
�¥áâ­¨ª �®áª®¢áª®£® ã­¨¢¥àá¨â¥â . �¥à¨ï 3. �¨§¨ª . �áâà®­®¬¨ï. 2001. ü1 47§ ¬¥â­® ¢«¨ï¥â ­  §­ ç¥­¨¥ � , ¯à¨ ª®â®à®¬ ¡ã¤¥â¤®áâ¨£­ãâ  ¬ ªá¨¬ «ì­ ï  ¬¯«¨âã¤ : ¯à¨ ¡®«ìè¥©¯à®âï¦¥­­®áâ¨ ¤«ï ä®à¬¨à®¢ ­¨ï ¢®«­ë á ¬ ªá¨-¬ «ì­®©  ¬¯«¨âã¤®© âà¥¡ã¥âáï ¡®«¥¥ ¯à®¤®«¦¨â¥«ì-­®¥ ¢à¥¬ï ¤¥©áâ¢¨ï ¨áâ®ç­¨ª .� áá¬ âà¨¢ ¥¬ë© ­¥«¨­¥©­ë© íää¥ªâ ¬®¦­®ªà âª® ¯à¥¤áâ ¢¨âì á«¥¤ãîé¨¬ ®¡à §®¬. �à¨ ª®«¥-¡ ­¨ïå ¤­  ¡ áá¥©­  ¦¨¤ª®áâì ú¢ëâ «ª¨¢ ¥âáïû ¨§®¡« áâ¨ ­ ¨¡®«¥¥ ¨­â¥­á¨¢­ëå ¤¢¨¦¥­¨© (¨§ ®ç £ ),çâ® ¨ á«ã¦¨â ¯à¨ç¨­®© ä®à¬¨à®¢ ­¨ï £à ¢¨â æ¨-®­­®© ¢®«­ë. �¬¯«¨âã¤  â ª®© ¢®«­ë ­¥ § ¢¨á¨â®â ¯à®áâà ­áâ¢¥­­®£® § ª®­  ¨§¬¥­¥­¨ï  ¬¯«¨âã¤ëª®«¥¡ ­¨© ¤­  (¯à¨ ãá«®¢¨¨ ¤®áâ â®ç­®© ¯« ¢­®áâ¨íâ®£® § ª®­ ), ­® ®¯à¥¤¥«ï¥âáï  ¬¯«¨âã¤®© áª®à®áâ¨ª®«¥¡ ­¨© �0! , ¨å ¯à®¤®«¦¨â¥«ì­®áâìî � ¨ £®à¨-§®­â «ì­ë¬ à §¬¥à®¬ ª®«¥¡«îé¥©áï ®¡« áâ¨.� ­­ë¥, ¯à¥¤áâ ¢«¥­­ë¥ ­  à¨á. 3, ¯®§¢®«ïîâ ®æ¥-­¨âì  ¬¯«¨âã¤ã ¢®«­ë æã­ ¬¨, áä®à¬¨à®¢ ­­®© à á-á¬ âà¨¢ ¥¬ë¬ ­¥«¨­¥©­ë¬ ¬¥å ­¨§¬®¬. � ª, ­ ¯à¨-¬¥à, ¯à¨ £«ã¡¨­¥ ®ª¥ ­  1 ª¬ ª®«¥¡ ­¨ï ãç áâª  ¤­  áå à ªâ¥à­ë¬ à §¬¥à®¬ 20 ª¬ (¯à®áâà ­áâ¢¥­­®¥ à á-¯à¥¤¥«¥­¨¥ �1 , a = 10),  ¬¯«¨âã¤®© ª®«¥¡ â¥«ì­®©áª®à®áâ¨ 10 ¬/á, ª®â®àë¥ ¯à®¨áå®¤ïâ ¢ â¥ç¥­¨¥ 60 á,®¡à §ãîâ ¢®«­ã á  ¬¯«¨âã¤®© 0.8 ¬.�â¬¥â¨¬, çâ® ¯à¨ ç áâ®â å ª®«¥¡ ­¨© ¤­ , ¯à¥¢ë-è îé¨å ¢¥«¨ç¨­ã csH�1 , £¤¥ cs | áª®à®áâì §¢ãª  ¢¢®¤¥, § ¬¥â­ãî à®«ì ­ ç¨­ ¥â ¨£à âì á¦¨¬ ¥¬®áâì¢®¤ë. �â® ­ ª« ¤ë¢ ¥â ®¯à¥¤¥«¥­­ë¥ ®£à ­¨ç¥­¨ï­  ¯à¨¬¥­¥­¨¥ ¯®«ãç¥­­ëå ¢ëè¥ à¥§ã«ìâ â®¢. �¤¥áì¡ã¤¥â ã¬¥áâ­® ã¯®¬ï­ãâì ®¤­ã ¨§ à ¡®â,  ¢â®àëª®â®à®© ¯à¨¬¥­ï«¨  ­ «®£¨ç­ë© ­ è¥¬ã ¯®¤å®¤ ¤«ï®æ¥­ª¨ ¢®§¬®¦­®áâ¨ £¥­¥à æ¨¨ æã­ ¬¨ ¯à¨ ¤¥â¥ªâ¨-à®¢ ­¨¨ ¢ ¢®¤­®¬ á«®¥  ªãáâ¨ç¥áª¨å ¢®§¬ãé¥­¨© [4].� à ¡®â¥ [4] à áá¬ âà¨¢ ¥âáï § ¤ ç  ¢ ¡®«¥¥ ®¡é¥©¯®áâ ­®¢ª¥, â. ¥. ãç¨âë¢ îâáï ­¥«¨­¥©­ë¥ íää¥ªâë,á¢ï§ ­­ë¥ á® á¦¨¬ ¥¬®áâìî ¢®¤ë. �® ¯à¨ íâ®¬ ¤«ï

