
�¥áâ¨ª �®áª®¢áª®£® ã¨¢¥àá¨â¥â . �¥à¨ï 3. �¨§¨ª . �áâà®®¬¨ï. 2001. ü1 19��� 514.752.4; 517.95������������ ����������������� �����������,���������� ��������������� ������� ���������sin-��������. �. �¨å®¬¨à®¢(ª ä¥¤p  ¬ â¥¬ â¨ª¨)E-mail: dmitrytv@mtu-net.ru�áá«¥¤®¢   ¯á¥¢¤®áä¥à¨ç¥áª ï ¯®¢¥àå®áâì, ®â¢¥ç îé ï ¤¢ãåá®«¨â®®¬ã à¥è¥¨î ãà ¢¥¨ïsin-�®à¤® . �«ï ¯®áâà®¥¨ï ¯®¢¥àå®áâ¨ ¯à¨¬¥ï¥âáï ¨§¢¥áâ®¥ ¯à¥®¡à §®¢ ¨¥ �íª«ã¤ . �®«ãç¥-ë ¢ ¯ à ¬¥âà¨ç¥áª®¬ ¢¨¤¥ ¢ëà ¦¥¨ï ¤«ï «¨¨© ãà®¢ï ¤¢ãåá®«¨â®®© ¯®¢¥àå®áâ¨ ¨ ¨áá«¥¤®¢ ë¨å £¥®¬¥âà¨ç¥áª¨¥ á¢®©áâ¢ .1. �à¥®¡à §®¢ ¨¥ �íª«ã¤  ¯á¥¢¤®áä¥à¨ç¥áª¨å¯®¢¥àå®áâ¥©� áá¬®âà¨¬ ãà ¢¥¨¥ sin-�®à¤® zxt = sin z: (1)�à ¢¥¨¥ (1) ¯à¨ ¤«¥¦¨â �2 -ª« ááã ¤¨ää¥à¥æ¨- «ìëå ãà ¢¥¨© [1], ª®â®à®¬ã ¢ âà¥å¬¥à®¬ ¥¢ª«¨-¤®¢®¬ ¯à®áâà áâ¢¥ E3 á®®â¢¥âáâ¢ã¥â ¬¥âà¨ª  ç¥¡ë-è¥¢áª®© á¥â¨   ¯®¢¥àå®áâ¨ á ªà¨¢¨§®© K � �1 :ds2 = dx2+ 2 cos z(x; t)dxdt+ dt2: (2)�â¬¥â¨¬, çâ® ¥á«¨ z = z(x; t) | à¥è¥¨¥ ãà ¢¥¨ï(1), â® ¢ £¥®¬¥âà¨ç¥áª®¬ á¬ëá«¥ z(x; t) | á¥â¥¢®©ã£®« ç¥¡ëè¥¢áª®© á¥â¨ [2]. �§¢¥áâ®, çâ® è¨à®ª¨©ª« áá â®çëå à¥è¥¨© ãà ¢¥¨ï (1) ¬®¦¥â ¡ëâì ¯®-«ãç¥ ¬¥â®¤®¬ ¯à¥®¡à §®¢ ¨ï �íª«ã¤  (��). �¥®-¬¥âà¨ç¥áª®¥ á®¤¥à¦ ¨¥ �� á®áâ®¨â ¢ â®¬, çâ® ¥á«¨¢ âà¥å¬¥à®¬ ¥¢ª«¨¤®¢®¬ ¯à®áâà áâ¢¥ E3 § ¤  ¯á¥¢¤®áä¥à¨ç¥áª ï ¯®¢¥àå®áâì S á à ¤¨ãá-¢¥ªâ®-à®¬ r , â®, ¨áå®¤ï ¨§ íâ®© ¯®¢¥àå®áâ¨ S , ¬®¦®¯®áâà®¨âì ®¢ãî ¯®¢¥àå®áâì S� â®© ¦¥ ªà¨¢¨§ë,®¯p¥¤¥«ï¥¬ãî à ¤¨ãá-¢¥ªâ®à®¬ R .