
ISSN 1561- 9087 �à¨ª« ¤  £÷¤à®¬¥å ÷ª . 2001. �®¬ 3 (75), N 3. �. 70 { 82��� 622.235.535.2������ ��������� � ���������������������� ��������� ������� ������������� ������� ������. � _��������, �. � _�����������áâ¨âãâ ¢ëç¨á«¨â¥«ì®© ¬ â¥¬ â¨ª¨ ¨ ¨ä®à¬ â¨ª¨ã¨¢¥àá¨â¥â  ¨¬. �¥©á® , èâ. �¨à¤¦¨¨ï, ������ãà¨áª¨© ¯®«¨â¥å¨ç¥áª¨© ¨áâ¨âãâ, �ãà¨, �â «¨ï�®«ãç¥® 15.04.2001�  ®á®¢¥ ¬®¤¥«¨ ¬ «®£® ¯®àï¤ª  ¨áá«¥¤ã¥âáï å ®â¨ç¥áª ï ¤¨ ¬¨ª  ®âàë¢®£® â¥ç¥¨ï ¢¡«¨§¨ £à ¨æë á«®¦®©ä®à¬ë. � áá¬ âà¨¢ ¥âáï ¢¨åà¥¢®© ¯®â®ª ¥¢ï§ª®© ¦¨¤ª®áâ¨. �¯¨áë¢ ¥âáï ¬¥â®¤  å®¦¤¥¨ï äãªæ¨¨ â®ª  ¤«ï«¨¥©ëå ¯à®ä¨«¥© á® á¤¢¨£®¬. � áá¬ âà¨¢ ¥âáï ®¡â¥ª ¨¥ £à ¨æë â¨¯  "á¥£®¢®£® ª à¨§ ", �  ®áâà®© ªà®¬ª¥¯à®¨áå®¤¨â ®âàë¢ ¯®â®ª , ª®â®àë© § â¥¬ ¯à¨á®¥¤¨ï¥âáï ª £à ¨æ¥ ¢¨§ ¯® â¥ç¥¨î ®â æ¨àªã«ïæ¨®®© ®¡« áâ¨.�«ï â®£®, çâ®¡ë â®çª  ®âàë¢  ä¨ªá¨à®¢ « áì ¢ ªà®¬ª¥, ¢ ¯®â®ª¥ à á¯®« £ «áï â®ç¥çë© ¢¨åàì. �¥áâ æ¨® à®áâì¢¢®¤¨âáï ®âª«®¥¨¥¬ íâ®£® ¢¨åàï ®â á®áâ®ï¨ï à ¢®¢¥á¨ï. �¢¥àå ¯® â¥ç¥¨î ®â â®çª¨ ®âàë¢  ¥¯à¥àë¢® ¢¢®-¤ïâáï ¯ áá¨¢ë¥ ¬ àª¥àë, ª®â®àë¥ § â¥¬ § å¢ âë¢ îâáï ¢ æ¨àªã«ïæ¨®ãî §®ã. �å âà ¥ªâ®à¨¨ à ááç¨âë¢ îâáïç¨á«¥ë¬ ¨â¥£à¨à®¢ ¨¥¬. �¯à¥¤¥«ï¥âáï â ª¦¥ ª®æ¥âà æ¨ï ¯ áá¨¢ëå ç áâ¨æ ¢ à §«¨çë¥ ¬®¬¥âë ¢à¥¬¥¨¢ ä¨ªá¨à®¢ ®© â®çª¥ ¢¨§ ¯® â¥ç¥¨î ®â ®¡« áâ¨ ¯à¨á®¥¤¨¥¨ï. �¥â¥à®ª«¨ë© ã§¥« ¨ ¤¨ ¬¨ª  æ¨àªã«ï-æ¨®®© §®ë ï¢«ïîâáï â ª¨¬¨, çâ® ®¨ ¯®®ç¥à¥¤® â® § å¢ âë¢ îâ, â® ¢ë¯ãáª îâ ¯ áá¨¢ë¥ ç áâ¨æë. �â®âà¥§ã«ìâ â á®®â¢¥âáâ¢ã¥â à áç¥â ¬, ¯à®¢¥¤¥ë¬   ®á®¢¥ ¬®¤¥«¨ ¡®«¥¥ ¢ëá®ª®£® ¯®àï¤ª .�  ®á®¢÷ ¬®¤¥«÷ ¬ «®£® ¯®àï¤ªã ¤®á«÷¤¦ãõâìáï å ®â¨ç  ¤¨ ¬÷ª  ¢÷¤à¨¢®ù â¥ç÷ù ¯®¡«¨§ã £à ¨æ÷ áª« ¤®ù ä®à¬¨.�®§«ïãâ® ¢¨å®à®¢¨© ¯®â÷ª ¥¢'ï§ª®ù à÷¤¨¨. �¯¨á ® ¬¥â®¤ § å®¤¦¥ï äãªæ÷ù â¥ç÷ù ¤«ï «÷÷©¨å ¯à®ä÷«÷¢ §÷§áã¢®¬. �®§£«ïãâ® ®¡â÷ª ï £à ¨æ÷ â¨¯ã "á÷£®¢®£® ª à¨§ã". �÷«ï £®áâà®ù ªà®¬ª¨ ¬ õ ¬÷áæ¥ ¢÷¤à¨¢ ¯®â®ªã, ïª¨©¯®â÷¬ ¯à¨õ¤ãõâìáï ¤® £à ¨æ÷ ¢¨§ §  â¥ç÷õî ¢÷¤ æ¨àªã«ïæ÷©®ù ®¡« áâ÷. �«ï â®£®, é®¡ â®çª  ¢÷¤à¨¢ã ä÷ªáã¢ « áï  ªà®¬æ÷, ¢ ¯®â®æ÷ à®§¬÷éã¢ ¢áï â®ç¥ç¨© ¢¨å®à. �¥áâ æ÷® à÷áâì ¢¢®¤¨âìáï ¢÷¤å¨«¥ï¬ æì®£® ¢¨å®à  ¢÷¤ áâ ãà÷¢®¢ £¨. �£®àã ¯® â¥ç÷ù ¢÷¤ â®çª¨ ¢÷¤à¨¢ã ¥¯¥à¥à¢® ¢¢®¤ïâìáï ¯ á¨¢÷ ¬ àª¥à¨, ïª÷ ¯®â÷¬ § å®¯«îîâìáï ¢æ¨àªã«ïæ÷©ã §®ã. øå÷ âà ¥ªâ®à÷ù à®§à å®¢ãîâìáï ç¨á¥«ì¨¬ ÷â¥£àã¢ ï¬. �¨§ ç õâìáï â ª®¦ ª®æ¥âà æ÷ï¯ á¨¢¨å ç áâ®ª ¢ à÷§÷ ¬®¬¥â¨ ç áã ã ä÷ªá®¢ ÷© â®çæ÷ ¢¨§ §  â¥ç÷õî ¢÷¤ ®¡« áâ÷ ¯à¨õ¤ ï. �¥â¥à®ª«÷¨©¢ã§®« â  ¤¨ ¬÷ª  æ¨àªã«ïæ÷©®ù §®¨ õ â ª¨¬¨, é® ¢®¨ ¯®ç¥à£®¢® â® § å®¯«îîâì, â® ¢¨¯ãáª îâì ¯ á¨¢÷ ç áâª¨.�¥© à¥§ã«ìâ â ¢÷¤¯®¢÷¤ õ à®§à åãª ¬, é® ¡ã«¨ ¯à®¢¥¤¥÷   ®á®¢÷ ¬®¤¥«÷ ¡÷«ìè ¢¨á®ª®£® ¯®àï¤ªã.The chaotic dynamics of separated ows past complex geometries is studied by means of a low order model. The owsare assumed to be rotational and inviscid, and a technique is described to determine the stream functions for linear shearpro�les. The geometry considered is a snow cornice, whose edge allows for the separation of the ow and reattachmentdownstream of the recirculation region. A free point vortex has been added to the ows in order to constrain theseparation points to be located at the edge. Unsteadiness is imposed by displacing the vortex from equilibrium. Thetrajectories of passive scalars continuously released upwind of the separation point and trapped by the recirculating bubbleare numerically integrated, and concentration time series are calculated at �xed locations downwind of the reattachmentpoint. The heteroclinic tangle and lobe dynamics of the recirculation region appear to be among the causes of intermittenttrapping and release of scalars, in agreement with the simulation performed by higher order models.���������¥à¥®á ¨ ¤¨á¯¥àá¨ï ¯ áá¨¢ëå ç áâ¨æ ¢ âãà¡ã-«¥âëå ¯®£à ¨çëå á«®ïå ¢¡«¨§¨ £à ¨æ á«®¦-®© ä®à¬ë ï¢«ï¥âáï ¢ ¦®© ¯à ªâ¨ç¥áª®© § ¤ -ç¥©. �  ¯à¨¢«¥ª ¥â è¨à®ª®¥ ¢¨¬ ¨¥ ¨áá«¥¤®-¢ â¥«¥© ¢ ®¡« áâ¨ íª®«®£¨¨,   â ª¦¥ á¯¥æ¨ «¨áâ®¢,§ ¨¬ îé¨åáï â ª¨¬¨ â¥å¨ç¥áª¨¬¨ ¯à®¡«¥¬ ¬¨,ª ª ®¯â¨¬¨§ æ¨ï ª ¬¥à á£®à ¨ï ¨ ¯¥à¥¬¥è¨¢ -¨ï ¢ å¨¬¨ç¥áª¨å à¥ ªâ®à å.�¤ ª® á«®¦®áâì â¥ç¥¨©, ¢ ª®â®àëå ¨¬¥îâ¬¥áâ® ®âàë¢ ¨ ¯à¨á®¥¤¨¥¨¥ ¯®â®ª , ¤¥« ¥â   -«¨â¨ç¥áª®¥ ¨§ãç¥¨¥ íâ®© § ¤ ç¨ ¡®«¥¥ âàã¤ë¬,ç¥¬ ¤«ï ¯®£à ¨çëå á«®¥¢   à¥£ã«ïàëå ãç áâ-ª å £à ¨æë. �â®á¨â¥«ì® ¬ «® ¨§¢¥áâ® ® ¯®-¢¥¤¥¨¨ ¯®â®ª®¢ ¢®§¤ãå  ¢¡«¨§¨ å®«¬®¢, §¤ ¨© ¨
¤àã£¨å ¥à¥£ã«ïàëå á¨áâ¥¬ [13]. �«ï â ª®© ª« á-á¨ç¥áª®© § ¤ ç¨ ª ª â¥ç¥¨¥ §  ãáâã¯®¬ ¥ áãé¥-áâ¢ã¥â ¯à¨¥¬«¨¬®£® ¬ â¥¬ â¨ç¥áª®£® ¬¥â®¤  ¤«ï¬®¤¥«¨à®¢ ¨ï í¢®«îæ¨¨ áª «ïà®£® ¯®«ï. �¨-§¨ç¥áª¨¥ íªá¯¥à¨¬¥âë ¯®ª §ë¢ îâ ®¡éãî í©«¥-à®¢áªãî ª àâ¨ã ¤ ®£® â¥ç¥¨ï [2], ¡¥§   «¨-§  ¤¨á¯¥àá¨®®£® ¯à®æ¥áá . � à ¡®â¥ [15] ¡ë«®¢ë¯®«¥® ¯àï¬®¥ ç¨á«¥®¥ ¬®¤¥«¨à®¢ ¨¥ â¥ç¥-¨ï §  ãáâã¯®¬ ¯à¨ ç¨á« å �¥©®«ì¤á  ¡®«ìè¨å5100, £¤¥,  àï¤ã á ¤àã£¨¬¨ ï¢«¥¨ï¬¨, ¢ëï¢«¥ë¥ª®â®àë¥ ¥áâ æ¨® àë¥ å à ªâ¥à¨áâ¨ª¨ ¤ -®£® ¯®â®ª . � ç áâ®áâ¨, ®¯¨á ë ¯¥à¨®¤¨ç¥áª¨¥á¬¥é¥¨ï â®çª¨ ¯à¨á®¥¤¨¥¨ï,  å®¤ïé¨¥áï ¢ á®-®â¢¥âáâ¢¨¨ á à¥§ã«ìâ â ¬ ¤àã£¨å  ¢â®à®¢ [8].�¥«ì  áâ®ïé¥© à ¡®âë { ¯®ª § âì, ª ª ¥áâ -æ¨® à®áâì ¯à¨á®¥¤¨¥®£® â¥ç¥¨ï ¢«¨ï¥â  ¤¨á¯¥àá¨î ¯ áá¨¢ëå ç áâ¨æ, ¥¯à¥àë¢® ¢ë¯ãá-70 c �. �à §¥á¥, �. � ¥ââ¨, 2001



