőďěńěŋŋëě íńěłâàőŋŋëě ŕăàë, ãçěâ ćŋãâàĺáćïğěćőľ łőààěńïæĺĺ ňěâőďőň APSLG ćăęŋěě ãçěâă ďěńőłăńĺğăæĺĺ ŕàĺ àăáçěâě íŋěàčĺĺ, â. ě. ŕàőĺčàëè ć íŋěàčĺĺ ğă áçěâ őčàăŋĺçěŋĺï ć ćăàĺăæĺĺ ČŐ ŕő áàăćŋěŋĺî á ňěâőďőň SCF- MINDO/3 őłăğëćăěâáï ňěŋìèě, çěň ćëĺčàëè ğă áçěâ ńãçèěčő őŕĺáăŋĺï łőààěńïæĺľ íńěłâàőŋőć ŋă áćïğïå. Ć âő ęě ćàěňï, ŕàĺ őŕĺáăŋĺĺ áőěďĺŋěŋĺľ, áőďěàęăéĺå áćïğĺ ňěęďã âïęěńëňĺ ăâőňăňĺ, ćăęŋěě őłăğëćăěâáï ďěńőłăńĺğăæĺőŋŋëľ ćłńăď ć íńěłâàőŋŋãî íŋěàčĺî. Ŕàĺňěçăâěńìŋő, çâő ŋěáňőâàï ŋă őŕàěďěńěŋŋëě àăáåőęďěŋĺï àěğãńìâăâë àăáçěâőć ďćãňï ňěâőďăňĺ őłăğëćăîâáï őâŋőáĺâěńìŋő ąńĺğłĺňĺ. Őďŋăłő, áőŕőáâăćńěŋĺě àěğãńìâăâőć àăáçěâă á íłáŕěàĺňěŋâőň ŕőłăğëćăěâ, çâő âőçŋőáâì àăáçěâă ňěâőďőň APSLG-MINDO/3 á ŕăàăňěâàĺğăæĺěľ ňěâőďă MINDO/3 ŋěďőáâăâőçŋă ďăęě ďńï ŕàőáâěľèĺå őàčăŋĺçěáłĺå áőěďĺŋěŋĺľ. Ŋěőąåőďĺňă ňőďĺäĺłăæĺï ŕăàăňěâàőć áĺáâěňë ďńï ňěâőďă APSLG. Ďńï íâőčő áãéěáâćãîâ ĺ äĺğĺçěáłĺě őąőáŋőćăŋĺï.

Ďěľáâćĺâěńìŋő, ćĺď ćăàĺăæĺőŋŋőľ ćőńŋőćőľ äãŋłæĺĺ, ńěęăéĺľ ć őáŋőćě ňěâőďă SCF-MINDO/3, áăň ŕő áěąě ŋě ãçĺâëćăěâ łőààěńïæĺî íńěłâàőŋőć. Őďŋăłő, ŕàĺ ŕăàăňěâàĺğăæĺĺ ńîąőčő ŕőńãíňŕĺàĺçěáłőčő ňěâőďă ŕőď íłáŕěàĺňěŋâăńìŋëě ďăŋŋëě ćńĺïŋĺě íńěłâàőŋŋëå łőààěńïæĺľ ćłńîçěŋő ć ŕăàăňěâàë ňěâőďă. Ŋăŕàĺňěà, ć ňőńěłãńě ćőďőàőďă ŕàĺ äĺłáĺàőćăŋŋëå ŕăàăňěâàăå ŕőâěŋæĺăńìŋăï ïňă, ŕőńãçěŋŋăï ňěâőďőň Ţăàâàĺ-Ťőłă, ąãďěâ čńãąęě, çěň íâő ěáâì ŋă áăňőň ďěńě ĺ çěň őŋă ŕőńãçĺâáï ŕàĺ ĺáŕőńìğőćăŋĺĺ ćăàĺăæĺőŋŋőľ äãŋłæĺĺ, ãçĺâëćăîéěľ łőààěńïæĺî ïćŋő. Ć ňěâőďě MINDO/3 íâő őâłńőŋěŋĺě őâ íłáŕěàĺňěŋâă áłőňŕěŋáĺàőćăŋő ĺğňěŋěŋĺěň ŕăàăňěâàă β_{AB} ĺ ććěďěŋĺěň áŕěæĺăńìŋőčő äãŋłæĺőŋăńìŋőčő ćĺďă ďńï őââăńłĺćăŋĺï őáâőćőć á ŕőáńěďãîéěľ ŕăàăňěâàĺğăæĺěľ. Ŕàĺ íâőň, ěáâěáâćěŋŋő, ćőńŋőćăï äãŋłæĺï íńěłâàőŋőć ć ďĺááőæĺăæĺőŋŋőň ŕàěďěńě őłăğëćăěâáï ŋěŕàăćĺńìŋőľ. Ŕőáłőńìłã ć ňěâőďě APSLG-MINDO/3 łőààěńïæĺï íńěłâàőŋőć ćŋãâàĺ áćïğěľ (ŕăà) ãçĺâëćăěâáï ïćŋő, çâő ŕőğćőńïěâ ĺňěâì ŕàăćĺńìŋëľ ŕàěďěń ŕàĺ ďĺááőæĺăæĺĺ, ŕăàăňěâàë β_{AB} ďőńęŋë őâńĺçăâìáï őâ őďŋőĺňěŋŋëå ć ňěâőďě SCF-MINDO/3.