®¯à¥¤¥«¥­¨ï ¯ à ¬¥âà®¢ ¢®«­ë æã­ ¬¨ ¨á¯®«ì§ã¥âáï­¥ª®â®à®¥ £¨¯®â¥â¨ç¥áª®¥ §¢ãª®¢®¥ ¯®«¥, «®ª «¨§®-¢ ­­®¥ áâà®£® ­ ¤ ¨áâ®ç­¨ª®¬ ¨ ¨¬¥îé¥¥ â®«ìª®£®à¨§®­â «ì­ë¥ äà®­âë, â. ¥. ¨§«ãç¥­¨¥  ªãáâ¨ç¥á-ª¨å ¢®«­ ¨§ ®ç £  áç¨â ¥âáï ¯à¥­¥¡à¥¦¨¬® ¬ «ë¬¨ ­¥ ãç¨âë¢ ¥âáï ¤®áâ â®ç­® á«®¦­ ï á¢ï§ì ¬¥¦¤ã¤¢¨¦¥­¨ï¬¨ ¤­  ¨ ¯®¢¥¤¥­¨¥¬ á¦¨¬ ¥¬®© ¦¨¤ª®áâ¨á® á¢®¡®¤­®© ¢¥àå­¥© £à ­¨æ¥©. � ­ è¥© ¦¥ à ¡®â¥ãáâ ­ ¢«¨¢ ¥âáï ­¥¯®áà¥¤áâ¢¥­­ ï á¢ï§ì ¬¥¦¤ã ¢®§-¡ã¦¤ ¥¬®© ¤«¨­­®© ¢®«­®© ¨ ¯ à ¬¥âà ¬¨, ®¯à¥¤¥-«ïîé¨¬¨ ª®«¥¡ ­¨ï ¤­ .� ¯®á«¥¤ãîé¨å ¨áá«¥¤®¢ ­¨ïå ¬ë ¯« ­¨àã¥¬ãç¥áâì á¦¨¬ ¥¬®áâì ¢®¤ë, ¯à¨ íâ®¬ ¡ã¤ãâ ¨á¯®«ì§®-¢ ­ë ­¥®¡å®¤¨¬ë¥ «¨­¥©­ë¥ ¬®¤¥«¨, ®¯¨áë¢ îé¨¥¯®¢¥¤¥­¨¥ á¦¨¬ ¥¬®© âï¦¥«®© ¦¨¤ª®áâ¨ ­  ¯®¤¢¨¦-­®¬ ¤­¥, ª®â®àë¥ ­ ¬¨ ã¦¥ à áá¬ âà¨¢ «¨áì ¢ à ¡®-â å [5{7].� ¡®â  ¢ë¯®«­¥­  ¯à¨ ¯®¤¤¥à¦ª¥ ���� (£à ­â98-05-64522).�¨â¥à âãà 1. �®á®¢ �.�. // �¥áâ­. �®áª. ã­-â . �¨§. �áâà®­. 1992. ü 1.C. 109 (Moscow University Phys. Bull. 1992. No. 1. P. 110).2. �®á®¢ �.�., �¥«ª®¢­¨ª®¢ �.�. // �§¢. �� ����, ���.1992. 28, ü10{11. C. 1117.3. �¨å®­®¢ �.�., � ¬ àáª¨© �.�. �à ¢­¥­¨ï ¬ â¥¬ â¨ç¥-áª®© ä¨§¨ª¨. �.: �§¤-¢® �®áª. ã­-â , 1999.4. �®¢¨ª®¢  �.�., �áâà®¢áª¨© �.�. // �ª¥ ­®«®£¨ï. 1982. 22,ü 5. �. 693.5. �®á®¢ �.�., � ¬¬¥à �. // �¥áâ­. �®áª. ã­-â . �¨§. �áâ-à®­. 1998. ü 6. C. 55 (Moscow University Phys. Bull. 1998.No. 6. P. 67).6. Nosov M.A. // Phys. Chem. Earth (B). 1999. 24, No. 5. P. 437.7. �®á®¢ �.�. // �§¢. ���, ���. 2000. 36, ü5. �. 718.