
60 �¥áâ¨ª �®áª®¢áª®£® ã¨¢¥àá¨â¥â . �¥à¨ï 3. �¨§¨ª . �áâà®®¬¨ï. 2000. ü 2��� 538.221:538.632 ��������� �������������������� ��������������� ��������������� ��������. �. �à ®¢áª¨©, �. �. �®¢ «¥¢, �.-�. �«¥àª�)(ª ä¥¤à  ¬ £¥â¨§¬ )�à¥¤«®¦¥  ¬®¤¥«ì, ®¯¨áë¢ îé ï ¬ £¥â®á®¯à®â¨¢«¥¨¥ £à ã«¨à®¢ ëå á¯« ¢®¢ á ãç¥â®¬¢«¨ï¨ï d -í«¥ªâà®®¢   ¯¥à¥®á â®ª . � à ¬ª å íâ®© ¬®¤¥«¨ ®¡êïáï¥âáï áãé¥áâ¢®¢ ¨¥ ¯®-«®¦¨â¥«ì®£® ¬ £¥â®á®¯à®â¨¢«¥¨ï ¤«ï àï¤  £à ã«¨à®¢ ëå á¯« ¢®¢ (Co{Cu, Co{Ag ¨ ¤à.) ¨¬ã«ìâ¨á«®¥¢ (Fe/Cr, Co/Cu, Fe/Cu ¨ ¤à.).�¥«¨ç¨  £¨£ âáª®£® ¬ £¥â®á®¯à®â¨¢«¥¨ï(���) ¢ ¬ £¨âëå ¬ã«ìâ¨á«®ïå (Fe/Cr, Co/Cu,Fe/Cu ¨ ¤à.) ¨ £à ã«¨à®¢ ëå á¯« ¢ å (Co{Cu,Co{Ag ¨ ¤à.), ª ª ¯à ¢¨«®, ®âà¨æ â¥«ì , â. ¥. ¯à¨ ¬ £¨ç¨¢ ¨¨ ¨å á®¯à®â¨¢«¥¨¥ � ã¬¥ìè ¥âáï[1, 2]. �®¦® áç¨â âì ¤®ª § ë¬, çâ® ��� ¢ íâ¨åá¨áâ¥¬ å ¨¬¥¥â ®¡éãî ¯à¨à®¤ã. ��� á¢ï§ ® á®á¯¨-§ ¢¨áïé¨¬ à áá¥ï¨¥¬ í«¥ªâà®®¢ ¯à®¢®¤¨¬®á-â¨   ¯à¨¬¥áïå ¢ ®¡ê¥¬¥ ä¥àà®¬ £¨âëå á«®¥¢ ¨«¨  £à ¨æ å à §¤¥«  á«®¥¢ (â® ¦¥ á¯à ¢¥¤«¨¢® ¨¤«ï £à ã«¨à®¢ ëå á¯« ¢®¢) [1, 2]. � ç áâ®áâ¨,¯à®áâ ï ¬®¤¥«ì �¥£ {�¥¢¨ [3], ¡ §¨àãîé ïáï  íâ¨å ¯à¥¤áâ ¢«¥¨ïå, ¯®§¢®«ï¥â ¤ âì ®¡êïá¥¨¥ ®á-®¢ë¬ § ª®®¬¥à®áâï¬ ��� ¢ £à ã«¨à®¢ ëåá¯« ¢ å.