
ISSN 1561- 9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 2001. �®¬ 3 (75), N 3. �. 53 { 69��� 629.5.017.21���I�I��I ��������� ������� �I�, ����������� �������I� �������I�. �. �����������ªà ù­áìª¨© ¤¥à¦ ¢­¨© ¬®àáìª¨© â¥å­iç­¨© ã­i¢¥àá¨â¥â, �¨ª®« ù¢�âà¨¬ ­® 15.10.2000 � �¥à¥£«ï­ãâ® 25.06.2001�âà¨¬ ­i ­¥«i­i©­i ài¢­ï­­ï ª®«¨¢ ­ì ¤«ï â¢¥à¤¨å âi«, ¯« ¢ îç¨å ­  ¯®¢¥àå­i ¢ ¦ª®ù ài¤¨­¨ i, §®ªà¥¬ , ¤«ï 1) âà¨-¢¨¬ià­¨å ¡ £ â®¥«¥¬¥­â­¨å âi« â¨¯ã áã¤¥­ § ¬ «®î ¯«®é¨­®î ¢ â¥à«i­iù (����) â  2) ®¤­®¥«¥¬¥­â­¨å ¯®¤®¢¦¥­¨åâi« â¨¯ã ª®à¯ãái¢ âà ¤¨æi©­¨å áã¤¥­. �®«¨¢ ­­ï âi« ¯i¤âà¨¬ãîâìáï ­ ¡i£ îç®î á¨áâ¥¬®î ¯à®£à¥á¨¢­¨å à¥£ã«ïà­¨åå¢¨«ì �â®ªá  áªi­ç¥­®ù  ¬¯«iâã¤¨. �«ï âà¨¢¨¬ià­¨å âi« ¯à¨ ®âà¨¬ ­­i ài¢­ï­ì ¡ã«  ¢¨ª®à¨áâ ­  ä®à¬  �©«¥à ,  £i¤à®¬¥å ­iç­i á¨«¨ § ¡®ªã ài¤¨­¨ ¡ã«¨ ¯®¤i«¥­i ­  å¢¨«ì®¢i á¨«¨ �à¨«®¢ -�àã¤ , ïªi ¢¨§­ ç îâìáï ç¥à¥§ ­¥§¡ã-à¥­¨© âi«®¬ â¨áª ¢ ­ ¡i£ îç¨å å¢¨«ïå, â  £i¤à®¤¨­ ¬iç­i á¨«¨ � áªi­¤ -�ìî¬ ­ , ïªi ¢à å®¢ãîâì §¡ãà¥­­ï âi«®¬­ ¢ª®«¨è­ì®ù ài¤¨­¨. �áâ ­­i ­ ¡«¨¦¥­® ¢¨§­ ç îâìáï ç¥à¥§ ã§ £ «ì­¥­i £i¤à®¤¨­ ¬iç­i å à ªâ¥à¨áâ¨ª¨ { ¯à¨«ã-ç¥­i ¬ á¨ â  ª®¥äiæiõ­â¨ ¤¥¬¯äiàã¢ ­­ï, ¢¨§­ ç¥­i ¤«ï ¬¨ââõ¢®ù § ­ãà¥­®ù ¢ ài¤¨­ã ç áâ¨­¨ âi« . �«ï ¯®¤®¢¦¥­¨åâi«, ¤«ï ïª¨å ¬ õ ¢¥«¨ª¥ §­ ç¥­­ï â ª®¦ ¯®§¤®¢¦­ï ¬iæ­iáâì ª®à¯ãáã, á«i¤ ¢¢ ¦ â¨ ¡i«ìè §àãç­¨¬ ®âà¨¬ ­­ï ài¢-­ï­ì ª®«¨¢ ­ì § ã¬®¢¨ ¢ài¢­®¢ ¦¥­®áâi ¢¥ªâ®à  ¢­ãâàiè­iå §ãá¨«ì ¢ ¯®¯¥à¥ç­¨å ¯¥à¥ài§ å ¤«ï ¢i«ì­¨å ªi­æi¢ âi« .�âà¨¬ ­i â ª¨¬ ç¨­®¬ ài¢­ï­­ï ¯à¨¢¥¤¥­i ¤® áâ ­¤ àâ­®£® ¢ ¬¥å ­iæi ¢¨£«ï¤ã § ã§ £ «ì­¥­¨¬¨ ¬ âà¨æï¬¨ i­¥àæiù,¤¥¬¯äiàã¢ ­­ï â  ¦®àáâª®áâi,   â ª®¦ ¢¥ªâ®à®¬ §¡ã¤¦ãîç¨å á¨«. � ¢¥¤¥­i â ª®¦ â¨¯®¢i à¥§ã«ìâ â¨ ç¨á«®¢ëåà®§à åã­ªi¢ å¨â ¢¨æi ®¤­®- â  ¡ £ â®ª®à¯ãá­¨å áã¤¥­ § ãà åã¢ ­­ï¬ ­¥«i­i©­¨å ¥ä¥ªâi¢. �®ª § ­® §­ ç­¨© ¢¯«¨¢®£®«¥­­ï â  ¯®¢­®£® § ­ãà¥­­ï ¢ å¢¨«i ­®á®¢®ù ªi­æi¢ª¨ ª®à¯ãáã áã¤­  ­   ¬¯«iâã¤¨ ¯®§¤®¢¦­ì®ù å¨â ¢¨æi.�®«ãç¥­ë ­¥«¨­¥©­ë¥ ãà ¢­¥­¨ï ª®«¥¡ ­¨© â¢¥à¤ëå â¥« ­  ¯®¢¥àå­®áâ¨ âï¦¥«®© ¦¨¤ª®áâ¨ ¨, ¢ ç áâ­®áâ¨, ¤«ï1) âà¥å¬¥à­ëå ¬­®£®í«¥¬¥­â­ëå â¥« â¨¯  áã¤®¢ á ¬ «®© ¯«®é ¤ìî ¢ â¥à«¨­¨¨ (����) ¨ 2) ®¤­®£®í«¥¬¥­â­ëåã¤«¨­¥­­ëå â¥« â¨¯  ª®à¯ãá®¢ âà ¤¨æ¨®­­ëå áã¤®¢. �®«¥¡ ­¨ï â¥«  ¯®¤¤¥à¦¨¢ îâáï ­ ¡¥£ îé¥© á¨áâ¥¬®© ¯à®-£à¥áá¨¢­ëå à¥£ã«ïà­ëå ¢®«­ �â®ªá  ª®­¥ç­®©  ¬¯«¨âã¤ë. �«ï âà¥å¬¥à­ëå â¥« ¯à¨ á®áâ ¢«¥­¨¨ ãà ¢­¥­¨© ¡ë« ¨á¯®«ì§®¢ ­  ä®à¬  �©«¥à ,   £¨¤à®¬¥å ­¨ç¥áª¨¥ à¥ ªæ¨¨ ¦¨¤ª®áâ¨ ¡ë«¨ ¯®¤à §¤¥«¥­ë ­  á¨«ë �àë«®¢ -�àã¤ ,®¯à¥¤¥«ï¥¬ë¥ ç¥à¥§ ­¥¢®§¬ãé¥­­®¥ â¥«®¬ ¯®«¥ ¢®«­®¢ëå ¤ ¢«¥­¨©, ¨ £¨¤à®¤¨­ ¬¨ç¥áª¨¥ á¨«ë � áª¨­¤ -�ìî¬ ­ ,ãç¨âë¢ îé¨¥ ¢­®á¨¬ë¥ â¥«®¬ ¢®§¬ãé¥­¨ï ¢ ®ªàã¦ îéãî ¦¨¤ª®áâì. �à¨ íâ®¬ ¯®á«¥¤­¨¥ ®¯à¥¤¥«ï«¨áì ¯à¨¡«¨-¦¥­­ë¬ ¬¥â®¤®¬ ç¥à¥§ ®¡®¡é¥­­ë¥ £¨¤à®¤¨­ ¬¨ç¥áª¨¥ å à ªâ¥à¨áâ¨ª¨ { ¯à¨á®¥¤¨­¥­­ë¥ ¬ ááë ¨ ª®íää¨æ¨¥­âë¤¥¬¯ä¨à®¢ ­¨ï, ®¯à¥¤¥«¥­­ë¥ ¤«ï ¬£­®¢¥­­®© ¯®£àã¦¥­­®© ç áâ¨ â¥«  ¢ ¦¨¤ª®áâì. �«ï ã¤«¨­¥­­®£® â¥« , ¤«ïª®â®à®£® ¡®«ìè®¥ §­ ç¥­¨¥ ¨¬¥¥â â ª¦¥ ¯à®¤®«ì­ ï ¯à®ç­®áâì, ¡®«¥¥ ã¤®¡­ë¬ ï¢«ï¥âáï ¯®«ãç¥­¨¥ ãà ¢­¥­¨© ¨§ãá«®¢¨ï ãà ¢­®¢¥è¥­­®áâ¨ ¢­ãâà¥­­¨å ãá¨«¨© ¢ ¯®¯¥à¥ç­ëå á¥ç¥­¨ïå ­  ª®­æ å â¥« . �®«ãç¥­­ë¥ â ª¨¬ ®¡à §®¬ãà ¢­¥­¨ï ¡ë«¨ ¯à¨¢¥¤¥­ë ª áâ ­¤ àâ­®¬ã ¢ ¬¥å ­¨ª¥ ¢¨¤ã á ®¡®¡é¥­­ë¬¨ ¬ âà¨æ ¬¨ ¨­¥àæ¨¨, ¤¥¬¯ä¨à®¢ ­¨ï ¨¦¥áâª®áâ¨,   â ª¦¥ ¢¥ªâ®à®¬ ¢®§¬ãé îé¨å á¨«. �à¨¢¥¤¥­ë â¨¯¨ç­ë¥ à¥§ã«ìâ âë ç¨á«¥­­ëå à áç¥â®¢ ª çª¨ ®¤­®-¨ ¬­®£®ª®à¯ãá­ëå áã¤®¢ á ãç¥â®¬ ­¥«¨­¥©­ëå íää¥ªâ®¢. �®ª § ­® á¨«ì­®¥ ¢«¨ï­¨¥ ®£®«¥­¨ï ¨ ¯®«­®£® ¯®£àã¦¥­¨ï¢ ¢®«­ë ­®á®¢®© ç áâ¨ ª®à¯ãá  áã¤­  ­   ¬¯«¨âã¤ë ¯à®¤®«ì­®© ª çª¨.Nonlinear equations describing �nite amplitude motions of rigid bodies which are 
oating on the wave surface has beenderived. Two kind of bodies : 1) 3D multi-elements bodies like SWATH ships and 2) monohull elongated ones are consid-ered. The body motion is sustained by the incoming regular system of �nite amplitude progressive Stokes waves. For the3D bodies the Eulerian form of equations has been used and hydrodynamic loads have been splitted into the nondisturbedby the body motion Krylov-Froude wave loads and hydrodynamic Haskind-Newman loads describing perturbations in the
uid by the di�raction e�ects and body oscillations. The Haskind-Newman loads ware evaluated by the approximatetechinque based on the calculations of generalized hydrodynamic characteristics { added masses and damping coe�cientsfor the instent immersed in the waves part of the body surface. For the monohull alongated bodies for which the longitu-dinal strength is an actual problem too the gaverning equations have been derived alternatively by using the equlibrumconditions of free-free 
oating beam. Finally the guverning equations have been introduced in canonical form within thegeneralised inertia, damping and rigidity matricis and vector of exiting forces. Typical numerical results of nonlinear shipmotions in waves are considered. Strong in
uence of ship bow emegense and immersion into the waves on the amplitudesof the longitudinal ship motion are achived.������®£«¨¡«¥­¥ ¬ â¥¬ â¨ç­¥ ¬®¤¥«î¢ ­­ï áª« ¤­¨åäi§¨ç­¨å ï¢¨é â¨¯®¢® ¯®¢'ï§ ­¥ § ãà åã¢ ­­ï¬­¥«i­i©­¨å, ­¥áâ æi®­ à­¨å â  âà¨¢¨¬ià­¨å ¥ä¥ª-âi¢ i § ª®­®¬ià­®áâ¥©, é® áã¯à®¢®¤¦ãîâì æi ï¢¨-é  [1, 2]. �¥ õ ¢¨ª«îç¥­­ï¬ § æì®£® ¯à ¢¨«  i § -¤ ç  ¯à® ª®«¨¢ ­­ï â¢¥à¤¨å âi«, ¯« ¢ îç¨å ­  ¯®-¢¥àå­i ¢ ¦ª®ù ài¤¨­¨ â  ¢¨¯à®¡®¢ãîç¨å ¤iî § ¤ -­®ù á¨áâ¥¬¨ å¢¨«ì. �à¨ ¤®áâ â­ì® ¢¥«¨ªi© ªàã-â®áâi ­ ¡i£ îç¨å å¢¨«ì  ¬¯«iâã¤¨ ª®«¨¢ ­ì âi« â ª®¦ ¡ã¤ãâì §­ ç­¨¬¨, é® ¯à¨§¢¥¤¥ ¤® ¯®ï¢¨ ­¥-
«i­i©­¨å ¥ä¥ªâi¢ ïª ¢ ¤¨­ ¬iæi àãåã âi« , â ª i ¢£i¤à®¤¨­ ¬iæi ­ ¢ª®«¨è­ì®ù ài¤¨­¨.�i­i©­  § ¤ ç  ¯à® ª®«¨¢ ­­ï âi« ­  ¯®¢¥àå­iài¤¨­¨ ¯à¨ ¤iù à¥£ã«ïà­¨å å¢¨«ì ¬ «®ù  ¬¯«iâã¤¨¡ã«  ¯à¨­æ¨¯®¢® à®§¢'ï§ ­  é¥ ã 40{50-âi à®ª¨.�­ ç­¨© ¢­¥á®ª ã à®§¢'ï§ ­­ï £i¤à®¤¨­ ¬iç­®ù ç -áâ¨­¨ § ¤ çi ¡ã«® §à®¡«¥­® ¢ à®¡®â å �.�. �®ç¨-­ , �.�.� áªi­¤ , �.�. �à¥â¥­áìª®£® â  ¡ £ âì®åi­è¨å [3,4]. �®¤ «ìè¥ ¢¨ª®à¨áâ ­­ï á¯¥ªâà «ì­®ùâ¥å­iª¨ [5] ¢ à ¬ª å â®£® ¦ «i­i©­®£® ­ ¡«¨¦¥­­ï¤®§¢®«¨«® áâ¢®à¨â¨ ¢ 60{70-âi à®ª¨ i¬®¢ià­®áâ­i¬¥â®¤¨ à®§¢'ï§ ­­ï § ¤ çi ¯à¨ ¤iù ­  âi«® ­¥à¥£ã-c
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ISSN 1561- 9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 2001. �®¬ 3 (75), N 3. �. 53 { 69«ïà­®£® ¬®àáìª®£® å¢¨«î¢ ­­ï [6].� â®© ¦¥ ç á â¥®à¥â¨ç­i â  ¥ªá¯¥à¨¬¥­â «ì­i¤®á«i¤¦¥­­ï ¯®ª §ã¢ «¨ [7{ 12], é® ¯à¨ ¤iù ®á®¡«¨-¢® ªàãâ¨å å¢¨«ì ¢i¤¡ã¢ õâìáï §­ ç­  §¬i­  § ­ã-à¥­®ù ¯®¢¥àå­i âi«  § ®£®«¥­­ï¬ â  ¯®¢­¨¬ § ­ã-à¥­­ï¬ ã ài¤¨­ã ®ªà¥¬¨å ç áâ¨­, à®§¢¨¢ îâìáïi­â¥­á¨¢­i ª®«¨¢ ­­ï ïª âi« , â ª i ­ ¢ª®«¨è­ì®ùài¤¨­¨ § ç áâª®¢¨¬ àã©­ã¢ ­­ï¬ §¡ãà¥­¨å å¢¨«ì.�®¬ã  ªâã «ì­®î § «¨è õâìáï § ¤ ç  ­¥«i­i©­®£®ã§ £ «ì­¥­­ï ¬¥â®¤i¢ ¤oá«i¤¦¥­­ï ¤¨­ ¬iª¨ ¯« -¢ îç¨å ­  å¢¨«ì®¢i© ¯®¢¥àå­i âi«. � 60{80-âi à®-ª¨, ¯®  ­ «®£iù § ¬¥â®¤ ¬¨ ª« á¨ç­®ù ­¥«i­i©­®ù¬¥å ­iª¨ [13], ¡ã«® §à®¡«¥­® ­¨§ªã á¯à®¡ ®âà¨¬ -â¨ ä®à¬ «ì­i à®§¢'ï§ª¨ ­¥«i­i©­¨å § ¤ ç £i¤à®¤¨-­ ¬iª¨ ¯« ¢ îç¨å âi« ¬¥â®¤ ¬¨ ¬ «®£® ¯ à ¬¥-âàã § ¢¨ª®à¨áâ ­­ï¬ ¡ £ â®¯ à ¬¥âà¨ç­¨å  á¨¬-¯â®â¨ç­¨å àï¤i¢ [14{ 17] â  i­. �«¥  ­ «iâ¨ç­ ¯¥à¥®¡âï¦¥­iáâì ¬¥â®¤ã â  âàã¤®¢¬iáâªiáâì  «£®-à¨â¬i¢ à®§à åã­ªã § £ «®¬ ­¥ ¯à¨§¢¥«  ¤® ®çiªã-¢ ­¨å à¥§ã«ìâ âi¢. � â®© á ¬¥ ç á, ã¢ £ã ¤®-á«i¤­¨ªi¢ ¯à¨¢¥àâ «¨ â ª®¦ á¯à®é¥­i ç áâª®¢i ¯®-áâ ­®¢ª¨ ­¥«i­i©­¨å § ¤ ç £i¤à®¤¨­ ¬iª¨ âi«,   ¢i­¦¥­¥à­¨å à®¡®â å ­¥§ «¥¦­® à®§à®¡«ï«¨áì áã-â® ­ ¡«¨¦¥­i ä¥­®¬¥­®«®£iç­i ¯i¤å®¤¨ [9 {12, 17 {20, 21{ 25], i á«i¤ § §­ ç¨â¨, é® ¬¥­è ä®à¬ «ì-­i ¬¥â®¤¨ ¤®á«i¤¦¥­ì ¢¨ï¢¨«¨áï ¡i«ìè ¯à®¤ãªâ¨¢-­¨¬¨ § â®çª¨ §®àã ®âà¨¬ ­­ï ç¨á«®¢¨å à¥§ã«ì-â âi¢. �à¨ æì®¬ã, ¢ à®§¢'ï§ ­­i ­¥«i­i©­¨å § ¤ ç£i¤à®¤¨­ ¬iª¨ âi« ­ ¡ã«¨ ¤®á¨âì è¨à®ª®£® ¢¨ª®à¨-áâ ­­ï ¬¥â®¤¨ £à ­¨ç­¨å i­â¥£à «ì­¨å ài¢­ï­ì ã¯®õ¤­ ­­i § ç¨á«®¢¨¬¨ ¬¥â®¤ ¬¨ i­â¥£àã¢ ­­ï § ç á®¬ â  ¢ ¯à®áâ®ài [21{ 27],   i­¦¥­¥à­i ¯i¤å®¤¨¯®ª § «¨ ¯à¨©­ïâ­iáâì ä¥­®¬¥­®«®£iç­®£® ¢à åã-¢ ­­ï ®á­®¢­¨å ­¥«i­i©­¨å ¥ä¥ªâi¢ ¯à¨ à®§à åã­-ª å i­â¥£à «ì­¨å å à ªâ¥à¨áâ¨ª å¨â ¢¨æi âi« [9 {12, 19, 20].� ¤ ­i© à®¡®âi, é® ¡i«ìè âï¦iõ ¤® ¤àã£®£® i§¢ª § ­¨å ­ ¯àï¬ªi¢ ¢ ¤®á«i¤¦¥­­i ¤¨­ ¬iª¨ ¯« ¢ -îç¨å ­  å¢¨«ì®¢i© ¯®¢¥àå­i âi«, ®âà¨¬ ­i á¨áâ¥¬¨ài¢­ï­ì, ïªi ®¯¨áãîâì ª®«¨¢ ­­ï â¢¥à¤®£® âi«  §ãà åã¢ ­ï¬ ­¥«i­i©­¨å ¥ä¥ªâi¢ ïª ¢ ¤¨­ ¬iæi àãåãâi« , â ª i ¢ £i¤à®¤¨­ ¬iæi àãåã ài¤¨­¨. �®«®¢­iâàã¤­®éi âãâ ¯®¢'ï§ ­i § ®âà¨¬ ­­ï¬ ­¥«i­i©­¨å§ «¥¦­®áâ¥© ¤«ï £i¤à®¬¥å ­iç­¨å à¥ ªæi© ài¤¨­¨¯à¨ ¢§ õ¬­¨å ª®«¨¢ ­­ïå âi«  â  ài¤¨­¨ ¯à¨ ¤iù ­ âi«® § ¤ ­®ù á¨áâ¥¬¨ ­ ¡i£ îç¨å å¢¨«ì. �áªi«ìª¨£¥®¬¥âàiï ¯®¢¥àå­i âi«  ¬ õ ¢¥«¨ª¥ §­ ç¥­­ï ¯à¨¢¨§­ ç¥­­i £i¤à®¤¨­ ¬iç­¨å ­ ¢ ­â ¦¥­ì, â® ­¨¦-ç¥ ¡ã¤ãâì à®§£«ï­ãâi ¤¢  â¨¯¨ ¯« ¢ îç¨å âi«: æ¥âà¨¢¨¬ià­i ¡ £ â®¥«¥¬¥­â­i âi« , é® áª« ¤ îâìáï§ ®ªà¥¬¨å ¯®¤®¢¦¥­¨å ¥«¥¬¥­âi¢ â  ®¤­®ª®à¯ãá-­i ¯®¤®¢¦¥­i âi« . � ïª®áâi ¯à¨ª« ¤i¢ ¡ã¤ãâì ¢¨-áâã¯ â¨ ¡ £ â®ª®à¯ãá­i áã¤­  â¨¯ã áã¤¥­ § ¬ «®î¯«®é¨­®î ¢ â¥à«i­iù â  §¢¨ç ©­i áã¤­  ¢i¤¯®¢i¤-

