
ISSN 1561 -9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 2003. �®¬ 5 (77), N 1. �. 62 { 70��� 532.528 ����������� � ���������������������������� �������� � ������������������. �. �������, �. �. ������� àìª®¢áª¨© ­ æ¨®­ «ì­ë© ã­¨¢¥àá¨â¥â ¨¬.�.�.� à §¨­ , � àìª®¢�®«ãç¥­® 03.06.2002�áá«¥¤®¢ ­ë ãá«®¢¨ï ¢®§­¨ª­®¢¥­¨ï ¨ ãáâ®©ç¨¢®áâì ¯à®áâà ­áâ¢¥­­ëå áâàãªâãà ¢ á«®¥ ¬ £­¨â­®© ¦¨¤ª®áâ¨, ­ å®-¤ïé¥©áï ¬¥¦¤ã ¤¢ã¬ï ¯ à ««¥«ì­ë¬¨­¥¬ £­¨â­ë¬¨ ¯« áâ¨­ ¬¨ ¢ ¯®áâ®ï­­®¬ ®¤­®à®¤­®¬¬ £­¨â­®¬ ¯®«¥. �à¨­ï-â  à §à ¡®â ­­ ï à ­¥¥ ¬®¤¥«ì áà¥¤ë á ¨§¬¥­ïîé¥©áï ¬¨ªà®áâàãªâãà®©, ª®â®à ï ãç¨âë¢ ¥â ¯à®æ¥ááë ®¡à §®¢ ­¨ï¨ à §àãè¥­¨ï  £à¥£ â®¢ ¨§ ¬ £­¨â­ëå ç áâ¨æ, ¢å®¤ïé¨å ¢ á®áâ ¢ ¦¨¤ª®áâ¨. �®«ãç¥­ë ãá«®¢¨ï, ¯à¨ ª®â®àëå â ª ïáà¥¤  ®¡« ¤ ¥â¬­®¦¥áâ¢®¬ à ¢­®¢¥á­ëå á®áâ®ï­¨©: ®¤­®à®¤­ëå ¨ ­¥®¤­®à®¤­ëå. �¯à¥¤¥«¥­ë ¤¨ ¯ §®­ë §­ ç¥­¨©­ ¯àï¦¥­­®áâ¨ ¬ £­¨â­®£® ¯®«ï, ¢ ª®â®àëå ­¥®¤­®à®¤­ë¥ á®áâ®ï­¨ï  á¨¬¯â®â¨ç¥áª¨ ãáâ®©ç¨¢ë ¨ ¯à¥¤áâ ¢«ïîâá®¡®© áâ æ¨®­ à­ë¥ ¤¨áá¨¯ â¨¢­ë¥ áâàãªâãàë, ®¯¨áë¢ îé¨¥ áâà â¨ä¨ª æ¨î ¦¨¤ª®áâ¨, â.¥. à §¡¨¥­¨¥ ®¡ê¥¬ ¦¨¤ª®áâ¨ ­  á«®¨ á à §­ë¬ ç¨á«®¬ ç áâ¨æ ¢  £à¥£ â å ¨ c à §­®© ­ ¬ £­¨ç¥­­®áâìî. � ¨á¯®«ì§®¢ ­¨¥¬  á¨¬¯â®-â¨ç¥áª¨å ¬¥â®¤®¢ ¯®áâà®¥­ë à¥è¥­¨ï, ®¯¨áë¢ îé¨¥ ¨£®«ìç âë¥ áâàãªâãàë ¨§ ¬ £­¨â­ëå ç áâ¨æ, ­ ¡«î¤ ¥¬ë¥íªá¯¥à¨¬¥­â «ì­®.�®á«i¤¦¥­i ã¬®¢¨ ¢¨­¨ª­¥­­ï â  áâi©ª®áâi ¯à®áâ®à®¢¨å áâàãªâãà ã è ài ¬ £­iâ­®�� ài¤¨­¨, ïª  §­ å®¤¨âìáï ã á¯®ª®��¬i¦ ¤¢®¬  ¯ à «¥«ì­¨¬¨ ­¥¬ £­iâ­¨¬¨ ¯« áâ¨­ ¬¨ ã áâ «®¬ã ®¤­®ài¤­®¬ã ¬ £­iâ­®¬ã ¯®«i. �à¨©­ïâ  à®§à®¡«¥­ à ­iè¥ ¬®¤¥«ì á¥à¥¤®¢¨é  §i §¬i­­®î ¬iªà®áâàãªâãà®î, ïª  ¢à å®¢ã� ¯à®æ¥á¨ áâ¢®à¥­­ï i à®§¯ ¤ã  £à¥£ âi¢ i§ ¬ £-­iâ­¨å ç áâ®ª, ïªi ¢å®¤ïâì ¤® áª« ¤ã ài¤¨­¨. �âà¨¬ ­i ã¬®¢¨, §  ïª¨å â ª¥ á¥à¥¤®¢¨é¥ ¬ � ¬­®¦¨­ã ài¢­®¢ ¦­¨åáâ ­i¢: ®¤­®ài¤­¨å i ­¥®¤­®ài¤­¨å. �¨§­ ç¥­i ¤i ¯ §®­¨ §­ ç¥­ì ­ ¯àã¦¥­®áâi ¬ £­iâ­®£® ¯®«ï, ã ïª¨å ­¥®¤­®ài¤-­i áâ ­¨  á¨¬¯â®â¨ç­® áâi©ªi © ï¢«ïîâì á®¡®î áâ æi®­ à­i ¤¨á¨¯ â¨¢­i áâàãªâãà¨, ïªi ®¯¨áãîâì áâà â¨äiª æiîài¤¨­¨, â®¡â® à®§¯®¤i« ®¡'�¬ã ài¤¨­¨ ­  è à¨ § ài§­¨¬ ç¨á«®¬ ç áâ®ª ã  £à¥£ â å i ài§­®î ­ ¬ £­iç¥­iáâî. �¢¨ª®à¨áâ ­­ï¬  á¨¬¯â®â¨ç­¨å ¬¥â®¤i¢ ¯®¡ã¤®¢ ­i àiè¥­­ï, é® ®¯¨áãîâì £®«ìç áâi áâàãªâãà¨ § ¬ £­iâ­¨å ç áâ®ª,ïªi á¯®áâ¥ài£ îâìáï ¢ ¥ªá¯¥à¨¬¥­â å.The conditions of formation and stability of the space structures in a magnetic 
uid, being in a equilibrium between twoparallel nonmagnetic plates in a constant homogeneous magnetic �eld, were investigeted. An earlier worked out model ofa medium with a transformed microstructure, which takes into an account the proccesses of a generation and a destructionof the belonging to the magnetic 
uid aggregates of a magnetic particles, was accepted. The conditions, for which sucha medium is possessed of a set of the equilibrium states: homogeneous and nonhomogeneous, were obtained. The rangesof a magnetic �eld intensity, in which nonhomogeneous states are asymptotic stable and are the stationary dissipativestructures, describing a 
uid strati�cation, i.e. a dividing of a 
uid volume to the layers with a di�erent number of theparticles in the aggregates and a di�erent magnetization, were de�ned. The solutions, corresponding to the needlelikestructures of the magnetic particles, which are observed in the experiments, were obtained by the asymptotic methods.���������à®áâà ­áâ¢¥­­ë¥ áâàãªâãàë ¢ ¬ £­¨â­®©¦¨¤ª®áâ¨ ¯à¥¤áâ ¢«ïîâ á®¡®© à á¯à¥¤¥«¥­­ë¥ ¯®®¡ê¥¬ã à¥£ã«ïà­ë¥ ã¯®àï¤®ç¥­­ë¥ ª®­ä¨£ãà æ¨¨¨§ ¬ £­¨â­ëå ç áâ¨æ. �§ ¨¬®¤¥©áâ¢¨¥ ç áâ¨æ,¢å®¤ïé¨å ¢ á®áâ ¢ ¬ £­¨â­®© ¦¨¤ª®áâ¨, ¨ ®¡à §®-¢ ­¨¥ ¨§ ­¨å æ¥¯®ç¥ç­ëå  £à¥£ â®¢ ãç¨âë¢ ¥âáï ¢¬®¤¥«¨ áà¥¤ë á ¨§¬¥­ïîé¥©áï ¬¨ªà®áâàãªâãà®©,¯à¥¤«®¦¥­­®© ¢ à ¡®â¥ [1]. � ¢­®¢¥á­ ï ­ ¬ £-­¨ç¥­­®áâì â ª®© áà¥¤ë ®¯à¥¤¥«ï¥âáï ¤¢ã¬ï ¯ -à ¬¥âà ¬¨: áà¥¤­¨¬ ç¨á«®¬ ç áâ¨æ ¢  £à¥£ â å ¨¯ à ¬¥âà®¬ íää¥ªâ¨¢­®£® ¬ £­¨â­®£® ¯®«ï, ª®â®-àë© ãç¨âë¢ ¥â ¯®«ï, á®§¤ ¢ ¥¬ë¥ ®â¤¥«ì­ë¬¨ ç -áâ¨æ ¬¨. �®§­¨ª­®¢¥­¨¥ ¨ à §àãè¥­¨¥  £à¥£ â®¢,â. ¥. ¨§¬¥­¥­¨¥ ¬¨ªà®áâàãªâãàë ¦¨¤ª®áâ¨, ¯®ª®-ïé¥©áï ¢ ¯®áâ®ï­­®¬ ®¤­®à®¤­®¬ ¬ £­¨â­®¬ ¯®-«¥, à áá¬ âà¨¢ ¥âáï ª ª ä §®¢ë© ¯¥à¥å®¤ ¢â®à®-£® à®¤  ¨ ®¯¨áë¢ ¥âáï á¨áâ¥¬®© ¤¢ãå ­¥«¨­¥©­ëå
