
ISSN 1561 -9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 2003. �®¬ 5 (77), N 1. �. 28 { 35��� 532.54�������������� �������� ����������������������� � ������������ ���������. �. ��������� àìª®¢áª¨© ­ æ¨®­ «ì­ë© ã­¨¢¥àá¨â¥â ¨¬.�.�.� à §¨­ , � àìª®¢�®«ãç¥­® 03.06.2002 � �¥à¥á¬®âà¥­® 16.01.2003�áá«¥¤ã¥âáï áâ æ¨®­ à­®¥ â¥ç¥­¨¥ ¢ï§ª®© ­¥á¦¨¬ ¥¬®© ¦¨¤ª®áâ¨ ¯® æ¨«¨­¤à¨ç¥áª®© âàã¡ª¥ á ­¥¤¥ä®à¬¨àã¥¬ë¬¨¯®à¨áâë¬¨ áâ¥­ª ¬¨ ¢ ¯à¨¬¥­¥­¨¨ ª â¥ç¥­¨î à áâ¨â¥«ì­®£® á®ª  ¯® ¯à®¢®¤ïé¥© á¨áâ¥¬¥ «¨áâì¥¢ à áâ¥­¨©. �®¬¥à¥ ¤¢¨¦¥­¨ï ¦¨¤ª®áâì ä¨«ìâàã¥âáï ç¥à¥§ áâ¥­ªã ¢ ®ªàã¦ îéãî áà¥¤ã, ¢ ª®â®à®© ¯®¤¤¥à¦¨¢ ¥âáï ¯®áâ®ï­­®¥¤ ¢«¥­¨¥. �ââ®ª á®áâ®¨â ¨§ ¤¢ãå ª®¬¯®­¥­â: § ¢¨áïé¥© ¨ ­¥§ ¢¨áïé¥© ®â ¤ ¢«¥­¨ï ¢ âàã¡ª¥ (¯ áá¨¢­ë© ¨  ªâ¨¢­ë©âà ­á¯®àâ á®®â¢¥âáâ¢¥­­®). �à®¢¥¤¥­  ­ «¨§ ¯®«­®£® £¨¤à ¢«¨ç¥áª®£® á®¯à®â¨¢«¥­¨ï á¨áâ¥¬ë ¨ ­¥®¤­®à®¤­®áâ¨®ââ®ª  ¦¨¤ª®áâ¨. �«ï àï¤  £à ­¨ç­ëå ãá«®¢¨© ¨áá«¥¤®¢ ­ë ¯ à ¬¥âàë ®¯â¨¬ «ì­®© âàã¡ª¨, ª®â®à ï ¯à®¨§¢®¤¨â¤®áâ ¢ªã ¦¨¤ª®áâ¨ á ¬¨­¨¬ «ì­ë¬¨ § âà â ¬¨. �®ª § ­®, çâ® ¯à¨ à §«¨ç­ëå ãá«®¢¨ïå ®ââ®ª  à¥è¥­¨¥ ®¯â¨¬¨-§ æ¨®­­®© § ¤ ç¨ ¤«ï âàã¡®ª á ¯à®­¨æ ¥¬ë¬¨ ¨ ­¥¯à®­¨æ ¥¬ë¬¨ áâ¥­ª ¬¨ ¯à¨¢®¤¨â ª áå®¤­ë¬ á®®â­®è¥­¨ï¬, ¨à §«¨ç­ë¥ £¨¤à®¬¥å ­¨ç¥áª¨¥ ä ªâ®àë ¬®£ãâ «¥¦ âì ¢ ®á­®¢¥ á®®â¢¥âáâ¢¨ï áâàãªâãàë á¨áâ¥¬ ¤ «ì­¥£® âà ­á¯®à-â  ¦¨¤ª®áâ¨ ¢ à áâ¨â¥«ì­ëå ¨ ¦¨¢®â­ëå âª ­ïå.�®á«i¤¦ãõâìáï áâ æi®­ à­  â¥çiï ¢'ï§ª®ù ­¥áâ¨á«¨¢®ù ài¤¨­¨ ¯® æ¨«i­¤à¨ç­i© âàã¡æi § ¯®à¨áâ®î áâi­ª®î, ïª  ­¥¤¥ä®à¬ãõâìáï, ã § áâ®áã¢ ­­i ¤® â¥çiù à®á«¨­­®£® á®ªã ¯® ¯à®¢i¤­i© á¨áâ¥¬i «¨áâªi¢ à®á«¨­. �i¤ ç á àãåã ài¤¨­ äi«ìâàãõâìáï ªài§ì áâi­ªã ã §®¢­iè­õ á¥à¥¤®¢¨é¥, ¤¥ ¯i¤âà¨¬ãõâìáï ¯®áâi©­¨© â¨áª. �âiª áª« ¤ õâìáï§ ¤¢®å ç áâ¨­:§ «¥¦­®ù â  ­¥§ «¥¦­®ù ¢i¤ â¨áªã ã âàã¡æi (¯ á¨¢­¨© â   ªâ¨¢­¨© âà ­á¯®àâ ¢i¤¯®¢i¤­®). �à®¢¥¤¥­®  ­ «i§ ¯®¢­®£®£i¤à ¢«iç­®£® ®¯®àã á¨áâ¥¬¨ â  ­¥®¤­®ài¤­®áâi áâ®ªã ài¤¨­¨. �«ï àï¤ã £à ­¨ç­¨å ã¬®¢ ¤®á«i¤¦¥­i ¯ à ¬¥âà¨ ®¯â¨-¬ «ì­®ù âàã¡ª¨, ïª  § ¡¥§¯¥çãõ ¤®áâ ¢ªã ài¤¨­¨ § ¬i­i¬ «ì­¨¬¨ ¢¨âà â ¬¨. �®ª § ­®, é® ¤«ï ài§­¨å ã¬®¢ áâ®ªãàiè¥­­ï ®¯â¨¬i§ æi©­®ù § ¤ çi ¤«ï âàã¡®ª § ¯à®­¨ª«¨¢¨¬¨ â  ­¥¯à®­¨ª«¨¢¨¬¨ áâi­ª ¬¨ ¯à¨§¢®¤¨âì ¤® ¯®¤i¡­¨åá¯i¢¢i¤­®è¥­ì, â®¬ã ài§­i £i¤à®¬¥å ­iç­i ä ªâ®à¨ ¬®¦ãâì «¥¦ â¨ ¢ ®á­®¢i ¯®¤i¡­®áâi áâàãªâãà¨ á¨áâ¥¬ âà ­á¯®àâãài¤¨­¨ ¢ à®á«¨­­¨å â  â¢ à¨­­¨å âª ­¨­ å.Stationary motion of a viscous incompressible liquid through a cylindrical tube with rigid permeable as applied to sap
ow through conducting system of plant leaves is investigated. As the liquid moves it is �ltered through the wall in thesurrounding medium where a constant pressure is supported. The out
ow consists of two components - dependent andindependent from pressure in a tube (passive and active transport respectively). The analysis of full hydraulic resistanceof system and nonuniformity of out
ow of the liquid is carried out. For a number of boundary conditions parameters of anoptimum tube providing delivery of the liquid at minimal costs are investigated. It is shown, that solutions of the optimalproblem for the tubes with permeable and nonpermeable walls lead to similar relations and various hydromechanicalfactors may underlie similarity of structures of long-range water transport systems in plant and animal tissues.���������̈ ¤à®¤¨­ ¬¨ç¥áª¨¥ ï¢«¥­¨ï ¨£à îâ ¢ ¦­ãîà®«ì ¢ ¤ «ì­¥¬ âà ­á¯®àâ¥ ¦¨¤ª®áâ¨ ã à áâ¥­¨© ¨¦¨¢®â­ëå. �®áâ ¢«ï¥¬ ï ¦¨¤ª®áâì ¯¥à¥¬¥é ¥â-áï ¯® á¯¥æ¨ «¨§¨à®¢ ­­ë¬ ¯à®¢®¤ïé¨¬ á¨áâ¥¬ ¬,á®áâ®ïé¨¬ ¨§ â®­ª¨å ¤«¨­­ëå âàã¡®ª, ª®â®àë¥®¡à §ãîâ ¢¥â¢ïé¨¥áï âàã¡®¯à®¢®¤ë. �âàãªâã-à  âàã¡®¯à®¢®¤®¢ ®¡¥á¯¥ç¨¢ ¥â à ¢­®¬¥à­ãî ¤®-áâ ¢ªã ¦¨¤ª®áâ¨ ª à á¯à¥¤¥«¥­­®© á¨áâ¥¬¥ ¯®âà¥-¡¨â¥«¥© (ª«¥â®ª). �«ï ®¯¨á ­¨ï £¥®¬¥âà¨¨ ¯à®-¢®¤ïé¨å á¨áâ¥¬ ¢¢®¤¨âáï ­ã¬¥à æ¨ï ¯®àï¤ª®¢ ¢¥-â¢«¥­¨ï; ¯à¨ íâ®¬ áç¨â ¥âáï, çâ® âàã¡ª¨ i+1-£®¯®àï¤ª  ¯à¨ á®¥¤¨­¥­¨¨ ®¡à §ãîâ âàã¡ªã i-£® ¯®-àï¤ª , â ª çâ® ¬ ªá¨¬ «ì­ë© ­®¬¥à ¯®àï¤ª  ¢¥-â¢«¥­¨ï nmax á®®â¢¥âáâ¢ã¥â á ¬ë¬ â®­ª¨¬ âàã¡-ª ¬,   ­ ç «ì­ ï âàã¡ª  ¨¬¥¥â ¯®àï¤®ª i = 1 [1,2]. �® ¬¥à¥ ã¢¥«¨ç¥­¨ï ­®¬¥à  ¯®àï¤ª  à ¤¨ãáëRi ¨ ¤«¨­ë Li ¯à®¢®¤ïé¨å í«¥¬¥­â®¢ ¯®á«¥¤®¢ -â¥«ì­® ã¬¥­ìè îâáï. �¢¨¦¥­¨¥ ¦¨¤ª®áâ¨ ¯à®¨á-å®¤¨â §  áç¥â à §­¨æë ¤ ¢«¥­¨© ­  ¢å®¤¥ ¢ á¨-
