
ISSN 1561- 9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 2001. �®¬ 3 (75), N 3. �. 47 { 52��� 532.528 ������ ������� ������������������������� ��� ����������������������� �� ��������. �. ����������­áâ¨âãâ £¨¤à®¬¥å ­¨ª¨ ��� �ªà ¨­ë, �¨¥¢�®«ãç¥­® 12.03.2001�à¥¤« £ ¥âáï¬¥â®¤ à áç¥â  ¤«¨­ë ¨ ä®à¬ë ¯«®áª¨å ­¥áâ æ¨®­ à­ëå áã¯¥àª ¢¥à­ §  â®­ª¨¬ ª«¨­®¬ ¯à¨ ¯à®¨§¢®«ì-­®© § ¢¨á¨¬®áâ¨ ®â ¢à¥¬¥­¨. �á¯®«ì§ã¥âáï ª®­¥ç­®{à §­®áâ­ ï ¤¨áªà¥â¨§ æ¨ï ¯® ¢à¥¬¥­¨. �  ª ¦¤®¬ ¢à¥¬¥­­®¬á«®¥ à¥è¥­¨¥ à ááç¨âë¢ ¥âáï ¬¥â®¤®¬ ¤¨áªà¥â­ëå ®á®¡¥­­®áâ¥©, ¯à¨ íâ®¬ ¯¥à¥¬¥­­ ï ¤«¨­  ª ¢¥à­ë ­ å®¤¨âáï¨§ ãá«®¢¨ï ¯®áâ®ï­áâ¢  ¤ ¢«¥­¨ï ¢ ª ¢¥à­¥. �à¨¢¥¤¥­ë ¯à¨¬¥àë à áç¥â  í¢®«îæ¨¨ ¥áâ¥áâ¢¥­­ëå áã¯¥àª ¢¥à­ ¯à¨à §«¨ç­ëå â¨¯ å ¤¥ä®à¬ æ¨¨ ª ¢¨â¨àãîé¥£® ª«¨­ . � ­® áà ¢­¥­¨¥ á ã¯à®é¥­­ë¬ ¢ à¨ ­â®¬ ¬¥â®¤  ¤«ï á«ãç ï¯¥à¨®¤¨ç¥áª®© § ¢¨á¨¬®áâ¨ ®â ¢à¥¬¥­¨.�à®¯®­ãõâìáï ¬¥â®¤ à®§à åã­ªã ¤®¢¦¨­¨ ÷ ä®à¬¨ ¯«®áª¨å ­¥áâ æ÷®­ à­¨å áã¯¥àª ¢¥à­ §  â®­ª¨¬ ª«¨­®¬ ¯à¨¤®¢÷«ì­÷© § «¥¦­®áâ÷ ¢÷¤ ç áã. �¨ª®à¨áâ®¢ãõâìáï ª÷­æ¥¢®{à÷§­¨æ¥¢  ¤¨áªà¥â¨§ æ÷ï §  ç á®¬. �  ª®¦­®¬ã ç á®¢®¬ãè à÷ à®§'ï§®ª ¡ã¤ãõâìáï ¬¥â®¤®¬ ¤¨áªà¥â­¨å ®á®¡«¨¢®áâ¥©,   §¬÷­­  ¤®¢¦¨­  ª ¢¥à­¨ ¢÷¤èãªãõâìáï ÷§ ã¬®¢¨ ¯®áâ÷©-­®áâ÷ â¨áªã ¢ ª ¢¥à­÷. � ¢¥¤¥­÷ ¯à¨ª« ¤¨ à®§à åã­ªã ¥¢®«îæ÷ù ¯à¨à®¤­÷å áã¯¥àª ¢¥à­ ¯à¨ à÷§­¨å â¨¯ å ¤¥ä®à¬ æ÷ùª«¨­ã. � ­® ¯®à÷¢­ï­­ï § á¯à®é¥­¨¬ ¢ ài ­â®¬ ¬¥â®¤ã ã ¢¨¯ ¤ªã ¯¥à÷®¤¨ç­®ù § «¥¦­®áâ÷ ¢÷¤ ç áã.A method to calculate a length and a shape of two{dimensional unsteady supercavities past a slender wedge at arbitrarytime dependence is proposed. The �nite{di�erence discretization with respect to time are used. In each time step, thesolution is calculated by the method of discrete singularities, and the variable cavity length is found from the conditionof the cavity pressure to be constant. Examples of calculation of natural supercavity evolution at di�erent types of thecavitating wedge deformations are presented. Comparison with the simpli�ed version of this method is given for the caseof periodic time dependence.��������� 90-ëå £®¤ å ¡« £®¤ àï ¡ëáâà®¬ã ¯à®£à¥á-áã ¢ëç¨á«¨â¥«ì­®© â¥å­¨ª¨ áä®à¬¨à®¢ «áï ­®-¢ë© ¯®¤å®¤ ª à áç¥âã ­¥áâ æ¨®­ à­ëå ª ¢¨â æ¨-®­­ëå â¥ç¥­¨© ª ª ª ¨å ¯àï¬®¬ã ª®¬¯ìîâ¥à­®-¬ã ¬®¤¥«¨à®¢ ­¨î á ¨á¯®«ì§®¢ ­¨¥¬ ª®¬¬¥àç¥-áª¨å ¯à®£à ¬¬­ëå ¯ ª¥â®¢. � ¤ ç  ä®à¬ã«¨àã-¥âáï, ª ª ¯à ¢¨«®, ¢ ¯à¥¤¥«ì­® ®¡é¥¬ ¢¨¤¥ { ¤«ï¢ï§ª®©, á¦¨¬ ¥¬®©, ¬­®£®ä §­®© ¦¨¤ª®áâ¨, ¯à¨íâ®¬ ¯à¥¤¯®« £ ¥âáï, çâ® ¢á¥ ä¨§¨ç¥áª¨¥ ®á®¡¥­-­®áâ¨ â¥ç¥­¨ï ¤®«¦­ë ¯à®ï¢¨âìáï \á ¬¨ á®¡®©" ¢¯à®æ¥áá¥ à áç¥â .