�®áâã¯¨«  ¢ p¥¤ ªæ¨î30.10.00������������� 521.13 ������������ ������������ �������� �������AS �������. �. �®«®á®¢ (����)E-mail: solov@sai.msu.ru�áá«¥¤®¢ ­  ¤¨­ ¬¨ç¥áª ï ãáâ®©ç¨¢®áâì § â¬¥­­®© ¯¥à¥¬¥­­®© §¢¥§¤­®© á¨áâ¥¬ë AS �¨à ä  ¢¯à¥¤¯®«®¦¥­¨¨, çâ® ¤¢®©­ ï á¨áâ¥¬  ¨¬¥¥â âà¥â¨© ã¤ «¥­­ë© ª®¬¯®­¥­â. �áá«¥¤®¢ ­¨¥ ¯à®¢®¤¨«®áì­  ®á­®¢¥  ­ «¨â¨ç¥áª®© â¥®à¨¨ ¤«ï á«ãç ï, ª®£¤  ¤¢  ª®¬¯®­¥­â  ®¡à §ãîâ â¥á­ãî ¯ àã,   âà¥â¨©­ å®¤¨âáï ­  §­ ç¨â¥«ì­®¬ à ááâ®ï­¨¨ ®â ­¨å. �à¨ íâ®¬ ¯®« £ «®áì, çâ® §¢¥§¤ë ¢§ ¨¬®¤¥©áâ¢ãîâ¯® § ª®­ã ¢á¥¬¨à­®£® âï£®â¥­¨ï �ìîâ®­ .�¢¥¤¥­¨¥�¢¥§¤­ ï á¨áâ¥¬  AS �¨à ä  ï¢«ï¥âáï â¥á­®©¤¢®©­®© á¨áâ¥¬®© (���), ¡«¥áª ª®â®à®© ¬¥­ï¥âáï á ¯¥à¨®¤®¬, à ¢­ë¬ ¯¥à¨®¤ã ®¡à é¥­¨ï ¯® ®à¡¨â¥,  à §¬¥àë ª®¬¯®­¥­â®¢ áà ¢­¨¬ë á ¨å ¢§ ¨¬­ë¬¨à ááâ®ï­¨ï¬¨. �­ «¨§ ªà¨¢®© ¡«¥áª  ¨ á¯¥ªâà «ì­ëå¤ ­­ëå ¯®§¢®«ï¥â ­ ©â¨ ¯ à ¬¥âàë à áá¬ âà¨¢ ¥-



48 �¥áâ­¨ª �®áª®¢áª®£® ã­¨¢¥àá¨â¥â . �¥à¨ï 3. �¨§¨ª . �áâà®­®¬¨ï. 2001. ü 1¬®© á¨áâ¥¬ë, ª®â®àë¥ ¤®áâ â®ç­® ¯®«­® å à ªâ¥à¨-§ãîâ ª ª ä¨§¨ç¥áª¨¥, â ª ¨ £¥®¬¥âà¨ç¥áª¨¥ á¢®©áâ¢ .�§ ªà¨¢®© ¡«¥áª  ¬®¦­® ¯®«ãç¨âì â ª¦¥ áª®à®áâì¤¢¨¦¥­¨ï «¨­¨¨  ¯á¨¤.�ãé¥áâ¢ã¥â ­¥áª®«ìª® ä ªâ®à®¢, ª®â®àë¥ ¢«¨ïîâ­  áª®à®áâì ¤¢¨¦¥­¨ï «¨­¨¨  ¯á¨¤.1. �®¬¯®­¥­âë ��� ­ å®¤ïâáï ¤®áâ â®ç­® ¡«¨§ª®¤àã£ ®â ¤àã£  ¨ ï¢«ïîâáï ­¥ ¬ â¥à¨ «ì­ë¬¨ â®çª -¬¨,   â¥« ¬¨ ª®­¥ç­ëå à §¬¥à®¢, ¨á¯ëâë¢ îé¨¬¨¢§ ¨¬­ë¥ ¯à¨«¨¢­ë¥ ¤¥ä®à¬ æ¨¨, ¢¥«¨ç¨­  ª®â®àëå§ ¢¨á¨â ®â à á¯à¥¤¥«¥­¨ï ¯«®â­®áâ¨ ¢­ãâà¨ ª®¬¯®-­¥­â®¢ ��� ¨ ®à¡¨â «ì­ëå ¯ à ¬¥âà®¢. �®¯®«­¨-â¥«ì­ë¥ £à ¢¨â æ¨®­­ë¥ ¢§ ¨¬®¤¥©áâ¢¨ï, ®â«¨ç­ë¥®â ¢§ ¨¬®¤¥©áâ¢¨ï â®ç¥ç­ëå â¥«, ¯à¨¢®¤ïâ ª ¤¢¨¦¥-­¨î «¨­¨¨  ¯á¨¤.2. �®¬¯®­¥­âë ��� ¨¬¥îâ ¡®«ìè¨¥ ¬ ááë, ¨íâ® ¢ á®®â¢¥âáâ¢¨¨ á ®¡é¥© â¥®à¨¥© ®â­®á¨â¥«ì­®áâ¨¤®«¦­® ¢ë§ë¢ âì ¬¥¤«¥­­®¥ ¢à é¥­¨¥ ®à¡¨âë ®¤­®©§¢¥§¤ë ®â­®á¨â¥«ì­® ¤àã£®©.3. �à¨ ­ «¨ç¨¨ ã¤ «¥­­®£® âà¥âì¥£® â¥«  ¢ á¨á-â¥¬¥ ¯®¤ ¤¥©áâ¢¨¥¬ ¥£® £à ¢¨â æ¨®­­®© á¨«ë ¢®§­¨-ª îâ ¢®§¬ãé¥­¨ï ¢ í«¥¬¥­â å ®à¡¨âë ¤¢®©­®© á¨á-â¥¬ë, çâ® ¨ ¯à¨¢®¤¨â ª ­ «¨ç¨î ¢¥ª®¢®£® ¤¢¨¦¥­¨ï«¨­¨¨  ¯á¨¤.