
ISSN 1561 -9087 �à¨ª« ¤  £÷¤à®¬¥å ÷ª . 2003. �®¬ 5 (77), N 1. �. 47 { 61��� 621.371.39�������������� ���������������������� �����, ������������������� ������������ ������� �����. �. ��������¯¥æ¨ «ì®¥ ª®áâàãªâ®àáª®¥ ¡îà®�áâ¨âãâ  £¨¤à®¬¥å ¨ª¨ ��� �ªà ¨ë, �¨¥¢�®«ãç¥® 15.11.2002� áá¬ âà¨¢ ¥âáï à á¯à®áâà ¥¨¥ ¯«®áª®© á¢¥â®¢®© ¢®«ë ¢ «®ª «ì®-®¤®à®¤®© ¨ ¨§®âà®¯®© âãà¡ã«¥â®© ¢®¤-®© áà¥¤¥ ¢ á«ãç ¥, ª®£¤  ä«ãªâã æ¨¨ ®¯â¨ç¥áª®£® ¯®ª § â¥«ï ¯à¥«®¬«¥¨ï ®¯à¥¤¥«ïîâáï ä«ãªâã æ¨ï¬¨ â¥¬¯¥à -âãàë ¨ á®«¥®áâ¨. �«ï à áç¥â  áâ â¨áâ¨ç¥áª¨å å à ªâ¥à¨áâ¨ª ¢®«ë ¨á¯®«ì§ã¥âáï ¬¥â®¤ ¯« ¢ëå ¢®§¬ãé¥¨©.�à âª® ¨§« £ îâáï ®á®¢ë¥ ¯®«®¦¥¨ï ãª § ®£® ¬¥â®¤ , á¤¥« ë ®æ¥ª¨ ¨ ¯®«ãç¥ë ¯à¨¡«¨¦¥ë¥ ¢ëà ¦¥¨ïáâ â¨áâ¨ç¥áª¨å å à ªâ¥à¨áâ¨ª ¯à¨¬¥¨â¥«ì® ª  â¬®áä¥à®© âãà¡ã«¥â®áâ¨, à áá¬®âà¥ë å à ªâ¥à¨áâ¨ª¨ á¢¥-â®¢®© ¢®«ë, à á¯à®áâà ïîé¥©áï ¢ âãà¡ã«¥â®© ¢®¤®© áà¥¤¥, ª®£¤  ä«ãªâã æ¨¨ ¯®ª § â¥«ï ¯à¥«®¬«¥¨ï ®¯à¥-¤¥«ïîâáï ä«ãªâã æ¨ï¬¨ ®¤®© áª «ïà®© ª®¬¯®¥âë. �á¯®«ì§®¢   à ¥¥ à §à ¡®â  ï ¬®¤¥«ì á¯¥ªâà  ä«ãª-âã æ¨© ®¯â¨ç¥áª®£® ¯®ª § â¥«ï ¯à¥«®¬«¥¨ï [25], ª®â®à ï ¡ §¨àã¥âáï   ¬®¤¥«¨ �®ààá¨ -� ®. �à¨áãâáâ¢¨¥ ¤¢ãåáª «ïàëå ª®¬¯®¥â ¯à¨¢®¤¨â ª  ®¬ «ì®¬ã ¯®¢¥¤¥¨î á¯¥ªâà  ä«ãªâã æ¨© ¯®ª § â¥«ï ¯à¥«®¬«¥¨ï ¢ ®¡« áâ¨¬ «ëå ¬ áèâ ¡®¢, ¢ ç áâ®áâ¨ ¯®ï¢«¥¨î «®ª «ìëå íªáâà¥¬ã¬®¢ ¢ § ¢¨á¨¬®áâ¨ ®â ¢ª« ¤®¢ ä«ãªâã æ¨© áª «ïàëåª®¬¯®¥â (â¥¬¯¥à âãàë ¨ á®«¥®áâ¨) ¢ ä«ãªâã æ¨¨ ¯®ª § â¥«ï ¯à¥«®¬«¥¨ï. �®ª § ®, çâ® íâ¨  ®¬ «¨¨ ¯à®-ï¢«ïîâáï ¢ ¯®¢¥¤¥¨¨ â ª¨å áâ â¨áâ¨ç¥áª¨å å à ªâ¥à¨áâ¨ª å, ª ª ª®àà¥«ïæ¨® ï äãªæ¨ï ä«ãªâã æ¨© ãà®¢ï ¨áâàãªâãà ï äãªæ¨ï ä §ë. �â® ¢ëà ¦ ¥âáï ¢ ¨§¬¥¥¨¨ è¨à¨ë ª®àà¥«ïæ¨®®© äãªæ¨¨, á¬¥é¥¨¨ «®ª «ìëå¬ ªá¨¬ã¬®¢ áâàãªâãà®© äãªæ¨¨ ä §ë ¨ ¤à.�®§£«ï¤ õâìáï à®§¯®¢áî¤¦¥ï ¯«®áª®ù á¢÷â®¢®ù å¢¨«÷ ¢ «®ª «ì®-®¤®à÷¤®¬ã © ÷§®âà®¯®¬ã âãà¡ã«¥â®¬ã á¥à¥-¤®¢¨é÷ ã ¢¨¯ ¤ªã, ª®«¨ ä«ãªâã æ÷ù ®¯â¨ç®£® ¯®ª §¨ª  § «®¬«¥ï ¢¨§ ç îâìáï ä«ãªâã æ÷ï¬¨ â¥¬¯¥à âãà¨ ©á®«®®áâ÷. �«ï à®§à åãªã áâ â¨áâ¨ç¨å å à ªâ¥à¨áâ¨ª å¢¨«÷ ¢¨ª®à¨áâ®¢ãõâìáï ¬¥â®¤ ¯« ¢¨å §¡ãà¥ì. �®à®âª®¯à¨¢®¤ïâìáï ®á®¢÷ ¯®«®¦¥ï ¢ª § ®£® ¬¥â®¤ã, §à®¡«¥® ®æ÷ª¨ ÷ ®âà¨¬ ®  ¡«¨¦¥÷ ¢¨à §¨ ¤«ï áâ â¨áâ¨ç¨åå à ªâ¥à¨áâ¨ª ã ¢¨¯ ¤ªã  â¬®áä¥à®ù âãà¡ã«¥â®áâ÷, à®§£«ïãâ® å à ªâ¥à¨áâ¨ª¨ á¢÷â«®¢®ù å¢¨«÷, é® à®§¯®¢áî¤-¦ãõâìáï ¢ âãà¡ã«¥â®¬ã ¢®¤®¬ã á¥à¥¤®¢¨é÷, ª®«¨ ä«ãªâã æ÷ù ¯®ª §¨ª  § «®¬«¥ï ¢¨§ ç îâìáï ä«ãªâã æ÷ï¬¨®¤÷õù áª «ïà®ù ª®¬¯®¥â¨. �¨ª®à¨áâ   ¬®¤¥«ì á¯¥ªâàã ä«ãªâã æ÷© ®¯â¨ç®£® ¯®ª §¨ª  § «®¬«¥ï, ïªã ®â-à¨¬ ® à ÷è¥ [25] ÷ ïª  ¡ §ãõâìáï   ¬®¤¥«÷ �®àá¨ -� ®. � ï¢÷áâì ¤¢®å áª «ïà¨å ª®¬¯®¥â ¯à¨§¢®¤¨âì ¤® ®¬ «ì®ù ¯®¢¥¤÷ª¨ á¯¥ªâàã ä«ãªâã æ÷© ¯®ª §¨ª  § «®¬«¥ï ¢ ®¡« áâ÷ ¬ «¨å ¬ áèâ ¡÷¢, §®ªà¥¬  ¯®ï¢÷ «®ª «ì-¨å ¥ªáâà¥¬ã¬÷¢ ã § «¥¦®áâ÷ ¢÷¤ ¢ª« ¤÷¢ ä«ãªâã æ÷© áª «ïà¨å ª®¬¯®¥â (â¥¬¯¥à âãà¨ ÷ á®«®®áâ÷) ã ä«ãªâã æ÷ù¯®ª §¨ª  § «®¬«¥ï. �®ª § ®, é® æ÷  ®¬ «÷ù ¢¯«¨¢ îâì   ¯®¢¥¤÷ªã â ª¨å áâ â¨áâ¨ç¨å å à ªâ¥à¨áâ¨ª, ïª ª®-à¥«ïæ÷©  äãªæ÷ï ä«ãªâã æ÷©  ¬¯«¨âã¤¨ ÷ áâàãªâãà  äãªæ÷ï ä §¨. �¥ ¯à¨§¢®¤¨âì ¤® §¬÷¨ è¨à¨¨ ª®à¥«ïæ÷©®ùäãªæ÷ù, §áã¢ã «®ª «ì¨å ¬ ªá¨¬ã¬÷¢ áâàãªâãà®ù äãªæ÷ù ä §¨ â  ÷.Propagation of two-dimensional light wave in local homogeneous and isotropical turbulent water, when uctuations ofoptical refractive index is determined by uctuations of temperature and salinity, is studied. The method of smoothperturbations is used for estimations of statistical characteristics of wave. At �rst, the fundamentals of this methodis briey stated. The estimations and approximated expressions of statistical characteristics of wave propagating inatmosphere are found. The characteristics of wave propagating in turbulent water when uctuations of refractive indexare determined uctuations of single scalar component are considered too. Model of spectrum of uctuations of opticalrefractive index is developed earlier [25]. It is based on the model Corrsin-Pao. The presence of two scalar componentsresults in anomalous behavior of spectrum of uctuations of refractive index in small-scale region, in paticular the arisingof local extremums depending on the contributions of uctuations of scalar components in uctuations of refractive index.It is shown that these anomlouses are manifested in behavior of such statistical characteristics as correlation functions ofamplitude uctuations and structure function of phase and others. This leads to the changing of the width of correlationfunction, displacement of local extremums of stucture function of phase and so on.���������â¥á¨¢®¥ ¨§ãç¥¨¥ ¯à®æ¥áá  à á¯à®áâà ¥-¨ï ¢®« ¢ âãà¡ã«¥â®©  â¬®áä¥à¥ ¯à®¤®«¦ ¥âáïã¦¥   ¯à®âï¦¥¨¨ ¡®«¥¥ 30 «¥â. �ãà¡ã«¥â®áâì®¡ãá« ¢«¨¢ ¥â ¯®ï¢«¥¨¥ á«ãç ©ëå ä«ãªâã æ¨©â¥¬¯¥à âãàë ¨ ¢« ¦®áâ¨,   § ç¨â ¨ ®¯â¨ç¥-áª®£® ¯®ª § â¥«ï ¯à¥«®¬«¥¨ï. �â® ¯à¨¢®¤¨â ª§ ç¨â¥«ìë¬ ¨áª ¦¥¨ï¬ ¢®«®¢ëå ¯®«¥©. �ª-âã «ì®áâì ¨áá«¥¤®¢ ¨© ä«ãªâã æ¨© å à ªâ¥à¨-áâ¨ª ¢®«, à ¯à®áâà ïîé¨åáï ¢ ãá«®¢¨ïå âãà¡ã-«¥â®© áà¥¤ë, á¢ï§   á è¨à®ª¨¬ ªàã£®¬ ¬¥â¥®-
à®«®£¨ç¥áª¨å, £¥®ä¨§¨ç¥áª¨å ¨  áâà®ä¨§¨ç¥áª¨å§ ¤ ç, ¤«ï à¥è¥¨ï ª®â®àëå âà¥¡ãîâáï ¢á¥ ¡®«¥¥â®çë¥ ª®«¨ç¥áâ¢¥ë¥ ¤ ë¥ ®¡ íâ¨å å à ªâ¥-à¨áâ¨ª å.�¥®à¥â¨ç¥áª¨¥ ®á®¢ë ¨§ãç¥¨ï å à ªâ¥à¨áâ¨ª¢®«, à á¯®áâà ïîé¨åáï ¢ ãá«®¢¨ïå  â¬®áä¥àë,à §à ¡®â ë ¢ ¬®®£à ä¨ïå [1 { 4], ®¡®¡é¥¨¥ à¥-§ã«ìâ â®¢ à áç¥â®¢ å à ªâ¥à¨áâ¨ª á¢¥â®¢®© ¢®«-ë ¯à¨¢¥¤¥® ¢ ¨§¢¥áâ®¬ ®¡§®à¥ �®ãà¥á  ¨�âà®¡¥  [5]. � íâ¨å à ¡®â å ¯®ª § ®, çâ® áâ -â¨áâ¨ç¥áª¨¥ å à ªâ¥à¨áâ¨ª¨ ä«ãªâã æ¨© ¯ à ¬¥-âà®¢ ¢®« (ä §ë, ã£«®¢ ¯à¨å®¤ ,  ¬¯«¨âã¤ë) § -c �.�. �¨ª¨è®¢, 2003 47



ISSN 1561 -9087 �à¨ª« ¤  £÷¤à®¬¥å ÷ª . 2003. �®¬ 5 (77), N 1. �. 47 { 61¢¨áïâ ®â á¯¥ªâà  ä«ãªâã æ¨© â¥¬¯¥à âãàë. �«ïà áç¥â®¢ ¨á¯®«ì§®¢ « áì ¬®¤¥«ì á¯¥ªâà  ä«ãªâã- æ¨© â¥¬¯¥à âãàë, ª®â®à ï ¤«ï ¬ «ëå ¬ áèâ -¡®¢ á®®â¢¥âáâ¢ã¥â § ª®ã �¡ãå®¢ -�®ààá¨  [2, 6]ET � ��5=3 (¨¥àæ¨®®-ª®¢¥ªâ¨¢ë© ¨â¥à¢ «).�¤¥áì � { ¢®«®¢®¥ ç¨á«®. �à ¢¥¨¥ á ¤ ë¬¨ âãàëå  ¡«î¤¥¨© ¯®ª §ë¢ ¥â ¤®áâ â®ç® å®-à®è¥¥ á®®â¢¥âáâ¢¨¥ à¥§ã«ìâ â®¢ [1 { 5, 7 { 9].� ¨¡®«¥¥ ç áâ® ¯à¨¬¥ï¥¬ ï ¬®¤¥«ì á¯¥ªâà ä«ãªâã æ¨© â¥¬¯¥à âãàë ®¯¨áë¢ ¥âáï § ¢¨á¨¬®-áâìî ET � ��5=3f(��); (1)£¤¥ � { ¯à®áâà áâ¢¥ë© ¬ áèâ ¡ �®«¬®£®à®-¢ , å à ªâ¥à¨§ãîè¨© ¢«¨ï¨¥ ¢ï§ª®áâ¨   âãà-¡ã«¥âë¥ ¢¨åà¨, � = (�3=�)3=4; � { áª®à®áâì ¤¨-á¨¯ æ¨¨ âãà¡ã«¥â®© í¥à£¨¨; � { ª¨¥¬ â¨ç¥-áª¨© ª®íää¨æ¨¥â ¬®«¥ªã«ïà®© ¢ï§ª®áâ¨. �®£¤ f = 1, ¯®«ãç ¥¬ á¯¥ªâà �¡ãå®¢ -�®ààá¨ . � ª §ë¢ ¥¬ë© "á¯¥ªâà � â àáª®£®", ¯à¥¤«®¦¥ë©¢ à ¡®â¥ [1], å à ªâ¥à¨§ã¥âáï á«¥¤ãîé¨¬ ¢¨¤®¬äãªæ¨¨ f : f(��) = exp[�(��=5:92)]. �à¨ ã¬¥ì-è¥¨¨ ¬ áèâ ¡®¢ á¯¥ªâà à¥§ª® § âãå ¥â (¢ï§ª®-¤¨ääã§¨®ë© ¨â¥à¢ «). � à ¡®â å [10, 11] ¯à¥¤-«®¦¥ë ¡®«¥¥ â®çë¥ ¬®¤¥«¨ á¯¥ªâà®¢, ® ®¨ ®ª -§ «¨áì ¤®¢®«ì® £à®¬®§¤ª¨¬¨ ¤«ï   «¨â¨ç¥áª¨åà áç¥â®¢, ¯®íâ®¬ã ¢ àï¤¥ à ¡®â ¡ë«  ¯à®¢¥¤¥ ¨å  ¯¯à®ªá¨¬ æ¨ï. �«ï íâ¨å ¬®¤¨ä¨æ¨à®¢ ëåá¯¥ªâà®¢ äãªæ¨ï f ¯à¥¤áâ ¢«¥  ¢ á«¥¤ãîé¥¬ ¢¨-¤¥ [12]:f(��) = exp(�~�2)�1 + 1:802~�� 0:254~�7=6� ; (2)£¤¥ ~� = �=�l, �l = 3:3=�.�®¤®¡ ï ¬®¤¨ä¨ª æ¨ï á¯¥ªâà , à §à ¡®â ®-£® ¢ à ¡®â å [10, 11], ¡ë«  ®áãé¥áâ¢«¥  ¢ à ¡®â¥[13], £¤¥ ¯à¥¤«®¦¥  á«¥¤ãîé ï § ¢¨á¨¬®áâì, ®¯¨-áë¢ îé ï äãªæ¨î f :f(x) =  4Xi=0 aixi! exp(��x); (3)£¤¥ a0 = 1, a1 = 1:109, a2 = 0:70937, a3 = �0:28086,a4 = 0:08277, � = 1:109.� ¦ ï ®á®¡¥®áâì íâ®£® á¯¥ªâà  § ª«îç ¥âáï¢ â®¬, çâ® ® ®¯¨áë¢ ¥â "¯àë¦®ª" (bump) á¯¥ª-âà  ¢¡«¨§¨ �� = 1, ª®â®àë© ãª §ë¢ ¥â   £à ¨æã¤¨áá¨¯ â¨¢®£® ¨â¥à¢ « . � à ¡®â¥ [14] à áá¬ -âà¨¢ « áì   «®£¨ç ï ¬®¤¥«ì á¯¥ªâà  ¯à¨   «¨-§¥ ¬ «ëå ¯¥à¥¬¥é¥¨© ®¡« áâ¨ ¯àë¦ª  á¯¥ªâà .� «¨§¨àãï ¤ ë¥ ¬¥àæ ¨© « §¥à®£® «ãç , ¢à ¡®â¥ [13] ¯à¥¤«®¦¥® ãâ®ç¥¨¥ § ¢¨á¨¬®áâ¨ (3)(á¬. â ª¦¥ à ¡®âã [15]).

