
ISSN 1561 -9087 �à¨ª« ¤  £÷¤à®¬¥å ÷ª . 1999. �®¬ 1 (73), N 2. �. 3 { 11��� 532.526������ �� � ������������� �������������� ���������. �. ����������áâ¨âãâ â¥å¨ç¥áª®© â¥¯«®ä¨§¨ª¨ ��� �ªà ¨ë, �¨¥¢�®«ãç¥® 15.10.98�á®¢ë¢ ïáì   â¥®à¨¨ £àã¯¯ �¨, ¯®«ãç¥ë  ¢â®¬®¤¥«ìë¥ ¯¥à¥¬¥ë¥, äãªæ¨¨ ¨ ¤¨ää¥à¥æ¨ «ìë¥ ãà ¢¥¨ï,¢ª«îç ï ®¡é¥¥ ãà ¢¥¨¥ �« §¨ãá . �®ª § ®, çâ® ä®à¬  ®¡é¥£® ®¡ëª®¢¥®£® ¤¨ää¥à¥æ¨ «ì®£® ãà ¢¥¨ï®¯à¥¤¥«ï¥âáï ¢ë¡®à®¬ ¯ à ¬¥âà¨ç¥áª®© ¯¥à¥¬¥®©. �á¯®«ì§ãï á¢®©áâ¢  á¨¬¬¥âà¨¨, ®¡é¥¥ ãà ¢¥¨¥ �« §¨ãá ¡ë«® à¥¤ãæ¨à®¢ ® ª ãà ¢¥¨î ¯¥à¢®£® ¯®àï¤ª . �®«ãç¥® ¤¢  ®¢ëå  ¢â®¬®¤¥«ìëå à¥è¥¨ï ãà ¢¥¨© �à ¤-â«ï. �®ª §  á¯®á®¡ âà áä®à¬ æ¨¨ ®¤®¯ à ¬¥âà¨ç¥áª®©  «£¥¡àë �¨ ãà ¢¥¨© �à ¤â«ï, á®¤¥à¦ é¥© ç¥âëà¥¯®¤ «£¥¡àë, ª  «£¥¡à¥ �à ¤â«ï á âà¥¬ï ¯®¤ «£¥¡à ¬¨, ®¤  ¨§ ª®â®àëå ï¢«ï¥âáï ¤¢ãå¯ à ¬¥âà¨ç¥áª®©.�àãâãîç¨áì   â¥®à÷ù £àã¯ �i, ¡ã«¨ ®âà¨¬ i  ¢â®¬®¤¥«ìi §¬ii, äãªæiù i ¤¨ä¥à¥æi «ìi ài¢ïï, ¢ª«îç îç¨§ £ «ì¥ ài¢ïï �« §iãá . �®ª § ®, é® ä®à¬  § £ «ì®£® §¢¨ç ©®£® ¤¨ä¥à¥æi «ì®£® ài¢ïï ¢¨§ ç õâìáï¢¨¡®à®¬ ¯ à ¬¥âà¨ç®ù §¬i®ù. �¨ª®à¨áâ®¢ãîç¨ ¢« áâ¨¢®áâi á¨¬¥âàiù, § £ «ì¥ ài¢ïï �« §iãá  ¡ã«® à¥¤ãæ¨à®-¢ ® ¤® ài¢ïï ¯¥àè®£® ¯®àï¤ªã. �ã«® ®âà¨¬ ® ¤¢  ®¢¨å  ¢â®¬®¤¥«ì¨å àiè¥ï ài¢ïì �à ¤â«ï. �®ª § ®§ ái¡ âà áä®à¬ æiù ®¤®¯ à ¬¥âà¨ç®ù  «£¥¡à¨ �i ài¢ïì �à ¤â«ï, é® ¬iáâïâì ç®â¨à¨ ¯i¤ «£¥¡à¨, ¤®  «£¥¡à¨�à ¤â«ï § âàì®¬ï ¯i¤ «£¥¡à ¬¨, ®¤  § ïª¨å õ ¤¢®¯ à ¬¥âà¨ç®î.Basing on the Lie groups, various forms of automodelling variables, functions and di�erential equations have been obtainedincluding the generalized Blasius equation. It has been shown that the form of the general ordinary di�erential equationis determined by the use of the parametric variable. Using the property of symmetry, the generalized Blasius equationhas been redused to the �rst order. Two new automodelling solutions of the Prandtl equations have obtained. The wayhas been shown of ransforming the one-parameter Lie algebra of the Prandtl equations, consisting of four subalgebras, tothe algebra with three subalgebras with one subalgebra one-parameter one.���������® ¬®£¨å á«ãç ïå ¨áá«¥¤®¢ ¨ï ¯à®æ¥áá®¢ £¨-¤à®¤¨ ¬¨ª¨ ¯®£à ¨ç®£® á«®ï ¨á¯®«ì§ãîâáï  ¢-â®¬®¤¥«ìë¥ ¯à¥¤áâ ¢«¥¨ï ãà ¢¥¨© �à ¤â«ï.� ª ç¥áâ¢¥ ¯à¨¬¥à®¢ ¬®¦® ¯à¨¢¥áâ¨  ¢â®¬®¤¥«ì-ë¥ à¥è¥¨ï �« §¨ãá  ¤«ï â¥ç¥¨ï ¢ ¯®£à ¨ç®¬á«®¥ ®ª®«® ¯«®áª®© ¯« áâ¨ë [1], à¥è¥¨¥ �«¨å-â¨£  ¤«ï â¥ç¥¨ï ¢ § â®¯«¥®© áâàã¥ [1], à¥è¥-¨¥ ¤«ï ¯à¨áâ¥®© áâàã¨ [2]. �¤ ª® ¯à¨ íâ®¬¯à¨å®¤¨âáï ã£ ¤ë¢ âì ¢¨¤  ¢â®¬®¤¥«ìëå ¯¥à¥-¬¥ëå ¨ á®®â¢¥âáâ¢ãîé¨© ¢¨¤ ¨áª®¬ëå äãª-æ¨©. �  áâ®ïé¥© áâ âì¥ ¬ë ¯®ª ¦¥¬ ª ª ¬®¦® ©â¨ ¢á¥¢®§¬®¦ë¥ ä®à¬ë  ¢â®¬®¤¥«ìëå ¯¥à¥-¬¥ëå ¨ ¨áª®¬ëå äãªæ¨©, § ï £àã¯¯ë �¨, ¨á-á«¥¤ã¥¬ëå ãà ¢¥¨©.�áá«¥¤®¢ ¨î £àã¯¯®¢ëå á¢®©áâ¢ ãà ¢¥¨©�à ¤â«ï ¯®£à ¨ç®£® á«®ï ¯®á¢ïé¥® àï¤ à -¡®â. �¯¥à¢ë¥ ®á®¢ ï £àã¯¯  á¨¬¬¥âà¨¨ íâ¨åãà ¢¥¨© ¡ë«  ¯®«ãç¥  ¢ [3]. �à¨ íâ®¬ ¤ ¢«¥¨¥à áá¬ âà¨¢ «®áì ª ª ¨áª®¬ ï äãªæ¨ï. � à ¡®-â¥ [4]   ®á®¢¥ ¤ ëå [3] ¯à®¢¥¤¥   «¨§ £àã¯-¯®¢®£® à áá«®¥¨ï ¤¨ää¥à¥æ¨ «ìëå ãà ¢¥¨©¯®£à ¨ç®£® á«®ï. �àã¯¯®¢®¥ à áá«®¥¨¥ { íâ®¯à¥¤áâ ¢«¥¨¥ á¨áâ¥¬ë ¤¨ää¥à¥æ¨ «ìëå ãà ¢-¥¨© ¢ ¢¨¤¥ ®¡ê¥¤¨¥¨ï ¤¢ãå á¨áâ¥¬:  ¢â®¬®àä-

®© ¨ à §à¥è îé¥©. �¢â®¬®àä ï á¨áâ¥¬  ®¡« -¤ ¥â â¥¬ á¢®©áâ¢®¬, çâ® «î¡®¥ ¥¥ à¥è¥¨¥ ¯®«ã-ç ¥âáï ¨§ ®¤®£® à¥è¥¨ï á ¯®¬®éìî ¯à¥®¡à §®-¢ ¨© ¨§ £àã¯¯ë �¨, ¤®¯ãáª ¥¬®© ®á®¢®© á¨-áâ¥¬®© ãà ¢¥¨©. � §à¥è îé ï á¨áâ¥¬  ¥ ¤®-¯ãáª ¥â ¨ª ª®£®, ªà®¬¥ â®¦¤¥áâ¢¥®£® ¯à¥®¡à -§®¢ ¨ï £àã¯¯ë �¨, â.¥. ¢á¥ ¯à¥®¡à §®¢ ¨ï ¨§£àã¯¯ë �¨ ï¢«ïîâáï ¤«ï à¥è¥¨© à §à¥è îé¥©á¨áâ¥¬ë â®¦¤¥áâ¢¥ë¬¨ ¯à¥®¡à §®¢ ¨ï¬¨. � -«¥¥ ¢ [4] ¯®ª §  ¯à®æ¥áá à¥è¥¨ï  ¢â®¬®àä®© ¨à §à¥è îé¥© á¨áâ¥¬. �à¨ íâ®¬ à §à¥è îé ï á¨-áâ¥¬  ¯à¥¤áâ ¢«¥  ¢ ¯¥à¥¬¥ëå �à®ªª®. �¤ ª®á«¥¤ã¥â ®â¬¥â¨âì, çâ® ¯®-¯à¥¦¥¬ã ®¡¥ á¨áâ¥¬ë®áâ îâáï á¨áâ¥¬ ¬¨ ¤¨ää¥à¥æ¨ «ìëå ãà ¢¥-¨© ¢ ç áâëå ¯à®¨§¢®¤ëå. �¥à¥å®¤ ¦¥ ª  ¢â®-¬®¤¥«ìë¬ ä®à¬ ¬ ¯®§¢®«¨« ¡ë ¯®«ãç¨âì ®¡ëª-®¢¥ë¥ ¤¨ää¥à¥æ¨ «ìë¥ ãà ¢¥¨ï, à¥è¥¨¥ª®â®àëå á ¯®¬®éìî á®¢à¥¬¥ëå ¯à¨ª« ¤ëå ¯ -ª¥â®¢ ( "Mathcad ", "Maple" ¨ ¤à.) ¥ ¯à¥¤áâ ¢«ï-¥â ¨ª ª¨å âàã¤®áâ¥©.� § ª«îç¥¨¥ ªà âª®£® ¢¢¥¤¥¨ï ®â¬¥â¨¬, çâ®¢ à ¡®â å [4,5] ¯à¨¢¥¤¥ë £àã¯¯ë á¨¬¬¥âà¨¨ £à -¤¨¥â®£® ¯®£à ¨ç®£® á«®ï ¯à¨ ç áâëå § ª®- å ¨§¬¥¥¨ï ¤ ¢«¥¨ï ¢ ¯à®¤®«ì®¬  ¯à ¢«¥-¨¨. � à ¡®â å [6, 7] ¨áá«¥¤®¢ «¨áì £àã¯¯®¢ë¥á¢®©áâ¢  âà¥å¬¥àëå ¯®£à ¨çëå á«®¥¢ ¨ ¯®£à -¨çëå á«®¥¢ á ¬®¬¥âë¬¨  ¯àï¦¥¨ï¬¨.c �. �. �¢à ¬¥ª®, 1999 3



