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�ë«® ¯®ª § ­®, çâ® ãà ¢­¥­¨¥ (1) ­¥ ¯à¨¢®¤¨â ª¯à®¡«¥¬ ¬, á¢®©áâ¢¥­­ë¬ ãà ¢­¥­¨î �®à¥­æ {�¨-à ª  [1{5].� à ¡®â å [7, 8] ¬¥â®¤ ¬¨ ç¨á«¥­­®£® áç¥â  ¡ë-«¨ ¨áá«¥¤®¢ ­ë ­®¢ë¥ ¯à¨«®¦¥­¨ï ¬®¤¥«¨ �®¬¬¥à-ä¥«ì¤ : ª« áá¨ç¥áª®¥ âã­­¥«¨à®¢ ­¨¥, æ¨ª«®âà®­-­®¥ ¤¢¨¦¥­¨¥ ¨ ¤à.�¤­ ª® áãé¥áâ¢ã¥â § ¤ ç , ¢ ª®â®à®© à¥§ã«ìâ â¯®«ãç ¥âáï  ­ «¨â¨ç¥áª¨. �â® | § ¤ ç  ® âã­­¥-«¨à®¢ ­¨¨ áª¢®§ì á¯¥æ¨ «ì­ë¬ ®¡à §®¬ ¢ë¡à ­­ãî¯®â¥­æ¨ «ì­ãî áâã¯¥­ìªã.�ãáâì ç áâ¨æ  �®¬¬¥àä¥«ì¤  ¤¢¨¦¥âáï ¢ í«¥ª-âà®áâ â¨ç¥áª®¬ ¯®«¥ E = (0; 0; Ez) , § ¤ ¢ ¥¬®¬ ¯®-â¥­æ¨ «®¬ � ¢ ¢¨¤¥ áâã¯¥­ìª¨ ¢ëá®âë B ¨ è¨à¨-­ë S : �=B[�(z)� �(z � S)];Ez =�d�dz =�B�(z) +B�(z � S): (2)�®£¤  á¨« , ¤¥©áâ¢ãîé ï ­  ç áâ¨æã �®¬¬¥àä¥«ì¤ ,¢ëç¨á«ï¥âáï â ª:Fext = Z dr �Ez == QB4�a2 Z dr �(jr�Rj � a)[��(z) + �(z � S)]:� ­®¢ë¬¨ ¯¥à¥¬¥­­ë¬¨ r � � + R; dr = d� == �2d� sin �d�d� , ¯®« £ ï cos � � � ®âªã¤  á«¥-¤ã¥â z = R + �� , ¨­â¥£à¨àãï ¯® � ¨ á­¨¬ ï



�¥áâ­¨ª �®áª®¢áª®£® ã­¨¢¥àá¨â¥â . �¥à¨ï 3. �¨§¨ª . �áâà®­®¬¨ï. 2003. ò2 7¤¥«ìâ -äã­ªæ¨î ¯® � , ¯®«ãç ¥¬Fext = QB2a +1Z�1 d� [��(R+ a�) + �(R+ a�� S)] == QB2a 24� R+aZR�a dw�(w) + R+a�SZR�a�S dw�(w)35 :�ç¨â ï çâ® S > a , ¢ëà ¦¥­¨¥ ¢ ª¢ ¤à â­ëå áª®¡ª åà áªàë¢ ¥âáï â ª:8>>>>>>><>>>>>>>:
0; R <�a;�1; �a < R <+a;0; +a < R < S � a;+1; S � a < R < S + a;0; R > S + a:�¥à¥©¤¥¬ ª ¡¥§à §¬¥à­ë¬ ¢¥«¨ç¨­ ¬ y = R=L;� = ct=L; � = 2a=L . �ë¡¥à¥¬ ¤«ï ¯à®áâ®âë á®®â­®-è¥­¨¥ S = L = 2a . �®£¤  ãà ¢­¥­¨¥ (1) ã¯à®é ¥âáï¨ ¯à¨­¨¬ ¥â ¢¨¤d2yd�2 = k �dy(� � 1)d� � dy(�)d� �+ ��; (3)£¤¥ k = 2Q23mc2a ; �= QBmc2 , ¨�=8>>>><>>>>:0; y <�1=2;�1; �1=2< y < 1=2;+1; 1=2< y < 3=2;0; 3=2< y:�à¥¤¥« â®ç¥ç­®áâ¨ a ! 