
�¥áâ­¨ª �®áª®¢áª®£® ã­¨¢¥àá¨â¥â . �¥à¨ï 3. �¨§¨ª . �áâà®­®¬¨ï. 2004. ò4 57� � � � � � � � � � � � � � � �������������� � �������������� ��������� 530.145 ����� ������� � ������������ ������ �������������������� ��ð������� � ������������������������� ������������.�. � ¢«®¢ , �.�. �à¥­ª¨­(ª ä¥¤à  â¥®à¥â¨ç¥áª®© ä¨§¨ª¨; ª ä¥¤à  ª¢ ­â®¢®© â¥®à¨¨ ¨ ä¨§¨ª¨ ¢ëá®ª¨å í­¥à£¨©)� à ¡®â¥ ¯à¥¤áâ ¢«¥­  ¤ «ì­¥©è ï à §à ¡®âª  ®¯¥à â®à­®£® ¬¥â®¤  ¨­â¥£à «ì­ëå ¯à¥-®¡à §®¢ ­¨© ¤«ï ­ å®¦¤¥­¨ï í­¥à£¥â¨ç¥áª®£® á¯¥ªâà  à ¤¨ «ì­®£® ãà ¢­¥­¨ï �àñ¤¨­£¥à ,¨á¯®«ì§ã¥¬®£® ¤«ï ¯à¨âï£¨¢ îé¨å ¯®â¥­æ¨ «®¢� ­¥¥ ¢ à ¡®â å [1{4] ¡ë« à §à ¡®â ­ ¬¥â®¤ ¨­-â¥£à «ì­ëå ¯à¥®¡à §®¢ ­¨© ¤«ï ®¯à¥¤¥«¥­¨ï á¯¥ªâ-à  í­¥à£¨© à ¤¨ «ì­®£® ãà ¢­¥­¨ï �àñ¤¨­£¥à (��), ¢ ®á­®¢¥ ª®â®à®£® «¥¦¨â ¨áá«¥¤®¢ ­¨¥ « ¯-« á®¢áª¨å ®¡à §®¢ ¢®«­®¢ëå äã­ªæ¨©. �à¨ íâ®¬§ ¤ ç  á¢®¤¨« áì ª ¯à¨¡«¨¦¥­­®¬ã à¥è¥­¨î å -à ªâ¥à¨áâ¨ç¥áª®£® ãà ¢­¥­¨ï ¡¥áª®­¥ç­®© á¨áâ¥¬ë«¨­¥©­ëå  «£¥¡à ¨ç¥áª¨å ãà ¢­¥­¨©. � à ¡®â¥ [1]¡ë«¨ à áá¬®âà¥­ë ã¤¥à¦¨¢ îé¨© ¯®â¥­æ¨ « áâ¥-¯¥­­®£® à®áâ  ­  ¡¥áª®­¥ç­®áâ¨ ¨ ï¤¥à­®-ªã«®­®¢-áª¨©. � à ¡®â å [2, 3] ¡ë« à §à ¡®â ­ ®¯¥à â®à­ë©¢ à¨ ­â ¬¥â®¤  ¨­â¥£à «ì­ëå ¯à¥®¡à §®¢ ­¨© ¤«ï¯à¨âï£¨¢ îé¨å ¯®â¥­æ¨ «®¢. �ë¢®¤ ®ª®­ç â¥«ì­ëåä®à¬ã« [3, 4] ®¯¨à «áï ­  áã¬¬¨à®¢ ­¨¥ à áå®¤ï-é¨åáï àï¤®¢ ¯® ®¡à â­ë¬ áâ¥¯¥­ï¬ í­¥à£¨¨. � ¤ ­-­®© áâ âì¥ ¬ë ¯à¥¤« £ ¥¬ ­®¢ë© á¯®á®¡ ®¯à¥¤¥«¥­¨ïá¯¥ªâà  í­¥à£¨© ¡¥§ ä®à¬ «ì­®£® à áá¬®âà¥­¨ï ¨áã¬¬¨à®¢ ­¨ï à áå®¤ïé¨åáï àï¤®¢.