�  áâ®ïé¥© áâ âì¥ ¨áá«¥¤ã¥âáï ¯®¢¥àå®áâì, á®-®â¢¥âáâ¢ãîé ï ¤¢ãåá®«¨â®®¬ã à¥è¥¨î ãà ¢¥-¨ï (1). �à¨¢¥¤¥¬ ä®à¬ã �� ¢ íâ®¬ á«ãç ¥ [3]:R= r+ 2p1 + p2��1 cos zk;p22 + � 2 sin zk;p22 �; (3)� 1 = rx + rtp2q1 + cos zk1 ; �2 = rx� rtp2q1� cos zk1 ;zk1 = 4 arctg ekx+ 1k t;zk;p2 = 4 arctg�k+ pk� p � ekx+ 1k t� epx+ 1p t1+ e(k+p)x+( 1k+ 1p )t�;k; p= const;£¤¥ R ¨ r | à ¤¨ãá-¢¥ªâ®àë á®®â¢¥âáâ¢¥® ¤¢ãå-á®«¨â®®© ¨ ®¤®á®«¨â®®© ¯®¢¥àå®áâ¥©,   zk1

¨ zk;p2 | ®¤®- ¨ ¤¢ãåá®«¨â®ë¥ à¥è¥¨ï ãà ¢¥-¨ï (1). � ª ç¥áâ¢¥ ®¤®á®«¨â®®© à áá¬ âà¨¢ ¥âáï¢¨â®¢ ï ¯®¢¥àå®áâì [4], à ¤¨ãá-¢¥ªâ®à ª®â®à®© § -¤ ¥âáï á«¥¤ãîé¨¬ ®¡p §®¬:r= �� 2k1 + k2 sin'ch ; 2k1 + k2 cos'ch ;� 2k1+ k2 th +x+t�;£¤¥ '= x� t ,  = kx+ t=k .2. �¨¨¨ ãà®¢ï ¤¢ãåá®«¨â®®© ¯®¢¥àå®áâ¨�áá«¥¤ã¥¬   «¨â¨ç¥áª¨© ¢¨¤ «¨¨© ãà®¢ï ¤¢ãå-á®«¨â®®© ¯®¢¥àå®áâ¨.� ª ¢¨¤® ¨§ ¬¥âà¨ª¨ (2), ¯®¢¥àå®áâ¨ á ¤ ®©ª¢ ¤à â¨ç®© ä®à¬®© ¨¬¥îâ ®á®¡¥®áâ¨ (¥à¥£ã-«ïàë¥ à¥¡à  ¨«¨ ®áâà¨ï) ¯à¨ z = �n , £¤¥ n | æ¥«®¥ç¨á«®, ¯à¨ ãá«®¢¨¨ ®¡à é¥¨ï ¢ ã«ì ¤¨áªà¨¬¨ â ¬¥âà¨ª¨. �à¥¤¯®« £ ï, çâ® ç¨á«®¢ë¥ ¯ à ¬¥âàë k¨ p à¥è¥¨ï zk;p2 ¥ à ¢ë ã«î, á¤¥« ¥¬ á«¥¤ãîé¥¥«¨¥©®¥ ¯à¥®¡à §®¢ ¨¥ ª®®à¤¨ â:�xt� = ��1 1kp kp��uv� ;¢ à¥§ã«ìâ â¥ ª®â®à®£® ¤¢ãåá®«¨â®®¥ à¥è¥¨¥ ¯à¨-¬¥â ã¤®¡ë© ¤«ï  å®¦¤¥¨ï «¨¨© ãà®¢ï ¢¨¤:zk;p2 = 4 arctg�k+ pk� p � e�(k�p)u � e(k�p)ue�(k+p)v +e(k+p)v �: (4)� áá¬®âà¨¬ á«ãç ©, ª®£¤  jkj 6= jpj . �®« £ ï ¢ (4)zk;p2 = 0; �;�� , ¯®«ãç ¥¬ á®®â¢¥âáâ¢¥® âà¨ «¨¨¨ãà®¢ï.�¨¨ï ãà®¢ï, ª®â®à ï ®â¢¥ç ¥â zk;p2 = 0 , ¢ ¨áå®¤-ëå ¯¥à¥¬¥ëå ¯à¥¤áâ ¢«ï¥â á®¡®© ¯àï¬ãî, ¯à®å®-¤ïéãî ç¥à¥§  ç «® ª®®à¤¨ â (¢ ¯«®áª®áâ¨ ¯ à -¬¥âà®¢ (x; t)): kpx� t = 0;