áâ¥¬ã ¨ ­  ¢ëå®¤¥ ¨§ ­¥¥, ¢ ª®­¥ç­ëå á¥ç¥­¨ïåâàã¡®ª ¯®á«¥¤­¥£® ¯®àï¤ª  ¢¥â¢«¥­¨ï. �¥â «ì­ë¥¨áá«¥¤®¢ ­¨ï ¯à¥¯ à â®¢  àâ¥à¨ «ì­ëå ¨ ¢¥­®§-­ëå àãá¥« ¯®ª § «¨, çâ® ¬¥¦¤ã ¤«¨­ ¬¨ ¨ ¤¨ ¬¥-âà ¬¨ á®áã¤®¢ ¯®á«¥¤®¢ â¥«ì­ëå ¯®àï¤ª®¢ áãé¥-áâ¢ãîâ ®¯à¥¤¥«¥­­ë¥ á®®â­®è¥­¨ï [3{7]. � ª, ¯à¨¢¥â¢«¥­¨¨ á®áã¤  á à ¤¨ãá®¬ Ri ­  ¤¢  ¤®ç¥à­¨åRi+1;1; Ri+1;2 (¤¨å®â®¬¨ç¥áª®¥ ¢¥â¢«¥­¨¥) ¢ë¯®«-­ï¥âáï ãá«®¢¨¥ R
i = R
i+1;1 + R
i+1;2 (§ ª®­ �îà-à¥ï). �«ï áà¥¤­¨å ¨ ¬ «ëå ªà®¢¥­®á­ëå á®áã¤®¢,â¥ç¥­¨¥ ¢ ª®â®àëå ¡«¨§ª® ª « ¬¨­ à­®¬ã, 
 = 3,¤«ï ªàã¯­ëå  àâ¥à¨© 
=2:3� 2:7 [5{8]. � á«ãç ¥á¨¬¬¥âà¨ç­®£® ¢¥â¢«¥­¨ï Ri+1;1 = Ri+1;2 = Ri+1¨§ § ª®­  �îàà¥ï á«¥¤ã¥â Ri+1 = 2�1=3Ri, â ªçâ® ¤«ï á¨¬¬¥âà¨ç­®£® ¤¨å®â®¬¨ç¥áª¨ ¢¥â¢ïé¥-£®áï âàã¡®¯à®¢®¤  Ri= 2�(i�1)=3R1. �â® á®®â­®-è¥­¨¥ ¡ë«® ¯®«®¦¥­® ¢ ®á­®¢ã ¨áâ®à¨ç¥áª¨ ¯¥à¢®©¬®¤¥«¨ ¢¥â¢ïé¥£®áï  àâ¥à¨ «ì­®£® àãá«  (�.�­£,1809£.) [1]. �¯¥æ¨ «ì­ë¥ ¨§¬¥à¥­¨ï ­  ¯à¥¯ à -â å ¯®ª § «¨, çâ® ç¥¬ ¢ëè¥ ¯®«®¦¥­¨¥ ®á®¡¨ ­ í¢®«îæ¨®­­®© èª «¥, â¥¬ ¡«¨¦¥ ¯®ª § â¥«ì § ª®-­  �îàà¥ï ª §­ ç¥­¨î 
=3 [7].28 c
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ISSN 1561 -9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 2003. �®¬ 5 (77), N 1. �. 28 { 35�«ï ¤«¨­ ¯à®¢®¤ïé¨å í«¥¬¥­â®¢ à¥§ã«ìâ âë ¨§-¬¥à¥­¨© ¯à¨¢®¤ïâ ª § ¢¨á¨¬®áâ¨ Li = aRbi , £¤¥b=0:86�1:03, ®âªã¤  ¤«ï á¨¬¬¥âà¨ç­ëå àãá¥« á«¥-¤ã¥â Li+1=2�b=3Li=2�b(i�1)=3L1 [8, 9]. �®áª®«ìªãb ¡«¨§ª® ¢ ¥¤¨­¨æ¥, â® ãª § ­­ë¥ á®®â­®è¥­¨ï «¥-¦ â ¢ ®á­®¢¥ ¬®¤¥«¨à®¢ ­¨ï  àâ¥à¨ «ì­ëå àãá¥«ª ª á ¬®¯®¤®¡­ëå (äà ªâ «ì­ëå) á¨áâ¥¬, ¯à®¨§-¢®«ì­ ï ç áâì ª®â®àëå, ­ ç¨­ ï á ­¥ª®â®à®£® í«¥-¬¥­â  j-£® ¯®àï¤ª  ¢¥â¢«¥­¨ï, ¯®¤®¡­  ¨áå®¤­®¬ãàãá«ã [10].�á®¡¥­­®áâ¨ £¥®¬¥âà¨¨  àâ¥à¨ «ì­ëå àãá¥«®â¢¥ç îâ àï¤ã ¯à®áâëå ¯à¨­æ¨¯®¢, á¢ï§ ­­ëåá ¬®¤¥«ìî ®¯â¨¬ «ì­®£® âàã¡®¯à®¢®¤ , ª®â®àë©®¡¥á¯¥ç¨¢ ¥â ¤®áâ ¢ªã ¦¨¤ª®áâ¨ á ¬¨­¨¬ «ì­ë¬¨§ âà â ¬¨ í­¥à£¨¨ ¢ ¥¤¨­¨æã ¢à¥¬¥­¨ [11]:W = ZV �dV ! min; V = const; (1)£¤¥ V { ¯®«­ë© ®¡ê¥¬ âàã¡®¯à®¢®¤ ; � { ¤¨áá¨-¯ æ¨ï. �¥è¥­¨¥ íªáâà¥¬ «ì­®© § ¤ ç¨ (1) á ®£à -­¨ç¥­¨¥¬ ¢ ¢¨¤¥ à ¢¥­áâ¢  ¯®§¢®«ï¥â ®¯à¥¤¥«¨âì¯ à ¬¥âàë ®¯â¨¬ «ì­®£® âàã¡®¯à®¢®¤  ¤«ï à §-­ëå à¥¦¨¬®¢ â¥ç¥­¨ï [3, 5, 7, 11, 12]. �«ï ¯ã -§¥©«¥¢áª®£® â¥ç¥­¨ï ¢ï§ª®© ­¥á¦¨¬ ¥¬®© ¦¨¤ª®-áâ¨ ¯® ­¥¤¥ä®à¬¨àã¥¬®© âàã¡ª¥ ªàã£®¢®£® á¥ç¥-­¨ï á à ¤¨ãá®¬ R ¨ ¤«¨­®© L ¨¬¥¥¬ W = Q2Z,£¤¥ Zp = (8�L)=(�R4) { ¯ã §¥©«¥¢áª®¥ á®¯à®-â¨¢«¥­¨¥ âàã¡ª¨; V = �R2L; � { ¢ï§ª®áâì ¦¨¤-ª®áâ¨; Q { ®¡ê¥¬­ë© à áå®¤. �à¨ â¥ç¥­¨¨ á§ ¤ ­­ë¬ à áå®¤®¬ ¢ëà ¦¥­¨¥ (1) íª¢¨¢ «¥­â­®ãá«®¢¨î Z ! min. � å®¤ï ¬¨­¨¬ã¬ äã­ª-æ¨¨ W (R) ¨§ ãá«®¢¨© W 0R = 0, W 00R > 0, ¯®«ã-ç ¥¬, çâ® ¢ ®¯â¨¬ «ì­®© âàã¡ª¥ Q = �R3, £¤¥�=p(�2�)=(16�). �âáî¤  á«¥¤ã¥â, çâ® ¤«ï ¤¨å®-â®¬¨ç¥áª®£® ¢¥â¢«¥­¨ï, ®¡à §®¢ ­­®£® âàã¡ª ¬¨á à ¤¨ãá ¬¨ Ri; Ri+1;1; Ri+1;2, ª ¦¤ ï ¨§ ª®â®àëå®¯â¨¬ «ì­  ¢ á¬ëá«¥ ªà¨â¥à¨ï (1),   ¢ ¬¥áâ¥ ¢¥-â¢«¥­¨ï ¢ë¯®«­ï¥âáï ãá«®¢¨¥ ­¥¯à¥àë¢­®áâ¨ à á-å®¤  Qi=Qi+1;1 + Qi+1;2, ¡ã¤¥â ¢¥à¥­ § ª®­ �îà-à¥ï á 
 = 3 ¢ á«ãç ¥ ¥á«¨ �; � = const. �®¤¥«ì®¯â¨¬ «ì­®£® ¢ á¬ëá«¥ ªà¨â¥à¨ï (1) âàã¡®¯à®-¢®¤  á ¯à®¨§¢®«ì­ë¬ ç¨á«®¬ ¯®àï¤ª®¢ ¢¥â¢«¥­¨ï¨áá«¥¤®¢ « áì ¤«ï ¯ã §¥©«¥¢áª®£® â¥ç¥­¨ï ­ìîâ®-­®¢áª®© ¦¨¤ª®áâ¨ ¢ âàã¡ª å á ­¥¤¥ä®à¬¨àã¥¬ë¬¨áâ¥­ª ¬¨ [12], ¤«ï â¥ç¥­¨ï ­¥­ìîâ®­®¢áª®© ¦¨¤ª®-áâ¨ á ãç¥â®¬ íää¥ªâ  � à¥ãá  ¢ ¬ «ëå  àâ¥à¨ïå[13], ¤«ï à §¢¨â®£® âãà¡ã«¥­â­®£® â¥ç¥­¨ï ¢ ªàã¯-­ëå ªà®¢¥­®á­ëå á®áã¤ å [14], ¤«ï ­¥áâ æ¨®­ à­®-£® â¥ç¥­¨ï ªà®¢¨ ¢ áà¥¤­¨å ¨ ¬ «ëå á®áã¤ å [9] ¨¤«ï áâ æ¨®­ à­®£® â¥ç¥­¨ï ¢ âàã¡ª å ¨§  ªâ¨¢-­®£® ¡¨®«®£¨ç¥áª®£® ¬ â¥à¨ «  [15]. �­ «®£¨ç­ë¥(1) ®¯â¨¬¨§ æ¨®­­ë¥ § ¤ ç¨ ¢®§­¨ª îâ ¨ ¢ á¢ï§¨á â¥å­¨ç¥áª¨¬¨ ¯à¨«®¦¥­¨ï¬¨ ¯à¨ à áç¥â å ®à®-