�«ï àï¤  ¬ã«ìâ¨á«®¥¢ (F1=M=F2 ) ¡ë«® ®¡ àã¦¥-® ¨¢¥àá®¥ (¯®«®¦¨â¥«ì®¥) ���, â. ¥. ã¢¥«¨ç¥¨¥á®¯à®â¨¢«¥¨ï ¯à¨  ¬ £¨ç¨¢ ¨¨ [4, 5]. �¢¥àá-®¥ ��� ¢ ¬ã«ìâ¨á«®ïå ¢®§¬®¦® ¯à¨ â®ª¥, â¥ªãé¥¬ª ª ¯¥à¯¥¤¨ªã«ïà® á«®ï¬, â ª ¨ ¢ ¯«®áª®áâ¨ á«®¥¢.�®«®¦¨â¥«ìë© § ª ��� á¢ï§  á à §«¨çë¬ å -à ªâ¥à®¬ à áá¥ï¨ï í«¥ªâà®®¢ ¯à®¢®¤¨¬®áâ¨ ¢ ä¥à-à®¬ £¨âëå á«®ïå F1 ¨ F2 . � à ¬ª å ¬®¤¥«¨ �¥-£ {�¥¢¨ ��� ®âà¨æ â¥«ì® ¯à¨ ¢á¥å ¯ à ¬¥âà å¬®¤¥«¨. �¤ ª® ¢ æ¥«®¬ àï¤¥ á¯« ¢®¢, á®¤¥à¦ é¨åª« áâ¥àë ¨«¨ £à ã«ë, ¡ã¤ì â®  ¬®àäë¥ á¯« ¢ë [6]¨«¨ ¬¥â ««¨ç¥áª¨¥ ª®¬¯®§¨âë Cox (CuO)100�x [7], ¡«î¤ «®áì ¯®«®¦¨â¥«ì®¥ ¬ £¥â®á®¯à®â¨¢«¥¨¥.� à ¡®â¥ [8] ¢ëáª §ë¢ ¥âáï ¯à¥¤¯®«®¦¥¨¥, çâ® ¨-¢¥àá¨ï § ª  ¬ £¥â®á®¯à®â¨¢«¥¨ï ï¢«ï¥âáï á«¥¤áâ-¢¨¥¬ ¢ª« ¤ , ®¡ãá«®¢«¥®£® á¯¨-§ ¢¨áïé¨¬ à áá¥ï-¨¥¬. �¥«ì  áâ®ïé¥© à ¡®âë | ¢ëïá¥¨¥ ãá«®¢¨©,¯à¨ ª®â®àëå á¯¨-§ ¢¨áïé¥¥ à áá¥ï¨¥ ¢ ¬ £¨â-®-¥®¤®à®¤ëå á¯« ¢ å ¯à¨¢®¤¨â ª ¯®«®¦¨â¥«ì-®¬ã ¬ £¥â®á®¯à®â¨¢«¥¨î.�®áâ ®¢ª  § ¤ ç¨�ã¤¥¬, ª ª ¨ ¢ à ¡®â¥ [3], áç¨â âì, çâ® £à ã-«¨à®¢ ë© á¯« ¢ ¥áâì á ¬®ãáà¥¤ïîé ïáï áà¥¤ ,¢ ª®â®à®© á®¯à®â¨¢«¥¨¥ ®¯à¥¤¥«ï¥âáï ãáà¥¤¥¨¥¬¢¥à®ïâ®áâ¨ à áá¥ï¨ï   ¢á¥å ¥®¤®à®¤®áâïå: ¢®¡ê¥¬¥ £à ã«, ¢ ¬ âà¨æ¥ ¨   £à ¨æ å £à ã« ¨¬ âà¨æë. �«¥ªâà®ë ¯à®¢®¤¨¬®áâ¨ ¯à¨ íâ®¬ à áá¥-¨¢ îâáï ¯®-à §®¬ã ¢ § ¢¨á¨¬®áâ¨ ®â  ¯à ¢«¥¨ïá¯¨ . �à®æ¥áá ¬¨ á¯¨-á¬¥è¨¢ ¨ï ¯à¥¥¡à¥£ ¥¬,çâ® § ¢¥¤®¬® ®¯à ¢¤ ® ¯à¨ ¨§ª¨å â¥¬¯¥à âãà å.

