
������I �����I ISSN 1561 -9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 2002. �®¬ 4 (76), N 2. �. 3 { 8��� 532.528���I������ ����� ������ �����ö���� ����I�������� �� ��������I���I������������ ���I������.�. ������ , I. �. �������� , �.�. ��������ö­áâ¨âãâ £÷¤à®¬¥å ­÷ª¨ ��� �ªà ù­¨, �¨ù¢�âà¨¬ ­® 15.01.2002� ááç¨â ­ë ®¡ê¥¬­ë¥ ª®íää¨æ¨¥­âë á®¯à®â¨¢«¥­¨ï â®­ª¨å ª®­ãá®¢ ¤«ï áã¯¥àª ¢¨â æ¨®­­®£® à¥¦¨¬  ®¡â¥ª ­¨ï.� ¢¥à­  áç¨â ¥âáï ç áâìî ¯®«¥§­®£® ®¡ê¥¬  ¨ ®¯à¥¤¥«ï¥âáï á ¯®¬®éìî ãà ¢­¥­¨ï ¯¥à¢®£® ¯à¨¡«¨¦¥­¨ï. �®«ãç¥­ë ­ «¨â¨ç¥áª¨¥ ä®à¬ã«ë ¤«ï ®¡ê¥¬­ëå ª®íää¨æ¨¥­â®¢ á®¯à®â¨¢«¥­¨ï âà¥­¨ï ¨ ¤ ¢«¥­¨ï. � áá¬®âà¥­ë ¯à¥¤¥«ì­ë¥á«ãç ¨ ¤«¨­­ëå ¨ ª®à®âª¨å ª ¢¥à­. �à ¢­¥­¨¥ á ª®íää¨æ¨¥­â ¬¨ á®¯à®â¨¢«¥­¨ï â®­ª¨å ®á¥á¨¬¬¥âà¨ç­ëå â¥« ¯à¨¡¥§®âàë¢­®¬ à¥¦¨¬¥ ®¡â¥ª ­¨ï ¯®ª § «®, çâ® ¯à¨ ç¨á« å ª ¢¨â æ¨¨, ¬¥­ìè¨å 0.001, áã¯¥àª ¢¨â æ¨®­­ë© à¥¦¨¬¨¬¥¥â ¯à¥¨¬ãé¥áâ¢ , ­® ¤«ï ¡®«ìè¨å §ç ç¥­¨© ç¨á«  ª ¢¨â æ¨¨ à §­¨æ  ¢ á®¯à®â¨¢«¥­¨ïå ¬®¦¥â áâ âì ­¥¡®«ìè®©.�«ãç © ª®à®âª¨å ª ¢¥à­ ­¥¯à¨¥¬«¥¬ ¤«ï ¬¨­¨¬¨§ æ¨¨ á®¯à®â¨¢«¥­¨ï.�®§à å®¢ ­i ®¡'c¬­i ª®¥äiæic­â¨ ®¯®àã â®­ª¨å ª®­ãái¢, ïªi ®¡âiª îâìáï ã áã¯¥àª ¢iâ æi©­®¬ã à¥¦¨¬i. � ¢¥à­ ¢¢ ¦ câìáï ç áâ¨­®î ª®à¨á­®£® ®¡'c¬ã i ¢¨§­ ç câìáï §  ¤®¯®¬®£®î ài¢­ï­­ï ¯¥àè®£® ­ ¡«¨¦¥­­ï. �âà¨¬ ­® ­ «iâ¨ç­i ä®à¬ã«¨ ¤«ï ®¡'c¬­¨å ª®¥äiæic­âi¢ ®¯®àã â¥àâï â  â¨áªã. �®§£«ï­ãâi £à ­¨ç­i ¢¨¯ ¤ª¨ ¤®¢£¨å â  ª®-à®âª¨å ª ¢¥à­. �®ài¢­ï­­ï § ª®¥äiæic­â ¬¨ ®¯®àã â®­ª¨å ®á¥á¨¬¥âà¨ç­¨å âi« ¯à¨ ¡¥§¢i¤à¨¢­®¬ã à¥¦¨¬i ®¡âiª ­­ï¯®ª § «®, é® ¤«ï ç¨á¥« ª ¢iâ æi��, ¬¥­è¨å 0.001, áã¯¥àª ¢iâ æi©­¨© à¥¦¨¬ ¬ c ¯¥à¥¢ £¨,  «¥ ¤«ï ¡i«ìè¨å §­ ç¥­ìç¨á«  ª ¢iâ æi�� ài§­¨æï ¢ ®¯®à å ¬®¦¥ áâ â¨ ­¥¢¥«¨ª®î. �¨¯ ¤®ª ª®à®âª¨å ª ¢¥à­ c ­¥¯à¨©­ïâ­¨¬ ¤«ï ¬i­i¬i§ æi��®¯®àã.The volumetric drag coe�cients of slender cones for supercavitation 
ow patterns are calculated. Cavity is assumedas a part of useful volume and determined with the use of the �rst approximation equation. Analytic formulas for thevolumetric drag coe�cients due to the friction and pressure distribution are presented. The cases of long and short cavitiesare considered. Comparison with the drag coe�cients of slender axisymmetrical bodies with unseparated 
ow patternshowed, that at cavity numbers smaller than 0.001, supercavitation 
