
�¥áâ¨ª �®áª®¢áª®£® ã¨¢¥àá¨â¥â . �¥à¨ï 3. �¨§¨ª . �áâà®®¬¨ï. 1999. ü2 3������������� � �������������� ��������� 530.12 ����������� ���������� ������������ ������� ��������-��������� ������ �����������. �. �¥¨á®¢, �. �. �à ¤¥á(ª ä¥¤à  ª¢ â®¢®© â¥®à¨¨ ¨ ä¨§¨ª¨ ¢ëá®ª¨å í¥à£¨©)�à®¢¥¤¥® ¨â¥£à¨à®¢ ¨¥ á¨áâ¥¬ë ¥«¨¥©ëå ¤¨ää¥à¥æ¨ «ìëå ãà ¢¥¨© áª «ïà®-â¥§®à-®© â¥®à¨¨ £à ¢¨â æ¨¨ ®¢®£® â¨¯  ¢ á«ãç ¥ áâ â¨ç¥áª®£® áä¥à¨ç¥áª¨ á¨¬¬¥âà¨ç®£® ¨áâ®ç¨ª .�®áâà®¥® ¯®áâìîâ®®¢áª®¥ à §«®¦¥¨¥ ¯®«ãç¥®£® à¥è¥¨ï ¨ ¯®ª § ®, çâ® ¯à¥¤áª § ¨ï íâ®©â¥®à¨¨ á®£« áãîâáï á à¥§ã«ìâ â ¬¨ ¢á¥å íªá¯¥à¨¬¥â®¢, ¢ë¯®«¥ëå ¢ á« ¡®¬ £à ¢¨â æ¨®®¬ ¯®«¥�®«¥ç®© á¨áâ¥¬ë. �ª § ®   áãé¥áâ¢¥®¥ ®â«¨ç¨¥ ¯®«ãç¥®© ¬¥âà¨ª¨ ®â ¬¥âà¨ª¨ �¢ àæè¨«ì-¤  ¢ ®¡« áâ¨ á¨«ìëå ¯®«¥©.�  áâ®ïé¥¥ ¢à¥¬ï ¢  ãç®© «¨â¥à âãà¥  ªâ¨¢®®¡áã¦¤ ¥âáï ®¢ë© ª« áá áª «ïà®-â¥§®àëå â¥®-à¨© £à ¢¨â æ¨¨, ¢ ª®â®àëå £à ¢¨â æ¨®®¥ ¢®§¤¥©-áâ¢¨¥ ®áãé¥áâ¢«ï¥âáï ¥ â®«ìª® ç¥à¥§ ¬¥âà¨ç¥áª¨©â¥§®à ¯á¥¢¤®à¨¬ ®¢  ¯à®áâà áâ¢ -¢à¥¬¥¨ gik ,® ¨ ç¥à¥§ áª «ïà®¥ £à ¢¨â æ¨®®¥ ¯®«¥  . � -à ªâ¥à®© ®á®¡¥®áâìî íâ¨å â¥®à¨©, ª®â®pë¥ ®â«¨-ç îâ ¨å ®â â¥®à¨© â¨¯  �à á {�¨ªª¥, ï¢«ï¥âáï â®,çâ® áª «ïà®¥ £à ¢¨â æ¨®®¥ ¯®«¥ ¢å®¤¨â ¢ « £à -¦¨ , ¢¢¥¤¥ë© ¢ p ¡®â¥ [1], â®«ìª® ¢ ¢¨¤¥ 4-£à ¤¨-¥â®¢. �â® ®¡áâ®ïâ¥«ìáâ¢® á¨¬ ¥â àï¤ ¢®¯à®á®¢ ®¢«¨ï¨¨  ¤¤¨â¨¢®© ª®áâ âë   å®¤ £à ¢¨â æ¨®-ëå ¯à®æ¥áá®¢ ¨ ¯®§¢®«ï¥â ¯à¨¢¥áâ¨ ¢ á®®â¢¥âáâ¢¨¥¯à¥¤áª §ë¢ ¥¬®¥ â¥®à¥â¨ç¥áª®¥ § ç¥¨¥ ¯ à ¬¥âà § ¬¥¤«¥¨ï �á¥«¥®© á ¥£®  ¡«î¤ ¥¬ë¬ ¢ íªá¯¥à¨-¬¥â¥ § ç¥¨¥¬.