
ISSN 1561 -9087 �à¨ª« ¤  £÷¤à®¬¥å ÷ª . 1999. �®¬ 1 (73), N 3. �. 48 { 54��� 532.528��������� ������� ������������������������� ������ ��������� ������������. �. ����������, �. �. ������������ �áâ¨âãâ £¨¤à®¬¥å ¨ª¨ ��� �ªà ¨ë, �¨¥¢�� �¨¥¢áª¨© ¨áâ¨âãâ ¦¥«¥§®¤®à®¦®£® âà á¯®àâ �®«ãç¥® 24.02.99�®«ãç¥  á¨áâ¥¬  ¨â¥£à «ìëå ãà ¢¥¨© á« ¡®¢®§¬ãé¥®£® ®¡â¥ª ¨ï ª®«¥¡«îé¨åáï ¯à®ä¨«¥© áã¯¥àª ¢¨â¨àã-îé¨å ¨ ¢¥â¨«¨àã¥¬ëå ¯®¤¢®¤ëå ªàë«ì¥¢ ¢¡«¨§¨ á¢®¡®¤®© ¯®¢¥àå®áâ¨. �à¥¤«®¦¥ ¬¥â®¤ à áç¥â  § ¢¨á¨¬®áâ¨¤«¨ë ¥áâ æ¨® à®© ª ¢¥àë ®â ¢à¥¬¥¨ ¯ãâ¥¬ ç¨á«¥®£® à¥è¥¨ï ¥«¨¥©®£® ãà ¢¥¨ï ¡ « á  ¬ ááë £ § ¢ ª ¢¥à¥ (¨«¨ ãà ¢¥¨ï ¯®áâ®ïáâ¢  ¤ ¢«¥¨ï ¢ ª ¢¥à¥ ¤«ï ¯ à®¢ëå áã¯¥àª ¢¥à). �®ª § ®, çâ® ã¬¥ìè¥¨¥®âáâ®ï¨ï ®â á¢®¡®¤®© ¯®¢¥àå®áâ¨ ¯à¨¢®¤¨â ª ã¬¥ìè¥¨î ®â®á¨â¥«ìëå  ¬¯«¨âã¤ ª®«¥¡ ¨© ¤«¨ë ª ¢¥àë¨ ª®íä¨æ¨¥â®¢ £¨¤à®¤¨ ¬¨ç¥áª¨å á¨«. �ç¥â ª®«¥¡ ¨© ¤«¨ë ª ¢¥àë ¯à¨¢®¤¨â ª á£« ¦¨¢ ¨î  ¬¯«¨âã¤®-ç áâ®âëå å à ªâ¥à¨áâ¨ª á¨« ¯® áà ¢¥¨î á à áç¥â®¬ ¯à¨ ä¨ªá¨à®¢ ®© ¤«¨¥ ª ¢¥àë.�¤¥à¦   á¨áâ¥¬  ÷â¥£à «ì¨å à÷¢ïì á« ¡ª®§¡ãà¥®£® ®¡â÷ª ï ¯à®ä÷«¥© áã¯¥àª ¢÷âãîç¨å ÷ ¢¥â¨«ì®¢ ¨å ¯÷¤-¢®¤¨å ªà¨«, é® ª®«¨¢ îâìáï, ¯®¡«¨§ã ¢÷«ì®ù ¯®¢¥àå÷. � ¯à®¯®®¢ ¨© ¬¥â®¤ à®§à åãªã § «¥¦®áâ÷ ¤®¢¦¨¨¥áâ æ÷® à®ù ª ¢¥à¨ ¢÷¤ ç áã è«ïå®¬ ç¨á¥«ì®£® à÷è¥ï ¥«÷÷©®£® à÷¢ïï ¡ « áã ¬ á¨ £ §ã ¢ ª ¢¥à÷ ( ¡®à÷¢ïï áâ «®áâ÷ â¨áªã ¢ ª ¢¥à÷ ¤«ï ¯ à®¢¨å áã¯¥àª ¢¥à). �®ª § ®, é® §¬¥è¥ï ¢÷¤áâ ÷ ¢÷¤ ¢÷«ì®ù ¯®¢¥àå÷¢¥¤¥ ¤® §¬¥è¥ï ¢÷¤®á¨å  ¬¯«÷âã¤ ª®«¨¢ ì ¤®¢¦¨¨ ª ¢¥à¨ ÷ ª®¥ä÷æ÷¥â÷¢ £÷¤à®¤¨ ¬÷ç¨å á¨«. �à åã¢ ïª®«¨¢ ì ¤®¢¦¨¨ ª ¢¥à¨ ¢¥¤¥ ¤® §£« ¤¦ã¢ ï  ¬¯÷âã¤®-ç áâ®â¨å å à ªâ¥à¨áâ¨ª á¨« ¯®à÷¢ï® § à®§à åãª®¬¯à¨ ä÷ªá®¢ ÷© ¤®¢¦¨÷ ª ¢¥à¨.A system of integral equations for low-disturbed ow around two-dimensional supercavitating and ventilated oscillatinghydrofoils under a free surface is obtained. A method to calculate time dependence of the unsteady cavity length by meansof numerical solving the nonlinear equation of gas mass in the cavity balance (or the equation of the cavity pressure to beconstant for vapour supercavities) is proposed. It is shown that approach to a free surface results in decreasing relativeamplitudes of oscillations of the cavity length and hydrodynamic forces. Taking account of the variable cavity lengthresults in smoothing frequency responses of forces in comparison with calculation when the cavity length is constant.