Ďńï ŕőďąőàă àěğőŋăŋáŋëå ŕăàăňěâàőć ňë àăááçĺâăńĺ íńěłâàőŋŋãî áâàãłâãàã àïďă âěáâőćëå áőěďĺŋěŋĺľ, áőďěàęăéĺå ăâőňë ćőďőàőďă, ãčńěàőďă, ăğőâă ĺ łĺáńőàőďă. Šěáâőćëľ ŋăąőà ňőńěłãń ąëń ćğïâ ĺğ àăąőâ, ŕőáćïéěŋŋëå ŕăàăňěâàĺğăæĺĺ ŕőńãíňŕĺàĺçěáłĺå ňěâőďőć MNDO [48], AM1 [49] ĺ PM3 [50]. Ĺğ íâĺå ęě àăąőâ ąëńĺ ćğïâë íłáŕěàĺňěŋâăńìŋëě ďăŋŋëě ŕő âěŕńőâăň őąàăğőćăŋĺï âěáâőćëå ňőńěłãń. Ŕőńãçěŋŋëě ŕăàăňěâàë β_{AB} ňěâőďă APSLG-MINDO/3 ć áàăćŋěŋĺĺ á ăŋăńőčĺçŋëňĺ ćěńĺçĺŋăňĺ ňěâőďă MINDO/3 ŕàĺćěďěŋë ć âăąńĺæě 2. Ąńĺğőáâì ŕăàăňěâàőć ďćãå ňěâőďőć, ĺáŕőńìğãîéĺå ŕàĺŋæĺŕĺăńìŋő àăğńĺçŋëě ŕàőąŋëě ćőńŋőćëě äãŋłæĺĺ íńěłâàőŋőć, áćĺďěâěńìáâćãěâ őą őŕàěďěńěŋŋőľ ćŋãâàěŋŋěľ áăňőáőčńăáőćăŋŋőáâĺ ŕăàăňěâàĺğăæĺĺ MINDO/3 (áň. ćëèě). Ć âăąńĺæě 3 ŕàĺćěďěŋë àăááçĺâăŋŋëě ňěâőďőň APSLG-MINDO/3 âěŕńőâë őąàăğőćăŋĺï őàčăŋĺçěáłĺå áőěďĺŋěŋĺľ ć áàăćŋěŋĺĺ á ďăŋŋëňĺ íłáŕěàĺňěŋâă ĺ âěŕńőâăňĺ, àăááçĺâăŋŋëňĺ ňěâőďőň MINDO/3. Ŕőńãçěŋŋëě ďăŋŋëě ãďőąŋő őąàăąăâëćăâì, àăááňăâàĺćăï àïďë čőňőńőčőć. Ć íâĺå àïďăå ďőńęŋă áőąńîďăâìáï ăďďĺâĺćŋőáâì ŕőńŋëå íŋěàčĺľ. Ć âăąńĺæě 4 ŕàĺćěďěŋë àěğãńìâăâë àăáçěâă ňěâőďăňĺ APSLG-MINDO/3 ĺ SCF- MINDO/3. Ăŋăńĺğ ŕàĺćěďěŋŋëå ďăŋŋëå ŕőłăğëćăěâ, çâő ďńï ŋőàňăńìŋëå ãčńěćőďőàőďőć ňěâőď APSLG-MINDO/3 ąőńěě âőçŋő ŕěàěďăěâ áćőľáâćő ăďďĺâĺćŋőáâĺ ŕőńŋőľ íŋěàčĺĺ, çěň őáŋőćăŋŋőě ŋă őďŋőíńěłâàőŋŋőň ŕàĺąńĺęěŋĺĺ SCF-MINDO/3. Ďńï æĺłńĺçěáłĺå ãčńěćőďőàőďőć (őáőąěŋŋő ďńï ŕěàćëå çńěŋőć àïďă) ăďďĺâĺćŋőáâì ŋě ŋăąńîďăěâáï, âăł łăł àăğŋëě æĺłńë ĺňěîâ àăğŋëě íŋěàčĺĺ ŋăŕàïęěŋĺï. Ďńï ŋěàăğćěâćńěŋŋëå ăňĺŋőć àăğŋőáâì ŕőńŋëå íŋěàčĺľ ňěâőďă APSLG-MINDO/3 ąëáâàő áåőďĺâáï ł ğŋăçěŋĺî -3612.9 łłăń/ňőńì, åăàăłâěàŋőňã ďńï ŋőàňăńìŋëå ãčńěćőďőàőďőć, çâő áćĺďěâěńìáâćãěâ ő ŋěçãćáâćĺâěńìŋőáâĺ łàăľŋěľ ňěâĺńìŋőľ čàãŕŕë ł ăňĺŋőčàãŕŕě ŋă ďàãčőň łőŋæě æěŕĺ. Ŕőńãçěŋŋăï ăďďĺâĺćŋőáâì, âő ěáâì ńĺŋěľŋăï ğăćĺáĺňőáâì áćőľáâć őâ àăğňěàă áĺáâěňë, ŕőğćőńïěâ ãâćěàęďăâì, çâő ŕőńãíňŕĺàĺçěáłĺľ ňěâőď, őáŋőćăŋŋëľ ŋă ŕàĺąńĺęěŋĺĺ APSLG, ňőęěâ áńãęĺâì, ć áćőî őçěàěďì, ěáâěáâćěŋŋőľ őáŋőćőľ ďńï àăğćĺâĺï ćáěå ăďďĺâĺćŋëå áåěň, ćłńîçăï ňěâőď ňőńěłãńïàŋőľ ňěåăŋĺłĺ. Śàăćŋěŋĺě őâńĺçĺľ őâ íłáŕěàĺňěŋâă ďńï ďćãå àăáçěâŋëå ňěâőďőć (áň. âăąńĺæã 3) ŕőłăğëćăěâ, çâő ã ňěâőďőć APSLG-MINDO/3 ĺ SCF-MINDO/3 ŕàĺňěàŋő őďĺŋăłőćëľ ãàőćěŋì âőçŋőáâĺ ŕàĺ őŕĺáăŋĺĺ âěŕńőâë őąàăğőćăŋĺï őàčăŋĺçěáłĺå áőěďĺŋěŋĺľ. Ŋăĺąőńìèĺě őâłńőŋěŋĺï àěğãńìâăâőć àăáçěâă âěŕńőâë őąàăğőćăŋĺï őâ íłáŕěàĺňěŋâă ć ňěâőďě MINDO/3 ŋăąńîďăîâáï ďńï àăğćěâćńěŋŋëå áőěďĺŋěŋĺľ. Şçěâ ćŋãâàĺáćïğěćëå łőààěńïæĺľ ć ŕàĺąńĺęěŋĺĺ APSLG-MINDO/3 áăň ŕő áěąě ŋě ŕőğćőńïěâ ĺáŕàăćĺâì íâőâ ŋěďőáâăâőł ňěâőďă MINDO/3 (ĺ/ĺńĺ ěčő ŕăàăňěâàĺğăæĺĺ). Őďŋăłő, ďńï ŕàĺąńĺęěŋĺï APSLG-MINDO/3 ćőğňőęěŋ ěáâěáâćěŋŋëľ áŕőáőą ãńãçèěŋĺï őŕĺáăŋĺï âěŕńőâ őąàăğőćăŋĺï àăğćěâćńěŋŋëå őàčăŋĺçěáłĺå áőěďĺŋěŋĺľ ŕãâěň ãçěâă àěğőŋăŋáŋëå ćłńăďőć ć íŋěàčĺî ďńï ŕăà åĺňĺçěáłĺ ŋě áćïğăŋŋëå ăâőňőć.

4 Őąáãęďěŋĺě.