¤¨ääã§¨®­­ëå ãà ¢­¥­¨©. �®¤®¡­®£® à®¤  á¨áâ¥-¬ë ­ §ë¢ îâ ¨­®£¤  ¤¢ãåª®¬¯®­¥­â­ë¬¨ á¨áâ¥-¬ ¬¨ ¨«¨ ãà ¢­¥­¨ï¬¨ â¨¯  "à¥ ªæ¨ï{¤¨ääã§¨ï"[2]. �áá«¥¤®¢ ­¨¥ à¥è¥­¨© íâ¨å ãà ¢­¥­¨© ¯®§¢®-«ï¥â ®¡êïá­¨âì è¨à®ª¨© ª« áá ­¥«¨­¥©­ëå ï¢«¥-­¨© ¢ ¬ £­¨â­®© ¦¨¤ª®áâ¨, ª®â®àë¥ ­ ¡«î¤ îâáïíªá¯¥à¨¬¥­â «ì­®.�á®¡¥­­®áâì § ¤ ç¨, à áá¬ âà¨¢ ¥¬®© ¢ ­ -áâ®ïé¥© à ¡®â¥, á¢ï§ ­  á â¥¬, çâ® ­¥¨§¢¥áâ-­ë¥ äã­ªæ¨¨, ®¯à¥¤¥«ïîé¨¥ ¬ £­¨â­®¥ á®áâ®ï-­¨¥ ¦¨¤ª®áâ¨, ¢å®¤ïâ ¢ ãà ¢­¥­¨ï ­¥ï¢­ë¬ ®¡à -§®¬,   ­ ¬ £­¨ç¥­­®áâì áà¥¤ë ï¢«ï¥âáï ­¥®¤­®-§­ ç­®© äã­ªæ¨¥© ­ ¯àï¦¥­­®áâ¨ ¬ £­¨â­®£® ¯®-«ï. �à¨¢ ï ­ ¬ £­¨ç¨¢ ­¨ï áà¥¤ë á ¨§¬¥­ïîé¥©-áï ¬¨ªà®áâàãªâãà®© ¨áá«¥¤®¢ ­  ¢ à ¡®â å [3, 4],£¤¥ ¯®ª § ­®, çâ® ¢ ®¯à¥¤¥«¥­­®¬ ¨­â¥à¢ «¥ §­ -ç¥­¨© ­ ¯àï¦¥­­®áâ¨ ¬ £­¨â­®£® ¯®«ï ¦¨¤ª®áâì¨¬¥¥â ¤¢   á¨¬¯â®â¨ç¥áª¨ ãáâ®©ç¨¢ëå ®¤­®à®¤-­ëå à ¢­®¢¥á­ëå á®áâ®ï­¨ï ¨ ï¢«ï¥âáï âà¨££¥à-­®© áà¥¤®©, á¯®á®¡­®© ª  ¢â®­®¬­®¬ã ®¡à §®¢ -62 c
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ISSN 1561 -9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 2003. �®¬ 5 (77), N 1. �. 62 { 70­¨î ¨ à §¢¨â¨î áâ æ¨®­ à­ëå ¨ ­¥áâ æ¨®­ à­ëå¯à®áâà ­áâ¢¥­­ëå áâàãªâãà. � à ¡®â¥ [4] à áá¬®-âà¥­ë ­¥áâ æ¨®­ à­ë¥ áâàãªâãàë, ®¯¨áë¢ îé¨¥¢®«­®¢ë¥ à¥¦¨¬ë â¨¯  ¢®«­ ¯¥à¥ª«îç¥­¨ï, ¯à¨à á¯à®áâà ­¥­¨¨ ª®â®àëå í«¥¬¥­âë ¦¨¤ª®áâ¨ ¯¥-à¥å®¤ïâ ¨§ ¬¥â áâ ¡¨«ì­®£® á®áâ®ï­¨ï ¢  ¡á®«îâ-­® ãáâ®©ç¨¢®¥.�¥«ì ­ áâ®ïé¥© à ¡®âë á®áâ®¨â ¢ ¨áá«¥¤®¢ -­¨¨ áâ æ¨®­ à­ëå ¯à®áâà ­áâ¢¥­­ëå áâàãªâãà ¢¬ £­¨â­®© ¦¨¤ª®áâ¨, ª®â®àë¥ ¯à¥¤áâ ¢«ïîâ ¨­-â¥à¥á ¢ á¢ï§¨ á ¯à®¡«¥¬ ¬¨ ®¡¥á¯¥ç¥­¨ï à ¡®-â®á¯®á®¡­®áâ¨ ¬ £­¨â®¦¨¤ª®áâ­ëå â¥å­¨ç¥áª¨åãáâà®©áâ¢ [6].1. ������ ��������� áá¬®âà¨¬ ¬®¤¥«ì áà¥¤ë, ¢ ª®â®à®© ¢®§¬®¦­®®¡à §®¢ ­¨¥ ¨ à §àãè¥­¨¥  £à¥£ â®¢, á®¤¥à¦ é¨åª®­¥ç­®¥ ç¨á«® ¬ £­¨â­ëå ç áâ¨æ [1]. � £­¨â­®¥á®áâ®ï­¨¥ â ª®© áà¥¤ë ®¯à¥¤¥«ï¥âáï ¯ à ¬¥âà®¬íää¥ªâ¨¢­®£® ¬ £­¨â­®£® ¯®«ï � ¨ áà¥¤­¨¬ ç¨-á«®¬ ç áâ¨æ ¢  £à¥£ â å 
 = ��1: �á«¨ ¦¨¤ª®áâì¯®ª®¨âáï ¢ ¯®áâ®ï­­®¬ ®¤­®à®¤­®¬ ¬ £­¨â­®¬ ¯®-«¥, í¢®«îæ¨ï ¢® ¢à¥¬¥­¨ ¥¥ ¬ £­¨â­®£® á®áâ®ï­¨ï¢ ®¤­®¬¥à­®¬ á«ãç ¥ ®¯¨áë¢ ¥âáï á¨áâ¥¬®© ãà ¢-­¥­¨© �� @�@t = D� @2�@x2 +Q(�)(�; �;H);�� @�@t = D� @2�@x2 + Q(�)(�; �;H): (1)�ã­ªæ¨¨ Q(�)(�; �;H) ¨ Q(�)(�; �;H) ¨¬¥îâ ¢¨¤:Q(�)(�; �;H) = 12� [M2 �M2���2�M2s (� � �1�)(� � �2�)(� � �3�)];Q(�)(�; �;H) = n1kT� [f(�) � f(��)++�(� � �1�)(� � �2�)(� � �3�)]:�¤¥áì � = m1He=(kT�); He = H + �M ;n1 = c1�=M� ®¡ê¥¬­ ï ¯«®â­®áâì ä¥àà®ç áâ¨æ,c1� ¬ áá®¢ ï ª®­æ¥­âà æ¨ï ç áâ¨æ, ¯à¥¤¯®« -£ ¥¬ ï ¯®áâ®ï­­®©; M� ¬ áá  ®¤¨­®ç­®© ä¥à-à®ç áâ¨æë; k� ¯®áâ®ï­­ ï �®«ìæ¬ ­ ; ­ ¬ £-­¨ç¥­­®áâì ¦¨¤ª®áâ¨ ®¯à¥¤¥«ï¥âáï ãà ¢­¥­¨¥¬M = MsL(�); L(�) = cth � � 1=�� äã­ªæ¨ï � ­-¦¥¢¥­ ; M�� ­ ¬ £­¨ç¥­­®áâì áâàãªâãà¨à®¢ ­¨ï¦¨¤ª®áâ¨; M� = MsL(��) = MsL�; Ms = m1n1�­ ¬ £­¨ç¥­­®áâì ­ áëé¥­¨ï ¦¨¤ª®áâ¨; �i�; �i�(i = 1; 3)� à ¢­®¢¥á­ë¥ §­ ç¥­¨ï � ¨ � ¯à¨

M = M�; ¯à¨ç¥¬ �1� >�3� >�2�; �1� + �2� == 2�3�; �1� >�3� >�2�; �i� � �j� = m1MsL���(�i� � �j�)=(kT��); � = (kT=(m1Ms))3(��=L�)4�;f(�) = ln(sh �=�) � �L(�)): � à ¬¥âàë ��;��; D� ¨D� áç¨â îâáï ¯®áâ®ï­­ë¬¨.�¤­®à®¤­®¥ à ¢­®¢¥á­®¥ á®áâ®ï­¨¥ ¦¨¤ª®áâ¨ ¢¬ £­¨â­®¬ ¯®«¥ H ã¤®¢«¥â¢®àï¥â ãá«®¢¨ï¬:Q(�)(�; �;H) = 0; Q(�)(�; �;H) = 0: (2)�à¨ ä¨ªá¨à®¢ ­­ëå �; T ¨ � < 0 íâ¨ ãà ¢­¥-­¨ï ®¯à¥¤¥«ïîâ ¬­®£®§­ ç­ë¥ § ¢¨á¨¬®áâ¨ �(M )¨ �(M ): �à ä¨ª¨ äã­ªæ¨© �(M ) ¨ �(M ) ¯à¥¤áâ -¢«ïîâáï ¢ ¢¨¤¥ ®¡ê¥¤¨­¥­¨ï âà¥å ®¤­®§­ ç­ëå ¢¥-â¢¥© �(i)(M ); i = 1; 3 ¨ �(i)(M ); i = 1; 3 (à¨á. 1),®£à ­¨ç¥­­ëå §­ ç¥­¨ï¬¨ �(0); �0; �00 ¨ �(Ms) ¨�(0); � 0; �00 ¨ �(Ms) á®®â¢¥âá¢¥­­®, £¤¥ �0 ¨ �00 ¨ � 0¨ � 00 ¯à¥¤áâ ¢«ïîâ á®¡®© â®çª¨ íªáâà¥¬ã¬  äã­ª-æ¨© M (�); M (�); ®¡à â­ëå ª äã­ªæ¨ï¬ �(M ) ¨�(M ) :�0 ;00 = �3� � h�i2p3 ; � 0;00 = �3� � h�i2p3 ;£¤¥ h�i � �2� � �1�(< 0); h�i � �2� � �1�(< 0):
