Ĺŋâěàŕàěâăæĺï ĺ àăáçěâ ŕăàăňěâàőć ňőďěńĺ ãčńőćőčő ŕěàěłàëćăŋĺï ŋă őáŋőćě ńőłăńìŋőčő ňěâőďă íääěłâĺćŋőčő łàĺáâăńńĺçěáłőčő ŕőńï

Ň.Ą.Ďăàåőćáłĺľ, Ă.Ń.Ůãčàěěć ŊĹŤŢĹ ĺň. Łăàŕőćă 103064 Ňőáłćă, ãń.Ćőàőŋæőćő Ŕőńě, 10 Ćëáèĺľ Ţĺňĺçěáłĺľ Łőńńěďę ŘĂŊ Űěŋâà Ćëçĺáńĺâěńìŋőľ Ţĺňĺĺ ŕàĺ ĹŔŇ ĺň. Ň.Ć.Łěńďëèă ŘĂŊ

Ăŋŋőâăæĺï Ćğăĺňŋăï áćïğì ňěęďã ňőďěńìî ãčńőćőčő ŕěàěłàëćăŋĺï (ŇŞŔ) ĺ âěőàĺěľ łàĺáâăńńĺçěáłőčő ŕőńï (ŠŁŔ), ŕàĺňěŋïîéĺňĺáï ďńï őŕĺáăŋĺï áŕěłâàăńìŋëå áćőľáâć łőňŕńěłáőć ŕěàěåőďŋëå ňěâăńńőć (ŁŔŇ), åőàőèő ĺğćěáâŋă ć ńĺâěàăâãàě. ŇŞŔ ĺáŕőńìğãěâ ďńï őŕĺáăŋĺï ćğăĺňőďěľáâćĺï ňěâăńń-ńĺčăŋď íňŕĺàĺçěáłĺě ŕăàăňěâàë, áŕěæĺäĺçŋëě ďńï łăęďőľ âăłőľ ŕăàë. Ňěâőď íääěłâĺćŋőčő łàĺáâăńńĺçěáłőčő ŕőńï (İŁŔ) ŕőğćőńïěâ őæěŋĺćăâì ŕăàăňěâàë łàĺáâăńńĺçěáłőčő ŕőńï ŕőńãíňŕĺàĺçěáłĺ. Ć àăąőâě ŕőłăğăŋő, çâő ňěâőď İŁŔ ňőęěâ ąëâì ŕěàěäőàňãńĺàőćăŋ âăł, çâőąë ćëçĺáńïâì ŕăàăňěâàë ŇŞŔ, ĺáŕőńìğãï âőńìłő ďăŋŋëě ő čěőňěâàĺĺ ŁŔŇ á âěňĺ ŕăàăňěâàăňĺ ĺáåőďŋőčő ňěâőďă İŁŔ. Ŕàěďńőęěŋŋăï ŕàőæěďãàă á åőàőèěľ âőçŋőáâìî ćőáŕàőĺğćőďĺâ ğŋăçěŋĺï ŕăàăňěâàőć ŇŞŔ ďńï ńĺčăŋďőć ć ŁŔŇ, ŕőńãçěŋŋëě ĺğ ăŋăńĺğă íłáŕěàĺňěŋâăńìŋëå ďăŋŋëå.

Ďńï ňăááőćăŋŋëå ćëçĺáńěŋĺľ ŕőćěàåŋőáâěľ ĺ ŕàőäĺńěľ ŕőâěŋæĺăńìŋőľ íŋěàčĺĺ (ŔŔİ) őàčăŋĺçěáłĺå ňőńěłãń (ŋăŕàĺňěà, ć áâàãłâãàŋëå ĺááńěďőćăŋĺïå ĺńĺ ć åőďě ňőńěłãńïàŋő-ďĺŋăňĺçěáłőčő ňőďěńĺàőćăŋĺï) èĺàőłő ĺáŕőńìğãěâáï ňěâőď ňőńěłãńïàŋőľ ňěåăŋĺłĺ (MM) [1]. İâőâ ňěâőď, őďŋăłő, áâăńłĺćăěâáï á áãéěáâćěŋŋëňĺ âàãďŋőáâïňĺ ŕàĺ ŕàĺňěŋěŋĺĺ ěčő ł łőňŕńěłáăň ŕěàěåőďŋëå ňěâăńńőć (ŁŔŇ) [2]. Łăł ąëńő ãłăğăŋő ć [3], ĺáâĺŋŋőľ äĺğĺçěáłőľ ŕàĺçĺŋőľ, ŕőğćőńïîéěľ ŕàĺňěŋïâì ňěâőď MM ł őàčăŋĺçěáłĺň ňőńěłãńăň (ć âőň çĺáńě ł őàčăŋĺçěáłĺň ńĺčăŋďăň ŁŔŇ) ïćńïěâáï âőâ äăłâ, çâő ĺå íńěłâàőŋŋő-ćőğąãęďěŋŋëě áőáâőïŋĺï ĺňěîâ ğŋăçĺâěńìŋő ąőńěě ćëáőłãî íŋěàčĺî, çěň őáŋőćŋőě áőáâőïŋĺě. Ć íâőň áńãçăě ć íłáŕěàĺňěŋâě ŋăąńîďăěâáï âőńìłő őďŋő łćăŋâőćőě áőáâőïŋĺě áĺáâěňë íńěłâàőŋőć ĺ ŕàĺňěŋĺňő łńăááĺçěáłőě őŕĺáăŋĺě, â.ě. ŇŇ. Ŕőćěďěŋĺě d-őąőńőçłĺ ňěâăńńă áãéěáâćěŋŋő łćăŋâőćőě: ć ãğłőň ĺŋâěàćăńě íŋěàčĺľ ńěęăâ ŋěáłőńìłő ěě íńěłâàőŋŋëå âěàňőć, ąńĺğłĺå ł őáŋőćŋőňã âěàňã, âăł çâő ĺŋőčďă ŔŔİ, áőőâćěâáâćãîéĺě àăğńĺçŋëň íńěłâàőŋŋëň âěàňăň d-őąőńőçłĺ, ňőčãâ ŕěàěáěłăâìáï, ŕàĺćőďï ł áŕĺŋőćëň ŕěàěåőďăň [4, 5]. Šăłĺě áćőľáâćă ŋě ŕőğćőńïîâ ŋěŕőáàěďáâćěŋŋő ćłńîçĺâì ăâőňë ŕěàěåőďŋëå ňěâăńńőć ć őąéãî áåěňã MM.

Ŕàĺćěďěŋŋëě áőőąàăęěŋĺï őąêïáŋïîâ, ŕőçěňã ŕàőąńěňă àăáŕàőáâàăŋěŋĺï ňěâőďă MM ŋă ŁŔŇ ňőęěâ àăááňăâàĺćăâìáï łăł çăáâŋëľ áńãçăľ ąőńěě őąéěľ ŕàőąńěňë áőğďăŋĺï čĺąàĺďŋëå ňěâőďőć łćăŋâőćőľ åĺňĺĺ / ňőńěłãńïàŋőľ ňěåăŋĺłĺ (QC/MM). Ć àăąőâě [6] ąëń ŕàěďńőęěŋ őąéĺľ ŕőďåőď ł őŕĺáăŋĺî íńěłâàőŋŋőľ áâàãłâãàë ĺ ŕőâěŋæĺăńìŋőľ íŋěàčĺĺ ňőńěłãńïàŋőľ áĺáâěňë, ŕőğćőńïîéĺľ ŕàĺňěŋĺâì łćăŋâőćő-åĺňĺçěáłőě őŕĺáăŋĺě ďńï âőľ çăáâĺ ňőńěłãńë, ć łőâőàőľ íńěłâàőŋŋëě âěàňë ąńĺğłĺ ďàãč ł ďàãčã ŕő íŋěàčĺĺ (ć [6] íâő ąëńă âă çăáâì áĺáâěňë, ć łőâőàőľ ŕàőĺáåőďïâ åĺňĺçěáłĺě ŕàěćàăéěŋĺï), ĺ ňőńěłãńïàŋő-ňěåăŋĺçěáłőě őŕĺáăŋĺě âőľ çăáâĺ, čďě ąńĺęăľèĺě íńěłâàőŋŋëě áőáâőïŋĺï ĺňěîâ áãéěáâćěŋŋő àăğŋëě íŋěàčĺĺ (ć [6] - åĺňĺçěáłĺ ĺŋěàâŋăï çăáâì ĺńĺ áàěďă). Ăŋăńőčĺçŋëľ ŕőďåőď ąëń ŕàĺňěŋěŋ ĺ ć àăąőâăå [3, 7] ďńï őæěŋłĺ ŔŔİ áŕĺŋőćőčő ŕěàěåőďă ć łőňŕńěłáăå Fe(II). Šăł, ć [3] ąëńő ŕàěďńőęěŋő ćëçĺáńïâì íŋěàčĺî d-őąőńőçłĺ łăł íŋěàčĺî őáŋőćŋőčő áőáâőïŋĺï d^nłőŋäĺčãàăæĺľ ć íääěłâĺćŋőň łàĺáâăńńĺçěáłőň ŕőńě (İŁŔ), ŋăćěďěŋŋőň ńĺčăŋďăňĺ. Ŕőïáŋĺň, çâő íŋěàčĺï d-őąőńőçłĺ ć ŕàĺąńĺęěŋĺĺ İŁŔ ğăćĺáĺâ łăł őâ čěőňěâàĺĺ łőňŕńěłáă (ŕőńőęěŋĺï ĺ őàĺěŋâăæĺĺ ńĺčăŋďőć őâŋőáĺâěńìŋő æěŋâàăńìŋőčő ĺőŋă ňěâăńńă), âăł ĺ őâ íńěłâàőŋŋőľ áâàãłâãàë ńĺčăŋďőć. Ćëçĺáńěŋĺě íŋěàčĺĺ İŁŔ łăł äãŋłæĺĺ čěőňěâàĺĺ łőňŕńěłáă ŕő ňěâőďã [3] âàěąãěâ àăáçěâă íńěłâàőŋŋőľ áâàãłâãàë ćáěčő ńĺčăŋďŋőčő őłàãęěŋĺï á ĺáŕőńìğőćăŋĺěň ŕőńãíňŕĺàĺçěáłőľ ćěàáĺĺ ŕàĺąńĺęěŋĺï áăňőáőčńăáőćăŋŋőčő ŕőńï (ŚŚŔ) ďńï łăęďőľ čěőňěâàĺĺ łőňŕńěłáă. İâő őąáâőïâěńìáâćő áŋĺęăěâ ŕàăłâĺçěáłőě ğŋăçěŋĺě ŕőďåőďă [3,7] (őáőąěŋŋő ć âěå áńãçăïå, łőčďă ňěâőď MM ďěľáâćĺâěńìŋő ŋěőąåőďĺň, ŋăŕàĺňěà ďńï áłăŋĺàőćăŋĺï ŔŔİ ąőńìèĺå ąĺőŋěőàčăŋĺçěáłĺå ňőńěłãń), âăł łăł ďăęě ŕőńãíňŕĺàĺçěáłĺľ àăáçěâ ŚŚŔ ďńï áâőńì ąőńìèĺå ńĺčăŋďőć âàěąãěâ áńĺèłőň ąőńìèĺå ćëçĺáńĺâěńìŋëå àěáãàáőć (ŕő áàăćŋěŋĺî áő áâăŋďăàâŋëň ŇŇ).