� áá¬®âà¨¬ �� á ¯à®¨§¢®«ì­ë¬ ®à¡¨â «ì­ë¬ª¢ ­â®¢ë¬ ç¨á«®¬ l = 0; 1; 2; : : :d2	dr2 � l(l+1)	r2 �V (r)	+E	= 0 (~= 2m= 1); (1)á ¯®â¥­æ¨ «®¬ ¯à¨âï¦¥­¨ïV (r) = V (r=a) =�V0r + eV (r); a > 0; (2)¤®¯ãáª îé¨¬ à §«®¦¥­¨¥eV (r) = 1XN=0 bN � ra�N¨ ã¡ë¢ îé¨¬ ­  ¡¥áª®­¥ç­®áâ¨. �à¨ V0 6= 0 ¯®â¥­-æ¨ « (2) ¨¬¥¥â ªã«®­®¢áªãî ®á®¡¥­­®áâì ¤«ï r = 0 .�«ï â ª¨å ¯®â¥­æ¨ «®¢ ¯à¨ ­ å®¦¤¥­¨¨ á¯¥ªâà  ¢à ¡®â å [3, 4] ¯à¨å®¤¨«®áì áã¬¬¨à®¢ âì à áå®¤ïé¨-¥áï àï¤ë ¤«ï ª ¦¤®£® ¯®â¥­æ¨ «  ¢ ®â¤¥«ì­®áâ¨.�¤­ ª® ­ å®¦¤¥­¨¥ í­¥à£¥â¨ç¥áª®£® á¯¥ªâà  ¤«ïàï¤  ¯®â¥­æ¨ «®¢ ¬®¦­® ¯à¥¤¥«ì­® ã¯à®áâ¨âì, ¥á«¨¢®á¯®«ì§®¢ âìáï à¥è¥­¨¥¬ § ¤ ç¨ ¤«ï íªá¯®­¥­æ¨-

 «ì­®£® ¯®â¥­æ¨ «  [3]V (r) =� eV0a e�r=a; (3)¤«ï ª®â®à®£® á¯¥ªâà ®¯à¥¤¥«ï¥âáï ¨§ å à ªâ¥à¨áâ¨-ç¥áª®£® ãà ¢­¥­¨ïdet( eBnk(x)� (n+ l+1)�nk) = 0 (n; k = 0; 1; ::); (4)£¤¥ eBnk(x) =�eqx2d�nkdx ; eq = eV0a; (5)¯à¨ç¥¬ í­¥à£¨ï E =� 1(2ax)2 : (6)� âà¨æ  �nk ¯®«ãç¥­  ¢ § ¬ª­ãâ®© ä®à¬¥ ¢ à ¡®-â¥ [1] á ¯®¬®éìî à¥è¥­¨ï ­¥ª®â®à®£® ¨­â¥£à «ì­®£®ãà ¢­¥­¨ï ¨ à ¢­ �nk = k!(1 + x)n+k+2(l+1)�(k+2l+2) �� nXm=maxfn�k;0gxk�n+2m(1�x2)k�m�(k+m+2l+2)m!(n�m)!�(k +m� n+1) :�ãé¥áâ¢®¢ ­¨¥ ¯à®áâ®£® à¥è¥­¨ï § ¤ ç¨ ¤«ï ¯®-â¥­æ¨ «  (3) ®§­ ç ¥â, çâ® ç¥à¥§ �nk ¤®«¦­  ¢ëà -¦ âìáï á¯¥ªâà «ì­ ï ¬ âà¨æ  Bnk(x) ¤«ï «î¡®£®¯®â¥­æ¨ «  ¯à¨âï¦¥­¨ï, ¤«ï ª®â®à®£® áãé¥áâ¢ã¥â¯à¥®¡à §®¢ ­¨¥ � ¯« á :V (r) = V (ra) = 1Z0 K(y)e� raydy: (7)�®£¤  á¯¥ªâà í­¥à£¨© ®¯à¥¤¥«ï¥âáï ¨§ á¯¥ªâà «ì­®£®ãà ¢­¥­¨ï (4), ¢ ª®â®à®¬ ¬ âà¨æ  eBnk(x) § ¬¥­¥-­  ­  Bnk(x) =� aeV0 1Z0 K(y) 1y2 eBnk(xy)dy: (8)



