
ISSN 1561 -9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 2004. �®¬ 6 (78), N 2. �. 27 { 43��� 626.16.067 ������������� ������� ������������� �� ����������-���������������������. �. �����, �. �. ��������, �. �. ���������­áâ¨âãâ £¨¤à®¬¥å ­¨ª¨ ��� �ªà ¨­ë, �¨¥¢�®«ãç¥­® 15.01.2004�à¨¢¥¤¥­ë à¥§ã«ìâ âë íªá¯¥à¨¬¥­â «ì­ëå ¨áá«¥¤®¢ ­¨© ®á¢¥â«¥­¨ï ¬ «®ª®­æ¥­âà¨à®¢ ­­®© â®­ª®¤¨á¯¥àá­®© áãá-¯¥­§¨¨ ä¨«ìâà ¬¨ ¨§ ¢®«®ª­¨áâ®-¯®à¨áâ®£® ¯®«¨íâ¨«¥­  (���). �®ª § ­®, çâ® ä¨«ìâàë ��� ¬®£ãâ ®ç¨é âì ¢®¤ã­¥ åã¦¥, ç¥¬ âà ¤¨æ¨®­­ë¥ §¥à­¨áâë¥ ä¨«ìâàë. �à¨ íâ®¬ £àï§¥¥¬ª®áâì ¨ ¯à®¤®«¦¨â¥«ì­®áâì ä¨«ìâà®æ¨ª«  ¤«ïä¨«ìâà®¢ ��� ¡®«ìè¥. �à¥¤« £ ¥âáï ­®¢ ï ¬¥â®¤¨ª  ®¡à ¡®âª¨ à¥§ã«ìâ â®¢ íªá¯¥à¨¬¥­â®¢ á ¨á¯®«ì§®¢ ­¨¥¬ ¡¥§-à §¬¥à­®£® ¢à¥¬¥­¨, ª®â®à®¥ ¯à¥¤áâ ¢«ï¥â á®¡®© ®â­®è¥­¨¥ ®¡ê¥¬  ¯à®ä¨«ìâà®¢ ¢è¥©áï áãá¯¥­§¨¨ ª ®¡ê¥¬ã ä¨«ì-âà . �®«ãç¥­ë à áç¥â­ë¥ ä®à¬ã«ë ¨ £à ä¨ª¨ ¤«ï à áç¥â  ä¨«ìâà . �ªá¯¥à¨¬¥­â «ì­® ®¯à¥¤¥«¥­  ¤¥©áâ¢¨â¥«ì­ ï¯®à¨áâ®áâì ä¨«ìâà  ¢ ¯à®æ¥áá¥ ¥£® § ¨«¥­¨ï, áâ¥¯¥­ì § ¯®«­¥­¨ï ¯®à ®á ¤ª®¬, ¯«®â­®áâì ®á ¤ª  ¨ ¯à¥¤¥«ì­®¥ § -¨«¥­¨¥ ä¨«ìâà . � áá¬®âà¥­  ¬®¤¥«ì « ¬¨­ à­®© ä¨«ìâà æ¨¨ ç¥à¥§ ª ¯¨««ïà­®-¯®à¨áâ®¥ â¥«® ¨ á®¯®áâ ¢«¥­  áíªá¯¥à¨¬¥­â®¬. �®ª § ­®, çâ® £¨¯®â¥§  à ¢­®¬¥à­®£® à á¯à¥¤¥«¥­¨ï ®á ¤ª  ¢®ªàã£ ¢®«®ª®­ ¯®¤â¢¥à¦¤ ¥âáï â®«ìª®¢ ­ ç «¥ ¯à®æ¥áá  ¯à¨ ­¥§­ ç¨â¥«ì­®¬ § ¨«¥­¨¨ ä¨«ìâà . � §à ¡®â ­ á¯®á®¡ à¥£¥­¥à æ¨¨ ä¨«ìâà  ¡¥§ ­ àãè¥­¨ï¥£® áâàãªâãàë.� ¢¥¤¥­i à¥§ã«ìâ â¨ ¥ªá¯¥à¨¬¥­â «ì­¨å ¤®á«i¤¦¥­ì ®á¢iâ«¥­­ï ¬ «®ª®­æ¥­âà®¢ ­­®ù â®­ª®¤¨á¯¥àá­®ù áãá¯¥­§iùäi«ìâà ¬¨ § ¢®«®ª­¨áâ®-¯®à¨áâ®£® ¯®«i¥â¨«¥­ã (���). �®ª § ­®, é® äi«ìâà¨ ��� ¬®¦ãâì ®ç¨éã¢ â¨ ¢®¤ã ­¥£iàè¥, ­i¦ âà ¤¨æi©­i §¥à­¨áâi äi«ìâà¨. �à¨ æì®¬ã £àï§¥õ¬­iáâì i âà¨¢ «iáâì äi«ìâà®æ¨ª«ã ¤«ï äi«ìâài¢ ���¡i«ìè . �à®¯®­ãõâìáï ­®¢  ¬¥â®¤¨ª  ®¡à®¡ª¨ à¥§ã«ìâ âi¢ ¥ªá¯¥à¨¬¥­âi¢ § ¢¨ª®à¨áâ ­­ï¬ ¡¥§à®§¬ià­®£® ç áã, é®ï¢«ïõ á®¡®î ¢i¤­®è¥­­ï ®¡'õ¬ã áãá¯¥­§iù, é® ¯à®äi«ìâàã¢ « áï, ¤® ®¡'õ¬ã äi«ìâà . �âà¨¬ ­® à®§à åã­ª®¢i ä®à¬ã«¨i £à äiª¨ ¤«ï à®§à åã­ªã äi«ìâà . �ªá¯¥à¨¬¥­â «ì­® ¢¨§­ ç¥­  ¤i©á­  ¯®à¨áâiáâì äi«ìâà  ¯i¤ ç á ©®£® § ¬ã«¥­-­ï, áâã¯i­ì § ¯®¢­¥­­ï ¯ià ®á ¤®¬, éi«ì­iáâì ®á ¤ã i £à ­¨ç­¥ § ¬ã«¥­­ï äi«ìâà . �®§£«ï­ãâ® ¬®¤¥«ì « ¬i­ à­®ùäi«ìâà æiù ç¥à¥§ ª ¯i«ïà­®-¯®à¨áâ¥ âi«®, ïª  ¢ á¢®î ç¥à£ã §iáâ ¢«¥­  § ¥ªá¯¥à¨¬¥­â®¬. �®ª § ­®, é® £i¯®â¥§  ài¢-­®¬ià­®£® à®§¯®¤i«ã ®á ¤ã ­ ¢ª®«® ¢®«®ª®­ ¯i¤â¢¥à¤¦ãõâìáï âi«ìª¨ ­  ¯®ç âªã ¯à®æ¥áã ¯à¨ ­¥§­ ç­®¬ã § ¬ã«¥­­iäi«ìâà . �®§à®¡«¥­® á¯®ái¡ à¥£¥­¥à æiù äi«ìâà  ¡¥§ ¯®àãè¥­­ï ©®£® áâàãªâãà¨.The results of experimental researches of a puri�cation small-concentratic thin-dispersed of suspension by �lters from�brous-porous polyethylene (FPP) are reduced. It was rotined, that the �lters FPP can purify the water not worse,than applied granulated �lters do. Moreover sludge-capacity and duration of �lter-circuit for �lters FPP are more. Newmethod of processing of results of experiments with usage of dimensionless time, which represents the ratio of volume ofthe �ltered suspension to volume of the �lter is o�ered. The calculated formulas and plots for calculation of the �lters areobtained. Real porosity of the �lters during it is accumulation of sludge, degree of fullness of pores by a sediment, densityof sediment and limiting accumulation of sludge of the �lter experimentally are determined. Model of laminar �lteringthrough a capillary-porosity body is reviewed and is compared to experiment. It was rotined, that the hypothesis of auniform distribution of sediment around the �bres veri�ed only in the onset of the process with a insigni�cant accumulationof sludge of the �lter. The method of regeneration of the �lter without disturbance of its structure is designed.���������à®¢¥¤¥­­ë¥ ­ ¬¨ à ­¥¥ ¨áá«¥¤®¢ ­¨ï ¡¥§à¥ -£¥­â­®© ®ç¨áâª¨ ¢®¤ë [8, 9, 11, 14], § ¬ãâ­¥­-­®© ¬¥å ­¨ç¥áª¨¬¨ ç áâ¨æ ¬¨ ¤¨ ¬¥âà®¬ ¬¥­¥¥10 ¬ª¬ ¯à¨ ¬ áá®¢®© ª®­æ¥­âà æ¨¨ ¤® 600 ¬£/«,¯®ª § «¨, çâ® ®ç¨áâª  ¢®¤ë ¤® 2 � 3 ¬£/« ä¨«ì-âà®¬ ¨§ ¢®«®ª­¨áâ®-¯®à¨áâ®£® ¯®«¨íâ¨«¥­  (���)¢®§¬®¦­  ­¥ åã¦¥, ç¥¬ ä¨«ìâà ¬¨ ¨§ ¯¥áª  ¨«¨ ¯¥-­®¯®«¨áâ¨à®«  (���). �à¨ íâ®¬, ¯à¨ ¢á¥å ¯à®ç¨åà ¢­ëå ãá«®¢¨ïå, ¯à®¤®«¦¨â¥«ì­®áâì ä¨«ìâà®æ¨-ª«  ¨ £àï§¥¥¬ª®áâì ¯à¨ ¨á¯®«ì§®¢ ­¨¨ ��� ¡®«ì-è¥. �¤­ ª® ¢ íâ¨å ¨áá«¥¤®¢ ­¨ïå ­¥ ¡ë« à¥è¥­¢®¯à®á ® à¥£¥­¥à æ¨¨ ä¨«ìâà®¢ ���. �®íâ®¬ã ¢2001� �2003 ££. ¯à®¢¥¤¥­ë ¡®«¥¥ ¤¥â «ì­ë¥ ¨á-á«¥¤®¢ ­¨ï, à¥§ã«ìâ âë ª®â®àëå ¯à¨¢¥¤¥­ë ­¨¦¥.
.�ë« à §à ¡®â ­ ¬¥â®¤ à¥£¥­¥à æ¨¨ ä¨«ìâà®¢���, ®¯à¥¤¥«¥­ë ¤¥©áâ¢¨â¥«ì­ë¥ §­ ç¥­¨ï ¯®à¨-áâ®áâ¨ ä¨«ìâà  ¨ ¯«®â­®áâ¨ ®á ¤ª ,   â ª¦¥ áà¥¤-­¨¥ áª®à®áâ¨ ¤¢¨¦¥­¨ï áãá¯¥­§¨¨ ¢ ¯®à å, ¨§ãç¥-­ë ®á®¡¥­­®áâ¨ ª¨­¥â¨ª¨ ¨ £¨¤à®¤¨­ ¬¨ª¨ ä¨«ì-âà®¢ ­¨ï. �à¨ ®¡à ¡®âª¥ íªá¯¥à¨¬¥­â®¢ ¨á¯®«ì-§®¢ ­ë § ¢¨á¨¬®áâ¨, á®áâ ¢«¥­­ë¥ á ãç¥â®¬ ¡¥§-à §¬¥à­®£® ¢à¥¬¥­¨.�ªâã «ì­®áâì ¯à®¢¥¤¥­­ëå ¨áá«¥¤®¢ ­¨© ®¯à¥-¤¥«ï¥âáï â¥¬, çâ® ­  ®á­®¢¥ ä¨«ìâà®¢ ��� ¬®¦­®á®§¤ âì ¯à®áâë¥ ¨ íää¥ªâ¨¢­ë¥  ¯¯ à âë ®ç¨áâ-ª¨ ¢®¤ë ¤«ï ¨­¤¨¢¨¤ã «ì­ëå ¯®âà¥¡¨â¥«¥© ¨«¨­¥¡®«ìè¨å ­ á¥«¥­­ëå ¯ã­ªâ®¢. �¥â®¤ë ¨áá«¥-¤®¢ ­¨ï ª¨­¥â¨ª¨ ä¨«ìâà®¢ ­¨ï, à §à ¡®â ­­ë¥­ ¬¨, ¬®£ãâ ¡ëâì ¨á¯®«ì§®¢ ­ë ¯à¨ à¥ £¥­â­®©®ç¨áâª¥ ¨ ®¡¥§¦¥«¥§¨¢ ­¨¨ ¢®¤ë.c
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ISSN 1561 -9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 2004. �®¬ 6 (78), N 2. �. 27 { 431. �������� ����������.����� ����������¨«ìâà ��� ¯®«ãç¥­ â¥à¬®íªáâàã§¨®­­ë¬ á¯®-á®¡®¬ ¨ á®áâ®¨â ¨§ ¢®«®ª®­, ¤«¨­  ª®â®àëå §­ ç¨-â¥«ì­® ¡®«ìè¥ ¤¨ ¬¥âà . �®«®ª­  à á¯®«®¦¥­ë ¢¯«®áª®áâ¨ ä¨«ìâà  ¨ ¨å ¤¨ ¬¥âà ¨§¬¥­ï¥âáï ¬ «®,â ª çâ® ¬®¦­® £®¢®à¨âì ® áà¥¤­¥¬ ¤¨ ¬¥âà¥ ¢®«®-ª®­ dí:¢:. �®à¨áâ®áâì ��� ¯à¨¬¥à­® ¢ ¤¢  à § ¡®«ìè¥ ¯®à¨áâ®áâ¨ §¥à­¨áâëå ä¨«ìâà®¢ [8].�à¨ ®¡à ¡®âª¥ à¥§ã«ìâ â®¢ íªá¯¥à¨¬¥­â®¢ ¯®ª¨­¥â¨ª¥ ®á¢¥â«¥­¨ï áãá¯¥­§¨¨ ¨á¯®«ì§®¢ ­ë § -¢¨á¨¬®áâ¨, ¯à¨¢¥¤¥­­ë¥ ­¨¦¥.� áá¬®âà¨¬ ä¨«ìâà ¤¨ ¬¥âà®¬ D, â®«é¨­®© �,¬ áá®¢®© ¯«®â­®áâìî ä¨«ìâà  
 ¨ ¬ â¥à¨ «  ¢®«®-ª®­ 
¢. �ª®à®áâì ä¨«ìâà®¢ ­¨ï V = const, ª®­æ¥­-âà æ¨ï áãá¯¥­§¨¨ ¯¥à¥¤ ä¨«ìâà®¬ C� � const, ª®­-æ¥­âà æ¨ï ­  ¢ëå®¤¥ ¨§ ä¨«ìâà  C, C��C = �C.�®à¨áâ®áâì ä¨«ìâà  n ¨ ®¡éãî ¤«¨­ã ¢®«®ª®­ ¢ä¨«ìâà¥ L¢ ­ ©¤¥¬ ¯® ä®à¬ã« ¬n = 
¢ � 