� ­­ë© ¯®¤å®¤ ¯à¨¢¥« ª §­ ç¨â¥«ì­®¬ã ãá¯¥åã ¢à áç¥â¥ ­ ç «ì­ëå áâ ¤¨© ª ¢¨â æ¨¨ ¨ á¨«ì­® ­¥-áâ æ¨®­ à­ëå à¥¦¨¬®¢ ç áâ¨ç­®© ª ¢¨â æ¨¨ ­ ªàë«¥ ¨ ­  â¥« å ¢à é¥­¨ï [1, 2 ¨ ¤à.]. �¤­ ª® ¤®á¨å ¯®à ­¥â ­¨ ®¤­®£® ¯à¨¬¥à  ãá¯¥è­®£® ç¨á«¥­-­®£® ¬®¤¥«¨à®¢ ­¨ï ­¥áâ æ¨®­ à­ëå áã¯¥àª ¢¥à­¡®«ìè®£® ã¤«¨­¥­¨ï.�«ï ¯à ªâ¨ç¥áª¨å à áç¥â®¢ â ª¨å â¥ç¥­¨© ®áâ -¥âáï  ªâã «ì­ë¬ ª« áá¨ç¥áª¨© ¯®¤å®¤, ®á­®¢ ­-­ë© ­  ¯®â¥­æ¨ «ì­®© â¥®à¨¨ ¨ ¬¥â®¤¥ ¬ «ëå¢®§¬ãé¥­¨© [3, 4], å®âï ¨ §¤¥áì ¨¬¥¥âáï àï¤ ­¥à¥-è¥­­ëå ¯à®¡«¥¬. � ª, § ¤ ç  ®¡ í¢®«îæ¨¨ ¯«®áª®©­¥áâ æ¨®­ à­®© áã¯¥àª ¢¥à­ë ¯¥à¥¬¥­­®© ¤«¨­ë

l(t) á¢®¤¨âáï ª ­ ç «ì­®{ªà ¥¢®© § ¤ ç¥ á à á¯à¥-¤¥«¥­­ë¬ § ¯ §¤ë¢ ­¨¥¬, § ¢¨áïé¨¬ ®â ¨áª®¬®©äã­ªæ¨¨ l(t). � ­­ë© ª« áá ­¥«¨­¥©­ëå § ¤ ç ¬ -â¥¬ â¨ç¥áª¨ ¯à ªâ¨ç¥áª¨ ­¥ ¨§ãç¥­.� ­ è¨å áâ âìïå [5, 6] à §¢¨â ¬¥â®¤ à áç¥â ¤«¨­ë ¨ ä®à¬ë ¯«®áª¨å ­¥áâ æ¨®­ à­ëå áã¯¥àª -¢¥à­ ¢ á«ãç ¥ ¯¥à¨®¤¨ç¥áª®© § ¢¨á¨¬®áâ¨ â¥ç¥­¨ï®â ¢à¥¬¥­¨. �¤¥ï ¬¥â®¤  § ª«îç ¥âáï ¢ ®¯à¥¤¥«¥-­¨¨ ­¥¨§¢¥áâ­®© äã­ªæ¨¨ l(t), ¨§¬¥­¥­¨¥ ª®â®à®©¨¬¥¥â ¯®àï¤®ª O(1), ¢ ¯®á«¥¤®¢ â¥«ì­ë¥ ¬®¬¥­âë¢à¥¬¥­¨ t(n) = t(n�1) + 4t ¨§ ãà ¢­¥­¨ï ¡ « ­á ¬ ááë £ §  ¢ ª ¢¥à­¥ ¨«¨ ¨§ ãá«®¢¨ï ¯®áâ®ï­áâ¢ ¤ ¢«¥­¨ï ¢ ª ¢¥à­¥. �à¨ íâ®¬ ­  ª ¦¤®¬ ¢à¥¬¥­-­®¬ á«®¥ ¢á¥ ®áâ «ì­ë¥ ­¥¨§¢¥áâ­ë¥ äã­ªæ¨¨, ¢®§-¬ãé¥­¨ï ª®â®àëå ¨¬¥îâ ¯®àï¤®ª O("), ­ å®¤ïâáï¯ãâ¥¬ à¥è¥­¨ï «¨­¥©­®© § ¤ ç¨.� ­ áâ®ïé¥© à ¡®â¥ íâ®â ¬¥â®¤ ®¡®¡é¥­ ­  á«ã-ç © ¯à®¨§¢®«ì­®© § ¢¨á¨¬®áâ¨ ®â ¢à¥¬¥­¨.1. ���������� ������� áá¬®âà¨¬ â®­ª¨© á¨¬¬¥âà¨ç­ë© áã¯¥àª ¢¨-â¨àãîé¨© ª«¨­ ¥¤¨­¨ç­®© ¤«¨­ë, ®¡â¥ª ¥¬ë© ­¥-®£à ­¨ç¥­­ë¬ ¯®â®ª®¬ ¨¤¥ «ì­®©, ­¥á¦¨¬ ¥¬®© ¨­¥¢¥á®¬®© ¦¨¤ª®áâ¨ (à¨á. 1). �ãáâì ­¥áâ æ¨®­ à-­®¥ ¢®§¬ãé¥­¨¥ â¥ç¥­¨ï ¢ë§¢ ­® á¨¬¬¥âà¨ç­®©c
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�¨á. 1. �å¥¬  ­¥áâ æ¨®­ à­®£® ®¡â¥ª ­¨ï â®­ª®£®áã¯¥àª ¢¨â¨àãîé¥£® ª«¨­ ¤¥ä®à¬ æ¨¥© ª«¨­ :y = �f(x; t) = ��0x� �f1(x; t) 0 < x < 1; (1)£¤¥ �0 � � � O("); " { ¬ «ë© ¯ à ¬¥âà.