�¨á. 1. �ãâ¨ ­ å¨«¥­­ï âi«  ¯à¨ ª®«¨¢ ­­ïå­®. �à¨¢¥¤¥­i â ª®¦ â¨¯®¢i à¥§ã«ìâ â¨ ç¨á«®¢¨åà®§à åã­ªi¢ ­¥«i­i©­®ù ¯®§¤®¢¦­ì®ù å¨â ¢¨æi ®¤-­®ª®à¯ãá­®£® áã¤­  â  à®§à åã­ª¨ å¨â ¢¨æi áã¤­ â¨¯ã ���� ¯à¨ ¤®¢i«ì­¨å ªãàá®¢¨å ªãâ å àãåã.1. ������� ��������� �� ������I�����������¢¥¤¥¬® ¤® à®§£«ï¤ã ­ áâã¯­i ¤¥ª àâ®¢i á¨áâ¥-¬¨ ª®®à¤¨­ â: Oxyz { àãå®¬  á¨áâ¥¬  ª®®à¤¨­ â,ïª  ài¢­®¬ià­® àãå õâìáï §i è¢¨¤ªiáâî ¯®áâã¯ «ì-­®£® àãåã âi«  ~vc = (vc; 0; 0) ¢§¤®¢¦ ¢iái Ox,   ¢iáìOz ­ ¯à ¢«¥­  ¢¥àâ¨ª «ì­® ¢£®àã § ¯®ç âª®¬ ­ ¯«®é¨­i â¨å®ù ¢®¤¨; O0x0y0z0 { ¦®àáâª® §¢'ï§ ­ § âi«®¬ á¨áâ¥¬  ª®®à¤¨­ â, ïª  ¯ à «¥«ì­  ©®£®£®«®¢­¨¬ æ¥­âà «ì­¨¬ ¢iáï¬ i­¥àæiù â  ïª  ã ¢i¤-áãâ­®áâi ª®«¨¢ ­ì âi«  á¯i¢¯ ¤ õ § á¨áâ¥¬®î ª®-®à¤¨­ â Oxyz. �¥, §®ªà¥¬ , ®§­ ç õ, é® ¢ áâ ­iài¢­®¢ £¨ âi«® ­¥ ¬ õ áâ â¨ç­¨å ªãâi¢ ­ å¨«¥­­ï,é® â¨¯®¢® ¤«ï ­®à¬ «ì­¨å ã¬®¢ ¥ªá¯«ã â æiù ¯« -¢ îç¨å á¯®àã¤.�i­¥¬ â¨ª  ª®«¨¢ ­ì âi«  ¢¨§­ ç õâìáï ¢¥ªâ®-à®¬ «i­i©­¨å ¯¥à¥¬ié¥­ì ~�0(t) = (�0; �0; �0) § ª®¬-¯®­¥­â ¬¨ ¢§¤®¢¦ ¢iá¥© á¨áâ¥¬¨ ª®®à¤¨­ â Oxyzâ  ¢¥ªâ®à®¬ ªãâ®¢¨å ­ å¨«¥­ì ~�0(t) = (�0;  0; �0).�à®¥ªæiù ¢¥ªâ®àã ªãâ®¢¨å ­ å¨«¥­ì �0 { ¡®àâ®¢i­ å¨«¥­­ï,  0 { ¯®§¤®¢¦­i ­ å¨«¥­­ï â  �0 { ¢i¤-å¨«¥­­ï ¢i¤ ªãàáã ¢i¤¯®¢i¤ îâì á¨áâ¥¬i ª®à ¡¥«ì-­¨å ªãâi¢ �.�. �« £®¢¥é¥­áìª®£® [28], ïªa õ ¡i«ìè§àãç­®î ¤«ï ¯« ¢ îç¨å ­  ¯®¢¥àå­i ài¤¨­¨ â¢¥à-¤¨å âi«. �®¦­®¬ã ªãâã ­ å¨«¥­­ï âi«  ¢i¤¯®¢i¤ õç áâª®¢  áâ ­¤ àâ­  ¬ âà¨æï ªãâ®¢¨å ¯®¢®à®âi¢A�(�0), A ( 0) â  A�(�0) [29]. �®¡ãâ®ª ¬ âà¨æìA� � A� �(~�0) = A�(�0)A ( 0)A�(�0)¢¨§­ ç õ ¯®¢­ã ¬ âà¨æî ªãâ®¢¨å ­ å¨«¥­ì â¢¥à-¤®£® âi«  ¢ ¯à®áâ®ài, (à¨á. 1). �®¤i §¢'ï§®ª ¬i¦§¬i­­¨¬¨ á¨áâ¥¬ ª®®à¤¨­ â ¡ã¤¥ ¬ â¨ ¢¨£«ï¤(~x� ~xG) = A�(~x0 � ~x0G); ~xG = ~x0G + ~�0; (1)54 �.�. �¥à¤îç¥­ª®



ISSN 1561- 9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 2001. �®¬ 3 (75), N 3. �. 53 { 69¤¥ ~x0G = (x0G; 0; z0G) ¢¨§­ ç õ ª®®à¤¨­ â¨ æ¥­âàã¢ £¨ âi«  â. G, ïª¥ ¬ õ ®¤­ã ¯«®é¨­ã á¨¬¥âàiù; §¢®-à®â­i á¯i¢¢i¤­®è¥­­ï ¢¨§­ ç îâìáï §  ¤®¯®¬®£®îâà ­á¯®­®¢ ­®ù ¬ âà¨æi AT� (AT� = A�1� ) [30].�i­¥¬ â¨ç­i å à ªâ¥à¨áâ¨ª¨ àãåã { ¯eà¥¬ié¥­-­ï â®ç®ª âi«  ~ub, ùå è¢¨¤ªiáâì â  ¯à¨áª®à¥­­ï~vb; ~wb (¢ §¬i­­¨å ®¡®å á¨áâ¥¬ ª®®à¤¨­ â) { ¢¨§­ -ç îâìáï ä®à¬ã« ¬¨~ub � (~x� ~x0) = ~�0 + (A� � I)(~x0 � ~x0G) == ~�0 � (AT� � I)(~x� ~xG);~vb � d~ubdt = ~_�0 + _A�(~x0 � ~x0G) == ~_�0 + _A�AT�(~x� ~xG);~wb � d~vbdt = ~��0 + �A�(~x0 � ~x0G) == ~��0 + �A�AT�(~x� ~xG): (2)�«ï ¯« ¢ îç¨å ­  ¯®¢¥àå­i ài¤¨­¨ âi« ­ å¨«¥­­ï­  ªãâ¨ ¡i«ìèe ­i¦ 30 { 40 £à ¤. ¢ ­®à¬ «ì­¨å ã¬®-¢ å ¯à ªâ¨ç­® ­¥¬®¦«¨¢¥ i â®¬ã ¥«¥¬¥­â¨ ¬ âà¨æiA� ¬®¦­  §­ ç­® á¯à®áâ¨â¨, ¢¨ª®à¨áâ ¢è¨ ®¡¬¥-¦¥­i àï¤¨ �¥©«®à  ¤«ï âà¨£®­®¬¥âà¨ç­¨å äã­ª-æi©, ïªi ¢å®¤ïâì ¢ A�. � ¯à¨ª« ¤, § â®ç­iáâî ¤®¬ «¨å ç¥â¢¥àâ®£® ¯®àï¤ªã ¯®  ¬¯«iâã¤i ª®«¨¢ ­ìsin �0 = �0� 16�30 +O(�5); cos �0 = 1� 12�20 +O(�4),¤¥ � � 1 { ¬ «¨© ¤®¤ â­i© ¯ à ¬¥âà, ïª¨© ¢¨§­ -ç õ ¬ «iáâì  ¬¯«iâã¤ ª®«¨¢ ­ì âi« .�®«¨¢ ­­ï âi«  ¯i¤âà¨¬ãîâìáï á¨áâ¥¬®î å¢¨«ì,ïªi ­ ¡i£ îâì ¯i¤ ªãâ®¬ �c ¤® ¢iáiOx â  ¢¢ ¦ îâì-áï ¤«ï ª®­ªà¥â­®áâi à¥£ã«ïà­¨¬¨ ¯à®£à¥á¨¢­¨¬¨å¢¨«ï¬¨ �â®ªá  áªi­ç¥­®ù  ¬¯«iâã¤¨ [3]. � «¥¦-­®áâi ¤«ï £i¤à®¤¨­ ¬iç­¨å å à ªâ¥à¨áâ¨ª å¢¨«ì�â®ªá  ¢ à ¬ª å â¥®àiù VI ¯®àï¤ªã { å¢¨«ì®¢®£®¯à®äi«î �w, ¯®«ï £i¤à®¬¥å ­iç­®£® â¨áªã pw â  ¯®-«ï è¢¨¤ª®áâ¥© ç áâ®ª ài¤¨­¨ ~vw = (vwx; vwy; vwz),ïªi ­¥®¡åi¤­i ¤«ï ¯®¤ «ìè¨å à®§à åã­ªi¢ £i¤à®¤¨-­ ¬iç­¨å à¥ ªæi© âi« , { ¬®¦­  §­ ©â¨ ¢ à®¡®âi[31]. �à¨ æì®¬ã ¢¢ ¦ õâìáï, é® ¤®¢¦¨­  å¢¨«ìá¯i¢áâ ¢­  § ¯®§¤®¢¦­i¬ à®§¬ià®¬ âi« , é® ¢i¤-¯®¢i¤ õ § £ «®¬ à¥§®­ ­á­¨¬ à¥¦¨¬ ¬ ª®«¨¢ ­ì,  ªàãâiáâì å¢¨«ì ¬®¦¥ ¤®áï£ â¨ £à ­¨ç­®£® §­ -ç¥­­ï 1=7 ¤«ï ¯à®£à¥á¨¢­¨å å¢¨«ì �â®ªá . �i¤-¯®¢i¤­® i §¡ã¤¦¥­i ¯« ¢ îç¨¬ âi«®¬ å¢¨«i §  à åã-­®ª ©®£® ª®«¨¢ ­ì â  ¤¨äà ªæiù ­ ¡i£ îç¨å å¢¨«ìâ ª®¦ ¡ã¤¥¬® ¢¢ ¦ â¨ ¯®â¥­æi «ì­¨¬¨,   ­ ¢ª®-«¨è­î ài¤¨­ã { i¤¥ «ì­®î, ®¤­®ài¤­®î â  ¡ à®-âà®¯­®î. �¬¯«iâã¤¨ ¢¨¬ãè¥­¨å ª®«¨¢ ­ì âi«  ¬®-¦ãâì ¡ãâ¨ áªi­ç¥­¨¬¨, á¯i¢áâ ¢­¨¬¨ § å à ªâ¥à-­¨¬ ¬ áèâ ¡®¬ § ­ãà¥­­ï âi«  ¢ ài¤¨­ã, â  â -ª¨¬¨, é® ¬®¦ãâì ¯à¨§¢®¤¨â¨ ¤® §­ ç­®ù §¬i­¨ § -­ãà¥­®ù ¢ ài¤¨­ã ¯®¢¥àå­i âi«  § ¬®¦«¨¢¨¬ ®£®«¥­-