Ŕőďåőď ł àăáŕàőáâàăŋěŋĺî ŇŇ ŋă ŁŔŇ ąëń ŕàěďńőęěŋ ć àăąőâăå [8, 9]. Őŋ ĺáŕőńìğãěâ ňěâőď ãčńőćőčő ŕěàěłàëćăŋĺï (ŇŞŔ) [10] ďńï ćłńîçěŋĺï íääěłâőć łàĺáâăńńĺçěáłőčő ŕőńï ć áâăŋďăàâŋãî áåěňã MM. İŋěàčĺï d-őąőńőçłĺ ć łàĺáâăńńĺçěáłőň ŕőńě ŕàěďáâăćńěŋă ć [8] łăł áãňňă őďŋőíńěłâàőŋŋëå íŋěàčĺľ ğăŋïâëå d-ãàőćŋěľ. İŋěàčĺĺ d-ãàőćŋěľ, ć áćőî őçěàěďì, ŕàěďáâăćńïîâáï áãňňőľ ćłńăďőć őâ łăęďőčő ńĺčăŋďă, åăàăłâěàĺğãěňőčő ŕăàăňěâàăňĺ ŇŞŔ. Őŕĺáăŋĺě áőáâőïŋĺï d-őąőńőçłĺ ć MM-ŇŞŔ ŕőďåőďě [8] ĺáŕőńìğãěâ őďŋőíńěłâàőŋŋőě ŕàĺąńĺęěŋĺě ĺ ŕàěŋěąàěčăěâ łőààěńïæĺïňĺ d-íńěłâàőŋőć, łőâőàëě, áőąáâćěŋŋő, ĺ őâćěçăîâ ğă áãéěáâćőćăŋĺě ŋĺğłőńěęăéĺå ćőğąãęďěŋŋëå áőáâőïŋĺľ d-őąőńőçłĺ. Ğăćĺáĺňőáâì ŕăàăňěâàőć ŇŞŔ őâ àăááâőïŋĺï ňěâăńń - ńĺčăŋď ć [8,9] ĺŋâěàŕőńĺàãěâáï. Ćłńăďë ęě łàĺáâăńńĺçěáłőčő ŕőńï ć íŋěàčĺî áĺáâěňë ŕàĺ âăłőň ŕőďåőďě ğăćĺáïâ ŋě őâ âĺŕőć ăâőňőć, ă őâ âĺŕă ńĺčăŋďă.

Ĺááńěďőćăŋĺï ŁŔŇ ćěàŋěàőćáłőčő âĺŕă [3, 7, 11] ňěâőďőň İŁŔ ŕőłăğăńĺ, çâő őŋ áŕőáőąěŋ ŕàăćĺńìŋő ćőáŕàőĺğćőďĺâì ğăćĺáĺňőáâì łàĺáâăńńĺçěáłőčő ŕőńï ďăęě őâ âőŋłĺå ďěâăńěľ čěőňěâàĺĺ ńĺčăŋďŋőčő őłàãęěŋĺï. Ňěâőď İŁŔ ïćŋő ãçĺâëćăěâ łőààěńïæĺî íńěłâàőŋőć ć d -őąőńőçłě, ĺáŕőńìğãï ďńï ŋĺå äãŋłæĺî ŕőńŋőčő ŁĆ. Ć íâőň áńãçăě áâăŋőćĺâáï ćőğňőęŋëň łőààěłâŋőě őŕĺáăŋĺě ŋĺğłőńěęăéĺå ćőğąãęďěŋŋëå áőáâőïŋĺľ d-őąőńőçłĺ ĺ ĺå ŕěàěáěçěŋĺľ, çâő âàěąãěâáï ďńï ćőáŕàőĺğćěďěŋĺï áŕĺŋőćëå ŕěàěåőďőć [11, 12]. Ďěľáâćěŋŋőáâì ňěâőďă İŁŔ őáŋőćăŋă ŋă ăďěłćăâŋőľ íńěłâàőŋŋőňã áâàőěŋĺî ŁŔŇ äőàňăńìŋőľ áâàãłâãàě, ĺáŕőńìğãîéěľ àăğďěńěŋĺě íńěłâàőŋŋëå ŕěàěňěŋŋëå ŕàĺ ŕőňőéĺ äőàňăńĺğňă íääěłâĺćŋőčő čăňĺńìâőŋĺăŋă ĺ čàãŕŕőćëå äãŋłæĺľ [6,13], ĺ ŕàĺňěŋěŋĺĺ àăğŋëå ãàőćŋěľ ŕàĺąńĺęěŋĺï ďńï őŕĺáăŋĺï d-őąőńőçłĺ ĺ ńĺčăŋďŋőčő őłàãęěŋĺï. Ć âő ęě ćàěňï, äőàňăńĺğň čàãŕŕőćëå äãŋłæĺľ ïćńïěâáï ŕàěďŕőáëńłőľ ĺ ďńï ŕőáâàőěŋĺï čĺąàĺďŋëå QC/MM ňěâőďőć (ć âőň çĺáńě ĺ ďńï ŁŔŇ), âăł łăł ŕőğćőńïěâ ŕàĺňěŋĺâì àăğŋëě ãàőćŋĺ ŕàĺąńĺęěŋĺľ ł àăğŋëň čàãŕŕăň íńěłâàőŋőć [6].

Ć ŋăáâőïéěľ àăąőâě ňë ňőďĺäĺæĺàãěň ňěâőď İŁŔ [14] âăł, çâőąë ďńï őæěŋłĺ łàĺáâăńńĺçěáłőčő ŕőńï ŋě âàěąőćăńőáì ŕőńŋőčő àăáçěâă íńěłâàőŋŋőľ áâàãłâãàë ńĺčăŋďŋőčő őłàãęěŋĺï ňěâőďőň ŚŚŔ ďńï łăęďőľ čěőňěâàĺĺ ŁŔŇ. Ć åőďě íâőčő àăááňőâàěŋĺï őłăğëćăěâáï, çâő ňěâőď İŁŔ ŕőáńě ňőďĺäĺłăæĺĺ ŕőğćőńïěâ ŕőńãçĺâì łăł ïćŋëě ćëàăęěŋĺï ďńï ŕăàăňěâàőć ŇŞŔ, âăł ĺ ŋăďěęŋëľ ňěâőď ĺå àăáçěâă. Ňőęŋő ŋăďěïâìáï, çâő ďăŋŋëľ ćăàĺăŋâ İŁŔ ňőęěâ ąëâì őąêěďĺŋěŋ á ŕàőæěďãàőľ MM, àăğàăąőâăŋŋőľ ďńï őæěŋłĺ ňőńěłãńïàŋőľ áâàãłâãàë ĺ ŕőćěàåŋőáâěľ ŕőâěŋæĺăńìŋőľ íŋěàčĺĺ őàčăŋĺçěáłĺå ňőńěłãń, çâő ć ŕěàáŕěłâĺćě ŕàĺćěďěâ ł àăáŕàőáâàăŋěŋĺî ŕàőæěďãàë ŇŇ ŋă ŕěàěåőďŋëě ňěâăńńë.

İääěłâĺćŋőě łàĺáâăńńĺçěáłőě ŕőńě Ňěâőď íääěłâĺćŋőčő łàĺáâăńńĺçěáłőčő ŕőńï (İŁŔ) őáŋőćăŋ ŋă őąéěľ ĺďěě àăğďěńěŋĺï íńěłâàőŋŋëå ŕěàěňěŋŋëå. Ć łőŋâěłáâě őàĺčĺŋăńìŋőčő ňěâőďă İŁŔ [14] ňőâĺćĺàőćłőľ âăłőčő àăğďěńěŋĺï ïćńïěâáï âő, çâő łőààěńïæĺĺ íńěłâàőŋőć ŋăňŋőčő ąőńěě ğŋăçĺňë ć d-őąőńőçłě, çěň ć ńĺčăŋďăå, ĺ ŕő íâőľ ŕàĺçĺŋě ŋãęŋő ĺáŕőńìğőćăâì àăğńĺçŋëě ãàőćŋĺ őŕĺáăŋĺï ďńï àăğŋëå çăáâěľ ŁŔŇ. Šě ęě áőőąàăęěŋĺï ŕàĺňěŋĺňë ĺ ŕàĺ ŕőáâàőěŋĺĺ čĺąàĺďŋëå ňěâőďőć QC/MM [13]: íńěłâàőŋë ďőńęŋë ąëâì àăğďěńěŋë ŋă čàãŕŕë, ŕàĺçěň âě čàãŕŕë, íńěłâàőŋŋőćőğąãęďěŋŋëě áőáâőïŋĺï łőâőàëå ďőáâãŕŋë ć íłáŕěàĺňěŋâě, őŕĺáëćăîâáï łćăŋâőćőňěåăŋĺçěáłĺ, ć âő ćàěňï łăł ŕőćěďěŋĺě čàãŕŕ, çìĺ íńěłâàőŋŋő-ćőğąãęďěŋŋëě áőáâőïŋĺï ńěęăâ ćëáőłő ŕő íŋěàčĺĺ (ĺ ć íłáŕěàĺňěŋâě ŋěďőáâãŕŋë), ňőďěńĺàãěâáï á ŕőňőéìî ŇŇ.