ISSN 1561- 9087 �à¨ª« ¤  £÷¤à®¬¥å ÷ª . 2001. �®¬ 3 (75), N 3. �. 70 { 82ª ¥¬ëå ¨§ â®ç¥ç®£® ¨áâ®ç¨ª . �ë¡®à ¬®¤¥«¨¬ «®£® ¯®àï¤ª  ¯®§¢®«ï¥â ¢ëï¢¨âì £« ¢ë¥ íä-ä¥ªâë ¥áâ æ¨® à®áâ¨. �â  ¬®¤¥«ì ¤®¯ãáª -¥â ¯à®áâ®¥ ¬®¤¥«¨à®¢ ¨¥ ã®á  ç áâ¨æ ¨§ æ¨à-ªã«ïæ¨®®© ®¡« áâ¨, çâ® ¤®áâ¨£ ¥âáï ®¯¨á ¨-¥¬ ¯à®æ¥áá®¢ ä®à¬¨à®¢ ¨ï ª®£¥à¥âëå áâàãª-âãà ¢ æ¨àªã«ïæ¨®®© ®¡« áâ¨ ¨ ¨å ¯®á«¥¤ãîé¥-£® ¯¥à¥å®¤  ¢ á¢®¡®¤®¥ â¥ç¥¨¥. �àã£¨¬¨ ä¨-§¨ç¥áª¨¬¨ ¬¥å ¨§¬ ¬¨, ª®â®àë¥ ¯à¨áãâáâ¢ãîâ¢ à¥ «ìëå ¯®â®ª å, â ª¨¬¨ ª ª ¢¨åà¥¢®© áàë¢,á¢®à ç¨¢ ¨¥ á«¥¤  ¨ ¥ãáâ®©ç¨¢®áâ¨ ¢ á¤¢¨£®¢®¬á«®¥, ¯à¥¥¡à¥£ ¥âáï. �ëï¢«¥ ¯à®áâ®© ¬¥å ¨§¬,®â®áïé¨©áï ª ¤¨ ¬¨ª¥ £¥â¥à®ª«¨®© ®à¡¨âë¢ ¥áâ æ¨® àëå £ ¬¨«ìâ®®¢ëå ¤¨ ¬¨ç¥áª¨åá¨áâ¥¬ å [24].� à ¡®â¥ ¢ë¯®«¥ë à áç¥âë ¤¢ã¬¥àëå ®â-àë¢ëå â¥ç¥¨©   ®á®¢¥ ¬®¤¥«¨ ¨¤¥ «ì®© ¥-á¦¨¬ ¥¬®© ¦¨¤ª®áâ¨. � áá¬ âà¨¢ ¥âáï ®¡â¥ª -¨¥ £à ¨æë,  ¯®¬¨ îé¥© á¥£®¢®© ª à¨§, ª®-â®àë© ï¢«ï¥âáï ¥áâ¥áâ¢¥ë¬ ãáâà®©áâ¢®¬ ¤«ïã¯à ¢«¥¨ï ®âàë¢®¬ ¯®â®ª    £à¥¡ïå £®à. �¥å-¨ª  ¬®¤¥«¨à®¢ ¨ï ®á®¢     à¥§ã«ìâ â å à -¡®âë [23], £¤¥ ¯®áâà®¥®   «¨â¨ç¥áª®¥ à¥è¥¨¥,ª®â®à®¥ ®¯¨áë¢ ¥â áâ æ¨® àë© ®âàë¢®© ¯®-â®ª §  á¥£®¢ë¬ ª à¨§®¬ á ¯à¨¬¥¥¨¥¬ ª« áá¨-ç¥áª®£® ¬¥â®¤  ª®ä®à¬ëå ®â®¡à ¦¥¨©. �â®¡ë¯à¥¤áâ ¢¨âì á¥£®¢®© ª à¨§, �¨£«¥¡ [23] ¯®áâà®-¨« ®â®¡à ¦¥¨¥ ¤¥©áâ¢¨â¥«ì®© ®á¨ ¢ ª®¬¯«¥ªá®©¯«®áª®áâ¨ �   «¨¨î, ä®à¬¨àãîéãî ¨áå®¤ãî£à ¨æã á ®áâà®© ªà®¬ª®© ¢ ä¨§¨ç¥áª®© ¯«®áª®-áâ¨ z. �«ï ¬®¤¥«¨à®¢ ¨ï æ¨àªã«ïæ¨®®© ®¡« -áâ¨ ¢ ¯®â®ª¥ à á¯®« £ «áï â®ç¥çë© ¢¨åàì. �â®â¢¨åàì  å®¤¨«áï ¢ à ¢®¢¥á¨¨ ¨ ã¤®¢«¥â¢®àï« áâ -æ¨® à®¬ã ãá«®¢¨î �ãââ . � à ¡®â¥ [7]   «®-£¨ç ï ¬¥â®¤¨ª  ¨á¯®«ì§®¢   ¤«ï ¬®¤¥«¨à®¢ ¨ï¥áâ æ¨® à®£® ®âàë¢®£® â¥ç¥¨ï §  ¯®«ã¡¥á-ª®¥ç®© ¯« áâ¨®© ¨ ¤ ® ®¯¨á ¨¥ ¬¥â®¤¨ª¨  ª-â¨¢®£® ã¯à ¢«¥¨ï â ª¨¬ ¯®â®ª®¬.� ª ª ª ¦¨¤ª®áâì ¥á¦¨¬ ¥¬ , « £à ¦¥¢® ¤¢¨-¦¥¨¥ ¯ áá¨¢ëå ç áâ¨æ ®¯¨áë¢ ¥âáï £ ¬¨«ìâ®-®¢®© á¨áâ¥¬®©, á®¯àï¦¥ë¬¨ ¯¥à¥¬¥ë¬¨ ª®-â®à®© ï¢«ïîâáï ¤¥ª àâ®¢ë ª®®à¤¨ âë,   £ ¬¨«ì-â®¨ ®¬ { äãªæ¨ï â®ª . � «®£¨ç® £ ¬¨«ìâ®-®¢®© á¨áâ¥¬®© ®¯¨áë¢ ¥âáï ¨ ¤¢¨¦¥¨¥ â®ç¥ç®-£® ¢¨åàï â ¬, £¤¥ äãªæ¨ï � ¬¨«ìâ®  á¢ï§   áäãªæ¨¥© �à¨  ¤«ï « ¯« á¨   ¢ ®¡« áâ¨ â¥ç¥-¨ï [17].�à ¢¥¨ï ¤¢¨¦¥¨ï ¢¨åàï ¢ ¬®¤¥«¨ �¨£«¥¡ ¨â¥£à¨àã¥¬ë, ¯®áª®«ìªã á¨áâ¥¬  ï¢«ï¥âáï  ¢â®-®¬®© £ ¬¨«ìâ®®¢®© á¨áâ¥¬®© á ®¤®© áâ¥¯¥ìîá¢®¡®¤ë. �â¬¥â¨¬, çâ® �¨£«¥¡ á¤¥« « ä®à¬ «ì-ãî ®è¨¡ªã ¯à¨ ®¯¨á ¨¨ § ª®  ¤¢¨¦¥¨ï ¢¨åàï¢ ¯à¨áãâáâ¢¨¨ áâ¥ª¨. �â® ¯®¢«¨ï«®   ãá«®¢¨¥à ¢®¢¥á¨ï ¢¨åàï, ®¤ ª® ¥á¬®âàï   íâ®, ¥£®

à¥§ã«ìâ âë ª ç¥áâ¢¥® ¢¯®«¥ ª®àà¥ªâë (á¬.�à¨«®¦¥¨¥ B).�ãªæ¨ï â®ª  ¦¨¤ª¨å ç áâ¨æ ®¯à¥¤¥«ï¥âáï ¯®-«®¦¥¨¥¬ ¢¨åàï, ¯®íâ®¬ã, ¢ ®¡é¥¬ á«ãç ¥, ® § ¢¨á¨â ®â ¢à¥¬¥¨. �«ï â ª®© ¥ ¢â®®¬®©£ ¬¨«ìâ®®¢®© á¨áâ¥¬ë ¤¢¨¦¥¨¥ ç áâ¨æ ¬®¦¥â¡ëâì ¥¨â¥£à¨àã¥¬ë¬ å ®â¨ç¥áª¨¬ [1, 20]. �¤- ª®, ¥á«¨ ¢¨åàì  å®¤¨âáï ¢ ¯®«®¦¥¨¨ à ¢®¢¥-á¨ï, £ ¬¨«ìâ®¨  ç áâ¨æ ¦¨¤ª®áâ¨ ï¢«ï¥âáï  ¢-â®®¬ë¬,   ¤¢¨¦¥¨¥ { ¨â¥£à¨àã¥¬ë¬ ¨ à¥£ã-«ïàë¬. � ¨â¥£à¨àã¥¬®¬ á«ãç ¥ ¯®«¥ â¥ç¥¨ï¬®¦® à §¤¥«¨âì   ¤¢¥ ®á®¢ë¥ ®¡« áâ¨: ¦¨¤-ª®áâì, ¢®¢«¥ç¥ ï ¢¨åà¥¬ (§ ¬ªãâë¥ «¨¨¨ â®-ª , ®ªàã¦ îé¨¥ ¢¨åàì), ¨ á¢®¡®¤ë© ¯®â®ª («¨-¨¨ â®ª  ¥§ ¬ªãâë). �â¨ ¤¢¥ ®¡« áâ¨ ¥ ®¡¬¥-¨¢ îâáï ¦¨¤ª®áâìî ®¤  á ¤àã£®© ¨ à §¤¥«¥ë«¨¨¥© â®ª , ª®â®à ï ¢ëå®¤¨â á ®áâà®© ªà®¬ª¨¨ ¯à¨á®¥¤¨ï¥âáï ª áâ¥ª¥ ¢¨§ ¯® â¥ç¥¨î, â ª §ë¢ ¥¬®© £¥â¥à®ª«¨®© ®à¡¨â®©. �® ¢á¯®¬®-£ â¥«ì®© ¯«®áª®áâ¨ � íâ® â¥ç¥¨¥ ¯à¥¤áâ ¢«ï¥âá®¡®© ¢¨åà¥¢ãî ¯ àã, «¨¨¥© á¨¬¬¥âà¨¨ ª®â®à®©ï¢«ï¥âáï ¤¥©áâ¢¨â¥«ì ï ®áì.�à¥¤áâ ¢«ï¥¬ ï ¬®¤¥«ì ®â«¨ç ¥âáï ®â ¬®¤¥«¨�¨£«¥¡  ¢ âà¥å £« ¢ëå  á¯¥ªâ å: (i) ¬ë § ¤ ¥¬á¤¢¨£®¢®¥ â¥ç¥¨¥ ¯à¨ ¯®¬®é¨  á¨¬¯â®â¨ç¥áª®£®ãá«®¢¨ï, çâ®¡ë ¢¢¥àå ¯® ¯®â®ªã ®â â®çª¨ ®âàë¢ ¨¬¥âì ¡®«¥¥ á«®¦®¥ â¥ç¥¨¥, ç¥¬ ¯®â¥æ¨ «ì®¥,¢ â® ¦¥ ¢à¥¬ï, ®® ®áâ ¥âáï ¤®áâ â®ç® ¯à®áâë¬¤«ï   «¨â¨ç¥áª®£® ®¯¨á ¨ï; (ii) ¯à¨ ¬ «ëå á¬¥-é¥¨ïå ¢¨åàï ®â ¯®«®¦¥¨ï à ¢®¢¥á¨ï á¨áâ¥¬ áâ ®¢¨âáï ¥áâ æ¨® à®©; (iii) ¢ à áá¬ âà¨¢ ¥-¬®©  ¬¨ ª®ä¨£ãà æ¨¨ £à ¨æë ®áâàë¥ ªà®¬ª¨á£« ¦¥ë, â® ¥áâì ®¨ ¨¬¥îâ ¡®«ìèãî, ® ª®¥ç-ãî ªà¨¢¨§ã, ¯à¨ íâ®¬ ã¤®¢«¥â¢®àï¥âáï ãá«®¢¨¥�ãââ , ª®£¤  ¢¨åàì ¯®áâ®ï®© æ¨àªã«ïæ¨¨ ¥  -å®¤¨âáï ¢ ¯®«®¦¥¨¨ à ¢®¢¥á¨ï.�  £à ¨æ¥ á ¡®«ìè®© ªà¨¢¨§®©, ª ª ¨ ¢ ®áâà®©ªà®¬ª¥, ¨¬¥¥â ¬¥áâ® ®âàë¢ ¯®â®ª . � íâ®© á¢ï§¨¤«ï  å®¦¤¥¨ï ¨â¥á¨¢®áâ¨ ¢¨åàï, á¯®á®¡®-£® ¨¤ãæ¨à®¢ âì ®âàë¢ ¢ ªà®¬ª¥, ¬®¦¥â ¡ëâì ¨á-¯®«ì§®¢ ® ãá«®¢¨¥ �ãââ . �¨åàì, á« ¡® á¬¥é¥-ë© ¨§ á®áâ®ï¨ï à ¢®¢¥á¨ï, ¤¢¨¦¥âáï ¢¤®«ì ¬ -«®© ¯¥à¨®¤¨ç¥áª®© ®à¡¨âë ¨ ¢ë§ë¢ ¥â ª®«¥¡ ¨ïâ®çª¨ ¯à¨á®¥¤¨¥¨ï ®â®á¨â¥«ì® â®çª¨ ¬ ªá¨-¬ «ì®© ªà¨¢¨§ë. � ª ª ª ªà®¬ª  á£« ¦¥ , ¯®-â®ª ¢¡«¨§¨ ¥¥ ¥ ¨¬¥¥â á¨£ã«ïà®áâ¥©, ¨ ãá«®¢¨¥�ãââ  ¥ âà¥¡ã¥âáï.�̈ ¯¨çë© ¢¥àâ¨ª «ìë© ¯à®ä¨«ì ®áà¥¤¥®-£® â¥ç¥¨ï ¤ ¥â § ª® í¥à£¨¨, ¨á¯®«ì§ã¥¬ë© ¤«ï®¯¨á ¨ï  â¬®áä¥à®£® ¯®£à ¨ç®£® á«®ï. �à ¡®â¥ [14] à áá¬ âà¨¢ «áï,  ¯à¨¬¥à, «¨¥©ë©á¤¢¨£®¢®© ¯à®ä¨«ì, çâ®¡ë ¨§ãç¨âì ¢«¨ï¨¥ á¤¢¨-£    â¥ç¥¨¥ §  £à¥¡ï¬¨ £®à.�® ¢á¯®¬®£ â¥«ì®© ¯«®áª®áâ¨ � â¥ç¥¨¥ á¢®-�. �à §¥á¥, �. � ¥ââ¨ 71