¢ ; (1)L¢ = D2 � � � (1� n)d2í:¢: : (2)�à¨ ¨á¯ëâ ­¨¨ ä¨«ìâà  ®¡ëç­® ¯®«ãç îâ § -¢¨á¨¬®áâì C = f(t), £¤¥ t { ¢à¥¬ï. �  ¢à¥¬ï �tª®­æ¥­âà æ¨ï áãá¯¥­§¨¨ ¨§¬¥­¨âáï ­  �C,   ¬ á-á  ®á ¤ª  ¢ ä¨«ìâà¥ { ­  �M :�M = �D24 � V ��t ��C: (3)�§ á®®â­®è¥­¨ï (3) ¬®¦­® ¯®«ãç¨âì ª®íää¨-æ¨¥­â § ¨«¥­¨ï ä¨«ìâà  �s, ª®â®àë© ¯à¥¤áâ ¢«ï-¥â á®¡®© ¬ áá®¢®¥ § ¨«¥­¨¥ ä¨«ìâà , ®â­¥á¥­­®¥­  ¥¤¨­¨æã ¯«®é ¤¨ ¯®¢¥àå­®áâ¨ ¢®«®ª®­ ç¨áâ®£®ä¨«ìâà  §  ¥¤¨­¨æã ¢à¥¬¥­¨, ¨ ¯à¨¢¥¤¥­­ë© ª®íä-ä¨æ¨¥­â § ¨«¥­¨ï �00s :�s = V � dí:¢: ��C4� (1� n) ; (4)�00s = 4�s � � � (1� n)C� � V � dí:¢: = �CC� : (5)�­ «®£¨ç­ë¬ ®¡à §®¬ ¬®¦­® ®¯à¥¤¥«¨âì ª®íä-ä¨æ¨¥­â § ¨«¥­¨ï �w, ª®â®àë© ¯à¥¤áâ ¢«ï¥â á®-¡®© ¬ áá®¢®¥ § ¨«¥­¨¥ ä¨«ìâà , ®â­¥á¥­­®¥ ª ¥¤¨-­¨æ¥ ®¡ê¥¬  ¯®à ä¨«ìâà  §  ¥¤¨­¨æã ¢à¥¬¥­¨ ¨�00w: �w = V ��C� � n ; (6)

�00w = �w � � � nC� � V = �CC� : (7)�á«¨ ¬ áá®¢®¥ § ¨«¥­¨¥ ®â­¥áâ¨ ª ¥¤¨­¨æ¥ ®¡ê-¥¬  ä¨«ìâà , â® ¯®«ãç¨¬�w = V ��C� ; (8)�00w = �w � �C� � V = �CC� : (9)�à¨ ä¨«ìâà®¢ ­¨¨ áãá¯¥­§¨¨ á V = const ¤«ï®¯à¥¤¥«¥­­®£® ä¨«ìâà  (dí:¢, � ¨ n { ¯®áâ®ï­­ë¥¢¥«¨ç¨­ë) ä¨«ìâà®æ¨ª« ¬®¦­® à §¤¥«¨âì ¯® ¢à¥-¬¥­¨ t ­  âà¨ ¯¥à¨®¤ : ¯¥à¨®¤ § àï¤ª¨ ä¨«ìâà ,ª®£¤  �C ¢®§à áâ ¥â ®â 0 ¤® ­¥ª®â®à®£® §­ ç¥­¨ï;¯¥à¨®¤ " ¢â®¬®¤¥«ì­®£® à¥¦¨¬ ", ª®£¤  �C �� const, ¨ ¯¥à¨®¤ ­ àãè¥­¨ï " ¢â®¬®¤¥«ì­®£® à¥-¦¨¬ ", ª®£¤  �C ¡ëáâà® ã¡ë¢ ¥â,  C ¢®§à áâ ¥â.�á«¨ à §¤¥«¨âì �M ¢ ¢ëà ¦¥­¨¨ (3) ­  ®¡ê¥¬¯®à ä¨«ìâà  �D24 � � � n, â® ¯®«ãç¨¬ �G { ¨§¬¥-­¥­¨¥ ã¤¥«ì­®£® ¬ áá®¢®£® § ¨«¥­¨ï ¯®à ä¨«ìâà §  ¢à¥¬ï �t:�G = V ��C� � n ��t = �w ��t: (10)� " ¢â®¬®¤¥«ì­®¬ à¥¦¨¬¥" �C � const, �G == Gªà:2 � Gªà:1, �t = t2 � t1, £¤¥ ¨­¤¥ªáë 1 ¨ 2®¡®§­ ç îâ ­ ç «® ¨ ª®­¥æ " ¢â®¬®¤¥«ì­®£® à¥-¦¨¬ ",Gªà:2�Gªà:1 = V ��C� � n �(t2�t1) = �w �(t2�t1): (11)�¢¥¤¥¬ ¡¥§à §¬¥à­®¥ ¢à¥¬ï T á«¥¤ãîé¨¬ ®¡à -§®¬: T = tt� ; (12)£¤¥ t� = �V { ¢à¥¬ï, §  ª®â®à®¥ ãá«®¢­ë© äà®­âáãá¯¥­§¨¨ ¯à®å®¤¨â ä¨«ìâà â®«é¨­®© � á® áª®à®-áâìî V .�á«¨ ¢ ä®à¬ã«¥ (12) ã¬­®¦¨âì ç¨á«¨â¥«ì ¨ §­ -¬¥­ â¥«ì ­  �D24 � V , â® ¯®«ãç¨¬T = t � �D24 � Vt� � �D24 � V ; (13)£¤¥ ¢ ç¨á«¨â¥«¥ { ®¡ê¥¬ ¯à®ä¨«ìâà®¢ ¢è¥©áï áãá-¯¥­§¨¨, ¢ §­ ¬¥­ â¥«¥ { ®¡ê¥¬ ä¨«ìâà . �¨¤­®,28 �ã£ © �.�., �à¨¢®­®£ �.�., �à¨¢®­®£ �.�.



ISSN 1561 -9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 2004. �®¬ 6 (78), N 2. �. 27 { 43çâ® ¯à¨ ¨á¯®«ì§®¢ ­¨¨ ¢à¥¬¥­¨ T ¬ë á¢ï§ë¢ -¥¬ ¨§¬¥­¥­¨¥ ¯ à ¬¥âà®¢ ä¨«ìâà®¢ ­¨ï ­¥ á à¥- «ì­ë¬ ¢à¥¬¥­¥¬,   á ®¡ê¥¬®¬ áãá¯¥­§¨¨ ¨ ®¡ê-¥¬®¬ ä¨«ìâà . �¨§¨ç¥áª¨ íâ® ¯à ¢¨«ì­®, â ª ª ª®¡ê¥¬ ®á¢¥â«¥­­®© áãá¯¥­§¨¨ ®¯à¥¤¥«ï¥â § ¨«¥­¨¥ä¨«ìâà ,   ­¥ ¢à¥¬ï t.�®£¤  ¢ëà ¦¥­¨¥ (11) ¬®¦­® § ¯¨á âì â ª:Gªà:2 �Gªà:1 = �Cn (T2 � T1): (14)� §¤¥«¨¢ «¥¢ãî ¨ ¯à ¢ãî ç áâì ¢ (14) ­  C�,¯®«ãç¨¬ ¢ ¡¥§à §¬¥à­ëå ¢¥«¨ç¨­ å:Gªà:2 � Gªà:1�� = ���� � n (T2 � T1): (15)�à¨ Gªà:1 << Gªà:2 ¨ t1 << t2 ¯®«ãç¨¬ ¤«ï " ¢-â®¬®¤¥«ì­®£® à¥¦¨¬ ":G = �w � t; (16)G0 = GC� = �CC� � nT; (17)G0 � n = �CC� T; (18)£¤¥ G0 { ¯à¨¢¥¤¥­­®¥ ã¤¥«ì­®¥ § ¨«¥­¨¥ ¥¤¨­¨æë®¡ê¥¬  ¯®à ä¨«ìâà ; G0 �n { â® ¦¥, ¥¤¨­¨æë ®¡ê-¥¬  ä¨«ìâà .�§ á®®â­®è¥­¨ï (18) ¢¨¤­®, çâ® ¯à¨ à ¡®â¥ä¨«ìâà  ¢ " ¢â®¬®¤¥«ì­®¬ à¥¦¨¬¥" § ¢¨á¨¬®áâìG0 �n�T ¯à¥¤áâ ¢«ï¥â á®¡®© ¯ãç®ª ¯àï¬ëå «¨­¨©-«ãç¥©. �£«®¢®© ª®íää¨æ¨¥­â ª ¦¤®£® «ãç  ¡ã¤¥â®¯à¥¤¥«ïâìáï �C=C�, ª®â®àë© ¯à¥¤áâ ¢«ï¥â á®-¡®© áâ¥¯¥­ì ®ç¨áâª¨ áãá¯¥­§¨¨, ç¨á«¥­­® à ¢­ë©�00w.�à¨ ®¯¨á ­¨¨ ¬¥å ­¨§¬  ®á¢¥â«¥­¨ï áãá¯¥­-§¨¨ ¯à¨­¨¬ ¥¬ á«¥¤ãîéãî £¨¯®â¥§ã. �¥å ­¨-ç¥áª¨¥ ç áâ¨çª¨ áãá¯¥­§¨¨ ¯à¨ ¯à®å®¦¤¥­¨¨ ç¥-à¥§ ä¨«ìâà § å¢ âë¢ îâáï ¢®«®ª­ ¬¨ à ¢­®¬¥à-­®, ¤¨ ¬¥âà ¢®«®ª®­ ã¢¥«¨ç¨¢ ¥âáï ¨ áâ ­®¢¨âáïdí:¢:§: > dí:¢:. �á«¥¤áâ¢¨¥ íâ®£® ¯®à¨áâ®áâì ä¨«ì-âà  ã¬¥­ìè ¥âáï,   £¨¤à ¢«¨ç¥áª®¥ á®¯à®â¨¢«¥­¨¥ä¨«ìâà  ¢®§à áâ ¥â. �ç¨âë¢ ï ä®à¬ã«ë (1) ¨ (2),¯®«ãç¨¬ ¯®à¨áâ®áâì § ¨«¥­­®£® ä¨«ìâà  n§::n§: = 1� (1� n)�dí:¢:§:dí:¢: �2 : (19)�­ ï n§:, ¬®¦­® ®¯à¥¤¥«¨âì ®¡ê¥¬ § ¨«¥­­®£®¯®à®¢®£® ¯à®áâà ­áâ¢  ä¨«ìâà  Wä:§:, áà¥¤­îîáª®à®áâì ¢ ¯®à å u, ª®­æ¥­âà æ¨î â¢¥à¤ëå ç áâ¨æ¢ ®á ¤ª¥ C®á, ¯«®â­®áâì ®á ¤ª  
®á, áâ¥¯¥­ì § ¨«¥-­¨ï ¯®à ®á ¤ª®¬ � ¯® á«¥¤ãîé¨¬ ä®à¬ã« ¬:

Wä:§: = �D24 � �(n � n§:); (20)u = Vn :§: ; (21)�®á: = G n(n� n§:) ; (22)
®á = 
¢ + C®á:
â (
â � 
¢); (23)� = n � n§:n ; (24)£¤¥ n :§: {  ªâ¨¢­ ï ¯®à¨áâ®áâì ä¨«ìâà ; 
¢ ¨ 
â {¯«®â­®áâì ¢®¤ë ¨ â¢¥à¤ëå ç áâ¨æ áãá¯¥­§¨¨ á®®â-¢¥âáâ¢¥­­®. �à¨ 
¢ = 1:0 £=á¬3 ¨ 
â = 2:6 £=á¬3,
®á = 1 + 0:61C®á:.� ª ª ª G = � �C®á:, ¯®«ãç¨¬ á«¥¤ãîé¨¥ § ¢¨á¨-¬®áâ¨ ¢ ¡¥§à §¬¥à­ëå ¢¥«¨ç¨­ å:� = ���� � n �C0®á: � T; (25)C0®á: = �CC� � n � � � T; (26)£¤¥ �0®á: = �®á:�� .�à¨¢¥¤¥­­ë¥ ¢ëè¥ § ¢¨á¨¬®áâ¨ ¨á¯®«ì§®¢ ­ë¯à¨ ®¡à ¡®âª¥ à¥§ã«ìâ â®¢ ®¯ëâ®¢.2. ������������� ��������������������������������� ������-��� ��������� ����à®¢¥¤¥­­ë¥ à ­¥¥ ¨áá«¥¤®¢ ­¨ï [8] ¯®ª § «¨,çâ® ¢ ä¨«ìâà å ��� ¯à¨ dí:¢: = 50� 150 ¬ª¬ «¨-­¥©­ë© § ª®­ á®¯à®â¨¢«¥­¨ï á®åà ­ï¥âáï ¯à¨ áª®-à®áâ¨ ä¨«ìâà æ¨¨ V � 60 ¬/ç á. �¨«ìâà®¢ ­¨¥áãá¯¥­§¨¨ ¯à¨ ®ç¨áâª¥ ¢®¤ë ¯à®¢®¤ïâ ®¡ëç­® ¯à¨V ­¥ ¡®«¥¥ 7�10 ¬/ç á. �®íâ®¬ã ¬®¦­® áç¨â âì,çâ® ¢® ¢á¥å á«ãç ïå ¢ ä¨«ìâà å ��� ¡ã¤¥â á®åà -­ïâìáï «¨­¥©­ë© § ª®­ á®¯à®â¨¢«¥­¨ï (ä¨«ìâà -æ¨ï � àá¨), ¯à¨ ª®â®à®¬V = Kä:§:H� ; (27)£¤¥ Kä:§: { ª®íää¨æ¨¥­â ä¨«ìâà æ¨¨ ç áâ¨ç­® § -¨«¥­­®£® ä¨«ìâà ; H { ¯®â¥à¨ ¤ ¢«¥­¨ï ­  ä¨«ì-âà¥ ¢ ¬ ¢. áâ. �¯à¥¤¥«¥­¨¥ H ¢ " ¢â®¬®¤¥«ì­®¬à¥¦¨¬¥" à ¡®âë ä¨«ìâà  ï¢«ï¥âáï æ¥«ìî £¨¤à ¢-«¨ç¥áª®£® à áç¥â  ä¨«ìâà  ¨ § ¢¨á¨â ®â Kä:§:.�à¨ íâ®¬, ãç¨âë¢ ï ­¥®¤¨­ ª®¢®¥ ¯®á«®©­®¥ § -¨«¥­¨¥ ä¨«ìâà , ¯®¤ Kä:§: á«¥¤ã¥â ¯®­¨¬ âì ¥£®�ã£ © �.�., �à¨¢®­®£ �.�., �à¨¢®­®£ �.�. 29