�à¨ ¤®áâ â®ç® ¡®«ìè®© ¤«¨¥ âà ááë  ç¨ -¥â áª §ë¢ âìáï ¢«¨ï¨¥ ªàã¯®¬ áèâ ¡ëå ¢®§-¬ãé¥¨©, ¢¯«®âì ¤® í¥à£®¥áãé¨å. � íâ®¬ á«ã-ç ¥ ¯®ï¢«ïîâáï § ¬¥âë¥ à áå®¦¤¥¨ï â¥®à¥â¨ç¥-áª¨å ¨ íªá¯¥à¨¬¥â «ìëå ¤ ëå. �«ï ãáâà ¥-¨ï ¯®¤®¡ëå à áå®¦¤¥¨© ¨á¯®«ì§ãîâ ãâ®ç¥-ë¥ ¬®¤¥«¨ á¯¥ªâà  ä«ãªâã æ¨© ®¯â¨ç¥áª®£® ¯®-ª § â¥«ï ¯à¥«®¬«¥¨ï, ¢ ª®â®àëå ãç¨âë¢ ¥âáï § -¢¨á¨¬®áâì ®â ¢¥è¥£® ¬ áèâ ¡ . �à¥¤¨ â ª¨å¬®¤¥«¥© á«¥¤ã¥â ®â¬¥â¨âì ¨§¢¥áâãî ª à¬ ®¢-áªãî ¬®¤¥«ì [9], ª®â®à ï ®â«¨ç ¥âáï ®â § ¢¨á¨-¬®áâ¨ (1) ¢¢¥¤¥¨¥¬ ¬®¦¨â¥«ï ¢¨¤  f1(�=�0) =(1 + �20=�2)11=6, £¤¥ �0 = 2�=�, � { ¨â¥£à «ìë©¬ áèâ ¡ âãà¡ã«¥â®áâ¨, ¨«¨ ¬®¦¨â¥«ï ¢¨¤  [15]f1(x) = [1 + �2=(�x)2], £¤¥ x = ��. � àï¤¥ á«ãç ¥¢¨á¯®«ì§ãîâ â ª  §ë¢ ¥¬ë¥ íªá¯¥à¨¬¥â «ìë¥¬®¤¥«¨. �®£¤  ª®àà¥ªâ¨àãîé¨¥ ¬®¦¨â¥«¨ ¨¬¥îâ¢¨¤ [9] f1(�=�0) = 1�exp(��2=�2e), £¤¥ �e = 2�=Le,Le = 0:54�, ¨«¨ [16] f1(x) = 1�exp[�(x�=�d)2], £¤¥d { ¤¨ ¬¥âà  ¯¥àâãàë ¯à¨¥¬¨ª . �«¨ï¨¥ ¢¥è-¥£® ¬ áèâ ¡    å à ªâ¥à¨áâ¨ª¨ ¢®«, à á¯à®-áâà ïîé¨åáï ¢ âãà¡ã«¥â®©  â¬®áä¥à¥, ¯à®-  «¨§¨à®¢ ® ¢ à ¡®â å [17 { 19].� áá¬ âà¨¢ ï £à ¨æë ¯à¨¬¥¨¬®áâ¨ ¯à¨¡«¨-¦¥¨ï £¥®¬¥âà¨ç¥áª®© ®¯â¨ª¨, � â àáª¨© ¯®ª § «[1], çâ® ¤¨á¯¥àá¨ï «®£ à¨ä¬   ¬¯«¨âã¤ë ¥ ¤®«¦-  ¯à¥¢ëè âì ¥¤¨¨æë. �à®¬¥ â®£®, ®  è¥«,çâ® à ¤¨ãá ¯¥à¢®© §®ë �à¥¥«ï, à ¢ë© p�L,£¤¥ L { ¤«¨  âà ááë, ¤®«¦¥ ¡ëâì ¬¥ìè¥ ¯à®-áâà áâ¢¥®£® ¬ áèâ ¡  ¢ à¨ æ¨¨ ®¯â¨ç¥áª®£®¯®ª § â¥«ï ¯à¥«®¬«¥¨ï. �®£¤  ãª §  ï ¤¨á¯¥-àá¨ï ¬ « , ¨¬¥¥âáï å®à®è¥¥ á®®â¢¥âáâ¢¨¥ â¥®à¥-â¨ç¥áª¨å ¨ íªá¯¥à¨¬¥â «ìëå ¤ ëå. �¤ ª®  ¤«¨ëå £®à¨§®â «ìëå âà áá å íâ  ¤¨á¯¥-àá¨ï § ¬¥â® ¢®§à áâ ¥â. � ¯à¨áãâáâ¢¨¨ á¨«ì®©âãà¡ã«¥â®áâ¨ ¯à®¨áå®¤¨â " áëé¥¨¥" ¬¥àæ -¨© á¢¥â®¢®£® «ãç , ¨ íâ  ¢ à¨ æ¨ï ¤®áâ¨£ ¥â § -ç¥¨© ¯®àï¤ª  O(1). � ç «® à áá¬®âà¥¨ï íâ¨å¢®¯à®á®¢ ¯®«®¦¥® ¢ à ¡®â¥ [1]. � â¥¬ ®¨ à á-á¬ âà¨¢ «¨áì ¢ à ¡®â å [20 { 22].� àï¤¥ à ¡®â ¨§ãç «¨áì ç áâ®â®-¢à¥¬¥ë¥á¯¥ªâàë ¢®«, à á¯à®áâà ïîé¨åáï ¢  â¬®áä¥à¥[15, 23], å®âï ®á®¢®¥ ¢¨¬ ¨¥ ¢ à ¡®â å ã¤¥-«ï«®áì ¨§ãç¥¨î â ª¨å áâ â¨áâ¨áâ¨ç¥áª¨å å à ª-â¥à¨áâ¨ª, ª ª ä«ãªâã æ¨¨ ãà®¢ï, ª®àà¥«ïæ¨®- ï äãªæ¨ï ä«ãªâã æ¨© ãà®¢ï, ª®àà¥«ïæ¨® ïäãªæ¨ï ã£«®¢ ¯à¨å®¤ , áâàãªâãà ï äãªæ¨ï ä -§ë.�«¥¤ã¥â ¯®¤ç¥àªãâì, çâ® ¢ ¡®«ìè¨áâ¢¥ à -¡®â à áá¬ âà¨¢ «®áì à á¯à®áâà ¥¨¥ ¢®« ¢  â-¬®áä¥à¥. �§¢¥áâ®, çâ® ¬®«¥ªã«ïàë© ª®íää¨-æ¨¥â â¥¬¯¥à âãà®¯à®¢®¤®áâ¨ �T ¡«¨§®ª ª ª¨-¥¬ â¨ç¥áª®¬ã ª®íää¨æ¨¥âã ¢ï§ª®áâ¨ � ¨ ç¨á«®48 �.�. �¨ª¨è®¢



ISSN 1561 -9087 �à¨ª« ¤  £÷¤à®¬¥å ÷ª . 2003. �®¬ 5 (77), N 1. �. 47 { 61�à ¤â«ï Pr = �=�T � 0:7. �âáî¤  á«¥¤ã¥â, çâ®¢®«®¢ë¥ ç¨á« , å à ªâ¥à¨§ãîé¨¥ ¢«¨ï¨¥ ¢ï§-ª®áâ¨ ¨ â¥¬¯¥à âãà®¯à®¢®¤®áâ¨, ¡«¨§ª¨ ¤àã£ ª¤àã£ã. �â® ¯à¨¢®¤¨â ª â®¬ã, çâ® à¥§ª®¬ã á¯ -¤ ¨î á¯¥ªâà  ä«ãªâã æ¨© áª®à®áâ¨ á®®â¢¥âáâ¢ã-¥â à¥§ª®¥ á¯ ¤ ¨¥ á¯¥ªâà  ä«ãªâã æ¨© â¥¬¯¥à -âãàë. �¤¥áì ¥ ¢®§¨ª ¥â ¢ï§ª®-ª®¢¥ªâ¨¢®£®¨â¥à¢ «  á¯¥ªâà  ET (�), ª®£¤  ® ¯à®¯®àæ¨® -«¥ ��1. �â¬¥â¨¬, çâ® ¢ à ¡®â¥ [11] à áá¬®âà¥á¯¥ªâà ä«ãªâã æ¨©  íà®§®«ï ¢ ãá«®¢¨ïå  â¬®áä¥-àë. �¢â®àë ¢¢¥«¨ ¬ «ë© ª®íää¨æ¨¥â ¤¨ääã§¨¨ íà®§®«ï (ç¨á«® �à ¤â«ï Pr = 107), çâ® ¯à¨¢¥«®ª ¯®ï¢«¥¨î ¢ï§ª®-ª®¢¥ªâ¨¢®£® ¨â¥à¢ «  á¯¥ª-âà . �¨ ¨§ãç¨«¨ å à ªâ¥à¨áâ¨ª¨ á¢¥â®¢®£® «ã-ç , à á¯à®áâà ïîé¥£®áï ¢ â ª¨å ãá«®¢¨ïå. �¤ -ª®  íà®§®«ì á®áâ®¨â ¨§ ®â¤¥«ìëå, å®âï ¨ ¬ «¥ì-ª¨å, ç áâ¨æ, ¯®íâ®¬ã ® ¥ ï¢«ï¥âáï ª®â¨ãã¬®¬.�¥®¡å®¤¨¬® ¡®«¥¥ ç¥âª®¥ ®¡®á®¢ ¨¥ ª®àà¥ªâ®-áâ¨ ¢¢¥¤¥¨ï ª®íää¨æ¨¥â  ¤¨ääã§¨¨, å à ªâ¥à-®£® ¤«ï á¯«®èëå áà¥¤.� ¡®â, ¯®á¢ïé¥ëå ¨§ãç¥¨î à á¯à®áâà ¥-¨ï ¢®« ¢ ¢®¤®© áà¥¤¥, ¥¬®£®. � à ¡®â¥[24] à áá¬®âà¥® à á¯à®áâà ¥¨¥ ¢®« ¢ âãà¡ã-«¥â®© ¢®¤®© áà¥¤¥. �¢â®à ¨§ãç¨« áâ â¨áâ¨-ç¥áª¨¥ å à ªâ¥à¨áâ¨ª¨ á¢¥â®¢®© ¢®«ë ¤«ï á«ã-ç ¥¢, ª®£¤  ä«ãªâã æ¨¨ ¯®ª § â¥«ï ¯à¥«®¬«¥¨ï®¯à¥¤¥«ïîâáï ä«ãªâã æ¨ï¬¨ â¥¬¯¥à âãàë ¨«¨ á®-«¥®áâ¨. �à®¢¥¤¥ë©   «¨§ ¯®ª § «, çâ® ¢«¨ï-¨¥ ¢ï§ª®-ª®¢¥ªâ¨¢®£® ¨â¥à¢ «    áâ â¨áâ¨-ç¥áª¨¥ å à ªâ¥à¨áâ¨ª¨ á¢¥â®¢®© ¢®«ë ï¢«ïîâ-áï áãé¥áâ¢¥ë¬, ¬¥ïîâáï ª ª ä®à¬ , â ª ¨ ¨å§ ç¥¨ï. �¡ àã¦¥ë à §«¨ç¨ï ¢ á¯¥ªâà «ì-ëå å à ªâ¥à¨áâ¨ª å ¤«ï á«ãç ¥¢, ª®£¤  ä«ãªâã- æ¨¨ ®¯â¨ç¥áª®£® ¯®ª § â¥«ï ¯à¥«®¬«¥¨ï ®¯à¥-¤¥«ïîâáï ä«ãªâã æ¨ï¬¨ â¥¬¯¥à âãàë ¨«¨ á®«¥-®áâ¨, çâ® ®¡ãá«®¢«¥® à §«¨ç®© ¤«¨®© ¢ï§ª®-ª®¢¥ªâ¨¢ëå ¨â¥à¢ «®¢ á¯¥ªâà®¢ ET (�) ¨ ES(�).� ®â«¨ç¨¥ ®â  â¬®áä¥àë, ¢ ¢®¤®©, ¢ ç áâ®-áâ¨ ¢ ¬®àáª®©, áà¥¤¥ ä«ãªâã æ¨¨ ¯®ª § â¥«ï ¯à¥-«®¬«¥¨ï ®¡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¨ . �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¨ ¨ ¤¨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®¢ , ª®â®àë©å à ªâ¥à¨§ã¥â ¯à®áâà áâ¢¥ë© ¬ áèâ ¡ âãà-¡ã«¥âëå ¢¨åà¥©, ¯®¤¢¥à¦¥ëå ¢«¨ï¨î ¢ï§ª®-áâ¨; � { áª®à®áâì ¤¨áá¨¯ æ¨¨ í¥à£¨¨ âãà¡ã«¥â-