�«¥¤ãï ä®à¬ã«¥ �®ââ , íª¢¨¢ «¥â®© ä®à¬ã«¥�àã¤¥ (á¬.,  ¯à., [9]), ¯à®¢®¤¨¬®áâì � ¬®¦® § ¯¨-á âì ¢ á«¥¤ãîé¥¬ ¢¨¤¥:� =Ag3("F )�("F ) ; (1)£¤¥ g("F ) | ¯«®â®áâì á®áâ®ï¨© í«¥ªâà®®¢ ¯à®-¢®¤¨¬®áâ¨ á® á¯¨ ¬¨ à §®£®  ¯à ¢«¥¨ï (�),�("F ) | ¬¨¬ ï ç áâì á®¡áâ¢¥®© í¥à£¨¨ äãª-æ¨¨ �à¨ , A | ¯ à ¬¥âà, § ¢¨áïé¨© ®â ä®à¬ëªà¨¢®© ¯«®â®áâ¨ á®áâ®ï¨ï, ¯à®¯®àæ¨® «ìë© ¢¥-«¨ç¨¥ 1=m4 , £¤¥ m | íää¥ªâ¨¢ ï ¬ áá  í«¥ªâà®-®¢ ¯à®¢®¤¨¬®áâ¨. � á«ãç ¥ 3d-¬¥â ««®¢ ®á¨â¥«ï¬¨â®ª  ï¢«ïîâáï ª ª s-, â ª ¨ d-¯®¤®¡ë¥ í«¥ªâà®ë.�«ï s-í«¥ªâà®®¢ g+s ("F ) = g�s ("F ) = gs("F ) ,   ¤«ïd-¯®¤®¡ëå í«¥ªâà®®¢ g+s ("F ) 6= g�d ("F ) (§¤¥áì § -ª¨ ú¯«îáû ¨ ú¬¨ãáû á®®â¢¥âáâ¢ãîâ à §ë¬  ¯à ¢-«¥¨ï¬ á¯¨ ). �à¨ íâ®¬ ¢®§¬®¦ë ¯¥à¥å®¤ë s-í«¥ª-âà®®¢ ¢ d-§®ã. � ®¡é¥¬ á«ãç ¥ ¤«ï  ¬ £¨ç¥®£®á®áâ®ï¨ï ¯®«ãç¨¬� = ��s + ��d ; (2)��s = As g3s��s ; ��s = �ss0 ��ss1 +��sd0 ���sd1; (3)��d = Ad g3d��d ; ��d =��d0 ���d1; (4)£¤¥ ¨¤¥ªáë ú0û ¨ ú1û á®®â¢¥âáâ¢ãîâ ¥ § ¢¨áïé¥¬ã ¨§ ¢¨áïé¥¬ã ®â á¯¨  à áá¥ï¨î. �¢¥¤¥¬ ®¯à¥¤¥«¥¨ï:�ss0 = gs{0; �ss1 = gs{1; (5)�d0 =��sd0 = g�d {0; �d1 = ��sd1 = g�d {1: (6)�â®è¥¨¥ {1={0 ï¢«ï¥âáï ¢¥«¨ç¨®© ¯®àï¤ª  I=V ,£¤¥ I ¨ V | ¯®â¥æ¨ «ë ®¡¬¥®£® ¨ ªã«®®¢áª®£®¢§ ¨¬®¤¥©áâ¢¨ï á®®â¢¥âáâ¢¥®,   ¢ëà ¦¥¨ï ¤«ï ¯ -à ¬¥âà®¢ {0 ¨ {1 ¯®«®áâìî   «®£¨çë à ¡®â¥ [3].� à §¬ £¨ç¥®¬ á®áâ®ï¨¨, ª®£¤  ¬ £¨â-ë¥ ¬®¬¥âë ¢á¥å £à ã« à §®à¨¥â¨à®¢ ë ¨á¯¨-§ ¢¨áïé¥¥ à áá¥ï¨¥ ¥áãé¥áâ¢¥®,   á«¥-¤®¢ â¥«ì®, {1 = 0 , ¤«ï ¬ £¥â®á®¯à®â¨¢«¥¨ï�) �¨¢¥àá¨â¥â �à®¢ á , � àá¥«ì, �à æ¨ï.