ISSN 1561 -9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 2004. �®¬ 6 (78), N 2. �. 27 { 43áà¥¤­¥¥ §­ ç¥­¨¥ ¤«ï ä¨«ìâà  â®«é¨­®© �. � ä®à-¬ã« å (19) � (26) ­¥¨§¢¥áâ­ë¬¨ ï¢«ïîâáï dí:¢:§:¨ n§:, ª®â®àë¥ ­¥¢®§¬®¦­® ®¯à¥¤¥«¨âì ¡¥§ ãç¥â £¨¤à®¤¨­ ¬¨ª¨ ä¨«ìâà .� áá¬®âà¨¬ á«¥¤ãîéãî ¬®¤¥«ì ä¨«ìâà æ¨¨.�à¨­¨¬ ¥¬, çâ® ä¨«ìâà ��� ¯à¥¤áâ ¢«ï¥â á®¡®©ª ¯¨««ïà­®-¯®à¨áâ®¥ â¥«® ¨ á®áâ®¨â ¨§ ª ¯¨««ï-à®¢ ®¤¨­ ª®¢®£® ¤¨ ¬¥âà  dª = 2rª ¤«¨­®© �, £¤¥rª { à ¤¨ãá ª ¯¨««ïà . �áà¥¤­ïï ¯®à®¢ãî áâàãª-âãàã ä¨«ìâà  ¨ ¯à¨­¨¬ ï, çâ® ®¡ê¥¬ ª ¯¨««ïà®¢à ¢¥­ ®¡ê¥¬ã ¯®à ä¨«ìâà , ¯®«ãç ¥¬Nª = 1 � 1 � 16(1� n)2�2 � d2í:¢: ; (28)dª = dí:¢: p� � n2(1� n) ; (29)dª:§: = dí:¢:p� � n§:2(1� n) ; (30)£¤¥ Nª { ª®«¨ç¥áâ¢® ª ¯¨««ïà®¢ ­  ¥¤¨­¨æã ¯«®-é ¤¨ ä¨«ìâà ; dª ¨ dª:§ { ¤¨ ¬¥âà ª ¯¨««ïà  ¤«ïç¨áâ®£® ¨ § ¨«¥­­®£® ä¨«ìâà  á®®â¢¥âáâ¢¥­­®.�á¯®«ì§ãï ãà ¢­¥­¨¥ �ã §¥©«ï ¤«ï « ¬¨­ à­®-£® â¥ç¥­¨ï ¦¨¤ª®áâ¨ ¢ ª ¯¨««ïà å [8, 12, 16, 17],¬®¦­® § ¯¨á âì:W = Nª � ! � t � � � r4ª � P8� � � ; (31)£¤¥ W { ®¡ê¥¬ áãá¯¥­§¨¨, ¯à®ä¨«ìâà®¢ ¢è¥©áïç¥à¥§ ä¨«ìâà ¯«®é ¤ìî ! §  ¢à¥¬ï t; � { ¯®â¥à¨¤ ¢«¥­¨ï; � { ¢ï§ª®áâì áãá¯¥­§¨¨.�à¨­¨¬ ¥¬, çâ® ¢ï§ª®áâì áãá¯¥­§¨¨ ¨§-§  ¬ -«®© ª®­æ¥­âà æ¨¨ ­¥ ®â«¨ç ¥âáï ®â ¢ï§ª®áâ¨ ¢®-¤ë. � ª ª ª W=!t = V { áª®à®áâì ä¨«ìâà æ¨¨,� = � �
¢, (� { ª®íää¨æ¨¥­â ª¨­¥¬ â¨ç¥áª®© ¢ï§ª®-áâ¨, 
¢ { ¯«®â­®áâì ¢®¤ë), P=(
¢ �g) = H,   â ª¦¥ãç¨âë¢ ï Nª ¯® ¢ëà ¦¥­¨î (28) ¨ çâ® V = Kä�� ,¨§ (31) ¯®«ãç ¥¬Kä:§: = � � g � d2í:¢: � n2§:128 � � � (1� n)2 ; (32)Kä = � � g � d2í:¢: � n2128 � � � (1� n)2 ; (33)£¤¥ �ä:§: ¨ �ä { ª®íää¨æ¨¥­â ä¨«ìâà æ¨¨ § ¨«¥­-­®£® ¨ ç¨áâ®£® ä¨«ìâà  á®®â¢¥âáâ¢¥­­®.�à¨ ¨áá«¥¤®¢ ­¨¨ ä¨«ìâà æ¨¨ ¢ ¢®«®ª­¨áâ®-¯®à¨áâëå ¬ â¥à¨ « å ­ ¬¨ ¡ë«® ¯®«ãç¥­® [8], çâ®¢ ä®à¬ã«¥ (33) ­¥®¡å®¤¨¬® ãç¥áâì ¯®¯à ¢ªã ­  £¨-¤à®¤¨­ ¬¨ç¥áª®¥ ¢§ ¨¬­®¥ ¢«¨ï­¨¥ ¢®«®ª®­ ¢ ¢¨¤¥äã­ªæ¨¨ f(n) ¤«ï à §«¨ç­ëå dí:¢. �®£¤  ä®à¬ã« (33) ¡ã¤¥â ¨¬¥âì á«¥¤ãîé¨© ¢¨¤:

Kä = � � g � d2í:¢: � n2128 � � � (1� n)2 � f(n) : (34)�«ï ®¯à¥¤¥«¥­¨ï f(n) ¤«ï ç¨áâ®£® ä¨«ìâà , ¯®-à¨áâ®áâì ª®â®à®£® ¨§¬¥­ï« áì §  áç¥â ¤¥ä®à¬ -æ¨¨ ä¨«ìâà  ¯à¨ á¦ â¨¨, ¯®«ãç¥­ë íªá¯¥à¨¬¥­-â «ì­ë¥ § ¢¨á¨¬®áâ¨ (à¨á. 1).
�¨á. 1. � ¢¨á¨¬®áâ¨ f(n) = f(n; dí:¢:)�à¨­¨¬ ï, çâ® £¨¤à ¢«¨ç¥áª®¥ á®¯à®â¨¢«¥­¨¥ç¨áâ®£® ¨ § ¨«¥­­®£® ä¨«ìâà  ¯à¨ n§ = n ®¤¨-­ ª®¢®¥, ¬®¦­® § ¯¨á âìKä:§: = � � g � d2í:¢: � n2§128 � � � (1� n)2 � f(n§) ; (35)£¤¥ f(n) ­ å®¤¨¬ ¯® à¨á. 1 ¯à¨ n§ = n. � áç¥â¯® ä®à¬ã«¥ (35) ¯à®¢®¤¨¬ ¬¥â®¤®¬ ¯®áâ¥¯¥­­ëå¯à¨¡«¨¦¥­¨©. � áª®«ìª® á¯à ¢¥¤«¨¢  à áá¬ âà¨-¢ ¥¬ ï ¬®¤¥«ì ¡ã¤¥â ¯®ª § ­® ­¨¦¥.3. ����������������� ���������-��� �������� ������������3.1. �ªá¯¥à¨¬¥­â «ì­ ï ãáâ ­®¢ª  ¨ ¬¥â®¤¨ª ¨áá«¥¤®¢ ­¨©�  à¨á. 2 ¯®ª § ­  áå¥¬  íªá¯¥à¨¬¥­â «ì­®©ãáâ ­®¢ª¨.� à¥¦¨¬¥ ®á¢¥â«¥­¨ï ãáâ ­®¢ª  à ¡®â ¥â á«¥-¤ãîé¨¬ ®¡à §®¬. �ãá¯¥­§¨ï ®¯à¥¤¥«¥­­®© ¬ãâ-­®áâ¨ ¨§ ¢®¤®¯à®¢®¤­®© ¢®¤ë ¨ § ¬ãâ­¨â¥«ï ¨§¡ ª  1 ¯® âàã¡®¯à®¢®¤ã 5 ¯®¤ ¥âáï ¢ ­ ¯®à­ë© ¡ -ç®ª 6. � ª ç¥áâ¢¥ § ¬ãâ­¨â¥«ï ¨á¯®«ì§®¢ « áì ¡¥-« ï £«¨­ , ¨§ ª®â®à®© ¬¥â®¤®¬ ®âáâ ¨¢ ­¨ï ã¤ «¥-­ë ¯à ªâ¨ç¥áª¨ ¢á¥ ç áâ¨æë ªàã¯­¥¥ 10 ¬ª¬. �§­ ¯®à­®£® ¡ çª  áãá¯¥­§¨ï ¯®¯ ¤ ¥â ¢ à¥£ã«ïâ®à30 �ã£ © �.�., �à¨¢®­®£ �.�., �à¨¢®­®£ �.�.
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�¨á. 2. �å¥¬  íªá¯¥à¨¬¥­â «ì­®© ãáâ ­®¢ª¨:1 { ¡ ª ¤«ï áãá¯¥­§¨¨ ¨«¨ ¯à®¬ë¢­®© ¢®¤ë; 2 { ¬¥è «ª ;3 { ¯ì¥§®¬¥âà¨ç¥áª¨© é¨â; 4 { âàã¡®¯à®¢®¤ ¯à®¬ë¢­®©¢®¤ë; 5 { âàã¡®¯à®¢®¤ ¤«ï ¯®¤ ç¨ áãá¯¥­§¨¨ ¢ ­ ¯®à­ë©¡ ç®ª; 6 { ­ ¯®à­ë© ¡ ç®ª ¯®áâ®ï­­®£® ãà®¢­ï;7 { à¥£ã«ïâ®à áª®à®áâ¨; 8 { ¯¥à¥«¨¢­®© âàã¡®¯à®¢®¤;9 { ãáâà®©áâ¢® ¤«ï ¨­â¥­á¨ä¨ª æ¨¨ ¯à®¬ë¢ª¨ä¨«ìâàãîé¥© § £àã§ª¨; 10 { ä¨«ìâà æ¨®­­ë© ¯à¨¡®à;11 { à á¯à¥¤¥«¨â¥«ì­ ï á¨áâ¥¬ ; 12 { ®¯®à­ ï á¥âª ;13 { ä¨«ìâàãîé ï § £àã§ª ; 14 { ¯ì¥§®¬¥âàë;15 { ¯à®¡®®â¡®à­¨ª¨; 16 { ¯à¨¦¨¬­®¥ ãáâà®©áâ¢®;17 { á¡à®á­®© âàã¡®¯à®¢®¤áª®à®áâ¨ 7, ª®â®àë© ¯®§¢®«ï¥â ¯®¤¤¥à¦¨¢ âì ¯®-áâ®ï­­ãî áª®à®áâì ä¨«ìâà®¢ ­¨ï ¢ â¥ç¥­¨¥ ¢á¥-£® ®¯ëâ . �®á«¥ à¥£ã«ïâ®à  áª®à®áâ¨ áãá¯¥­§¨ï¯®¯ ¤ ¥â ­  ä¨«ìâà (á¢¥àåã ¨«¨ á­¨§ã) ¨, ¯à®©¤ï¥£®, ®á¢¥â«ï¥âáï. � ¯à®æ¥áá¥ ®¯ëâ  ç¥à¥§ ®¯à¥-¤¥«¥­­ë¥ ¯à®¬¥¦ãâª¨ ¢à¥¬¥­¨ ¨§ ¯à®¡®®â¡®à­¨-ª®¢ 15 ®â¡¨à îâáï ¯à®¡ë áãá¯¥­§¨¨ ¤«ï ®¯à¥¤¥«¥-­¨ï ¬ãâ­®áâ¨ á ¯®¬®éìî ä®â®¬¥âà  ���-72�.I.�à®¡®®â¡®à­¨ª¨ à á¯®«®¦¥­ë à ¢­®¬¥à­® ¯® â®«-é¨­¥ ä¨«ìâà  ç¥à¥§ 10 á¬,   ¢ ­¥ª®â®àëå ®¯ëâ å{ ç¥à¥§ 5 á¬. �¤­®¢à¥¬¥­­® á ®â¡®à®¬ ¯à®¡ ä¨ª-á¨àãîâáï ¯®ª § ­¨ï ¯ì¥§®¬¥âà®¢ 14.�®«ìè¨­áâ¢® ®¯ëâ®¢ ¯à®¤®«¦ «®áì ¤® ­ àã-è¥­¨ï " ¢â®¬®¤¥«ì­®áâ¨", ­  ª®â®à®¥ ãª §ë¢ -«® § ¬¥â­®¥ ã¢¥«¨ç¥­¨¥ ¬ãâ­®áâ¨ áãá¯¥­§¨¨ ¯®-á«¥ ä¨«ìâà . �¥ª®â®àë¥ ®¯ëâë ¯à®¤®«¦ «¨áì ¯®-

á«¥ ­ àãè¥­¨ï " ¢â®¬®¤¥«ì­®áâ¨" ¤«ï ®æ¥­ª¨ ¯à¥-¤¥«ì­®£® § ¨«¥­¨ï ä¨«ìâà . �®á«¥ íâ®£® ¯à®¢®¤¨-« áì ¯à®¬ë¢ª  ä¨«ìâà .3.2. �¥§ã«ìâ âë íªá¯¥à¨¬¥­â®¢�ªá¯¥à¨¬¥­âë ®áãé¥áâ¢«ï«¨áì á ä¨«ìâà ¬¨��� ¨ ¯ à ««¥«ì­® á §¥à­¨áâë¬¨ ä¨«ìâà ¬¨ ¨§¯¥áª  ¨ ���. �¨«ìâàë ¨§ ��� ®â«¨ç «¨áì ¯®áâàãªâãà¥: ¢ ®¯ëâ å 1 � 5, 8 ¨ 10 ä¨«ìâà á®áâ®-ï« ¨§ í«¥¬¥­â à­ëå á«®¥¢ â®«é¨­®© 2 � 3 ¬¬,¢ ®¯ëâ å 6, 7, 9, 11{15 { ¨§ í«¥¬¥­â à­ëå á«®-¥¢ â®«é¨­®© (2 � 3)dí:¢:. �®«é¨­  ä¨«ìâà  ¢®¢á¥å ®¯ëâ å � = 30 á¬, áª®à®áâì ä¨«ìâà®¢ ­¨ïV = 0:75; 1:5 ¨ 3:0 ¬=ç, ­ ç «ì­ ï ª®­æ¥­âà æ¨ïC� = 47� 640 ¬£=«.�à¨ ®¡à ¡®âª¥ ®¯ëâ®¢, ¨á¯®«ì§ãï § ¢¨á¨¬®áâ¨,¯à¨¢¥¤¥­­ë¥ ¢ëè¥, ®¯à¥¤¥«ï«¨ �, G, G0, �w, �00w,Kä ¨ áâà®¨«¨ íªá¯¥à¨¬¥­â «ì­ë¥ § ¢¨á¨¬®áâ¨G�t, �w�t, �00w�t, Kä�t, Kä�G,H�t. �  à¨á. 3 ¨4 ¯à¨¢¥¤¥­ë íâ¨ íªá¯¥à¨¬¥­â «ì­ë¥ § ¢¨á¨¬®áâ¨¤«ï ®¯ëâ  6.�®¢¬¥áâ­ë©  ­ «¨§ § ¢¨á¨¬®áâ¥© G� t, �w � t¨ �00w� t, ¯®§¢®«ï¥â ®¯à¥¤¥«¨âì t1; t2, Gªà:1 ¨ Gªà:2¨ á®®â¢¥âáâ¢ãîé¨¥ ¨¬ §­ ç¥­¨ï T1, T2, G0ªà:1 ¨G0ªà:2. �¥§ã«ìâ âë ¯à®¢¥¤¥­­ëå ®¯ëâ®¢ ¯à¨ � =30 á¬ ¯à¨¢¥¤¥­ë ¢ â ¡«¨æ¥, £¤¥ #" { ­ ¯à ¢«¥­¨¥ä¨«ìâà æ¨¨ á¢¥àåã ¢­¨§ ¨ á­¨§ã ¢¢¥àå á®®â¢¥â-áâ¢¥­­®.3.3. �­ «¨§ à¥§ã«ìâ â®¢ ®¯ëâ®¢�  £à ä¨ª å �00w � t ¨ G� t ¢ ®¤­¨å ®¯ëâ å ¤®-¢®«ì­® â®ç­®,   ¢ ¤àã£¨å á ­¥¡®«ìè¨¬ ¤®¯ãé¥­¨-¥¬ ¬®¦­® ¢ë¤¥«¨âì âà¨ ¯¥à¨®¤ : ¯¥à¨®¤ § àï¤-ª¨ ä¨«ìâà  t1, " ¢â®¬®¤¥«ì­ë© à¥¦¨¬" (t1 � t2) ¨¯¥à¨®¤ t > t2, ª®£¤  ­ àãè ¥âáï " ¢â®¬®¤¥«ì­ë©à¥¦¨¬" ¨ �00w ã¬¥­ìè ¥âáï,   «¨­¥©­®áâì G� t ­ -àãè ¥âáï.�® ¢á¥å ®¯ëâ å á ä¨«ìâà ¬¨ ��� t1 << t2 ¨Gªà:1 << Gªà:2 ¨ ¯®íâ®¬ã ¨§ ¢ëà ¦¥­¨© (11) ¨(15) ¯®«ãç ¥¬ á«¥¤ãîé¨¥ ä®à¬ã«ë:t2 = Gªà:2 � � � n�00w �C� � V ; (36)T2 = G0ªà:2 � n�00w ; (37)ª®â®àë¥ ¯à ªâ¨ç¥áª¨ â®ç­® ®âà ¦ îâ à¥§ã«ìâ -âë íªá¯¥à¨¬¥­â®¢ ¨ ï¢«ïîâáï ®á­®¢­ë¬¨ à áç¥â-­ë¬¨ ä®à¬ã« ¬¨.�  à¨á. 5 ¯à¨¢¥¤¥­  íªá¯¥à¨¬¥­â «ì­ ï § ¢¨á¨-¬®áâì �00w � T � ¤«ï " ¢â®¬®¤¥«ì­®£® à¥¦¨¬ ", £¤¥�ã£ © �.�., �à¨¢®­®£ �.�., �à¨¢®­®£ �.�. 31



