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Rozgl�nuto odnovim�rni� feromagnetni� lanc��ok z urahuvann�m kolivan~ �ratki v

garmon�qnomu nabli�enn�. Na p�dstav� posl�dovnogo kvantovogo p�dhodu dosl�d�eno dinam�qn�

� topolog�qn� magnetn� sol�toni. Pokazano, wo takogo tipu zburenn� zadovol~n��t~ nel�n��ne

r�vn�nn� Xredin�era, v�dxukano �ogo rozv'�zki � dosl�d�eno parametri sol�ton�v.
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I. VSTUP

Odnim �z napr�mk�v, �ki� aktivno � rezul~tativno

rozrobl��t~ u f�zic� tverdogo t�la,  f�zika ne-

l�n��nih efekt�v � �viw [1]. Na�l�pxe vivqeno odno-

vim�rn� sistemi. Ce zumovleno prostoto� modele�,

�k� v c~omu vipadku vikoristovu�t~, ta por�vn�no

prostimi anal�tiqnimi rozrahunkami. Dosl�d�enn�

odnovim�rnih sistem r�znih tip�v zasv�dqili, wo v

takih sistemah mo�e buti osoblivi� tip zbud�enn�

| sol�toni. Sol�ton | ce neodnor�dne zbud�enn�

togo qi �nxogo pol�, zosered�ene v mal�� oblast�

prostoru � zdatne perem�wuvatis�, zber�ga�qi svo�

strukturu.

Sered odnovim�rnih sistem, dl� �kih viznaqena

na�vn�st~ sol�ton�v,  feromagnetn� lanc��ki. Mag-

netn� sol�toni, abo, �k Ýh we naziva�t~, v�dokremlen�

magnoni, dosl�d�uvali avtori [2{11]. V�dokremlen�

magnoni | ce sp�nov� zbud�enn�, lokal�zovan� v de-

�k�� oblast� lanc��ka � pov'�zan� z deformac��

m��atomnih v�dstane�. Taki� samouzgod�eni� stan

opisu nel�n��ne r�vn�nn� Xredin�era [9{11].

Mi na p�dstav� kvantovogo p�dhodu, rozvinutogo

v teor�Ý molekul�rnih sol�ton�v [12], dosl�d�uvali

magnetn� sol�toni v odnovim�rnih feromagnetnih

lanc��kah u garmon�qnomu nabli�enn�, a tako� dru-

gi� tip magnetnogo sol�tona | 180-gradusnu do-

mennu st�nku, abo �-k�nk [13{14]. Obidva dosl�d�enn�

ob'dnu sp�l~na vih�dna model~. Vodnoqas u pere-

va�n�� b�l~xost� prac~ �-k�nki dosl�d�uvali na p�d-

stav� r�vn�nn� Landau{L�fxic� dl� magnetnogo mo-

mentu. Pokazano, wo dinam�ka lanc��ka suttvo

vpliva na parametri �-k�nka, zokrema na zb�l~-

xenn� �ogo p�vxirini.

II. DINAM�QN� SOL�TONI V

ODNOVIM�RNIH FEROMAGNETNIH

SISTEMAH

Rozgl�nemo l�n��ni� ga�zenber��vs~ki� feromag-

netni� lanc��ok sp�n�v. Dl� opisu takoÝ sistemi

skoristamos� zviqa�nim ga�zenber��vs~kim gam�l~-

ton��nom z urahuvann�m dinam�ki lanc��ka:
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de m | efektivna masa, �ka perem�wat~s� razom z�

sp�nom uzdov� lanc��ka.
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Dl� pobudovi povnogo gam�l~ton��na sistemi, �ki� vrahovu vzamod�� m�� sp�nami � kolivann�mi �ratki,

zrobimo tak: obm�nn� �nte�rali zapixemo v l�n��nomu rozklad� za operatorami zm�wenn�. Kr�m togo, osk�l~ki

mi dosl�d�uvatimemo slabko zbud�en� stani, pere�demo v�d sp�novih operator�v do boze{operator�v sp�novih

zbud�en~. P�sl� vs�h cih peretvoren~ gam�l~ton��n (2.1) nabude vigl�du
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Dal� budemo c�kavitis� odnoqastinkovimi sp�novimi zbud�enn�mi, hvil~ovu funkc�� �kih zapixemo tako�

u standartnomu vigl�d�
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de j0 > | vakuumni� stan dl� sp�novih zbud�en~ � fonon�v. Kompleksn� funkc�Ý C
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cih funkc��. P�sl� vrahuvann� �vnogo vigl�du gam�l~ton��na (2.4) � probnoÝ hvil~ovoÝ funkc�Ý (2.5) r�vn�nn�
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�z r�vn�nn� (2.6) baqimo, wo naxa sistema r�vn�n~  nel�n��na. Va�livo te, wo c� nel�n��n�st~ zumovlena

�k sp�n{fononno� vzamod��, tak � an�zotrop�� obm�nnoÝ ener��Ý (� 6= 0).

Dl� rozv'�zuvann� sistemi (2.6){(2.8) vvedemo funkc��

�(� � �t) = �
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; (2.9)

tobto vva�atimemo, wo dinam�ka �ratki ma hvil~ovi� harakter.

Teper z (2.7) � (2.8) otrimamo
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:

P�dstavivxi (2.10) v (2.6), matimemo
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R�vn�nn� (2.11) � (2.12)  osnovnimi dl� viznaqenn�

hvil~ovoÝ funkc�Ý ta ener��Ý zbud�en~, �k� naziva-

�t~s� v�dokremlenimi magnonami, abo magnetnimi

sol�tonami.