�¥áâ¨ª �®áª®¢áª®£® ã¨¢¥àá¨â¥â . �¥à¨ï 3. �¨§¨ª . �áâà®®¬¨ï. 2000. ü2 61��=� = [�(Hs) � �(Hc)]=�(Hc) , £¤¥ Hc | ª®íàæ¨-â¨¢ ï á¨« , Hs | ¯®«¥  áëé¥¨ï, ¨§ ¢ëà ¦¥¨©(1){(6) á«¥¤ã¥â ��� = {20 �{21{20 + �{0{1 � 1; (7)£¤¥ � == fg3s(g+d �g�d )+Ads[(g�d )2�(g+d )2](gs+g+d )(gs+g�d )gg3s(2gs+g+d +g�d )+Ads[(g�d )2+(g+d )2](gs+g+d )(gs+g�d ) ;(8)Ads =Ad=As .�ëà ¦¥¨¥ (7) ï¢«ï¥âáï ®¡®¡é¥ë¬ à¥§ã«ìâ â®¬,¯®«ãç¥ë¬   ®á®¢¥ â¥®à¨¨ �¥£ {�¥¢¨ [3], ¢ª®â®à®© ãç¨âë¢ ¥âáï â®«ìª® ¯¥à¥®á s-á®áâ®ï¨©: ¢¬®¤¥«¨ �¥£ {�¥¢¨ g�d = 0 ¨ �= �s = 0 . �®£¤ ��� = �{21{20 (�s = 0) (9)¨ ¬ £¥â®á®¯à®â¨¢«¥¨¥ ®âà¨æ â¥«ì® ¯à¨ ¢á¥å ¯ -à ¬¥âà å á¯« ¢ . � ¤àã£®¬ ¯à¥¤¥«ì®¬ á«ãç ¥, ª®£-¤  ¯¥à¥®á ®áãé¥áâ¢«ï¥âáï â®«ìª® d-á®áâ®ï¨ï¬¨,gs! 0 ¨ �= �sd = (g�d )2 � (g+d )2(g�d )2 + (g+d )2 :� ª ¯à ¢¨«®, ¢ á¯« ¢ å 3d-¯¥à¥å®¤ëå ¬¥â ««®¢g�d > g+d ¨, á«¥¤®¢ â¥«ì®, �d > 0 , çâ® ¬®¦¥â ¯à¨-¢¥áâ¨ ª ¨¢¥àá¨¨ § ª  ¬ £¥â®á®¯à®â¨¢«¥¨ï.� s{d-¬®¤¥«¨ �®ââ  áç¨â ¥âáï, çâ® s-í«¥ªâà®-ë ¬®£ãâ à áá¥¨¢ âìáï ¢ d-§®ã, ® d-á®áâ®ï¨ï ¥

ãç áâ¢ãîâ ¢ ¯¥à¥®á¥. �®£¤  ¢ ¢ëà ¦¥¨¨ (8)  ¤®¯®«®¦¨âì Ads = 0 ¨�= �sd = g+d � g�d2gs + g+d + g�d ; (10)¯à¨ç¥¬ ¯®áª®«ìªã g�d > g+d , â® �sd < 0 .���������	
�����¨á. 1. � ¢¨á¨¬®áâì ¬ £¥â®á®¯à®â¨¢«¥¨ï ��=� ®â¢¥«¨ç¨ë j{1={0j ¯® ä®à¬ã«¥ (7)���������	
���������¨á. 2. � ¢¨á¨¬®áâì ¯ à ¬¥âà  � ¨§ ¢ëà ¦¥¨ï (8) ®â ®â®è¥¨ï g�d =gs ¯à¨ à §«¨çëå § ç¥¨ïå ¯ à ¬¥âà a= g+d =g�d ¨ ¯ à ¬¥âà  Ads = Ad=As