Łăł ãęě ąëńő őâňěçěŋő ćő ććěďěŋĺĺ, łćăŋâőćăï åĺňĺï ć ŋăáâőïéěě ćàěňï áâăńłĺćăěâáï á ďćãňï ćăęŋëňĺ ŕàőąńěňăňĺ: áőğďăŋĺï łćăŋâőćőåĺňĺçěáłőčő ňěâőďă á ńĺŋěľŋëň ŕő N (čďě N - àăğňěà áĺáâěňë) àőáâőň âàěąőćăŋĺľ ł ćëçĺáńĺâěńìŋëň àěáãàáăň ĺ ŕőáâàőěŋĺï łőňąĺŋĺàőćăŋŋëå QM/MM ňěâőďőć őŕĺáăŋĺï ąőńìèĺå ňőńěłãńïàŋëå áĺáâěň, ć łőâőàëå őďŋă (åĺňĺçáěłĺ ăłâĺćŋăï) çăáâì őŕĺáëćăńăáì ąë łćăŋâőćőňěåăŋĺçěáłĺ (QM), ă őáâăńìŋëě (ĺŋěàâŋëě) çăáâĺ áĺáâěňë őŕĺáëćăńĺáì ŕàĺ ŕőňőéĺ ňěâőďă ňőńěłãńïàŋőľ ňěåăŋĺłĺ (MM). Ďćě íâĺ ŕàőąńěňë őąëçŋő àăááňăâàĺćăîâ ĺğőńĺàőćăŋŋő, åőâï ŋă áăňőň ďěńě ňěęďã ŋĺňĺ áãéěáâćãěâ čńãąőłăï ćŋãâàěŋŋïï áćïğì, â. ł. őŋĺ őąě ć łőŋěçŋőň ĺâőčě áćőďïâáï ł ŕàőąńěňě àăğďěńěŋĺï íńěłâàőŋŋëå ŕěàěňěŋŋëå. Śâăŋďăàâŋëľ áŕőáőą àăğďěńěŋĺï íńěłâàőŋŋëå ŕěàěňěŋŋëå, ŕàĺŋïâëľ ć łćăŋâőćőľ åĺňĺĺ, áőáâőĺâ ć ŕàĺňěŋěŋĺĺ őďŋőďěâěàňĺŋăŋâŋőčő ŕàĺąńĺęěŋĺï (ŕàĺąńĺęěŋĺï áăňőáőčńăáőćăŋŋőčő ŕőńï, ŕàĺąńĺęěŋĺï Ţăàâàĺ-Ťőłă) ďńï ćőńŋőćőľ äãŋłæĺĺ őáŋőćŋőčő áőáâőïŋĺï íńěłâàőŋőć. İâőâ áŕőáőą á áăňőčő ŋăçăńă őâàěğăěâ ćőğňőęŋëě ŕãâĺ łàěèěŋĺî ğăïćńěŋŋëå ŕàőąńěň. Ćő-ŕěàćëå, á çĺáâő ćëçĺáńĺâěńìŋőľ âőçłĺ ğàěŋĺï âàěąőćăŋĺï ŕőæěďãàë ŚŚŔ ł àěáãàáăň ćőğàăáâăîâ łăł N^3, ă ŕőâőňã őŋă ŋě ňőęěâ áńãęĺâì őáŋőćőľ ďńï ŕőáâàőěŋĺï ńĺŋěľŋëå ŕő N ňěâőďőć. Ś ďàãčőľ áâőàőŋë, ŕőńãçăîéĺěáï ć àěğãńìâăâě ŕàĺňěŋěŋĺï ŚŚŔ ŕàőæěďãàë łăŋőŋĺçáłĺě

ŇŐ-ŃŁĂŐ ďěńőłăńĺğőćăŋë ŕő ćáěľ ňőńěłãńě, çâő ŋě ŕőğćőńïěâ áâàőĺâì ŋă ĺå őáŋőćě ŕàĺąńĺęěŋĺï, âàăłâãîéĺě àăğŋëě çăáâĺ ňőńěłãńë àăğŋëňĺ áŕőáőąăňĺ. Łàőňě âőčő, ŕàĺąńĺęěŋĺě ŚŚŔ áăňő ŕő áěąě âàěąãěâ ďőŕőńŋĺâěńìŋőčő ãçěâă łőààěńïæĺĺ íńěłâàőŋőć ŕàĺ ŕàĺňěŋěŋĺĺ ěčő ł åĺňĺçěáłĺň ŕàőæěááăň. Ć íâőľ áćïğĺ a priori ŋě ïáŋő, łăłőľ ŕãâì őłăęěâáï ŕàěďŕőçâĺâěńìŋëň: áŋăçăńă ćőğňőęŋő ŕőńŋő ãçěáâì őďŋőíńěłâàőŋŋëě ŕěàěŋőáë (àěğőŋăŋá) ňěęďã àăğńĺçŋëňĺ ĂŐ, çâő ŕàĺćěďěâ ł ďěńőłăńĺğăæĺĺ őďŋőíńěłâàőŋŋëå áőáâőïŋĺľ ĺ ŋěłőààěłâŋőňã őŕĺáăŋĺî čőňőńĺâĺçěáłőčő àăğàëćă σ-áćïğěľ, ĺńĺ ęě ąőńěě ŕěàáŕěłâĺćŋő ŋă ŕěàćőň íâăŕě ãçěáâì ŕăàŋëě łőààěńïæĺĺ íńěłâàőŋőć åőâï ąë ćŋãâàĺ áćïğěľ, çěň őąěáŕěçĺâì ŕàăćĺńìŋőě á åĺňĺçěáłőľ âőçłĺ ğàěŋĺï ŕőćěďěŋĺě ŕàĺ čőňőńĺâĺçěáłőň àăğàëćě, ă ğăâěň ãęě ãçěáâì őďŋőíńěłâàőŋŋëě ŕěàěŋőáë ć łăçěáâćě ŕőŕàăćőł. Ćő ćáïłőň áńãçăě ćâőàőľ áŕőáőą őáâăćńïěâ őâłàëâőľ ŕěàáŕěłâĺćã łăł ďńï ńĺŋěľŋőáâĺ ŕő N, âăł ĺ ďńï àăğďěńěŋĺï íńěłâàőŋŋëå ŕěàěňěŋŋëå, áőčńăáőćăŋŋőčő á čěőňěâàĺçěáłőľ ĺ åĺňĺçěáłőľ áâàãłâãàőľ ňőńěłãńë. Łàőňě ŕàăćĺńìŋőčő ŕàěďěńă ŕàĺ ďĺááőæĺăæĺĺ ŕàĺąńĺęěŋĺě APSLG-MINDO/3 ĺňěěâ àïď ćëçĺáńĺâěńìŋëå ŕàěĺňãéěáâć ŕěàěď őąëçŋëň ňěâőďőň MINDO/3. Šăł, ć ňěâőďě APSLG- MINDO/3 ŕőńãçăîâáï çãâì ąőńěě âőçŋëě ğŋăçěŋĺï íŋěàčĺĺ. Ćőğňőęŋő őŕĺáăŋĺě áĺáâěňë á ĺáŕőńìğőćăŋĺěň ŕőŋïâĺï "čĺąàĺďĺğăæĺï" ĺ ćăàĺăæĺőŋŋëň őŕàěďěńěŋĺěň őŕâĺňăńìŋëå ČŐ. Ć àăňłăå ŋăáâőïéěčő ŕőďåőďă ćőğňőęŋő ŋěŕőáàěďáâćěŋŋő őŕàěďěńĺâì âăłĺě åăàăłâěàĺáâĺłĺ áćïğěľ, łăł áâěŕěŋĺ łőćăńěŋâŋőáâĺ ĺ ĺőŋŋőáâĺ áćïğěľ ĺ ŕőńïàŋőáâì áćïğĺ. Šăł, ďńï ńîąőľ čěňĺŋăńĺ áćïğĺ ňë ňőęěň ŕőńőęĺâì:

g^+_m = I_m √ 2 [√ 1 + λ_mr^+_{mα}r^+_{mβ} + √ 1 − λ_ml^+_{mα}l^+_{mβ} ] + C_m √ 2 [ r^+_{mα}l^+_{mβ} + l^+_{mα}r^+_{mβ} ] , (36) čďě I_m ŕàěďáâăćńïěâ áőąőľ ĺőŋŋëľ ćłńăď ć čěňĺŋăńì, C_m ïćńïěâáï ďőńěľ łőćăńěŋâŋőáâĺ áćïğĺ, ă λ_m ěáâì ňěàă ŕőńïàŋőáâĺ áćïğĺ. Ŕőńãçěŋŋëě åăàăłâěàĺáâĺłĺ áćïğěľ ŕőğćőńïîâ őŕàěďěńĺâì ğăàïďë ŋă ăâőňăå. Šăł, ďńï łăęďőľ ŕăàë íńěłâàőŋőć ňőęŋő őŕàěďěńĺâì íńěłâàőŋŋãî ŕńőâŋőáâì, őâŋőáïéãîáï ł ŕàăćőňã ĺ ńěćőňã ăâőňăň áőőâćěâáâćěŋŋő:

C^2_m + I^2_m (1 + λ_m) 2 , C^2_m + I^2_m (1 − λ_m) 2 . (37)

Ďńï łăęďőčő ăâőňă ňë áãňňĺàãěň ćłńăďë őâ ćáěå áćïğěľ, ćłńîçăï ŋěŕőďěńěŋŋëě íńěłâàőŋŋëě ŕăàë, łőâőàëě őŋ őąàăğãěâ. Ŕàĺ íâőň ňë ŕőńãçăěň íńěłâàőŋŋãî ŕńőâŋőáâì ŋă ăâőňě, ĺğ łőâőàőľ ŕőńãçăěň ğŋăçěŋĺě ğăàïďă ŋă ăâőňě. Ć âăąńĺæě 5 ŕàěďáâăćńěŋë áâěŕěŋĺ ĺőŋŋőáâĺ ĺ łőćăńěŋâŋőáâĺ ĺ ŕőńïàŋőáâĺ áćïğěľ, ă âăłęě ğăàïďë ŋă àăğńĺçŋëå ăâőňăå ć ŋěłőâőàëå ŕàőáâěľèĺå őàčăŋĺçěáłĺå áőěďĺŋěŋĺïå. Łăł ćĺďŋő, ďńï ćáěå áőěďĺŋěŋĺľ łőćăńěŋâŋëľ ćłńăď ŕàěőąńăďăěâ ŋăď ĺőŋŋëň. Ďăęě áĺńìŋëě ĺğňěŋěŋĺï ć ŕőńïàŋőáâĺ áćïğěľ ňăńő áłăğëćăîâáï ŋă áőőâŋőèěŋĺĺ ĺőŋŋőčő ĺ łőćăńěŋâŋőčő ćłńăďőć ć åĺňĺçěáłãî áćïğì. Ğŋăçěŋĺï ŕőńïàŋőáâěľ áćïğěľ, ć áćőî őçěàěďì, łăçěáâćěŋŋő áőőâćěâáâćãîâ őąëçŋëň ŕàěďáâăćńěŋĺïň őą íńěłâàőőâàĺæăâěńìŋőáâïå àăğńĺçŋëå ăâőňőć. Ğăàïďë ŋă ăâőňăå ňőčãâ ąëâì áőŕőáâăćńěŋë á ğăàïďőćëňĺ àăáŕàěďěńěŋĺïňĺ, łőâőàëě ŕőńãçăîâáï ć ďàãčĺå ňěâőďăå. Ňěâőď APSLG-MINDO/3 ŕàěďáłăğëćăěâ áňěéěŋĺě íńěłâàőŋŋőľ ŕńőâŋőáâĺ ć ňěâăŋě őâ ăâőňă ćőďőàőďă ł ăâőňã ãčńěàőďă, ć âő ćàěňï łăł SCF-MINDO/3 ŕàěďáłăğëćăěâ őąàăâŋőě áňěéěŋĺě ć ŕàőâĺćőàěçĺĺ á őąéěŕàĺŋïâëňĺ ŕàěďáâăćńěŋĺïňĺ. Ŋěőąåőďĺňő őâňěâĺâì, çâő áćïğì C-N őłăğëćăěâáï ŕàăłâĺçěáłĺ ŋěŕőńïàŋőľ. Ŕăàăňěâàë áćïğĺ C-H ć ňěâăŋě ĺ áćïğĺ N-H ć ăňňĺăłě őłăğëćăîâáï ćěáìňă áåőďŋëňĺ (áň. âăąńĺæã 2). Ďńï ňěâăŋă ĺ íâăŋă łőíääĺæĺěŋâë àăğńőęěŋĺï čěňĺŋăńěľ ąńĺğłĺ ł çĺáâő åăàâàĺ-äőłőćáłőľ łăàâĺŋě, łőčďă àăğńĺçŋëě ĺőŋŋëě ĺ łőćăńěŋâŋëě ćłńăďë ćåőďïâ ć ćőńŋőćãî äãŋłæĺî áćïğĺ á àăćŋëňĺ ćěáăňĺ, çâő áćĺďěâěńìáâćãěâ ő âőň, çâő ć ňăńőŕőńïàŋëå ãčńěćőďőàőďăå ćŋãâàĺáćïğěćëě łőààěńïæĺĺ ŋě őçěŋì áĺńìŋë. Ďńï ąőńěě ŕőńïàŋëå áőěďĺŋěŋĺľ, ŋăŕàĺňěà äâőàőćőďőàőďă ĺńĺ ňěâĺńäâőàĺďă, ãçěâ łőààěńïæĺľ ğŋăçĺâěńìŋő áłăğëćăěâáï ŋă ćőńŋőćőľ äãŋłæĺĺ őáŋőćŋőčő áőáâőïŋĺï ňőńěłãńë.

Ćăęŋőľ őáőąěŋŋőáâìî ŕàěďńőęěŋŋőčő ňěâőďă ïćńïěâáï őŕàěďěńěŋĺě áâěŕěŋĺ čĺąàĺďĺğăæĺĺ ďńï łăęďőľ ČŐ ŋă őáŋőćě ćăàĺăæĺőŋŋőčő ŕàĺŋæĺŕă. Řăááňőâàĺň äőàňã čĺąàĺďŋëå őàąĺâăńěľ ďńï ŋěłőâőàëå ŕàőáâěľèĺå ňőńěłãń. Ňőńěłãńă ňěâăŋă, łăł ĺ áńěďőćăńő őęĺďăâì, ĺ ŕàĺ ćăàĺăæĺőŋŋőň őŕàěďěńěŋĺĺ áőåàăŋïěâ sp^3-čĺąàĺďĺğăæĺî. Ć ňőńěłãńě äâőàőćőďőàőďă čĺąàĺďŋăï őàąĺâăńì áćïğĺ F-H ïćńïěâáï ŕàăłâĺçěáłĺ çĺáâőľ p-őàąĺâăńìî (ąőńěě âőçŋő čĺąàĺďĺğăæĺï íâőľ őàąĺâăńĺ ňőęěâ ąëâì ŕàěďáâăćńěŋă łăł sp^{39.2}, çâő áćĺďěâěńìáâćãěâ ő łàăľŋěľ ŋěàăćŋőňěàŋőáâĺ èłăńë čĺąàĺďĺğăæĺĺ). Śőőâćěâáâćěŋŋő, ČŐ ŋěŕőďěńěŋŋëå íńěłâàőŋŋëå ŕăà őąàăğãîâ ďćě çĺáâëě p-äãŋłæĺĺ ĺ őáâăěâáï őďŋă ŕàăłâĺçěáłĺ çĺáâăï s-äãŋłæĺï. Ŋěőąåőďĺňő őâňěâĺâì, çâő áňěèĺćăŋĺě ČŐ ŋěŕőďěńěŋŋëå íńěłâàőŋŋëå ŕăà ŋě ďőńęŋő ŕàĺćőďĺâì ł ĺğňěŋěŋĺî íńěłâàőŋŋőľ íŋěàčĺĺ ĺ őŕàěďěńïěâáï äăłâĺçěáłĺ ğăďăŋĺěň ŋăçăńìŋëå ãáńőćĺľ ŕàĺ őŕâĺňĺğăæĺĺ.