­ï¬ ç¨ ¯®¢­¨¬ § ­ãà¥­­ï¬ ã å¢¨«i ®ªà¥¬¨å ç áâ¨­âi« . �«¥ ¤«ï §¡ã¤¦¥­¨å âi«®¬ å¢¨«ì ¯à¨©¬¥¬®,é® ùå­i  ¬¯«iâã¤¨ ¯à¨¡«¨§­® ­  ¯®àï¤®ª ¬¥­èi §  ¬¯«iâã¤¨ ­ ¡i£ îç®ù á¨áâ¥¬¨ å¢¨«ì.�i¤à®¤¨­ ¬iç­i à¥ ªæiù, é® ¤iîâì ­  âi«® § ¡®ªãài¤¨­¨, ¢ ­¥«i­i©­i© § ¤ çi §àãç­® ¯®¤i«¨â¨ ­  ¤¢iª â¥£®àiù á¨«: á¨«¨ �à¨«®¢ -�àã¤ , é® ¢¨§­ ç -îâìáï ç¥à¥§ ­¥§¡ãà¥­¨© âi«®¬ å¢¨«ì®¢¨© â¨áª, â £i¤à®¤¨­ ¬iç­i á¨«¨ � áªi­¤ -�ìî¬ ­ , ïªi ¢à å®-¢ãîâì §¡ãà¥­­ï, é® ¢­®á¨âì ¯« ¢ îç¥ âi«® ¢ ­ -¢ª®«¨è­î ài¤¨­ã. �ài¬ â®£®, ­  âi«® ¬®¦ãâì ¤iï-â¨ á¨«¨ â¨¯ã §ãá¨«ì ­  áâ¥à­ å ã¯à ¢«i­­ï, ­ àãèiïå (¢ ®á­®¢­®¬ã £¢¨­â å) â , ¬®¦«¨¢®, £i¤à®-¤¨­ ¬iç­i à¥ ªæiù ¢i¤ àãåã ài¤ª®£® ¢ ­â ¦ã § ¢i«ì-­®î ¯®¢¥àå­¥î ã ¢i¤áiª å âi«  [32].�á­®¢­i £¥®¬¥âà¨ç­i å à ªâ¥à¨áâ¨ª¨ âi«  (à®§-¬ià¨, ä®à¬  ¯®¢¥àå­i) áãââõ¢® ¢¯«¨¢ îâì ­  ¬¥-â®¤¨ à®§à åã­ªã £i¤à®¤¨­ ¬iç­¨å ­ ¢ ­â ¦¥­ì, iâ®¬ã ¢ ¤ ­i© à®¡®âi ¡ã¤¥¬® à®§£«ï¤ â¨ ¤¢  â¨-¯¨ ¯« ¢ îç¨å âi«: 1) âà¨¢¨¬ià­i ¡ £ â®¥«¥¬¥­â­iâi« , ïªi áª« ¤ îâìáï § ¯®¤®¢¦¥­¨å âi«-¥«¥¬¥­âi¢â  2) ®¤­®ª®à¯ãá­i ¯®¤®¢¦¥­i âi« , ¤«ï ïª¨å ¤®¢¦¨-­  L ¯à¨¡«¨§­® ­  ¯®àï¤®ª ¡i«ìè¥ §  ¯®¯¥à¥ç­ià®§¬ià¨. �® ¤àã£®£® â¨¯ã ¢i¤­®áïâìáï, ­ ¯à¨ª« ¤,§¢¨ç ©­i ®¤­®ª®à¯ãá­i áã¤­ , â®¤i ïª ¤® ¯¥àè®£®â¨¯ã ¬®¦­  ¢i¤­¥áâ¨ ¬®àáìªi ¤®¡ã¢­i ¯« âä®à¬¨,áã¤­ -ª â ¬ à ­¨ â  i­.2. �I������ ����������� ������I���������������������� �I���ª ª®­ªà¥â­¨© ¯à¨ª« ¤ â ª®£® â¨¯ã ¯« ¢ îç¨åâi« ¡ã¤¥¬® à®§£«ï¤ â¨ áã¤­® § ¬ «®î ¯«®é¨­®î ¢ -â¥à«i­iù (����), ïª¥ (à¨á. 2) áª« ¤ õâìáï § ­¥áã-ç®ù ¯« âä®à¬¨-¯ «ã¡¨, ¯i¤¢®¤­¨å á¨£ à®¯®¤i¡­¨åª®à¯ãái¢ (2-3 ª®à¯ãá¨) â  §'õ¤­ãîç¨å ùå § ¯ «ã¡®îâ®­ª¨å ¢¥àâ¨ª «ì­¨å áâ®ïªi¢ â¨¯ã ªà¨« ¬ «®£® ¯®-¤®¢¦¥­­ï (1-2 áâ®ïª¨-ªà¨«  ¤«ï ª®¦­®£® ª®à¯ãáã).� ­¨© â¨¯ áãç á­¨å è¢¨¤ªiá­¨å áã¤¥­ ¢i¤­®á¨âì-áï ¤® ¯¥àá¯¥ªâ¨¢­®£® â¨¯ã, ®á®¡«¨¢® â÷, é® ¢¨-ª®à¨áâ®¢ãîâìáï ¤«ï ¯ à®¬­®-¯ á ¦¨àáìª¨å ¯¥à¥-¢¥§¥­ì â  ¢i©áìª®¢®£® ¯à¨§­ ç¥­­ï [33{ 35]. �«ï¤ ­®£® â¨¯ã ¯« ¢ îç®£® âi«  ¢ ïª®áâi ¯®ç âª®¢¨å¢¨ª®à¨áâ õ¬® ài¢­ï­­ï ¢ ä®à¬i �©«¥à  [29]:MG ~��0 = ~F�(t);MGfr2G~��0 � [(r2G ~_�0) � ~_�0]g = ~M 0�(t); (3)¤¥ MG { ¬ á  âi« ; r2G = diag(r2Gx; r2Gy; r2Gz) { ¤i -£®­ «ì­  ¬ âà¨æï ª¢ ¤à âi¢ à ¤iãái¢ i­¥àæiù ¬ á¨âi«  ¢i¤­®á­® £®«®¢­¨å æ¥­âà «ì­¨å ¢iá¥©; ~F�(t) {£®«®¢­¨© ¢¥ªâ®à ¯®¢¥àå­¥¢¨å â  ®¡'õ¬­¨å á¨«, é®�.�. �¥à¤îç¥­ª® 55
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�¨á. 2. �ã¤­® â¨¯ã ���� â  ©®£® ¯®¯¥à¥ç­¨©¯¥à¥ài§; ///// - ¬¨ââõ¢  § ­ãà¥­  ¯«®é ¯¥à¥ài§ã¤iîâì ­  âi«®, ¢¨§­ ç¥­¨© ¢ á¨áâ¥¬i ª®®à¤¨­ âOxyz; ~M 0�(t) { £®«®¢­¨© ¬®¬¥­â ¢áiå ¤iîç¨å ­ âi«® á¨«, ¢¨§­ ç¥­¨© ¢i¤­®á­® æ¥­âàã ¢ £¨ âi«  ¢á¨áâ¥¬i ª®®à¤¨­ â O0x0y0z0.� ã¬®¢ å ¥ªá¯«ã â æiù ­  ¬®àáìª®¬ã å¢¨«î¢ ­-­i ­  ¯« ¢ îç¥ âi«® ¤iîâì ®¡'õ¬­i á¨«¨ âï¦i­-­ï â  i­¥àæiù ¬ á, ¯®¢¥àå­¥¢i £i¤à®¬¥å ­iç­i á¨«¨â  §®á¥à¥¤¦¥­i á¨«¨ ­  áâ¥à­ å ã¯à ¢«i­­ï â  ­ àãèiïå (£¢¨­â å). �à¨ æì®¬ã £i¤à®¬¥å ­iç­i á¨-«¨, ïª ¡ã«® ¯à¨©­ïâ® ¢¨é¥, ¯®¤i«ïîâìáï ­  å¢¨-«ì®¢i á¨«¨ �à¨«®¢ -�àã¤  â  £i¤à®¤¨­ ¬iç­i á¨-«¨ � áªi­¤ -�ìî¬ ­ , ¯¥àèi § ïª¨å â ª®¦ ¯à¨-à®¤­ì® à®§¤i«¨â¨ ­  £i¤à®áâ â¨ç­ã â  ç¨áâ® å¢¨-«ì®¢ã ª®¬¯®­¥­â¨. �à¨ç®¬ã ¯®áâi©­  áª« ¤®¢ £i¤à®áâ â¨ç­¨å á¨« ¯i¤âà¨¬ ­­ï ¢ài¢­®¢ ¦ãõ á¨-«¨ âï¦i­­ï i æi á¨«¨ ãâ¢®àîîâì âi«ìª¨ ¯ àã ¯à¨­ å¨«¥­­ïå âi« . �®¬ã ¤ «i ¡ã¤¥¬® à®§£«ï¤ â¨âi«ìª¨ ¤®¤ âª®¢ã ­¥¢ài¢­®¢ ¦¥­ã ç áâ¨­ã £i¤à®-áâ â¨ç­®i ª®¬¯®­¥­â¨ á¨« �à¨«®¢ -�àã¤ , ®¡ã¬®-¢«¥­ã §¬i­®î § ­ãà¥­®£® ®¡'õ¬ã âi« . �®¤ âª®¢®§ §­ ç¨¬® â ª®¦, é® à®§à åã­ª¨ £i¤à®¬¥å ­iç­¨åá¨« ¯®¢'§ ­i § i­â¥£àã¢ ­­ï¬ â¨áªã ài¤¨­¨ ¯® ¬¨â-â¥¢i© § ­ãà¥­i© ¯®¢¥àå­i ¥«¥¬¥­âi¢ âi«  i â®¬ã iå§àãç­iè¥ ¢¨§­ ç â¨ ¢ ¦®àáâª® §¢'ï§ ­i© á¨áâ¥¬iª®®à¤¨­ â,   £®«®¢­¨© ¬®¬¥­â ¢¨§­ ç â¨ ¢i¤­®á­®¯®ç âªã ¤ ­®ù á¨áâ¥¬¨ â. O0.�®¤i, § ãà åã¢ ­­ï¬ §à®¡«¥­¨å § ã¢ ¦¥­ì, ài¢-

­ï­­ï (3) ¯¥à¥¯¨è¥¬® ã ¢¨£«ï¤iMGAT� ~��0 = ~F 0�(t);MGfr2G ~��0 � [(r2G ~_�0)� ~_�0] + [~x0G � (AT� ~��0)]��g[(~x0C � ~x0G)� ~a3)]g = ~M 0�0(t); (4)¤¥ â¥¯¥à £®«®¢­¨© ¢¥ªâ®à â  £®«®¢­¨© ¬®¬¥­â¤®ài¢­îîâì ¢i¤¯®¢i¤­®~F 0�(t) =Pj ( ~�F 0h + ~F 0w + ~F 0o)j +Pk (~F 0r + ~F 0p)k;~M 0�0(t) =Pj ( ~�M 0h + ~M 0w + ~M 0o)j +Pk ([~x0r��~F 0r]k + [~x0p � ~F 0p]k): (5)�ãâ ¢ái á¨«®¢i ¢¥ªâ®à¨ ¢¨§­ ç¥­i ¢ ¦®àáâª®§¢'ï§ ­i© á¨áâ¥¬i ª®®à¤¨­ â, ¬®¬¥­â¨ ¢¨§­ ç¥­i¢i¤­®á­® â®çª¨ O0; i­¤¥ªá ¬¨ "h", "w" â  "o" ¢i¤-¯®¢i¤­® ¯®§­ ç¥­® ­¥¢ài¢­®¢ ¦¥­ã £i¤à®áâ â¨ç­ã,ç¨áâ® å¢¨«ì®¢ã â  £i¤à®¤¨­ ¬iç­ã ª®¬¯®­¥­â¨ ¯®-¢­¨å £i¤à®¬¥å ­iç­¨å á¨«; ~x0C = (x0C ; 0; z0C)(x0C =x0G) { ª®®à¤¨­ â¨ â®çª¨ ¯à¨ª« ¤ ­­ï á¨« ¯« -¢ãç®áâi âi« ; ~x0rk â  ~x0pk { ª®à¤¨­ â¨ â®ç®ª¯à¨ª« ¤ ­­ï á¨«¨ ®¯®àã ­  k-¬ã £¢¨­âi â  á¨«­  k-¬ã áâ¥à­i ã¯à ¢«i­­ï àãå®¬ ¢i¤¯®¢i¤­®; i­-¤¥ªá "j" ¢¨§­ ç õ ¥«¥¬¥­â ª®à¯ãáã âi« ; ~a3 =(a31; a32; a33) { ¢¥ªâ®à ¥«¥¬¥­âi¢ âà¥âì®£® àï¤ªã¬ âà¨æi A�, ïªi ¤®ài¢­îîâì (§ â®ç­iáâî ¤® O(�3)¢ª«îç­®)a31 = � 0(1� 16 20); a32 = �0(1� 16�20 � 12 20);a33 = (1� 12�20 � 12 20):�âà¨¬ õ¬® ¢i¤¯®¢i¤­i § «¥¦­®áâi ¤«ï ¢áiå ª®¬-¯®­¥­âi¢ á¨« â  ¬®¬¥­âi¢ ã ¢¨à §i (5). �®§£«ï­¥¬®á¯®ç âªã á¨«¨ �à¨«®¢ -�àã¤ , à®§à åã­®ª ïª¨å õ¡i«ìè ¯à®áâ¨¬. � § £ «ì­®¬ã ¢¨£«ï¤i ¤ ­  ª â¥-£®àiï á¨« ¢¨§­ ç õâìáï i­â¥£àã¢ ­­ï¬ å¢¨«ì®¢®£®â¨áªã ¯® ¬¨ââõ¢i© § ­ãà¥­i© ç áâ¨­i ¯®¢¥àå­i âi« ¤® ­¥§¡ãà¥­®ù å¢¨«ì®¢®ù ¯®¢¥àå­i z = �w(x; y; t).�ªé® ¤®¯®¢­¨â¨ § ­ãà¥­ã ¯®¢¥àå­î âi«  ¤® § -¬ª­¥­®ù ç áâ¨­®î å¢¨«ì®¢®ù ¯®¢¥àå­i z = �w, ­ ïªi© å¢¨«ì®¢¨© â¨áª pw(�w) = 0, â®, ¢¨ª®à¨áâ ¢-è¨ ä®à¬ã«ã � ãá -�áâà®£à ¤áìª®£® [30], ¬®¦­ ¯¥à¥©â¨ ¤® i­â¥£à «i¢ ¯® ¬¨ââõ¢®¬ã § ­ãà¥­®¬ã®¡'õ¬ã âi« , é® §àãç­iè¥ ¤«ï à®§à åã­ªi¢. �ªé®é¥ ¢à åã¢ â¨ ¯®¤®¢¦¥­iáâì ¥«¥¬¥­âi¢ âi«  ¢§¤®¢¦¢iái O0x0, â® ¤«ï ­¥¢ài¢­®¢ ¦¥­®ù £i¤à®áâ â¨ç­®ùâ  å¢¨«ì®¢®ù ª®¬¯®­¥­âi¢ á¨« �à¨«®¢ -�àã¤  ª®¦-56 �.�. �¥à¤îç¥­ª®



ISSN 1561- 9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 2001. �®¬ 3 (75), N 3. �. 53 { 69­®£® j-£® ¥«¥¬¥­âã ®âà¨¬ õ¬® § «¥¦­®áâi~�F 0h(t) = R(L) ~�q0hdx0; ~F 0w(t) = R(L) ~q0wdx0;~�M 0h(t) = R(L) ~�m0hdx0 + [~x00j � ~�F 0h];~M 0w(t) = R(L) ~m0wdx0 + [~x00j � ~F 0w]; (6)¤¥ ~x00j { ª®®à¤¨­ â¨ ¯®ç âªã ¦®àáâª® §¢'ï§ ­®ù «®-ª «ì­®ù á¨áâ¥¬¨ ª®®à¤¨­ â j-£® ¥«¥¬¥­âã i â ª®¦¢¨ª®à¨áâ ­i ¯®§­ ç¥­­ï~�q0h = 
~a3�f(x0); ~�m0h = �
[~a3 � ~�s];�f = R R(�!) dy0dz0; ~�s = (�sx;�sy;�sz);�sx = x0�f; �sy;z = R R(�!)(y0; z0)dy0dz0;~q0w = � RR(!)(AT�r~p0w)dy0dz0;~m0w = � RR(!) [~x0 � (AT�r~p0w)]dy0dz0: (7)� ¤ ­¨å § «¥¦­®áâïå ! = !(x0; t) ®§­ ç õ ¯«®éã¯®¯¥à¥ç­®£® ¯¥à¥ài§ã ¥«¥¬¥­âã, § ­ãà¥­ã ¯i¤ å¢¨-«ì®¢ã ¯®¢¥àå­î (¤¨¢. à¨á. 2), �! = �!(x0; t) ¢i¤-¯®¢i¤ õ ç áâ¨­i æiõù ¯«®éi ¬i¦ å¢¨«ì®¢®î ¯®¢¥àå-­¥î â  ¢ â¥à«i­iõî ài¢­®¢ £¨ âi«  ­  â¨åi© ¢®¤i ir, ïª §¢¨ç ©­®, õ ®¯¥à â®à � ¬i«ìâ®­  §  §¬i­­¨-¬¨ x; y; z, é® ¤iõ ­  ç¨áâ® å¢¨«ì®¢ã ç áâ¨­ã â¨áªã~pw (pw = �
z + ~pw).� £ «®¬ ¯à¨¢¥¤¥­i ¢¨é¥ i­â¥£à «¨ ¬®¦ãâì ¡ã-â¨ ¯i¤à å®¢ ­i ¢ ª®¦­¨© ¬®¬¥­â ç áã ç¨á«®¢¨¬¨¬¥â®¤ ¬¨, å®ç  ¬®¦«¨¢  © ¯®¤ «ìè  ùå áâàãªâã-à¨§ æiï â  á¯à®é¥­­ï ¢ § «¥¦­®áâi ¢i¤ ä®à¬¨ ¯®-¯¥à¥ç­®£® ¯¥à¥ài§ã âi« . �®ªà¥¬ , à æi®­ «ì­®¢¨¤i«¨â¨ ¢ (7) «i­i©­ã ç áâ¨­ã ­¥¢ài¢­®¢ ¦¥­¨åá¨« ¯i¤âà¨¬ ­­ï (¤¨¢. ­¨¦ç¥ ¤«ï ¯®¤®¢¦¥­¨å âi«).�®§£«ï­¥¬® ¤ «i á¨«¨ � áªi­¤ -�ìî¬ ­ , ­¥-«i­i©­¨© à®§à åã­®ª ïª¨å ¢¨ï¢«ïõâìáï ¤®á¨âìáª« ¤­®î § ¤ ç¥î ¢ ¤¨­ ¬iæi ¯« ¢ îç¨å ­  å¢¨-«ì®¢i© ¯®¢¥àå­i âi«. �®«®¢­¨© ¢¥ªâ®à â  £®«®¢­¨©¬®¬¥­â ¤ ­®ù ª â¥£®àiù á¨« ¢¨§­ ç îâìáï i­â¥£àã-¢ ­­ï¬ §¡ãà¥­®£® áã¤­®¬ £i¤à®¤¨­ ¬iç­®£® â¨áªãpo ¯® ¬¨ââõ¢i© § ­ãà¥­i© ¯®¢¥àå­i âi« :~F 0o(t) = � RR(S) p0o~ndS;~M 0o(t) = � RR(S)[~x0 � p0o~n]dS; (8)¤¥ ~n { §®¢­iè­ï ­®à¬ «ì ¤® ¯®¢¥àå­i,   §¡ãà¥­¨©âi«®¬ £i¤à®¤¨­ ¬iç­¨© â¨áª po ¢¨§­ ç¥­® ¢ ¦®àáâ-ª® §¢'ï§ ­i© á¨áâ¥¬i ª®®à¤¨­ â.�̈ áª po §àãç­® à®§¡¨â¨ ­  ¤¢i áª« ¤®¢i, ¯¥àè § ïª¨å § «¥¦¨âì ¢i¤ ¯®â¥­æi «ã §¡ãà¥­®£® ¯®«ï