á¨â¥«ì­ëå ¨ ¤à¥­ ¦­ëå á¨áâ¥¬, ¢ ç áâ­®áâ¨, ¯à¨®¯à¥¤¥«¥­¨¨ ®¯â¨¬ «ì­ëå £¥®¬¥âà¨ç¥áª¨å ¯ à -¬¥âà®¢ ª ­ «®¢ á ¯¥à¥¬¥­­ë¬ à áå®¤®¬ (®âªàë-âë¥ àãá« ) ¨ ¤à¥­ ¦¥© [12, 16].� ¯à®æ¥áá¥ ä®à¬¨à®¢ ­¨ï ®¯â¨¬ «ì­ëå  àâ¥-à¨ «ì­ëå àãá¥« ¢ ¡¨®«®£¨ç¥áª¨å âª ­ïå ¯à¨­¨-¬ ¥â ãç áâ¨¥ á¨áâ¥¬  ®¡à â­ëå á¢ï§¥©, ®á­®¢ ­-­ ï ­  à ¡®â¥ ¬¥å ­®à¥æ¥¯â®à®¢ ªà®¢¥­®á­ëå á®-áã¤®¢, ª®â®àë¥ ¯®§¢®«ïîâ ¯®¤¤¥à¦¨¢ âì áà¥¤­¥¥­ ¯àï¦¥­¨¥ á¤¢¨£  ­  áâ¥­ª¥ ¢ áâà®£® ®¯à¥¤¥-«¥­­®¬ ¤¨ ¯ §®­¥ §­ ç¥­¨© [5, 6]. �à¨ ¯ã §¥©-«¥¢áª®¬ â¥ç¥­¨¨ ­ ¯àï¦¥­¨¥ ­  áâ¥­ª¥ âàã¡ª¨�w = 4Q= ��R3�, ¯®íâ®¬ã ¤«ï á®áã¤ , ¢ ª®â®à®¬ § áç¥â à¥£ã«ïâ®à­ëå ¯à®æ¥áá®¢ ¯®¤¤¥à¦¨¢ ¥âáï�w = const, ¢ë¯®«­ï¥âáï á®®â­®è¥­¨¥ Q=R3 == const, á®®â¢¥âáâ¢ãîé¥¥ ®¯â¨¬ «ì­®© âàã¡ª¥.�®áª®«ìªã à §¢¨â¨¥  àâ¥à¨ «ì­®£® àãá«  ¢ à áâã-é¥¬ ®à£ ­¥ ¯à®â¥ª ¥â ¯®á«¥¤®¢ â¥«ì­®, ¢ ­ ¯à -¢«¥­¨¨ ¢®§à áâ ­¨ï ­®¬¥à  ¯®àï¤ª  ¢¥â¢«¥­¨ï, â®®¡à â­ ï á¢ï§ì ¯®áà¥¤áâ¢®¬ à ¡®âë ¬¥å ­®à¥æ¥¯-â®à®¢ ®¡¥á¯¥ç¨¢ ¥â ãá«®¢¨¥ «®ª «ì­®© ®¯â¨¬ «ì-­®áâ¨, ª®â®à®¥ ¤«ï áâ æ¨®­ à­ëå â¥ç¥­¨© ¯à¨ ¬ -«ëå ç¨á« å �¥©­®«ì¤á  á®¢¯ ¤ ¥â á ãá«®¢¨¥¬ (1)£«®¡ «ì­®© ®¯â¨¬ «ì­®áâ¨ âà ­á¯®àâ­®© á¨áâ¥¬ë¢ æ¥«®¬ [3, 9, 12].�à®¢®¤ïé ï á¨áâ¥¬  «¨áâ  à áâ¥­¨ï â ª¦¥¯à¥¤áâ ¢«ï¥â á®¡®© ¢¥â¢ïé¥¥áï âà ­á¯®àâ­®¥ àã-á«®, § ª®­®¬¥à­®áâ¨ áâà®¥­¨ï ª®â®à®£®  ­ «®£¨ç-­ë § ª®­®¬¥à­®áâï¬, ®¡­ àã¦¥­­ë¬ ¢  àâ¥à¨ «ì-­ëå á¨áâ¥¬ å ¦¨¢®â­ëå [17]. � ®â«¨ç¨¥ ®â  à-â¥à¨©, ¯à¨ ¢¥â¢«¥­¨¨ ¯à®¢®¤ïé¨å í«¥¬¥­â®¢ «¨-áâ  à áâ¥­¨ï ®â í«¥¬¥­â  i-£® ¯®àï¤ª  ®âå®¤ïâ ª ªí«¥¬¥­âë i + 1-£® ¯®àï¤ª , â ª ¨ ¢á¥å ¯®á«¥¤ãî-é¨å ¯®àï¤ª®¢ ¢¯«®âì ¤® ¯®á«¥¤­¥£® (®¡ëç­® i=5... 9). �â¨ ¢¥â¢«¥­¨ï à á¯®«®¦¥­ë ¢¤®«ì ¡®ª®-¢®© ¯®¢¥àå­®áâ¨ í«¥¬¥­â  ¨ ®¡¥á¯¥ç¨¢ îâ ¬ áá®-®¡¬¥­ á âª ­ï¬¨ «¨áâ , ª®â®àë© ¯à®¨áå®¤¨â ¢®¢á¥å âàã¡ª å, ­ ç¨­ ï á i=1 (à¨á. 1). �  àâ¥à¨- «ì­ëå àãá« å áâ¥­ª¨ á®áã¤®¢ ­¥¯à®­¨æ ¥¬ë¥,  ¬ áá®®¡¬¥­ ¢®§¬®¦¥­ «¨èì ¢ í«¥¬¥­â å ¯®á«¥¤­¥-£® ¯®àï¤ª  (®¡ëç­® i=15 ... 25). �ââ®ª ¢ ¡®ª®¢ë¥®â¢¥â¢«¥­¨ï ¯à®â¥ª ¥â ã à áâ¥­¨© ­¥ â®«ìª® ¯ á-á¨¢­®, §  áç¥â à §­¨æë £¨¤à®áâ â¨ç¥áª¨å ¤ ¢«¥-­¨© ¢ ¯à®¢®¤ïé¨å í«¥¬¥­â å ¨ ®ªàã¦ îé¨å âª -­ïå, ­® ¨  ªâ¨¢­®, §  áç¥â ¢­ãâà¨ª«¥â®ç­ëå ¬¥å -­¨§¬®¢ âà ­á¯®àâ  ¦¨¤ª®áâ¨ ç¥à¥§ á¯¥æ¨ «ì­ãîá¨áâ¥¬ã ¯®à. �à®¢®¤ïé¨¥ í«¥¬¥­âë ¯à¥¤áâ ¢«ï-îâ á®¡®© ­¥¤¥ä®à¬¨àã¥¬ë¥ âàã¡ª¨, ®¡à §®¢ ­­ë¥ª«¥â®ç­ë¬¨ áâ¥­ª ¬¨, «¨è¥­­ë¬¨ ª«¥â®ç­®£® á®-¤¥à¦¨¬®£®, ¯®íâ®¬ã á¤¢¨£®¢ë¥ ­ ¯àï¦¥­¨ï, ª ª¨ ¤àã£¨¥ ä¨§¨ç¥áª¨¥ ¯ à ¬¥âàë, á¢ï§ ­­ë¥ á â¥-ç¥­¨¥¬ ¦¨¤ª®áâ¨, ­¥ ¬®£ãâ à¥£¨áâà¨à®¢ âìáï ­¥-¯®áà¥¤áâ¢¥­­® ¢ ¯à®¢®¤ïé¨å í«¥¬¥­â å. � á¨«ãíâ®£® ¯à¨ç¨­ë áå®¤áâ¢  ¯à¨­æ¨¯®¢ ®à£ ­¨§ æ¨¨�. �. �¨§¨«®¢  29



ISSN 1561 -9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 2003. �®¬ 5 (77), N 1. �. 28 { 35á¨áâ¥¬ ¤ «ì­¥£® âà ­á¯®àâ  ¦¨¤ª®áâ¨ ã à áâ¥­¨©¨ ¦¨¢®â­ëå [18],   â ª¦¥ ¬¥å ­¨§¬ë ä®à¬¨à®¢ -­¨ï ¯à®¢®¤ïé¨å á¨áâ¥¬, á®®â¢¥âáâ¢ãîé¨å ¬®¤¥«¨®¯â¨¬ «ì­®£® âàã¡®¯à®¢®¤ , ®áâ îâáï ­¥¨§¢¥áâ-­ë¬¨. �®¬¨¬® íâ®£®, áâ â¨áâ¨ç¥áª¨¥ à á¯à¥¤¥-«¥­¨ï ®â­®è¥­¨© Ri+1=Ri ¨ fNkgnmaxk=i+1 (§¤¥áì Nk{ ç¨á«® ¯à®¢®¤ïé¨å í«¥¬¥­â®¢, ª®â®àë¥ ®âå®¤ïâ®â á®áã¤  ¯®àï¤ª  k), ¨¤¥­â¨ç­ë ¤«ï ¯à®¢®¤ïé¨åí«¥¬¥­â®¢ «¨áâì¥¢ à §­ëå â¨¯®¢ ¨ ¤«ï ¯à¨â®ª®¢à¥ç­ëå á¨áâ¥¬ [19]. �ãá«  à¥ª ¤¥ä®à¬¨àãîâáï,¨ ¨å ä®à¬¨à®¢ ­¨¥ á¢ï§ ­® á ¯à®æ¥áá ¬¨ ¯¥à¥-¬¥é¥­¨ï ­ ­®á®¢ ¨ ¨§¬¥­¥­¨ï è¥à®å®¢ â®áâ¨ ¤­ §  áç¥â £¨¤à®¤¨­ ¬¨ç¥áª¨å ä ªâ®à®¢ [20]. �­â¥­-á¨¢­ë¥ ¨áá«¥¤®¢ ­¨ï ¯®á«¥¤­¨å «¥â ¯®ª §ë¢ îâ,çâ® ¨¬¥­­® íâ¨ ä ªâ®àë «¥¦ â ¢ ®á­®¢¥ ä®à¬¨-à®¢ ­¨ï à¥ç­ëå á¨áâ¥¬, á®®â¢¥âáâ¢ãîé¨å ¬®¤¥«¨®¯â¨¬ «ì­®£® âà ­á¯®àâ­®£® àãá« , ®â¢¥ç îé¥£®ªà¨â¥à¨î (1) ¨ àï¤ã ¬®¤¨ä¨æ¨à®¢ ­­ëå ªà¨â¥à¨-¥¢, ®¯à¥¤¥«ïîé¨å ¬¨­¨¬ «ì­ãî ®¡éãî ¤¨áá¨¯ -æ¨î ¢ à¥ç­®© á¨áâ¥¬¥ [21{23].