�¥«ìî  áâ®ïé¥© áâ âì¨ ï¢«ï¥âáï ¯®áâà®¥¨¥ áâ -â¨ç¥áª®£® áä¥à¨ç¥áª¨ á¨¬¬¥âà¨ç®£® à¥è¥¨ï ãp ¢-¥¨© íâ®© â¥®à¨¨ ¨   «¨§   ¥£® ®á®¢¥ ¢®§¬®¦®á-â¥© ¤«ï ®¡ àã¦¥¨ï ¢«¨ï¨ï áª «ïà®© ç áâ¨ £à ¢¨-â æ¨®®£® ¯®«ï   p¥§ã«ìâ âë íªá¯¥à¨¬¥â®¢, ª®â®-àë¥ ¬®¦® ¯à®¢¥áâ¨ ¢ ¯à¥¤¥« å �®«¥ç®© á¨áâ¥¬ë.� áá¬®âà¨¬ ¢ á¨áâ¥¬¥ ª®®à¤¨ â, £¤¥ c = G = 1 ,« £à ¦¨  áª «ïà®-â¥§®à®© â¥®à¨¨ ®¢®£® â¨¯ :L =� 116�p�g R+LM (egik; 'a)+�p�g glm @l @m ;(1)£¤¥ R | áª «ïà ï ªà¨¢¨§ , á®®â¢¥âáâ¢ãîé ï ¬¥â-à¨ç¥áª®¬ã â¥§®àã gik; g | ®¯à¥¤¥«¨â¥«ì íâ®£® â¥-§®à , 'a | ®áâ «ìë¥ ¯®«ï ¬ â¥à¨¨. �ää¥ªâ¨¢ë©¬¥âà¨ç¥áª¨© â¥§®à egik , ª®â®àë© ®¯¨áë¢ ¥â ¢®§¤¥©-áâ¢¨¥ £à ¢¨â æ¨®®£® ¯®«ï   ¢¥é¥áâ¢®, § ¢¨á¨â ®ââ¥§®à  gik ¨ áª «ïà®£® £à ¢¨â æ¨®®£® ¯®«ï á«¥-¤ãîé¨¬ ®¡à §®¬:eglm = glm Is + b @l @m Ip; (2)£¤¥ I = 1+wghj @h @j : (3)�¤¥áì �; w; b | ¯®áâ®ïë¥ ¢¥«¨ç¨ë; s; p | ç¨á-«®¢ë¥ ¯ à ¬¥âàë.

� àì¨àãï « £à ¦¨  (1) á ãç¥â®¬ á®®â®è¥¨©(2) ¨ (3), ¯®«ãç¨¬ á«¥¤ãîé¨¥ ãà ¢¥¨ï:@m[�p�g glm@l ] = 0; (4)Rik � 12gikR+16���12gikglm� gilgkm� @l @m = 0;(5)ª®â®àë¥ á¯à ¢¥¤«¨¢ë ¢¥ ¢¥é¥áâ¢ , â. ¥. ¢ â¥å ®¡« á-âïå ¯à®áâà áâ¢ , £¤¥ â¥§®à í¥à£¨¨-¨¬¯ã«ìá  ¬ â¥-à¨¨ eT lmM = 0 .�¯ãáª ï ¨¤¥ªáë ¢ ãà ¢¥¨¨ (5), ¯®«ãç¨¬ á®®â-®è¥¨¥ Rik = 16�� @i @k : (6)�¥à¥å®¤ï ª áâ â¨ç¥áª®© áä¥à¨ç¥áª¨ á¨¬¬¥âà¨ç-®© ¬®¤¥«¨, ¨â¥à¢ « d�2 ¯à¥¤áâ ¢¨¬ ¢ ¢¨¤¥d�2 = A(r)dt2�B(r)dr2�C(r)(d�2+ sin2 �d'2): (7)�®« £ ï, çâ® £à ¢¨â æ¨®®¥ áª «ïà®¥ ¯®«¥ â ª-¦¥ § ¢¨á¨â â®«ìª® ®â à ¤¨ «ì®© ª®®à¤¨ âë, â. ¥. =  (r) , ãà ¢¥¨¥ (4) ¯à¨¢¥¤¥¬ ª ¢¨¤ã, ¯®§¢®«ïî-é¥¬ã ¥£® ¤®áâ â®ç® ¯à®áâ® ¯à®¨â¥£à¨à®¢ âì:ddr�sA(r)B(r)C(r) sin�d (r)dr �= 0:�®íâ®¬ã d (r)dr = qC(r)sB(r)A(r) ; (8)£¤¥ q | ¯®áâ®ï ï ¨â¥£à¨à®¢ ¨ï.