���������à¨ ¡®«ìè¨å áª®à®áâïå ¤¢¨¦¥¨ï áã¤®¢   ¯®¤-¢®¤ëå ªàë«ìïå à §¢¨¢ ¥âáï à¥¦¨¬ áã¯¥àª ¢¨â -æ¨®®£® ®¡â¥ª ¨ï ªàë« , ª®£¤  ¤«¨  ª ¢¥àël  ¬®£® ¯à¥¢ëè ¥â ¤«¨ã å®à¤ë ªàë«  b. �ã-¯¥àª ¢¨â¨àãîé¨¥ ¯®¤¢®¤ë¥ ªàë«ìï ®¡ëç® ï¢«ï-îâáï â®ª¨¬¨ ¨ á« ¡®¨§®£ãâë¬¨, çâ® ¯®§¢®«ï¥â¯à¨¬¥ïâì ¤«ï ¨å à áç¥â  «¨¥©ãî â¥®à¨î. �à ¬ª å «¨¥©®© â¥®à¨¨ ¡ë«® ¯®«ãç¥® ¡®«ìè®¥ª®«¨ç¥áâ¢® ç áâëå à¥§ã«ìâ â®¢ ¨ ¯à ªâ¨ç¥áª¨åà áç¥â®¢ áã¯¥àª ¢¨â¨àãîé¨å ¯®¤¢®¤ëå ªàë«ì¥¢¨ ¨å á¨áâ¥¬ (á¬. [1{3] ¨ ¤à.).�¥â¨«¨àã¥¬ë¥ ª ¢¥àë §  ¯®¤¢®¤ë¬¨ ªàë-«ìï¬¨ ¬®£ãâ ®¡à §®¢ë¢ âìáï ¯à¨ ¬¥ìè¨å áª®à®-áâïå ª ª ¥áâ¥áâ¢¥® { ¯ãâ¥¬ ¯®¤á®á   â¬®áä¥à-®£® ¢®§¤ãå , â ª ¨ ¨áªãááâ¢¥® { ¯ãâ¥¬ ¯®¤¤ã¢ ¢®§¤ãå  ¢ ª ¢¥àã [4]. �à¨ áâ æ¨® à®¬ ®¡â¥-ª ¨¨ ¨ ¡®«ìè¨å ç¨á« å �àã¤  à §¬¥àë ¨ ä®à¬ ¥áâ¥áâ¢¥®© ¨ ¢¥â¨«¨àã¥¬®© ª ¢¥à ¯à ªâ¨ç¥-áª¨ ®¤¨ ª®¢ë ¯à¨ à ¢ëå ç¨á« å ª ¢¨â æ¨¨� = 2(p1 � pc)�V 21 ; (1)£¤¥ p1 { ¤ ¢«¥¨¥ ¢ ¥¢®§¬ãé¥®¬ ¯®â®ª¥, pc {

¤ ¢«¥¨¥ ¢ ª ¢¥à¥.� §«¨ç¨¥ ¬¥¦¤ã ¥áâ¥áâ¢¥ë¬¨ (¯ à®¢ë¬¨) ¨£ §® ¯®«¥ë¬¨ áã¯¥àª ¢¥à ¬¨ ¯à®ï¢«ï¥âáï¯à¨ ¥áâ æ¨® à®¬ ®¡â¥ª ¨¨. � íâ®¬ á«ãç ¥¢ ¦ãî à®«ì ¨£à ¥â ¯ à ¬¥âà, å à ªâ¥à¨§ãîé¨©¢«¨ï¨¥ ã¯àã£®áâ¨ £ §  ¢ ª ¢¥à¥� = �v� � Eu� ; (2)£¤¥ �v { ¥áâ¥áâ¢¥®¥ (¯ à®¢®¥) ç¨á«® ª ¢¨â æ¨¨;Eu = 2p1=�V 21 { ç¨á«® �©«¥à . �áâ¥áâ¢¥®© áã-¯¥àª ¢¨â æ¨¨ á®®â¢¥âáâ¢ã¥â § ç¥¨¥ � = 1, ¤«ï¢¥â¨«¨àã¥¬ëå ª ¢¥à � > 1. � à ¬¥âà � ï¢«ï¥â-áï £« ¢ë¬ ¯ à ¬¥âà®¬ ¯®¤®¡¨ï ¯à¨ ¨áá«¥¤®¢ ¨¨ãáâ®©ç¨¢®áâ¨ ¨ ¤¨ ¬¨ç¥áª®£® ¯®¢¥¤¥¨ï £ §® -¯®«¥ëå ª ¢¥à [5,6].�àã¤®áâì à¥è¥¨ï ¥áâ æ¨® àëå § ¤ ç áã-¯¥àª ¢¨â æ¨®®£® ®¡â¥ª ¨ï ¯à¨ � 6= 0 á®áâ®-¨â ¢ â®¬, çâ® ®¡ëç ï ¯à®æ¥¤ãà  «¨¥ à¨§ æ¨¨®¡« áâ¨ â¥ç¥¨ï ¨ £à ¨çëå ãá«®¢¨© ¥ ¯à¨¢®-¤¨â ª «¨¥©®áâ¨ § ¤ ç¨ ¢ æ¥«®¬. �à¨ç¨®© ï¢«ï-¥âáï â®, çâ® ¨§¬¥¥¨¥ ¥¨§¢¥áâ®© ¤«¨ë ª ¢¥à-ë l(t) ¨¬¥¥â ¯®àï¤®ª ¥¤¨¨æë, ª®£¤  � � O(") ¨vy(x; t) � O("), £¤¥ " { ¬ «ë© ¯ à ¬¥âà, vy { ®à-¬ «ì ï áª®à®áâì   ªàë«¥.�§ íªá¯¥à¨¬¥â®¢ ¨§¢¥áâ®, çâ® ¯à¨ ¬ «ëå �48 c �. �. �¥¬¥¥ª®, �. �. �¥¬¥¥ª®, 1999



ISSN 1561 -9087 �à¨ª« ¤  £÷¤à®¬¥å ÷ª . 1999. �®¬ 1 (73), N 3. �. 48 { 54¯à®æ¥ááë ¢ å¢®áâ®¢®© ç áâ¨ áã¯¥àª ¢¥à á« ¡®¢«¨ïîâ   áã¬¬ àë¥ £¨¤à®¤¨ ¬¨ç¥áª¨¥ å à ª-â¥à¨áâ¨ª¨ áã¯¥àª ¢¨â¨àãîé¥£® ¯à®ä¨«ï. �  -è¨å à ¡®â å [7, 8] ¨á¯®«ì§®¢ «áï ¯à¨¡«¨¦¥ë©¯®¤å®¤, ¯à¨ ª®â®à®¬ ¤«¨  ª ¢¥àë áç¨â ¥âáï § -¤ ®©. � íâ®¬ á«ãç ¥ ¥áâ æ¨® à ï § ¤ ç áâ ®¢¨âáï «¨¥©®© ¢ æ¥«®¬.� ¤ ®© à ¡®â¥ ¯à¥¤« £ ¥âáï ãâ®ç¥ë©¬¥â®¤ à áç¥â  £¨¤à®¤¨ ¬¨ç¥áª¨å å à ªâ¥à¨-áâ¨ª ª®«¥¡«îé¥£®áï áã¯¥àª ¢¨â¨àãîé¥£® ¯à®ä¨-«ï. �¥à¥¬¥ ï ¤«¨  ª ¢¥àë l(t)  å®¤¨âáï ¢ ¯®-á«¥¤®¢ â¥«ìë¥ ¬®¬¥âë ¢à¥¬¥¨ t(m) = t(m�1) +4t ¯ãâ¥¬ ç¨á«¥®£® à¥è¥¨ï ¥«¨¥©®£® ãà ¢-¥¨ï ¡ « á  ¬ ááë £ §  ¢ ª ¢¥à¥. �  ª ¦¤®©¨â¥à æ¨¨ ç¨á«¥® à¥è ¥âáï «¨¥© ï § ¤ ç  ¯à¨ä¨ªá¨à®¢ ®¬ § ç¥¨¨ ¤«¨ë ª ¢¥àë l(m) =l(t(m)).