ow is preferable, but for larger values of the cavitynumber, the di�erence in drags can begin small. A case of short cavities is unacceptable for drag minimization.������ãå ã ¢®¤i ¯®¢'ï§ ­¨© § ­ ¡ £ â® ¡i«ìè¨¬¨ ¢¨-âà â ¬¨ ¥­¥à£i�� ¯®ài¢­ï­® § ¯¥à¥áã¢ ­­ï¬ ã ¯®-¢iâài § â ª®î á ¬¥ è¢¨¤ªiáâî ç¥à¥§ â¥, é® £ã-áâ¨­  ¢®¤¨ � ¯à¨¡«¨§­® ã 800 à §i¢ ¡i«ìè , ­i¦£ãáâ¨­  ¯®¢iâàï �a. �ªé® ¢à åã¢ â¨ â ª®¦, é®¯®âã¦­iáâì, ­¥®¡åi¤­  ¤«ï ¯®¤®« ­­ï ®¯®àã ¢®¤¨,¯à®¯®àæi©­  ¢¥«¨ç¨­i �U31 (¤¨¢., ­ ¯à¨ª« ¤, [1]),â® áâ c ®ç¥¢¨¤­®î  ªâã «ì­iáâì § ¤ çi §¬¥­è¥­­ï£i¤à®¤¨­ ¬iç­®£® ®¯®àã ¯à¨ ¢¥«¨ª¨å è¢¨¤ª®áâïåàãåã U1.�¤¨­ i§ á¯®á®¡i¢ ¢¨àiè¥­­ï ¯à®¡«¥¬¨ ¯®«ï£ c ã§¬¥­è¥­­i ¯«®éi ª®­â ªâã ¯®¢¥àå­i âi«  § ¢®¤®î(§  à åã­®ª §¡i«ìè¥­­ï ¯®¢¥àå­i ª®­â ªâã § ¯®-¢iâàï¬  ¡® ¢®¤ï­®î ¯ à®î). �ï i¤¥ï à¥ «i§®¢ ­ ã áã¤­ å ­  ¯i¤¢®¤­¨å ªà¨« å â  âi« å, é® ®¡âiª -îâìáï ã áã¯¥àª ¢iâ æi©­®¬ã à¥¦¨¬i (¤¨¢., ­ ¯à¨-ª« ¤, [1-5]).�à ¤¨æi©­¨© ¬¥â®¤ ¬÷­÷¬÷§ æ÷ù £÷¤à®¤¨­ ¬÷ç-­®£® ®¯®àã ¯®«ï£ c ã ¢¨ª®à¨áâ ­­i á¯¥æi «ì­®¯i¤i¡à ­¨å ä®à¬, ïªi ¬ãáïâì § ¡¥§¯¥ç¨â¨ ¡¥§-¢i¤à¨¢­¨© à¥¦¨¬ ®¡âiª ­­ï â  ¬ ªá¨¬ «ì­® ¢¥-«¨ªã ¯«®éã ª®­â ªâã § « ¬i­ à­¨¬ ¯à¨¬¥¦®¢¨¬
è à®¬. �®ªà¥¬ , ¢ [6-9] §  ¤®¯®¬®£®î áãç á­®��ª®¬¯'îâ¥à­®�� £i¤à®¬¥å ­iª¨ à®§à å®¢ ­÷ ®á¥á¨¬¥-âà¨ç­i ä®à¬¨, é® § ¡¥§¯¥çãîâì ¬i­i¬ã¬ ®¯®àã¯à¨ äiªá®¢ ­®¬ã ®¡'c¬i ¤«ï ài§­¨å ¤i ¯ §®­i¢ ç¨-á¥« �¥©­®«ì¤á  (ReV = U1V 1=3=�; V { ®¡'c¬ âi« ;� { ªi­¥¬ â¨ç­  ¢'ï§ªicâì).� à®¡®â å [10, 11] à®§£«ï­ãâi â®­ªi ®á¥á¨¬¥-âà¨ç­i â÷« , §à®¡«¥­i ®æi­ª¨ ª®¥äiæic­âi¢ ®¯®-àã, ®âà¨¬ ­i ã¬®¢¨ ¡¥§¢i¤à¨¢­®£® â  ¯®¢­iáâî« ¬i­ à­®£® ®¡âiª ­­ï, ­ ¢¥¤¥­i ¯à¨ª« ¤¨ ®¯â¨-¬ «ì­¨å ä®à¬. � ¯à®¯®­®¢ ­i  ­ «iâ¨ç­i ä®à¬ã-«¨ ¤®§¢®«ïîâì «¥£ª® ®æi­¨â¨ ¯®âài¡­i å à ªâ¥à¨-áâ¨ª¨ ¤«ï ài§­¨å §­ ç¥­ì ç¨á«  �¥©­®«ì¤á  â  ¯ -à ¬¥âà  â®­ª®áâi " = Rmax=L (¤¥ Rmax { ¬ ªá¨-¬ «ì­¨© à ¤iãá âi« ; L { ©®£® ¤®¢¦¨­ ), é® ¢¨£i¤­®¢i¤ài§­ïc [10, 11] ¢i¤ ¤¥é® ­¥¯à®§®à¨å à¥§ã«ìâ âi¢à®¡iâ [6-9].� [1] §à®¡«¥­® ¯®ài¢­ï­­ï ®¯®àã ®á¥á¨¬¥âà¨ç-­¨å âi« ¯à¨ ¡¥§¢i¤à¨¢­®¬ã â  áã¯¥àª ¢iâ æi©­®-¬ã ®¡âiª ­­i § ¤ã¦¥ ¬ «¨¬¨ ç¨á« ¬¨ ª ¢iâ æi��� = 2(p1�pc)=�U21 (¤¥ p1 { â¨áª ã ¢®¤i ¤ «¥ª® ¢i¤âi«  ­  £«¨¡¨­i ©®£® àãåã; pc { â¨áª ­  ¯®¢¥àå­i ª -¢¥à­¨, ïª¨© ¬®¦­  ¢¢ ¦ â¨ áâ «¨¬ ç¥à¥§ ¢¥«¨ªãài§­¨æî ã £ãáâ¨­ å ¢®¤¨ â  £ §i¢, é® § ¯®¢­îîâìª ¢¥à­ã). �æi­ª¨ ¯®ª § «¨, é® ¯à¨ §­ ç¥­­ïå ç¨-c