�§ ãà ¢¥¨© (6) ¨ ¯®á«¥¤¥£® á®®â®è¥¨ï ¯®-«ãç¨¬ á¨áâ¥¬ã ¥«¨¥©ëå ¤¨ää¥à¥æ¨ «ìëå ãà ¢-¥¨© ®â®á¨â¥«ì® ¥¨§¢¥áâëå ª®¬¯®¥â ¬¥âà¨ª¨A(r);B(r); C(r) :R00 = A002B � A0B04B2 � A024AB + A0C 02BC = 0;R11 = �A002A�C 00C + A024A2+ C 022C2+A0B04AB +B0C 02BC = � B2AC2 ;



4 �¥áâ¨ª �®áª®¢áª®£® ã¨¢¥àá¨â¥â . �¥à¨ï 3. �¨§¨ª . �áâà®®¬¨ï. 1999. ü 2R22 =�C 002B + B0C 04B2 � A0C 04AB + 1 = 0; (9)£¤¥ ¤«ï ªà âª®áâ¨ ¢¥«¨ç¨  32��q2 ®¡®§ ç¥  � ,  ª®¬¯®¥âë ¬¥âà¨ª¨ ®¡®§ ç¥ë ¡¥§ ãª § ¨ï  à£ã-¬¥â  r . �âà¨å ®§ ç ¥â ¯à®¨§¢®¤ãî ¯® r .�¥è¥¨¥ íâ®© á¨áâ¥¬ë ãà ¢¥¨© áãé¥áâ¢¥® § -¢¨á¨â ®â § ª  ¢¥«¨ç¨ë �g2 + � (¢ ¤ «ì¥©è¥¬®¡®§ ç¥® ¤«ï ªp âª®áâ¨ ª ª a2 ), ¯à¨ç¥¬, çâ® ¨-â¥à¥á®, �g ï¢«ï¥âáï ª®áâ â®© ¨â¥£à¨à®¢ ¨ï,¨¬¥îé¥© ä¨§¨ç¥áª¨© á¬ëá« £à ¢¨â æ¨®®£® à ¤¨-ãá  æ¥âà «ì®£® ¨áâ®ç¨ª .� á«ãç ¥, ª®£¤  a2 > 0 , à¥è¥¨¥¬ á¨áâ¥¬ë ¥«¨-¥©ëå ¤¨ää¥à¥æ¨ «ìëå ãà ¢¥¨© (9) ï¢«ïîâáïá«¥¤ãîé¨¥ äãªæ¨¨:A(r) = �1� ar��g=a;B(r) = �1� ar���g=a;C(r) = r2�1� ar�1��g=a: (10)�ç¥¢¨¤®, çâ® ¯à¨ ¢ëª«îç¥¨¨ áª «ïà®£® ¯®«ï(� = 0) ¬¥âà¨ç¥áª¨¥ ª®¬¯®¥âë (10) ¯à¨¨¬ îâ â¥¦¥ § ç¥¨ï, çâ® ¨ ¢ â¥®à¨¨ �©èâ¥© .�¥á«®¦® ã¡¥¤¨âìáï, çâ® ¯à¨ a2 ! 