ISSN 1561 -9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 2004. �®¬ 6 (78), N 2. �. 27 { 43� ¡« 1. �¥§ã«ìâ âë ®¯ëâ®¢N � à ªâ¥à¨áâ¨ª  �, V , C�, t1, t2, T1, T2, Gªà:1, Gªà:2, �00w®¯ëâ®¢ ä¨«ìâà  á¬ ¬/ç á ¬£/« ç á ç á ¬£=á¬3 ¬£=á¬31 ���, dí:¢: = 100 ¬ª¬,n = 0:77 # 30 0.75 97 � 10 250 � 25 625 3 80 0.961  �¥á®ª, díª¢: = 0.45 ¬¬,n = 0:36 # 30 0.75 97 � 2 75 187 � 1 55 0.972 ���, dí:¢ = 100 ¬ª¬,n = 0:77 # 30 0.75 470 � 8 50 20 125 � 10 65 0.862  �¥á®ª, díª¢: = 0.45 ¬¬,n = 0:36 # 30 0.75 500 1 5 2.5 12.5 � 4 15 0.783 ���, dí:¢: = 50 ¬ª¬,n = 0:82 # 30 0.75 460 16 70 40 175 21 90 0.923  �¥á®ª, díª¢: = 0.45 ¬¬,n = 0:36 # 30 0.75 490 9 25 20 62 20 65 0.784 ���, dí:¢: = 100 ¬ª¬,n = 0:77 # 30 1.5 104 3 80 15 400 2 50 0.924  �¥á®ª, díª¢: = 0.45 ¬¬,n = 0:36 # 30 1.5 92 3 25 15 125 7 32 0.905 ���, dí:¢: = 100 ¬ª¬,n = 0:77 # 30 1.5 480 2 12.5 10 62 5 39 0.836 ���, dí:¢: = 125 ¬ª¬,n = 0:76 " 30 1.5 96 4 135 20 675 2 55 0.656  ���, d = 0:4� 2 ¬¬,n = 0:36 " 30 1.5 102 4 50 20 250 3 32 0.457 ���, dí:¢: = 125 ¬ª¬,n = 0:75 # 30 1.5 106 3 145 15 725 2 67 0.657  ���, d = 0:4� 2 ¬¬,n = 0:42 # 30 1.5 103 5 75 560 3 40 0.438 ���, dí:¢: = 100 ¬ª¬,n = 0:79 # 30 3.0 103 1 18 10 180 2 20 0.808  �¥á®ª, díª¢: = 0.45 ¬¬,n = 0:36 # 30 3.0 103 1 18 2 20 0.809 ���, dí:¢: = 125 ¬ª¬,n = 0:79 " 30 3.0 102 3 165 30 1650 3 75 0.359  ���, d = 0:4� 2 ¬¬,n = 0:36 " 30 3.0 101 3 165 30 1650 4 70 0.1510 ���, dí:¢: = 120 ¬ª¬,n = 0:79 " 30 1.5 110 5 210 25 1050 2 66 0.4510  ���, d = 0:4� 2 ¬¬,n = 0:36 " 30 1.5 117 5 84 25 420 3 41 0.3011 ���, dí:¢: = 125 ¬ª¬,n = 0:79 " 30 2.9 390 1 20 10 200 2 44 0.4412 ���, dí:¢: = 125 ¬ª¬,n = 0:79 " 30 1.5 350 3 35 15 175 4 52 0.6212  ���, d = 0:4� 2 ¬¬,n = 0:36 " 30 1.5 350 1 17 5 85 2 32 0.3813 ���, dí:¢: = 125 ¬ª¬,n = 0:79 " 30 1.5 227 1 45 5 225 1 39 0.6014 ���, dí:¢: = 125 ¬ª¬,n = 0:79 " 30 3.0 55 10 108 100 1080 4 41 0.4715 ���, dí:¢: = 125 ¬ª¬,n = 0:79 " 30 3.0 195 1 32 10 320 1 48 0.5132 �ã£ © �.�., �à¨¢®­®£ �.�., �à¨¢®­®£ �.�.
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�¨á. 3. �ªá¯¥à¨¬¥­â «ì­ë¥ § ¢¨á¨¬®áâ¨ G = f(t) (a),�00w = f(t) (b) ¨ �w = f(t) (c) ¤«ï ®¯ëâ  6T � = t� � V� { ¯ à ¬¥âà, ¯à¥¤áâ ¢«ïîé¨© á®¡®©¡¥§à §¬¥à­®¥ ¢à¥¬ï ¯à¨ t� = 1.�¨¤­®, çâ® ­¥§ ¢¨á¨¬® ®â C�, � ¨ V ¤«ï ¨áá«¥-¤®¢ ­­ëå ä¨«ìâà®¢, áãé¥áâ¢ã¥â ï¢­® ¢ëà ¦¥­­ ï§ ¢¨á¨¬®áâì �00w = f(T �). �à®¬¥ â®£®, á«¥¤ã¥â ®â-¬¥â¨âì, çâ® ¯à¨ ¢á¥å ¯à®ç¨å à ¢­ëå ãá«®¢¨ïå áâ¥-¯¥­ì ®ç¨áâª¨ ä¨«ìâà®¬ ��� ­¥áª®«ìª® ¬¥­ìè¥,  ä¨«ìâà®¬ ¨§ ¯¥áª  { ­¥áª®«ìª® ¡®«ìè¥, ç¥¬ ä¨«ì-âà®¬ ���.�«ï ä¨«ìâà®¢ ��� (dí:¢: = 100� 125 ¬ª¬, C� =
�¨á. 4. �ªá¯¥à¨¬¥­â «ì­ë¥ § ¢¨á¨¬®áâ¨Kä = f(t) (a), H = f(t) (b) ¨ Kä = f(G) (c)¤«ï ®¯ëâ  650� 600 ¬£=« ¨ V = 0:75� 3 ¬=ç á) ¯®«ãç¥­  í¬-¯¨à¨ç¥áª ï § ¢¨á¨¬®áâì ¤«ï ®¯à¥¤¥«¥­¨ï �00w:�00w = 1:9(T �)�0:66; (38)ª®â®à ï ¯®§¢®«ï¥â ¯®«ãç¨âì § ¢¨á¨¬®áâ¨ �00w � �¯à¨ à §«¨ç­ëå V ¨«¨ �00w � V ¯à¨ à §«¨ç­ëå �.� ¢¨á¨¬®áâ¨ Kä � t ¨ Kä � G ¯®ª § ­­ë¥ ­ à¨á. 4, ï¢«ïîâáï â¨¯¨ç­ë¬¨ ¤«ï ¢á¥å ®¯ëâ®¢. �ª ¦¤®¬ ®¯ëâ¥ ¬®¦­® ¢ë¤¥«¨âì ªà¨¢ãî Kä� t, á®-®â¢¥âáâ¢ãîéãî ®¯à¥¤¥«¥­­®¬ã §­ ç¥­¨î �. �® ­ £à ä¨ª¥ Kä�G ¢ ª ¦¤®¬ ®¯ëâ¥, ­¥§ ¢¨á¨¬® ®â �,¬®¦­® ¯à®¢¥áâ¨ ®¤­ã ªà¨¢ãî.� á¯à¥¤¥«¥­¨¥ G � n ¯® £«ã¡¨­¥ ä¨«ìâà . �¥-§ã«ìâ âë ®¯ëâ®¢ ¯®§¢®«ïîâ ¯®áâà®¨âì í¯îàëà á¯à¥¤¥«¥­¨ï ã¤¥«ì­®£® § ¨«¥­¨ï ä¨«ìâà  G � n�ã£ © �.�., �à¨¢®­®£ �.�., �à¨¢®­®£ �.�. 33



ISSN 1561 -9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 2004. �®¬ 6 (78), N 2. �. 27 { 43

�¨á. 6. �ªá¯¥à¨¬¥­â «ì­ë¥ § ¢¨á¨¬®áâ¨ G � n = f(x):a { �¯ëâ 1, ���; b { �¯ëâ 1 , ¯¥á®ª; c { �¯ëâ 6, ���; d { �¯ëâ 6 , ���
�¨á. 5. �ªá¯¥à¨¬¥­â «ì­ë¥ § ¢¨á¨¬®áâ¨ �00w = f(T �)¤«ï ä¨«ìâà®¢ ¨§ ���, ��� ¨ ¯¥áª ¯® £«ã¡¨­¥ ä¨«ìâà . �  à¨á. 6 ¯à¨¢¥¤¥­ë â ª¨¥í¯îàë ¤«ï ®¯ëâ®¢ 1 ¨ 1  (¯¥á®ª) ¨ ®¯ëâ®¢ 6 ¨ 6 (���).�¨¤­®, çâ® ¯à¨ t = t1 � t2 (" ¢â®¬®¤¥«ì­ë© à¥-¦¨¬") ã¤¥«ì­®¥ § ¨«¥­¨¥ ¢ ¢¥àå­¥© âà¥â¨ ä¨«ìâà ¯® å®¤ã ¤¢¨¦¥­¨ï áãá¯¥­§¨¨ §­ ç¨â¥«ì­® ¡®«ìè¥,ç¥¬ ¢ ­¨¦­¥© âà¥â¨. �à¨ t > t2 ­ ª®¯«¥­¨¥ ®á ¤-ª  ¢ ¢¥àå­¥© âà¥â¨ ä¨«ìâà  § ¬¥¤«ï¥âáï ¨ áâà¥-¬¨âáï ª ¯®áâ®ï­­®¬ã §­ ç¥­¨î, ­® ¢ ®áâ «ì­®©

ç áâ¨ ä¨«ìâà  ­ ª®¯«¥­¨¥ ®á ¤ª  ¯à®¤®«¦ ¥âáï.�à¨ íâ®¬ ¢ ä¨«ìâà å ��� ­ ª®¯«¥­¨¥ ®á ¤ª  G �n§­ ç¨â¥«ì­® ¡®«ìè¥, ç¥¬ ¢ ä¨«ìâà å ¨§ ¯¥áª  ¨���. �â® á¢ï§ ­®, ¢ ¯¥à¢ãî ®ç¥à¥¤ì, á ¡®«ìè¥©¯®à¨áâ®áâìî ä¨«ìâà®¢ ���.�§¬¥­¥­¨¥ �00w ¯® £«ã¡¨­¥ ä¨«ìâà . � ¢¨á¨-¬®áâì (38) ¯®«ãç¥­  ¯à¨ � = 5 � 30 á¬. �à¨� = const ¨ V = const áâ¥¯¥­ì ®ç¨áâª¨ �00w ¤®«¦-­  ¡ëâì ®¤¨­ ª®¢®©. �â® ®§­ ç ¥â, çâ® ¥á«¨ à §-¤¥«¨âì ä¨«ìâà ­  í«¥¬¥­â à­ë¥ á«®¨ ®¤¨­ ª®¢®©â®«é¨­ë, â® ¤«ï ª ¦¤®£® á«®ï �00w = �C=C ¤®«¦­ ¡ëâì ®¤¨­ ª®¢®© (§¤¥áì C { ª®­æ¥­âà æ¨ï ¯¥à¥¤á«®¥¬, �C { á­¨¦¥­¨¥ ª®­æ¥­âà æ¨¨ ¢ á«®¥). � à¨á. 7 ¯à¨¢¥¤¥­ë à¥§ã«ìâ âë â ª®£®  ­ «¨§  ¤«ï®¯ëâ®¢ 6 ¨ 10. �¥©áâ¢¨â¥«ì­®, ¢ " ¢â®¬®¤¥«ì­®¬à¥¦¨¬¥" áâ¥¯¥­ì ®ç¨áâª¨ ª ¦¤®£® á«®ï ®¤¨­ ª®-¢ , ®¤­ ª® ¢® ¢à¥¬¥­¨ á«®¨ à ¡®â îâ ­¥ ®¤¨­ ª®-¢®. � àï¤ª  í«¥¬¥­â à­ëå á«®¥¢ ¯à®¨áå®¤¨â ¯®-á«¥¤®¢ â¥«ì­®. �â¥¯¥­ì ®ç¨áâª¨ ¢ ¢¥àå­¥¬ á«®¥ ¢­ ç «¥ ¯à®æ¥áá  ¡®«ìè¥,   ¢ ª®­æ¥ { ¬¥­ìè¥, ç¥¬ ¢­¨¦¥«¥¦ é¨å á«®ïå. �à¨ ¢ëå®¤¥ ­  " ¢â®¬®¤¥«ì-­ë© à¥¦¨¬" ¢á¥£® ä¨«ìâà  ®á­®¢­ãî ­ £àã§ªã ¯®á­¨¦¥­¨î ª®­æ¥­âà æ¨¨ áãá¯¥­§¨¨ ¯à¨­¨¬ ¥â ­ á¥¡ï ¢¥àå­¨© á«®©, ­¨¦¥«¥¦ é¨¥ á«®¨ à ¡®â îâ¬ «® ¨«¨ ­¥ à ¡®â îâ ¢®¢á¥. � ª®© ¬¥å ­¨§¬ à -¡®âë ä¨«ìâà  ¯®§¢®«ï¥â ¯®«ãç¨âì ä®à¬ã«ë ¤«ï34 �ã£ © �.�., �à¨¢®­®£ �.�., �à¨¢®­®£ �.�.
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�¨á. 7. �ªá¯¥à¨¬¥­â «ì­ë¥ § ¢¨á¨¬®áâ¨�C=C� = f(t):a { �¯ëâ 6; b { �¯ëâ 10®¯à¥¤¥«¥­¨ï áâ¥¯¥­¨ ®ç¨áâª¨ ä¨«ìâà  â®«é¨­®©2�, 3� ¨ â. ¤., ¥á«¨ ¨§¢¥áâ­  �00w ¤«ï ä¨«ìâà  â®«-é¨­®© �: �00w;2 = 2�00w � (�00w)2;�00w;3 = 3�00w � 3(�00w)2 + (�00w)3; (39)�00w;4 = 4�00w � 6(�00w)2 + 4(�00w)3 � (�00w)4;£¤¥ �00w;2, �00w;3 ¨ �00w;4 { ¯à¨ â®«é¨­¥ ä¨«ìâà  2�,3� ¨ 4� á®®â¢¥âáâ¢¥­­®.� ¢¨á¨¬®áâì G0 � n { T, ª ª ®â¬¥ç «®áì ¢ëè¥,¯à¥¤áâ ¢«ï¥â á®¡®© ¯ãç®ª ¯àï¬ëå «¨­¨©-«ãç¥©á ã£«®¢ë¬ ª®íää¨æ¨¥­â®¬ �00w. �¥©áâ¢¨â¥«ì­®,®¯ëâ­ë¥ â®çª¨ ¯à¨ �00w = const ¤«ï à §«¨ç­ëåä¨«ìâà®¢ «¥¦ â ­  ®¤­®© ¯àï¬®©, ­® ªà¨â¨ç¥-áª¨¥ §­ ç¥­¨ï (G0 � n)ªà:2 ¯à¨ � = �2 ¤«ï ä¨«ì-âà  ��� ¡®«ìè¥, ç¥¬ ¤«ï ��� ¨ ¯¥áª  ¯à¨¬¥à­®¢ n¢=n§ = 2:5, £¤¥ n¢ { ¯®à¨áâ®áâì ä¨«ìâà  ���,n§ { ¯®à¨áâ®áâì §¥à­¨áâ®£® ä¨«ìâà .�«ï à áç¥â  ä¨«ìâà  ­¥®¡å®¤¨¬® §­ âì (G ��n)ªà:2, ª®â®à®¥ § ¢¨á¨â ®â â¨¯  ä¨«ìâà , áâ¥¯¥-­¨ ®ç¨áâª¨ �00w ¨ C�. �  à¨á. 8 ¤«ï ä¨«ìâà  ���

�¨á. 8. �ªá¯¥à¨¬¥­â «ì­ë¥ § ¢¨á¨¬®áâ¨ ¤«ï ä¨«ìâà ��� ¯à¨ dí:¢: = 100� 125 ¬ª¬¯à¨ dí:¢: = 100 � 125 ¬ª¬ ¯à¨¢¥¤¥­ë íªá¯¥à¨¬¥­-â «ì­ë¥ § ¢¨á¨¬®áâ¨ ¤«ï ®¯à¥¤¥«¥­¨ï (G � n)ªà:2.� ¢¨á¨¬®áâì H�t. �à¨ § ¨«¥­¨¨ ä¨«ìâà  ¯®à¨-áâ®áâì n§ ã¬¥­ìè ¥âáï, çâ® ¯à¨¢®¤¨â ª ã¬¥­ìè¥-­¨îKä:§: ¨ ¢®§à áâ ­¨îH. �à¨ ­ àãè¥­¨¨  ¢â®-¬®¤¥«ì­®áâ¨ �00w ã¬¥­ìè ¥âáï, Kä:§: ! const;H !const ¨ ¤ ¦¥ ¬®¦¥â ã¬¥­ìè¨âìáï. �¨§¨ç¥áª¨ íâ®®§­ ç ¥â, çâ® ¢ ¯à¥¤¥«¥ áãá¯¥­§¨ï ¯à®å®¤¨â ç¥-à¥§ ä¨«ìâà âà ­§¨â®¬, ­¥ ®á¢¥â«ïïáì. �à¨ íâ®¬ä¨«ìâà ­¥ § ¨«¨¢ ¥âáï ¯®«­®áâìî.�«ï à áç¥â  ä¨«ìâà  ­¥®¡å®¤¨¬® §­ âì ¯®â¥à¨­ ¯®à  H, ª®â®àë¥ ®¯à¥¤¥«ïîâáï Kä:§. �®«ãç¨âì®¡®¡é îéîî § ¢¨á¨¬®áâì ¤«ï ®¯à¥¤¥«¥­¨ï Kä:§:­¥ ã¤ «®áì. �¤­ ª®, ¯à®¢¥¤ï â¥áâ®¢ë¥ ¨á¯ëâ ­¨ïä¨«ìâà  ¯à¨ ¨§¢¥áâ­ëå �, V ¨ C� ¨ ®¡à ¡®â ¢®¯ëâë, ¬®¦­® ¯®áâà®¨âì § ¢¨á¨¬®áâì Kä:§: � G.�âã § ¢¨á¨¬®áâì ¯à¨ ¤àã£¨å §­ ç¥­¨ïå � ¬®¦­®¨á¯®«ì§®¢ âì ¢ ¯à®£­®§­ëå à áç¥â å ä¨«ìâà .3.4. �¥áâ®¢ë¥ ¨á¯ëâ ­¨ï ¨ ¯à®£­®§­ë© à áç¥âä¨«ìâà®¢ ���� ª ¨§¢¥áâ­® [1{7, 22{24], áâ¥¯¥­ì ®ç¨áâª¨ ¢®¬­®£®¬ § ¢¨á¨â ®â ä¨§¨ª®-å¨¬¨ç¥áª¨å á¢®©áâ¢ ¢®-¤ë. �®íâ®¬ã ¯à¨ ¯à®¥ªâ¨à®¢ ­¨¨ ä¨«ìâà®¢ ­¥®¡-å®¤¨¬® ¯à®¢¥áâ¨ â¥áâ®¢ë¥ ¨á¯ëâ ­¨ï ä¨«ìâà  ­ ¢®¤¥ ¨§ â®£® ¨áâ®ç­¨ª , ª®â®àë© ¯à¥¤¯®« £ ¥âáï¨á¯®«ì§®¢ âì ¤«ï ¢®¤®á­ ¡¦¥­¨ï. �ç¨âë¢ ï, çâ®¤«ï ¯¨âì¥¢®£® ¢®¤®á­ ¡¦¥­¨ï ��� = 3.0 ¬£/«,®¯à¥¤¥«ï¥¬ ­¥®¡å®¤¨¬ãî áâ¥¯¥­ì ®ç¨áâª¨ ¢®¤ë[�00w] = (C� � 3)=C�. �á«¨ �00w ¯à¨ â¥áâ®¢ëå ¨á-¯ëâ ­¨ïå ®ª ¦¥âáï ¬¥­ìè¥ [�00w], â® ­¥®¡å®¤¨¬®¯à®¢¥áâ¨ ¯à®£­®§­ë© à áç¥â ä¨«ìâà , ¨á¯®«ì§ãï§ ª®­®¬¥à­®áâ¨ ª¨­¥â¨ª¨ ä¨«ìâà®¢ ­¨ï, ¯®«ãç¥­-�ã£ © �.�., �à¨¢®­®£ �.�., �à¨¢®­®£ �.�. 35



ISSN 1561 -9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 2004. �®¬ 6 (78), N 2. �. 27 { 43­ë¥ ¢ëè¥.�à¨¬¥à à áç¥â . �à¨ â¥áâ®¢ëå ¨á¯ëâ ­¨ïåä¨«ìâà  ��� (dí:¢: = 125 ¬ª¬, n = 0:76, � = 20 á¬,V = 1:5 ¬=ç á) ¯®«ãç¥­ë á«¥¤ãîé¨¥ à¥§ã«ìâ âë:C� = 100 ¬£=«, t1 = 3 ç á, t2 = 80 ç á, �00w = 0:5,Gªà:2 = 31:6 ¬£=á¬3, [�00w] = 0:97. � ª ª ª �00w <[�00w], ­¥®¡å®¤¨¬® ã¢¥«¨ç¨âì â®«é¨­ã ä¨«ìâà  ¨«¨ã¬¥­ìè¨âì V .�® ä®à¬ã« ¬ (39) ®¯à¥¤¥«ï¥¬ áâ¥¯¥­ì ®ç¨áâª¨¯à¨ ã¢¥«¨ç¥­¨¨ â®«é¨­ë ä¨«ìâà : ¯à¨ � = 40 á¬�00w = 0:75, ¯à¨ � = 60 á¬ �00w = 0:87, ¯à¨ � =80 á¬ �00w = 0:96. �à¨ � = 80 á¬ T � = 1 � 1:50:8 == 1:88. � ª®¥ ¦¥ §­ ç¥­¨¥ T � ¡ã¤¥â ¨¬¥âì ä¨«ìâà� = 40 á¬ ¯à¨ V = 0:75 ¬=ç á.� ª¨¬ ®¡à §®¬, ¤«ï ¯®«ãç¥­¨ï ¢®¤ë ­¥®¡å®¤¨¬®-£® ª ç¥áâ¢  ¬®¦­® ãáâ ­®¢¨âì ®¤¨­ ä¨«ìâà â®«-é¨­®© 80 á¬ ¯à¨ V = 1:5 ¬=ç á ¨«¨ ¤¢  ä¨«ì-âà  � = 40 á¬, á®¥¤¨­¥­­ëå ¯ à ««¥«ì­®, ¯à¨V = 0:75 ¬=ç á. �à®¨§¢®¤¨â¥«ì­®áâì â ª®© ãáâ -­®¢ª¨ ¡ã¤¥â 1:5 ¬3=ç á ­  1 ¬2 ä¨«ìâà .�à®¤®«¦¨â¥«ì­®áâì ä¨«ìâà®æ¨ª«  ®¯à¥¤¥«ï¥¬¯® ä®à¬ã«¥ (36), ¢ ª®â®à®© Gªà:2 � n ­ å®¤¨¬,¨á¯®«ì§ãï íªá¯¥à¨¬¥­â «ì­ë¥ § ¢¨á¨¬®áâ¨, ¯à¥¤-áâ ¢«¥­­ë¥ ­  à¨á. 8. �«ï ä¨«ìâà  ¯à¨ � = 80 á¬¨ V = 1:5 ¬=ç á, t2 = 340 ç á,   ¤«ï ä¨«ìâà  ¯à¨� = 40 á¬ ¨ V = 0:75 ¬=ç á, t2 = 360 ç á.4. ����������� ���������������������� ����������� ��������� ������ � ��������������� ��������¥©áâ¢¨â¥«ì­ ï ¯®à¨áâ®áâì n§ ¨ ¯«®â­®áâì®á ¤ª  ¢ ¯®à å ¢ §¥à­¨áâëå ä¨«ìâà å ¨§ãç¥­ë ¬ -«® [18{20],   ¢ ®¡ê¥¬­ëå ä¨«ìâà å ¨§ ¢®«®ª­¨áâëå¬ â¥à¨ «®¢, ¯®¤®¡­ëå ���, â ª¨¥ ¨áá«¥¤®¢ ­¨ï­¥ ¯à®¢®¤¨«¨áì ¢®¢á¥.4.1. �ªá¯¥à¨¬¥­â «ì­ ï ãáâ ­®¢ª  ¨ ¬¥â®¤¨ª ¨áá«¥¤®¢ ­¨©�«ï ®¯à¥¤¥«¥­¨ï ¤¥©áâ¢¨â¥«ì­®© ¯®à¨áâ®áâ¨ § -¨«¥­­®£® ä¨«ìâà  n§ ¨á¯®«ì§®¢ «¨ ¨­¤¨ª â®à­ë©¬¥â®¤. �à¨ ¤¢¨¦¥­¨¨ ¯®â®ª  ¦¨¤ª®áâ¨ ç¥à¥§ä¨«ìâà á® áª®à®áâìî ä¨«ìâà æ¨¨ V áà¥¤­ïï áª®-à®áâì ¢ ¯®à å ¡ã¤¥â V=n§. �®£¤  à áç¥â­®¥ ¢à¥-¬ï ¯à®å®¦¤¥­¨ï ãá«®¢­®£® äà®­â  áãá¯¥­§¨¨ ç¥-à¥§ ä¨«ìâà â®«é¨­®© � ¡ã¤¥â tà áç = � � n§V , ª®â®-à®¥ ¬®¦¥â ­¥ á®¢¯ ¤ âì á ä ªâ¨ç¥áª¨¬ ¢à¥¬¥­¥¬tä ªâ ¨§-§  ®¡à §®¢ ­¨ï § áâ®©­ëå §®­ §  ¢®«®ª-­ ¬¨ ¨ ¢ ¬¥áâ å ¤¨áªà¥â­®£® áª®¯«¥­¨ï ¢®«®ª®­.

� íâ®¬ á«ãç ¥ tä ªâ=tà áç = �. �®£¤  ¯®«ãç¨¬n§ = tä ªâ � V� � � ; (40)£¤¥ tä ªâ ¨ � ®¯à¥¤¥«¥­ë íªá¯¥à¨¬¥­â «ì­®.�áá«¥¤®¢ ­¨ï ¯à®¢®¤¨«¨áì ­  íªá¯¥à¨¬¥­â «ì-­®© ãáâ ­®¢ª¥, áå¥¬  ª®â®à®© ¯à¨¢¥¤¥­  ­  à¨á. 9.