20 �¥áâ¨ª �®áª®¢áª®£® ã¨¢¥àá¨â¥â . �¥à¨ï 3. �¨§¨ª . �áâà®®¬¨ï. 2001. ü 1«¨¨¨ ãà®¢ï, ®¯p¥¤¥«ï¥¬ë¥ p¥è¥¨ï¬¨ zk;p2 = � ¨zk;p2 = �� , § ¤ îâáï ¢ ¢¨¤¥8>><>>:x(v) = � 1k� p arsh�k� pk+ p ch((k+ p)v)�+ v;t(v) =� kpk� p arsh�k� pk+ p ch((k+ p)v)�+ kpv;£¤¥ ¢¥på¨¥ § ª¨ ®â®áïâáï ª zk;p2 = � , ¨¦¨¥ |ª zk;p2 = �� . �¥à¥©¤¥¬ ª ¯®áâà®¥¨î   «¨â¨ç¥áª¨å¢ëà ¦¥¨© ¤«ï «¨¨© ãà®¢ï ¢ á«ãç ¥ jkj= jpj . �¤¥áì¢®§¬®¦ë ¤¢  ¢ à¨ â .1. �«ãç © k = �p . � ª®© ¢ë¡®à ª®íää¨æ¨¥â®¢á®®â¢¥âáâ¢ã¥â âà¨¢¨ «ì®¬ã à¥è¥¨î ¨ ¥ ¯à¥¤áâ ¢-«ï¥â ¨â¥à¥á  ¢ ¨áá«¥¤®¢ ¨¨.2. �«ãç © k = p . �p¨ íâ®¬ ¢®§¨ª ¥â ¥®¯à¥¤¥-«¥®áâì. �ëç¨á«¨¬ á®®â¢¥âáâ¢ãîé¨© ¯à¥¤¥«:limk!p k+ pk� p e�(k�p)u� e(k�p)ue�(k+p)v +e(k+p)v =� 4pue�2pv +e2pv ;â. ¥. zp;p2 = �4 arctg� 4pue�2pv +e2pv�:� ë© á«ãç © ®â¢¥ç ¥â ¢§ ¨¬®¤¥©áâ¢¨î ¤¢ãå á®-«¨â®®¢ ®¤¨ ª®¢®©  ¬¯«¨âã¤ë. � «®£¨ç® ¯à®¤¥-« ®© ¢ëè¥ ¯à®æ¥¤ãà¥ ¤«ï jkj 6= jpj ¯®«ãç¨¬ «¨¨¨ãà®¢ï ¯®¢¥àå®áâ¨, ®â¢¥ç îé¨¥ à¥è¥¨î zp;p2 .�¨¨ï ãà®¢ï, ®¯p¥¤¥«ï¥¬ ï p¥è¥¨¥¬ zp;p2 = 0 ,¢ ¨áå®¤ëå ¯¥à¥¬¥ëå ¯à¥¤áâ ¢«ï¥â á®¡®© ¯àï¬ãî,

¯à®å®¤ïéãî ç¥à¥§  ç «® ª®®à¤¨ â (¢ ¯«®áª®áâ¨¯ à ¬¥âà®¢ (x; t)): p2x� t= 0;«¨¨¨ ãà®¢ï, á®®â¢¥âáâ¢ãîé¨¥ p¥è¥¨ï¬ zp;p2 = � ¨zp;p2 =�� , § ¤ îâáï ¢ ¢¨¤¥8>><>>:x(v) = � 12p ch(2pv) + v;t(v) =�p2 ch(2pv) + p2v;£¤¥ ¢¥på¨¥ § ª¨ ®â®áïâáï ª zp;p2 = � , ¨¦¨¥ |ª zp;p2 =�� .� ª«îç¥¨¥�¥§ã«ìâ âë ¨áá«¥¤®¢ ¨ï «¨¨© ãà®¢ï z = �n¯á¥¢¤®áä¥à¨ç¥áª®© ¯®¢¥àå®áâ¨, á®®â¢¥âáâ¢ãîé¥©¤¢ãåá®«¨â®®¬ã à¥è¥¨î ãà ¢¥¨ï sin-�®à¤®-  (1), ¯®ª §ë¢ îâ, çâ® ¤¢ãåá®«¨â® ï ¯®¢¥àå®áâìå à ªâ¥à¨§ã¥âáï âà¥¬ï £« ¤ª¨¬¨ «¨¨ï¬¨ ãà®¢ï(¢ ®â«¨ç¨¥ ®â ®¤®á®«¨â®®© ¯®¢¥àå®áâ¨ | ¯á¥¢-¤®áä¥àë, ¨¬¥îé¥© ®¤ã «¨¨î ãà®¢ï | ¯àï¬ãî,®â¢¥ç îéãî à¥¡àã ¢®§¢à â ), à á¯®«®¦¥ë¬¨ æ¥-âà «ì®-á¨¬¬¥âà¨ç® ®â®á¨â¥«ì®  ç «  ª®®à¤¨- â. �¨¬¬¥âà¨ï «¨¨© ãà®¢ï ®âà ¦ ¥â á¢®©áâ¢ á¨¬¬¥âà¨¨ ãà ¢¥¨ï sin-�®à¤® . � ª¦¥ á«¥¤ã¥â®â¬¥â¨âì ¢®§¬®¦ë© á«ãç ©, ª®£¤  «¨¨ï ãà®¢-ï ¢ ¯à®áâà áâ¢¥, ®â¢¥ç îé ï p¥è¥¨î zk;p2 = 0 ,���������	