Ć ŁŔŇ, áőáâőïéěň ĺğ őďŋőčő ĺőŋă ŕěàěåőďŋőčő ňěâăńńă ĺ őłàãęăîéĺå ěčő ńĺčăŋďőć ąăğĺá ćăńěŋâŋëå ăâőňŋëå őàąĺâăńěľ (AO) áőáâőĺâ ĺğ 4s-, 4p- ĺ 3d-AO ăâőňă ňěâăńńă ĺ ĂŐ ăâőňőć ńĺčăŋďőć. Řăğďěńĺň ŋăąőà ćăńěŋâŋëå AO ŁŔŇ ŋă ďćě çăáâĺ. Ŕěàćăï çăáâì áőďěàęĺâ âőńìłő 3d-ĂŐ ăâőňă ňěâăńńă (d-áĺáâěňă). Ćâőàăï áőďěàęĺâ 4s-, 4p-AO ăâőňă ňěâăńńă ĺ ćăńěŋâŋëě ĂŐ ăâőňőć ńĺčăŋďőć, ĺ íâĺ őàąĺâăńĺ áőáâăćńïîâ ńĺčăŋďŋãî (l-) áĺáâěňã.

Ć ňěâőďě İŁŔ [14] ŕőłăğăŋő, çâő d-őąőńőçłă ňőęěâ ąëâì őŕĺáăŋă ŋă łćăŋâőćőňěåăŋĺçěáłőň ãàőćŋě ŕàĺ ŕőňőéĺ íääěłâĺćŋőčő čăňĺńìâőŋĺăŋă H^{eff}_d (1): H^{eff}_d = X μνσ U^{eff}_{μν} d^+_{μσ}d_{νσ} + 1 2 X_{μνρη} X_{στ (μν | ρη)d+μσ d+ρτ dητ dνσ (1)} čďě łãńőŋőćáłőě ćğăĺňőďěľáâćĺě d-íńěłâàőŋőć őáâăěâáï âăłĺň ęě, łăł ĺ ć áćőąőďŋőň ĺőŋě, ă ŕăàăňěâàë őďŋőíńěłâàőŋŋőľ çăáâĺ íääěłâĺćŋőčő őŕěàăâőàă d-íńěłâàőŋőć U^{eff}_{μν} áőďěàęăâ ćłńăďë őâ łãńőŋőćáłőčő ĺ àěğőŋăŋáŋőčő ćğăĺňőďěľáâćĺï d- ĺ l-áĺáâěň: U^{eff}_{μν} = δ_{μν} U_{dd} + W^{atom}_{μν} + W^{field}_{μν} + W^{cov}_{μν} , (2) čďě W^{atom}_{μν} = δ_{μν} ( X α∈s,p g_{μα}P_{αα}) (3) ěáâì őââăńłĺćăŋĺě íńěłâàőŋőć ć d-őąőńőçłě őâ íńěłâàőŋőć ŋă 4s- ĺ 4p-AO ňěâăńńă; W^{field}_{μν} = X L (P_{LL} − Z_L)V^L_{μν} (4) ěáâì łãńőŋőćáłőě ćğăĺňőďěľáâćĺě d-íńěłâàőŋőć á ğăàïďăňĺ ŋă ăâőňăå ńĺčăŋďőć, ĺňěîéěě áâăŋďăàâŋãî äőàňã őŕěàăâőàă łàĺáâăńńĺçěáłőčő ŕőńï; ĺ łőćăńěŋâŋăï çăáâì W^{cov}_{μν} = − X i β_{μi}β_{νi}( 1 − n_i ΔE_{di} − n_i ΔE_{id} ) (5) ćőğŋĺłăîéăï ŕàĺ ãçěâě àěğőŋăŋáŋőčő ćğăĺňőďěľáâćĺï ňěęďã d- ĺ l-áĺáâěňăňĺ.

Śőčńăáŋő ňěâőďã İŁŔ l-áĺáâěňă íńěłâàőŋőć őŕĺáëćăěâáï őďŋĺň áńíâěàőćáłĺň ďěâěàňĺŋăŋâőň Φ_l, łőâőàëľ ďőńęěŋ ąëâì ŋăľďěŋ ĺğ ŕàőæěďãàë ŚŚŔ.

Řěèěŋĺě ğăďăçĺ ŚŚŔ ďńï l-áĺáâěňë ŕőğćőńïěâ őŕàěďěńĺâì őďŋőíńěłâàőŋŋãî ňăâàĺæã ŕńőâŋőáâĺ P_{αβ}, őàąĺâăńìŋëě íŋěàčĺĺ ňőńěłãńïàŋëå őàąĺâăńěľ (MO) ϵ_i ĺ łőíääĺæĺěŋâë ŇŐ-ŃŁĂŐ c_{iα}. İâĺ ćěńĺçĺŋë ŕőńŋőáâìî åăàăłâěàĺğãîâ íńěłâàőŋŋãî áâàãłâãàã l-áĺáâěňë ĺ ĺáŕőńìğãîâáï ďńï ćëçĺáńěŋĺï íääěłâĺćŋőčő čăňĺńìâőŋĺăŋă (1). Ć ãàăćŋěŋĺïå (3) - (5) P_{LL} = P_{α∈L} P_{αα} { íńěłâàőŋŋăï ğăáěńěŋŋőáâì ńĺčăŋďŋőčő ăâőňă L; Z_L - őáâőćŋëľ ğăàïď ńĺčăŋďŋőčő ăâőňă L; V^L_{μν} { íńěňěŋâ ňăâàĺæë őŕěàăâőàă ŕőâěŋæĺăńìŋőľ íŋěàčĺĺ, őŕĺáëćăîéěčő ćğăĺňőďěľáâćĺě ňěęďã d-íńěłâàőŋőň ĺ ěďĺŋĺçŋëň ğăàïďőň, àăáŕőńőęěŋŋëň ŋă ńĺčăŋďŋőň ăâőňě L; n_i - çĺáńő ğăŕőńŋěŋĺï i-âőľ l-MO (n_i = 0 ĺńĺ 1); ΔE_{di} (ΔE_{id}) - íŋěàčĺï ćőğąãęďěŋĺï, őâćěçăîéăï ŕěàěŋőáã íńěłâàőŋă á d-őąőńőçłĺ (á i-âőľ l-MO) ŋă i-âãî l-MO (ć d-őąőńőçłã): ΔE_{di} = −A_i + I_d ΔE_{id} = I_i − A_d, (6) čďě I_i ĺ A_i - ŕőâěŋæĺăń ĺőŋĺğăæĺĺ ĺ áàőďáâćő ł íńěłâàőŋã i-âőľ l-MO, I_d ĺ A_d áãâì íääěłâĺćŋëě ŕőâěŋæĺăń ĺőŋĺğăæĺĺ ĺ áàőďáâćő ł íńěłâàőŋã d-őąőńőçłĺ áőőâćěâáâćěŋŋő. Řěğőŋăŋáŋëě ĺŋâěčàăńë β_{μi} ğăďăŋë ćëàăęěŋĺěň:

β_{μi} = X α β_{μα}c_{iα} čďě c_{iα} { łőíääĺæĺěŋâë ŇŐ-ŃŁĂŐ, ĺ β_{μα} { àěğőŋăŋáŋëě ĺŋâěčàăńë ňěęďã α-âőľ l-ĂŐ ĺ μ-âőľ d-ĂŐ.

Ńőłăńìŋăï ćěàáĺï İŁŔ ĺ ŕăàăňěâàë ŇŞŔ Ĺğ ŕàěďëďãéěčő àăğďěńă ćĺďŋő, çâő âěőàĺï İŁŔ [14] áćïğëćăěâ łőćăńěŋâŋëľ ćłńăď ć łàĺáâăńńĺçěáłőě ŕőńě áő áćőľáâćăňĺ ďěńőłăńĺğőćăŋŋëå łăŋőŋĺçěáłĺå ŇŐ (ŁŇŐ) l-áĺáâěňë. Śőčńăáŋő àăáçěâăň [14{18] ĺňěŋŋő łőćăńěŋâőě áńăčăěňőě ďăěâ čńăćŋëľ ćłńăď (ďő 90%) ć àăáéěŕńěŋĺě ãàőćŋěľ d-íńěłâàőŋőć (5). Őáâăîéĺěáï 10%-20% őâ àăáéěŕńěŋĺï ćŋőáĺâ łãńőŋőćáłőě ćğăĺňőďěľáâćĺě á íääěłâĺćŋëňĺ ğăàïďăňĺ ăâőňőć ńĺčăŋďőć ĺ, âăłĺň őąàăğőň, ŕő őŕàěďěńěŋĺî ĺňěîâ ńőłăńìŋëľ åăàăłâěà. Ňěâőď ŇŞŔ őŕěàĺàãěâ âőńìłő á ńőłăńìŋëňĺ ćěńĺçĺŋăňĺ, łőâőàëě, őďŋăłő, ŋě őŕàěďěńěŋë őďŋőğŋăçŋő ĺ ŋě ňőčãâ ąëâì ŋăľďěŋë ĺŋăçě, łăł ĺğ ŕőďčőŋłĺ íłáŕěàĺňěŋâăńìŋëå ďăŋŋëå [10, 23]. Ŋăèă æěńì áőáâőĺâ ć âőň, çâőąë ŕőáâàőĺâì ńőłăńìŋãî ćěàáĺî ňěâőďă İŁŔ ĺ ŋă ěě őáŋőćě ŕőŕëâăâìáï ćëçĺáńĺâì ŕăàăňěâàë ŇŞŔ.

