
ISSN 1561 -9087 �à¨ª« ¤  £÷¤à®¬¥å ÷ª . 2002. �®¬ 4 (76), N 4. �. 52 { 59��� 621.371.39��������������� ����� � ������������������ ������. �. �������, �. �. ��������áâ¨âãâ £¨¤à®¬¥å ¨ª¨ ��� �ªà ¨ë, �¨¥¢�®«ãç¥® 12.06.02� ¯à¨¡«¨¦¥¨¨ £¥®¬¥âà¨ç¥áª®© ®¯â¨ª¨ ¨§ãç îâáï áâ â¨áâ¨ç¥áª¨¥ å à ªâ¥à¨áâ¨ª¨ á¢¥â®¢®© ¢®«ë, à á¯à®áâà -ïîé¥©áï ¢ âãà¡ã«¥â®© ¢®¤®© áà¥¤¥, ä«ãªâã æ¨¨ ¯®ª § â¥«ï ¯à¥«®¬«¥¨ï ª®â®à®© ®¯à¥¤¥«ïîâáï ä«ãªâã æ¨ï¬¨â¥¬¯¥à âãàë ¨ á®«¥®áâ¨. �«ï «®ª «ì® ®¤®à®¤®© ¨ ¨§®âà®¯®© âãà¡ã«¥â®áâ¨ ¨á¯®«ì§®¢ « áì ¬®¤¥«ì á¯¥ªâà ä«ãªâã æ¨© ¯®ª § â¥«ï ¯à¥«®¬«¥¨ï Eª, à §à ¡®â  ï   ®á®¢¥ ¬®¤¥«¨ �®ààá¨ -� ®, ¯®«ãç¥®© ¤«ï â¥¬¯¥à -âãà®£® á¯¥ªâà . �®ª § ®, çâ® ¢ § ¢¨á¨¬®áâ¨ ®â ¢ª« ¤  â¥¬¯¥à âãàëå ¨ á®«¥®áâëå ä«ãªâã æ¨© ¢ ä«ãªâã æ¨¨¯®ª § â¥«ï ¯à¥«®¬«¥¨ï áâàãªâãà ï äãªæ¨ï ä §ë ¨ áã¬¬  ¯à®¤®«ì®© ¨ ¯®¯¥à¥ç®© ª®àà¥«ïæ¨®ëå äãªæ¨©ã£«®¢ ¯à¨å®¤  á¢¥â®¢®© ¢®«ë ¯à¥â¥à¯¥¢ îâ áãé¥áâ¢¥ë¥ ¨§¬¥¥¨ï: ¢®§¨ª îâ «®ª «ìë¥ ¢ë¯ãª«®áâ¨, ®¡ãá«®-¢«¥ë¥  «¨ç¨¥¬ «®ª «ìëå íªáâà¥¬ã¬®¢ ¢ á¯¥ªâà¥ Eª , ¨§¬¥ï¥âáï ä®à¬  ªà¨¢ëå.�  ¡«¨¦¥÷ £¥®¬¥âà¨ç®ù ®¯â¨ª¨ ¢¨¢ç îâìáï áâ â¨áâ¨ç÷ å à ªâ¥à¨áâ¨ª¨ á¢÷â«®¢®ù å¢¨«÷, é® ¯®è¨àîõâìáï ¢ âãà-¡ã«¥â®¬ã ¢®¤ï®¬ã á¥à¥¤®¢¨é÷, ä«ãªâã æ÷ù ¯®ª §¨ª  § «®¬«¥ï ïª®ù ¢¨§ ç îâìáï ä«ãªâã æ÷ï¬¨ â¥¬¯¥à âãà¨÷ á®«®®áâ÷. �«ï «®ª «ì® ®¤®à÷¤®ù â  ÷§®âà®¯®ù âãà¡ã«¥â®áâ÷ ¢¨ª®à¨áâ®¢ã¢ « áï ¬®¤¥«ì á¯¥ªâà  ä«ãªâã æ÷©¯®ª §¨ª  § «®¬«¥ï Eª , é® à®§à®¡«¥    ®á®¢÷ ¬®¤¥«÷ �®ààá¨ -� ®, ïª  ¡ã«  ®âà¨¬   ¤«ï â¥¬¯¥à âãà®£®á¯¥ªâà . �®ª § ®, é® ¢ § «¥¦®áâ÷ ¢÷¤ ¢¥áªã â¥¬¯¥à âãà¨å ÷ á®«®®á¨å ä«ãªâã æ÷© ã ä«ãªâã æ÷ù ¯®ª §¨ª § «®¬«¥ï áâàãªâãà  äãªæ÷ï ä §¨ ÷ áã¬  ¯®§¤®¢¦ì®ù ÷ ¯®¯¥à¥ç®ù ª®à¥«ïæ÷©¨å äãªæ÷© ªãâ÷¢ ¯à¨å®¤ã á¢÷â«®-¢®ù å¢¨«÷ ¬ îâì ÷áâ®â÷ §¬÷¨: ¢¨¨ª îâì «®ª «ì÷ ®¯ãª«®áâ÷, ïª÷ ®¡ã¬®¢«¥÷  ï¢÷áâî «®ª «ì¨å íªáâà¥¬ã¬÷¢ ãá¯¥ªâà÷ Eª , §¬÷îõâìáï ä®à¬  ªà¨¢¨å.Statistical characteristics of light wave propagating in turbulent water are studied by using the approximation of thegeometric optic. It is assumed that optical refractive-index uctuations caused by the uctuations of temperature andsalinity. Model of the spectrum of optical refractive-index uctuations was developed on the base of the Corrsin-Paomodel of the spectrum of temperature uctuations. It is shown that the structure function of phase and sum of thelongitudinal and cross correlation functions of the angle of arrival of light wave are changed signi�cantly depending on thecontributions of temperature and salinity uctuations in the refractive-index uctuations. It is demonstrated that localbumps arise in the characteristics, shapes of curves are changed. The local extremums of the spectrum of refractive-indexuctuations are responsible for these anomalies.���������à¨ à á¯à®áâà ¥¨¨¨ ¢®« (§¢ãª®¢ëå,  ªãáâ¨-ç¥áª¨å) ¢ âãà¡ã«¥â®© áà¥¤¥ ¢®§¨ª îâ ä«ãª-âã æ¨¨  ¬¯«¨âã¤ë ¨ ä §ë, ª®â®àë¥ ®¡ãá«®¢«¥-ë ¢ ãá«®¢¨ïå  â¬®áä¥àë, ¢ ®á®¢®¬, á«ãç ©ë-¬¨ ä«ãªâã æ¨ï¬¨ â¥¬¯¥à âãàë. �§ãç¥¨¥ íâ¨åä«ãªâã æ¨®ëå ï¢«¥¨© ¨¬¥îâ ¡®«ìè®¥ ¯à ªâ¨-ç¥áª®¥ § ç¥¨¥ ¯à¨ à¥è¥¨¨,  ¯à¨¬¥à, § ¤ ç®¯â¨ç¥áª®© á¢ï§¨. � «®£¨çë¥ ¯®¬¥å¨ áãé¥áâ¢ã-îâ ¯à¨ à¥è¥¨¨ £¨¤à® ªãáâ¨ç¥áª¨å § ¤ ç ¢ ãá«®-¢¨ïå ¬®àï.�§ãç¥¨î ãª § ëå ï¢«¥¨© ¯®á¢ïé¥  ®¡-è¨à ï «¨â¥à âãà . �¥®à¥â¨ç¥áª¨¥ ®á®¢ë à á-¯à®áâà ¥¨ï ¢®« ¢ âãà¡ã«¥â®©  â¬®áä¥à¥¯à¥¤áâ ¢«¥ë ¢ ¬®®£à ä¨ïå [1{ 6 ]. � íâ¨åà ¡®â å, ª ª ¯à ¢¨«®, ¤«ï à áç¥â®¢ ¨á¯®«ì§®-¢ « áì ¬®¤¥«ì á¯¥ªâà  âãà¡ã«¥âëå ä«ãªâã -æ¨© �®ààá¨ -�¡ãå®¢  [2], ¢ ª®â®à®© á¯¥ªâà ¢¨¥àæ¨®®-ª®¢¥ªâ¨¢®¬ ¨â¥à¢ «¥ ®¯¨áë¢ ¥âáï¢ëà ¦¥¨¥¬ ET � ��5=3,   ¤«ï ¡®«ìè¨å ¢®«®-¢ëå ç¨á¥« § âãå ¥â ¯® íªá¯®¥æ¨ «ì®¬ã § ª®ã.�¤¥áì � { ¢®«®¢®¥ ç¨á«®. �à ¢¥¨¥ à¥§ã«ìâ -â®¢ à áç¥â®¢ áâ â¨áâ¨ç¥áª¨å å à ªâ¥à¨áâ¨ª ¢®«,