ëå 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¨¥âëâ¥¬¯¥à âãà®¯à®¢®¤®áâ¨ �T ¨ ¤¨ääã§¨¨ á®«¨ �S :� >> �T >> �S . �â® ¯à¨¢®¤¨â ª â®¬ã, çâ® ¢ ®â-«¨ç¨¥ ®â á¯¥ªâà  ä«ãªâã æ¨© áª®à®áâ¨ á¯¥ªâàëä«ãªâã æ¨© â¥¬¯¥à âãàë ¨ á®«¥®áâ¨ ¯à¨ � > �K¯« ¢® ¯®¨¦ îâáï ¢¯«®âì ¤® ®ç¥ì ¬ «ëå ¬ á-èâ ¡®¢, £¤¥ ¢ ¦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]. �à®âï¦¥®áâì ¤ ëå ¨â¥à¢ «®¢ ®¯à¥¤¥-«ï¥âáï ®â®è¥¨ï¬¨ ¬®«¥ªã«ïàëå ª®íää¨æ¨¥-â®¢ ¯¥à¥®á , â. ¥. § ç¥¨ï¬¨ ç¨á¥« �à ¤-â«ï Pr = �=�T ¨ �¬¨¤â  Sc = �=�S. �á®, çâ®à¥§ª®¥ á¯ ¤ ¨¥ ãà®¢ï ä«ãªâã æ¨© â¥¬¯¥à âãàë¯®¤ ¤¥©áâ¢¨¥¬ â¥¬¯¥à âãà®¯à®¢®¤®áâ¨ ¯à®¨áå®-¤¨â ¢ ®¡« áâ¨ ¬¥ìè¨å ¢®«®¢ëå ç¨á¥«, ç¥¬ ¯ ¤¥-¨¥ ãà®¢ï ä«ãªâã æ¨© á®«¥®áâ¨ ¯®¤ ¤¥©áâ¢¨¥¬íää¥ªâ  ¤¨ääã§¨¨ á®«¨. �àã£¨¬¨ á«®¢ ¬¨, ¨¬¥¥â-áï ¨â¥à¢ « ¢®«®¢ëå ç¨á¥«,   ª®â®à®¬ ä«ãªâã- æ¨¨ â¥¬¯¥à âãàë ã¦¥ ¢ëà®¤¨«¨áì, ® áãé¥áâ¢ã-îâ 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 [24, 25] ¨, ¢ ç áâ®áâ¨, ¯®ï¢«¥-¨î «®ª «ìëå íªáâà¥¬ã¬®¢ ¨ «®ª «ìëå ¢ë¯ãª«-®áâ¥© ("bump"). �ª § ë¥  ®¬ «¨¨ ¢ ¯®¢¥¤¥¨¨á¯¥ªâà  ¯ã«ìá æ¨© ®¯â¨ç¥áª®£® ¯®ª § â¥«ï ¯à¥-«®¬«¥¨ï á®®â¢¥âáâ¢ãîé¨¬ ®¡à §®¬ ¯à®ï¢«ïîâ-áï ¢ ¨§¬¥¥¨ïå áâ â¨áâ¨ç¥áª¨å å à ªâ¥à¨á¨â¨ª¢®«, à á¯à®áâà ïîé¨åáï ¢ âãà¡ã«¥â®© ¬®à-áª®© ¢®¤¥. �â¨ ¢®¯à®áë ¤¥â «ì® à áá¬®âà¥ë ¢à ¡®â¥ [26]. � ª ç¥áâ¢¥ á¯¥ªâà  ä«ãªâã æ¨© ®¯â¨-ç¥áª®£® ¯®ª § â¥«ï ¯à¥«®¬«¥¨ï  ¢â®àë ¨á¯®«ì§®-¢ «¨ ¬®¤¥«ì á¯¥ªâà , ®¯¨á ãî ¢ à ¡®â¥ [25]. �¢-â®àë ¯à®¢¥«¨ à áç¥âë áâàãªâãà®© äãªæ¨¨ ä -§ë ¨ áã¬¬ë ¯à®¤®«ì®© ¨ ¯®¯¥à¥ç®© ª®àà¥«ïæ¨-®ëå äãªæ¨© á¢¥â®¢®© ¢®«ë. �ë«® ¯®ª § ®,çâ® ¨§ãç ¥¬ë¥ å à ªâ¥à¨áâ¨ª¨ ¨§¬¥ïîâáï ¢ § -¢¨á¨¬®áâ¨ ®â ¯ à ¬¥âà  ! = ��T0=��S0, å à ª-â¥à¨§ãîé¥£® ®â®á¨â¥«ìë¥ ¢ª« ¤ë ä«ãªâã æ¨©â¥¬¯¥à âãàë ¨ á®«¥®áâ¨ ¢ ä«ãªâã æ¨¨ ®¯â¨ç¥-áª®£® ¯®ª § â¥«ï ¯à¥«®¬«¥¨ï. � 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 âà ááë L, ¯®áª®«ìªã¯à®áâà áâ¢¥ë© ¬ áèâ ¡ ¥®¤®à®¤®áâ¨ l� ¥¤®«¦¥ ¯à¥¢ëè âì à ¤¨ãá ¯¥à¢®© §®ë �à¥¥«ï�.�. �¨ª¨è®¢ 49



ISSN 1561 -9087 �à¨ª« ¤  £÷¤à®¬¥å ÷ª . 2003. �®¬ 5 (77), N 1. �. 47 { 61p�L.� ¤ ®© à ¡®â¥   ®á®¢¥ ¬¥â®¤  ¯« ¢ëå ¢®§-¬ãé¥¨©, ¤«ï ª®â®à®£® ¥â ãª § ëå ¢ëè¥ ¤®-¢®«ì® ¦¥áâª¨å ®£à ¨ç¥¨©   à §¬¥à L, ¨§ã-ç îâáï ®á®¢ë¥ áâ â¨áâ¨ç¥áª¨¥ å à ªâ¥à¨áâ¨-ª¨ á¢¥â®¢®© ¢®«ë (ä«ãªâã æ¨¨ ãà®¢ï, ª®àà¥«ï-æ¨® ï äãªæ¨ï ä«ãªâã æ¨© ãà®¢ï, áâàãªâãà- ï äãªæ¨ï ä §ë), à á¯à®áâà ïîé¥©áï ¢ âãà-¡ã«¥â®© ¬®àáª®© ¢®¤¥. � ç «¥ ªà âª® ®¯¨á ë£« ¢ë¥ ¯®«®¦¥¨ï ¬¥â®¤  ¯« ¢ëå ¢®§¬ãé¥¨©¨ ¯à¨¢¥¤¥ë ®á®¢ë¥ ä®à¬ã«ë ¤«ï à áç¥â  áâ -â¨áâ¨ç¥áª¨å å à ªâ¥à¨áâ¨ª á¢¥â®¢®© ¢®«ë. �¤¥-« ë ¯à¨¡«¨¦¥ë¥ ®æ¥ª¨ å à ªâ¥à¨áâ¨ª ¢®«ë,à á¯à®áâà ïîé¥©áï ¢ ãá«®¢¨ïå  â¬®áä¥àë, ¯à®-¢¥¤¥   «¨§ íâ¨å å à ªâ¥à¨áâ¨ª ¢ á«ãç ¥ à á¯à®-áâà ¥¨ï ¢®«ë ¢ ¢®¤®© áà¥¤¥, ª®£¤  ä«ãªâã- æ¨¨ ®¯â¨ç¥áª®£® ¯®ª § â¥«ï ¯à¥«®¬«¥¨ï § ¢¨-áïâ â®«ìª® ®â ä«ãªâã æ¨© ®¤®© áª «ïà®© ª®¬¯®-¥âë. �à¥¤áâ ¢«¥ë à¥§ã«ìâ âë à áç¥â®¢ áâ -â¨áâ¨ç¥áª¨å å à ªâ¥à¨áâ¨ª á¢¥â®¢®© ¢®«ë, à -¯à®áâà ïîé¥©áï ¢ âãà¡ã«¥â®© ¬®àáª®© ¢®¤¥.�«ï ®¯¨á ¨ï á¯¥ªâà  ä«ãªâã æ¨© ®¯â¨ç¥áª®£® ¯®-ª § â¥«ï ¯à¥«®¬«¥¨ï ¬®àáª®© ¢®¤ë ¨á¯®«ì§®¢ -  ¬®¤¥«ì á¯¥ªâà , à §à ¡®â  ï ¢ à ¡®â¥ [25].�à®¢¥¤¥   «¨§ ¢§ ¨¬®£® ¢«¨ï¨ï ä«ãªâã æ¨©â¥¬¯¥à âãàë ¨ á®«¥®áâ¨   ãª § ë¥ å à ªâ¥-à¨áâ¨ª¨.1. ����� ������� �����������à ¢¥¨¥, ®¯¨áë¢ îé¥¥ à á¯à®áâà ¥¨¥ ¢®«¢ áà¥¤¥ á § ¤ ë¬ ¯®ª § â¥«¥¬ ¯à¥«®¬«¥¨ï n2 ���, ¬®¦¥â ¡ëâì ¯à¥¤áâ ¢«¥® ¢ ¢¨¤¥ [2, 3, 26]�u(~r) + k2�(~r)u(~r) = 0: (4)�¤¥áì u ¬®¦¥â ®¡®§ ç âì «î¡ãî ¨§ ª®¬¯®¥â¢¥ªâ®à   ¯àï¦¥®áâ¨ í«¥ªâà¨ç¥áª®£® ¯®«ï; ��{ ¤¨í«¥ªâà¨ç¥áª ï ¯à®¨æ ¥¬®áâì áà¥¤ë, ª®â®-àãî ¤«ï ¬ «ëå ä«ãªâã æ¨© à áá¬ âà¨¢ ¥¬ ¢ ¢¨-¤¥ �� = h��i + �f , �f { ä«ãªâã¨àãîé ï ç áâì ¤¨-í«¥ªâà¨ç¥áª®© ¯à®¨æ ¥¬®áâ¨, ¯à¨ç¥¬ h�f i = 0.�ã¤¥¬ à áá¬ âà¨¢ âì ¬ «ë¥ ä«ãªâã æ¨¨, â. ¥.j�f j << h��i = O(1).�áá«¥¤ã¥¬ á«ãç ©, ª®£¤  ¯«®áª ï ¢®«  u =A0 exp(ikz) ¯ ¤ ¥â   ¯®«ã¯à®áâà áâ¢® z > 0.�à®¨§¢¥¤¥ë¥ ®æ¥ª¨ ¯®ª § «¨ [26], çâ® ¤«¨ á¢¥â®¢®© ¢®«ë � § ç¨â¥«ì® ¬¥ìè¥ ¯à®áâà -áâ¢¥®£® ¬ áèâ ¡  ä«ãªâã æ¨© ®¯â¨ç¥áª®£® ¯®-ª § â¥«ï ¯à¥«®¬«¥¨ï l�, � << l�. � íâ®¬ á«ãç ¥à áá¥ïë¥   ¥®¤®à®¤®áâï ¢®«ë ª®æ¥âà¨-àãîâáï ¢ ã§ª®¬ ã£«¥ á à áâ¢®à®¬ # � �=l� << 1,â. ¥. à á¯à®áâà ïîâáï ¢ â®¬ ¦¥  ¯à ¢«¥¨¨,

çâ® ¨ ¯¥à¢¨ç ï ¢®« ,   ®âà ¦¥ ï ¢®«  ¡ã¤¥âá« ¡®© [3]. �ã¤¥¬ ¨áª âì ¯®«¥ ¢ áà¥¤¥ ¢ ¢¨¤¥u(~�; z) = v(~�; z) exp(ikz): (5)�¤¥áì ~� = ~�(x; y) { ¤¢ã¬¥àë© ¢¥ªâ®à ¢ ¯«®áª®áâ¨x; y.�®áª®«ìªã ¨§¬¥¥¨ï  ¬¯«¨âã¤ë á¢ï§ ë á  -«¨ç¨¥¬ ¥®¤®à®¤®áâ¥©, à §¬¥à ª®â®àëå l� § -ç¨â¥«ì® ¯à¥¢ëè ¥â ¤«¨ã ¢®«ë, ¬®¦® ¯®« -£ âì, çâ® á ¬   ¬¯«¨âã¤  v(~�; z) ¨ ¥¥ ¯à®¨§¢®¤ë¥¬ «® ¬¥ïîâáï   ¤«¨¥ ¢®«ë (ãá«®¢¨¥ ¯« ¢®áâ¨¢®§¬ãé¥¨©). �àã£¨¬¨ á«®¢ ¬¨, ¤®«¦ë ¢ë¯®«-ïâìáï á«¥¤ãîé¨¥ ¥à ¢¥áâ¢ :����@v@z ���� << k jvj ; ����@2v@z2 ���� << k ����@v@z ���� : (6)�®¤áâ ¢«ïï ¢ëà ¦¥¨¥ (5) ¢ ãà ¢¥¨¥ (4), áãç¥â®¬ ¥à ¢¥áâ¢ (6) ¯®«ãç ¥¬ ¯ à ¡®«¨ç¥áª®¥ãà ¢¥¨¥ [1,3]2ik @v@z + @2v@x2 + @2v@y2 ++k2�(~�; z)v = 0: (7)�®«¥¥ áâà®£¨© ¢ë¢®¤ íâ®£® ãà ¢¥¨ï ¯à¨¢¥¤¥¢ à ¡®â¥ [3], ¢ ª®â®à®© à áá¬ âà¨¢ ¥âáï ®¡é¥¥ à¥-è¥¨¥ ãà ¢¥¨ï (4), § ¯¨á ®£® á ¨á¯®«ì§®¢ ¨-¥¬ äãªæ¨¨ �à¨ .�¤¥« ¥¬ ¥ª®â®àë¥ ¯à¥®¡à §®¢ ¨ï. �ã¤¥¬ áç¨-â âì, çâ®  ¬¯«¨âã¤  ¢®«ë v(~�; z) ¢ ¯à¥¤áâ ¢«¥¨¨(5) ï¢«ï¥âáï ª®¬¯«¥ªá®© ¢¥«¨ç¨®©. � ¯¨è¥¬ ¥¥¢ ¢¨¤¥ v(~�; z) = A(~�; z) exp [iS0(~�; z)] == A0 exp �iS0(~�; z) + ln A(~�; z)A0 � = (8)= A0 exp [�(~�; z)] :�¤¥áì S0 { ®âª«®¥¨¥ ä §ë ®â à¥£ã«ïà®£®  ¡¥-£ , ®¯à¥¤¥«ï¥¬®£® ¯à®¨§¢¥¤¥¨¥¬ kz; S0 = S�ikz;S { ¯®«®¥ ¨§¬¥¥¨¥ ä §ë. �âáî¤  á«¥¤ã¥â, çâ®� = ln(v=A0) ¨ ¢¥«¨ç¨  � = lnA=A0 å à ªâ¥à¨§ã-îâ ãà®¢¥ì, â. ¥. å à ªâ¥à ¨§¬¥¥¨ï  ¬¯«¨âã¤ë¢®«ë. �®¦® § ¯¨á âì � = � + iS0. �®£¤ , ¯®¤-áâ ¢«ïï (8) ¢ (7), ¯®á«¥ ¥ª®â®àëå ¯à¥®¡à §®¢ ¨©¯®«ãç ¥¬2ik @�@z +�h�+ (rh�)2 + k2�(~�; z) = 0: (9)�¤¥áì ¨¤¥ªá h ®¡®§ ç ¥â £®à¨§®â «ìë¥   «®-£¨ ®¯¥à â®à®¢ � ¨ r. �¨¤®, çâ® íâ® ãà ¢¥¨¥, ¢®â«¨ç¨¥ ®â (7), ï¢«ï¥âáï ¥«¨¥©ë¬, ® á«ãç ©- ï äãªæ¨ï �(~�; z) ¢å®¤¨â ¢ ¥£®  ¤¨â¨¢®. �â®¯®§¢®«ï¥â ¨áª âì à¥è¥¨¥ ¢ ¢¨¤¥ à §«®¦¥¨ï ¯®50 �.�. �¨ª¨è®¢



ISSN 1561 -9087 �à¨ª« ¤  £÷¤à®¬¥å ÷ª . 2003. �®¬ 5 (77), N 1. �. 47 { 61¬ «®¬ã ¯ à ¬¥âàã � = qh�2f i. �£à ¨ç¨¢è¨áì¯¥à¢ë¬ ¯à¨¡«¨¦¥¨¥¬ (ã«¥¢®¥ ¯à¨¡«¨¦¥¨¥ á®-®â¢¥âáâ¢ã¥â á«ãç î ®âáãâáâ¢¨ï ¢®§¬ãé¥¨©: ¨§¤¥áì ¥ à áá¬ âà¨¢ ¥âáï), § ¯¨è¥¬2ik @�1@z +�h�1 = �k2�(~�; z): (10)�®£¤  ¤®«¦® ¢ë¯®«ïâìáï á«¥¤ãîé¥¥ ãá«®¢¨¥ ¬ -«®áâ¨ ¨§¬¥¥¨© �   ¯®¯¥à¥çëå à §¬¥à å ¯®-àï¤ª  ¤«¨ë ¢®«ë, â. ¥. ãá«®¢¨¥ ¯« ¢®áâ¨ ¢®§-¬ãé¥¨©hjrh�j2i << k2� ¨«¨ hj�rh�j2i << ��  £à ¨æ¥ z = 0 ¯à¥¥¡à¥£ ¥¬ ®¡à âë¬ à áá¥-ï¨¥¬ ¨ ¨¬¥¥¬ ãá«®¢¨ï ¥¯à¥àë¢®áâ¨ äãªæ¨¨ ¨¥¥ ¯à®¨§¢®¤®©:v(~�; 0) = A0; �(~�; 0) = ln [v(~�; 0)=A0] = 0: (11)�«ï à¥è¥¨ï ¯à¨¬¥ï¥¬ ª ãà ¢¥¨î (10) ¯à¥-®¡à §®¢ ¨ï �ãàì¥ ¯® ¯¥à¥¬¥ë¬ x; y ¨ á ãç¥â®¬£à ¨çëå ãá«®¢¨© (11) ¤«ï ®¡à §  �̂1  å®¤¨¬ [3]�̂1(~�; z) = ik2 Z z0 exp �� i�2(z � z0)2k � �(~�; z0)dz0:(12)�áå®¤ï ¨§ íâ®£® ãà ¢¥¨ï, ®¯à¥¤¥«ï¥¬ ®âª«®¥-¨¥ ä §ë S0 ®â à¥£ã«ïà®£®  ¡¥£  kz ¨ ãà®¢¥ì� S0(~�; z) = k2 Z z0 cos ��2(z � z0)2k � �(~�; z0)dz0; (13)�(~�; z) = k2 Z z0 sin��2(z � z0)2k � �(~�; z0)dz0: (14)2. �������������� ������������-�� �������� ������ áá¬®âà¨¬ ª®àà¥«ïæ¨®ãî äãªªæ¨î ä«ãª-âã æ¨© ä §ë ¢ ¯«®áª®áâ¨ z = const:	(~�1; ~�2; z) = hS0(~�1; z)S0(~�2; z)i == Z Z exp(i~�1~�1) exp(i~�2~�2)� (15)�hS0(~�1; z)S0(~�2; z)id2~�1d2~�2:�¨¤®, çâ® ¤«ï à áç¥â  	(~�1; ~�2; z) ¥®¡å®¤¨-¬® § âì ª®àà¥«ïæ¨®ãî äãªæ¨î á¯¥ªâà «ìëåª®¬¯®¥â. �á¯®«ì§ãï ãá«®¢¨ï (11), íâã äãªæ¨î¬®¦® ¯à¥¤áâ ¢¨âì ¢ ¢¨¤¥hS0(~�1; z)S0(~�2; z)i = k22 Z z0 Z z0 cosZ1 �� cosZ2h�(~�1; z1)�(~�2; z2)idz1dz2; (16)