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�¥áâ¨ª �®áª®¢áª®£® ã¨¢¥àá¨â¥â . �¥à¨ï 3. �¨§¨ª . �áâà®®¬¨ï. 2001. ü1 21¢ëà®¦¤ ¥âáï ¢ «¨¨î   ¯«®áª®áâ¨, çâ® á®®â¢¥âáâ¢ã-¥â kp= 1 .� § ª«îç¥¨¥ ¯à¥¤áâ ¢¨¬   «¨â¨ç¥áª¨© ¢¨¤ à -¤¨ãá-¢¥ªâ®à  ¤¢ãåá®«¨â®®© ¯®¢¥àå®áâ¨, ¯®«ãç¥-®© ¬¥â®¤®¬ �� (3):R=0@� 2k1 + k2 sin'ch + 4p1 + p2" cos zk;p2p2q1 + cos zk1 ��sin' sh ch2  � sin zk;p2p2q1� cos zk1 �� k1 + k2 2 cos' ch � �k� 1k� sin' sh ch2 #;2k1 + k2 cos'ch + 4p1 + p2"� cos zk;p2p2q1 + cos zk1 ��cos' sh ch2 � sin zk;p2p2q1� cos zk1 k1+ k2�� 2 sin' ch + �k� 1k� cos' sh ch2 #;� 2k1 + k2 th + x+ t+ 4p1 + p2 �

�" cos zk;p2p2q1 + cos zk1 (� ch�2 + 2)�� sin zk;p2p2q1� cos zk1 k2 � 1k2 + 1 ch�2 #1A :�  à¨á. 1 (k = �1 , p = 5), à¨á. 2 (k = � 910 , p = 109 )¨ à¨á. 3 (k = 910 , p = 109 ) ¯à¥¤áâ ¢«¥ ¢¥è¨© ¢¨¤«¨¨© ãà®¢ï ¨ á®®â¢¥âáâ¢ãîé¨å ¯®¢¥àå®áâ¥© ¢¯à®áâà áâ¢¥ ¤«ï § ¤ ëå ª®íää¨æ¨¥â®¢. �¨áãª¨¯®¤£®â®¢«¥ë ¢ ¬ â¥¬ â¨ç¥áª®¬ ¯ ª¥â¥ MathCad 2000Professional.�¢â®à ¢ëà ¦ ¥â á¢®î ¯à¨§ â¥«ì®áâì ¯à®ä.�.�. �®¯®¢ã §  ¯®«¥§ë¥ ®¡áã¦¤¥¨ï áâ âì¨.�¨â¥à âãà 1. �®§ïª �.�., �®¯®¢ �.�. // �®ª«. ���. 1993. 332, ü 4.�. 418.2. �®§ïª �.�., �®¯®¢ �.�. �à ¢¥¨¥ á¨ãá-�®à¤® : £¥®-¬¥âà¨ï ¨ ä¨§¨ª  // �®¢®¥ ¢ ¦¨§¨,  ãª¥, â¥å¨ª¥. �¥à.� â¥¬ â¨ª , ª¨¡¥à¥â¨ª . 6. �.: � ¨¥, 1991.3. Bianchi Z. Lezioni di geometria differenziale. V. 1, pt. 2.Bologna, 1927.4. � ¤ ¤ ¥¢ �.