¢ë¯®«¥ëå   ®á®¢¥ ¨á¯®«ì§®¢ ¨ï ãª § ®-£® ¢ëà ¦¥¨ï ¤«ï á¯¥ªâà  ä«ãªâã æ¨© â¥¬¯¥à -âãàë, á íªá¯¥à¨¬¥â «ìë¬¨ ¤ ë¬¨ ¨§¬¥à¥¨©¯®ª § «® ¤®áâ â®ç® å®à®è¥¥ á®®â¢¥âáâ¢¨¥ [1 { 6 ].�¡®¡é¥¨¥ à¥§ã«ìâ â®¢ à áç¥â®¢ å à ªâ¥à¨áâ¨ªá¢¥â®¢®© ¬®®åà®¬ â¨ç¥áª®© ¢®«ë, à á¯à®áâà -ïîé¥©áï ¢ âãà¡ã«¥â®©  â¬®áä¥à¥, ¯à¨¢¥¤¥® ¢¨§¢¥áâ®¬ ®¡§®à¥ [7]. � «ì¥©è¥¥ à §¢¨â¨¥ â¥®-à¨¨ à á¯à®áâà ¥¨ï ¢®« ¢ âãà¡ã«¥â®©  â¬®-áä¥à¥ ®á®¢ ®   ¨á¯®«ì§®¢ ¨¨ ¡®«¥¥ â®çëå¬®¤¥«¥© á¯¥ªâà®¢ ä«ãªâã æ¨© â¥¬¯¥à âãàë [8, 9],ãç¥â¥ á¨«ìëå âãà¡ã«¥âëå ä«ãªâã æ¨© [10, 11],ãç¥â¥ ¢«¨ï¨ï ¢¥è¥£® ¬ áèâ ¡  âãà¡ã«¥â®-áâ¨ [12, 13] ¨ ¤à.� ®â«¨ç¨¥ ®â  â¬®áä¥àë, ¢ ¢®¤®© (¬®à-áª®©) áà¥¤¥ ä«ãªâã æ¨¨ ä §ë ¨  ¬¯«¨âã¤ë á¢¥-â®¢®© ¢®«ë ®¡ãá«®¢«¥ë ®¤®¢à¥¬¥® ä«ãªâã -æ¨ï¬¨ â¥¬¯¥à âãàë ¨ á®«¥®áâ¨. � ¨¥àæ¨®®-ª®¢¥ªâ¨¢®¬ ¨â¥à¢ «¥ á¯¥ªâàë ä«ãªâã æ¨©â¥¬¯¥à âãàë ¨ á®«¥®áâ¨, ª ª ¨ ¢  â¬®áä¥à¥, ¯®¤-ç¨ïîâáï § ª®ã �¡ãå®¢ -�®ààá¨  ET � ��5=3 ¨ES � ��5=3 [14, 15]. �â¥à¢ « ¢®«®¢ëå ç¨á¥«,¤® ª®â®àëå ¯à®áâ¨à îâáï íâ¨ á¯¥ªâàë, ®£à ¨-ç¥ á¢¥àåã íää¥ªâ ¬¨ â¥¬¯¥à âãà®¯à®¢®¤®áâ¨ ¨52 c �.�. �¨ª¨è®¢, �.�. �«¥ªáîª, 2002



ISSN 1561 -9087 �à¨ª« ¤  £÷¤à®¬¥å ÷ª . 2002. �®¬ 4 (76), N 4. �. 52 { 59¤¨ääã§¨¨ á®«¨, á®®â¢¥âáâ¢¥®. �¯¥ªâà í¥à£¨¨ä«ãªâã æ¨© áª®à®áâ¨ ¢ ¢®¤®© áà¥¤¥ à¥§ª® ã¡ë-¢ ¥â ¯à¨ � > �K �= 1=�, £¤¥ � = (�3=")1=4 {¬ áèâ ¡ �®«¬®£®à®¢ , å à ªâ¥à¨§ãîé¨© ¢«¨ï¨¥¢ï§ª®áâ¨; " { áª®à®áâì ¤¨áá¨¯ æ¨¨ í¥à£¨¨ âãà-¡ã«¥âëå ä«ãªâã æ¨© áª®à®áâ¨; � { ª¨¥¬ â¨ç¥-áª¨© ª®íää¨æ¨¥â ¢ï§ª®áâ¨. � à ªâ¥à®© ®á®¡¥-®áâìî ¢®¤®© áà¥¤ë ï¢«ï¥âáï â®, çâ® ª®íää¨æ¨-¥â � § ç¨â¥«ì® ¯à¥¢ëè ¥â ¬®«¥ªã«ïàë¥ ª®-íää¨æ¨¥âë â¥¬¯¥à âãà®¯à®¢®¤®áâ¨ �T ¨ ¤¨ä-äã§¨¨ á®«¨ �S : � � �T � �S . �â® ¯à¨¢®¤¨â ªâ®¬ã, çâ® ¢ ®â«¨ç¨¥ ®â á¯¥ªâà  ä«ãªâã æ¨© áª®-à®áâ¨, á¯¥ªâàë ä«ãªâã æ¨© â¥¬¯¥à âãàë ¨ á®«¥-®áâ¨ ¯à¨ � > �K ¯« ¢® ¯®¨¦ îâáï ¢¯«®âì ¤®®ç¥ì ¬ «ëå ¬ áèâ ¡®¢, £¤¥ ¢ ¦ãî à®«ì ¨£à -îâ ¯à®æ¥ááë â¥¬¯¥à âãà®¯à®¢®¤®áâ¨ ¨ ¤¨ääã-§¨¨ á®«¨. �  íâ®¬ ¢ï§ª®-ª®¢¥ªâ¨¢®¬ ¨â¥à¢ -«¥ á¯¥ªâàë ET ¨ ES ®¡à â® ¯à®¯®àæ¨® «ìë¢®«®¢®¬ã ç¨á«ã (§ ª® �¥âç¥«®à ): ET � ��1,ES � ��1 [2, 15]. �à®âï¦¥®áâì ¤ ëå ¨â¥à¢ -«®¢ ®¯à¥¤¥«ï¥âáï ®â®è¥¨ï¬¨ ¬®«¥ªã«ïàëå ª®-íää¨æ¨¥â®¢ ¯¥à¥®á , â. ¥. ç¨á« ¬¨ �à ¤-â«ï Pr = �=�T ¨ �¬¨¤â  Sc = �=�S. �á®,çâ® íªá¯®¥æ¨ «ì®¥ ¯ ¤¥¨¥ ãà®¢ï ä«ãªâã æ¨©â¥¬¯¥à âãàë ¯®¤ ¤¥©áâ¢¨¥¬ â¥¬¯¥à âãà®¯à®¢®¤-®áâ¨ ¯à®¨áå®¤¨â ¢ ®¡« áâ¨ ¬¥ìè¨å ¢®«®¢ëåç¨á¥«, ç¥¬ ¯ ¤¥¨¥ ãà®¢ï ä«ãªâã æ¨© á®«¥®áâ¨¯®¤ ¤¥©áâ¢¨¥¬ íää¥ªâ  ¤¨ääã§¨¨ á®«¨. �àã£¨¬¨á«®¢ ¬¨, ¨¬¥¥âáï ¨â¥à¢ « ¢®«®¢ëå ç¨á¥«,   ª®-â®à®¬ ä«ãªâã æ¨¨ â¥¬¯¥à âãàë ã¦¥ ¢ëà®¤¨«¨áì,® áãé¥áâ¢ãîâ ä«ãªâã æ¨¨ á®«¥®áâ¨. �ª § -ë¥ ®á¡¥®áâ¨ ¯®¢¥¤¥¨ï á¯¥ªâà®¢ ä«ãªâã æ¨©â¥¬¯¥à âãàë ¨ á®«¥®áâ¨ ¬®£ãâ ¯à¨¢®¤¨âì ª  ®-¬ «ì®¬ã ¯®¢¥¤¥¨î á¯¥ªâà  ä«ãªâã æ¨© ®¯â¨ç¥-áª®£® ¯®ª § â¥«ï ¯à¥«®¬«¥¨ï En ¨ ¯®ï¢«¥¨î «®-ª «ìëå íªáâà¥¬ã¬®¢ [16]. � à ¡®â¥ [17] ¤«ï ®¤-®à®¤®© ¨ «®ª «ì®-¨§®âà®¯®© âãà¡ã«¥â®áâ¨  ®á®¢¥ ¬®¤¥«¨ �®ààá¨ -� ® [18, 19] ¯®«ãç¥-® ¢ëà ¦¥¨¥, ®¯¨áë¢ îé¥¥ á¯¥ªâà ä«ãªâã æ¨©®¯â¨ç¥áª®£® ¯®ª § â¥«ï ¯à¥«®¬«¥¨ï ¬®àáª®© áà¥-¤ë ¤«ï á«ãç ï, ª®£¤  ä«ãªâã æ¨¨ ®¯â¨ç¥áª®£® ¯®-ª § â¥«ï ¯à¥«®¬«¥¨ï n «¨¥©ë¬ ®¡à §®¬ § ¢¨-áïâ ®â ä«ãªâã æ¨© â¥¬¯¥à âãàë T 0 ¨ á®«¥®áâ¨S0: n = ��T 0 + �S0; (1)£¤¥ � = 2:6 � 10�41=£à ¤, � = 1:75 � 10�4£=«., �ë«® ©¤¥®En(�) = C0"n"�1=3��5=3b1 +C1(��)2=3c�(�; !):(2)