�¨á. 9. �å¥¬  ãáâ ­®¢ª¨ ¤«ï ¨áá«¥¤®¢ ­¨ï ª¨­¥â¨ª¨¨ ¯®à¨áâ®áâ¨ ¨­¤¨ª â®à­ë¬ ¬¥â®¤®¬:1 { ¬¥è «ª ; 2 { ¥¬ª®áâì ¤«ï áãá¯¥­§¨¨; 3 { ¥¬ª®áâì¤«ï á®«¥¢®£® à áâ¢®à ; 4 { ­ ¯®à­ë© ¡ ç®ª¯®áâ®ï­­®£® ãà®¢­ï; 5 { à¥£ã«ïâ®àë áª®à®áâ¨;6 { ­ ª«®­­ë© ¤¨ää¥à¥­æ¨ «ì­ë© ¬¨ªà®¬ ­®¬¥âà;7 { ä¨«ìâà æ¨®­­ë© ¯à¨¡®à; 8 { ä¨«ìâàãîé ï § £àã§ª ;9 { ¡ëáâà®¤¥©áâ¢ãîé¨© á ¬®¯¨á¥æ �3031;�1...�3 { ¤ âç¨ª¨; �1, �2 { ¯ì¥§®¬¥âàë;�à1, �à2 { ¯à®¡®®â¡®à­¨ª¨�¨«ìâà æ¨®­­ë© ¯à¨¡®à 7 ¯à¥¤áâ ¢«ï« á®¡®©æ¨«¨­¤à ¨§ ��� âàã¡ë á ¢­ãâà¥­­¨¬ ¤¨ ¬¥âà®¬40 ¬¬, á®áâ®ïé¨© ¨§ âà¥å ç áâ¥©. �­ãâà¥­­ïï¯®¢¥àå­®áâì áà¥¤­¥© ç áâ¨, ¢ ª®â®àãî ¯®¬¥é «-áï ä¨«ìâà, ¨¬¥«  ¯®¢ëè¥­­ãî è¥à®å®¢ â®áâì ¤«ï¯à¥¤®â¢à é¥­¨ï ª®­â ªâ­®© ä¨«ìâà æ¨¨. �à¨-¡®à ¡ë« ®¡®àã¤®¢ ­ ¤ âç¨ª ¬¨ �1, �2, �3, ª®â®-àë¥ ¯à¥¤áâ ¢«ï«¨ á®¡®© ¤¢¥ ¯ à ««¥«ì­ë¥ áâàã­ë-í«¥ªâà®¤  ¨§ ­¥à¦ ¢¥îé¥© áâ «¨, ¯¥à¥á¥ª îé¨¥âàã¡ã ¯® ¤¨ ¬¥âàã. � ááâ®ï­¨¥ ¬¥¦¤ã í«¥ªâà®¤ -36 �ã£ © �.�., �à¨¢®­®£ �.�., �à¨¢®­®£ �.�.



ISSN 1561 -9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 2004. �®¬ 6 (78), N 2. �. 27 { 43¬¨ ¡ë«® 3:0 ¬¬. � âç¨ª¨ ¨á¯®«ì§®¢ «¨ ¤«ï ä¨ª-á æ¨¨ ª®­æ¥­âà æ¨¨ á®«¥¢®£® à áâ¢®à , ª®â®àë©¯à¨¬¥­ï«áï ¢ ª ç¥áâ¢¥ ¨­¤¨ª â®à  ¤¢¨¦¥­¨ï ¯®-â®ª  ¦¨¤ª®áâ¨ ç¥à¥§ ä¨«ìâà. �®­æ¥­âà æ¨ï á®«¥-¢®£® à áâ¢®à  (NaCl) á®áâ ¢«ï«  1300 ¬£/«. �§¬¥-­¥­¨¥ í«¥ªâà®¯à®¢®¤­®áâ¨ áãá¯¥­§¨¨ á ¯®¬®éìî¤ âç¨ª®¢ ä¨ªá¨à®¢ «®áì ¡ëáâà®¤¥©áâ¢ãîé¨¬ á -¬®¯¨áæ¥¬ �3031.�  à¨á. 10 ¯®ª § ­  â¨¯¨ç­ ï ®áæ¨««®£à ¬-¬  ¤«ï ®¯ëâ  1á. �¯à¥¤¥«¥­¨¥ n§ ¯à®¢®¤¨«®áì ¢¯à®æ¥áá¥ ®¯ëâ  ¯® ¨áá«¥¤®¢ ­¨î ª¨­¥â¨ª¨ ä¨«ì-âà®¢ ­¨ï ¯à¨ ¡¥§à¥ £¥­â­®© ®ç¨áâª¥ áãá¯¥­§¨¨¯à¨ ¯®áâ®ï­­®© áª®à®áâ¨ V ¢ á«¥¤ãîé¥© ¯®á«¥-¤®¢ â¥«ì­®áâ¨. � ­ ç «¥ ®¯ëâ  ¯à®¯ãáª «¨ ç¥-à¥§ ä¨«ìâà ç¨áâãî ¢®¤ã ¨ ®¯à¥¤¥«ï«¨ ­ ç «ì­ë¥§­ ç¥­¨ï Kä ¨ H. � â¥¬ ¢®¤ã § ¬¥é «¨ á®«¥¢ë¬à áâ¢®à®¬. �¨«ìâà æ¨ï, ª ª ¯à¨ ®ç¨áâª¥, â ª ¨¯à¨ ¤¢¨¦¥­¨¨ á®«¥¢®£® à áâ¢®à  ¡ë«  á­¨§ã ¢¢¥àå.�ª®à®áâì á®«¥¢®£® à áâ¢®à  Vá < V . �®á«¥ ¯à®å®-¦¤¥­¨ï á®«¥¢®£® à áâ¢®à  ç¥à¥§ ä¨«ìâà, çâ® ¡ë«®¢¨¤­® ¯® à¥ ªæ¨¨ ¤ âç¨ª®¢ ­  ®áæ¨««®£à ¬¬¥, á®-«¥¢®© à áâ¢®à ¢ëâ¥á­ï«áï ¨§ ä¨«ìâà  ¨ ¢á¥£® ¯à¨-¡®à  ¯à¨ ¤¢¨¦¥­¨¨ áãá¯¥­§¨¨ á¢¥àåã ¢­¨§,   § â¥¬¯à®¤®«¦ «®áì ä¨«ìâà®¢ ­¨¥ áãá¯¥­§¨¨ ¢ à¥¦¨¬¥®ç¨áâª¨. �¡à ¡®â ¢ ®áæ¨««®£à ¬¬ã ¤«ï ç¨áâ®£®ä¨«ìâà , ®¯à¥¤¥«ï«¨ �. �¥©áâ¢¨â¥«ì­®, � < 1.�â® £®¢®à¨â ® â®¬, çâ® á«¥¤ã¥â ¢ë¤¥«¨âì  ªâ¨¢-­ãî ¯®à¨áâ®áâì n :§:n :§: = n§ � �; (41)ª®â®àãî ¡ã¤¥¬ ¨á¯®«ì§®¢ âì ¯à¨ ®¯à¥¤¥«¥­¨¨ u {
�¨á. 10. �¡à §¥æ ®áæ¨««®£à ¬¬ë ¤«ï ®¯ëâ  1á

áà¥¤­¥© áª®à®áâ¨ ¤¢¨¦¥­¨ï áãá¯¥­§¨¨ ¢ ¯®à å:u = Vn :§: : (42)� ª ¢¨¤­® ¨§ à¨á. 10, ­  ®áæ¨««®£à ¬¬¥ ¤«ï ª -¦¤®£® ¤ âç¨ª  áãé¥áâ¢ãîâ ¤¢¥ å à ªâ¥à­ë¥ â®ç-ª¨ A ¨ B. � â®çª¥ A äà®­â á®«¥¢®£® ¯®â®ª ,   ¢â®çª¥ B ï¤à® á®«¥¢®£® ¯®â®ª  ¯¥à¥á¥ª îâ ¤ âç¨-ª¨. �¥¦¤ã äà®­â®¬ ¨ ï¤à®¬ á®«¥¢®£® ¯®â®ª  áã-é¥áâ¢ã¥â ¯¥à¥å®¤­®© á«®©, ¢ ª®â®à®¬ ª®­æ¥­âà -æ¨ï á®«¨ ¨§¬¥­ï¥âáï ®â 0 ¤® 1300 ¬£/«. �­ «¨§®áæ¨««®£à ¬¬ ¯®ª § «, çâ® â®«é¨­  ¯¥à¥å®¤­®£®á«®ï ¯® ¬¥à¥ § ¨«¥­¨ï ä¨«ìâà  ¢®§à áâ ¥â, ¢ â®¦¥ ¢à¥¬ï ª®­æ¥­âà æ¨ï á®«¨ ­  £à ­¨æ¥ á®«¥¢®£®äà®­â  ¨ á®«¥¢®£® ï¤à  ¯à ªâ¨ç¥áª¨ ­¥ ¨§¬¥­ï¥â-áï. �â® ®§­ ç ¥â, çâ® ¯à¨ ¯à®å®¦¤¥­¨¨ á®«¥¢®-£® à áâ¢®à  ç¥à¥§ ä¨«ìâà ¯à®¨áå®¤¨â à §àãè¥­¨¥ï¤à , ¯¥à¥ä®à¬¨à®¢ ­¨¥ ¨ à áè¨à¥­¨¥ ¯¥à¥å®¤­®-£® á«®ï. �®íâ®¬ã §­ ç¥­¨¥ n§ ®¯à¥¤¥«ï¥¬ ¯® å -à ªâ¥à­®© â®çª¥ A.4.2. �¥§ã«ìâ âë íªá¯¥à¨¬¥­â®¢�á¥£® ¯à®¢¥¤¥­® ¯ïâì ®¯ëâ®¢ á ä¨«ìâà®¬ ���(dí:¢: = 125 ¬ª¬, n = 0:77, � = 20 ¬¬)¯à¨ V =1:5�3:2 ¬=ç á, C� = 64�210 ¬£=« ¨ ¢ë¯®«­¥­® 50®¯à¥¤¥«¥­¨© n§. � à¥§ã«ìâ â¥ ®¡à ¡®âª¨ ®¯ëâ®¢¯®áâà®¥­ë § ¢¨á¨¬®áâ¨ n§�t, G�n§, ��T , �®á�T ,Kä �G, Kä � � ¨ H � �, à¨á. 11 { 13.�¨¤­®, çâ® ¯à¨ § ¨«¥­¨¨ ä¨«ìâà  ¯®à¨áâ®áâì¡ëáâà® ã¬¥­ìè ¥âáï ¨ ¯®á«¥ ­ àãè¥­¨ï " ¢â®¬®-¤¥«ì­®áâ¨" ¯« ¢­® áâà¥¬¨âáï ª ¯®áâ®ï­­®¬ã §­ -ç¥­¨î. �à¥¤¥«ì­®¥ §­ ç¥­¨¥ n§:¯à � 0:2� 0:25.�®á¢¥­­® íâ¨ à¥§ã«ìâ âë á®£« áãîâáï á à¥-§ã«ìâ â ¬¨ ¯®¤®¡­ëå ¨áá«¥¤®¢ ­¨© ¤«ï §¥à­¨-áâëå ä¨«ìâà®¢ [18-20]. � ¢¨á¨¬®áâì G�n§ ­¥§ ¢¨-á¨¬® ®â V ¨ C� ¬®¦­® ¯à¥¤áâ ¢¨âì ®¤­®© ªà¨¢®©.� ¢¨á¨¬®áâì � � T ¢ " ¢â®¬®¤¥«ì­®© ®¡« -áâ¨" ¬®¦¥â ¡ëâì ®¯¨á ­  «¨­¥©­®© § ¢¨á¨¬®-áâìî. �à¨ ­ àãè¥­¨¨ " ¢â®¬®¤¥«ì­®áâ¨" «¨­¥©-­®áâì ­ àãè ¥âáï ¨ � áâà¥¬¨âáï ª ¯à¥¤¥«ì­®¬ã§­ ç¥­¨î, ª®â®à®¥ ¤®áâ¨£ ¥â �¯à = 0:7� 0:75.� ª ª ª G = ���®á, ¢ " ¢â®¬®¤¥«ì­®© ®¡« áâ¨"�®á � const. �¥©áâ¢¨â¥«ì­®, ­  à¨á. 13 ¯à¨T = T2 §­ ç¥­¨¥ �®á = 0:05 � 0:06 £=á¬3. �à¨­ àãè¥­¨¨ " ¢â®¬®¤¥«ì­®áâ¨" C®á ¢®§à áâ ¥â ¤®0:08�0:1 £=á¬3. �­â¥à¥á­®, çâ® C0®á = C®á=C� == 500� 1000, ­® ¯à¨ íâ®¬ 
®á = 1:03� 1:06 £=á¬3.� ¢¨á¨¬®áâ¨ Kä � G ¨ Kä � � ¬®£ãâ ¡ëâì ®¯¨-á ­ë ®¤­®© ªà¨¢®© ­¥§ ¢¨á¨¬® ®â V ¨ C�. � " ¢-â®¬®¤¥«ì­®© ®¡« áâ¨" ¯à¨ � < 0:6 ¨ n§ > 0:25 íâ¨§ ¢¨á¨¬®áâ¨ «¨­¥©­ë¥.� ¢¨á¨¬®áâì H � �. �  à¨á. 14 ¯à¨¢¥¤¥­ë à¥-�ã£ © �.�., �à¨¢®­®£ �.�., �à¨¢®­®£ �.�. 37
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�¨á. 11. �ªá¯¥à¨¬¥­â «ì­ë¥ § ¢¨á¨¬®áâ¨n§ = f(t) (a), � = f(T ) (b), G = f(n§) (c)§ã«ìâ âë ®¯ëâ®¢, ª®â®àë¥, ­¥á¬®âàï ­  ¡®«ìè®©à §¡à®á, ®âà ¦ îâ ®¯à¥¤¥«¥­­ãî â¥­¤¥­æ¨î ¢®§-à áâ ­¨ï H ¯à¨ ã¢¥«¨ç¥­¨¨ �. �á¯®«ì§ãï § ¢¨-á¨¬®áâì Kä � �, ¡ë«¨ ¢ëç¨á«¥­ë §­ ç¥­¨ï H ¯à¨V = 1:5 ¬=ç á ¨ V = 3:2 ¬=ç á,   â ª¦¥ ¯®áâà®¥­ëà áç¥â­ë¥ ªà¨¢ë¥ H��. �¨¤­®, çâ® ¢á¥ ®¯ëâ­ë¥â®çª¨ «¥¦ â ¢­ãâà¨ ®¡« áâ¨, ®£à ­¨ç¥­­®© ªà¨-¢ë¬¨ ¯à¨ ¬¨­¨¬ «ì­®¬ ¨ ¬ ªá¨¬ «ì­®¬ §­ ç¥­¨¨V , ¯à¨ ª®â®àëå ¯à®¢¥¤¥­ë ®¯ëâë. � ª¨¬ ®¡à -§®¬, ¤«ï ®¯à¥¤¥«¥­¨ï H ¤®áâ â®ç­® ¨á¯®«ì§®¢ âì§ ¢¨á¨¬®áâì ¤«ï Kä.4.3. � ¢¨á¨¬®áâì Kä � n§�  à¨á. 15 ¢ á¨áâ¥¬¥ ª®®à¤¨­ â Kä � n§ ¯à¨¢¥-¤¥­ë à¥§ã«ìâ âë ®¯ëâ®¢. �¨¤­®, çâ® ­¥§ ¢¨á¨¬®

