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��� 621.315.592 ������� ���������������� ����������� ���������� ������ ���������� ��������� ������. �. �¨á ç¥­ª®, �. �. �¨¬®è¥­ª®(ª ä¥¤à  ®¡é¥© ä¨§¨ª¨ ¨ ¬®«¥ªã«ïà­®© í«¥ªâà®­¨ª¨)�¨á«¥­­®¥ à¥è¥­¨¥ § ¤ ç¨ ®¡ íªá¨â®­¥ ¢ ªà¥¬­¨¥¢®© ª¢ ­â®¢®© ­¨â¨ ¤¨ ¬¥âà®¬ 2 �� 4 ­¬ á¤¨í«¥ªâà¨ç¥áª®© ¯à®­¨æ ¥¬®áâìî "i , ®ªàã¦¥­­®© áà¥¤®© á ¤¨í«¥ªâà¨ç¥áª®© ¯à®­¨æ ¥¬®áâìî "e ,¯®ª § «®, çâ® ¤«ï "e < "i à ¤¨ãá íªá¨â®­  ¬¥­ìè¥,   í­¥à£¨ï á¢ï§¨ ¡®«ìè¥, ç¥¬ ¢ á«ãç ¥"e = "i ; ¤«ï "e > "i , ­ ®¡®à®â, à ¤¨ãá íªá¨â®­  ã¢¥«¨ç¨¢ ¥âáï,   í­¥à£¨ï á¢ï§¨ à¥§ª® ¯®­¨¦ ¥âáï,çâ® ®¡êïá­ï¥â ¨§¢¥áâ­ë¥ íªá¯¥à¨¬¥­â «ì­ë¥ ¤ ­­ë¥ ¯® ¤¨í«¥ªâà¨ç¥áª®¬ã £ è¥­¨î íªá¨â®­­®©«î¬¨­¥áæ¥­æ¨¨ ¯®à¨áâ®£® ªà¥¬­¨ï.�¢¥¤¥­¨¥� ¯®á«¥¤­¨¥ £®¤ë ¨­â¥­á¨¢­® ¨áá«¥¤ãîâáï ä¨-§¨ç¥áª¨¥ ï¢«¥­¨ï ¢ â¢¥à¤®â¥«ì­ëå á¨áâ¥¬ å ¯®­¨-¦¥­­®© à §¬¥à­®áâ¨, â ª¨å, ª ª ª¢ ­â®¢ë¥ ­¨â¨ ¨â®çª¨ [1, 2]. �à¥¦¤¥ ¢á¥£® íâ® ¢ë§¢ ­® ¯®âà¥¡­®á-âï¬¨ á®¢à¥¬¥­­®© ¯®«ã¯à®¢®¤­¨ª®¢®© í«¥ªâà®­¨ª¨¨ ®á¢®¥­¨¥¬ ­®¢ëå áã¡¬¨ªà®­­ëå â¥å­®«®£¨©. �¨ -¬¥âà ª¢ ­â®¢ëå ­¨â¥© d ¨¬¥¥â ¢¥«¨ç¨­ã ¯®àï¤ª 1�10 ­¬, çâ® ¬¥­ìè¥ ¨«¨ áà ¢­¨¬® á ¤«¨­®© ¢®«­ë¤¥ �à®©«ï í«¥ªâà®­®¢ ¢ ¯®«ã¯à®¢®¤­¨ª å. �«¥¤áâ¢¨-¥¬ íâ®£® ï¢«ï¥âáï â ª ­ §ë¢ ¥¬ë© ª¢ ­â®¢ë© à §-¬¥à­ë© íää¥ªâ | ã¢¥«¨ç¥­¨¥ § ¯à¥é¥­­®© §®­ë ¢­¨§ª®à §¬¥à­®© áâàãªâãà¥ ¯® áà ¢­¥­¨î á ¬ ªà®áª®-¯¨ç¥áª¨¬ ªà¨áâ ««®¬ [2]. �à®¬¥ â®£®, ¤«ï ¯®«ã¯à®-¢®¤­¨ª®¢ëå ª¢ ­â®¢ëå ­¨â¥©, ª