�¨á. 1. � ¢¨á¨¬®áâì � (a) ¨ � (b) ®â M :m1 = 10�16 íà£/�á, Ms = 40 �á, �� = 1; � = �0:1;�3� = 4; h�i = �2; �3� = 0:2�¨áâ¥¬  (2) ¨ ãà ¢­¥­¨¥ M = MsL(�) § ¤ îâ£« ¤ªãî á ¬®¯¥à¥á¥ª îéãîáï ªà¨¢ãî ­ ¬ £­¨ç¨-¢ ­¨ï, ª®â®à ï á®áâ®¨â ¨§ ¤¥¢ïâ¨ ¢¥â¢¥© ®¤­®-§­ ç­®áâ¨ äã­ªæ¨¨ M (H): �ã¤¥¬ ®¡®§­ ç âì ¨å�.�. � æ¥£®­, �.�.�®¯®¢  63



ISSN 1561 -9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 2003. �®¬ 5 (77), N 1. �. 62 { 70¤¢ã§­ ç­ë¬ ç¨á«®¬ ij, i; j = 1; 3; £¤¥ i(j) ãª §ë¢ -¥â ­®¬¥à ¢¥â¢¨ �(M )(�(M )) (à¨á. 2) [4]. �®­æ ¬¨íâ¨å ¢¥â¢¥© ï¢«ïîâáï ­ ç «® ª®®à¤¨­ â, â®çª¨ á¢¥àâ¨ª «ì­®© ª á â¥«ì­®© ¨ â®çª  (H;M), ®à¤¨-­ â  ª®â®à®© ®¯à¥¤¥«ï¥âáï ¨§ ãà ¢­¥­¨© f(�) =f(��) + ��1��2��3�; M = MsL(�): �à¨ ¯®áâà®¥­¨¨¬®¤¥«¨ ¯à¥¤¯®« £ ¥âáï, çâ® ¢ë¯®«­ï¥âáï ãá«®¢¨¥¯ à ¬ £­¨â­®áâ¨ áà¥¤ë 3kT� > m1Ms�:
�¨á. 2. �à¨¢ ï ­ ¬ £­¨ç¨¢ ­¨ï ¦¨¤ª®áâ¨ á¨§¬¥­ïîé¥©áï ¬¨ªà®áâàãªâãà®©� áá¬ âà¨¢ ¥¬ ï ¦¨¤ª®áâì ¢ à §«¨ç­ëå ¬ £-­¨â­ëå ¯®«ïå ¬®¦¥â ¨¬¥âì ®â ®¤­®£® ¤® ¤¥¢ï-â¨ ®¤­®à®¤­ëå à ¢­®¢¥á­ëå á®áâ®ï­¨©. �áâ®©ç¨-¢®áâì â ª¨å á®áâ®ï­¨© ®¡¥á¯¥ç¨¢ ¥âáï ãá«®¢¨ï¬¨:Q(�)� < 0; Q(�)� < 0; � � Q(�)� Q(�)� � [Q(�)� ]2 > 0:(3)�­ «¨§ ¯®ª §ë¢ ¥â, çâ® ¯à¨ ¢ë¯®«­¥­¨¨ ­eà -¢¥­áâ¢  ��h�i26 > m1MsL2� (�3�; �2�; ��) (4) á¨¬¯â®â¨ç¥áª¨ ãáâ®©ç¨¢ë¬ ®¤­®à®¤­ë¬ à ¢­®-¢¥á­ë¬ á®áâ®ï­¨ï¬ á®®â¢¥âáâ¢ãîâ â®çª¨ ¢¥â¢¥©21 ¨ 23 ªà¨¢®© ­ ¬ £­¨ç¨¢ ­¨ï; ¯à¨ ¢ë¯®«­¥­¨¨­¥à ¢¥­áâ¢ m1MsL2� (�3�; �1�; ��) < ��h�i26 < m1MsL2� (�3�; �2�; ��) (5)ãáâ®©ç¨¢ë¬ á®áâ®ï­¨ï¬ ®â¢¥ç îâ ¢­ãâà¥­­¨¥â®çª¨ ¢¥â¢¨ 21; ¥á«¨ ¦¥ ­¥ ¢ë¯®«­ï¥âáï ­¨ ®¤-­® ¨§ ãá«®¢¨© (4), (5), â® ¦¨¤ª®áâì ­¥ãáâ®©ç¨¢ ¢ «î¡®¬ ¬ £­¨â­®¬ ¯®«¥ [4]. �ã¤¥¬ áç¨â âì, çâ®¯ à ¬¥âàë ¦¨¤ª®áâ¨ ã¤®¢«¥â¢®àïîâ ­¥à ¢¥­áâ¢ã(4), çâ®, ª ª ¡ã¤¥â ¯®ª § ­® ¤ «¥¥, ¯®§¢®«ï¥â ¯®«ã-ç¨âì ¬­®¦¥áâ¢®  á¨¬¯â®â¨ç¥áª¨ ãáâ®©ç¨¢ëå ¯à®-áâà ­áâ¢¥­­ëå áâàãªâãà.

� ¬¥â¨¬, çâ® ªà¨¢ ï à¨á. 2 ª ç¥áâ¢¥­­® ®â«¨-ç ¥âáï ®â ªà¨¢®© ­ ¬ £­¨ç¨¢ ­¨ï, ¯à¨¢¥¤¥­­®© ­ à¨á. 2 à ¡®âë [4] ¤«ï �3� = 0:25; â¥¬, çâ® ®¡« áâ¨®¯à¥¤¥«¥­¨ï ¢¥â¢¥© 21 ¨ 23, á®¤¥à¦ é¨å ãáâ®©ç¨-¢ë¥ ®¤­®à®¤­ë¥ á®áâ®ï­¨ï ¦¨¤ª®áâ¨, ­¥ ¯¥à¥á¥ª -îâáï.2. ����������� ���������� áá¬®âà¨¬ á«®© ¦¨¤ª®áâ¨, à á¯®«®¦¥­­ë©¬¥¦¤ã ¤¢ã¬ï ¯ à ««¥«ì­ë¬¨ ¡¥áª®­¥ç­ë¬¨ ­¥¬ £-­¨â­ë¬¨ ¯« áâ¨­ ¬¨. Oáì Ox ¯àï¬®ã£®«ì­®©¤¥ª àâ®¢®© á¨áâ¥¬ë ª®®à¤¨­ â ¯¥à¯¥­¤¨ªã«ïà­ ¯« áâ¨­ ¬,   ­ ç «® ª®®à¤¨­ â ­ å®¤¨âáï ­  ®¤-­®© ¨§ ­¨å. �  ¦¨¤ª®áâì ¤¥©áâ¢ã¥â ¯®áâ®ï­­®¥®¤­®à®¤­®¥ ¬ £­¨â­®¥ ¯®«¥ ~H = H~ey:�áá«¥¤ã¥¬ á«ãç © ¢ë¯®«­¥­¨ï ­¥à ¢¥­-áâ¢  D�=D� = "2 << 1; ¯à¥¤áâ ¢«ïîé¨© ¨­â¥à¥á¢ ¯à ªâ¨ç¥áª¨å ¯à¨«®¦¥­¨ïå. �¥®¤­®à®¤­ë¥ áâ -æ¨®­ à­ë¥ à¥è¥­¨ï � = �(x); � = �(x) á¨áâ¥¬ë(1) ã¤®¢«¥â¢®àïîâ ãà ¢­¥­¨ï¬:"2� 00+ 1D�Q(�)(�; �;H) = 0;�00 + 1D�Q(�)(�; �;H) = 0 (6)¨ £à ­¨ç­ë¬ ãá«®¢¨ï¬:� 0(0) = �0(l) = 0; �0(0) = �0(l) = 0: (7)� á ¡ã¤ãâ ¨­â¥à¥á®¢ âì à¥è¥­¨ï â¨¯  ª®­-âà áâ­ëå áâàãªâãà [6]. �¨áâ¥¬  (6) ¤®¯ãáª ¥â â -ª¨¥ à¥è¥­¨ï, ¥á«¨ ¯à¨ ­¥ª®â®à®¬ §­ ç¥­¨¨ H ¢â®çª å ªà¨¢®© ­ ¬ £­¨ç¨¢ ­¨ï Q(�)� < 0: �  ¢¥-â¢ïå 12 ¨ 22: �00 < � < �0; á«¥¤®¢ â¥«ì­®,Q(�)� (�; �;H) = n1kT� �kT�2 +3�(���0)(���00)� > 0:�â¨ ¢¥â¢¨ ¬®¦­® áà §ã ¨áª«îç¨âì ¨§ à áá¬®-âà¥­¨ï.�â­®á¨â¥«ì­® §­ ª  �¢ ã á«®¢¨ïå (3) ¢®§¬®¦­ë¤¢  á«ãç ï: � > 0 ¨ � < 0:�à® ­ «¨§¨àã¥¬ á­ ç «  ­¥à ¢¥­áâ¢® � > 0.�­® ¢ë¯®«­ï¥âáï ­  ¢¥â¢ïå 21 ¨ 23, ª®â®àë¬ ¯à¨-­ ¤«¥¦ â ãáâ®©ç¨¢ë¥ ®¤­®à®¤­ë¥ á®áâ®ï­¨ï ¦¨¤-ª®áâ¨ [4]. �  íâ¨å ¢¥â¢ïå ¬®¦­® ¢ë¤¥«¨âì ¨­â¥à-¢ «ë §­ ç¥­¨© H: (H1;H2) ¨ (H3;H4); ¤«ï ª®â®-àëå ¢ë¯®«­ïîâáï ãá«®¢¨ï:Q(�)(�e; �e;H) = 0; Q(�)(�e; �e;H) = 0;Q(�)(�e; �n;H) = 0; (8)64 �.�. � æ¥£®­,�.�.�®¯®¢ 