ISSN 1561 -9087 �à¨ª« ¤  £÷¤à®¬¥å ÷ª . 1999. �®¬ 1 (73), N 2. �. 3 { 11���������������� �����������à ¢¥¨ï �à ¤â«ï ¨¬¥îâ á«¥¤ãîé¨© ¢¨¤:u@u@x + V @u@Y = @2u@Y 2 ; (1)@u@x + @V@Y = 0;£¤¥ u ¨ v { ª®¬¯®¥âë áª®à®áâ¨ ¢  ¯à ¢«¥¨ïåx ¨ y á®®â¢¥âáâ¢¥®; V = v=(�)0;5 ¨ Y = y=(�)0;5;� { ª¨¥¬ â¨ç¥áª ï ¢ï§ª®áâì. � áèâ ¡¨à®¢ ¨¥¯à®¨§¢¥¤¥® ¤«ï ã¤®¡áâ¢  ¤ «ì¥©è¨å ®¯¥à æ¨©.�ä¨¨â¥§¨¬ «ì ï ®¡à §ãîé ï £àã¯¯ �¨ ãà ¢-¥¨© (1) ¯à¨¢¥¤¥  ¢ à ¡®â¥ [5], ¨ ¨¬¥¥â á«¥¤ãî-é¨© ¢¨¤:q = (c1+c3Y )@Y+(c2+c4x)@x+(c4�2c3)u@u�c3V @V :�«£¥¡à  á¨¬¬¥âà¨©, â ª¨¬ ®¡à §®¬, ¯®à®¦¤ ¥âáï¯®«ï¬¨ q1 = @Y ;q2 = @x; (2)q3 = Y @Y � 2u@u � V @V ;q4 = x@x + u@u:�¥¯¥àì á«¥¤ã¥â ¯à®¢¥áâ¨ íªá¯®¥æ¨à®¢ ¨¥ ãª -§ ëå ¯®«¥©. �â  ®¯¥à æ¨ï á¢®¤¨âáï ª à¥è¥¨îá¨áâ¥¬ë ®¡ëª®¢¥ëå ¤¨ää¥à¥æ¨ «ìëå ãà ¢-¥¨© ®â®á¨â¥«ì® ¯¥à¥¬¥®© ", ª®â®à ï ¢ ¤ «ì-¥©è¥¬ ¡ã¤¥â ¨£à âì à®«ì ¯ à ¬¥âà  ¯à¥®¡à §®-¢ ¨ï £àã¯¯ �¨. � ¬¨ ãà ¢¥¨ï ®¡à §ãîâáï á«¥-¤ãîé¨¬ ®¡à §®¬: ¨å «¥¢ ï ç áâì ¯à¥¤áâ ¢«ï¥â á®-¡®© ¯à®¨§¢®¤ãî ®â ¯¥à¥¬¥®© ç áâ®© ¯à®¨§-¢®¤®© ª ¦¤®£® á« £ ¥¬®£® ¢¥ªâ®à  q (2) ¯® ",  ¯à ¢ ï - ª®íää¨æ¨¥â ¯à¨ íâ®© ¯à®¨§¢®¤®©. �¥-è¥¨¥  å®¤¨âáï ¯à¨ ãá«®¢¨¨, çâ® ¨áª®¬ ï äãª-æ¨ï à ¢  á ¬  á¥¡¥ ¯à¨ " = 0. � ª ç¥áâ¢¥ ¯à¨¬¥à à áá¬®âà¨¬ ®¯¨á ãî ®¯¥à æ¨î ¤«ï ¢¥ªâ®à  q3.�¨áâ¥¬  ¤¨ää¥à¥æ¨ «ìëå ãà ¢¥¨© ¨¬¥¥â ¢¨¤dY=d" = Y;du=d" = �2u;dV=d" = �V;  ¥¥ à¥è¥¨ï { Y = Y exp(");u = u exp(�2");

V = V exp(�"):�¥¯¥àì  ¬ ¥®¡å®¤¨¬® ¢ë¤¥«¨âì "®¢ë©" ¥§ ¢¨-á¨¬ë©  à£ã¬¥â Y , ª®â®àë© áâ®¨â ¢ ¯à ¢®© ç -áâ¨ ¯¥à¢®£® á®®â®è¥¨ï, ç¥à¥§ "áâ àë©" («¥¢ ïç áâì). � à¥§ã«ìâ â¥ ¬ë ¯®«ãç¨¬ ¯à¥®¡à §®¢ -¨¥ ®¤®¯ à ¬¥âà¨ç¥áª®© £àã¯¯ë �¨, ª®â®à ï ¯®-à®¦¤¥  ¢¥ªâ®à®¬ q3:Y ! Y exp(�");u! u exp(�2");V ! V exp(�"):�à®¤¥«ë¢ ï ¯®¤®¡ë¥ ®¯¥à æ¨¨ á ®áâ «ìë¬¨¢¥ªâ®à ¬¨ (2), ¯®«ãç ¥¬ ¯®«ë© á¯¨á®ª £àã¯¯ �¨ãà ¢¥¨© �à ¤â«ï. �â¨¬ £àã¯¯ ¬ (®¬¥à £àã¯-¯ë á®®â¢¥âáâ¢ã¥â ®¬¥àã ¢¥ªâ®à  q) á®®â¢¥âáâ¢ã-îâ á«¥¤ãîé¨¥ ¯à¥®¡à §®¢ ¨ï ¤«ï ®¡à §®¢ â®ç¥ª(x; Y; u; V ): G1 : (x; Y � "; u; V );G2 : (x� "; Y; u; V );G3 : (x; Y exp(�"); u exp(�2"); V exp(�"));G4 : (x exp(�"); Y; u exp("); V ):� ª¨¬ ®¡à §®¬, ¥á«¨ u = F (x; Y ), V = ((x; Y ) -à¥è¥¨ï ãà ¢¥¨© �à ¤â«ï (1), â® äãªæ¨¨u(1) = F (x; Y � ");V (1) = �(x; Y � ");u(2) = F (x� "; Y );V (2) = �(x� "; Y ); (3)u(3) = exp(�2")F (x; Y exp(�"));V (3) = exp(�")�(x; Y exp(�"));u(4) = exp(")F (x exp(�"); Y );V (4) = �(x exp(�"); Y )(§¤¥¥áì " { ¯à®¨§¢®«ì®¥ ç¨á«®) â®¦¥ ï¢«ïîâ-áï à¥è¥¨ï¬¨ ãà ¢¥¨© �à ¤â«ï. � íâ®¬ «¥£-ª® ã¡¥¤¨âìáï ¥¯®áà¥¤áâ¢¥®© ¯®¤áâ ®¢ª®© ¢ë-à ¦¥¨ï (3) ¢ (1). �«¥¤ã¥â ®â¬¥â¨âì, çâ® «î-¡ë¥ «¨¥©ë¥ ª®¬¡¨ æ¨¨ ¢¥ªâ®àëå ¯®«¥© (2)â ª¦¥ ¡ã¤ãâ ¯®à®¦¤ âì £àã¯¯ë á¨¬¬¥âà¨© ãà ¢-¥¨© (1). �¤ ª® áãé¥áâ¢ã¥â â ª®¥ ¯®ïâ¨¥4 �. �. �¢à ¬¥ª®



