
ISSN 1561 -9087 �à¨ª« ¤  £÷¤à®¬¥å ÷ª . 2004. �®¬ 6 (78), N 1. �. 36 { 43��� 532.528������ �������������� ������ � ���������. �. ����������, �. �. ������������ �áâ¨âãâ £¨¤à®¬¥å ¨ª¨ ��� �ªà ¨ë, �¨¥¢�� �¨¥¢áª¨© ã¨¢¥àá¨â¥â íª®®¬¨ª¨ ¨ â¥å®«®£¨¨ âà á¯®àâ �®«ãç¥® 22.09.2003� áá¬ âà¨¢ ¥âáï § ¤ ç  ®¡ ®¡â¥ª ¨¨ à¥è¥âª¨ â®ª¨å ª®«¥¡«îé¨åáï ¯à®ä¨«¥© ¢ à¥¦¨¬ å ç áâ¨ç®© ª ¢¨â æ¨¨ ¨áã¯¥àª ¢¨â æ¨¨. �¥ç¥¨¥ áç¨â ¥âáï ¯®â¥æ¨ «ìë¬, ª®«¥¡ ¨ï ¯à®ä¨«ï áç¨â îâáï ¬ «ë¬¨ ¨ á¨ä §ë¬¨. �á®¢-®¥ ¢¨¬ ¨¥ ¢ áâ âì¥ ã¤¥«¥® à áç¥âã ¯¥à¥¬¥ëå ¤«¨ë, ä®à¬ë ¨ ®¡ê¥¬  ª ¢¥à ¨ ¨§ãç¥¨î ¨å ¢«¨ï¨ï  áã¬¬ àë¥ £¨¤à®¤¨ ¬¨ç¥áª¨¥ å à ªâ¥à¨áâ¨ª¨ à¥è¥âª¨. �áá«¥¤®¢ ® â ª¦¥ ¢«¨ï¨¥ ¯¥à¥¬¥®áâ¨ ¤«¨ë ª ¢¥à  ª ¢¨â æ¨®ãî ¯®¤ â«¨¢®áâì â¥ç¥¨ï, â.¥. áâ¥¯¥ì ¨§¬¥¥¨ï ®¡ê¥¬  ª ¢¥à ¯à¨ ª®«¥¡ ¨ïå ¢å®¤®£® ¤ ¢«¥¨ï.�®§£«ï¤ õâìáï § ¤ ç  ¯à® ®¡â÷ª ï à¥è÷âª¨ â®ª¨å ¯à®ä÷«¥©, ïª÷ ª®«¨¢ îâìáï, ¢ à¥¦¨¬ å ç áâª®¢®ù ª ¢÷â æ÷ù â áã¯¥àª ¢÷â æ÷ù. �¥ç÷ï ¢¢ ¦ õâìáï ¯®â¥æ÷ «ì®î, ª®«¨¢ ï ¯à®ä÷«î ¢¢ ¦ îâìáï ¬ «¨¬¨ ÷ á¨ä §¨¬¨. �á®¢ ã¢ £  ¢ áâ ââ÷ ¯à¨¤÷«¥  à®§à åãªã §¬÷¨å ¤®¢¦¨¨, ä®à¬¨ â  ®¡'õ¬ã ª ¢¥à ÷ ¢¨¢ç¥î ùåì®£® ¢¯«¨¢ã  áã¬ à÷ £÷¤à®¤¨ ¬÷ç÷ å à ªâ¥à¨áâ¨ª¨ à¥è÷âª¨. �®á«÷¤¦¥® â ª®¦ ¢¯«¨¢ §¬÷®áâ÷ ¤®¢¦¨¨ ª ¢¥à   ª ¢÷â æ÷©ã¯®¤ â«¨¢÷áâì â¥ç÷ù, â®¡â® áâã¯÷ì §¬÷¨ ®¡'õ¬ã ª ¢¥à ¯à¨ ª®«¨¢ ïå ¢å÷¤®£® â¨áªã.A problem on ow through a cascade of slender oscillating hydrofoils in both partial cavitation stage and supercavitationstage is considered. The ow is considered to be potential, the hydrofoil oscillation is supposed to be small and co-phased.In this article, the main attention is focused to calculation of a variable length, shape and volume of the cavities and alsoto studying of their inuence on the cascade performance. An inuence of the cavity length variability on the cavitationcompliance of the ow through the cascade, i.e. degree of the cavity volume variation under the inlet pressure oscillation,is also considered.���������¨¥© ï â¥®à¨ï à §¢¨â®£® ª ¢¨â æ¨®®£® ®¡â¥-ª ¨ï ¯à®ä¨«¥© ¨ à¥è¥â®ª [1, 2] è¨à®ª® ¯à¨¬¥ï-¥âáï ¤«ï ¯à ªâ¨ç¥áª¨å à áç¥â®¢ «®¯ â®ª ¡ëáâà®-å®¤ëå âãà¡®¬ è¨ ¨ ¤¢¨¦¨â¥«¥© ¡ëáâà®å®¤ëåáã¤®¢,   â ª¦¥ ¤«ï   «¨§  ãáâ®©ç¨¢®áâ¨ â¥ç¥¨ï¢ £¨¤à ¢«¨ç¥áª¨å á¨áâ¥¬ å [3{6]. �¥¦¤ã â¥¬, ¤ -¦¥ ¢ á®¢à¥¬¥ëå à ¡®â å ¨§¬¥¥¨¥ ¤«¨ë ª -¢¥à ¢® ¢à¥¬¥¨ ¥ ãç¨âë¢ ¥âáï «¨¡® áç¨â ¥âáï¬ «ë¬, çâ® ¥ á®®â¢¥âáâ¢ã¥â ¤¥©áâ¢¨â¥«ì®áâ¨.