�«ï ãç¥â  ¤¢ãå ¯¥à¢ëå ä ªâ®à®¢ áãé¥áâ¢ãîâå®à®è® à §¢¨âë¥ â¥®à¨¨, ¯®§¢®«ïîé¨¥ ¤®áâ â®ç­®â®ç­® ¯à¥¤áª § âì ç¨á«®¢ë¥ §­ ç¥­¨ï. � ª ¡ë«® ¯®-ª § ­® ¢ à ¡®â¥ [1], ­¥á®¢¯ ¤¥­¨¥ ¯à¥¤áª § ­­ëå ¨­ ¡«î¤ ¥¬ëå §­ ç¥­¨© ¬®¦¥â ¡ëâì ®¡êïá­¥­® ¯à¨-áãâáâ¢¨¥¬ ¢ á¨áâ¥¬¥ âà¥âì¥£® ã¤ «¥­­®£® ª®¬¯®­¥­â .�¥«¨ç¨­ã ¬ ááë âà¥âì¥£® â¥«  ¨ í«¥¬¥­âë ¥£® ®à¡¨âë­¥¢®§¬®¦­® ¯®«ãç¨âì ®¤­®§­ ç­® ¨§ ­ ¡«î¤¥­¨©.�¥«ì ­ áâ®ïé¥© à ¡®âë | ®¯à¥¤¥«¥­¨¥ ¯ à ¬¥âà®¢®à¡¨âë ¨ ¬ ááë âà¥âì¥£® â¥« , á®®â¢¥âáâ¢ãîé¨å ¤¨-­ ¬¨ç¥áª®© ãáâ®©ç¨¢®áâ¨ ���. �®¤ ¤¨­ ¬¨ç¥áª®©ãáâ®©ç¨¢®áâìî á¨áâ¥¬ë ¬ë ¡ã¤¥¬ ¯®­¨¬ âì â ªãîª®­ä¨£ãà æ¨î §¢¥§¤, ¯à¨ ª®â®à®© ¢ ¯à®æ¥áá¥ í¢®«î-æ¨¨ ­  ¤®áâ â®ç­® ¡®«ìè¨å ¢à¥¬¥­­ëå ¨­â¥à¢ « åíªáæ¥­âà¨á¨â¥â ¢­ãâà¥­­¥© ®à¡¨âë ®áâ ¥âáï ¬¥­ìè¥¥¤¨­¨æë, ã£®« ¢§ ¨¬­®£® ­ ª«®­  ®à¡¨â ¨§¬¥­ï¥âáï¢ ­¥¡®«ìè¨å ¯à¥¤¥« å ¨ ­¥¢®§¬®¦­ë á¡«¨¦¥­¨ï,¯à¨¢®¤ïé¨¥ ª ä¨§¨ç¥áª®¬ã ª®­â ªâã â¥á­®© ¯ àë.1. �®áâ ­®¢ª  § ¤ ç¨� áá¬®âà¨¬ á¨áâ¥¬ã âà¥å ¬ â¥à¨ «ì­ëå â®ç¥ªS0; S1; S2 , ¤¢¨¦ãé¨åáï ¯®¤ ¤¥©áâ¢¨¥¬ á¨« ¢§ ¨¬­®£®¯à¨âï¦¥­¨ï. � ááë â®ç¥ª m0; m1; m2 ¬®£ãâ ¨¬¥âì¯à®¨§¢®«ì­ë¥ §­ ç¥­¨ï. �ãáâì S0 ¨ S1 ®¡à §ãîââ¥á­ãî ¯ àã,   S2 ­ å®¤¨âáï ­  §­ ç¨â¥«ì­®¬ ã¤ -«¥­¨¨ ®â ­¨å. �«ï ®¯à¥¤¥«¥­­®áâ¨ ¯ãáâì m0 > m1 .�¢¨¦¥­¨¥ âà®©­®© á¨áâ¥¬ë ¡ã¤¥¬ à áá¬ âà¨¢ âì ¢ïª®¡¨¥¢®© á¨áâ¥¬¥ ª®®à¤¨­ â [2]. �®£¤  ¤¨ää¥à¥­-æ¨ «ì­ë¥ ãà ¢­¥­¨ï ¤¢¨¦¥­¨ï â®ç¥ª S1 ¨ S2 ¡ã¤ãâ¨¬¥âì á«¥¤ãîé¨© ¢¨¤:�1d2x1dt2 = @U@x1 ; �1d2y1dt2 = @U@y1 ; �1d2z1dt2 = @U@z1 ;�2d2x2dt2 = @U@x2 ; �2d2y2dt2 = @U@y2 ; �2d2z2dt2 = @U@z2 ;

£¤¥ �1 = m0m1m0 +m1 , �2 = (m0 +m1)m2m0 +m1 +m2 ;U = f �m0m1r1 + m0m2r02 + m1m2r12 � ;f | ¯®áâ®ï­­ ï âï£®â¥­¨ï, r1 | à ááâ®ï­¨¥ ¬¥¦¤ãâ®çª ¬¨ S0 ¨ S1 , r12 | ¬¥¦¤ã S1 ¨ S2 , r02 | ¬¥¦¤ãS2 ¨ S0 .�á¥¬ ¯ à ¬¥âà ¬, å à ªâ¥à¨§ãîé¨¬ ¤¢¨¦¥­¨¥ ¨®à¡¨âã §¢¥§¤ë S1 , ¡ã¤¥¬ ¯à¨á¢ ¨¢ âì ¨­¤¥ªá 1,  ¯ à ¬¥âà ¬ §¢¥§¤ë S2 | ¨­¤¥ªá 2.