�à¨¢®¤ïâáï à¥§ã«ìâ âë à áç¥â  ª®«¥¡ ¨© ¯à®-ä¨«ï á ¥áâ¥áâ¢¥®© áã¯¥àª ¢¥à®© ¢¡«¨§¨ á¢®¡®¤-®© ¯®¢¥àå®áâ¨ ¢®¤ë. �à¨ íâ®¬ ãà ¢¥¨¥ ¡ « -á  ¬ ááë £ §  ¢ ª ¢¥à¥ ¢ëà®¦¤ ¥âáï ¢ ãá«®¢¨¥¯®áâ®ïáâ¢  ç¨á«  ª ¢¨â æ¨¨.1. ���������� ������� áá¬®âà¨¬ áã¯¥àª ¢¨â¨àãîé¨© ¯à®ä¨«ì áå®à¤®© b, ¤¢¨¦ãé¥©áï £®à¨§®â «ì® á ¯®áâ®ï®©áª®à®áâìî V1   à ááâ®ï¨¨ h ®â áà¥¤¥£® ãà®¢ïá¢®¡®¤®© ¯®¢¥àå®áâ¨ ¢®¤ë (à¨á. 1). �¨¤ª®áâìáç¨â ¥âáï ¨¤¥ «ì®©, ¥á¦¨¬ ¥¬®© ¨ ¥¢¥á®¬®©.�à®ä¨«ì y = f(x; t) áç¨â ¥âáï â®ª¨¬ ¨ á« ¡®¨§®-£ãâë¬ (¯« áâ¨ª ), ç¨á«® ª ¢¨â æ¨¨ { ¬ «ë¬ ¤«ï«î¡®£® t:k f(x; t) k� O("); �(t) � O(");â ª çâ® ¬®¦® «¨¥ à¨§®¢ âì £à ¨çë¥ ãá«®¢¨ï¨ á¥áâ¨ ¨å   ®áì Ox. �  ¯à®ä¨«¥ áç¨â ¥âáï § -¤ ®© ®à¬ «ì ï áª®à®áâìvy(x; t) = ��+ �Re fv�y(x)ejktg; 0 < x < 1; (3)£¤¥ k = !b=V1 { ¯à¨¢¥¤¥ ï ç áâ®â  ª®«¥¡ -¨© (ç¨á«® �âàãå « ); ! { ªàã£®¢ ï ç áâ®â ;� � O(") { ã£®«  â ª¨ ¯« áâ¨ª¨; � � O(") { ¬¯«¨âã¤  ¥áâ æ¨® àëå ¢®§¬ãé¥¨©.�¤¥áì ¨ ¨¦¥ ¢á¥ ¢¥«¨ç¨ë áç¨â îâáï ¡¥§à §-¬¥àë¬¨ ¯® b ¨ V1. �¥«¨ç¨ë, ®â¬¥ç¥ë¥ § -ª®¬ �, ï¢«ïîâáï ª®¬¯«¥ªáë¬¨ ¯® j (ª®¬¯«¥ªáë¥ ¬¯«¨âã¤ë):�� = �1 + j�2; �� = �1 + j�2 ¨ â.¯.� ®ª®ç â¥«ìëå à¥§ã«ìâ â å á«¥¤ã¥â ¡à âì ¤¥©-áâ¢¨â¥«ìãî ç áâì.

�¨á. 1. �ã¯¥àª ¢¨â¨àãîé¨© ¯à®ä¨«ì ¢¡«¨§¨¢§¢®«®¢ ®© ¯®¢¥àå®áâ¨� ¥áâ æ¨® à®© â¥®à¨¨ ªàë«  âà ¤¨æ¨®®à áá¬ âà¨¢ îâáï âà¨ ®á®¢ëå â¨¯  ª®«¥¡ ¨© ¨¤¥ä®à¬ æ¨© â®ª®£® ¯à®ä¨«ï [9]:v�y(x) = �jk ¯®áâã¯ â¥«ìë¥ ª®«¥¡ ¨ï;v�y(x) = �(1 + jkx) ªàãâ¨«ìë¥ ª®«¥¡ ¨ï;v�y(x) = e�jkx ¢®«®®¡à §ë¥ ¤¥ä®à¬ æ¨¨.�®á«¥¤¥¥ ¢ëà ¦¥¨¥ ®¯¨áë¢ ¥â â ª¦¥ à á¯à¥¤¥-«¥¨¥ áª®à®áâ¨   ¯à®ä¨«¥ ¯à¨ ®¡â¥ª ¨¨ ®¤®-à®¤ë¬ ¯®â®ª®¬, ¥áãé¨¬ £ à¬®¨ç¥áª¨© ¯®àë¢¢¥àâ¨ª «ì®© áª®à®áâ¨.� ¤ ç  ® ¤¢¨¦¥¨¨ áã¯¥àª ¢¨â¨àãîé¥£® ¯à®ä¨-«ï ¢¡«¨§¨ ¢§¢®«®¢ ®© ¯®¢¥àå®áâ¨ ¢®¤ë â ª¦¥á¢®¤¨âáï ª § ¤ ç¥ ®¡ ®¡â¥ª ¨¨ ¯à®ä¨«ï ¯®â®ª®¬,¥áãé¨¬ £ à¬®¨ç¥áª¨© ¯®àë¢ [7]vy(x; t) = ��(k; h) cos k(t � x);�(k; h) = aV1rgkb e� khb ; k � 2� b�w ;£¤¥ �w � b { ¤«¨  ¢®«ë; a { ¯®«ã¢ëá®â  ¢®«ë(a � �w); c = pg�w=2� � V1 { áª®à®áâì ¢®«ë;k { ¯à¨¢¥¤¥ ï ç áâ®â  ¢áâà¥ç¨ ªàë«  á ¢®«®©.�§¬¥à¥¨ï ¯®ª §ë¢ îâ, çâ® ¯à¨ ¤¢¨¦¥¨¨ ¢¢®«®¢®¬ ¯®â®ª¥ ¨ ¯à¨ ª®«¥¡ ¨ïå ¯à®ä¨«ï ¤ ¢«¥-¨¥ ¢ ¨áªãááâ¢¥®© ª ¢¥à¥ ¯ã«ìá¨àãîâ á ¡¥§à §-¬¥à®© ç áâ®â®© k, ¨§¬¥ïïáì á¨åà®® ¯® ¢á¥©¤«¨¥ ª ¢¥àë [4, 10]. �«¥¤®¢ â¥«ì®, ç¨á«® ª ¢¨-â æ¨¨ ¬®¦® ¯à¥¤áâ ¢¨âì ¢ ¢¨¤¥ áã¬¬ë áà¥¤¥£®¨ ¢®§¬ãé¥®£® á« £ ¥¬ëå:�(t) = ��0 + �Re f�� ejktg; �0 � �� � O(1): (4)�ã¤¥¬ ®âëáª¨¢ âì ¯®â¥æ¨ « â¥ç¥¨ï ¢ ¢¨¤¥ áã¬-¬ë ª¢ §¨áâ æ¨® à®© ¨ ¥áâ æ¨® à® ¢®§¬ã-é¥®© á®áâ ¢«ïîé¨å:'(x; y; t) = �'0(x; y; l) + �Re f'�(x; y)ejktg: (5)�¢¥¤¥¬ £ à¬®¨ç¥áªãî äãªæ¨î { ¯®â¥æ¨ « ¢®§-¬ãé¥ëå ãáª®à¥¨© [2]��(x; y) = jk'� + @'�@x : (6)�. �. �¥¬¥¥ª®, �. �. �¥¬¥¥ª® 49