ISSN 1561- 9087 �à¨ª« ¤  £÷¤à®¬¥å ÷ª . 2001. �®¬ 3 (75), N 3. �. 70 { 82¤¨âáï ª ª®«¥¡«îé¥©áï ¢¨åà¥¢®© ¯ à¥ (���). �à ¡®â¥ [24] ¨áá«¥¤®¢ «¨áì ª®«¥¡ ¨ï ¢¨åà¥¢®© ¯ -àë ¨ ¬¥å ¨§¬ « £à ¦¥¢®£® å ®á  ¢ ä §®¢®¬¯à®áâà áâ¢¥: ãáâ®©ç¨¢ë¥ ¨ ¥ãáâ®©ç¨¢ë¥ ¬®-£®®¡à §¨ï £¥â¥à®ª«¨ëå âà ¥ªâ®à¨© ¯¥à¥á¥ª îâ¤àã£ ¤àã£ , ¨ ¦¨¤ª®áâì â® § å¢ âë¢ ¥âáï, â® ¢ë-¡à áë¢ ¥âáï ¢¨åà¥¬. � í©«¥à®¢®¬ ¯à¥¤áâ ¢«¥¨¨íâ® ï¢«¥¨¥ ¯à¥¤áâ ¢«ï¥â á®¡®© å ®â¨ç¥áª®¥ ¯¥à¥-¬¥è¨¢ ¨¥ ¦¨¤ª®áâ¨ ¢ ®¡« áâ¨, ®ªàã¦ îé¥© á¥-¯ à âà¨áã. � á ¨â¥à¥á®¢ «® ¥£® ¢«¨ï¨¥   ¤¨á-¯¥àá¨î ¯ áá¨¢ëå ç áâ¨æ.�ë ¨áá«¥¤®¢ «¨, ª ª ®âàë¢ ¨ ¯à¨á®¥¤¨¥¨¥ ¥-áâ æ¨® à®£® ¯®â®ª  ¢«¨ïîâ   ¯®¢¥¤¥¨¥ ¯ïâ ¦¨¤ª®áâ¨ à á¯®«®¦¥®£® ¢¡«¨§¨ ¨«¨ ¢ãâà¨ æ¨à-ªã«ïæ¨®®© §®ë. � ©¤¥®, çâ® æ¨àªã«ïæ¨® ï§®  ®ª §ë¢ ¥â áãé¥áâ¢¥®¥ ¢«¨ï¨¥   ªàã¯®-¬ áèâ ¡ãî ¤¨ ¬¨ªã ¯ áá¨¢ëå ç áâ¨æ, ¢ë§ë-¢ ï ª®«¥¡ ¨ï ª®æ¥âà æ¨¨ ç áâ¨æ ¢¨§ ¯® â¥ç¥-¨î.� á«¥¤ãîé¨å à §¤¥« å ¡ã¤¥â ¯à¥¤áâ ¢«¥  ¬®-¤¥«ì �¨£«¥¡  ¤«ï áâ æ¨® à®£® ¯®â¥æ¨ «ì®-£® ¯®â®ª ,   § â¥¬ ®¯¨á  ¬¥â®¤   «¨â¨ç¥áª®-£® ¨áá«¥¤®¢ ¨ï ¥áâ æ¨® à®£® ¢à é îé¥£®áïâ¥ç¥¨ï ¯®áâ®ï®© § ¢¨åà¥®áâ¨. �â®¡ë  ©-â¨ à ¢®¢¥áë¥ ª®ä¨£ãà æ¨¨, ®¡áã¤¨âì ¨å ãáâ®©-ç¨¢®áâì ¨ ¢®§¬®¦®áâì å ®â¨ç¥áª®£® ¯¥à¥¬¥è¨-¢ ¨ï, ¡ã¤¥â ¨á¯®«ì§®¢  ä®à¬ «¨§¬ ¤¨ ¬¨ç¥-áª¨å á¨áâ¥¬. �ã¤ãâ ®¡áã¦¤¥ë â ª¦¥ à¥§ã«ìâ âëç¨á«¥®£® ¬®¤¥«¨à®¢ ¨ï ¤¢ãå à §«¨çëå £¥®¬¥-âà¨© ¢¬¥áâ¥ á ª®æ¥âà æ¨¥© ç áâ¨æ ¢ ¥ª®â®àëå¢ë¡à ëå â®çª å.1. �������������� ���������� ��-���� ��� ������������� �������-������� �������� ¤ ®¬ à §¤¥«¥ ®¯¨áë¢ ¥âáï ¬ â¥¬ â¨ç¥áª ï¬®¤¥«ì æ¨àªã«ïæ¨®®£® â¥ç¥¨ï ¢¡«¨§¨ £à ¨æëá«®¦®© ä®à¬ë, â ª®© ª ª á¥£®¢®© ª à¨§. �â ¬®¤¥«ì, ¢¯¥à¢ë¥ ¯à¥¤«®¦¥ ï �¨£«¥¡®¬ [23],á¯®á®¡  ®¯¨á âì ¤¢ã¬¥àë© áâ æ¨® àë© ®â-àë¢ á ®áâà®© ªà®¬ª¨. �  ï¢«ï¥âáï ®á®¢®© ¤«ï¬®¤¥«¨à®¢ ¨ï ¥áâ æ¨® à®£® æ¨àªã«ïæ¨®®£®á¤¢¨£®¢®£® ¯®â®ª , ª®â®àë© ¡ã¤¥â à áá¬®âà¥ ¢à §¤¥«¥ 3.�¢®¤ïâáï ¡¥§à §¬¥àë¥ ª®®à¤¨ âë ¯ãâ¥¬ á®-®â¥á¥¨ï ª å à ªâ¥àë¬ § ç¥¨ï¬ ¬ áèâ ¡®¢áª®à®áâ¨ ¨ ¤«¨ë. �áå®¤ï ¨§ ¨å ¢®¤ïâáï â¨¯¨ç-ë¥ ¬ áèâ ¡ë ¤«ï ¢à¥¬¥¨ ¨ æ¨àªã«ïæ¨¨. � á-èâ ¡ áª®à®áâ¨ à ¢¥ áª®à®áâ¨  ¡¥£ îé¥£® ¯®-â®ª ,   ¬ áèâ ¡ ¤«¨ë ®¯à¥¤¥«ï¥âáï ¯ à ¬¥âà®¬®â®¡à ¦¥¨ï, ª ª ¡ã¤¥â ®¯¨á ® ¨¦¥. � áá¬ -âà¨¢ ¥âáï ®¡« áâì, ®£à ¨ç¥ ï   «¨â¨ç¥áª®©

ªà¨¢®© ¢ ¯«®áª®áâ¨ z, £¤¥ z = x + iy. �¢¥à-¤ ï £à ¨æ  à áè¨àï¥âáï ¤® ¡¥áª®¥ç®áâ¨ ¢¤®«ì®á¨ x ¨ å à ªâ¥à¨§ã¥âáï  «¨ç¨¥¬ ®áâà®© ªà®¬-ª¨. � ª á«¥¤ã¥â ¨§ â¥®à¥¬ë �¨¬   [12, 19], ® ¬®¦¥â ¡ëâì ¯®«ãç¥  ª®ä®à¬ë¬ ®â®¡à ¦¥¨¥¬¯®«ã¯«®áª®áâ¨ � � 0   ¯«®áª®áâì � = � + i�. �à¨íâ®¬ ¡¥áª®¥ç®áâì ¢ ¯«®áª®áâ¨ z á®®â¢¥âáâ¢ã¥â¡¥áª®¥ç®áâ¨ ¢ ¯«®áª®áâ¨ �. �ãªæ¨ï, ¯à¥¤«®-¦¥ ï �¨£«¥¡®¬, ¨¬¥¥â ¢¨¤:z = � + �21� � �1 ; (1)£¤¥ �1 = �1 + i�1 ï¢«ï¥âáï ª®¬¯«¥ªá®© ¯®áâ®ï-®© á �1 < 0, ä®à¬  £à ¨æë ¤«ï ¤ ®£® á«ãç ï¯®ª §     à¨á. 1.
�¨á. 1. �¥£®¢®© ª à¨§ ¢ ®â®¡à ¦¥¨¨ �¨£«¥¡ � ª®¥ ®â®¡à ¦¥¨¥ ¨¬¥¥â á¢®©áâ¢® z(a�; a�1) == az(�; �1), ¯à¨ç¥¬ à §ë¥ § ç¥¨ï a ¯à¨¢®¤ïâ ª ¢â®¬®¤¥«ì®© ä®à¬¥ ª à¨§®¢. �®§¢ëè¥¨¥ ª à-¨§  h ¬®¦¥â ¡ëâì ¢§ïâ® ª ª ¬ áèâ ¡ ¤«¨ë. �à¨h = Imz(0) = �Im�1, ¯à®áâà áâ¢¥ë© ¬ áèâ ¡¯à¨¨¬ ¥â § ç¥¨¥ Im�1, ¢ â® ¢à¥¬ï ª ª ®â®è¥-¨¥ Re �1=Im�1 ®¯à¥¤¥«ï¥â ä®à¬ã ª à¨§ .�®¤¥«ì á®áâ®¨â ¨§ ¢¨åàï ¯®áâ®ï®© æ¨àªã«ï-æ¨¨, ª®â®àë© ã¤®¢«¥â¢®àï¥â ãá«®¢¨î �ãââ  ¨  -å®¤¨âáï ¢ à ¢®¢¥á¨¨ á® áâ æ¨® àë¬  ¡¥£ -îé¨¬ ¯®â®ª®¬. �®¬¯«¥ªáë© ¯®â¥æ¨ « â¥ç¥-¨ï áâà®¨âáï áã¯¥à¯®§¨æ¨¥© ®á®¢ëå ¯®â®ª®¢. �¯«®áª®áâ¨ w = q1� + 2�i log� � � �0� � �?0 � ; (2)(§¤¥áì q1 { áª®à®áâì á¢®¡®¤®£® â¥ç¥¨ï) ¢â®à®©ç«¥ ¢ ¯à ¢®© ç áâ¨ ¯à¥¤áâ ¢«ï¥â á®¡®© ª®¬¯«¥ªá-ë© ¯®â¥æ¨ « â®ç¥ç®£® ¢¨åàï ¨â¥á¨¢®áâ¨ ,à á¯®«®¦¥®£® ¢ â®çª¥ �0, ¨ á®¯àï¦¥®£® ¥¬ã¢¨åàï, ª®â®àë©  å®¤¨âáï ¢ â®çª¥ �?0 . � ¯«®áª®áâ¨� ãà ¢¥¨¥ (2) ¯à¥¤áâ ¢«ï¥â á®¡®© ª®¬¯«¥ªáë©¯®â¥æ¨ « ¢¨åà¥¢®© ¯ àë (á¬. à¨á. 7).� ª ª ª ª®¬¯«¥ªáë© ¯®â¥æ¨ « ¨¢ à¨ â¥¯à¨ ª®ä®à¬®¬ ®â®¡à ¦¥¨¨ z = z(�), ¯®áâ®ï-72 �. �à §¥á¥, �. � ¥ââ¨



ISSN 1561- 9087 �à¨ª« ¤  £÷¤à®¬¥å ÷ª . 2001. �®¬ 3 (75), N 3. �. 70 { 82 ï q1 á®®â¢¥âáâ¢ã¥â áª®à®áâ¨ á¢®¡®¤®£® â¥ç¥-¨ï Q1 ¢ ¯«®áª®áâ¨ z:Q1 = limz!1 dwdz = lim�!1 dwd� �dzd���1 = q1 : (3)�à ¥ªâ®à¨¨ ¢¨åàï ¢ ä¨§¨ç¥áª®© ¯«®áª®áâ¨ zï¢«ïîâáï à¥è¥¨ï¬¨ £ ¬¨«ìâ®®¢®© á¨áâ¥¬ë:_x0 = @H@y0 ; _y0 = � @H@x0 ; (4)¯à¨ç¥¬ £ ¬¨«ìâ®¨  H ¬®¦¥â ¡ëâì ¯®«ãç¥ ¨§á®®â®è¥¨ï ¤«ï £ ¬¨«ìâ®¨  H0 ¤ ®£® ¢¨åàï¢ ¯«®áª®áâ¨ � ãá  [6]:H = H0 + 4� log ����dz0d�0 ���� ; (5)§¤¥áì H0 = q1�0 + 4� log�0 : (6)�à®¨§¢®¤ë¥ £ ¬¨«ìâ®¨   H 0 á®£« á® ¯à ¢¨«ã� ãá  ¤ ë ¢ �à¨«®¦¥¨¨ A.1.1. �â æ¨® à®¥ ãá«®¢¨¥ �ãââ �  ï ¬®¤¥«ì ®¯¨áë¢ ¥â ®âàë¢ á ®áâà®© ¨«¨§ ªàã£«¥®© ªà®¬ª¨ ¡®«ìè®© ªà¨¢¨§ë, ¥á«¨ ¢¥© ã¤®¢«¥â¢®àï¥âáï ãá«®¢¨¥ �ãââ , â.¥. á®®â®-è¥¨¥ ¬¥¦¤ã ¨â¥á¨¢®áâìî ¨ ¯®«®¦¥¨¥¬ ¢¨åàï¤®«¦® ãáâà ¨âì á¨£ã«ïà®áâì ¢ ¯®â®ª¥. �®íâ®-¬ã,  ª« ¤ë¢ ¥âáï ãá«®¢¨¥ à ¢¥áâ¢  ã«î áª®à®-áâ¨ ¢ ®áâà®© ªà®¬ª¥:�dwd� ��=�c = 0; (7)£¤¥ �c { ¯®«®¦¥¨¥ ã£«  ¢ �-¯«®áª®áâ¨, ¢ ®â®¡à -¦¥¨¨ (1) ¢ë¯®«ï¥âáï �c = 0.�«ï ª®¬¯«¥ªá®£® ¯®â¥æ¨ «  w(�), ®¯à¥¤¥«ï¥-¬®£® á®®â®è¥¨¥¬ (2), ãá«®¢¨¥ �ãââ  ã¤®¢«¥â¢®-àï¥âáï, ¥á«¨ q1 = ��j�c � �0j2�0 : (8)�â¬¥â¨¬, çâ® áãé¥áâ¢ã¥â ¡¥áª®¥ç® ¬®£® ®â®-è¥¨© =q1.� ä¨§¨ç¥áª®© ¯«®áª®áâ¨ ª®¬¯«¥ªá ï áª®à®áâì ¢ã£«¥ zc § ¤ ¥âáï ¢ëà ¦¥¨¥¬:limz!zc dwdz = lim�!�c dwd� d�dz : (9)� á«ãç ¥ ®áâà®© ªà®¬ª¨ ®  ª®¥ç , ª ª ¢ ®â®-¡à ¦¥¨¨ (1), ¢ ¤àã£¨å á«ãç ïå ®  à ¢  ã«î.