Ŋěáňőâàï ŋă âő, çâő łőíääĺæĺěŋâë àăğńőęěŋĺï čěňĺŋăńěľ ć ňőńěłãńăå ăňňĺăłă ĺ ňěâăŋă ďőáâăâőçŋő ąńĺğłĺ, ŋăńĺçĺě ŋěŕőďěńěŋŋőľ íńěłâàőŋŋőľ ŕăàë ć ňőńěłãńě ăňňĺăłă ŕàĺćőďĺâ ł áãéěáâćěŋŋëň őâłńőŋěŋĺïň ČŐ őâ sp^3-äőàňë. Łăł ĺ ć ňőńěłãńě äâőàőćőďőàőďă, ŕőćëèăěâáï p-åăàăłâěà ďńï ČŐ, ãçăáâćãîéĺå ć åĺňĺçěáłĺå áćïğïå, ć âő ćàěňï łăł ŋěŕőďěńěŋŋăï íńěłâàőŋŋăï ŕăàă ĺňěěâ ć ąőńìèěľ áâěŕěŋĺ s-åăàăłâěà. Ăŋăńĺğ ňăâàĺæë ŕàěőąàăğőćăŋĺï őâ ąăğĺáă ĂŐ ł ąăğĺáã ČŐ ŕàĺćőďĺâ ł sp^{6.26}-čĺąàĺďĺğăæĺĺ ďńï áćïğěľ N-H ĺ sp^{0.70}-čĺąàĺďĺğăæĺĺ ďńï ŋěŕőďěńěŋŋőľ íńěłâàőŋŋőľ ŕăàë. Ğăňěâĺň, çâő ć àăňłăå ŕàěďńőęěŋŋőčő ňěâőďă äőàňă ŋěŕőďěńěŋŋëå íńěłâàőŋŋëå ŕăà őŕàěďěńïěâáï őďŋőğŋăçŋő ŋă őáŋőćě ćăàĺăæĺőŋŋőčő ŕàĺŋæĺŕă.

ČŐ ć ňőńěłãńě íâăŋă áńěčłă őâńĺçăîâáï őâ sp^3-äőàňë á ŕàěőąńăďăŋĺěň p-åăàăłâěàă ďńï áćïğĺ C-H. Šăł, C-C-áćïğì ĺňěěâ sp^{2.70}-čĺąàĺďĺğăæĺî, ă áćïğĺ C-H ĺňěîâ sp^{3.10}-čĺąàĺďĺğăæĺî. Ć ňőńěłãńě æĺłńőŕàőŕăŋă ČŐ áćïğĺ C-C ĺňěîâ sp^{3.38}-čĺąàĺďĺğăæĺî, ă čĺąàĺďŋëě őàąĺâăńĺ áćïğĺ C-H ĺňěîâ sp^{2.68}-čĺąàĺďĺğăæĺî. Ŋăŕàăćńěŋĺï ňăłáĺňăńìŋőľ ŕńőâŋőáâĺ ďńï ČŐ áćïğěľ C-C ŋě áőćŕăďăîâ á ŋăŕàăćńěŋĺïňĺ áăňĺå áćïğěľ. Ć ňőńěłãńě ňěâĺńäâőàĺďă áćïğì C-F ŕàőïćńïěâ áãéěáâćěŋŋő łőćăńěŋâŋëľ åăàăłâěà ĺ ňěŋěě ŕőńïàŋă, çěň áćïğì H-F ć ňőńěłãńě äâőàőćőďőàőďă. Śćőľáâćă C-H-áćïğĺ őłăğëćăîâáï ňăńő çãćáâćĺâěńìŋë ł ŋăńĺçĺî ğăňěáâĺâěńï ã ăâőňă ãčńěàőďă ĺ ŕàĺňěàŋő őďĺŋăłőćë ďńï ňěâăŋă, íâăŋă ĺ äâőàĺáâőčő ňěâĺńă. Őáŋőćŋëě őâńĺçĺï ć áćïğïå C-H ć ňőńěłãńăå íâăŋă ĺ ňěâĺńäâőàĺďă áćïğăŋë á àăğńĺçŋőľ čĺąàĺďĺğăæĺěľ őàąĺâăńěľ. Ć ňőńěłãńě ňěâĺńäâőàĺďă ďőńï p-äãŋłæĺĺ ãčńěàőďă ć C-H áćïğĺ áãéěáâćěŋŋő ŕőŋĺęěŋă ŕő áàăćŋěŋĺî á çĺáâëň sp^3-čĺąàĺďőň. Ŕàĺňěçăâěńìŋő, çâő ćĺď ČŐ ăâőňă äâőàă ć ňőńěłãńě ňěâĺńäâőàĺďă ŕàăłâĺçěáłĺ âăłőľ ęě, łăł ĺ ć ňőńěłãńě äâőàőćőďőàőďă. Ŕàőćěďěŋŋőě àăááňőâàěŋĺě ŕőğćőńïěâ ãâćěàęďăâì, çâő ć àăňłăå ĺáŕőńìğőćăŋŋëå ŕàĺąńĺęěŋĺï ł ćőńŋőćőľ äãŋłæĺĺ áĺáâěňë ĺ ňőďěńìŋőčő čăňĺńìâőŋĺăŋă, ĺŋďãłâĺćŋëľ íääěłâ áćïğăŋ ŋě á ĺğňěŋěŋĺěň ŕőńïàŋőáâĺ áćïğěľ, ă á ĺğňěŋěŋĺěň äőàňë ČŐ, â. ě. őâŋőáĺâěńìŋëå ćłńăďőć s- ĺ p-őàąĺâăńěľ ć åĺňĺçěáłãî áćïğì.

5 Ćëćőďë.