ISSN 1561 -9087 �à¨ª« ¤  £÷¤à®¬¥å ÷ª . 1999. �®¬ 1 (73), N 3. �. 48 { 54�®âà¥¡ã¥¬, çâ®¡ë   £à ¨æ å â¥ç¥¨ï ¢ë¯®«-ï«¨áì ª¨¥¬ â¨ç¥áª¨¥ ¨ ¤¨ ¬¨ç¥áª¨¥ ãá«®¢¨ï®â¤¥«ì® ¤«ï ª¢ §¨áâ æ¨® à®© ¨ ¢®§¬ãé¥®©á®áâ ¢«ïîé¨å à¥è¥¨ï'y0 = ��; '�y = xZ�1 ��y(s) ejk(s�x) ds = v�y(x); (7)0 < x < 1; y = �0;'y0 = dF0dx ; xZ�1 ��y(s) ejk(s�x) ds = jkF � + dF �dx ;(8)1 < x < l(t); y = �0 ¨ 0 < x < l(t); y = +0;'x0 = �0=2; �� = ��=2; (9)1 < x < l(t); y = �0 ¨ 0 < x < l(t); y = +0;'x0 = �� = 0; �1 < x <1; y = h: (10)�¤¥áì y = �F0(x) + �Re fF �(x)ejktg { ä®à¬  ¥-áâ æ¨® à®© ª ¢¥àë.� ¬¥â¨¬, çâ® ¯à¥¤áâ ¢«¥¨¥ à¥è¥¨¥ ¢ ¢¨¤¥ (5)¨ à §¤¥«¥¨¥ § ¤ ç¨   ª¢ §¨áâ æ¨® àãî ¨ ¢®§-¬ãé¥ãî ç áâ¨ ¯à¨ l 6= const ï¢«ï¥âáï ¯à¨¡«¨-¦¥ë¬. �¥©áâ¢¨â¥«ì®, ¢ íâ®¬ á«ãç ¥ äãªæ¨¨'0, '�, �� ¡ã¤ãâ § ¢¨á¥âì ®â ¯¥à¥¬¥®© ¤«¨ëª ¢¥àë l(t),   á«¥¤®¢ â¥«ì® ®â ¢à¥¬¥¨. �¤ ª®¤«ï ¤®áâ â®ç® ¤«¨ëå ª ¢¥à íâ  § ¢¨á¨¬®áâì¡ã¤¥â á« ¡®©. �®¦® ¯®ª § âì, çâ® ¯à¥¤«®¦¥ë©¯®¤å®¤ à ¢®á¨«¥ ¯à¥¥¡à¥¦¥¨î ¢ á®®â®è¥¨¨(6) ¨ ¢ £à ¨çëå ãá«®¢¨ïå ç«¥ ¬¨ ¢¨¤ @'@l l0(t):�®«ì§ãïáì â®çë¬ à¥è¥¨¥¬ ¤«ï áã¯¥àª ¢¨â¨àã-îé¥© ¯« áâ¨ª¨ [2], ¢ ª¢ §¨áâ æ¨® à®¬ á«ãç ¥¯®«ãç ¥¬ ®æ¥ª¨d�dt � � �lpl l0(t); dcydt � �38 ��l2 l0(t); l � 1;â.¥. ¢ª« ¤ íâ¨å ç«¥®¢ ¡ëáâà® ã¬¥ìè ¥âáï ¯à¨ã¢¥«¨ç¥¨¨ l. �â® á¯à ¢¥¤«¨¢® ¨ ¤«ï à á¯à¥¤¥«¥-ëå å à ªâ¥à¨áâ¨ª (x; t), q(x; t).2. ������� ������������ ������-����«ï à¥è¥¨ï ªà ¥¢®© § ¤ ç¨ (7){(10) ¢®á¯®«ì§ã-¥¬áï ¬¥â®¤®¬ ¨â¥£à «ìëå ãà ¢¥¨© (¬¥â®¤®¬®á®¡¥®áâ¥©) [2].

�à ¥¢ë¥ ãá«®¢¨ï (7){(9) ¯®ª §ë¢ îâ, çâ® áª®-à®áâì 'x0 ¨ ¯®â¥æ¨ « ãáª®à¥¨© �� â¥à¯ïâ à §-àë¢ ¯à¨ ¯¥à¥å®¤¥ ç¥à¥§ ¯à®¥ªæ¨î ¯à®ä¨«ï,   áª®-à®áâì 'y0 ¨ ¯à®¨§¢®¤ ï ��y { ¯à¨ ¯¥à¥å®¤¥ ç¥à¥§¯à®¥ªæ¨î ª ¢¥àë   ®áì Ox. � ª¨¬¨ á¢®©áâ¢ ¬¨®¡« ¤ îâ ¯à®áâ®© ¨ ¤¢®©®© á«®¨ [11], â.¥. á«®¨à á¯à¥¤¥«¥ëå ¯® ®âà¥§ª ¬ ®á¨ Ox ¢¨åà¥© ¨ ¨á-â®ç¨ª®¢. �â¥á¨¢®áâ¨ à á¯à¥¤¥«¥ëå ¢¨åà¥©¨ ¨áâ®ç¨ª®¢ ¡ã¤ãâ à ¢ë á®®â¢¥âáâ¢¥®(x; t) = �0(x) + �Re f�(x) ejktg;q(x; t) = �q0(x) + �Re fq�(x)ejktg;0(x) = ['x0](x); �(x) = [��](x);q0(x) = ['y0](x); q�(x) = xZ�1 [��y](s) ejk(s�x) ds:�¤¥áì ª¢ ¤à âë¥ áª®¡ª¨ ®¡®§ ç îâ áª ç®ª ¢¥«¨-ç¨ë ¯à¨ ¯¥à¥å®¤¥ ç¥à¥§ ®áì Ox.