ISSN 1561 -9087 �à¨ª« ¤  £÷¤à®¬¥å ÷ª . 1999. �®¬ 1 (73), N 2. �. 3 { 11ª ª ®¯â¨¬ «ì ï á¨áâ¥¬  ¨¢ à¨ âëå ®â®á¨-â¥«ì® s-¯ à ¬¥âà¨ç¥áª¨å £àã¯¯ à¥è¥¨© á¨áâ¥-¬ë ¤¨ääà¥æ¨ «ìëå ãà ¢¥¨©, ª®â®à ï ¯à¥¤-áâ ¢«ï¥â á®¡®©  ¡®à à¥è¥¨© F (xi). �â  á¨-áâ¥¬  ®¡« ¤ ¥â â¥¬ á¢®©áâ¢®¬, çâ® ¥á«¨ F �(xi) {«î¡®¥ ¤àã£®¥ à¥è¥¨¥, ¨¢ à¨ â®¥ ®â®á¨â¥«ì-® s-¯ à ¬¥âà¨ç¥áª®© £àã¯¯ë á¨¬¬¥âà¨¨, â® áã-é¥áâ¢ã¥â â ª ï á¨¬¬¥âà¨ï á¨â¥¬ë, ª®â®à ï ®â®-¡à ¦ ¥â F � ¢ F ¨§ á¯¨áª  ®¯â¨¬ «ì®© á¨áâ¥¬ë.�«ï â®£®, çâ®¡ë ¯®«ãç¨âì ®¯â¨¬ «ìãî á¨áâ¥¬ãà¥è¥¨©, ¥®¡å®¤¨¬® ¯®áâà®¨âì ®¯â¨¬ «ìãî á¨-áâ¥¬ã ¢¥ªâ®àëå ¯®«¥©. � íâ®© æ¥«ìî á®§¤ ¥â-áï â ¡«¨æ  â ª  §ë¢ ¥¬ëå ¯à¨á®¥¤¨¥ëå ¯à¥¤-áâ ¢«¥¨©. �à¨á®¥¤¨¥®¥ ¯à¥¤áâ ¢«¥¨¥ ¯®«ï v®â®á¨â¥«ì® w ®¯à¥¤¥«ï¥âáï «¨¡® ¨â¥£à¨à®¢ -¨¥¬ á¨áâ¥¬ë ®¡ëª®¢¥ëå ¤¨ää¥à¥æ¨ «ìëåãà ¢¥¨©dw=d" = adv jw= [w; v]; w(0) = w0;(§¤¥áì [w; v] ¯à¥¤áâ ¢«ï¥â á®¡®© ª®¬¬ãâ â®à ¨«¨áª®¡ªã �¨) c à¥è¥¨¥¬w(") = Ad(exp("v))w0;«¨¡® áã¬¬¨à®¢ ¨¥¬ àï¤®¢ �¨:Ad(exp("v))w0 = 1Xn=0 "n=n!(adv)n(w0) == w0 � "[v; w0] + "2=2[v; [v; w0]]� : : :� ¯®¬®éìî ãª § ëå ®¯¥à æ¨© áâà®¨¬ â ¡«¨æã¯à¨á®¥¤¨¥ëå ¯à¥¤áâ ¢«¥¨© ¤«ï  «£¥¡àë (2):Ad q1 q2 q3 q4q1 q1 q2 q3 � "q1 q4q2 q1 q2 q3 q4 � "q2q3 q1 exp(") q2 q3 q4q4 q1 q2 exp(") q3 q4� ¤ ®© â ¡«¨æ¥   (i; j)-®¬ ¬¥áâ¥ ãª § ®Ad(exp("qi))qj. � á®®â¢¥âáâ¢¨¨ á à¥ª®¬¥¤ æ¨ï¬¨[8] ¤«ï ®âëáª ¨ï ®¯â¨¬ «ì®© á¨áâ¥¬ë ¢¥ªâ®à-ëå ¯®«¥© ¯®áâã¯ ¥¬ á«¥¤ãîé¨¬ ®¡à §®¬. �¥à¥¬áã¬¬ à®¥ ¢¥ªâ®à®¥ ¯®«¥q� = aq1 + bq2 + kq3 + gq4 (4)¨ á ç «  ¯à¥¤¯®« £ ¥âáï, çâ® g 6= 0. � áâïã¢¢¥ªâ®à (4), ¬®¦® áç¨â âì g = 1. �¥¯¥àì ¡ã-¤¥¬ ¢®§¤¥©áâ¢®¢ âì   ¢¥ªâ®à (4) ¯à¥®¡à §®¢ ¨-ï¬¨ ¨§ â ¡«¨æë ¯à¨á®¥¤¨¥ëå ¯à¥¤áâ ¢«¥¨©.�®®ç¥à¥¤®¥ ¢®§¤¥©áâ¢¨¥ ¢á¥¬¨ ¯à¥®¡à §®¢ ¨ï-¬¨ ¯®ª §ë¢ ¥â, çâ® ¢ ¤ ®¬ á«ãç ¥ ¢¥ªâ®à (4)ã¯à®é ¥âáï ¤® ¢¨¤ q0 = kq3 + q4:

�  á«¥¤ãîé¥¬ è £¥ ¬ë ¯®« £ ¥¬, çâ® g = 0,  k = 1 ¢ ¢ëà ¦¥¨¥ (4) ¨ ¯®¢â®àï¥¬ ¯à®æ¥¤ã-àã ¢®§¤¥©áâ¢¨ï ¯à¨á®¥¤¨¥ë¬¨ ¯à¥¤áâ ¢«¥¨ï-¬¨ ¤® ¬ ªá¨¬ «ì®£® ã¯à®é¥¨ï ¢¥ªâ®à  (4). �à¥§ã«ìâ â¥ ¨¬¥¥¬ q00 = bq2 + q3:�à®¤®«¦ ï ¤ «ì¥©è¨¥ ¨áá«¥¤®¢ ¨ï ¢ â®¬ ¦¥ª«îç¥,  å®¤¨¬ ®¯â¨¬ «ìã á¨áâ¥¬ã ¢¥ªâ®àëå¯®«¥©: q1;aq1 + bq2bq2 + kq3;kq3 + gq4:�âáî¤  ¯®«ãç ¥¬ ®¯â¨¬ «ìãî á¨áâ¥¬ã à¥è¥¨©ãà ¢¥¨© �à ¤â«ï (1):u(1) = F (x; Y � ");V (1) = �(x; Y � ");u(2) = F (x� b"; Y � a");V (2) = �(x� b"; Y � a"); (5)u(3) = exp(�2k")F (x� b"; Y exp(�k"));V (3) = exp(�k")�(x � b"; Y exp(�"));u(4) = exp((g � 2k)")F (x exp(�g"); Y exp(�k"));V (4) = exp(�k")�(x exp(�g"); Y exp(�k"));£¤¥ a; b; k; g { ¯à®¨§¢®«ìë¥ ¯®áâ®ïë¥. �¥¯¥àì¯®áâà®¨¬ à¥è¥¨¥, ¯®à®¦¤ ¥¬®¥ ¯®«ë¬ ¢¥ªâ®à-ë¬ ¯®«¥¬ (4). �®á«¥ ¯à®¬¥¦ãâ®çëå ®¯¥à æ¨©,®¯¨á ëå ¢ëè¥, ¨¬¥¥¬:u� = exp((g � 2k)")F ((b=g + x) exp(�g")��b=g; (a=k+ Y ) exp(�k") � a=k); (6)V � = exp(�k")(((b=g + x) exp(�g")��b=g; (a=k+ Y ) exp(�k") � a=k):�¥£ª® ã¡¥¤¨âìáï, çâ® à¥è¥¨ï (5) ¨ (6) ¤¥©áâ¢¨-â¥«ì® ï¢«ïîâáï à¥è¥¨ï¬¨ ãà ¢¥¨© �à ¤â«ï�. �. �¢à ¬¥ª® 5



ISSN 1561 -9087 �à¨ª« ¤  £÷¤à®¬¥å ÷ª . 1999. �®¬ 1 (73), N 2. �. 3 { 11(1). �¥ªâ®àë¥ ¯®«ï, ª®â®àë¥ ¯®à®¦¤ îâ £àã¯¯ë�¨, ®¡« ¤ îâ â¥¬ § ¬¥ç â¥«ìë¬ á¢®©áâ¢®¬, çâ®  ¨å ®á®¢¥ ¬®¦® áâà®¨âì  ¢â®¬®¤¥«ìë¥ ¯¥à¥-¬¥ë¥ ¨, á«¥¤®¢ â¥«ì®, ¯à¨¢®¤¨âì ãà ¢¥¨ï ¢ç áâëå ¯à®¨§¢®¤ëå ª ®¡ëª®¢¥ë¬ ¤¨ää¥à¥-æ¨ «ìë¬ ãà ¢¥¨ï¬. � áá¬®âà¨¬, ª ª¨¥  ¢â®-¬®¤¥«ìë¥ ¯¥à¥¬¥ë¥ ¬®¦® ¯®«ãç¨âì   ®á®¢¥¯®«®£® ¢¥ªâ®à®£® ¯®«ï (4). �«ï íâ®£® ¯¥à¥¯¨-è¥¬ ¥£® ¢ á«¥¤ãîé¥¬ ¢¨¤¥:q� = (a+ kY )@Y + (b + gx)@x++(g � 2k)u@u � kV @V : (7)������������� ������¢â®¬®¤¥«ìë¥ ¯¥à¥¬¥ë¥ ®¯à¥¤¥«ï¥âáï ª ª¨¢ à¨ âë ¢¥ªâ®à®£® ¯®«ï, â.¥. ª ª à¥è¥¨ï®¤®à®¤ëå ¤¨ää¥à¥æ¨ «ìëå ãà ¢¥¨© ¢ ç áâ-ëå ¯à®¨§¢®¤ëå ¯¥à¢®£® ¯®àï¤ª , ¯®à®¦¤¥ëå¯®«¥¬ (7). �«ï ¥§ ¢¨á¨¬®©  ¢â®¬®¤¥«ì®© ¯¥à¥-¬¥®© ¨¬¥¥¬ á«¥¤ãîé¥¥ ãà ¢¥¨¥:(a+ kY )@�=@Y + (b+ gx)@�=@x = 0;ª®â®à®¥ à¥è ¥¬, ¨á¯®«ì§ãï ¬¥â®¤ å à ªâ¥à¨áâ¨ª[9]. � à¥§ã«ìâ â¥ ¨¬¥¥¬� = C(a+ kY )g=(b+ gx)k;£¤¥ C { ¯à®¨§¢®«ì ï ¯®áâ®ï ï. �à¨  å®¦¤¥-¨¨ ¢¨¤   ¢â®¬®¤¥«ìëå ¨áª®¬ëå äãªæ¨© ¥®¡å®-¤¨¬® § ¤ âìáï ¯ à ¬¥âà¨ç¥áª®© ¯¥à¥¬¥®©. � -ç «¥ ¢ë¡¥à¥¬ ¢ ª ç¥áâ¢¥ â ª®¢®© x. �®£¤  ®¯à¥¤¥-«ïîé¨¥ ãà ¢¥¨ï ¤«ï u ¨ V ¨¬¥îâ ¢¨¤(g � 2k)u@f 0(�)=@u + (b+ gx)@f 0(�)=@x = 0;�kV @!(�)=@V + (b+ gx)@!(�)=@x = 0;£¤¥ èâà¨å ®¡®§ ç ¥â ¤¨ää¥à¥æ¨à®¢ ¨¥ ¯® �.� ª ç¥áâ¢¥ ¨áª®¬®© äãªæ¨¨ ¤«ï u ¢ë¡à   ¯à®-¨§¢®¤ ï ¤«ï ã¤®¡áâ¢  ¢ ¤ «ì¥©è¨å ¯à¥®¡à §®¢ -¨ïå. �¥è¥¨¥ íâ¨å ãà ¢¥¨©:u = f 0(�)(b + gx)1�2k=g=m;V = !(�)=(b + gx)k=g;£¤¥ m { ¯à®¨§¢®«ì ï ª®áâ â . �á¯®«ì§ãï ãà ¢-¥¨¥ ¥à §àë¢®áâ¨ (1),  ©¤¥¬ á¢ï§ì ¬¥¦¤ãf 0(�) ¨ !(�), ª®â®à ï ¢ë£«ï¤¨â á«¥¤ãîé¨¬ ®¡à -§®¬: !(�) = C�1=g[f 0(�)�1=g++(k � g)=(kg) �Z0 f 0(�)�1=g�1d�]=m:

C«¥¤®¢ â¥«ì®, ¢ëà ¦¥¨¥ ¤«ï ®à¬ «ì®© ª®¬¯®-¥âë áª®à®áâ¨ ¨¬¥¥â ¢¨¤V = C�1=g(b+ gx)�k=g[f 0(�)�1=g++(k � g)=(kg) �Z0 f 0(�)�1=g�1d�]=m:�®¤áâ ¢¨¬ u ¨ V ¢ ¯¥à¢®¥ ãà ¢¥¨¥ (1). �®£¤ ¯®«ãç¨¬(g � 2k)f 02 + (k � g)f 00�1�1=g �Z0 f 0�1=g�1d� == m(kg)2C2=g�2�2=gf 000++mk2g(g � 1)C2=g�1�1=gf 00: (8)�â® ãà ¢¥¨¥ ¬®¦®  §¢ âì ®¡®¡é¥ë¬ãà ¢¥¨¥¬ �« §¨ãá . �® ¨¬¥¥â ¨â¥£à®-¤¨ää¥à¥æ¨ «ìãî ä®à¬ã. �¤ ª® ¥£® ¬®¦® á¤¥-« âì ç¨áâ® ¤¨ää¥à¥æ¨ «ìë¬, ¥á«¨ ¢ë¤¥«¨âì ¨-â¥£à «, ª®â®àë© áâ®¨â ¢ «¥¢®© ç áâ¨, ¨ § â¥¬ ®¤¨à § ¯à®¤¨ää¥à¥æ¨à®¢ âì. � à¥§ã«ìâ â¥ ¯®«ãç¨¬¤¨ää¥à¥æ¨ «ì®¥ ãà ¢¥¨¥ ç¥â¢¥àâ®£® ¯®àï¤ª .� § ¤ ç å ¯®£à ¨ç®£® á«®ï ®¡ëç® ¯à¨¨¬ ¥âáïg = 1. � íâ®¬ á«ãç ¥ ãà ¢¥¨¥ (8) áãé¥áâ¢¥-® ã¯à®é ¥âáï (§¤¥áì ¯à¨¨¬ ¥âáï, ª ª ®¡ëç®¢ § ¤ ç å £¨¤à®¤¨ ¬¨ç¥áª®£® ¯®£à ¨ç®£® á«®ï,f(0) = 0):(1� 2k)f 02 + (k � 1)f 00f = m(kC)2f 000:�à®¬¥ â®£®, â ª¦¥ ®¡ëç® ¯à¨¨¬ ¥âáï, çâ® a == b = 0. �®£¤  ®¡ê¥¤¨¨¢ k ¨ � ¢ ®¢ãî ª®áâ -âã ��, ¯¥à¥¯¨è¥¬ ¯à¥¤ë¤ãé¥¥ ãà ¢¥¨¥ ¢ á«¥¤ã-îé¥© ä®à¬¥:(1� 2k)f 02 + (k � 1)f 00f = mC�2f 000: (9)�§ ãà ¢¥¨ï (9) á«¥¤ãîâ ¢á¥¢®§¬®¦ë¥ ¢ à¨ -âë ¨áá«¥¤®¢ ëå à ¥¥ ¢¨¤®¢ â¥ç¥¨ï â¨¯  "¯®-£à ¨çë© á«®©". �á«¨ ¯®«®¦¨âì k = 1=2, m = 1,C� = 1, â® ãà ¢¥¨¥ (9) ¯à¥¢à é ¥âáï ¢ ãà ¢-¥¨¥ �« §¨ãá , ®¯¨áë¢ îé¥¥ ¯à®æ¥ááë â¥ç¥¨ï¢ ¯®£à ¨ç®¬ á«®¥ ®ª®«® «®áª®© ¯« áâ¨ë ¨  £à ¨æ¥ à §¤¥«  ¤¢ãå ¯®â®ª®¢ [1]:f 00f + 2f 000 = 0: (9 )�á«¨ ¯®«®¦¨âì �� = (2)�0;5 ¯à¨ ¥¨§¬¥ëå § -ç¥¨ïå ®áâ ¢è¨åáï ¤¢ãå ¯ à ¬¥âà®¢, â® ª®íää¨-æ¨¥â 2 ¢ ¯à¥¤ë¤ãé¥¬ ãà ¢¥¨¨ ¨áç¥§¥â. �à¨k = 2=3, m = 3 ¨ �� = 1=3 ¬ë ¯¥à¥å®¤¨¬ ª ãà ¢¥-¨î, ª®â®à®¥ ®¯¨áë¢ ¥â â¥ç¥¨¥ ¢ ¯«®áª®© § â®¯-«¥®© áâàã¥ [1]:f 02 + f 00f + f 000 = 0:6 �. �. �¢à ¬¥ª®



ISSN 1561 -9087 �à¨ª« ¤  £÷¤à®¬¥å ÷ª . 1999. �®¬ 1 (73), N 2. �. 3 { 11�á«¨ ¯à¨ â®¬ ¦¥ § ç¥¨¨ k ¯à¨ïâì m = C� = 1,â® ¯®«ãç¨¬ ãà ¢¥¨¥f 02 + f 00f + 3f 000 = 0:�â® ãà ¢¥¨¥ ¡ë«® ¨á¯®«ì§®¢ ® ¤«ï ®¯¨á ¨ïâ®© ¦¥ áâàã¨ ¢ à ¡®â¥ [2]. �à ¢¥¨¥ (9) ¯¥à¥-å®¤¨â ¢ ãà ¢¥¨¥ ¤«ï ¯«®cª®© ¯®«ã®£à ¨ç¥®©áâàã¨, ¥á«¨ ¯à¨ïâì k = 3=4, m = C� = 1 [2]:2f 02 + f 00f + 4f 000 = 0:�à¨ k = 1 ¨§ ãà ¢¥¨ï (9) ¯®«ãç ¥¬f 02 +C�2mf 000 = 0: (10)�â® ãà ¢¥¨¥ ¬®¦¥â ¡ëâì ¯à®¨â¥£à¨à®¢ ® ¢ª®¥ç®¬ ¢¨¤¥. �«ï íâ®£® ¯®á«¥¤®¢ â¥«ì® á¤¥« -¥¬ ¤¢¥ § ¬¥ë. � ¯®¬®éìî ¯¥à¢®© § ¬¥ë f 0 = '¯®¨§¨¬ ¯®àï¤®ª ãà ¢¥¨ï (10) ¤® ¢â®à®£®,   á¯®¬®éìî ¢â®à®© '0 = p(') ('00 = pp0, £¤¥ èâà¨å®§ ç ¥â ¤¨ää¥à¥æ¨à®¢ ¨¥ ¯® ') { ¤® ¯¥à¢®£®:pp0 = �'3=(C�2m):�¥è¥¨¥ íâ®£® ãà ¢¥¨ïp = d'=d� = (C�1 � 2'3=(3C�2m))1=2;®âªã¤ d(i�=(6C�2m)1=2) = 1Z' (4'3 � C1)�1=2d';£¤¥ i { ª®¬¯«¥ªá ï ¥¤¨¨æ . �¡à é¥¨¥ ¨â¥£à « ¢ ¯®á«¥¤¥¬ á®®â®è¥¨¨ ¯à¨¢®¤¨â ª í««¨¯â¨ç¥-áª®© äãªæ¨¨ �¥©¥àèâà áá . � ª¨¬ ®¡à §®¬, à¥-è¥¨¥ ãà ¢¥¨ï (10) ¬®¦® ¯à¥¤áâ ¢¨âì ¢ á«¥¤ã-îé¨¬ ¢¨¤¥:f 0 = ' = �#(�=(6C�2m)1=2 + C2; h2 = 0; h3 = C1);£¤¥ #(�=(6C�2m)1=2 + C2; h2 = 0; h3 = C1) { í««¨-¯â¨ç¥áª ï äãªæ¨ï �¥©¥àèâà áá , �1 ¨ �2 { ª®-áâ âë ¨â¥£à¨à®¢ ¨ï, h2 ¨ h3 { â ª  §ë¢ ¥¬ë¥¨¢ à¨ âë äãªæ¨¨ �¥©¥àèâà áá  [10]. �ëà -¦ ï u ¨ V ç¥à¥§ f 0, ¬ë ¨¬¥¥¬u = �#(�=(6C�2m)1=2 + C2; h2 = 0; h3 = C1)=(mx);V = �#(�=(6C�2m)1=2 + C2; h2 = 0; h3 == C1)�=(C�mx):C«¥¤®¢ â¥«ì®,  ¬¨ ¯®«ãç¥®  ¢â®¬®¤¥«ì®¥ à¥-è¥¨¥ ãà ¢¥¨© �à ¤â«ï ¯à¨ a = b = 0, g =