� à ¡®â å [7{11]  ¬¨ à §à ¡®â  ¬¥â®¤ à áç¥â ¯¥à¥¬¥®© ¤«¨ë áã¯¥àª ¢¥àë ¯à¨ ª®«¥¡ ¨ïå¯à®ä¨«ï ¨ ¯à¨ ¯à®¨§¢®«ì®© § ¢¨á¨¬®áâ¨ â¥ç¥¨ï®â ¢à¥¬¥¨,   â ª¦¥ ¤«ï á«ãç ï ¢¥â¨«¨àã¥¬ëåáã¯¥àª ¢¥à. � ¤ ®© à ¡®â¥ íâ®â ¬¥â®¤ ¯à¨¬¥-ï¥âáï ¤«ï à áç¥â  à¥è¥â®ª â®ª¨å ª®«¥¡«îé¨åáï¯à®ä¨«¥©, ®¡â¥ª ¥¬ëå ¢ à¥¦¨¬ å ç áâ¨ç®© ª ¢¨-â æ¨¨ ¨ áã¯¥àª ¢¨â æ¨¨.1. ���������� �������å¥¬  â¥ç¥¨ï ¨ á¨áâ¥¬  ª®®à¤¨ â ¤«ï á«ãç ï áã-¯¥àª ¢¨â æ¨®®£® ®¡â¥ª ¨ï à¥è¥âª¨ l(t) > b ¯®-ª § ë   à¨á. 1. �¤¥áì h { è £ à¥è¥âª¨; � { ã£®«¢ë®á ; b { å®à¤  ¯à®ä¨«ï; l(t) { ¤«¨  ª ¢¥àë;Vm { áà¥¤ïï áª®à®áâì  ¡¥£ îé¥£® ¯®â®ª , ¯ -à ««¥«ì ï ®á¨ Ox. � á«ãç ¥ ç áâ¨ç® ª ¢¨â¨àã-îé¥© à¥è¥âª¨ l(t) < b ¡ã¤¥¬ áç¨â âì, çâ® ª ¢¥à ¢ «î¡®© ¬®¬¥â ¢à¥¬¥¨ § ¬ëª ¥âáï   ¢¥àå¥©
�¨á. 1. �¥è¥âª  ª®«¥¡«îé¨åáïáã¯¥àª ¢¨â¨àãîé¨å ¯à®ä¨«¥©áâ®à®¥ ¯à®ä¨«ï. �à®ä¨«¨ à¥è¥âª¨ ¯à¥¤¯®« £ -îâáï â®ª¨¬¨ ¨ á« ¡®¨§®£ãâë¬¨, ª®«¥¡ ¨ï ¯à®-ä¨«¥© { á¨ä §ë¬¨. �§¬¥¥¨¥ ¤«¨ë ª ¢¥àë¢® ¢à¥¬¥¨ ¨¬¥¥â ¯®àï¤®ª ¥¤¨¨æë.�®®à¤¨ âë (�n; �n) ¯à®¨§¢®«ì®© â®çª¨, ¯à¨- ¤«¥¦ é¥© n-¬ã ¯à®ä¨«î á ª ¢¥à®©, á¢ï§ ëá®®â®è¥¨ï¬¨:�n + i�n = �0 + nhei(�2��); (1)£¤¥ n = 0;�1;�2; : : : �ä®à¬ã«¨àã¥¬ ªà ¥¢ãî § -36 c �. �. �¥¬¥¥ª®, �. �. �¥¬¥¥ª®, 2004



ISSN 1561 -9087 �à¨ª« ¤  £÷¤à®¬¥å ÷ª . 2004. �®¬ 6 (78), N 1. �. 36 { 43¤ çã ¤«ï ¯®â¥æ¨ «  ¢®§¬ãé¥ëå ãáª®à¥¨©�(x; y; t) = N' = � @@t + Vm @@x� '(x; y; t); (2)£¤¥ ' { ¯®â¥æ¨ « ¢®§¬ãé¥ëå áª®à®áâ¥©. �à¥-¨¬ãé¥áâ¢® ¨á¯®«ì§®¢ ¨ï ¯®â¥æ¨ «  ãáª®à¥¨©á®áâ®¨â ¢ â®¬, çâ® ¯à¨ íâ®¬ ¥ âà¥¡ã¥âáï á¯¥æ¨- «ì® ãç¨âë¢ âì á«®¨ á¢®¡®¤ëå ¢¨åà¥© §  ª®«¥-¡«îé¨¬¨áï ¯à®ä¨«ï¬¨.�®â¥æ¨ « ¢®§¬ãé¥ëå ãáª®à¥¨© ¤®«¦¥ ã¤®-¢«¥â¢®àïâì ãà ¢¥¨î � ¯« á  ��(x; y; t) = 0. � ¯à®¥ªæ¨ïå ã«¥¢®£® ¯à®ä¨«ï ¨ ª ¢¥àë   ®áì Ox¢ á«ãç ¥ áã¯¥àª ¢¨â¨àãîé¥© à¥è¥âª¨ ® ¤®«¦¥ã¤®¢«¥â¢®àïâì «¨¥ à¨§®¢ ë¬ £à ¨çë¬ ãá«®-¢¨ï¬:N�1�y = 'y = N f(x; t); 0 < x < b; y !�0; (3)� = �2 ; 0 < x < l(t); y ! +0; (4)b < x < l(t); y !�0;£¤¥ N�1 { «¨¥©ë© ®¯¥à â®à, ®¡à âë© ª N . �á«ãç ¥ ç áâ¨ç® ª ¢¨â¨àãîé¥© à¥è¥âª¨ £à ¨ç-ë¥ ãá«®¢¨ï (3), (4) ¨§¬¥ïîâáï ®ç¥¢¨¤ë¬ ®¡à -§®¬.� ¬¥â¨¬, çâ® à §ë¥  ¢â®àë ¨á¯®«ì§ãîâ à §-«¨çë¥ ãá«®¢¨ï   ¡¥áª®¥ç®áâ¨ ¯¥à¥¤ ¨ §  à¥-è¥âª®©. �ë ¡ã¤¥¬ áç¨â âì, á«¥¤ãï [2], çâ® à¥è¥â-ª  ¢®á¨â ¢®§¬ãé¥¨ï ª ª ¢¨§, â ª ¨ ¢¢¥àå ¯®¯®â®ªã. �®£¤  ¯à¨ ®âáãâáâ¢¨¨ ª®«¥¡ ¨© ª®¬¯®-¥âë áª®à®áâ¨   ¡¥áª®¥ç®áâ¨ ¯¥à¥¤ ¨ §  à¥-è¥âª®© ¡ã¤ãâ:'x0(�1) = Vm + sin �2h �0; 'y0(�1) = cos �2h �0;(5)'x0(+1) = Vm � sin �2h �0; 'y0(+1) = �cos �2h �0;(6)£¤¥ �0 { æ¨àªã«ïæ¨ï áª®à®áâ¨ ¢®ªàã£ ¯à®ä¨«ï.�à¨ íâ®¬ ¯®â¥æ¨ «ë ¢®§¬ãé¥ëå áª®à®áâ¥© ¨ãáª®à¥¨© â ª¦¥ ¥ áâà¥¬ïâáï ª ã«î ¯à¨ x !�1,   ¯à¨¨¬ îâ â ¬ ª®¥çë¥ § ç¥¨ï. �®íâ®-¬ã ®¡à âë© ®¯¥à â®à N�1 ¤«ï ¥áâ æ¨® à®£®®¡â¥ª ¨ï à¥è¥âª¨ ¡ã¤¥â ¨¬¥âì ¢¨¤:'(x; y; t) = N�1� (x; y; t) = ' (�1; t)+ (7)+ 1Vm xZ�1 [� (s; y; t � x+ s) � �(�1; t � x+ s)]ds:� ¤ «ì¥©è¥¬ ®¡¥§à §¬¥à¨¬ ¢á¥ ¯¥à¥¬¥ë¥, ¨á-¯®«ì§ãï ¢ ª ç¥áâ¢¥ ¬ áèâ ¡®¢ ¤«¨ë ¨ áª®à®áâ¨