�¨á. 12. �ªá¯¥à¨¬¥­â «ì­ë¥ § ¢¨á¨¬®áâ¨Kä = f(G) (a) ¨ Kä = f(�) (b) ¤«ï ä¨«ìâà  ���(dí:¢: = 100 � 125 ¬ª¬, n = 0:77, � = 5 á¬)
�¨á. 13. �ªá¯¥à¨¬¥­â «ì­ë¥ § ¢¨á¨¬®áâ¨ C®á = (T )®â V ¨ �� ¢á¥ ®¯ëâë ¬®£ãâ ¡ëâì ®¯¨á ­ë ®¤­®©ªà¨¢®©.�ëè¥ ¡ë«  à áá¬®âà¥­  ¬®¤¥«ì ä¨«ìâà æ¨¨, ª®-£¤  ä¨«ìâà ��� à áá¬ âà¨¢ «áï ª ª ª ¯¨««ïà­®-¯®à¨áâ®¥ â¥«®, ¨ ¯®«ãç¥­  à áç¥â­ ï ä®à¬ã« (35). �¥¯¥àì ¯à¥¤áâ ¢«ï¥âáï ¢®§¬®¦­®áâì ®æ¥-­¨âì, ­ áª®«ìª® â ª ï ¬®¤¥«ì á®®â¢¥âáâ¢ã¥â à¥-§ã«ìâ â ¬ íªá¯¥à¨¬¥­â®¢.� ä®à¬ã«ã (35) ¢å®¤¨â äã­ªæ¨ï f(n), ª®â®à ï®¯à¥¤¥«ï¥âáï ¯® à¨á. 1. �«ï ¨áá«¥¤®¢ ­­®£® ä¨«ì-âà  ��� (¯à¨ dí:¢: = 125 ¬ª¬) ¯à¨ " ¢â®¬®¤¥«ì-­®¬ à¥¦¨¬¥" (0:25 < n < 0:82) äã­ªæ¨ï f(n) ¬®-38 �ã£ © �.�., �à¨¢®­®£ �.�., �à¨¢®­®£ �.�.
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�¨á. 14. �ªá¯¥à¨¬¥­â «ì­ë¥ § ¢¨á¨¬®áâ¨ H = f(�)

�¨á. 15. �¯ëâ­ë¥ ¨ à áç¥â­ë¥ § ¢¨á¨¬®áâ¨Kä = f(n§) ¤«ï ä¨«ìâà  ��� (dí:¢: = 125 ¬ª¬,n = 0:77, � = 5 á¬) ¯à¨ ¡¥§à¥ £¥­â­®© ®ç¨áâª¥¦¥â ¡ëâì  ¯¯à®ªá¨¬¨à®¢ ­  § ¢¨á¨¬®áâìîf(n) = 1:5 � n�1:9: (43)�à¨ n = n§ ¨§ ä®à¬ã«ë (35) ¯®«ãç¨¬n§ = 3:9s192(1� n)2 � � �Kä:§:� � g � d2í:¢: : (44)�«ï ­ è¨å ®¯ëâ®¢ ¯à¨ dí:¢: = 125 ¬ª¬, n = 0:77,� = 0:011 á¬2=á, g = 980 á¬=á2 § ¢¨á¨¬®áâì (44)¡ã¤¥â ¨¬¥âì ¢¨¤n§ = 3:9p0:234 �Kä:§:; (45)£¤¥ Kä:§: ¢ á¬/á.�  à¨á. 15 ¯®áâà®¥­  à áç¥â­ ï § ¢¨á¨¬®áâì ¯®(45). �¨¤­®, çâ® ¬®¤¥«ì ¡«¨§ª  ª ®¯ëâ­ë¬ §­ ç¥-

Kä, á¬/á n§:®¯ n§:à áç1.20 0.750 0.7200.80 0.670 0.6500.60 0.615 0.6100.50 0.550 0.5750.40 0.480 0.5450.30 0.390 0.5100.25 0.330 0.4850.20 0.275 0.4600.15 0.230 0.4200.10 0.200 0.3800.08 0.180 0.360
�¨á. 16. �¯ëâ­ ï ¨ à áç¥â­ ï § ¢¨á¨¬®áâìn§:®¯: = f(n§:à áç) ¤«ï ä¨«ìâà  ��� (dí:¢: = 125 ¬ª¬,n = 0:77, � = 5 á¬) ¯à¨ ¡¥§à¥ £¥­â­®© ®ç¨áâª¥­¨ï¬ â®«ìª® ¢ ­ ç «¥ ¯à®æ¥áá  ¯à¨ G < 10 ¬£=á¬3.�à¨ ¢®§à áâ ­¨¨ G à áå®¦¤¥­¨¥ ¬¥¦¤ã ®¯ëâ­ë-¬¨ ¨ à áç¥â­ë¬ §­ ç¥­¨ï¬¨ ¢®§à áâ ¥â, ­® ¢ " ¢-â®¬®¤¥«ì­®© ®¡« áâ¨" ¬¥¦¤ã à áç¥â­ë¬¨ n§:à áç¨ ®¯ëâ­ë¬¨ n§:®¯ áãé¥áâ¢ã¥â «¨­¥©­ ï § ¢¨á¨-¬®áâì (à¨á. 16):n§:®¯ = 2:22(n§:à áç � 0:34): (46)�®£¤  ä®à¬ã«  (44) ¯®«ãç¨â á«¥¤ãîé¨© ¢¨¤:n§ = 2:22 3:9s192(1� n)2 � � �Kä:§:� � g � d2í:¢: � 0:34! :(47)� ª¨¬ ®¡à §®¬, å®âï ¬®¤¥«ì ­¥ á®®â¢¥âáâ¢ã¥âíªá¯¥à¨¬¥­âã, ­® á ãç¥â®¬ ¯®¯à ¢ª¨ ¯®§¢®«ï¥â ¯®-�ã£ © �.�., �à¨¢®­®£ �.�., �à¨¢®­®£ �.�. 39



ISSN 1561 -9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 2004. �®¬ 6 (78), N 2. �. 27 { 43«ãç¨âì ¢  ­ «¨â¨ç¥áª®¬ ¢¨¤¥ ä®à¬ã«ã ¤«ï ®¯à¥-¤¥«¥­¨ï n§ ¢ § ¢¨á¨¬®áâ¨ ®â ®¯ëâ­®£® §­ ç¥­¨ïKä:§:.5. ����������� ������� ����¥£¥­¥à æ¨ï §¥à­¨áâëå ä¨«ìâà®¢ ¯à®¨§¢®¤¨â-áï ¯®áà¥¤áâ¢®¬ ®¡à â­®© ¯à®¬ë¢ª¨ ä¨«ìâà  ¯à¨®¤­®¢à¥¬¥­­®¬ ¢§¢¥è¨¢ ­¨¨ ¨«¨ à áè¨à¥­¨¨ á«®ïä¨«ìâà . �¨«ìâà ��� ¯® á¢®¥© áâàãªâãà¥ ­¥ ¯®-§¢®«ï¥â ¨á¯®«ì§®¢ âì â ª®© ¬¥â®¤. �®íâ®¬ã ­ -¬¨ à §à ¡®â ­ á¯®á®¡ à¥£¥­¥à æ¨¨ ä¨«ìâà  á ¨á-¯®«ì§®¢ ­¨¥¬ ¯ã«ìá¨àãîé¥© ä¨«ìâà æ¨¨. �ã«ì-á¨àãîéãî ä¨«ìâà æ¨î ¢ ä¨«ìâà¥ ¬®¦­® ¯®«ã-ç¨âì á ¯®¬®éìî ¯ã«ìá â®à  ¤ ¢«¥­¨ï ¨«¨ ¯ã«ì-á â®à  áª®à®áâ¨ ä¨«ìâà æ¨¨, ãáâ ­®¢«¥­­ëå ­ ªàëèª¥ ®ç¨áâ­®£®  ¯¯ à â .5.1. �­ «¨â¨ç¥áª¨¥ ¨áá«¥¤®¢ ­¨ï5.1.1. �ã«ìá â®à ¤ ¢«¥­¨ï�  ªàëèª¥  ¯¯ à â  ãáâ ­®¢«¥­ £¥­¥à â®à ¨¬-¯ã«ìá®¢ ¤ ¢«¥­¨ï, ª®â®à®¥ ¨§¬¥­ï¥âáï ¯® á¨­ãá®-¨¤ «ì­®¬ã § ª®­ã:P = A�2 � sin!t; (48)£¤¥ P { ¤ ¢«¥­¨¥; A� {  ¬¯«¨âã¤  ¯ã«ìá æ¨¨ ¤ -¢«¥­¨ï; ! = 2� � no; no { ç áâ®â  ¯ã«ìá æ¨¨; t {¢à¥¬ï.�¨«¥ ¯ã«ìá æ¨®­­®£® ¤ ¢«¥­¨ï F¯ = � � �D24 ��A�2 sin!t ¯à®â¨¢®¤¥©áâ¢ã¥â á¨«  ¨­¥àæ¨®­­®£®á®¯à®â¨¢«¥­¨ï ¢®¤ë ¢ ¯®à å ä¨«ìâà  F¨:ä = m¢ �u0¨ á¨«  ä¨«ìâà æ¨®­­®£® á®¯à®â¨¢«¥­¨ï ä¨«ìâà Fä = � �D24 � �P . �¨«®© ã¯àã£®£® á®¯à®â¨¢«¥-­¨ï ä¨«ìâà  ¯à¥­¥¡à¥£ ¥¬. �®£¤ , ãç¨âë¢ ï, çâ®¯à¨ « ¬¨­ à­®© ä¨«ìâà æ¨¨ ¢ § ¨«¥­­®¬ ä¨«ì-âà¥ Vä = Kä �P
¢ � g � � ¨ áà¥¤­ïï áª®à®áâì ¢ ¯®à åu = Vä=n :§:, ¯®«ãç ¥¬F¯ = F¨:ä + Fä; (49)au0 + bu = � �D24 � A�2 sin!t; (50)£¤¥

a = � �D24 � � � n :§: � 
¢; (51)b = � �D24 � 
¢ � g � � � n :§:Kä : (52)� íâ¨å ä®à¬ã« å: D { ¢­ãâà¥­­¨© ¤¨ ¬¥âà¯à¨¡®à ; n :§: {  ªâ¨¢­ ï ¯®à¨áâ®áâì § ¨«¥­­®-£® ä¨«ìâà ; 
¢ { ¬ áá®¢ ï ¯«®â­®áâì ¢®¤ë; � {â®«é¨­  ä¨«ìâà ; g { ãáª®à¥­¨¥ á¨«ë âï¦¥áâ¨;u0 { ãáª®à¥­¨¥ áà¥¤­¥© áª®à®áâ¨ ¢ ¯®à å ä¨«ìâà .�¥è¥­¨¥¬ ãà ¢­¥­¨ï (50) ¡ã¤¥âu = � �D24a � A�2 � e� ba �t�� ba sin!t � ! cos!t� ba�2 + !2 e ba �t + C1! : (53)�®áâ®ï­­ãî ¨­â¥£à¨à®¢ ­¨ï C1 ­ å®¤¨¬ ¨§ ­ -ç «ì­®£® ãá«®¢¨ï: t = 0, u = 0�1 = !� ba�2 + !2 : (54)�®£¤  ¨§ ¢ëà ¦¥­¨ï (53) ¯®«ãç ¥¬u = � �D24a � A�2 � ba sin!t � ! cos!t� ba�2 + !2 ++� �D24a � A�2 � !� ba�2 + !2 � e� ba �t: (55)�à¨ Kä = (0:0003� 0:01) ¬=á ¯à¥¤¥«ì­ë¥ §­ ç¥-­¨ï b=a ¤«ï ­ è¥£® ä¨«ìâà  ¡ã¤ãâ «¥¦ âì ¢ ¯à¥-¤¥« å (33000 � 980) 1=á,   !2 ¯à¨ n� = 1 � 10 �æ¡ã¤¥â à ¢­ïâìáï 37 � 3700. �¨¤­®, çâ® ¯à¨ íâ¨å§­ ç¥­¨ïå b=a ¢¥«¨ç¨­  e� ba �t ¡ëáâà® áâà¥¬¨âáïª 0. �®íâ®¬ã ¤«ï ­ è¥£® á«ãç ï ¬®¦­® § ¯¨á âì¢ëà ¦¥­¨¥u = � �D24a � A�2 � ba sin!t� ! cos !t� ba�2 + !2 ; (56)ª®â®à®¥ ¯à¥®¡à §®¢ë¢ ¥âáï ª ¢¨¤ãu = � �D24a � A�2 � sin (!t � ')s� ba�2 + !2 ; (57)£¤¥ ' = arctg ! � ab { ã£®« á¤¢¨£  ä § ¬¥¦¤ã á¨«®©F¨ ¨ áª®à®áâìî u.40 �ã£ © �.�., �à¨¢®­®£ �.�., �à¨¢®­®£ �.�.



ISSN 1561 -9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 2004. �®¬ 6 (78), N 2. �. 27 { 43� ªá¨¬ «ì­®¥ ¨ ¬¨­¨¬ «ì­®¥ §­ ç¥­¨ï u ¡ã¤ãâ¯à¨ sin(! � t � ') = �1. �®£¤  ¤«ï ­ è¥£® á«ãç ï,ª®£¤  � ba�2 >> !2, ¯®«ãç¨¬umax=min = � A� �Kä2
¢ � g � � � n :§ : (58)� áç¥âë ¯®ª §ë¢ îâ, çâ® ¤ ¦¥ ¯à¨ ­¥§­ ç¨-â¥«ì­®© ¯ã«ìá æ¨¨ ¤ ¢«¥­¨ï, umax ¬®¦¥â á®áâ -¢«ïâì §­ ç¨â¥«ì­ãî ¢¥«¨ç¨­ã. � ¯à¨¬¥à, ¯à¨� = 30 á¬, Kä = (0:0005�0:0035) ¬=á ¨ A�=2 = 1 ¬¢.áâ., ¬ ªá¨¬ «ì­®¥ §­ ç¥­¨¥ ¯ã«ìá æ¨¨ áª®à®áâ¨ä¨«ìâà æ¨¨ umax � n :§ = (6� 42) ¬=ç á.5.1.2. �ã«ìá â®à áª®à®áâ¨ ä¨«ìâà æ¨¨�ã«ìá â®à áª®à®áâ¨ ä¨«ìâà æ¨¨ ¬®¦¥â ¯à¥¤-áâ ¢«ïâì á®¡®© ®¡ëç­ë© ¯®àè­¥¢®© ­ á®á, ãáâ -­®¢«¥­­ë© ­  ªàëèª¥ ¯à¨¡®à .�§¬¥­¥­¨¥ ¯ã«ìá æ¨¨ áª®à®áâ¨ ä¨«ìâà æ¨¨ ¢¯à¨¡®à¥ ¤¨ ¬¥âà®¬D ¯à®¨áå®¤¨â ¯® á¨­ãá®¨¤ «ì-­®¬ã § ª®­ã V = (V�=2) sin!t. �®£¤  ¬®¦­® § ¯¨-á âì dW = � �D24 � V�2 sin!t � dt; (59)£¤¥ dW { ®¡ê¥¬ ¢ëâ¥á­ï¥¬®© ¦¨¤ª®áâ¨ §  ¢à¥-¬ï dt; V� {  ¬¯«¨âã¤  ª®«¥¡ ­¨ï ¯ã«ìá¨àãîé¥©áª®à®áâ¨ ä¨«ìâà æ¨¨.�®«­ë© ®¡ê¥¬ W §  ¢à¥¬ï t = 1=(2n�) ¡ã¤¥âW = � �D24 � V�2 � 2 14n�Z0 sin!t � dt = D2 � V�4n� � 2 (60)¨ V�2 = W � 4 � n�D2 : (61)�«ï ¯®àè­¥¢®£® ¯ã«ìá â®à  ¤¨ ¬¥âà®¬ dW = � � d24 � f�; (62)£¤¥ f� {  ¬¯«¨âã¤  ¯¥à¥¬¥é¥­¨ï ¯®àè­ï. �à¨à ¢-­¨¢ ï W ¢ ¢ëà ¦¥­¨ïå (61) ¨ (62), ¯®«ãç ¥¬ ¬ ª-á¨¬ «ì­®¥ §­ ç¥­¨¥ ¯ã«ìá¨àãîé¥© áª®à®áâ¨ ä¨«ì-âà æ¨¨, á®§¤ ¢ ¥¬®¥ ¯ã«ìá â®à®¬ áª®à®áâ¨:V�2 = � � d2 � f� � n�D2 : (63)� ¯à¨¬¥à, ¯à¨ D = 14 á¬, d = 3 á¬, n� = 0:52�2 �æ, f� = 5 á¬ V�=2 = (13� 52) ¬=ç á.