62 �¥áâ¨ª �®áª®¢áª®£® ã¨¢¥àá¨â¥â . �¥à¨ï 3. �¨§¨ª . �áâà®®¬¨ï. 2000. ü 2�¥§ã«ìâ âë à áç¥â  ¨ ¨å ®¡áã¦¤¥¨¥�¥§ã«ìâ âë à áç¥â  ¬ £¥â®á®¯à®â¨¢«¥¨ï £à ã-«¨à®¢ ®£® á¯« ¢  ¯® ä®à¬ã«¥ (7) ¯à¨ à §«¨çëå§ ç¥¨ïå ¯ à ¬¥âà  � (à¨á. 1) ¯®ª §ë¢ îâ, çâ® ¨-¢¥àá®¥ ¬ £¥â®á®¯à®â¨¢«¥¨¥ ¬®¦¥â  ¡«î¤ âìáïâ®«ìª® ¯à¨ ¯®«®¦¨â¥«ìëå § ç¥¨ïå ¯ à ¬¥âà  � .�¨ ¢ ¬®¤¥«¨ �¥£ {�¥¢¨, ¨ ¢ ¬®¤¥«¨ �®ââ  (10)§ ç¥¨¥ � ¥ ¬®¦¥â ¡ëâì ¯®«®¦¨â¥«ìë¬. �® ¥áâì¤«ï ¨¢¥àá®£® ¬ £¥â®á®¯à®â¨¢«¥¨ï ®¡ï§ â¥«ì®ãç áâ¨¥ ¢ ¯¥à¥®á¥ d-á®áâ®ï¨©. � ª á«¥¤ã¥â ¨§ ¤ -ëå à¨á. 2, ¯®«®¦¨â¥«ì®¥ § ç¥¨¥ � ¤®áâ¨£ ¥âáï¯à¨ ¯ à ¬¥âà å, á®®â¢¥âáâ¢ãîé¨å à¥ «ìë¬ á¯« -¢ ¬ ¯¥à¥å®¤ëå ¬¥â ««®¢, ¯à¨ç¥¬ ®ç¥¢¨¤®, çâ® ç¥¬¬¥ìè¥ à®«ì d-á®áâ®ï¨© ¢ ¯¥à¥®á¥, â¥¬ ¬¥ìè¥ ¯®-«®¦¨â¥«ì®¥ § ç¥¨¥ � ¨ ¬¥ìè¥ (à¨á. 1) ¨¢¥àá®¥¬ £¥â®á®¯à®â¨¢«¥¨¥. �ç áâ¨¥ d-á®áâ®ï¨© ¢ ä®à-¬¨à®¢ ¨¨ ��� ¬®¦¥â ¡ëâì ç áâ¨ç® ¯®¤ ¢«¥®¢ £à ã«¨à®¢ ëå á¯« ¢ å §  áç¥â ¯®â¥æ¨ «ìëå¡ àì¥à®¢, ¢®§¨ª îé¨å   £à ¨æ å à §¤¥«  £à ã«¨ ¬ âà¨æë. �®íâ®¬ã ¡®«ìè¨¥ § ç¥¨ï � ¢ £à -ã«¨à®¢ ëå á¯« ¢ å ¬ «®¢¥à®ïâë. � à ªâ¥àë©¢¨¤ ¨¢¥àá®£® ¬ £¥â®á®¯à®â¨¢«¥¨ï ¨««îáâà¨àã-¥âáï ªà¨¢ë¬¨ 3 ¨ 4   à¨á. 1.�§ íâ¨å ªà¨¢ëå ¢¨¤®, çâ® ¢¥«¨ç¨  ¨¢¥àá®£®¬ £¥â®á®¯à®â¨¢«¥¨ï ¥ ¯à¥¢ëè ¥â 5%, çâ® á®®â-¢¥âáâ¢ã¥â íªá¯¥à¨¬¥âã [8]. �®«¥¥ â®£®, ¯à¥¤áâ ¢«¥-ë¥   à¨á. 1 ¤ ë¥ ¬®¦® ¨â¥à¯à¥â¨à®¢ âì ¨ ª ª¯®«¥¢ë¥ § ¢¨á¨¬®áâ¨ ¬ £¥â®á®¯à®â¨¢«¥¨ï, â ª ª ªá¯¨-§ ¢¨áïé¥¥ à áá¥ï¨¥ ({1 ) ¢®§à áâ ¥â á ã¢¥«¨ç¥-¨¥¬ ¯®«ï. �®íâ®¬ã á¬¥  § ª  ¬ £¥â®á®¯à®â¨¢«¥-

