
������ö ���ö�������� ISSN 1561 -9087 �à¨ª« ¤  £÷¤à®¬¥å ÷ª . 2003. �®¬ 5 (77), N 2. �. 73 { 75��� 532.5�������������� ������������� �������� ������������� ��������������� ����������� �������� � ��������� ���� �����. �. ��������� æ¨® «ìë© â¥å¨ç¥áª¨© ã¨¢¥àá¨â¥â �ªà ¨ë "���", �¨¥¢�®«ãç¥® 14.11.2002�¥â®¤®¬ ¨â¥£à «ìëå ãà ¢¥¨© à¥è¥  § ¤ ç  ®¡ ãáâ ®¢¨¢è¥¬áï £«¨áá¨à®¢ ¨¨ á« ¡® ¨§®£ãâ®© ¯« áâ¨ë ¯®¯®¢¥àå®áâ¨ ¢¥á®¬®© ¦¨¤ª®áâ¨ ¯à¨ § ¤ ®©  £àã§ª¥ ¨ á¢®¡®¤®¬ (¥¨§¢¥áâ®¬) ã£«¥ å®¤ . �®«ãç¥ë § ¢¨á¨¬®áâ¨á¬®ç¥®© ¤«¨ë, ã£«  å®¤  ¨ ®á ¤ª¨ § ¤¥© ªà®¬ª¨ ®â ç¨á«  �àã¤  ¯à¨ à §«¨çëå ¯®«®¦¥¨ïå æ¥âà  âï¦¥áâ¨£«¨áá¥à .�  ¬¥â®¤®¬ ÷â¥£à «ì¨å à÷¢ïì à®§¢'ï§   § ¤ ç  ¯à® áâ «¥ £«÷áã¢ ï á« ¡ª® §÷£ãâ®ù ¯« áâ¨¨ ¯® ¯®¢¥àå÷¢ £®¬®ù à÷¤¨¨ ¯à¨ § ¤ ®¬ã  ¢ â ¦¥÷ â  ¢÷«ì®¬ã (¥¢÷¤®¬®¬ã) ªãâã å®¤ã. �âà¨¬ ÷ § «¥¦®áâ÷ §¬®ç¥®ù¤®¢¦¨¨, ªãâ  å®¤ã © ®á ¤æ÷ § ¤ì®ù ªà®¬æ÷ ¢÷¤ ç¨á«  �àã¤  ¯à¨ à÷§¨å ¯®«®¦¥ïå æ¥âàã âï¦¨ï £«÷á¥à .The problem about a steady planing of feeblly curved plate on a surface of a powerful uid at a given loading and free(unknown) an angle of a course is solved with the methods of integral equations. The associations of wetted length, angleof a course and settling of a trailing edge from a Froude number at various positions of a barycentre of glider are obtained.��������� à ¡®â¥ [1] (á¬. â ª¦¥ [2]) á ¯®¬®éìî ¬¥â®¤ ¨â¥£à «ìëå ãà ¢¥¨© ¨áá«¥¤®¢ ë ¢®§¬®¦ë¥ãáâ ®¢¨¢è¨¥áï ¤¢¨¦¥¨ï ¯« áâ¨ë ¯® ¯®¢¥àå®-áâ¨ ¢¥á®¬®© ¦¨¤ª®áâ¨. � [1] à¥è¥ , ¢ ç áâ®áâ¨,§ ¤ ç  ®¡ ãáâ ®¢¨¢è¥¬áï £«¨áá¨à®¢ ¨¨ ¯« áâ¨-ë ¯à¨ § ¤ ®©  £àã§ª¥ ¨ ä¨ªá¨à®¢ ®¬ ã£«¥å®¤ . � ª ç¥áâ¢¥ å à ªâ¥à®© ¤«¨ë ¢§ïâ  ¢¥«¨-ç¨  a = 3p�=�g (§¤¥áì � {  £àã§ª , �g { ã¤¥«ì-ë© ¢¥á ¢®¤ë), ¨á¯®«ì§ã¥¬ ï ®¡ëç®   ¯à ªâ¨ª¥¨ ¯à¨ ¯à®¢¥¤¥¨¨ íªá¯¥à¨¬¥â®¢ [3]. �¬®ç¥ ï¤«¨  ¯« áâ¨ë ¯à¨ íâ®¬ ¥¨§¢¥áâ  ¨ ®¯à¥¤¥«ï-¥âáï ¨§ à¥è¥¨ï § ¤ ç¨.�  áâ®ïé¥© à ¡®â¥ à áá¬ âà¨¢ ¥âáï ¥é¥ ®¤¨¢¨¤ ãáâ ®¢¨¢è¥£®áï ¤¢¨¦¥¨ï ¯« áâ¨ë { £«¨á-á¨à®¢ ¨¥ ¯à¨ § ¤ ®©  £àã§ª¥ ¨ á¢®¡®¤®¬ (¥-¨§¢¥áâ®¬) ã£«¥ å®¤ . �®çª  ¯à¨«®¦¥¨ï ¢¥è¥© £àã§ª¨ ¯à¥¤¯®« £ ¥âáï ä¨ªá¨à®¢ ®©. � ª ª ª§ ¤ ç  «¨¥ à¨§®¢  ï, â® ä ªâ¨ç¥áª¨ § ¤ ¥â-áï ¯à®¥ªæ¨ï â®çª¨ ¯à¨«®¦¥¨ï ¢¥è¥© á¨«ë  ®áì  ¡áæ¨áá. �á«¨ ¢¥èïï  £àã§ª  { ¢¥á £«¨áá¥-à , â® ¯® ãá«®¢¨î § ¤ ® ¯®«®¦¥¨¥ æ¥âà  âï¦¥-áâ¨. �«ï § ¬ëª ¨ï § ¤ ç¨ ¨á¯®«ì§ã¥âáï ¤®¯®«¨-â¥«ì®¥ á®®â®è¥¨¥, ¢ëà ¦ îé¥¥ à ¢¥áâ¢® ã-«î áã¬¬ë ¬®¬¥â®¢ ®â®á¨â¥«ì® ¥ª®â®à®© â®ç-ª¨ ¢á¥å á¨«, ¤¥©áâ¢ãîé¨å   ¯« áâ¨ã.

1. ������� ����������������������áâ ®¢¨¢è¥¥áï £«¨áá¨à®¢ ¨¥ ¯« áâ¨ë á § -¤ ®©  £àã§ª®© ¨ ¥¨§¢¥áâ®© á¬®ç¥®© ¤«¨-®© l ®¯¨áë¢ ¥âáï á¨£ã«ïàë¬ ¨â¥£à «ìë¬ãà ¢¥¨¥¬ [1,2]:1� lZ0  (s)x� sds+ � lZ0  (s)R (�; x� s) ds++� lZ0  (s) cos � (x� s) ds = �f 0 (x)��� (A1 cos �x+ A2 sin �x) 0 < x < l; (1)á ãá«®¢¨¥¬ lZ0  (x) dx = �; (2)£¤¥  (x) { ¥¨§¢¥áâ®¥ à á¯à¥¤¥«¥¨¥ ¯¥à¥¯ ¤  ¤ -¢«¥¨ï   ¯« áâ¨¥; � = 1=Fr2; Fr = V0=pga { ç¨-á«® �àã¤ ; V0 { áª®à®áâì ¤¢¨¦¥¨ï ¯« áâ¨ë; f (x){ äãªæ¨ï, ®¯¨áë¢ îé ï ä®à¬ã á« ¡® ¨§®£ãâ®©¯« áâ¨ë; A1 ¨ A2 { ª®áâ âë, § ¤ îé¨¥  ¬¯«¨-âã¤ã á¢®¡®¤ëå ¥§ ¢¨á¨¬ëå ¢®« ¯¥à¥¤ ¯« áâ¨-®©;R (x; �) = h�2 sgnx+ Si (�x)i cos �x�Ci (� jxj) sin �x;Si (x) ¨ Ci (x) ¨â¥£à «ìë¥ á¨ãá ¨ ª®á¨ãá [4].�«ï á« ¡® ¨§®£ãâ®© ¯« áâ¨ë ¯®«®¦¨¬ f (x) =c �. �. � ª á¥¥¢, 2003 73



