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The most simple and straightforward generalization of the standard one-
dimensional molecular chain with nearest-neighbour interactions to three
dimensions is shown to be a helix backbone with three types of intermole-
cular interactions, the chain with secondary structure (e.g., � -helix in bio-
logy). The set of coupled nonlinear �eld equations with respect to the longi-
tudinal and transverse displacements of the chain molecules is derived and
stable non-topological three-component soliton solutions are found numer-
ically. These solutions describe supersonic pulses of longitudinal compres-
sion accompanied by a localized transverse bulge and a localized torsional
stretching of the helix backbone. Asymmetry caused by helicity of the back-
bone is shown to rectify zero-mean oscillating or �uctuating motions on a
simple experimental mechanical model.
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4. Soliton pro�les
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Soliton and ratchet motions in helices
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Soliton and ratchet motions in helices
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Soliton and ratchet motions in helices
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Ïîêàçàíî, ùî íàéá³ëüø ïðîñòå ³ áåçïîñåðåäíº òðèâèì³ðíå óçàãàëü­
íåííÿ ñòàíäàðòíîãî îäíîâèì³ðíîãî ìîëåêóëÿðíîãî ëàíöþæêà ³çâçà­
ºìîä³ºþ íàéáëèæ÷èõ ñóñ³ä³âìàº âèãëÿä ñï³ðàëüíîãî ñêåëåòàç òðüî­
ìà òèïàìè ì³æìîëåêóëÿðíèõ âçàºìîä³é – ëàíöþã ³çâòîðèííîþ ñòðóê­
òóðîþ (íàïðèêëàä, á ­ñï³ðàëü ó á³îëîã³¿). Âèâåäåíî ñèñòåìó çâ’ÿçà­
íèõ íåë³í³éíèõ ïîëüîâèõ ð³âíÿíü ñòîñîâíî ïîïåðå÷íèõ ³ ïîçäîâæí³õ
çì³ùåíü ìîëåêóë ëàíöþæêà ³ çíàéäåí³ ñò³éê³íåòîïîëîã³÷í³ òðèêîì­
ïîíåíòí³ ñîë³òîíí³ ðîçâ’ÿçêè. Ö³ðîçâ’ÿçêè îïèñóþòü íàäçâóêîâ³ áèò­
òÿ ïîçäîâæíüîãî ñòèñêó, ùî ñóäïðîâîäæóþòüñÿ ëîêàë³çîâàíîþ ïîïå­
ðå÷íîþ îïóêë³ñòþ ³ ëîêàë³çîâàíèì ñêðó÷åíèì ðîçòÿãîì ñï³ðàëüíîãî
ñêåëåòà. Íà ïðèêëàä³ ïðîñòî¿ ìåõàí³÷íî¿ ìîäåë³ ïîêàçàíî, ùî ñïðè­
÷èíåíà ñï³ðàëüí³ñòþ ñêåëåòà àñèìåòð³ÿ âèïðàâëÿº ñåðåäí³ îñöèëþ­
þ÷³ àáî ôëþêòóþþ÷³ ðóõè.

Êëþ÷îâ³ ñëîâà: àíãàðìîí³÷í³ ëàíöþæêè, ñï³ðàë³, ñîë³òîíè,
õðàïîâèêè

PACS: 63.20.Ry, 63.20.Pw, 87.15.­v
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