58 �¥áâ­¨ª �®áª®¢áª®£® ã­¨¢¥àá¨â¥â . �¥à¨ï 3. �¨§¨ª . �áâà®­®¬¨ï. 2004. ò4�â® á¢ï§ ­® á â¥¬, çâ® ¯à¨ à §«®¦¥­¨¨ íªá¯®­¥­âëe�z =P1N=0(�z)N=N !; z = ry=a ¯®ï¢«ïîâáï «¨è-­¨¥ ¬­®¦¨â¥«¨ yN , çâ® ¯à¨¢®¤¨â ª § ¬¥­¥  à£ã¬¥­-â  x ¬ âà¨æë �nk(x) ­  xy , ¯à¨ç¥¬ ¬­®¦¨â¥«ì x2¢ (5) ®áâ ¥âáï ­¥¨§¬¥­­ë¬.�®¤áâ ­®¢ª  (5) ¢ (8) ¤ ¥â á¯¥ªâà «ì­ãî ¬ âà¨æãBnk(x) ¤«ï «î¡®£® ¯®â¥­æ¨ «  ¯à¨âï¦¥­¨ï, ¤«ïª®â®à®£® áãé¥áâ¢ã¥â ¯à¥®¡à §®¢ ­¨¥ (7):Bnk(x) = a2x 1Z0 K( tx)d�nk(t)dt dt:� ¬¥â¨¬, çâ® ¬ë ¡ã¤¥¬ à áá¬ âà¨¢ âì â®«ìª® â ª¨¥¯®â¥­æ¨ «ë, ¤«ï ª®â®àëå ä®à¬ã«  (7) á¯à ¢¥¤«¨¢ ¨ ¯à¨ r = 0 , â. ¥. ¬ë âà¥¡ã¥¬, çâ®¡ë ¡ë«® ¢ë¯®«­¥­®ãá«®¢¨¥ j R10 K(y)dyj<1 .�à¥®¡à §®¢ ­¨ï � ¯« á  (7) áãé¥áâ¢ãîâ ¤«ï æ¥-«®£® àï¤  ¯®â¥­æ¨ «®¢ V (r) = V (r=a) . (á¬. [5]),®ââã¤  ¦¥ ¬®£ãâ ¡ëâì ¢§ïâë ¨ ¨å « ¯« á®¢áª¨¥®¡à §ë K(y) .� ª ç¥áâ¢¥ ¯à¨¬¥à  ®¯à¥¤¥«¨¬ á­ ç «  á¯¥ªâà�� á ¯®â¥­æ¨ « ¬¨ ¯à¨âï¦¥­¨ï:V1(r) =�V0a 1(1 + r=a)3 ; V2(r) =�V0r 1(1 + r=a)2 :�¡  ¯®â¥­æ¨ «  ®¤¨­ ª®¢® ã¡ë¢ îâ ­  ¡¥áª®­¥ç-­®áâ¨ (ª ª �V0a2=r3 ) ¨ ¯à¨ ¤®áâ â®ç­® ¡®«ìè®¬¯ à ¬¥âà¥ q = V0a ¨¬¥îâ ª®­¥ç­®¥ ç¨á«® ãà®¢­¥©í­¥à£¨¨. �¤­ ª® ¢â®à®© ¯®â¥­æ¨ « ¨¬¥¥â ¥é¥ ¨ªã«®­®¢áªãî ®á®¡¥­­®áâì ¯à¨ r = 0 .� ¯« á®¢áª¨¥ ®¡à §ë K(y) ¤«ï ¯®â¥­æ¨ «®¢V1(r) ¨ V2(r) á®®â¢¥âáâ¢¥­­® à ¢­ëK1(y) =�V02ay2e�y; K2(y) =�V02a + V0a (1 + y)e�y:� á¯¥ªâà «ì­®¬ ãà ¢­¥­¨¨ (4) ¬ âà¨æë Bnk(x)¤«ï ¢ë¡à ­­ëå ¯®â¥­æ¨ «®¢ à ¢­ëB(1)nk (x) =�q2x2 1Z0 e�tt2 d�nk(xt)d(xt) dt;B(2)nk (x) = qx�nk + q0x 1Z0 e�t(1 + t)d�nk(xt)d(xt) dt:� ª ç¥áâ¢¥ ¥é¥ ®¤­®£® ¯à¨¬¥à  ¨áá«¥¤®¢ «áïá¯¥ªâà í­¥à£¨© �� á ¯®â¥­æ¨ «®¬V3(r) =�2V0a� arctan ar ; K3(y) =�2V0a� sin(y)y :�à¨ íâ®¬ á¯¥ªâà «ì­ ï ¬ âà¨æ  ¢ (4) à ¢­ B(3)nk (x) =�2q� x2 1Z0 sin tt d�nk(xt)d(xt) dt:�«ï ª ¦¤®£® ¨§ ¯à¨¢¥¤¥­­ëå ¯®â¥­æ¨ «®¢ ¯à¨®¯à¥¤¥«¥­­ëå §­ ç¥­¨ïå ¯ à ¬¥âà  q = aV0 ãà ¢-­¥­¨¥ (4) à¥è «®áì ¤«ï l = 0 ¯®á«¥¤®¢ â¥«ì­®

