
14 �¥áâ¨ª �®áª®¢áª®£® ã¨¢¥àá¨â¥â . �¥à¨ï 3. �¨§¨ª . �áâà®®¬¨ï. 2006. ò3��� 517.958:530.12 �������� ������ ������� � ������� ���������-������������������� ���������������������������� �����.�. �è¨¢æ¥¢ , �.�. �à¨¢ç¥ª®¢(ª ä¥¤à  ª¢ â®¢®© â¥®à¨¨ ¨ ä¨§¨ª¨ ¢ëá®ª¨å í¥à£¨©)� §à ¡®â  ¬¥â®¤ à áç¥â  ª®íää¨æ¨¥â  ¬¨ªà®«¨§¨à®¢ ¨ï, ¯®§¢®«ïîé¨© ãç¨âë¢ âìä §®¢ë¥ á®®â®è¥¨ï í«¥ªâà®¬ £¨âëå ¢®«, ¯à¨è¥¤è¨å ®â à §«¨çëå ¢å®¤ëå  ¯¥à-âãà. �á®¢ë¥ ¨¤¥¨ íâ®£® ¬¥â®¤  ¯à®¨««îáâà¨à®¢ ë   ¯à¨¬¥à¥ § ¤ ç¨ ® ¥«¨¥©-®-í«¥ªâà®¤¨ ¬¨ç¥áª®¬ ¨ £à ¢¨â æ¨®®¬ ¬¨ªà®«¨§¨à®¢ ¨¨ í«¥ªâà®¬ £¨â®£® ¨§«ãç¥¨ï¢ ¯à®áâà áâ¢¥-¢à¥¬¥¨ �¥©á¥à {�®à¤áâà¥¬ .�  áâ®ïé¥¥ ¢à¥¬ï ®áãé¥áâ¢«ï¥âáï ¥áª®«ìª®¬¥¦¤ã à®¤ëå  ãçëå ¯à®£à ¬¬ ¯®  ¡«î¤¥¨îíää¥ªâ®¢ £à ¢¨â æ¨®®£® «¨§¨à®¢ ¨ï ¨ ¬¨ªà®-«¨§¨à®¢ ¨ï. � ®¡é¥© â¥®à¨¨ ®â®á¨â¥«ì®áâ¨ ¯à¨à áç¥â¥ íää¥ªâ  £à ¢¨â æ¨®®£® ¬¨ªà®«¨§¨à®¢ -¨ï [1{2] è¨à®ª® ¨á¯®«ì§ã¥âáï ¬¥â®¤  ¯¥àâãà. � ä¨-§¨ç¥áª®© â®çª¨ §à¥¨ï ¬¥â®¤  ¯¥àâãà á®®â¢¥âáâ¢ã¥âá«®¦¥¨î ¯®â®ª®¢ í¥à£¨¨ í«¥ªâà®¬ £¨âëå ¢®«®â ¥áª®«ìª¨å ¢å®¤ëå  ¯¥àâãà, ª®£¤  à §®áâ¨ ¨åä § å ®â¨ç¥áª¨ ¨§¬¥ïîâáï á â¥ç¥¨¥¬ ¢à¥¬¥¨.�â® ®§ ç ¥â, çâ® ¯à¨  ¡«î¤¥¨¨ ª®£¥à¥âëå¨áâ®ç¨ª®¢, ª®£¤  ¥®¡å®¤¨¬® áª« ¤ë¢ âì ¥ ¯®â®ª¨í¥à£¨¨,    ¯àï¦¥®áâ¨ í«¥ªâà®¬ £¨âëå ¢®«¨ ãç¨âë¢ âì à §®áâ¨ ä § í«¥ªâà®¬ £¨âëå ¢®«,à á¯à®áâà ïîé¨åáï ¯® à §«¨çë¬ «ãç ¬, ¬¥â®¤ ¯¥àâãà ¥¯à¨¬¥¨¬ ¨ ¤®«¦¥ ¡ëâì § ¬¥¥ ¡®«¥¥ª®àà¥ªâë¬ ¬¥â®¤®¬.� §à ¡®âª¥ â ª®£® ¬¥â®¤  ¨ ¯®á¢ïé¥   áâ®ïé ïà ¡®â .