Rozv'�zok r�vn�nn� (2.11) ma vigl�d
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Teper proanal�zumo otriman� rezul~tati. Rozv'�zok

(2.13) opisu tip zbud�en~, �k� mi nazivamo v�do-

kremlenim magnonom, abo magnetnim sol�tonom. V�d-

m�nn�st~ hvil~ovoÝ funkc�Ý v�dokremlenogo magnona

v�d zviqa�nogo pol�ga v tomu, wo kvadrat ÝÝ modul�

 lokal�zovanim u prostor�:
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Teper wodo ener��Ý (2.14). Ener��� osnovnogo stanu E

0

v�dokremlenogo magnona  menxo� v�d ener��Ý osnov-

nogo stanu zviqa�nogo magnona. Ce vidno z (2.15).Wo

stosut~s� efektivnoÝ masi m

�

(2.16), to vona  b�l~-

xo� v�d masi zviqa�nogo magnona. Use ce da zmogu

zrobiti visnovok, wo v odnovim�rnih feromagnet-

nih lanc��kah, �kwo vikonu�t~s� umovi l�n��nosti

sp�n{fononnoÝ vzamod�Ý, ener�etiqno b�l~x vig�d-

no�  na�vn�st~ v�dokremlenih magnon�v. V�dokre-

mleni� magnon mo�na �nterpretuvati tak. Zbud�e-

ni� stan, �ki� v�dpov�da perekidann� sp�nu, zm�n�

silu vzamod�Ý m�� atomami, vnasl�dok qogo �ratka

deformut~s�. P�d qas ruhu zbud�enn� (magnona)

vzdov� lanc��ka razom z nim bude ruhatis� � de-

formac�� �ratki. Magnon razom z deformac��, wo

�ogo suprovod�u, mi nazvali v�dokremlenim magno-

nom.

Zauva�imo take: vih�d za garmon�qne nabli�enn�

[11] sv�dqit~, wo angarmon�zm suttvo zm�n� ener���

v�dokremlenih magnon�v, mo�e zrobiti Ýh b�l~x st��-

kimi abo navpaki.

III. TOPOLOG�QN� SOL�TONI V

ODNOVIM�RNIH FEROMAGNETNIH

SISTEMAH

U c~omu paragraf� v me�ah t�Ý � model�, wo � v

poperedn~omu, dosl�d�eno �nxi� tip sol�ton�v| to-

polog�qn�. C� sol�toni, �k � dinam�qn�, opisu pevni�

tip nel�n��nogo r�vn�nn� dl� kuta povorotu sp�no-

vogo momentu.
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de � = �1, rexta poznaqen~ t� � sam�.
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Uvedemo v rozgl�d nov� operatori sp�nu zg�dno z peretvorenn�mi
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P�sl� prostih peretvoren~ z umovi m�n�mumu ener��Ý mi otrimamo take r�vn�nn� dl� �(�):
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P�d qas vivedenn� r�vn�nn� (3.4) zakladeno tak� graniqn� umovi:
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Rozv'�zok (3.6) opisu topolog�qni� sol�ton, abo tak zvani� �-k�nk.
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Ot�e, na p�dstav� m�kroskop�qnoÝ odnovim�rnoÝ an�zotropnoÝ ga�zenber��vs~koÝ model� l�n��nogo lanc��ka

otrimano nel�n��ne r�vn�nn� dl� kuta povorotu sp�nu, rozv'�zkom �kogo  topolog�qni� sol�ton. Dal�, �k

sv�dqit~ (3.7), dinam�ka lanc��ka privodit~ do zb�l~xenn� p�vxirini sol�tona. Na zak�nqenn� zauva�imo,

wo  obme�enn� na xvidk�st~ hvil�, �ka opisu dinam�ku lanc��ka. Vona povinna buti menxo� v�d de�koÝ

graniqnoÝ xvidkosti, wo menxa, n�� xvidk�st~ zvuku.

C� robota bula qastkovo p�dtrimana M��narodno� Soros�vs~ko� Programo� p�dtrimki osv�ti v galuz�

toqnih nauk (ISSEP), �rant } APU072121.
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DYNAMIC AND TOPOLOGIC SOLITONS IN QUASI{ONE{DIMENSIONAL

FERROMAGNETIC SYSTEMS

V. Yatsyshyn

Ivan Franko Drohobych State Pedagogical Institute

24 I. Franko Str., UA{293720, Drohobych, Ukraine

A one-dimensional ferromagnetic anisotropic chain with regard for the lattice uctuations in harmonic approx-

imation is investigated. Anisotropy is caused by exchange interaction anisotropy. Using the quantum approach

one-particle wall excitations are considered. It is shown that the wave function of these excitations satis�es the

Schr�odinger nonlinear equation. The nonlinearity of the latter which is caused by the chain dynamics is possible

for anisotropic ferromagnetic systems only. Here lies the importance of anisotropy.

The solution of the Schr�odinger nonlinear equation reveals the wave function to be of a localized nature and

the fundamental state energy of the corresponding excitations (which we call magnetic solitons) to be lower than

the energy of ordinary magnons.

The inuence of unharmonicity of lattice uctuations on the parameters of magnetic solitons is determined.

Together with the dynamic solitons the inuence of lattice uctuations on the parameters of topologic solitons

of domain walls type is considered. The domain walls width and the partial constituent of the width caused by the

lattice dynamics are determined. It turned out that the wave speed limiting appears if uctuations are regarded

as ordinary waves. The corresponding top wave speed is calculated.
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