� ¢¥àè îé¨¬ íâ ¯®¬ ¢ ¬®¤¥«¨à®¢ ¨¨ æ¨àªã-«ïæ¨®®£® ¯®â®ª  ï¢«ï¥âáï  å®¦¤¥¨¥ à ¢®¢¥á-®£® ¯®«®¦¥¨ï ¢¨åàï. � ¬¥â¨¬, çâ® ä §®¢®¥¯à®áâà áâ¢® ¤¨ ¬¨ç¥áª®© á¨áâ¥¬ë (4) á®¢¯ ¤ -¥â á ®¡« áâìî â¥ç¥¨ï ¢ â®¬ á¬ëá«¥, çâ® ¤¥ª à-â®¢ë ª®®à¤¨ âë ¢¨åàï (x0, y0) ï¢«ïîâáï á®¯àï-¦¥ë¬¨ ¯¥à¥¬¥ë¬¨,   ¨§®«¨¨¨ £ ¬¨«ìâ®¨ -  H ä®à¬¨àãîâ ª àâ¨ã ¢®§¬®¦ëå âà ¥ªâ®à¨©¢¨åàï § ¤ ®© ¨â¥á¨¢®áâ¨. �®íâ®¬ã à ¢®-¢¥áë¥ ¯®«®¦¥¨ï ¢¨åàï ( _x0 = 0, _y0 = 0) ï¢«ï-îâáï ä¨ªá¨à®¢ ë¬¨ â®çª ¬¨ ¢ íâ®¬ ¯à®áâà -áâ¢¥. �à¨ íâ®¬ í««¨¯â¨ç¥áª¨¥ â®çª¨ á®®â¢¥âáâ¢ã-îâ ãáâ®©ç¨¢®¬ã à ¢®¢¥á¨î,   £¨¯¥à¡®«¨ç¥áª¨¥ {¥ãáâ®©ç¨¢®¬ã. �®¤¥«ì áâ æ¨® à®£® æ¨àªã«ï-æ¨®®£® â¥ç¥¨ï §  ã£«®¬ ¯à¥¤áâ ¢«¥  ¢¨åà¥¬ ¢á®áâ®ï¨¨ à ¢®¢¥á¨ï (â.¥. ¯®©¬ ë¬ ¢¨åà¥¬),ª®â®àë© ã¤®¢«¥â¢®àï¥â ãá«®¢¨î �ãââ . �¥è¥¨ïãà ¢¥¨© à ¢®¢¥á¨ï § ¢¨áïâ ®â £¥®¬¥âà¨¨ £à -¨æë â¥ç¥¨ï ¨ ®â®è¥¨ï ¨â¥á¨¢®áâ¨ ¢¨åàïª áª®à®áâ¨ á¢®¡®¤®£® ¯®â®ª  =q1. � ª ª ª ¡ë-«®  ©¤¥®, çâ® à áá¬ âà¨¢ ¥¬ ï £¥®¬¥âà¨ï ¤®-¯ãáª ¥â § å¢ â ¢¨åàï, ¬®¦® ®¦¨¤ âì ¬®¦¥áâ¢®ãáâ®©ç¨¢ëå à¥è¥¨©.�®íâ®¬ã ª®®à¤¨ âë ¢¨åàï (�0; �0) ¢ ¯«®áª®áâ¨ �¤®«¦ë ®¤®¢à¥¬¥® ã¤®¢«¥â¢®àïâì ãá«®¢¨î à ¢-®¢¥á¨ï ¨ ãá«®¢¨î �ãââ  (8). �¨ ï¢«ïîâáï à¥è¥-¨ï¬¨ ãà ¢¥¨ïj�c � �0j24�0 � 1�0 d�0dz0 � i ddz �log d�0dz0�� = 1 : (10)�®£¤  ¨â¥á¨¢®áâì ¢¨åàï ¯®«ãç ¥âáï ¨§ ãá«®¢¨ï�ãââ  (8).1.2. �à ¢¥¨¥ á ¢¨åà¥¢ë¬ ¬¥â®¤®¬�®ç®áâì ¬®¤¥«¨ á ®¤¨¬ ¢¨åà¥¬, ª®â®à ï ¡ë-«  ®¯¨á   ¢ëè¥, ¯à®¢¥àï« áì áà ¢¥¨¥¬ ¥ª®-â®àëå à¥§ã«ìâ â®¬ á à¥§ã«ìâ â ¬¨, ¯®«ãç¥ë¬¨  ®á®¢¥ ¡®«¥¥ á«®¦®£® ¢¨åà¥¢®£® ¬¥â®¤ . �â®-¡ë ®¯¨á âì ¢¥§ ¯ë© áâ àâ ¯®â®ª  á ®¡à §®¢ -¨¥¬ ®âàë¢®© §®ë, ¨á¯®«ì§®¢ «®áì ¤¨áªà¥â®-¢¨åà¥¢®¥ ¬®¤¥«¨à®¢ ¨¥ â¥ç¥¨ï §  á¥£®¢ë¬ ª à-¨§®¬ [5, 10]. �®£« á® ¬¥â®¤ã ¤¨áªà¥âëå ¢¨-åà¥© ¯®â®ª ¢ ç «¥ ï¢«ï¥âáï ¯®â¥æ¨ «ìë¬, § -â¥¬ ¢ ®¡« áâ¨ ®âàë¢  ¯®à®¦¤ ¥âáï á¢®¡®¤ë© â®-ç¥çë© ¢¨åàì, ¨â¥á¨¢®áâì ª®â®à®£®  å®¤¨âáï¨§ ãá«®¢¨ï �ãââ ,   ¯®«®¦¥¨¥ § ¤ ¥âáï ¢ ä¨ªá¨-à®¢ ®© â®çª¥ ¢¡«¨§¨ ã£« . �¢¨¦¥¨¥ íâ®£® ¢¨-åàï, ®¡ãá«®¢«¥®¥  «¨ç¨¥¬ áâ¥ª¨ ¨  ¡¥£ îé¥-£® â¥ç¥¨ï, ®¯à¥¤¥«ï¥âáï ç¨á«¥ë¬ ¨â¥£à¨à®¢ -¨¥¬. �¥à¥§ § ¤ ë¥ ¨â¥à¢ «ë ¢à¥¬¥¨ ¢ ¯®â®ª¢¢®¤ïâáï ®¢ë¥ ¢¨åà¨. �¨åà¥¢ ï ª àâ¨  â¥ç¥¨ï¢ à §«¨çë¥ ¬®¬¥âë ¢à¥¬¥¨ ¯®ª §     à¨á. 2;�. �à §¥á¥, �. � ¥ââ¨ 73
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�¨á. 2. �®¤¥«¨à®¢ ¨¥ â¥ç¥¨ï §  á¥£®¢ë¬ ª à¨§®¬ ¤¨áªà¥â®-¢¨åà¥¢ë¬ ¬¥â®¤®¬. � àª¥àë §¤¥áì¯à¥¤áâ ¢«ïîâ ¢¨åà¨, à §¬¥à ¬ àª¥à  ¯à®¯®àæ¨® «¥ ¨â¥á¨¢®áâ¨ á®®â¢¥âáâ¢ãîé¥£® ¢¨åàï

�¨á. 3. (a) �¡é ï æ¨àªã«ïæ¨ï ¢ ¤¨áªà¥â®-¢¨åà¥¢®© ¬®¤¥«¨ (á¯«®è ï «¨¨ï) ¨ æ¨àªã«ïæ¨ï ¢ ¬®¤¥«¨ á ®¤¨¬¢¨åà¥¬ (¯ãªâ¨à ï «¨¨ï) ª ª äãªæ¨¨ ¢à¥¬¥¨; (b) ®âáâ®ï¨¥ æ¥âà  § ¢¨åà¥®áâ¨ ¢ ¤¨áªà¥â®-¢¨åà¥¢®©¬®¤¥«¨ ®â ¯®«®¦¥¨ï à ¢®¢¥á¨ï ¢¨åàï¨â¥á¨¢®áâ¨ á¢®¡®¤ëå ¢¨åà¥© §¤¥áì ¯à®¯®àæ¨-® «ìë à §¬¥àã á¨¬¢®«®¢, ¨å ¯à¥¤áâ ¢«ïîé¨å.�®¦® ¢¨¤¥âì, çâ® ¢¨åà¥¢ ï ¯¥«¥  á¢®à ç¨¢ ¥â-áï ¢®ªàã£ â®çª¨ á á ¬®© ¡®«ìè®© (¯®  ¡á®«îâ®©¢¥«¨ç¨¥) æ¨àªã«ïæ¨¥©. �â¨ à¥§ã«ìâ âë á®£« áã-îâáï á à¥§ã«ìâ â ¬¨, ¯à¥¤áâ ¢«¥ë¬¨ ¢ à ¡®â å[7, 15] ¤«ï ¤àã£¨å â¥ç¥¨© á § å¢ âë¢ ¨¥¬ ¢¨-åà¥©. �¨åà¥¢ ï ¯¥«¥  §  ª à¨§®¬  à áâ ¥â ¤®â¥å ¯®à, ¯®ª  § ç¥¨¥ ®¡é¥© æ¨àªã«ïæ¨¨ §¤¥áì ¥áâ ®¢¨âáï ¡®«¥¥ ¨«¨ ¬¥¥¥ ¯®áâ®ïë¬. �áâ ®-¢¨¢è¥¥áï â¥ç¥¨¥ å à ªâ¥à¨§ã¥âáï ¥§ ç¨â¥«ì-ë¬¨ ª®«¥¡ ¨ï¬¨ ®¡é¥© æ¨àªã«ïæ¨¨ ¨ æ¥âà  § -¢¨åà¥®áâ¨.
�ë áà ¢¨¢ «¨  á¨¬¯â®â¨ç¥áª¨¥ § ç¥¨¥ æ¨à-ªã«ïæ¨¨ ¨ ¯®«®¦¥¨¥ æ¥âà  § ¢¨åà¥®áâ¨ á ¨-â¥á¨¢®áâìî ¨ ¯®«®¦¥¨¥¬ â®ç¥ç®£® ¢¨åàï, ª®-â®àë¥ ¡ë«¨ ¯®«ãç¥ë ¢  è¥© ¬®¤¥«¨ á ®¤¨¬¢¨åà¥¬ (æ¥âà § ¢¨åà¥®áâ¨ ®æ¥¨¢ ¥âáï §¤¥áìª ª æ¥âà ¢¥«¨ç¨ë). �  à¨á. 3, a ¯®ª § ë¨â¥£à «ì ï æ¨àªã«ïæ¨ï, ª ª äãªæ¨ï ¢à¥¬¥¨(á¯«®è ï «¨¨ï), ¨ æ¨àªã«ïæ¨ï ¤«ï ¬®¤¥«¨ á ®¤-¨¬ ¢¨åà¥¬ (¯ãªâ¨à ï «¨¨ï). �¨á. 3, b ¨«-«îáâà¨àã¥â ®âáâ®ï¨¥ æ¥âà  § ¢¨åà¥®áâ¨ ®âà ¢®¢¥á®£® ¯®«®¦¥¨ï ¢¨åàï ¢ ¬®¤¥«¨ á ®¤¨¬¢¨åà¥¬. �¨¤®, çâ® íâ¨ ¤¢¥ ¬®¤¥«¨  å®¤ïâáï¢ å®à®è¥¬ á®®â¢¥âáâ¢¨¨ ¤àã£ á ¤àã£®¬. � ª¨¬74 �. �à §¥á¥, �. � ¥ââ¨



ISSN 1561- 9087 �à¨ª« ¤  £÷¤à®¬¥å ÷ª . 2001. �®¬ 3 (75), N 3. �. 70 { 82®¡à §®¬, ¬®¦® ®¦¨¤ âì, çâ® ªàã¯®¬ áèâ ¡ë¥å à ªâ¥à¨áâ¨ª¨ â¥ç¥¨ï ¤®áâ â®ç® å®à®è® ®¯¨-áë¢ îâáï ¬®¤¥«ìî á ®¤¨¬ ¢¨åà¥¬. �®áâ®¨áâ¢®íâ®© ¬®¤¥«¨ ¢ ¥¥ ¯à®áâ®â¥, çâ® ¤®¯ãáª ¥â   «¨-â¨ç¥áª®¥ ®¯¨á ¨¥ ªàã¯®¬ áèâ ¡®£® ¬¥å ¨§¬ ¤¨á¯¥àá¨¨, ª ª ¡ã¤¥â ¯®ª § ® ¢ à §¤¥«¥ 4.� à áç¥â å ¯à¨¬¥ï« áì ç¨á«¥ ï áå¥¬  ¨â¥-£à¨à®¢ ¨ï ¢â®à®£® ¯®àï¤ª ; £¥®¬¥âà¨ï ®¯à¥¤¥«ï-« áì ¯ à ¬¥âà®¬ �1 = 0:2� i 0:1, áª®à®áâì  ¡¥£ -îé¥£® ¯®â®ª  q1 = 1. � £ ¨â¥£à¨à®¢ ¨ï ¯®¢à¥¬¥¨ ¯à¨¨¬ «áï �t = 0:001,   ®¢ë© ¢¨åàì¢ë¡à áë¢ «áï çà¥§ ª ¦¤ë¥ ¤¢  è £  ¯® ¢à¥¬¥¨ ¢ä¨ªá¨à®¢ ®© â®çª¥ � = 0:005i. �®£« á® à¨á. 3¯¥à¥å®¤ë¥ ¯à®æ¥ááë, á«¥¤ãîé¨¥ §  ¨¬¯ã«ìáë¬áâ àâ®¬, ¯®çâ¨ ¨áç¥§ «¨ ¯à¨ t > 15.2. ��������� �������� ¤ ®¬ à §¤¥«¥ ®¯¨áë¢ ¥âáï ¬¥â®¤¨ª  ¬®¤¥-«¨à®¢ ¨ï ®âàë¢®£® æ¨àªã«ïæ¨®®£® á¤¢¨£®¢®-£® â¥ç¥¨ï ¢¡«¨§¨ £à ¨æë á«®¦®© ä®à¬ë.� áá¬ âà¨¢ ¥âáï ¯®«¥ â¥ç¥¨ï á § ¢¨åà¥®-áâìî r � q = ! = const ¨ á«¥¤ãîé¨¬ ¯à®ä¨«¥¬áª®à®áâ¨ ¢ ¤ «ì¥¬ ¯®«¥:limx!�1 q = u1 � !y : (11)� ªãî ¬®¤¥«ì ¬®¦® áç¨â âì ¯¥à¢ë¬ ¯à¨¡«¨¦¥-¨¥¬ ¯®£à ¨ç®£® á«®ï ¨, á«¥¤®¢ â¥«ì®, ®  à -¡®â ¥â ¯à¨ y < �. � ¯à¨¬¥à, â ª ï ¬®¤¥«ì ¬®¦¥â¡ëâì ¯®«¥§®© ¯à¨ ¨§ãç¥¨¨ ¢«¨ï¨ï â®¯®£à ä¨¨  ¤¨á¯¥àá¨î ç áâ¨æ ¢ãâà¨ áå¢ ç¥®£® ¢ ®¡é¨åç¥àâ å ¯®£à ¨ç®£® á«®ï.�¢¨¦¥¨¥ ¯ áá¨¢ëå ç áâ¨æ ®¯¨áë¢ ¥âáï £ -¬¨«ìâ®®¢®© ¤¨ ¬¨ç¥áª®© á¨áâ¥¬®©:_x = @ @y ; _y = �@ @x ; (12)£¤¥ äãªæ¨ï â®ª   ¯à¥¤áâ ¢«ï¥â £ ¬¨«ìâ®¨ ,  áª «ïàë¥ ª®®à¤¨ âë (x; y) ï¢«ïîâáï ª ®¨-ç¥áª¨¬¨ ¯¥à¥¬¥ë¬¨. �ãªæ¨ï â®ª   á¢ï§   á§ ¢¨åà¥®áâìî ! «¨¥©ë¬ ãà ¢¥¨¥¬ �ã áá®- : r2 = �! : (13)�â®¡ë  ©â¨ à¥è¥¨¥ ãà ¢¥¨ï �ã áá®  (13),¬ë à §à ¡®â «¨   «¨â¨ç¥áªãî ¯à®æ¥¤ãàã, ®á®-¢ ãî   ¬¥â®¤¥ ª®ä®à¬ëå ®â®¡à ¦¥¨© [27].�ãáâì  =  ! +  p; (14)£¤¥ äãªæ¨ï â®ª   ! ®¯¨áë¢ ¥â á¤¢¨£®¢®¥ â¥ç¥¨¥u = �!y, â® ¥áâì:  ! = �12! y2; (15)