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�¨á. 3. � ¢¨á¨¬®áâì Q(�)(�e; �;H) ®â � ­  ¢¥â¢¨ 21ªà¨¢®© ­ ¬ £­¨ç¨¢ ­¨ïQ(�)� (�e; �e;H) < 0; Q(�)� (�e; �n;H) > 0; (9)�eZ�n Q(�)(�e; �;H)d� = �sZ�n Q(�)(�e; �;H)d�; (10)�sZ�e Q(�)(�e; �;H)s�eR� Q(�)(�e; �;H)d�d� 6= 0; (11)�(�e; �e;H) > 0: (12)�â¨ á®®â­®è¥­¨ï ®§­ ç îâ, çâ® ¯ à ¬¥âàë �e;�e ®¯à¥¤¥«ïîâ  á¨¬¯â®â¨ç¥áª¨ ãáâ®©ç¨¢®¥ ®¤­®-à®¤­®¥ à ¢­®¢¥á­®¥ á®áâ®ï­¨¥ ¦¨¤ª®áâ¨, äã­ªæ¨ïQ(�)(�ã; �;H) ¯à¨ § ¤ ­­®¬ H ¨¬¥¥â, ¯® ªà ©­¥©¬¥à¥, ¤¢  ª®à­ï � = �e; � = �n (à¨á. 3) ¨ áãé¥-áâ¢ã¥â â ª ï â®çª  �s; çâ® ¯«®é ¤¨ ä¨£ãà, à ¢­ë¥¨­â¥£à « ¬ ¢ ãà ¢­¥­¨¨ (10), ®¤¨­ ª®¢ë.�à¨ ¢ë¯®«­¥­¨¨ ãá«®¢¨© (8){(12) § ¤ ç  (6){(7) ¤®¯ãáª ¥â à¥è¥­¨¥ â¨¯  ª®­âà áâ­®© áâàãª-âãàë. �â® à¥è¥­¨¥ ¨¬¥¥â â®çªã "¢á¯«¥áª " âà¥-âì¥£® â¨¯  [6] x� = l=2 ¨ å à ªâ¥à¨§ã¥âáï à¥§-ª¨¬ ¨§¬¥­¥­¨¥¬ áà¥¤­¥£® ç¨á«  ç áâ¨æ ¢  £à¥£ -â å ¢ "� ®ªà¥áâ­®áâ¨ â®çª¨ x�; ­® á« ¡ë¬ ¨§¬¥-­¥­¨¥¬ ¯ à ¬¥âà  íää¥ªâ¨¢­®£® ¬ £­¨â­®£® ¯®-«ï (� � �e) ¢® ¢á¥¬ ®¡ê¥¬¥ ¦¨¤ª®áâ¨. �à¨ S �1=�(x�) � 1=�e � 1=�s � 1=�e > 0 (< 0) à¥è¥­¨¥â¨¯  ª®­âà áâ­®© áâàãªâãàë ®¯¨áë¢ ¥â ®¡à §®¢ -­¨¥ à ¢­®ã¤ «¥­­®£® ®â â¢¥à¤ëå áâ¥­®ª á«®ï ¡®«¥¥(¬¥­¥¥)  £à¥£¨à®¢ ­­®© ¦¨¤ª®áâ¨.�« ¢­ë© ç«¥­  á¨¬¯â®â¨ª¨ � ¯® ¬ «®¬ã ¯ à ¬¥-âàã " ¨¬¥¥â ¢¨¤�(x) � �e +�o�(� ); �(l� x) = �(x); l=2 � x � l;(13)

£¤¥ � = (x � l=2)=":�ã­ªæ¨ï �o�(� ) ®¯à¥¤¥«ï¥âáï ª ª à¥è¥­¨¥ § -¤ ç¨d�o�d� = sign(�e � �s)�(j�o�j);�o�(0) = �s � �e(14)¨ ¨¬¥¥â ®¡ëç­ãî ¤«ï ¯®£à ­¨ç­ëå äã­ªæ¨© íªá-¯®­¥­æ¨ «ì­ãî ®æ¥­ªã:j�o�(� )j � C exp(�p� ); c > 0; p > 0: (15)�¤¥áì�(j�o�j) = �� 2D� �o�Z0 Q(�)(�e; �e + t;H)dt�1=2;(16)  ª®íää¨æ¨¥­â p ã¤®¢«¥â¢®àï¥â ­¥à ¢¥­áâ¢ã:p � �� 1D�Q(�)� (�e; �e;H)�1=2: (17)�á¨¬¯â®â¨ç¥áª®¥ ¯à¨¡«¨¦¥­¨¥ ¤«ï � á â®ç­®-áâìî ¯®àï¤ª  " ¨¬¥¥â ¢¨¤:�o(x) = �e + " �2�sh (�l=2)��� ch (�x); 0 � x < l=2;ch (�(x� l)); l=2 �< x � l;£¤¥ � =s� �(�e; �e;H)D�Q(�)� (�e; �e;H) ;� = �r 2D� �sZ�e Q(�)(�e; �e;H)s�eR� Q(�)(�e; �;H)d�d�: (18)�ã­ªæ¨ï Q(�)(�e; �;H) ¯à¨ � = �e ®¡à é ¥âáï ¢­ã«ì,   ­  ®âà¥§ª¥ ¨­â¥£à¨à®¢ ­¨ï ®âà¨æ â¥«ì­ ¢ á«ãç ¥ �s > �e; ­® ¯®«®¦¨â¥«ì­  ¢ á«ãç ¥ �s < �e;â ª ª ª Q(�)� = �kTMs�M� < 0;£¤¥  =  (�; �; �) � kT�=L0 � m1Ms�: �¥à ¢¥­-áâ¢® á«¥¤ã¥â ¨§ ãá«®¢¨ï ¯ à ¬ £­¨â­®áâ¨ áà¥¤ë.�®íâ®¬ã ¢ ®¡®¨å á«ãç ïå � > 0: �âª«®­¥­¨¥ §­ -ç¥­¨ï � ¢ â®çª¥ x� ®â §­ ç¥­¨ï � ¢ â®çª¥ x = 0 {¬ « ï ¯®«®¦¨â¥«ì­ ï ¢¥«¨ç¨­  ¯®àï¤ª  ":�(x�)� �(0) � "�th(�l=4)2� :�.�. � æ¥£®­, �.�.�®¯®¢  65



ISSN 1561 -9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 2003. �®¬ 5 (77), N 1. �. 62 { 70
�¨á. 4. �¥è¥­¨¥ â¨¯  ª®­âà áâ­®© áâàãªâãàë (a) ¨ á®®â¢¥âáâ¢ãîé¥¥ ¥¬ã à á¯à¥¤¥«¥­¨¥ ­ ¬ £­¨ç¥­­®áâ¨ (b)¢ á«®¥ ¦¨¤ª®áâ¨ ¯à¨ H = 32:14 � (D� = 104 á¬, " = 0:1; �e = 3:74; �e = 0:24; �s = 0:17)� á¯à¥¤¥«¥­¨¥ ¢ á«®¥ ¦¨¤ª®áâ¨ ¯ à ¬¥âà®¢ � =�(x); ��1 � 
 = 
(x) ¨ ­ ¬ £­¨ç¥­­®áâ¨ M; ã¤®-¢«¥â¢®àïîé¥© ãà ¢­¥­¨îM (x) = MsL(m1(H + �(x)M (x))=kT�(x));¯à¥¤áâ ¢«¥­ë ­  à¨á. 4 (â®çª  (�e; �e) ¯à¨­ ¤«¥-¦¨â ¢¥â¢¨ 21 ªà¨¢®© ­ ¬ £­¨ç¨¢ ­¨ï).�á«®¢¨ï (8){(12) ¢ë¯®«­ïîâáï ¤«ï â®ç¥ª (�e; �e)¢¥â¢¨ 23 ¢ ¨­â¥à¢ «¥ H1 = 12:1 �� H � 17:2 �= H2; ¨ ¤«ï â®ç¥ª ¢¥â¢¨ 21 ¯à¨ H3 = 32:1 �� H �51:2 � = H4: � ¯¥à¢®¬ á«ãç ¥ ¢¥«¨ç¨­  "¢á¯«¥áª "S ®âà¨æ â¥«ì­ : �2 � S � 0; ­ ¨¬¥­ìè¥¥ ç¨á«®ç áâ¨æ ¢  £à¥£ â å ¤®áâ¨£ ¥âáï ¯à¨ H = 17:2 � ¨à ¢­® � 4(1=�e � 6): �® ¢â®à®¬ á«ãç ¥ S ¯®«®¦¨-â¥«ì­®: 0 � S � 2;   ­ ¨¡®«ìè¥¥ ç¨á«® ç áâ¨æ � 6¤®áâ¨£ ¥âáï ¯à¨ H = 32:1 �. �«¥¤ã¥â § ¬¥â¨âì,çâ® ¯®«ãç¥­­ë¥ à¥§ã«ìâ âë á®£« áãîâáï á ®æ¥­-ª ¬¨ ¤«ï ç¨á«  ç áâ¨æ ¢ æ¥¯®ç¥ç­ëå  £à¥£ â å,ª®â®àë¥ ¯à¨¢¥¤¥­ë ¢ à ¡®â¥ [7].� áá¬®âà¨¬ â¥¯¥àì ­¥à ¢¥­áâ¢® � < 0: �­® ¢ë-¯®«­ï¥âáï ­  ¢¥â¢ïå 11, 13, 33, 22 ¨ 31. �¥©áâ¢¨-â¥«ì­®, ¢ â®çª å (�1�; �1�) 211, (�1�; �2�) 213 ¨(�2�; �2�) 233� = ���n1kT�8h�i22�L� �2 < 0;  ¢ â®çª å (�3�; �3�) 222 ¨ (�2�; �1�) 231� = ���n1kT�8h�i24�L� �2 < 0:�à¨ íâ®¬, ª ª ¯®ª § ­® ¢ [4], §­ ª ¢¥«¨ç¨­ë �­¥ ¬¥­ï¥âáï ¢ ¯à¥¤¥« å ®¤­®© ¢¥â¢¨.