�. // �¥áâ. �®áª. ã-â . �¥à. 1. � â¥¬., ¬¥å.1994. ü 2. �. 41. �®áâã¯¨«  ¢ p¥¤ ªæ¨î19.07.00��� 519.6 ������ ����������� ������� ��������� ��������� ��� ��������� ��������. �. �¨â à¥ª®, �. �. �£®« , �. �. �¨ª®« ¥¢ (ª ä¥¤à  ¬ â¥¬ â¨ª¨)E-mail: yagola@inverse.phys.msu.su� áá¬ âà¨¢ ¥âáï § ¤ ç  �®è¨ ¤«ï ¤¢ã¬¥à®£® ãà ¢¥¨ï � ¯« á  ¯à¨ ãá«®¢¨¨ ¯à¨ ¤«¥¦®áâ¨â®ç®£® à¥è¥¨ï ¥ª®â®à®¬ã ª®¬¯ ªâ®¬ã ¬®¦¥áâ¢ã. �à¨ § ¤ ëå ¯®£à¥è®áâïå á ¯®¬®éìî¬¥â®¤  ®âá¥ç¥¨ï ¢ë¯ãª«ëå ¬®£®£à ¨ª®¢ áâà®ïâáï ®¡« áâ¨, ª®â®àë¬ ¯à¨ ¤«¥¦ â ¯à¨¡«¨¦¥ë¥à¥è¥¨ï ¥ª®â®àëå § ¤ ç �®è¨.1. �®áâ ®¢ª  § ¤ ç¨�á®¡¥®áâìî ¥ª®àà¥ªâëå § ¤ ç ï¢«ï¥âáï ¥-¢®§¬®¦®áâì ®æ¥¨âì ¡«¨§®áâì ¯à¨¡«¨¦¥®£® à¥-è¥¨ï § ¤ ç¨ ª â®ç®¬ã [1, 2]. �® ¥á«¨ ¨§¢¥áâ®,çâ® â®ç®¥ à¥è¥¨¥ § ¤ ç¨ ¯à¨ ¤«¥¦¨â ¥ª®â®à®-¬ã ª®¬¯ ªâ®¬ã ¬®¦¥áâ¢ã, â® § ¤ ç  á¢®¤¨âáï ª å®¦¤¥¨î ª¢ §¨à¥è¥¨ï ¨ ¢®§¬®¦  ®æ¥ª  ¥£®¯®£à¥è®áâ¨. �  áâ®ïé¥© à ¡®â¥ à áá¬ âà¨¢ ¥âáï¯à¨¬¥¥¨¥ ¬¥â®¤  ®âá¥ç¥¨ï ¢ë¯ãª«ëå ¬®£®£à -¨ª®¢, ¯à¥¤«®¦¥®£® ¢ [3], ¯à¨ à¥è¥¨¨ ¥ª®â®àëå§ ¤ ç �®è¨ ¤«ï ¤¢ã¬¥à®£® ãà ¢¥¨ï � ¯« á  ¯à¨ãá«®¢¨¨ ¯à¨ ¤«¥¦®áâ¨ â®ç®£® à¥è¥¨ï ª®¬¯ ªâ-®¬ã ¬®¦¥áâ¢ã.
� ¤ ç  �®è¨ ¤«ï ãà ¢¥¨ï � ¯« á  ï¢«ï¥âáïª« áá¨ç¥áª®© ¥ª®àà¥ªâ®© § ¤ ç¥©, ª®â®à®© ¯®á¢ï-é¥ë à ¡®âë ¬®£¨å  ¢â®à®¢ (á¬.,  ¯à., [4{7]).�ãáâì § ¤   ¥ª®â®à ï ®àâ®£® «ì ï á¨áâ¥¬  ª®-®à¤¨ â (u; v) . � áá¬®âà¨¬ § ¤ çã �®è¨ ¤«ï ãà ¢-¥¨ï � ¯« á  ¢ ¯àï¬®ã£®«ì¨ª¥ D = [0; a]� [0; b] :8><>:4w= 0; (u; v)2D;w(u; 0)= '(u); u 2 [0; a];wv(u; 0)=  (u); u 2 [0; a]:�ç¨â ¥¬, çâ® '(u);  (u)2 L2[0; a] . �¥®¡å®¤¨¬®  ©-â¨ äãªæ¨î �(u) = w(u; b) ¨«¨ �(u) = wv(u; b)