ISSN 1561 -9087 �à¨ª« ¤  £÷¤à®¬¥å ÷ª . 2003. �®¬ 5 (77), N 2. �. 73 { 75= f (l)�kx+f1 (x), £¤¥ f (l) { ®á ¤ª  § ¤¥© ªà®¬-ª¨; k = tg�; � { ã£®«  ª«®  å®à¤ë ¯« áâ¨ëª ®á¨  ¡áæ¨áá, ¨«¨ ã£®« å®¤  ¯« áâ¨ë; f1 (x) {äãªæ¨ï, § ¤ îé ï à á¯à¥¤¥«¥¨¥ ¬ «®© ªà¨¢¨§-ë ä®à¬ë ¯« áâ¨ë.�®çªã ¯à¨«®¦¥¨ï ¢¥è¥© £àã§ª¨ (æ¥âà âï¦¥áâ¨) § ¤ ¤¨¬ ¥¥ ®âáâ®ï¨¥¬b ®â § ¤¥© ªà®¬ª¨. �á«®¢¨¥ à ¢¥áâ¢  ã«î áã¬-¬ë ¬®¬¥â®¢ ¢á¥å á¨« ®â®á¨â¥«ì® § ¤¥© ªà®¬-ª¨ ¯« áâ¨ë ¡ã¤¥â ¨¬¥âì ¢¨¤lZ0  (x) (l � x) dx =�b: (3)� ª¨¬ ®¡à §®¬, ãà ¢¥¨¥ (1) â¥¯¥àì ¥®¡å®¤¨-¬® à¥è âì ¯à¨ ¤¢ãå ãá«®¢¨ïå (2) ¨ (3) á ¥¨§¢¥áâ-ë¬¨  (x), l ¨ k.2. ���������� ���������¨á«¥®¥ à¥è¥¨¥ á¨áâ¥¬ë (1){(3)  å®¤¨¬,ª ª ¨ ¢ [1], ¬¥â®¤®¬ ¤¨áªà¥âëå ¢¨åà¥© á ®¯à¥-¤¥«¥¨¥¬ ¥«¨¥©® ¢å®¤ïé¥© ¥¨§¢¥áâ®© l ¬¥-â®¤®¬ ¯®á«¥¤®¢ â¥«ì®© ¬¨¨¬¨§ æ¨¨ [5]. �à¨-¢¥¤¥¬ ®á®¢ë¥ à¥§ã«ìâ âë à áç¥â®¢ ¤«ï ¯«®áª®©¯« áâ¨ë ¯à¨ ®âáãâáâ¢¨¨ á¢®¡®¤ëå ¢®«, â. ¥.ª®£¤  f1 (x) � 0 ¨ A1 = 0, A2 = 0. �  à¨á. 1¯à¥¤áâ ¢«¥  § ¢¨á¨¬®áâì á¬®ç¥®© ¤«¨ë, ®â-¥á¥®© ª b, ®â ç¨á«  �àã¤  ¯à¨ à §«¨çëå § -
�¨á. 1. � ¢¨á¨¬®áâì á¬®ç¥®© ¤«¨ë£«¨áá¨àãîé¥© ¯« áâ¨ë ®â ç¨á«  �àã¤ ¯à¨ § ¤ ®©  £àã§ª¥¨ à §«¨çëå ¯®«®¦¥¨ïå æ¥âà  âï¦¥áâ¨ç¥¨ïå b. �à¨ Fr ! 1 (¨«¨ � ! 0) á¬®ç¥ ï¤«¨  áâà¥¬¨âáï ª ¢¥«¨ç¨¥ 4b=3. �â® ®§ ç ¥â,çâ® æ¥âà âï¦¥áâ¨ à á¯®«®¦¥   à ááâ®ï¨¨ 1=4á¬®ç¥®© ¤«¨ë ®â ¯¥à¥¤¥© ªà®¬ª¨ ¯« áâ¨ë, â.¥. ¢ æ¥âà¥ ¤ ¢«¥¨ï, á®®â¢¥âáâ¢ãîé¥¬ ¨§¢¥áâ®-¬ã â®ç®¬ã à¥è¥¨î ¤«ï £«¨áá¨àãîé¥© ¯« áâ¨-ë ¯à¨ Fr ! 1. �  ¬ «ëå áª®à®áâïå å®¤  ¯à¨