£¤¥ Z1 = �21(z � z1)=2k, Z2 = �21(z � z2)=2k.� áá¬ âà¨¢ ¥¬ ï ª®àà¥«ïæ¨® ï äãªæ¨ï®¯à¥¤¥«ï¥âáï ª®àà¥«ïæ¨®®© äãªæ¨¥© ä«ãªâã- æ¨© ¤¨í«¥ªâà¨ç¥áª®© ¯à®¨æ ¥¬®áâ¨. �§¢¥áâ-® [3], çâ® ¤«ï áâ â¨áâ¨ç¥áª¨ ®¤®à®¤®© áà¥-¤ë á¯¥ªâà «ìë¥  ¬¯«¨âã¤ë ï¢«ïîâáï ¤¥«ìâ -ª®àà¥«¨à®¢ ë¬¨. �®£¤  ¤«ï ª®àà¥«ïæ¨®®©äãªæ¨¨ ä«ãªâã æ¨© ¤¨í«¥ªâà¨ç¥áª®© ¯à®¨æ ¥-¬®áâ¨ ¬®¦® § ¯¨á âìh�(~�1; z1)�(~�2; z2)i = F�(~�1; z1� z2)�(~�1�~�2); (17)£¤¥ F�(~�1; z1� z2) { ¤¢ã¬¥à ï á¯¥ªâà «ì ï ¯«®â-®áâì ä«ãªâã æ¨© ¤¨í«¥ªâà¨ç¥áª®© ¯à®¨æ ¥¬®-áâ¨.�â¬¥â¨¬, çâ® ª®àà¥«ïæ¨ï ¬¥¦¤ã äãªæ¨ï¬¨ ¢¯«®áª®áâïå z1 ¨ z2 ®¯à¥¤¥«ï¥âáï â ª¨¬¨ ¥®¤®-à®¤®áâï¬¨, à §¬¥àë ª®â®àëå ¯à¥¢ëè îâ à á-áâ®ï¨¥ jz1 � z2j, â. ¥. l > jz1 � z2j, ¨«¨, ãç¨âë¢ ï� = 2�=l, ¯®«ãç ¥¬j�j jz1 � z2j � 2�: (18)�®¤áâ ¢«ïï á®®â®è¥¨¥ (17) ¢ (16),  å®¤¨¬hS0(~�1; z)S0(~�2; z)i = �(~�1 � ~�2)FS(~�1; z);£¤¥FS(~�; z) = k24 Z z0 Z z0 cos ��2(z � z1)2k ��� cos ��2(z � z2)2k �F�(~�; z1 � z2)dz1dz2: (19)�¢¥¤¥¬ ®¢ë¥ ¯¥à¥¬¥ë¥ z+ = (z1 + z2)=2,z� = z1 � z2. �§ ¥à ¢¥áâ¢  (18) á«¥¤ã¥â, çâ®®á®¢®© ¢ª« ¤ ¤ áâ ®¡« áâì, ®¯à¥¤¥«ï¥¬ ï ¥à -¢¥áâ¢®¬ �z� < 2�. �ã¤¥¬ à áá¬ âà¨¢ âì á¨âã -æ¨î, ª®£¤  å à ªâ¥àë¥ ¯®¯¥à¥çë¥ à §¬¥àë ¥-®¤®à®¤®áâ¥© ¬ «ë ¯® áà ¢¥¨î á à ááâ®ï¨-¥¬ z, ª®â®à®¥ ¯à®è«  ¢®« , â. ¥. 2�=� << z.�¡ê¥¤¨ïï ¤¢  ¯®á«¥¤¨å ¥à ¢¥áâ¢ , § ¯¨è¥¬z� < 2�=� << z. �¥à¥å®¤ï ª ®¢ë¬ ¯¥à¥¬¥ë¬ ¢¢ëà ¦¥¨¨ (19) ¨ ¯à®¢¥¤ï àï¤ ã¯à®é¥¨©   ®á®-¢¥ ¯à¨¢¥¤¥ëå ¥à ¢¥áâ¢, ¯®«ãç ¥¬ ¤«ï «®ª «ì-® ¨§®âà®¯®© âãà¡ã«¥â®áâ¨ [3]FS(~�; z) = �k2z4 �1 + k�2z sin �2zk ���(�1; �2; 0):(20)�¤¥áì ��(�1; �2; 0) { âà¥å¬¥à ï á¯¥ªâà «ì ï¯«®â®áâì ä«ãªâã æ¨© ¤¨í«¥ªâà¨ç¥áª®© ¯à®¨æ ¥-¬®áâ¨, ª®â®à ï ¢ ¤ ®¬ á«ãç ¥ ¬®¦¥â ¡ëâì ¯à¥¤-áâ ¢«¥  ¢ ¢¨¤¥ ��(�1; �2; 0) = ��(p�21 + �22; 0) =��(�). � «®£¨çë¬ ®¡à §®¬ ¬®¦® ¯®«ãç¨âì�.�. �¨ª¨è®¢ 51



ISSN 1561 -9087 �à¨ª« ¤  £÷¤à®¬¥å ÷ª . 2003. �®¬ 5 (77), N 1. �. 47 { 61¤«ï ¤¢ã¬¥à®© á¯¥ªâà «ì®© ¯«®â®áâ¨ ä«ãªâã -æ¨© ãà®¢ïF�(~�; z) = �k2z4 �1� k�2z sin �2zk ���(�): (21)� ¯¨è¥¬ â¥¯¥àì ¢ëà ¦¥¨¥ ¤«ï ª®àà¥«ïæ¨®®©äãªæ¨¨ ä«ãªâã æ¨© ä §ë ¢ ¯«®áª®áâ¨ z = L =const: 	S(~�; z) = Z FS(~�; z) exp(i~�~�)d~�:�¢®¤ï ¤«ï á«ãç ï «®ª «ì®© ¨§®âà®¯¨¨ ¯®«ïàãîá¨áâ¥¬ã ª®®à¤¨ â, ¯®á«¥ ¨â¥£à¨à®¢ ¨ï ¯®«ãç -¥¬ 	S(~�; z) = �2k2L2 Z 10 J0(��) ���1 + k�2L sin �2Lk ���(�)�d�: (22)� «®£¨çë¬ ®¡à §®¬ ¤«ï ª®àà¥«ïæ¨®®© äãª-æ¨¨ ä«ãªâã æ¨© ãà®¢ï  å®¤¨¬	�(~�; z) = �2k2L2 Z 10 J0(��) ���1� k�2L sin �2Lk ���(�)�d�: (23)�á¯®«ì§ãï ¯à¨¢¥¤¥ë¥ § ¢¨á¨¬®áâ¨, ¯®«ãç ¥¬¤«ï áâàãªâãà®© äãªæ¨¨ ä §ë DS (~�; z) == h[S0(~�1; z)� S0(~�2; z)]2i á«¥¤ãîé¥¥ ¢ëà ¦¥¨¥:DS (~�; z) = �2k2L Z 10 [1� J0(��)] ���1 + k�2L sin �2Lk ���(�)�d�: (24)�¢¥¤¥¬ ¢ à áá¬®âà¥¨¥ å à ªâ¥à®¥ ¢®«®¢®¥ç¨á«® �F , á®®â¢¥âáâ¢ãîé¥¥ à ¤¨ãáã ¯¥à¢®© §®ë�à¥¥«ï, �F = p2�=�L = pk=L,   â ª¦¥ ¢®«-®¢®¥ ç¨á«® �m, á®®â¢¥âáâ¢ãîé¥¥  ¨¬¥ìè¥¬ã¬ áèâ ¡ã ¥®¤®à®¤®áâ¥©. �¤¥áì L = z { ¤«¨ âà ááë. �®«®¢®© ¯ à ¬¥âà D = �2m=�2F � �L=l2�[27] å à ªâ¥à¨§ã¥â ®â®è¥¨¥ ¯«®é ¤¨ ¯¥à¢®© §®-ë �à¥¥«ï ª ¯«®é ¤¨ ®¤®© ¥®¤®à®¤®áâ¨.� áá¬®âà¨¬ ¯à¥¤¥«ìë¥ á«ãç ¨.1. D << 1. �â® á«ãç © á®®â¢¥âáâ¢ã¥â ¡«¨¦¥©§®¥ à á¯à®áâà ¥¨ï, ¢ ª®â®à®© á¯à ¢¥¤«¨¢® ¯à¨-¡«¨¦¥¨¥ £¥®¬¥âà¨ç¥áª®© ®¯â¨ª¨. � §« £ ï ¢ àï¤¯® ¬ «®¬ã ¯ à ¬¥âàã �� = �2L=k << 1 ¢ëà ¦¥-¨ï, áâ®ïé¨¥ ¢ ª¢ ¤à âëå áª®¡ª å ¢ ãà ¢¥¨ïå(20) ¨ (21),  å®¤¨¬FS(�; L) �= �L2 k2��(�); (25)

F�(�; L) �= �L324 k4��(�): (26)�áà¥¤¥ë¥ § ç¥¨ï ª¢ ¤à â  ä«ãªâã æ¨© ä -§ë ¨ ãà®¢ï ¬®¦®  ©â¨, ¯®« £ ï � = 0 ¢ ¢ëà -¦¥¨ïå (22) ¨ (23) á®®â¢¥âáâ¢¥®.2. D >> 1. �â®â á«ãç © á®®â¢¥âáâ¢ã¥â äà ã-£®ä¥à®¢®© §®¥ ¤¨äà ªæ¨¨. �¤¥áì à ¤¨ãá ¯¥à¢®©§®ë �à¥¥«ï áãé¥áâ¢¥® ¯à¥¢ëè ¥â à §¬¥à ¥-®¤®à®¤®áâ¥©, ¨ ¤¨äà ªæ¨®ë¥ íää¥ªâë ¥®¡-å®¤¨¬® ãç¨âë¢ âì. �®áª®«ìªã á¯¥ªâà ä«ãªâã æ¨©¤¨í«¥ªâà¨ç¥áª®© ¯à®¨æ ¥¬®áâ¨ ¨¬¥¥â ¥áª®«ìª®å à ªâ¥àëå ¢®«®¢ëå ç¨á¥« (¬ áèâ ¡®¢), ¡ã¤¥¬¯®« £ âì, çâ® ¤ ®¥ ¥à ¢¥áâ¢® á¯à ¢¥¤«¨¢® ¤«ï ¨¬¥ìè¥£® ¢®«®¢®£® ç¨á« . � à¥§ã«ìâ â¥  -å®¤¨¬, çâ® á¯¥ªâà «ìë¥ ¯«®â®áâ¨ ä«ãªâã æ¨©ä §ë ¨  ¬¯«¨âã¤ë à ¢ë ¤àã£ ¤àã£ã:FS(�; z) = F�(�; z) = �k2z4 ��(�): (27)3. ������ � ����������� �������������� ��������������� áá¬®âà¨¬ å à ªâ¥à¨áâ¨ª¨ á¢¥â®¢®© ¢®«ë,à á¯à®áâà ïîé¥©áï ¢  â¬®áä¥à¥. �«ãªâã æ¨¨¤¨í«¥ªâà¨ç¥áª®© ¯à®¨æ ¥¬®áâ¨ ®¯à¥¤¥«ïîâáï, ¢®á®¢®¬, ä«ãªâã æ¨ï¬¨ â¥¬¯¥à âãàë, ¨ á¯¥ªâàä«ãªâã æ¨© ¢ ¨¥àæ¨®®-ª®¢¥ªâ¨¢®¬ ¨â¥à¢ -«¥ �0 << � << �m ®¯¨áë¢ ¥âáï § ª®®¬ �¡ãå®¢ {�®ààá¨  [25] ��(�) = 2 ~C0��11=3; (28)£¤¥ ~C0 = 0:5C0��1�2��1=3�T C0 { ¯®áâ®ï ï�¡ãå®¢ {�®ààá¨ .�ãáâì ¤ ë© á¯¥ªâà ¨¬¥¥â ¬¥áâ® ¤«ï ¢á¥å § -ç¥¨© �. �áâ ®¢¨¬áï á ç «    áâ â¨áâ¨ç¥áª¨åå à ªâ¥à¨áâ¨ª å ä«ãªâã æ¨© ãà®¢ï. � ®¡« áâ¨� < �0, â. ¥. ¢ ®¡« áâ¨ í¥à£®¥áãé¨å ¬ áèâ ¡®¢,��(�) à áâ¥â ¯® ¬¥à¥ ã¬¥ìè¥¨ï � ¬¥¤«¥¥¥, ç¥¬��11=3 ¨«¨ ¢®®¡é¥ ¥ ¢®§à áâ ¥â. � íâ®© ®¡« áâ¨§ ç¥¨ï ¯®¤¨â¥£à «ì®© äãªæ¨¨ ¢ ¢ëà ¦¥¨¨(23) áâ ®¢ïâáï ¬ «ë¬¨ ¨ íâ  ®¡« áâì ¥ ¢«¨ï¥â  ¢¥«¨ç¨ã ¨â¥£à «  [3]. � â® ¦¥ ¢à¥¬ï, ¢ ®¡« -áâ¨ � > �m § ç¥¨ï ¯®¤ëâ¥£à «ì®© äãªæ¨¨áâ ®¢ïâáï ¬ «ë¬¨ ¨§-§  áâ¥¯¥®£® § âãå ¨ï ¨¢ª« ¤ íâ®© ®¡« áâ¨ â ª¦¥ ¬ «. � ª¨¬ ®¡à §®¬,¬ë ¬®¦¥¬ áç¨â âì, çâ® ¢ëà ¦¥¨¥ (28) ®¯¨áë¢ -¥â á¯¥ªâà ä«ãªâã æ¨© ¤¨í«¥ªâà¨ç¥áª®© ¯à®¨æ ¥-¬®áâ¨ ¤«ï ¢á¥å § ç¥¨© �. �®£¤ , á¤¥« ¢ § ¬¥ã¯¥à¥¬¥ëå �2L=k = q2, ¯®á«¥ ¢ëç¨á«¥¨ï ¨â¥-£à «  ¢ ¢ëà ¦¥¨¨ (23), ¯®«ãç¨¬	�(�; L) = ~C0k7=6L11=6 �52 �.�. �¨ª¨è®¢