�¤¥áì:�(�; !) = !2�e�AT � + e�AS� � !(1 + �)e�ATS�!2� + 1� !(1 + �) ;"n = �2"T + �2"S � 2��"TS ;� = 32C21(��)2;� = KT =KS ;! = �(dT0=dz)=�(dS0=dz);AT = C0C�21 �T =�;AS = C0C�21 �S=�;ATS = 0:5C0C�21 (�T + �S )=�;"T , "S , "TS { áª®à®áâ¨ ¤¨áá¨¯ æ¨¨ (¢ëà ¢¨¢ ¨ï)ä«ãªâã æ¨© â¥¬¯¥à âãàë ¨ á®«¥®áâ¨; KT , KS{ ª®íää¨æ¨¥âë âãà¡ã«¥â®© â¥¬¯¥à âãà®¯à®-¢®¤®áâ¨ ¨ ¤¨ääã§¨¨ á®«¨ á®®â¢¥âáâ¢¥®; T0(z)¨ S0(z) { à á¯à¥¤¥«¥¨ï ®áà¥¤¥ëå à á¯à¥¤¥«¥-¨© â¥¬¯¥à âãàë ¨ á®«¥®áâ¨; C0 { ¯®áâ®ï ï�¡ãå®¢ -�®ààá¨ , C0 �= 0.72; C1 { ¯®áâ®ï ï ¢¬®¤¥«¨ �®ààá¨ -� ®, C1 �= 2.35 [8].�â¬¥â¨¬, çâ® ¯à¨ ¯®áâ®ïëå £à ¤¨¥â å à á-¯à¥¤¥«¥¨© â¥¬¯¥à âãàë ¨ á®«¥®áâ¨ íâ®â ¯ à -¬¥âà ¯à¨¨¬ ¥â ¢¨¤ ! = ��T0=��dS0, â. ¥. ¢¨¤¢¥«¨ç¨ë,  §ë¢ ¥¬®© ¯«®â®áâë¬ á®®â®è¥¨-¥¬, ª®â®à®¥ å à ªâ¥à¨§ã¥â ¢ª« ¤ë â¥¬¯¥à âãàë¨ á®«¥®áâ¨ ¢ ¯®«¥ ¯«®â®áâ¨ ¨ ï¢«ï¥âáï ®¤¨¬ ¨å®¯à¥¤¥«ïîé¨å ¯ à ¬¥âà®¢ ¢®§¨ª®¢¥¨ï ¨ à §-¢¨â¨ï ¤¨ää¥à¥æ¨ «ì®-¤¨ääã§¨®®© ª®¢¥ªæ¨¨[20].�«ï ¯ à ¬¥âà¨§ æ¨¨ áª®à®áâ¥© ¤¨áá¨¯ æ¨©ä«ãªâã æ¨© â¥¬¯¥à âãàë ¨ á®«¥®áâ¨ ¯à¨¬¥ï-« áì £à ¤¨¥â ï £¨¯®â¥§ . �à®¢¥¤¥ë¥ ¢ [17]à áç¥âë á¯¥ªâà®¢ á ¨á¯®«ì§®¢ ¨¥¬ ¤ ëå ®ª¥ -®£à ä¨ç¥áª¨å ¨§¬¥à¥¨© à á¯à¥¤¥«¥¨© â¥¬¯¥à -âãàë ¨ á®«¥®áâ¨ ¤«ï à §«¨çëå  ª¢ â®à¨© ®ª¥  ¯®ª § «¨, çâ® ¢ § ¢¨á¨¬®áâ¨ ®â ¯ à ¬¥âà  !, å -à ªâ¥à¨§ãîé¥£® ¢ª« ¤ë ä«ãªâã æ¨© â¥¬¯¥à âã-àë ¨ á®«¥®áâ¨ ¢® ä«ãªâã æ¨¨ ®¯â¨ç¥áª®£® ¯®ª -§ â¥«ï ¯à¥«®¬«¥¨ï, ¢ á¯¥ªâà¥ ¢®§¨ª îâ «®ª «ì-ë¥ íªáâà¥¬ã¬ë ¢ ®¡« áâ¨ ¡®«ìè¨å �.�ª § ë¥  ®¬ «¨¨ ¢ ¯®¢¥¤¥¨¨ á¯¥ªâà  ¯ã«ì-á æ¨© ®¯â¨ç¥áª®£® ¯®ª § â¥«ï ¯à¥«®¬«¥¨ï á®®â-¢¥âáâ¢ãîé¨¬ ®¡à §®¬ ¤®«¦ë ¯à®ï¢«ïâìáï ¢ ¨§-¬¥¥¨ïå áâ â¨áâ¨ç¥cª¨å å à ªâ¥à¨á¨â¨ª ¢®«,à á¯à®áâà ïîé¨åáï ¢ âãà¡ã«¥â®© ¬®àáª®© ¢®-¤¥. � ¤ ®© à ¡®â¥ ¢ ¯à¨¡«¨¦¥¨¨ £¥®¬¥âà¨-ç¥áª®© ®¯â¨ª¨ à áá¬®âà¥ë áâàãªâãà ï äãª-æ¨ï ä §ë ¨ ª®àà¥«ïæ¨® ï äãªæ¨ï ã£«®¢ ¯à¨-å®¤  ¢®«ë. �à®¢¥¤¥   «¨§ ¢«¨ï¨ï ¢¨¤  á¯¥ª-âà  ä«ãªâã æ¨© ¯®ª § â¥«ï ¯à¥«®¬«¥¨ï   ãª -§ ë¥ å à ªâ¥à¨áâ¨ª¨ ¢®«.�.�. �¨ª¨è®¢, �.�. �«¥ªáîª 53



ISSN 1561 -9087 �à¨ª« ¤  £÷¤à®¬¥å ÷ª . 2002. �®¬ 4 (76), N 4. �. 52 { 591. �������� ����������ã¤¥¬ áç¨â âì, çâ® á¢®¡®¤ë¥ § àï¤ë ®âáãâ-áâ¢ãîâ ¢ à áá¬ âà¨¢ ¥¬®© ¢®¤®© áà¥¤¥, â®ª á¬¥-é¥¨ï à ¢¥ ã«î ¨ ¬ £¨â ï ¯à®¨æ ¥¬®áâìà ¢  ¥¤¨¨æ¥. �®£¤  à á¯à®áâà ¥¨¥ í«¥ªâà®-¬ £¨âëå ¢®« ¢ â ª®© áà¥¤¥ ®¯¨áë¢ ¥âáï á«¥¤ã-îé¥© á¨áâ¥¬®© ãà ¢¥¨© � ªá¢¥««  [21]:rot~H = 1c @~D@t ; rot~E = �1c @~H@t ;div~D = 0; div~H = 0; (3)£¤¥ c { áª®à®áâì á¢¥â ; ~D = "� ~E { ¢¥ªâ®à í«¥ª-âà¨ç¥áª®© ¨¤ãªæ¨¨; ~E, ~H {  ¯àï¦¥®áâ¨ í«¥ª-âà¨ç¥áª®£® ¨ ¬ £¨â®£® ¯®«¥© á®®â¢¥âáâ¢¥®;"� { ¤¨í«¥ªâà¨ç¥áª ï ¯à®¨æ ¥¬®áâì. �¥«¨ç¨ n� = p"� { ª®íää¨æ¨¥â ¯à¥«®¬«¥¨ï áà¥¤ë, ª®â®-àë© ï¢«ï¥âáï äãªæ¨¥© â¥¬¯¥à âãàë ¨ á®«¥®áâ¨¢ ¢®¤®© áà¥¤¥.� áá¬®âà¨¬ à á¯à®áâà ¥¨¥ ¢®« ¢ âãà¡ã«¥â-®© ¢®¤®© áà¥¤¥   â ª¨¥ à ááâ®ï¨ï l, çâ®¡ë ¢ë-¯®«ï«®áì ãá«®¢¨¥ l=c� 2�=!T , £¤¥ !T { ç áâ®âëâãà¡ã«¥âëå ä«ãªâã æ¨© ®¯â¨ç¥áª®£® ¯®ª § â¥-«ï ¯à¥«®¬«¥¨ï, ¢®áïé¨å áãé¥áâ¢¥ë© ¢ª« ¤ ¢ä«ãªâã æ¨¨ ¯®«ï á¢¥â®¢®© ¢®«ë. �à¨ ¢ë¯®«¥-¨¨ íâ®£® ãá«®¢¨ï ¯®«¥ ä«ãªâã æ¨© n ¯à ªâ¨ç¥-áª¨ ¥ ¨§¬¥ï¥âáï §  ¢à¥¬ï, ¢ â¥ç¥¨¥ ª®â®à®£®á¢¥â®¢ ï ¢®«  ¯à®å®¤¨â à ááâ®ï¨¥ l, â. ¥. íâ®¯®«¥ ¬®¦® áç¨â âì ¥¬¥ïîé¨¬áï ¯à¨ ¯à®å®¦¤¥-¨¨ ¢®«ë. �®£¤ , à áá¬ âà¨¢ ï à¥è¥¨ï á¨áâ¥¬ëãà ¢¥¨© � ªá¢¥««  (3) ¢ ¢¨¤¥ ¬®®åà®¬ â¨ç¥-áª¨å ¢®« á ä¨ªá¨à®¢ ®© ç áâ®â®© !