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�¨á. 1. �å¥¬  ®á¥á¨¬¥âà¨ç­®£® áã¯¥àª ¢iâ æi©­®£®®¡âiª ­­ï â®­ª®£® ª®­ãá á«  ª ¢iâ æi�� ¯®àï¤ªã 10�4 áã¯¥àª ¢iâ æi©­¨© à¥-¦¨¬ § ¡¥§¯¥çãc §­ ç­® ¬¥­è¨© ®¯ià ¯®ài¢­ï­® §¡¥§¢i¤à¨¢­¨¬.�à¥¤¬¥â®¬ ¤ ­®£® ¤®á«÷¤¦¥­­ï c ¯®ài¢­ï­­ïª®¥äiæic­âi¢ ®¯®àã â®­ª¨å ®á¥á¨¬¥âà¨ç­¨å âi« ãài§­¨å à¥¦¨¬ å ®¡âiª ­­ï ¤«ï è¨à®ª®£® ¤i ¯ §®-­ã ç¨á¥« ª ¢iâ æi�� â  �¥©­®«ì¤á .1. ����I�IC��� ����� �����������I� ��� �����������������������I���I����� �������¡¬¥¦¨¬®áï àãå®¬ â®­ª®£® ª®­ãá  §i áâ «®îè¢¨¤ªiáâî ¢ ®¤­®ài¤­i© ài¤¨­i ¢§¤®¢¦ ®ái á¨¬¥â-à÷ù ¯à¨ ¤®áâ â­ì® ¢¥«¨ª¨å ç¨á« å �¥©­®«ì¤á  â ¬ «¨å ç¨á« å � å , é® ¤®§¢®«ïc ¢¢ ¦ â¨ ài¤¨­ã¯®§  ¢ã§ìª¨¬ ¯à¨¬¥¦®¢¨¬ è à®¬ i¤¥ «ì­®î â  ­¥-áâ¨á«¨¢®î,   ¯®âiª ¢ æi© ®¡« áâi { ¡¥§¢¨åà®¢¨¬.�ài¬ â®£®, ®¡¬¥¦¨¬®áï ¢¨¯ ¤ª®¬ ¢¥«¨ª¨å ç¨á¥«�àã¤  Fr = U1=pgR0 (¤¥ g { ¯à¨áª®à¥­­ï ¢i«ì­®-£® ¯ ¤i­­ï; R0 { à ¤iãá ®á­®¢¨ ª®­ãá ). �®¤i ài¤¨­ã¬®¦­  ¢¢ ¦ â¨ ­¥¢ £®¬®î, i ¢áî â¥çiî { ®á¥á¨¬¥-âà¨ç­®î (à¨á. 1).�¨«i­¤à¨ç­i ª®®à¤¨­ â¨ x, r ¢¨¡à ­i â ª, ïª ¯®-ª § ­® ­  à¨á.1. �®çª  áå®¤ã áâàã¬¥­i¢ (¯®ç âªãª ¢¥à­¨) ¢i¤¯®¢i¤ c x = 0, ¢ái ¤®¢¦¨­¨ ¢i¤­¥á¥­i¤® § £ «ì­®�� ¤®¢¦¨­¨ á¨áâ¥¬¨ ª ¢iâ â®à-ª ¢¥à­ -§ ¬¨ª ç. �   ­ «®£icî § [12] ¢¨ª®à¨áâ®¢ãcâìáï ­¥-á¨¬¥âà¨ç­  áå¥¬  �ï¡ãè¨­áìª®£®. �áªi«ìª¨ ®á­®-¢  ª®­ãá  ­¥ ¬ c ª®­â ªâã § ài¤¨­®î, â® ¯ -à ¤®ªá � « ¬¡¥à  ¯®àãèãcâìáï, i ¢¨­¨ª c ®¯ià,¯®¢'ï§ ­¨© § à®§¯®¤i«®¬ â¨áªã ¯® ¯®¢¥àå­i.�i¤¯®¢i¤­® ¤® [13] ª®¥äiæic­â æì®£® ®¯®àãá« ¤ câìáï § ¤¢®å ç áâ¨­:�x = 2X�U21
 = C1 +C2: (1)�ãâ X { áª« ¤®¢  á¨« â¨áªã ¢ ­ ¯àï¬ªã ®ái x; 
 {¯«®é  ®á­®¢¨ ª®­ãá . �«ï ¢¥«¨ç¨­ C1, C2 á¯à ¢¥¤-«¨¢i ­ áâã¯­i ä®à¬ã«¨ (¤¨¢. [13]):C1 = Cx0 + �; Cx0 = �2�2[ln(0:5�) + 1]; (2)

C2 = �hl2 � l + l(l � 2)lnl � l2klnlki2l2kln" : (3)�ãâ � { ¯®åi¤­  ¢i¤ à ¤iãá  ª®­ãá  ( ¡® â ­£¥­á­ ¯i¢ªãâ  ¯à¨ ©®£® ¢¥àè¨­i); lk { ¤®¢¦¨­  ª®­ãá ;l = 1� lk.�¥§ áãââc¢¨å ¢âà â ¢ â®ç­®áâi ¢¥«¨ç¨­ã " ¬®¦-­  § ¬i­¨â¨ ­  �, ¤«ï ¢¨§­ ç¥­­ï lk ¬®¦­  áª®à¨-áâ â¨áì ä®à¬ã«®î § à®¡®â¨ [12] ¤«ï ¯¥àè®£® ­ -¡«¨¦¥­­ï à ¤iãá  â®­ª®�� ®á¥á¨¬¥âà¨ç­®�� ª ¢¥à­¨R2(x) = �x22ln" + 2�R0x+ R20: (4)� ài¢­ï­­ï (4) ¢¨¯«¨¢ c ­ áâã¯­  ä®à¬ã«  ¤«ïà ¤iãá  ª ¢¥à­¨, ¢i¤­¥á¥­­®£® ¤® à ¤iãá  ®á­®¢¨ª®­ãá : R2(x)R20 = �2ln� x2R20 + 2� xR0 + 1; (5)§ ïª®£® è«ïå®¬ ¯à¨ài¢­î¢ ­­ï ¯à ¢®�� ç áâ¨­¨ ¤®­ã«ï ¬®¦­  §­ ©â¨ ¤®¢¦¨­ã ª ¢¥à­¨ à §®¬ i§ § -¬¨ª ç¥¬ L0, ¢i¤­¥á¥­ã ¤® à ¤iãá  ®á­®¢¨ ª®­ãá :L0R0 = �2�ln��  1 +r1� �2�2ln�!: (6)�®¢­  ¤®¢¦¨­  á¨áâ¥¬¨ ª ¢iâ â®à{ª ¢¥à­ {§ ¬¨ª ç ®âà¨¬ãcâìáï § á¯÷¢¢÷¤­®è¥­­ï (6) ¤®¤ -¢ ­­ï¬ ¤®¢¦¨­¨ ª®­ãá  1=�, â®¬ã+ 1R0 = 1� � 2�ln��  1 +r1� �2�2ln�!: (7)�áªi«ìª¨ ¢¥«¨ç¨­  lk ¯®¢'ï§ ­  § R0 ®ç¥¢¨¤­¨¬á¯i¢¢i¤­®è¥­­ï¬ lk = R0=�, â® § ä®à¬ã«¨ (7)¢¨¯«¨¢ c lk = 11 + ��1 +p1 + 1=�� ; (8)� = �2�2ln�� : (9)Pi¢­ï­­ï (1){(3), (8), (9) ¤®§¢®«ïîâì ¢¨§­ ç¨â¨ª®¥äiæic­â ®¯®àã â®­ª®£® ª®­ãá  ¯à¨ áâ æi®­ à­®-¬ã ®¡âiª ­­i ­¥¢ £®¬®î i¤¥ «ì­®î ài¤¨­®î ¢ áã-¯¥àª ¢iâ æi©­®¬ã à¥¦¨¬i. �à¨ª« ¤¨ à®§à åã­ªi¢¬®¦­  §­ ©â¨ ¢ [13]. �à¨à®¤­®, é® ¯à¨ äiªá®¢ ­®-¬ã ç¨á«i ª ¢iâ æi�� ª®¥äiæic­â ®¯®àã Cx á¯ ¤ c ¯à¨§¬¥­è¥­­i ¯ à ¬¥âà  �.