Fr! 0 á¬®ç¥ ï ¤«¨  ¯à¨¡«¨¦ ¥âáï ª ¢¥«¨ç¨¥3b, â.¥. æ¥âà âï¦¥áâ¨ «¥¦¨â   à ááâ®ï¨¨ 1/3á¬®ç¥®© ¤«¨ë ®â § ¤¥© ªà®¬ª¨. �â®© â®ç-ª¥ á®®â¢¥âáâ¢ã¥â ¯®«®¦¥¨¥ æ¥âà  âï¦¥áâ¨ ¯àï-¬®ã£®«ì®£® âà¥ã£®«ì¨ª  á ¬ «ë¬ ã£«®¬ � ¯à¨¢¥àè¨¥, «¥¦ é¥¬   ¥¢®§¬ãé¥®¬ ãà®¢¥ á¢®-¡®¤®© ¯®¢¥àå®áâ¨. �«¥¤®¢ â¥«ì®,  £àã§ª  ¯à¨¯à¥¤¥«ì® ¬ «ëå áª®à®áâïå å®¤  ãà ¢®¢¥è¨¢ ¥â-áï ¯®çâ¨ ¯®«®áâìî £¨¤à®áâ â¨ç¥áª®© á¨«®©. �®-«ãç¥ë¥ à¥§ã«ìâ âë ¤«ï ¯à¥¤¥«ì® ¬ «ëå ¨ ¯à¥-¤¥«ì® ¡®«ìè¨å ç¨á¥« �àã¤  á®£« áãîâáï á ¢ë¢®-¤ ¬¨ �.�.�¥¤®¢  [6], á¤¥« ë¬¨   ®á®¢¥ à¥è¥-¨ï § ¤ ç¨ á § ¤ ®© á¬®ç¥®© ¤«¨®©.�  à¨á. 2 ¯®ª §   § ¢¨á¨¬®áâì ã£«   ª«® ¯« áâ¨ë ¢ £à ¤ãá å ®â ç¨á«  �àã¤  ¯à¨ â¥å ¦¥
�¨á. 2. � ¢¨á¨¬®áâì ã£«   ª«® £«¨áá¨àãîé¥© ¯« áâ¨ë ®â ç¨á«  �àã¤ ¯à¨ § ¤ ®©  £àã§ª¥¨ à §«¨çëå ¯®«®¦¥¨ïå æ¥âà  âï¦¥áâ¨§ ç¥¨ïå b, çâ® ¨   à¨á. 1. �à¨ Fr ! 1 ã£®« ª«®  áâà¥¬¨âáï ª ã«î. � ¢¨á¨¬®áâì ®á ¤ª¨§ ¤¥© ªà®¬ª¨ ®â ç¨á«  �àã¤  ¯®ª §     à¨á.3.�à¨ ¡®«ìè¨å áª®à®áâïå (Fr !1) § ¤ïï ªà®¬ª 

�¨á. 3. � ¢¨á¨¬®áâì ®á ¤ª¨ § ¤¥© ªà®¬ª¨£«¨áá¨àãîé¥© ¯« áâ¨ë ®â ç¨á«  �àã¤ ¨ à §«¨çëå ¯®«®¦¥¨ïå æ¥âà  âï¦¥áâ¨74 �. �. � ª á¥¥¢



ISSN 1561 -9087 �à¨ª« ¤  £÷¤à®¬¥å ÷ª . 2003. �®¬ 5 (77), N 2. �. 73 { 75¯« áâ¨ë ®áâ ¥âáï ¢á¥£¤  ¢ëè¥ ¥¢®§¬ãé¥®£®ãà®¢ï á¢®¡®¤®© ¯®¢¥àå®áâ¨. �¥§ã«ìâ âë à á-ç¥â  ®á ¤ª¨ § ¤¥© ªà®¬ª¨ ª ç¥áâ¢¥® á®£« áã-îâáï á ¨§¢¥áâë¬¨ íªá¯¥à¨¬¥â «ìë¬¨ ¤ ë¬¨  ¤¨ £à ¬¬ å �.�.