á®®â¢¥âáâ¢¥® b ¨ Vm. �¨á«® ª ¢¨â æ¨¨ ®¯à¥¤¥-«¨¬ á«¥¤ãîé¨¬ ®¡à §®¬:� = 2(pm � pc)�V 2m ; (8)£¤¥ pm = 12 [p0(�1) + p0(+1)]; pc = pv { ¤ ¢«¥¨¥¢ ª ¢¥à¥, à ¢®¥ ¤ ¢«¥¨î  áëé¥®£® ¢®¤ï®£®¯ à . �£à ¨ç¨¬áï á«ãç ¥¬ £ à¬®¨ç¥áª¨å ª®«¥-¡ ¨© ¯à®ä¨«ïy = �f0(x) + �Re�f�(x)ejkt	; (9)£¤¥ � { áà¥¤¨© ã£®«  â ª¨ ¯à®ä¨«ï; � {  ¬¯«¨âã-¤  ª®«¥¡ ¨©; f�(x) = f1(x)+ j f2(x) { ª®¬¯«¥ªá ï ¬¯«¨âã¤  ¥áâ æ¨® àëå ¢®§¬ãé¥¨©. �¥«¨ç¨-ë �, � ¯à¥¤¯®« £ îâáï ¬ «ë¬¨ ¯¥à¢®£® ¯®àï¤ª .� íâ®¬ á«ãç ¥ ®¯¥à â®àë, á¢ï§ë¢ îé¨¥ ¯®â¥æ¨- «ë ¢®§¬ãé¥ëå áª®à®áâ¥© ¨ ãáª®à¥¨©, ¨¬¥îâ¢¨¤N = jk + @@x ; N�1 = ejkx xZ�1 ejksds: (10)� ¤ «ì¥©è¥¬ ¢á¥ ¥¨§¢¥áâë¥ äãªæ¨¨ ¡ã¤¥¬ ¨á-ª âì ¢ ¢¨¤¥ (9).2. ����� ������������ ����������«ï à¥è¥¨ï ¯®áâ ¢«¥®© § ¤ ç¨ ¢®á¯®«ì§ã¥¬áï¬¥â®¤®¬ ¨â¥£à «ìëå ãà ¢¥¨©. �¨áâ¥¬ë ¨-â¥£à «ìëå ãà ¢¥¨© ¤«ï ª®«¥¡«îé¥£®áï áã¯¥à-ª ¢¨â¨àãîé¥£® ¯à®ä¨«ï ¨ à¥è¥âª¨ ¯à®ä¨«¥© ¯à¨l = const ¯®«ãç¥ë ¢ à ¡®â å [12, 13]. �®¢â®à¨¬§¤¥áì ®á®¢ë¥ ¯ãªâë ¢ë¢®¤  á ¥ª®â®àë¬¨ ¨§-¬¥¥¨ï¬¨.�¥è¥¨¥ ãà ¢¥¨ï � ¯« á , ®¡« ¤ îé¥¥ ã¦-ë¬¨ á¢®©áâ¢ ¬¨ à §àë¢®áâ¨ ¯à¨ ¯¥à¥å®¤¥ ç¥-à¥§ ®âà¥§ª¨ (0; 1) ¨ (0; l) ®á¨ Ox, ¬®¦® ¯®«ã-ç¨âì, à á¯®« £ ï   íâ¨å ®âà¥§ª å á«®¨ ¢¨åà¥© ¨¨áâ®ç¨ª®¢-áâ®ª®¢ á ¯®£®ë¬¨ ¨â¥á¨¢®áâï¬¨(x; t) ¨ q(x; t):(x; t) = �(x;+0; t)� �(x;�0; t); (11)q(x; t) = N�1[�y(x;+0; t)� �y(x;�0; t)]: (12)�®£¤  ¯®â¥æ¨ « ¢®§¬ãé¥ëå ãáª®à¥¨©, ¨¤ã-æ¨àã¥¬ë© n-ë¬ ¯à®ä¨«¥¬ á ª ¢¥à®©, ¬®¦® § -¯¨á âì ¢ ¢¨¤¥ [2,12]:��(x; y) = 12� 1Z0 �(�) y � �n(x� �n)2 + (y � �n)2d�+�. �. �¥¬¥¥ª®, �. �. �¥¬¥¥ª® 37



ISSN 1561 -9087 �à¨ª« ¤  £÷¤à®¬¥å ÷ª . 2004. �®¬ 6 (78), N 1. �. 36 { 43+ 12� lZ0 Nq�(�) lnp(x� �n)2 + (y � �n)2ds: (13)�ã¬¬¨àãï ¯®â¥æ¨ «ë ãáª®à¥¨© ¢á¥å ¯à®ä¨«¥©®â n = �1 ¤® n = +1 ¨ ¯à¨¬¥ïï ¨§¢¥áâë¥ä®à¬ã«ë áã¬¬¨à®¢ ¨ï [14], ¯®«ãç ¥¬ ¯®â¥æ¨ «ãáª®à¥¨©, ¨¤ãæ¨àã¥¬ë© ¢á¥© à¥è¥âª®©:��(x; y) = 1Z0 �(s)L2(x � s; y) ds+ (14)+ lZ0 q�(s)�L1(x� s; y) + jk4� ln�cha� cos b2 ��ds;£¤¥ L1 = 12h sin � sin b+ cos �shacha� cos b ;L2 = 12h cos � sin b� sin �shacha� cos b ;a = 2�h [(x � s) cos � � y sin �];b = 2�h [(x� s) sin � + y cos �]:�¥£ª® ¢¨¤¥âì, çâ® ¤«ï â®£®, çâ®¡ë ¯®â¥æ¨ « ãáª®-à¥¨© (14) ¡ë« ®£à ¨ç¥ë¬   ¡¥áª®¥ç®áâ¨,¥®¡å®¤¨¬® ¢ë¯®«¥¨¥ ãá«®¢¨ïlZ0 q�(s)ds = 0: (15)�à¨ íâ®¬ ��(�1) = sin �2h 1Z0 �(s)ds: (16)�®¤áâ ¢«ïï ¢ëà ¦¥¨¥ (14) ¢ £à ¨çë¥ ãá«®¢¨ï(3), (4), ¯®«ãç ¥¬ á ãç¥â®¬ á®®â®è¥¨ï (7) ¤¢ á¨£ã«ïàëå ¨â¥£à «ìëå ãà ¢¥¨ï:1Z0 �(s)hL1(x� s) � jke�jk(x�s)A�(x� s)i ds++H(l � x)q�(x)2 � (17)� lZ0 q�(s)L2(x� s)ds = �Nf�(x); 0 < x < 1;H(1�x)�(x)2 + 1Z0 �(s)L2(x� s) ds+