�¨á. 1. �å¥¬  áâà®¥­¨ï ®¤¨­®ç­®£® ¤¨å®â®¬¨ç¥áª®£®¢¥â¢«¥­¨ï ¯à®¢®¤ïé¥© á¨áâ¥¬ë «¨áâ ; p1�3 {£¨¤à®áâ â¨ç¥áª¨¥ ¤ ¢«¥­¨ï ¢ á®®â¢¥âáâ¢ãîé¨åá¥ç¥­¨ïå âàã¡®ª, i { ­®¬¥à  ¯®àï¤ª®¢ ¢¥â¢«¥­¨ï�¤¥­â¨ç­®áâì £¥®¬¥âà¨ç¥áª¨å ¯ à ¬¥âà®¢ âà -­á¯®àâ­ëå àãá¥«, ¤¢¨¦¥­¨¥ ¦¨¤ª®áâ¨ ¢ ª®â®àëå®¯¨áë¢ ¥âáï ­  ®á­®¢¥ à §­ëå ä¨§¨ç¥áª¨å ¬®¤¥-«¥©, á¢ï§ë¢ îâ á ®¯à¥¤¥«ïîé¨¬ ¢«¨ï­¨¥¬ £¨¤à®-¬¥å ­¨ç¥áª¨å ä ªâ®à®¢ ­  ä®à¬¨à®¢ ­¨¥ ¢¥â¢ï-é¥£®áï àãá« . �â  £¨¯®â¥§  ¡ë«  ¢á¥áâ®à®­­¥ ¨á-á«¥¤®¢ ­  ¢ ¯à¨¬¥­¥­¨¨ ª  àâ¥à¨ «ì­ë¬ á¨áâ¥¬ ¬[3, 5{9, 11{15] ¨ ¡ áá¥©­ ¬ à¥ª [19, 21{23], ®¤­ ª®¯à ªâ¨ç¥áª¨ ­¥ à áá¬ âà¨¢ « áì ¤«ï ¯à®¢®¤ïé¨åá¨áâ¥¬ à áâ¥­¨©. � ­ áâ®ïé¥© à ¡®â¥ ¨áá«¥¤ã¥âáï¢«¨ï­¨¥ ®á®¡¥­­®áâ¥© â¥ç¥­¨ï ¦¨¤ª®áâ¨ ¢ âàã¡ª¥á ¯à®­¨æ ¥¬ë¬¨ áâ¥­ª ¬¨ ¢ ¯à¨¬¥­¥­¨¨ ª ¤¢¨¦¥-­¨î ¦¨¤ª®áâ¨ ¯® ¯à®¢®¤ïé¥© á¨áâ¥¬¥ «¨áâì¥¢ à -

áâ¥­¨©,   â ª¦¥ à¥è ¥âáï ®¯â¨¬¨§ æ¨®­­ ï § ¤ -ç  (1). �à¨ íâ®¬ ®ââ®ª ¨§ âàã¡ª¨ i-£® ¯®àï¤ª  ¢®¢á¥ ®â¢¥â¢«¥­¨ï ¯®àï¤ª  j>i+1 à áá¬ âà¨¢ ¥âáïª ª ä¨«ìâà æ¨ï ç¥à¥§ ¯®à¨áâãî áâ¥­ªã âàã¡ª¨ ¯®-àï¤ª  i,   ¢á¥ í«¥¬¥­âë ®¤­®£® ¯®àï¤ª  ¢¥â¢«¥­¨ï¨¬¥îâ ®¤¨­ ª®¢ë¥ ¤«¨­ë ¨ à ¤¨ãáë. �®¤®¡­ë©¯®¤å®¤ ¨á¯®«ì§ã¥âáï ¢ £¨¤à®¬¥å ­¨ª¥ ¯à¨ ¬®¤¥«¨-à®¢ ­¨¨ â¥ç¥­¨ï ¢  ®àâ¥ ¨ ­¥á¨¬¬¥âà¨ç­ëå  àâ¥-à¨ «ì­ëå àãá« å [1].1. ������� � ��������������������á¯®«ì§®¢ ¢ å à ªâ¥à­ë¥ §­ ç¥­¨ï ¯«®â­®áâ¨� �= 1:01 � 1:5 ª£=¬3, ¢ï§ª®áâ¨ � = (1:01 � 1:4) �103 � �á ¨ áà¥¤­¥© áª®à®áâ¨ ¤¢¨¦¥­¨ï V � � 10�5�10�4 ¬/á ¦¨¤ª®áâ¥©, ¤¢¨¦ãé¨åáï ¯® âà ­á¯®àâ-­®© á¨áâ¥¬¥ à áâ¥­¨©, ¯à®¤®«ì­ëå L � 10�2 �10�1 ¬ ¨ ¯®¯¥à¥ç­ëå R � 10�4� 10�3 ¬ à §¬¥à®¢¯à®¢®¤ïé¨å í«¥¬¥­â®¢ [2], ¯®«ãç¨¬ ®æ¥­ª¨ ¤«ï ç¨-á«  �¥©­®«ì¤á  Re � 10�3�10�1 ¨ ®â­®á¨â¥«ì­®£®à §¬¥à  í«¥¬¥­â®¢ R=L � 10�3 � 10�1. �ªá¯¥à¨-¬¥­â «ì­ë¥ ¨§¬¥à¥­¨ï ¯®ª § «¨, çâ® ¢ ¤¨ ¯ §®­¥ä¨§¨®«®£¨ç¥áª¨å §­ ç¥­¨© ®¡ê¥¬­®£® à áå®¤  £¨-¤à ¢«¨ç¥áª®¥ á®¯à®â¨¢«¥­¨¥ ¢ë¤¥«¥­­ëå ¨§ âª -­¨ ¯à®¢®¤ïé¨å í«¥¬¥­â®¢ à áâ¥­¨© á®®â¢¥âáâ¢ã-¥â ¯ã §¥©«¥¢áª®¬ã Zp [24]. �®¤¥«¨àãï ¯à®¢®¤ï-é¨¥ í«¥¬¥­âë âàã¡ª ¬¨ ªàã£®¢®£® á¥ç¥­¨ï á ¯®-à¨áâ®© ¯®¢¥àå­®áâìî, à áá¬®âà¨¬ ãáâ ­®¢¨¢è¥-¥áï ®á¥á¨¬¬¥âà¨ç­®¥ â¥ç¥­¨¥ (~v = (Vr; 0; Vx)) ¢®â¤¥«ì­®© âàã¡ª¥, á ª®â®à®© á¢ï¦¥¬ æ¨«¨­¤à¨ç¥-áªãî á¨áâ¥¬ã ª®®à¤¨­ â. �¨¤ª®áâì ¤¢¨¦¥âáï § áç¥â à §­¨æë ¤ ¢«¥­¨© ­  ª®­æ å âàã¡ª¨ p1 6= p2¨ ®ââ¥ª ¥â ç¥à¥§ áâ¥­ªã âàã¡ë ¢ ®ªàã¦ îéãîáà¥¤ã, ¢ ª®â®à®© ¯®¤¤¥à¦¨¢ ¥âáï ¯®áâ®ï­­®¥ ¤ -¢«¥­¨¥ p� (à¨á. 2), ¯à¨ç¥¬ áª®à®áâì ®ââ®ª  ¬ « w=U � 1, £¤¥ U = Q=(�R2) { áà¥¤­ïï áª®à®áâì¢® ¢å®¤­®¬ á¥ç¥­¨¨. �ª®à®áâì ®ââ®ª  ¯à¥¤áâ ¢¨¬¢ ¢¨¤¥ ¤¢ãå á« £ ¥¬ëå, ®¤­® ¨§ ª®â®àëå ­¥ § ¢¨-á¨â ®â ¤ ¢«¥­¨ï ( ªâ¨¢­ë© âà ­á¯®àâ),   ¤àã£®¥«¨­¥©­® § ¢¨á¨â ®â à §­®áâ¨ ¤ ¢«¥­¨© ¢ âàã¡ª¥ ¨¢ ®ªàã¦ îé¥© áà¥¤¥ [25]. � á«ãç ¥ áâ æ¨®­ à­®-£® â¥ç¥­¨ï ¢ï§ª®© ­¥á¦¨¬ ¥¬®© ¦¨¤ª®áâ¨ ¢ ¤«¨­-­®© â®­ª®© âàã¡¥ (R=L � 1) ªàã£®¢®£® á¥ç¥­¨ï á¯à®­¨æ ¥¬ë¬¨ áâ¥­ª ¬¨ ¯à¨ Re � 1 ãà ¢­¥­¨ï�â®ªá  ¨ £à ­¨ç­ë¥ ãá«®¢¨ï ¨¬¥îâ ¢¨¤:1r @@r (rVr) + @Vx@x = 0;dpdx = ��@2Vx@r2 + 1r @Vx@r � ; (2)Vx��r=R = 0; @Vx@r ��r=0 = 0; (3)30 �. �. �¨§¨«®¢ 
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�¨á. 2. �¨«¨­¤à¨ç¥áª¨© ¯à®¢®¤ïé¨© í«¥¬¥­âá ¯®à¨áâ®© ¯®¢¥àå­®áâìîVr��r=0 = 0; Vr��r=R = w(x) + k(p(x) � p�);p��x=0 = p1; p��x=L = p2; (4)£¤¥ p(x) { ¤ ¢«¥­¨¥ ¢ âàã¡ª¥; k { ¯à®­¨æ ¥¬®áâìáâ¥­ª¨ âàã¡ª¨. �­â¥£à¨àãï ãà ¢­¥­¨ï (2) á ãç¥-â®¬ ãá«®¢¨© (3), ¯®«ãç ¥¬:Vx = � 14� dpdx �R2 � r2� ; (5)Vr = 116� d2pdx2 �2R2r � r3� : (6)�®« £ ï ¢ ¢ëà ¦¥­¨¨ (6) r=R ¨ ¨á¯®«ì§ãï ãá«®-¢¨ï (3), ­ å®¤¨¬ ãà ¢­¥­¨¥ ¤«ï ®¯à¥¤¥«¥­¨ï ¤ ¢«¥-­¨ï: d2pdx2 = 16�w(x)R3 + �2 (p� p�) ; (7)£¤¥ � = p16k�=R3. �¥è ï ¯®á«¥¤­¥¥ ãà ¢­¥­¨¥á £à ­¨ç­ë¬¨ ãá«®¢¨ï¬¨ (4) ¤«ï ¯à®¨§¢®«ì­®©äã­ªæ¨¨ w(x), á ãç¥â®¬ (5)-(6) ¯®«ãç ¥¬:p(x) = p� + �1ch (�x) + �2k �(x; �) +Bsh (�x);Vr(r; x) = �216� �2R2r � r3� (�1ch (�x)++Bsh (�x) + �2k �(x; �) + w(x)k � ;Vx(r; x) = �4� �r2 �R2� (�1sh (�x)++Bch (�x) + 12k� 0x(x; �)� ; (8)£¤¥ �(x; �) = e�x xR0 e��xw(�)d� � e��x xR0 e�xw(�)d�,B= ��2 � �2k�(L; �)� (sh (�L))�1 � �1cth (�L),�1=p1 � p�, �2=p2 � p�.