�¢¨¦¥­¨¥ á¨áâ¥¬ë ®¯à¥¤¥«ï¥âáï ¬ áá ¬¨ ¥¥ ª®¬-¯®­¥­â®¢ ¨ è¥áâìî ¯ à ¬¥âà ¬¨ ª¥¯«¥à®¢áª¨å í«¥-¬¥­â®¢ ®áªã«¨àãîé¨å ®à¡¨â S1 ¨ S2 . �ã¤¥¬ ¨á¯®«ì-§®¢ âì á«¥¤ãîé¨¥ ®¡®§­ ç¥­¨ï ª¥¯«¥à®¢áª¨å í«¥¬¥­-â®¢, ®¯à¥¤¥«ïîé¨å ®à¡¨âã §¢¥§¤ë Si (i= 1; 2): ai |¡®«ìè ï ¯®«ã®áì; ei | íªáæ¥­âà¨á¨â¥â; ii | ­ -ª«®­­®áâì; !i |  à£ã¬¥­â ¯¥à¨ áâà ; 
i | ¤®«£®â ¢®áå®¤ïé¥£® ã§«  ®à¡¨âë; Mi | áà¥¤­ïï  ­®¬ «¨ï.�«ï ã¤®¡áâ¢  ¯¥à¥©¤¥¬ ª í«¥¬¥­â ¬ �¥«®­¥, ª®â®-àë¥ á¢ï§ ­ë á ª¥¯«¥à®¢áª¨¬¨ í«¥¬¥­â ¬¨ á«¥¤ãîé¨-¬¨ á®®â­®è¥­¨ï¬¨ [3]:Li = �ipai; Gi = Liq1� e2i ; Hi =Gi cos Ii;li =Mi; gi = !i; hi = 
i (i= 1; 2); (1)�21 = f (m0m1)2m0 +m1 ; �22 = f (m0 +m1)2m22m0 +m1 +m2 :� ª ç¥áâ¢¥ ®á­®¢­®© ¯«®áª®áâ¨ ¢®§ì¬¥¬ ¯«®áª®áâì� ¯« á , ª®â®à ï ¯¥à¯¥­¤¨ªã«ïà­  ¢¥ªâ®àã ¬®¬¥­â ª®«¨ç¥áâ¢  ¤¢¨¦¥­¨ï á¨áâ¥¬ë ¬ â¥à¨ «ì­ëå â®ç¥ª,çâ® ¯®§¢®«ï¥â ¨á¯®«ì§®¢ âì ¨­â¥£à «ë ¯«®é ¤¥©¤«ï ¯®­¨¦¥­¨ï ¯®àï¤ª  á¨áâ¥¬ë ¤¨ää¥à¥­æ¨ «ì­ëåãà ¢­¥­¨©. �¢ãªà â­®¥ ¯à¨«®¦¥­¨¥ ¬¥â®¤  �¥©¯¥«ï¤ ¥â ¢®§¬®¦­®áâì ¨áª«îç¨âì ¨§ £ ¬¨«ìâ®­¨ ­  § ¤ -ç¨ ¤¢¥ ã£«®¢ë¥ ¯¥à¥¬¥­­ë¥ li | áà¥¤­¨¥  ­®¬ «¨¨§¢¥§¤ ¨ ¯®«ãç¨âì £ ¬¨«ìâ®­¨ ­, ª®â®àë© § ¢¨á¨â ®â¤¢ãå ã£«®¢ëå ¯¥à¥¬¥­­ëå |  à£ã¬¥­â®¢ ¯¥à¨ áâà®¢®¡¥¨å ®à¡¨â gi .� ®¡é¥¬ á«ãç ¥ á¨áâ¥¬  á â ª¨¬ £ ¬¨«ìâ®­¨ ­®¬­¥à §à¥è¨¬  ¢ ª¢ ¤à âãà å. �¤­ ª®, ¥á«¨ ¢ ¯®«ã-ç¥­­®¬ £ ¬¨«ìâ®­¨ ­¥ á®åà ­¨âì â®«ìª® ¯¥à¢ë¥ âà¨ç«¥­  ¥£® à §«®¦¥­¨ï ¯® áâ¥¯¥­ï¬ ¡®«ìè¨å ¯®«ã®á¥©¢­ãâà¥­­¥© ¨ ¢­¥è­¥© ®à¡¨â, ®­ ¡ã¤¥â § ¢¨á¥âì ®â®¤­®© ã£«®¢®© ¯¥à¥¬¥­­®© g1 |  à£ã¬¥­â  ¯¥à¨ áâ-à  â¥á­®© ¯ àë.� ¬¨«ìâ®­¨ ­ â®£¤  ¨¬¥¥â ¢¨¤ [4]�F = 
12L21 + 
22L22 � 116
3 L41L32G32��[(1� 3q2)(5� 3�2)� 15(1� q2)(1� �2) cos(2g1)];£¤¥ q = (C2 � G21 � G22)=(2G1G2) = cos(i1 + i2) ,� =p1� e21; C | ¢¥«¨ç¨­  ¢¥ªâ®p  ¬®¬¥­â  ª®«¨-ç¥áâ¢  ¤¢¨¦¥­¨ï.