�ç¨â ï â¥ç¥­¨¥ ¯®â¥­æ¨ «ì­ë¬ ¢ ª ¦¤ë© ¬®-¬¥­â ¢à¥¬¥­¨, ¨¬¥¥¬ ¤«ï ¯®â¥­æ¨ «  áª®à®áâ¨'(x; y; t) ¨ ¯®â¥­æ¨ «  ãáª®à¥­¨ï �(x; y; t) «¨­¥ -à¨§®¢ ­­ë¥ £à ­¨ç­ë¥ ãá«®¢¨ï [6]:'y = �Nf(x; t); 0 < x < 1; y = �0; (2)� = N' = �(t)2 ; 1 < x < l(t); y = �0; (3)'y = �NF (x; t); 1 < x < l(t); y = �0; (4)£¤¥ y = F (x; t) { ãà ¢­¥­¨¥ ¢¥àå­¥© £à ­¨æë ª -¢¥à­ë; � = 2(p1 � pc)=�V 21 { ç¨á«® ª ¢¨â æ¨¨;p1; V1 { ¤ ¢«¥­¨¥ ¨ áª®à®áâì ¢ ­¥¢®§¬ãé¥­­®¬ ¯®-â®ª¥ á®®â¢¥âáâ¢¥­­®; pc(t) { ¤ ¢«¥­¨¥ ¢ ª ¢¥à­¥;N = @=@t + @=@x { «¨­¥©­ë© ¤¨ää¥à¥­æ¨ «ì­ë©®¯¥à â®à. �¤¥áì ¨ ¤ «¥¥ ¨á¯®«ì§ãîâáï ¡¥§à §¬¥à-­ë¥ ¯¥à¥¬¥­­ë¥.�«¨­  ª ¢¥à­ë l(t) ï¢«ï¥âáï ­¥¨§¢¥áâ­®© äã­ª-æ¨¥© ¢à¥¬¥­¨. � ¢«¥­¨¥ ¢ ª ¢¥à­¥ pc,   á«¥¤®¢ -â¥«ì­® ¨ ç¨á«® ª ¢¨â æ¨¨ �, â ª¦¥ ï¢«ï¥âáï ­¥-¨§¢¥áâ­®© äã­ªæ¨¥© ¢à¥¬¥­¨ ¢ á«ãç ¥ £ §®­ ¯®«-­¥­­®© ª ¢¥à­ë � = �v=� > 1 (£¤¥ �v { ¯ à®¢®¥ç¨á«® ª ¢¨â æ¨¨). � ª¨¬ ®¡à §®¬, ¢ ®¡é¥¬ á«ã-ç ¥ ­¥®¡å®¤¨¬® à¥è âì ­ ç «ì­®{ªà ¥¢ãî § ¤ çãá ­ ç «ì­ë¬¨ ãá«®¢¨ï¬¨'(x; y; 0) = '0(x; y); l(0) = l0; �(0) = �0: (5)2. ���������� ��������«ï à¥è¥­¨ï § ¤ ç¨ ¢®á¯®«ì§ã¥¬áï ¬¥â®¤®¬ ¨­-â¥£à «ì­ëå ãà ¢­¥­¨© [4]. � á¨«ã á¨¬¬¥âà¨¨ â¥-ç¥­¨¥, ã¤®¢«¥â¢®àïîé¥¥ £à ­¨ç­ë¬ ãá«®¢¨ï¬ (2),(4), ¬®¦­® ¯®«ãç¨âì, à á¯®« £ ï ­  ®âà¥§ª¥ [0; l(t)]®á¨ Ox á«®© ¯«®áª¨å ¨áâ®ç­¨ª®¢ á ¨­â¥­á¨¢­®áâìîq(x; t). �áâ®ç­¨ª¨ ¨­¤ãæ¨àãîâ ¢ â®çª¥ (x; y) áã¬-¬ à­ë© ¯®â¥­æ¨ «'(x; y; t) = 12� l(t)Z0 q(s; t) lnp(x� s)2 + y2 ds: (6)

�­â¥­á¨¢­®áâì ¨áâ®ç­¨ª  ¢ â®çª¥ s à ¢­  áª çªã­®à¬ «ì­®© áª®à®áâ¨ ¦¨¤ª®áâ¨ 'y ¯à¨ ¯¥à¥å®¤¥ç¥à¥§ ®áì Ox. �«ï á¨¬¬¥âà¨ç­®£® ®â­®á¨â¥«ì­®®á¨ Ox â¥ç¥­¨ï ¨¬¥¥¬:q(s; t) = 2'y(s; t); 0 < s < l(t): (7)�à¨¬¥­ïï ª ¢ëà ¦¥­¨î (6) «¨­¥©­ë© ®¯¥à â®àN , ¯®«ãç¨¬ ¯®â¥­æ¨ « ãáª®à¥­¨© ­¥áâ æ¨®­ à­ëå¨áâ®ç­¨ª®¢, à á¯à¥¤¥«¥­­ëå ¯® ®âà¥§ªã ¯¥à¥¬¥­-­®© ¤«¨­ë:�(x; y; t) = 12� l(t)Z0 q(s; t) x� s(x� s)2 + y2 ds+ (8)+ 12� @@t l(t)Z0 q(s; t) lnp(x� s)2 + y2 ds:�¥à¥å®¤ï ¢ (8) ª ¯à¥¤¥«ã y ! 0 ¨ ¯®¤áâ ¢«ïï¥£® ¢ £à ­¨ç­®¥ ãá«®¢¨¥ (3), ¯à¨å®¤¨¬ ª ¨­â¥£à®{¤¨ää¥à¥­æ¨ «ì­®¬ã ãà ¢­¥­¨îl(t)Z0 q(s; t) dsx� s + @@t l(t)Z0 q(s; t) ln jx� sj ds � ��(t) = 0;(9)£¤¥ 1 < x < l(t). �§ ¢ëà ¦¥­¨© (2) ¨ (7) ¯®«ãç ¥¬¨­â¥­á¨¢­®áâì ¨áâ®ç­¨ª®¢ ­  ®âà¥§ª¥ [0, 1]:q(x; t) = 2Nf(x; t); 0 � x � 1: (10)�®£¤  ãà ¢­¥­¨¥ (9) ¬®¦­® ¯¥à¥¯¨á âì ¢ ¢¨¤¥:l(t)Z1 q(s; t) dsx� s + @@t l(t)Z1 q(s; t) ln jx� sj ds� ��(t) == A1(x; t); (11)£¤¥ äã­ªæ¨ï A1(x; t) ¨§¢¥áâ­  ¤«ï ª®­ªà¥â­®£® § -ª®­  ­¥áâ æ¨®­ à­ëå ¤¥ä®à¬ æ¨© ª«¨­  (1).�§ ãá«®¢¨ï (4) ¯®«ãç ¥¬ ãà ¢­¥­¨¥ ¢¥àå­¥© £à -­¨æë ª ¢¥à­ë ¯à¨ 1 � x � l(t):F (x; t) = N�1'y(x; t) = 12 xZ0 q(s; t�x+ s) ds: (12)�®áª®«ìªã ¤«¨­  ª ¢¥à­ë l(t) ¨ ç¨á«® ª ¢¨â -æ¨¨ �(t) ï¢«ïîâáï ¢ ®¡é¥¬ á«ãç ¥ ­¥¨§¢¥áâ­ë¬¨äã­ªæ¨ï¬¨ ¢à¥¬¥­¨, ¤®¡ ¢¨¬ ª ãà ¢­¥­¨î (11) ¤¢ á®®â­®è¥­¨ï:1) ãá«®¢¨¥ à §à¥è¨¬®áâ¨ ¢­¥è­¥© ªà ¥¢®© § ¤ -ç¨ �¥©¬ ­  ¤«ï ¯®â¥­æ¨ «  áª®à®áâ¥© [4]:l(t)Z0 q(s; t) ds = 0; (13)48 �. �. �¥¬¥­¥­ª®