�¥è¥­¨¥ § ¤ ç¨ (2){(4) ¨áá«¥¤®¢ «®áì ¯à¨ k=0,w = const > 0, w(x) = a(1 � x=L) [25], ¯à¨ k 6= 0¢ á«ãç ¥ ¬ «®£® ¨ á¨«ì­®£® ®âá®á  (¢¤ã¢ ) ¤«ï â¥-ç¥­¨© ¢ âàã¡ å â¥å­¨ç¥áª¨å ãáâà®©áâ¢ [26]. � á-á®®¡¬¥­ ç¥à¥§ ¯à®­¨æ ¥¬ãî áâ¥­ªã ¯®§¢®«ï¥â ¨§-¬¥­ïâì ª®íää¨æ¨¥­â á®¯à®â¨¢«¥­¨ï ãáâà®©áâ¢ ,ã¯à ¢«ïâì ¯®£à ­¨ç­ë¬ á«®¥¬, ¨­â¥­á¨ä¨æ¨à®-¢ âì â¥¯«®®â¤ çã ¨ áª®à®áâì ä¨§¨ª®-å¨¬¨ç¥áª¨å¯à¥¢à é¥­¨© ­  à ¡®ç¨å ¯®¢¥àå­®áâïå. � ¯à¨-¬¥­¥­¨¨ ª ¡¨®«®£¨ç¥áª¨¬ âà ­á¯®àâ­ë¬ á¨áâ¥-¬ ¬ § ¤ ç  (2){(4) ¯®ï¢«ï¥âáï ¢ ­®¢®¬  á¯¥ªâ¥.�à¨­ï¢ ¢® ¢­¨¬ ­¨¥, çâ® ¤«ï á¨áâ¥¬ ¤ «ì­¥£®âà ­á¯®àâ  ¦¨¤ª®áâ¨ ã ¦¨¢ëå ®à£ ­¨§¬®¢ ¢ ¦-­ë¬¨ ä ªâ®à ¬¨ ï¢«ïîâáï á®¯à®â¨¢«¥­¨¥ ¤¢¨¦¥-­¨î ¨ à ¢­®¬¥à­®¥ à á¯à¥¤¥«¥­¨¥ ¤®áâ ¢«ï¥¬®©¦¨¤ª®áâ¨ ¬¥¦¤ã ª«¥âª ¬¨ âª ­¨ (®à£ ­ ) [2, 6, 7,12], à ááç¨â ¥¬ £¨¤à ¢«¨ç¥áª®¥ á®¯à®â¨¢«¥­¨¥ Zâàã¡ª¨ ¨ ¡¥§à §¬¥à­ë© ¯ à ¬¥âà �, å à ªâ¥à¨-§ãîé¨© ­¥®¤­®à®¤­®áâì ¯®áâã¯«¥­¨ï ¦¨¤ª®áâ¨ ¢®ªàã¦ îéãî áà¥¤ã §  áç¥â ­¥à ¢­®¬¥à­®£® ®ââ®-ª  ç¥à¥§ áâ¥­ªã, ¯® ä®à¬ã« ¬:Z = p1 � p2Q ; � = Vr(R; 0)� Vr(R;L)hVri ;Q = 2� RR0 rVx(r; 0)dr; hVri = 1L LZ0 Vr(R; x)dx;(9)£¤¥ Q { ®¡ê¥¬­ë© à áå®¤ ¢ ­ ç «ì­®¬ á¥ç¥­¨¨;hVri { áà¥¤­ïï ¯® âàã¡ª¥ áª®à®áâì ®ââ®ª  ç¥à¥§áâ¥­ªã.� â¥å­¨ç¥áª®© «¨â¥à âãà¥ ¢¬¥áâ® á®¯à®â¨¢«¥-­¨ï Z ®¡ëç­® ¨á¯®«ì§ã¥âáï ª®íää¨æ¨¥­â £¨¤à ¢-«¨ç¥áª®£® á®¯à®â¨¢«¥­¨ï �c=4R(p1 � p2)=(�LU2)[16, 20], ¢¥«¨ç¨­  ª®â®à®£® ®¯à¥¤¥«ï¥âáï £¥®¬¥-âà¨¥© á¥ç¥­¨ï ¨ à¥¦¨¬®¬ â¥ç¥­¨ï. � «¨â¥à âã-à¥, ¯®á¢ïé¥­­®© £¨¤à®¬¥å ­¨ª¥ ªà®¢®®¡à é¥­¨ï ¨¬®¤¥«¨à®¢ ­¨î âà ­á¯®àâ  ¦¨¤ª®áâ¨ ã à áâ¥­¨©,®¡ëç­® ¨á¯®«ì§ãîâáï £¨¤à ¢«¨ç¥áª®¥ á®¯à®â¨¢«¥-­¨¥ Z ¨«¨ ¯à®¢®¤¨¬®áâì Y =Z�1 [1, 3, 5{7, 10{13,15{18]. �â¨ ¢¥«¨ç¨­ë ¯à¥¤áâ ¢«ïîâáï ¡®«¥¥ ã¤®¡-­ë¬¨ ¢ á¨«ã ¬¥å ­®-í«¥ªâà¨ç¥áª¨å  ­ «®£¨© ¯à¨ ­ «®£®¢®¬ ¬®¤¥«¨à®¢ ­¨¨  àâ¥à¨ «ì­ëå àãá¥«,  â ª¦¥ ¤«ï ¨­â¥à¯à¥â æ¨¨ ¨§¬¥àï¥¬ëå £¥¬®¤¨­ -¬¨ç¥áª¨å ¯ à ¬¥âà®¢ [1]. �à®¬¥ â®£®, ¢ Z ï¢­ë¬®¡à §®¬ ¢å®¤ïâ £¥®¬¥âà¨ç¥áª¨¥ ¯ à ¬¥âàë âàã¡-ª¨, çâ® ¯®§¢®«ï¥â à¥è âì ®¯â¨¬¨§ æ¨®­­ãî § ¤ -çã (1).� áá¬®âà¨¬ á«ãç ©, ª®£¤  ¢áï ¯®áâã¯ îé ï ¢âàã¡ªã ¦¨¤ª®áâì ¯® ¬¥à¥ ¤¢¨¦¥­¨ï ä¨«ìâàã¥âáïç¥à¥§ áâ¥­ªã, â ª çâ® âàã¡ª  ­¥ § ¯ãáâ¥¢ ¥â ¨Q=�, £¤¥ �=2�RLhVri { áã¬¬ à­ë© ¯®â®ª ¦¨¤-ª®áâ¨ ç¥à¥§ áâ¥­ªã. �®£¤  ¨§ á®®â­®è¥­¨© (8){(9)�. �. �¨§¨«®¢  31



ISSN 1561 -9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 2003. �®¬ 5 (77), N 1. �. 28 { 35¯®«ãç¨¬:Z = Zp	;	 = th(�L)�L �� �(L)2�L20@k�1 sh (�L)�L + 1L LZ0 w(x)ch (�(x� L))dx1A :(10)�à¨ íâ®¬ ª®íää¨æ¨¥­â £¨¤à ¢«¨ç¥áª®£® á®¯à®-â¨¢«¥­¨ï âàã¡ª¨ ¨¬¥¥â  ­ «®£¨ç­ë© ¢¨¤ �c=�0	,£¤¥ �0 = 64=Re. �à¨ w = 0, k ! 0 ¨§ ¢ëà ¦¥-­¨ï (10) ¯®«ãç¨¬ Z = Zp. �à¨ w= 0 Z = Z(�L) {¬®­®â®­­® ã¡ë¢ îé ï äã­ªæ¨ï ¨ Z � Zp.� à ¬¥âàë 	; � § ¢¨áïâ ®â ¢¨¤  äã­ªæ¨¨ w(x).�§¬¥à¥­¨¥ áª®à®áâ¥© ®ââ®ª  ¢ ¬­®£®ç¨á«¥­­ë¥¡®ª®¢ë¥ ®â¢¥â¢«¥­¨ï ¯à®¢®¤ïé¥£® í«¥¬¥­â  ª ª¤«ï  àâ¥à¨©, â ª ¨ ¤«ï ¯à®¢®¤ïé¨å ¯ãâ¥© à -áâ¥­¨© ¯à¥¤áâ ¢«ï¥â â¥å­¨ç¥áª¨ á«®¦­ãî § ¤ -çã. � ¯®á«¥¤­¥¥ ¢à¥¬ï ¯®ï¢¨«¨áì ¯¥à¢ë¥ íªá¯¥-à¨¬¥­â «ì­ë¥ ¤ ­­ë¥ ® à áå®¤­ëå å à ªâ¥à¨áâ¨-ª å ®â¤¥«ì­ëå ªàã¯­ëå á®áã¤®¢, ¢ë¤¥«¥­­ëå ¨§«¨áâì¥¢ à áâ¥­¨© [24]. � é¥ ¢á¥£® ¨á¯®«ì§ãîâáïª®á¢¥­­ë¥ ®æ¥­ª¨ ¡®ª®¢®£® ®ââ®ª  ¯ãâ¥¬ ­ ¡«î¤¥-­¨ï §  áª®à®áâìî à á¯à®áâà ­¥­¨ï ªà á¨â¥«ï ¯®®â¢¥â¢«¥­¨ï¬ ¯à®¢®¤ïé¥£® ¯ãçª  «¨áâ  [27]. �à¨íâ®¬ ¤«ï ®¯¨á ­¨ï ¡®ª®¢®£® ®ââ®ª  ¨á¯®«ì§ãîâ-áï à §«¨ç­ë¥  ¯¯à®ªá¨¬ æ¨¨ w(x) áâ¥¯¥­­ë¬¨ ¨íªá¯®­¥­æ¨ «ì­® ã¡ë¢ îé¨¬¨ äã­ªæ¨ï¬¨, ¢ë¡®àª®â®àëå ®¯à¥¤¥«ï¥âáï ­  ®á­®¢¥ ª®«¨ç¥áâ¢¥­­ëå¤ ­­ëå ® ¯«®â­®áâïå fNk=Lignmaxk=i+1 à á¯à¥¤¥«¥­¨ï®â¢¥â¢«¥­¨© à §­ëå ¯®àï¤ª®¢ k > i ¢¤®«ì ¯®¢¥àå-­®áâ¨ ¯à®¢®¤ïé¥£® í«¥¬¥­â  á ­®¬¥à®¬ i [1, 28].