~E(~r; t) = ~E�(~r ) exp(i ! t);~H(~r; t) = ~H�(~r ) exp(i ! t);¯®á«¥ àï¤  ¯à¥®¡à §®¢ ¨© á¢®¤¨¬ á¨áâ¥¬ã ª ®¤-®¬ã ãà ¢¥¨î ®â®á¨â¥«ì® ~E� [1]:�~E� + k2 "� ~E� = �grad ( ~E�grad ln "� ); (4)£¤¥ k = !=c.�à®¨§¢¥¤¥¬ ®æ¥ªã ¯à ¢®© ç áâ¨ ãà ¢¥¨ï (4).�®« £ ¥¬, çâ® ä«ãªâã æ¨¨ ¤¨í«¥ªâà¨ç¥áª®© ¯à®-¨æ ¥¬®© ¬ «ë. �®£¤ , ¢ë¤¥«ïï áà¥¤¥¥ § ç¥¨¥h"�i, § ¯¨è¥¬ "� = h"�i + "f , £¤¥ "f { ä«ãªâã¨àã-îé ï ç áâì ¤¨í«¥ªâà¨ç¥áª®© ¯à®¨æ ¥¬®áâ¨, ¯à¨-ç¥¬ h"f i = 0. �ë à áá¬ âà¨¢ ¥¬ á« ¡ë¥ ä«ãªâã -æ¨¨ ¤¨í«¥ªâà¨ç¥áª®© ¯à®¨æ ¥¬®áâ¨, â. ¥. j "f j�� h"�i = O(1).�ç¨âë¢ ï, çâ® ¥®¤®à®¤®áâ¨ ¯®«ï "f ®¡ã-á«®¢«¥ë âãà¡ã«¥â®áâìî, ¬®¦® ¯®« £ âì, çâ®

grad "f � "f =l+, £¤¥ l+ { à §¬¥à âãà¡ã«¥âëå ¢¨-åà¥©, ¢®áïé¨å áãé¥áâ¢¥ë© ¢ª« ¤ ¢® ä«ãªâã -æ¨¨ í«¥ªâà®¬ £¨â®£® ¯®«ï. � «¥¥ ¬ë ®£à ¨ç¨-¢ ¥¬áï ¨§ãç¥¨¥¬ ä«ãªâã æ¨© ¯ à ¬¥âà®¢ «¨èì¤«ï ª®à®âª¨å ¢®«, ¤«¨ë ª®â®àëå ¬ «ë ¯® áà ¢-¥¨î á l+, â. ¥. � � l+: (5)�«ï  â¬®áä¥àë, £¤¥ ¥®¤®à®¤®áâ¨ ¤¨í«¥ªâà¨-ç¥áª®© ¯à®¨æ ¥¬®áâ¨ (¯®ª § â¥«ï ¯à¥«®¬«¥¨ï)®¯à¥¤¥«ïîâáï, ¢ ®á®¢®¬, ä«ãªâã æ¨ï¬¨ ¯®«ïâ¥¬¯¥à âãàë, ç¨á«® �à ¤â«ï Pr = �=�T = 0(1),â®£¤  ¢ ª ç¥áâ¢¥ l+ ®¡ëç® à áá¬ âà¨¢ îâ ¬ á-èâ ¡ �®«¬®£®à®¢  � = (�3=")1=4 [1]. � ¢®¤®©áà¥¤¥ Pr � 1 ¨ ¬¨¨¬ «ìë© ¬ áèâ ¡, å à ªâ¥-à¨§ãîé¨© ä«ãªâã æ¨¨ ¯®«ï â¥¬¯¥à âãàë, ¨¬¥¥â¢¨¤ l+ = l+T = (�3T =")1=4. �«ï ãá«®¢¨© ®ª¥   å -à ªâ¥à®¥ § ç¥¨¥ áª®à®áâ¨ ¤¨áá¨¯ æ¨¨ í¥à£¨¨âãà¡ã«¥â®áâ¨ " = 4 � 10�4 á¬ 2 á �1 [15], â®£¤ � � 2 ¬¬ ¨ l+T � 0:4 ¬¬ ¨ ¥à ¢¥áâ¢® (5) ¢ë¯®«-ï¥âáï. �¤ ª®, ¢ ®â«¨ç¨¥ ®â  â¬®áä¥àë, ¥®¤®-à®¤®áâ¨ "f ¢ ¢®¤®© áà¥¤¥ ®¯à¥¤¥«ïîâáï â ª¦¥ ¨ä«ãªâã æ¨ï¬¨ ¯®«ï á®«¥®áâ¨. �æ¥ª  ¬¨¨¬ «ì-®£® ¬ áèâ ¡  ä«ãªâã æ¨© á®«¥®áâ¨ ¯à¨¢®¤¨â ª§ ç¥¨î l+ = l+S = (�3S=")1=4 � 1:3 � 10�2 ¬¬.�¥à ¢¥áâ¢® (5) ¥ ¢ë¯®«ï¥âáï ¤«ï ¨äà ªà á-®© ®¡« áâ¨ á¯¥ªâà , ¤«ï ª®â®à®© � � 10�2 ¬¬.�® â ª¨¥ ¢®«ë á¨«ì® ¯®£«®é îâáï ¢ ¢®¤¥ ¨ à á-á¬®âà¥¨¥ ¨å à á¯à®áâà ¥¨ï ¥æ¥«¥á®®¡à §®.�«ï ¢¨¤¨¬®£® ¤¨ ¯ §®  á¯¥ªâà  � � 5 � 10�4¬¬.�âáî¤  á«¥¤ã¥â, çâ® ¥à ¢¥áâ¢® (5) ¢ë¯®«ï¥âáï¤«ï í«¥ªâà®¬ £¨âëå ¢®« ¢¨¤¨¬®£® ¤¨ ¯ §® ,à á¯à®áâà ïîé¨åáï ¢ ¬®àáª®© áà¥¤¥, ¢ ª®â®à®©ä«ãªâã æ¨¨ ®¯â¨ç¥áª®£® ¯®ª § â¥«ï ¯à¥«®¬«¥¨ï®¯à¥¤¥«ïîâáï âãà¡ã«¥âë¬¨ ä«ãªâã æ¨ï¬¨ â¥¬-¯¥à âãàë ¨ á®«¥®áâ¨.�â¬¥â¨¬, çâ® ¢ëè¥ ¡à «¨áì  ¨¬¥ìè¨¥ ®æ¥-ª¨ å à ªâ¥àëå ¬ áèâ ¡®¢, ¢ ç áâ®áâ¨ ¬ áèâ ¡�®«¬®£®à®¢  � � 2 ¬¬. �®£« á® íªá¯¥à¨¬ â¥«ì-ë¬ ¤ ë¬ [22], ¥áâ¥áâ¢¥ ï £à ¨æ  ¬¥¦¤ã¨¥àæ¨®ë¬ ¨ ¢ï§ª¨¬ ¨â¥à¢ «®¬ á¯¥ªâà  ä«ãª-âã æ¨© áª®à®áâ¨ «¥¦¨â ¢ ®¡« áâ¨ l+V � 10�. �¬¥-® â ª®© ¬ áèâ ¡ ®¯à¥¤¥«ï¥â à §¬¥àë ¢®§¬ãé¥-¨© áª®à®áâ¨,   ª®â®àë¥ ¢ï§ª®áâì ¥ ®ª §ë¢ ¥â¢«¨ï¨ï. �à¨ l < l+V ¢®§¨ª îé¨¥ ¥®¤®à®¤®-áâ¨ ¡ëáâà® à §àãè îâáï ¬®«¥ªã«ïà®© ¤¨ääã§¨-¥© ¨¬¯ã«ìá . �¯¥ªâà ä«ãªâã æ¨© áª®à®áâ¨ ¯à¨� > 1=l+V § âãå ¥â ¯® íªá¯®¥æ¨ «ì®¬ã § ª®ã.�ç¨âë¢ ï ¢ëáª § ®¥, ¢ ª ç¥áâ¢¥ ¬¨¨¬ «ìëå§ ç¥¨© ¥®¤®à®¤®áâ¥© l+T ¨ l+S á«¥¤ã¥â ¡à âì¡®«ìè¨¥ ¢¥«¨ç¨ë. � ª, ¢ [22] á¤¥« ë¥ ®æ¥ª¨¤ îâ á«¥¤ãîé¨¥ § ç¥¨ï: l+V �= 2:2 á¬; l+T �= 0:8á¬; l+T �= 0:08 á¬. �¥¬ á ¬ë¬ ¢ à¥ «ì®© á¨âã æ¨¨¥à ¢¥áâ¢® (5) § ¢¥¤o¬® ¢ë¯®«ï¥âáï.54 �.�. �¨ª¨è®¢, �.�. �«¥ªáîª