¨ï á ¯®«®¦¨â¥«ì®£®   ®âà¨æ â¥«ìë© ¢ ®¡« áâ¨áà¥¤¨å § ç¥¨© ¯ à ¬¥âà  {1 (ªà¨¢ë¥ 3 ¨ 4  à¨á. 1) ¯®«®áâìî á®®â¢¥âáâ¢ã¥â íªá¯¥à¨¬¥â «ìë¬¤ ë¬ ® ¯®«¥¢ëå § ¢¨á¨¬®áâïå ¬ £¥â®á®¯à®â¨¢«¥-¨ï [6{8].� ª¨¬ ®¡à §®¬, ¬®¦® á¤¥« âì ¢ë¢®¤ ® â®¬, çâ®¨¢¥àá®¥ ¬ £¥â®á®¯à®â¨¢«¥¨¥ ¢ £à ã«¨à®¢ -ëå á¯« ¢ å ¯à¨  «¨ç¨¨ á¯¨-§ ¢¨áïé¥£® à áá¥ï¨ïá¢ï§ ® á ãç áâ¨¥¬ d-í«¥ªâà®®¢ ¢ ¯¥à¥®á¥.�¨â¥à âãà 1. Levy P.M. // Sol. St. Phys. 1994. 47. P. 367.2. Gijs M.A., Bauer E.W. // Adv. Phys. 1997. 46. P. 285.3. Zhang S., Levy P. // J. Appl. Phys. 1993. 73. P. 5315.4. Hsu S.U., Berthelemy A., Holody P. et al. // Phys. Rev. Lett.1997. 78. P. 2653.5. Binder J., Zahr P., Mertig I. // J. Magn. Magn. Mat. 1997. 165.P. 100.6. Fert A., Hsu S.U., Barthelemy A., Holody P. et al. // Phys. Rev.Lett. 1997. 78. P. 2652.7. Prudnikov V., Granovsky A., Prudnikova M. et al. ItinerantElectron Magnetism: Fluctuation Effects. Kluwer Acad. Publ.,1998. P. 353.8. Khan H.R., Granovsky A., Prudnikova M. et al. // J. Magn.Magn. Mater. 1998. 183. P. 374.9. �¥¤ï¥¢ �.�., �à ®¢áª¨© �.�., �®â¥«ì¨ª®¢  �.�. �¨¥-â¨ç¥áª¨¥ ï¢«¥¨ï ¢ ¥ã¯®àï¤®ç¥ëå ä¥àà®¬ £¨âëåá¯« ¢ å. �.: �§¤-¢® �®áª. ã-â , 1992.