ª ¡ë«® ¢¯¥à¢ë¥ ®â-¬¥ç¥­® ¢ à ¡®â¥ [3], ¨áª«îç¨â¥«ì­®¥ §­ ç¥­¨¥ ¨¬¥¥âªã«®­®¢áª®¥ ¢§ ¨¬®¤¥©áâ¢¨¥ ­®á¨â¥«¥© § àï¤  (í«¥ª-âà®­®¢ ¨ ¤ëà®ª). �â® ¢§ ¨¬®¤¥©áâ¢¨¥ ¤¥« ¥â ¢®§¬®¦-­ë¬ áãé¥áâ¢®¢ ­¨¥ á¢ï§ ­­ëå á®áâ®ï­¨© | íªá¨â®-­®¢ á í­¥à£¨¥© á¢ï§¨ Eexc , ¢ ¤¥áïâª¨ à § ¯à¥¢ëè î-é¥© ¥¥ ¢¥«¨ç¨­ã ¢ ®¡ê¥¬¥ ªà¨áâ ««  [4]. � à ¬¥âàëíªá¨â®­­ëå á®áâ®ï­¨© § ¢¨áïâ ®â ¤¨í«¥ªâà¨ç¥áª¨åá¢®©áâ¢ áà¥¤ë, ®ªàã¦ îé¥© ª¢ ­â®¢ãî ­¨âì [3]. �â®¯®§¢®«ï¥â ®¡êïá­¨âì íªá¯¥à¨¬¥­â «ì­ë¥ ¤ ­­ë¥ ®¢«¨ï­¨¨ ¤¨í«¥ªâà¨ç¥áª¨å áà¥¤ ­  íªá¨â®­­ãî «î¬¨-­¥áæ¥­æ¨î ¯®à¨áâ®£® ªà¥¬­¨ï, ¢ áâàãªâãà¥ ª®â®à®£®¯à¨áãâáâ¢ãîâ ªà¥¬­¨¥¢ë¥ ª¢ ­â®¢ë¥ ­¨â¨ [5, 6].� ¤ ç  ®¡ íªá¨â®­ å ¢ ¯®«ã¯à®¢®¤­¨ª®¢ëå ª¢ ­-â®¢ëå ­¨âïå á ¤¨í«¥ªâà¨ç¥áª®© ¯à®­¨æ ¥¬®áâìî "i

¢ áà¥¤¥ á ¤¨í«¥ªâà¨ç¥áª®© ¯à®­¨æ ¥¬®áâìî "e ¡ë-«  â¥®à¥â¨ç¥áª¨ à áá¬®âà¥­  ¢ à ¡®â¥ [3] ¤«ï á«ã-ç ï "i � "e . �áâ ­®¢«¥­®, çâ® á à®áâ®¬ ¯ à ¬¥âà 
 = "i="e ¢¥«¨ç¨­  Eexc ¢®§à áâ ¥â,   à ¤¨ãá íªá¨â®-­  ã¬¥­ìè ¥âáï. �ää¥ªâ ®¡êïá­ï¥âáï ¢«¨ï­¨¥¬ § àï-¤®¢ ¨§®¡à ¦¥­¨ï, ­ ¢®¤¨¬ëå ­®á¨â¥«ï¬¨ § àï¤  ­ £à ­¨æ¥ ­¨âì{¤¨í«¥ªâà¨ç¥áª ï áà¥¤ . �¤­ ª® ¯à¨¬¥-­¨âì ¯®«ãç¥­­ë¥ à¥§ã«ìâ âë ª ªà¥¬­¨¥¢ë¬ ª¢ ­â®-¢ë¬ ­¨âï¬ á«®¦­® ¢¢¨¤ã â®£®, çâ® ãá«®¢¨¥  ­ «¨-â¨ç¥áª®£® ¯à¥¤áâ ¢«¥­¨ï ¯®â¥­æ¨ «  ¨§®¡à ¦¥­¨ï,¨á¯®«ì§®¢ ­­®£® ¢ à ¡®â¥ [3], ­¥ ¢ë¯®«­ï¥âáï. �à®¬¥â®£®, ¤«ï áà ¢­¥­¨ï á íªá¯¥à¨¬¥­â®¬ ¢ ¦­® ¨áá«¥¤®-¢ âì á«ãç © "e > "i , ­¥ à áá¬®âà¥­­ë© ¢ à ¡®â¥ [3].