�¥â «ì­ë¥ ¤ ­­ë¥ â ª®£® à®¤  ¤«ï «¨áâì¥¢ à §­ëåâ¨¯®¢ ¯à¥¤áâ ¢«¥­ë ¢ [19, 29]. �® ¬¥à¥ ¢¥â¢«¥­¨ïá®áã¤¨áâ®£® ¯ãçª  «¨áâ  ®â ­¥£® ®âå®¤ïâ ¢á¥ ¡®-«¥¥ â®­ª¨¥ í«¥¬¥­âë, â ª çâ® ®ââ®ª ç¥à¥§ áâ¥­-ªã âàã¡ª¨ ã¡ë¢ ¥â á à®áâ®¬ x ¯® ¬¥à¥ ¯à®¤¢¨¦¥-­¨ï ¦¨¤ª®áâ¨. �á­®¢ë¢ ïáì ­   ¯¯à®ªá¨¬ æ¨ïåà á¯à¥¤¥«¥­¨©, ¯à¨¢¥¤¥­­ëå ¢ [19, 29], ¢ ª ç¥áâ¢¥£à ­¨ç­ëå ãá«®¢¨© ¤«ï Vr à áá¬®âà¨¬ á«¥¤ãîé¨¥á«ãç ¨: I: w(x) = w� = const > 0;II: w(x) = a (1� x=L) ;III: w(x) = be��x: (11)�«ï ¨áá«¥¤®¢ ­¨ï ¢«¨ï­¨ï £¥®¬¥âà¨¨ ­  ¯ à -¬¥âàë 	; � âàã¡ª¨ ¢ë¡¥à¥¬ ¯®áâ®ï­­ë¥ a; b; c â ª,çâ®¡ë áã¬¬ à­ë© ¯®â®ª � ¢ á«ãç ïå I-III ¡ë«®¤¨­ ª®¢ë¬. �®£¤  ¤«ï ¯ à ¬¥âà®¢ ¢ á®®â­®è¥-­¨ïå (11) ¨¬¥¥¬ a = w�=a�, b = w�=b�, £¤¥

a� = 1 + (1 � ch (l))=(lsh (l)); b� = (e�l�(sh (l) ++�ch (l))��)=((1��2)sh (l)); l=�L; �=�=�. �à¨íâ®¬ ¯®«ãç¨¬ á«¥¤ãîé¨¥ ¢ëà ¦¥­¨ï ¤«ï ¢¥«¨ç¨­	 ¨ �:I:	(1) = th(l)l � F (l)1 + �(1) ; �(1) = l2f(l);II:	(2) = th(l)l � 1� sh (l)(1� ch (l) + lsh (l)(1 + �(2))l ;�(2) = A12l(1 + �(2))sh (l) + l2 � 2ch (l) + 2 ;III:	(3) = th(l)l � (1� �2)(ch (l) � 1)e�l�A2 ;�(3) = A3(1 + �(3)) (�ch (l) � sh (l) � �e��l) sh (l) :(12)A1 = 2l2(1 + �(2))(ch (l) � 1) + lsh (l)(2 + l2)++2l2ch (l);A2 = �(3)lsh (l)(1 � �2) + �le�l�(sh (l) + lch (l));A3 = l �(1 + �(3)) (ch (l) � 1)(�ch (l)� sh (l)) ++�ch (l) (�sh (l)� ch (l) + 1) +A4e��l� ;A4 = (1 + �(3))(1 � ch (l))� + �ch (l)���ch 2(l)(1 + �);£¤¥ F (x)=(ch (x)�1)=(x �sh (x)); �=k�1=w(0) { ®â-­®è¥­¨¥ áª®à®áâ¥© ¯ áá¨¢­®£® ¨  ªâ¨¢­®£® âà ­á-¯®àâ  ¢ ­ ç «ì­®¬ á¥ç¥­¨¨ âàã¡ª¨; �(1)=k�1=w�,�(2)=�(1)a�; �(3)=�(1)b�.�¥§ã«ìâ âë à áç¥â®¢ 	(1�3)(l) ¨ �(1�3)(l) ¯® ¢ë-à ¦¥­¨ï¬ (12) ¤«ï àï¤  §­ ç¥­¨© �; � ¯à¨¢¥¤¥­ë­  à¨á. 3, 4 á®®â¢¥âáâ¢¥­­®. � á«ãç ¥ � = 1( ªâ¨¢­ë© âà ­á¯®àâ ®âáãâáâ¢ã¥â) § ¢¨á¨¬®áâ¨	(1�3)(l) ¨ �(1�3t)(l) á®¢¯ ¤ îâ (ªà¨¢ë¥ 1 ­  à¨á.3, 4). �à¨ íâ®¬ á®¯à®â¨¢«¥­¨¥ Z = 	Zp ¬ ªá¨-¬ «ì­® ¨ ¯à¨ l= 0 á®®â¢¥âáâ¢ã¥â ¯ã §¥©«¥¢áª®¬ã(	 = 1),   ­¥®¤­®à®¤­®áâì ®ââ®ª  ¬¨­¨¬ «ì­  ¨�(j) = 0 ¯à¨ l= 0. �à¨ l ! 0 ¯®«ãç¨¬ Z(1) = Z=2,Z(2) = Z=3, Z(3) = Z=�2. �¥®¤­®à®¤­®áâì ®ââ®ª �(3)(l) á« ¡® § ¢¨á¨â ®â �(2). �à¨ � < 1 �(3)<�(2),  ¯à¨ �>1 á®®â­®è¥­¨¥ ¬¥¦¤ã �(2) ¨ �(3) § ¢¨á¨â®â l ¨ ¯à¨ ¤®áâ â®ç­® ¡®«ìè¨å � �(3)>�(2). � ã¢¥-«¨ç¥­¨¥¬ � á®¯à®â¨¢«¥­¨¥ âàã¡ª¨ ã¬¥­ìè ¥âáï,  ­¥®¤­®à®¤­®áâì ®ââ®ª  ¦¨¤ª®áâ¨ ç¥à¥§ áâ¥­ªã à -áâ¥â. � ã¢¥«¨ç¥­¨¥¬ ¤®«¨  ªâ¨¢­®£® âà ­á¯®àâ (á à®áâ®¬ �(j)) á®¯à®â¨¢«¥­¨¥ ¬®­®â®­­® ã¡ë¢ ¥â¤«ï ¢á¥å £à ­¨ç­ëå ãá«®¢¨© (11), ¤®áâ¨£ ï ¢ ª -¦¤®¬ á«ãç ¥ ¬¨­¨¬ «ì­®£® §­ ç¥­¨ï ¯à¨ �(j) = 0(ç¨áâ®  ªâ¨¢­ë© âà ­á¯®àâ, k = 0). � ª¨¬ ®¡à -§®¬, ¯à¨ ®¤¨­ ª®¢®¬ áã¬¬ à­®¬ ®ââ®ª¥ � £¨¤à ¢-32 �. �. �¨§¨«®¢ 
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�¨á. 3. � ¢¨á¨¬®áâ¨ 	(1)(l) ¯à¨ �(1)=1; 1; 0 (ªà¨¢ë¥1{3 á®®â¢¥âáâ¢¥­­®); 	(2)(l) ¯à¨ �(2)=1; 0 (ªà¨¢ë¥4{5), 	(3)(l) ¯à¨ �=0:5, �(3)=1; 0 (ªà¨¢ë¥ 6{7)