ISSN 1561- 9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 2001. �®¬ 3 (75), N 3. �. 47 { 522) ãà ¢­¥­¨¥ ¡ « ­á  ¬ ááë £ §  ¢ ª ¢¥à­¥ ¤«ï£ §®­ ¯®«­¥­­ëå ª ¢¥à­ � > 1:ddth�� � �(t)�Q(t)i = � h _Qin � _Qout(t)i ; (14)£¤¥ � = �=�0; Q { ¯«®é ¤ì ª ¢¥à­ë; _Qin, Qout(t) {®¡ê¥¬­ë¥ à áå®¤ë ¢®§¤ãå  á®®â¢¥âáâ¢¥­­® ¢ ª -¢¥à­ã ¨ ¨§ ª ¢¥à­ë.�â¬¥â¨¬, çâ® ãá«®¢¨¥ (13) ®¡¥á¯¥ç¨¢ ¥â ®£à -­¨ç¥­­®áâì ¤ ¢«¥­¨ï ¢ ¡¥áª®­¥ç­® ã¤ «¥­­®© â®ç-ª¥ ¯®â®ª , ®¤­ ª® ¯à¨ íâ®¬ ­¥áâ æ¨®­ à­ ï áã-¯¥àª ¢¥à­  ®ª §ë¢ ¥âáï ­¥§ ¬ª­ãâ®©. �à¥¡®¢ -­¨¥ § ¬ª­ãâ®áâ¨ ª ¢¥à­ë ¢ ª ¦¤ë© ¬®¬¥­â ¢à¥-¬¥­¨ ¯à¨¢®¤¨â ª «®£ à¨ä¬¨ç¥áª®© á¨­£ã«ïà­®áâ¨¤ ¢«¥­¨ï ­  ¡¥áª®­¥ç­®áâ¨. �â  á¨âã æ¨ï å à ª-â¥à­  ¤«ï ¯«®áª¨å § ¤ ç á ª ¢¥à­ ¬¨ ¯¥à¥¬¥­­®£®®¡ê¥¬  ¨ ­®á¨â ­ §¢ ­¨¥ \¯ à ¤®ªá  �îàáâ ".3. �������� ��������ã¤¥¬ ­ å®¤¨âì ç¨á«¥­­®¥ à¥è¥­¨¥ á¨áâ¥¬ë ãà ¢-­¥­¨© (11), (13), (14) ¢ ¯®á«¥¤®¢ â¥«ì­ë¥ ¬®¬¥­âë¢à¥¬¥­¨ t(n) = t(n�1)+4t, n = 2; 3; : : : ¯à¨ ­ ç «ì-­ëå ãá«®¢¨ïåt(1) = 0; q(1)(x) = q0(x); l(1) = l0; �(1) = �0;£¤¥ q0(x), l0 ¨ �0 { ¯ à ¬¥âàë áâ æ¨®­ à­®© áã-¯¥àª ¢¥à­ë ¯à¨ t = 0.� ¬¥­¨¬ ¯à®¨§¢®¤­ãî ¯® ¢à¥¬¥­¨ ¢ ãà ¢­¥­¨¨(11) ª®­¥ç­®© à §­®áâìî ¯¥à¢®£® ¯®àï¤ª . �®£¤ ­  n-®¬ ¢à¥¬¥­­®¬ á«®¥ ãà ¢­¥­¨¥ (11) ¬®¦­® § -¯¨á âì ¢ ¢¨¤¥:l(n)Z1 q(n)(s) dsx� s + 14t l(n)Z1 q(n)(s) ln jx� sj ds� ��(n) =(15)= A(n)1 (x) + 14tA(n�1)2 (x); 1 < x < l(n);£¤¥ äã­ªæ¨ï A(n)1 (x) ¢ ¯à ¢®© ç áâ¨ ¨§¢¥áâ­ ,  äã­ªæ¨ï A(n�1)2 (x) ¢ëç¨á«ï¥âáï ¯® ¤ ­­ë¬ ¯à¥¤ë-¤ãé¥£® ¢à¥¬¥­­®£® á«®ï:A(n�1)2 (x) = l(n�1)Z1 q(n�1)(s) ln jx� sj ds:�à ¢­¥­¨¥ (13) ­  n-®¬ ¢à¥¬¥­­®¬ á«®¥ § ¯¨è¥¬ ¢¢¨¤¥: l(n)Z1 q(n)(s) ds = A(n)3 = � 1Z0 q(n)(s) ds: (16)

�á«¨ ¢¥«¨ç¨­ã l(n) áç¨â âì ¨§¢¥áâ­®©, â® á¨áâ¥-¬  ãà ¢­¥­¨© (15), (16) ®â­®á¨â¥«ì­® q(n)(s), �(n)ï¢«ï¥âáï «¨­¥©­®© ¨ íää¥ªâ¨¢­® à¥è ¥âáï ç¨á«¥­-­® ¬¥â®¤®¬ ¤¨áªà¥â­ëå ®á®¡¥­­®áâ¥© [4]. �«ïã«ãçè¥­¨ï áå®¤¨¬®áâ¨ ¬¥â®¤  ¢ ¨­â¥£à « å ¤¥« -¥âáï § ¬¥­  ¯¥à¥¬¥­­ëå x ! z2, s ! �2. �à®¥ª-æ¨ï ª ¢¥à­ë ¢ ¯à¥®¡à §®¢ ­­ëå ª®®à¤¨­ â å à §-¡¨¢ ¥âáï ­  M ®¤¨­ ª®¢ëå ®âà¥§ª®¢. �  ª ¦¤®¬®âà¥§ª¥ à á¯®« £ ¥âáï â®ç¥ç­ë© ¨áâ®ç­¨ª ¨ ª®­-âà®«ì­ ï â®çª , ¢ ª®â®à®© ã¤®¢«¥â¢®àï¥âáï £à -­¨ç­®¥ ãá«®¢¨¥ (3). �®àï¤®ª à á¯®«®¦¥­¨ï ®á®-¡¥­­®áâ¥© �j ¨ ª®­âà®«ì­ëå â®ç¥ª zi ®¯à¥¤¥«ï¥âáïª« áá®¬ äã­ªæ¨©, ¢ ª®â®à®¬ ®âëáª¨¢ ¥âáï à¥è¥-­¨¥ á¨­£ã«ïà­®£® ¨­â¥£à «ì­®£® ãà ¢­¥­¨ï (15) {®£à ­¨ç¥­­®¥ ¢ â®çª¥ x = 1 ¨ ­¥®£à ­¨ç¥­­®¥ ¢â®çª¥ x = l(n):zi = 1+4z(i�0:75); �j = 1+4z(j�0:25); (17)4z = pl(n) � 1M ; i; j = 1; 2; : : :;M:� à¥§ã«ìâ â¥ ¯®«ãç ¥¬ á¨áâ¥¬ã M + 1 «¨­¥©­ëå «£¥¡à ¨ç¥áª¨å ãà ¢­¥­¨©:4z MXj=1 q(n)j  4tz2i � �2j + ln jz2i � t2j j! tj � �4t2 �(n) =(18)= 4t2 A(n)1 (zi) + A(n�1)2 (zi); i = 1; 2; : : :;M;4z MXj=1 q(n)j �j = 12A(n)3 :� ¤ ­­®© § ¤ ç¥, ®¤­ ª®, ¤«¨­  ª ¢¥à­ë l(t)ï¢«ï¥âáï ­¥¨§¢¥áâ­®© äã­ªæ¨¥© ¢à¥¬¥­¨. � ª ¨¢ [6], ¡ã¤¥¬ à áá¬ âà¨¢ âì ¥¥ ª ª á¢®¡®¤­ë© ¯ -à ¬¥âà, § ¢¨áïé¨© ®â ¢à¥¬¥­¨, ¨ ®¯à¥¤¥«ïâì ¥£®¢ ¯®á«¥¤®¢ â¥«ì­ë¥ ¬®¬¥­âë ¢à¥¬¥­¨ t(n) ¯ãâ¥¬ç¨á«¥­­®£® à¥è¥­¨ï äã­ªæ¨®­ «ì­®£® ãà ¢­¥­¨ï(14). �à¨ íâ®¬ ®¡ê¥¬ ­¥áâ æ¨®­ à­®© ª ¢¥à-­ë Q(t) ¢ëç¨á«ï¥âáï ç¨á«¥­­ë¬ ¨­â¥£à¨à®¢ ­¨-¥¬ ¢ëà ¦¥­¨ï (12). �  ª ¦¤®© ¨â¥à æ¨¨ à¥è¥-­¨¥ à ácç¨âë¢ ¥âáï ¯à¨ ä¨ªá¨à®¢ ­­®¬ §­ ç¥­¨¨l(t(n)) ¨§ á¨áâ¥¬ë «¨­¥©­ëå  «£¥¡à ¨ç¥áª¨å ãà ¢-­¥­¨© (18).�®á«¥ ¤¨áªà¥â¨§ æ¨¨ ä®à¬ã«ë ¤«ï ä®à¬ë ¨®¡ê¥¬  áã¯¥àª ¢¥à­ë ¯à¨­¨¬ îâ ¢¨¤F (n)i = 4x2 iXj=1 q(n�i+j)j ; (19)Q(n) = 24x MnXi=1 F (n)i ; Mn = l(n) � 14x : (20)�. �. �¥¬¥­¥­ª® 49
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  ¡�¨á. 2. �§¬¥­¥­¨¥ ¤«¨­ë ª ¢¥à­ë ¯à¨ ®¤­®ªà â­®¬ ¨§¬¥­¥­¨¨ ã£«  ª«¨­ : l0 = 5:0  { ã¢¥«¨ç¥­¨¥ ã£« : � = 1:5, ¡ { ã¬¥­ìè¥­¨¥ ã£« : � = 0:5�¤¥áì ¯à¥¤¯®« £ ¥âáï, çâ® §­ ç¥­¨ï äã­ªæ¨¨ q(k)j¨§¢¥áâ­ë ¢ ã§« å ¤¢ã¬¥à­®© ¯àï¬®ã£®«ì­®© á¥â-ª¨ á ®¤¨­ ª®¢ë¬ è £®¬ ¯® ®¡®¨¬ ­ ¯à ¢«¥­¨ï¬:4t = 4x. �®áª®«ìªã íâ¨ ã§«ë ­¥ á®¢¯ ¤ îâ á ã§-« ¬¨ à áç¥â­®© á¥âª¨ (17), §­ ç¥­¨ï äã­ªæ¨¨ q ¢­¨å ­ å®¤ïâáï á ¯®¬®éìî ¨­â¥à¯®«ïæ¨¨.4. �������� ������������ �����-�������� á«ãç ¥ ¥áâ¥áâ¢¥­­®© ¯ à®¢®© áã¯¥àª ¢¥à­ë� = 1 ãà ¢­¥­¨¥ (14) ¢ëà®¦¤ ¥âáï ¢ ãá«®¢¨¥ ¯®-áâ®ï­áâ¢  ¤ ¢«¥­¨ï ¢ ª ¢¥à­¥ � = �0. �  à¨á. 2¯à¨¢¥¤¥­ë ¯à¨¬¥àë à áç¥â  ¨§¬¥­¥­¨ï ¤«¨­ë ¯ -à®¢®© áã¯¥àª ¢¥à­ë ¯à¨ ®¤­®ªà â­®¬ ¨§¬¥­¥­¨¨ã£«  ª«¨­ . �à¨ à áç¥â å ¨á¯®«ì§®¢ «áï á«¥¤ãî-é¨© § ª®­ ¨§¬¥­¥­¨ï ¯®«ãã£«  ª«¨­  �(t):�(t) = �0 �1 + � � 12 (1� cos kt)� ; 0 � t < tp;� = �0�; t � tp; (21)£¤¥ tp { ¨­â¥à¢ « ¨§¬¥­¥­¨ï ã£« ; k = �=tp { ¯à¨-¢¥¤¥­­ ï ç áâ®â  ¯à®æ¥áá .