�«¥ ­  ¯à ªâ¨æ÷ æiª ¢÷ ­¥ ¯à®áâ® ¬ «i §­ ç¥­-­ï Cx,   ¬i­i¬ «ì­¨© ®¯ià ¯à¨ äiªá®¢ ­®¬ã ®¡'c¬iª ¢iâ â®à{ª ¢¥à­ . �à®áâià ª ¢¥à­¨ â ª®¦ ¬®-¦¥ ¢¨ª®à¨áâ®¢ã¢ â¨áì ¤«ï à®§¬ié¥­­ï ¯®âài¡­¨å4 �.�.�ãà £ , ö.�.�¥áâ¥àãª, �.�.� ¢ç¥­ª®



ISSN 1561 -9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 2002. �®¬ 4 (76), N 2. �. 3 { 8¢ ­â ¦i¢,   â¥àâï¬, ïª¥ ¢¨ª«¨ª ­¥ àãå®¬ £ §ã ¬i¦¯®¢¥àå­ï¬¨ â¢¥à¤®£® âi«  â  ª ¢¥à­¨, ¬®¦­  §­¥å-âã¢ â¨ ¯®ài¢­ï­® § Cx (ç¥à¥§ ¢¥«¨ªã ài§­¨æî ¢£ãáâ¨­ å ài¤¨­¨ i £ §ã). �à¨ æì®¬ã £ §®¢¨© è à¬÷¦ à®§â è®¢ ­¨¬ ¢ ª ¢¥à­÷ â¢¥à¤¨¬ â÷«®¬ â  ùù¯®¢¥àå­¥î ¬®¦¥ ¡ãâ¨ ¤ã¦¥ â®­ª¨¬, â®¬ã ¢ ¯®¤ «ì-è¨å ®æ÷­ª å ¢ ïª®áâ÷ ª®à¨á­®£® ®¡'õ¬ã ä÷£ãàã¢ â¨-¬¥ ¢¥áì ®¡'õ¬ ª ¢¥à­¨.�«ï à®§¢'§ ­­ï § ¤ çi ¬÷­÷¬÷§ æ÷ù ®¯®àã ¯à¨ ä÷ª-á®¢ ­®¬ã ®¡'õ¬÷ ¯®âài¡­® §   ­ «®£icî § à®¡®â ¬¨[6{11] § ¬iáâì Cx § áâ®áã¢ â¨ ¢¥«¨ç¨­ã CxV , â®¡-â® § ¬÷­¨â¨ ¯«®éã ®á­®¢¨ ª®­ãá  
 ®¡'c¬®¬ á¨áâ¥-¬¨ ª ¢iâ â®à{ª ¢¥à­  V 0 ¢ áâ¥¯¥­î 2=3. �¢'ï§®ª¬i¦ ª®¥äiæic­â ¬¨ ®¯®àã ¬ c ¢¨£«ï¤CxV = 2X�U21(V 0)2=3 = �Cx VR30!�2=3: (10)�£i¤­® § ài¢­ï­­ï¬ (10) ¤«ï ¢¨§­ ç¥­­ï ¢¥«¨ç¨-­¨ CxV ¤®áâ â­ì® ¢¨à åã¢ â¨ ®¡'c¬ ª ¢iâ â®à  §ª ¢¥à­®î. �ªé® §­¥åâã¢ â¨ ¢¥«¨ç¨­®î § ¬¨ª ç ,â® VR30 = �3� + � L0=R0Z0 R2(x)R20 dxR0 : (11)ö­â¥£àã¢ ­­ï á¯i¢¢i¤­®è¥­ï (11) ¯iá«ï ¯i¤áâ -­®¢ª¨ ¢ ­ì®£® ä®à¬ã« (5), (6) ¤ cVR30 = �� 13 + f � f33� + f2!; (12)f(�) = �(1 +p1 + 1=�): (13)�÷¢­ï­­ï (1){(3), (8){(10), (12), (13) ¤®§¢®«ïîâì¢¨§­ ç¨â¨ ª®¥ä÷æ÷õ­â ®¯®àã CxV . � ­ áâã¯­¨åà®§¤÷« å à®§£«ï¤ â¨¬ãâìáï £à ­¨ç­÷ ¢¨¯ ¤ª¨, ïª÷¤®§¢®«ïîâì ¤¥é® á¯à®áâ¨â¨ à®§à åã­ª¨.2. ������� ������ �������¥àè¨© £à ­¨ç­¨© ¢¨¯ ¤®ª ®âà¨¬ãõâìáï ¯à¨� >> 1. �i¤¯®¢i¤­® ¤® ài¢­ï­ì (7), (9) ¢i­ ¬ c¬iáæ¥ ¯à¨ ¬ «¨å §­ ç¥­­ïå ç¨á«  ª ¢iâ æi�� â  ­¥¤ã¦¥ â®­ª¨å ª®­ãái¢, ª®«¨ ¤®¢¦¨­  ª ¢¥à­¨ ­ -¡ £ â® ¯¥à¥¢¨éãc ¤®¢¦¨­ã ª®­ãá . �®¤i ä®à¬ã« (13) ­ ¡ã¢ c ¢¨£«ï¤ã f(�) = 2�,   (12) {VR30 = 4��23� : (14)�i¢­ï­­ï (8) ¬®¦­  â®¤i § ¯¨á â¨ ­ áâã¯­¨¬ç¨­®¬:

lk = 12� = � �4�2ln� << 1: (15)�®¡â® ¤ ­¨© ¢¨¯ ¤®ª ¤i©á­® ¢i¤¯®¢i¤ c ª ¢¥à­i,¤®¢¦¨­  ïª®�� ­ ¡ £ â® ¯¥à¥¢¨éãc ¤®¢¦¨­ã ª®­ã-á . �¥© ä ªâ ¤®§¢®«ïc á¯à®áâ¨â¨ ä®à¬ã«ã (3) ¤®¢¨£«ï¤ã (¤¨¢. â ª®¦ [13])C2 = �2lk(2lnlk � 3): (16)� ¢à åã¢ ­­ï¬ à÷¢­ï­ì (1), (2), (15), (16)ª®¥äiæic­â ®¯®àã Cx § ¤ câìáï ä®à¬ã«®îCx = �2�2"ln(0:5�) + 1 + 2ln(2�) + 34� #: (17)�áâ ­­i© ç«¥­ ã ä®à¬ã«i (17) ¢ á¨«ã â®£®, é® � <<1, c ¬ «¨¬ ¯®ài¢­ï­® § i­è¨¬¨, â®¬ã Cx ¢ æì®¬ã¢¨¯ ¤ªã ä ªâ¨ç­® á¯i¢¯ ¤ c § ª®¥äiæic­â®¬ ®¯®àã¯à¨ ­ã«ì®¢®¬ã ç¨á«i ª ¢iâ æi�� Cx0. �i¤áâ ­®¢ª ä®à¬ã« (14) â  (17) ã á¯÷¢¢÷¤­®è¥­­ï (10) ¤ cCxV = �4=3(18�)1=3(ln2� ln� � 1)4(�ln�)4=3 : (18)�i¢­ï­­ï (18) á¢i¤ç¨âì, é® ®¡'c¬­¨© ª®¥äiæic­â®¯®àã á¯ ¤ c ¯à¨ §¬¥­è¥­­i ç¨á«  ª ¢iâ æi�� §  § -ª®­®¬ �4=3. �  ¢i¤¬i­ã ¢i¤ Cx, ¢¥«¨ç¨­  CxV á« ¡-ª® § «¥¦¨âì ¢i¤ ¯ à ¬¥âà  â®­ª®áâi ª®­ãá , ®áªi«ì-ª¨ ä®à¬ã«  (18) ¬iáâ¨âì «¨è¥ äã­ªæiî ln�, ïª ¬ «® ¬i­ïcâìáï ¢ æiª ¢®¬ã ¤«ï ¯à ªâ¨ª¨ ¤i ¯ §®­i0:01 < � < 0:15 (¤«ï ¡i«ìè¨å §­ ç¥­ì ¯ à ¬¥âà  �¢âà ç c á¨«ã § áâ®á®¢ ­  ¢ ¤ ­®¬ã  ­ «i§i â¥®àiïâ®­ª®£® âi« ).�à¨ª« ¤¨ à®§à åã­ªi¢ ª®¥äiæic­â  ®¯®àã CxV § ài¢­ï­­ï¬ (18) ­ ¢¥¤¥­i ¢ â ¡«. 1. �i¤áãâ­iáâì§­ ç¥­ì CxV ¤«ï ¤¥ïª¨å §­ ç¥­ì ¯ à ¬¥âài¢ �; �á¢i¤ç¨âì ¯à® ­¥¢¨ª®­ ­­ï ¤«ï ­¨å ã¬®¢¨ � >> 1.� ¢¥¤¥­i ¤ ­i á¢i¤ç âì, é® ¯à¨ ¤ã¦¥ ¬ «¨åç¨á« å ª ¢iâ æi�� � < 0:001 §­ ç¥­­ï ®¡'c¬­¨åª®¥äiæic­âi¢ ®¯®àã ­ ¡ £ â® ¬¥­èi, ­i¦ ¯à¨ ¡¥§-¢i¤à¨¢­®¬ã à¥¦¨¬i ®¡âiª ­­ï (¤¨¢. [6{11]), â®¡â®ª ¢iâ æi©­¨© à¥¦¨¬ ¢ æì®¬ã ¢¨¯ ¤ªã ¤ c áãââc¢¨©¢¨£à è ¢ ®¯®ài âi«  äiªá®¢ ­®£® ®¡'c¬ã. �£ -¤ ­i §­ ç¥­­ï ç¨á«  ª ¢iâ æi�� ¬®¦­  à¥ «i§ã¢ -â¨ «¨è¥ ¯à¨ ¤ã¦¥ ¢¥«¨ª¨å è¢¨¤ª®áâïå àãåã(U1 > 400 ¬/á), ïªé® ­¥ ¢¨ª®à¨áâ®¢ã¢ â¨ èâãç­ã¯i¤âà¨¬ªã ª ¢iâ æi©­®£® à¥¦¨¬ã è«ïå®¬ ¯i¤¤ã¢ã£ §ã.�«ï ¯®¬iàª®¢ ­¨å ç¨á¥« ª ¢iâ æi�� � > 0:01 ¡¥§-¢i¤à¨¢­¨© à¥¦¨¬ ®¡âiª ­­ï ¬®¦¥ ¤ ¢ â¨ §­ ç¥­­ï®¡'c¬­¨å ª®¥äiæic­âi¢ ®¯®àã, ¡«¨§ªi â  ¬¥­èi ¢i¤ª ¢iâ æ©­¨å. � æi© ®¡« áâi ¯®àãèãcâìáï ¢¨¬®£ �.�.�ãà £ , ö.�.�¥áâ¥àãª, �.�.� ¢ç¥­ª® 5



ISSN 1561 -9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 2002. �®¬ 4 (76), N 2. �. 3 { 8� ¡«. 1.� = 10�2 � = 10�3 � = 10�4� = 0:15 1:4 10�3 6:5 10�5 3:0 10�6� = 0:1 1:4 10�3 6:3 10�5 2:9 10�6� = 0:05 - 6:0 10�5 2:8 10�6� = 0:01 - - 2:5 10�6� >> 1, â®¬ã ¯®âài¡­® ¢¨ª®à¨áâ®¢ã¢ â¨ à®§à åã-­®ª §  à÷¢­ï­­ï¬¨ (1){(3), (8){(10), (12), (13)  ¡®i­è¨© £à ­¨ç­¨© ¢¨¯ ¤®ª � << 1.3. ������� �������� �������à ­¨ç­¨© ¢¨¯ ¤®ª � << 1 ¢i¤¯®¢i¤­® ¤® ài¢-­ï­ì (7),(9) ¬ c ¬iáæ¥ ¯à¨ ­¥ ¤ã¦¥ ¬ «¨å §­ ç¥­-­ïå ç¨á«  ª ¢iâ æi�� â  ¤«ï ¤ã¦¥ â®­ª¨å ª®­ãái¢,ª®«¨ ¤®¢¦¨­  ª®­ãá  ­ ¡ £ â® ¯¥à¥¢¨éãc ¤®¢¦¨-­ã ª ¢¥à­¨. �®¤i ä®à¬ã«  (13) ­ ¡ã¢ c ¢¨£«ï¤ãf(�) = p�,   ä®à¬ã«  (12) {VR30 = �(1 + 2p�)3� : (19)�i¢­ï­­ï (8) ¬®¦­  § ¯¨á â¨ ­ áâã¯­¨¬ ç¨­®¬:lk = 1�p�:�®¡â®, ¤ ­¨© ¢¨¯ ¤®ª ¤i©á­® ¢i¤¯®¢i¤ c ª ¢¥à­i,¤®¢¦¨­  ïª®�� ­ ¡ £ â® ¬¥­è  ¢i¤ ¤®¢¦¨­¨ ª®­ãá .