� ­ áâ®ïé¥© à ¡®â¥ ¢ë¯®«­¥­ à áç¥â í­¥à£¨¨ á¢ï-§¨ íªá¨â®­®¢ ¢ ªà¥¬­¨¥¢ëå ª¢ ­â®¢ëå ­¨âïå, ®ªàã-¦¥­­ëå áà¥¤®©, ¤¨í«¥ªâà¨ç¥áª ï ¯à®­¨æ ¥¬®áâì ª®-â®à®© ª ª ¬¥­ìè¥, â ª ¨ ¡®«ìè¥ ¤¨í«¥ªâà¨ç¥áª®©¯à®­¨æ ¥¬®áâ¨ ¢¥é¥áâ¢  ­¨â¨. �¯à¥¤¥«¥­ë §­ ç¥­¨ïí­¥à£¨¨ ¢®§¡ã¦¤¥­­ëå á®áâ®ï­¨© ¨ ¢®«­®¢ë¥ äã­ª-æ¨¨ íªá¨â®­®¢ ¤«ï à §«¨ç­ëå §­ ç¥­¨© "i="e ¨ à -¤¨ãá  ª¢ ­â®¢ëå ­¨â¥©.1. �®¤¥«ì ¨ ¬¥â®¤ à áç¥â � ª ç¥áâ¢¥ ¬®¤¥«¨ ªà¥¬­¨¥¢®© ª¢ ­â®¢®© ­¨-â¨ à áá¬®âà¨¬ ¡¥áª®­¥ç­ë© æ¨«¨­¤à á ¤¨ ¬¥âà®¬d � a0 , £¤¥ a0 | ¯®áâ®ï­­ ï à¥è¥âª¨ ªà¥¬­¨ï.� íâ®¬ á«ãç ¥ ¬®¦­® ¨á¯®«ì§®¢ âì ¬ ªà®áª®¯¨ç¥á-ª¨¥ §­ ç¥­¨ï ¢¥«¨ç¨­ "i ¨ "e . �ë¡¥à¥¬ æ¨«¨­¤à¨-ç¥áªãî á¨áâ¥¬ã ª®®à¤¨­ â ¨ £ ãáá®¢ã á¨áâ¥¬ã ¥¤¨-­¨æ. �®£¤  ¯®â¥­æ¨ «ì­ ï í­¥à£¨ï í«¥ªâà®­  ¢ ¯®«¥



�¥áâ­¨ª �®áª®¢áª®£® ã­¨¢¥àá¨â¥â . �¥à¨ï 3. �¨§¨ª . �áâà®­®¬¨ï. 1999. ü5 31¤ëàª¨, ¯®¬¥é¥­­®© ­  ®á¨ æ¨«¨­¤à  ¢ ­ ç «¥ ª®®à-¤¨­ â, á ãç¥â®¬ ¯®«ïà¨§ æ¨¨ áà¥¤ë ¨¬¥¥â ¢¨¤ [7]U(r; z) = � e2"ipr2 + z2 � 4e2(
 � 1)"i� � (1)� 1Z0 cos(xz)K0(xd)K1(xd)I0(xr)
K0(xd)I1(xd) + I0(xd)K1(xd)dx;£¤¥ e | § àï¤ í«¥ªâà®­ ; Kn , In | äã­ªæ¨¨ �¥áá¥«ï¬­¨¬®£®  à£ã¬¥­â . �â®à®© ç«¥­ ¢ ¢ëà ¦¥­¨¨ (1)¯à¥¤áâ ¢«ï¥â á®¡®© ¢ª« ¤ ­ ¢¥¤¥­­ëå ­  ¯®¢¥àå­®á-â¨ § àï¤®¢. �â  ¤®¡ ¢ª  ¬®¦¥â ª ª ã¢¥«¨ç¨âì, â ª ¨ã¬¥­ìè¨âì ¯®â¥­æ¨ «ì­ãî í­¥à£¨î í«¥ªâà®­ . �­ ª¤®¡ ¢ª¨ ®¯à¥¤¥«ï¥âáï â®«ìª® ¢¥«¨ç¨­®© 
 = "i="e ,¯®áª®«ìªã ¨­â¥£à « ¬®¦¥â ¯à¨­¨¬ âì â®«ìª® ¯®«®-¦¨â¥«ì­ë¥ §­ ç¥­¨ï. �á«¨ 