�¨á. 4. � ¢¨á¨¬®áâ¨ �(1)(l) (ªà¨¢ ï 1); �(2)(l) ¯à¨�(2)=1; 0 (ªà¨¢ë¥ 2-3 á®®â¢¥âáâ¢¥­­®); �(3)(l) ¯à¨�(3)=1; 0, �=0:5 (ªà¨¢ë¥ 4{5) ¨ �=6 (ªà¨¢ë¥ 6{7)«¨ç¥áª®¥ á®¯à®â¨¢«¥­¨¥ âàã¡ª¨ § ¢¨á¨â ®â à á-¯à¥¤¥«¥­¨ï áª®à®áâ¨ ®ââ®ª  ¢¤®«ì áâ¥­ª¨ âàã¡ª¨ ¨®â á®®â­®è¥­¨ï áª®à®áâ¥©  ªâ¨¢­®£® ¨ ¯ áá¨¢­®-£® âà ­á¯®àâ . �à®¬¥ â®£®, ¢ á«ãç ¥ w(x)=const§­ ç¥­¨¥ �(1) ­¥ § ¢¨á¨â ®â �,   	(1)(�) { ¢®§à áâ -îé ï äã­ªæ¨ï, â® ¥áâì §  áç¥â ã¢¥«¨ç¥­¨ï ¤®«¨ ªâ¨¢­®£® âà ­á¯®àâ  ¢ ®¡é¥¬ ®ââ®ª¥ ¦¨¤ª®áâ¨¬®¦­® á­¨§¨âì á®¯à®â¨¢«¥­¨¥ âàã¡ª¨ ¯à¨ ­¥¨§-¬¥­­®© ­¥®¤­®à®¤­®áâ¨ ®ââ®ª .�à®¢®¤ï ®æ¥­ªã ¯ à ¬¥âà  l, ¨§ ãá«®¢¨ï � =Q

¯®«ãç ¥¬ k � (V �)2R=(2L�1), ®âªã¤  ¤«ï �1 �105 �  10�5<l<1. �¤¥áì ¢¥àå­ïï £à ­¨æ  ¤¨ ¯ -§®­  á®®â¢¥âáâ¢ã¥â ªàã¯­ë¬ «¨áâìï¬ ¤«¨­®© ¯®-àï¤ª  0.5{1 ¬. �à¨ íâ®¬ ¤«ï ¡®«ìè¨­áâ¢  ¬¥«-ª¨å «¨áâì¥¢ á â®­ª¨¬¨ ¯à®¢®¤ïé¨¬¨ í«¥¬¥­â ¬¨l � 0:1. �âáãâáâ¢¨¥ ¤®áâ â®ç­®£® íªá¯¥à¨¬¥­-â «ì­®£® ¬ â¥à¨ «  ­¥ ¯®§¢®«ï¥â áà ¢­¨âì ¯®«ã-ç¥­­ë¥ â¥®à¥â¨ç¥áª¨¥ ®æ¥­ª¨ á ¤ ­­ë¬¨ ¨§¬¥à¥-­¨©. �®¯à®á ® ª®«¨ç¥áâ¢¥­­®¬ á®®â­®è¥­¨¨ ¬¥¦-¤ã ¤¢ã¬ï ¢¨¤ ¬¨ âà ­á¯®àâ  ¢ âª ­ïå à áâ¥­¨©¯®ª  ­¥¤®áâ â®ç­® ¨áá«¥¤®¢ ­ ª ª ¤«ï «¨áâì¥¢, â ª¨ ¤«ï ®à£ ­®¢ á ¡®«¥¥ ¯à®áâ®© £¥®¬¥âà¨¥© ª®à­¥© ¨áâ¥¡«¥©. �§¢¥áâ­®, çâ®  ªâ¨¢­ë© âà ­á¯®àâ ¦¨¤-ª®áâ¨ å à ªâ¥à¥­ ¤«ï í¢®«îæ¨®­­® ¬®«®¤ëå ¢¨¤®¢à áâ¥­¨©,   ¢¥«¨ç¨­  � ¨¬¥¥â áãé¥áâ¢¥­­ë¥ áã-â®ç­ë¥ ¨ á¥§®­­ë¥ ª®«¥¡ ­¨ï ¨ ¨§¬¥­ï¥âáï ¯®¤¤¥©áâ¢¨¥¬ àï¤  ¬¨­¥à «ì­ëå ¨ à¥£ã«ïâ®à­ëå ä ª-â®à®¢ [30].�¨ ¯ §®­ l > 1 å à ªâ¥à¥­ ¤«ï â¥å­¨ç¥áª¨åãáâà®©áâ¢ (¤à¥­ ¦­ëå á¨áâ¥¬), ¤«ï ª®â®àëå, â -ª¨¬ ®¡à §®¬, ¬®¦¥â ¡ëâì ¯®áâ ¢«¥­  § ¤ ç  ®¯â¨-¬¨§ æ¨¨ ¢ ¢¨¤¥ Z ! min, � = const ¤«ï ®¯à¥¤¥«¥-­¨ï ®¯â¨¬ «ì­ëå ãá«®¢¨© ®ââ®ª  ­  áâ¥­ª¥. �à¨ä®à¬¨à®¢ ­¨¨ ¡¨®«®£¨ç¥áª¨å ¯à®¢®¤ïé¨å á¨áâ¥¬áâàãªâãà  ¢¥â¢«¥­¨© «¨áâ  ¤ ­­®£® ¢¨¤  ¦¥áâª®¤¥â¥à¬¨­¨à®¢ ­  [29], ¯®íâ®¬ã ¨¬¥¥â á¬ëá« £®-¢®à¨âì ® § ¤ ç¥ ®¯â¨¬¨§ æ¨¨ ¢ ¯®áâ ­®¢ª¥ (1)¨ ®¯à¥¤¥«¥­¨¨ ®¯â¨¬ «ì­®© £¥®¬¥âà¨¨ âàã¡ª¨,  â ª¦¥ á ¬®¯®¤®¡­®£® ¢¥â¢ïé¥£®áï àãá« , ®¡à §®-¢ ­­®£® â ª¨¬¨ âàã¡ª ¬¨ [12].2. ������������ ���������� ����-������� �������®áâ ¢¨¬ ¤«ï â¥ç¥­¨ï ¦¨¤ª®áâ¨ ¢ âàã¡ª¥ á¯à®­¨æ ¥¬ë¬¨ áâ¥­ª ¬¨ ®¯â¨¬¨§ æ¨®­­ãî § ¤ -çã (1). �á¯®«ì§®¢ ¢ ¢ëà ¦¥­¨¥ (8), ¢ëç¨á«¨¬ ¢ï§-ªãî ¤¨áá¨¯ æ¨î �:� = 2� LZ0 dx RZ0 �ikvikrdr;£¤¥ vik { â¥­§®à áª®à®áâ¥© ¤¥ä®à¬ æ¨¨; �ik=2�vik{ â¥­§®à ¢ï§ª¨å ­ ¯àï¦¥­¨©; ¯® ®¤¨­ ª®¢ë¬ ¨­-¤¥ªá ¬ ¯à®¢®¤¨âáï áã¬¬¨à®¢ ­¨¥. �«ï à¥è¥­¨ï(1) § ¯¨è¥¬ äã­ªæ¨î � £à ­¦  � = � + �V ,£¤¥ V = �R2L, � = const ¨ ¨§ ãá«®¢¨ï �0R;L = 0¯®«ãç¨¬ âà ­áæ¥­¤¥­â­®¥ ãà ¢­¥­¨¥ ®â­®á¨â¥«ì-­® R;L. �à¨ § ¤ ­¨¨ ª®­ªà¥â­®£® ¢¨¤  äã­ª-æ¨¨ Vr(R; x) ¨ ¯ à ¬¥âà  � íâ® ãà ¢­¥­¨¥ ¬®¦¥â¡ëâì à¥è¥­® ç¨á«¥­­ë¬¨ ¬¥â®¤ ¬¨. �ç¨âë¢ ï®âáãâáâ¢¨¥ ¤®áâ®¢¥à­ëå íªá¯¥à¨¬¥­â «ì­ëå ¤ ­-­ëå, à áá¬®âà¨¬ ¯à¥¤¥«ì­ë¥ á«ãç ¨ �= 0;1 ¤«ï�. �. �¨§¨«®¢  33



ISSN 1561 -9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 2003. �®¬ 5 (77), N 1. �. 28 { 35£à ­¨ç­ëå ãá«®¢¨© (11). �®£¤  ¯à¨ �= 0 ( ªâ¨¢-­ë© âà ­á¯®àâ) ¤«ï � ¯®«ãç¨¬:I:�(1) = �p(1� �+ 13�2);II:�(2) = �p(1� 43�+ 815�2);III:�(3) = �p(1 + 21 + �2 (�� ��2)): (13)�à¨ �=1 (¯ áá¨¢­ë© âà ­á¯®àâ) ¨¬¥¥¬:�(0) = �p �12 �1 + ch (l) sh (l)l �� (�� 1++ch (l)) sh (l)l + (�� 1 + ch (l))2g(l)� ; (14)£¤¥ �p = 8�LQ2=(�R4) { ¤¨áá¨¯ æ¨ï ¤«ï â¥ç¥­¨ï�ã §¥©«ï ¢ ­¥¯à®­¨æ ¥¬®© âàã¡ª¥;g(x) = ch (x)sh (x) � x2xsh 2(x) ; � = �Q:�«ï à áá¬ âà¨¢ ¥¬®£® á«ãç ï Q = � ¨§ ¢ëà -¦¥­¨© (13) ¯®«ãç¨¬ �(1) = �p=3, �(2) = �p=5,�(3) = �p(3 � 2� + �2)=(1 + �2). � ª¨¬ ®¡à -§®¬, �(1�2) ®â«¨ç