�âà¨å®¢ë¬¨ «¨­¨ï¬¨ ¤«ï áà ¢­¥­¨ï ­ ­¥á¥­ëá®®â¢¥âáâ¢ãîé¨¥ ª¢ §¨áâ æ¨®­ à­ë¥ § ¢¨á¨¬®-áâ¨ l(t), ¯®«ãç¥­­ë¥ ¯ãâ¥¬ ®â¡à áë¢ ­¨ï ¯à®¨§-¢®¤­ëå ¯® ¢à¥¬¥­¨ ¢ ãà ¢­¥­¨¨ (11) ¨ ¢ £à ­¨ç­®¬ãá«®¢¨¨ (2).�  £à ä¨ª å à¨á. 2,   ã£®« ª«¨­  ã¢¥«¨ç¨¢ ¥âáï¢ 1.5 à §  (� = 1.5) ¢ â¥ç¥­¨¥ à §«¨ç­ëå ¯à®¬¥-¦ãâª®¢ ¢à¥¬¥­¨ tp (â. ¥. ¯à¨ à §«¨ç­®© ç áâ®â¥k = �=tp). � à¥§ã«ìâ â¥ ¤«¨­  ª ¢¥à­ë ã¢¥«¨ç¨-¢ ¥âáï ®â l0 = 5:0 ¤® ­®¢®£® áâ æ¨®­ à­®£® §­ ç¥-­¨ï l1 = 9:473. �  £à ä¨ª å à¨á. 2, ¡ ã£®« ª«¨­ ã¬¥­ìè ¥âáï ¢ 2 à §  (� = 0.5) ¯à¨ à §«¨ç­®© ç -áâ®â¥ k. � à¥§ã«ìâ â¥ ¤«¨­  ª ¢¥à­ë ã¬¥­ìè ¥â-

áï ®â l0 = 5:0 ¤® ­®¢®£® áâ æ¨®­ à­®£® §­ ç¥­¨ïl1 = 2:2. � ª ¢¨¤­®, ª ¢¥à­  ¤®áâ¨£ ¥â ­®¢®© áâ -æ¨®­ à­®© ¤«¨­ë á â¥¬ ¡®«ìè¨¬ § ¯ §¤ë¢ ­¨¥¬¯® ¢à¥¬¥­¨, ç¥¬ ¡®«ìè¥ k.�  à¨á. 3 ¯à¨¢¥¤¥­ë ¯à¨¬¥àë à áç¥â  ¨§¬¥­¥-­¨ï ¤«¨­ë ¯ à®¢®© áã¯¥àª ¢¥à­ë ¯à¨ ¨¬¯ã«ìá­®¬¨§¬¥­¥­¨¨ ã£«  ª«¨­ . �à¨ íâ®¬ ¯¥à¢®¥ ¨§ á®-®â­®è¥­¨© (21) ¤¥©áâ¢ã¥â ¢ â¥ç¥­¨¥ ¯à®¬¥¦ãâª ¢à¥¬¥­¨ 0 � t < 2tp, ¯®á«¥ ç¥£® ã£®« ª«¨­  ¢®§-¢à é ¥âáï ª á¢®¥¬ã ¯¥à¢®­ ç «ì­®¬ã §­ ç¥­¨î:� = �0 ¯à¨ t � 2tp.�  £à ä¨ª å à¨á. 3,  ¨ ¡ ã£®« ª«¨­  á®®â¢¥â-áâ¢¥­­® ã¢¥«¨ç¨¢ ¥âáï ¢ 1.5 à §  ¨ ã¬¥­ìè ¥âáï¢ 2 à §  ¨ § â¥¬ ¢®§¢à é ¥âáï ª ¯¥à¢®­ ç «ì­®-¬ã §­ ç¥­¨î ¯à¨ à §«¨ç­®© ç áâ®â¥ ¨¬¯ã«ìá  k.�à ¢­¥­¨¥ á ª¢ §¨áâ æ¨®­ à­ë¬ ¯®¢¥¤¥­¨¥¬ l(t)(èâà¨å®¢ë¥ «¨­¨¨) ¯®§¢®«ï¥â ®â¬¥â¨âì á«¥¤ãî-é¨¥ ®á®¡¥­­®áâ¨ ­¥áâ æ¨®­ à­®£® ¯®¢¥¤¥­¨ï ª -¢¥à­ë:1) à®áâ ¨ ã¡ë¢ ­¨¥ ¤«¨­ë ª ¢¥à­ë l(t) ¯à®¨áå®-¤ïâ ­¥á¨¬¬¥âà¨ç­ë¬ ®¡à §®¬;2) ¤«¨­  ª ¢¥à­ë ¨§¬¥­ï¥âáï â¥¬ ¬¥­ìè¥, ç¥¬¬¥­ìè¥ ¯à®¤®«¦¨â¥«ì­®áâì ¨¬¯ã«ìá  (â.¥. ç¥¬¡®«ìè¥ ç áâ®â  k);3) ¨§¬¥­¥­¨¥ äã­ªæ¨¨ l(t) áâ ­®¢¨âáï ­¥¬®­®-â®­­ë¬ ¯à¨ ¤®áâ â®ç­® ¡®«ìè¨å §­ ç¥­¨ïå ç -áâ®âë k.�à¥¤« £ ¥¬ë©  «£®à¨â¬ à áç¥â  äã­ªæ¨¨ l(t)¤«ï ¥áâ¥áâ¢¥­­®© ¯ à®¢®© áã¯¥àª ¢¥à­ë âà¥¡ã-¥â åà ­¥­¨ï ¢ ¯ ¬ïâ¨ ª®¬¯ìîâ¥à  M §­ ç¥­¨©äã­ªæ¨¨ A(n�1)2 ­  ¯à¥¤ë¤ãé¥¬ ¢à¥¬¥­­®¬ á«®¥.�à¨ ¢ëç¨á«¥­¨¨ ä®à¬ë ª ¢¥à­ë F (n)i ¯® ä®à¬ã«¥(19) ¢ á¨«ã § ¯ §¤ë¢ îé¥£® å à ªâ¥à  ¯®¤ë­â¥-£à «ì­®© äã­ªæ¨¨ ¨á¯®«ì§ãîâáï §­ ç¥­¨ï äã­ª-æ¨¨ q(m)j , j = 1; 2; : : : ;M ­  � l(m)=4t ¯à¥¤ë¤ã-é¨å ¢à¥¬¥­­ëå á«®ïå. �¥£ª® ¢¨¤¥âì, çâ® ¨ ¢ íâ®¬á«ãç ¥ ¤®áâ â®ç­® åà ­¨âì ¢ ¯ ¬ïâ¨ ®¤­®¬¥à­ë©50 �. �. �¥¬¥­¥­ª®
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  ¡�¨á. 3. �§¬¥­¥­¨¥ ¤«¨­ë ª ¢¥à­ë ¯à¨ ¨¬¯ã«ìá­®¬ ¨§¬¥­¥­¨¨ ã£«  ª«¨­ : l0 = 5:0  { ã¢¥«¨ç¥­¨¥ ã£« : � = 1:5, ¡ { ã¬¥­ìè¥­¨¥ ã£« : � = 0:5