è¢¨¤ª®áâi �o «i­i©­®,   ¤àã£  ¬ õ ª¢ ¤à â¨ç­ã § -«¥¦­iáâì, â ª é® ¢ á¨áâ¥¬i ª®®à¤¨­ â Oxyz ¡ã¤¥¬®¬ â¨ [36, 37] po = ~po +�po;~po = ��[ @@t � (vc � vwx) @@x ]�o;�po ' �12�[(@�o@s + vws)2 + �v2];vws = (vwzc2 � vwyc3);�v2 = [(vbyc2 + vbzc3) + (vc + vbx � vwx)c1]2��(v2wy + v2wz); (9)¤¥ @�o=@s { ¤®â¨ç­  ¤® ª®­âãàã è¯ ­£®ãâã ª®¬-¯®­¥­â  §¡ãà¥­®ù è¢¨¤ª®áâi ¢ ¯«®é¨­i ¯¥à¥ài§ã;ns { ¯à®¥ªæiï ­®à¬ «i ~n ­  ¯«®é¨­ã ¯®¯¥à¥ç­®£®¯¥àeài§ã âi« ; c1 = cos(n; x); c2 = cos(ns; y); c3 =cos(ns; z); c4 = [y cos(ns; z)�z cos(ns; y)] { ­ ¯àï¬­iª®á¨­ãá¨ ­®à¬ «i ¤® ¯®¢¥àå­i.�«i¤ § §­ ç¨â¨, é® ®á­®¢­®î ¢ (9) õ ¯¥àè  ­¥-áâ æi®­ à­  áª« ¤®¢  ~po , â®¤i ïª ¤àã£  ª¢ ¤à â¨ç-­  áª« ¤®¢  â¨áªã �po ¬ õ ¤àã£¨© ¯®àï¤®ª ¬ «®áâii â®¬ã ¢®­  ¢­®á¨âì § £ «®¬ ­¥§­ ç­¨© ¢ª« ¤ ¢ £®-«®¢­¨© ¢¥ªâ®à â  £®«®¢­¨© ¬®¬¥­â á¨« � áªi­¤ -�ìî¬ ­  i ¬®¦¥ à®§à å®¢ã¢ â¨áï §  ¡i«ìè á¯à®-é¥­®î áå¥¬®î.�à®¥ªæiù è¢¨¤ª®áâi â®ç®ª âi«  ¢i¤ ª®«¨¢ ­ì ~vb =(vbx; vby; vbz) § â®ç­iáâî ¤® ¬ «¨å ç¥â¢¥àâ®£® ¯®-àï¤ªã ¯® ¯ à ¬¥âàã � ¢¨§­ ç îâìáï ïªvbx = vc + _�0 � ( _�0 � _�0 0)(y � yG)++[ _ 0(1� 12�20) + _�0�0](z � zG) +O(�4);vby = _�0 + ( _�0 � _�0 0)(x� xG) � [ _�0(1��12(�20 +  20)) � _ 0�0](z � zG) + O(�4);vbz = _�0 � [ _ 0(1 � 12�20) + _�0�0](x� xG)++[ _�0(1� 12 (�20 +  20)) � _ 0�0](y � yG)++O(�4): (10)�ª ¢¨¤­®, §¡ãà¥­¨© £i¤à®¤¨­ ¬iç­¨© â¨áª¢¨§­ ç õâìáï ç¥à¥§ ¯®â¥­æi « è¢¨¤ª®áâi �o, ïª¨©,¢ á¢®î ç¥à£ã, § ¤®¢i«ì­ïõ £à ­¨ç­i© § ¤ çi § ­¥-«i­i©­¨¬¨ £à ­¨ç­¨¬¨ ã¬®¢ ¬¨ ­  àãå®¬i© â  § -£ «®¬ ­¥¢i¤®¬i© å¢¨«ì®¢i© ¯®¢¥àå­i ài¤¨­¨ â  ¬¨â-âõ¢i© § ­ãà¥­i© ¯®¢¥àå­i âi«  [3,15, 21], é® © áâ¢®-àîõ ®á­®¢­i âàã¤­®éi ¯à¨ à®§à åã­ª å ¤ ­®ù ª â¥-£®àiù á¨«. � áãç á­¨å â¥®à¥â¨ç­¨å ¤®á«i¤¦¥­­ïå¤«ï à®§¢'ï§ ­­ï ¤ ­®ù § ¤ çi § £ «®¬ ¢¨ª®à¨áâ®-¢ãîâìáï ¬¥â®¤¨ £à ­¨ç­¨å i­â¥£à «ì­¨å ài¢­ï­ìã ¯®õ¤­ ­­i § ç¨á«®¢¨¬¨ ¬¥â®¤ ¬¨ i­â¥£àã¢ ­­ï�.�. �¥à¤îç¥­ª® 57



ISSN 1561- 9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 2001. �®¬ 3 (75), N 3. �. 53 { 69§  ç á®¬ â  ¢ ¯à®áâ®ài,  «¥ ¤ ­  â¥å­®«®£iï õ § -£ «®¬ âàã¤®¢¬iáâª®î i ¤®á¨âì ­¥áâi©ª®î ¯à¨ ç¨-á«®¢¨å à®§à åã­ª å [21, 22, 25{ 27]. �®¬ã ¢ ¯à¨-ª« ¤­¨å ¤®á«i¤¦¥­­ïå ¡i«ìè ¯à¨©­ïâ­¨¬ õ ¢¨ª®à¨-áâ ­­ï ­ ¡«¨¦¥­¨å ¬¥â®¤i¢ à®§à åã­ªã §¡ãà¥­¨åâi«®¬ £i¤à®¤¨­ ¬iç­¨å ­ ¢ ­â ¦¥­ì. �¤¨­ § â -ª¨å ­ ¡«¨¦¥­¨å ¬¥â®¤i¢ à®§à åã­ªã á¨« � áªi­¤ -�ìî¬ ­  ¯®«ï£ õ ¢ â®¬ã, é® ¬®¦­  §­¥åâã¢ â¨­¥«i­i©­¨¬¨ ¥ä¥ªâ ¬¨ ¢ £à ­¨ç­¨å ã¬®¢ å ­  å¢¨-«ì®¢i© ¯®¢¥àå­i, ¢à åã¢ ¢è¨ âi«ìª¨ §¬i­­iáâì á -¬¨å ¯®¢¥àå®­ì § ç á®¬ [36, 37]. �®¤i à®§à åã­®ª¤ ­®ù ª â¥£®àiù á¨« ä ªâ¨ç­® ¬®¦¥ ¡ãâ¨ §¢¥¤¥­®,ïª i ¢ «i­i©­i© § ¤ çi [4, 38], ¤® ¢¨§­ ç¥­­ï £i¤à®¤¨-­ ¬iç­¨å ª®¥äiæi¥­âi¢ �.�. � áªi­¤ : ¯à¨«ãç¥­¨å¬ á â  ª®¥äiæiõ­âi¢ ¤¥¬¯äiàã¢ ­­ï,  «¥ ¢ ª®¦­¨©¬®¬¥­â ç áã ¤«ï ¬¨ââõ¢®ù § ­ãà¥­®ù ç áâ¨­¨ âi« .� à ¬ª å ¤ ­®£® ¯i¤å®¤ã £®«®¢­¨© ¢¥ªâ®à â £®«®¢­¨© ¬®¬¥­â £i¤à®¤¨­ ¬iç­¨å á¨« � áªi­¤ -�ìî¬ ­  ¢ ¦®àáâª® §¢'ï§ ­i© á¨áâ¥¬i ª®®à¤¨­ â~P 0o; ~M 0o ¬®¦­  ¯à¥¤áâ ¢¨â¨ ã ¢¨£«ï¤i~F 0o(t) = AT� ~Fo; ~Fo = R(L) ~qodx;~M 0o(t) = AT� ~Mo +AT�[(~�0 � (A� � I)~x0G)� ~Fo];~Mo = R(L) ~modx+ R(L) [~xo � ~qo]dx; (11)¤¥ ~xo = (x; 0; 0); i­â¥­á¨¢­®áâi £i¤à®¤¨­ ¬iç­¨å ­ -¢ ­â ¦¥­ì { á¨«®¢¨å ~qo � (0; qo2; qo3) â  ¬®¬¥­â-­¨å ~mo � (qo4; 0; 0) ¢¨§­ ç îâìáï ä®à¬ã« ¬¨qoj = ~qoj +�qoj; j = 2; 3; 4;~qoj � �[ @@t � (vc � hvwxij) @@x )] Z(C) �ocjds;�qoj = R(C)�pocjds: (12)�ãâ C = C(x0; t) { ¬¨ââõ¢¨© § ­ãà¥­¨© ª®­âãà¯®¯eà¥ç­®£® ¯¥à¥ài§ã âi«  â  ¢ § «¥¦­®áâïå (12)¢à å®¢ ­i âi«ìª¨ ®á­®¢­i ¯à®¥ªæiù à®§¯®¤i«¥­¨å ­ -¢ ­â ¦¥­ì, â ª ïª ¯®§¤®¢¦­ï ¯à®¥ªæiï á¨«¨ qo1â  ¯à®¥ªæiù ¬®¬¥­âã qo5; qo6 ¯à¨¡«¨§­® ­  ¤¢  ¯®-àï¤ª¨ ¬¥­èi ¢à å®¢ ­¨å. �i«ìè ¤¥â «ì­i § «¥¦-­®áâi ¤«ï ¤ ­®ù ª â¥£®àiù á¨« ­ ¢¥¤¥­i ­¨¦ç¥ ¯à¨¤®á«i¤¦¥­­i ¯®¤®¢¦¥­¨å ®¤­®ª®à¯ãá­¨å âi«.� §­ ç¨¬® âi«ìª¨, é® ¤«ï ¡ £ â®¥«¥¬¥­â­¨å¯« ¢ îç¨å âi« ­¥¬®¦«¨¢® ®¡i©â¨ ¯¨â ­­ï £i¤à®¤¨-­ ¬iç­®ù ¢§ õ¬®¤iù ¬i¦ ®ªà¥¬¨¬¨ ¯i¤¢®¤­¨¬¨ ¥«¥-¬¥­â ¬¨. �«ï áã¤­  ���� ¯à¨ ¢¨ª®à¨áâ ­­i £i¯®-â¥§¨ ¯«®áª®£® ®¡âiª ­­ï ä®à¬ «ì­® ¬®¢  ¯®¢¨­­ ©â¨ ¯à® £i¤à®¤¨­ ¬iç­ã ¢§ õ¬®¤iî ¯à¨ £ à¬®­iç-­¨å ª®«¨¢ ­­ïå ¤¢®å ¯«®áª¨å ª®­âãài¢ ­  ¯®¢¥àå-­i ài¤¨­¨. � æì®¬ã ¢¨¯ ¤ªã ¤i©á­® iá­ãîâì à¥§®-­ ­á­i à¥¦¨¬¨ ª®«¨¢ ­ì, ¯à¨ ïª¨å £i¤à®¤¨­ ¬iç­ 

¢§ õ¬®¤iï ¬i¦ ª®­âãà ¬¨ ¬®¦¥ ¡ãâ¨ á¨«ì­®î [39].�«¥ ¢ ¤i©á­®áâi ¯®âài¡­® ¬ â¨ ­  ã¢ §i, é® ¯à¨àãái áã¤­  ¬i¦ ©®£® ª®à¯ãá ¬¨ ­¥ ¬®¦ãâì ãâ¢®àî-¢ â¨áï á¨áâ¥¬¨ å¢¨«ì, ïªi § ¡¥§¯¥çãîâì ¤®áâ â-­ì® á¨«ì­ã ¢§ õ¬®¤iî ¬i¦ ª®à¯ãá ¬¨. �®¬ã ¢ ¯¥à-è®¬ã ­ ¡«¨¦¥­­i â ª®î ¢§ õ¬®¤i¥î ¬®¦­  §­¥å-âã¢ â¨, áãââõ¢® á¯à®áâ¨¢è¨ â ª¨¬ ç¨­®¬ à®§à -åã­ª®¢i § «¥¦­®áâi.�®§£«ï­¥¬® â¥¯¥à §®á¥à¥¤¦¥­i §ãá¨««ï ­  áâ¥à-­ å ã¯à ¢«i­­ï â  áâ ¡i«i§ æiù àãåã. �i áâ¥à­  § -£ «®¬ ¬®¦ãâì ¬ â¨ £®à¨§®­â «ì­¥ â  ¢¥àâ¨ª «ì­¥à®§â èã¢ ­­ï i ¢¨¯à®¡®¢ã¢ â¨ ¯®áâã¯ «ì­¨© àãåâ  ¯®¯¥à¥ç­i ª®«¨¢ ­­ï ¢ ¯«®é¨­i  â ª¨ ¢ ­ ¡i-£ îç®¬ã ¯®â®æi ài¤¨­¨. �«®é¨­   â ª¨ ¤«ï £®-à¨§®­â «ì­¨å áâ¥à¥­ ¢¨§­ ç õâìáï ªãâ ¬¨ ­ å¨-«¥­­ï �0 â  �0,   ¤«ï ¢¥àâ¨ª «ì­¨å { ªãâ ¬¨ �0 â  0. �à¨ æì®¬ã ªãâ¨  0 â  �0 ¯®¢¨­­i ¢à å®¢ã¢ â¨-áï ¢ § £ «ì­¨© ªãâ  â ª¨ £®à¨§®­â «ì­®£® ç¨ ¢¥à-â¨ª «ì­®£® áâ¥à­  ¢i¤¯®¢i¤­®. � ¯«®é¨­i  â ª¨£®à¨§®­â «ì­®£® áâ¥à­  ¢ ­¥«i­i©­®¬ã ­ ¡«¨¦¥­-­i ¯®¢­¨© ¢¥ªâ®à è¢¨¤ª®áâi ­ ¡i£ îç®£® ¯®â®ªã vaâ  ¯®¢­¨© ªãâ  â ª¨ �a ¡ã¤ãâìva = (v21 + v23)1=2; �a = (�r +  0 + ��a);��a = arctan(v3=v1); (13)¤¥ (v1; v2; v3) = ~v1 = AT��(~vc+~vb�~vw); �r { ªãâ ¯¥-à¥ª« ¤ ­­ï áâ¥à­ ; ��a { ¤®¤ âª®¢¨© ªãâ áª®áã ¯®-â®ªã ài¤¨­¨ ¢ ¯«®é¨­i  â ª¨ §  à åã­®ª å¨â ¢¨æiâ  å¢¨«ì®¢®£® àãåã; ¢ái § «¥¦­®áâi ¢¨§­ ç îâìáï¢ â®çæi à®§â èã¢ ­­ï ¤ ­®£® k -£® áâ¥à­ .� ¯®¢­®£® ­ ¡®àã §ãá¨«ì ­  áâ¥à­i ¢ ­¥áâ æi®-­ à­®¬ã ¯®â®æi ài¤¨­¨ [38, 40] ¢¨¤i«¨¬® âi«ìª¨¯i¤i©¬ «ì­ã á¨«ã ¯à¨ ¯®§¤®¢¦­ì®¬ã àãái â  á¨-«ã ®¯®àã ¯à¨ ¯®¯¥à¥ç­¨å ª®«¨¢ ­­ïå áâ¥à­ , ¢¢ -¦ îç¨ i­èi ª â¥£®àiù á¨« ¯®ài¢­ï­® ­¥§­ ç­¨¬¨¯à¨ ¤®á«i¤¦¥­­i § £ «ì­®ù ¤¨­ ¬iª¨ âi« . �®¤i ¤«ï£®à¨§®­â «ì­®£® áâ¥à­  ¢¨§­ ç¥­¨© à ­iè¥ £®«®¢-­¨© ¢¥ªâ®à §ãá¨«ì ­  áâ¥à­i ¢ ¦®àáâª® §¢'ï§ ­i©á¨áâ¥¬i ª®®à¤¨­ â ¡ã¤¥~F 0r = AT ~F?r ; ~F?r ' f0; 0;�12�Sr(CLva2��sign(�a) + CRjv3jv3)g; (14)¤¥ CL â  CD { ª®¥äiæiõ­â¨ á¨« ¯i¤­ïââï â  ®¯®àã,ïªi ¬®¦­  §­ ©â¨, ­ ¯à¨ª« ¤, ¢ [38,40]; Sr { ¯«®é áâ¥à­  ¢ ¯« ­i.�«ï ¢¥àâ¨ª «ì­® à®§â è®¢ ­¨å áâ¥à¥­ ¢i¤¯®¢i¤-­i § «¥¦­®áâi ¡ã¤ãâì ¬ â¨ ¢¨£«ï¤va = (v21 + v22)1=2; �a = (�r + �0 � ��a);�� = arctan(v2=v1);~v1 = AT� (~vc + ~vb � ~vw); (15)58 �.�. �¥à¤îç¥­ª®