Ňë áőáàěďőâőçĺňáï ŋă ćëàăęěŋĺĺ ďńï łőćăńěŋâŋőľ çăáâĺ łàĺáâăńńĺçěáłőčő ŕőńï W^{cov}_{μν} á âěň, çâőąë ŕàĺćěáâĺ ěčő ł äőàňě, áőćňěáâĺňőľ á ňěâőďőň ŇŞŔ ĺ áćïğăâì ŕăàăňěâàë ŕőáńěďŋěčő á íńěłâàőŋŋőľ áâàãłâãàőľ ńĺčăŋďőć. Ůâőąë ŕőńãçĺâì ćëàăęěŋĺï ďńï ŕăàăňěâàőć ŇŞŔ, ňë ďőńęŋë ćëàăğĺâì łőćăńěŋâŋëľ ćłńăď W^{cov}_{μν} (5) çěàěğ ńőłăńìŋëě ćěńĺçĺŋë. Ďńï íâőčő ğăňěâĺň, çâő ãàăćŋěŋĺï (5) ňőčãâ ąëâì ŕěàěŕĺáăŋë ć âěàňĺŋăå ğăŕăğďëćăîéěľ (ret) ĺ őŕěàěęăîéěľ (adv) äãŋłæĺľ Čàĺŋă l-áĺáâěňë [19,20]: G^{ret}_{ii} (z) = ⟨Φ_l|a_i(F^{eff}_l − z)^{−1}a^+_i |Φ_l⟩ G^{adv}_{ii} (z) = −⟨Φ_l|a^+_i (F^{eff}_l − z)^{−1}a_i|Φ_l⟩ (7)

ŕàĺ z = I_d, A_d, áőőâćěâáâćěŋŋő (ğďěáì F^{eff}_l { íääěłâĺćŋëľ őďŋőíńěłâàőŋŋëľ őŕěàăâőà Ťőłă l-áĺáâěňë). Ŕőńîáă äãŋłæĺĺ Čàĺŋă l-áĺáâěňë ŕàěďáâăćńïîâ áőąőľ ŕőâěŋæĺăńë ĺőŋĺğăæĺĺ I_i ĺ ćěńĺçĺŋë áàőďáâćă ł íńěłâàőŋã A_i, őâŋőáïéĺěáï ł i-âőľ l-ŇŐ, ğăŕőńŋěŋŋőľ ĺńĺ ćăłăŋâŋőľ, áőőâćěâáâćěŋŋő. Ś ãçěâőň âőčő őąáâőïâěńìáâćă, çâő ãďăńïěňëľ (ďőąăćńïěňëľ) íńěłâàőŋ ŕěàěŋőáĺâáï ŋă ăâőň (á ăâőňă) ŕěàěåőďŋőčő ňěâăńńă, ă ŋě ł (ĺğ) ąěáłőŋěçŋőáâĺ, ŕőâěŋæĺăńë ĺőŋĺğăæĺĺ ĺ áàőďáâćő l-áĺáâěňë ĺňěîâ ćĺď: I_i = −ϵ_i − g_{di} A_i = −ϵ_i + g_{di}, čďě g_{di} { íŋěàčĺï łãńőŋőćáłőčő ćğăĺňőďěľáâćĺï ňěęďã íńěłâàőŋőň ĺ ďëàłőľ, ŕőňěéěŋŋëňĺ ŋă d -őąőńőçłě ňěâăńńă ĺ ŋă i-âőľ l-MO áőőâćěâáâćěŋŋő. Šőčďă ďńï (5) ŕőńãçăěň: W^{cov}_{μν} = − P_i β_{μi}β_{νi}[G^{ret}_{ii} (I_d) + G^{adv}_{ii} (A_d)] (8) Ťãŋłæĺĺ Čàĺŋă ŕőğćőńïîâ ćëàăğĺâì àěğãńìâăâ (5) ć ŕàőĺğćőńìŋőň ąăğĺáě őďŋőíńěłâàőŋŋëå áőáâőïŋĺľ l-áĺáâěňë. Ćëŕőńŋĺň ãŋĺâăàŋőě ŕàěőąàăğőćăŋĺě ŁŇŐ l-áĺáâěňë |i⟩, łőâőàëě ïćńïîâáï áőąáâćěŋŋëňĺ áőáâőïŋĺïňĺ őŕěàăâőàă Ťőłă, ł ńőłăńĺğőćăŋŋëň ŇŐ (ŃŇŐ) |L⟩ àăğďěńìŋő ďńï ğăŋïâëå ĺ ćăłăŋâŋëå ŁŇŐ: |L⟩ = X i c_{iL} |i⟩ . (9) Śãňňĺàőćăŋĺě ŕő i ć (9) àăáŕàőáâàăŋěŋő ńĺąő âőńìłő ŋă ğăŕőńŋěŋŋëě, ńĺąő âőńìłő ŋă áćőąőďŋëě ŇŐ. Ğďěáì c_{iL}{ łőíääĺæĺěŋâë i-âőľ ŁŇŐ ć àăğńőęěŋĺĺĺ L-âőľ ŃŇŐ (Ğăňěâĺň, çâő łőíääĺæĺěŋâë c_{iL} { ĺŋćăàĺăŋâë ňőńěłãńïàŋőľ íńěłâàőŋŋőľ áâàãłâãàë. Őŋĺ ŋě ĺğňěŋïîâáï ŕàĺ ŕőćőàőâě áĺáâěňë łőőàďĺŋăâ). Řăğńőęěŋĺě ŃŇŐ ŕő AO ĺňěěâ ćĺď:

c_{Lα} = X i c_{iL}c_{iα}, (10) čďě c_{Lα} { łőíääĺæĺěŋâ α-âőľ AO ć àăğńőęěŋĺĺ L-âőľ ŃŇŐ. Ć ńĺâěàăâãàě őŕĺáăŋő ňŋőęěáâćő ňěâőďőć ńőłăńĺğăæĺĺ, ĺáŕőńìğãěňëå ďńï ŋăåőęďěŋĺï łőíääĺæĺěŋâőć c_{iL}, őďŋăłő ňë ĺáŕőńìğőćăńĺ ňěâőď, őáŋőćăŋŋëľ ŋă ŕàőæěďãàě ńőłăńĺğăæĺĺ max Ψ^4 [21], łőâőàăï ŋăĺąőńěě ŕàőáâă âěåŋĺçěáłĺ. Ňë ňőďĺäĺæĺàőćăńĺ ŕàőæěďãàã ńőłăńĺğăæĺĺ, ćáâàőěŋŋãî ć ŕăłěâ MOPAC6 [22] âăł, çâőąë ąëńă ćőğňőęŋă ńőłăńĺğăæĺï ńĺąő ğăŋïâëå, ńĺąő ćăłăŋâŋëå őàąĺâăńěľ. Ŕàőæěďãàă max Ψ^4 ŕàĺćőďĺâ ł áĺńìŋő ńőłăńĺğőćăŋŋëň áőáâőïŋĺïň. Šě ĺğ ŋĺå, çâő ńőłăńĺğőćăŋë čńăćŋëň őąàăğőň ŋă ďőŋőàŋëå ăâőňăå, ňőęŋő őâőęďěáâćĺâì á ŋěŕőďěńěŋŋëňĺ ŕăàăňĺ (ŊŔ) (àăğńőęěŋĺï ŊŔ-AO ĺ ŊŔ-ŁŇŐ ďńï àăğńĺçŋëå ŁŔŇ ŕàěďáâăćńěŋë ć âăąń. 1, 2). Ć àăňłăå ŕàĺŋïâőčő ňěâőďă ńőłăńĺğăæĺĺ čńăćŋëľ ćłńăď ć ŊŔ ďăîâ őàąĺâăńĺ ďőŋőàŋőčő ăâőňă (∼ 93% őâ s- ĺ p-AO ďőŋőàŋőčő ăâőňă), 4s- ĺ 4p-AO ňěâăńńă ďőáâăćńïîâ ∼ 5%. Ćłńăď őâ ďàãčĺå ĂŐ ŋě ŕàěćőáåőďĺâ 2%. Šăłęě ŊŔ, łăł ňőęŋő ćĺďěâì ĺğ âăąń. 2, åőàőèő ńőłăńĺğőćăŋë ŕő íŋěàčĺĺ. Ć áńãçăě ňőńěłãńë [F e(py)_6]^{2+} ćáě ćłńăďë ć ŊŔ ńĺčăŋďă ŕĺàĺďĺŋă ŕőŕăďăîâ ć çěâëàě ĺŋâěàćăńă èĺàĺŋőľ ŋě ąőńěě 0.1 ă.ě., ďăîéĺå áőőâćěâáâćěŋŋő 4%, 19%, 30% ĺ 29% (áãňňăàŋő 93 %) ćěáă ŊŔ. Ć áńãçăě łőňŕńěłáőć [Co(NH_3)_6]^{2+} ĺ [F e(H_2O)_6]^{2+} ŋăąńîďăěâáï ăŋăńőčĺçŋăï łăàâĺŋă.

Ć ąăğĺáě ŃŇŐ àěğőŋăŋáŋëě ĺŋâěčàăńë ŕàĺőąàěâăîâ ćĺď: β_{μi} = P_L β_{μL}c_{iL} β_{μL} = P_α c_{Lα}β_{μα} = P_α β_{μα} P_i c_{iL}c_{iα} = P_i c_{iL} P_α c_{iα}β_{μα} = P_i c_{iL}β_{μi}

(11)

Šěŕěàì ŕőďáâăćĺň β_{μi} ć ćëàăęěŋĺě ďńï W^{cov}_{μν} (8) (ďăńěě àěğőŋăŋáŋëě ĺŋâěčàăńë β_{μi} ĺ β_{μL} őâŋőáïâáï áőőâćěâáâćěŋŋő ł ąăğĺáăň ŁŇŐ ĺ ŃŇŐ) ĺ ŕőńãçĺň: W^{cov}_{μν} = − P_i β_{μi}β_{νi}(^{1−ni}_{ΔEdi} −^{ni}_{ΔEid} ) = = − P_{LL0 βμLβνL0} P_{i ciLciL0 (} 1−n_{iId−gdi+ϵi −} n_{i−Ad−gdi−ϵi )} = P_{LL0 βμLβνL0 {GretLL0 (Id) + GadvLL0 (Ad)}}^{(12)} Şŋĺâăàŋőě ŕàěőąàăğőćăŋĺě őâ ąăğĺáă ŁMO ł ąăğĺáã ŃŇŐ l-áĺáâěňë ŋě ĺğňěŋïěâ łőćăńěŋâŋőčő ćłńăďă ć İŁŔ.