ISSN 1561 -9087 �à¨ª« ¤  £÷¤à®¬¥å ÷ª . 2002. �®¬ 4 (76), N 4. �. 52 { 59�®§¢à â¨¬áï â¥¯¥àì ª ãà ¢¥¨î (4) ¨ ¯à¥¤áâ -¢¨¬ ¯à ¢ãî ç áâì ¢ ¢¨¤¥@@xj (Ek"� @"�@xk ) = 1"� @Ek@xj @"�@xk+Ek"� @2"�@xjxk�Ek"2� @"�@xj @"�@xk :�à¨¬¥¬, çâ® h"�i = 1. �à ¢¥¨¥ ª ¦¤®£® ¨§íâ¨å ç«¥®¢ á ç«¥®¬ k2"� ~E�,  å®¤ïé¨¬áï ¢ ¯à -¢®© ç áâ¨ ãà ¢¥¨ï (4), ª®â®àë© á®¤¥à¦¨â ä«ãª-âã¨àãîéãî á®áâ ¢«ïîéãî ¤¨í«¥ªâà¨ç¥áª®© ¯à®-¨æ ¥¬®áâ¨, ¯®ª §ë¢ ¥â, çâ® ¨å ®â®è¥¨ï á®®â-¢¥âáâ¢¥® ¨¬¥îâ ¯®àï¤ª¨ �=l+, (�=l+)2, (�=l+)2.�¤¥áì ãçâ¥®, çâ® § ç¥¨ï @Ek=@xj ¯® ¯®àï¤ªã¢¥«¨ç¨ë ¥ ¯à¥¢®áå®¤ïâ E0=�, £¤¥ E0 - å à ªâ¥à-®¥ § ç¥¨¥  ¯àï¦¥®áâ¨ í«¥ªâà¨ç¥áª®£® ¯®«ï¨ j "f j� h"�i. �®£¤ , ãç¨âë¢ ï ¥à ¢¥áâ¢® (5),¯à ¢®© ç áâìî ¢ ãà ¢¥¨¨ (4) ¬®¦® ¯à¥¥¡à¥çì¨ ®® ¯à¨¬¥â ¢¨¤ [1, 2]4�+ k2n2�� = 0; (6)£¤¥ n2� = "�; � ¬®¦¥â ®¡®§ ç âì «î¡ãî ¨§ ª®¬¯®-¥â ¢¥ªâ®à  ~E�.2. ����������� ��������������������� ¤ çã ® à á¯à®áâà ¥¨¨ í«¥ªâà®¬ £¨âëå¢®« ¢ âãà¡ã«¥â®© ¢®¤®© áà¥¤¥ ¡ã¤¥¬ à áá¬ -âà¨¢ âì ¢ á«¥¤ãîé¥© ä®à¬ã«¨à®¢ª¥. �ãáâì âãà-¡ã«¥â®áâì á®áà¥¤®â®ç¥  «¨èì ¢ ¥ª®â®à®¬ ®¡ê-¥¬¥ V ,   ª®â®àë© ¯ ¤ ¥â ¯«®áª ï ¢®« . �®« £ -¥¬, çâ® ä«ãªâã æ¨¨ ¯®«ï ®¯â¨ç¥áª®£® ¯®ª § â¥«ï¯à¥«®¬«¥¨ï ®â«¨çë ®â ã«ï â®«ìª® ¢ íâ®¬ ®¡ê-¥¬¥ V; ¢¥ ¥£® { n� = 0.�«ï á«ãç ï, ª®£¤  ¯®ª § â¥«ì ¯à¥«®¬«¥¨ï ¬ «®¬¥ï¥âáï   ¤«¨¥ ¢®«ë, à¥è¥¨¥ ãà ¢¥¨ï (6)¬®¦® ¨áª âì ¢ ¢¨¤¥ [1, 5]�(~r) = A(~r)exp[ik#(~r)]; (7)£¤¥  ¬¯«¨âã¤  A(~r) ¨ í©ª® « #(~r) { ¬¥¤«¥® ¬¥-ïîé¨¥áï äãªæ¨¨.�«¥¤ãï ¨§¢¥áâ®© ¯à®æ¥¤ãà¥, äãªæ¨î A(~r)¯à¥¤áâ ¢«ï¥¬ ¢ ¢¨¤¥ àï¤  ¯® áâ¥¯¥ï¬ ¬ «®© ¢¥-«¨ç¨ë k�1 (¯® áãâ¨ íâ® à §«®¦¥¨¥ ¯® áâ¥¯¥ï¬�=l+), ¯®¤áâ ¢«ï¥¬ ¢ ãà ¢¥¨¥ (6),   § â¥¬ ¯à¨-à ¢¨¢ ¥¬ ã«î £àã¯¯ë ç«¥®¢ ¯à¨ ®¤¨ ª®¢ëåáâ¥¯¥ïå k. � à¥§ã«ìâ â¥ ¯®«ãç ¥¬ ãà ¢¥¨¥ í©-ª® «  (ç«¥ë ¯à¨ k2):� @#@xj�2 � n2� = 0; (8)ª®â®à®¥ ¨ ¡ã¤¥â à áá¬ âà¨¢ âìáï ¨¦¥.

�¢¥¤¥¬ ¢ à áá¬®âà¥¨¥ «ãç¨, ª®â®àë¥ ¬®¦®®¯à¥¤¥«¨âì ª ª âà ¥ªâ®à¨¨, ®àâ®£® «ìë¥ ª ¢®«-®¢ë¬ äà®â ¬ # = const, ¨ ¯ à ¬¥âà s, å à ªâ¥-à¨§ãîé¨© ¤«¨ã ªà¨¢®© ¢¤®«ì «ãç . �¢¥¤¥¬ â ª-¦¥ ¥¤¨¨çë© ¢¥ªâ®à ~e, ï¢«ïîé¨©áï ª á â¥«ìë¬ª «ãçã. �á«¨ à ¤¨ãá-¢¥ªâ®à ~x(s) ¥ª®â®à®© â®çª¨,à á¯®«®¦¥®©   «ãç¥, à áá¬ âà¨¢ âì ª ª äãª-æ¨î ¤«¨ s ¤ã£¨ «ãç , â®dxjds = ej : (9)�á®, çâ® ~e ¯ à ««¥«¥ ¢¥ªâ®àã grad# ¨ ¨§ ãà ¢-¥¨ï í©ª® «  á«¥¤ã¥â, çâ®@#@xi = ej � n�: (10)�áå®¤ï ¨§ ãà ¢¥¨ï (8), ãà ¢¥¨¥, ®¯à¥¤¥«ïî-é¥¥ âà ¥ªâ®à¨î «ãç  ¢ § ¢¨á¨¬®áâ¨ ®â ~e ®â à á-¯à¥¤¥«¥¨ï ¯®ª § â¥«ï ¯à¥«®¬«¥¨ï, â. ¥. ®ân�(xj), ¬®¦® ¯à¥¤áâ ¢¨âì ¢ ¢¨¤¥n� dejds = @n�@xj � ejek @n�@xk : (11)�à ¢¥¨ï (8) ¨ (11) ¢¬¥áâ¥ á £à ¨çë¬¨ ãá«®-¢¨ï¬¨ ®¯à¥¤¥«ïîâ ªà¨¢ãî «ãç . �âà®£¨© ¢ë¢®¤ãà ¢¥¨ï (11) ¯à¨¢¥¤¥ ¢ à ¡®âaå [1, 5]. �á«¨à¥è¥¨¥ «ãç¥¢ëå ãà ¢¥¨©  ©¤¥®, â® ¤«ï  å®-¦¤¥¨ï í©ª® «  # ¨á¯®«ì§ãîâáï ãà ¢¥¨ï (9) ¨(10), ¨§ ª®â®àëå á«¥¤ã¥â@#@xj dxjds = d#ds = n�;¨ ¯®á«¥ ¨â¥£à¨à®¢ ¨ï ¢¤®«ì ªà¨¢®«¨¥©®£® «ã-ç  ¯®«ãç ¥¬ # = Z n�ds: (12)�¢¥¤¥¬ ¢¥«¨ç¨ã áà¥¤¥ª¢ ¤à â¨ç®£® ®âª«®¥-¨ï ä«ãªâã æ¨© ¤¨í«¥ªâà¨ç¥áª®© ¯à®¨æ ¥¬®áâ¨®â áà¥¤¥£® § ç¥¨ï: � = ph("� � h"�i)2i ==qh"2f i � 1. �®£¤  "f = � , £¤¥  = "f=� = 0(1).�ã¤¥¬ ¨áª âì à¥è¥¨¥ ãà ¢¥¨ï (8) ¢ ¢¨¤¥ à §«®-¦¥¨ï ¯® ¬ «®¬ã ¯ à ¬¥âàã �:# = #0 + �#1 + �2#2 + :::� ¬¥â¨¬, çâ® n2� = "� = 1 + � . �®á«¥ ¯®¤áâ ®¢-ª¨ á®¡¨à ¥¬ ç«¥ë ¯à¨ ®¤¨ ª®¢ëå áâ¥¯¥ïå � ¨¢ à¥§ã«ìâ â¥ á â®ç®áâìî ¤® ç«¥®¢ ¢â®à®£® ¯®-àï¤ª  ¬ «®áâ¨  å®¤¨¬ ¢ëà ¦¥¨¥ ¤«ï í©ª® «  ¢¢¨¤¥ [1, 5] # = s + 12 SZ0 "fds0: (13)�¤¥áì ¨â¥£à « ¢ëç¨á«ï¥âáï ¢¤®«ì ¥¢®§¬ãé¥®-£® «ãç , ¢ ¤ ®¬ á«ãç ¥ ¯àï¬®«¨¥©®£®.�.�. �¨ª¨è®¢, �.�. �«¥ªáîª 55