�áªi«ìª¨ l = 1� lk = p�, â® ä®à¬ã«  (3) ­ ¡ã¢ c¢¨£«ï¤ã: C2 = ��p�ln�2ln� << �: (20)� ài¢­ï­­ì (2), (9) ¢¨¯«¨¢ c, é® ¢ ¤ ­®¬ã £à ­¨ç-­®¬ã ¢¨¯ ¤ªã � >> Cx0,   § ¢à åã¢ ­­ï¬ à÷¢­ï­ì(1) â  (20), ¬®¦­  ®âà¨¬ â¨Cx = �: (21)

�®¡â® ®¯ià ¢¨§­ ç câìáï â¨áª®¬ £ §i¢ ­  ®á­®¢ãª®­ãá . �i¤áâ ­®¢ª  ¢¨à §÷¢ (19) â  (21) ã ä®à¬ã-«ã (10) ¤ c CxV = (9�)1=3��2=3: (22)�i¢­ï­­ï (22) á¢i¤ç¨âì, é® ®¡'c¬­¨© ª®¥äiæic­â®¯®àã «i­i©­® á¯ ¤ c ¯à¨ §¬¥­è¥­­i ç¨á« ª ¢iâ æi��. �  ¢i¤¬i­ã ¢i¤ ¢¨¯ ¤ªã ¤®¢£¨å ª ¢¥à­,¢¥«¨ç¨­  CxV iáâ®â­® § «¥¦¨âì ¢i¤ ¯ à ¬¥âà â®­ª®áâi ª®­ãá  i á¯ ¤ c ¯à¨ ©®£® §¬¥­è¥­­i § § ª®­®¬ �2=3.�à¨ª« ¤¨ à®§à åã­ªi¢ ª®¥äiæic­â  ®¯®àã CxV § ài¢­ï­­ï¬ (22) ­ ¢¥¤¥­i ¢ â ¡«. 2. �i¤áãâ­iáâì§­ ç¥­ì CxV ¤«ï ¤¥ïª¨å §­ ç¥­ì ¯ à ¬¥âài¢ �; �á¢i¤ç¨âì ¯à® ­¥¢¨ª®­ ­­ï ¤«ï ­¨å ã¬®¢¨ � << 1.� ¡«. 2.� = 0:1 � = 0:05 � = 0:01� = 0:05 0.041 0.021 -� = 0:01 0.014 0.007 0.0014� ¢¥¤¥­i ¤ ­i á¢i¤ç âì, é® ¯à¨ ç¨á« å ª ¢iâ æi��� > 0:05 §­ ç¥­­ï ®¡'c¬­¨å ª®¥äiæic­âi¢ ®¯®àã¯¥à¥¢¨éãîâì CxV ¯à¨ ¡¥§¢i¤à¨¢­®¬ã à¥¦¨¬i ®¡-âiª ­­ï § ¤®áâ â­ì® ¢¥«¨ª¨¬¨ ç¨á« ¬¨ �¥©­®«ì¤á (¤¨¢. [6{11]), â®¡â® ª ¢iâ æi©­¨© à¥¦¨¬ ¢ æì®¬ã¢¨¯ ¤ªã ­¥¤®æi«ì­¨©.�¥à¥§ ¢¥«¨ªã ¤®¢¦¨­ã ª®­ãá , ¡«¨§ìªã ¢ ¤ -­®¬ã ¢¨¯ ¤ªã ¤® ¤®¢¦¨­¨ á¨áâ¥¬¨ ª ¢iâ â®à{ª ¢¥à­ {§ ¬¨ª ç, áãââc¢¥ §­ ç¥­­ï ¬ c â¥àâï ­ ©®£® ¯®¢¥àå­i. �®¢'ï§ ­¨© § ­¨¬ ¤®¤ âª®¢¨© ®¯ià ­ «i§ãcâìáï ¢ ­ áâã¯­®¬ã à®§¤i«i.4. ���I������ ����� ������I���I����� �� ����I��������������� ���ö������ªé® ®á¥á¨¬¥âà¨ç­¥ âi«® ®¡âiª õâì-áï ã ¡¥§¢i¤à¨¢­®¬ã à¥¦¨¬i, â® ª®¥äiæiõ­â ®¯®àã,¯®¢'ï§ ­®£® § â¥àâï¬ ­  ©®£® ¯®¢¥àå­i, ¬®¦¥ ¡ãâ¨®¡ç¨á«¥­¨© §  ä®à¬ã«®îCdL = 2D�U21L2 = 2� bZ0 R(x)�w(x)dx: (23)6 �.�.�ãà £ , ö.�.�¥áâ¥àãª, �.�.� ¢ç¥­ª®



ISSN 1561 -9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 2002. �®¬ 4 (76), N 2. �. 3 { 8Tãâ D { ®¯ià â¥àâï; � { £ãáâ¨­  ài¤¨­¨; R(x) {à ¤iãá âi« ; �w(x) { ª®¥äiæic­â â¥àâï ­  ¯®¢¥àå­i;b { ¤®¢¦¨­  ¤i«ï­ª¨, ®¬¨â®�� ài¤¨­®î (§®ªà¥¬ , ¤«ï¡¥§¢i¤à¨¢­®£® à¥¦¨¬ã b = 1, ¯à¨ áã¯¥àª ¢iâ æi©-­®¬ã ®¡âiª ­­i ª®­ãá  b = lk).