+ lZ0 q�(s)�L1(x� s) + jk4� ln(cha� cos b)�ds����2 = 0; 0 < x < l; (18)£¤¥ A�(x� s) = x�sZ�1 �L1(�) + cos �2h � ejkld�;H(x) { ¥¤¨¨ç ï äãªæ¨ï �¥¢¨á ©¤ . �¨áâ¥¬ âà¥å ãà ¢¥¨© (15), (17), (18) ¤ ¥â à¥è¥¨¥ § -¤ ç¨ ¤«ï à¥è¥âª¨ áã¯¥àª ¢¨â¨àãîé¨å ¯à®ä¨«¥©¯à¨ l > 1 ¨ à¥è¥âª¨ ç áâ¨ç® ª ¢¨â¨àãîé¨å ¯à®-ä¨«¥© ¯à¨ l < 1. � ¯à¥¤¥«ì®¬ á«ãç ¥ h ! 1®  ¢ëà®¦¤ ¥âáï ¢ á¨áâ¥¬ã ãà ¢¥¨© ¤«ï ¨§®«¨-à®¢ ®£® ¯à®ä¨«ï [12]. �à¨ k = 0 ®  ¤ ¥â à¥-è¥¨¥ § ¤ ç¨ ® áâ æ¨® à®¬ ®¡â¥ª ¨¨ à¥è¥âª¨0(x), q0(x), �0. � íâ®¬ á«ãç ¥ ãá«®¢¨¥ (15) ï¢«ï¥â-áï ãá«®¢¨¥¬ § ¬ªãâ®áâ¨ ª ¢¥à. �¥è¥¨ï § ¤ ç ®áâ æ¨® à®¬ ®¡â¥ª ¨¨ ç áâ¨ç® ª ¢¨â¨àãîé¥©¨ áã¯¥àª ¢¨â¨àãîé¥© à¥è¥â®ª ¤ ë¬ ¬¥â®¤®¬¡ë«¨ ¯®«ãç¥ë ¢ [15,16].3. ����� � ����� ����������������������¯à¥¤¥«¨¢ ¨â¥á¨¢®áâ¨ �(x), q�(x), ¬®¦® à á-áç¨â âì ¢®§¬ãé¥¨ï ¯®£®®© â®«é¨ë ¨ ®¡ê¥¬ ª ¢¥àë:��(x) = e�jkx xZ0 q�(s)ejksds; 0 < x < l(t); (19)Q� = lZ0 ��(s)ds = jk ��(l): (20)�«ï á«ãç ï ç áâ¨ç®© ª ¢¨â æ¨¨ «¥£ª®  ©â¨ ä®à-¬ã ¢¥àå¥© £à ¨æë ª ¢¥àë:F (2)(x; t) = f(x; t) + �(x; t); 0 < x < l(t): (21)�«ï á«ãç ï áã¯¥àª ¢¨â æ¨¨ ä®¬ã«  (21) á¯à ¢¥¤-«¨¢  ¯à¨ 0 < x < 1. �à¨ x > 1 ¥®¡å®¤¨¬® ¤®¯®«-¨â¥«ì® ®¯à¥¤¥«¨âì ä®à¬ã áà¥¤¥© «¨¨¨ áã¯¥à-ª ¢¥àë: F �c (x) = e�jkx� (22)�24F �c (1) + xZ1 '�y(s;+0) + '�y(s;�0)2 ejksds35;£¤¥ '�y(s;+0) + '�y(s;�0)2 = � 12��38 �. �. �¥¬¥¥ª®, �. �. �¥¬¥¥ª®



ISSN 1561 -9087 �à¨ª« ¤  £÷¤à®¬¥å ÷ª . 2004. �®¬ 6 (78), N 1. �. 36 { 43� 1Z0 �(�)hL1(s � �)� jke�jk(x�s)A�(s � �)i d�:�®à¬  ¢¥àå¥© ¨ ¨¦¥© £à ¨æ ª ¢¥àë ¯à¨ 1 <x < l(t) ®¯à¥¤¥«ï¥âáï á®®â¢¥âáâ¢¥® ä®à¬ã« ¬¨F (2)(x; t) = Fc(x; t) + 12�(x; t); (23)F (1)(x; t) = Fc(x; t)� 12�(x; t): (24)�®¬¯«¥ªáë¥  ¬¯«¨âã¤ë ¥áâ æ¨® àëå ¢®§¬ã-é¥¨© ª®íää¨æ¥â®¢ ¯®¤ê¥¬®© á¨«ë ¨ ¬®¬¥-â , ¤¥©áâ¢ãîé¨å   ¯à®ä¨«ì, à ááç¨âë¢ îâáï ¯®ä®à¬ã« ¬:c�y = 2 1Z0 �(s)ds; c�m = 2 1Z0 �(s)sds: (25)4. ��������� ���������á«¨ ¯®« £ âì ¤«¨ã ª ¢¥àë l ¯®áâ®ï®© ¨ § -¤ ®©, â® á¨áâ¥¬  ¨â¥£à «ìëå ãà ¢¥¨© (15),(17), (18) ï¢«ï¥âáï «¨¥©®© ¨ ¯®§¢®«ï¥â ®¯à¥¤¥-«¨âì ®â¤¥«ì® áâ æ¨® àãî ç áâì à¥è¥¨ï 0(x),q0(x), �0 ¨ ª®¬¯«¥ªáë¥  ¬¯«¨âã¤ë ¥áâ æ¨® à-ëå ¢®§¬ãé¥¨© �(x), q�(x), �� ç¨á«¥ë¬ ¬¥â®-¤®¬ ¤¨áªà¥âëå ®á®¡¥®áâ¥© [2].�¤ ª® ¢ ¤¥©áâ¢¨â¥«ì®áâ¨ ¢ á«ãç ¥ ¥áâ¥áâ¢¥-®© ª ¢¨â æ¨¨ ç¨á«® ª ¢¨â æ¨¨ � = �v á«¥¤ã¥âáç¨â âì ¨§¢¥áâë¬ ¨ ¯®áâ®ïë¬,   ¤«¨ã ª ¢¥à-ë l(t) { ¥¨§¢¥áâ®© äãªæ¨¥© ¢à¥¬¥¨. � â -ª®© ¯®áâ ®¢ª¥ § ¤ ç  ï¢«ï¥âáï ¥«¨¥©®©, ¯à¨íâ®¬ à §¤¥«ïâì à¥è¥¨¥   áâ æ¨® àãî ¨ ¥-áâ æ¨® àãî ç áâ¨ ¥«ì§ï. �ã¤¥¬ ¯®« £ âì, çâ®¢ ãà ¢¥¨ïå (15), (17), (18) ¤«¨  ª ¢¥àë l(t) ¯ -à ¬¥âà¨ç¥áª¨ § ¢¨á¨â ®â ¢à¥¬¥¨, ¨ ¡ã¤¥¬ à §ëá-ª¨¢ âì ¥¥ ¢ ¤¨áªà¥âë¥ ¬®¬¥âë ¢à¥¬¥¨ t(n) =t(n�1) + �t; n = 1; 2; : : : ; T=�t; £¤¥ T = 2�=k{ ¯¥à¨®¤ ª®«¥¡ ¨©, ª ª ª®à¥ì äãªæ¨® «ì®£®ãà ¢¥¨ï�(t) = �0(l(n)) + ��Ren��(l(n))ejkto = �0(l0); (26)£¤¥ �� = �=� { ®â®á¨â¥«ì ï  ¬¯«¨âã¤  ¥áâ -æ¨® àëå ¢®§¬ãé¥¨©. �à ¢¥¨¥ (26) à¥è -¥âáï ç¨á«¥® ¨â¥à æ¨®ë¬ ¬¥â®¤®¬. �  ª -¦¤®© ¨â¥à æ¨¨ ç¨á«¥® à¥è ¥âáï á¨áâ¥¬  «¨¥©-ëå ¨â¥£à «ìëå ãà ¢¥¨© (15), (17), (18) ¯à¨l = l(n). �®á«¥  å®¦¤¥¨ï l(n) å à ªâ¥à¨áâ¨ª¨â¥ç¥¨ï ¯à¨ t = t(n) ¢ëç¨á«ïîâáï ¯® ä®à¬ã« ¬cy(t(n)) = cy0(l(n)) + ��Renc�y(l(n))ejkto (27)