ISSN 1561 -9087 �à¨ª« ¤  £÷¤à®¬¥å ÷ª . 2003. �®¬ 5 (77), N 1. �. 47 { 61� Z 10 J0 q�r kL!�1� sin q2q2 � q�8=3dq: (29)�à¨¨¬ ï � = 0,  å®¤¨¬ ®áà¥¤¥ë© ª¢ ¤à âä«ãªâã æ¨© ãà®¢ïh�2i = Q0�2��1=3�T k7=6L11=6; (30)£¤¥ Q0 = C0�2 Z 10 �1� sin q2q2 � q�8=3dq �= 0:53:�§ ¢ëà ¦¥¨ï (30) ¢¨¤®, çâ® ª¢ ¤à â ä«ãªâã- æ¨© ãà®¢ï ¯à®¯®àæ¨® «¥ L11=6 ¢ ®â«¨ç¨¥ ®â¯à¥¤¥«ìëå á«ãç ¥¢, à áá¬®âà¥ëå ¢ëè¥, ª®£¤ ¤«ï ¡«¨¦¥© §®ë D << 1 (®¡« áâì £¥®¬¥âà¨ç¥-áª®© ®¯â¨ª¨) íâ  ¢¥«¨ç¨  ¯à®¯®àæ¨® «ì  L3,  ¤«ï ¤ «ì¥© §®ë D >> 1 ®  ¯à®¯®àæ¨® «ì  L.� ®â«¨ç¨¥ ®â ä«ãªâã æ¨© ãà®¢ï, ¨â¥£à « ¢¢ëà ¦¥¨¨ (22), ª®â®à®¥ ®¯¨áë¢ ¥â ª®àà¥«ïæ¨®-ãî äãªæ¨î ä«ãªâã æ¨© ä §ë, áâ ®¢¨âáï à á-å®¤ïé¨¬áï ¢ ã«¥ ¯®á«¥ ¯®¤áâ ®¢ª¨ ¢ ¥£® ¢ëà -¦¥¨ï (28), ¥á«¨ ¥ ãç¨âë¢ âì ®£à ¨ç¥¨¥ �0 <<� << �m. �âáî¤  á«¥¤ã¥â, çâ® ¢ ®â«¨ç¨¥ ®â ä«ãª-âã æ¨© ãà®¢ï ¢ª« ¤ ®â ªàã¯®¬ áèâ ¡®© ç áâ¨á¯¥ªâà  ¢ ä«ãªâã æ¨¨ ä §ë ï¢«ï¥âáï áãé¥áâ¢¥-ë¬. �«ï à áç¥â®¢ ¢ íâ®¬ á«ãç ¥ á«¥¤ã¥â ¨á¯®«ì-§®¢ âì ¡®«¥¥ â®çë¥ ¬®¤¥«¨ á¯¥ªâà®¢,  ¯à¨¬¥à,®¯¨á ãî ¢ëè¥ ª à¬ ®¢áªãî ¬®¤¥«ì.� áá¬®âà¨¬ â¥¯¥àì áâàãªâãàãî äãªæ¨î ä -§ë DS(�; z) ¢ ¯«®áª®áâ¨ z = L. �®¤áâ ¢«ï¥¬á¯¥ªâà (28) ¢ ¢ëà ¦¥¨¥ (24), ¯®á«¥ § ¬¥ë ¯¥-à¥¬¥ëå �� = q  å®¤¨¬DS = 2 ~C0k2L�5=3 �� Z 10 [1� J0(q)]�1 + ��2q2L sin q2L��2� q�8=3dq:�¤¥« ¥¬ ¥ª®â®àë¥ ®æ¥ª¨. �¥âàã¤® § ¬¥â¨âì,çâ®  ¨¡®«ìè¨© ¢ª« ¤ ¤ ¥â ®¡« áâì q � 1, ¯à¨-ç¥¬ ¢ § ¢¨á¨¬®áâ¨ ®â ¢¥«¨ç¨ë � ¢®§¬®¦ë ¤¢ á«ãç ï.1. k�2=L << 1 (� << p�L). �®£¤ DS = 2Q1 ~C0k2L�5=3; (31)£¤¥ Q1 = Z 10 [1� J0(q)] q�8=3dq:2. k�2=L >> 1 (� >> p�L). �®£¤ DS = 4Q1 ~C0k2L�5=3: (32)�à¨¢¥¤¥ë¥ ¢ëè¥ ¢ëà ¦¥¨ï ¯®«ãç¥ë ¤«ïá«ãç ï, ª®£¤  l� << � << �. � áá¬®âà¨¬ á«ãç ©

� << l�. �à¨ � >> �m á¯¥ªâà ¡ëáâà® á¯ ¤ ¥â,â.¥. ®á®¢®© ¢ª« ¤ ¤ îâ ä«ãªâã æ¨¨, ¤«ï ª®â®-àëå � < �m = 2�=l�. �®£¤  �� << 1 ¨ äãªæ¨î�¥áá¥«ï ¬®¦® à §«®¦¨âì ¢ àï¤ ¯® ¬ «®¬ã ¯ à -¬¥âàã ��. � à¥§ã«ìâ â¥ ¯®«ãç ¥¬DS(�; L) �= const � �2�2m + : : : (33)4. �������������� �����,������������������ � ������������ã¤¥¬ ¯®« £ âì, çâ® ¯«®áª ï á¢¥â®¢ ï ¢®« à á¯à®áâà ï¥âáï ¢ ¢®¤®© áà¥¤¥, ¢ ª®â®à®© ä«ãª-âã æ¨¨ ®¯â¨ç¥áª®£® ¯®ª § â¥«ï ¯à¥«®¬«¥¨ï n®¯à¥¤¥«ïîâáï ä«ãªâã æ¨ï¬¨ â®«ìª® ®¤®© ª®¬-¯®¥âë,  ¯à¨¬¥à, â¥¬¯¥à âãàë, n = ��T 0,� = 2:6 � 10�4 1/£à ¤. �ëà ¦¥¨¥, ®¯¨áë¢ îé¥¥á¯¥ªâà En(�), ¨¬¥¥â ¢¨¤ [25]En(�) = C0�2��1=3�T h1 + C1(��)2=3iGT (��);(34)£¤¥GT (��) = exp��AT �1:5C21(��)2=3 +C31(��)2�	 ;AT = C0C�21 Pr�1; C1 { ¯®áâ®ï ï �¡ãå®¢ {�®ààá¨ .�ëà ¦ ï á¯¥ªâà ä«ãªâã æ¨© ®¯â¨ç¥áª®£® ¯®ª -§ â¥«ï ¯à¥«®¬«¥¨ï ç¥à¥§ âà¥å¬¥àãî á¯¥ªâà «ì-ãî ¯«®â®áâì ä«ãªâã æ¨© ¤¨í«¥ªâà¨ç¥áª®© ¯à®-¨æ ¥¬®áâ¨, ¯®á«¥ ¥ª®â®àëå ¯à¥®¡à §®¢ ¨©  -å®¤¨¬ 	�(�; L) = ~C0k7=6L11=6 �� Z 10 J0�p2� �qp�L��1� sin q2q2 �� (35)��1 + C1~q2=3�GT (~q)q�8=3dq;£¤¥ ~q = qp2�Pr=�TBp�L. �¤ ª® ¯à¥¦¤¥, ç¥¬   -«¨§¨à®¢ âì § ¢¨á¨¬®áâ¨ ª®àà¥«ïæ¨®®© äãªæ¨¨®â ¯ à ¬¥âà  �=p�L, ®¯à¥¤¥«¨¬ ¯à¨ ª ª¨å § ç¥-¨ïå ¢¥«¨ç¨ë p�L�TB  ¨¡®«¥¥ ç¥âª® ¯à®ï¢«ï¥â-áï ¢«¨ï¨¥ ¢ï§ª®-ª®¢¥ªâ¨¢®£® ¨â¥à¢ « . � á-á¬®âà¨¬ ¤«ï íâ®£® ®áà¥¤¥ë© ª¢ ¤à â ä«ãªâã- æ¨© ãà®¢ï h�2i, ¢ëà ¦¥¨¥ ¤«ï ª®â®à®£®  å®-¤¨âáï ¨§ (35), ¯®« £ ï � = 0:h�2i = ~C0k7=6L11=6 � Z 10 �1� sin q2q2 ����1 + C1~q2=3�GT (~q)q�8=3dq: (36)�¥§ã«ìâ âë à áç¥â®¢ ®áà¥¤¥®£® ª¢ ¤à â ä«ãªâã æ¨© ãà®¢ï, ®à¬¨à®¢ ®£®   ¢¥«¨ç¨-�.�. �¨ª¨è®¢ 53



ISSN 1561 -9087 �à¨ª« ¤  £÷¤à®¬¥å ÷ª . 2003. �®¬ 5 (77), N 1. �. 47 { 61ã (30), ª®â®à ï å à ªâ¥à¨§ã¥â ä«ãªâã æ¨¨ ãà®¢-ï ¢ á«ãç ¥, ª®£¤  �T � ��11=3, ¯à¥¤áâ ¢«¥ë  à¨á. 1. �¨¤®, çâ® ¤«ï ¡®«ìè¨å § ç¥¨© ¯ à -¬¥âà  p�L�TB ¨¬¥¥â ¬¥áâ® ¯à¥®¡« ¤ îé¥¥ ¢«¨-ï¨¥ ¨¥àæ¨®® ª®¢¥ªâ¨¢®£® ¨â¥à¢ «  á¯¥ª-âà  ¨ ªà¨¢ ï áâà¥¬¨âáï ª ¥¤¨¨æ¥. �à¨ ¬ «ëå§ ç¥¨ïå ¯ à ¬¥âà  ¢ª« ¤ ¢ï§ª®-¤¨ääã§¨®®£®¨â¥à¢ «  ï¢«ï¥âáï ®¯à¥¤¥«ïîé¨¬ ¨ ªà¨¢ ï áâà¥-¬¨âáï ª ã«î.
�¨á. 1. �«ãªâã æ¨¨ ãà®¢ï�«ï ¯à®¬¥¦ãâ®çëå § ç¥¨© ¯ à ¬¥âà  ªà¨-¢ ï ¨¬¥¥â ïàª® ¢ëà ¦¥ãî ¢ë¯ãª«®áâì ¨ ¬ ª-á¨¬ã¬ ¯à¨ p�L�TB �= 21. �â®â ¯®¤ê¥¬ ªà¨¢®©á¢ï§  á  «¨ç¨¥¬ ¢ï§ª®-ª®¢¥ªâ¨¢®£® ¨â¥à¢ « (¨â¥à¢ « �¥âç¥«®à ). �à®¢¥¤¥ë¥ à áç¥âë ¤«ïá«ãç ï, ª®£¤  ä«ãªâã æ¨¨ ¤¨í«¥ªâà¨ç¥áª®© ¯à®¨-æ ¥¬®áâ¨ ®¯à¥¤¥«ïîâáï ä«ãªâã æ¨ï¬¨ á®«¥®áâ¨,¯®ª § «¨   «®£¨ç®¥ ¯®¢¥¤¥¨¥ ®áà¥¤¥®£® ª¢ -¤à â  ä«ãªâã æ¨© ãà®¢ï. � ª¨¬ «ìë¥ § ç¥-¨ï  ¡«î¤ îâáï ¯à¨ p�L�SB �= 17,   á ¬® § -ç¥¨¥ ¬ ªá¨¬ã¬  áãé¥áâ¢¥® ¢ëè¥, çâ® á¢ï§ ®á ¡®«ìè¥© ¯à®âï¦¥®áâìî ¢ï§ª®-ª®¢¥ªâ¨¢®£®¨â¥à¢ « . �â¬¥â¨¬, çâ® ¯®¤®¡ë¥ à¥§ã«ìâ âë¯®«ãç¥ë ¢ à ¡®â¥ [24] ¯à¨ à áá¬®âà¥¨¨ à á¯à®-áâà ¥¨ï áä¥à¨ç¥áª®© ¢®«ë ¢ âãà¡ã«¥â®© ¢®¤-®© áà¥¤¥.�á®¢ë¢ ïáì   ¯®«ãç¥ëå à¥§ã«ìâ â å, ¡ë«¨¯à®¢¥¤¥ë ¢ëç¨á«¥¨ï § ¢¨á¨¬®áâ¨ ®à¬¨à®¢ -®© ª®àà¥«ïæ¨®®© äãªæ¨¨ ä«ãªâã æ¨© ãà®¢ï®â ¯ à ¬¥âà  p�L�TB , ¨á¯®«ì§ãï ¢ëà ¦¥¨¥ (35).�¥§ã«ìâ âë ¯à¥¤áâ ¢«¥ë   à¨á. 2. �¤¥áì ªà¨¢ ï1 á®®â¢¥âáâ¢ã¥â § ç¥¨î p�L�SB = 7, ªà¨¢ ï 2 {p�L�SB = 20, ªà¨¢ ï 3 { p�L�SB = 100, ªà¨¢ ï 4 {

p�L�SB = 1000. �â¨ § ç¥¨ï, ª ª á«¥¤ã¥â ¨§ à¨á.1, å à ªâ¥à¨§ãîâ ¯à¥¢ «¨àãîé¥¥ ¢«¨ï¨¥ ¢ï§ª®-ª®¢¥ªâ¨¢®£® ¨â¥à¢ «  á¯¥ªâà    ®áà¥¤¥ë©ª¢ ¤à â ä«ãªâã æ¨© ãà®¢ï.
�¨á. 2. �®àà¥«ïæ¨® ï äãªæ¨ï ä«ãªâã æ¨© ãà®¢ï�¨¤®, çâ®  ¨¡®«ìè ï è¨à¨  ª®àà¥«ïæ¨®®©äãªæ¨¨ 	�(�; L) á®®â¢¥âáâ¢ã¥â p�L�SB = 7. � ª¯®ª § «¨ à áç¥âë, ¯à¨ ã¬¥ìè¥¨¨ íâ®£® ¯ à -¬¥âà  è¨à¨  à áâ¥â. �â¬¥â¨¬, çâ® íâ¨ § ç¥-¨ï (¬ «ë¥) á®®â¢¥âáâ¢ãîâ  ¨¡®«ìè¥¬ã ¢ª« ¤ã¢ï§ª®-¤¨ääã§¨®®£® ¨â¥à¢ « , ª®£¤  ¨¬¥¥â ¬¥-áâ®  ¨¡®«¥¥ ¡ëáâà®¥ ¥£® á¯ ¤ ¨¥ ¨ è¨à¨  ª®à-à¥«ïæ¨®®© äãªæ¨¨ áâ ®¢¨âáï  ¨¡®«ìè¥©. �®¬¥à¥ à®áâ  ¯ à ¬¥âà  p�L�SB è¨à¨  áâ ®¢¨âáï¬¥ìè¥, çâ® á®®â¢¥âáâ¢ã¥â ¤®¬¨¨àãîé¥¬ã ¢«¨-ï¨î ¢ï§ª®-ª®¢¥ªâ¨¢®£® ¨â¥à¢ « . �à¨ ¤ «ì-¥©è¥¬ à®áâ¥ íâ®£® ¯ à ¬¥âà  ¯à¥®¡« ¤ îé¨¬áâ ®¢¨âáï ¢ª« ¤ ¨¥àæ¨®®-ª®¢¥ªâ¨¢®£® ¨-â¥à¢ «  ¨ è¨à¨  ª®àà¥«ïæ¨®®© äãªæ¨¨ ¯à¨-¨¬ ¥â ¯à®¬¥¦ãâ®çë¥ § ç¥¨ï.� «®£¨çë¥ à áç¥âë ¡ë«¨ ¯à®¢¥¤¥ë ¤«ï á«ã-ç ï, ª®£¤  ä«ãªâã æ¨¨ ¤¨í«¥ªâà¨ç¥áª®© ¯à®¨-æ ¥¬®áâ¨ ®¯à¥¤¥«ïîâáï ä«ãªâã æ¨ï¬¨ á®«¥®áâ¨.�ë¢®¤ë ®áâ îâáï â ª¨¬¨ ¦¥, ®â«¨ç¨ï ®áïâ ª®-«¨ç¥áâ¢¥ë© å à ªâ¥à.�¥§ã«ìâ âë á®£« áãîâáï á ¤ ë¬¨, ¯à¥¤áâ -¢«¥ë¬¨ ¢ à ¡®â¥ [24], ¢ ª®â®à®© à áá¬ âà¨¢ -«®áì à á¯à®áâà ¥¨¥ áä¥à¨ç¥áª®© ¢®«ë ¢ âãà-¡ã«¥â®© ¢®¤®© áà¥¤¥.�¥à¥©¤¥¬ â¥¯¥àì ª   «¨§ã áâàãªâãà®© äãª-æ¨¨ ä §ë. �¡é¥¥ ¢ëà ¦¥¨¥, ®¯¨áë¢ îé¥¥ íâã¢¥«¨ç¨ã, ¨¬¥¥â ¢¨¤ (24). �«ï ®à¬¨à®¢ª¨ ¨á¯®«ì-§ã¥¬ ¢ëà ¦¥¨¥ (32), ®¯¨áë¢ îé¥¥  á¨¬¯â®â¨ªãáâàãªâãà®© äãªæ¨¨ ä §ë ¤«ï  â¬®áä¥à®© âãà-54 �.�. �¨ª¨è®¢