Řăááňőâàĺň âěŕěàì ćőğňőęŋëě ŕàĺąńĺęěŋŋëě áŕőáőąë áãňňĺàőćăŋĺï ŕő ńőłăńìŋëň áőáâőïŋĺïň ć (12). Śőčńăáŋő ŋăèĺň çĺáńěŋŋëň ďăŋŋëň, àěğőŋăŋáŋëě ĺŋâěčàăńë β_{μL} ňěęďã d-őàąĺâăńïňĺ ĺ ŊŔ ďőŋőàŋëå ăâőňőć ć 10÷100 àăğ ŕàěćőáåőďïâ àěğőŋăŋáŋëě ĺŋâěčàăńë d-őàąĺâăńěľ á ńîąőľ ďàãčőľ ŃŇŐ ĺ, âăłĺň őąàăğőň, ďőňĺŋĺàãîâ ć àěğőŋăŋáŋőň ćğăĺňőďěľáâćĺĺ d- ĺ l-áĺáâěň. Ćőğňőęŋë áńěďãîéĺě ćăàĺăŋâë ŕàĺąńĺęěŋŋőčő àăáçěâă W^{cov}_{μν} ŋă őáŋőćăŋĺĺ äőàňãńë (12):

1. Śãňňă ŕő ćáěň ŕăàăň ĺŋďěłáőć L, L^′ (12) (âőçŋăï { íłćĺćăńěŋâŋő (5) ); 2. Śãňňă ŕő ŕăàăň ĺŋďěłáőć L, L^′ ∈ Λ, ŕàĺŋăďńěęăéĺň őďŋőňã ńĺčăŋďã Λ; 3. Śãňňă ŕő ďĺăčőŋăńìŋëň ŕăàăň ńőłăńìŋëå áőáâőïŋĺľ á L^′ = L; 4. Śãňňă ďĺăčőŋăńìŋëå ćłńăďőć L^′ = L, őďŋĺå ŋěŕőďěńěŋŋëå ŕăà.

Ąëń àăááňőâàěŋ àïď őłâăíďàĺçěáłĺå łőňŕńěłáőć [M(NH_3)_6]^{2+}, [M(py)_6]^{2+} ĺ [M(H_2O)_6]^{2+}, čďě M = Fe, Co, Ni. Ćěńĺçĺŋă łőćăńěŋâŋőčő ćłńăďă ć 10Dq (ŕăàăňěâà àăáéěŕńěŋĺï d-őàąĺâăńěľ łàĺáâăńńĺçěáłĺň ŕőńěň ć őłâăíďàĺçěáłĺå łőňŕńěłáăå) ĺáŕőńìğőćăńăáì łăł ŕőłăğăâěńì łăçěáâćă ŕàĺąńĺęěŋŋőčő àăáçěâă. Řěğãńìâăâë ŕàĺćěďěŋë ć âăąńĺæě 3 ďńï âàěå áěàĺľ łőňŕńěłáőć. Ŋă őáŋőćě íâĺå ďăŋŋëå ňë ğăłńîçăěň, çâő ĺňěěâáï ŋěáłőńìłő ćőğňőęŋőáâěľ ďńï ăŕŕàőłáĺňăæĺĺ (7), (12) ŕãâěň őčàăŋĺçěŋĺï áãňňë ŕő ŕăàăň L, L^′, čďě őąě ŃŇŐ ńőłăńĺğőćăŋë ŋă őďŋőň ĺ âőň ęě ńĺčăŋďě Λ. Ćáě őŋĺ ŕőçâĺ íłćĺćăńěŋâŋë ŕő âőçŋőáâĺ, ŋő ňěâőď 4 ïćńïěâáï ŋăĺąőńěě íłőŋőňĺçŋëň ĺ ãďőąŋëň ďńï ďăńìŋěľèěčő ăŋăńĺğă. Ć ńîąőň áńãçăě őèĺąłă ć őæěŋłě àăáéěŕńěŋĺï ŋě ŕàěćëèăěâ 0.1 eV. İâă âőçŋőáâì ŕàĺąńĺęěŋĺï áőŕőáâăćĺňă á âőçŋőáâìî áăňőč«ő ňěâőďă İŁŔ.

Ŕàĺąńĺęěŋĺě 4 äőàňăńìŋő áőőâćěâáâćãěâ ćëàăęěŋĺî: W^{cov}_{μν} = X Λ X_{L∈Λ βμLβνLGadvLL (Ad) (13)} čďě ĺŋďěłá Λ ŋãňěàãěâ ńĺčăŋďë, ĺŋďěłá L - ŊŔ, ńőłăńĺğőćăŋŋëě ŋă ďőŋőàŋőň ăâőňě Λ-čő ńĺčăŋďă, ĺ ãçâěŋő âő őąáâőïâěńìáâćő, çâő, ŕőáłőńìłã ć ŊŔ ďăîâ ćłńăď âőńìłő ğăŕőńŋěŋŋëě ŇŐ, âő ć ćëàăęěŋĺě (12) ďăěâ ćłńăď âőńìłő őŕěàěęăîéăï äãŋłæĺï Čàĺŋă. Šăłĺň őąàăğőň, ňë ŕàĺåőďĺň ł ńőłăńìŋőľ äőàňãńĺàőćłě âěőàĺĺ İŁŔ.

Šěŕěàì ňë ňőęěň ãáâăŋőćĺâì áőőâŋőèěŋĺě ňěęďã ňěâőďăňĺ ŇŞŔ ĺ İŁŔ. Śőčńăáŋő ŇŞŔ [10] łàĺáâăńńĺçěáłőě ŕőńě ěáâì áãňňă áâăâĺçěáłőčő ĺ ďĺŋăňĺçěáłőčő ćłńăďőć: V_{μν} = ⟨d_μ|V |d_ν⟩ = (V_{μν} )_{stat} + (V_{μν} )_{dyn} (14) Ś ďàãčőľ áâőàőŋë, ňăâàĺçŋëě íńěňěŋâë łàĺáâăńńĺçěáłőčő ŕőńï ć ŇŞŔ ćëàăęăîâáï ć âěàňĺŋăå ïçěěçŋőčő àăğńőęěŋĺï [10]:

V_{μν} = X l v^l_{μν} = X l (v^l_{μν} )_{stat} + X l (v^l_{μν} )_{dyn} (15)

čďě áãňňĺàőćăŋĺě ćěďěâáï ŕő ćáěň ïçěľłăň [10], łőâőàëě ŋě őŕàěďěńěŋë őďŋőğŋăçŋő. Śőčńăáŋő ŇŞŔ ïçěěçŋëě ćłńăďë ć ňăâàĺçŋëľ íńěňěŋâ łàĺáâăńńĺçěáłőčő ŕőńï v^l_{μν} áćïğăŋë á ïçěěçŋëňĺ ŕăàăňěâàăňĺ ŇŞŔ e^l_λ áőőâŋőèěŋĺěň: v^l_{μν} = P_λ R^{l+}_{μλ}e^l_λR^l_{λν} v^l= R^{l+}e^lR^l

(16)

Łőíääĺæĺěŋâë R^l_{λμ} áãâì íńěňěŋâë ãŋĺâăàŋőľ ňăâàĺæë R^l, łőâőàăï ŕàěőąàăğãěâ d-őàąĺâăńĺ ŕàĺ ŕőćőàőâě čńőąăńìŋőľ (ńăąőàăâőàŋőľ) áĺáâěňë łőőàďĺŋăâ (ČŚŁ) ł ńőłăńìŋőľ áĺáâěňě łőőàďĺŋăâ, áćïğăŋŋőľ á ńĺčăŋďőň l ĺ ćëąĺàăěňőľ âăł, çâőąë ěě őáì Oz áőěďĺŋïńă ăâőň ňěâăńńă á ďőŋőàŋëň ăâőňőň ńĺčăŋďă (ĎŚŁ - ďćãåăâőňŋăï áĺáâěňă łőőàďĺŋăâ). Ňăâàĺæă e^l ďĺăčőŋăńìŋă; ěě áőąáâćěŋŋëě ğŋăçěŋĺï e^l_λ ŋãňěàãîâáï ĺŋďěłáőň λ, ŕàĺŋĺňăîéĺň ğŋăçěŋĺï σ, π_x, π_y, δ_{xy}, δ_x2_{−y}2 ć áőőâćěâáâćĺĺ á áĺňňěâàĺěľ d-őàąĺâăńěľ ňěâăńńă őâŋőáĺâěńìŋő ńőłăńìŋőľ őáĺ z [10,23].

Śćïğì İŁŔ ĺ ŇŞŔ áőáâőĺâ ć âőň, çâő ňăâàĺçŋëě íńěňěŋâë, őŕàěďěńěŋŋëě äőàňãńăňĺ (4), (13), (14), (15), ďőńęŋë ąëâì àăćŋë. Ňë ĺďěŋâĺäĺæĺàãěň łãńőŋőćáłőě áńăčăěňőě ňěâőďă İŁŔ (4) áő áâăâĺçěáłĺň ćłńăďőň ŇŞŔ, ă łőćăńěŋâŋëľ ćłńăď W^{cov}_{μν} ňěâőďă İŁŔ ć äőàňě (13) { á ďĺŋăňĺçěáłĺň ćłńăďőň ŇŞŔ. Ďăńěě, ňë őâőęďěáâćńïěň ĺŋďěłá l (ďńï ïçěěł) á ĺŋďěłáőň Λ (ďńï ńĺčăŋďőć). Ć áőőâćěâáâćĺĺ á íâĺň ňë ňőęěň ŕěàěŕĺáăâì (13) łăł

W^{cov}_{μν} = P_Λ (v^Λ_{μν} )_{dyn}; (17) čďě (v^Λ_{μν} )_{dyn} = P_{L∈Λ} β_{μL}β_{νL}G^{adv}_{LL} (A_d) (18) ĺ ăŋăńőčĺçŋő ďńï áâăâĺçěáłőčő ćłńăďă

(v^Λ_{μν} )_{stat} = X L∈Λ (P_{LL} − Z_L)V^L_{μν} (19)

Ŋăľďěň âěŕěàì łőćăńěŋâŋëľ ćłńăď ć ŕăàăňěâàë ŇŞŔ e^l_λ. Őąàăéăï áőőâŋőèěŋĺě ňěęďã ňăâàĺæěľ ćłńăďőć ć łàĺáâăńńĺçěáłőě ŕőńě v^Λ ĺ ďĺăčőŋăńìŋőľ ňăâàĺæěľ ŕăàăňěâàőć ŇŞŔ e^Λ, ŕőńãçăěň:

R^Λv^ΛR^{Λ+} = e^Λ (20)

Řăğďěńïï ďĺŋăňĺçěáłĺě ĺ áâăâĺçěáłĺě ćłńăďë, ĺňěěň: R^Λ(v^Λ)_{dyn}R^{Λ+} = (e^Λ)_{dyn} R^Λ(v^Λ)_{stat}R^{Λ+} = (e^Λ)_{stat} őâłãďă:

(v^Λ_{μν} )_{dyn} = P_{L∈Λ} β^Λ_{μL}G^{adv}_{LL} (A_d)^Λβ^Λ_{νL} (e^Λ_λ )_{dyn} = P_{μν} R^Λ_{λμ}[ P_{L∈Λ} β^Λ_{μL}G^{adv}_{LL} (A_d)^Λβ^{Λ+}_{νL} ]R^{Λ+}_{νλ}

(21)

čďě β^Λ_{μL} { ŕïâì łőňŕőŋěŋâ ćěłâőàă àěğőŋăŋáŋëå ĺŋâěčàăńőć ňěęďã L-âőľ ŃŇŐ ĺ d-AO ňěâăńńă ć ČŚŁ. Ěáńĺ ňë ćëàăğĺň çěàěğ ŋĺå łőňŕőŋěŋâë ćěłâőàă àěğőŋăŋáŋëå ĺŋâěčàăńőć ňěęďã d-AO ňěâăńńă ĺ L-âőľ ŃŇŐ t^L ć ĎŚŁ:

t^L_λ = X μ R_{μλ}β_{Lμ}. (22) âő ãàăćŋěŋĺě (21) ŕàĺőąàěâñâ ćĺď:

e^Λ_λ = X L∈Λ t^L_λ G^{adv}_{LL} (A_d)t^{L+}_λ (23)

Ćëàăęěŋĺě (23) őŕàěďěńïěâ ŕăàăňěâàë ŇŞŔ çěàěğ ćěńĺçĺŋë, łőâőàëě ňőčãâ ąëâì ćëçĺáńěŋë ć ńőłăńìŋőň ćăàĺăŋâě ňěâőďă İŁŔ. Ďĺăčőŋăńìŋăï ňăâàĺæă ŕăàăňěâàőć ŇŞŔ e^Λ őŕàěďěńïěâáï ćĺďőň ćěłâőàă àěğőŋăŋáŋëå ĺŋâěčàăńőć t^L, L ∈ Λ ć ĎŚŁ. Ĺå ćěńĺçĺŋë ğăćĺáïâ őâ ŋăŕàăćńěŋĺï őáĺ z, áőěďĺŋïîéěľ ĺőŋ ŕěàěåőďŋőčő ňěâăńńă ĺ ďőŋőàŋëľ ăâőň, ă âăłęě őâ âĺŕă ŕěàěłàëćăŋĺï (λ) ĺ ňěęăâőňŋőčő àăááâőïŋĺï ňěâăńń-ďőŋőàŋëľ ăâőň. Ŕãáâì ć ĎŚŁ ćěłâőà c̃_L á łőňŕőŋěŋâăňĺ c̃_{Ls}, c̃_{Lx}, c̃_{Ly}, ĺ c̃_{Lz} ŕàěďáâăćńïěâ àăğńőęěŋĺě ŊŔ ŕő AO ďőŋőàŋőčő ăâőňă (ğďěáì ňë ŕàĺŋĺňăěň, çâő łăęďëľ ďőŋőàŋëľ ăâőň ćŋőáĺâ őďŋã s-, ĺ âàĺ p-AO ć ąăğĺá AO łőňŕńěłáă). Šőčďă ćěłâőà t^L_λ ňőęěâ ąëâì ńěčłő ćëàăęěŋ çěàěğ àěğőŋăŋáŋëě ĺŋâěčàăńë ňěęďã d-AO ňěâăńńă ĺ AO ďőŋőàŋőčő ăâőňă β_{μα} ć âőľ ęě ĎŚŁ (μ = z^2, x^2 − y^2, xz, xy, yz α = s, x, y, z): t^L_σ = c̃_{Ls}β_z2_{,s} + c̃_{Lz}β_z2_{,pz} t^L_{πx} = c̃_{Lx}β_{xz,x} t^L_{πy} = c̃_{Ly}β_{yz,y} (24)

Śńăčăěňëě δ-áĺňňěâàĺĺ ŋě ŕőïćńïîâáï, ěáńĺ âőńìłő d-őàąĺâăńĺ ŋě ćłńîçěŋë ć ąăğĺá ńĺčăŋďŋëå AO. Ğăňěâĺň âăłęě, çâő ćěá (łőíääĺæĺěŋâ) s-äãŋłæĺĺ ć àăğńőęěŋĺĺ ŊŔ ïćńïěâáï ĺŋćăàĺăŋâőň, âăł çâő ďńï ńîąőľ áĺáâěňë łőőàďĺŋăâ c̃_{Ls} = c̄_{Ls}. Łőíääĺæĺěŋâë ŃŇŐ-ĂŐ ďńï p-ĂŐ ć ĎŚŁ c̃_{Lp} ŋě ïćńïîâáï ĺŋćăàĺăŋâăňĺ ňőńěłãńïàŋőľ íńěłâàőŋŋőľ áâàãłâãàë. Őďŋăłő őŋĺ ňőčãâ ąëâì ćëàăęěŋë çěàěğ ĺŋćăàĺăŋâŋëľ âàěåłőňŕőŋěŋâŋëľ ćěłâőà łőíääĺæĺěŋâőć ćłńăďőć p-ĂŐ ć ŊŔ c̄_{Lp} ć ńĺčăŋďŋő-äĺáłĺàőćăŋŋőľ áĺáâěňě łőőàďĺŋăâ (ŃŤŚŁ). Ŕőáńěďŋïï ŋě áőćŕăďăěâ ŋĺ á ČŚŁ, ŋĺ á ĎŚŁ. Őŋă ęěáâłő áćïğăŋă á ńĺčăŋďőň łăł, ŋăŕàĺňěà, áĺáâěňă čńăćŋëå őáěľ âěŋğőàă ĺŋěàæĺĺ ĺğőńĺàőćăŋŋőčő ńĺčăŋďă. Ňë ŕàěďŕőńăčăěň, çâő ãáâăŋőćńěŋő ŋěłőâőàőě äĺłáĺàőćăŋŋőě ŕàăćĺńő ďńï ćëąőàă âăłőľ ŃŤŚŁ. Šőčďă áőőâŋőèěŋĺě ňěęďã c̃_{Lp} ĺ c̄_{Lp} ĺňěěâ ćĺď:

c̃_{Lp} = R_Λc̄_{Lp} (25)

čďě R_Λ - ňăâàĺæă ćàăéěŋĺï, áőćňěéăîéăï ĎŚŁ ĺ ŃŤŚŁ ńĺčăŋďă Λ. Şàăćŋěŋĺě (25) ďăěâ ćőğňőęŋőáâì ŕàěőąàăğőćăâì ĺŋćăàĺăŋâŋëě łőíääĺæĺěŋâë àăğńőęěŋĺï ŊŔ ć ŃŤŚŁ ć ăŋăńőčĺçŋëě łőíääĺæĺěŋâë ć ĎŚŁ, őŕàěďěńěŋŋőľ čěőňěâàĺěľ łőňŕńěłáă.

Šěŕěàì ňë őčàăŋĺçĺň ŋăèě àăááňőâàěŋĺě łőňŕńěłáăňĺ, čďě łăęďëľ ďőŋőàŋëľ ăâőň ŋěáěâ ěďĺŋáâćěŋŋãî ŊŔ. Řăááňőâàĺň áŋăçăńă âăłĺě čěőňěâàĺĺ, čďě őáì z ŃŤŚŁ áőćŕăďăěâ á őáìî z ĎŚŁ, ă őáĺ (x ĺ y) ć őąěĺå áĺáâěňăå ŕăàăńńěńìŋë. Ŕàĺ íâĺå ŕàěďŕőńőęěŋĺïå íńěňěŋâë t^L_λ ćěłâőàă t^L őâńĺçŋë őâ ŋãńï âőńìłő ďńï λ = σ. Łőňŕőŋěŋâ t^L_σ ćěłâőàă t^L ďńï łăęďőľ ŊŔ ĺňěěâ ćĺď (24). Ěáńĺ ńĺčăŋď ŕőćěàŋãâ ćőłàãč ŕàőĺğćőńìŋőľ őáĺ, ŕàőåőďïéěľ çěàěğ ďőŋőàŋëľ ăâőň, âő ĺňěîâ ňěáâő áńěďãîéĺě áőőâŋőèěŋĺï: c̃_{Ls} = c̄_{Ls}, c̃_{Lz} = c̄_{Lz} cos θ, c̃_{Lx} = c̄_{Lz} sin θ cos ϕ, c̃_{Ly} = c̄_{Lz} sin θ sin ϕ, čďě θ - ŕőńïàŋëľ ãčőń ňěęďã őáìî z ĎŚŁ ĺ ŃŤŚŁ, ă ϕ - ăğĺňãâăńìŋëľ ãčőń ňěęďã ŕàőěłæĺěľ őáĺ z ŋă ŕńőáłőáâì xy ĎŚŁ ĺ őáìî x ŃŤŚŁ. Ć íâőň áńãçăě

t^L_σ = c̄_{Ls}β_z2_{,s} + c̄_{Lz}β_z2_{,z} cos θ + c̄_{Lx}β_{xz,x} sin θ cos ϕ+ +c̄_{Ly}β_{yz,y} sin θ sin ϕ Ŕàĺŋĺňăï ćő ćŋĺňăŋĺě ćáě áłăğăŋŋőě, ňë ňőęěň ćëŕĺáăâì ćëàăęěŋĺě ďńï ŕăàăňěâàă ŇŞŔ e_σ ńĺčăŋďă Λ łăł äãŋłæĺî ŕőńïàŋőčő ĺ ăğĺňãâăńìŋőčő ãčńőć ŕőćőàőâă θ, ϕ ńĺčăŋďă Λ:

e^Λ_σ = (c̄_{Ls}β_z2_s + cos θc̄_{Lz}β_z2_z + c̄_{Lx}β_{xz,x} sin θ cos ϕ+ +c̄_{Ly}β_{yz,y} sin θ sin ϕ)^2G^{adv}_{LL} (A_d)

(26)

čďě ĺŋďěłá L őąőğŋăçăěâ ŊŔ ńĺčăŋďă Λ. Ć äőàňãńě (26) àěğőŋăŋáŋëě ĺŋâěčàăńë β_z2_s ĺ β_z2_z ć ĎŚŁ ğăćĺáïâ âőńìłő őâ àăááâőïŋĺï ňěâăńń - ďőŋőàŋëľ ăâőň. Ćěáă AO c̄_{Ls}, c̄_{Lz}, c̄_{Ly}, c̄_{Lx} ďőŋőàŋőčő ăâőňă ć àăğńőęěŋĺĺ ŊŔ ĺ ćłńăďë àăğńĺçŋëå ŇŐ l-áĺáâěňë ć ŊŔ äĺłáĺàőćăŋë íńěłâàőŋŋőľ áâàãłâãàőľ l-áĺáâěňë.