ISSN 1561- 9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 2001. �®¬ 3 (75), N 3. �. 53 { 69â  §ãá¨««ï~F 0r = AT� ~F?r ; ~F?r ' f0;�12�Sr(CLva2��sign(�a) + CRjv2jv2); 0g: (16)� ª¨¬ ç¨­®¬, §ãá¨««ï ­  áâ¥à­ å õ áãâ® ­¥«i­i©-­¨¬¨ ¢i¤­®á­® ¯®¢­®ù è¢¨¤ª®áâi ­ ¡i£ îç®£® ¯®-â®ªã, ïª  áª« ¤ õâìáï i§ è¢¨¤ª®áâi ¯®áâã¯ «ì­®-£® àãåã âi«  vc, è¢¨¤ª®áâi ©®£® ª®«¨¢ ­ì ~vb â è¢¨¤ª®áâi ¢ ­ ¡i£ îç¨å å¢¨«ïå ~vw. �®¤® §ãá¨«ì­  àãèiïå, â® ¢®­¨ § £ «®¬ ¯®áâi©­i i ¢ài¢­®¢ ¦ã-îâìáï ¯®áâi©­®î áª« ¤®¢®î á¨« ®¯®àã àãåã âi«  ¢ài¤¨­i; ¤¨á¡ « ­á ¬®¦¥ §'ï¢¨â¨áï âi«ìª¨ ¯à¨ ç áâ-ª®¢®¬ã ç¨ ¯®¢­®¬ã ®£®«¥­­i àãèiï. � æì®¬ã ¢¨-¯ ¤ªã ¯®âài¡­® ¢à å®¢ã¢ â¨ ¢âà âã ¤iîç®ù á¨«¨ ­ àãèiïå.�i¤áâ ­®¢ª  § «¥¦­®áâ¥© (6){(16) ¢ ài¢­ï­­ï (4)¤ õ §¬®£ã ®âà¨¬ â¨ ®áâ â®ç­ã á¨áâ¥¬ã ­¥«i­i©­¨åài¢­ï­ì, ïªi ®¯¨áãîâì ª®«¨¢ ­­ï âà¨¢¨¬ià­®£® ¡ -£ â®¥«¥¬¥­â­®£® âi«  ­  ¯®¢¥àå­i ¢ ¦ª®ù ài¤¨­¨¯à¨ ¤iù ­  âi«® à¥£ã«ïà­®ù á¨áâ¥¬¨ å¢¨«ì áªi­ç¥-­®ù  ¬¯«iâã¤¨.3. ���I�I��I �I������ �������� �������������� �I���å¥¬  ®âà¨¬ ­­ï ài¢­ï­ì, é® à®§£«ï­ãâ  ¢¨-é¥, ­¥ õ õ¤¨­® ¬®¦«¨¢®î ¤«ï ¯®¤®¢¦¥­¨å ¯« ¢ -îç¨å âi«, ¤«ï ïª¨å ¬ õ §­ ç¥­­ï â ª®¦ ¯®§¤®¢¦-­ï ¬iæ­iáâì ª®à¯ãáã. �«ï ­¨å ¬®¦­  § ¯à®¯®­ã¢ -â¨ ¡i«ìè §àãç­ã ä®à¬ã ®âà¨¬ ­­ï ài¢­ï­ì ª®«¨-¢ ­ì, ¢¨ª®à¨áâ ¢è¨ ¤«ï æì®£® ã¬®¢¨ ài¢­®áâi ­ã-«î ¢­ãâàiè­iå §ãá¨«ì ã ¯®¯¥à¥ç­¨å ¯¥à¥ài§ å ¤«ïªi­æi¢ âi«  ïª ¢i«ì­®ù ¡¥§®¯®à­®ù ¡ «ª¨. �«ï ¯®-¤®¢¦¥­¨å âi« â¨¯ã ª®à¯ãái¢ áã¤¥­ ùå­ï ¤®¢¦¨­  ¢8-10 à §i¢ ¡i«ìè  §  ¯®¯¥à¥ç­i à®§¬ià¨ i æ¥ ¤ õ§¬®£ã ¢¢¥áâ¨ ¤® à®§£«ï¤ã i­â¥­á¨¢­®áâi ­ ¢ ­â -¦¥­ì â  ¢­ãâàiè­i §ãá¨««ï ¢ ¯®¯¥à¥ç­¨å ¯¥à¥ài§ åâi«  ïª ¡ «ª¨, §®ªà¥¬  ~N (x0; t) = (N1; N2; N3) â ~M(x0; t) = (M1;M2;M3), ¤¥ N1 ¢¨§­ ç õ ¯®§¤®¢¦-­î á¨«ã, N2; N3 { §ài§ãîçi á¨«¨ ¢ ­ ¯àï¬ª å ¢i-á¥© O0y0 â  O0z0, M1 { áªàãçã¢ «ì­¨© ¬®¬¥­â â M2;M3 { ¢¥àâ¨ª «ì­¨© â  £®à¨§®­â «ì­¨© §£¨-­ «ì­i ¬®¬¥­â¨. �«ï ¤®¢i«ì­¨å ¯®¯¥à¥ç­¨å ¯¥à¥-ài§i¢ æi ¢¥«¨ç¨­¨ ¤®ài¢­îîâì~N(x0; t) = x0R�L=2 ~q�(�0; t)d�0;~M(x0; t) = x0R�L=2 ~m�(�0; t)d�0 + x0R�L=2 [ ~��0��~q�(�0; t)d�0; (17)¤¥ ~q� â  ~m� { ¨­â¥­á¨¢­®áâi áã¬ à­¨å ­ ¢ ­-â ¦¥­ì ­  ª®à¯ãá áã¤­ , ¯à¨¢¥¤¥­i ¤® ¢iái O0x0;

~��0 = ((�0 � x0); 0; 0). �¨ª®à¨áâ ¢è¨ ¯à¨©­ïâ¥ ¢¨-é¥ à®§¤i«¥­­ï ­ ¢ ­â ¦¥­ì ­  á¨«¨ ¢ £¨, i­¥à-æiù ¬ á¨, £i¤à®áâ â¨ç­ã â  å¢¨«ì®¢ã ª®¬¯®­¥­â¨á¨« �à¨«®¢ -�àã¤ , «i­i©­ã â  ª¢ ¤à â¨ç­ã ª®¬-¯®­¥­â¨ á¨« � áªi­¤ -�ìî¬ ­ ,   â ª®¦ ¤®¤ ¢è¨£i¤à®¤¨­ ¬iç­i ­ ¢ ­â ¦¥­­ï ¢i¤ ¬®¦«¨¢¨å ª®«¨-¢ ­ì ài¤ª®£® ¢ ­â ¦ã ã ç áâª®¢® § ¯®¢­¥­¨å ¢i¤-áiª å áã¤­  ~qsl; ~msl, § ¯¨è¥¬® ¤«ï áã¬ à­¨å ­ -¢ ­â ¦¥­ì~q� = ~qgr + ~qin + (~qh + ~~qw) + ~qsl++(~~qo + ~�qo);~m� = ~mgr + ~min + (~mh + ~~mw)++~msl + ( ~~mo + ~�mo); (18)¤¥, ­ £ ¤ õ¬®, ¢ái ¢¥ªâ®à¨ ¢¨§­ ç¥­i ¢ ¦®àáâª®§¢'ï§ ­i© á¨áâ¥¬i ª®®à¤¨­ â.�®¤i ã¬®¢¨ ¤i­ ¬iç­®ù ài¢­®¢ £¨ âi«  ïª ¡¥§®¯®à-­®ù ¡ «ª¨ § ¯¨èãâìáï ã ¢¨£«ï¤i~N (L=2; t) = 0; ~M (L=2; t) = 0: (19)�¨§­ ç¨¢è¨ ¢ái áª« ¤®¢i ¢ áã¬ à­¨å ­ ¢ ­â ¦¥­-­ïå, ¯i¤áâ ¢¨¢è¨ iå ¢ ä®à¬ã«¨ (17) â  ¢¨ª®à¨áâ ¢-è¨ ã¬®¢¨ (19), ¬®¦­® áª« áâ¨ á¨áâ¥¬ã ài¢­ï­ì ¤«ï¯®¤®¢¦¥­®£® âi« .�âà¨¬ ¥¬® â¥¯¥à § «¥¦­®áâi ¤«ï áª« ¤®¢¨å ãáã¬ à­¨å ­ ¢ ­â ¦¥­­ïå ã ài¢­ï­­ïå (18). �¨« ¢ £¨ ¥«¥¬¥­âã ¬ á¨ dm ¤®ài¢­îõ dm~g0 = dmAT�~g =�dmg~a3,   i­â¥£àã¢ ­­ï ¯® ¬ â¥ài «ì­®¬ã ¯®¯¥-à¥ç­®¬ã ¯¥à¥ài§ã ¤ õ ­ áâã¯­i § «¥¦­®áâi ¤«ï ~qgrâ  ~mgr :~qgr(x0; t) = �m(x0)g~a3;~mgr(x0; t) = �m(x0)g[~x0g0(x0)� ~a3]; (20)¤¥ m(x0) { ¯®£®­­  ¬ á  âi« ; ~x0g0 = (0; y0g; z0g) {ª®®à¤¨­ â  æ¥­âàã ¢ £¨ ¢ ¯®¯¥à¥ç­®¬ã ¯à¥ài§i.�¨«  i­¥àæiù ¤«ï ¥«¥¬¥­âã ¬ á¨ ¤®ài¢­îõ�dm~w0b = �dmAT� ~wb,   i­â¥£àã¢ ­­ï ¯® ¬ -â¥ài «ì­®¬ã ¯®¯¥à¥ç­®¬ã ¯¥à¥ài§ã ¤ õ ­ áâã¯­i§ «¥¦­®áâi ¤«ï i­â¥­á¨¢­®áâ¥© á¨« i­¥àæiù ~gin â ~min:~qin(x0; t) = �m(x0)[AT�~��0 +AT� �A�(~x0g(x0)� ~x0G)];~min(x0; t) = m(x0)f[(AT� ~��0)� ~x0g0]� [(AT� �A�~x0g)��~x0g0] + [(AT� �A�)�R0g ]g; (21)¤¥ ~x0g = (x0; y0g; z0g) â  ¤«ï áª®à®ç¥­­ï § ¯¨áã ¢¨ª®-à¨áâ ­® ¯á¥¢¤®¢¥ªâ®à­¨© ¤®¡ãâ®ª ¤¢®å ¬ âà¨æì ã¢¨£«ï¤i[A�R] =~iXj (a2jrj3 � a3jrj2) +~jXj (a3jrj1��.�. �¥à¤îç¥­ª® 59
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�¨á. 3. �®¯¥à¥ç­¨© ¯¥à¥ài§ ®¤­®ª®à¯ãá­®£® áã¤­ ;�Y - ­¥¯àï¬®¡®àâ­  ç áâ¨­  ª®­âãàã,///// - ¬¨ââõ¢  § ­ãà¥­  ¯«®é  ¯¥à¥ài§ã�a1jrj3) + ~kXj (a1jrj2 � a2jrj1):� âà¨æï i­¥àæi©­¨å å à ªâ¥à¨áâ¨ª ¬ â¥ài «ì­®-£® ¯®¯¥à¥ç­®£® ¯¥à¥ài§ã R0g(x0) ¬ õ ¢¨£«ï¤R0g = 0@ 0 x0y0g x0z0g0 r2gy rgyz0 rgyz r2gz 1A ; (22)¤¥ rgy; rgz; rgyz { ¢i¤¯®¢i¤­i à ¤iãá¨ i­¥àæiù ¬ á¨¢ ¯®¯¥à¥ç­®¬ã ¯¥à¥ài§i; ¤«ï ¯®¤®¢¦¥­®£® âi«  ¢®-­¨ ­  ¯®àï¤®ª ¬¥­ìèi §  ¯®§¤®¢¦­i© à ¤iãá i­¥àæiù¬ á ¢áì®£® ª®à¯ãáã rGx.I­â¥­á¨¢­®áâi £i¤à®áâ â¨ç­¨å ­ ¢ ­â ¦¥­ì ¢¨-§­ ç îâìáï i­â¥£à «ì­¨¬¨ å à ªâ¥à¨áâ¨ª ¬¨ ¯®-¯¥à¥ç­®£® ¯¥à¥ài§ã �!; �sy;z §£i¤­® § (7). �«ï¢¨¤i«¥­­ï ¢ ¤ ­¨å ¢¥«¨ç¨­ å «i­i©­®ù ç áâ¨­¨¯à¥¤áâ ¢¨¬® ¤ «i ài¢­ï­­ï ª®­âãàã ¯®¯¥à¥ç­®£®¯¥à¥ài§ã ã ¢¨£«ï¤iy0 = Y (x0; z0) = b0(x0) + �Y (x0; z0) == b0(x0) + MXm=1 bm(x0)z0m; M = 4� 5;¤¥ b0 ¢¨§­ ç õ ­ ¯i¢è¨à¨­ã ª®à¯ãáã ¯® ¢ â¥à«i­iîài¢­®¢ £¨,   �Y õ ­¥¯àï¬®áâi­­  ç áâ¨­  ©®£® ¯®-¢¥àå­i, ïª  i ¯®à®¤¦ãõ ­¥«i­i©­i ¥ä¥ªâ¨ ¤«ï ¤ ­®ùª â¥£®àiù á¨« (à¨á. 3 ).�®¤i ¤«ï ¢¥«¨ç¨­ �!; �sy;z ¬®¦­  ®âà¨¬ â¨ § -«¥¦­®áâi�! = 2[b0�ow + �! + 12Y ow(�̂w � �ow)];�sy = 23Y ow2�̂w; �̂w = 12 (�+w + ��w );�sz = 2[12b0�ow2 + �sz + 13(�̂2w + 2�ow �̂w � �ow2)];�! =Pm 1m+1bm�owm+1; �sz =Pm 1m+2 bm�owm+2;(23)

¤¥ �+w ; ��w â  �ow õ §­ ç¥­­ï å¢¨«ì®¢®£® ¯à®äi«î ¯®¯à ¢®¬ã, «i¢®¬ã ¡®àâ ¬ â  ¢ ¤i ¬¥âà «ì­i© ¯«®-é¨­i ¢i¤¯®¢i¤­® ¢ ¦®àáâª® §¢'ï§ ­i© á¨áâ¥¬i ª®®à-¤¨­ â; Y ow { ­ ¯i¢è¨à¨­  ª®à¯ãáã ¯à¨ z0 = �ow; ¤ ­i¢¥«¨ç¨­¨ ¢¨§­ ç îâìáï ¤«ï ª®¦­®£® ¬®¬¥­âã ç áã§ ­ áâã¯­®ù á¨áâ¥¬¨ ài¢­ï­ì:~x = [~�0 � (A� � I)~x0G] +A�~x0;z = �w(x; y; t); y0 = �Y (x0; z0):�®§¢'ï§®ª ¤ ­®ù á¨áâ¥¬¨ ài¢­ï­ì ¯®âà¥¡ãõ 2 {3 iâ¥à æiù ¤«ï ®âà¨¬ ­­ï ¯à ªâ¨ç­® ¯à¨©­ïâ­¨åà¥§ã«ìâ âi¢. �i¤ªà¥á«¨¬® â ª®¦, é® ¯¥àè¨© ç«¥­ã § «¥¦­®áâi ¤«ï �! ¢i¤¯®¢i¤ õ «i­i©­®¬ã ­ ¡«¨-¦¥­­î ¢ ¢¨§­ ç¥­­i ­¥¢ài¢­®¢ ¦¥­®ù ç áâ¨­¨ á¨«¯i¤âà¨¬ ­­ï.I­â¥­á¨¢­®áâi å¢¨«ì®¢®ù áª« ¤®¢®ù á¨« �à¨«®¢ -�àã¤ , ïªi ¬ îâì ¢¨£«ï¤ (7), ¬®¦­  á¯à¨áâ¨â¨¤ «i, ¯à®i­â¥£àã¢ ¢è¨ ¯® §¬i­­i© y0. �®¤i ¤«ï ¯à®-¥ªæi© å¢¨«ì®¢¨å ­ ¢ ­â ¦¥­ì ¬®¦­  ®âà¨¬ â¨ ­ -áâã¯­i ä®à¬ã«¨:~qwx = �h@~p0w@x0 Y ic + @@x0 h~p0wY ic;~qwy = �h~p0wik; ~qwz = �h@~p0w@z0 Y ic;~mwx = h~p0wz0ik � 12h@~p0w@z0 Y 2ik;~mwy = �h@~p0w@x0 z0Y ic + @@x0 h~p0wz0Y ic;~mwz = 12(h@~p0w@x0 Y 2ik � @@x0 h~p0wY 2ik); (24)¤¥ ¢¨ª®à¨áâ ­i ¯®§­ ç¥­­ï ¤«ï á¨¬¥âà¨ç­¨å â  ª®-á®á¨¬¥âà¨ç­¨å i­â¥£à «i¢ ¯® ¢¥àâ¨ª «ì­i© ª®®à-¤¨­ âi z0:h� � �ic;k = �+wZ�d (� � �)dz0 � ��wZ�d (� � �)dz0:I­â¥£à «¨ ¯®¢¨­­i ¯i¤à å®¢ã¢ â¨áï ¢ ª®¦­¨© ¬®-¬¥­â ç áã §  ¤®¯®¬®£®î ç¨á«®¢¨å ¯à®æ¥¤ãà. �à¨æì®¬ã ®á­®¢­¨¬¨ õ á¨¬¥âà¨ç­i i­â¥£à «¨ i â®¬ã¤«ï ¯®¤®¢¦¥­®£® âi«  ¯à®¥ªæiù ­ ¢ ­â ¦¥­ì ~qwxâ  ~mwy; ~mwz § £ «®¬ ­  ®¤¨­{¤¢  ¯®àï¤ª¨ ¬¥­èi§  i­èi ¯à®¥ªæiù å¢¨«ì®¢®ù ç áâ¨­¨ á¨« �à¨«®¢ -äàã¤ .�¥à¥©¤¥¬® â¥¯¥à ¤® i­â¥­á¨¢­®áâ¥© £i¤à®¤¨-­ ¬iç­¨å á¨« � áªi­¤ -�ìî¬ ­ , § £ «ì­i § «¥¦-­®áâi ¤«ï ïª¨å ¡ã«¨ ®âà¨¬ ­i ¢¨é¥ ¢ ä®à¬ã« å(12). �«ï ùå à®§à åã­ªã ¯®âài¡­® ¬ â¨ §­ ç¥­­ï¯®â¥­æi «ã §¡ãà¥­®£® âi«®¬ å¢¨«ì®¢®£® àãåã �o â §¡ãà¥­®ù ¤®â¨ç­®ù ¤® ª®­âãàã è¢¨¤ª®áâi �os, ¤«ï60 �.�. �¥à¤îç¥­ª®