  äãªæ¨ï â®ª   p ï¢«ï¥âáï £ à¬®¨ç¥áª®© ¢ ®¡« -áâ¨ â¥ç¥¨ï.� ª ª ª r2 ! = �! (16)¨ r2 p = 0; (17)â® ãà ¢¥¨¥ (13) ã¤®¢«¥â¢®àï¥âáï. � ¤ ç  ¡ë-«  á¢¥¤¥  ª  å®¦¤¥¨î £ à¬®¨ç¥áª®© äãªæ¨¨â®ª   p, ª®â®à ï ®¡¥á¯¥ç¨¢ ¥â ¢ë¯®«¥¨¥ £à -¨çëå ãá«®¢¨©, â® ¥áâì à ¢¥áâ¢® ¤ «ì¥£® ¯®«ïáª®à®áâ¨ ¢¥«¨ç¨¥ (u1 � ! y) ¨ ¥¯à®¨æ ¥¬®áâìáâ¥ª¨.�«ï íâ®£® ¡ë« ¢¢¥¤¥ ª®¬¯«¥ªáë© ¯®â¥æ¨ «wp, ¬¨¬®© ç áâìî ª®â®à®£® ï¢«ï¥âáï äãªæ¨ï  p.�¡« áâì â¥ç¥¨ï ¢ ¯«®áª®áâ¨ z § ¤ ¥âáï á«¥¤ãî-é¨¬ ª®ä®à¬ë¬ ®â®¡à ¦¥¨¥¬   ¥¥ ¯®«ã¯«®á-ª®áâ¨ Im (�) > 0:z = � + �21� + i� � �1 : (18)�â® ®â®¡à ¦¥¨¥ ï¢«ï¥âáï ¬®¤¨ä¨æ¨à®¢ ë¬¯à¥®¡à §®¢ ¨¥¬ �¨£«¥¡  (1). �¥©áâ¢¨â¥«ìë©¯®«®¦¨â¥«ìë© ¯ à ¬¥âà � ¢¢®¤¨âáï §¤¥áì ¤«ï â®-£®, çâ®¡ë á£« ¤¨âì ã£®« (ç¥¬ ¬¥ìè¥ �, â¥¬ ®áâà¥¥ã£®«).� «ì¥©è¥¥ ¯à¥®¡à §®¢ ¨¥� = i � �i + � (19)®â®¡à ¦ ¥â ¯®«ã¯«®áª®áâì Im (�) > 0   ¢ãâà¥-®áâì ¥¤¨¨ç®£® ªàã£  j�j = 1 ¢ �-¯«®áª®áâ¨. � -ª¨¬ ®¡à §®¬, æ¥¯®çª  ®â®¡à ¦¥¨© z ! � ! � ¯¥-à¥¢®¤¨â £à ¨æã ä¨§¨ç¥áª®© ®¡« áâ¨ â¥ç¥¨ï  ¥¤¨¨çãî ®ªàã¦®áâì ¢ ¯«®áª®áâ¨ �, £¤¥ � = �1á®®â¢¥âáâ¢ã¥â ¡¥áª®¥ç®áâ¨ ¢ ¯«®áª®áâ¨ z.� ä¨§¨ç¥áª®© ¯«®áª®áâ¨ á¤¢¨£®¢®© ¯®â®ª (15)¨¤ãæ¨àã¥â á«¥¤ãîéãî ®à¬ «ìãî ª áâ¥ª¥ ª®¬-¯®¥âã áª®à®áâ¨ ~v:~v = ! yb sin �; (20)£¤¥ ¨¤¥ªá b ®¡®§ ç ¥â £à ¨æã,   � = arg (dz=d�){ ã£®« ¬¥¦¤ã £à ¨æ¥© ¨ ®áìî x. � á®®â¢¥âáâ¢¨¨á ãà ¢¥¨¥¬ (20), ãá«®¢¨¥ ¥¯à®¨æ ¥¬®áâ¨ £à -¨æë ¢ z-¯«®áª®áâ¨ ¡ã¤¥â ã¤®¢«¥â¢®àïâìáï, ª®£¤ ®à¬ «ì ï ª £à ¨æ¥ ª®¬¯®¥â  áª®à®áâ¨, ¢ë-§¢  ï ¯®â¥æ¨ «®¬ wp, à ¢  �~v, â® ¥áâì:�Im �dwpdz ei�� = �~v: (21)� ¯«®áª®áâ¨ � íâ® ãá«®¢¨¥ ¨¬¥¥â ¢¨¤Re �dwpd� ��j�j=1 = �~v ����dzd�����j�j=1 : (22)�. �à §¥á¥, �. � ¥ââ¨ 75



ISSN 1561- 9087 �à¨ª« ¤  £÷¤à®¬¥å ÷ª . 2001. �®¬ 3 (75), N 3. �. 70 { 82�®áª®«ìªã ¢ ®¡« á¨ ¥â â®ç¥çëå ¢¨åà¥© (®¨¡ã¤ãâ ¤®¡ ¢«¥ë ¢ ¯®â®ª ¯®§¦¥), ª®¬¯«¥ªá ï áª®-à®áâì dwp=dz ¥ ¬®¦¥â ¡ëâì á¨£ã«ïà®© ¢ãâà¨®¡« áâ¨ â¥ç¥¨ï. �â®¡à ¦¥¨ï z ! � ï¢«ïîâ-áï à¥£ã«ïàë¬¨ ¢ãâà¨ ¥¤¨¨ç®£® ªàã£  j�j � 1(� 6= �1) ¢ ¯«®áª®áâ¨ �, ¯®íâ®¬ã ª®¬¯«¥ªá ïäãªæ¨ï dwp=d� ¥ ¤®«¦  ¡ëâì á¨£ã«ïà®© ¢ã-âà¨ íâ®£® ªàã£ , §  ¨áª«îç¥¨¥¬ â®ç¥ª � = �1 ,ª®â®àë¥ á®®â¢¥âáâ¢ãîâ z = 1. �®£¤  ¬ë ¬®¦¥¬¯à¥¤¯®«®¦¨âì:dwpd� = F (�) + 1Xn=1(an � ibn)�n�1; (23)£¤¥ F (�) á®¤¥à¦¨â ¢®§¬®¦ë¥ á¨£ã«ïà®áâ¨,à á¯®«®¦¥ë¥ ¯à¨ � = �1, â® ¥áâì, ¢ ®¡é¥¬ á«ã-ç ¥ ¢ë¯®«ï¥âáïF (�) = 1Xj=1 cj(�+ 1)�j : (24)�«ï  å®¦¤¥¨ï ª®íää¨æ¨¥â®¢ cj ¨á¯®«ì§ã¥âáïãá«®¢¨¥: áª®à®áâì   ¡¥áª®¥ç®áâ¨ (¯à¨ z = 1),¢ë§¢  ï ª®¬¯«¥ªáë¬ ¯®â¥æ¨ «®¬ wp, à ¢ u1. � ª ª ª ¤«ï ®â®¡à ¦¥¨© (18) ¯à®¨§¢®¤ ï  ¡¥áª®¥ç®áâ¨ ¡ã¤¥âlimz!1 d�dz = 1; (25)â® u1 = lim�!1 dwpd� = lim�!�1�dwpd� d�d� � = (26)= lim�!�1�dwpd� (� + 1)2�2i ��§ ¯®á«¥¤¥£® ¢ëâ¥ª ¥â, çâ® ¢á¥ ª®íää¨æ¨¥âë cj¯à¨ j > 2 à ¢ë ã«î,  c2 = �2i u1 : (27)�®íää¨æ¨¥â c1  å®¤¨âáï ¨§ ãá«®¢¨ï, á®£« á®ª®â®à®¬ã à áå®¤ ¬ ááë ç¥à¥§ £à ¨æã Q, ¢®§¨-ª îé¨© ¨§-§  á¤¢¨£ , ¤®«¦¥ ¡ëâì á¡ « á¨à®¢ ¯®â¥æ¨ «ìë¬ ¯®â®ª®¬Q = Z +1�1 �! yb dybdxb dxb = �!2 �y2b�+1�1 ; (28)  â ª¦¥ ¢ á®®â¢¥âáâ¢¨¨ á® á¢®©áâ¢®¬ ¨¢ à¨ â-®áâ¨ ª®¬¯«¥ªá®£® ¯®â¥æ¨ « �Q = �i Ij�j=1 dwpd� = � c1 : (29)

�®£¤  äãªæ¨ï F (�) ¯®«®áâìî ®¯à¥¤¥«¥ :F (�) = �2i u1 1(� + 1)2 � Q� 1�+ 1 (30)� á®®â¢¥âáâ¢¨¨ á ãà ¢¥¨¥¬ (28), à áå®¤ ¬ ááëQ, ®â®áïé¨©áï ª ®â®¡à ¦¥¨î (18) à ¢¥ ã«î.�â®¡ë à ááç¨â âì ¢â®à®© ç«¥ á ¯à ¢®© áâ®à®-ë ãà ¢¥¨ï (23), ¨á¯®«ì§ã¥¬ á®®â®è¥¨ï (22)¨ (30) ¯à¨ � = exp(i#):1Xn=1(an cosn#+ bn sinn#) = �~v ����dzd� ������Re��2i u1 �(�+ 1)2 � Q� �� + 1� == �~v ����dzd�����+ Q2� : (31)� ª ª ª ¯à ¢ ï áâ®à®  (31) ¥á¨£ã«ïà ï, ª®íä-ä¨æ¨¥âë an ¨ bn ¢ «¥¢®© ç áâ¨ áâà¥¬ïâáï ª ã«î¯à¨ ¡®«ìè¨å n. �®íää¨æ¨¥âë an ¨ bn ¬®£ãâ ¡ëâì ©¤¥ë ç¨á«¥® ¯à¨ ¯®¬®é¨ ¡ëáâà®£® ¯à¥®¡à -§®¢ ¨ï �ãàì¥. �¡ëç® ¬ë ¯à¨¨¬ ¥¬ n = 28.�ª®ç â¥«ì® ª®¬¯«¥ªáë© ¯®â¥æ¨ « wp  å®-¤¨âáï ¨â¥£à¨à®¢ ¨¥¬ ãà ¢¥¨ï (23):wp = 2i u1�+ 1 � Q� log(�+1)+ 1Xn=1 an � ibnn �n : (32)� ®¡é¥¬ á«ãç ¥, ¤«ï £¥®¬¥âà¨©, § ¤ ¢ ¥¬ëå®â®¡à ¦¥¨¥¬ (18), ãá«®¢¨¥ �ãââ  ¥ ¢ë¯®«ï¥â-áï, â.¥. ¯®â®ª ¢ ªà®¬ª¥ ¥ ®âàë¢ ¥âáï. �¤¢¨£®-¢®¥ ¢¨åà¥¢®¥ â¥ç¥¨¥ £¥¥à¨àã¥â æ¨àªã«ïæ¨®ãî®¡« áâì, ® â®çª  ®âàë¢  ¥ ä¨§¨ç , ®  à á¯®-«®¦¥  ¢¨§ ®â ã£« . �â®¡ë ã¤®¢«¥â¢®à¨âì ãá«®-¢¨î �ãââ , ¢ â¥ç¥¨¥ ¤®«¦¥ ¡ëâì ¤®¡ ¢«¥¢¨åàì, ª ª ¨ ¢ à §¤¥«¥ 2: ¤«ï á¤¢¨£®¢®£® ¯®â®ª á¯à ¢¥¤«¨¢ë â¥ ¦¥ à ááã¦¤¥¨ï ®â®á¨â¥«ì® ¨-â¥á¨¢®áâ¨ ¨ à ¢®¢¥á¨ï ¢¨åàï, çâ® ¨ ¤«ï ¯®â¥-æ¨ «ì®£®.� â®ç¥çë¬ ¢¨åà¥¬ ª®¬¯«¥ªáë© ¯®â¥æ¨ «¯à¨¨¬ ¥â ¢¨¤:wp = 2i u1� + 1 � Q� log(�+ 1) + (33)+ 1Xn=1 an � ibnn �n + 2i � log� � � �0� � �?0 � :�®« ï äãªæ¨ï â®ª , ¢ ª®â®à®© ãç¨âë¢ îâáïª ª á¤¢¨£®¢ ï, â ª ¨ ¯®â¥æ¨ «ì ï ª®¬¯®¥âë§ ¤ ¥âáï â ª¨¬ ®¡à §®¬: = �12! y2 + Im(wp) ; (34)76 �. �à §¥á¥, �. � ¥ââ¨
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�¨á. 4. �¨¨¨ â®ª  ¨ ¯®«¥ áª®à®áâ¨ §  áªàã£«¥ë¬ á¥£®¢ë¬ ª à¨§®¬çâ® ®¯à¥¤¥«ï¥â á«¥¤ãîé¥¥ ¯®«¥ áª®à®áâ¨:_z? = �! y + "F (�) + 1Xn=1(an � ibn)�n�1# d�dz + (35)+ � 2i � � 1� � �0 � 1� � �?0 �� d�dz :�ª®à®áâì ¢¨åàï ¬®¦¥â ¡ëâì ¯®«ãç¥  á«¥¤ãîé¨¬®¡à §®¬:_z?0 = �! y0 + limz!z0�dwpdz � 2�i 1z � z0� : (36)� ª ¨ ¢ á«ãç ¥ ¯®â¥æ¨ «ì®£® â¥ç¥¨ï, ®  ®¯¨-áë¢ ¥âáï £ ¬¨«ìâ®®¢®© á¨áâ¥¬®©_x0 = @H@y0 ; _y0 = � @H@x0 ; (37)£¤¥ äãªæ¨ï � ¬¨«ìâ®  H § ¤ ¥âáï ª ªH = �12 ! y2 + Im �2i u1�+ 1 � Q� log(� + 1)+ (38)+ 1Xn=1 an � ibnn �n# � 4� �log �0 � log ����dzd� ����� :�®£¤  ¨â¥á¨¢®áâì ¨ ¯®«®¦¥¨¥ ¢¨åàï  å®-¤ïâáï ¨§ ãà ¢¥¨ï (36), ¢ë¯®«ï¥¬®£® ¢ ã£«®¢®©â®çª¥ zc, ¨ ãà ¢¥¨© (37), á®®â¢¥âáâ¢ãîé¨å à ¢-®¢¥á®¬ã ¯®«®¦¥¨î ¢¨åàï ( _x0 = _y0 = 0). � à¨á. 4 ¨§®¡à ¦¥ë «¨¨¨ â®ª  ¨ ¯®«¥ áª®à®áâ¨¤«ï ®âàë¢®£® á¤¢¨£®¢®£® â¥ç¥¨ï ¢ ®¡« áâ¨, £¥®-¬¥âà¨ï ª®â®à®© § ¤ ¥âáï ¯à¥®¡à §®¢ ¨¥¬ (18).� áá¬ âà¨¢ ¥¬®¥ ¯®«¥ áª®à®áâ¨ å à ªâ¥à¨§ã¥âáï¯ à ¬¥âà ¬¨ !=u1 = �10 ¨ =u1 = �2:243.