îâáï ®â �pâ®«ìª® ª®­áâ ­â®©,  �p { ­¥ § ¢¨áïé¨¬ ®â R;L ¬­®¦¨â¥«¥¬, ¯®íâ®-¬ã à¥è¥­¨¥ § ¤ ç¨ (1) ¯à¨¢®¤¨â ª á®®â­®è¥­¨îQ=R3 = const, ª ª ¨ ¢ á«ãç ¥ âàã¡ª¨ á ­¥¯à®­¨-æ ¥¬ë¬¨ áâ¥­ª ¬¨. �§ ãà ¢­¥­¨ï (14) ¯à¨ � = 1¨¬¥¥¬ �(0) = �p�(l), £¤¥ �(l) = (ch (l)sh (l) ��l)=(2lsh 2(l)). �¥è¥­¨¥ § ¤ ç¨ (1) ¢ íâ®¬ á«ãç ¥¤ ¥â á«¥¤ãîéãî § ¢¨á¨¬®áâì Q(R; l):Q2R6 f(l) = const;f(l) = �(l) = l�=(l) = lch (l)� sh (l)sh 3(l) :�âáî¤  ¤«ï ¢¥â¢«¥­¨ï, ®¡à §®¢ ­­®£® ®¯â¨-¬ «ì­ë¬¨ ¢ á¬ëá«¥ ªà¨â¥à¨ï (1) âàã¡ª ¬¨, ¨§ãá«®¢¨ï ­¥¯à¥àë¢­®áâ¨ à áå®¤  Qi = Qi+1;1 +Qi+1;2 (§¤¥áì Qi, Qi+1;1, Qi+1;2 { ®¡ê¥¬­ë© à á-å®¤ ¢ ®á­®¢­®© ¨ ¤®ç¥à­¨å âàã¡ª å á®®â¢¥âáâ¢¥­-­®) ¯®«ãç¨¬ ¬®¤¨ä¨æ¨à®¢ ­­ë© § ª®­ �îàà¥ï ¢¢¨¤¥ R3ipf(li) = R3i+1;1pf(li+1;1) + R3i+1;2pf(li+1;2) : (15)� á«ãç ¥ ¬ «ëå §­ ç¥­¨© l, à áª« ¤ë¢ ï f(l) ¢àï¤ ¯® l, ¯®«ãç¨¬ f(l) = 1=3 + o(l2). � ¤¨ ¯ §®­¥

jlj � 0:5, ª®â®àë© á®®â¢¥âáâ¢ã¥â ¡®«ìè¨­áâ¢ã «¨-áâì¥¢ á L � 0:1¬, ¨§¬¥­¥­¨ï f(l) «¥¦ â ¢ ¤¨ ¯ §®-­¥ �f(l) � 0:03 ¨«¨ �f(l) � 10%. �®ç­®áâì ¨§¬¥à¥-­¨© R;L ¯® ¤ ­­ë¬ [18] á®áâ ¢¨«  2%, ®âªã¤  ¤«ï¯®£à¥è­®áâ¨ §­ ç¥­¨© l = 4Lp�kR�3=2¨ f(l) ¯®-«ãç¨¬ �l � 6%, �f(l) � 12%. � ª¨¬ ®¡à §®¬, ¯à¨ãª § ­­®© â®ç­®áâ¨ ¨§¬¥à¥­¨© á®®â­®è¥­¨¥ ¬¥¦-¤ã Ri, Ri+1;1, Ri+1;2 ¡ã¤¥â á®®â¢¥âáâ¢®¢ âì § ª®­ã�îàà¥ï ¢ ª« áá¨ç¥áª®© ä®à¬¥ á 
 = 3. �à®¢¥àª á®®â­®è¥­¨ï (15) ¬®¦¥â ¡ëâì ¢ë¯®«­¥­  ­  ®á­®-¢ ­¨¨ ¤ ­­ëå ¨§¬¥à¥­¨© ¤«ï ªàã¯­ëå «¨áâ®¢ëå¯« áâ¨­®ª (L � 0:5 ¬), ­ ¯à¨¬¥à, âà®¯¨ç¥áª¨å à -áâ¥­¨©.�����������¥è¥­¨¥ § ¤ ç¨ ® ¤¢¨¦¥­¨¨ ¢ï§ª®© ¦¨¤ª®áâ¨ ¯®á¨áâ¥¬¥ âàã¡®ª á ¯à®­¨æ ¥¬ë¬¨ áâ¥­ª ¬¨ ¯à¨ ­ -«¨ç¨¨ ¤¢ãå ª®¬¯®­¥­â ®ââ®ª  ç¥à¥§ áâ¥­ªã ¯®§¢®-«ï¥â ¨áá«¥¤®¢ âì £¨¤à ¢«¨ç¥áª¨¥ å à ªâ¥à¨áâ¨ª¨á¨áâ¥¬ ¤ «ì­¥£® âà ­á¯®àâ  ¦¨¤ª®áâ¨ ¢ âª ­ïåà áâ¥­¨©. �¥§ã«ìâ âë à áç¥â®¢ ¯à¨ àï¤¥ ã¯à®é -îé¨å ¯à¥¤¯®«®¦¥­¨© ®â­®á¨â¥«ì­® áª®à®áâ¨ ®â-â®ª  ­  áâ¥­ª¥ ¨ á®®â­®è¥­¨ï ¬¥¦¤ã ¤¢ã¬ï ª®¬-¯®­¥­â ¬¨ ®ââ®ª  { § ¢¨áïé¥© ¨ ­¥ § ¢¨áïé¥© ®â¤ ¢«¥­¨ï ¢ âàã¡ª¥ { ¯®ª § «¨, çâ® £¨¤à ¢«¨ç¥áª®¥á®¯à®â¨¢«¥­¨¥ á¨áâ¥¬ë á­¨¦ ¥âáï ¯® ¬¥à¥ ã¢¥-«¨ç¥­¨ï ­¥à ¢­®¬¥à­®áâ¨ ®ââ®ª  ¯® ¤«¨­¥ âàã¡-ª¨. �  ®á­®¢¥ ¯à¥¤áâ ¢«¥­­®© ¬®¤¥«¨ ¨ ¤ ­­ëå¨§¬¥à¥­¨© ¬®£ãâ ¡ëâì ¯à®¢¥¤¥­ë áà ¢­¨â¥«ì­ë¥¨áá«¥¤®¢ ­¨ï £¨¤à ¢«¨ç¥áª¨å á¢®©áâ¢ ¯à®¢®¤ïé¨åá¨áâ¥¬ à §­ëå â¨¯®¢ [29], ¢ â®¬ ç¨á«¥ ¤«ï ¢¨¤®¢,§ ­¨¬ îé¨å à §­ë¥ ¯®«®¦¥­¨ï ­  í¢®«îæ¨®­­®©èª «¥. �®¤®¡­ë¥ ®æ¥­ª¨ ­¥®¤­®ªà â­® ¯à®¢®¤¨-«¨áì ¤«ï  àâ¥à¨ «ì­ëå àãá¥« ¨ áâ¨¬ã«¨à®¢ «¨ ¨á-á«¥¤®¢ ­¨¥ ¬¥å ­¨§¬®¢ í¢®«îæ¨®­­®© ®¯â¨¬¨§ -æ¨¨ [3, 4, 6, 7]. �¥è¥­¨¥ ®¯â¨¬¨§ æ¨®­­®© § ¤ ç¨(1) ¤«ï âàã¡ª¨ á ¯à®­¨æ ¥¬ë¬¨ áâ¥­ª ¬¨ ¯à¨ ¯à¨-­ïâëå ¯à¥¤¯®«®¦¥­¨ïå ®â­®á¨â¥«ì­® ãá«®¢¨© â¥-ç¥­¨ï ¯à¨¢®¤¨â ª â®¬ã ¦¥ á®®â­®è¥­¨î Q � R3,ª®â®à®¥ ¯®«ãç¥­® ¯à¨ à¥è¥­¨¨  ­ «®£¨ç­®© § ¤ -ç¨ ¤«ï ¯ã §¥©«¥¢áª®£® â¥ç¥­¨ï ¢ âàã¡ª¥ á ­¥¯à®­¨-æ ¥¬ë¬¨ áâ¥­ª ¬¨ ¨ ¤«ï â¥ç¥­¨© ¢ ®âªàëâëå àã-á« å à¥ç­ëå á¨áâ¥¬ ¯à¨ àï¤¥ ã¯à®é îé¨å ¯à¥¤-¯®«®¦¥­¨©.�¥ç¥­¨¥ ªà®¢¨ ¢ á®áã¤ å ¨¬¥¥â ¢®«­®¢®© å -à ªâ¥à, á®¯à®¢®¦¤ ¥âáï á«®¦­ë¬¨ ¤¥ä®à¬ æ¨ï¬¨áâ¥­®ª ¨ ­ «®¦¥­¨¥¬ ¬­®£®ç¨á«¥­­ëå ®âà ¦¥­-­ëå ¢®«­ [1]. �®®â¢¥âáâ¢¨¥ áâàãªâãàë  àâ¥à¨- «ì­®£® àãá«  á®®â­®è¥­¨ï¬, á«¥¤ãîé¨¬ ¨§ ¬®¤¥-«¨ áâ æ¨®­ à­®£® ¯ã §¥©«¥¢áª®£® â¥ç¥­¨ï, ãª §ë-¢ ¥â ­  â®, çâ® ¬¥å ­¨§¬ë ä®à¬¨à®¢ ­¨ï ®¯â¨-¬ «ì­ëå  àâ¥à¨ «ì­ëå àãá¥« ¬®£ãâ ¡ëâì á¢ï§ -34 �. �. �¨§¨«®¢ 
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