� ¢«¥ª® [3, áâà. 266].3. �����������¥â®¤®¬ ¨â¥£à «ìëå ãà ¢¥¨© à¥è¥  § -¤ ç  ® £«¨áá¨à®¢ ¨¨ á« ¡® ¨§®£ãâ®© ¯« áâ¨ë¯à¨ § ¤ ®©  £àã§ª¥, ä¨ªá¨à®¢ ®¬ ¯®«®¦¥¨¨æ¥âà  âï¦¥áâ¨ ¨ á¢®¡®¤®¬ ã£«¥ å®¤ . �áâ ®¢«¥-®, çâ® ã£®« å®¤    ¬ «ëå áª®à®áâïå ¤¢¨¦¥¨ï(¯à¨ ¬ «ëå ç¨á« å �àã¤ ) á ã¢¥«¨ç¥¨¥¬ áª®à®-áâ¨ ¤¢¨¦¥¨ï ¢ ç «¥ ã¢¥«¨ç¨¢ ¥âáï, § â¥¬,  ç¨- ï á ¥ª®â®à®£® § ç¥¨ï ç¨á«  �àã¤ , ã¬¥ìè -¥âáï ¨ áâà¥¬¨âáï ª ã«î ¯à¨ Fr!1. �¬®ç¥ ï¤«¨  ¯à¨ íâ®¬ áâà¥¬¨âáï ª ®¯à¥¤¥«¥®¬ã ª®¥ç-®¬ã § ç¥¨î l = 4b=3, £¤¥ b { à ááâ®ï¨¥ ®â§ ¤¥© ªà®¬ª¨ ¤® æ¥âà  âï¦¥áâ¨. �áâ ®¢«¥ë§ ¢¨á¨¬®áâ¨ á¬®ç¥®© ¤«¨ë, ã£«  å®¤  ¨ ®á ¤ª¨§ ¤¥© ªà®¬ª¨ ®â ç¨á«  �àã¤  ¤«ï ¯«®áª®© ¯« -áâ¨ë ¯à¨ à §«¨çëå ¯®«®¦¥¨ïå æ¥âà  âï¦¥á-
â¨. �«ï ¯à¥¤¥«ì® ¡®«ìè¨å ¨ ¯à¥¤¥«ì® ¬ «ëåç¨á¥« �àã¤  ¯®«ãç¥ë¥ à¥§ã«ìâ âë ¯® ¯®«®¦¥-¨î æ¥âà  ¤ ¢«¥¨ï á®®â¢¥âáâ¢ãîâ à¥§ã«ìâ â ¬�.�.�¥¤®¢  [6].1. � ª á¥¥¢ �.�. �áâ ®¢¨¢è¨¥áï ¤¢¨¦¥¨ï ¯« áâ¨-ë ¯® ¯®¢¥àå®áâ¨ ¢¥á®¬®© ¦¨¤ª®áâ¨ // �à¨ª« ¤ £i¤à®¬¥å iª .{ 2002.{ �®¬ 4 (76), N 2.{ �. 41-49.2. �äà¥¬®¢ �.�., � ª á¥¥¢ �.�. � ¬¥ç ¨ï ªáâ âì¥ "�áâ ®¢¨¢è¨¥áï ¤¢¨¦¥¨ï ¯« áâ¨ë ¯®¯®¢¥àå®áâ¨ ¢¥á®¬®© ¦¨¤ª®áâ¨" // �à¨ª« ¤ £i¤à®¬¥å iª .{ 2002.{ �®¬ 4 (76), N 4.{ �. 74-75.3. �¯à ¢®ç¨ª ¯® â¥®à¨¨ ª®à ¡«ï. �®¬ 3. �¯à ¢«ï¥-¬®áâì ¢®¤®¨§¬¥é îé¨å áã¤®¢. �̈ ¤à®¤¨ ¬¨ª  áã-¤®¢ á ¤¨ ¬¨ç¥áª¨¬¨ ¯à¨æ¨¯ ¬¨ ¯®¤¤¥à¦ ¨ï.{�.: �ã¤®áâà®¥¨¥, 1985.{ 544 á.4. �ª¥ �., �¬¤¥ �., �¥è �. �¯¥æ¨ «ìë¥ äãªæ¨¨.{�.: � ãª , 1977.{ 342 á.5. �®¬  �.�., � ª á¥¥¢ �.�. � áç¥â ä®à¬ë ª ¢¥àë§  áã¯¥àª ¢¨â¨àãîé¨¬ ªàë«®¬ ª®¥ç®£® à §¬ -å  // �¨ ¬¨ª  á¯«®è®© áà¥¤ë á ¥áâ æ¨® àë-¬¨ £à ¨æ ¬¨.{ �¥¡®ªá àë: �§¤-¢® �ã¢ è. ã-â .{1984.{ �. 103 - 109.6. �¥¤®¢ �.�. �«®áª¨¥ § ¤ ç¨ £¨¤à®¤¨ ¬¨ª¨ ¨ íà®¤¨ ¬¨ª¨.{ �.: � ãª , 1981.{ 448 á.
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