0 c®®â®è¥-¨ï (10) ¯¥à¥å®¤ïâ ¢ á«¥¤ãîé¨¥:A(r) = exp�� �gr �;B(r) = exp��gr �;C(r) = r2 exp��gr �:�  ª®¥æ, à¥è¥¨¥ ãà ¢¥¨© (9) ¯à¨ ãá«®¢¨¨a2 < 0 ®¯à¥¤¥«ï¥âáï ¢ëà ¦¥¨ï¬¨A(r) = exp��2�ga arcctg�2ra � 1��;B(r) = exp�2�ga arcctg�2ra � 1��;C(r) = r2�1� ar + a22r2� exp�2�ga arcctg�2ra � 1��:�«ï  è¨å æ¥«¥©  ¨¡®«ìè¨© ¨â¥à¥á ¯à¥¤áâ ¢-«ï¥â á«ãç ©, ª®£¤  a2 > 0 . �à®  «¨§¨àã¥¬ ¥£® ¯®¤-à®¡¥¥. �®¤áâ ¢«ïï ¢ á®®â®è¥¨¥ (8) ¢ëà ¦¥¨ï ©¤¥®© ¬¥âà¨ª¨ (10), ¯®«ãç¨¬ á«¥¤ãîéãî ä®à-¬ã«ã ¤«ï áª «ïà®£® £à ¢¨â æ¨®®£® ¯®«ï: (r) =  0+ qa ln�1� ar �:

�  ¡®«ìè¨å à ááâ®ï¨ïå ®â æ¥âà «ì®£® ¨áâ®ç-¨ª  ¯®á«¥¤¥¥ á®®â®è¥¨¥ ¯¥à¥å®¤¨â ¢ ¢ëp ¦¥¨¥ (r) =  0� qr:�¢¨¦¥¨¥ ¯à®¡ëå â¥« á®£« á®  è¥© â¥®à¨¨ ¡ã-¤¥â ®¯à¥¤¥«ïâìáï ¬¥âà¨ª®© ¢ íää¥ªâ¨¢®¬ à¨¬ ®-¢®¬ ¯à®áâà áâ¢¥-¢à¥¬¥¨ egik , ª®¬¯®¥âë ª®â®à®£®¨¬¥îâ ¢¨¤eg00 =A(r) Is; eg11 = �B(r) Is + bq2r4 �1� ar ��2 Ip;eg22 = �C(r) Is; eg33 = eg22 sin2 �; (11)£¤¥ I ¢ëà ¦ ¥âáï á«¥¤ãîé¨¬ ®¡à §®¬:I = 1� wq2r4 �1� ar ��g=a�2: (12)� ª ¨§¢¥áâ®, ¤«ï ®æ¥ª¨ ¢®§¬®¦ëå ¤«ï  ¡«î-¤¥¨ï £à ¢¨â æ¨®ëå íää¥ªâ®¢ ¢ ¯à¥¤¥« å �®«-¥ç®© á¨áâ¥¬ë ¥®¡å®¤¨¬® ¯®áâà®¨âì ¯®áâìîâ®-®¢áª®¥ à §«®¦¥¨¥, â. ¥. á«¥¤ã¥â ¯à¥¤áâ ¢¨âì ¬¥â-à¨ªã (11), (12) ¢ ¢¨¤¥ à §«®¦¥¨© ¢ àï¤ ¯® ®¡à â-ë¬ áâ¥¯¥ï¬ à ¤¨ «ì®© ª®®à¤¨ âë r ¤® ¯®àï¤ª � 1=r2 ¢ª«îç¨â¥«ì®. �®  ç «  â ª®£® ¯®áâà®¥¨ï§ ¬¥â¨¬, çâ® ¢¥«¨ç¨  I , ®¯à¥¤¥«ï¥¬ ï á®®â®è¥¨-¥¬ (12), ¨¬¥¥â ¯®¯à ¢ªã ¢¨¤  � 1=r4 , â ª ¦¥ ª ª ¨¢â®à®¥ á« £ ¥¬®¥ ¢ ¢ëà ¦¥¨¨ ¤«ï eg11 ¢ (11). �®íâ®-¬ã á ¯®áâìîâ®®¢áª®© â®ç®áâìî  ©¤¥¬ à §«®¦¥-¨¥ ¬¥âà¨ª¨, ®¯à¥¤¥«ï¥¬®© á®®â®è¥¨ï¬¨ (10).