� ­¥ª®â®àëå ¨­â¥à¢ « å §­ ç¥­¨© H ­  ¢¥-â¢ïå 11, 13, 33 ¨ 31 ¢ë¯®«­ïîâáï ãá«®¢¨ï (8){(11),   ¢¬¥áâ® (12) ¨¬¥¥â ¬¥áâ® ­¥à ¢¥­áâ¢®�(�e; �e;H) < 0: � íâ®¬ á«ãç ¥  ­ «®£¨ç­® ¯à¥¤ë-¤ãé¥¬ã ¬®¦­® ¯®áâà®¨âì à¥è¥­¨¥ § ¤ ç¨ (6){(7)â¨¯  ª®­âà áâ­®© áâàãªâãàë. �­® â ª¦¥ ¨¬¥¥ââ®çªã "¢á¯«¥áª " âà¥âì¥£® â¨¯  x� = l=2; ®áâ -îâáï ¢ á¨«¥ ¨ á®®â­®è¥­¨ï (13){(17). �§¬¥­ï¥âáïâ®«ìª® ¢¨¤  á¨¬¯â®â¨ç¥áª®£® à §«®¦¥­¨ï ¤«ï �:�(x) = �e � " �2�0 sin(�0l=2)��� cos(�0x); 0 � x < l=2;cos(�0(x� l)); l=2 �< x � l;£¤¥ � ®¯à¥¤¥«ï¥âáï â®© ¦¥ ä®à¬ã«®© (18), çâ® ¨à ­ìè¥,   �0 =s �(�e; �e;H)D�Q(�)� (�e; �e;H) :� íâ®¬ á«ãç ¥, ¢ ®â«¨ç¨¥ ®â ¯à¥¤ë¤ãé¥£®, ¢¥-«¨ç¨­  �(x�)� �(0) � "� tg(�0l=4)2�0¬®¦¥â ¡ëâì ª ª ¯®«®¦¨â¥«ì­®©, â ª ¨ ®âà¨æ -â¥«ì­®©, ¢ § ¢¨á¨¬®áâ¨ ®â §­ ç¥­¨ï �0l (¯à¨ ä¨ª-á¨à®¢ ­­ëå �0� ®â £¥®¬¥âà¨ç¥áª®£® à §¬¥à  l®¡« áâ¨, § ­¨¬ ¥¬®© ¦¨¤ª®áâìî).� ª ¯à¨ � > 0; â ª ¨ ¯à¨ � < 0 äã­ªæ¨¨ �(x);�(x) ï¢«ïîâáï ç¥â­ë¬¨ ®â­®á¨â¥«ì­® â®çª¨ x�:�«¥¤®¢ â¥«ì­®, ¢®§¬®¦­® ¨å ¯à®¤®«¦¥­¨¥ ¯® ®á¨Ox ¨ ¯®áâà®¥­¨¥ à¥è¥­¨ï á ¯à®¨§¢®«ì­ë¬ ç¨á«®¬â®ç¥ª "¢á¯«¥áª ", à ¢­®¬¥à­® à á¯®«®¦¥­­ëå ­ 66 �.�. � æ¥£®­, �.�.�®¯®¢ 



ISSN 1561 -9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 2003. �®¬ 5 (77), N 1. �. 62 { 70®âà¥§ª¥ [0; l]: � ª¨¥ äã­ªæ¨¨ ®¯à¥¤¥«ïîâ ¯¥à¨®¤¨-ç¥áª¨¥ áâàãªâãàë (áâà âë) á ¯¥à¨®¤®¬ L = l=N(N� ­ âãà «ì­®¥ ç¨á«®), ã¤®¢«¥â¢®àïîé¨¬ ãá«®-¢¨î L=l � ":�®«ãç¥­­ë¥ à¥è¥­¨ï ®¯¨áë¢ îâ ¢®§­¨ª­®¢¥­¨¥áâàãªâãà ¢ ¦¨¤ª®áâ¨ ¨ ¢ â®¬ á«ãç ¥, ª®£¤  ¬ £­¨â-­®¥ ¯®«¥ ¯¥à¯¥­¤¨ªã«ïà­® ¯« áâ¨­ ¬ (¯à¨ íâ®¬®áìOx ¯ à ««¥«ì­  ¨¬). � ª¨¥ ª®­ä¨£ãà æ¨¨ ¢ ¢¨-¤¥ ®à¨¥­â¨à®¢ ­­ëå ¢¤®«ì ¯®«ï ¨£®«ìç âëå ª®­-ä¨£ãà æ¨© ¬ £­¨â­ëå ç áâ¨æ ­ ¡«î¤ îâáï íªá¯¥-à¨¬¥­â «ì­® ¢ â®­ª¨å ¯«¥­ª å [8] ¨ ¢ ®¡ê¥¬ å ¬ £-­¨â­®© ¦¨¤ª®áâ¨ [9].3. ������������ ��������������������áá«¥¤ã¥¬ ãáâ®©ç¨¢®áâì à¥è¥­¨© â¨¯  ª®­-âà áâ­ëå áâàãªâãà ®â­®á¨â¥«ì­® ¬ «ëå ¢®§¬ã-é¥­¨©. �ãáâì � = �(x); � = �(x)� à¥è¥-­¨¥, ¨¬¥îé¥¥ ®¤­ã â®çªã "¢á¯«¥áª " x� = l=2:�à¥¤áâ ¢«ïï ¢®§¬ãé¥­¨ï ¢ ¢¨¤¥ �� = exp(!t)y(x);�� = exp(!t)z(x) ¨ «¨­¥ à¨§ãï á¨áâ¥¬ã (1) ¢ ¬ «®©®ªà¥áâ­®áâ¨ íâ®£® à¥è¥­¨ï, ¯®«ãç ¥¬:y00 + 1D� (Q(�)� (�(x); �(x);H)� ��!)y++ 1D�Q(�)� (�(x); �(x);H)z = 0;"2z00 + 1D�Q(�)� (�(x); �(x);H)y+ (19)+ 1D� (Q(�)� (�(x); �(x);H)� ��!)z = 0:�®«®¦¨¬y(x) = y(x) +�y(� ); z(x) = z(x)+�z(� ); (20)£¤¥ y(x); z(x)� à¥£ã«ïà­ë¥,   �y(� );�z(� )� ¯®-£à ­á«®©­ë¥ ç áâ¨ y(x), z(x); á®®â¢¥âáâ¢¥­­®.� â ª®¬ ¦¥ ¢¨¤¥ ¯à¥¤áâ ¢¨¬ ª®íää¨æ¨¥­âë ¢ãà ¢­¥­¨ïå (12):Q(�)� (�(x); �(x);H) = Q(�)� (�(x); �(x) + ��(x);H) == Q(�)� +�Q(�)� ; (21)£¤¥ Q(�)� � Q(�)� (�(x); �(x);H); �Q(�)� � Q(�)� (�(x);�(x);H) �Q(�)� : �¤¥áì ãçâ¥­®, çâ® äã­ªæ¨ï �(x) ­¥¨¬¥¥â ¯®£à ­á«®©­®© ç áâ¨. �­ «®£¨ç­ë¬ ®¡à -§®¬ ¢ë¯¨áë¢ îâáï ®áâ «ì­ë¥ ª®íää¨æ¨¥­âë.