Ć ŋăáâőïéěľ àăąőâě ŕàěďńőęěŋ ŕőńãíňŕĺàĺçěáłĺľ ňěâőď àăáçěâă íńěłâàőŋŋőľ áâàãłâãàë ňőńěłãń, ĺáŕőńìğãîéĺľ ćăàĺăæĺőŋŋãî ćőńŋőćãî äãŋłæĺî íńěłâàőŋőć ć ćĺďě ăŋâĺáĺňňěâàĺğőćăŋŋőčő ŕàőĺğćěďěŋĺï áâàőčő ńőłăńĺğőćăŋŋëå čěňĺŋăńěľ (ĂŔŚŃČ). Řăáçěâőň á ĺáŕőńìğőćăŋĺěň áâăŋďăàâŋőľ ŕăàăňěâàĺğăæĺĺ MINDO/3 ŕőłăğăŋő, çâő ćőńŋőćăï äãŋłæĺï ŕàĺąńĺęěŋĺï ĂŔŚŃČ áőŕőáâăćĺňă ŕő łăçěáâćã á äãŋłæĺěľ ŕàĺąńĺęěŋĺï ŚŚŔ ć őąńăáâĺ åăàăłâěàŋëå ćŋãâàĺňőńěłãńïàŋëå ňěęêïďěàŋëå àăááâőïŋĺľ ĺ łàőňě âőčő ć őâńĺçĺě őâ äãŋłæĺĺ ŚŚŔ ĺňěěâ ŕàăćĺńìŋőě ăáĺňŕâőâĺçěáłőě ŕőćěďěŋĺě ŕàĺ àăğàëćě áćïğěľ. Ŕőłăğăŋő, çâő ŋěğŋăçĺâěńìŋăï ňőďĺäĺłăæĺï ŕăàŋëå àěğőŋăŋáŋëå ŕăàăňěâàőć β_{AB} ŕőğćőńïěâ ďőąĺâìáï ńãçèěčő áőčńăáĺï âěŕńőâ őąàăğőćăŋĺï, àăááçĺâăŋŋëå ňěâőďőň APSLG-MINDO/3, á íłáŕěàĺňěŋâőň, çěň íâő ŕőğćőńïěâ áďěńăâì ňěâőď SCF-MINDO/3. Ć àăňłăå ŕőďåőďă, őáŋőćăŋŋőčő ŋă ĺáŕőńìğőćăŋĺĺ ćăàĺăæĺőŋŋőľ ćőńŋőćőľ äãŋłæĺĺ ć ŕàĺąńĺęěŋĺĺ APSLG, ãďăěâáï ŕőáńěďőćăâěńìŋő ãâőçŋĺâì ĺŋâãĺâĺćŋëě åĺňĺçěáłĺě ŕőŋïâĺï ő áćïğïå, áâěŕěŋĺ ĺå ĺőŋŋőáâĺ/łőćăńěŋâŋőáâĺ, ŕőńïàŋőáâĺ, čĺąàĺďŋëå őàąĺâăńïå, ŋěŕőďěńěŋŋëå íńěłâàőŋŋëå ŕăàăå, łőâőàëě ŋě áâőńì ŕàőğàăçŋë ć àăňłăå ŕőďåőďă, őáŋőćăŋŋőčő ŋă ćăàĺăæĺőŋŋőľ äãŋłæĺĺ ŕàĺąńĺęěŋĺï ŚŚŔ. Ŕàěďńőęěŋŋëľ ňěâőď ňőęěâ áńãęĺâì őáŋőćőľ ďńï ďăńìŋěľèěčő àăğćĺâĺï łăł ńĺŋěľŋëå ŕő àăğňěàã áĺáâěňë ňěâőďőć àăáçěâă ąőńìèĺå ňőńěłãńïàŋëå áĺáâěň, âăł ĺ ďńï àăğàăąőâłĺ łőňąĺŋĺàőćăŋŋëå QM/MM ňěâőďőć.

Ĺ.Ă. Ňĺáãàłĺŋ ŕàőçĺâăń àãłőŕĺáì ŋăáâőïéěľ áâăâìĺ ĺ áďěńăń áãéěáâćěŋŋëě ğăňěçăŋĺï, ğă çâő ăćâőàë ŕàĺŋőáïâ ěňã čńãąőłãî ąńăčőďăàŋőáâì.

Ńĺâěàăâãàă

[1] Shavitt, I. The Method of Con˛guration Interaction // Methods of Electronic Structure Theory. / Ed. by H.F. Schaefer III. N.Y.:Plenum Press, 1977.

[2] Dixon, S.L., Merz, K.M. // J. Chem. Phys. 1997. V. 107. P. 879. [3] Stewart,J.J.P. Int. J. Quantum Chem. 1996. V. 58. P. 133. [4] Rubio,J., Povill, A., Malrieu, J.-P., Reinhardt, P. // J. Chem. Phys.

1997. V. 107. P. 10044.

[5] Thery, V., Rinaldi, D., Rivail, J.-L., Maigret, B., Ferenczy, G. // J.

Comput. Chem. 1994. V. 15. P. 269.

[6] Bernardi, F., Olivucci, M., Robb, M.A. // J. Am. Chem. Soc. 1992. V.

114. P. 1606.

[7] Burkert, U., Allinger, N.L. / Molecular Mechanics. Washington: ACS, 1992.

[8] Aqvist, J., Warshel, A. // Chem. Rev. 1993. V. 93. P. 2523. [9] Bakowics, D., Thiel, W. // J. Comput. Chem. 1996. V. 17. P. 87. [10] Carmer, C.S., Weiner, B., Frenklach, M. // J. Chem. Phys. 1993. V. 99.

P. 1356.

[11] Field, J.J., Bach, P.A., Karplus, M. // J. Comput. Chem. 1990. V. 11.

P. 300.

[12] Field, M.J. // Computer simulation of biomolecular systems: theoretical and experimental applications / Ed. by W.F. van Gunsteren, P.K. Weiner and A.J. Wilkinson. Leiden: ESCOM, 1993.

[13] Gao, J.L. // Reviews in computational chemistry / Ed. by K.B.

Lipkowitz and D.B. Boyd. N.Y.: VCH Publishers, 1996. [14] Gao, J.L. // J. Phys. Chem. 1992. V. 96. P. 537. [15] Gao, J.L., Xia, X.F. // Science. 1992. V. 258. P. 631.

[16] Luzhkov, V., Warshel, A. // J. Comput. Chem. 1992. V. 13. P. 199. [17] Maseras, F., Morokuma, K. // J. Comput. Chem. 1995. V. 16. P. 1170. [18] McCreery, J.H., Christo¸ersen, R.E., Hall, G.G. // J. Am. Chem. Soc.

1976. V. 98. P. 7198.

[19] Singh, U.C.,Kollman, P.A. // J. Comput. Chem. 1986. V. 7. P. 718. [20] Stanton, R.V., Hartsough, D.S., Merz, K.M. // J. Comput. Chem. 1995.

V. 16. P. 113.

[21] Stanton, R.V., Hartsough, D.S., Merz, K.M. // J. Phys. Chem. 1993. V.

97. P. 11868.

[22] Tapia, O., Johannin, G. // J. Chem. Phys. 1981. V. 75. P. 3624. [23] Thompson, M.A. // J. Phys. Chem. 1995. V. 99. P. 4794. [24] Tu~non, I., Martins-Costa, T.C., Millot, C., Ruiz-Lopez, M.F., Rivail, J.-L. // J. Comput. Chem. 1996. V. 17. P. 19.

[25] Warshell, A., Levitt, M. // J. Mol. Biol. 1976. V. 103. P. 227. [26] Stanton, R.V., Little, L.R., Merz, K.M. // J. Phys. Chem. 1995. V. 99.

P. 17344.

[27] Ťőł, Ć.Ă., Ćěáěńőć, Ň.Č., Ŕěâàăèěŋì, Ň.Ĺ. // ĘİŠŤ. 1940. Š. 10.

Ś. 723; Ťőł, Ć.Ă. // ĎĂŊ ŚŚŚŘ. 1950. Š. 73. Ś. 735.

[28] Hurley, A.C., Lennard-Jones, J.E., Pople, J.A. // Proc. Roy. Soc.