� áá¬®âà¨¬ £à ¢¨â æ¨®ë© æ¥âà ¬ ááë M à -¤¨ãá  Rs; ®¡« ¤ îé¨© í«¥ªâà¨ç¥áª¨¬ § àï¤®¬ Q:� ®¡é¥© â¥®à¨¨ ®â®á¨â¥«ì®áâ¨ £à ¢¨â æ¨®®¥¯®«¥ íâ®£® æ¥âà  ®¯¨áë¢ ¥âáï ¬¥âà¨ª®© �¥©á¥-à {�®à¤áâà¥¬  [3]:g(0)00 = 1� rgr + �r2 ;g(0)rr =� 1g00 ; g(0)�� =�r2; g(0)'' =�r2 sin2 �; (1)£¤¥ rg = 2GM=c2 | £à ¢¨â æ¨®ë© à ¤¨ãá â¥« ,�=GQ2=c4:�¥§®à í«¥ªâà®¬ £¨â®£® ¯®«ï ¢ íâ®¬ á«ãç ¥¡ã¤¥â ¨¬¥âì â®«ìª® ¤¢¥ ¥ã«¥¢ë¥ ª®¬¯®¥âë:F0r =�Fr0 =Q=r2 .�ãáâì   íâ®â æ¥âà ¯ ¤ ¥â ¯«®áª ï í«¥ªâà®¬ £-¨â ï ¢®«  ç áâ®âë !; ¢®«®¢®© ¢¥ªâ®à ª®â®à®© ¯à ¢«¥ ¢¤®«ì ®á¨ z: �®£« á® ¯ à ¬¥âà¨§®¢ ®©¯®áâ¬ ªá¢¥««®¢áª®© í«¥ªâà®¤¨ ¬¨ª¥ ¢ ªãã¬  [4]í«¥ªâà®¬ £¨â ï ¢®«  ¢ ¯®«¥ § àï¦¥®£® £à ¢¨-â¨àãîé¥£® æ¥âà  ¡ã¤¥â à á¯à®áâà ïâìáï ¯® ¨§®-âà®¯ë¬ £¥®¤¥§¨ç¥áª¨¬ íää¥ªâ¨¢®£® ¯á¥¢¤®à¨¬ -®¢  ¯à®áâà áâ¢ -¢à¥¬¥¨, ¬¥âà¨ç¥áª¨© â¥§®à ª®-

â®à®£® gik § ¢¨á¨â ®â ¯®«ïà¨§ æ¨¨ ¢®«ë:g(1;2)ik = g(0)ik � 4�1;2�FimFm��k ; (2)£¤¥ �1 ¨ �2 | ¯®áâ¬ ªá¢¥««®¢áª¨¥ ¯ à ¬¥âàë;¨¤¥ªáë ã â¥§®à  Fmk ¯®¤¨¬ îâáï á ¯®¬®éìî¬¥âà¨ç¥áª®£® â¥§®à  gmp(0) :�®íâ®¬ã ¯à¨ �1 6= �2 «î¡ ï í«¥ªâà®¬ £¨â ï¢®« , ¯à®å®¤ï ç¥à¥§ ¢¥è¥¥ í«¥ªâà®¬ £¨â®¥ ¯®-«¥, à §¤¥«ï¥âáï   ¤¢¥ ®à¬ «ìë¥ ¢®«ë, ¯®«ïà¨§®-¢ ë¥ ®àâ®£® «ì® ¤àã£ ª ¤àã£ã, ¯¥à¢ ï ¨§ ª®â®-àëå à á¯à®áâà ï¥âáï ¯® £¥®¤¥§¨ç¥áª¨¬ íää¥ªâ¨¢-®£® ¯á¥¢¤®à¨¬ ®¢  ¯à®áâà áâ¢ -¢à¥¬¥¨ á ¬¥âà¨-ç¥áª¨¬ â¥§®à®¬ gik(1);   ¢â®à ï | ¯® £¥®¤¥§¨ç¥áª¨¬¯à®áâà áâ¢ -¢à¥¬¥¨ á ¬¥âà¨ç¥áª¨¬ â¥§®à®¬ gik(2):�¢¨¦¥¨¥ ä®â®®¢ ¢ íää¥ªâ¨¢®¬ ¯á¥¢¤®à¨¬ -®¢®¬ ¯à®áâà áâ¢¥-¢à¥¬¥¨ (2) ®¯¨áë¢ ¥âáï ãà ¢-¥¨¥¬ dkmd� +�mpnkpkn = 0; g(1;2)nm knkm = 0; (3)£¤¥ km = dxm=d�; � | ¥ª®â®àë©  ää¨ë© ¯ à -¬¥âà,   �mpn | á¨¬¢®«ë �à¨áâ®ää¥«ï íää¥ªâ¨¢®£®¯á¥¢¤®à¨¬ ®¢  ¯à®áâà áâ¢ -¢à¥¬¥¨ á ¬¥âà¨ç¥-áª¨¬ â¥§®à®¬ g(1)nm ¤«ï ®à¬ «ìëå ¢®« ¯¥à¢®£®â¨¯  ¨ g(2)nm | ¤«ï ®à¬ «ìëå ¢®« ¢â®à®£® â¨¯ .� ãà ¢¥¨ïå á¨áâ¥¬ë (3) ã¤®¡® ¯¥à¥©â¨ ®â¤¨ää¥à¥æ¨à®¢ ¨ï ¯® � ª ¤¨ää¥à¥æ¨à®¢ ¨î¯® ª®®à¤¨ â¥ z ¢ á®®â¢¥âáâ¢¨¨ á à ¢¥áâ¢®¬d=d� = (dz=d�)d=dz = k3d=dz [5]. �®¬¡¨¨àãï ãà ¢-¥¨ï á¨áâ¥¬ë (3), § ¯¨è¥¬ ¨å ¢ ¡®«¥¥ ã¤®¡®¬ ¢¨¤¥d2x0dz2 +��0mi � dx0dz �3mi� dxidz dxmdz = 0;d2xdz2 +��1mi � dxdz �3mi� dxidz dxmdz = 0; (4)d2ydz2 +��2mi � dydz�3mi� dxidz dxmdz = 0:� ª ç¥áâ¢¥  ç «ìëå ãá«®¢¨© ¤«ï á¨áâ¥¬ë ãà ¢-¥¨© (4) ¯®âà¥¡ã¥¬, çâ®¡ë «ãç  ç¨ «áï ¢ â®çª¥x = x0; y = y0; z = �L; ä®â®  ç¨ « ¤¢¨¦¥¨¥¢ ¬®¬¥â ¢à¥¬¥¨ t= t0 ¨ ¢®«®¢®© ¢¥ªâ®à ¯ ¤ -



�¥áâ¨ª �®áª®¢áª®£® ã¨¢¥àá¨â¥â . �¥à¨ï 3. �¨§¨ª . �áâà®®¬¨ï. 2006. ò3 15îé¥© í«¥ªâà®¬ £¨â®© ¢®«ë ¢ íâ®© â®çª¥ ¡ë«¯ à ««¥«¥ ®á¨ z:�á«¨ à §«®¦¨âì ãà ¢¥¨ï (1) ¨ (4) ¢ àï¤ë ¯®¬ «ë¬ ¯ à ¬¥âà ¬ rg=r ¨ �Q2=r4 á â®ç®áâìî,ª¢ ¤à â¨ç®© ¯® rg=r ¨ «¨¥©®© ¯® �Q2=r4; ãç¥áâì,çâ® x0 ¨ y0 ï¢«ïîâáï ¢¥«¨ç¨ ¬¨ ¯¥à¢®£® ¯®àï¤ª ¬ «®áâ¨,   ct= 1+O(rg=r); â® ¯®«ãç¨¬ct00 + rgct02r5 nz h3z2 + 6z(xx0 + yy0)� 2r2(x02 + y02) ++ 3(xx0 + yy0)2�+ r2 h2(xx0 + yy0)� zc2t02io++ r2gz2r6 �z2 +3r2�� 2�z3r6 + 12��Q2z(x2 + y2)r8 = 0;x00 + rg2r5 h(2r2 � 3z2 + r2c2t02)(x� zx0)�� 6xz(xx0 + yy0) + x03z(3x2 � 2r2) ++ x0y02z(3y2 � 2r2)� x02x(x2 � 2y2 � 8z2)�� xy02(3y2 � 2r2)� 6x0y0y(x2 � z2) + 6x02y0xyzi�� r2gx(z2 + r2)2r6 � 2�x[r2 � z2]r6 ++ 4��Q2x(4z2 + x2 + y2)r8 = 0;y00 + rg2r5 h(2r2 � 3z2 + r2c2t02)(y � zy0)�� 6yz(xx0 + yy0) + y03z(3y2 � 2r2) ++ y0x02z(3x2 � 2r2)� y02y(y2 � 2x2 � 8z2)�� yx02(3x2 � 2r2)� 6x0y0x(y2 � z2) + 6y02x0xyzi�� r2gy(z2 + r2)2r6 � 2�y[r2 � z2]r6 ++ 4��Q2y(4z2 + x2 + y2)r8 = 0: (5)�¥à¢ë© ¨â¥£à « g(1;2)nm knkm = 0 á¨áâ¥¬ë ãà ¢¥-¨© (4) ¯à¨¨¬ ¥â ¢¨¤c2t02 � x02 � y02 � 1�� rgr3 hz2 + r2c2t02 � (xx0 + yy0)2 + 2z(xx0 + yy0)i�� r2gz2r4 + �(z2 + r2)r4 � 4��Q2(4z2 + x2 + y2)r6 = 0:(6)�¥è¥¨¥ ãà ¢¥¨© (5) ¨ (6) ¡ã¤¥¬ ¨áª âì ¢ ¢¨¤¥à §«®¦¥¨©ct= ct0 + z + rgct1(z) + r2gct2(z) + ct3(z) + ��ct4(z);x= x0 + rgx1(z) + r2gx2(z) + x3(z) + ��x4(z); (7)y = y0 + rgy1(z) + r2gy2(z) + y3(z) + ��y4(z):

�®¤áâ ¢«ïï ¢ëà ¦¥¨ï (7) ¢ ãà ¢¥¨ï (5) ¨ à¥è ï¨å,  ©¤¥¬ § ç¥¨¥ ¢à¥¬¥¨ ¨ ª®®à¤¨ â ¢ ¯«®áª®-áâ¨ z = Lct= ct0 +2L+ rg lnpL2 + r20 +LpL2 + r20 �L � rgLpL2 + r20 ++r2g � 158r0 arctg Lr0 + L(16L6+31L4r20+4L2r40�9r60)8r20(L2 + r20)3 �++� � L2(L2 + r20) � 32r0 arctg Lr0�++ ��Q2 � 32r30 arctg Lr0 + L(3L2 +5r20)2r20(L2 + r20)2 � ;x= x0F; y = y0F; (8)£¤¥ ¢¢¥¤¥® ®¡®§ ç¥¨¥F = 1� rgL2(2L2 + 3r20)r20p(L2 + r20)3 ++ r2gL �L(L2 + 15r20)8r20(L2 + r20)2 � 158r30 arctg Lr0�++ �L � 32r30 arctg Lr0 + L(3L2 +5r20)2r20(L2 + r20)2 ��� ��Q2L � 92r50 arctg Lr0 + L(9L4 +24L2r20 +7r40)2r40(L2 + r20)3 � :(9)�á¯®«ì§ãï ¢ëà ¦¥¨ï (8) ¨ (9) ¨ ãç¨âë¢ ï  ªá¨ «ì-ãî á¨¬¬¥âà¨î § ¤ ç¨,  ©¤¥¬ ª®®à¤¨ âë â®çª¨,¢ ª®â®à®© à áá¬ âà¨¢ ¥¬ë© «ãç ¯¥à¥á¥ç¥â ¯«®á-ª®áâì z = L . �£à ¨ç¨¢ ïáì  á¨¬¯â®â¨ç¥áª¨ £« ¢-ë¬¨ ç«¥ ¬¨ ¯® ¬ «ë¬ ¯ à ¬¥âà ¬ r0=L ¨ ¯®« £ ï,çâ® r0 >Rs , ¯®«ãç¨¬ x= x0F0; y = y0F0; £¤¥F0 = 1� 2rgLr20 � 15�r2gL16r30 + 3��L4r30 � 9���Q2L4r50 : (10)�®â®, ¨á¯ãé¥ë© ¢ ¬®¬¥â ¢à¥¬¥¨ t0 ¨§ â®çª¨(x = x0; y = y0; z = �L) , ¤¢¨£ ïáì ¯® íâ®¬ã «ãçã,¯®¯ ¤¥â ¢ ¤¥â¥ªâ®à ¢ ¬®¬¥â ¢à¥¬¥¨ct= ct0 +2L+ 2rg ln 2Lr0 � rg ++ r2g � 15�16r0 + 2Lr20 �� 3��4r0 + 3���Q24r30 : (11)�«¥ªâà¨ç¥áª®¥ ¨ £à ¢¨â æ¨®®¥ ¯®«ï ¢ ¬¥âà¨-ª¥ (1) ¯à¥¤áâ ¢«ïîâ á®¡®© £à ¢¨â æ¨®ãî ¨ ¥«¨-¥©®-í«¥ªâà®¤¨ ¬¨ç¥áªãî «¨§ã. �®íâ®¬ã à áç¥âª®íää¨æ¨¥â  ãá¨«¥¨ï ¯®â®ª  í«¥ªâà®¬ £¨â®£®¨§«ãç¥¨ï ¢ â ª®© «¨§¥ ¬®¦® ¯à®¢®¤¨âì ¬¥â®¤®¬ ¯¥àâãà, á«¥£ª  ¢¨¤®¨§¬¥¨¢ ¥£®. �§-§   ªá¨ «ì®©á¨¬¬¥âà¨¨ ¢ ª ç¥áâ¢¥ ¢ëå®¤®©  ¯¥àâãàë ã¤®¡®à áá¬ âà¨¢ âì ª®«ìæ® à ¤¨ãá  � ¨ â®«é¨ë d�:� ©¤¥¬ ¢å®¤ãî  ¯¥àâãàã, â. ¥. á¥ç¥¨¥ ¯«®áª®áâìîz =�L ¢á¥å â¥å ¯ãçª®¢ «ãç¥©, ª®â®àë¥ ¯à®å®¤ïâ8 ���, ä¨§¨ª ,  áâà®®¬¨ï, ò3



16 �¥áâ¨ª �®áª®¢áª®£® ã¨¢¥àá¨â¥â . �¥à¨ï 3. �¨§¨ª . �áâà®®¬¨ï. 2006. ò3ç¥à¥§ ¢ëå®¤ãî  ¯¥àâãàã. �ëà ¦¥¨ï (8) ¨ (10) ¤ îâ¨áª®¬®¥ ãà ¢¥¨¥ «ãç¥©xA = x0F0; yA = y0F0: (12)�§ íâ®©  «£¥¡à ¨ç¥áª®© á¨áâ¥¬ë ãà ¢¥¨©  ¬ ¥-®¡å®¤¨¬® ®¯à¥¤¥«¨âì x0 ¨ y0 ª ª äãªæ¨¨ xA ¨ yA:�¥á«®¦® ã¡¥¤¨âìáï, çâ® íâ  á¨áâ¥¬  ãà ¢¥¨©á¢®¤¨âáï ª  «£¥¡à ¨ç¥áª®¬ã ãà ¢¥¨î ¯ïâ®© áâ¥¯¥-¨, ¬¥â®¤®¢ â®ç®£® à¥è¥¨ï ª®â®à®£® ¢  áâ®ïé¥¥¢à¥¬ï ¥ áãé¥áâ¢ã¥â.