� ª ª ª ¬¥âà¨ªã á«¥¤ã¥â ¯à¥¤áâ ¢¨âì ¢ ¨§®âà®¯-®© ä®à¬¥, â® ¢ ¢ëp ¦¥¨¥ (10) ¥®¡å®¤¨¬® ¢¢¥áâ¨¨§®âà®¯ãî à ¤¨ «ìãî ¯¥à¥¬¥ãî � ¢ á®®â¢¥â-áâ¢¨¨ á à ¢¥áâ¢®¬r = ��1 + a4� �2:�®¤áâ ¢«ïï íâ® ¢ëà ¦¥¨¥ ¢ (10), ¯®«ãç¨¬eg00 = 1� a=(4�)1 + a=(4�)!2�g=a;eg11 = 1� a216�2!2 1 + a=(4�)1� a=(4�)!2�g=a;eg22 = �2 eg11: (13)�à¨ ¯¥à¥å®¤¥ � �! 0 íâ¨ ¢ëà ¦¥¨ï ¯à¨¨¬ îâä®à¬ã à¥è¥¨ï �¢ àæè¨«ì¤  [2] ¢ ¨§®âà®¯ëå ª®-®à¤¨ â å.�á¯®«ì§ã¥¬ áâ ¤ àâë© ¯®áâìîâ®®¢áª¨© ä®à-¬ «¨§¬, á®£« á® ª®â®à®¬ã à §«®¦¥¨¥ ¬¥âà¨ª¨ (13)á«¥¤ã¥â ¯p¥¤áâ ¢¨âì ¢ ¢¨¤¥eg00 = 1� 2� �� +2 � �2�2 + : : : ; eg11 = 1+2  �� + : : : ;



�¥áâ¨ª �®áª®¢áª®£® ã¨¢¥àá¨â¥â . �¥à¨ï 3. �¨§¨ª . �áâà®®¬¨ï. 1999. ü2 5£¤¥ �; �;  | ¯®áâìîâ®®¢áª¨¥ ¯ à ¬¥âàë â¥®à¨¨,� |  ªâ¨¢ ï £à ¢¨â æ¨® ï ¬ áá  æ¥âà «ì®£®¨áâ®ç¨ª .�ëà ¦ ï ¬¥âà¨ªã (13) ¢ ¢¨¤¥ à §«®¦¥¨© ¯® ®¡-à âë¬ áâ¥¯¥ï¬ ¨§®âà®¯®© ª®®à¤¨ âë � , ¯®«ã-ç¨¬ eg00 = 1� �g� + �g22�2 ; eg11 = 1+ �g� :� ª¨¬ ®¡à §®¬, ¤«ï ª®íää¨æ¨¥â®¢ à®¡¥àâá®®¢-áª®£® à §«®¦¥¨ï  ©¤¥ë § ç¥¨ï�= � =  = 1;  ¤«ï  ªâ¨¢®© £à ¢¨â æ¨®®© ¬ ááë ¯®«ãç ¥¬ ¢ë-à ¦¥¨¥ � = �g2 :�â¨ ¢ëà ¦¥¨ï ¯®«®áâìî á®£« áãîâáï á ®£à -¨ç¥¨ï¬¨,  ª« ¤ë¢ ¥¬ë¬¨   ª®íää¨æ¨¥âë, ª®-â®pë¥ ¯®«ãç¥ë ¨§ à¥§ã«ìâ â®¢ £à ¢¨â æ¨®ëå íªá-¯¥à¨¬¥â®¢, ¢ë¯®«¥ëå ª  áâ®ïé¥¬ã ¢à¥¬¥¨ ¢á« ¡®¬ £à ¢¨â æ¨®®¬ ¯®«¥ �®«¥ç®© á¨áâ¥¬ë.� ª¨¬ ®¡p §®¬, à áá¬ âà¨¢ ¥¬ ï  ¬¨ áª «ïà®-â¥-
§®à ï â¥®à¨ï £à ¢¨â æ¨¨ ï¢«ï¥âáï ¦¨§¥á¯®á®¡®©.