�áâ®©ç¨¢®áâì à ¢®¢¥á¨ï ¢¨¤  ¨§ à¨á. 5,  ª®â®à®¬ ¯à¥¤áâ ¢«¥ë ¨§®«¨¨¨ £ ¬¨«ìâ®¨  ,¢ ¤ ®¬ á«ãç ¥ íâ® { âà ¥ªâ®à¨¨ ¢¨åàï. �®ç-ª  à ¢®¢¥á¨ï, ¯®¬¥ç¥ ï ª¢ ¤à â®¬, ï¢«ï¥âáïí««¨¯â¨ç¥áª®©, â. ¥. ãáâ®©ç¨¢®© ä¨ªá¨à®¢ ®©â®çª®© ¢ ä §®¢®¬ ¯à®áâà áâ¢¥.
�¨á. 5. � àâ¨  ¢®§¬®¦ëå âà ¥ªâ®à¨© ¢¨åàï.�®çª  à ¢®¢¥á¨ï ¯®¬¥ç¥  ª¢ ¤à â®¬2.1. �¥áâ æ¨® à®¥ â¥ç¥¨¥� áá¬ âà¨¢ ¥âáï « £à ¦¥¢ ¯¥à¥®á ¯ áá¨¢ëåç áâ¨æ ¢ á«ãç ¥ ¥áâ æ¨® à®£® ¯®â®ª . �å ¤¢¨-¦¥¨¥ ®¯¨áë¢ ¥âáï á«¥¤ãîé¥© á¨áâ¥¬®© ãà ¢¥-¨©: _x = @@y (x; y;x0; y0);_y = � @@x (x; y;x0; y0) ; (39)�. �à §¥á¥, �. � ¥ââ¨ 77
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�¨á. 6. �¥¯ à âà¨á , á¢ï§ë¢ îé ï ¤¢¥ ä¨ªá¨à®¢ ë¥ â®çª¨ (P�; P+) ¢ ¥¢®§¬ãé¥®¬ á«ãç ¥ (a);à §¤¥«¥¨¥ «¨¨© â®ª    ¤¢¥ ¢§ ¨¬®¤¥©áâ¢ãîé¨¥ ¢¥â¢¨ ¯®¤ ¢«¨ï¨¥¬ ¢®§¬ãé¥¨ï (b): ¥ãáâ®©ç¨¢®¥¬®£®®¡à §¨¥ { ¦¨à ï «¨¨ï, ãáâ®©ç¨¢®¥ ¬®£®®¡à §¨¥ { â®ª ï «¨¨ï£¤¥ «¨¨ï â®ª   § ¢¨á¨â ª ª ®â ª®®à¤¨ â ç -áâ¨æë (x; y), â ª ¨ ®â ¯®«®¦¥¨ï ¢¨åàï (x0; y0).�«ï ¢¨åàï, à á¯®«®¦¥®£® ¢ â®çª¥ à ¢®¢¥á¨ï(xE0 ; yE0 ), £ ¬¨«ìâ®®¢  á¨áâ¥¬  á ®¤®© áâ¥¯¥ìîá¢®¡®¤ë ï¢«ï¥âáï  ¢â®®¬®© ¨ ¯®íâ®¬ã ¨â¥£à¨-àã¥¬®©. � íâ®¬ á«ãç ¥ ä §®¢ë© ¯®àâà¥â á®¢¯ ¤ -¥â á ª àâ¨®© «¨¨© â®ª  ¤«ï áâ æ¨® à®£® â¥ç¥-¨ï (á¬. à¨á. 4). � §®¢®¥ ¯à®áâà áâ¢® å à ªâ¥-à¨§ã¥âáï «¨¨¥© â®ª , á¢ï§ë¢ îé¥© ¤¢¥ § áâ®©-ë¥ â®çª¨ ¨«¨,   ï§ëª¥ ¤¨ ¬¨ç¥áª¨å á¨áâ¥¬,£¥â¥à®ª«¨®© ®à¡¨â®© ¬¥¦¤ã ¤¢ã¬ï £¨¯¥à¡®«¨-ç¥áª¨¬¨ ä¨ªá¨à®¢ ë¬¨ â®çª ¬¨.�  à¨á. 6, a íâ  «¨¨ï â®ª  ¨§®¡à ¦¥  ¢ ä¨-§¨ç¥áª®© ¯«®áª®áâ¨. �â  ®á®¡¥®áâì ®ç¥ì ¢ ¦- , â ª ª ª ¯®ª §ë¢ ¥â ¢®§¬®¦®áâì å ®â¨ç¥áª®£®¯¥à¥¬¥è¨¢ ¨ï, ¥á«¨ á¨áâ¥¬  ¯®¤¢¥à¦¥  ¬ «ë¬¥áâ æ¨® àë¬ ¢®§¬ãé¥¨ï¬, çâ® ¡ã¤¥â ¯à®  -«¨§¨à®¢ ® ¨¦¥.�á«¨ ¢¨åàì á¬¥é ¥âáï ®â ¯®«®¦¥¨ï à ¢®¢¥á¨ï(xE0 ; yE0 )   ¬ «ãî ¢¥«¨ç¨ã ", â® ¥£® âà ¥ªâ®à¨ïáâ ®¢¨âáï § ¬ªãâ®© ®à¡¨â®© (á¬. à¨á. 5). �£®¯¥à¨®¤¨ç¥áª®¥ ¤¢¨¦¥¨¥ ¯®¤ç¨ï¥âáï ãà ¢¥¨ï¬:x0 = xE0 + f(xE0 ; yE0 ; "; t); (40)y0 = yE0 + g(xE0 ; yE0 ; "; t) :� íâ®¬ á«ãç ¥ á¨áâ¥¬  (39) ã¦¥ ¥ ï¢«ï¥âáï  ¢â®-®¬®©, â ª ª ª äãªæ¨ï â®ª  (34) § ¢¨á¨â ®â ¢à¥-¬¥¨ ç¥à¥§ ª®®à¤¨ âë (x0(t); y0(t)). �®à¬ «ì®¬®¦® § ¯¨á âì: =  (x; y;xE0 ; yE0 ; ") =  E (x; y;xE0 ; yE0 ) + (41)+"� @ @x0 @f@" + @ @y0 @g@"�+O("2) ;

¨ ãà ¢¥¨ï (39) á¢®¤ïâáï â¥¯¥àì ª ¥áâ æ¨® à-ë¬ ¢®§¬ãé¥¨ï¬ ¨â¥£à¨àã¥¬®© £ ¬¨«ìâ®®¢®©á¨áâ¥¬ë:_x = @ E@y + " @@y � @ @x0 @f@" + @ @y0 @g@"�+O("2); (42)_y = �@ E@x � " @@x � @ @x0 @f@" + @ @y0 @g@"�+ O("2) :� ª ¯®ª § ®   à¨á. 6, a, ¯à¨ " = 0 ¥ãáâ®©ç¨-¢®¥ ¬®£®®¡à §¨¥, ¢ëå®¤ïé¥¥ ¨§ £¨¯¥à¡®«¨ç¥áª®©ä¨ªá¨à®¢ ®© â®çª¨ P�, £« ¤ª® ¯à¨á®¥¤¨ï¥âáïª ãáâ®©ç¨¢®¬ã ¬®£®®¡à §¨î, ª®â®à®¥  ç¨ ¥âáï¢ ¤àã£®© ä¨ªá¨à®¢ ®© â®çª¥ P+,   £¥â¥à®ª«¨- ï âà ¥ªâ®à¨ï ¢ ¥¢®§¬ãé¥®© á¨áâ¥¬¥ ¯à¥¤áâ -¢«ï¥â á®¡®© «¨¨î, á®¥¤¨ïîéãî P� ¨ P+. �§-¢¥áâ®, çâ® ¯à¨ " 6= 0 ¯à®¨áå®¤¨â áãé¥áâ¢¥®¥¨§¬¥¥¨¥ ä §®¢®£® ¯®àâà¥â , ¯à¨ íâ®¬ ¥áâ æ¨-® à®áâì á¨áâ¥¬ë, ¥á«¨ â®«ìª® ®  ¥ á¢ï§  á ª ª¨¬-«¨¡® â¨¯®¬ á¨¬¬¥âà¨¨, ¢ë§ë¢ ¥â ¥¨-â¥£à¨àã¥¬®áâì á¨áâ¥¬ë [1, 20] �áâ®©ç¨¢®¥ ¨ ¥-ãáâ®©ç¨¢®¥ ¬®£®®¡à §¨ï ¥ á®¥¤¨ïîâáï £« ¤ª®,  ¢§ ¨¬®¤¥©áâ¢ãîâ ¤àã£ á ¤àã£®¬ âà á¢¥àá «ì®,ä®à¬¨àãï ¯ à ¤¨£¬ â¨ç¥áª¨© å ®â¨ç¥áª¨© ª«ã-¡®ª [11, 26, 28]. � ª ª ª «î¡ ï â®çª  ¯¥à¥á¥ç¥¨ï®â®¡à ¦ ¥âáï   ¤àã£ãî â ªãî ¦¥ â®çªã, ç¨á«®âà á¢¥àá «ìëå ¯¥à¥á¥ç¥¨© ¡¥áª®¥ç®; à ááâ®-ï¨¥ ¬¥¦¤ã â®çª ¬¨ ¯¥à¥á¥ç¥¨ï áâà¥¬¨âáï ª ã-«î, ¯®â®¬ã çâ® ®¨ ¯®¤å®¤ïâ ª £¨¯¥à¡®«¨ç¥áª®©ä¨ªá¨à®¢ ®© â®çª¥. � â® ¦¥ ¢à¥¬ï, á¨áâ¥¬  á®-åà ï¥â ®¡« áâì ¡«®ª®¢, ®ªàã¦¥ëå ¤ã£ ¬¨ ¬®-£®®¡à §¨©, ª®â®àë¥ § ª«îç¥ë ¬¥¦¤ã ¤¢ã¬ï ¯¥à¥-á¥ç¥¨ï¬¨. �  à¨á. 6, b ¯®ª § ® á¥ç¥¨¥ �ã -ª à¥ ¤«ï â¥ç¥¨ï §  á¥£®¢ë¬ ª à¨§®¬, ®® ¯®¤-â¢¥à¦¤ ¥â áæ¥ à¨© ãáâ®©ç¨¢®£® ¨ ¥ãáâ®©ç¨¢®£®¬®£®®¡à §¨©, ¢§ ¨¬®¤¥©áâ¢ãîé¨å âà á¢¥àá «ì-®.78 �. �à §¥á¥, �. � ¥ââ¨