�¨á. 2. �¥§ã«ìâ â ãç¥â  § ¢¨á¨¬®áâ¨ l(t):p¥¦¨¬ ç áâ¨ç®© ª ¢¨â æ¨¨;l0 = 0:4; k = 1:6; �� = 0:3; ¯®¯¥à¥çë¥ ª®«¥¡ ¨ï¨ â. ¯.�¥à¢ë© ç«¥ ¢ ¢ëà ¦¥¨¨ (27) ¯à¥¤áâ ¢«ï¥â á®-¡®© ª¢ §¨áâ æ¨® àãî ç áâì à¥è¥¨ï, ª®â®à ï§ ¢¨á¨â ®â ¢à¥¬¥¨ «¨èì ¯®áâ®«ìªã, ¯®áª®«ìªã ¨§-¬¥ï¥âáï ¤«¨  ª ¢¥àë.�¨á. 2  £«ï¤® ¤¥¬®áâà¨àã¥â à¥§ã«ìâ â ¯à¨-¬¥¥¨ï ®¯¨á ®£®  «£®à¨â¬  ¤«ï à áç¥â  ª®-«¥¡«îé¥£®áï ç áâ¨ç® ª ¢¨â¨àãîé¥£® ¯à®ä¨«ï(h = 1). �  ¢¥àå¥¬ £à ä¨ª¥  ¥á¥ë § ¢¨á¨-¬®áâ¨ ®â ¢à¥¬¥¨ ç¨á«  ª ¢¨â æ¨¨, ª®íää¨æ¨¥â ¯®¤ê¥¬®© á¨«ë ¨ ®¡ê¥¬  ª ¢¥àë, à ááç¨â ë¥¯® ãà ¢¥¨ï¬ (15), (17), (18) ¯à¨ l = const. �â -æ¨® àë¥ § ç¥¨ï ¯ à ¬¥âà®¢ ¯à¨ íâ®¬ à ¢ë�0 = 12:835, cy0 = 7:202, Q0 = 0:261. �  ¨¦¥¬£à ä¨ª¥  ¥á¥ë â¥ ¦¥ § ¢¨á¨¬®áâ¨ ¯à¨ â¥å ¦¥¯ à ¬¥âà å,   â ª¦¥ äãªæ¨ï l(t) ¯®á«¥ ¯¥à¥áç¥â á ¨á¯®«ì§®¢ ¨¥¬ ãà ¢¥¨ï (26).� ª ¢¨¤®, ãç¥â § ¢¨á¨¬®áâ¨ l(t) ¢ á«ãç ¥ ç -áâ¨ç®© ª ¢¨â æ¨¨ ¯à¨¢®¤¨â ª ¥¡®«ìè®¬ã á¤¢¨£ã¯® ä §¥ ¨ ª áãé¥áâ¢¥®¬ã ã¢¥«¨ç¥¨î  ¬¯«¨âã¤ª®«¥¡ ¨© ¯®¤ê¥¬®© á¨«ë ¨ ®¡ê¥¬  ª ¢¥àë. �«ïá«ãç ï áã¯¥àª ¢¨â æ¨¨ íâ® â ª¦¥ ¨¬¥¥â ¬¥áâ®, ®â¥¬ ¢ ¬¥ìè¥© áâ¥¯¥¨, ç¥¬ ¡®«ìè¥ áà¥¤ïï ¤«¨ ª ¢¥àë l0.5. �������������� ��������� ������������� ��������à¨¢¥¤¥¬ à¥§ã«ìâ âë à áç¥â  í¢®«îæ¨¨ ¥áâ æ¨-® àëå ª ¢¥à ¢ ¯à¥¤¥«ì®¬ á«ãç ¥ h ! 1, â.¥.¤«ï ¨§®«¨à®¢ ®£® ¯à®ä¨«ï. �«ï ®¯à¥¤¥«¥®áâ¨à áç¥âë ¯à®¢®¤¨«¨áì ¤«ï ¯à®ä¨«ï ¢ ¢¨¤¥ ¯«®áª®©¯« áâ¨ª¨ f0(x) = �1 ¨ ¤¢ãå áâ ¤ àâëå â¨¯®¢ª®«¥¡ ¨©:{ ¯®áâã¯ â¥«ìë¥ ª®«¥¡ ¨ï f�(x) = �, (28)�. �. �¥¬¥¥ª®, �. �. �¥¬¥¥ª® 39
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�¨á. 3. �§¬¥¥¨¥ ¤«¨ë ç áâ¨ç®© ª ¢¥àë:l0 = 0:4; k = 1:6; ªàãâ¨«ìë¥ ª®«¥¡ ¨ï
�¨á. 4. �§¬¥¥¨¥ ä®à¬ë ç áâ¨ç®© ª ¢¥àë:l0 = 0:4; k = 1:6 �� = 0:5; ªàãâ¨«ìë¥ ª®«¥¡ ¨ï{ ªàãâ¨«ìë¥ ª®«¥¡ ¨ï f�(x) = �x. (29)�  p¨á. 3 ¯®ª § ® ¨§¬¥¥¨¥ ¤«¨ë ç áâ¨ç-®© ª ¢¥àë   ¯¥à¨®¤¥ ª®«¥¡ ¨© ¢ § ¢¨á¨¬®áâ¨®â ®â®á¨â¥«ì®©  ¬¯«¨âã¤ë ��. �   ç «® ¯¥à¨-®¤  ¤«ï ®¯à¥¤¥«¥®áâ¨ ¢ë¡à  ¬®¬¥â ¢à¥¬¥¨t(0) = 2:708, ¯à¨ ª®â®à®¬ l(t(0)) = l0. �  p¨á. 4¯®ª §   á®®â¢¥âáâ¢ãîé ï ¬£®¢¥ ï ä®à¬  ç -áâ¨ç®© ª ¢¥àë ç¥à¥§ ª ¦¤ãî ç¥â¢¥àâì ¯¥à¨®¤ ª®«¥¡ ¨©.�  p¨á. 5 ¨ 6 ¯à¨¢¥¤¥ë â¥ ¦¥ § ¢¨á¨¬®-áâ¨ ¤«ï á«ãç ï áã¯¥àª ¢¨â æ¨¨ (¢ ¤ ®¬ á«ãç ¥t(0) = 2:143). � ª ¢¨¤®, ¯à¨ ã¢¥«¨ç¥¨¨  ¬¯«¨âã-¤ë ª®«¥¡ ¨© äãªæ¨ï l(t) ¢á¥ ¡®«ìè¥ ®âª«®ï¥â-áï ®â á¨ãá®¨¤ «ì®©, ¯à¨®¡à¥â ï â¨¯¨çë© ¤«ï¥«¨¥©ëå ª®«¥¡ ¨© ¢¨¤ "¯ ¤ îé¥©" ¢®«ë ª®-¥ç®©  ¬¯«¨âã¤ë. �à¨ ¤®áâ â®ç® ¡®«ìè¨å  ¬-¯«¨âã¤ å ª®«¥¡ ¨ï áã¯¥àª ¢¥àë áâ ®¢ïâáï à §-àë¢ë¬¨.