� ª ª ª ¬¥âà¨ª  (11), (12) íâ®© â¥®à¨¨ áãé¥áâ¢¥-® ®â«¨ç ¥âáï ®â á®®â¢¥âáâ¢ãîé¥© ¬¥âp¨ª¨ �¢ àæ-è¨«ì¤  â®«ìª® ¢ ®¡« áâ¨ á¨«ìëå £à ¢¨â æ¨®-ëå ¯®«¥©, â® ¯à¥¤áª § ¨ï ¤ ®© â¥®à¨¨  ¨¡®-«¥¥ á¨«ì® ¡ã¤ãâ ®â«¨ç âìáï ®â ¯à¥¤áª § ¨© â¥®à¨¨�©èâ¥©  «¨èì ¢ ®ªà¥áâ®áâ¨ ª®¬¯ ªâëå ¬ áá¨¢-ëå â¥«, â ª¨å, ª ª ¥©âà®ë¥ §¢¥§¤ë. �®íâ®¬ã áã-é¥áâ¢®¢ ¨¥ áª «ïà®£® £à ¢¨â æ¨®®£® ¯®«ï, ¯®-¬¨¬® ª®á¬®«®£¨¨,  ¨¡®«¥¥ ïàª® ¡ã¤¥â ¯à®ï¢«ïâìáï ¢ áâà®ä¨§¨ç¥áª¨å íää¥ªâ å ¨ ¢ ¯à®æ¥áá å, á®¯à®¢®¦-¤ îé¨åáï ¨§«ãç¥¨¥¬ £à ¢¨â æ¨®ëå ¢®«.� ¡®â  ¢ë¯®«¥  ¯à¨ ç áâ¨ç®© ¯®¤¤¥à¦ª¥�®áá¨©áª®£® ä®¤  äã¤ ¬¥â «ìëå ¨áá«¥¤®¢ ¨©(£à â 98-02-17448a).�¨â¥à âãà 1. �¥¨á®¢ �.�., �¥åâ  �.�. // �¥áâ. �®áª. ã-â . �¨§. �áâ-à®. 1996. ü3. �. 17 (Moscow University Phys. Bull. 1996.No. 3. P. 10).2. � ¤ ã �.�., �¨äè¨æ �.�. �¥®à¨ï ¯®«ï. �., 1988.�®áâã¯¨«  ¢ p¥¤ ªæ¨î06.02.98��� 539.12.01 ���������� ��������� ������� � ������������������ ������������ ���������� � ��������������������������� ������. �. �®¤¨®®¢�)�  ®á®¢¥ ¨á¯®«ì§®¢ ¨ï â®çëå à¥è¥¨© ª¢ â®¢ëå ãà ¢¥¨© ¤¢¨¦¥¨ï § àï¦¥ëå ç áâ¨æ ¢í«¥ªâà®¬ £¨â®¬ ¯®«¥, ¯à¥¤áâ ¢«ïîé¥¬ á®¡®© ª®¬¡¨ æ¨î ¯®áâ®ï®£® ¬ £¨â®£® ¯®«ï ¨ ¯®«ï¢®«ë, à ááç¨â ë ¢¥à®ïâ®áâ¨ ¨ á¥ç¥¨ï ¯à®æ¥áá®¢ ä®â®à®¦¤¥¨ï e+e� ¨ ï¤¥à®£® � -à á¯ ¤ .�®ª § ®, çâ® ¯®«ãç¥ë¥ ¢ëà ¦¥¨ï, ãç¨âë¢ îé¨¥ ¢«¨ï¨¥ ¯®«ï   ®à¬¨à®¢ ë¥ å à ªâ¥à¨á-â¨ª¨ ¯à®æ¥áá  0+00 ! e++e� , á®¤¥à¦ â ¢ á¥¡¥ ¨ à¥§ã«ìâ âë, å à ªâ¥à¨§ãîé¨¥ ª®íää¨æ¨¥âë¯®£«®é¥¨ï ¥¯à®¢®¤ïé¨å ªà¨áâ ««®¢ ¢ ¯®«¥. �æ¥¥  ¯®«¥¢ ï ¥áâ ¡¨«ì®áâì ¯à®â®  ¢® ¢¥è-¥¬ ¨â¥á¨¢®¬ ¯®«¥ ¨ ®â¬¥ç¥®, çâ®   £à ¨æ¥ âï¦¥«ëå ï¤¥à ¬®£ãâ ¢®§¨ª âì ãá«®¢¨ï ¤«ïíää¥ªâ¨¢®£® � -¯à¥¢à é¥¨ï ãª«®®¢.