  ¡�¨á. 4. �¢®«îæ¨ï ä®à¬ë ª ¢¥à­ë ¯à¨ ®¤­®ªà â­®¬ ¨§¬¥­¥­¨¨ ã£«  ª«¨­ : k = 1:0  { ã¢¥«¨ç¥­¨¥ ã£« : l0 = 3:0; � = 1:5, ¡ { ã¬¥­ìè¥­¨¥ ã£« : l0 = 5:0; � = 0:5¬ áá¨¢ §­ ç¥­¨© F (n�1)i , i = 1; 2; : : :;Mn ­  ¯à¥¤ë-¤ãé¥¬ ¢à¥¬¥­­®¬ á«®¥, ¯®áª®«ìªãF (n)i = F (n�1)i�1 + 4x2 q(n)i : (22)� ª¨¬ ®¡à §®¬,  «£®à¨â¬ à áç¥â  ¯®«ãç ¥âáï¢¥áì¬  íª®­®¬¨ç­ë¬.�  à¨á. 4 ¯à¨¢¥¤¥­ë ¯à¨¬¥àë à áç¥â  ä®à¬ëáã¯¥àª ¢¥à­ë ¢ ¯®á«¥¤®¢ â¥«ì­ë¥ ¬®¬¥­âë ¢à¥¬¥-­¨ ¯à¨ ã¢¥«¨ç¥­¨¨ ¨ ã¬¥­ìè¥­¨¨ ã£«  ª«¨­ . � ª¢¨¤­®, ¯à¨­ïâ ï ¬ â¥¬ â¨ç¥áª ï ¬®¤¥«ì ¤ ¥â \­¥-ä¨§¨ç­ãî" ä®à¬ã ª ¢¥à­ë ¢¡«¨§¨ ¥¥ ª®­æ  (á«¥¤-áâ¢¨¥ ¯ à ¤®ªá  �îàáâ ). � ­­ë© íää¥ªâ ã¬¥­ì-è ¥âáï ¯à¨ ã¢¥«¨ç¥­¨¨ ¤«¨­ë ª ¢¥à­ë ¨ ã¬¥­ì-è¥­¨¨ �. � ¬¥â¨¬, çâ® ¯à¨ ¨áá«¥¤®¢ ­¨¨ ¤¨­ ¬¨-ç¥áª¨å § ¤ ç áã¯¥àª ¢¨â æ¨¨ ¯à ªâ¨ç¥áª®¥ §­ ç¥-­¨¥ ¨¬¥¥â ¨§¬¥­¥­¨¥ ­¥ ä®à¬ë,   ®¡ê¥¬  ­¥áâ -æ¨®­ à­®© ª ¢¥à­ë Q(t). �  à¨á. 5 ¯à¥¤áâ ¢«¥-­ë £à ä¨ª¨ ¨§¬¥­¥­¨ï ®¡ê¥¬  ª ¢¥à­ë (20) ¯à¨â¥å ¦¥ §­ ç¥­¨ïå ¯ à ¬¥âà®¢, çâ® ­  à¨á. 4,   ¨à §«¨ç­ëå §­ ç¥­¨ïå ç áâ®âë k. �à¨ ã¬¥à¥­­ëå

§­ ç¥­¨ïå k < 2 ¨§¬¥­¥­¨¥ ¤«¨­ë ¨ ®¡ê¥¬  ª ¢¥à-­ë ª ç¥áâ¢¥­­® á®®â¢¥âáâ¢ã¥â ®¯ëâã.5. ������������� ��������� ����������¯¨á ­­ë© à áç¥â­ë©  «£®à¨â¬ ¢ ã¯à®é¥­­®©ä®à¬¥ ¯à¨¬¥­ï«áï ­ ¬¨ à ­¥¥ ¤«ï á«ãç ï ¯¥à¨®-¤¨ç¥áª®© § ¢¨á¨¬®áâ¨ â¥ç¥­¨ï ®â ¢à¥¬¥­¨ [5, 6].�̄ à®é¥­¨¥ ¤®áâ¨£ «®áì §  áç¥â ¢­¥á¥­¨ï ¢ ãà ¢­¥-­¨¨ (11) ¯à®¨§¢®¤­®© ¯® ¢à¥¬¥­¨ ¢­ãâàì ¨­â¥£à -«  ¨ ¨á¯®«ì§®¢ ­¨ï íªá¯®­¥­æ¨ «ì­®£® ¯à¥¤áâ ¢«¥-­¨ï § ¢¨á¨¬®áâ¨ ®â ¢à¥¬¥­¨ ¤«ï äã­ªæ¨©, ¨§¬¥­¥-­¨¥ ª®â®àëå ¨¬¥¥â ¯®àï¤®ª O("):q(x; t) = �0 q0(x) + �Re fq�(x)ejktg;�(t) = �0 �0 + �Re f�� ejktg;£¤¥ jjq0jj � jjq�jj � �0 � �� � O(1). �«ï áà ¢-­¥­¨ï à¥§ã«ìâ â®¢ \â®ç­®£®" à áç¥â  ­¥áâ æ¨®-�. �. �¥¬¥­¥­ª® 51
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�¨á. 5. �§¬¥­¥­¨¥ ¤«¨­ë ¨ ®¡ê¥¬  ª ¢¥à­ë ¯à¨ã¢¥«¨ç¥­¨¨ ã£«  ª«¨­ : l0 = 3:0; � = 1:5
�¨á. 6. �§¬¥­¥­¨¥ ¤«¨­ë ª ¢¥à­ë ¯à¨ ª®«¥¡ ­¨ïåã£«  ª«¨­ : l0 = 6:0; k = 1:0; � = 0:4­ à­®© ª ¢¥à­ë ¯® ãà ¢­¥­¨ï¬ (18) á à áç¥â®¬¨§ [6] ¯¥à¨®¤¨ç¥áª®¥ ¨§¬¥­¥­¨¥ ã£«  ª«¨­  § ¤ ¢ -«®áì ä®à¬ã«®© �(t) = �0(1+� sin kt). � áç¥âë ¯®-ª § «¨, çâ® ¯®á«¥ ¯¥à¥å®¤­®£® ¯à®æ¥áá , ª®â®àë©¤«¨âáï ­¥ ¡®«¥¥ 2{3 ¯¥à¨®¤®¢ ª®«¥¡ ­¨©, ¤«¨­  ª -¢¥à­ë l(t) ¨ ®áâ «ì­ë¥ ¯ à ¬¥âàë áâ ­®¢ïâáï ¯¥-à¨®¤¨ç¥áª¨¬¨ äã­ªæ¨ï¬¨ ¢à¥¬¥­¨ (à¨á. 6). �à¨íâ®¬ § ¬¥â­®£® ­ ª®¯«¥­¨ï ®è¨¡ª¨ ¨§-§  ª®­¥ç­®{à §­®áâ­®© ¤¨áªà¥â¨§ æ¨¨ ¨ ¬­®£®ªà â­®£® ¯à¨-¬¥­¥­¨ï ¨­â¥à¯®«ïæ¨¨ ­  á¥âª¥ ­¥ ¯à®¨áå®¤¨â. � à¨á. 7 ¤ ­® áà ¢­¥­¨¥ £à ä¨ª®¢ ­ ¨¡®«ìè¨å ¨ ­ ¨-¬¥­ìè¨å §­ ç¥­¨© äã­ªæ¨¨ l(t) ¢ § ¢¨á¨¬®áâ¨ ®âç áâ®âë k. � ª ¢¨¤­®, ¯à¨¡«¨¦¥­­ë© à áç¥â [6](èâà¨å®¢ë¥ «¨­¨¨) ¤ ¥â ¡®«ìè¨© à §¬ å ª®«¥¡ -­¨© ¤«¨­ë ª ¢¥à­ë. �â® à §«¨ç¨¥, ¯®-¢¨¤¨¬®¬ã,®¡êïá­ï¥âáï â¥¬, çâ® ¢ [6] ãá«®¢¨¥ (13) ¢ë¯®«­ï-«®áì ®â¤¥«ì­® ¤«ï ª¢ §¨áâ æ¨®­ à­®© q0 ¨ ¢®§¬ã-é¥­­®© q� á®áâ ¢«ïîé¨å à¥è¥­¨ï.�����������  ®á­®¢¥ «¨­¥ à¨§®¢ ­­®© ª ¢¨â æ¨®­­®© áå¥-

�¨á. 7. � §¬ å ª®«¥¡ ­¨© ¤«¨­ë ª ¢¥à­ë ¯à¨ª®«¥¡ ­¨ïå ã£«  ª«¨­ : l0 = 6:0; � = 0:2:1 { "â®ç­ë©" à áç¥â, 2 { à áç¥â [6]¬ë à §à ¡®â ­ ¬¥â®¤ à áç¥â  ¯«®áª¨å ­¥áâ æ¨®-­ à­ëå áã¯¥àª ¢¥à­ ¯à¨ ¯à®¨§¢®«ì­®© § ¢¨á¨¬®-áâ¨ ®â ¢à¥¬¥­¨. �¯¥à¢ë¥ ¤¥â «ì­® ¯à® ­ «¨§¨à®-¢ ­® ­¥áâ æ¨®­ à­®¥ ¯®¢¥¤¥­¨¥ ¯«®áª®© ¯ à®¢®©áã¯¥àª ¢à­ë §  â®­ª¨¬ ª«¨­®¬, ã£®« ª®â®à®£® ¨§-¬¥­ï¥âáï à §«¨ç­ë¬ ®¡à §®¬.�¥â®¤ ¥áâ¥áâ¢¥­­® ®¡®¡é ¥âáï­  á«ãç © ­¥áâ -æ¨®­ à­ëå ¢¥­â¨«¨àã¥¬ëå ª ¢¥à­ á ¨á¯®«ì§®¢ -­¨¥¬ ãà ¢­¥­¨ï (14) [6],   â ª¦¥ ¤«ï à áç¥â  ­¥-á¨¬¬¥âà¨ç­ëå â¥ç¥­¨© [5]. � ¯®á«¥¤­¥¬ á«ãç ¥¢¤®«ì ¯à®¥ªæ¨¨ ¯à®ä¨«ï ­ àï¤ã á ¨áâ®ç­¨ª ¬¨à á¯à¥¤¥«ïîâáï ¢¨åà¨ á ¨­â¥­á¨¢­®áâìî 
(x; t)[4], ¤«ï ®¯à¥¤¥«¥­¨ï ª®â®à®© ª á¨áâ¥¬¥ (15), (16)¤®¡ ¢«ï¥âáï á¨­£ã«ïà­®¥ ¨­â¥£à «ì­®¥ ãà ¢­¥­¨¥.1. Kubota A., Kato H., Yamagushi H. A new modellingof cavitating 
ows: A numerical study of unsteadycavitation on a hydrofoil section // J. of Fluid Mech.{ 1992. { Vol. 240. { P. 59{96.2. Kunz R.F., Boger D.A., Stinebring D.R. et al Apreconditioned Navier{Stokes method for two{phase
ows with application to cavitation predication //Computers and Fluids. { 2000. { Vol. 29, No. 8. { P.849{875.3. Tulin M.P. Supercavitating 
ows { small perturba-tion theory // J. of Ship Research.{ 1964.{ 7, N 3.{P. 16{37.4. ôäà¥¬®¢ I.I. �i­¥ à¨§®¢ ­  â¥®àiï ª ¢iâ æi©­®£®®¡âiª ­­ï.{ �.: � ãª. ¤ã¬ª , 1974.{ 156 á.5. �¥¬¥­¥­ª® �.�., �¥¬¥­¥­ª® �.�. �®«¥¡ ­¨ï â®­-ª®£® áã¯¥àª ¢¨â¨àãîé¥£® ¯à®ä¨«ï ¢¡«¨§¨ á¢®-¡®¤­®© ¯®¢¥àå­®áâ¨ // �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª .{1999.{ �. 1, N 3.{ �. 48{54.6. �¥¬¥­¥­ª® �.�. � áç¥â ä®à¬ë ¯«®áª¨å áã¯¥àª -¢¥à­ ¯à¨ £ à¬®­¨ç¥áª¨å ¢®§¬ãé¥­¨ïå // �à¨ª« ¤-­  £÷¤à®¬¥å ­÷ª .{ 2001.{ �. 2, N 3.{ �. 87{93.52 �. �. �¥¬¥­¥­ª®