ISSN 1561 -9087 �à¨ª« ¤  £÷¤à®¬¥å ÷ª . 2002. �®¬ 4 (76), N 4. �. 52 { 593. �������������� ������������-�� ���������� �������� �������������áâ ®¢¨¬áï   ¨§ãç¥¨¨ áâ â¨áâ¨ç¥áª¨å å -à ªâ¥à¨áâ¨ª ¯«®áª®© ¢®«ë, à á¯à®áâà ïîé¥©-áï ¢ âãà¡ã«¥â®© ¢®¤®© áà¥¤¥. �®ªà¥â¨§¨àã¥¬¯®áâ ®¢ªã § ¤ ç¨. �ãáâì áà¥¤  á® á«ãç ©ë¬¨¥®¤®à®¤®áâï¬¨ ¯®ª § â¥«ï ¯à¥«®¬«¥¨ï § ¨-¬ ¥â ¯®«ã¯à®áâà áâ¢® x > 0 ¨ ¯ãáâì   ¥¥ ¯ -¤ ¥â ¯«®áª ï ¬®®åà®¬ â¨ç¥áª ï ¢®«  �0 == A0exp(ikx ). � áá¬®âà¨¬ ¯®«¥ á¢¥â®¢®© ¢®«ë ¢¥ª®â®à®© â®çª¥ ¢ãâà¨ âãà¡ã«¥â®© ¢®¤®© áà¥-¤ë.� á®®â¢¥âáâ¢¨¨ á ¢ëà ¦¥¨¥¬ (13) § ¯¨è¥¬#(x; y; z) = x+ 12 xZ0 "f (�; y; z)d�: (14)�®àà¥«ïæ¨®ãî äãªæ¨î ä«ãªâã æ¨© í©ª® « § ¯¨è¥¬ ¢ ¢¨¤¥	##(~x1; ~x2) = 14 x1Z0 d�1 x2Z0 h"f (�1; y1; z1)��"f (�2; y2; z2)id�2: (15)�¥à¥å®¤ï ª ®¢ë¬ ¯¥à¥¬¥ë¬ �� = �1� �2 ¨ �+ == (�1+�2)=2, á ãç¥â®¬ áâ â¨áâ¨ç¥áª®© ®¤®à®¤®-áâ¨ ¯®á«¥ ¨â¥£à¨à®¢ ¨ï ¯® ¯¥à¥¬¥®© �+ ¯®«ã-ç ¥¬ [5]	##(~x1; ~x2) = xmin2 1Z0 	""(��; ~r) d ��; (16)£¤¥ 	"" { ª®àà¥«ïæ¨® ï äãªæ¨ï ä«ãªâã -æ¨© ¤¨í«¥ªâà¨ç¥áª®© ¯à®¨æ ¥¬®áâ¨; xmin == min(x1; x2); ~r = (y1 � y2; z1 � z2) { ¤¢ã¬¥àë©¢¥ªâ®à ¢ ¯«®áª®áâ¨, ¯¥à¯¥¤¨ªã«ïà®© ª  ¯à ¢«¥-¨î à á¯à®áâà ¥¨ï ¢®«ë.�®àà¥«ïæ¨®ãî äãªæ¨î ä«ãªâã æ¨© í©ª® -«  ¢ëà §¨¬ ç¥à¥§ á¯¥ªâà ä«ãªâã æ¨© ¤¨í«¥ªâà¨-ç¥áª®© ¯à®¨æ ¥¬®áâ¨ ". �®¤áâ ¢«ïï ä®à¬ã«ã,¢ëà ¦ îéãî ª®àà¥«ïæ¨®ãî äãªæ¨î ä«ãªâã- æ¨© ¤¨í«¥ªâà¨ç¥áª®© ¯à®¨æ ¥¬®áâ¨ ç¥à¥§ á®-®â¢¥âáâ¢ãîéãî âà¥å¬¥àãî á¯¥ªâà «ìãî ¯«®â-®áâì,	""(��; r) = 1R�1 1R�1 1R�1 E""(�1; ~m)��exp [i (�1�� + ~m~r)] d ~md�1¢ ¢ëà ¦¥¨¥ (16), ¯®á«¥ ¨â¥£à¨à®¢ ¨ï ¯® ¯¥à¥-

¬¥®© ��  å®¤¨¬	##(~x1; ~x2) = �xmin2 1Z�1 1Z�1 1Z�1 E""(0; ~m)��exp(i ~m~r) d ~m: (17)�«ï ¨§®âà®¯ëå ä«ãªâã æ¨© E"" (0; ~m) == E""(p0 +m2) = E"" (m). �¢®¤¨¬ ¯®«ïàë¥ ª®-®à¤¨ âë m =p�22 + �23 ¨ ã£®« �. �®á«¥ ¨â¥£à¨-à®¢ ¨ï ¯® ã£«ã � ¯®«ãç ¥¬ ¢ëà ¦¥¨¥ ¤«ï ª®àà¥-«ïæ¨®®© äãªæ¨¨ ä«ãªâã æ¨© í©ª® « :	## = �2xmin 1Z�1 1Z�1 1Z�1 E""(m)J0(mr)mdm;(18)£¤¥ J0 { äãªæ¨ï �¥áá¥«ï ¯¥à¢®£® à®¤  ã«¥¢®£®¯®àï¤ª .�ç¨â ï, çâ® â®çª¨  ¡«î¤¥¨ï à §¥á¥ë â®«ì-ª® ¢ ¯®¯¥à¥ç®¬  ¯à ¢«¥¨¨ (x1 = x2 = L), ¨¬¥¥¬¢ëà ¦¥¨¥ ¤«ï ¯®¯¥à¥ç®© ª®àà¥«ïæ¨®®© äãª-æ¨¨ ä«ãªâã æ¨© í©ª® « :	?(L; ~r) = L2 1Z0 	""(�; ~r) d �: (19)Oáâ ®¢¨¬áï ¡®«¥¥ ¯®¤à®¡®   ¯®¯¥à¥ç®© áâàãª-âãà®© äãªæ¨î ä«ãªâã æ¨© í©ª® « :D?(L;~r) = h[#1(L;~r)� #1(L;~r2)]2i == 2[	?(L; 0)� 	?(L;~r)]:�«ï «®ª «ì® ®¤®à®¤®© ¨ ¨§®âà®¯®© âãà¡ã-«¥â®áâ¨ äãªæ¨î D?(L; ~r) ¬®¦® ¯à¥¤áâ ¢¨âì¢ ¢¨¤¥ [5]D?(L; r) = 2�2L 1Z0 E""(m)[1�J0(mr)]mdm: (20)�à¨¢¥¤¥¬ â ª¦¥ ¢ëà ¦¥¨¥ ¤«ï áâàãªâãà®©äãªæ¨¨ ä §ë ' = k#:D'(L; r) = 2�2k2L 1Z0 E""(m)[1� J0(mr)]mdm:(21)� «¨§ ¯®ª §ë¢ ¥â, çâ® ¬®¦¨â¥«ì [1�J0(mr)]®¡à é ¥âáï ¢ ã«ì ¯à¨ mr ! 0 ª ª (mr2). �®íâ®-¬ã ¢ª« ¤ ¨§ª®ç áâ®âëå ä«ãªâã æ¨© ¤¨í«¥ªâà¨-ç¥áª®© ¯à®¨æ ¥¬®áâ¨, á®®â¢¥âáâ¢ãîé¨å ¬ «ë¬m, ¡ã¤¥â ¬ «, ¨ ¢ª« ¤ ¢ëá®ª®ç áâ®âëå ä«ãªâã -æ¨©, ¯®¢¥¤¥¨¥ ª®â®àëå ¬®¦¥â ¨¬¥âì  ®¬ «ìë©å à ªâ¥à, ¬®¦¥â áâ âì § ç¨â¥«ìë¬.56 �.�. �¨ª¨è®¢, �.�. �«¥ªáîª