ISSN 1561- 9087 �à¨ª« ¤  £÷¤à®¬¥å ÷ª . 2001. �®¬ 3 (75), N 3. �. 70 { 82� ®â¨ç¥áª¨© å à ªâ¥à á¨áâ¥¬ë ¬®¦¥â ¡ëâì ¤®-ª §  ¢áïª¨© à §, ª®£¤  ¥áâì ¤ ë¥ ® â ª¨åâà á¢¥àá «ìëå ¯¥à¥á¥ç¥¨ïå. � ç áâ®áâ¨, ¥-ª®â®àë¥  ¢â®àë ¨á¯®«ì§®¢ «¨ ¬¥â®¤ �¥«ì¨ª®¢ [18], çâ®¡ë   «¨â¨ç¥áª¨ ¢ë¢¥áâ¨ âà á¢¥àá «ì-ë¥ ¯¥à¥á¥ç¥¨ï ¢ ¢®§¬ãé¥ëå ¨â¥£à¨àã¥¬ëåá¨áâ¥¬ å [4, 24, 29] .3. �����������â æ¨® àë© á¤¢¨£®¢®© ¯®â®ª §  ãáâã¯®¬ ¨«¨á¥£®¢ë¬ ª à¨§®¬ ¢® ¢á¯®¬®£ â¥«ì®© ¯«®áª®-áâ¨ � ¯®¤®¡¥ â¥ç¥¨î ¢®ªàã£ ¢¨åà¥¢®© ¯ àë, ¨á-ª«îç ï à §¨æã, á¢ï§ ãî á ¯®¯à ¢ª®© � ãá  (5),ª®â®à ï ®ª §ë¢ ¥â ¢«¨ï¨¥   áª®à®áâì ¢¨åà¥©.� àâ¨  «¨¨© â®ª  ¤«ï â¥ç¥¨ï á ¢¨åà¥¢®© ¯ à®©¯®ª §     à¨á. 7, £¤¥ ¬®¦® ¢¨¤¥âì ¤¢¥ £¨¯¥à-¡®«¨ç¥áª¨¥ ä¨ªá¨à®¢ ë¥ â®çª¨ P� ¨ P+, á¢ï-§ ë¥ £¥â¥à®ª«¨ë¬¨ ®à¡¨â ¬¨.� à ¡®â¥ [24]¢ â¥ç¥¨¥ á ¢¨åà¥¢®© ¯ à®© ¢®á¨«¨áì ¢®§¬ãé¥-¨ï áª®à®áâ¨ ¨ ¨áá«¥¤®¢ « áì å ®â¨ç¥áª ï ¤¨ -¬¨ª , ¯®«ãç îé¥£®áï ¢ à¥§ã«ìâ â¥ â¥ç¥¨ï á ®á-æ¨««¨àãîé¥© ¢¨åà¥¢®© ¯ à®©. �ªæ¥â¨à®¢ «®áì¢¨¬ ¨¥   ¤¨ ¬¨ª¥ â®© ç áâ¨ â¥ç¥¨ï, ª®â®-à ï ®ªàã¦¥  ¢®§¬ãé¥ë¬¨ £¥â¥à®ª«¨ë¬¨ ®à-¡¨â ¬¨. � à ¡®â å [24, 28] ¤ ë ª®«¨ç¥áâ¢¥ë¥®æ¥ª¨ ¯à®æ¥áá  ¯¥à¥¬¥è¨¢ ¨ï ç¥à¥§ ª®«¨ç¥áâ¢®¢®¢«¥ç¥®© ¢ å ®â¨ç¥áª®¥ ¯¥à¥¬¥è¨¢ ¨¥ ¦¨¤ª®-áâ¨ ¨ ¯à®¤®«¦¨â¥«ì®áâì  å®¦¤¥¨ï ç áâ¨æë ¢å ®â¨ç¥áª®¬ à¥¦¨¬¥.
�¨á. 7. �¨¨¨ â®ª  ¢®ªàã£ ¢¨åà¥¢®© ¯ àë� ¥áâ æ¨® àëå â¥ç¥¨ïå ¢¡«¨§¨ £à ¨æá«®¦®© ä®à¬ë, à áá¬®âà¥ëå ¢  áâ®ïé¥© à -¡®â¥, ¯à®ï¢«ïîâáï ¯®¤®¡ë¥ ¬¥å ¨§¬ë ¯¥à¥¬¥-è¨¢ ¨ï ¢ ¯à¨áãâáâ¢¨¨ ®áæ¨«¨àãîé¥© ¢¨åà¥¢®©¯ àë. �à®¬¥ â®£®,  àï¤ã á ¦¨¤ª®áâìî, ¯®áâ®-

ï® ¢®¢«¥ç¥®© ¢¨åà¥¬, ¨ ¥¢®§¬ãé¥®© ¦¨¤-ª®áâìî, ãå®¤ïé¥© ¢¨§ ¯® â¥ç¥¨î, §¤¥áì áãé¥-áâ¢ãîâ ç áâ¨æë, ª®â®àë¥ á ç «  § å¢ âë¢ îâáï¢¨åà¥¬,   § â¥¬ ¢ë¯ãáª îâáï ¨ ¤ «ìè¥ ¤¢¨¦ãâáï¢¬¥áâ¥ á ®á®¢ë¬ ¯®â®ª®¬. �â® ï¢«¥¨¥, ¨§¢¥áâ-®¥ ª ª ¢à¥¬¥®© å ®á, ¡ë«® ®âªàëâ® ¨ ¨áá«¥-¤®¢ ® ¥áª®«ìª® «¥â  § ¤ ¢ à ¡®â¥ [22] ¢ ª®â¥ª-áâ¥ ¯à®¡«¥¬ë  ¤¢¥ªæ¨¨ ¯ áá¨¢ëå ¬ àª¥à®¢ ¢ ¯®«¥áª®à®áâ¨ ¢¨åà¥¢®© ¯ àë.�¤¥áì à áá¬ âà¨¢ ¥âáï ï¢«¥¨¥ £¥â¥à®ª«¨®£®å ®á  ª ª ªàã¯®¬ áèâ ¡ë© ¬¥å ¨§¬ ¯ã«ìá¨-àãîé¥£® ¢ë¡à®á , ª®â®àë© ¢ë§ë¢ ¥â ¨â¥á¨¢-ë¥ ª®«¥¡ ¨ï ¯ áá¨¢ëå ¬ àª¥à®¢. �¥à¥¯ãâë-¢ ¨¥ £¥â¥à®ª«¨ëå âà ¥ªâ®à¨© ï¢«ï¥âáï á«¥¤-áâ¢¨¥¬ ¥áâ æ¨® à®áâ¨ æ¨àªã«ïæ¨®®© ®¡« -áâ¨, ¢ ç áâ®áâ¨, ª®«¥¡ â¥«ìëå ¤¢¨¦¥¨© â®ç-ª¨ ¯à¨á®¥¤¨¥¨ï. �â¨ ª®«¥¡ ¨ï  ¡«î¤ «¨áì¢ ªàã¯®¬ áèâ ¡®¬ ¢¨åà¥¢®¬ ¬®¤¥«¨à®¢ ¨¨,  â ª¦¥ ¢ ¯àï¬®¬ ç¨á«¥®¬ ¬®¤¥«¨à®¢ ¨¨ ¤¢ã-¬¥àëå ¨ âà¥å¬¥àëå â¥ç¥¨© §  ãáâã¯®¬ ¯à¨¡®«ìè¨å ç¨á« å �¥©®«ì¤á  [8, 9, 15]. �¥à¨®¤¨-ç¥áª¨¥ ¤¢¨¦¥¨ï â®çª¨ ¯à¨á®¥¤¨¥¨ï ¢ë§¢ ëä®à¬¨à®¢ ¨¥¬ ¨ ¤ «ì¥©è¨¬ à §¢¨â¨¥¬ ªàã¯-®¬ áèâ ¡ëå ª®£¥à¥âëå ¢¨åà¥¢ëå áâàãªâãà.� «®£¨ç®¥ ï¢«¥¨¥ ¢®á¯à®¨§¢®¤ïâ ¨ à áç¥âë â¥-ç¥¨ï §  á¥£®¢ë¬ ª à¨§®¬, ¢ë¯®«¥ë¥  ¬¨¤¨áªà¥â®-¢¨åà¥¢ë¬ ¬¥â®¤®¬:   à¨á. 3, a ¯®ª -§ ë ä«ãªâã æ¨¨ áã¬¬ à®© æ¨àªã«ïæ¨¨ ¢ ®¡« -áâ¨, ¢ë§¢ ë¥ ¢ë¡à®á®¬ ¢¨åà¥¢ëå ª« áâ¥à®¢ ¨§æ¨àªã«ïæ¨®®© §®ë. �â¬¥â¨¬, çâ® íâ® ï¢«¥-¨¥  ¡«î¤ ¥âáï ¢ ¥ãáâ ®¢¨¢è¥¬áï à¥¦¨¬¥, ¨¨ª ª¨å ¢¥è¨å ¢®§¬ãé¥¨© ¢ íâ®¬ ¬®¤¥«¨à®¢ -¨¨ ¥ ¢¢®¤¨«®áì. �¬¥îâ ¬¥áâ® â ª¦¥ ¥áâ¥áâ¢¥-ë¥ ª®«¥¡ ¨ï æ¥âà  § ¢¨åà¥®áâ¨, ª ª ¯®ª § -®   à¨á. 3, b. �¥à¥å®¤ë© à¥¦¨¬ å à ªâ¥à¨§ã-¥âáï á¢¥àâë¢ ¨¥¬ ¢¨åà¥¢®© ¯¥«¥ë ¨ áå®¤®¬ ¥¥¢ ¯®â®ª, çâ® á®£« áã¥âáï á à¥§ã«ìâ â ¬¨ ¤àã£¨å¤¨áªà¥â®-¢¨åà¥¢ëå à áç¥â®¢ â¥ç¥¨© á ¯à¨á®¥¤¨-¥¨¥¬ [7],   â ª¦¥ ¯àï¬®£® ç¨á«¥®£® ¬®¤¥«¨à®-¢ ¨ï â¥ç¥¨ï §  ãáâã¯®¬ [15].� ª ¡ã¤¥â ¯®ª § ® ¨¦¥, ¥áâ æ¨® à ï ¬®-¤¥«ì á ®¤¨¬ ¢¨åà¥¬ â ª¦¥ á¯®á®¡  ¢ëï¢¨âì ¯¥-à¨®¤¨ç¥áª¨© ¢ë¡à®á ª®£¥à¥âëå áâàãªâãà, å®âï§¤¥áì ®¨ ï¢«ïîâáï ¥ ¢¨åàï¬¨,   ¡«®ª ¬¨ ¦¨¤-ª¨å ç áâ¨æ, § ª«îç¥ë¬¨ ¢ ¢®§¬ãé¥ë¥ £¥â¥-à®ª«¨ë¥ âà ¥ªâ®à¨¨.�¥§ã«ìâ âë, ¯à¥¤áâ ¢«¥ë¥ §¤¥áì, ¯®ª §ë¢ îâ¤¨áªà¥âë© ¢ë¡à®á ¬ àª¥à®¢ ¢ â¥ç¥¨¥ §  á¥£®-¢ë¬ ª à¨§®¬, ª®â®àë© ®¯¨áë¢ ¥âáï ¬®¤¨ä¨æ¨à®-¢ ë¬ ¯à¥®¡à §®¢ ¨¥¬ �¨£«¥¡  (18). �®§¬ã-é¥¨ï ¢ ¯®â®ª ¢®á¨«¨áì ¯®áà¥¤áâ¢®¬ á¬¥é¥¨ï¢¨åàï ¨§ ¯®«®¦¥¨ï à ¢®¢¥á¨ï, ¯à¨ íâ®¬ ¯ à -¬¥âà á¬¥é¥¨ï " = 0:005, ¤ «¥¥ ¢¨åàì á¢®¡®¤®¤¢¨£ «áï ¯® ¯¥à¨®¤¨ç¥áª®© âà ¥ªâ®à¨¨. � áá¨¢-�. �à §¥á¥, �. � ¥ââ¨ 79
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�¨á. 8. � á¯à¥¤¥«¥¨¥ ¬ àª¥à®¢ ¢ ®¡« áâ¨ §  á¥£®¢ë¬ ª à¨§®¬ ¨ ¨å ª®æ¥âà æ¨ï ¢ ®¡ê¥¬¥,¯à¥¤áâ ¢«¥®¬ § ªà è¥ë¬ ¯àï¬®ã£®«ì¨ª®¬ ¢ ¤¢  à §«¨çë¥ ¬®¬¥â  ¢à¥¬¥¨. �¨áâ¥¬  ¯¥à¨®¤¨ç¥áª¨¢®§¬ãé ¥âáï ª®«¥¡ ¨ï¬¨ ¢¨åàï ®â®á¨â¥«ì® â®çª¨ à ¢®¢¥á¨ïë¥ ¬ àª¥àë ¢¢®¤¨«¨áì á ¯®áâ®ï®© áª®à®áâìî¨§ â®çª¨, ª®â®à ï à á¯®«®¦¥  ¡«¨§ª® ª áâ¥ª¥¢¢¥àå ¯® â¥ç¥¨î ®â ®áâà®© ªà®¬ª¨ £à ¨æë; ¨åí¢®«îæ¨ï ¢® ¢à¥¬¥¨ ®¯¨áë¢ « áì ¨â¥£à¨à®¢ -¨¥¬ ãà ¢¥¨© ¤¢¨¦¥¨ï á ¯®¬®éìî  «£®à¨â¬ �ã£¥-�ãââ  ç¥â¢¥àâ®£® ¯®àï¤ª .�¢®«îæ¨ï áâàã¨ ¬ àª¥à®¢ ¢¨§ã «¨§¨à®¢ « áìà¥£¨áâà æ¨¥© ¯®«®¦¥¨© ¬ àª¥à®¢ ç¥à¥§ ä¨ªá¨à®-¢ ë¥ ¨â¥à¢ «ë ¢à¥¬¥¨. � ª¦¥ à¥£¨áâà¨à®¢ -« áì ª®æ¥âà æ¨ï ¬ àª¥à®¢, ®áà¥¤¥ ï ¯® ¬ -«®¬ã ª®âà®«ì®¬ã ®¡ê¥¬ã (®  ï¢«ï« áì äãªæ¨-¥© ¢à¥¬¥¨). �¨á. 8 ¨««îáâà¨àã¥â à á¯à¥¤¥«¥-¨¥ ¬ àª¥à®¢ ¢ ®¡« áâ¨ ¨ ¨å ª®æ¥âà æ¨î ¢ á¯¥-æ¨ «ì® ¢ë¡à ®¬ ®¡ê¥¬¥, ¯à¥¤áâ ¢«¥®¬ §¤¥áì§ ªà è¥ë¬ ¯àï¬®ã£®«ì¨ª®¬, ¢ ¤¢  à §«¨çë¥¬®¬¥â  ¢à¥¬¥¨. � áá¬ âà¨¢ ¥¬ë© ®¡ê¥¬  -å®¤¨âáï ¢¨§ ¯® â¥ç¥¨î ®â ª à¨§ . �¥à¨®¤¨-ç¥áª¨© å à ªâ¥à ¨§¬¥¥¨ï ª®æ¥âà æ¨¨  £«ï¤-® ¤¥¬®áâà¨àã¥âáï ¥¥ à §¢¨â¨¥¬ ¢® ¢à¥¬¥¨, çâ®¯à¥¤áâ ¢«¥® ªà¨¢®© ¢ ¢¥àå¥© ç áâ¨ ¤ ëå £à -ä¨ª®¢. � ©¤¥®, çâ® ä®à¬  ¢®«ë § ¢¨á¨â ®â ¯®-«®¦¥¨ï â®çª¨  ¡«î¤¥¨ï.� ¦®© ®á®¡¥®áâìî ¬®¤¥«¨à®¢ ¨ï ï¢«ï¥âáïâ®, çâ® ¢®§¬ãé¥¨¥ á« ¡® ¢«¨ï¥â   ®¡« áâì ®â-àë¢  ¨ ¢¥áì¬  § ç¨â¥«ì® {   ®¡« áâì ¯à¨á®-¥¤¨¥¨ï: ¤¢¨¦¥¨ï ¯¥à¥¤¥© § áâ®©®© â®çª¨ ¯®-çâ¨ ¥ã«®¢¨¬ë, ¢ â® ¢à¥¬ï, ª ª § ¤ïï § áâ®©- ï â®çª  á¬¥é ¥âáï áãé¥áâ¢¥®. �â  ®á®¡¥-®áâì ®âà ¦ ¥â ¯®¢¥¤¥¨¥ à¥ «ìëå ¯®â®ª®¢ ¢¡«¨-§¨ ªà®¬®ª, £¤¥ ¢ï§ª¨¥ íää¥ªâë ¢ë§ë¢ îâ ®âàë¢¢ ®áâàëå ªà®¬ª å, ¤¥« ï ®âàë¢ãî ®¡« áâì ¯®-çâ¨ ¥çã¢áâ¢¨â¥«ì®© ª ¢®§¬ãé¥¨ï¬. �   «¨-â¨ç¥áª®© â®çª¨ §à¥¨ï, ®áæ¨««ïæ¨¨ ®¡¥¨å ªà¨â¨-ç¥áª¨å â®ç¥ª ¢ ¯«®áª®áâ¨ � å à ªâ¥à¨§ãîâáï á®¨§-¬¥à¨¬ë¬¨  ¬¯«¨âã¤ ¬¨, ®¤ ª® ®â®¡à ¦¥¨¥ â¥-ç¥¨ï ¢ ä¨§¨ç¥áªãî ¯«®áª®áâì z ¨§¬¥ï¥â íâ¨ ¯¥-à¥¬¥é¥¨ï. �«¨ë ¢ z-¯«®áª®áâ¨ ¢ ¯¥à¢®¬ ¯à¨-