k = 1. �®«ãç¥ë¥ à¥è¥¨ï á®£« áãîâáï á à á-¯à¥¤¥«¥¨¥¬ áª®à®áâ¨ ¢ á«¥¤¥ §  ®¡â¥ª ¥¬ë¬ â¥-«®¬ ¯à¨ âãà¡ã«¥â®¬ à¥¦¨¬¥ â¥ç¥¨ï. �  ®á®¢¥íâ¨å ¯à®ä¨«¥© ¨ ¨¤ãªâ¨¢®© â¥®à¨¨ �. �¥©å à¤-â  [1] ¯® íªá¯¥à¨¬¥â «ìë¬ ¤ ë¬ ¬®¦® ¯®«ã-ç âì ¨ä®à¬ æ¨î ® âãà¡ã«¥â®© áâàãªâãà¥ ¯®-â®ª .�¥¯¥àì ¯®ª ¦¥¬, ª ª ¬®¦® ã¯à®áâ¨âì ãà ¢¥-¨¥ (9), ¨á¯®«ì§ãï ¥£® £àã¯¯ë á¨¬¬¥âà¨¨. � ç -«  ¯®¨§¨¬ ¯®àï¤®ª ãà ¢¥¨ï (9), ¨á¯®«ì§ãï á«¥-¤ãîéãî § ¬¥ã: f 0 = p(f);f 00 = pp0;f 000 = pp02 + p2p00;£¤¥ èâà¨å ¢®§«¥ p ®¡®§ ç ¥â ¤¨ää¥à¥æ¨à®¢ ¨¥¯® f . �®¤áâ ¢«ïï ¯à¨¢¥¤¥ë¥ á®®â®è¥¨ï ¢ (9),¯®«ãç ¥¬(1� 2k)p+ (k � 1)p0f = mC�2(pp00 + p02): (11)�®¦® ¯à¥¤¯®«®¦¨âì, çâ® £àã¯¯®© á¨¬¬¥âà¨¨¤ ®£® ãà ¢¥¨ï ï¢«ï¥âáï £àã¯¯  à áâï¦¥¨©:G : (f; p)! (f exp("); p exp(n")): (12)�«ï ®¯à¥¤¥«¥¨ï n ¯®¤áâ ¢¨¬ ®¡à §ë f ¨ p ¢ ¢ë-à ¦¥¨¥ (11). �§ ãá«®¢¨ï á®ªà é¥¨ï íªá¯®¥âë, å®¤¨¬, çâ® n = 2. �«¥¤®¢ â¥«ì®, ¨ä¨¨â¥§¨-¬ «ì ï ®¡à §ãîé ï ¢ë£«ï¤¨â á«¥¤ãîé¨¬ ®¡à -§®¬: q = f@f + np@p = f@f + 2p@p:� ï ¨ä¨¨â¥§¨¬ «ìãî ®¡à §ãîéãî, ¬®¦®à¥¤ãæ¨à®¢ âì ãà ¢¥¨¥ (11) ¥áª®«ìª¨¬¨ á¯®á®-¡ ¬¨. � áá¬®âà¨¬ ¨å. �¤ ª® ¢® ¢á¥å á«ãç ïå  ¬¯® ¤®¡ïâáï ¨¢ à¨ âë  è¥© £àã¯¯ë à áâï¦¥-¨©. �¥¯®áà¥¤áâ¢¥ë© ¨¢ à¨ â £àã¯¯ë (12) z®¯à¥¤¥«ï¥âáï ª ª à¥è¥¨¥ ®¤®à®¤®£® ¤¨ää¥à¥-æ¨ «ì®£® ãà ¢¥¨ï ¢ ç áâëå ¯à®¨§¢®¤ëå, á®-áâ ¢«¥®£® ¯® ¨ä¨¨â¥§¨¬ «ì®© ®¡à §ãîé¥©q: f@f z + 2p@pz = 0:�«¥¤®¢ â¥«ì®, z = p=f2:� ¤ «ì¥©è¥¬ z ¡ã¤¥â ¨£à âì à®«ì ®¤®© ¨§ ®-¢ëå ¯¥à¥¬¥ëå. �«ï  å®¦¤¥¨ï ¢â®à®© ®¢®©¯¥à¥¬¥®© w ¨á¯®«ì§ã¥âáï ãá«®¢¨¥q(w) = 1;¨§ ª®â®à®£®  å®¤¨¬w = ln f; f = exp(w); dw=df = 1=f = exp(�w):�. �. �¢à ¬¥ª® 7



ISSN 1561 -9087 �à¨ª« ¤  £÷¤à®¬¥å ÷ª . 1999. �®¬ 1 (73), N 2. �. 3 { 11�¥à¢ë© ¨§ á¯®á®¡®¢, ª®â®àë¥ ¡ã¤ãâ à áá¬®âà¥ë,§ ª«îç ¥âáï ¢ â®¬, çâ® ¢ ª ç¥áâ¢¥ ®¢®© ¨áª®¬®©äãªæ¨¨ ¢ë¡¨à ¥âáï z,   ¢ ª ç¥áâ¢¥ ®¢®£®  à£ã-¬¥â  - w. �®£¤  ãà ¢¥¨¥ (11) ¯à¨¨¬ ¥â ¢¨¤(k � 1)z0 � kz = mC�2(zz00 + 4zz0 + z02 + 2z2);£¤¥ èâà¨å ®ª®«® z ®§ ç ¥â ¤¨ää¥à¥æ¨à®¢ ¨¥¯® w. �®«ãç¥®¥ ãà ¢¥¨¥ ¥ á®¤¥à¦¨â  à£ã-¬¥â  ¨, á«¥¤®¢ â¥«ì®, ¥£® ¯®àï¤®ª ¬®¦¥â ¡ëâì¯®¨¦¥ á ¯®¬®éìî § ¬¥ë z0 = t(z), z00 = tt0.�ª®ç â¥«ì® ¨¬¥¥¬(k � 1)t � kz = mC�2(ztt0 + 4zt+ t2 + 2z2);£¤¥ èâà¨å ®¡®§ ç ¥â ¤¨ää¥à¥æ¨à®¢ ¨¥ ¯® z.� ª¨¬ ®¡à §®¬,  ¬ ã¤ «®áì ¯®¨§¨âì ¯®àï¤®ª ¨á-å®¤®£® ãà ¢¥¨ï �« §¨ãá  (9) á âà¥âì¥£® ¤® ¯¥à-¢®£®. �â®à®© á¯®á®¡ ã¯à®é¥¨ï ãà ¢¥¨ï (11)§ ª«îç ¥âáï ¢ â®¬, çâ®, ¨á¯®«ì§ãï â¥ ¦¥ ®¢ë¥¯¥à¥¬¥ë¥, ¯®¬¥ïâì ¨å ¬¥áâ ¬¨, â.¥. ¢ ª ç¥áâ¢¥äãªæ¨¨ ¢ë¡à âì w,   ¢ ª ç¥áâ¢¥  à£ã¬¥â  { z.� íâ®¬ á«ãç ¥ ãà ¢¥¨¥ (11) âà áä®à¬¨àã¥âáï¢ ¢ëà ¦¥¨¥(k � 1� z)w0 = mC�2(7zw02 + 6z2w03 � zw00);£¤¥ èâà¨å ®ª®«® w ®§ ç ¥â ¤¨ää¥à¥æ¨à®¢ ¨¥¯® z. � ®¥ ãà ¢¥¨¥ ¥ á®¤¥à¦¨â äãªæ¨¨.�á¯®«ì§ãï § ¬¥ã w0 = s(z), ¯®«ãç ¥¬ ãà ¢¥¨¥¯¥à¢®£® ¯®àï¤ª (k � 1� z)s = mC�2(7zs2 + 6z2s3 � zs0):C«¥¤ãîé¨© ¬¥â®¤, ª®â®àë© ¬ë ¨á¯®«ì§ã¥¬ { íâ®¬¥â®¤ ¤¨ää¥à¥æ¨ «ìëå ¨¢ à¨ â®¢. �ãâì ¥£®§ ª«îç ¥âáï ¢ ®âëáª ¨¨ ¨¢ à¨ â®¢ ¯à®¤®«¦¥-¨ï  è¥£® ¯®«ï q� pr(n)q, £¤¥ ¯®àï¤®ª ¯à®¤®«¦¥-¨ï á®®â¢¥âáâ¢ã¥â ¯®àï¤ªã ¨áá«¥¤ã¥¬®£® ¤¨ää¥-à¥æ¨ «ì®£® ®¯¥à â®à . �  è¥¬ á«ãç ¥ n = 2.� ª¨¬ ®¡à §®¬, á ç «  ®¯à¥¤¥«ï¥âáï ¨¢ à¨ âëá ¬®£® ¯®«ï q, § â¥¬ ¥£® ¯¥à¢®£® ¯à®¤®«¦¥¨ï ¨, ª®¥æ, ¢â®à®£®. � ©¤¥¬ ¯¥à¢®¥ ¯à®¤®«¦¥¨¥ ¯®-«ï q. �® ®¯à¥¤¥«ï¥âáï ¯® ä®à¬ã«¥pr(1)q = q + 'f@=@pf = f@f + 2p@p + 'f@=@pf ;£¤¥ ª®íää¨æ¨¥â 'f = p0 = pf ®âëáª¨¢ «áï ¯® § -¢¨á¨¬®áâ¨ [4]. �ª®ç â¥«ì® ¨¬¥¥¬pr(1)q = f@f + 2p@p + pf@=@pf :�¢ à¨ âë ¯¥à¢®£® ¯à®¤®«¦¥¨ï ®¯à¥¤¥«ïîâáïâ ª ¦¥, ª ª ¨ á ¬®£® ¯®«ï. �¨ ¢ë£«ï¤ïâ á«¥¤ãî-é¨¬ ®¡à §®¬: z = p=f2; r = p0=f:

�«ï  å®¦¤¥¨ï ¨¢ à¨ â®¢ ¢â®à®£® ¯à®¤®«¦¥-¨ï ¥®¡ï§ â¥«ì® áâà®¨âì ¢â®à®¥ ¯à®¤®«¦¥¨¥.�®¦® ¯®áâã¯¨âì ¨ ç¥. �®£« á® à ¡®â¥ [8],¥á«¨ z ¨ r { ¤¨ää¥à¥æ¨ «ìë¥ ¨¢ à¨ âë n-¯®àï¤ª , â® ¯à®¨§¢®¤ ï dr=dz ï¢«ï¥âáï ¤¨ää¥-à¥æ¨ «ìë¬ ¨¢ à¨ â®¬ £àã¯¯ë G ¯®àï¤ª  n++1. �®«ì§ãïáì íâ¨¬ ¯à ¢¨«®¬ ¨ ¢ëà ¦¥¨ï¬¨ ¤«ï¯¥à¢ëå ¨¢ à¨ â®¢ z ¨ w,  å®¤¨¬ ¨¢ à¨ â¢â®à®£® ¯®àï¤ª :r0 = drdz = dr=dfdz=df = (fp00 � p0)f(fp0 � 2p) :�ëà ¦ ï ®âáî¤  p00 ¨ ¯®¤áâ ¢«ïï ¯®«ãç¥®¥ á®-®â®è¥¨¥ ¢ (11),  å®¤¨¬(1 � 2k)z + (k � 1)r = mC�2(zr0(r � 2y) + zr + r2):� ª¨¬ ®¡à §®¬, ¯à¨¬¥¥¨¥ âà¥å à §«¨çëå ¬¥-â®¤®¢ ¯®§¢®«¨«® à¥¤ãæ¨à®¢ âì ãà ¢¥¨¥ �« §¨ã-á  âà¥âì¥£® ¯®àï¤ª  ª âà¥¬ à §«¨çë¬ ¯® ä®à¬¥ãà ¢¥¨ï¬ ¯¥à¢®£® ¯®àï¤ª , ¨á¯®«ì§ãï á¢®©áâ¢ á¨¬¬¥âà¨¨ ¨áå®¤®£® ãà ¢¥¨ï. �®á¬®âà¨¬, ª ª¨§¬¥¨âáï ä®à¬   ¢â®¬®¤¥«ì®£® ãà ¢¥¨ï, ¥á«¨¨§¬¥¨âì ¯ à ¬¥âà¨ç¥áªãî ¯¥à¥¬¥ãî. � ¯®-¬¨¬, çâ® ¢ ¯à¥¤ë¤ãé¥¬ á«ãç ¥ ¢ ª ç¥áâ¢¥ ¯ à -¬¥âà¨ç¥áª®© ¯¥à¥¬¥®© ¨á¯®«ì§®¢ «áï x. �¥¯¥àì¢ ª ç¥áâ¢¥ â ª®¢®© ¨á¯®«ì§ã¥¬ Y . �à®¢¥¤¥¬ ¨á-á«¥¤®¢ ¨¥ ¯à¨ ãá«®¢¨¨, çâ® a = b = 0, â ª ª ªíâ® ¯à ªâ¨ç¥áª¨ ¥ ¢«¨ï¥â   ¯®«ãç¥ë¥ à¥§ã«ì-â âë. �â ª, ¥á«¨ ¬ë ¨á¯®«ì§ã¥¬ ¢ ª ç¥áâ¢¥ ¯ -à ¬¥âà¨ç¥áª®© ¯¥à¥¬¥®© Y , â®  è¨ ¨áª®¬ë¥äãªæ¨¨ ¡ã¤ãâ ¢ë£«ï¤¥âì â ª:u = f 0(�)Y g=k�2;V = !(�)=Y:�¤¥áì ¤«ï ¯à®áâ®âë ¯à¨ïâ®, çâ® m = 1. �á¯®«ì-§ãï ãà ¢¥¨¥ ¥à §àë¢®áâ¨,  å®¤¨¬ ¢ëà ¦¥-¨¥ ¤«ï V :V = k�1=g �Z0 f 00�1=k�1=gd�=(Y gC1=k):�®¤áâ ¢¨¬ u ¨ V ¢ ãà ¢¥¨¥ (1). �®£¤  ¨¬¥¥¬�kf 0f 00�1+1=k=C1=k + k�1=g �Z0 f 00�1=k�1=gd���[f 00� + (g=k � 2)f 0]=(gC1=k) == f 000�2 + f 00[(g=k + g � 3)� + (g=k � 2)f 00�]++(g=k � 2)(g=k � 3)f 0: (13)8 �. �. �¢à ¬¥ª®



ISSN 1561 -9087 �à¨ª« ¤  £÷¤à®¬¥å ÷ª . 1999. �®¬ 1 (73), N 2. �. 3 { 11�â® ãà ¢¥¨¥ â ª¦¥ ¨¬¥¥â ¨â¥£à®-¤¨ää¥à¥-æ¨ «ìãî ä®à¬ã ¨ â ª¦¥ ¬®¦¥â ¡ëâì ¯à¥®¡à §®-¢ ® ª ¤¨ää¥à¥æ¨ «ì®¬ã ãà ¢¥¨î ç¥â¢¥àâ®£®¯®àï¤ª  ª ª ¨ ãà ¢¥¨¥ (8). � ª ¬®¦® «¥£ª® ¢¨-¤¥âì, ãà ¢¥¨¥ (8) áâ ®¢¨âáï ç¨áâ® ¤¨ää¥à¥-æ¨ «ìë¬ ¯à¨ ãá«®¢¨¨ k = g. � íâ®¬ á«ãç ¥ ¬ë¨¬¥¥¬��1=gf 02=C1=k = f 000�2 + f 00[(k � 2)� � f 00�] + 2f 0:�®àï¤®ª íâ®£® ãà ¢¥¨ï ¬®¦¥â ¡ëâì ¯®¨¦¥ ¤®¢â®à®£® á ¯®¬®éìî § ¬¥ë f 0 = p(�). � á«ãç ¥k = 1 ¯à¥¤ë¤ãé¥¥ ãà ¢¥¨¥ ã¯à®é ¥âáï ¤® ¢¨¤ ��f 02=C = f 000�2 � f 00�[1 + f 00] + 2f 0;  ¯à¨ k = 2 ¤® ¢¨¤ ��1=2f 02=C1=2 = f 000�2 � f 002� + 2f 0:�®á«¥¤¨¥ ¤¢  ãà ¢¥¨ï â ª¦¥ ¬®¦® á¢¥áâ¨ ªãà ¢¥¨ï¬ ¢â®à®£® ¯®àï¤ª . �á«¨ ¦¥ ¢ ãà ¢¥-¨¨ (13) ¯à¨ïâì 1=k � 1=g = 1, k = 1=2, g = 1,â® ¬ë ¯à¨å®¤¨¬ ª ª« áá¨ç¥áª®¬ã ãà ¢¥¨î �« -§¨ãá  (9 ). � áá¬®âà¨¬, ª ª ¨§¬¥¨âáï ¢¨¤  ¢-â®¬®¤¥«ìëå ãà ¢¥¨©, ¥á«¨ ¢®§ì¬¥¬ ¤«ï ¨áª®-¬ëå äãªæ¨© à §«¨çë¥ ¯ à ¬¥âà¨ç¥áª¨¥ ¯¥à¥-¬¥ë¥: "ªà¥áâ   ªà¥áâ". � ç «  ¢®§ì¬¥¬ ¤«ï u¢ ª ç¥áâ¢¥ ¯ à ¬¥âà¨ç¥áª®© ¯¥à¥¬¥®© Y ,   ¤«ïV - x, â.¥. u = f 0(�)Y g=k�2;V = !(�)=xk=g:�¤¥áì ¯à¨ïâ®, çâ® a = b = 0 ¨ m = 1, â ª ª ª íâ®¥ ¢«¨ï¥â   ä®à¬ã ¯®«ãç ¥¬ëå ãà ¢¥¨©. �§ãà ¢¥¨ï ¥à §àë¢®áâ¨  å®¤¨¬, çâ®V = kC1=g�1=k �Z0 f 00�1=k� 1=gd�=(xk=gg):�®¬®¦ ï ¨ ¤¥«ï ¯®á«¥¤¥¥ ¢ëà ¦¥¨¥   Y , ¯®«ã-ç ¥¬ â ª®¥ ¦¥ ¢ëà ¦¥¨¥ ¤«ï V ª ª ¨ ¢ ¯à¥¤ë¤ã-é¥¬ á«ãç ¥, â. ¥. ª ª ¢ á«ãç ¥, ª®£¤  ¢ ª ç¥áâ¢¥ ¯ -à ¬¥âà¨ç¥áª®© ¯¥à¥¬¥®© ¨á¯®«ì§®¢ «áï Y . � -ª¨¬ ®¡à §®¬, ¢¨¤  ¢â®¬®¤¥«ì®£® ãà ¢¥¥¨ï ¡ã-¤¥â ¨¬¥âì ä®à¬ã (13), â.¥. ¥ ¡ã¤¥â ®â«¨ç âìáï ®â¯à¥¤ë¤ãé¥£® á«ãç ï. �á«¨ ¯®áâã¯¨âì  ®¡®à®â,â.¥. ¢ ª ç¥áâ¢¥ ¯ à ¬¥âà¨ç¥áª®© ¯¥à¥¬¥®© ¤«ïu ¨á¯®«ì§®¢ âì x,   ¤«ï V { Y , â® ¬ë ¯à¨¤¥¬ ª  ¢-â®¬®¤¥«ì®¬ã ãà ¢¥¨î ¢ ä®à¬¥ (8). �§ à áá¬®-âà¥ëå ¯à¨¬¥à®¢ ¢¨¤®, çâ® ä®à¬  ®¡ëª®¢¥-®£®  ¢â®¬®¤¥«ì®£® ãà ¢¥¨ï ®¯à¥¤¥«ï¥âáï ¢ë-¡®à®¬ ¯ à ¬¥âà¨ç¥áª®© ¯¥à¥¬¥®© ¤«ï äãªæ¨¨u,   ¢¨¤ ¢ëà ¦¥¨ï ¤«ï V , ª®â®àë© ¯®«ãç ¥âáï

