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£¤¥ rg | £à ¢¨â æ¨®­­ë© à ¤¨ãá æ¥­âà  âï£®â¥-­¨ï (áª «ïà­®© §¢¥§¤ë § àï¤®¬ Q), � = 32��Q2 ,  b; p; s; w ¨ � | ¯®áâ®ï­­ë¥ ¢¥«¨ç¨­ë ­ è¥© â¥®à¨¨.�à¥¦¤¥ ç¥¬ ¯à¨áâã¯ âì ª ¨§ãç¥­¨î ­®¢ëå íä-ä¥ªâ®¢, ª®â®àë¥ ¡ã¤ãâ ¯à®ï¢«ïâìáï ¢ ¤¢¨¦¥­¨¨ ¬ á-á¨¢­ëå ¯à®¡­ëå ç áâ¨æ ¨§-§  ­ «¨ç¨ï áª «ïà­®£®£à ¢¨â æ¨®­­®£® § àï¤ , á¤¥« ¥¬ á«¥¤ãîé¥¥ § ¬¥ç -­¨¥: â ª ª ª ¯¥à¥¬¥­­ ï r ¯á¥¢¤®à¨¬ ­®¢  ¯à®áâà ­-áâ¢ -¢à¥¬¥­¨ (1) ï¢«ï¥âáï ª®®à¤¨­ â­®© ¢¥«¨ç¨­®©,¯à¥¤áâ ¢«ïîé¥© ®¯à¥¤¥«¥­­ë© ¢ë¡®à ¤¥«¥­¨ï à ¤¨- «ì­®© ®á¨, â® ¬ë ¬®¦¥¬, ­¥ ®£à ­¨ç¨¢ ï ®¡é­®áâ¨,



�¥áâ­¨ª �®áª®¢áª®£® ã­¨¢¥àá¨â¥â . �¥à¨ï 3. �¨§¨ª . �áâà®­®¬¨ï. 2003. ò5 23¨á¯®«ì§®¢ âì ¨ ¤àã£¨¥ á¯®á®¡ë ¬ àª¨à®¢ª¨ â®ç¥ªíâ®© ®á¨.�«ï ­ é¨å æ¥«¥© ã¤®¡­¥¥ ¯¥à¥©â¨ ®â ¯¥à¥¬¥­­®©r ¢ ¢ëà ¦¥­¨ïå (1) ª à ¤¨ «ì­®© ¯¥à¥¬¥­­®© r0á®£« á­® ¯®¤áâ ­®¢ª¥r0 = rs1 + rgr � p�r + r2g2r2 � rgp�2r2 � wsQ2r4 :� ª®¥ ¯à¥®¡à §®¢ ­¨¥ ­¥ ¢ë¢®¤¨â ­ á ¨§ ¯¥à¢®-­ ç «ì­®© á¨áâ¥¬ë ®âáç¥â  ¨ ­¥ áª §ë¢ ¥âáï ­ ä¨§¨ç¥áª¨ ­ ¡«î¤ ¥¬ëå ¢¥«¨ç¨­ å.�¥à¥å®¤ï ¢ ¢ëà ¦¥­¨ïå (1) ª ­®¢®© à ¤¨ «ì­®©ª®®à¤¨­ â¥ ¨ ®¯ãáª ï ¢ ¯®«ãç¥­­ëå á®®â­®è¥­¨ïåèâà¨å¨, ¡ã¤¥¬ ¨¬¥âìeg00 = 1� rgr � wsQ2r4 ;egrr =�h1 + rgr + r2gr2 � �4r2 � Q2r4 (b+4ws)i;eg'' =�r2: (2)�áå®¤ï ¨§ ¢ëà ¦¥­¨© (2) ¨ ãà ¢­¥­¨© £¥®¤¥§¨-ç¥áª®£® ¤¢¨¦¥­¨ï:duids +�inlunul = 0¯®«ãç¨¬ á«¥¤ãîé¨¥ ¤¨ää¥à¥­æ¨ «ì­ë¥ ãà ¢­¥­¨ï:du0ds + eg000eg00u0ur = 0;durds � eg0002egrr + regrr (u')2 + eg0rr2egrr (ur)2 = 0;du'ds + 2ru'ur = 0; (3)£¤¥ èâà¨å ®¡®§­ ç ¥â ¯à®¨§¢®¤­ãî ¯® r .�¥á«®¦­® ã¡¥¤¨âìáï, çâ® ¯¥à¢®¥ ¨ âà¥âì¥ ãà ¢­¥-­¨ï á¨áâ¥¬ë (3) ¤ îâu0 = Eeg00 ; u' = Jr2 ; (4)£¤¥ E ¨ J | ¯®ª  ­¥¨§¢¥áâ­ë¥ ª®­áâ ­âë ¨­â¥£à¨-à®¢ ­¨ï.�®¤áâ ¢«ïï ãá«®¢¨¥ ¤¢¨¦¥­¨ï ¬ áá¨¢­ëå ç áâ¨æuiui = 1 ¨ ¢ëà ¦¥­¨ï (4) ¢ ãà ¢­¥­¨ï (3), ¬®¦­®­ ©â¨ ¯¥à¢ë© ¨­â¥£à « ¤«ï ¢â®à®£® ãà ¢­¥­¨ï á¨á-â¥¬ë (3): (ur)2 =� 1egrrnE2eg00 � J2r2 � 1o: (5)�à ¢­¥­¨ï (3){(5) ¯®§¢®«ïîâ ¯à®¢¥áâ¨ ¯®«­®¥ ¨á-á«¥¤®¢ ­¨¥ § ª®­®¢ ¤¢¨¦¥­¨ï ¬ áá¨¢­ëå ç áâ¨æ ¢£à ¢¨â æ¨®­­®¬ ¯®«¥ (2).�®¬¡¨­¨àãï ãà ¢­¥­¨¥ (5) ¨ ¢â®à®¥ ¢ëà ¦¥­¨¥á¨áâ¥¬ë (4) ¨ ¨áª«îç ï ¯ à ¬¥âà s , ¯®«ãç¨¬ ãà ¢-