� à®¡®âi [10] ¤«ï ®æi­®ª å à ªâ¥à¨áâ¨ª ¯à¨¬¥-¦®¢®£® è àã ­  â®­ª¨å ®á¥á¨¬¥âà¨ç­¨å âi« å ¢¨-ª®à¨áâ ­i ¯¥à¥â¢®à¥­­ï � ­£«¥à -�â¥¯ ­®¢  â ¢i¤®¬i ä®à¬ã«¨ ¤«ï ¯à¨¬¥¦®¢®£® è àã ­  ¯« -áâ¨­æi (¤¨¢., ­ ¯à¨ª« ¤ [14]). �i¤áâ ­®¢ª  ãä®à¬ã«ã (23) § ¯à®¯®­®¢ ­¨å ¢ [10] ài¢­ï­ì ¤«ï�w(x) ¤®§¢®«ïc ®âà¨¬ â¨ ­ áâã¯­ã ä®à¬ã«ã ¤«ïª®¥äiæic­â  ®¯®àã â¥àâï ¯à¨ ç¨áâ® « ¬i­ à­®¬ãà¥¦¨¬i ®¡âiª ­­ï:CdLl = 4:172pReL bZ0 R2(x)" xZ0 R2(�)d�#�1=2dx == 4:172pReL hF (b)� F (0)i; (24)F (x) = 2" xZ0 R2(�)d�#1=2; ReL = U1L�â  ¯à¨ ç¨áâ® âãà¡ã«¥­â­®¬ã:CdLt = 0:166Re�1=7L bZ0 R2(x)" xZ0 R2(�)d�#�1=7dx == 0:166Re�1=7L hW (b)�W (0)i; (25)W (x) = 76" xZ0 R2(�)d�#6=7:�«ï äã­ªæi© F (x);W (x) c¯à ¢¥¤«¨¢i á¯i¢¢i¤­®-è¥­­ïF (0) = W (0) = 0; F (b) = 2rVb� ; (26)W (b) = 76"Vb� #6=7;¤¥ Vb { ç áâ¨­  ®¡'c¬ã âi« , é® ®¬¨¢ câìáï ài¤¨-­®î (§®ªà¥¬  ¯à¨ ¡¥§¢i¤à¨¢­®¬ã à¥¦¨¬i ®¡âiª ­-­ï Vb á¯i¢¯ ¤ c § ¡¥§à®§¬ià­¨¬, ¢i¤­¥á¥­¨¬ ¤® L3¯®¢­¨¬ ®¡'c¬®¬ V ).�ªé® § ¬iáâì CdL â  ReL § áâ®áã¢ â¨ ¢¥«¨ç¨-­¨ CdV â  ReV , §¢'ï§ª¨ ¬i¦ ïª¨¬¨ ¢¨§­ ç îâìáï­ áâã¯­¨¬¨ ä®à¬ã« ¬¨:CdV = 2D�U21(V 0)2=3 = CdLV �2=3;

ReV = U1(V 0)1=3� = ReLV 1=3;â® ài¢­ï­­ï (24), (25) § ¢à åã¢ ­­ï¬ â ª®¦ (26)­ ¡ã¢ îâì ¢¨£«ï¤ãCdV l = 4:708pReV rVbV ; (27)CdV t = 0:0726Re�1=7V V �13=21V 6=7b : (28)�®à¬ã«  (27) á¢i¤ç¨âì, é® ¯à¨ « ¬i­ à­®¬ã¡¥§¢i¤à¨¢­®¬ã à¥¦¨¬i ®¡âiª ­­ï (Vb = V ) ä®à¬ â®­ª®£® ®á¥á¨¬¥âà¨ç­®£® âi«  ¬i­i¬ «ì­®£® ®¯®àã§ äiªá®¢ ­¨¬ ®¡'c¬®¬ ¬®¦¥ ¡ãâ¨ ¤®¢i«ì­®î i § «¥-¦¨âì «¨è¥ ¢i¤ ®¡'c¬­®£® ç¨á«  �¥©­®«ì¤á  (¤¨¢.â ª®¦ [11]): CdV l = 4:708pReV : (29)� âãà¡ã«¥­â­®¬ã ¢¨¯ ¤ªã § à÷¢­ï­­ï (28)¢¨¯«¨¢ c, é® ®¯â¨¬ «ì­¥ ¡¥§¢i¤à¨¢­¥ âi«® ¬ c ¡ã-â¨ ¬ ªá¨¬ «ì­® â®­ª¨¬, ®áªi«ìª¨CdV t � 0:07Re�1=7V V 5=21 � 0:092Re�1=7V "10=21:(30)� à®¡®âi [15] ¯à®¢¥¤¥­i ¢¨¬ià¨ ®¯®àã ®á¥á¨¬¥-âà¨ç­®£® âi«  § " = 0:111. �«ï ç¨á«  ReV =2200000 ¥ªá¯¥à¨¬¥­â «ì­¥ §­ ç¥­­ï CdV áâ ­®-¢¨âì ¯à¨¡«¨§­® 0:007. � â®© ç á, ïª ä®à¬ã-«¨ (29), (30) ¤ îâì ¢¥«¨ç¨­¨ CdV l = 0:0032 â CdV t � 0:0040. �â¦¥, ä®à¬ã«¨ (27){(30) ¤®§¢®«ï-îâì §à®¡¨â¨ ¯à®§®ài, ¯à®áâi â  à¥ «iáâ¨ç­i ®æi­ª¨®¯®àã â¥àâï â®­ª¨å ®á¥á¨¬¥âà¨ç­¨å âi«.�«ï ¯®ài¢­ï­­ï § ®¯®à®¬ â¨áªã ¯à¨ áã¯¥à-ª ¢iâ æi©­®¬ã à¥¦¨¬i ®¡âiª ­­ï ¬®¦­  ¢¨¡à â¨« ¬i­ à­¨© ¡¥§¢i¤à¨¢­¨© ¢¨¯ ¤®ª, ïª ­ ©¡i«ìèá¯à¨ïâ«¨¢¨© ¤«ï ¬i­i¬i§ æi�� § £ «ì­®£® ®¯®àã.�®¤i § ä®à¬ã«¨ (29) ¤«ï ¤i ¯ §®­ã 106 < ReV < 109¢¨¯«¨¢ c 0:00015 < CdV l < 0:0047.�®ài¢­ï­­ï æ¨å §­ ç¥­ì § ­ ¢¥¤¥­¨¬¨ ¢â ¡«. 1 ¯®ª §ãc, é® ¯à¨ ¬ «¨å §­ ç¥­­ïå ç¨á« ª ¢iâ æi(� < 0:001) áã¯¥àª ¢iâ æi©­¨© à¥¦¨¬ ¬ c­¥§ ¯¥à¥ç­i ¯¥à¥¢ £¨. �«ï ¡i«ìè¨å ç¨á¥« ª ¢iâ æi��¡¥§¢i¤à¨¢­¨© ¢¨¯ ¤®ª ¬®¦¥ ¤ ¢ â¨ ¡«¨§ìªi §­ ç¥­-­ï ®¡'c¬­¨å ª®¥äiæic­âi¢ ®¯®àã, ®á®¡«¨¢® ¯à¨ ¢¥-«¨ª¨å ç¨á« å �¥©­®«ì¤á .