�á¯®«ì§ãï ¨§¢¥áâë© ¬¥â®¤ ®â®¡à ¦¥¨ï ®á®-¡¥®áâ¥© ®â á¢®¡®¤®© £à ¨æë [2], § ¯¨è¥¬ à¥-è¥¨¥ § ¤ ç¨ ¤«ï ¥áâ æ¨® àëå ¢®§¬ãé¥¨© ¢¢¨¤¥��(x; y) = 12� 1Z0 �(s) � y(x � s)2 + y2+ (11)+ y � 2h(x� s)2 + (y � 2h)2 � ds+ lZ0 q�(s)�� x� s(x� s)2 + y2 � x� s(x� s)2 + (y � 2h)2++jk lns (x� s)2 + y2(x� s)2 + (y � 2h)2# ds:�ëç¨á«ïï § ç¥¨ï ��(x; y) ¨ ��y(x; y) ¯à¨ y ! �0[2,8] ¨ ¯®¤áâ ¢«ïï ¨å ¢ ªà ¥¢ë¥ ãá«®¢¨ï (7), (9), ¯®-«ãç¨¬ á¨áâ¥¬ã á¨£ã«ïàëå ¨â¥£à «ìëå ãà ¢-¥¨© ®â®á¨â¥«ì® ¥¨§¢¥áâëå ¨â¥á¨¢®áâ¥©�(x) ¨ q�(x):q�(x) + 1� lZ0 q�(s)L1(x� s) ds+ 1� 1Z0 �(s)� (12)�24L2(x � s) � jke�jkx xZ�1 ejk�L2(� � s) d�35 ds == �2v�y(x);50 �. �. �¥¬¥¥ª®, �. �. �¥¬¥¥ª®



ISSN 1561 -9087 �à¨ª« ¤  £÷¤à®¬¥å ÷ª . 1999. �®¬ 1 (73), N 3. �. 48 { 54H(1� x)24�(x)� 1� 1Z0 �(s)L1(x� s) ds35+ (13)+ 1� lZ0 q�(s) [L3(x� s) + jkL4(x� s)] ds = ��:£¤¥ L1(x� s) = 2h(x� s)2 + 4h2 ;L2(x� s) = 1x� s + x� s(x� s)2 + 4h2 ;L3(x� s) = 1x� s � x� s(x� s)2 + 4h2 ;L4(x� s) = ln jx� sjp(x� s)2 + 4h2 ;H(x) = 0 ¯à¨ x < 0, H(x) = 1 ¯à¨ x � 0. �ãâà¥-¨© ¨â¥£à « ¢ (12) ¢ëà ¦ ¥âáï ç¥à¥§ ¨â¥£à «ì-ãî ¯®ª § â¥«ìãî äãæ¨î.�®« £ ï ¢ ãà ¢¥¨ïå (12), (13) k = 0, ¯®«ãç¨¬ãà ¢¥¨ï ¤«ï  å®¦¤¥¨ï ª¢ §¨áâ æ¨® à®© ç -áâ¨ à¥è¥¨ï 0(x), q0(x).�®áª®«ìªã ¤«¨  ª ¢¥àë l(t) ¨ ç¨á«® ª ¢¨â æ¨¨�(t) ¢ ®¡é¥¬ á«ãç ¥ â ª¦¥ ¥¨§¢¥áâë ¨ ï¢«ïîâáï§ ¢¨á¨¬ë¬¨ ¯ à ¬¥âà ¬¨, ª ãà ¢¥¨ï¬ (12), (13)á«¥¤ã¥â ¤®¡ ¢¨âì ¤¢  á®®â®è¥¨ï:1) ãá«®¢¨¥ à §à¥è¨¬®áâ¨ ¢¥è¥© ªà ¥¢®© § ¤ -ç¨ �¥©¬   ¤«ï ¯®â¥æ¨ «  áª®à®áâ¥© [8, 11], ®â-ªã¤  á«¥¤ãîâ ãà ¢¥¨ïl(t)Z0 q0(s) ds = 0; l(t)Z0 q�(s) ds = 0; (14)2) ãà ¢¥¨¥ ¡ « á  ¬ ááë £ §  ¢ ª ¢¥à¥ ¯à¨¥£® ¨§®â¥à¬¨ç¥áª®¬ à áè¨à¥¨¨ [5]ddt h(� � �(t))Q(t)i = � h _Qin � _Qout(t)i; (15)£¤¥ � = �(t)=�0; Q(t) { ®¡ê¥¬ ª ¢¥àë;_Qin; _Qout(t) { ®¡ê¥¬ë¥ à áå®¤ë ¯®¤¤ã¢  ¢®§¤ã-å  ¢ ª ¢¥àã ¨ ã®á  ¨§ ª ¢¥àë.�á«®¢¨ï (14) ®¡¥á¯¥ç¨¢ îâ ®£à ¨ç¥®áâì à¥-è¥¨ï (11) ¢ ¯à¥¤¥«ì®¬ á«ãç ¥ ¡¥§£à ¨ç®£® ¯®-â®ª  h!1. � ç áâ®¬ á«ãç ¥ áâ æ¨® à®£® ®¡-â¥ª ¨ï ãà ¢¥¨¥ (14) ï¢«ï¥âáï ãá«®¢¨¥¬ § ¬ªã-â®áâ¨ ª ¢¥àë. � ¥áâ æ¨® à®¬ á«ãç ¥ ª ¢¥à ï¢«ï¥âáï ¥§ ¬ªãâ®©.�§ £à ¨ç®£® ãá«®¢¨ï (8) á«¥¤ã¥â ¢ëà ¦¥¨¥¤«ï â®«é¨ë ¥áâ æ¨® à®© ª ¢¥àë�(x; t) = [F ](x; t) = � xZ0 q0(s) ds + (16)