ISSN 1561 -9087 �à¨ª« ¤  £÷¤à®¬¥å ÷ª . 2003. �®¬ 5 (77), N 1. �. 47 { 61¡ã«¥â®áâ¨ ¢ á«ãç ¥ � >> p�L. �á¯®«ì§ãï ¢ë-à ¦¥¨¥ (34), ¯®«ãç ¥¬ ¯®á«¥ § ¬¥ë ¯¥à¥¬¥®©�� = q á«¥¤ãîé¥¥ ¢ëà ¦¥¨¥ ¤«ï ®à¬¨à®¢ ®©áâàãªâãà®© äãªæ¨¨ ä §ë:~DS ~��5=3 = 12Q1 Z 10 [1� J0(q)]�� �1 + 2�~�2q2 sin� q22�~�2���1 + C1q2=31 �� (37)� exp h�AT �1:5C21q4=31 +C31q31�i q�8=3dq;£¤¥ q1 = qpPr=��TB ; ~� = �=p�L. �«ï ã¤®¡-áâ¢  ¯®á«¥¤¨© ¯ à ¬¥âà ¨á¯®«ì§®¢ «áï ¢ ¢¨¤¥~� = ��TB=p�L�TB . �¥§ã«ìâ âë à áç¥â®¢ ¯à¥¤-áâ ¢«¥ë   à¨á. 3 ¤«ï § ç¥¨© ¯ à ¬¥âà p�L�TB = 7 (ªà¨¢ ï 1); p�L�TB = 15 (ªà¨¢ ï 2);p�L�TB = 30 (ªà¨¢ ï 3); p�L�TB = 150 (ªà¨¢ ï 4);p�L�TB = 1000 (ªà¨¢ ï 5), ¤«ï ª®â®àëå ¢«¨ï¨¥¢ï§ª®-ª®¢¥ªâ¨¢®£® ¨â¥à¢ «  ï¢«ï¥âáï ¤®¬¨¨-àãîé¨¬.
�¨á. 3. �âàãªâãà ï äãªæ¨ï ä §ë�à¨ ¡®«ìè¨å § ç¥¨ïå �, � >> p�L, áâàãª-âãà ï äãªæ¨ï ä §ë áâà¥¬¨âáï ª  á¨¬¯â®â¨ç¥-áª®© ä®à¬¥ (32), ª®â®à ï á®®â¢¥âáâ¢ã¥â ¤®¬¨¨-àãîé¥¬ã ¢«¨ï¨î ¨¥àæ¨®®-ª®¢¥ªâ¨¢®£® ¨-â¥à¢ «  á¯¥ªâà , ¤«ï ª®â®à®£® �T � ��11=3. � £à ä¨ª¥ íâ® ¯à®ï¢«ï¥âáï ¢ â®¬, çâ® áâàãªâãà- ï äãªæ¨ï áâà¥¬¨âáï ¯à¨ íâ®¬ ª ¥¤¨¨æ¥. �à¨®ç¥ì ¬ «ëå § ç¥¨ïå � áâàãªâãà ï äãª-æ¨ï áâà¥¬¨âáï ª á¢®¥©  á¨¬¯â®â¨ç¥áª®© ä®à¬¥DS(�; L) � �2 (á¬. (33)), ª®£¤  ¯à¥®¡« ¤ ¥â ¢«¨-ï¨¥ ¢ï§ª®-¤¨ääã§¨®®£® ¨â¥à¢ «  ¨ ¥¥ § ç¥-¨ï áâà¥¬ïâáï ª ã«î. �â® á®®â¢¥âáâ¢ã¥â ¬ «ë¬

§ ç¥¨ï¬ ��TB   à¨á. 3. � ¯à®¬¥¦ãâ®ç®© ®¡« -áâ¨  ¡«î¤ ¥âáï ïàª® ¢ëà ¦¥ë© ¯®¤ê¥¬ ªà¨-¢ëå. �â  ®¡« áâì á®®â¢¥âáâ¢ã¥â ¯à¥®¡« ¤ îé¥¬ã¢«¨ï¨î ¢ï§ª®-ª®¢¥ªâ¨¢®£® ¨â¥à¢ « .� «®£¨çë¥ à áç¥âë ¡ë«¨ ¢ë¯®«¥ë ¤«ï á«ã-ç ï, ª®£¤  ä«ãªâã æ¨¨ ¤¨í«¥ªâà¨ç¥áª®© ¯à®¨-æ ¥¬®áâ¨ ®¯à¥¤¥«ïîâáï ä«ãªâã æ¨ï¬¨ á®«¥®áâ¨.� áç¥âë, ª ª ¨ ¢ ¯à¥¤ë¤ãé¥¬ á«ãç ¥, ¯à®¢®¤¨-«¨áì ¤«ï â¥å § ç¥¨© p�L�TB , ¤«ï ª®â®àëå ¢ª« ¤¢ï§ª®-ª®¢¥ªâ¨¢®£® ¨â¥à¢ «  á¯¥ªâà  ¢ ®áà¥¤-¥ë© ª¢ ¤à â ä«ãªâã æ¨© ãà®¢ï ï¢«ï¥âáï ¯à¥-®¡« ¤ îé¨¬. �ë¢®¤ë ® ¯®¢¥¤¥¨¨ ªà¨¢ëå á®¢¯ -¤ îâ á ¯à¥¤ë¤ãé¨¬¨. �â«¨ç¨¥ â®«ìª® ¢ â®¬, çâ®¯®¤ê¥¬ ªà¨¢ëå ¢ëè¥, çâ® ®¡êïáï¥âáï ¡®«ìè¥©¯à®âï¦¥®áâìî ¢ï§ª®-ª®¢¥ªâ¨¢®£® ¨â¥à¢ « ¯® áà ¢¥¨î á® á«ãç ¥¬ â¥¬¯¥à âãàëå ä«ãªâã- æ¨©.�áâ ®¢¨¬áï ¢ § ª«îç¥¨¥   ¢«¨ï¨¨ ¢¥è-¥£® ¬ áèâ ¡  âãà¡ã«¥â®áâëå ä«ãªâã æ¨©  áâàãªâãàãî äãªæ¨î ä §ë. � ¨á¯®«ì§®¢ ®©¢ëè¥ ¬®¤¥«¨ á¯¥ªâà  ®âáãâáâ¢ã¥â ¢¥è¨© ¬ á-èâ ¡. � â® ¦¥ ¢à¥¬ï, íªá¯¥à¨¬¥â «ìë¥ ¤ -ë¥ ® à á¯à®áâà ¥¨¨ á¢¥â®¢ëå ¢®« ¢  â¬®-áä¥à¥ á¢¨¤¥â¥«ìáâ¢ãîâ ® § ¬¥â®¬ ¢«¨ï¨¨ íâ®-£® ¬ áèâ ¡  ¢ à¥ «ìëå ãá«®¢¨ïå, ®á®¡¥® ¯à¨¡®«ìè¨å �, ® ç¥¬ ã¯®¬ïãâ® ¢ à §¤¥«¥ 1. � ¬¦¥ ®¯¨á ë â¨¯¨çë¥ ¯®¯à ¢®çë¥ äãªæ¨¨ ªá¯¥ªâàã, ª®â®àë¥ ãç¨âë¢ îâ ®â¬¥ç¥®¥ ¢«¨ï-¨¥. �¨âã æ¨ï áãé¥áâ¢¥® ¨§¬¥ï¥âáï ¯à¨ à á-¯à®áâà ¥¨¨ á¢¥â  ¢ ¢®¤®© áà¥¤¥. �«¨ï¨¥¢ï§ª®-ª®¢¥ªâ¨¢®£® ¨â¥à¢ «    ¯®¤ëâ¥£à «ì-ãî äãªæ¨î ï¢«ï¥âáï ¯à¥®¡« ¤ îé¨¬ ¢ ®¡é¥¬¢ëà ¦¥¨¨ (24) ¨ á®®â¢¥âáâ¢ãîé¨© á¯¥ªâà �T ���3 ®ª §ë¢ ¥â ¡®«ìè¨© íää¥ªâ, ç¥¬ á¯¥ªâà �T ���11=3. � à¥§ã«ìâ â¥ ¯à¨ ã¬¥à¥ëå � (� < 10�(24)) ¢«¨ï¨¥ ¢¥è¥£® ¬ áèâ ¡  ¬ «®. �áâ¥-áâ¢¥®, ¯à¨ ¡®«ìè¨å �, ª®£¤  ¤®¬¨¨àã¥â ¢«¨ï-¨¥ á¯¥ªâà  �T � ��11=3 ¨ ~D(�; L) �= ��=p�L�5=3,¢«¨ï¨¥ ¢¥è¥£® ¬ áèâ ¡  á®åà ï¥âáï.5. ��������������� ������ ������������ ������� ����� ®â«¨ç¨¥ ®â  â¬®áä¥àë, £¤¥ ¨§¬¥¥¨ï ®¯â¨-ç¥áª®£® ¯®ª § â¥«ï ¯à¥«®¬«¥¨ï ®¯à¥¤¥«ïîâáï ¢®¬®£¨å á«ãç ïå â®«ìª® ä«ãªâã æ¨ï¬¨ â¥¬¯¥à âã-àë, ¢ ¬®àáª®© áà¥¤¥ ¨§¬¥¥¨ï § ¢¨áïâ ®â ä«ãª-âã æ¨© â¥¬¯¥à âãàë ¨ á®«¥®áâ¨. �§¢¥áâë¥ § -¢¨á¨¬®áâ¨ ¯®ª § â¥«ï ¯à¥«®¬«¥¨ï ®â â¥¬¯¥à âã-àë ¨ á®«¥®áâ¨ ®¯¨áë¢ îâáï ¯®«¨®¬ ¬¨ ¢ëá®-ª®© áâ¥¯¥¨ ¨ ï¢«ïîâáï ¤®áâ â®ç® £à®¬®§¤ª¨¬¨[28]. �£à ¨ç¨¢ ïáì «¨¥©ë¬ ¯à¨¡«¨¦¥¨¥¬, § -�.�. �¨ª¨è®¢ 55



ISSN 1561 -9087 �à¨ª« ¤  £÷¤à®¬¥å ÷ª . 2003. �®¬ 5 (77), N 1. �. 47 { 61¯¨è¥¬ ¤«ï ä«ãªâã¨àãîé¥© ç áâ¨ ®¯â¨ç¥áª®£® ¯®-ª § â¥«ï ¯à¥«®¬«¥¨ïn = ��T 0 + �S0; (38)£¤¥ � = 2:6 � 10�4 1 / £à ¤, � = 1:75 � 10�4«/£.� ª ç¥áâ¢¥ ¬®¤¥«¨ á¯¥ªâà  ¡ã¤¥¬ ¨á¯®«ì§®¢ âì¬®¤¥«ì, à §à ¡®â ãî ¢ à ¡®â¥ [25]. �ëà ¦¥¨¥¤«ï á¯¥ªâà «ì®© äãªæ¨¨ (á¯¥ªâà ) ä«ãªâã æ¨©®¯â¨ç¥áª®£® ¯®ª § â¥«ï ¯à¥«®¬«¥¨ï ¨¬¥¥â ¢¨¤En(�) = C0��1=3��5=3 h1 +C1(��)2=3i�(��); (39)£¤¥�(��) = �2�TGT (��)+�2�SGS (��)�2���TSGTS (��);GT (��) = exp(�AT �); GS(��) = exp(�AS �);GTS (��) = exp(�ATS�);� = 1:5C21(��)2=3 +C31(��)2; AT = C0C�21 Pr�1;AS = C0C�21 Sc�1; ATS = 0:5C0C�21 �Pr�1 + Sc�1� :� à ¡®â¥ [25]   ®á®¢¥ £à ¤¨¥â®© £¨¯®â¥-§ë ¡ë«  ®áãé¥áâ¢«¥  ¯ à ¬¥âà¨§ æ¨ï áª®à®áâ¥©§ âãå ¨ï �T , �S , �TS . �ë«® ¯®ª § ®, çâ® ¢á¯¥ªâà¥ ä«ãªâã æ¨© En ¢ § ¢¨á¨¬®áâ¨ ®â ¯ à -¬¥âà  ! = �(dT0=dz)=�(dS0=dz), (§¤¥áì T0(z) ¨S0(z) - ®áà¥¤¥ë¥ ¯à®ä¨«¨ à ¯à¥¤¥«¥¨ï â¥¬-¯¥à âãàë ¨ á®«¥®áâ¨ á®®â¢¥âá¢¥®), ®¯à¥¤¥«ï-îé¥£® ¢ª« ¤ë ä«ãªâã æ¨© â¥¬¯¥à âãàë ¨ á®«¥-®áâ¨ ¢ ä«ãªâã æ¨¨ ®¯â¨ç¥áª®£® ¯®ª § â¥«ï ¯à¥-«®¬«¥¨ï, ¬®£ãâ ¢®§¨ª âì ®¡« áâ¨  ®¬ «ì®£®¯®¢¥¤¥¨ï, ¢ ç áâ®áâ¨, ¯®ï¢«ïâìáï «®ª «ìë¥ íªá-âà¥¬ã¬ë. �â® ¤®«¦® á®®â¢¥âáâ¢ãîé¨¬ ®¡à §®¬¯à®ï¢«ïâìáï ¢ ¨§¬¥¥¨ïå áâ â¨áâ¨ç¥áª¨å å à ª-â¥à¨áâ¨ª á¢¥â®¢®© ¢®«ë, à á¯à®áâà ïîé¥©áï ¢ãª § ®© áà¥¤¥.� áá¬®âà¨¬ á ç «   ¬¯«¨âã¤ë¥ å à ªâ¥à¨-áâ¨ª¨. �ëà ¦¥¨¥ (23), ®¯¨áë¢ îé¥¥ ª®àà¥«ïæ¨-®ãî äãªæ¨î ä«ãªâã æ¨© ãà®¢ï, ¯®á«¥ § ¬¥ë¯¥à¥¬¥ëå q2 = �2L=k ¯à¨¨¬ ¥â ¢¨¤	�(�; L) = C0�2 ��1=3k7=6L11=6 �� Z 10 J0�p2� �qp�L��1� sin q2q2 �� (40)��1 + C1~q2=3��(~q)q�8=3dq;£¤¥ ~q = p2�Prq=p�L�TB .�á¯®«ì§ãï ¢¢¥¤¥ãî ¢ à ¡®â¥ [25] ¯ à ¬¥âà¨-§ æ¨î áª®à®áâ¥© § âãå ¨ï, ¯à¥¤áâ ¢¨¬ ¬®¦¨-â¥«ì �(~q) ¢ ¢¨¤¥�(~q) = �2�S �!2�GT (~q) + GS (~q)� !(1 + �)GTS (~q)� :