�¨á. 5. �§¬¥¥¨¥ ¤«¨ë áã¯¥àª ¢¥àë:l0 = 5:0; k = 1:6; ªàãâ¨«ìë¥ ª®«¥¡ ¨ï
�¨á. 6. �§¬¥¥¨¥ ä®à¬ë áã¯¥àª ¢¥àë:l0 = 5:0; k = 1:6 �� = 0:1; ªàãâ¨«ìë¥ ª®«¥¡ ¨ï�¯ëâ à áç¥â®¢ ¯® ¤ ®¬ã ¬¥â®¤ã ¯®ª § «, çâ®¢ á«ãç ¥ ç áâ¨ç®© ª ¢¨â æ¨¨ à áç¥â ¢á¥£¤  ¤ ¥âä¨§¨ç¥áª¨ à¥ «ìãî ä®à¬ã ª ¢¥àë. � ¯à®â¨¢,¤«ï áã¯¥àª ¢¨â¨àãîé¥£® ¯à®ä¨«ï ã¦¥ ¯à¨ ã¬¥-à¥ëå § ç¥ïå �� ¯®ï¢«ïîâáï á ¬®¯¥à¥á¥ç¥¨ï¢¥àå¥© ¨ ¨¦¥© £à ¨æ ª ¢¥àë. �«ï ¯à ªâ¨-ç¥áª¨å æ¥«¥©, ®¤ ª®, ¢ ¦  ¥ áâ®«ìª® í¢®«îæ¨ïä®à¬ë, áª®«ìª® § ¢¨á¨¬®áâì ®â ¢à¥¬¥¨ ®¡ê¥¬ ¥áâ æ¨® à®© ª ¢¥àë Q(t). �®á«¥¤ïï ã¤®¢«¥-â¢®à¨â¥«ì® à ááç¨âë¢ ¥âáï ¤ ë¬ ¬¥â®¤®¬.6. �������������� ��������� ������� ���������ëïá¨¬,  áª®«ìª® ®¯¨á ë©  «£®à¨â¬  å®-¦¤¥¨ï äãªæ¨¨ l(t) ¯à¨¬¥¨¬ ª à¥è¥âª ¬ ª ¢¨-â¨àãîé¨å ¯à®ä¨«¥©. �«ï íâ®£® à áá¬®âà¨¬ § ¢¨-á¨¬®áâì ç¨á«  ª ¢¨â æ¨¨ ®â ¤«¨ë ª ¢¥àë ¯à¨40 �. �. �¥¬¥¥ª®, �. �. �¥¬¥¥ª®
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�¨á. 7. �«¨ï¨¥ h   § ¢¨á¨¬®áâì �0(l0):à¥¦¨¬ ç áâ¨ç®© ª ¢¨â æ¨¨; � = 0
�¨á. 8. �«¨ï¨¥ h   § ¢¨á¨¬®áâì �0(l0):à¥¦¨¬ áã¯¥àª ¢¨â æ¨¨; � = 0à §«¨çëå § ç¥¨ïå £ãáâ®âë à¥è¥âª¨ ¯à¨ áâ -æ¨® à®¬ ®¡â¥ª ¨¨. �  p¨á. 7 ¨ 8 íâ  § ¢¨-á¨¬®áâì ¯à¥¤áâ ¢«¥  á®®â¢¥âáâ¢¥® ¤«ï ç áâ¨ç-® ª ¢¨â¨àãîé¥© ¨ áã¯¥àª ¢¨â¨àãîé¥© à¥è¥â®ª.�à¨¢ë¥ h = 1 á®®â¢¥âáâ¢ãîâ ®¡â¥ª ¨î ¨§®«¨-à®¢ ®£® ¯à®ä¨«ï.� ª ¨§¢¥áâ®, «î¡®© ç¨á«¥ë© ¬¥â®¤ à¥è¥¨ï¥«¨¥©®£® ãà ¢¥¨ï (26) ¡ã¤¥â à ¡®â âì ª®à-à¥ªâ®, ¥á«¨ äãªæ¨ï �(l) ¬®®â®  ¨ ¥¥ ¯à®¨§-¢®¤ ï ¥ á«¨èª®¬ ¡«¨§ª  ª 0. �§ p¨á. 7 ¢¨¤-®, çâ® ¤«ï ç áâ¨ç®© ª ¢¨â æ¨¨ íâ¨ âà¥¡®¢ -¨ï ã¤®¢«¥â¢®àïîâáï ¯à¨ «î¡ëå h ¢ ¤¨ ¯ §®¥0 < l0 < 0:6. �à¨ 0:75 < l0 < 1:25, ª ª ¨§¢¥áâ-® [2], à¥è¥¨¥ § ¤ ç¨ ¢ ¤ ®© ¯®áâ ®¢ª¥ ï¢«ï-¥âáï ¥ä¨§¨çë¬. �«ï áã¯¥àª ¢¨â æ¨¨ (p¨á. 8),ç¨á«® ª ¢¨â æ¨¨ ¯à¨ ã¢¥«¨ç¥¨¨ £ãáâ®âë à¥è¥â-ª¨ ¡ëáâà® ¯¥à¥áâ ¥â § ¢¨á¥âì ®â ¤«¨ë ª ¢¥àë.�® ¦¥ á¯à ¢¥¤«¨¢® ¤«ï ª®íää¨æ¨¥â®¢ cy ¨ cm. �®-íâ®¬ã ¤«ï ¤®áâ â®ç® ¤«¨ëå ª ¢¥à § ¤ ç   -å®¦¤¥¨ï ª®àï ãà ¢¥¨ï (26) áâ ®¢¨âáï ¥ª®à-à¥ªâ®© ¨ ¯à¥¤«®¦¥ë© ¬¥â®¤ à áç¥â  äãªæ¨¨

�¨á. 9. �«¨ï¨¥ h   äãªæ¨î l(t):� = 0; l0 = 2:0; k = 0:8; �� = 0:2; ¯®¯¥à¥çë¥ª®«¥¡ ¨ï