�¨á. 2. �¬¯«¨âã¤ë ª®«¥¡ ¨© cy ¨ � ¯à¨ l = 5:0:- - - { j�j=�, |{ { jcyj=�1 { £ à¬®¨ç¥áª¨© ¯®àë¢, 2 { ¯®áâã¯ â¥«ìë¥ ª®«¥¡ ¨ï,3 { ªàãâ¨«ìë¥ ª®«¥¡ ¨ï+ �Re 8<:ejk(t�x) xZ0 q�(s) ejks ds9=; ; 0 < x < l(t)�®íää¨æ¨¥âë ¯®¤ê¥¬®© á¨«ë ¨ ¬®¬¥â , ¤¥©-áâ¢ãîé¨å   ¯à®ä¨«ì, à ¢ëcy(t) = 2� 1Z0 0(s) ds + 2�Re 8<:ejkt 1Z0 �(s) ds9=; ;(17)ám(t) = 2� 1Z0 0(s)s ds+2�Re 8<:ejkt 1Z0 �(s)s ds9=; :3. ����� ��������¨áâ¥¬  ãà ¢¥¨© (12){(15) ï¢«ï¥âáï ¥«¨¥©-®©, ¥á«¨ ¤«¨ã ª ¢¥àë l(t) áç¨â âì ¥¨§¢¥áâ®©äãªæ¨¥© ¢à¥¬¥¨. �¥ ¯àï¬®© ç¨á«¥ë© à áç¥â¢ íâ®¬ á«ãç ¥ ¢¥áì¬  § âàã¤¨â¥«¥.�ë ¯à¥¤«®¦¨«¨ à áá¬ âà¨¢ âì ¤«¨ã ª ¢¥àël(t) ª ª á¢®¡®¤ë© ¯ à ¬¥âà, § ¢¨áïé¨© ®â ¢à¥-¬¥¨, ¨ ®¯à¥¤¥«ïâì ¥£® ¢ ¯®á«¥¤®¢ â¥«ìë¥ ¬®¬¥-âë ¢à¥¬¥¨ t(m) = t(m�1) +4t ¯ãâ¥¬ ç¨á«¥®£®à¥è¥¨ï ãà ¢¥¨ï (15). �à¨ íâ®¬ ®¡ê¥¬ ¥áâ -æ¨® à®© ª ¢¥àë Q(t(m)) ¢ëç¨á«ï¥âáï ¨â¥£à¨-à®¢ ¨¥¬ ¢ëà ¦¥¨ï (16). �  ª ¦¤®© ¨â¥à æ¨¨ª¢ §¨áâ æ¨® à ï ¨ ¥áâ æ¨® à ï ç áâì à¥è¥-¨ï à ácç¨âë¢ îâáï ¯à¨ ä¨ªá¨à®¢ ®¬ § ç¥¨¨l(t(m)) ¨§ «¨¥©®© á¨áâ¥¬ë ãà ¢¥¨© (12){(14)¬¥â®¤®¬ ¤¨áªà¥âëå ®á®¡¥®áâ¥© [2].�¨á«¥ë© ¬¥â®¤ ¤¨áªà¥âëå ®á®¡¥®áâ¥© á®-áâ®¨â ¢  ¯¯à®ªá¨¬ æ¨¨ ¨â¥£à «ìëå ãà ¢¥¨©�. �. �¥¬¥¥ª®, �. �. �¥¬¥¥ª® 51
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  ¡�¨á. 3. �«¨ï¨¥ £«ã¡¨ë ¯®£àã¦¥¨ï h   j�j ( ) ¨ jcyj (¡): l = 5:0; £ à¬®¨ç¥áª¨© ¯®àë¢á¨áâ¥¬®© «¨¥©ëå  «£¥¡à ¨ç¥áª¨å ãà ¢¥¨© ¯ã-â¥¬ § ¬¥ë ¥¯à¥àë¢®£® à á¯à¥¤¥«¥¨ï ¢¨åà¥©¨ ¨áâ®ç¨ª®¢ ¯® ®âà¥§ª ¬ ®á¨ Ox ¤¨áªà¥âë¬ ¨¯à¨¬¥¥¨ï ª¢ ¤à âãàëå ä®à¬ã«. �«ï ã«ãçè¥-¨ï áå®¤¨¬®áâ¨ ¬¥â®¤  ¢ ¨â¥£à « å ãà ¢¥¨©¤¥« ¥âáï § ¬¥  ¯¥à¥¬¥ëå x ! x2, s ! s2[2]. �à®¥ªæ¨¨ ¯à®ä¨«ï ¨ ª ¢¥àë à §¡¨¢ îâáï  Mpl0 ®¤¨ ª®¢ëå ®âà¥§ª®¢. �  ª ¦¤®¬ ®âà¥§ª¥à á¯®« £ ¥âáï â®ç¥ç ï ®á®¡¥®áâì ¨ â®çª , ¢ ª®-â®àëå ã¤®¢«¥â¢®àïîâáï £à ¨çë¥ ãá«®¢¨ï. � à¥-§ã«ìâ â¥ ¯®á«¥ à §¤¥«¥¨ï ¤¥©áâ¢¨â¥«ì®© ¨ ¬¨-¬®© ç áâ¥© ¯®«ãç ¥¬ á¨áâ¥¬ã 4M+2M (pl0�1)+2«¨¥©ëå  «£¥¡à ¨ç¥áª¨å ãà ¢¥¨©.�áá«¥¤®¢ ¨¥ â®ç®áâ¨ ¬¥â®¤  ¯à¨¬¥¨â¥«ì®ª ¤ ®© § ¤ ç¥ ¯®ª § «®, çâ® ¯à¨ ä¨ªá¨à®¢ -®¬ ç¨á«¥ ®á®¡¥®áâ¥©   ¯à®ä¨«¥ M ¯®£à¥è-®áâì ¬®®â®® ã¢¥«¨ç¨¢ ¥âáï á à®áâ®¬ ¤«¨ëª ¢¥àë l0 ¨ ¯à¨¢¥¤¥®© ç áâ®âë k (ª ª áâ¥¯¥- ï äãªæ¨ï ®â k). �«ï ¯à ªâ¨ç¥áª¨ ¢ ¦ëå § -ç¥¨© ç áâ®âë k < 2 ¨ M � 20 ¯®£à¥è®áâì ¬¥-â®¤  ¥ ¯à¥¢ëè ¥â 2%.�â¬¥â¨¬, çâ® ¤àã£®© ¢ à¨ â ¬¥â®¤  ®á®¡¥®-áâ¥© ¯à¨¬¥ï«áï ¤«ï à áç¥â  ®¡â¥ª ¨ï ª®«¥¡«î-é¨åáï áã¯¥àª ¢¨â¨àãîé¨å ¯à®ä¨«¥© ¢ [10]. �à¥-¨¬ãé¥áâ¢®¬ ¬¥â®¤  ®á®¡¥®áâ¥© ï¢«ï¥âáï â®,çâ® ® «¥£ª® à á¯à®áâà ï¥âáï   á«ãç © á¨áâ¥¬¯®¤¢®¤ëå ªàë«ì¥¢,   â ª¦¥ ¯à¨¬¥¨¬ ª à áç¥âãªàë«ì¥¢ ª®¥ç®£® à §¬ å .�  à¨á. 2 ¯à¨¢¥¤¥ë  ¬¯«¨âã¤®-ç áâ®âë¥ å -à ªâ¥à¨áâ¨ª¨ ç¨á«  ª ¢¨â æ¨¨ � (èâà¨å®¢ë¥ «¨-¨¨) ¨ ª®íää¨æ¨¥â  ¯®¤ê¥¬®© á¨«ë cy (á¯«®è-ë¥ «¨¨¨)j�j(k) =q�21 + �22; jcyj(k) =qc2y1 + c2y2¤«ï âà¥å â¨¯®¢ ª®«¥¡ ¨© ¯à®ä¨«ï, ¢ëç¨á«¥ë¥¯à¨ ä¨ªá¨à®¢ ®¬ § ç¥¨¨ ¤«¨ë ª ¢¥àë l =