�¤¥áì GT (~q) = exp(�AT ~�); GS (~q) = exp(�AS ~�);GTS (~q) = exp(�ATS ~�); ~� = 1:5C21~�2=3 + C31 ~�2;� = KT =KS ; KT ¨ KS { âãà¡ã«¥âë¥ ª®íää¨æ¨-¥âë â¥¬¯¥à âãà®¯à®¢®¤®áâ¨ ¨ ¤¨ääã§¨¨ á®«¨á®®â¢â¥âá¢¥®.� ª ¨ ¢ ¯à¥¤ë¤ãé¥¬ à §¤¥«¥, à áá¬®âà¨¬ á ç -«  ¯®¢¥¤¥¨¥ ®áà¥¤¥®£® ª¢ ¤à â  ä«ãªâã æ¨©ãà®¢ï ¢ § ¢¨á¨¬®áâ¨ ®â ¯ à ¬¥âà  p�L�TB . �®-« £ ï � = 0 ¢ (40),  å®¤¨¬h�2i = �2 ~C�0k7=6L11=6 � Z 10 �1� sin q2q2 ����1 + C1~q2=3��T (~q)q�8=3dq; (41)£¤¥ ~C�0 = ~C0�S=�T .
�¨á. 4. �«ãªâã æ¨¨ ãà®¢ï ¢ § ¢¨á¨¬®áâ¨ ®â¯ à ¬¥âà  !�¥§ã«ìâ âë à áç¥â®¢ ®à¬¨à®¢ ®© äãªæ¨¨h~�2i = h�2i=0:5C0��2��1=3�Sk7=6L11=6Q0 ¤«ï à §-ëå § ç¥¨© ¯ à ¬¥âà  ! ¯à¥¤áâ ¢«¥ë   à¨á.4. �¤¥áì ªà¨¢ ï 1 á®®â¢¥âáâ¢ã¥â á«ãç î ! = 0,ªà¨¢ ï 2 { ! = �0:2, ªà¨¢ ï 3 { ! = �0:5, ªà¨¢ ï4 { ! = �0:7, ªà¨¢ ï 5 { ! = �1:0, ªà¨¢ ï 6 {! = �2:0. �à¨ à áç¥â å ¯®« £ «®áì, çâ® âãà¡ã-«¥âë¥ ª®íää¨æ¨¥âë â¥¬¯¥à âãà®¯à®¢®¤®áâ¨¨ ¤¨ääã§¨¨ á®«¨ à ¢ë ¤àã£ ¤àã£ã, å®âï ¢ ãá«®-¢¨ïå ®ª¥   ¬®£ãâ ¨¬¥âì ¬¥áâ® à §«¨ç¨ï ¬¥¦¤ã¨¬¨ [29]. � ª ï á¨âã æ¨ï ¬®¦¥â  ¡«î¤ âìáï,  -¯à¨¬¥à, ¯à¨ ¢®§¨ª®¢¥¨¨ ¯®á«®©®© ª®¢¥ªæ¨¨¢ ¯®¤®£à¥¢ ¥¬®© á¨§ã ¦¨¤ª®áâ¨, ¢ ª®â®à®© áãé¥-áâ¢ã¥â ãáâ®©ç¨¢ë© á®«¥¢®© £à ¤¨¥â. � ª ¯®ª -§ ® ¢ à ¡®â å [29 { 31], ®â®è¥¨ï íâ¨å ª®íä-ä¨æ¨¥â®¢ ®¯à¥¤¥«ïîâáï ¢¥«¨ç¨®© ¯«®â®áâ®£®á®®â®è¥¨ï R = ��S0=��T0 ¨ ¯à¨ ¡®«ìè¨å R56 �.�. �¨ª¨è®¢



ISSN 1561 -9087 �à¨ª« ¤  £÷¤à®¬¥å ÷ª . 2003. �®¬ 5 (77), N 1. �. 47 { 61ª®íää¨æ¨¥âë ¬®£ãâ á¨«ì® ®â«¨ç âìáï ¤àã£ ®â¤àã£ . � ¤ ®© à ¡®â¥ á«ãç ¨, ª®£¤  ¢®§¨ª -¥â ¤¨ää¥à¥æ¨ «ì®-¤¨ääã§¨® ï ª®¢¥ªæ¨ï, ¥à áá¬ âà¨¢ îâáï. �à¥¤¯®« £ ¥âáï, çâ® ¦¨¤ª®áâìãáâ®©ç¨¢  ª ª ¯® â¥¬¯¥à âãà¥, â ª ¨ ¯® á®«¥®áâ¨.� íâ®¬ á«ãç ¥ ¬®¦® áç¨â âì [32, 33], çâ® ª®íää¨-æ¨¥âë âãà¡ã«¥â®£® ®¡¬¥  à ¢ë ¤àã£ ¤àã£ã.�â¬¥â¨¬, çâ® à §«¨ç¨¥ ¢ â ª®© á¨âã æ¨¨ ¬®¦¥â¢®§¨ªãâì ¢ á«ãç ¥, ª®£¤  ®¤¨ áª «ïà ï¢«ï¥âáï ªâ¨¢ë¬,   ¤àã£®© ¯ áá¨¢ë¬ [34 { 36].�§ à¨á. 4 ¢¨¤®, çâ® ¯à¨ ! = 0, ª®£¤  ä«ãªâã-æ¨¨ ¯®ª § â¥«ï ¯à¥«®¬«¥¨ï ®¯à¥¤¥«ïîâáï â®«ìª®ä«ãªâã æ¨ï¬¨ á®«¥®áâ¨, ¨¬¥¥â ¬¥áâ® ï¢ª® ¢ëà -¦¥ë© ¬ ªá¨¬ã¬ ¯à¨ p�L�TB �= 1, ®¡ãá«®¢«¥ë© «¨ç¨¥¬ ¢ï§ª®-ª®¢¥ªâ¨¢®£® ¨â¥à¢ «  á¯¥ªâà ä«ãªâã æ¨© á®«¥®áâ¨. �à¨ ã¢¥«¨ç¥¨¨ § ç¥¨©p�L�TB ¯®¢¥¤¥¨¥ h~�2i ®¯à¥¤¥«ï¥âáï ¨¥àæ¨®®-ª®¢¥ªâ¨¢ë¬ ¨â¥à¢ «®¬ ¨ £à ä¨ª áâà¥¬¨âáï ª¥¤¨¨æ¥, ¯®áª®«ìªã ¤«ï ®à¬¨à®¢ª¨ ¡ë«® ¨á¯®«ì-§®¢ ® ¢ëà ¦¥¨¥,   «®£¨ç®¥ (30), ª®â®à®¥ ®¯¨-áë¢ ¥â ®áà¥¤¥ë© ª¢ ¤à â ä«ãªâã æ¨© ãà®¢ï,ª®£¤  ä«ãªâã æ¨¨ ¯®¤ç¨ïîâáï § ª®ã �¡ãå®¢ {�®ààá¨ , �� � ��11=3, ¢® ¢á¥¬ á¯¥ªâà «ì®¬ ¤¨ -¯ §®¥. �à¨ ¬ «ëå h~�2i ¨¬¥¥â ¬¥áâ® ¢«¨ï¨¥¢ï§ª®-¤¨ääã§¨®®£® ¨â¥à¢ «  ¨ äãªæ¨ï h~�2ià¥§ª® á¯ ¤ ¥â. �à¨ ¯®ï¢«¥¨¨ ¢ª« ¤  ä«ãªâã æ¨©â¥¬¯¥à âãàë (! = �0:2)  ¡«î¤ ¥âáï ¯®¤ê¥¬ ªà¨-¢®© ¢ ®¡« áâ¨ p�L�TB > 2, ª®â®àë© ®¡ãá«®¢«¥¢«¨ï¨¥¬ ¢ï§ª®-ª®¢¥ªâ¨¢®£® ¨â¥à¢ «  â¥¬¯¥-à âãà®£® á¯¥ªâà . �à¨ ¢®§à áâ ¨¨ p�L�TB ªà¨-¢ ï áâà¥¬¨âáï ª ¯à¥¤¥«ã, ®â¢¥ç îé¥¬ã íää¥ªâã¨¥àæ¨®®-ª®¢¥ªâ¨¢®£® ¨â¥à¢ « . �â¬¥â¨¬,çâ® íâ®â ¯à¥¤¥« ¯à¥¢ëè ¥â ¥¤¨¨æã, ª ª ¢ á«ãç ¥! = 0, çâ® ®¡ãá«®¢«¥® ¢ë¡à ®© ®à¬¨à®¢ª®©.�â® ¦¥ ¨¬¥¥â ¬¥áâ® ¯à¨ ¤àã£¨å § ç¥¨ïå !. �à¨ã¢¥«¨ç¥¨¨ ¢ª« ¤  ä«ãªâã æ¨© â¥¬¯¥à âãàë ¢«¨-ï¨¥ ¢ï§ª®-ª®¢¥ªâ¨¢®£® ¨â¥à¢ «  â¥¬¯¥à âãà-®£® á¯¥ªâà  ¢®§à áâ ¥â ¨ ¯à¨ j ! j> 0:5 ¯®ï¢«ï¥â-áï ¢â®à®© «®ª «ìë© íªáâà¥¬ã¬ ¯à¨ p�L�TB �= 10.�£® ¯®«®¦¥¨¥ á®®â¢¥âáâ¢ã¥â ¯®«®¦¥¨î ¬ ªá¨-¬ã¬  h~�2i ¢ á«ãç ¥, ª®£¤  ¨¬¥îâáï â®«ìª® â¥¬¯¥-à âãàë¥ ä«ãªâã æ¨¨ (á¬. à¨á. 1). �à¨ j ! j>1:0 § ç¥¨ï ¬ ªá¨¬ã¬®¢ § ç¨â¥«ì® ¯à¥¢ëè -îâ § ç¥¨¥ ¬ ªá¨¬ã¬ , á®®â¢¥âáâ¢ãîé¥£® á«ã-ç î ! = 0.�á¯®«ì§ãï ¯®«ãç¥ë¥ à¥§ã«ìâ âë, ¯à®¢¥¤¥ëà áç¥âë § ¢¨á¨¬®áâ¨ ª®àà¥«ïæ¨®®© äãªæ¨¨ä«ãªâã æ¨© ãà®¢ï ®â �=p�L ¯à¨ à §«¨çëå § -ç¥¨ïå ¯ à ¬¥âà  p�L�TB. � ®â«¨ç¨¥ ®â à¨á. 2§¤¥áì à áç¥âë ¯à®¢®¤¨«¨áì ¤«ï à §«¨çëå ¢ª« -¤®¢ ä«ãªâã æ¨© â¥¬¯¥à âãàë ¨ á®«¥®áâ¨ ¢ ä«ãª-âã æ¨¨ ®¯â¨ç¥áª®£® ¯®ª § â¥«ï ¯à¥«®¬«¥¨ï.�  à¨á. 5 ¯à¥¤áâ ¢«¥ë à¥§ã«ìâ âë à áç¥-

�¨á. 5. �®àà¥«ïæ¨® ï äãªæ¨ï ä«ãªâã æ¨© ãà®¢ï¯à¨ ! = 0
�¨á. 6. �®àà¥«ïæ¨® ï äãªæ¨ï ä«ãªâã æ¨©ãà®¢ï¯à¨ ! = 0â  äãªæ¨¨ 	n� ¯à¨ ! = 0 (¨¬¥îâáï â®«ìª®ä«ãªâã æ¨¨ á®«¥®áâ¨). �à¨¢ ï 1 á®®â¢¥âáâ¢ã¥âp�L�TB = 0:7; ªà¨¢ ï 2 { 1.0; ªà¨¢ ï 3 { 7.0; ªà¨¢ ï4 { 200; ªà¨¢ ï 5 { 5000. �â¬¥â¨¬, çâ® § ç¥¨ï¯ à ¬¥âà p�L�TB á®®â¢¥âáâ¢ãîâ â¥¬ ¢¥«¨ç¨ ¬,¯à¨ ª®â®àëå h~�2i ¯à¨¨¬ ¥â ¬ ªá¨¬ «ìë¥ § -ç¥¨ï, ®¡ãá«®¢«¥ë¥, ª ª ®â¬¥ç «®áì ¢ ¯à¥¤ë-¤ãé¥¬ à §¤¥«¥, ¢«¨ï¨¥¬ ¢ï§ª®-ª®¢¥ªâ¨¢®£® ¨-â¥à¢ « . �à¨ ¬ «ëå p�L�TB, á®®â¢¥âáâ¢ãîé¨å¯à¥¢ «¨àãîé¥¬ã ¢«¨ï¨î ¢ï§ª®-¤¨ääã§¨®®£®¨â¥à¢ « , ¢ ª®â®à®¬ ¯à®¨áå®¤¨â  ¨¡®«¥¥ ¡ë-áâà®¥ á¯ ¤ ¨¥ á¯¥ªâà , è¨à¨  ª®àà¥«ïæ¨®®©�.�. �¨ª¨è®¢ 57



ISSN 1561 -9087 �à¨ª« ¤  £÷¤à®¬¥å ÷ª . 2003. �®¬ 5 (77), N 1. �. 47 { 61äãªæ¨¨  ¨¡®«ìè ï. � ¨¬¥ìè ï è¨à¨  ª®à-à¥«ïæ¨®®© äãªæ¨¨ á®®â¢¥âáâ¢ã¥â ¤®¬¨¨àã-îé¥¬ã ¢«¨ï¨î ¢ï§ª®-ª®¢¥ªâ¨¢®£® ¨â¥à¢ « (ªà¨¢ ï 3). �à¨ ¡®«ìè¨å § ç¥¨ïå p�L�TB, ª®-â®àë¥ á®®â¢¥âáâ¢ãîâ ¯à¥¢ «¨àãîé¥¬ã ¢«¨ï¨î¨¥àæ¨®®-ª®¢¥ªâ¨¢®£® ¨â¥à¢ «    ä«ãªâã -æ¨¨ ãà®¢ï, è¨à¨  ª®àà¥«ïæ¨®®© ªà¨¢®© ¯à¨-¨¬ ¥â ¯à®¬¥¦ãâ®çë¥ § ç¥¨ï.�à¨ ¯®ï¢«¥¨¨ ¢ª« ¤  ®â â¥¬¯¥à âãàëå ä«ãª-âã æ¨© (! 6= 0) ª®àà¥«ïæ¨® ï äãªæ¨ï ¯à¥â¥à-¯¥¢ ¥â á®®â¢¥âáâ¢ãîé¨¥ ¨§¬¥¥¨ï. � ª ¯®ª § -«¨ à áç¥âë, ª®£¤  íâ®â ¢ª« ¤ ¥¢¥«¨ª (! = �0:2),¨§¬¥¥¨ï ¥¡®«ìè¨¥, ® ã¦¥  ¨¬¥ìè ï è¨à¨ ª®àà¥«ïæ¨®®© äãªæ¨¨  ¡«î¤ ¥âáï ¯à¨ ¡®«ì-è¨å § ç¥¨ïå p�L�TB . �à¨ ã¢¥«¨ç¥¨¨ ¢ª« ¤ ä«ãªâã æ¨© â¥¬¯¥à âãàë íâ  â¥¤¥æ¨ï á®åà ï-¥âáï ¨ ¯à¨ ! = �2:0  ¨¬¥ìè ï è¨à¨  á®®â¢¥â-áâ¢ã¥â p�L�TB = 200 (á¬. à¨á. 6).� ¦® ®â¬¥â¨âì, çâ® ¯®«®¦¥¨¥ ª®àà¥«ïæ¨®-®© äãªæ¨¨, á®®â¢¥âáâ¢ãîé¥© § ç¥¨î ¯ à ¬¥-âà  p�L�TB = 0:7, ¯à¨ ª®â®à®¬ ã¦¥ ¨¬¥¥â ¬¥-áâ® áãé¥áâ¢¥®¥ ¢«¨ï¨¥ ¢ï§ª®-¤¨ääã§¨®®£®¨â¥à¢ « , ¯à ªâ¨ç¥áª¨ ¥ § ¢¨á¨â ®â !. �¥¡®«ì-è¨¥ ¨§¬¥¥¨ï  ¡«î¤ îâáï â®«ìª® ¯à¨ ¡®«ìè¨å�=p�L ¨ ¤®áâ â®ç® ¡®«ìè®¬ ¢ª« ¤¥ ä«ãªâã æ¨©â¥¬¯¥à âãàë. �â¨ ¨§¬¥¥¨ï áâ ®¢ïâáï ¡®«¥¥§ ¬¥âë¬¨ ¯à¨ ã¢¥«¨ç¥¨¨ § ç¥¨ï ¯ à ¬¥âà p�L�TB, ¨ ¯à¨ p�L�TB = 7 ®¨ áâ ®¢ïâáï  ¨-¡®«ìè¨¬¨, çâ® á¢ï§ ® á áãé¥áâ¢¥ë¬ ¢«¨ï¨-¥¬ ¢ï§ª®-ª®¢¥ªâ¨¢®£® ¨â¥à¢ «  â¥¬¯¥à âãà®-£® á¯¥ªâà . �à¨ ¤ «ì¥©è¥¬ à®áâ¥ ãª § ®£® ¯ -à ¬¥âà  ¨§¬¥¥¨ï áâ ®¢ïâáï ¬¥¥¥ § ¬¥âë¬¨,® á¬¥é îâáï ¢ ®¡« áâì ¬ «ëå �=p�L ¢ ®â«¨ç¨¥®â á«ãç ¥¢, ª®£¤  § ç¥¨¥ ¯ à ¬¥âà  p�L�TB ¥-¢¥«¨ª® ¨ ¨§¬¥¥¨ï ¨¬¥îâáï ¯à¨ ¡®«ìè¨å �=p�L.�à¨ p�L�TB = 1000 ¨ ¡®«¥¥ ¢¨¤ ª®àà¥«ïæ¨®-®© äãªæ¨¨ ¯¥à¥áâ ¥â § ¢¨á¥âì ®â !. �â  á¨-âã æ¨ï á®®â¢¥âáâ¢ã¥â ¯à¥¢ «¨àãîé¥¬ã ¢«¨ï¨î¨¥àæ¨®®-ª®¢¥ªâ¨¢®£® ¨â¥à¢ «    ä«ãªâã -æ¨¨ ãà®¢ï.�¥à¥©¤¥¬ â¥¯¥àì ª   «¨§ã áâàãªâãà®© äãª-æ¨¨ ä §ë. �¡é¥¥ ¢ëà ¦¥¨¥, ®¯¨áë¢ îé¥¥ íâãäãªæ¨î, ¨¬¥¥â ¢¨¤ (24). �ëà ¦¥¨¥ ¤«ï á¯¥ªâà ä«ãªâã æ¨© ®¯â¨ç¥áª®£® ¯®ª § â¥«ï ¯à¥«®¬«¥¨ï¨á¯®«ì§ã¥¬ ¢ ¢¨¤¥ (39). �áå®¤ï ¨§  á¨¬¯â®â¨ç¥-áª®© ä®à¬ë áâàãªâãà®© äãªæ¨¨ ä §ë, ®¯¨áë¢ -¥¬®© ¢ëà ¦¥¨¥¬ (32), ¯à¥¤áâ ¢¨¬ íâã äãªæ¨î ¢¢¨¤¥ ~DS (�; L) = DS(�; L)=2�2 ~C0k2L�p�L�5=3 :�®á«¥ § ¬¥ë ¯¥à¥¬¥ëå �� = q ¯®«ãç ¥¬