�®¤áâ ¢«ïï á®®â­®è¥­¨ï (20), (21) ¢ á¨áâ¥¬ã(19) ¨ ®â¤¥«ïï à¥£ã«ïà­ë¥ ¨ ¯®£à ­á«®©­ë¥ ç«¥-­ë, ¯®«ãç ¥¬:y00 + 1D� (Q(�)� � ��!)y + 1D�Q(�)� z = 0;"2z00 + 1D�Q(�)� y + 1D� (Q(�)� � ��!)z = 0;(22)1"2 d2�yd�2 + 1D� (Q(�)� � ��!)�y + �Q(�)� (y +�y)++ 1D�Q(�)� �z + �Q(�)� (z +�z) = 0;d2�zd�2 + 1D�Q(�)� �y + �Q(�)� (y + �y)+ (23)+ 1D� (Q(�)� � ��!)�z + (�Q(�)� (z + �z) = 0:�á¯®«ì§ã¥¬  á¨¬¯â®â¨ç¥áª¨¥ à §«®¦¥­¨ï äã­ª-æ¨© �(x); �(x); ¯ à ¬¥âà ! ¨ à¥è¥­¨ï ãà ¢­¥­¨©(22), (23) ¯à¥¤áâ ¢¨¬ ¢ ¢¨¤¥ àï¤®¢:! = !0 + "!1 + :::;y(x) = y0(x) + "y1(x) + :::;�y(� ) = �0y(� ) + �1y(� ) + :::;ª®â®àë¥ ¯®¤áâ ¢¨¬ ¢ ãà ¢­¥­¨ï (22), (23) ¨ ¯à¨-à ¢­ï¥¬ ç«¥­ë ®¤¨­ ª®¢®£® ¯®àï¤ª  ¬ «®câ¨ ¯® ":�«ï yo(x); zo(x) ¯à¨å®¤¨¬ ª á¨áâ¥¬¥ ãà ¢­¥­¨©á ¯®áâ®ï­­ë¬¨ ª®íää¨æ¨¥­â ¬¨:y000 + 1D� (Q(�)� � ��!)y0 + 1D�Q(�)� z0 = 0;Q(�)� y0 + (Q(�)� � ��!)z0 = 0: (24)�¤¥áì äã­ªæ¨¨ Q(�)� ; Q(�)� ; Q(�)� ¢ëç¨á«ïîâáï ¢â®çª¥ (�e; �e;H):� ¬¥â¨¬, çâ® (24) á®¢¯ ¤ ¥â á «¨­¥ à¨§ æ¨¥©á¨áâ¥¬ë (1) ¢¡«¨§¨ ®¤­®à®¤­®£® áâ æ¨®­ à­®£®à¥è¥­¨ï � = �e; � = �e; ¥á«¨ ¯®«®¦¨âì ¢ ¯®á«¥¤­¥©D� = 0:�à¨ Q(�)� � ��! = 0 á¨áâ¥¬  (24) ¨¬¥¥â â®«ìª®âà¨¢¨ «ì­®¥ à¥è¥­¨¥.�ãáâì Q(�)� � ��! 6= 0; â®£¤  ¨§ ¢â®à®£® ãà ¢-­¥­¨ï (24) z0 ¢ëà ¦ ¥âáï ç¥à¥§ y0;   ¯®¤áâ ­®¢ª íâ®£® ¢ëà ¦¥­¨ï ¢ ¯¥à¢®¥ ãà ¢­¥­¨¥ ¤ ¥ây000 = 1D� ����!20 � (��Q(�)� + ��Q(�)� )!0 +���! �Q(�)� y0:(25)�.�. � æ¥£®­, �.�.�®¯®¢  67



ISSN 1561 -9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 2003. �®¬ 5 (77), N 1. �. 62 { 70�ã­ªæ¨ï y0(x) ¤®«¦­  ã¤®¢«¥â¢®àïâì £à ­¨ç-­ë¬ ãá«®¢¨ï¬ y00(0) = y00(l) = 0: (26)� â®¬ á«ãç ¥, ª®£¤ 1D� ����!20 � (��Q(�)� + ��Q(�)� )!0 +���! � Q(�)� == �
2m � ��m�l �2; m = 0; 1; 2:::; (27)§ ¤ ç  (25), (26) ¨¬¥¥â ­¥âà¨¢¨ «ì­ë¥ à¥è¥­¨ï:y(0)0 = 1pl ; y(m)0 = 2pl cos m�xl ; m = 1; 2:::�®à­¨ !o ãà ¢­¥­¨© (27) (¯¥à¥®¡®§­ ç¨¬ ¨å ç¥-à¥§ !m)!�m = 12"am�bm�q(am + bm)2 + 4(Q(�)� )2=(����)#(28)á®¢¯ ¤ îâ á ª®à­ï¬¨ å à ªâ¥à¨áâ¨ç¥áª®£® ãà ¢-­¥­¨ï, ®¯à¥¤¥«ïîé¨¬¨ ãáâ®©ç¨¢®áâì ®¤­®à®¤­®£®áâ æ¨®­ à­®£® á®áâ®ï­¨ï ¦¨¤ª®áâ¨ ¯à¨ D� = 0[4].�¤¥áì ¢¢¥¤¥­ë ®¡®§­ ç¥­¨ï:am = 1�� (Q(�)� �D�
2m); bm = � 1��Q(�)� :�á¥ §­ ç¥­¨ï !�m; ª ª íâ® á«¥¤ã¥â ¨§ ãà ¢­¥­¨ï(28), ¤¥©áâ¢¨â¥«ì­ë. �à®¬¥ â®£®, á¯à ¢¥¤«¨¢® á®-®â­®è¥­¨¥:!+m = !+0 � 
2m2 (1 + �)D�D� ; m = 1; 2:::;£¤¥� � (am + bm + ao + bo)=��(am + bm)2 + 4(Q(�)� )2 :: (����)�1=2 + �(ao + bo)2 + 4(Q�� )2=(����)�1=2�1=2;!+m < !+0 ; â ª ª ª j�j < 1:�âáî¤  á«¥¤ã¥â, çâ® à¥£ã«ïà­ë¥ ¬®¤ë, á®®â-¢¥âáâ¢ãîé¨¥ m ! 1; áâà¥¬ïâáï áâ ¡¨«¨§¨à®-¢ âì ª®­âà áâ­ë¥ áâàãªâãàë ¢ ¦¨¤ª®áâ¨, ¯®áª®«ì-ªã !+m !�1;   ­ ¨¡®«¥¥ ®¯ á­ë¬¨ á â®çª¨ §à¥­¨ï¯®â¥à¨ ãáâ®©ç¨¢®áâ¨ ï¢«ïîâáï ®¤­®à®¤­ë¥ à¥£ã-«ïà­ë¥ ¢®§¬ãé¥­¨ï (��; ��) � exp(!+0 t):�á«®¢¨ï ãáâ®©ç¨¢®áâ¨ ª®­âà áâ­ëå áâàãªâãà®â­®á¨â¥«ì­® â ª¨å ¢®§¬ãé¥­¨© ¢ ­ã«¥¢®¬ ¯à¨-¡«¨¦¥­¨¨ á®¢¯ ¤ îâ á ãá«®¢¨ï¬¨ ãáâ®©ç¨¢®áâ¨

®¤­®à®¤­®£® à ¢­®¢¥á­®£® á®áâ®ï­¨ï (�e; �e) ­¥-®£à ­¨ç¥­­®£® ®¡ê¥¬  ¦¨¤ª®áâ¨.� áá¬®âà¨¬ â¥¯¥àì ãà ¢­¥­¨ï (23) ¤«ï ¯®£à -­¨ç­ëå äã­ªæ¨© �y ¨ �z: �«¥­ë ¯à¨ "�2 ¨ "�1¤ îâ: d2�0yd�2 = 0; d2�1yd�2 = 0:�§ íâ¨å ãà ¢­¥­¨© ¨ ãá«®¢¨©d�0yd� (0) = d�1yd� (0) = 0;�0yjj�j!1 ! 0; �1yjj�j!1 ! 0á«¥¤ã¥â: �0y = �1y = 0:�«¥­ë ­ã«¥¢®£® ¯®àï¤ª  ¯® " ¯à¨¢®¤ïâ ª «¨­¥©-­ë¬ ãà ¢­¥­¨ï¬:D� d2�2yd�2 + (Q(�)� + �Q(�)� )�0z == 1pl Q(�)� ��Q(�)� � (Q(�)� � ��!+0 )�Q(�)�(Q(�)� � ��!+0 ) ; (29)D� d2�0zd�2 + (Q(�)� +�Q(�)� � ��!+0 )�0z == 1pl Q(�)� ��Q(�)� � (Q(�)� � ��!+0 )�Q(�)�(Q(�)� � ��!+0 ) : (30)�¤¥áì �Q(�)� = Q(�)� (�e; �e + �0�;H)� Q(�)� :::.�®áâ®ï­­ ï ¢¥«¨ç¨­  Q(�)� ���!+0 ; ª®â®à ï ä¨£ã-à¨àã¥â ¢ §­ ¬¥­ â¥«ïå ¯à ¢ëå ç áâ¥© ãà ¢­¥­¨©(29) ¨ (30), ¯à¨ H 6= 0 ï¢«ï¥âáï áâà®£® ®âà¨æ -â¥«ì­®©. �â® á«¥¤ã¥â ¨§ á®®â­®è¥­¨ï2(Q(�)� � ��!+0 ) = Q(�)� � ����Q(�)� ��s�Q(�)� � ����Q(�)� �2 + 4 �����Q(�)� �2¨ ­¥à ¢¥­áâ¢  Q(�)� = �kTMs�M� ;ª®â®à®¥ ¢ë¯®«­ï¥âáï ¢áî¤ã, §  ¨áª«îç¥­¨¥¬ â®ç-ª¨ H = M = 0:�à ¢­¥­¨¥ (30) á®¤¥à¦¨â â®«ìª® ®¤­ã ­¥¨§¢¥áâ-­ãî äã­ªæ¨î �0z(� ); ª®â®à ï á ãç¥â®¬ ãá«®¢¨©d�0z=d� (0) = 0; �0zj�!�1 = 0 ­ å®¤¨âáï ç¨á«¥­-­®. �á¨¬¯â®â¨ªã ¤«ï íâ®© äã­ªæ¨¨ ¯à¨ � ! �168 �.�. � æ¥£®­, �.�.�®¯®¢ 