0 ¤«ï á¨«ë Fext ¤ ¥â¢ëà ¦¥­¨¥lima!0Fext =QB[��(R) + �(R� S)]:�­® ¯à¨¢®¤¨â ª á«¥¤ãîé¥¬ã ­ìîâ®­®¢áª®¬ã ãà ¢­¥-­¨î ¤¢¨¦¥­¨ï â®ç¥ç­®£® â¥«  (¡¥§ ãç¥â  á ¬®¤¥©áâ-¢¨ï) m _v =QB[��(R) + �(R� S)] ==QB ddR [��(R) + �(R� S)]: (4)�à ¢­¥­¨¥ (4) ¨¬¥¥â ¯¥à¢ë© ¨­â¥£à «:mv22 +QB[�(R)� �(R� S)] = const =mv202 :�âáî¤  ¯à¨ 0<R< S ¯®«ãç ¥¬v =qv20 � (2QB=m):� ©¤¥­­®¥ à¥è¥­¨¥ ®¯¨áë¢ ¥â ¯à®å®¦¤¥­¨¥ ¡ àì¥à (áâã¯¥­ìª¨), â®«ìª® ¥á«¨ ­ ç «ì­ ï áª®à®áâì ç áâ¨-æë v0 ¯à¥¢ëè ¥â ªà¨â¨ç¥áª®¥ §­ ç¥­¨¥ vcr , à ¢­®¥p2QB=m ¨«¨ ¢ ¡¥§à §¬¥à­ëå ¯¥à¥¬¥­­ëåvcrc � _ycr =p2�: (5)

�¥à¥©¤¥¬ â¥¯¥àì ª ¨áá«¥¤®¢ ­¨î à¥è¥­¨© ãà ¢-­¥­¨ï (3).�à¨ k � 0 ãà ¢­¥­¨¥ (3) ¨¬¥¥â ¢ ®¡« áâ¨�1=2 < y <+1=2; 0< � < t1 à¥è¥­¨¥y =�1=2 + v0� � ��2=2; _y = v0 � ��: (6)�âáî¤  á«¥¤ã¥â, çâ® ª®®à¤¨­ â  y = +1=2 ¤®áâ¨£ -¥âáï (¯à¨ ¤¢¨¦¥­¨¨ á _y > 0) ¢ ¬®¬¥­â ¢à¥¬¥­¨ t1 :t1 = v0 �p(v0)2 � 2�� : (7)�®®â¢¥âáâ¢¥­­® ¯®â¥­æ¨ «ì­ë© ¡ àì¥à ¯à¥®¤®«¥¢ -¥âáï ¯à¨ v0 > p2� ,   ¬¨­¨¬ «ì­ ï áª®à®áâì, ­¥®¡-å®¤¨¬ ï ¤«ï ¯à¥®¤®«¥­¨ï ¡ àì¥à  (¯®«®¦¨â¥«ì­ ïç áâì á¨«ë ¯à¨ 1=2 < y < 3=2 ¢ ãà ¢­¥­¨¨ (3)ç áâ¨æã ­¥ â®à¬®§¨â,   â®«ìª® à §£®­ï¥â, â. ¥. ­¥á®§¤ ¥â ¯à¥¯ïâáâ¢¨© ¢ ¤¢¨¦¥­¨¨ ç áâ¨æë, ¨ ¯®-íâ®¬ã ¤«ï  ­ «¨§  ãá«®¢¨ï ¯à®å®¦¤¥­¨ï ç áâ¨æëç¥à¥§ ¡ àì¥à ¬®¦­® à áá¬ âà¨¢ âì â®«ìª® ®¡« áâì�1=2 < y < +1=2), à ¢­  v0 = p2� , ¯à¨ íâ®¬_y(t1) = 0 ¨ t1 = v0=�= 2=v0; (8)â. ¥. ¥á«¨ t1 = 2 , â® ­ ç «ì­ ï áª®à®áâì ¤®«¦­ à ¢­ïâìáï ¥¤¨­¨æ¥,   � = 1=2 , ¥á«¨ t1 = 3 , â®­ ç «ì­ ï áª®à®áâì ¤®«¦­  à ¢­ïâáï 2=3 ,   �= 2=9¨ â. ¤.�á«¨ ¯ à ¬¥âà k ¢ (3) ­¥ à ¢¥­ ­ã«î,   ª®®à¤¨-­ â  y = 1=2 ¤®áâ¨£ ¥âáï ¢ ¬®¬¥­â ¢à¥¬¥­¨ � = t1â ª, çâ® _y(t1) = 0 (¨, §­ ç¨â, ¢ ¯à¥¤ë¤ãé¨¥ ¬®¬¥­âë¢à¥¬¥­¨ áª®à®áâì ¯®«®¦¨â¥«ì­ ), â® ¤ «ì­¥©è¥¥¤¢¨¦¥­¨¥ ç áâ¨æë ¯à¨ 1=2 < y < 3=2 ®¯à¥¤¥«ï¥âáïãà ¢­¥­¨¥¬d2yd�2 + kdy(�)d� = kdy(� � 1)d� + �� f;£¤¥ f > 0 .�â® ãà ¢­¥­¨¥ ¯à¨ ãá«®¢¨¨ _y(t1) = 0 ¨¬¥¥â à¥è¥-­¨¥ _y = e(�k�) �Zt1 dt0f(t0)e(kt0) > 0;â. ¥. ç áâ¨æ  ¯à¥®¤®«¥¢ ¥â ¡ àì¥à ¨ ¯à¨ t > t1¯à®¤®«¦ ¥â ¤¢¨¦¥­¨¥.�áå®¤ï ¨§ áª § ­­®£®, ¯®áâà®¨¬ <âã­­¥«¨àãî-é¨¥> à¥è¥­¨ï ãà ¢­¥­¨ï (3).