¨§ ãà ¢¥¨ï ¥à §àë¢®áâ¨, ¬®¦¥â ¡ëâì áª®à-à¥ªâ¨à®¢ , ¨á¯®«ì§ãï á ¬ã  ¢â®¬®¤¥«ìãî ¯¥à¥-¬¥ãî. �¥à¥©¤¥¬ ª à áá¬®âà¥¨î á«¥¤ãîé¥£®á«ãç ï. �®«®¦¨¬ ¢ ¢ëà ¦¥¨¨ áã¬¬ à®£® ¢¥ª-â®à  (7) k = b = 0. �®£¤  ®¯à¥¤¥«ïîé¨© ¢¥ªâ®à¨ä¨¨â¥§¨¬ «ì®© ®¡à §ãîé¥© ¡ã¤¥â ¢ë£«ï¤¥âìá«¥¤ãîé¨¬ ®¡à §®¬:q = a@Y + gx@x + gu@u = aq1 + gq4:�âáî¤   å®¤¨¬, ¥á«¨ ¢ ª ç¥áâ¢¥ ¯ à ¬¥âà¨ç¥-áª®© ¯¥à¬¥®© ¢ë¡¨à ¥¬ Y :� = x exp(�gY=a); u = f 0(�)�2 exp(gY=a):� ¢ëà ¦¥¨¨ ¤«ï u ¢¬¥áâ® f 0(�) ¨á¯®«ì§ã¥âáïf 0(�)�2 ¤«ï ã¤®¡áâ¢  ¨â¥£à¨à®¢ ¨ï ãà ¢¥¨ï¥à §àë¢®áâ¨. �â® ¨â¥£à¨à®¢ ¨¥ ¯à¨ ãá«®¢¨¨f(0) = 0 ¤ ¥âV = a=g(f 0(�)� + f(�)):� ª ¢¨¤¨¬, á®áâ ¢«ïîé ï áª®à®áâ¨ V ¥ § ¢¨á¨â®â ¯ à ¬¥âà¨ç¥áª®© ¯¥à¥¬¥®©. �â®£® ¨ á«¥¤®-¢ «® ®¦¨¤ âì, â ª ª ª ®  ¥ ¢å®¤¨â ¢ ®¯à¥¤¥«ïî-é¨© ¢¥ªâ®à. �®¤áâ ®¢ª  á®®â®è¥¨© ¤«ï u ¨ V¢ ãà ¢¥¨¥ (1) ¯à¨¢®¤¨â ª ¢ëà ¦¥¨î�f 02 � ff 00� � ff 0 = (g=a)2(f 000�2 + 3f 00� + f 0):�á«¨ ¦¥ ¢ ª ç¥áâ¢¥ ¯ à ¬¥âà¨ç¥áª®© ª®®à¤¨ âë¢ë¡à âì x, â® ¢ëà ¦¥¨¥ ¤«ï u ã¤®¡® § ¯¨á âì ¢¢¨¤¥ u = f 0(�)�x:�à¨ íâ®¬ ¢¨¤ ¢â®à®© á®áâ ¢«ïîé¥© áª®à®áâ¨ ¥¨§¬¥¨âáï, ª ª ¨ ä®à¬   ¢â®¬®¤¥«ì®£® ¤¨ää¥-à¥æ¨ «ì®£® ãà ¢¥¨ï. �. ¥. ¢ ¤ ®¬ á«ãç ¥¬®¦® á¤¥« âì ¢ë¢®¤, çâ® ä®à¬   ¢â®¬®¤¥«ì®£®ãà ¢¥¨ï ¥ § ¢¨á¨â ®â ¢ë¡®à  ¯ à ¬¥âà¨ç¥áª®©¯¥à¥¬¥®©. �«¥¤ãîé¨© á«ãç ©: a = g = 0. �¯à¥-¤¥«ïîé¨© ¢¥ªâ®à ¢ë£«ï¤¨â á«¥¤ãîé¨¬ ®¡à §®¬:q = kY @Y + b@x � 2ku@u � kV @V = bq2 + kq3:�¢â®¬®¤¥«ì ï ¯¥à¥¬¥ ï ¢ íâ®¬ á«ãç ¥ ¡ã¤¥â� = Y exp(�kx=b):�¨¤ ¦¥ ¨áª®¬ëå äãªæ¨© ®¯à¥¤¥«ï¥âáï ¢ë¡®à®¬¯ à ¬¥âà¨ç¥áª®© ¯¥à¥¬¥®©. �á«¨ ¢ ª ç¥áâ¢¥ â -ª®¢®© ¢§ïâì x, â®u = f 0(�) exp(�2kx=b);V = (k=b)(f 0(�)� + f(�)) exp(�kx=b):�. �. �¢à ¬¥ª® 9



ISSN 1561 -9087 �à¨ª« ¤  £÷¤à®¬¥å ÷ª . 1999. �®¬ 1 (73), N 2. �. 3 { 11�«ï ¯ à ¬¥âà¨ç¥áª®© ¯¥à¥¬¥®© Yu = f 0(�)�=Y 2;V = (k=b)(f 0(�)� + f(�))=Y:� ª ¨ ¢ ¯à¥¤ë¤ãé¥¬ á«ãç ¥, ¢¨¤ ®¡ëª®¢¥®£® ¢â®¬®¤¥«ì®£® ¤¨ää¥à¥æ¨ «ì®£® ãà ¢¥¨ï ¥§ ¢¨á¨â ®â ¢ë¡®à  ¯ à ¬¥âà¨ç¥áª®© ¯¥à¥¬¥®©¨ ¨¬¥¥â ¢¨¤ �2f 02 + f 00f = (b=k)f 000:�â® ãà ¢¥¨¥ á â®ç®áâìî ¤® ¯®áâ®ïëå ª®íä-ä¨æ¨¥â®¢ á®¢¯ ¤ ¥â á ãà ¢¥¨¥¬ (9) ¨, á«¥¤®¢ -â¥«ì®, ¬®¦¥â ¡ëâì à¥¤ãæ¨à®¢ ® ¤® ãà ¢¥¨ï¯¥à¢®£® ¯®àï¤ª , ¨á¯®«ì§ãï á¯®á®¡ë, ®¯¨á ë¥¢ëè¥. �®á«¥¤¨© á«ãç ©, ª®â®àë© ¬ë à áá¬®âà¨¬{ íâ® á«ãç ©, ª®£¤  k = g = 0, â.¥.q = a@Y + b@x = aq1 + bq2:� ª ¢¨¤®, ¨ä¨¨â¥§¨¬ «ì ï ®¡à §ãîé ï ¥ á®-¤¥à¦¨â ¨áª®¬ëå äãªæ¨© ¨, á«¥¤®¢ â¥«ì®, íâ¨äãªæ¨¨ ¥ § ¢¨áïâ ®â ¯ à ¬¥âà¨ç¥áª¨å ¯¥à¥¬¥-ëå. �¢â®¬®¤¥«ìë¥ ¯¥à¥¬¥ë¥ ¨¬¥îâ ¢¨¤� = bY � ax;u = f 0(�);V = (a=b)(f 0(�)� f 0(0)):� ãç¥â®¬ ¯à¨¢¥¤¥ëå á®®â®è¥¨© ¨§ (1) ¯®«ã-ç ¥¬ �af 00f 0(0) = b3f 000:�â¥£à¨à®¢ ¨¥ íâ®£® ãà ¢¥¨ï ¤ ¥âf = C1b6 exp(�f 0(0)a�=b3)=(a2f 0(0)2) + C2� + C3;£¤¥ C1, C2, C3 { ª®áâ âë ¨â¥£à¨à®¢ ¨ï. � áâ-ë© á«ãç © ¨áá«¥¤ã¥¬®£® ãà ¢¥¨ï ¨¬¥¥â ¬¥áâ®¯à¨ ãá«®¢¨¨ f 0(0) = 0, ª®â®à®¥ ç áâ® ¢ë¯®«ï¥âáï¢ § ¤ ç å £¨¤à®¤¨ ¬¨ç¥áª®£® ¯®£à ¨ç®£® á«®ï.�®£¤  f 000 = 0;â ª çâ® f = C1�2=2 + C3:� ¤ ®¬ á«ãç ¥ ª®áâ â  ¨â¥£à¨à®¢ ¨ï �2,ª®â®à ï ï¢«ï¥âáï ª®íää¨æ¨¥â®¬ ®ª®«® «¨¥©®£®ç«¥  �, ¤®«¦  ¡ëâì à ¢  ã«î, çâ®¡ë ¢ë¯®«-ï«®áì ãá«®¢¨¥ f 0(0). � ª¨¬ ®¡à §®¬,  è¥  ¢â®-¬®¤¥«ì®¥ à¥è¥¨¥ ¯à¨ f 0(0) 6= 0 ¢ë£«ï¤¨â â ª:u = f 0 = C1b3 exp(�f 0(0)a�=b3)=(af 0(0)) +C2;V = (a=b)(C1b3 exp(�f 0(0)a�=b3)=(af 0(0))+C2�f 0(0)):