� ª ¨§¢¥áâ®, ¨§ãç¥¨¥ ¢®§¤¥©áâ¢¨ï ¨â¥á¨¢ëåí«¥ªâà®¬ £¨âëå ¯®«¥©   à §«¨çë¥ äã¤ ¬¥-â «ìë¥ ¯à®æ¥ááë, ®á®¢ ®¥   ¨á¯®«ì§®¢ ¨¨â®çëå à¥è¥¨© à¥«ïâ¨¢¨áâáª¨å ª¢ â®¢ëå ãà ¢¥-¨© ¤¢¨¦¥¨ï § àï¦¥ëå ç áâ¨æ, ¢¥¤¥âáï ¤®áâ â®ç-® ¯« ®¬¥à® (á¬.,  ¯à., [1{7] ¨ æ¨â¨à®¢ ë¥â ¬ à ¡®âë). �à¨ç¥¬ áî¤  ¢ª«îç îâáï ª ª à¥ ªæ¨¨,à áá¬®âà¥¨¥ ª®â®àëå ¥ ¢ëå®¤¨â §  à ¬ª¨ ç¨áâ®©ª¢ â®¢®© í«¥ªâà®¤¨ ¬¨ª¨ [2{5], â ª ¨ ¯à®æ¥ááë,¨¬¥îé¨¥ ¥í«¥ªâà®¬ £¨âãî ¯à¨à®¤ã [3, 6, 7].�®¢á¥¬ ¥¤ ¢® ¢ à ¬ª å ¨á¯®«ì§®¢ ¨ï â®ç® à¥-è ¥¬ëå ¬®¤¥«¥©  ¢â®p®¬ ¡ë« ¯®«ãç¥ àï¤ à¥§ã«ìâ -â®¢ ¯® à áç¥âã ¢¥à®ïâ®áâ¨ ¯à®æ¥áá  ï¤¥à®£® � -à á-¯ ¤  ¢® ¢¥è¨å í«¥ªâà®¬ £¨âëå ¯®«ïå, ¨¬¥îé¨åá«®¦ãî ª®ä¨£ãà æ¨î [6] | ª®¬¡¨ æ¨î ¯®áâ®-ï®£® ¬ £¨â®£® ¯®«ï ¨ ¯®«ï ¯«®áª®© í«¥ªâà®¬ £-
¨â®© ¢®«ë æ¨àªã«ïà®© ¯®«ïà¨§ æ¨¨. �®¤®¡ë¬¦¥ ®¡à §®¬ ¬®£ãâ ¡ëâì à ááç¨â ë ¨ ¢¥à®ïâ®áâ¨àï¤  ¤àã£¨å ¯à®æ¥áá®¢, ¨ ¢ ç áâ®áâ¨ à¥ ªæ¨© ®¡à -§®¢ ¨ï ¯ àë e+e� ¤¢ã¬ï ä®â® ¬¨, à á¯à®áâà ï-îé¨¬¨áï  ¢áâà¥çã ¤àã£ ¤àã£ã ¢® ¢¥è¥¬ í«¥ªâà®-¬ £¨â®¬ ¯®«¥ â®© ¦¥ áâàãªâãàë [7].�  áâ®ïé¥© § ¬¥âª¥ ®¡à â¨¬ ¢¨¬ ¨¥   àï¤®¡é¨å § ª®®¬¥à®áâ¥©, ª®â®àë¥ ¯à¨áãé¨ ä®â®¢§ -¨¬®¤¥©áâ¢¨î ¢ á¨áâ¥¬ å, ¨¬¥îé¨å, ª § «®áì ¡ë, á®-¢¥àè¥® à §«¨çãî ¯à¨à®¤ã. � à ¬ª å ãª § ëå  «®£¨© ¯®«ãç¨¬ ®¢ë¥ à¥§ã«ìâ âë, ®â®áïé¨¥áïª ª ª   «¨§ã ¥«¨¥©ëå ª¢ â®¢ëå íää¥ªâ®¢ ¢¯à®æ¥áá å ®¡à §®¢ ¨ï ¨ à á¯ ¤  ç áâ¨æ ¢ ãá«®¢¨ïå¤¥©áâ¢¨ï á¨«ìëå í«¥ªâà®¬ £¨âëå ¯®«¥©, â ª ¨ ª®¯à¥¤¥«¥¨î ä®â®®¯â¨ç¥áª¨å å à ªâ¥à¨áâ¨ª ¥¯à®-¢®¤ïé¨å ªà¨áâ ««®¢ ¯®¤ ¢«¨ï¨¥¬ ¢¥è¥£® ¯®«ï.�) �®áª®¢áª ï £®áã¤ páâ¢¥ ï £¥®«®£®p §¢¥¤®ç ï  ª ¤¥¬¨ï.