5:0 ¤«ï á«ãç ï ¡¥§£à ¨ç®£® ¯®â®ª  h =1. �¨¤-®, çâ® § ¢¨á¨¬®áâ¨ j�j(k) ¨¬¥îâ ïàª® ¢ëà ¦¥-ë© à¥§® áë© å à ªâ¥à, ª®â®àë© ¯à®ï¢«ï¥â-áï â ª¦¥ ¢ ¯®¢¥¤¥¨¨ äãªæ¨© jcyj(k), ® ¢ § ç¨-â¥«ì® ¬¥ìè¥© áâ¥¯¥¨.�  à¨á. 3 , ,¡ ¯®ª § ® ¢«¨ï¨¥ £«ã¡¨ë ¯®-£àã¦¥¨ï ¯à®ä¨«ï h    ¬¯«¨âã¤®-ç áâ®âë¥ å -à ªâ¥à¨áâ¨ª¨ j�j(k) ¨ jcyj(k) ¤«ï á«ãç ï ®¡â¥ª ¨ï¯®â®ª®¬, ¥áãé¨¬ £ à¬®¨ç¥áª¨© ¯®àë¢. �¨¤®,çâ® à á¯®«®¦¥¨¥ ¬¨¨¬ã¬®¢ ¨ ¬ ªá¨¬ã¬®¢ äãª-æ¨© j�j(k), jcyj(k) ¯à ªâ¨ç¥áª¨ ¥ § ¢¨áïâ ®â h.�¬¥ìè¥¨¥ £«ã¡¨ë h ¯à¨¢®¤¨â ª ã¬¥ìè¥¨î ¬¯«¨âã¤ë ª®«¥¡ ¨© �,   â ª¦¥ cy ¯à¨ ¤®áâ â®ç-® ¡®«ìè¨å § ç¥¨ïå ç áâ âë k.4. ��������� ������� ����������-��� ��������������¥§® áë© å à ªâ¥à § ¢¨á¨¬®áâ¨ j�j(k), ¯®-«ãç¥ë© ¢ à áç¥â å ¯à¨ l = const ¤«ï ¢á¥åâà¥å â¨¯®¢ ª®«¥¡ ¨© ¯à®ä¨«ï, ¨¬¥¥â ä¨§¨ç¥áª¨©á¬ëá« â®«ìª® ¤«ï £ §® ¯®«¥ëå ª ¢¥à [5, 6].�à¨ ¥áâ¥áâ¢¥®© áã¯¥àª ¢¨â æ¨¨ (� = 1) ¤ ¢«¥-¨¥ ¢ ª ¢¥à¥ ¤®«¦® ®áâ ¢ âìáï ¯®áâ®ïë¬,  ¤«¨  ª ¢¥àë l { ¡ëâì äãªæ¨¥© ¢à¥¬¥¨. � íâ®¬á«ãç ¥ ãà ¢¥¨¥ (15) ¢ëà®¦¤ ¥âáï ¢ ãá«®¢¨¥ ¯®-áâ®ïáâ¢  ¤ ¢«¥¨ï ¢ ª ¢¥à¥�0(l) + �h�1(l) cos kt� �2(l) sin kti = �0(l0); (18)£¤¥ � = �=� � O(1) { ®â®á¨â¥«ì ï  ¬¯«¨âã¤ ¥áâ æ¨® àëå ¢®§¬ãé¥¨©, l0 { ¤«¨  áâ æ¨®- à®© ª ¢¥àë ¯à¨ � = 0.�à ¢¥¨¥ (18) à¥è «®áì ç¨á«¥® ¢ ¯®á«¥¤®¢ -â¥«ìë¥ ¬®¬¥âë ¢à¥¬¥¨ t(m) = t(m�1) +4t ¬¥-â®¤®¬ ¤¥«¥¨ï ¨â¥à¢ «®¢ ¯®¯®« ¬ á ¯ à ¡®«¨ç¥-52 �. �. �¥¬¥¥ª®, �. �. �¥¬¥¥ª®
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  ¡�¨á. 4. �«¨ï¨¥  ¬¯«¨âã¤ë ( ) ¨ ç áâ®âë (¡) ª®«¥¡ ¨©   l(t): h =1, l0 = 5:0; £ à¬®¨ç¥áª¨© ¯®àë¢  { k = 1:6, ¡ { � = 0:2

�¨á. 5. � §¬ å ª®«¥¡ ¨© l(t) ¢ § ¢¨á¨¬®áâ¨ ®âç áâ®âë: h =1, l0 = 5:0, � = 0:2;£ à¬®¨ç¥áª¨© ¯®àë¢áª®© ¨â¥à¯®«ïæ¨¥©. �  i-®© ¨â¥à æ¨¨ ª¢ §¨áâ -æ¨® à ï ¨ ¢®§¬ãé¥ ï á®áâ ¢«ïîé¨¥ ç¨á«  ª -¢¨â æ¨¨ à ááç¨âë¢ «¨áì ¯à¨ ä¨ªá¨à®¢ ®¬ § -ç¥¨¨ l(m)i ¨§ á¨áâ¥¬ë ãà ¢¥¨© (12){(14).�  à¨á. 4 ,  ¯à¨¢¥¤¥ë à ááç¨â ë¥ ¤«ï ®¤®£®¯¥à¨®¤  ª®«¥¡ ¨© £à ä¨ª¨ § ¢¨á¨¬®áâ¨ l(t) ¯à¨à §«¨çëå § ç¥¨ïå ®â®á¨â¥«ì®©  ¬¯«¨âã¤ë¢ëã¦¤ îé¨å ª®«¥¡ ¨© �. � ç¥¨¥ k = 1:6 á®-®â¢¥âáâ¢ã¥â ¯¥à¢®¬ã ¬ ªá¨¬ã¬ã äãªæ¨¨ j�j(k)(á¬. à¨á. 3 , a). � ª ¢¨¤®, ª®«¥¡ ¨ï ¤«¨ë ª -¢¥àë ¯à¨ ã¢¥«¨ç¥¨¨ � ¢á¥ ¡®«ìè¥ ®â«¨ç îâáï®â á¨ãá®¨¤ «ìëå ¨ ¯à¨ ¯à¥¢ëè¥¨¨ ¥ª®â®à®£®§ ç¥¨ï � áâ ®¢ïâáï à §àë¢ë¬¨.�  à¨á. 4 ,¡ ¯®ª §   âà áä®à¬ æ¨ï £à ä¨ª äãªæ¨¨ l(t) ¯à¨ ¢®§à áâ ¨¨ ç áâ®âë k. �¨¤®,çâ® ¯à¨ ¯¥à¥å®¤¥ § ç¥¨ï k � 1:0, á®®â¢¥âáâ¢ã-îé¥£® ¬¨¨¬ã¬ã äãªæ¨¨ j�j(k) (á¬. à¨á. 3 ,  ),¯à®¨áå®¤¨â áª ç®ª á¤¢¨£  ä §ë ª®«¥¡ ¨© ¤«¨ëª ¢¥àë ®â®á¨â¥«ì® ¢ëã¦¤ îé¨å ª®«¥¡ ¨©.