London. Ser. A. 1953. V. 220. P. 446.

[29] Diner, S., Malrieu, J.-P., Claverie, P. // Theoret. Chim. Acta. 1969. V.

13. P. 1.

[30] J.-P. , Malrieu. The PCILO Method // Semiempirical Methods of Electronic Structure Calculation. Part A: Techniques / Ed. by G.A. Segal, N.Y.: Plenum Press, 1977.

[31] Smits, G.F., Altona, C. // Theor. Chim. Acta. 1985. V. 67. P. 461.

[32] Edmiston, C., Ruedenberg, K. // Rev. Mod. Phys. 1963. V. 35. P. 457. [33] Edmiston, C., Ruedenberg, K. // J. Chem. Phys. 1965. V. 43. P. 97. [34] Foster, J.M., Boys, S.F. // Rev. Mod. Phys. 1960. V. 32. P. 300. [35] Boys, S.F. // Rev. Mod. Phys. 1960. V. 32. P. 296. [36] von Niessen, W. // Theor. Chim. Acta. 1972. V. 27. P. 9. [37] Pauling, L. // J. Am. Chem. Soc. 1931. V. 57. P. 1367. [38] Del Re, G. // Theor. Chim. Acta. 1963. V. 1. P. 188. [39] Surj„an, P.R. The Concept of the Chemical Bond // Theoretical Models of Chemical Bonding. Part 2. / Ed. by Z.B. Maksi«c. Heidelberg: Springer, 1989. P. 205.

[40] Ůãčàěěć, Ă.Ń. // Ţĺňĺçěáłăï äĺğĺłă. 1997. Š. 16. No. 6. Ś. 62. [41] Cli¸ord, S., Bearpark, M.J., Robb, M.A. // Chem. Phys. Lett. 1996. V.

255. P. 320.

[42] Bobrowicz, F.W., Goddard, W.A. The Self-Consistent Field Equations for Generalized Valence Bond and Open-Shell Hartree-Fock Wave Functions // Methods of Electronic Structure Theory / Ed. by H.F. Schaefer. N.Y.: Plenum Press, 1977.

[43] Poirier, R.A., Surj„an, P.R. // J. Comput. Chem. 1987. V. 8. P. 436. [44] Bingham, R.C., Dewar, M.J.S., Lo, D.H. // J. Am. Chem. Soc. 1975.

V. 97. PP. 1302, 1307.

[45] Ňĺáãàłĺŋ, Ĺ.Ă. // Őŕâ. ĺ áŕěłâà. 1975. Š. 39. Ś. 617. [46] Ňĺáãàłĺŋ, Ĺ.Ă., Őćçĺŋŋĺłőć, Ă.Ă. // Őŕâ. ĺ áŕěłâà. 1971. Š. 30. Ś.

616.

[47] Freed, K. // Chem. Phys. Lett. 1972. V. 13. P. 181; it ibid. 1972. V. 15.

P. 331.

[48] Dewar, M.J.S., Thiel, W. // J. Am. Chem. Soc. 1977. V. 99. P. 4899.

[49] Dewar, M.J.S., Zoebisch, E.G., Healy, E., Stewart, J.J.P. // J. Am.

Chem. Soc. 1985. V. 107. P. 3902.

[50] Stewart, J.J.P. // J. Comput. Chem. 1989. V. 10. P. 209.

Šăąńĺæă 1: Šěŕńőâë őąàăğőćăŋĺï (łłăń/ňőńì) âěáâőćëå ňőńěłãń, ŕőńãçěŋŋëě íłáŕěàĺňěŋâăńìŋő [49] ĺ àăááçĺâăŋŋëě ňěâőďăňĺ SCF-MINDO/3 ĺ APSLG-MINDO/3 áő áâăŋďăàâŋőľ ŕăàăňěâàĺğăæĺěľ MINDO/3.

ΔH_f ΔH_f ΔH_f Őèĺąłă ć Őèĺąłă ć Ňőńěłãńă ΔH_f ΔH_f (expt.) (APSLG) (MINDO/3) (APSLG) (MINDO/3) H_2 0.0 -1.394 0.936 -1.394 0.936 CH_4 -17.8 -5.645 -6.160 12.155 11.640 C_2H_6 -20.04 -7.235 -17.082 12.805 2.958 C_3H_8 -25.00 -4.444 -24.750 20.556 0.250 ŋ-C_4H_{10} -30.00 0.013 -29.194 30.013 0.806 ĺğő-C_4H_{10} -32.00 6.758 -22.045 38.758 9.955 ŋ-C_5H_{12} -35.09 2.914 -35.515 38.004 -0.425 ŋěő-C_5H_{12} -40.15 27.221 -9.886 67.371 30.264 æĺłńőŕàőŕăŋ 12.7 41.088 9.636 28.388 -3.064 æĺłńőąãâăŋ 6.8 42.037 3.672 35.237 -3.128 æĺłńőŕěŋâăŋ -18.3 14.378 -20.052 32.678 -1.752 æĺłńőčěłáăŋ -29.49 23.705 -30.767 53.195 -1.277 NH_3 -11.0 -19.013 -8.615 -8.013 2.385 CH_3NH_2 -5.5 4.968 -1.773 10.468 3.727 C_2H_5NH_2 -11.3 3.325 -12.867 14.625 -1.567 ŋ-C_3H_7NH_2 -16.8 6.845 -18.315 23.645 -1.515 ĺğő-C_3H_7NH_2 -20.0 8.767 -15.505 28.767 4.495 âàěâ-BuNH_2 -28.9 26.075 -7.422 54.975 21.478 (CH_3)_2NH -4.4 36.588 7.505 40.988 11.905 (CH_3)_3N -5.7 71.226 26.436 76.926 32.136 N_2H_4 22.8 2.179 14.440 -20.621 -8.360 CH_3NHNH_2 22.6 24.846 19.860 2.246 -2.740 (CH_3)_2NNH_2 20.1 57.057 32.983 36.943 12.883 CH_3NHNHCH_3 22.0 50.600 24.650 28.600 2.650 H_2O -57.8 -60.447 -53.521 -2.647 4.279 CH_3OH -48.16 -32.918 -44.777 15.242 3.383 C_2H_5OH -56.21 -35.388 -61.806 20.822 -5.596 1-C_3H_7OH -60.98 -32.100 -67.517 28.880 -6.537 2-C_3H_7OH -65.19 -32.638 -66.194 32.568 -1.004 âàěâ-BuOH -74.7 -22.153 -62.618 52.547 12.082 (CH_3)_2O -60.3 2.327 -37.485 57.973 22.815 H_2O_2 -32.5 -36.699 -24.887 -4.199 7.613 25

Šăąńĺæă 2: Ŕăàăňěâàë β_{AB} ňěâőďőć APSLG-MINDO/3 ĺ SCF-MINDO/3 (eV).