 > 1 , â® í­¥à£¨ï ¢§ ¨¬®-¤¥©áâ¢¨ï í«¥ªâà®­  ¨ ¤ëàª¨ à¥§ª® ã¢¥«¨ç¨¢ ¥âáï ¯®áà ¢­¥­¨î á í­¥à£¨¥© ªã«®­®¢áª®£® ¢§ ¨¬®¤¥©áâ¢¨ï¢ ®¤­®à®¤­®© áà¥¤¥. �á«¨ 
 < 1 , â® ­ ¡«î¤ ¥âáï®¡à â­ë© íää¥ªâ. �  à¨á. 1 ¯à¥¤áâ ¢«¥­ë ¯®â¥­-æ¨ «ì­ë¥ ªà¨¢ë¥ ¤«ï à §«¨ç­ëå §­ ç¥­¨© 
 ¯à¨ä¨ªá¨à®¢ ­­®¬ d .�«ï ¯®à¨áâ®£® ªà¥¬­¨ï, «î¬¨­¥áæ¨àãîé¥£® ¢ ¢¨-¤¨¬®© ®¡« áâ¨ á¯¥ªâà , â®«é¨­ë ­¨â¥© d= 1�4 ­¬â ª®¢ë, çâ® í­¥à£¨ï à §¬¥à­®£® ª¢ ­â®¢ ­¨ï áãé¥áâ-¢¥­­® ¯à¥¢ëè ¥â í­¥à£¨î á¢ï§¨ íªá¨â®­®¢ [4{6].� íâ®¬ á«ãç ¥ ¤¢¨¦¥­¨¥¬ í«¥ªâà®­®¢ ¯®¯¥à¥ª ­¨â¥©¬®¦­® ¯à¥­¥¡à¥çì [3]. �§ í­¥à£¥â¨ç¥áª¨å á®®¡à -¦¥­¨© í«¥ªâà®­ á ­ ¨¡®«ìè¥© ¢¥à®ïâ­®áâìî ¡ã¤¥â­ å®¤¨âìáï ­  ®á¨ ­¨â¨ (r = 0), ¯®íâ®¬ã ¢ à áç¥â¥í­¥à£¨¨ á¢ï§¨ íªá¨â®­  ¬®¦­® ®£à ­¨ç¨âìáï ®¤­®-¬¥à­ë¬ ¯à¨¡«¨¦¥­¨¥¬.���������	
��
���¨á. 1. � ¢¨á¨¬®áâì ¯®â¥­æ¨ «ì­®© í­¥à£¨¨ í«¥ªâà®­ ®â ª®®à¤¨­ âë ¢ ¯®«¥ ¤ëàª¨ ¢ ªà¥¬­¨¥¢®© ­¨â¨ ¤¨ -¬¥âà®¬ d = 4 ­¬ á ãç¥â®¬ ¯®«ïà¨§ æ¨¨ áà¥¤ë ¯à¨
 = "i="e = 0,5 (1), 1 (2), 2 (3), 3 (4), 6 (5), 12 (6)

�¤­®¬¥à­®¥ ãà ¢­¥­¨¥ �àñ¤¨­£¥à  ¤«ï ®â­®á¨-â¥«ì­®£® ¤¢¨¦¥­¨ï í«¥ªâà®­  ¢ ¯®«¥ ¤ëàª¨ ¨¬¥¥â ¢¨¤� ~22� d2'n(z)dz2 +U(r = 0; z)'n(z) =En'n(z); (2)£¤¥ � | ¯à¨¢¥¤¥­­ ï íää¥ªâ¨¢­ ï ¬ áá  í«¥ªâà®­  ¨¤ëàª¨, 'n | ¢®«­®¢ ï äã­ªæ¨ï íªá¨â®­ . �á¯®«ì§®-¢ «¨áì á«¥¤ãîé¥¥ £à ­¨ç­®¥ ãá«®¢¨¥ ¨ ­®à¬¨à®¢ª ¤«ï ¢®«­®¢®© äã­ªæ¨¨:'n(0) = 0; 1Z�1 j'n(z)j2dz = 1: (3)�à ¢­¥­¨¥ (2) á ãá«®¢¨ï¬¨ (3) à¥è «®áì ç¨á«¥­-­® á ¯à¨¬¥­¥­¨¥¬ ¬¥â®¤  âà¨£®­®¬¥âà¨ç¥áª®© ¯à®-£®­ª¨ [8]. �à¨ à áç¥â å ¨á¯®«ì§®¢ «®áì §­ ç¥­¨¥� = 0;15m0 (m0 | ¬ áá  á¢®¡®¤­®£® í«¥ªâà®­ ),¯®«ãç¥­­®¥ ¬¥â®¤®¬ á¨«ì­®© á¢ï§¨ ¢ à ¡®â¥ [4]. � á-ç¥âë ¯à®¢®¤¨«¨áì ¤«ï "e = 1�24 (