ISSN 1561 -9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 2003. �®¬ 5 (77), N 1. �. 62 { 70¬®¦­® ¢ë¯¨á âì, ­¥ à¥è ï ãà ¢­¥­¨ï. �á«¨ ¯®¢¥-¤¥­¨¥ �0�(� ) ­  ¡¥áª®­¥ç­®áâ¨ § ¤ ¥âáï ¢ëà ¦¥-­¨¥¬ C exp(�pj� j); â®�0z(� ) � Cpl�(��!+0 �Q(�)� )Q(�)�� + Q(�)�� Q(�)� ����(��!+0 � Q(�)� )(p2D� + Q(�)� � ��!+0 )��1e�pj�j;£¤¥ Q(�)�� ; Q(�)�� ¡¥àãâáï ¢ â®çª¥ (�e; �e;H):�®á«¥ ¢ëç¨á«¥­¨ï �0z(� ) ­ å®¤¨âáï à¥è¥­¨¥ãà ¢­¥­¨ï (30), ã¤®¢«¥â¢®àïîé¥¥ ãá«®¢¨ï¬d�2y=d� (0) = 0; �2yj�!�1 = 0:�2y(� ) = 1D� �Z1 d� �Z0 ��0�(�)��0z(�)d�;£¤¥ � = 1pl (��!+0 � Q(�)� )Q(�)�� +Q(�)�� Q(�)�Q(�)� � ��!+0 :�à¨ � !�1 ¯®«ãç ¥¬�2y(� ) � (�� Q(�)� ) Cp2D� e�pj�j:�¥¯¥àì ¬®¦­® ¢ë¯¨á âì £« ¢­ë¥ ç«¥­ë ­ ¨¡®-«¥¥ ®¯ á­ëå ¢®§¬ãé¥­¨© á â®çª¨ §à¥­¨ï ¯®â¥à¨ãáâ®©ç¨¢®áâ¨ ª®­âà áâ­®© áâàãªâãàë:� ���� � � e!+0 t0@ 1pl1pl Q(�)���!+0 �Q(�)� +�0z�x�x�" � 1A :� ¬¥â¨¬, çâ® ¢®§¬ãé¥­¨¥ ¬¥¤«¥­­®© ¯¥à¥¬¥­-­®© ­¥ ¨¬¥¥â ¤® ¯¥à¢®£® ¯®àï¤ª  ¢ª«îç¨â¥«ì­®¯®£à ­á«®©­®© ç áâ¨ (�� äã­ªæ¨¨ ¤«ï �� ­ ç¨-­ îâáï á ç«¥­  � "2):�¥§à §¬¥à­®¥ §­ ç¥­¨¥ ¯ à ¬¥âà  !+0 ¯à¥¤áâ -¢«ï¥âáï ¢ ¢¨¤¥p����!+0 = 12(� +p�2 � 4�);£¤¥ � � p��=��Q(�)� +p��=��Q(�)� : � â®¬ á«ãç ¥,ª®£¤  !+0 < 0; â.¥. à¥è¥­¨¥ � = �(x); � = �(x)ï¢«ï¥âáï  á¨¬¯â®â¨ç¥áª¨ ãáâ®©ç¨¢ë¬, á ¯®¬®éìî!+0 ¬®¦­® ¯®«ãç¨âì ­ã«¥¢®¥ ¯à¨¡«¨¦¥­¨¥ ¤«ï ¢à¥-¬¥­¨ à¥« ªá æ¨¨ ¦¨¤ª®áâ¨ ª à á¯à¥¤¥«¥­¨î â¨¯ ª®­âà áâ­®© áâàãªâãàë:� � � 1!+o :

�¨á. 5. �­â¥à¢ «ë §­ ç¥­¨© H; ¯à¨ ª®â®àëå ¢¬ £­¨â­®© ¦¨¤ª®áâ¨ áãé¥áâ¢ãîâ ª®­âà áâ­ë¥áâàãªâãàë�â  ¢¥«¨ç¨­  á®¢¯ ¤ ¥â á ¢à¥¬¥­¥¬ à¥« ªá æ¨¨¦¨¤ª®áâ¨ ª ®¤­®à®¤­®¬ã à ¢­®¢¥á­®¬ã á®áâ®ï­¨î(�e; �e) [4].�à¨ !+0 > 0 ª®­âà áâ­ë¥ áâàãªâãàë, â ª ¦¥ ª ªá®®â¢¥âáâ¢ãîé¨¥ ¨¬ ®¤­®à®¤­ë¥ à ¢­®¢¥á­ë¥ á®-áâ®ï­¨ï ¦¨¤ª®áâ¨, ï¢«ïîâáï ­¥ãáâ®©ç¨¢ë¬¨. �¥-«¨ç¨­  � (0) � 1!+0¢ íâ®¬ á«ãç ¥ å à ªâ¥à¨§ã¥â "¢à¥¬ï ¦¨§­¨" â -ª¨å á®áâ®ï­¨©. �­ ç¥­¨¥ � (0) ¬®¦¥â ¨§¬¥­ïâìáï ¢è¨à®ª¨å ¯à¥¤¥« å ¨ ¯à¨ ­¥ª®â®àëå H áãé¥áâ¢¥­-­® ¯à¥¢ëè ¥â å à ªâ¥à­ë¥ ¢à¥¬¥­  ��; �� [4].�  à¨á. 5 ¯à¥¤áâ ¢«¥­ë ¨­â¥à¢ «ë ¨§¬¥­¥-­¨ï ­ ¯àï¦¥­­®áâ¨ ¬ £­¨â­®£® ¯®«ï, ¢ ª®â®àëå¢ à áá¬ âà¨¢ ¥¬®© áà¥¤¥ áãé¥áâ¢ãîâ à á¯à¥¤¥«¥-­¨ï â¨¯  ª®­âà áâ­ëå áâàãªâãà. �«¥¢  ãª § ­­®¬¥à ¢¥â¢¨ ªà¨¢®© ­ ¬ £­¨ç¨¢ ­¨ï,   á¯à ¢  {¢¨¤ § ¢¨á¨¬®áâ¨ 
(x) ¢ á«®¥ ¦¨¤ª®áâ¨. �¯«®è-­®© «¨­¨¥© ¢ë¤¥«¥­ë ¨­â¥à¢ «ë, ¢ ª®â®àëå ­¥-®¤­®à®¤­ë¥ á®áâ®ï­¨ï ¦¨¤ª®áâ¨  á¨¬¯â®â¨ç¥áª¨ãáâ®©ç¨¢ë, ®­¨ ¯à¥¤áâ ¢«ïîâ á®¡®© áâ æ¨®­ à-­ë¥ ¤¨áá¨¯ â¨¢­ë¥ áâàãªâãàë; èâà¨å®¢®© «¨­¨-¥© ®¡®§­ ç¥­ë ¨­â¥à¢ «ë, ¢ ª®â®àëå ­¥®¤­®à®¤-­ë¥ á®áâ®ï­¨ï ¦¨¤ª®áâ¨ ­¥ãáâ®©ç¨¢ë. �¥§ã«ìâ -âë ¯à¨¢¥¤¥­ë ¤«ï áà¥¤ë, ¯ à ¬¥âàë ª®â®à®© ¯à¨-­¨¬ îâ §­ ç¥­¨ï, ãª § ­­ë¥ ¢ ¯®¤¯¨áïå ª à¨á. 1,2.����������� £­¨â­ ï ¦¨¤ª®áâì, ¯®ª®ïé ïáï ¬¥¦¤ã ¤¢ã¬ï¯ à ««¥«ì­ë¬¨ ­¥¬ £­¨â­ë¬¨ ¯« áâ¨­ ¬¨ ¢ ¯®-áâ®ï­­®¬ ®¤­®à®¤­®¬ ¬ £­¨â­®¬ ¯®«¥, ¨¬¥¥â ¬­®-¦¥áâ¢® áâ æ¨®­ à­ëå á®áâ®ï­¨©: ®¤­®à®¤­ëå ¨­¥®¤­®à®¤­ëå. � â®¬ á«ãç ¥, ª®£¤  ª®íää¨æ¨-¥­â ¤¨ääã§¨¨ ¯ à ¬¥âà  íää¥ªâ¨¢­®£® ¬ £­¨â­®-�.�. � æ¥£®­, �.�.�®¯®¢  69