�à¨ f 0(0) = 0 ¨¬¥¥¬ u = C1�V = (a=b)C1�:�á«¨ ¢ íªá¯®¥æ¨ «ì®¬ à á¯à¥¤¥«¥¨¨ áª®à®áâ¨¯®«®¦¨âì a, b � i (ª®¬¯«¥ªá ï ¥¤¨¨æ ), ¬ë ¯®-«ãç¨¬ à¥è¥¨¥ ¢ ¢¨¤¥ ¤¢ã¬¥à®© ¡¥£ãé¥© ¢®«ë.� ª®¥ à¥è¥¨¥ ã¤®¡® ¨á¯®«ì§®¢ âì ¯à¨ ¨áá«¥¤®-¢ ¨¨ « ¬¨ à®-âãà¡ã«¥â®£® ¯¥à¥å®¤ . � ®¥à¥è¥¨¥  ¯®¬¨ ¥â ª« áá¨ç¥áª¨¥ ¢®«ë ¯¥à¥å®¤ �®««¬¨ -�«¨åâ¨£ , ®¤ ª® ¢ ®â«¨ç¨¨ ®â ¨å,®á¨â ¤¢ã¬¥àë© å à ªâ¥à [11]. �â® ¯®§¢®«ï¥â¨§ãç âì ¡®«¥¥ á«®¦ë¥ ï¢«¥¨ï ¯¥à¥å®¤ .�¨áâ¥¬ â¨§¨à®¢ ë¥ ¯®«ãç¥ë¥ à¥§ã«ìâ âëá¢¥¤¥ë ¢ â ¡«¨æã.� § ª«îç¥¨¥ ¯®ª ¦¥¬ ª ª ¬®¦® § ¬¥¨âì ®¤-®¯ à ¬¥âà¨ç¥áªãî  «£¥¡àã �¨ (2), á®áâ®ïéãî ¨§ç¥âëà¥å ¯®¤ «£¥¡à,    «£¥¡àã á®¤¥à¦ éãî ®¤ã¤¢ãå¯ à ¬¥âà¨ç¥áªãî ¨ ¤¢¥ ®¤®¯ à ¬¥âà¨ç¥áª¨¥¯®¤ «£¥¡àë. �«ï íâ®£® ¯¥à¥¯¨è¥¬ âà¥âì¥ ¨ ç¥-â¢¥àâ®¥ ¯à¥®¡à §®¢ ¨¥ (3) ¢ ®¡é¥¬ ¢¨¤¥:u = exp(�A")F (x exp(�B"); Y exp(�D"));V = exp(�H")�(x exp(�B"); Y exp(�D")):�â®¡ë  ©â¨ á¢ï§ì ¬¥¦¤ã ¢®¢ì ¢¢¥¤¥ë¬¨ ª®-íää¨æ¨¥â ¬¨, ¯®¤áâ ¢¨¬ ¯à¨¢¥¤¥ë¥ á®®â®è¥-¨ï ¢ ãà ¢¥¨ï (1). � à¥§ã«ìâ â¥ ¨¬¥¥¬ á«¥¤ãî-é¨¥ ãá«®¢¨ï: A+ B = H +D = 2D;A+ B = H +D:�âáî¤   å®¤¨¬H = D;B = 2D �A:� ª¨¬ ®¡à §®¬, ¤¢ãå¯ à ¬¥âà¨ç¥áª¨¥ ¢ëà ¦¥¨ïu = exp(�A")F (x exp((2D � A)"); Y exp(�D"));V = exp(�D")�(x exp((2D �A)"); Y exp(�D"))ï¢«ïîâáï à¥è¥¨¥¬ ãà ¢¥¨© �à ¤â«ï ¯à¨ ¯à®-¨§¢®«ìëå A ¨ D. �ã¬¬ àë© ¢¥ªâ®à ¯à¨ íâ®¬¯à¨®¡à¥â ¥â ¢¨¤q� = (a+c(2D�A)x)@x+g(b+DY )@Y�Au@u�DV @V :� ¯®à®¦¤ ¥â á«¥¤ãîé¥¥ à¥è¥¨¥:u = exp(�A")F (((a+c(2D�A)x) exp(�c(2D�A)")��a)=(c(2D � a)); ((b+DY ) exp(�gD") � b)=D);V = exp(�D")((((a+c(2D�A)x) exp(�c(2D�A)")��a)=(c(2D � a)); ((b+DY ) exp(�gD") � b)=D):10 �. �. �¢à ¬¥ª®



ISSN 1561 -9087 �à¨ª« ¤  £÷¤à®¬¥å ÷ª . 1999. �®¬ 1 (73), N 2. �. 3 { 11�¥ªâ®à �¢â®¬®¤¥«ì- � à ¬¥- �á«®¢¨ï ï ¯¥à¥- âà¨ç¥- áãé¥áâ¢®-¬¥ ï � áª ï u V ¢ ¨ï¯¥à¥- â®ç®£®¬¥ ï à¥è¥¨ïq� C (a+kY )g(b+gx)k x f 0(�)(b+ !(�)=(b+ g=1:+gx)1�k=g=m +gx)k=g k=2/3,k=3/4,k=1kq3 + gq4 C(kY )g=(gx)k x f 0(�)(b+ !(�)=(gx)k=g g=1:+gx)1�k=g k=2/3,k=3/4,k=1â®â ¦¥ âa ¦¥ Y f 0(�)Y g=k�2 !(�)=Yaq1 + gq4 � = x exp(�gY=a) Y f20� exp(gY=a) a=g(f 0� + f)â®â ¦¥ âa ¦¥ x f 0(�)�x âa ¦¥bq2 + kq3 Y exp(�kx=b) x f 0(�) exp(�2kx=b) (k=b)(f 0� + f)�� exp(�kx=b)â®â ¦¥ â  ¦¥ Y f 0(�)�=Y 2 (k=b)(f 0� + f)=Yaq1 + bq2 � = bY � ax f 0(�) (a=b)(f 0(�)� ¤«ï «î-�f 0(0)) ¡ëå a,b�������®¤¢®¤ï ¨â®£¨ ¯à®¢¥¤¥ëå ¨áá«¥¤®¢ ¨©, ¬®¦-® á¤¥« âì á«¥¤ãîé¨¥ ¢ë¢®¤ë:1. �  ®á®¢¥ £àã¯¯ �¨ ãà ¢¥¨© �à ¤â«ï¯®«ãç¥ë à §«¨çë¥ ä®à¬ë  ¢â®¬®¤¥«ìëå ¯¥-à¥¬¥ëå, ¨áª®¬ëå äãªæ¨© ¨ ¤¨ää¥à¥æ¨ «ì-ëå ãà ¢¥¨©, ¢ â®¬ ç¨á«¥ ®¡®¡é¥®¥ ãà ¢¥¨¥�« §¨ãá .2. �®ª § ®, çâ® ä®à¬  ®¡ëª®¢¥®£®  ¢â®¬®-¤¥«ì®£® ¤¨ää¥à¥æ¨ «ì®£® ãà ¢¥¨ï ®¯à¥¤¥«ï-¥âáï ¢ë¡®à®¬ ¯ à ¬¥âà¨ç¥áª®© ¯¥à¥¬¥®©.3. �á¯®«ì§ãï á¢®©áâ¢  á¨¬¬¥âà¨¨, ®¡®¡é¥®¥ãà ¢¥¨¥ �« §¨ãá  à¥¤ãæ¨à®¢ ® ¤® ¯¥à¢®£® ¯®-àï¤ª .4. �®«ãç¥ë ¤¢  ®¢ëå â®çëå  ¢â®¬®¤¥«ìëåà¥è¥¨ï ãà ¢¥¨© �à ¤â«ï.5. �®ª § ® ª ª ¬®¦® âà áä®à¬¨à®¢ âì ®¤-®¯ à ¬¥âà¨ç¥áªãî  «£¥¡àã �¨ ãà ¢¥¨© �à ¤-â«ï, á®áâ®ïéãî ¨§ ç¥âëà¥å ¯®¤ «£¥¡à, ¢  «£¥¡àãá âà¥¬ï ¯®¤ «£¥¡à ¬¨, ®¤  ¨§ ª®â®àëå ï¢«ï¥âáï¤¢ãå¯ à ¬¥âà¨ç¥áª®©.
1. �«¨åâ¨£ �. �¥®à¨ï ¯®£à ¨ç®£® á«®ï.{ �.: � ã-ª , 1974.{ 712 á.2. �®©æïáª¨© �.�. �¥å ¨ª  ¦¨¤ª®áâ¨ ¨ £ § .{ �.:� ãª , 1978.{ 736 á.3. � ¢«®¢áª¨© �.�. �áá«¥¤®¢ ¨ï ¥ª®â®àëå ¨¢ à¨- âëå à¥è¥¨© ãà ¢¥¨© ¯®£à ¨ç®£® á«®ï //�ãà « ¢ëç. ¬ â¥¬ â¨ª¨ ¨ ¬ â. ä¨§¨ª¨.{ 1961.{1, N 2.{ �. 280{294.4. �¢áï¨ª®¢ �.�. �àã¯¯®¢®¥ à áá«®¥¨¥ ãà ¢¥¨©¯®£à ¨ç®£® á«®ï // �¨ ¬¨ª  á¯«®è®© áà¥¤ë.{1969.{ �ë¯. 1.{ �. 24{35.5. �¢áï¨ª®¢ �.�. �àã¯¯®¢®©   «¨§ ¤¨ää¥à¥æ¨- «ìëå ãà ¢¥¨©.{ �.: � ãª , 1978.{ 400 á.6. � ª¥à®¢¨ç �.�. �àã¯¯®¢ë¥ á¢®©áâ¢  ãà ¢¥¨©âà¥å¬¥à®£® ¯®£à ¨ç®£® á«®ï   ¯à®¨§¢®«ì®©¯®¢¥àå®áâ¨ // �¨ ¬¨ª  á¯«®è®© áà¥¤ë.{ 1971.{�ë¯. 7.{ �. 12{24.7. �£ã¥ �.�. �¡ ãà ¢¥¨ïå ¯®£à ¨ç®£® á«®ï ¦¨¤-ª®áâ¨ á ¬®¬¥âë¬¨  ¯àï¦¥¨ï¬¨ // �à¨ª«. ¬ â.¨ ¬¥å.{ 1968.{ 32, N 4.{ �. 748{753.8. �«¢¥à �. �à¨«®¦¥¨¥ £àã¯¯ �¨ ª ¨áá«¥¤®¢ ¨î¤¨ää¥à¥æ¨ «ìëå ãà ¢¥¨©.{ �.: �¨à, 1989.{639 á.9. � ¬ª¥ �. �¯à ¢®ç¨ª ¯® ¤¨ää¥à¥æ¨ «ìë¬ ãà ¢-¥¨ï¬ ¢ ç áâëå ¯à®¨§¢®¤ëå ¯¥à¢®£® ¯®àï¤ª .{�.: � ãª , 1966.{ 260 á.10. �¯à ¢®ç¨ª ¯® á¯¥æ¨ «ìë¬ äããæ¨ï¬/ �®¤ à¥-¤ ªæ¨¥© �. �¡à ¬®¢¨æ  ¨ �. �â¨£  .{ �.: � ãª ,1979.{ 832 á.11. �¨£ã«¥¢ �.�., �ã¬¨ �.�. �®§¨ª®¢¥-¨¥ âãà¡ã«¥â®áâ¨.{ �®¢®á¨¡¨àáª: � ãª , 1987.{282 á.�. �. �¢à ¬¥ª® 11