 = 0;5�12). �à¥¤-¯®« £ «®áì, çâ® §­ ç¥­¨¥ ¤¨í«¥ªâà¨ç¥áª®© ¯à®­¨æ -¥¬®áâ¨ ªà¥¬­¨¥¢®© ­¨â¨ ("i = 12) ¯à¨¡«¨§¨â¥«ì­®â ª®¥ ¦¥, ª ª ¢ ®¡ê¥¬­®¬ ¬®­®ªà¨áâ ««¥ ªà¥¬­¨ï.2. �¥§ã«ìâ âë ¨ ¨å ®¡áã¦¤¥­¨¥�  à¨á. 2 ¯à¥¤áâ ¢«¥­ë § ¢¨á¨¬®áâ¨ ª¢ ¤à â ¢®«­®¢®© äã­ªæ¨¨ ®â ª®®à¤¨­ âë ¤«ï ®á­®¢­®£® ¨¯¥à¢®£® ¢®§¡ã¦¤¥­­®£® á®áâ®ï­¨ï íªá¨â®­  ¢ ªà¥¬-­¨¥¢®© ª¢ ­â®¢®© ­¨â¨ ¤¨ ¬¥âà®¬ 4 ­¬. � ª ¨ á«¥¤®-¢ «® ®¦¨¤ âì, ¢ ®á­®¢­®¬ á®áâ®ï­¨¨ ¯à¨ 
 = 1 (­¨âì®ªàã¦¥­  áà¥¤®© á â ª®© ¦¥ ¤¨í«¥ªâà¨ç¥áª®© ¯à®­¨-æ ¥¬®áâìî) §­ ç¥­¨¥ à ¤¨ãá  íªá¨â®­  aexc = 4;2 ­¬¯®çâ¨ â ª®¥ ¦¥, ª ª ¢ ®¡ê¥¬­®¬ ¬®­®ªà¨áâ ««¥ ªà¥¬-­¨ï. �«ï ­¨â¨ ¢ ¢ ªãã¬¥ (
 = 12) ¢¥«¨ç¨­  aexcã¬¥­ìè ¥âáï ¯®çâ¨ ¢ ¤¢  à § , çâ® á¢¨¤¥â¥«ìáâ¢ã¥â® ¤®¯®«­¨â¥«ì­®© «®ª «¨§ æ¨¨ íªá¨â®­  (à¨á. 2,  ).�â®â à¥§ã«ìâ â á®£« áã¥âáï á ¢ë¢®¤ ¬¨ à ¡®âë [3].� â® ¦¥ ¢à¥¬ï ¤«ï ­¨â¨ ¢ ¤¨í«¥ªâà¨ª¥ á ¡®«ìè®©¤¨í«¥ªâà¨ç¥áª®© ¯à®­¨æ ¥¬®áâìî (
 = 0;5) ¢®«­®-¢ ï äã­ªæ¨ï áâ ­®¢¨âáï ¡®«¥¥ à §¬ëâ®©,   à ¤¨ãáíªá¨â®­  ¢®§à áâ ¥â ¤® 6,7 ­¬.� ª á«¥¤ã¥â ¨§ à¨á. 2, ¡, ¥é¥ ¡®«¥¥ çã¢áâ¢¨â¥«¥­ ª¤¨í«¥ªâà¨ç¥áª®© ¯à®­¨æ ¥¬®áâ¨ ®ªàã¦ îé¥© ­¨âìáà¥¤ë à ¤¨ãá íªá¨â®­  ¢ ¢®§¡ã¦¤¥­­®¬ á®áâ®ï­¨¨.� ª, ¤«ï ªà¥¬­¨¥¢®© ­¨â¨ ¢ ¢ ªãã¬¥ ®¡« áâì «®ª -«¨§ æ¨¨ ¢®§¡ã¦¤¥­­®£® á®áâ®ï­¨ï íªá¨â®­  ¯®çâ¨ ¢4 à §  ¬¥­ìè¥, ç¥¬ ¢ áà¥¤¥ á â®© ¦¥, çâ® ¨ ã ­¨â¨,¤¨í«¥ªâà¨ç¥áª®© ¯à®­¨æ ¥¬®áâìî.