¯à¨ à §«¨ç­ëå à ­£ å K ¬ âà¨æë Bnk(x) . �à¨K = 1 (n = 0; k = 0) ãà ¢­¥­¨¥ (4) ¨¬¥¥â ®¤­®à¥è¥­¨¥ x0 , ª®â®à®¥ á®®â¢¥âáâ¢ã¥â ®á­®¢­®¬ã á®-áâ®ï­¨î (á¬. (6)). �à¨ K = 2 (n = 0; 1; k = 0; 1)¯à¨ ­¥ª®â®àëå §­ ç¥­¨ïå ¯ à ¬¥âà  q ¯®ï¢«ï¥âáï¥é¥ ®¤­® à¥è¥­¨¥ x1 , ª®â®à®¥ á®®â¢¥âáâ¢ã¥â á«¥-¤ãîé¥¬ã ãà®¢­î í­¥à£¨¨. �à¨ K = 3 (n = 0; 1; 2;k = 0; 1; 2) ¢®§¬®¦­® ¯®ï¢«¥­¨¥ á«¥¤ãîé¥£® ª®à­ïx2 , â. ¥. ¥é¥ ®¤­®£® ãà®¢­ï í­¥à£¨¨.� â ¡«. 1{3 ¯à¥¤áâ ¢«¥­ë § ¢¨á¨¬®áâ¨ §­ ç¥­¨©¢¥«¨ç¨­ x0; x1; x2 ®â ¯ à ¬¥âà®¢ q ¨ à ­£  ¬ âà¨-æë K ¤«ï à áá¬ âà¨¢ ¥¬ëå ¯®â¥­æ¨ «®¢ V1; V2; V3:�   ¡ « ¨æ   1V1(r) =�[q=a2](1 + r=a)�3q 10 20 50 100K = 1 1.5100 .40800 .16817 .10023K = 2 1.0645 .40295 .16468 .09367.19113K = 3 1.0310 .40220 .16302 .09342.19062�   ¡ « ¨æ   2V2(r) =�[q=ar](1 + r=a)�2q 5 10 20 50K = 1 .16423 .06225 .02172K = 2 .53986 .15102 .06121 .02166.06057K = 3 .48979 .14961 .06115 .02165.39149 .05557�   ¡ « ¨æ   3V3(r) =�[2q=a2�]arctan(a=r)q0 1 5 10 20 50 100K = 1 1.7245 .47196 .29399 .19037 .11175 .07628K = 2 1.7134 .44574 .26794 .16792 .09556 .064223.2975 .80705 .47806 .29718 .16784 .11233K = 3 1.6959 .44495 .26793 .16739 .09393 .062363.2834 .75305 .41606 .24004 .12642 .082234.8721 1.1461 .66692 .40924 .22786 .15112�à¨¢¥¤¥­­ë¥ ¯à¨¬¥àë ¤¥¬®­áâà¨àãîâ å®à®èãîáå®¤¨¬®áâì ¯à®æ¥¤ãàë ­ å®¦¤¥­¨ï á¯¥ªâà  ��¯à¨ ã¢¥«¨ç¥­¨¨ à ­£  ¬ âà¨æë å à ªâ¥à¨áâ¨ç¥áª®£®ãà ¢­¥­¨ï (4).�¢â®àë £«ã¡®ª® ¡« £®¤ à­ë �. �. �ãª®¢áª®¬ã ¨�.�. �®à¨á®¢ã §  ¯«®¤®â¢®à­®¥ ®¡áã¦¤¥­¨¥ à¥§ã«ì-â â®¢ à ¡®âë.
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