�â ª, ¯à¥¤¯®«®¦¨¬, çâ® ç áâ¨æ  �®¬¬¥àä¥«ì¤ ¯à¨ á¢®¥¬ ¤¢¨¦¥­¨¨ ¤®áâ¨£ ¥â â®çªã y = �1=2 ¯à¨� = 0 ,   â®çªã y = 1=2 | ¯à¨ � = t1 .�ãáâì ¯à¨ � < 0 ç áâ¨æ  ¤¢¨¦¥âáï á ¯®áâ®ï­­®©áª®à®áâìî dyd� = v0 = const :�ãáâì ¢ë¯®«­ï¥âáï ãá«®¢¨¥ _y(t1) = 0 (â. ¥. ¡ àì¥à¯à¥®¤®«¥¢ ¥âáï), ¨ ¯ãáâìt1 = 2: (9)4 ���, ä¨§¨ª ,  áâà®­®¬¨ï, ò2



8 �¥áâ­¨ª �®áª®¢áª®£® ã­¨¢¥àá¨â¥â . �¥à¨ï 3. �¨§¨ª . �áâà®­®¬¨ï. 2003. ò2�®£¤  ¨­â¥£à¨à®¢ ­¨¥ ãà ¢­¥­¨ï (3) ¯à®¢®¤¨âáï ¢¤¢  íâ ¯  | ­  ¨­â¥à¢ «¥ 0 < � < 1; �1=2 < y < y1¨ ­  ¨­â¥à¢ «¥ 1< � < 2; y1 < y < 1=2 .�¥è¥­¨¥ ­  ¯¥à¢®¬ ¨­â¥à¢ «¥ ¥áâì ¢ëà ¦¥­¨¥_y = v0 � �k + �k e(�k�); (10)  ­  ¢â®à®¬ |_y = v0 � 2�k + a0e(�k�) + ��e(�k�+k);£¤¥ a0 = �k (e(k) +1)� �e(k): (11)�á«®¢¨ï y(0) = �1=2; y(1) = y1; y(2) = 1=2 ¨_y(2) = 0 á¢®¤ïâáï ª á¨áâ¥¬¥ á®®â­®è¥­¨©v0 = f1�;�= 1=f2;£¤¥ f1 = 2k � e(�k) 1 + 1k + e(�k)k ! ; (12)f2 = 1� e(�k)k + 3� 2e(�k) � e(�2k)k2 �� 2e(�k) 1 + 1k + e(�k)k ! : (13)�­ «¨§ äã­ªæ¨© f1(k) ¨ f2(k) ¯®ª §ë¢ ¥â, çâ® ãá«®-¢¨¥ v0 <p2� ¤«ï ­ ©¤¥­­®£® à¥è¥­¨ï ¢ë¯®«­ï¥âáï¢ á¨«ã ­¥à ¢¥­áâ¢  f1=p2f2 < 1 , â. ¥. ¯à®¨áå®¤¨ââã­­¥«¨à®¢ ­¨¥ (­ ç «ì­ ï áª®à®áâì ¯à¨­ ¤«¥¦¨â§ ¯à¥é¥­­®© ®¡« áâ¨), ®¤­ ª® ¢ á¨«ã á®®â­®è¥­¨ïf1=f2 > 1 ­ ç «ì­ ï áª®à®áâì ®ª §ë¢ ¥âáï ¢á¥£¤ ¡®«ìè¥ ¥¤¨­¨æë: v0 > 1 (¯à¨ íâ®¬ ¯à¨ k � 0¢ë¯®«­ï¥âáï v0 = 1 ¨ � = 1=2 ¢ á®®â¢¥âáâ¢¨¨ áà¥§ã«ìâ â®¬ (8)).�ãáâì â¥¯¥àì ¢¬¥áâ® ãá«®¢¨ï (9) á¯à ¢¥¤«¨¢®t1 = 3: (14)�®£¤  ¨­â¥£à¨à®¢ ­¨¥ ãà ¢­¥­¨ï (3) ¯à®¢®¤¨âáï ¢âà¨ íâ ¯  | ­  ¨­â¥à¢ «¥ 0 < � < 1; �1=2 < y < y1á à¥è¥­¨¥¬ ¢ ä®à¬¥ (10), ­  ¨­â¥à¢ «¥ 1 < � < 2;y1 < y < y2 á à¥è¥­¨¥¬ ¢ ä®à¬¥ (11) ¨ ­  ¨­â¥à¢ «¥2< � < 3; y2 < y < 1=2 á à¥è¥­¨¥¬ ¢ ä®à¬¥_y = v0 � 3�k ++ e(�k�) �a1 + ke(k) �a0��e(k)� � + k�e(2k)�2=2�;£¤¥a1 = e(2k) ��k � 2�+2k�� �e(�k) + �k e(�k)� : (15)
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