� ª ¯®ª § «¨ à áç¥âë, ¯à¨ ã¬¥­ìè¥­¨¨ ¤¨ ¬¥âà ªà¥¬­¨¥¢®© ­¨â¨ ¢ ¢ ªãã¬¥ ®¤­®¢à¥¬¥­­® á ãá¨«¥-­¨¥¬ «®ª «¨§ æ¨¨ íªá¨â®­  ¯à®¨áå®¤¨â ã¢¥«¨ç¥­¨¥í­¥à£¨¨ á¢ï§¨ (à¨á. 3). � ¢¨á¨¬®áâì Eexc(d) å®à®è® ¯¯à®ªá¨¬¨àã¥âáï ä®à¬ã«®©Eexc(d) = 2e2"id h ln� dab�+ 4;838i; (4)£¤¥ ab | ¡®à®¢áª¨© à ¤¨ãá íªá¨â®­  ¢ ®¡ê¥¬¥ ªà¥¬-­¨ï.16 ���, ä¨§¨ª ,  áâà®­®¬¨ï, ü 5
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��
�����������¨á. 2. � ¢¨á¨¬®áâì ª¢ ¤à â  ¢®«­®¢®© äã­ªæ¨¨ ®â ª®®à¤¨­ âë ¤«ï íªá¨â®­  ¢ ®á­®¢­®¬ ( ) ¨ ¯¥à¢®¬ ¢®§¡ã¦-¤¥­­®¬ á®áâ®ï­¨¨ (¡) ¢ ª¢ ­â®¢®© ­¨â¨ ¤¨ ¬¥âà®¬ d = 4 ­¬, ¯®¬¥é¥­­®© ¢ à §«¨ç­ë¥ ¤¨í«¥ªâà¨ç¥áª¨¥ áà¥¤ë:
 = "i="e = 0,5 (1), 1 (2), 12 (3)���������	
��¨á. 3. � ¢¨á¨¬®áâì í­¥à£¨¨ á¢ï§¨ íªá¨â®­  Eexc ®â ¤¨ -¬¥âà  d ªà¥¬­¨¥¢®© ­¨â¨ ¢ ¢ ªãã¬¥ (
 = 12 )� ¢¨á¨¬®áâì Eexc ®â ¤¨í«¥ªâà¨ç¥áª®© ¯à®­¨æ ¥-¬®áâ¨ ¢­¥è­¥© áà¥¤ë ¯à¥¤áâ ¢«¥­  ­  à¨á. 4. �«ï­¨â¨ á d= 4 ­¬ ¯à¨ "e = 1 ¢¥«¨ç¨­  Eexc ¤®áâ¨£ ¥â288 ¬í�. �â® ¢ ­¥áª®«ìª® à § ¡®«ìè¥ í­¥à£¨¨ á¢ï§¨íªá¨â®­  ¤«ï ªà¥¬­¨¥¢®© ª¢ ­â®¢®© ­¨â¨ ¡«¨§ª®-£® ¯®¯¥à¥ç­®£® à §¬¥à , à ááç¨â ­­®© ¢ à ¡®â¥ [4],¯®-¢¨¤¨¬®¬ã, ¨§-§  ­¥¤®áâ â®ç­® â®ç­®£® ãç¥â  ¢ [4]¤¨í«¥ªâà¨ç¥áª®© ¯®«ïà¨§ æ¨¨ áà¥¤ë. �®«ãç¥­­®¥ ­ -¬¨ §­ ç¥­¨¥ Eexc §­ ç¨â¥«ì­® ¯à¥¢ëè ¥â í­¥à£¨îá¢ï§¨ íªá¨â®­  ¢ ®¡ê¥¬­®¬ ¬®­®ªà¨áâ ««¥ ªà¥¬­¨ï(14 ¬í�), çâ® á®£« áã¥âáï á ¢ë¢®¤ ¬¨ à ¡®âë [3].