�¨á. 10. �«¨ï¨¥ �   äãªæ¨î l(t):h = 2:0; l0 = 2:0; k = :0:8; �� = 0:2; ¯®¯¥à¥çë¥ª®«¥¡ ¨ïl(t) ¥ ¯à¨¢®¤¨â ª à¥§ã«ìâ âã.� ¬¥â¨¬, çâ® ãâ®ç¥¨¥ l(t) ¯à ªâ¨ç¥áª¨ «¨-è¥® á¬ëá« , ¥á«¨ æ¥«ìî à¥è¥¨ï ï¢«ï¥âáï ¢ë-ç¨á«¥¨¥ ª®íää¨æ¨¥â®¢ cy ¨ cm. �¤ ª® ®®¬®¦¥â ®ª § âìáï áãé¥áâ¢¥ë¬ ¯à¨ ¢ëç¨á«¥¨¨®¡ê¥¬  ¥áâ æ¨® à®© áã¯¥àª ¢¥àë ¨ ª ¢¨â æ¨-®®© ¯®¤ â«¨¢®áâ¨.�  p¨á. 9 ¨ 10 ¯®ª § ® ¢«¨ï¨¥ £ãáâ®âë ¨ ã£« ¢ë®á    äãªæ¨î l(t) ¤«ï áã¯¥àª ¢¨â¨àãîé¥©à¥è¥âª¨. � ª ¢¨¤®, ®¡  ¯ à ¬¥âà  áãé¥áâ¢¥®¢«¨ïîâ    ¬¯«¨âã¤ã ª®«¥¡ ¨© l(t) ¨ á« ¡® ¢«¨-ïîâ   ä §ã ª®«¥¡ ¨©. � á«ãç ¥ ç áâ¨ç® ª ¢¨-â¨àãîé¥© à¥è¥âª¨ ¨å ¢«¨ï¨¥    ¬¯«¨âã¤ã l(t)í ç¨â¥«ì® á« ¡¥¥.�  p¨á. 11 ¨ 12 ¯à¨¢¥¤¥ë  ¬¯«¨âã¤®-ç áâ®âë¥ å à ªâ¥à¨áâ¨ª¨ ª®íää¨æ¨¥â  ¯®¤ê¥¬-®© á¨«ë cy(t) ¯à®ä¨«ï ¨ ®¡ê¥¬  ª ¢¥àë Q(t)¢ ç áâ¨ç® ª ¢¨â¨àãîé¥© à¥è¥âª¥. �âà¨å®¢ë-¬¨ «¨¨ï¬¨ ¯à®¢¥¤¥ë ªà¨¢ë¥, à ááç¨â ë¥ ¯à¨l = const, á¯«®èë¬¨ { á ãç¥â®¬ § ¢¨á¨¬®áâ¨�. �. �¥¬¥¥ª®, �. �. �¥¬¥¥ª® 41
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�¨á. 11. ��� ª®íää¨æ¨¥â  ¯®¤ê¥¬®© á¨«ë cy(t):� = 30�; l0 = 0:4; �� = 0:2; ªàãâ¨«ìë¥ ª®«¥¡ ¨ï

�¨á. 12. ��� ®¡ê¥¬  ª ¢¥àë Q(t):� = 30�; l0 = 0:4; �� = 0:2; ªàãâ¨«ìë¥ ª®«¥¡ ¨ïl = l(t)� ¥¥ ¬ë ¯®ª § «¨ [7], çâ® ¤«ï á«ãç ï ª®«¥¡ -¨© ¨§®«¨à®¢ ®£® áã¯¥àª ¢¨â¨àãîé¥£® ¯à®ä¨-«ï á ¤®áâ â®ç® ¤«¨®© ª ¢¥à®© ¢«¨ï¨¥ ¯¥à¥-¬¥®áâ¨ ¤«¨ë áã¯¥àª ¢¥àë   ª®íää¨æ¨¥âëá¨«, ¤¥©áâ¢ãîé¨å   ¯à®ä¨«ì, ¬ «®. � ª ¢¨¤®¨§ à¨á. 11, ¤«ï ç áâ¨ç® ª ¢¨â¨àãîé¥£® ¯à®ä¨«ïíâ® ¥á¯à ¢¥¤«¨¢® ¨ ¯à¨ à áç¥â¥ ®¡ê¥¬  ¥áâ æ¨-® à®© ª ¢¥àë (à¨á. 12) ãç¥â § ¢¨á¨¬®áâ¨ l(t)¥®¡å®¤¨¬.7. ������������� ������������� ¦ë¬ ¯ à ¬¥âà®¬ ¯à¨   «¨§¥ ¤¨ ¬¨ª¨ â¥ç¥-¨ï ¢ £¨¤à ¢«¨ç¥áª¨å á¨áâ¥¬ å, á®¤¥à¦ é¨å ª -¢¨â¨àãîé¨¥ í«¥¬¥âë, ï¢«ï¥âáï ª ¢¨â æ¨® ï¯®¤ â«¨¢®áâì KB , ª®â®à ï å à ªâ¥à¨§ã¥â áâ¥-¯¥ì ¨§¬¥¥¨ï ®¡ê¥¬  ª ¢¥àQ(t) ¯à¨ ¨§¬¥¥¨¨\¢å®¤®£®" ¤ ¢«¥¨ï p�1(t). �  ¯à ªâ¨ª¥ íâ®â ¯ -à ¬¥âà âà ¤¨æ¨®® à ááç¨âë¢ ¥âáï ¯® £¨¯®â¥§¥ª¢ §¨áâ æ¨® à®áâ¨ k ! 0. �®áª®«ìªã ¯à¥¤« -

�¨á. 13. � ¢¨â æ¨® ï ¯®¤ â«¨¢®áâì¯à¨ ç áâ¨ç®© ª ¢¨â æ¨¨: � = 30�; l0 = 0:4;ªàãâ¨«ìë¥ ª®«¥¡ ¨ï
�¨á. 14. � ¢¨â æ¨® ï ¯®¤ â«¨¢®áâì¯à¨ áã¯¥àª ¢¨â æ¨¨: � = 30�; l0 = 2:0;¯®¯¥à¥çë¥ ª®«¥¡ ¨ï£ ¥¬ë© ¬¥â®¤ ¯®§¢®«ï¥â ¡®«¥¥ â®ç® ®¯à¥¤¥«¨âì®¡ê¥¬ ¥áâ æ¨® à®© ª ¢¥àë, ¯à¥¤áâ ¢«ï¥â ¨-â¥à¥á ãáâ ®¢¨âì,  áª®«ìª® ¥£® ¯à¨¬¥¥¨¥ ¢«¨ï-¥â   § ç¥¨¥ KB. � ¬¥â¨¬, çâ® à §ë¥  ¢â®àë¯®-à §®¬ã ®¯à¥¤¥«ïîâ ª ¢¨â æ¨®ãî ¯®¤ â«¨-¢®áâì. �«¥¤ãï [4], ®¯à¥¤¥«¨¬ ¥¥ á«¥¤ãîé¨¬ ®¡à -§®¬: KB = @(Q�ejkt)@(p��1ejkt) = Q�2��(�1) : (28)�§ ¢ëà ¦¥¨ï (16) ¢¨¤®, çâ® ¤«ï ¯®«ãç¥®£®à¥è¥¨ï ä®à¬ã«  (28) ¨¬¥¥â á¬ëá« â®«ìª® ¯à¨� 6= 0. �  à¨á. 13 ¨ 14 ¤ ® áà ¢¥¨¥ § ¢¨á¨¬®áâ¨ª ¢¨â æ¨®®© ¯®¤ â«¨¢®áâ¨ ®â ç áâ®âë, à ááç¨-â ®© ¯® ãà ¢¥¨ï¬ (15), (17), (18) ¯à¨ l = const(èâà¨å®¢ë¥ «¨¨¨) ¨ ¯¥à¥áç¨â ®© á ¨á¯®«ì§®¢ -¨¥¬ ãà ¢¥¨ï (26) (á¯«®èë¥ «¨¨¨). �®áª®«ìªãäãªæ¨ï KB(t) ¢® ¢â®à®¬ á«ãç ¥ ¥ ï¢«ï¥âáï á¨-ãá®¨¤ «ì®©, ¥¥  ¬¯«¨âã¤  ¢ëç¨á«ï¥âáï ¯® ä®à-42 �. �. �¥¬¥¥ª®, �. �. �¥¬¥¥ª®