~DS(�; L)~��5=3 = 12Q1 Z 10 [1� J0(q)]�� �1 + 2�~�2q2 sin� q22�~�2���1 + C1q2=31 � q�8=3 � (42)� �!2�GT (q1) + GS (q1)� !(1 + �)GTS (q1)� dq;£¤¥ ®¡®§ ç¥¨ï â¥ ¦¥, çâ® ¨ ¢ ¢ëà ¦¥¨¨ (37).� áç¥âë ¯à®¢®¤¨«¨áì ¤«ï â¥å § ç¥¨© ¯ -à ¬¥âà  p�L�TB , ¤«ï ª®â®àëå ¢«¨ï¨¥ ¢ï§ª®-ª®¢¥ªâ¨¢®£® ¨â¥à¢ «  á¯¥ªâà  ä«ãªâã æ¨© á®-«¥®áâ¨   ®áà¥¤¥ë© ª¢ ¤à â ä«ãªâã æ¨©ãà®¢ï ¡ë«® ¯à¥®¡« ¤ îé¨¬. �à¨ ¡®«ìè¨å �,� >> p�L, áâàãªâãà ï äãªæ¨ï ä §ë áâà¥¬¨â-áï ª á¢®¥©  á¨¬¯â®â¨ç¥áª®© ä®à¬¥ (32), ª®â®à ïá®®â¢¥âáâ¢ã¥â ¨¥àæ¨®®-ª®¢¥ªâ¨¢®¬ã ¨â¥à-¢ «ã á¯¥ªâà  ¨ ~DS(�; L) �= ��=p�L�5=3. �®£¤  ¯à¨¨á¯®«ì§®¢ ¨¨ íâ®£® ¢ëà ¦¥¨ï ¤«ï ®à¬¨à®¢ª¨£à ä¨ª¨ áâàãªâãà®© äãªæ¨¨ ä §ë ¤®«¦ë áâà¥-¬¨âáï ª ¥¤¨¨æ¥ ¯à¨ ¡®«ìè¨å �. �à¨ à áç¥â å ¯®-« £ «®áì, çâ® âãà¡ã«¥âë¥ ª®íää¨æ¨¥âë â¥¬¯¥-à âãà®¯à®¢®¤®áâ¨ ¨ ¤¨ääã§¨¨ á®«¨ à ¢ë ¤àã£¤àã£ã, â. ¥. � = 1. �¥§ã«ìâ âë à áç¥â®¢ áâàãª-âãà®© äãªæ¨¨ ä §ë ¤«ï á«ãç ï, ª®£¤  ¨¬¥îâ-áï â®«ìª® ä«ãªâã æ¨¨ á®«¥®áâ¨ (! = 0), ¯à¥¤-áâ ¢«¥ë   à¨á. 7. �à¨¢ ï 1 á®®â¢¥âáâ¢ã¥âp�L�TB = 0:7; ªà¨¢ ï 2 { p�L�TB = 1:5; ªà¨¢ ï3 { p�L�TB = 3:0; ªà¨¢ ï 4 { p�L�TB = 20; ªà¨¢ ï5 { p�L�TB = 500.�¨¤®, çâ® ¬ ªá¨¬ã¬ë äãªæ¨© à á¯®« £ îâ-áï ¢ ®¡« áâ¨ ��TB � 0:5, çâ®  å®¤¨âáï ¢ á®®â-¢¥âáâ¢¨¨ á ¯à¥¤ë¤ãé¨¬¨ à¥§ã«ìâ â ¬¨ à áç¥â®¢áâàãªâãà®© äãªæ¨¨ ä §ë ¢ á«ãç ¥, ª®£¤  ä«ãª-âã æ¨¨ ®¯â¨ç¥áª®£® ¯®ª § â¥«ï ¯à¥«®¬«¥¨ï ®¯à¥-¤¥«ïîâáï â®«ìª® ä«ãªâã æ¨ï¬¨ á®«¥®áâ¨.� áç¥âë ¯®ª § «¨, çâ® ¯à¨ ¯®ï¢«¥¨¨ ¬ «®£®¢ª« ¤  ä«ãªâã æ¨© â¥¬¯¥à âãàë (! = �0:2) ¢¨¤áâàãªâãàëå äãªæ¨© ¬¥ï¥âáï ¥§ ç¨â¥«ì®,® ã¦¥  ¡«î¤ îâáï ¨§¬¥¥¨ï ªà¨¢ëå ¢ ®¡« áâ¨��TB � 5, ª®â®àë¥ ®¡ãá«®¢«¥ë ¢ª« ¤®¬ ä«ãªâã -æ¨© â¥¬¯¥à âãàë. �à¨ íâ®¬ à §¬¥à ®¡« áâ¨ ¬ ª-á¨¬ «ìëå § ç¥¨© áâ ®¢¨âáï ¡®«ìè¥, çâ® ®¡ê-ïáï¥âáï ¢«¨ï¨¥¬ ¢ï§ª®-ª®¢¥ªâ¨¢®£® ¨â¥à¢ -«  â¥¬¯¥à âãà®£® á¯¥ªâà  ¯à¨ ��TB � 5:0. �à®-¬¥ â®£®, § ç¥¨ï áâàãªâãà®© äãªæ¨¨ ä §ëáâ ®¢ïâáï ¡®«ìè¥, ç¥¬ ¯à¨ ! = 0, ¨ ¢á¥ ªà¨-¢ë¥ ¯à¨ ¡®«ìè¨å �, ª ª ¨ ¯à¨ ¢ëç¨á«¥¨¨ ª®à-à¥«ïæ¨®®© äãªæ¨¨ ä«ãªâã æ¨© ãà®¢ï, áâà¥-¬ïâáï ª ¢¥«¨ç¨¥, ª®â®à ï ®¯à¥¤¥«ï¥âáï ¢ª« -¤®¬ ¨¥àæ¨®®-ª®¢¥ªâ¨¢®£® ¨â¥à¢ «  á¯¥ªâà ä«ãªâã æ¨© ®¯â¨ç¥áª®£® ¯®ª § â¥«ï ¯à¥«®¬«¥¨ï.58 �.�. �¨ª¨è®¢
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�¨á. 7. �âàãªâãà ï äãªæ¨ï ä §ë ¯à¨ ! = 0�à¨ ã¢¥«¨ç¥¨¨ ¢ª« ¤  ä«ãªâã æ¨© â¥¬¯¥à âãàë(! = �0:5) § ¬¥â® ¬¥ï¥âáï ä®à¬  ªà¨¢ëå, çâ®¯à®ï¢«ï¥âáï ¢ ¯®ï¢«¥¨¨ «®ª «ì®£® ¯®¤ê¥¬  ªà¨-¢ëå ¢ ®¡« áâ¨ ã¬¥à¥ëå § ç¥¨© p�L�TB , à ¢-ëå 3 ¨ 20. �®«¥¥ â®£®, íâ®â ¤®¡ ¢®çë© «®-ª «ìë© ¯®¤ê¥¬ áâ ®¢¨âáï ®¯à¥¤¥«ïîé¨¬ ¢ ¯®-¢¥¤¥¨¨ á®®â¢¥âáâ¢ãîé¥© áâàãªâãà®© äãªæ¨¨ä §ë. �à¨ ¤ «ì¥©è¥¬ ã¢¥«¨ç¥¨¨ ¢ª« ¤  ä«ãª-âã æ¨© â¥¬¯¥à âãàë ¢ ä«ãªâã æ¨¨ n ¢á¥ ªà¨¢ë¥¯à¥â¥à¯¥¢ îâ áãé¥áâ¢¥ë¥ ¨§¬¥¥¨ï. �¨à¨ ªà¨¢ëå § ç¨â¥«ì® ã¢¥«¨ç¨¢ ¥âáï §  áç¥â ¢«¨-ï¨ï ¢ï§ª®-ª®¢¥ªâ¨¢®£® ¨â¥à¢ «  â¥¬¯¥à âãà-®£® á¯¥ªâà . �á®¡¥® íâ® § ¬¥â® ¯à¨ ! = �2:0(á¬. à¨á. 8), ª®£¤  ¢«¨ï¨¥ ãª § ®£® á¯¥ªâà «ì-®£® ¨â¥à¢ «  áâ ®¢¨âáï ¤®¬¨¨àãîé¨¬ ¨ ªà¨-¢ë¥ ¢ ®¡« áâ¨ íªáâà¥¬ã¬®¢ ®¡®áâàïîâáï. � á ¬®¥å à ªâ¥à®¥ { ¯®«®¦¥¨¥ íªáâà¥¬ã¬®¢ á¬¥é ¥âáï¢ ®¡« áâì ¡®«ìè¨å § ç¥¨© ��TB , á®®â¢¥âáâ¢ãî-é¨å ¬ ªá¨¬ «ìë¬ § ç¥¨ï¬ ®áà¥¤¥®£® ª¢ -¤à â  ä«ãªâã æ¨© ãà®¢ï ¢ á«ãç ¥ ¯à¨áãâáâ¢¨ïâ®«ìª® â¥¬¯¥à âãàëå ä«ãªâã æ¨©, ª®â®àë¥ å -à ªâ¥à¨§ãîâ ¢«¨ï¨¥ ¢ï§ª®-ª®¢¥ªâ¨¢®£® ¨â¥à-¢ «  â¥¬¯¥à âãà®£® á¯¥ªâà . �¤¥áì   à¨á. 8®¡®§ ç¥¨ï â¥ ¦¥, çâ® ¨   à¨á. 7.�¬¥é¥¨¥ ¬ ªá¨¬ã¬®¢ ªà¨¢ëå ¢ áâ®à®ã ¡®«ì-è¨å ��TB ¯à¨ ¢®§à áâ ¨¨ ¢ª« ¤  â¥¬¯¥à âãàëåä«ãªâã æ¨© § ¢¨á¨â ®â á®®â®è¥¨ï ¬¥¦¤ã à ¤¨-ãá®¬ ¯¥à¢®© §®ë �à¥¥«ï ¨ ¬ áèâ ¡®¬ �¥âç¥-«®à  â¥¬¯¥à âãà®£® á¯¥ªâà . �®£¤  à ¤¨ãá íâ®©§®ë ¬ «, ¢«¨ï¨¥ ¢ï§ª®-ª®¢¥ªâ¨¢®£® ¨â¥à¢ -«  â¥¬¯¥à âãà®£® á¯¥ªâà  ¥¢¥«¨ª®. � à®áâ®¬¤«¨ë âà ááë, ª®£¤  à ¤¨ãá ¯¥à¢®© §®ë �à¥¥-«ï áâ ®¢¨âáï á®¨§¬¥à¨¬ á ¬ áèâ ¡®¬, å à ªâ¥-

�¨á. 8. �âàãªâãà ï äãªæ¨ï ä §ë ¯à¨ ! = �2:0à¨§ãîé¨¬ ãª § ë© ¢ï§ª®-ª®¢¥ªâ¨¢ë© ¨â¥à-¢ «, ¢«¨ï¨¥ â¥¬¯¥à âãàëå ä«ãªãâ æ¨© ¬®¦¥âáâ âì ®¯à¥¤¥«ïîé¨¬.6. ����������� à ¡®â¥ à áá¬®âà¥ë áâ â¨áâ¨ç¥áª¨¥ å à ª-â¥à¨áâ¨ª¨ ¯«®áª®© á¢¥â®¢®© ¢®«ë, à á¯à®áâà -ïîé¥©áï ¢ âãà¡ã«¥â®© ¢®¤®© áà¥¤¥, ¢ ª®â®-à®© ¯à¨áãâáâ¢ãîâ ¥®¤®à®¤®áâ¨ â¥¬¯¥à âãàë¨ á®«¥®áâ¨. � â ª®© áà¥¤¥, ¯à¨¬¥à®¬ ª®â®à®©¬®¦¥â á«ã¦¨âì ¬®àáª ï ¢®¤ , ä«ãªâã æ¨¨ ¯®ª -§ â¥«ï ¯à¥«®¬«¥¨ï ®¯à¥¤¥«ïîâáï ä«ãªâã æ¨ï¬¨â¥¬¯¥à âãàë ¨ á®«¥®áâ¨. �¤® ¨§ ¢ ¦ëå ®â-«¨ç¨© ¢®¤®© áà¥¤ë ®â  â¬®áä¥àë § ª«îç ¥âáï ¢â®¬, çâ® ¬®«¥ªã«ïàë¥ ª®íää¨æ¨¥âë â¥¬¯¥à âã-à®¯à®¢®¤®áâ¨ �T ¨ ¤¨ääã§¨¨ á®«¨ �S § ç¨â¥«ì-® ¬¥ìè¥, ç¥¬ ª¨¥¬ â¨ç¥áª¨© ª®íää¨æ¨¥â ¢ï§-ª®áâ¨ �. �â® á¢®©áâ¢® ¢®¤®© áà¥¤ë ®¡ãá« ¢«¨¢ -¥â áãé¥áâ¢®¢ ¨¥ ¢ï§ª®-ª®¢¥ªâ¨¢ëå ¨â¥à¢ «®¢(¨â¥à¢ «®¢ �¥âç¥«®à ) ¢ á¯¥ªâà å ä«ãªâã æ¨©â¥¬¯¥à âãàë ET ¨ á®«¥®áâ¨ ES . � íâ¨å ¨â¥à-¢ « å ãª § ë¥ á¯¥ªâàë ¯à®¯®àæ¨® «ìë ��1 ¢®â«¨ç¨¥ ®â ¨¥àæ¨®®-ª®¢¥ªâ¨¢ëå ¨â¥à¢ «®¢(¨â¥à¢ «  �¡ãå®¢ {�®ààá¨ ), ¢ ª®â®à®¬ á¯¥ª-âàë ¯à®¯®àæ¨® «ìë ��5=3. �ï§ª®-ª®¢¥ªâ¨¢ë¥¨â¥à¢ «ë á¯¥ªâà®¢ ET ¨ ES ®£à ¨ç¥ë á¨-§ã ¢®«®¢ë¬¨ ç¨á« ¬¨, ®¯à¥¤¥«ï¥¬ë¬¨ ¬ áèâ -¡ ¬¨ �¥âç¥«®à  �TB ¨ �SB , á®®â¢¥âáâ¢¥®. �®-áª®«ìªã ¢ ¢®¤®© áà¥¤¥ �T >> �S ¨¦¨¥ £à -¨æë á¯¥ªâà®¢ ®â«¨çë ¤àã£ ®â ¤àã£ , â®ç¥¥�SB >> �TB , íâ® ¯à¨¢®¤¨â ª â®¬ã, çâ® ¯à¨ � > �TB�.�. �¨ª¨è®¢ 59
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