�®áâã¯¨«  ¢ p¥¤ ªæ¨î19.05.99������������ 537.86:519.2; 537.876:551.510������� ������ ��������-������������ ������������� �� �������������� ���������������������������� �����. �. �®«®£¤¨, �. �. �ãá¥¢(ª ä¥¤à  ä¨§¨ª¨  â¬®áä¥àë)�áá«¥¤®¢ ® ¢«¨ï¨¥ ¤à¥©ä  á«ãç ©®-¥®¤®à®¤ëå áà¥¤   áâ æ¨® àë¥ á¢®©áâ¢  ¢®« ¯à¨¯®¯¥à¥ç®¬ ¨ ¯à®¤®«ì®¬ à á¯à®áâà ¥¨¨. �¥è¥  § ¤ ç  ¤«ï íªá¯¥à¨¬¥â «ì®-§ ç¨¬®£® á«ãç ïãáà¥¤¥¨ï   ª®¥ç®¬ ¢à¥¬¥®¬ ¨â¥à¢ «¥. �®ª § ®, çâ® ¬ «ë¥ ¨§¬¥¥¨ï (1%) áª®à®áâ¨ ¤à¥©ä ¯à¨¢®¤ïâ ª § ¬¥â®¬ã ®âª«®¥¨î (10%) ®â áâ æ¨® à®áâ¨ áâ®å áâ¨ç¥áª¨å å à ªâ¥à¨áâ¨ª ¢®«.�®íâ®¬ã ¥®¡å®¤¨¬® ®áâ®à®¦®¥ ®â®è¥¨¥ ª £¨¯®â¥§¥ ® ¯®áâ®ïáâ¢¥ áª®à®áâ¨ ¢¥âà , ¤®¬¨¨àãîé¥©¢ à ¤¨®ä¨§¨ª¥ ¨ £¥®ä¨§¨ª¥.�¢¥¤¥¨¥� á«ãç ©®-¥®¤®à®¤ëå ¯à¨à®¤ëå áà¥¤ å ¥-®¤®à®¤®áâ¨, ª®â®àë¥ ®¯à¥¤¥«ïîâ á¢®©áâ¢  ¯®ª -§ â¥«ï ¯à¥«®¬«¥¨ï í«¥ªâà®¬ £¨âëå ¢®«, ¨¬¥îâá«ãç ©ë© å à ªâ¥à ¨ ¬®£ãâ ãç áâ¢®¢ âì ¢ ®¡é¥¬¤à¥©ä®¢®¬ ¤¢¨¦¥¨¨ (¢¥â¥à, â¥ç¥¨¥), çâ® ¥®¡å®¤¨-¬® ãç¥áâì ¯à¨   «¨§¥ áâ®å áâ¨ç¥áª¨å á¢®©áâ¢ à áá¥-ïëå   ¨å ¢®«. �  âãàëå íªá¯¥à¨¬¥â «ìëå¨áá«¥¤®¢ ¨ïå, ¢á«¥¤áâ¢¨¥ ®âáãâáâ¢¨ï áâ â¨áâ¨ç¥áª®-£®  á ¬¡«ï, ®¡ëç® ¨á¯®«ì§ãîâ ¢à¥¬¥®¥ ãáà¥¤- ¥¨¥, ¢ë¤¢¨£ ï £¨¯®â¥§ã ®¡ íà£®¤¨ç®áâ¨ á¨£ «®¢.�â® ¥áâ¥áâ¢¥®¥ ¤«ï ¤ ëå ãá«®¢¨© ¯à¥¤¯®«®¦¥¨¥á¢ï§ë¢ îâ á  «¨ç¨¥¬ ¢à¥¬¥®© áâ æ¨® à®áâ¨ ¨á-á«¥¤ã¥¬ëå á¨£ «®¢.�à¨ ¨áá«¥¤®¢ ¨¨ ¢à¥¬¥®�© áâ æ¨® à®áâ¨à áá¥ïëå á¨£ «®¢ ¢ à ¡®â å [1, 2],   â ª¦¥ ¡®-«¥¥ ¤¥â «ì® ¢  áâ®ïé¥© à ¡®â¥ ¯®ª § ®, çâ® áâ -æ¨® à®áâì á«¥¤ã¥â ¨§ ¯®«®© áâ â¨áâ¨ç¥áª®© ®¤-®à®¤®áâ¨ à áá¥¨¢ îé¨å ¥®¤®à®¤®áâ¥© áà¥¤ë¯à¨ ®¡ï§ â¥«ì®© £¨¯®â¥§¥ ¯®áâ®ïáâ¢  ¢® ¢à¥¬¥¨