ISSN 1561- 9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 2001. �®¬ 3 (75), N 3. �. 53 { 69¢¨§­ ç¥­­ï ïª¨å ­¥®¡åi¤­® à®§¢'ï§ã¢ â¨ ­¥«i­i©-­ã â  ­¥áâ æi®­ à­ã £à ­¨ç­ã § ¤ çã. �ª ¡ã«®§ §­ ç¥­® ¢¨é¥, ­ ¡«¨¦¥­¨© à®§¢'ï§®ª ¤ ­®ù § -¤ çi ¬®¦­  ®âà¨¬ â¨, ïªé® §­¥åâã¢ â¨ ­¥«i­i©-­¨¬¨ £à ­¨ç­¨¬¨ ã¬®¢ ¬¨ ­  å¢¨«ì®¢i© ¯®¢¥àå­i,§ «¨è¨¢è¨ âi«ìª¨ ¥ä¥ªâ¨ §¬i­­®áâi §  ç á®¬ ¤ -­®ù ¯®¢¥àå­i â  § ­ãà¥­®ù ç áâ¨­¨ ¯®¢¥àå­i âi« .�ài¬ â®£®, ¯®¤®¢¦¥­iáâì ª®à¯ãáã âi«  â  ¯®ài¢­ï-­® ¢¥«¨ª  ¤®¢¦¨­  ­ ¡i£ îç¨å å¢¨«ì ¤ îâì §¬®£ã¢¨ª®à¨áâ â¨ £i¯®â¥§ã ¯«®áª®£® ®¡âiª ­­ï ¯®¯¥à¥ç-­¨å ª®­âãài¢ â  §¢¥áâ¨ § ¤ çã ¤¨äà ªæiù å¢¨«ì ¤®¡i«ìè ¯à®áâ®ù § ¤ çi ùå ¢¨¯à®¬i­¥­­ï ¯à¨ ¯«®áª¨åª®«¨¢ ­­ïå ª®­âãàã, é® â ª®¦ §­ ç­® á¯à®éãõà®§à åã­ª¨. �¥â «i ¤ ­®£® ¬¥â®¤ã ¬®¦­  §­ ©-â¨ ¢ à®¡®â å [36,37], â ª é® ®¡¬¥¦¨¬®áï âi«ì-ª¨ áãââõ¢¨¬¨ ¬®¬¥­â ¬¨. �®-¯¥àè¥, §¬i­­iáâì£à ­¨æì ¢à å®¢ãõâìáï §  ¤®¯®¬®£®î ¯¥à¥â¢®à¥­-­ï á¨áâ¥¬ ª®®à¤¨­ â, §®ªà¥¬ , §áã¢ã ¯® ¢¥àâ¨-ª «ì­i© ª®®à¤¨­ âi ~z = z � �e â  ¡ £ â®¯ à ¬¥-âà¨ç­®£® ª®­ä®à¬­®£® ¢i¤®¡à ¦¥­­ï ¤«ï ¬¨ââ¥¢®ù§ ­ãà¥­®ù ç áâ¨­¨ ¯«®áª®£® ª®­âãàã ¯®¯¥à¥ç­®£®¯à¥ài§ã. �®-¤àã£¥, ¤«ï ®âà¨¬ ­­ï à®§¢'ï§ªã £à -­¨ç­®ù § ¤ çi ¢ ¯ à ¬¥âà¨ç­i© ¯«®é¨­i § äiªá®¢ -­¨¬ ª®«®¯®¤i¡­¨¬ ª®­âãà®¬ ¢¨ª®à¨áâ ­® ª« á¨ç-­¨© ¬¥â®¤ £i¤à®¤¨­ ¬iç­¨å ®á®¡«¨¢®áâ¥© �àá¥« [4,41, 42], ïª¨© ­¥ ¬ õ â ª¨å ­¥¤®«iªi¢, ïª, ­ ¯à¨-ª« ¤, ­ ï¢­iáâì à¥§®­ ­á­¨å ç áâ®â, é® å à ªâ¥à-­® ¤«ï ¬¥â®¤i¢ �à ­ª  ç¨ £à ­¨ç­¨å i­â¥£à «ì­¨åài¢­ï­ì ¢ «i­i©­i© £i¤à®¤¨­ ¬iæi áã¤¥­ [41{ 43].� à¥§ã«ìâ âi § «¥¦­®áâi ¤«ï i­â¥­á¨¢­®áâ¥© á¨«� áªi­¤ -�ìî¬ ­  ¬®¦­  ¯à¨¢¥áâ¨ ¯® ä®à¬i ¤®ª« á¨ç­®£® ¢¨£«ï¤ã~qoj(x0; t) = �[ @@t � (vc � hvwxij) @@x )]��Pr (�jrhvrij + �jrhurij);j; r = 2; 3; 4; (25)¤¥ �jr(x0; t) â  �jr(x0; t) { ¯à¨«ãç¥­i ¬ á¨ â  ª®-¥äiæiõ­â¨ ¤¥¬¯äiàã¢ ­­ï ¤«ï jr ¢¨¤i¢ ª®«¨¢ ­ì,¢¨§­ ç¥­i ¤«ï ¬¨ââõ¢®ù § ­ãà¥­®ù ç áâ¨­¨ ¯®¯¥-à¥ç­®£® ¯¥à¥ài§ã âi« ; hvrij õ ®á¥à¥¤­¥­i ­  § ­ã-à¥­®¬ã ª®­âãài ¯à®¥ªæiù ¢i¤­®á­¨å è¢¨¤ª®áâ¥©, é®¤®ài¢­îîâìhv2ij = _�0 + ( _�0 � _�0 0)(x� x0G � �0)++( _�0 � _ 0�0)(z0G + �0)� hvwyij +O(�4);hv3ij = _�0 � [ _ 0(1� 12�20) + _�0�0](x� x0G���0)� ( _�0 � _ 0�0)�0 � hvwzij +O(�4);hv4ij = _�0[1� 12 (�20 +  20)]� _ 0�0 + O(�4): (26)

  hurij õ ¢i¤¯®¢i¤­i ¯¥à¥¬ié¥­­ïhurij = tZ0 hvrij(t)dt; r; j = 2; 3; 4:� ¤ ­¨å § «¥¦­®áâïå â ª®¦ hvwxij â  hvwy;zij õ¢i¤¯®¢i¤­¨¬ ç¨­®¬ ®á¥à¥¤­¥­i ­  ª®­âãài ¯®¯¥à¥ç-­®£® ¯¥à¥ài§ã âi«  ¯à®¥ªæiù ¯®«ï å¢¨«ì®¢¨å è¢¨¤-ª®áâ¥© ~vwhvwxij � R(C) vwxcjdsR(C) cjds ;hvwy;zij � R(C) vwy;z�jc2;3dsR(C) �jc2;3ds ; j = 2; 3; 4; (27)¤¥ �j; j = 2; 3; 4; { ¯®â¥­æi «¨ è¢¨¤ª®áâi ¯à¨ ¯«®á-ª¨å ª®«¨¢ ­­ïå ¥«i¯â¨ç­®£® ª®­âãàã ¢ ¡¥§¬¥¦­i©ài¤¨­i [4], ïªi ¢¨ª®à¨áâ ­i ïª ¢ £®¢i ¬­®¦­¨ª¨ ¯à¨®á¥à¥¤­¥­­i å¢¨«ì®¢®ù è¢¨¤ª®áâi ­  ª®­âãài.�¬i­­iáâì £i¤à®¤¨­ ¬iç­¨å ª®¥äiæiõ­âi¢ § ç á®¬ ïªà § i ¢à å®¢ãõ ­¥«i­i©­i ¥ä¥ªâ¨ ¢ á¨« å � áªi­¤ -�ìî¬ ­ ,   ¯à¨áãâ­iáâì ®á¥à¥¤­¥­¨å ¯à®¥ªæi©å¢¨«ì®¢®ù è¢¨¤ª®áâi ¢à å®¢ãõ ¤¨äà ªæi©­i ¥ä¥ªâ¨.� à¥èâi, £i¤à®¤¨­ ¬iç­i ­ ¢ ­â ¦¥­­ï ¢i¤ ài¤-ª®£® ¢ ­â ¦ã ã ¢­ãâàiè­iå ¢i¤áiª å âi«  § ¢i«ì­®î¯®¢¥àå­¥î ¬®¦ãâì ¡ãâ¨ ¢¨§­ ç¥­i ¬¥â®¤ ¬¨, à®-§à®¡«¥­¨¬¨ ¢ à®¡®â å I.�. �ãª®¢áìª®£® (¤¨¢., ­ -¯à¨ª« ¤, [32]). � ­  ª â¥£®àiï ­ ¢ ­â ¦¥­ì â ª®¦­®á¨âì áãââõ¢® ­¥«i­i©­¨© å à ªâ¥à ïª i§-§  § -«¥¦­®áâi å à ªâ¥àã àãåã ài¤ª®£® ¢ ­â ¦ã ¢i¤ ª®-«¨¢ ­ì âi« , â ª i ç¥à¥§ ­¥«i­i©­i ¥ä¥ªâ¨ ¢ á ¬¨åª®«¨¢ ­­ïå ài¤¨­¨ ¢ ®¡¬¥¦¥­®¬ã ®¡'õ¬i.�âà¨¬ ­i ®¡®¬  á¯®á®¡ ¬¨ á¨áâ¥¬¨ ài¢­ï­ì§àãç­® ®áâ â®ç­® ¯à¥¤áâ ¢¨â¨ ¢ ª ­®­iç­®¬ã ¤«ïài¢­ï­ì ¬¥å ­iª¨ ¢¨£«ï¤iM~�u + 2�~_u+K~u = ~f ; t > 0; (28)¤¥ ~u = (~�0; ~�0) { ¯®¢­¨© ¢¥ªâ®à ¯¥à¥¬ié¥­ì; M =fmijg61, � = flijg61, K = fkijg61 { ã§ £ «ì­¥­i (6 �6) ¬ âà¨æi i­¥àæiù, ¤¥¬¯äiàã¢ ­­ï â  ¦®àáâª®áâi,¥«¥¬¥­â¨ ïª¨å ¢ ­¥«i­i©­®¬ã ­ ¡«¨¦¥­­i § «¥¦ âì¢i¤ ç áã t â  ¢¥«¨ç¨­ ~u;~_u;~�u; ~f = ~f (t;~u;~_u;~�u) { ã§ -£ «ì­¥­¨© ¢¥ªâ®à §¡ã¤¦ã¢ «ì­¨å á¨«.�®¦­¨© § ¥«¥¬¥­âi¢ ¬ âà¨æì ¬®¦­® ¯à¥¤áâ ¢¨â¨ã ¢¨£«ï¤ieij = fmij; lij; kijg = eoij + �eij(t;~u;~_u;~�u);¤¥ eoij ¢i¤¯®¢i¤ îâì «i­i©­®¬ã ­ ¡«¨¦¥­­î,   �eij¢à å®¢ãîâì ­¥«i­i©­i ¥ä¥ªâ¨ ¢ á¨áâ¥¬i "âi«®-ài¤¨­ ".�.�. �¥à¤îç¥­ª® 61