ISSN 1561 -9087 �à¨ª« ¤  £÷¤à®¬¥å ÷ª . 2002. �®¬ 4 (76), N 4. �. 52 { 59� áá¬®âà¨¬ â ª¦¥ ª®àà¥«ïæ¨®ãî äãªæ¨îä«ãªâã æ¨©  ¯à ¢«¥¨ï à á¯à®áâà ¥¨ï ¯«®á-ª®© ¢®«ë. �«ï íâ®© æ¥«¨ ¬®¦® ¨áå®¤¨âì ¨§ ãà ¢-¥¨ï ¤«ï ¥¤¨¨ç®£® ¢¥ªâ®à , ª á â¥«ì®£® ª «ã-çã (11). �àã£®© ¯ãâì § ª«îç ¥âáï ¢ ¨á¯®«ì§®¢ -¨¨ § ¢¨á¨¬®áâ¨ ¬¥¦¤ã à §®áâìî ä § dS ¬¥¦¤ã¤¢ã¬ï â®çª ¬¨,  å®¤ïé¨¬¨áï ¢ ®¤®© ¯«®áª®áâ¨x = const   ¬ «®¬ à ááâ®ï¨¨ � ¤àã£ ®â ¤àã£ , ¨¯®¢®à®â®¬ äà®â  ¢®«ë � (¯à¥¤¯®« £ ¥âáï ¬ «®©¢¥«¨ç¨®©), � = �Sk� = �#� : (22)�  ®á®¢¥ íâ®£® ¢ëà ¦¥¨ï ª®àà¥«ïæ¨®ãîäãªæ¨î (¯à®¤®«ìãî) ä«ãªâã æ¨© ã£«®¢ ¯à¨å®-¤  ¢ ¯«®áª®áâ¨, ¯à®å®¤ïé¥© ç¥à¥§ ®¡  «ãç , ¬®¦®¯à¥¤áâ ¢¨âì ¢ ¢¨¤¥ [1]B�(y) = 12D00#(y); (23)£¤¥ D# { áâàãªâãà ï äãªæ¨ï ä«ãªâã æ¨© í©ª®- « ; y { à ááâ®ï¨¥ ¬¥¦¤ã â®çª ¬¨  ¡«î¤¥¨ï(ä«ãªâã æ¨¨ ¯à®¨áå®¤ïâ ¢¤®«ì ®á¨ y); èâà¨å ®¡®-§ ç ¥â ¯à®¨§¢®¤ãî äãªæ¨¨.� «®£¨çë¬ ®¡à §®¬  å®¤¨âáï ª®àà¥«ïæ¨®- ï äãªæ¨ï (¯®¯¥à¥ç ï) ä«ãªâã æ¨© ã£«  ¯à¨-å®¤  ¢ ¯«®áª®áâ¨, ¯¥à¯¥¤¨ªã«ïà®© ª ¯«®áª®áâ¨,¯à®å®¤ïé¥© ç¥à¥§ ®¡  «ãç :B�(z) = 12D0#(z); (24)£¤¥ � { ã£®«, ®âáç¨âë¢ ¥¬ë© ¢ ¯¥à¯¥¤¨ªã«ïà®©¯«®áª®áâ¨; z { à ááâ®ï¨¥ ¬¥¦¤ã â®çª ¬¨  ¡«î-¤¥¨ï (ä«ãªâã æ¨¨ ¯à®¨áå®¤ïâ ¢¤®«ì ®á¨ y).� áá¬®âà¨¬ áã¬¬ã ¯®¯¥à¥ç®© ¨ ¯à®¤®«ì®©ª®àà¥«ïæ¨© B�(r) + B�(r), ª®â®àãî ¬®¦® ¯à¥¤-áâ ¢¨âì ¢ ¢¨¤¥ [1]B�(r) +B�(r) = �2L 1Z0 J0(mr)E""(m)m3dm: (25)�¨¤®, çâ® ¢«¨ï¨¥ ¨§ª®ç áâ®âëå á®áâ ¢«ïî-é¨å á¯¥ªâà  ä«ãªâã æ¨© ¤¨í«¥ªâà¨ç¥áª®© ¯à®¨-æ ¥¬®áâ¨ ¡ã¤¥â ¯®¤ ¢«¥®,   ®á®¡¥®áâ¨ ¢ëá®ª®-ç áâ®âëå á®áâ ¢«ïîé¨å, ¯®¢¥¤¥¨¥ ª®â®àëå ¬®-¦¥â ¡ëâì  ®¬ «ìë¬, ¤®«¦ë ¨¬¥âì § ¬¥âë©íää¥ªâ.�ë«¨ ¯à®¢¥¤¥ë ç¨á«¥ë¥ à áç¥âë áâàãªâãà-®© äãªæ¨¨ ä §ë ¨ áã¬¬ë ¯à®¤®«ì®© ¨ ¯®¯¥à¥ç-®© ª®àà¥«ïæ¨®ëå äãªæ¨© ä«ãªâã æ¨© ã£«®¢¯à¨å®¤  á¢¥â®¢®© ¢®«ë, à á¯à®áâà ïîé¥©áï ¢âãà¡ã«¥â®© áà¥¤¥ ¢ á«ãç ¥, ª®£¤  ä«ãªâã æ¨¨®¯â¨ç¥áª®£® ¯®ª § â¥«ï ¯à¥«®¬«¥¨ï ®¯à¥¤¥«ïîâ-áï ä«ãªâã æ¨ï¬¨ â¥¬¯¥à âãàë ¨ á®«¥®áâ¨, â. ¥.

§ ¢¨á¨¬®áâìî (1). �ëà ¦ ï âà¥å¬¥àãî á¯¥ª-âà «ìãî ¯«®â®áâì E""(m) ç¥à¥§ á¯¥ªâà ä«ãªâã- æ¨© ®¯â¨ç¥áª®£® ¯®ª § â¥«ï ¯à¥«®¬«¥¨ï En(m), å®¤¨¬D' = g 1Z0 (��)�8=3�(�; !)[1� J0(�r)] d (��); (26)£¤¥ g = C0 8�3�2 L"�1=3"n�5=3:
�¨á. 1. � á¯à¥¤¥«¥¨¥ áâàãªâãà®© äãªæ¨¨ ä §ë¢ § ¢¨á¨¬®áâ¨ ®â ¯ à ¬¥âà  !:1 { ! = -0.2; 2 { ! = -0.7; 3 { ! = -1.3; 4 { ! = -2.0�  à¨á. 1 ¯à¥¤áâ ¢«¥ë à¥§ã«ìâ âë à áç¥â äãªæ¨¨ ~D' = g�1(r�B)�5=3D' ¢ § ¢¨á¨¬®áâ¨ ®âr�B ¤«ï à §«¨çëå § ç¥¨© ¯ à ¬¥âà  !, ¯à¨-ç¥¬ ª ¦¤ ï áâàãªâãà ï äãªæ¨ï ¡ë«  ®à¬¨-à®¢     á¢®¥ ¬ ªá¨¬ «ì®¥ § ç¥¨¥. �â¬¥-â¨¬, çâ® ®à¬¨à®¢ª    ¢¥«¨ç¨ã (r�B)�5=3, £¤¥�TB = ("=��2T )1=4 { ¢®«®¢®¥ ç¨á«®, á®®â¢¥âáâ¢ã-îé¥¥ â¥¬¯¥à âãà®¬ã ¬ áèâ ¡ã �¥âç¥«®à , ¢¢¥-¤¥  ¯® à¥§ã«ìâ â ¬  á¨¬¯â®â¨ç¥áª®£®   «¨§ áâàãªâãà®© äãªæ¨¨ ä §ë [1]. �§ à¨áãª  ¢¨¤-®, çâ® ¢ § ¢¨á¨¬®áâ¨ ®â ¢¥«¨ç¨ë ! ¯à®¨áå®-¤¨â á¬¥é¥¨¥ ¯®«®¦¥¨ï ¬ ªá¨¬ã¬  äãªæ¨¨ ~D'.�à®¬¥ â®£®, £à ä¨ª¨ áâ ®¢ïâáï ¡®«¥¥  ¯®«¥-ë¬¨, ¯à¨ç¥¬ ¢®§¨ª îé¨¥ «®ª «ìë¥ ¢ë¯ãª«®-áâ¨ à á¯®«®¦¥ë ¯® à §ë¥ áâ®à®ë ®â ¬ ªá¨¬ã-¬  ¢ § ¢¨á¨¬®áâ¨ ®â ¢¥«¨ç¨ë ¯ à ¬¥âà  !. �®¬¥à¥ ã¬¥ìè¥¨ï  ¡á®«îâ®© ¢¥«¨ç¨ë ! £à ä¨ªäãªæ¨¨ ~D' ¯à¨¡«¨¦ ¥âáï ª £à ä¨ªã, ª®â®àë© á®-®â¢¥âáâ¢ã¥â ®âáãâáâ¢¨î ä«ãªâã æ¨© â¥¬¯¥à â¥à-®£® ¯®«ï.� áç¥âë áã¬¬ë ¯à®¤®«ì®© ¨ ¯®¯¥à¥ç®© ª®à-à¥«ïæ¨®ëå äãªæ¨© ä«ãªâã æ¨© ã£«®¢ ¯à¨å®¤ �.�. �¨ª¨è®¢, �.�. �«¥ªáîª 57



ISSN 1561 -9087 �à¨ª« ¤  £÷¤à®¬¥å ÷ª . 2002. �®¬ 4 (76), N 4. �. 52 { 59á¢¥â®¢®© ¢®«ë ¯à®¢®¤¨«¨áì   ®á®¢¥ ãà ¢¥¨ï(25) á ¨á¯®«ì§®¢ ¨¥¬ ¢ëà ¦¥¨ï (2), ®¯¨áë¢ î-é¥£® á¯¥ªâà âãà¡ã«¥âëå ¯ã«ìá æ¨© ®¯â¨ç¥áª®-£® ¯®ª § â¥«ï ¯à¥«®¬«¥¨ï. �ëà ¦ ï âà¥å¬¥à-ãî á¯¥ªâà «ìãî ¯«®â®áâì E""(m) ç¥à¥§ á¯¥ªâàä«ãªâã æ¨© ®¯â¨ç¥áª®£® ¯®ª § â¥«ï ¯à¥«®¬«¥¨ïEn(m),  å®¤¨¬B = B�(r) +B�(r) = g1 1Z0 J0 (mr)E""(m)m3dm;£¤¥ g1 = � L "n("�)�1=3:
�¨á. 2. � á¯à¥¤¥«¥¨¥B(r�B) ¢ § ¢¨á¨¬®áâ¨®â ¯ à ¬¥âà  !:1 { ! = -0.2; 2 { ! = -0.7; 3 { ! = -1.3; 4 { ! = -2.0�  à¨á. 2 ¯à¥¤áâ ¢«¥ë à¥§ã«ìâ âë à áç¥â äãªæ¨¨ ~B = g�11 B ¢ § ¢¨á¨¬®áâ¨ ®â r�B ¤«ïà §«¨çëå § ç¥¨© ¯ à ¬¥âà  !. �¨¤®, çâ® ¯®¬¥à¥ ã¢¥«¨ç¥¨ï ¢ª« ¤  ä«ãªâã æ¨© â¥¬¯¥à âãàë¢ ä«ãªâã æ¨¨ ®¯â¨ç¥áª®£® ¯®ª § â¥«ï ¯à¥«®¬«¥-¨ï áã¬¬  ¯à®¤®«ì®© ¨ ¯®¯¥à¥ç®© ª®àà¥«ïæ¨-®ëå äãªæ¨© ¯à¥â¥à¯¥¢ ¥â § ¬¥âë¥ ¨§¬¥¥-¨ï ¯® áà ¢¥¨î á® á«ãç ¥¬, ª®£¤  íâ®â ¢ª« ¤¬ «. �  à¨áãª å ¢¨¤ë «®ª «ìë¥ ¢ë¯ãª«®áâ¨,¯®ï¢«¥¨¥ ª®â®àëå á¢ï§ ® á  «¨ç¨¥¬ «®ª «ìëåíªáâà¥¬ã¬®¢ ¢ á¯¥ªâà¥ En.4. ����������� à ¡®â¥ à áá¬®âà¥ë áâ â¨áâ¨ç¥áª¨¥ å à ª-â¥à¨áâ¨ª¨ á¢¥â®¢®© ¢®«ë, à á¯à®áâà ïîé¥©-áï ¢ âãà¡ã«¥â®© ¢®¤®© áà¥¤¥, ¢ á«ãç ¥, ª®£¤ 

ä«ãªâã æ¨¨ ¯®ª § â¥«ï ¯à¥«®¬«¥¨ï ®¯à¥¤¥«ïîâ-áï ä«ãªâã æ¨ï¬¨ â¥¬¯¥à âãàë ¨ á®«¥®áâ¨. � ®â-«¨ç¨¥ ®â  â¬®áä¥àë ¬®«¥ªã«ïàë¥ ª®íää¨æ¨¥âëâ¥¬¯¥à âãà®¯à®¢®¤®áâ¨ ¨ ¤¨ääã§¨¨ á®«¨ ¢ ¢®-¤¥ áãé¥áâ¢¥® ¬¥ìè¥, ç¥¬ ª¨¥¬ â¨ç¥áª¨© ª®-íää¨æ¨¥â ¢ï§ª®áâ¨. �â® ¯à¨¢®¤¨â ª ¯®ï¢«¥¨î®¢®£® ¢ï§ª®-¤¨ääã§¨®®£® ¨â¥à¢ « , ¢ ª®â®-à®¬ á¯¥ªâàë ä«ãªâã æ¨© â¥¬¯¥à âãàë ¨ á®«¥®-áâ¨ ¯à®¯®àæ¨® «ìë ��1, â. ¥. ET � ��1, ES ���1. �â¨ á¯¥ªâàë ¯à®áâ¨à îâáï ¤® ¢®«®¢ëåç¨á¥«, ®¯à¥¤¥«ï¥¬ëå â¥¬¯¥à âãàë¬ ¨ á®«¥¢ë¬¬ áèâ ¡ ¬¨ �¥âç¥«®à , �TB = ("=��2T )1=4, �TS =("=��2S)1=4 á®®â¢¥âáâ¢¥®. �®áª®«ìªã �T � �S ,â® íªá¯®¥æ¨ «ì®¥ § âãå ¨¥ á¯¥ªâà®¢ ä«ãªâã- æ¨© â¥¬¯¥à âãàë ¨ á®«¥®áâ¨ ¯à®¨áå®¤¨â ¯à¨à §«¨çëå § ç¥¨ïå ¢®«®¢ëå ç¨á¥«. �â® ¬®-¦¥â ¯à¨¢®¤¨âì ª  ®¬ «ì®¬ã ¯®¢¥¤¥¨î á¯¥ªâà ä«ãªâã æ¨© ®¯â¨ç¥áª®£® ¯®ª § â¥«ï ¯à¥«®¬«¥¨ï¢ ®¡« áâ¨ ¡®«ìè¨å � (¯®ï¢«¥¨¥ "double-bump"[16]). �ª § ë¥ ®á®¡¥®áâ¨ á¯¥ªâà  En á®®â-¢¥âáâ¢ãîé¨¬ ®¡à §®¬ ¢«¨ïîâ   áâ â¨áâ¨ç¥áª¨¥å à ªâ¥à¨áâ¨ª¨ á¢¥â®¢®© ¢®«ë, à á¯à®áâà ïî-é¥©áï ¢ âãà¡ã«¥â®© ¢®¤®© áà¥¤¥.� «¨§ áâàãªâãà®© äãªæ¨¨ ä §ë ¨ áã¬¬ë¯à®¤®«ì®© ¨ ¯®¯¥à¥ç®© ª®àà¥«ïæ¨®ëå äãª-æ¨© ã£«®¢ ¯à¨å®¤  á¢¥â®¢®© ¢®«ë ¯à®¢®¤¨«-áï á ¨á¯®«ì§®¢ ¨¥¬ ¢ëà ¦¥¨ï, ®¯¨áë¢ îé¥£®á¯¥ªâà ¨§®âà®¯ëå ¨ «®ª «ì® ®¤®à®¤ëå ¨ ¨§®-âà®¯ëå ä«ãªâã æ¨© ®¯â¨ç¥áª®£® ¯®ª § â¥«ï ¯à¥-«®¬«¥¨ï,  ©¤¥®£® ¢ [17]. � à¥§ã«ìâ â¥ à áç¥-â®¢ ¡ë«® ¯®ª § ®, çâ® ¨§ãç ¥¬ë¥ å à ªâ¥à¨áâ¨-ª¨ á¢¥â®¢®© ¢®«ë ¨§¬¥ïîâáï ¢ § ¢¨á¨¬®áâ¨ ®â¯ à ¬¥âà  ! = �(d T0=d z)=(dS0=d z), å à ªâ¥à¨-§ãîé¥£® ¢ª« ¤ë ä«ãªâã æ¨© â¥¬¯¥à âãàë ¨ á®«¥-®áâ¨ ¢ ä«ãªâã æ¨¨ ®¯â¨ç¥áª®£® ¯®ª § â¥«ï ¯à¥-«®¬«¥¨ïî. � à®áâ®¬ ¯ à ¬¥âà  ! ¯®¢ëè ¥âáïá¯¥ªâà «ìë© ãà®¢¥ì ä«ãªâã æ¨© â¥¬¯¥à âãàë,¨ ¢¥«¨ç¨  ¢®«®¢®£® ç¨á« , ¯à¨ ª®â®à®¬ ¯à®¨á-å®¤¨â ¨å § âãå ¨¥, â ª¦¥ à áâ¥â. � à¥§ã«ìâ â¥«®ª «ìë¥ íªáâà¥¬ã¬ë á¬¥é îâáï ¢ ®¡« áâì ¡®«¥¥¢ëá®ª¨å ¢®«®¢ëå ç¨á¥«. �«¨ï¨¥ íâ®£® ¯¥à¥¬¥-é¥¨ï á®®â¢¥âáâ¢ãîé¨¬ ®¡à §®¬ ¯à®ï¢«ï¥âáï ¢áâ â¨áâ¨ç¥áª¨å å à ªâ¥à¨áâ¨ª å á¢¥â®¢®© ¢®«ë(á¬. à¨á. 1, 2).� à ¡®â¥ ¨á¯®«ì§®¢ «®áì ¯à¨¡«¨¦¥¨¥ £¥®¬¥-âà¨ç¥áª®© ®¯â¨ª¨, ¯à¨¬¥¨¬®áâì ª®â®à®£® ®£à -¨ç¥  áà ¢¨â¥«ì® ¥¡®«ìè¨¬¨ § ç¥¨ï¬¨¤«¨ë L, ¯®áª®«ìªã ¤®«¦® ¢ë¯®«ïâìáï ãá«®¢¨¥â®£®, çâ® ¬ áèâ ¡ ¥®¤®à®¤®áâ¨ l+ ¥ ¤®«¦¥¯à¥¢ëè âì à ¤¨ãá ¯¥à¢®© §®ë �à¥¥«ï p�L.�¤ ª®, ¥á¬®âàï   íâ® ®£à ¨ç¥¨¥, ®¡é¨© ¢ë-¢®¤ ®áâ ¥âáï ¯à¥¦¨¬: áâ â¨áâ¨ç¥áª¨¥ å à ªâ¥-à¨áâ¨ª¨ á¢¥â®¢®© ¢®«ë ¯à¥â¥à¯¥¢ îâ § ¬¥âë¥58 �.�. �¨ª¨è®¢, �.�. �«¥ªáîª
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