Ňë àăááçĺâăńĺ ŕăàăňěâàë e_σ ĺ e_π ŕő äőàňãńăň (23) ĺ (26). Řěğãńìâăâë ŕàěďáâăćńěŋë ć âăąńĺæě 4. Ĺňěěâáï ãďőćńěâćőàĺâěńìŋőě áőčńăáĺě ňěęďã àăáçěâŋëňĺ ĺ íłáŕěàĺňěŋâăńìŋëňĺ ğŋăçěŋĺïňĺ 10Dq ďńï őłâăíďàĺçěáłĺå łőňŕńěłáőć [Ni(NH_3)_6]^{2+} ĺ [Co(NH_3)_6]^{2+}. Śőŕőáâăćńěŋĺě íłáŕěàĺňěŋâăńìŋëå ďăŋŋëå âăąńĺæë 4 á àăáçěâŋëňĺ ğŋăçěŋĺïňĺ e_σ ŕàőćőďĺńőáì á ĺáŕőńìğőćăŋĺěň äőàňãńë: e_σ = 10Dq/3 ŕàĺčőďŋőľ ďńï őłâăíďàĺçěáłĺå łőňŕńěłáőć ąěğ π-ďőŋőàŋëå ńĺčăŋďőć. Ąëńĺ ŕőńãçěŋë áőćŕăďăîéĺě ğŋăçěŋĺï 10Dq á őèĺąłőľ ć ŕàěďěńăå 1000 áň^{−1}, łőâőàăï ĺňěěâ ŕőàïďőł őèĺąłĺ áăňőčő ňěâőďă İŁŔ.

Ć łăçěáâćě ŕàĺňěàă, ĺńńîáâàĺàãîéěčő ćńĺïŋĺě π-ŕěàěłàëćăŋĺï ńĺčăŋďőć á ňěâăńńőň, ąëń àăááňőâàěŋ őłâăíďàĺçěáłĺľ ĺőŋ [Ni(py)_6]^{2+}, ďńï łőâőàőčő ğŋăçěŋĺě 10Dq ĺğćěáâŋő ĺğ íłáŕěàĺňěŋâă [24]. Ěáńĺ ãçĺâëćăěâáï ćłńăď âőńìłő ŊŔ ŕő äőàňãńě (26), âő ğŋăçěŋĺě e_σ ĺ áőőâćěâáâćãîéěě ğŋăçěŋĺě 10Dq ŋăåőďïâáï ć áőčńăáĺĺ á íłáŕěàĺňěŋâőň. Ŕàĺ ãçěâě łăł ŊŔ, âăł ĺ π, π^∗-ŃŇŐ, ńőłăńĺğőćăŋŋëå ŋă ďőŋőàŋőň ăâőňě čńăćŋëň őąàăğőň, ňë ŕőńãçăěň ŋěŋãńěćőě ğŋăçěŋĺě e_π (ğŋăçěŋĺě e_σ őáâăěâáï ŋěĺğňěŋŋëň). Ďńï ćáěå àăááňăâàĺćăěňëå ŋĺęě łőňŕńěłáőć âăłőľ àăáçěâ (á ćłńîçěŋĺěň π, π^∗-ŃŇŐ ć áãňňã (23)) âăłęě ŕőğćőńïěâ ŕőńãçĺâì ŋěŋãńěćëě ğŋăçěŋĺï e_π. Ŕőńãçěŋŋőě ğŋăçěŋĺě 10Dq åőàőèő áőčńăáãěâáï á àěğãńìâăâăňĺ, ŕőńãçěŋŋëňĺ áâăŋďăàâŋëň ňěâőďőň İŁŔ ć ŋăáâőïéěľ àăąőâě.

Šěâàăčőŋăńìŋëľ łőňŕńěłá [Ni(py)_4Cl_2] ňőęŋő áőŕőáâăćĺâì áő áćőĺň őłâăíďàĺçěáłĺň ăŋăńőčőň [Ni(py)_6]^{2+}. Ŕőńãçěŋŋëě ŕő äőàňãńě (26) ğŋăçěŋĺï ŕăàăňěâàőć e_σ(py) ĺ e_σ(Cl) ãďőćńěâćőàĺâěńìŋő áőčńăáãîâáï á ĺğćńěçěŋŋëňĺ ĺğ íłáŕěàĺňěŋâă ğŋăçěŋĺïňĺ ŕăàăňěâàă ăáĺňňěâàĺĺ łàĺáâăńńĺçěáłőčő ŕőńï DS, ĺğćěáâŋőčő ć âěőàĺĺ ŋőàňĺàőćăŋŋëå áäěàĺçěáłĺå čăàňőŋĺł [24]. Ďńï łőňŕńěłáőć âěâàăčőŋăńìŋőľ áĺňňěâàĺĺ ŕăàăňěâà DS áńěďãîéĺň őąàăğőň áćïğăŋ á ŕăàăňěâàăňĺ ŇŞŔ [24]:

DS = −2[e_σ(L) + e_π(L) − e_σ(Z) − e_π(Z)]

čďě Z ĺ L őąőğŋăçăîâ ăłáĺăńìŋëľ ĺ íłćăâőàĺăńìŋëľ ńĺčăŋďë áőőâćěâáâćěŋŋő. Ğăňěâĺň, çâő ćëçĺáńěŋŋőě ďńï ńĺčăŋďă ŕĺàĺďĺŋă ć [Ni(py)_4Cl_2] ğŋăçěŋĺě e_σ ńĺèì ŋěğŋăçĺâěńìŋő őâńĺçăěâáï őâ ğŋăçěŋĺï e_σ ďńï ŕĺàĺďĺŋă ć [Ni(py)_6]^{2+}, çâő áćĺďěâěńìáâćãěâ ő ŕěàěŋőáĺňőáâĺ ŕőńãçěŋŋëå ŋăňĺ ğŋăçěŋĺľ e_σ, ŕő łàăľŋěľ ňěàě ďńï łőňŕńěłáőć őďŋőčő ňěâăńńă.

Łőňŕńěłá [F e(py)_4(NCS)_2] âăłęě ĺňěěâ âěâàăčőŋăńìŋãî áĺňňěâàĺî. Ŕőńãçěŋŋëě ŕő äőàňãńě (26) ğŋăçěŋĺï e_σ(py) ĺ e_σ(NCS) ãďőćńěâćőàĺâěńìŋő áőčńăáãîâáï á ĺğćěńçěŋŋëňĺ ĺğ íłáŕěàĺňěŋâă ğŋăçěŋĺěň ŕăàăňěâàă Ňăł-Łńãàă dσ, łőâőàëľ ćëàăęăěâáï çěàěğ ŕăàăňěâàë ŇŞŔ áńěďãîéĺň őąàăğőň [24]:

dσ = (3/4)(e_σ (Z) − e_σ(L))

Ğăňěâĺň, çâő ğŋăçěŋĺï ŕăàăňěâàőć e_σ ďńï ŕĺàĺďĺŋă ć łőňŕńěłáăå àăğŋëå ňěâăńńőć [Ni(py)_4Cl_2] ĺ [F e(py)_4(NCS)_2] áãéěáâćěŋŋő őâńĺçăîâáï. Ĺğ äőàňãń (23),(26) áńěďãěâ, çâő åăàăłâěàĺáâĺłĺ áăňőľ ňőńěłãńë ŕĺàĺďĺŋă ćåőďïâ ć ćëàăęěŋĺě ďńï e_σ çěàěğ ďĺăčőŋăńìŋëľ ňăâàĺçŋëľ íńěňěŋâ äãŋłæĺĺ Čàĺŋă ŊŔ, âőčďă łăł ŕàĺàőďă ňěâăńńă őłăğëćăěâ ćńĺïŋĺě ŋă e_σ çěàěğ ćěńĺçĺŋã áàőďáâćă ł íńěłâàőŋã d-őąőńőçłĺ A_d ĺ çěàěğ ćěńĺçĺŋë àěğőŋăŋáŋëå ĺŋâěčàăńőć β_{μL}. Ůĺáńěŋŋëě ďăŋŋëě áćĺďěâěńìáâćãîâ ő âőň, çâő àěğőŋăŋáŋëě ĺŋâěčàăńë β_{F eN} ĺ β_{NiN} ć łőňŕńěłáăå [Ni(py)_4Cl_2] ĺ [F e(py)_4(NCS)_2] őâńĺçăîâáï ŕàĺňěàŋő ć 1.5 àăğă, çâő ŋăåőďĺâáï ć áőčńăáĺĺ á àăğŋĺæěľ ć ćěńĺçĺŋăå e_σ ďńï ńĺčăŋďă ŕĺàĺďĺŋă ć íâĺå łőňŕńěłáăå, á ãçěâőň łćăďàăâĺçŋőľ ğăćĺáĺňőáâĺ e_σ őâ β ć (23).