ISSN 1561- 9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 2001. �®¬ 3 (75), N 3. �. 53 { 69�ä¥ªâ¨¢­¥ i­â¥£àã¢ ­­ï á¨áâ¥¬¨ ài¢­ï­ì (28)¬®¦«¨¢¥ âi«ìª¨ ç¨á«®¢¨¬¨ ¬¥â®¤ ¬¨, ®áªi«ìª¨®á­®¢­i á¯i¢¢i¤­®è¥­­ï ¤«ï ¥«¥¬¥­âi¢ ¬ âà¨æì ã¯à ¢i© ç áâ¨­i â  ¤«ï ¢¥ªâ®àã §¡ã¤¦ã¢ «ì­¨å á¨«­¥ ¬ îâì ï¢­®£®  ­ «iâ¨ç­®£® ¢¨à §ã i ¯®¢¨­­i¢¨§­ ç â¨áï §  ¤®¯®¬®£®î i­â¥£à «i¢ §i §¬i­­®î¢¥àå­ì®î ¬¥¦¥î, é® § «¥¦¨âì ¢i¤ ¯¥à¥¬ié¥­­ïâi«  ¯à¨ ª®«¨¢ ­­ïå, ç¨ ¢ à¥§ã«ìâ âi à®§¢'ï§ ­­ï£à ­¨ç­®ù § ¤ çi â ª®¦ §i §¬i­­¨¬¨ £à ­¨æï¬¨.�i¤¬iâ¨¬®, é® âà¨ ¢¨¤¨ ª®«¨¢ ­ì ã £®à¨§®­-â «ì­i© ¯«®é¨­i ­¥ ¬ îâì ¢ ®á­®¢­®¬ã ¯®àï¤ªã¢i¤­®¢«îîç¨å á¨« i â®¬ã ¤«ï ­¨å ¢i¤áãâ­i à¥§®-­ ­á­i à¥¦¨¬¨ ª®«¨¢ ­ì; ¤«ï à¥èâ¨ ª®«¨¢ ­ì â ªià¥¦¨¬¨ ¬®¦«¨¢i, ¯à¨ç®¬ã i§-§a ­¥«i­i©­¨å ¥ä¥ª-âi¢ â ª®¦ ¬®¦«¨¢i ¢§ õ¬­i ¯ à ¬¥âà¨ç­i à¥§®­ ­-á¨ ¬i¦ ¢¥àâ¨ª «ì­¨¬¨ â  ¡®àâ®¢¨¬¨ ª®«¨¢ ­­ï-¬¨.4. ���������� �������� ��������-�I� �������I�à¨¢¥¤¥¬® ®ªà¥¬i à¥§ã«ìâ â¨ ç¨á«®¢¨å à®§à -åã­ªi¢ å¨â ¢¨æi áã¤¥­ i, §®ªà¥¬ , ¯®§¤®¢¦­ì®ù å¨-â ¢¨æi ®¤­®ª®à¯ãá­¨å áã¤¥­ ­  §ãáâàiç­¨å ªãàá å¤® å¢¨«ì �â®ªá  áªi­ç¥­®ù  ¬¯«iâã¤¨ â  ¤¢®ª®à¯ãá-­®£® áã¤­  â¨¯ã ���� ­  å¢¨«ïå ¬ «®ù  ¬¯«iâã¤¨¯à¨ ¤®¢i«ì­¨å ªãàá®¢¨å ªãâ å àãåã.4.1. �®§¤®¢¦­ï å¨â ¢¨æï ®¤­®ª®à¯ãá­¨å áã¤¥­� ã¬®¢ å ¨­â¥­á¨¢­®£® èâ®à¬ã, ª®«¨ ­  áã¤­®¤iîâì å¢¨«i ¢¥«¨ª®ù ªàãâ®áâi, â¨¯®¢® áã¤­® ¢¨¬ã-è¥­® §¬i­î¢ â¨ ªãàá®¢¨© ªãâ i àãå â¨áï §ãáâàiç-­¨¬ ªãàá®¬ ¤® å¢¨«ì, é®¡ §­¨§¨â¨ ¤® ¬i­i¬ã¬ã ¯®-¯¥à¥ç­i ¢¨¤¨ å¨â ¢¨æi, §®ªà¥¬ , ­¥¡¥§¯¥ç­ã ¡®à-â®¢ã å¨â ¢¨æî â  ¢i¤å¨«¥­­ï ¢i¤ ªãàáã. � æ¨åã¬®¢ å â ª®¦ §­ ç­® §­¨¦ãõâìáï i è¢¨¤ªiáâì àã-åã áã¤­  § ¬¥â®î §¬¥­è¥­­ï i­â¥­á¨¢­®áâi ¯®§-¤®¢¦­ì®ù å¨â ¢¨æi â  á«¥¬i­£ã i ¯®¢'ï§ ­¨å § ­¨¬ã¤ à­¨å £i¤à®¤¨­ ¬iç­¨å ­ ¢ ­â ¦¥­ì ­  ª®à¯ãá.�®¬ã ¤ «i ­ ¢¥¤¥­® ç¨á«®¢i à¥§ã«ìâ â¨ ¤«ï ­ ©-¡i«ìè ¢ ¦«¨¢®£® ¢¨¯ ¤ªã ¯®§¤®¢¦­ì®ù å¨â ¢¨æi ­ §ãáâàiç­¨å ªãàá å ¯à¨ ¢i¤­®á­® ¯®¬ià­¨å ç¨á« å�àã¤  àãåã áã¤¥­.�®§à åã­ª¨ ­¥«i­i©­®ù å¨â ¢¨æi ¯à®¢®¤¨«¨áïç¨á«®¢¨¬ ¬¥â®¤®¬ §  ¤®¯®¬®£®î ¢i¤¯®¢i¤­®ù ª®¬-¯ìîâ¥à­®ù ¯à®£à ¬¨ ¤«ï áã¤¥­ â¨¯ã è¢¨¤ªiá­¨©ª®­â¥©­¥à®¢®§ (áã¤­® �), áãå®¢ ­â ¦­¨ª § âà -¤¨æi©­®î ä®à¬®î ª®à¯ãáã (áã¤­® G) â  ¡ £ â®-â®­ ¦­¨© ­ äâ®àã¤®¢®§ § ¯®¢­¨¬¨ ®¡¢®¤ ¬¨ ª®à-¯ãáã (áã¤­® B) ¯à¨ ¢ àiî¢ ­­i ¢i¤­®á­®ù ¤®¢¦¨-­¨ �L = �=L â  ªàãâ®áâi h� = hw=� ­ ¡i£ -îç¨å å¢¨«ì, è¢¨¤ª®áâi àãåã áã¤­  ¯® ç¨á«ã �àã¤ Fr = vc=pqL, ®á ¤ª¨ ­  â¨åi© ¢®¤i (¢ ¯®¢­®¬ã ¢ ­-
�¨á. 4. ��� ¢¥àâ¨ª «ì­®ù å¨â ¢¨æi áã¤­  �;§­ çª ¬¨ ¯®ª § ­i ¤ ­i ¬®¤¥«ì­®£®¥ªá¯¥à¨¬¥­âã §  [12]â ¦i â  ¡ « áâi) â  à®§¯®¤i«¥­­ï ¬ á¨ ¯® ¤®¢¦¨­iáã¤­ . �¨á«®¢¨© ¬¥â®¤ ¯®¡ã¤®¢ ­® ­  i¤¥ù «®ª «ì-­®ù ¬i­i¬i§iæiù §¢ ¦¥­®ù á¥à¥¤­ì®ª¢ ¤à â¨ç­®ù ¯®-å¨¡ª¨ à®§¢'ï§ªã á¨áâ¥¬¨ ài¢­ï­ì (28) (¤¥â «ì­iè¥¤¨¢. [36]). �¨á«®¢i à®§à åã­ª¨ ¯à®¢®¤¨«¨áï § ç¨-á«®¬ ªà®ªi¢ §  ¯¥ài®¤ ª®«¨¢ ­ì Nstep = 24, å®-ç  ¤«ï ¤®á«i¤¦¥­­ï ¢¯«¨¢ã ¤ ­®£® ä ªâ®àã ­  ç¨-á«®¢i à¥§ã«ìâ â¨ â¥áâ®¢i à®§à åã­ª¨ ¢¨ª®­ã¢ «¨-áï i ¯à¨ Nstep = 12; 16; 24; 48. �à¨©­ïâ­i ¯® å¨â -¢¨æi à¥§ã«ìâ â¨ ¬®¦­  ®âà¨¬ â¨ ­ ¢iâì ¯à¨ ç¨á«iªà®ªi¢ Nstep = 12; 16,  «¥ ¤«ï à®§à åã­ªã ¢­ãâàiè-­iå §ãá¨«ì ã ª®à¯ãái ¯®âài¡­® ¬ ©¦¥ ¢ ¤¢  à §¨¡i«ìè¥ ªà®ªi¢ §  ¯¥ài®¤ ª®«¨¢ ­ì.� §­ ç¨¬®, é® ¤«ï áãå®¢ ­â ¦­¨ª  ¢ ¢¨¯à®¡ã-¢ «ì­®¬ã ¡ á¥©­i DTNRDC (���) á¢®£® ç áã ¡ã-«® ¯à®¢¥¤¥­® ¢¥«¨ª¨© ®¡áï£ ¬®¤¥«ì­¨å ¥ªá¯¥à¨¬¥­-âi¢ [7, 8],   ¤«ï ª®­â¥©­¥à®¢®§ã ¢ à®¡®â å ï¯®­áì-ª¨å ¤®á«i¤­¨ª÷¢ [10{ 12] ¡ã«¨ ¯à¥¤áâ ¢«¥­i ¤ ­i ç¨-á«®¢¨å à®§à åã­ªi¢ â  ¬®¤¥«ì­¨å ¥ªá¯¥à¨¬¥­âi¢.�ªà¥¬i ¯à¨ª« ¤¨ ¯®ài¢­ï­­ï à¥§ã«ìâ âi¢, ®âà¨¬ -­¨å  ¢â®à®¬ â  ­¥§ «¥¦­® §£i¤­® § [7, 12], ­ ¢¥¤¥­i62 �.�. �¥à¤îç¥­ª®
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�¨á. 5. ��� ª¨«ì®¢®ù å¨â ¢¨æi áã¤­  �;¯®§­ ç¥­­ï, ïª i ­  à¨á. 4­  à¨á. 4{8. �ª ¢¨¤­®, ã§£®¤¦¥­­ï ¤ ­¨å ¯® ­ ¯i-¢à®§¬ å ¬ ¯®§¤®¢¦­iå ¢¨¤i¢ å¨â ¢¨æi ª®­â¥©­¥à®-¢®§ã § £ «®¬ ¤®¡à¥. �i«ìè §­ ç­i à®§¡i¦­®áâi ¤«ïáãå®¢ ­â ¦­¨ª  ¯à¨ ªàãâ®áâi å¢¨«ì 1/12 i ¡i«ì-è¥ ¯®¢'ï§ ­i § â¨¬, é® ¥ªá¯¥à¨¬¥­â «ì­i ¤ ­i ¢[7] ®áâ â®ç­®  ¯à®ªá¨¬ã¢ «¨áï âà¨¯ à ¬¥âà¨ç­¨-¬¨ ªà¨¢¨¬¨, é® ­¥ ¤®§¢®«¨«® ¢à åã¢ â¨ «®ª «ì­i®á®¡«¨¢®áâi ¥ªá¯¥à¨¬¥­â «ì­¨å § «¥¦­®áâ¥©.�  £à äiª å à¨á. 9{12 ­ ¢¥¤¥­i ­®à¬®¢ ­i §­ -ç¥­­ï ¤«ï ¤®¤ â­iå (§­ ç®ª +) â  ¢i¤'õ¬­¨å (§­ -ç®ª �)  ¬¯«iâã¤ ¢¥àâ¨ª «ì­®ù ~a�� = 2a�� =D â  ª¨-«ì®¢®ù å¨â ¢¨æi ~a� = La� =D ¢ § «¥¦­®áâi ¢i¤ ªàã-â®áâi å¢¨«ì h� â  ¯à¨ §¬i­i i­è¨å ¯ à ¬¥âài¢ à®-§à åã­ªi¢. � ­i ¤«ï ¯®§¤®¢¦­ì®-£®à¨§®­â «ì­®ùå¨â ¢¨æi ­¥ ¯à¨¢¥¤¥­i ç¥à¥§ ùù á« ¡ª¨© ¢¯«¨¢ ­ ¯ à ¬¥âà¨ ®á­®¢­¨å ¢¨¤i¢ ¯®§¤®¢¦­ì®ù å¨â ¢¨æi.� ª®¦ ¯®§  ã¢ £®î § «¨è¥­i ä §®¢i §áã¢¨ å¨â -¢¨æi, ®áªi«ìª¨ ¤«ï ­¨å ¢¯«¨¢ ­¥«i­i©­¨å ¥ä¥ªâi¢¢¨ï¢¨¢áï ¤®á¨âì ­¥§­ ç­¨¬.�à®ª®¬¥­âãõ¬® ¯à¥¤áâ ¢«¥­i à¥§ã«ìâ â¨ ¤«ï ¬¯«iâã¤ å¨â ¢¨æi. �«ï ¢¥àâ¨ª «ì­®ù å¨â ¢¨æi
�¨á. 6. � «¥¦­iáâì ¯i¢à®§¬ åi¢ ¢¥àâ¨ª «ì­®ùå¨â ¢¨æi ¢i¤ ªàãâ®áâi å¢¨«ì ¤«ï áã¤­  G;- - - - à®§à åã­ª¨  ¢â®à ,|{ - ¬®¤¥«ì­ë© ¥ªá¯¥à¨¬¥­â ¯® [7];Fr = 0:13­ ©¡i«ìè¨© ¢¯«¨¢ ­¥«i­i©­¨å ¥ä¥ªâi¢ ¢¨¯à®¡®¢ã-îâì ¤®¤ â­i  ¬¯«iâã¤¨ ~a+� ; ¯à¨ ¯¥¢­i© ªàãâ®áâiå¢¨«ì ¢ ¤i ¯ §®­i h� = 0:04� 0:06 ¢®­¨ ¤®áï£ îâì¬ ªá¨¬ã¬ã â  ¯à¨ ¯®¤ «ìè®¬ã §à®áâ ­­i ªàãâ®-áâi ¤ ­i  ¬¯«iâã¤¨ ­ ¢iâì ¯®ç¨­ îâì §¬¥­èã¢ â¨-áï. �i«ìè ¤¥â «ì­®: §¡i«ìè¥­­ï è¢¨¤ª®áâi àãåãáã¤­  (à¨á. 9) §¡i«ìèãõ «i­i©­¥ §­ ç¥­­ï § «¥¦-­®áâi ¤«ï ~a+� (h�) â  §áã¢ õ ¯®«®¦¥­­ï ¬ ªá¨¬ã¬i¢ã ¡iª ¬¥­è¨å ªàãâ®áâ¥© å¢¨«ì. � ¤¨ª «ì­¨¬ ç¨-­®¬ ¢¯«¨¢ õ ®á ¤ª  áã¤­  ­  â¨åi© ¢®¤i. �®ài¢-­ï­­ï § «¥¦­®áâi ~a+� (h�) ¤«ï ­ äâ®àã¤®¢®§  ¢ ¯®-¢­®¬ã ¢ ­â ¦i â  ¢ ¡ « áâi ¯®ª §ãõ (à¨á. 10), é®áãââõ¢® ¢¯«¨¢ õ ­¨§ìª¨© ­ ¤¢®¤­¨© ¡®àâ â  § -­ãà¥­­ï ­®á®¢®ù ªi­æi¢ª¨ áã¤­  ­  à¥¤ãªæiî ¤®-¤ â­iå  ¬¯«iâã¤. � «i, §¡i«ìè¥­­ï ¯®§¤®¢¦­ì®£®à ¤iãáã i­¥àæiù ¬ á áã¤­ , â®¡â® ¯¥à¥à®§¯®¤i«¥­-­ï ¬ á¨ áã¤­  ¤® ªi­æi¢®ª (à¨á. 11), §¡i«ìèãõ ¬ -¯«iâã¤¨ ­  «i­i©­®¬ã ãç áâªã § «¥¦­®áâi ~a+� (h�), «¥ ¬ «® ¢¯«¨¢ õ ­  ¢¥«¨ç¨­ã äi§¨ç­®£® ¬ ªá¨¬ã-�.�. �¥à¤îç¥­ª® 63
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�¨á. 7. � «¥¦­iáâì ¯i¢à®§¬ åi¢ ª¨«ì®¢®ù å¨â ¢¨æi¢i¤ ªàãâ®áâi å¢¨«ì ¤«ï áã¤­  G; - - - - à®§à åã­ª¨ ¢â®à , |{ - ¬®¤¥«ì­ë© ¥ªá¯¥à¨¬¥­â ¯® [7]; Fr = 0:13¬ã, §áã¢ îç¨ ©®£® âi«ìª¨ ¢ ¡iª ¬¥­è¨å ªàãâ®áâ¥©å¢¨«ì. �̈ ¯ áã¤­  â ª®¦ áãââõ¢® ¢¯«¨¢ õ ­  ¢¥«¨-ç¨­ã â  ¯®«®¦¥­­ï ¬ ªá¨¬ã¬i¢ ¤«ï ¤®¤ â­iå  ¬-¯«iâã¤ (à¨á. 12). � ª¨¬ ç¨­®¬, ¤«ï ¤®¤ â­iå  ¬-¯«iâã¤ ¢¥àâ¨ª «ì­®ù å¨â ¢¨æi ¯à¨ ¯¥¢­¨å ã¬®¢ å¬®¦¥ ¤®áï£ â¨áï äi§¨ç­¨© ¬ ªá¨¬ã¬  ¬¯«iâã¤ §¬®¦«¨¢¨¬¨¬ ùå §¬¥­è¥­­ï¬ ¯à¨ ¯®¤ «ìè®¬ã §à®-áâ ­­i ªàãâ®áâi å¢¨«ì.�«ï ¢i¤'õ¬­¨å  ¬¯«iâã¤ ¢¥àâ¨ª «ì­®ù å¨â ¢¨æiïªiá­  ª àâ¨­  § £ «®¬ i­è ; æi  ¬¯«iâã¤¨ ­¥ ¤®-áï£ îâì ¬ ªá¨¬ã¬i¢ ã à®§à åã­ª®¢®¬ã ¤i ¯ §®­i¯ à ¬¥âài¢,   §¬i­  ¯ à ¬¥âài¢ ¯à¨§¢®¤¨âì âi«ì-ª¨ ¤® §à®áâ ­­ï áâã¯¥­î "¬'ïª®ù" ­¥«i­i©­®áâi ¢§ «¥¦­®áâi ~a�� (h�). �®ç  ¯à¨ §¬¥­è¥­­i ®á ¤-ª¨ ­ äâ®àã¤®¢®§  §¢®à®â­ì® "¬'ïª " ­¥«i­i©­iáâì§¬i­îõâìáï ­  "¦®àáâªã". � £ «®¬ ¯® ¢ái¬ à¥§ã«ì-â â ¬ à®§à åã­ªi¢ ­¥«i­i©­i ¥ä¥ªâ¨ ¬®¦ãâì ¯à®-ï¢«ïâ¨áï ¯à¨ ªàãâ®áâi å¢¨«ì ¯®àï¤ªã 1/25 i ¡i«ìè¥i, £®«®¢­¨¬ ç¨­®¬, ¤«ï ¤®¤ â­iå  ¯«iâã¤ ã ¢¥àâ¨-ª «ì­i© å¨â ¢¨æi áã¤¥­.

�¨á. 8. � «¥¦­iáâì ¯i¢à®§¬ åi¢ ¯®§¤®¢¦­ì®ù å¨â ¢¨æi¢i¤ ªàãâ®áâi å¢¨«ì ¤«ï áã¤­  G; |{ - à®§à åã­ª¨ ¢â®à , - - - - - ¬®¤¥«ì­ë© ¥ªá¯¥à¨¬¥­â ¯® [12];Fr = 0:15; �L = 1:0

�¨á. 9. �¬¯«iâã¤¨ å¨â ¢¨æi ¤«ï áã¤­  �;¢¯«¨¢ è¢¨¤ª®áâi àãåã áã¤­ �®§£«ï­¥¬® â¥¯¥à à¥§ã«ìâ â¨ à®§à åã­ªi¢ ¤«ï ¬¯«iâã¤ ª¨«ì®¢®ù å¨â ¢¨æi ~a� . �® ¢ái© áãªã¯­®áâi¤ ­¨å ¢¨¤­®, é® ¤«ï ­¨å å à ªâ¥à­  "¬'ïª " ­¥-«i­i©­iáâì ã § «¥¦­®áâi ¢i¤ ªàãâ®áâi å¢¨«ì. �à¨æì®¬ã §¡i«ìè¥­­ï è¢¨¤ª®áâi àãåã áã¤­  ¢i¤­®á­®64 �.�. �¥à¤îç¥­ª®
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�¨á. 10. �¬¯«iâã¤¨ å¨â ¢¨æi ¤«ï cã¤­  B;¢¯«¨¢ ®á ¤ª¨ ­  â¨åi© ¢®¤i (¢ ­â ¦, ¡ « áâ)¬ «® ¢¯«¨¢ õ ­   ¬¯«iâã¤¨ ª¨«ì®¢®ù å¨â ¢¨æi,  «¥§¬i­  ®á ¤ª¨ § ¡ « áâ­®ù ¤® ¢ ­â ¦­®ù (§¡i«ìè¥­­ï¯à¨¡«¨§­® ¢ ¤¢  à §¨) áãââõ¢® §­¨¦ãõ  ¬¯«iâã¤¨­ äâ®àã¤®¢®§ , ¯®ç¨­ îç¨ § ªàãâ®áâi å¢¨«ì 1/24â  ¡i«ìè¥. �à¨ç®¬ã, ¢i¤'õ¬­i  ¬¯«iâã¤¨ ¤®áï£ -îâì ¯à¨ æì®¬ã äi§¨ç­®£® ¬ ªá¨¬ã¬ã. � à¥èâi,§¬¥­è¥­­ï ¢¨á®â¨ ­ ¤¢®¤­®£® ¡®àâã â  §¡i«ìè¥­-­ï ¯®¢­®â¨ áã¤­  (¯® ª®¥äiæiõ­âã ¯®¢­®â¨ ª®à¯ã-áã § � = 0:57 ¤«ï áã¤­  � ¤® � = 0:82 ¤«ï áã¤­ �) â ª®¦ ¯®á¨«îõ à¥¤ãªæi©­i ¥ä¥ªâ¨ ¢  ¬¯«iâã¤ åª¨«ì®¢®ù å¨â ¢¨æi áã¤¥­.� ª¨¬ ç¨­®¬, ­ ¢¥¤¥­i ¢¨é¥ à¥§ã«ìâ â¨ ç¨á«®-¢¨å à®§à åã­ªi¢ ¯®§¤®¢¦­ì®ù å¨â ¢¨æi áã¤¥­ ài§-­¨å â¨¯i¢ ­  ¯¥ài®¤¨ç­¨å å¢¨«ïå �â®ªá  áªi­ç¥-­®ù  ¬¯«iâã¤¨ § ªàãâiáâî ¢i¤ 1=50 ¤® 1=7 § £ -«®¬ ¢ª §ãîâì ­  ¯®¬iâ­¨© ¢¯«¨¢ ­¥«i­i©­¨å ¥ä¥ª-âi¢ ­   ¬¯«iâã¤¨ ¯à®æ¥ái¢ ¯®§¤®¢¦­iå ª®«¨¢ ­ì áã-¤¥­, ¯à¨ç®¬ã ®á­®¢­¨¬ á«i¤ ¢¢ ¦ â¨ ¥ä¥ªâ à¥¤ãª-æiù  ¬¯«iâã¤ ¯® ¢i¤­®è¥­­î ¤® «i­i©­¨å §­ ç¥­ì.�ä¥ªâ¨ à¥¤ãªæiù §¡i«ìèãîâìáï ¯à¨ §à®áâ ­­i 1)è¢¨¤ª®áâi àãåã áã¤¥­, 2) ¢¥«¨ç¨­¨ ¯®§¤®¢¦­ì®£®à ¤iãáã i­¥àæiù ¬ á, 3) ®á ¤ª¨ áã¤¥­ â  ¯®¢­®â¨ª®à¯ãáã. �ã¦¥ ¢ ¦«¨¢ã à®«ì ¯à¨ æì®¬ã ¢i¤i£à -îâì ï¢¨é  ®£®«¥­­ï â  ¯®¢­®£® § ­ãà¥­­ï ­®á®¢®ùªi­æi¢ª¨ ª®à¯ãáã ¢ å¢¨«i.