ISSN 1561 -9087 �à¨ª« ¤  £÷¤à®¬¥å ÷ª . 2004. �®¬ 6 (78), N 1. �. 36 { 43¬ã«¥: jKBj = max (KB)�min (KB)2 : (29)� ç¥¨ï jKBj ¯à¨ k = 0 á®®â¢¥âáâ¢ãîâ ª¢ §¨-áâ â¨ç¥áª®¬ã § ç¥¨î ¯®¤ â«¨¢®áâ¨. � ª ¢¨¤-®, ãç¥â § ¢¨á¨¬®áâ¨ ¤«¨ë ª ¢¥àë ®â ¢à¥¬¥-¨ ¯à¨¢®¤¨â ª à®áâã ª ¢¨â æ¨®®© ¯®¤ â«¨¢®-áâ¨ ¯à¨ áà ¢¨â¥«ì® ¬ «ëå ç áâ®â å ª®«¥¡ ¨©.�à¨ ¡®«ìè¨å ç áâ®â å ¢«¨ï¨¥ ¨§¬¥¥¨ï l(t)  ª ¢¨â æ¨®ãî ¯®¤ â«¨¢®áâì ¬ «® ¤«ï ®¡®¨å à¥-¦¨¬®¢ ª ¢¨â æ¨¨. � ¢¨â æ¨® ï ¯®¤ â«¨¢®áâìã¬¥ìè ¥âáï á ã¢¥«¨ç¥¨¥¬ ç áâ®âë ª®«¥¡ ¨© ¨£ãáâ®âë à¥è¥âª¨.����������� áâ âì¥ ¯à¥¤áâ ¢«¥ë ¬¥â®¤ ¨ à¥§ã«ìâ âë à áç¥-â  ®¡â¥ª ¨ï à¥è¥âª¨ â®ª¨å ª®«¥¡«îé¨åáï ¯à®-ä¨«¥©, ®¡â¥ª ¥¬ëå á ç áâ¨ç®© ª ¢¨â æ¨¥© ¨ áã-¯¥àª ¢¨â æ¨¥©. �¥â®¤ à áç¥â  ¢ª«îç ¥â ®¯à¥-¤¥«¥¨¥ § ¢¨á¨¬®áâ¨ ¤«¨ë ª ¢¥àë ®â ¢à¥¬¥¨l = l(t). �áá«¥¤®¢ ® ¢«¨ï¨¥ ãç¥â  § ¢¨á¨¬®áâ¨l(t)   ä®à¬ã ¥áâ æ¨® àëå ª ¢¥à, ª®íää¨æ¨-¥âë á¨« ¨ ª ¢¨â æ¨®ãî ¯®¤ â«¨¢®áâì ¯®â®ª áª¢®§ì à¥è¥âªã.�®ª § ®, çâ® ã¢¥«¨ç¥¨¥ £ãáâ®âë à¥è¥âª¨¯à¨¢®¤¨â ª à®áâã ®â®á¨â¥«ìëå  ¬¯«¨âã¤ ª®«¥-¡ ¨© ¤«¨ë ª ¢¥à ¨ ª®íä¨æ¨¥â®¢ £¨¤à®¤¨ -¬¨ç¥áª¨å á¨«. �«ï à¥¦¨¬  áã¯¥àª ¢¨â æ¨¨ ¨§¬¥-¥¨¥ ¤«¨ë ª ¢¥àë ¢ ¯à®æ¥áá¥ ª®«¥¡ ¨© á« ¡®¢«¨ï¥â    ¬¯«¨âã¤ã á¨«. � ¯à®â¨¢, ¤«ï à¥¦¨¬ ç áâ¨ç®© ª ¢¨â æ¨¨ ãç¥â § ¢¨á¨¬®áâ¨ l(t) ¯à¨-¢®¤¨â ª áãé¥áâ¢¥®¬ã ã¢¥«¨ç¥¨î  ¬¯«¨âã¤ ª®-«¥¡ ¨© á¨« ¨ ®¡ê¥¬  ª ¢¥àë ¯® áà ¢¥¨î á à á-ç¥â®¬ ¯à¨ l = const.�«ï ®¡®¨å à¥¦¨¬®¢ ª ¢¨â æ¨¨ ãç¥â § ¢¨á¨¬®-áâ¨ l(t) ¯à¨ ç áâ®â å ª®«¥¡ ¨© k < 0:5 ¯à¨-¢®¤¨â ª áãé¥áâ¢¥®¬ã ã¢¥«¨ç¥¨î ª ¢¨â æ¨®-®© ¯®¤ â«¨¢®áâ¨ ¯® áà ¢¥¨î á à áç¥â®¬ ¯à¨l = const. �à¨ ¡®«ìè¨å ç áâ®â å ¢«¨ï¨¥ ¨§¬¥-¥¨ï l(t)   ª ¢¨â æ¨®ãî ¯®¤ â«¨¢®áâì á« ¡®.�®ª § ®, çâ® ª ¢¨â æ¨® ï ¯®¤ â«¨¢®áâì áãé¥-áâ¢¥® § ¢¨á¨â ®â ç áâ®âë ª®«¥¡ ¨©, çâ® ¯à®-â¨¢®à¥ç¨â £¨¯®â¥§¥ ª¢ §¨áâ æ¨® à®áâ¨.�áâ ®¢«¥ë £à ¨æë ¯à¨¬¥¨¬®áâ¨ ¤ ®£®¬¥â®¤  à áç¥â  l(t) ª à¥è¥âª ¬ ¯à®ä¨«¥©. � á«ã-ç ¥ ç áâ¨ç®© ª ¢¨â æ¨¨ ¬¥â®¤ ¬®¦® á ãá¯¥å®¬¯à¨¬¥ïâì ¯à¨ «î¡ëå § ç¥¨ïå £ãáâ®âë à¥è¥â-ª¨ ¢® ¢á¥¬ ¤¨ ¯ §®¥ áà¥¤¨å ¤«¨ ª ¢¥à 0 <l0 < 0:7, ¤«ï ª®â®àëå ä¨§¨ç¥áª¨ ®¯à ¢¤   ¤  ï¯®áâ ®¢ª  § ¤ ç¨. � á«ãç ¥ áã¯¥àª ¢¨â æ¨®®-£® ®¡â¥ª ¨ï ¬¥â®¤ ¯à¨¬¥¨¬ â®«ìª® ¤«ï áà ¢¨-â¥«ì® ª®à®âª¨å ª ¢¥à, ¯à¨ç¥¬ ¤®¯ãáâ¨¬ ï ¤«¨ 
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