�ª i ¢ àâ® ¡ã«® á¯®¤i¢ â¨áì, ¤«ï ¢¨¯ ¤ªã ª®à®â-ª¨å ª ¢¥à­ §  â®­ª¨¬ ª®­ãá®¬ (Vb=V � 1) ¯à¨ à®-§à åã­ªã § £ «ì­®£® ®¯®àã áã¯¥àª ¢iâ æi©­®£® à¥-¦¨¬ã ®¡®¢'ï§ª®¢® á«i¤ ¢à å®¢ã¢ â¨ ®¯ià â¥àâï § ä®à¬ã« ¬¨ (27), (28). �¥ â ª®¦ ­¥®¡åi¤­® à®¡¨-â¨ i ¤«ï ¤®¢£¨å ª ¢¥à­ ¯à¨ ¬ «¨å ç¨á« å ª ¢iâ æi��,�.�.�ãà £ , ö.�.�¥áâ¥àãª, �.�.� ¢ç¥­ª® 7
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�¨á. 2. �å¥¬  ®¡âiª ­­ï á¨áâ¥¬¨ ª®­ãá{§ ¬¨ª ç §­ã«ì®¢¨¬ ®¯®à®¬ â¨áªã®áªi«ìª¨ ¢i¤¯®¢i¤­® ¤® â ¡«. 1 â  ài¢­ï­ì (27), (28)®¯ià â¥àâï ­  ª ¢iâ â®ài ¬®¦¥ ¡ãâ¨ ®¤­®£® ¯®àï¤-ªã § ®¯®à®¬ â¨áªã.�¨¯ ¤®ª ª®à®âª¨å ª ¢¥à­ á«i¤ ¢¨ª«îç¨â¨ § ¯®-èãªi¢ âi« ¬i­i¬ «ì­®£® ®¯®àã, ®áªi«ìª¨ §  ä®à¬ã-« ¬¨ (27), (28) â  â ¡«. 2 ª ¢iâ â®à ¬ c ïª ®¯iàâ¥àâï, ¡«¨§ìª¨© ¤® ¡¥§¢i¤à¨¢­®£® ¢¨¯ ¤ªã, â ª i¢¥«¨ª¨© ®¯ià â¨áªã.�«i¤ § ã¢ ¦¨â¨, é® ¢ à §i à¥ «i§ æi�� áå¥¬¨ ®¡-âiª ­­ï, ¯®ª § ­®�� ­  à¨á. 2, ¬®¦­  ¯®§¡ãâ¨áì®¯®àã â¨áªã, ®áªi«ìª¨ ä®à¬  ª ¢¥à­¨ á¨¬¥âà¨ç-­  ¢i¤­®á­® ���� ¬i¤¥«ï (¤¨¢. [12]), i à ¤iãá § ¬¨-ª ç  ¢ â®çæi ¯à¨c¤­ ­­ï ª ¢¥à­¨ ¤®ài¢­îc à ¤iã-áã ª®­ãá  ¢ â®çæi ���� ¯®ç âªã. �®¤i ®¯ià á¨áâ¥¬¨ª®­ãá{§ ¬¨ª ç ¢¨§­ ç câìáï «¨è¥ â¥àâï¬ ­  â¢¥à-¤¨å ¯®¢¥àå­ïå, é® ¬ îâì ª®­â ªâ § ài¤¨­®î, i ¬®-¦¥ ¢¨à å®¢ã¢ â¨áì §  ä®à¬ã« ¬¨ (27),(28), ¢ ïª¨å¢ ïª®áâi Vb á«i¤ ¢¨ª®à¨áâ®¢ã¢ â¨ áã¬ à­¨© ®¡'c¬ª®­ãá  â  § ¬¨ª ç . �  ¯à ªâ¨æi à¥ «i§ã¢ â¨ ®¡-âiª ­­ï §  áå¥¬®î, §®¡à ¦¥­®î ­  à¨á. 2, ¤ã¦¥¢ ¦ª® ç¥à¥§ ¯ã«ìá æi�� ª ¢¥à­¨, ���� ¤¥ä®à¬ æi�� ç¥-à¥§ ¢¯«¨¢ ¢ £®¬®áâi ài¤¨­¨ â  ¢i¤à¨¢ ¯à¨¬¥¦®¢®£®è àã ­  § ¬¨ª çi.5. ���������à¨ ¬ «¨å §­ ç¥­­ïå ç¨á«  ª ¢iâ æi�� (� < 0:001)áã¯¥àª ¢iâ æi©­¨© à¥¦¨¬ § ¡¥§¯¥çãc ¬ «i §­ ç¥­-­ï ®¡'c¬­®£® ª®¥äiæic­âã â¨áªã ¯®ài¢­ï­® § ¡¥§-¢i¤à¨¢­¨¬ ®¡âiª ­­ï¬ § ®¤­ ª®¢¨¬¨ ç¨á« ¬¨ �¥©-­®«ì¤á  ReV . �à¨ ¢¨¡®ài ®¯â¨¬ «ì­®£® ¢ ài ­â á«i¤ ¢à å®¢ã¢ â¨ â ª®¦ ®¯ià â¥àâï ­  ª®­ãái.�«ï ¡i«ìè¨å ç¨á¥« ª ¢iâ æi�� ¡¥§¢i¤à¨¢­¨© ¢¨-¯ ¤®ª ¬®¦¥ ¤ ¢ â¨ ¡«¨§ìªi §­ ç¥­­ï ®¡'c¬­¨åª®¥äiæic­âi¢ ®¯®àã, ®á®¡«¨¢® ¯à¨ ¢¥«¨ª¨å ç¨á« å�¥©­®«ì¤á , â®¬ã æ¥© ¢¨¯ ¤®ª ¯®âà¥¡ãc ¤®¤ âª®-¢¨å à®§à åã­ªi¢ i ¯®ài¢­ï­ì § ¢¨ª®à¨áâ ­­ï¬ ­ -¢¥¤¥­¨å ã à®¡®âi  ­ «iâ¨ç­¨å ä®à¬ã«. �áªi«ì-ª¨ ¤«ï ¢¨§­ ç¥­­ï ®¡'c¬ã ª ¢¥à­¨ § áâ®á®¢ã¢ «®áìài¢­ï­­ï ¯¥àè®£® ­ ¡«¨¦¥­­ï, §  ïª¨¬ à ¤iãá ª -¢¥à­¨ ¬®¦¥ ¢ ¯i¢â®à  à §¨ ¯¥à¥¢¨éã¢ â¨ ¥ªá¯¥-à¨¬¥­â «ì­i §­ ç¥­­ï (¤¨¢. [12, 16]), â® ¢¨­¨ª c
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