¡«¨¦¥¨¨ ¯à®¯®àæ¨® «ìë ¯à®¨§¢®¤®© ®â®¡à -¦¥¨ï jdz=d�j, ¬¨¨¬ «ì®¥ § ç¥¨¥ ª®â®à®©  -å®¤¨âáï ¢ ªà®¬ª¥ (¤«ï ®áâà®© ¢ë¯ãª«®© ªà®¬ª¨dz=d� = 0). �â®   «¨â¨ç¥áª®¥ á¢®©áâ¢® ®¡¥á-¯¥ç¨¢ ¥â ¯à¨¥¬«¥¬®¥ à á¯à®áâà ¥¨¥ ®¯¨á ®-£®  «£®à¨â¬    £¥®¬¥âà¨¨, ª®â®àë¥ å à ªâ¥à¨-§ãîâáï ¡®«ìè®© ªà¨¢¨§®© ªà®¬®ª,   â ª¦¥ ®â-àë¢®¬ ¨ ¯à¨á®¥¤¨¥¨¥¬ ¯®â®ª .4. �������áá«¥¤®¢ ¨¥ ¯®á¢ïé¥® ¢«¨ï¨î íää¥ªâ®¢ ¥-áâ æ¨® à®áâ¨ ¯¥à¥¯à¨á®¥¤¨¥ëå ¯®â®ª®¢  ªàã¯®¬ áèâ ¡ãî ¤¨ ¬¨ªã ¤¨á¯¥àá¨¨ ¯ áá¨¢-ëå ç áâ¨æ. � áá¬ âà¨¢ «®áì â¥ç¥¨¥ §  á¥£®-¢ë¬ ª à¨§®¬. �«ï ¬®¤¥«¨à®¢ ¨ï ¥áâ æ¨® à-®£® á¤¢¨£®¢®£® ¯®â®ª  ¨á¯®«ì§®¢ « áì ç¨á«¥ ï¬®¤¥«ì á ®¤¨¬ â®ç¥çë¬ ¢¨åà¥¬. �¯¨á  ¬¥â®¤ å®¦¤¥¨ï äãªæ¨¨ â®ª  ¢ ®¡« áâ¨ ¯®áâ®ï®©§ ¢¨åà¥®áâ¨.�¤¢¨£®¢®¥ â¥ç¥¨¥ ¢¡«¨§¨ â ª®© £à ¨æë ¢ë§ë-¢ ¥â ®âàë¢, å®âï ¯®«®¦¥¨¥ â®çª¨ ®âàë¢  ¤®«¦®ª®àà¥ªâ¨à®¢ âìáï ¤®¡ ¢«¥¨¥¬ ¢ ¯®â®ª â®ç¥ç®-£® ¢¨åàï, çâ®¡ë ®¡¥á¯¥ç¨âì ®âàë¢ ¢ â®çª¥ ¬ ª-á¨¬ «ì®© ªà¨¢¨§ë. �« áá¨ç¥áª®¥ ®â®¡à ¦¥¨¥�¨£«¥¡  ¤«ï á¥£®¢®£® ª à¨§  ¬®¤¨ä¨æ¨à®¢ -«®áì á£« ¦¨¢ ¨¥¬ ã£« .�  á¨áâ¥¬ã  ª« ¤ë¢ «®áì ¯¥à¨®¤¨ç¥áª®¥ ¥áâ¥-áâ¢¥®¥ ¢®§¬ãé¥¨¥, ª®â®à®¥ ¯®«ãç «®áì ®âª«®-¥¨¥¬ ¢¨åàï ®â ¯®«®¦¥¨ï à ¢®¢¥á¨ï. �®æ¥-âà æ¨ï ç áâ¨æ, ®áà¥¤¥ ï ¯® ¬ «®¬ã ª®âà®«ì-®¬ã ®¡ê¥¬ã, à ááç¨âë¢ « áì ª ª äãªæ¨ï ¢à¥¬¥-¨. �áá«¥¤®¢ «áï ¯à®æ¥áá ¢ë¯ãáª  ¬ àª¥à®¢ á ¯¥-à¨®¤®¬, ¡«¨§ª¨¬ ª ¯¥à¨®¤ã ¤¢¨¦¥¨ï â®çª¨ ¯à¨-á®¥¤¨¥¨ï (â.¥. ¯¥à¨®¤ã ¤¢¨¦¥¨ï ¢¨åàï).�®¤¥«¨à®¢ ¨¥, ¯à®¢¥¤¥®¥ ¤«ï á¥£®¢®£® ª à-80 �. �à §¥á¥, �. � ¥ââ¨



ISSN 1561- 9087 �à¨ª« ¤  £÷¤à®¬¥å ÷ª . 2001. �®¬ 3 (75), N 3. �. 70 { 82¨§  á ¯®¬®éìî ¤¨áªà¥â®-¢¨åà¥¢®© ¬®¤¥«¨, ¢ë-ï¢¨«® ª®«¥¡ ¨ï æ¥âà  § ¢¨åà¥®áâ¨, ¯®ª § ¢,â ª¨¬ ®¡à §®¬, çâ® ª®«¥¡ â¥«ìë¥ ¤¢¨¦¥¨ï â®ç-ª¨ ¯à¨á®¥¤¨¥¨ï á¢ï§ ë á ¥áâ æ¨® à®áâìîæ¨àªã«ïæ¨®®© §®ë. �®¤®¡ë© â¨¯ ¥áâ æ¨®- à®áâ¨  ª« ¤ë¢ «áï   â¥ç¥¨¥ ¯à¨ ¬®¤¥«¨à®-¢ ¨¨ ã¯à®é¥ë¬ ¬¥â®¤®¬ á ®¤¨¬ ¢¨åà¥¬, ¯à¨íâ®¬ ¢¨åàì ®âª«®ï«áï ®â á¢®¥£® à ¢®¢¥á®£® ¯®-«®¦¥¨ï.�¥á¬®âàï   ¯à®áâ®âã, ¯à¥¤áâ ¢«¥ ï ®¤®¢¨-åà¥¢ ï ¬®¤¥«ì á ¬ «ë¬ ç¨á«®¬ áâ¥¯¥¥© á¢®¡®-¤ë ¯®§¢®«¨«  ¢ëï¢¨âì, çâ® ¯¥à¥¬¥¦ îé¨¥áï § -å¢ âë¢ ¨¥ ¨ ¢ë¡à®á ¯ áá¨¢ëå ç áâ¨æ ¥ ®¡ê-ïáïîâáï â®«ìª® áàë¢®¬ ª®£¥à¥âëå ¢¨åà¥¢ëåáâàãªâãà. �ë ¯®« £ ¥¬, çâ® ª®à¥¬ ï¢«¥¨ï ¥áâì¥áâ æ¨® à®áâì, ¢ë§ë¢ îé ï ¯à®ï¢«¥¨¥ ¬¥å -¨§¬®¢ « £à ¦¥¢®© å ®â¨ç¥áª®© ¤¨ ¬¨ª¨. �®-íâ®¬ã ¤¨á¯¥àá¨ï á¢ï§   á ¤¨ ¬¨ª®© ¦¨¤ª¨å ¡«®-ª®¢ ¢ ä §®¢®¬ ¯à®áâà áâ¢¥ [24, 28], ª®â®à ï ï¢«ï-¥âáï ¬¥å ¨§¬®¬ á ¢ãâà¥¥© ¯¥à¥¬¥¦ ¥¬®áâìî.� á¢ï§¨ á íâ¨¬ ¤¥©áâ¢¨¥ ¢®§¬ãé¥¨ï   ¯à®âï¦¥-¨¨ ®ç¥ì ¬ «®£® ¢à¥¬¥¨ ¤®áâ â®ç® ¤«ï  ç -«  ªàã¯®¬ áèâ ¡®© ¤¨á¯¥àá¨¨ á ¯¥à¥¬¥¦ ¥¬®-áâìî.5. ���������� �� ¬¨«ìâ®¨  ¢¨åàï�ãªæ¨ï �à¨  G(�; �; �0; �0) ¤«ï ®¡« áâ¨ â¥ç¥¨ïR, ®£à ¨ç¥®© «¨¨¥© C, ®¯à¥¤¥«ï¥âáï á®®â®-è¥¨¥¬: G(�; �; �0; �0) = g(�; �; �0; �0)++ 12� logp(� � �0)2 + (� � �0)2;£¤¥ äãªæ¨ï g(�; �; �0; �0) ï¢«ï¥âáï â ª®©, çâ® ¢ë-¯®«ï¥âáï ãá«®¢¨¥: G(�; �; �0; �0) = 0   C, ¯à¨íâ®¬ ®  ï¢«ï¥âáï £ à¬®¨ç¥áª®© ¢ ®â®è¥¨¨(�; �)   R. �®«¥¥ â®£®, á¢®©áâ¢® ¢§ ¨¬®áâ¨äãªæ¨¨ �à¨  G(�; �; �0; �0) = G(�0; �0; �; �), ¯à¨-¢®¤¨â ª á®®â®è¥¨î:@@�0 g(�0; �0; �0; �0) = 2 lim�!�0 @@� g(�; �; �0; �0); (43)@@�0g(�0; �0; �0; �0) = 2 lim�!�0 @@� g(�; �; �0; �0) :�ãªæ¨ï â®ª   (�; �; �0; �0) (§¤¥áì �0 { ¯®«®-¦¥¨¥ ¢¨åàï) ¤®«¦  ã¤®¢«¥â¢®àïâì £à ¨ç®-¬ã ãá«®¢¨î  = const   C ¨ ¤®«¦  ¡ëâì

£ à¬®¨ç¥áª®© ¢® ¢á¥© ®¡« áâ¨ §  ¨áª«îç¥¨-¥¬ â®çª¨ �0, ¢ ª®â®à®© ®  ¢¥¤¥â á¥¡ï ª ª(=2�) logp(� � �0)2 + (� � �0)2. �®íâ®¬ã, äãª-æ¨ï â®ª   á¢ï§   á äãªæ¨¥© �à¨  á®®â®è¥-¨¥¬: (�; �; �0; �0) =  1(�; �) + G(�; �; �0; �0); (44)£¤¥  1 { äãªæ¨ï â®ª  ¤àã£¨å â¥ç¥¨©, ª®â®àë¥¬®£ãâ ¡ëâì  «®¦¥ë   ¢¨åàì. �¨åàì ¥ ¨¤ã-æ¨àã¥â áª®à®áâì á ¬ ¢ á¥¡¥, ¯®íâ®¬ã ® ¤¢¨¦¥âáïª ª ç áâ¨æ  ¢ ®¡« áâ¨, ¨§ ª®â®à®© ¢«¨ï¨¥ ¢¨åàï¡ë«® ãáâà ¥®. �ë ¬®¦¥¬  ©â¨ ª®¬¯«¥ªá® á®-¯àï¦¥ãî áª®à®áâì ¢¨åàï ª ª_�?0 = _�0 � i _�0 = lim�!�0 �dwd� � 2�i 1� � �0� = (45)= �@ 1@� + i@ 1@� ��=�0 +  lim�!�0 �@g@� + i@g@�� ;£¤¥ w { ª®¬¯«¥ªáë© ¯®â¥æ¨ «. � á®®â¢¥âáâ¢¨¨ áãà ¢¥¨¥¬ (44) áª®à®áâì ¢¨åàï ¢ëà ¦ ¥âáï ª ª:_�0 = @H0@�0 + i@H0@�0 (46)£¤¥ £ ¬¨«ìâ®¨  H 0 § ¤ ¥âáï ¢ëà ¦¥¨¥¬:H0 =  1 + 2 g : (47)�  è¥¬ á«ãç ¥ ªà¨¢ ï C ¨ ®¡« áâì â¥ç¥¨ï Rï¢«ïîâáï ¤¥©áâ¢¨â¥«ì®© ®áìî ¨ ¯®«®¦¨â¥«ì®©¯®«ã¯«®áª®áâìî á®®â¢¥âáâ¢¥®,   â¥ç¥¨¥ ¯à¥¤-áâ ¢«ï¥â á®¡®© áã¯¥à¯®§¨æ¨î ®¤®à®¤®£® ¯®â®-ª  ¨ ¢¨åàï. �®íâ®¬ã £ ¬¨«ìâ®¨  ¢¨åàï H0 (47)¯à¨¨¬ ¥â ¢¨¤H0 = q1�0 + 4� log�0 : (48)6. ���������� B�à ¢¨«® � ãá �®£¤  ¤¢¨¦ãé¨©áï ¢¨åàì ª®ä®à¬® ®â®¡à ¦ ¥â-áï   ä¨§¨ç¥áªãî ¯«®áª®áâì z, ¥£® £ ¬¨«ìâ®¨ ¤®«¦¥ ¡ëâì áª®àà¥ªâ¨à®¢  ¢ á®®â¢¥âáâ¢¨¨ á â ª §ë¢ ¥¬ë¬ ¯à ¢¨«®¬ � ãá  [25].�®¬¯«¥ªá®-á®¯àï¦¥ ï áª®à®áâì ¢¨åàï ¢ ¯«®á-ª®áâ¨ z § ¤ ¥âáï ª ª_z?0 = _x0 � i _y0 = limz!z0�dwdz � 2�i 1z � z0� : (49)�. �à §¥á¥, �. � ¥ââ¨ 81
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