�¥áâ­¨ª �®áª®¢áª®£® ã­¨¢¥àá¨â¥â . �¥à¨ï 3. �¨§¨ª . �áâà®­®¬¨ï. 2001. ü1 49�âà®£®¥ à¥è¥­¨¥ ãà ¢­¥­¨© á â ª¨¬ £ ¬¨«ìâ®­¨- ­®¬ ¡ë«® ¯®«ãç¥­® ¢ à ¡®â¥ [4] ¢ £¨¯¥àí««¨¯â¨-ç¥áª¨å ¨­â¥£à « å. �®§ì¬¥¬ íâ® à¥è¥­¨¥ ¢ ª ç¥áâ¢¥¯à®¬¥¦ãâ®ç­®£®.�«ï ­ è¥£® ¨áá«¥¤®¢ ­¨ï ãáâ®©ç¨¢®áâ¨ ¢ ¦­®,çâ® ¢ §­ ¬¥­ â¥«ì ¯®¤ë­â¥£à «ì­®© äã­ªæ¨¨ ¢å®¤¨â¯®«¨­®¬ ¯ïâ®© áâ¥¯¥­¨. �­ ¨¬¥¥â ¤¢  ¤¥©áâ¢¨â¥«ì-­ëå ª®à­ï ¬¥­ìè¨å ¥¤¨­¨æë. �¡®§­ ç¨¬ íâ¨ ª®à­¨�1 ¨ �2 , ¯à¨ç¥¬ �1 < �2 . �­¨ á¢ï§ ­ë á íªáæ¥­-âà¨á¨â¥â®¬ â¥á­®© ¯ àë § ¢¨á¨¬®áâìî � = 1 � e21 .�ªáæ¥­âà¨á¨â¥â ®à¡¨âë ¬®¦¥â ¨§¬¥­ïâìáï ¢ ¯à¥¤¥« å0 < e1 < 1 . � â ª®¬ á«ãç ¥ ­ ¨¡®«ìè¥¥ ¨ ­ ¨¬¥­ì-è¥¥ §­ ç¥­¨ï íªáæ¥­âà¨á¨â¥â  ®¯à¥¤¥«ïâáï à ¢¥­áâ-¢ ¬¨ [5]e1max =p1� �1; e1min =p1� �2:2. �áå®¤­ë¥ ¤ ­­ë¥� ­ áâ®ïé¥© à ¡®â¥ ¨á¯®«ì§®¢ «¨áì á«¥¤ãîé¨¥ª¥¯«¥à®¢áª¨¥ í«¥¬¥­âë á¨áâ¥¬ë AS �¨à ä , ¯®«ã-ç¥­­ë¥ ¨§ ªà¨¢®© ¡«¥áª  [6]:m0 = 3:3� 0:1M�; m1 = 2:5� 0:1M�;i1 = 88:78� 0:05�; !1 = 57:1� 0:3�;P1 = 3:43096d; a1 = 0:08� 0:003  . ¥.;e1 = 0:1705� 0:0015(P1 | ®à¡¨â «ì­ë© ¯¥à¨®¤ â¥á­®© ¯ àë) ¨ à ¤¨ãáëª®¬¯®­¥­â®¢ â¥á­®© ¯ àër1 = 2:53R�; r2 = 1:90R�;£¤¥ M� ¨ R� | ¬ áá  ¨ à ¤¨ãá �®«­æ .� íâ®¬ ­ ¡®à¥ ¢¥«¨ç¨­ ®âáãâáâ¢ã¥â ¤®«£®â  ¢®áå®-¤ïé¥£® ã§«  ¢­ãâà¥­­¥© ®à¡¨âë, ª®â®à ï ­¥®¡å®¤¨¬ ¤«ï ­ è¨å ¢ëç¨á«¥­¨©. �¥ §­ ç¥­¨¥ â®«ìª® ¨§¬¥-­¨â ¯®«®¦¥­¨¥ á¨áâ¥¬ë ¢ ¯à®áâà ­áâ¢¥, ­® ­¨ª ª­¥ ¯®¢«¨ï¥â ­  à¥§ã«ìâ â ¢ëç¨á«¥­¨©. �¥ ­ àãè ï®¡é­®áâ¨, ¯®«®¦¨¬ 
1 = 0� .� ª ¯®ª § ­® ¢ à ¡®â¥ [7], ¤¢¨¦¥­¨¥ «¨­¨¨  ¯á¨¤¬®¦­® ®¡êïá­¨âì áãé¥áâ¢®¢ ­¨¥¬ ã¤ «¥­­®£® ª®¬-¯®­¥­â . �á¯®«ì§ã¥¬ ¤ ­­ë¥ [7], å à ªâ¥à¨§ãîé¨¥íâ®â ª®¬¯®­¥­â: á¢¥â®¢®¥ ãà ¢­¥­¨¥a2 sin i2c = 4:18 ¬¨­;£¤¥ c | áª®à®áâì á¢¥â ; e2 = 0:5 , P2 = 805d |®p¡¨â «ì­ë© ¯¥à¨®¤.�¥ áãé¥áâ¢ã¥â ¯®«­®£® ­ ¡®à  í«¥¬¥­â®¢ ®à¡¨âëâà¥âì¥£® â¥« , ­¥®¡å®¤¨¬®£® ¤«ï ¯à¨¬¥­¥­¨ï ¨§«®-¦¥­­®© â¥®à¨¨. �®íâ®¬ã ¯®áâã¯¨¬ á«¥¤ãîé¨¬ ®¡-à §®¬.�«ï ¢ëç¨á«¥­¨ï ¡®«ìè®© ¯®«ã®á¨ a2 ¢®á¯®«ì-§ã¥¬áï âà¥âì¨¬ § ª®­®¬ �¥¯«¥à . �­ ï a2 , ¬®¦­®¯®«ãç¨âì ¨§ á¢¥â®¢®£® ãà ¢­¥­¨ï ¤«ï âà¥âì¥£® â¥« ­ ª«®­ ¥£® ®à¡¨âë i2 ª ª àâ¨­­®© ¯«®áª®áâ¨.