�®«ìè ï í­¥à£¨ï á¢ï§¨ ¯®§¢®«ï¥â íªá¨â®­ ¬ áãé¥áâ-¢®¢ âì ¯à¨ ª®¬­ â­®© â¥¬¯¥à âãà¥. �§«ãç â¥«ì­®© ­­¨£¨«ïæ¨¥© ¯®¤®¡­ëå á¨«ì­® á¢ï§ ­­ëå íªá¨â®-­®¢ ¢ ªà¥¬­¨¥¢ëå ª¢ ­â®¢ëå ­¨âïå ¬®¦­® ®¡êïá­¨âìíää¥ªâ¨¢­ãî «î¬¨­¥áæ¥­æ¨î ¯®à¨áâ®£® ªà¥¬­¨ï ¢¢ ªãã¬¥ ¨«¨ ­  ¢®§¤ãå¥ [6]. �®¢ëè¥­¨¥ â¥¬¯¥à âã-àë ¯à¨¢®¤¨â ª á­¨¦¥­¨î ª®­æ¥­âà æ¨¨ íªá¨â®­®¢¢á«¥¤áâ¢¨¥ ¨å â¥à¬¨ç¥áª®© ¤¨áá®æ¨ æ¨¨, çâ® ã¬¥­ì-è ¥â íää¥ªâ¨¢­®áâì «î¬¨­¥áæ¥­æ¨¨. �®«ãç¥­­ ï ¨§ ­ «¨§  íªá¯¥à¨¬¥­â «ì­ëå ¤ ­­ëå ¯® â¥¬¯¥à âãà-­®¬ã £ è¥­¨î ä®â®«î¬¨­¥áæ¥­æ¨¨ ¯®à¨áâ®£® ªà¥¬-���������	
��¨á. 4. � ¢¨á¨¬®áâì í­¥à£¨¨ á¢ï§¨ íªá¨â®­  Eexc ¢ ªà¥¬-­¨¥¢®© ­¨â¨ ¤¨ ¬¥âà®¬ d= 2 (1) ¨ 4 ­¬ (2) ®â ¤¨í«¥ªâà¨-ç¥áª®© ¯à®­¨æ ¥¬®áâ¨ ¢­¥è­¥© áà¥¤ë



�¥áâ­¨ª �®áª®¢áª®£® ã­¨¢¥àá¨â¥â . �¥à¨ï 3. �¨§¨ª . �áâà®­®¬¨ï. 1999. ü5 33­¨ï ¢ ¢ ªãã¬¥ í­¥à£¨ï á¢ï§¨ íªá¨â®­®¢ á®áâ ¢«ï¥â®ª®«® 0,2 í� [9], çâ® á®£« áã¥âáï á ¯à¥¤áâ ¢«¥­­ë¬¨­  à¨á. 4 à áç¥â­ë¬¨ §­ ç¥­¨ï¬¨.� ª á«¥¤ã¥â ¨§ à¨á. 4, ¤«ï ª¢ ­â®¢®© ­¨â¨ ¢ áà¥¤¥á ¡®«ìè¨¬ §­ ç¥­¨¥¬ ¤¨í«¥ªâà¨ç¥áª®© ¯à®­¨æ ¥¬®á-â¨ (
 < 1) í­¥à£¨ï á¢ï§¨ íªá¨â®­  ã¬¥­ìè ¥âáï ¤®­¥áª®«ìª¨å ¬¨««¨í«¥ªâà®­-¢®«ìâ. �®íâ®¬ã ã¦¥ ¯à¨ª®¬­ â­®© â¥¬¯¥à âãà¥ ¡ã¤¥â ¯à®¨áå®¤¨âì â¥¯«®¢ ï¤¨áá®æ¨ æ¨ï â ª¨å íªá¨â®­®¢, çâ® ¤®«¦­® ¯à¨¢¥áâ¨ ª£ è¥­¨î «î¬¨­¥áæ¥­æ¨¨. �â®â ¢ë¢®¤ å®à®è® á®£« -áã¥âáï á íªá¯¥à¨¬¥­â «ì­ë¬¨ ¤ ­­ë¬¨ à ¡®â [5, 6,10], ¢ ª®â®àëå ®¡­ àã¦¥­® á¨«ì­®¥ ã¬¥­ìè¥­¨¥ ¨­-â¥­á¨¢­®áâ¨ ä®â®«î¬¨­¥áæ¥­æ¨¨ ¯®à¨áâ®£® ªà¥¬­¨ï¯®á«¥ § ¯®«­¥­¨ï ¯à®áâà ­áâ¢  ¬¥¦¤ã ¥£® ª¢ ­â®-¢ë¬¨ ­¨âï¬¨ ¢¥é¥áâ¢®¬ á ¡®«ìè®© ¤¨í«¥ªâà¨ç¥áª®©¯à®­¨æ ¥¬®áâìî (íâ ­®«, ¬¥â ­®«).