ISSN 1561 -9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 2003. �®¬ 5 (77), N 1. �. 62 { 70£® ¯®«ï §­ ç¨â¥«ì­® ¯à¥¢ëè ¥â ª®íää¨æ¨¥­â ¤¨ä-äã§¨¨ áà¥¤­¥£® ç¨á«  ç áâ¨æ ¢  £à¥£ â å, ­¥®¤­®-à®¤­ë¥ á®áâ®ï­¨ï ¯à¥¤áâ ¢«ïîâ á®¡®© ª®­âà áâ-­ë¥ áâàãªâãàë. �®®â¢¥âáâ¢ãîé¨¥ ¨¬ à á¯à¥¤¥-«¥­¨ï ¯ à ¬¥âà®¢ ¦¨¤ª®áâ¨ ï¢«ïîâáï ®¤­®à®¤­ë-¬¨ ¢áî¤ã, §  ¨áª«îç¥­¨¥¬ â®­ª¨å á«®¥¢ { áâà â¨«¨ ¤®¬¥­®¢, ¢ ª®â®àëå ­ ¬ £­¨ç¥­­®áâì ¨ áà¥¤-­¥¥ ç¨á«® ç áâ¨æ ¢  £à¥£ â å áãé¥áâ¢¥­­® ®â«¨-ç îâáï ®â ­ ¬ £­¨ç¥­­®áâ¨ ¨ áà¥¤­¥£® ç¨á«  ç -áâ¨æ ¢  £à¥£ â å ¢® ¢á¥¬ ®áâ «ì­®¬ ®¡ê¥¬¥ ¦¨¤ª®-áâ¨. �ãé¥áâ¢ãîâ ¨­â¥à¢ «ë §­ ç¥­¨© ­ ¯àï¦¥­-­®áâ¨ ¬ £­¨â­®£® ¯®«ï, § ¢¨áïé¨¥ ®â ¯ à ¬¥âà®¢¦¨¤ª®áâ¨, ¤«ï ª ¦¤®£® ¨§ ª®â®àëå ®¤­®à®¤­ë¥á®áâ®ï­¨ï (�e; �e);   â ª¦¥ ª®­âà áâ­ë¥ áâàãªâã-àë � = �(x); � = �(x) á à §­ë¬ ç¨á«®¬ à ¢­®-¬¥à­® à á¯®«®¦¥­­ëå ­  ®âà¥§ª¥ 0 � x � l â®-ç¥ª "¢á¯«¥áª " ¨ ®¤¨­ ª®¢ë¬ §­ ç¥­¨¥¬ ¢¥«¨ç¨­ë"¢á¯«¥áª " S  á¨¬¯â®â¨ç¥áª¨ ãáâ®©ç¨¢ë. �¥ «¨-§ æ¨ï ®¤­®£® ¨§ ãª § ­­ëå á®áâ®ï­¨© § ¢¨á¨â ®â­ ç «ì­®£® à á¯à¥¤¥«¥­¨ï ¯ à ¬¥âà®¢ � = �0(x)¨ � = �0(x);   ¨¬¥­­®, ®â â®£®, ®¡« áâ¨ ¢«¨ï­¨ïª ª®£® ¨§ ­¨å ¯à¨­ ¤«¥¦ â äã­ªæ¨¨ � = �0(x)¨ � = �0(x): � à®áâ®¬ â®«é¨­ë á«®ï ¯à®¨áå®-¤¨â ã¢¥«¨ç¥­¨¥ ç¨á«  ãáâ®©ç¨¢ëå ­¥®¤­®à®¤­ëåà á¯à¥¤¥«¥­¨© ¨ ãá«®¦­¥­¨¥ áâàãªâãà ¢ ®¡ê¥¬¥¦¨¤ª®áâ¨. �à¥¬ï à¥« ªá æ¨¨ ¦¨¤ª®áâ¨ ª ãáâ®©ç¨-¢®© áâàãªâãà¥ ¢ ­ã«¥¢®¬ ¯à¨¡«¨¦¥­¨¨ á®¢¯ ¤ ¥â á¢à¥¬¥­¥¬ à¥« ªá æ¨¨ ª ®¤­®à®¤­®¬ã à ¢­®¢¥á­®¬ãá®áâ®ï­¨î ¨ ­¥ § ¢¨á¨â ®â ¢¥«¨ç¨­ë "¢á¯«¥áª ."�à¨ ®¯à¥¤¥«¥­­ëå §­ ç¥­¨ïå H ¬ £­¨â­ ï ¦¨¤-ª®áâì ¯®¤ ¤¥©áâ¢¨¥¬ ª®­¥ç­ëå ¢®§¬ãé¥­¨© ¬®¦¥â¯¥à¥å®¤¨âì ¨§ ãáâ®©ç¨¢®£® ®¤­®à®¤­®£® ¬ £­¨â-­®£® á®áâ®ï­¨ï ¢ ãáâ®©ç¨¢®¥ ­¥®¤­®à®¤­®¥ á®áâ®-ï­¨¥ ¨ á®åà ­ïâì íâ® ­®¢®¥ á®áâ®ï­¨¥ ¤«¨â¥«ì­®¥¢à¥¬ï (â¥®à¥â¨ç¥áª¨ { ¡¥áª®­¥ç­® ¤®«£®). �à¨ â¥å¦¥ §­ ç¥­¨ïå H ¢ ®¡ê¥¬¥ ¦¨¤ª®áâ¨ ¬®£ãâ ¢®§­¨-ª âì ¨ ¤àã£¨¥ ­¥®¤­®à®¤­ë¥ à á¯à¥¤¥«¥­¨ï ­ ¬ £-­¨ç¥­­®áâ¨, ¢ëå®¤ ­  ª®â®àë¥ ¯à®¨áå®¤¨â á ¤àã-£¨å ­ ç «ì­ëå ãá«®¢¨©. �¤­®¢à¥¬¥­­® á íâ¨¬

¬ £­¨â­ ï ¦¨¤ª®áâì ®¡« ¤ ¥â ¬­®¦¥áâ¢®¬ ­¥®¤-­®à®¤­ëå à á¯à¥¤¥«¥­¨© M (x); ª®â®àë¥ ï¢«ïîâáï­¥ãáâ®©ç¨¢ë¬¨, ­® ¬®£ãâ áãé¥áâ¢®¢ âì ¤®áâ â®ç-­® ¤®«£®. �à®¬¥ â®£®, ª ª ¡ë«® ¯®ª § ­® à ­¥¥ [4],¢ â¥å ¦¥ ¬ £­¨â­ëå ¯®«ïå ¤«ï à áá¬ âà¨¢ ¥¬®©¦¨¤ª®áâ¨ å à ªâ¥à­ë ­¥áâ æ¨®­ à­ë¥ áâàãªâãàëâ¨¯  ¢®«­ ¯¥à¥ª«îç¥­¨ï.�®«ãç¥­­ë¥ à¥§ã«ìâ âë ®¯¨áë¢ îâ ¯à®æ¥á-áë áâàãªâãà¨à®¢ ­¨ï ¬ £­¨â­®© ¦¨¤ª®áâ¨ ¢ ¯®-áâ®ï­­®¬ ®¤­®à®¤­®¬ ¬ £­¨â­®¬ ¯®«¥, ª®â®àë¥¯à®¨áå®¤ïâ ¢ ¬ £­¨â®¦¨¤ª®áâ­ëå â¥å­¨ç¥áª¨åãáâà®©áâ¢ å ¨ ­ ¡«î¤ îâáï ¢ íªá¯¥à¨¬¥­â å.1. � æ¥£®­ �.�. �¥ª®â®àë¥ ¯à®æ¥ááë á ¬®®à£ ­¨-§ æ¨¨ ¢ ­ ¬ £­¨ç¨¢ îé¨åáï áà¥¤ å // � £­¨â­ ï£¨¤à®¤¨­ ¬¨ª .{ 1993.{ N 1.{ �. 13-23.2. � «¨­¥æª¨© �.�. � ®á, áâàãªâãàë, ¢ëç¨á«¨-â¥«ì­ë© íªá¯¥à¨¬¥­â. �¢¥¤¥­¨¥ ¢ ­¥«¨­¥©­ãî¤¨­ ¬¨ªã.{ �.: �¤¨â®à¨ « ����, 2002.{ 256 á.3. � æ¥£®­ �.�., �®¯®¢  �.�. � à ¢­®¢¥á­®© ­ -¬ £­¨ç¥­­®áâ¨ ¬ £­¨â­®© ¦¨¤ª®áâ¨ // � £­¨â-­ ï £¨¤à®¤¨­ ¬¨ª .{ 1996.{ �. 32. - N 3.{ �. 323-330.4. � æ¥£®­ �.�., �®¯®¢  �.�. �®«­®¢ë¥ áâàãª-âãàë ¢ ¬ £­¨â­®© ¦¨¤ª®áâ¨ // �à¨ª« ¤­ ï£¨¤à®¬¥å ­¨ª .{ 2000.{ N 4, �. 2(74).{ �. 58-66.5. � ª¥â®¬¨. � £­¨â­ë¥ ¦¨¤ª®áâ¨.{ �.: �ëáè ïèª®« , 1990.{ 208 á.6. � á¨«ì¥¢  �.�., �ãâã§®¢ �.�. �á¨¬¯â®â¨ç¥áª¨¥¬¥â®¤ë ¢ â¥®à¨¨ á¨­£ã«ïà­ëå ¢®§¬ãé¥­¨©.{ �.:�ëáè ï èª®« , 1990.{ 208 á.7. Ivanov A.O. Aggregates in magnetic 
uids: droplets,chains and fractal clusters// Eighth Intern. Conf. onMagnetic Fluids, June 29 - July 3, 1998. Timisoara,Romania. Abstracts. - P. 262-263.8. �®à®¡¥æ �.�., �«ìç¨è¨­ �.�., � ª«ïª �.�.�á®¡¥­­®áâ¨ ¯à®æ¥áá  áâàãªâãà®®¡à §®¢ ­¨ï ¢¯«¥­ª å ä¥àà®¬ £­¨â­®© ¦¨¤ª®áâ¨ // � £­¨â­ ï£¨¤à®¤¨­ ¬¨ª .{ 1988.{ N 4.{ �. 44{48.9. Hayes C.F. Observation of assosiation in a ferromag-netic colloid // J.Colloid Interf. sci.{ 1975.{ Vol. 52.- No. 2.{ P. 239-243.
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