�®áª®«ìªã ­¥¨§¢¥áâ­  à ¤¨ «ì­ ï áª®à®áâì ª®¬-¯®­¥­â  ­  ãç áâª¥, ¡«¨§ª®¬ ª ã§«ã, ¡ã¤¥¬ à áá¬ â-à¨¢ âì ¤¢  ¢ à¨ ­â : i2 < 90� ¨ 90� < i2 < 180� .�à¥¤¯®«®¦¨¬, çâ® ¤«ï ¤ ­­®£® ¯¥à¨®¤  P2 ã¤ -«¥­­ë© ª®¬¯®­¥­â ¨¬¥¥â ¬ ááë m2 = 1:0M� ¨«¨m2 = 1:5M� . �®£¤  ¡®«ìè¨¥ ¯®«ã®á¨ ¨ ã£«ë ­ ª«®-­®¢ ¤«ï ¯¥à¢®£® ¢ à¨ ­â  ¡ã¤ãâ ¨¬¥âì á«¥¤ãîé¨¥§­ ç¥­¨ï:¤«ï m2 = 1:0M�: a2 = 3:21  . ¥.; i2 = 9:0�;¤«ï m2 = 1:5M�: a2 = 3:28  . ¥.; i2 = 8:8�:�«ï ¢â®à®£® ¢ à¨ ­â  á®®â¢¥âáâ¢ãîé¨¥ ã£«ëi2 = 171:1�; i2 = 171:2�:� ª ¢¨¤­®, ã£®« i2 ¬ «® § ¢¨á¨â ®â ¢¥«¨ç¨­ ¢§ï-âëå ­ ¬¨ ¬ áá âà¥âì¥£® â¥« . �®¬¨¬® íâ®© ¬ ááë­¥¨§¢¥áâ­®© ¢¥«¨ç¨­®© ï¢«ï¥âáï ¤®«£®â  ã§«  
2 ,ª®â®à ï ¬®¦¥â ¯à¨­¨¬ âì ¢á¥ ¢®§¬®¦­ë¥ §­ ç¥­¨ï,®â 0 ¤® 360� . �à¨ ¢ë¡à ­­ëå í«¥¬¥­â å âà¥âì¥£®â¥«  ¡ë«¨ ¯à®¢¥¤¥­ë ¢ëç¨á«¥­¨ï íªáæ¥­âp¨á¨â¥â â¥á­®© ¯ pë.�áá«¥¤®¢ ­¨¥ ¯®ª § «®, çâ® ¢­ãâà¥­­ïï ®à¡¨â æ¨àªã«ïà­ ï (â. ¥. ¯¥à¨ áâà ¨¬¥¥â ¢¥ª®¢®¥ ¤¢¨¦¥­¨¥).�¥§ã«ìâ âë ¢ëç¨á«¥­¨© ¯à¨¢¥¤¥­ë ­  à¨áã­ª¥. �¤¥áì¯®ª § ­  § ¢¨á¨¬®áâì ã£«  ¢§ ¨¬­®£® ­ ª«®­  ®p¡¨â¨ íªáæ¥­âà¨á¨â¥â  ®â 
2 ¯à¨ ¯àï¬®¬ ( ) ¨ ®¡à â-­®¬ (¡) ¤¢¨¦¥­¨¨ ¤«ï à §«¨ç­ëå ¬ áá âà¥âì¥£® â¥« (¨á¯®«ì§®¢ «¨áì ¬ ªá¨¬ «ì­ë¥ §­ ç¥­¨ï íªáæ¥­âà¨-á¨â¥â ). � ¦¤ ï â®çª  á®®â¢¥âáâ¢ã¥â ®¯à¥¤¥«¥­­®¬ã§­ ç¥­¨î 
2 : ¤«ï á®á¥¤­¨å â®ç¥ª 
2 à §«¨ç ¥âáï­  5� . � â ¡«¨æ¥ ¯à¨¢¥¤¥­ë ¬ ªá¨¬ «ì­ë¥ §­ ç¥­¨ïíªáæ¥­âà¨á¨â¥â  ¨ á®®â¢¥âáâ¢ãîé¨¥ ¥¬ã ã£«ë ¢§ ¨¬-­®£® ­ ª«®­  ":m2 �pï¬®¥ ¤¢¨¦¥­¨¥ �¡p â­®¥ ¤¢¨¦¥­¨¥e1max "� e1max "�1.0 0.61 40.0 0.77 142.51.5 0.64 39.5 0.81 142.9�¥à¨®¤ ¨§¬¥­¥­¨ï íªáæ¥­âà¨á¨â¥â  ¯à¨ à §«¨ç-­ëå ¯ à ¬¥âà å ¬ áá ¨ ¤®«£®âë ¢®áå®¤ïé¥£® ã§« ¢­¥è­¥© ®à¡¨âë «¥¦¨â ¢ ¯à¥¤¥« å ®â 900 ¤® 1400 «¥â.