�à®¬¥ ®á­®¢­®£® á®áâ®ï­¨ï ­ ¬¨ ¡ë«® à ááç¨-â ­® â ª¦¥ ­¥áª®«ìª® ¯¥à¢ëå ¢®§¡ã¦¤¥­­ëå á®áâ®-ï­¨© íªá¨â®­ . � ¢¨á¨¬®áâì í­¥à£¨¨ n-£® á®áâ®ï­¨ïíªá¨â®­  En ®â ­®¬¥à  ª¢ ­â®¢®£® ç¨á«  n ¤«ï à §-«¨ç­ëå à ¤¨ãá®¢ ªà¥¬­¨¥¢®© ­¨â¨ ¢ ¢ ªãã¬¥ ¯à¥¤-áâ ¢«¥­  ­  à¨á. 5. �¥«¨ç¨­  E1 ¯® ®¯à¥¤¥«¥­¨îà ¢­  Eexc . �­ «¨§ ¯®ª § «, çâ® á¯¥ªâà ¢®§¡ã¦¤¥­-­ëå á®áâ®ï­¨© íªá¨â®­  ¢ ª¢ ­â®¢®© ­¨â¨ á ãç¥â®¬­ ¢¥¤¥­­ëå § àï¤®¢ ¯à¥¤áâ ¢«ï¥â á®¡®© § ¢¨á¨¬®áâì¢¨¤  En =� �(n+ �)2 ; (5)£¤¥ � ¨ � | ¯ à ¬¥âàë, ¡®«ìè¨¥ ­ã«ï ¨ § ¢¨áï-é¨¥ ®â d ¨ 
 . � ª, ­ ¯à¨¬¥à, ¤«ï ªà¥¬­¨¥¢®© ­¨â¨¤¨ ¬¥âà®¬ 4 ­¬ ¢ ¢ ªãã¬¥ � = 4;34 í� ¨ � = 2;9 .� ¢¨á¨¬®áâì (5) ®â«¨ç ¥âáï ®â § ¢¨á¨¬®áâ¨ ¤«ï íªá¨-â®­  ª ª ¢ âà¥å¬¥à­®¬, â ª ¨ ¢ ®¤­®¬¥à­®¬ ®¡ê¥ª-â¥ ¡¥§ ãç¥â  ¤¨í«¥ªâà¨ç¥áª®© ­¥®¤­®à®¤­®áâ¨ áà¥¤ë(¢®¤®à®¤®¯®¤®¡­ë¥ á¯¥ªâàë). � ª ¢¨¤­® ¨§ à¨á. 5 ¨ä®à¬ã«ë (5), § ¢¨á¨¬®áâì í­¥à£¨¨ íªá¨â®­  ¢ ­¨â¨®â ª¢ ­â®¢®£® ç¨á«  ¨¬¥¥â ¡®«¥¥ ¯« ¢­ë© å®¤, ç¥¬ ¢âà¥å¬¥à­®¬ á«ãç ¥. � ãç¥â®¬ ¡®«ìè®© ¢¥«¨ç¨­ë En¤«ï ¯¥à¢ëå ¢®§¡ã¦¤¥­­ëå á®áâ®ï­¨© ¯à¥¤áâ ¢«ï¥â-áï ¢¯®«­¥ à¥ «ì­ë¬ íªá¯¥à¨¬¥­â «ì­®¥ ­ ¡«î¤¥­¨¥íâ¨å á®áâ®ï­¨©.� ª¨¬ ®¡à §®¬, à áç¥â ¢®«­®¢ëå äã­ªæ¨© ¨ í­¥à-£¥â¨ç¥áª®£® á¯¥ªâà  íªá¨â®­®¢ ¢ ªà¥¬­¨¥¢ëå ª¢ ­-â®¢ëå ­¨âïå, ®ªàã¦¥­­ëå áà¥¤®© á à §«¨ç­®© ¤¨-í«¥ªâà¨ç¥áª®© ¯à®­¨æ ¥¬®áâìî, ¯®ª § «, çâ® í­¥à-£¨ï á¢ï§¨ íªá¨â®­®¢ §­ ç¨â¥«ì­® ¢®§à áâ ¥â, ª®£¤ ¤¨í«¥ªâà¨ç¥áª ï ¯à®­¨æ ¥¬®áâì áà¥¤ë ¬¥­ìè¥, ç¥¬¤¨í«¥ªâà¨ç¥áª ï ¯à®­¨æ ¥¬®áâì ­¨â¨, ¨ à¥§ª® ¯ ¤ ¥â¢ ¯à®â¨¢®¯®«®¦­®¬ á«ãç ¥.�¢â®àë ¡« £®¤ àïâ ¯à®ä. �. �.� èª à®¢  §  ¯«®-¤®â¢®à­ë¥ ®¡áã¦¤¥­¨ï à¥§ã«ìâ â®¢.
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