�¨á. 6. �¬¯«¨âã¤ë ª®«¥¡ ¨© cy ¨ �:- - - { l = const, |{ { l = l(t).1 { £ à¬®¨ç¥áª¨© ¯®àë¢, l0 = 5:0,2 { ¯®áâã¯ â¥«ìë¥ ª®«¥¡ ¨ï, l0 = 4:0�  à¨á. 5 ¯à¨¢¥¤¥ë £à ä¨ª¨  ¨¡®«ìè¨å(á¯«®è ï «¨¨ï) ¨  ¨¬¥ìè¨å (èâà¨å®¢ ï «¨-¨ï) § ç¥¨© ¯¥à¨®¤¨ç¥áª®© äãªæ¨¨ l(t) ¢ § -¢¨á¨¬®áâ¨ ®â ¯à¨¢¥¤¥®© ç áâ®âë k. � áç¥âë¯®ª § «¨, çâ® à §¬ å ª®«¥¡ ¨© l(t) ¨¬¥¥â ¬ ªá¨-¬ã¬ë   à¥§® áëå ç áâ®â å à¨á. 3 , .�  à¨á. 6 ¤ ® áà ¢¥¨¥  ¬¯«¨âã¤®-ç áâ®â-ëå å à ªâ¥à¨áâ¨ª cy, ¢ëç¨á«¥ëå ¯à¨ l = const(èâà¨å®¢ë¥ «¨¨¨) ¨ á ãç¥â®¬ § ¢¨á¨¬®áâ¨ l(t)(á¯«®èë¥ «¨¨¨). � ª ¢¨¤®, ãç¥â ¯¥à¥¬¥-®áâ¨ ¤«¨ë ª ¢¥àë ¯à¨¢®¤¨â ª á£« ¦¨¢ ¨ï ¬¯«¨âã¤®-ç áâ®â®© å à ªâ¥à¨áâ¨ª¨ cy. �â®á¯à ¢¥¤«¨¢® â ª¦¥ ¤«ï ª®íää¨æ¨¥â  ¬®¬¥â  cm.�  à¨á. 7 , , ¡ ¯®ª § ® ¢«¨ï¨¥ £«ã¡¨ë ¯®£àã-¦¥¨ï h   l(t) ¨ cy(t). � ª ¢¨¤®, à §¬ å ª®«¥¡ -¨© ª ª l(t), â ª ¨ cy(t) ã¬¥ìè ¥âáï á ã¬¥ìè¥-¨¥¬ h.�®«ãç¥ ï ä®à¬  ª®«¥¡ ¨© ¤«¨ë ¥áâ æ¨®- à®© ª ¢¥àë ª ç¥áâ¢¥® á®®â¢¥âáâ¢ã¥â ¨¬¥-�. �. �¥¬¥¥ª®, �. �. �¥¬¥¥ª® 53
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  ¡�¨á. 7. �«¨ï¨¥ £«ã¡¨ë ¯®£àã¦¥¨ï   l(t) ¨ cy(t): l0 = 5:0, k = 1:6, � = 0:2; £ à¬®¨ç¥áª¨© ¯®àë¢îé¨¬áï íªá¯¥à¨¬¥â «ìë¬ ¤ ë¬ [10],   â ª¦¥à¥§ã«ìâ â ¬ à áç¥â®¢ ¥áâ æ¨® àëå ®á¥á¨¬¬¥-âà¨çëå áã¯¥àª ¢¥à [6].� ®â«¨ç¨¥ ®â l(t), äãªæ¨¨ cy(t), cm(t) (17) ®áâ -îâáï ¯à ªâ¨ç¥áª¨ á¨ãá®¨¤ «ìë¬¨ ¯à¨ «î¡ëå§ ç¥¨ïå �, k, ¯à¨ç¥¬ ¨å  ¬¯«¨âã¤  ¨§¬¥ï¥âáïá« ¡® ¯® áà ¢¥¨î á à áç¥â®¬ ¯à¨ l = const.�à ¢¥¨¥ á à¥§ã«ìâ â ¬¨ â¥®à¨¨ ãáâ®©ç¨¢®-áâ¨ £ §® ¯®«¥ëå ª ¢¥à [5] ¯®ª §ë¢ ¥â, çâ®¯®«ãç¥ë¥ ¢ ¤ ëå à áç¥â å à¥§® áë¥ ç -áâ®âë ¡«¨§ª¨ ª á®¡áâ¢¥ë¬ ç áâ®â ¬ ª ¢¥à.�®¦® áª § âì, çâ® ¢ á«ãç ¥ ¥áâ¥áâ¢¥ëå ¯ -à®¢ëå áã¯¥àª ¢¥à á®¡áâ¢¥ë¥ ç áâ®âë ¯à®ï¢«ï-îâáï ¢ ¢®§à áâ ¨¨ à §¬ å  ª®«¥¡ ¨© ¤«¨ë ª -¢¥àë ¯à¨ ¢ëã¦¤¥ëå ª®«¥¡ ¨ïå.�����������à¥¤«®¦¥ ®¢ë© ¬¥â®¤ à áç¥â  ¯¥à¥¬¥®©¤«¨ë ¯«®áª¨å ¥áâ æ¨® àëå áã¯¥àª ¢¥à § ª®«¥¡«îé¨¬¨áï ¯à®ä¨«ï¬¨ ¯ãâ¥¬ ç¨á«¥®£® à¥-è¥¨ï ãà ¢¥¨ï ¡ « á  ¬ ááë £ §  ¢ ª ¢¥à¥.�à¨ íâ®¬   ª ¦¤®© ¨â¥à æ¨¨ à¥è ¥âáï ç¨á«¥®á¨áâ¥¬  «¨¥©ëå ¨â¥£à «ìëå ãà ¢¥¨© ¯à¨ä¨ªá¨à®¢ ®¬ § ç¥¨¨ ¤«¨ë ª ¢¥àë.�à¨¢¥¤¥ë à¥§ã«ìâ âë à áç¥â  £ à¬®¨ç¥áª¨åª®«¥¡ ¨© ¯à®ä¨«ï á ¥áâ¥áâ¢¥®© ¯ à®¢®© áã¯¥à-ª ¢¥à®© ¢¡«¨§¨ á¢®¡®¤®© ¯®¢¥àå®áâ¨ ¢®¤ë. �íâ®¬ á«ãç ¥ ãà ¢¥¨¥ ¡ « á  ¬ ááë £ §  ¢ ª -¢¥à¥ ¢ëà®¦¤ ¥âáï ¢ ãá«®¢¨¥ ¯®áâ®ïáâ¢  ç¨á« ª ¢¨â æ¨¨.�®ª § ®, çâ® ã¬¥ìè¥¨¥ ®âáâ®ï¨ï áã¯¥àª -¢¨â¨àãîé¥£® ¯à®ä¨«ï ®â á¢®¡®¤®© ¯®¢¥àå®áâ¨¯à¨¢®¤¨â ª ã¬¥ìè¥¨î ®â®á¨â¥«ìëå  ¬¯«¨âã¤ª®«¥¡ ¨© ¤«¨ë ª ¢¥àë ¨ ª®íä¨æ¨¥â®¢ £¨¤à®-¤¨ ¬¨ç¥áª¨å á¨«.
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