�áá«¥¤ã¥¬ ª ç¥áâ¢¥­­ë¥ å à ªâ¥à¨áâ¨ª¨ á¡«¨¦¥-­¨ï ª®¬¯®­¥­â®¢ â¥á­®© ¯ àë ¢ ¯¥à¨ áâà¥. �­ ç¥­¨¥à ¤¨ãá-¢¥ªâ®à  ¢ ¯¥à¨ áâà¥ à áá¬ âà¨¢ ¥¬®© ¢­ãâ-à¥­­¥© ®à¡¨âë ¤ ¥âáï ä®à¬ã«®©r� = a1(1� e1):�á«®¢¨¥ ãáâ®©ç¨¢®áâ¨ á¨áâ¥¬ë ¨¬¥¥â ¢¨¤r� > r1 + r2:�§ íâ®£® ãá«®¢¨ï, §­ ï à ¤¨ãáë ��� r1; r2 ¨¡®«ìèãî ¯®«ã®áì a1 , ®¯à¥¤¥«ï¥¬ ªà¨â¨ç¥áª®¥ §­ -ç¥­¨¥ íªáæ¥­âà¨á¨â¥â : ecrit = 0:74 .�â®¬ã ãá«®¢¨î ã¤®¢«¥â¢®àïîâ ¢á¥ ¯®«ãç¥­­ë¥§­ ç¥­¨ï íªáæ¥­âà¨á¨â¥â  ¤«ï ¢ë¡à ­­ëå §­ ç¥­¨©
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�����������¢ï§ì ¬¥¦¤ã ã£«®¬ ¢§ ¨¬­®£® ­ ª«®­  " ¨ íªáæ¥­âà¨á¨â¥â®¬ ¢­ãâà¥­­¥© ®à¡¨âë e1 ¯à¨ ¯àï¬®¬ ( ) ¨ ®¡à â­®¬ (¡)¤¢¨¦¥­¨¨ âà¥âì¥£® ª®¬¯®­¥­â  á ¬ áá®© 1M� (ªàã¦ª¨) ¨ 1.5M� (ª¢ ¤à âë) ¤«ï à §«¨ç­ëå ¥£® ¤®«£®â ¢®áå®¤ïé¥£®ã§« ¬ áá ¯à¨ ¯àï¬®¬ ¤¢¨¦¥­¨¨ âà¥âì¥£® â¥« . �¤­ ª®¯à¨ ®¡à â­®¬ ¥£® ¤¢¨¦¥­¨¨ ¬ ªá¨¬ «ì­®¥ §­ ç¥-­¨¥ íªáæ¥­âà¨á¨â¥â  áâ ­®¢¨âáï ¡®«ìè¥ íâ®£® ªà¨-â¨ç¥áª®£® §­ ç¥­¨ï ¯à¨ ¤®«£®â¥ ¢®áå®¤ïé¥£® ã§« ,¡«¨§ª®© ª 0� . �®¦­® § ª«îç¨âì, çâ® ¯à¨ ®¡à â­®¬¤¢¨¦¥­¨¨ ã¤ «¥­­®© ª®¬¯®­¥­âë á¨áâ¥¬  ¡ã¤¥â ¤¨-­ ¬¨ç¥áª¨ ­¥ãáâ®©ç¨¢®©.� ª«îç¥­¨¥�áá«¥¤®¢ ­¨¥ ¤¨­ ¬¨ç¥áª®© ãáâ®©ç¨¢®áâ¨ § -â¬¥­­®© ¯¥à¥¬¥­­®© AS �¨à ä  ¢ ¯à¥¤¯®«®¦¥­¨¨,çâ® ¤¢®©­ ï á¨áâ¥¬  ¨¬¥¥â âà¥â¨© ã¤ «¥­­ë© ª®¬-¯®­¥­â, ¨ ¯à¨ ãá«®¢¨¨, çâ® ¤¢¨¦¥­¨¥ ¯à®¨áå®¤¨â¯® § ª®­ã �ìîâ®­  ¤«ï â®ç¥ç­ëå ¬ áá, ¯à¨¢¥«® ªá«¥¤ãîé¨¬ à¥§ã«ìâ â ¬.1. �á«¨ ã¤ «¥­­ë© ª®¬¯®­¥­â ¨¬¥¥â ¯àï¬®¥ ¤¢¨-¦¥­¨¥, â. ¥. 0� < i2 < 90� , â® ¯à¨ ¢ë¡à ­­ëå ¬ áá å¨ í«¥¬¥­â å ®à¡¨âë â¥á­ ï ¤¢®©­ ï á¨áâ¥¬  ¢á¥£¤ ãáâ®©ç¨¢ , â. ¥. íªáæ¥­âà¨á¨â¥â ­¨ª®£¤  ­¥ ¤®áâ¨£ ¥âªà¨â¨ç¥áª®£® §­ ç¥­¨ï, ¯à¨ ª®â®à®¬ ¢®§¬®¦­® â¥á-­®¥ á¡«¨¦¥­¨¥ ª®¬¯®­¥­â®¢.
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