A B β_{AB} (APSLG) β_{AB} (MINDO/3) H H 0.243007 0.244770 H C 0.316049 0.315011 H N 0.356416 0.360776 H O 0.414559 0.417759 C C 0.428097 0.419907 C N 0.426086 0.410886 C O 0.486514 0.464514 N N 0.379342 0.377342 O O 0.659407 0.659407

Šăąńĺæă 3: Šěŕńőâë őąàăğőćăŋĺï (łłăń/ňőńì) âěáâőćëå ňőńěłãń, ŕőńãçěŋŋëě íłáŕěàĺňěŋâăńìŋő [49] ĺ àăááçĺâăŋŋëě ňěâőďăňĺ SCF-MINDO/3 ĺ APSLG-MINDO/3 á ŕăàăňěâàăňĺ β_{AB}, ŕàĺćěďěŋŋëňĺ ć âăąńĺæě 2.

ΔH_f ΔH_f ΔH_f Őèĺąłă ć Őèĺąłă ć Ňőńěłãńă ΔH_f ΔH_f (expt.) (APSLG) (MINDO/3) (APSLG) (MINDO/3) H_2 0.0 0.000 0.936 0.000 0.936 CH_4 -17.8 -9.116 -6.160 8.684 11.640 C_2H_6 -20.04 -19.405 -17.082 0.635 2.958 C_3H_8 -25.00 -25.303 -24.750 -0.303 0.250 ŋ-C_4H_{10} -30.00 -29.415 -29.194 0.585 0.806 ĺğő-C_4H_{10} -32.00 -22.827 -22.045 9.173 9.955 ŋ-C_5H_{12} -35.09 -35.146 -35.515 -0.056 -0.425 ŋěő-C_5H_{12} -40.15 -11.074 -9.886 29.076 30.264 æĺłńőŕàőŕăŋ 12.7 16.765 9.636 4.065 -3.064 æĺłńőąãâăŋ 6.8 9.140 3.672 2.340 -3.128 æĺłńőŕěŋâăŋ -18.3 -20.077 -20.052 -1.777 -1.752 æĺłńőčěłáăŋ -29.49 -28.042 -30.767 1.448 -1.277 NH_3 -11.0 -8.495 -8.615 2.505 2.385 CH_3NH_2 -5.5 -2.200 -1.773 3.300 3.727 C_2H_5NH_2 -11.3 -12.679 -12.867 -1.379 -1.567 ŋ-C_3H_7NH_2 -16.8 -17.714 -18.315 -0.914 -1.515 ĺğő-C_3H_7NH_2 -20.0 -15.528 -15.505 4.472 4.495 âàěâ-BuNH_2 -28.9 -6.842 -7.422 22.058 21.478 (CH_3)_2NH -4.4 9.692 7.505 14.092 11.905 (CH_3)_3N -5.7 27.002 26.436 32.702 32.136 N_2H_4 22.8 14.635 14.440 -8.165 -8.360 CH_3NHNH_2 22.6 19.748 19.860 -2.852 -2.740 (CH_3)_2NNH_2 20.1 34.383 32.983 14.283 12.883 CH_3NHNHCH_3 22.0 27.907 24.650 5.907 2.650 H_2O -57.8 -55.637 -53.521 2.163 4.279 CH_3OH -48.16 -48.154 -44.777 0.006 3.383 C_2H_5OH -56.21 -60.174 -61.806 -3.964 -5.596 1-C_3H_7OH -60.98 -65.396 -67.517 -4.416 -6.537 2-C_3H_7OH -65.19 -65.651 -66.194 -0.461 -1.004 âàěâ-BuOH -74.7 -63.123 -62.618 11.577 12.082 (CH_3)_2O -60.3 -34.060 -37.485 26.240 22.815 H_2O_2 -32.5 -31.947 -24.887 0.553 7.613 27

Šăąńĺæă 4: Ŕőńŋëě íŋěàčĺĺ (łłăń/ňőńì) ĺ ĺå àăğŋőáâĺ ć àïďăå čőňőńőčőć ŕàőáâěľèĺå ňőńěłãń, àăááçĺâăŋëě ňěâőďăňĺ áăňőáőčńăáőćăŋŋőčő ŕőńï (MINDO/3) ĺ ć ŕàĺąńĺęěŋĺĺ APSLG-MINDO/3 á ŕăàăňěâàăňĺ β_{AB}, ŕàĺćěďěŋŋëňĺ ć âăąńĺæě 2.

Ŕőńŋăï Řăğŋőáâì Ŕőńŋăï Řăğŋőáâì Ňőńěłãńă íŋěàčĺï íŋěàčĺľ íŋěàčĺï íŋěàčĺľ (SCF) (SCF) (APSLG) (APSLG) CH_4 -4295.339 -4298.295 C_2H_6 -7914.293 -3618.954 -7916.616 -3618.321 C_3H_8 -11529.993 -3615.700 -11530.546 -3613.930 C_4H_{10} -15142.469 -3612.476 -15143.532 -3612.986 C_5H_{12} -18756.821 -3614.352 -18756.452 -3612.920 C_6H_{14} -22370.273 -3613.452 -22369.416 -3612.964 C_7H_{16} -25983.552 -3613.279 -25982.176 -3612.760 C_3H_6 -10814.460 -10807.330 C_4H_8 -14428.455 -3613.995 -14422.987 -3615.657 C_5H_{10} -18060.210 -3631.755 -18060.236 -3637.249 C_6H_{12} -21678.957 -3618.747 -21676.232 -3615.996 C_7H_{14} -25292.922 -3613.965 -25290.861 -3614.629 C_8H_{16} -28902.470 -3609.548 -28899.476 -3608.615 NH_3 -5468.911 -5468.791 MeNH_2 -9070.102 -3601.191 -9070.528 -3601.737 EtNH_2 -12689.227 -3619.125 -12689.039 -3618.511 PrNH_2 -16302.706 -3613.479 -16302.105 -3613.066 BuNH_2 -19916.060 -3613.354 -19914.942 -3612.837

Šăąńĺæă 5: Ğăàïďë, áâěŕěŋì ĺőŋŋőáâĺ ĺ łőćăńěŋâŋőáâĺ åĺňĺçěáłĺå áćïğěľ ĺ ĺå ŕőńïàŋőáâì ŕő ďăŋŋëň àăáçěâă.

Śâěŕěŋì Śâěŕěŋì Ŕőńïàŋőáâì Ňőńěłãńă Śćïğì ĺőŋŋőáâĺ łőćăńěŋâŋőáâĺ áćïğĺ Ğăàïď Ğăàïď A-B I^2 C^2 λ A B H_2 H-H 0.437 0.563 0 0 0 CH_4 C-H 0.414 0.586 -0.158 -0.260 0.065 C_2H_6 C-C 0.404 0.596 0 -0.147 -0.147 C-H 0.413 0.587 -0.119 -0.147 0.049 N_2H_4 N-N 0.360 0.640 0 -0.126 -0.126 N-H 0.418 0.582 -0.139 -0.126 0.063 NH_3 N-H 0.421 0.579 -0.170 -0.216 0.072 CH_3NH_2 C-N 0.389 0.611 0.040 -0.161 -0.152 C-H 0.411 0.589 -0.143 -0.161 0.059 N-H 0.420 0.580 -0.161 -0.152 0.068 HF H-F 0.451 0.549 0.687 0.345 -0.345 CH_3F C-H 0.414 0.586 -0.150 0.024 0.062 C-F 0.381 0.619 0.551 0.024 -0.210 H_2O O-H 0.464 0.536 -0.526 -0.488 0.244