�¨á. 11. �¬¯«iâã¤¨ å¨â ¢¨æi ¤«ï áã¤­  G;¢¯«¨¢ à®§¯®¤i«¥­­ï ¬ á¨ ¯® ¤®¢¦¨­i áã¤­ 4.2. �¨â ¢¨æï áã¤­  â¨¯ã �����à¨ à®§à åã­ª å å¨â ¢¨æi ¡ £ â®ª®à¯ãá­®£®áã¤­  â¨¯ã ���� ¡ã«® ¢¨¡à ­® áã¤­® NAVATEK§ ¤¢®¬  ¯i¤¢®¤­¨¬¨ ª®à¯ãá ¬¨ â  ç®â¨à¬  áâ®ïª -¬¨, ¤«ï ïª®£® ¢ à®¡®âi [44] ¡ã«® ¯à¥¤áâ ¢«¥­® ¤ ­iç¨á«®¢¨å à®§à åã­ªi¢ å¨â ¢¨æi. � ¢¥¤¥¬® á¯®ç â-ªã ¯®ài¢­ï«ì­i ¤ ­i ¯® ç áâ®â å ¢« á­¨å ª®«¨¢ ­ìáã¤¥­ â¨¯ã ���� ài§­®ù â®­ ¦­®áâi (à¨á. 13). �®-¯¥àè¥, ïª ¢¨¤­®, ®âà¨¬ ­i ­ ¬¨ ¤ ­i ¤«ï ����NAVATEK § £ «®¬ ¤®¡à¥ á¯i¢¯ ¤ îâì § ®á¥à¥¤­¥-­¨¬¨ ¤ ­¨¬¨ ¤«ï ¡«¨§ìª¨å ¯® â®­ ¦­®áâi áã¤¥­¤ ­®£® â¨¯ã. �®-¤àã£¥, ¢« á­i ¯¥ài®¤¨ ªãâ®¢¨å ­ -å¨«¥­ì ¢ 10-15 á ¢i¤¯®¢i¤ îâì ®¤­®ª®à¯ãá­¨¬ áã¤-­ ¬ § ¢®¤®â®­ ¦­iáâî � 103 â®­ â  ¡i«ìè¥. �®¬ã¤«ï áã¤¥­ â¨¯ã ���� à¥§®­ ­á­i à¥¦¨¬¨ ª®«¨-¢ ­ì ¬®¦«¨¢i ­  å¢¨«ïå § �=L � 2 � 4,   ­¥ ­ å¢¨«ïå § �=L � 1, ïª æ¥ ¬ õ ¬iáæ¥ ¤«ï âà ¤¨æi©­¨åáã¤¥­ [45].��� «i­i©­¨å ¢¨¤i¢ ª®«¨¢ ­ì ���� NAVATEK¯à¥¤áâ ¢«¥­i ­  à¨á. 14,   ��� ªãâ®¢¨å ¢¨¤i¢ ª®«¨-¢ ­ì { ­  à¨á. 15 ¢ § «¥¦­®áâi ¢i¤ ¯¥ài®¤ã ­ ¡i£ -îç¨å å¢¨«ì â  ¤«ï ¤¢®å ¢ ài ­âi¢ è¢¨¤ª®áâi àã-åã 0 â  15 ¢ã§«i¢ i ¯à¨ ªãàá®¢¨å ªãâ å �c =0�; 120�; 180�.�®ài¢­ï­­ï à¥§ã«ìâ âi¢ à®§à åã­ªi¢ ¤«ï ¢¥àâ¨-ª «ì­®ù â  ª¨«ì®¢®ù å¨â ¢¨æì ���� NAVATEK¯®ª §ãõ ­  ¤®á¨âì §­ ç­i à®§¡i¦­®áâi, ®á®¡«¨¢®�.�. �¥à¤îç¥­ª® 65
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�¨á. 12. �¬¯«iâã¤¨ å¨â ¢¨æi ¤«ï áã¤¥­ B,C,G;¢¯«¨¢ â¨¯ã áã¤­  (ä®à¬¨ ª®à¯ãáã)¤«ï à¥§®­ ­á­®ù ç áâ®â­®ù á¬ã£¨ â  ¯à¨ àãái áã¤-­ . �«ï ¤ ­¨å ã¬®¢ ¢¥«¨ª¥ §­ ç¥­­ï ¬ õ ª®à¥ªâ­¥¢¨§­ ç¥­­ï ª®¥äiæiõ­âi¢ ¤¥¬¯äiàã¢ ­­ï, ¤®áâ â-­ì® ¬ «¨å ¤«ï áã¤¥­ â¨¯ã ����, â  à®¡®â  á¨-áâ¥¬ áâ ¡i«i§ æiù ¯®§¤®¢¦­ì®ù å¨â ¢¨æi §  ¤®¯®¬®-£®î ­®á®¢¨å â  ª®à¬®¢¨å ªà¨« ã¯à ¢«i­­ï. � à®-§à åã­ª å  ¢â®à  ¡ã«  ¢à å®¢ ­  âi«ìª¨ å¢¨«ì®¢ áª« ¤®¢  á¨« ¤¥¬¯äiàã¢ ­­ï (§  á¯à®é¥­®î áå¥-¬®î ¢¨§­ ç¥­­ï) â  ¯®¢­iáâî ­¥ ¢à å®¢ ­  à®¡®â á¨áâ¥¬¨ ªà¨« áâ ¡i«i§ æiù. �®¬ã ¤ ­i à¥§ã«ìâ â¨á«i¤ à®§£«ï¤ â¨ ïª ¯®¯¥à¥¤­i, é® ¬®¦ãâì áª« ¤ -â¨ ®á­®¢ã ¤«ï ¯®¤ «ìè®£® ã§ £ «ì­¥­­ï  «£®à¨â-¬i¢ â  ¯à®£à ¬ à®§à åã­ªi¢ ¤¨­ ¬iª¨ â  ¬iæ­®áâiáã¤¥­ â¨¯ã ����.��������1. �®à¥ªâ­¥ ¬ â¥¬ â¨ç­¥ ¬®¤¥«î¢ ­­ï ª®«¨-¢ ­ì â¢¥à¤®£® âi«  ­  ¯®¢¥àå­i ¢ ¦ª®ù ài¤¨-­¨ ¯à¨ ¤iù á¨áâ¥¬¨ å¢¨«ì áªi­ç¥­®ù  ¬¯«iâã-¤¨ ¯®âà¥¡ãõ ¢à åã¢ ­­ï ­¥«i­i©­¨å ¥ä¥ªâi¢ïª ¢ ¤¨­ ¬iæi àãåã âi« , â ª i, £®«®¢­¨¬ ç¨-­®¬, ¢ £i¤à®¤¨­ ¬iæi àãåã ài¤¨­¨ â  £i¤à®¤¨-­ ¬iç­¨å ­ ¢ ­â ¦¥­­ïå ­  âi«®. �à¨ æì®¬ã­ ©¡i«ìèi âàã¤­®éi ¢¨­¨ª îâì ¯à¨ ­¥«i­i©­®-¬ã ®âà¨¬ ­­i £i¤à®¤¨­ ¬iç­¨å á¨« � áªi­¤ -�ìî¬ ­ , ïªi ¢à å®¢ãîâì §¡ãà¥­­ï, é® ¢­®-

�¨á. 13. �« á­i ¯¥ài®¤¨ å¨â ¢¨æi àï¤ã áã¤¥­ â¨¯ã����; 1 { MARINE ACE, 2 { MARINE WAVE, 3 {KOTOZAKI, 4 { KAIMALINO, 5 { SEAGULL, 6 {à®§à åã­®ª ¤«ï NAVATEK; - - - { ¯à®£­®§ ¤«ï áã¤­ KOTOZAKIá¨âì áã¤­® §  à åã­®ª å¨â ¢¨æi â  ¤¨äà ª-æiù ­ ¡i£ îç¨å å¢¨«ì. �¤¨­ § ­ ¡«¨¦¥­¨å¬¥â®¤i¢ ùå à®§à åã­ªã ®á­®¢ ­¨© ­  ¢¨ª®à¨-áâ ­­i ã§ £ «ì­¥­¨å £i¤à®¤¨­ ¬iç­¨å å à ª-â¥à¨áâ¨ª { ¯à¨«ãç¥­¨å ¬ á â  ª®¥äiæiõ­âi¢¤¥¬¯äiàã¢ ­­ï ¤«ï ¬¨ââõ¢®ù § ­ãà¥­®ù ¢ å¢¨«iç áâ¨­¨ âi« . I­è  ª â¥£®àiï £i¤à®¬¥å ­iç-­¨å á¨« { á¨« �à¨«®¢ -�àã¤  { ¢¨§­ ç õâì-áï ¡i«ìè ¯à®áâ¨¬ i­â¥£àã¢ ­­ï¬ ­¥§¡ãà¥­®£®âi«®¬ å¢¨«ì®¢®£® â¨áªã ¯® ¬¨ââõ¢i© § ­ãà¥­i©¯®¢¥àå­i âi« .2. �áªi«ìª¨ £¥®¬¥âàiï ¯®¢¥àå­i âi«  ¢i¤i£à õ ¢ ¦-«¨¢ã à®«ì ¯à¨ ¢¨§­ ç¥­­i £i¤à®¬¥å ­iç­¨å ­ -¢ ­â ¦¥­ì, â® ¡ã«¨ à®§£«ï­ãâi  ) ¡ £ â®¥«¥-¬¥­â­i âi« , é® áª« ¤ îâìáï § ¯®¤®¢¦¥­¨å¥«¥¬¥­âi¢ (­  ¯à¨ª« ¤i áã¤­  § ¬ «®î ¯«®é¨-­®î ¢ â¥à«i­iù) â  ¡) ®¤­®ª®à¯ãá­i ¯®¤®¢¦¥­iâi«  â¨¯ã §¢¨ç ©­¨å ¬®àáìª¨å áã¤¥­. �à¨æì®¬ã ¤«ï âà¨¢¨¬ià­¨å ¡ £ â®¥«¥¬¥­â­¨å âi«ài¢­ï­­ï ª®«¨¢ ­ì §àãç­® ®âà¨¬ â¨, ¢¨å®¤ï-ç¨ § ¢i¤®¬¨å ài¢­ï­ì ã ä®à¬i �©«¥à  ¤«ï «i­i©-­¨å ¯¥à¥¬ié¥­ì â  ªãâ®¢¨å ­ å¨«¥­ì âi«  ¯à¨ª®«¨¢ ­­ïå. � â®© ¦¥ ç á ¤«ï ¯®¤®¢¦¥­¨å âi«,66 �.�. �¥à¤îç¥­ª®
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�¨á. 14. ��� «i­i©­¨å ¢¨¤i¢ å¨â ¢¨æi áã¤­ NAVATEK; - - - { vc = 0, |{ { vc = 15 ¢ã§«.,O � ��O;�� ��� { à®§à åã­ª¨ ¯® [44]; ¢ái ¬¯«iâã¤¨ ­®à¬®¢ ­i ­   ¬¯«iâã¤ã ­ ¡i£ îç¨å å¢¨«ì¤«ï ïª¨å ¬ õ §­ ç¥­­ï â ª®¦ ¯®§¤®¢¦­ï ¬iæ-­iáâì ª®à¯ãáã, §àãç­® ¢¢¥áâ¨ ¤® à®§£«ï¤ã i­-â¥­á¨¢­®áâi ­ ¢ ­â ¦e­ì â  ¢­ãâàiè­i §ãá¨«-«ï ¢ ¯®¯¥à¥ç­¨å ¯¥à¥ài§ å âi«  i ®âà¨¬ã¢ â¨ài¢­ï­­ï ª®«¨¢ ­ì § ã¬®¢¨ ¢ài¢­®¢ ¦¥­®áâi¢­ãâàiè­iå §ãá¨«ì ã ªi­æ¥¢¨å ¯¥à¥ài§ å âi« ïª ¡¥§®¯®à­®ù ¡ «ª¨.3. �âà¨¬ ­i â¨¬ ç¨ i­è¨¬ á¯®á®¡®¬ ­¥«i­i©-­i ài¢­ï­­ï ª®«¨¢ ­ì ®áâ â®ç­® à æi®­ «ì­®¯à¨¢¥áâ¨ ¤® ª ­®­iç­®£® ¤«ï ¬¥å ­iª¨ ¢¨£«ï-¤ã § ã§ £ «ì­¥­¨¬¨ ¬ âà¨æï¬¨ i­¥àæiù, ¤¥¬¯-äiàã¢ ­­ï i ¦®àáâª®áâi â  ¢¥ªâ®à®¬ §¡ã¤¦ã-¢ «ì­¨å á¨«, ¥«¥¬¥­â¨ ïª¨å § «¥¦ âì ¢i¤ ¢¥ª-â®àã ­¥¢i¤®¬¨å ¯¥à¥¬ié¥­ì âi« . �à¨ æì®¬ã ¢¡i«ìè®áâi ¤ ­i § «¥¦­®áâi ¢¨§­ ç îâìáï ª¢ -¤à âãà ¬¨ §i §¬i­­¨¬¨ ¢¥àå­i¬¨ ¬¥¦ ¬¨ i â®-¬ã ¯à ªâ¨ç­® õ¤¨­¨¬ ¬¥â®¤®¬ i­â¥£àã¢ ­­ïài¢­ï­ì á«i¤ ¢¢ ¦ â¨ ç¨á«®¢i ¬¥â®¤¨.4. �¨á«®¢i à®§à åã­ª¨ ¯®§¤®¢¦­ì®ù å¨â ¢¨æi§¢¨ç ©­¨å ®¤­®ª®à¯ãá­¨å áã¤¥­ ­  §ãáâàiç­¨åå¢¨«ïå áªi­ç¥­®ù  ¬¯«iâã¤¨ ¯®ª § «¨, é® áãâ-âõ¢® ­¥«i­i©­i ¥ä¥ªâ¨ ¯®ç¨­ îâì ¯à®ï¢«ïâ¨-

�¨á. 15. ��� ªãâ®¢¨å ¢¨¤i¢ å¨â ¢¨æi áã¤­ NAVATEK; - - - { vc = 0, |{ { vc = 15 ¢ã§«.,O� �� O;����� { à®§à åã­ª¨ ¯® [44]; ¢ái ¬¯«iâã¤¨ ­®à¬®¢ ­i ­  ªàãâiáâì å¢¨«ì®¢®£® ¯à®äi«î.áï ¢  ¬¯«iâã¤ å å¨â ¢¨æi ¯à¨ ªàãâ®áâi å¢¨«ì¯®àï¤ªã 1/16 i ¡i«ìè¥, ¯à¨ç®¬ã ¤ ­  ¬¥¦  ¬®-¦¥ §¬¥­è¨â¨áï ¤® 1/24 ¯à¨ §à®áâ ­­i è¢¨¤-ª®áâi àãåã áã¤¥­, §¬¥­è¥­­i ¢¨á®â¨ ­ ¤¢®¤­®-£® ¡®àâã â  §¡i«ìè¥­­i ¯®§¤®¢¦­ì®£® à ¤iã-áã i­¥àæiù ¬ á¨ áã¤­ . �®ªà¥¬ , §­ ç­¨© à¥-¤ãæîîç¨© ¢¯«¨¢ ­   ¬¯«iâã¤¨ ¬ îâì ¥ä¥ªâ¨®£®«¥­­ï â  ¯®¢­®£® § ­ãà¥­­ï ­®á®¢®ù ªi­æi¢-ª¨ ª®à¯ãáã ¢ å¢¨«i. �¯«¨¢ ­¥«i­i©­¨å ¥ä¥ªâi¢­  ä §¨ ¯à®æ¥ái¢ å¨â ¢¨æi ¢¨ï¢¨¢áï § £ «®¬­¥§­ ç­¨¬ i ¯à¨§¢®¤¨¢ ¤® ùå ¬®­®â®­­®ù §¬i­¨¯à¨ §à®áâ ­­i ªàãâ®áâi å¢¨«ì.5. �®§à åã­ª¨ ¤¨­ ¬iç­¨å å à ªâ¥à¨áâ¨ª áã¤­ â¨¯ã ���� ¯®ª § «¨, é® ¤ ­¨© â¨¯ áã¤¥­ ¬ õ§­¨¦¥­i ç áâ®â¨ i ª®¥äiæiõ­â¨ ¤¥¬¯äiàã¢ ­-­ï ¢« á­¨å ª®«¨¢ ­ì â  i­â¥­á¨¢­®áâi §¡ã¤¦ã-îç¨å á¨«. �®¬ã à¥§®­ ­á­i à¥¦¨¬¨ å¨â ¢¨æi,¯à¨ ïª¨å à®§¢¨¢ îâìáï §­ ç­i  ¬¯«iâã¤¨ ª®-«¨¢ ­ì, ¬®¦ãâì ¬ â¨ ¬iáæ¥  ¡® ­  ¯®¯ãâ­¨åªãàá®¢¨å ªãâ å,  ¡® ­  ¢i¤­®á­® ¤®¢£¨å å¢¨-«ïå â  ¢ ¢ã§ìªi© à¥§®­ ­á­i á¬ã§i. �á¥ æ¥¯à¨§¢®¤¨âì ¤® §¬¥­è¥­­ï ¢¯«¨¢ã ­¥«i­i©­¨å¥ä¥ªâi¢ ­  å¨â ¢¨æî ¤«ï ¤ ­®£® â¨¯ã áã¤¥­.�.�. �¥à¤îç¥­ª® 67
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