�¤ ª® ã  á ¨¬¥¥âáï ¢®§¬®¦®áâì à¥è¨âì íâ¨ãà ¢¥¨ï ¯à¨¡«¨¦¥®, ¯®áª®«ìªã ¢ ãà ¢¥¨ï (12)¢å®¤ïâ ¬ «ë¥ ¯ à ¬¥âàë ¨, ªà®¬¥ â®£®, ¯à¨ 4� < 5r2g¢á¥ á« £ ¥¬ë¥ íâ¨å ãà ¢¥¨© ¤¥©áâ¢ãîâ   «ãç¨ª ª á®¡¨à îé ï ®¯â¨ç¥áª ï «¨§ . �®íâ®¬ã ¯®« -£ ï, çâ® rgL < r2A; ¨ à¥è ï ãà ¢¥¨ï (12) ¬¥â®¤®¬¯®á«¥¤®¢ â¥«ìëå ¯à¨¡«¨¦¥¨©,  å®¤¨¬, çâ® ®¨¨¬¥îâ ¯® ¤¢  ª®àï, á®®â¢¥âáâ¢ãîé¨å ¤¢ã¬ â¨¯ ¬«ãç¥©,  ç¨ îé¨¬áï ¢ ¤¢ãå à §«¨çëå ¢å®¤ëå ¯¥àâãà å ¨ ¯à®å®¤ïé¨å ç¥à¥§ ®¤ã ¨ âã ¦¥ ¢ëå®¤-ãî  ¯¥àâãàã.� ¤¨ãáë r(1)0 ; r(2)0 ¯¥à¢®© ¨ ¢â®à®© ¢å®¤ëå  ¯¥à-âãà, «ãç¨ ¨§ ª®â®àëå ¯®¯ ¤ãâ ¢ ¢ëå®¤ãî  ¯¥àâãàã,¨¬¥îâ ¢¨¤r(1)0 = 12 �qr2A +8rgL+ rA�++ 3�(5r2g � 3�)L4 hqr2A +8rgL+ rAi2 + 36���Q2Lhqr2A +8rgL+ rAi4 ;r(2)0 = 12 �qr2A +8rgL� rA�++ 3�(5r2g � 3�)L4 hqr2A +8rgL� rAi2 + 36���Q2Lhqr2A +8rgL� rAi4 :(13)�«¥¤ã¥â ®â¬¥â¨âì, çâ® ¤®«¦® ¢ë¯®«ïâìáï ãá«®-¢¨¥ r(2)0 > Rs; ¨ ç¥ á®®â¢¥âáâ¢ãîé¨© «ãç ¯®¯ -¤¥â ¢ãâàì §¢¥§¤ë ¨ ¨§«ãç¥¨¥ ¯®£«®â¨âáï ¥î.�â® ãá«®¢¨¥ ¢ë¯®«ï¥âáï, ¥á«¨ ¯à¨¥¬¨ª í«¥ªâà®-¬ £¨â®£® ¨§«ãç¥¨ï à á¯®«®¦¥   à ááâ®ï¨¨0 < rA < 4rgL=Rs �Rs ®â ®á¨ à áá¬ âà¨¢ ¥¬®© ®¯-â¨ç¥áª®© á¨áâ¥¬ë.� ©¤¥¬ â¥¯¥àì ®â®è¥¨¥ ¯«®é ¤¥© ¢å®¤ëå ¯¥àâãà ª ¯«®é ¤¨ ¢ëå®¤®©  ¯¥àâãàë. �«ï «ãç¥©¯¥à¢®£® â¨¯  ®â®è¥¨¥ ¯«®é ¤¥© ¢å®¤®© ¨ ¢ëå®¤-®©  ¯¥àâãà ¯à¨¨¬ ¥â ¢¨¤�21 = 2�r(1)0 dr(1)02�rAdrA = 14rAqr2A +8rgL ��"�qr2A + 8rgL+ rA�2 � 3�(5r2g � 3�)L2 hqr2A +8rgL+ rAi �

� 216���Q2Lhqr2A + 8rgL+ rAi3#:�¥á«®¦ë© à áç¥â ¯®§¢®«ï¥â  ©â¨ ¨ ®â®è¥¨¥ �22¯«®é ¤¥© ¢å®¤®© ¨ ¢ëå®¤®©  ¯¥àâãà ¤«ï «ãç¥©¢â®à®£® â¨¯ �22 = 2�jr(2)0 dr(2)0 j2�rAdrA = 14rAqr2A +8rgL ��"�qr2A +8rgL� rA�2 � 3�(5r2g � 3�)L2 hqr2A + 8rgL� rAi �� 216���Q2Lhqr2A +8rgL� rAi3#:� ©¤¥¬ à §®áâì ä § í«¥ªâà®¬ £¨âëå ¢®«, ¯à¨-å®¤ïé¨å ª ¤¥â¥ªâ®àã ¨§ ¤¢ãå à §ëå ¢å®¤ëå  ¯¥à-âãà. � ª ª ª ¯«®áª®áâì z =�L á®¢¯ ¤ ¥â á äà®-â®¬ ¯ ¤ îé¥© ¯«®áª®© í«¥ªâà®¬ £¨â®© ¢®«ë, â®í«¥ªâà®¬ £¨â®¥ ¨§«ãç¥¨¥ ¢ íâ®© ¯«®áª®áâ¨ ¨¬¥¥â®¤¨ ª®¢ãî ä §ã ¢® ¢á¥å ¥¥ â®çª å. � ¤ «ì¥©-è¥¬ í«¥ªâà®¬ £¨â®¥ ¨§«ãç¥¨¥ ¨§ ¤¢ãå ¢å®¤ëå ¯¥àâãà à á¯à®áâà ï¥âáï ª ¢ëå®¤®©  ¯¥àâãà¥ ¯®à §«¨çë¬ «ãç ¬ ¨ ä®â®ë § âà ç¨¢ îâ   íâ¨ ¯ãâ¨à §®¥ ¢à¥¬ï. � ©¤¥¬ íâ¨ ¯à®¬¥¦ãâª¨ ¢à¥¬¥¨.�®¤áâ ¢«ïï ¢ëà ¦¥¨ï (13) ¢ á®®â®è¥¨ï (11),ãç¨âë¢ ï, çâ® à §®áâì ä § �	 í«¥ªâà®¬ £¨â-ëå ¢®«, à á¯à®áâà ïîé¨åáï ¯® «ãç ¬ ¯¥à¢®£®¨ ¢â®à®£® â¨¯®¢ ¢ ¯«®áª®áâ¨ z = L , £¤¥ à á¯®«®¦¥¤¥â¥ªâ®à, á¢ï§   á ç áâ®â®© ¨§«ãç¥¨ï ! ¨ à §®á-âìî ¢à¥¬¥ �t = t2 � t1 á®®â®è¥¨¥¬ �	 = !�t;¯®«ãç¨¬�	= !(2rgc ln rA +qr2A + 8rgLqr2A +8rgL� rA ++ 8r2gLc hqr2A + 8rgL� rAi2 � 8r2gLc hrA +qr2A +8rgL i2 ++ 3�(5r2g � 4�)8c hqr2A +8rgL� rAi � 3�(5r2g � 4�)8c hrA +qr2A + 8rgL i ++ 6���Q2c " 1hqr2A +8rgL� rAi3 �� 1hrA +qr2A + 8rgL i3#):�ª« ¤ë ¢  ¬¯«¨âã¤ã à¥§ã«ìâ¨àãîé¥© ¢®«ë ¢ ¤¥-â¥ªâ®à¥ ®â íâ¨å ®¡« áâ¥© ¯à®¯®àæ¨® «ìë �1 ¨ �2¨ à §«¨ç îâáï ¯® ä §¥   �	:�ëç¨á«¨¬ â¥¯¥àì ª®íää¨æ¨¥â ¥«¨¥©®-í«¥ª-âà®¤¨ ¬¨ç¥áª®£® ¨ £à ¢¨â æ¨®®£® ¬¨ªà®«¨§¨-
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