Őąáãęďěŋĺě Ć ŋăáâőïéěľ àăąőâě ňőďĺäĺæĺàőćăŋă ŕőńãíňŕĺàĺçěáłăï âěőàĺï İŁŔ, łőâőàăï ŕőğćőńïěâ ďńï àăğŋőőąàăğŋëå ŁŔŇ ćëçĺáńïâì á åőàőèěľ âőçŋőáâìî łàĺáâăńńĺçěáłőě ŕőńě, ĺŋďãæĺàőćăŋŋőě ńĺčăŋďŋëň őłàãęěŋĺěň. Ŕàěďńőęěŋŋăï ć ŋăáâőïéěľ àăąőâě ńőłăńìŋăï äőàňă İŁŔ ŕőğćőńïěâ ćëàăğĺâì łàĺáâăńńĺçěáłőě ŕőńě łăł áãňňã ćłńăďőć ŊŔ őâďěńìŋëå ńĺčăŋďőć. İâő ŕőğćőńĺńő ŋăň ŋăľâĺ ïćŋëě äőàňãńë ďńï ŕăàăňěâàőć ŇŞŔ, łőâőàëě ďăîâ ćőğňőęŋőáâì ćëçĺáńĺâì íâĺ ćěńĺçĺŋë, őąěáŕěçĺćăï ŕàĺ íâőň ãďőćńěâćőàĺâěńìŋőě áőčńăáĺě á íłáŕěàĺňěŋâăńìŋëňĺ ďăŋŋëňĺ. Ćëàăęěŋĺï ďńï ŕăàăňěâàőć ŇŞŔ ąëńĺ ŋăľďěŋë ŕãâěň őâőęďěáâćńěŋĺï ńőłăńìŋëå łőňŕőŋěŋâőć İŁŔ á ïçěěçŋëňĺ ćłńăďăňĺ ć âěőàĺĺ ŇŞŔ. Łăł őłăğăńőáì, âăłőľ áŕőáőą ŕőğćőńïěâ ćőáŕàőĺğćěáâĺ íłáŕěàĺňěŋâăńìŋëě ğŋăçěŋĺï ŕăàăňěâàőć ŇŞŔ e_λ ć ŕàěďěńăå 10% âőçŋőáâĺ. Ć áâăŋďăàâŋőň äőàňăńĺğňě ŇŞŔ ćěńĺçĺŋë e_λ ïćńïîâáï áŕěæĺäĺçŋëňĺ ďńï łăęďőľ ŕăàë ńĺčăŋď-ňěâăńń. Ĺå ğăćĺáĺňőáâì őâ àăááâőïŋĺï ňěâăńń-ńĺčăŋď ĺ ďàãčĺå čěőňěâàĺçěáłĺå ŕăàăňěâàőć łőňŕńěłáă ŋě ňőęěâ ąëâì őæěŋěŋă. Ć àăňłăå ŋăèěčő ŕőďåőďă íâĺ ćěńĺçĺŋë ňőčãâ ąëâì ćëçĺáńěŋë ďńï ŕàőĺğćőńìŋőčő àăáŕőńőęěŋĺï ńĺčăŋďőć ćőłàãč æěŋâàăńìŋőčő ăâőňă ŕěàěåőďŋőčő ňěâăńńă.

Ăćâőàë ŕàĺŋőáïâ čńãąőłãî ąńăčőďăàŋőáâì Ĺ.Ć.Ŕńěâŋñćã ğă æěŋŋëě őąáãęďěŋĺï.

Ńĺâěàăâãàă

[1] Burkert U., Allinger T. // Molecular Mechanics. ACS, Washington, D.C. 1982. [2] Comba P., Hambley T.W. // Molecular modelling. VCH, Weinheim. 1995. [3] Ďăàåőćáłĺľ Ň.Ą., Ůãčàěěć Ă.Ń. // Ţĺň. Ťĺğĺłă. 1999. Š.18(1). Ś.73. [4] K-onig E., Ritter G., Kulshreshtha S.K. // Chem. Rev. 1985. V.85. P.219 [5] G-utlich P. // Struct. Bond. 1981. V.44. P.83. [6] Ůãčàěěć Ă.Ń. // Ţĺň. Ťĺğĺłă. 1997. Š.16 (6). Ś.62 [7] Tchougr«ee¸ A.L. // The e¸ective crystal ˛eld methodology as used to incorporate transition metals into molecular mechanics, in Molecular modeling and dynamics of bioinorganic systems (eds. Banci L., Comba P.): NATO ASI workshop, Kluwer, 1997. P.217.

[8] Burton V., Deeth R., Kemp C., Gilbert P. // J. Am. Chem. Soc. 1995. P.8407. [9] Deeth R., Paget V. // J.Chem.Soc. Dalton Trans. 1997. P.537. [10] Gerloch M., Wooley R.G. // Struct. Bond. 1983. P.371. [11] Ůãčàěěć Ă.Ń. // Ţĺň. Ťĺğĺłă. 1998. Š.17 (6). Ś.62.

[12] Tchougr«ee¸ A.L., Soudackov A.V., Misurkin I.A., Bolvin H., Kahn O. // Chem. Phys. 1995. V.193. P.19.

[13] Tchougr«ee¸ A.L. // Phys. Chem. Chem. Phys. 1999, V.1. (ć ŕěçăâĺ). [14] Soudackov A.V., Tchougr«ee¸ A.L., Misurkin I.A. // Theor. Chim. Acta. 1992.

V.83. P.389.

[15] Soudackov A.V., Tchougr«ee¸ A.L., Misurkin I.A. // Int. J. Quant. Chem.

V.57. P.663. 1996.

[16] Soudackov A.V., Tchougr«ee¸ A.L., Misurkin I.A. // Int. J. Quant. Chem.

V.58. P.161. 1996.

[17] Śãďăłőć Ă.Ć., Ůãčàěěć Ă.Ń., Ňĺáãàłĺŋ Ĺ.Ă. // Ę. Ťĺğ. Ţĺň. 1994. Š.68.

Ś.1256

[18] Śãďăłőć Ă.Ć., Ůãčàěěć Ă.Ń., Ňĺáãàłĺŋ Ĺ.Ă. // Ę. Ťĺğ. Ţĺň. 1994. Š.68.

Ś.1264 [19] Thouless D.J. The quantum mechanics of many-body system. Academic Press, NY, 1972 [20] Ăąàĺłőáőć Ă.Ă., Čőàìłőć Ń.Ŕ., Ďğïńőèĺŋáłĺľ Ĺ.Ě. Ňěâőďë łćăŋâőćőľ âěőàĺĺ ŕőńï ć áâăâĺáâĺçěáłőľ äĺğĺłě. Ň.: Ŋăãłă, 1958.

[21] Perkins P.G., Stewart J.J.P. // J. Chem. Soc. Faraday Trans.(II). 1982. V.78.

P.285.

[22] Stewart J.J.P. // J. Comput. Chem. 1989. V.10. P.221. [23] Shae¸er C.E. // Struct. Bond. 1968. V.5. P.68.

[24] Lever A.B.P. Inorganic electronic spectroscopy. Amsterdam, Elsevier Science, 1984.

Łőňŕńěłá Ćěá (łćăďàăâ ăňŕńĺâãďë) ĂŐ ć ŃŇŐ F e(py)_6 0.387(N_s), 0.539(N_{pz} ), 0.03(F e_{4s}), 0.025(F e_{4p}) Co(NH_3)_6 0.305(N_s), 0.61(N_{pz} ), 0.036(Co_{4s}), 0.03(Co_{4p}) Ni(NH_3)_6 0.305(N_s), 0.613(N_{pz} ), 0.038(Ni_{4s}), 0.04(Ni_{4p}) F e(H_2O)_6 0.29(O_s), 0.66(O_{pz} ), 0.028(F e_{4s}), 0.019(F e_{4p}) Co(H_2O)_6 0.29(O_s), 0.66(O_{pz} ), 0.03(Co_{4s}), 0.025(Co_{4p}) Šăąńĺæă 1: ŃŇŐ-AO łőíääĺæĺěŋâë ć őłâăíďàĺçěáłĺå łőňŕńěłáăå Co (II), Fe (II), Ni (II).

Łőňŕńěłá Ŕàőæěŋâŋëľ İŋěàčĺï ćłńăď MO ć ŊŔ MO, a.e.

F e(py)_6 5 -1.76 9 -1.71 3 -1.613 3 -1.368 4 -1.35 5 -1.26 5 -1.21 4 -0.95 4 -0.88 12 -0.88 9 -0.87 3 -0.87 6 -0.76 3 -0.75 10 -0.72 9 -0.70

Łőňŕńěłá Ŕàőæěŋâŋëľ İŋěàčĺï ćłńăď MO ć ŊŔ MO, a.e.

Co(NH_3)_6 4 -1.92 4 -1.86 4 -1.86 4 -1.7 10 -1.15 20 -0.997 20 -0.997 28 -0.968 F e(H_2O)_6 5 -1.987 12 -1.94 7 -1.82 12 -1.143 14 -1.07 25 -1.054 25 -1.054

Šăąńĺæă 2: ŃŇŐ-MO łőíääĺæĺěŋâë ć őłâăíďàĺçěáłĺå łőňŕńěłáăå Co (II), Fe (II), Ni (II).

[M(NH_3)_6]^{2+} Fe Co Ni (1) 1.242 1.315 (2) 1.041 1.05 (3) 1.214 1.216 (4) 1.216 1.226 [M(py)_6]^{2+} Fe Co Ni (1) 0.8704 1.2 1.263 (2) 0.788 1.044 1.100 (3) 0.891 1.201 1.16 (4) 0.919 1.2 1.145 [M(H_2O)_6]^{2+} Fe Co Ni (1) 1.116 1.111 1.028 (2) 1.032 1.004 0.905 (3) 1.274 1.238 1.14 (4) 1.222 (1.257) 1.198 1.085 Šăąńĺæă 3: Śàăćŋěŋĺě àăğńĺçŋëå ŕàĺąńĺęěŋŋëå áåěň áãňňĺàőćăŋĺï äőàňãńë (12)

Complex e^{dyn}_σ e^{dyn}_π e^{stat}_σ 10Dq_{AOM} 10Dq_{ECF} 10Dq_{exp} Co(NH_3)^{2+}_6 3352 - 30 10050 10250 10100 Ni(NH_3)^{2+}_6 3440 - 25 10320 10500 10800 Ni(py)^{2+}_6 3150 - 35 9750 10360 10150 (âőńìłő ŊŔ) Ni(py)^{2+}_6 3150 160 35 9210 10360 10150 (ŊŔ,π-ŃŇŐ) Ni(py)_4Cl_2 3600 (py) - 30 -800(DS) - -2352(DS) (âőńìłő ŊŔ) 3200 (Cl^−) Ni(py)_4Cl_2 3600 (py) 150 (py) 30 -1100(DS) - -2352(DS) (ŊŔ,π-ŃŇŐ) 3200 (Cl^−) F e(py)_4(NCS)_2 1550(py) - 40 970(dσ) 600(dσ) (âőńìłő ŊŔ) 2830(NCS) F e(py)_4(NCS)_2 1600(py) 80(py) - - - (ŊŔ,π-ŃŇŐ) 3000(NCS) 200(NCS) 1050(dσ) 600(dσ) Šăąńĺæă 4: Őæěŋłĺ ŕăàăňěâàőć ŇŞŔ (ďĺŋăňĺçěáłăï ĺ áâăâĺçěáłăï çăáâì). Ğŋăçěŋĺï

10DqAOM (ć áň^{−1}) ćëçĺáńěŋë ĺğ áâăŋďăàâŋőčő ãàăćŋěŋĺï ŇŞŔ