­¥­¨¥ âà ¥ªâ®à¨¨ ä¨­¨â­®£® ¤¢¨¦¥­¨ï ¬ áá¨¢­®©ç áâ¨æë ¢ áª «ïà­®¬ £à ¢¨â æ¨®­­®¬ ¯®«¥ (2):� drd'�2 =� r4J2egrrnE2eg00 � J2r2 � 1o: (6)� ª ¨§¢¥áâ­®, ¢ ¯¥à¨æ¥­âà¥ à ááâ®ï­¨¥ ¬ áá¨¢­®-£® ¯à®¡­®£® â¥«  ¬¨­¨¬ «ì­® ¨ à ¢­® r� = a(1�e) ,  ¢  ¯®æ¥­âà¥ ¬ ªá¨¬ «ì­® ¨ à ¢­® r+ = a(1+e) , £¤¥ a¨ e | ¤«¨­  ¡®«ìè®© ¯®«ã®á¨ ¨ íªáæ¥­âà¨á¨â¥â ª¢ -§¨í««¨¯â¨ç¥áª®© âà ¥ªâ®à¨¨ (e < 1) á®®â¢¥âáâ¢¥­-­®. �â¨ §­ ç¥­¨ï æ¥«¥á®®¡à §­® ¨á¯®«ì§®¢ âì ¢¬¥áâ®E ¨ J ¢ ª ç¥áâ¢¥ ¯ à ¬¥âà®¢ ®à¡¨âë. �®áª®«ìªã¢ ¤ ­­ëå â®çª å ¢¥«¨ç¨­ , ®¯à¥¤¥«¥­­ ï ¢ (6),®¡à é ¥âáï ¢ ­ã«ì, â®£¤  ¨áå®¤ï ¨§ íâ®£® ãá«®¢¨ï¨ ¯®¤áâ ¢«ïï ¢ëà ¦¥­¨ï ¬¥âà¨ç¥áª®£® â¥­§®à  (2),¯®«ãç¨¬ §­ ç¥­¨ï ¤«ï ¯®áâ®ï­­ëå E2 ¨ J2 :E2 = 1� rg2L(1� e2) + r2g4L2 (1� e2)2 + wsQ2L4 (1� e2)2;J2 = rgL2 [1 + rg2L(3 + e2)] + 2wsQ2L2 (1 + e2):� ¯®á«¥¤­¨å ¢ëà ¦¥­¨ïå ¢¢¥¤¥­® §­ ç¥­¨¥ ä®-ª «ì­®£® ¯ à ¬¥âà :L= a(1� e2):�ç¨âë¢ ï íâ¨ §­ ç¥­¨ï, ¯®«ãç¨¬ ãà ¢­¥­¨¥ âà -¥ªâ®à¨¨ ¨áå®¤ï ¨§ (6) ¨ ­ ©¤¥­­ëå §­ ç¥­¨© ¤«ï E¨ J ¯à¨ § ¬¥­¥ u= r�1 :�dud'�2 =�(1� e2)L2 h1� 2rgL + r2gL2 (3 + e2)�� 2wsQ2rgL3 (3 + e2) + wsQ2L4 (17 + 14e2 + e4)i++ 2Lh1� rg2L(3 + e2) + r2g4L2 (3 + e2)2 �� 4wsQ2rgL3 (1 + e2) + 4wsQ2L4 (3 + 4e2 + e4)iu�� h1 + �4L2 (1� e2)iu2 + rgu3 ��n�4 � 2wsQ2rgL + Q2L2 [4ws(2� e2) + b(1� e2)]ou4 �� (4ws+ b)Q2u6: (7)�¥è¥­¨¥ íâ®£® ãà ¢­¥­¨ï ¡ã¤¥¬ ¨áª âì ¢ ¢¨¤¥,¨á¯®«ì§®¢ ­­®¬ ¢ à ¡®â¥ [3]:u= 1L [A+B sin	(')]; (8)£¤¥ A ¨ B | ­¥ª¨¥ ¯®ª  ­¥¨§¢¥áâ­ë¥ ¯ à ¬¥âàë.�®¤áâ ¢«ïï á®®â­®è¥­¨¥ (8) ¢ ãà ¢­¥­¨¥ (7),­¥á«®¦­® ¯®«ãç¨âì ¢ëà ¦¥­¨ï ¤«ï A ¨ B :A= 1+ r2g4L2 (3 + e2)2 � �4L2 (3 + e2)�� Q2L4 [16ws(1 + 2e2) + b(5 + 10e2 + e4)];12 ���, ä¨§¨ª ,  áâà®­®¬¨ï, ò5
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