5.2. �ªá¯¥à¨¬¥­â «ì­ë¥ ¨áá«¥¤®¢ ­¨ï�«ï ¯à®¢¥¤¥­¨ï íªá¯¥à¨¬¥­â®¢ ¯® à¥£¥­¥à æ¨¨ä¨«ìâà  ��� ä¨«ìâà æ¨®­­ë© ¯à¨¡®à, ­  ª®â®-à®¬ ¯à®¢®¤¨«¨áì ®¯ëâë ¯® ¨§ãç¥­¨î ª¨­¥â¨ª¨ä¨«ìâà®¢ ­¨ï, ¤®¯®«­ï«áï ¯®àè­¥¢ë¬ ¯ã«ìá â®-à®¬ áª®à®áâ¨ ä¨«ìâà æ¨¨. �¥£¥­¥à æ¨ï ¯à®¢®¤¨-« áì ¢ ®¯ëâ å 11 { 15 á ®¤­¨¬ ¨ â¥¬ ¦¥ ä¨«ìâà®¬¡¥§ ¥£® ¯¥à¥£àã§ª¨. �®á«¥ § ¢¥àè¥­¨ï ä¨«ìâà®æ¨-ª«  ¢ ®¯ëâ¥ 11 ä¨«ìâà ¯®¤¢¥à£ «áï à¥£¥­¥à æ¨¨, ¨¯à®¢®¤¨«áï ®¯ëâ 12 ¨ â ª ¤ «¥¥, ­® ª ¦¤ë© à §§ ¨«¥­¨¥ ä¨«ìâà  ¯à®¨áå®¤¨«® ¯à¨ ¤àã£¨å ¯ à -¬¥âà å ä¨«ìâà®¢ ­¨ï (C� ¨ V ).�¥£¥­¥à æ¨ï ä¨«ìâà  ¯à®¢®¤¨« áì ¢ ¤¢  íâ ¯ .�  ¯¥à¢®¬ íâ ¯¥ ®¯à¥¤¥«ï«®áì ¢«¨ï­¨¥ ¢¥«¨ç¨­ë¯à®¬ë¢®ç­®© áª®à®áâ¨ V¯à ­  áâ¥¯¥­ì à¥£¥­¥à -æ¨¨ ä¨«ìâà  ¯à¨ ®¡à â­®© ¯à®¬ë¢ª¥. �«ï íâ®£®V¯à ¯®¢ëè «¨ áâã¯¥­ï¬¨, ¨ ­  ª ¦¤®© áâã¯¥­¨,¯®á«¥ ®â­®á¨â¥«ì­®£® ®á¢¥â«¥­¨ï ¯®â®ª  ¨ áâ ¡¨-«¨§ æ¨¨ ­ ¯®à  ­  ä¨«ìâà¥, ®¯à¥¤¥«ï«¨ ª®íää¨-æ¨¥­â ä¨«ìâà æ¨¨ ä¨«ìâà . � ª¨å áâã¯¥­¥© ¡ë«®­¥áª®«ìª®,   V¯à ¯®¢ëè «¨ ¤® (10� 30)V .�  ¢â®à®¬ íâ ¯¥ ­  ãáâ ­®¢¨¢è¨©áï ä¨«ìâà -æ¨®­­ë© ¯®â®ª ­ ª« ¤ë¢ «¨ ¯ã«ìá æ¨î áª®à®áâ¨,¯®¢ëè ï áâã¯¥­ï¬¨ ¬ ªá¨¬ «ì­®¥ §­ ç¥­¨¥ ¯ã«ì-á¨àãîé¥© áª®à®áâ¨ ä¨«ìâà æ¨¨ V�=2 = (1�2)V¯à.�à¨ íâ®¬ ¨§¬¥­ï«¨ f� ¨ n�. �  ª ¦¤®© áâã¯¥­¨®¯à¥¤¥«ï«¨ ª®íää¨æ¨¥­â ä¨«ìâà æ¨¨ ä¨«ìâà .�æ¥­ª  áâ¥¯¥­¨ à¥£¥­¥à æ¨¨ ä¨«ìâà  ®á­®¢ë¢ -« áì ­  íªá¯¥à¨¬¥­â «ì­®© § ¢¨á¨¬®áâ¨ Kä � G¤«ï ª ¦¤®£® ®¯ëâ . �¯à¥¤¥«¨¢ Kä ­  ª ¦¤®© áâã-¯¥­¨, ­ å®¤¨¬ ®áâ â®ç­®¥ § ¨«¥­¨¥ G®áâ. �­ ï § -¨«¥­¨¥ ¢ ­ ç «¥ à¥£¥­¥à æ¨¨ G­, à ¢­®¥ G ¢ ª®­-æ¥ ä¨«ìâà®æ¨ª« , ®¯à¥¤¥«ï«¨ áâ¥¯¥­ì à¥£¥­¥à æ¨¨ä¨«ìâà  �à¥£:�à¥£ = G­ � G®áâG­ 100%: (64)� à¥§ã«ìâ â¥  ­ «¨§  ®¯ëâ®¢ ¯®«ãç¥­ë á«¥¤ã-îé¨¥ à¥§ã«ìâ âë.�à¨ ®¡à â­®© ¯à®¬ë¢ª¥ á ¯®áâ®ï­­®© áª®à®-áâìî V¯à � 20 ¬=ç á áâ¥¯¥­ì à¥£¥­¥à æ¨¨ ä¨«ìâà ­¥ ¯à¥¢ëè ¥â �à¥£ � 80%:�à¨ ­ «®¦¥­¨¨ ­  ¯®áâ®ï­­ë© ¯®â®ª ¯ã«ìá¨àã-îé¥© ä¨«ìâà æ¨¨ áâ¥¯¥­ì à¥£¥­¥à æ¨¨ ä¨«ìâà ¢®§à áâ ¥â ¤® �à¥£ = 90 � 95%. �® ¯à¨ íâ®¬V�=2 = (1:5 � 2)V¯à,   n� = 1 � 2 �æ: � íâ®¬ á«ã-ç ¥ ¢ ä¨«ìâà¥ ®¡à §ã¥âáï §­ ª®¯¥à¥¬¥­­ë© ä¨«ì-âà æ¨®­­ë© ¯®â®ª, ª®â®àë© à §àãè ¥â ®á ¤®ª ¢¯®à å. �®§¤¥©áâ¢¨¥ ¯ã«ìá æ¨¨ ¤®«¦­® ¡ëâì ªà â-ª®¢à¥¬¥­­ë¬ (10� 20 æ¨ª«®¢),   ¢¥áì ¯¥à¨®¤ ¯à®-¬ë¢ª¨ á®áâ ¢«ïâì � 5 ¬¨­ãâ.�à¨ áª®à®áâ¨ ¯à®¬ë¢ª¨ V¯à ¨ ¯à®¤®«¦¨â¥«ì-�ã£ © �.�., �à¨¢®­®£ �.�., �à¨¢®­®£ �.�. 41



ISSN 1561 -9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 2004. �®¬ 6 (78), N 2. �. 27 { 43­®áâ¨ ¯à®¬ë¢ª¨ t¯à®¬, ãç¨âë¢ ï ¯à®¤®«¦¨â¥«ì-­®áâì ä¨«ìâà®æ¨ª«  (t2 � t1) ¨ áª®à®áâì ä¨«ìâà®-¢ ­¨ï V , ¬®¦­® ®¯à¥¤¥«¨âì ª®íää¨æ¨¥­â ¯®«¥§­®-£® ¤¥©áâ¢¨ï ®ç¨áâ­®£® ãáâà®©áâ¢  K¯:¤: ¯® á«¥¤ã-îé¥© ä®à¬ã«¥:K¯:¤: = �1� V¯à � t¯à®¬V (t2 � t1)� 100%: (65)�«ï ®¯ëâ®¢ 11� 15 K¯:¤: = 97� 99%:����������� à¥§ã«ìâ â¥ ¯à®¢¥¤¥­­ëå íªá¯¥à¨¬¥­â «ì­ëå¨áá«¥¤®¢ ­¨© ¡¥§à¥ £¥­â­®© ®ç¨áâª¨ ¬ «®ª®­æ¥­-âà¨à®¢ ­­®© â®­ª®¤¨á¯¥àá­®© (d � 10 ¬ª¬) áãá-¯¥­§¨¨ ä¨«ìâà ¬¨ ¨§ ¢®«®ª­¨áâ®-¯®à¨áâ®£® ¯®«¨-íâ¨«¥­  (���) (dí:¢: = 50�125¬ª¬, n = 0:75�0:82,C� = 50�500 ¬£=«) ¯®«ãç¥­ë á«¥¤ãîé¨¥ ­®¢ë¥ à¥-§ã«ìâ âë.1. �¨«ìâàë ��� ¬®£ãâ ®á¢¥â«ïâì áãá¯¥­§¨î ­¥åã¦¥, ç¥¬ ¨á¯®«ì§ã¥¬ë¥ á¥©ç á §¥à­¨áâë¥ ä¨«ì-âàë ¨§ ¯¥áª  ¨ ¯¥­®¯®«¨áâ¨à®«  (���). �¤­ ª®£àï§¥¥¬ª®áâì ¨ ¯à®¤®«¦¨â¥«ì­®áâì ä¨«ìâà®æ¨ª« ä¨«ìâà®¢ ¨§ ��� §­ ç¨â¥«ì­® ¡®«ìè¥, çâ® ®¯à¥-¤¥«ï¥âáï, ¢ ®á­®¢­®¬, ¡®«ìè¥© ¯®à¨áâ®áâìî ���.2. �à¨ ®¡à ¡®âª¥ à¥§ã«ìâ â®¢ íªá¯¥à¨¬¥­â®¢¡ë«¨ ¨á¯®«ì§®¢ ­ë ª®íää¨æ¨¥­â § ¨«¥­¨ï ¯®àä¨«ìâà  �w ¨ ¯à¨¢¥¤¥­­ë© ª®íää¨æ¨¥­â �00w. �¢¥-¤¥­® ¯®­ïâ¨¥ ¡¥§à §¬¥à­®£® ¢à¥¬¥­¨, ª®â®à®¥¬®¦­® ¯à¥¤áâ ¢¨âì ª ª ®â­®è¥­¨¥ ®¡ê¥¬  áãá¯¥­-§¨¨, ¯à®è¥¤è¥© ç¥à¥§ ä¨«ìâà §  ¢à¥¬ï t, ª ®¡ê¥¬ãä¨«ìâà . �à¨ t = 1, T � = 1 � V� { ¡¥§à §¬¥à­ë©¯ à ¬¥âà, â¥á­® á¢ï§ ­­ë© á® áâ¥¯¥­ìî ®ç¨áâª¨áãá¯¥­§¨¨ �00w. �«ï ä¨«ìâà  ��� ¯®«ãç¥­  íªá¯¥-à¨¬¥­â «ì­ ï § ¢¨á¨¬®áâì �00w � T �, ª®â®à ï ¬®-¦¥â ¡ëâì ¨á¯®«ì§®¢ ­  ¯à¨ ¯à®£­®§­ëå à áç¥â åä¨«ìâà .3. � á¯à¥¤¥«¥­¨¥ ®á ¤ª  ¯® £«ã¡¨­¥ ä¨«ìâà  ¢®â¤¥«ì­ë¥ ¬®¬¥­âë ¢à¥¬¥­¨ ¬®¦­® ¯à¥¤áâ ¢¨âì ¢¢¨¤¥ í¯îà, ¬ ªá¨¬ã¬ ª®â®àëå ­ å®¤¨âáï ¢ ¢¥àå­¥©¯® å®¤ã ¤¢¨¦¥­¨ï áãá¯¥­§¨¨ ç áâ¨ ä¨«ìâà . �®á«¥­ àãè¥­¨ï " ¢â®¬®¤¥«ì­®áâ¨" ã¤¥«ì­®¥ § ¨«¥­¨¥ä¨«ìâà  áâà¥¬¨âáï ª ¯®áâ®ï­­®¬ã §­ ç¥­¨î, ­®§ ¯®«­¥­¨¥ ®á ¤ª®¬ ®áâ «ì­®© ç áâ¨ ä¨«ìâà  ¯à®-¤®«¦ ¥âáï. �®¦­® £®¢®à¨âì ® ªà¨â¨ç¥áª¨å §­ ç¥-­¨ïå t1, Gªà:1 ¨ t2, Gªà:2 ¢ ­ ç «¥ ¨ ¢ ª®­æ¥ " ¢â®-¬®¤¥«ì­®£® à¥¦¨¬ ". �«ï ä¨«ìâà  ��� ¯®«ãç¥­ëíªá¯¥à¨¬¥­â «ì­ë¥ § ¢¨á¨¬®áâ¨ Gªà:2 �n�C� ¯à¨à §«¨ç­ëå §­ ç¥­¨ïå �00w.� á¯à¥¤¥«¥­¨¥ �00w ¯® £«ã¡¨­¥ ä¨«ìâà  ¤«ï í«¥-¬¥­â à­ëå á«®¥¢ ä¨«ìâà  ®ª §ë¢ ¥âáï â ª¨¬, çâ®�00w � const. �â® ®§­ ç ¥â, çâ® ¢á¥ í«¥¬¥­â à­ë¥

á«®¨ ¢  ¢â®¬®¤¥«ì­®¬ à¥¦¨¬¥ à ¡®â îâ á ®¤¨­ -ª®¢®© ­ £àã§ª®©, ®¤­ ª® ¢® ¢à¥¬¥­¨ í«¥¬¥­â à­ë¥á«®¨ à ¡®â îâ ­¥®¤¨­ ª®¢®. �®«ãç¥­ë à áç¥â­ë¥ä®à¬ã«ë ¤«ï ®¯à¥¤¥«¥­¨ï �00w ¯à¨ ã¢¥«¨ç¥­¨¨ â®«-é¨­ë ä¨«ìâà .4. � ¯®¬®éìî ¨­¤¨ª â®à­®£® ¬¥â®¤  íªá¯¥à¨-¬¥­â «ì­® ®¯à¥¤¥«¥­ë ¤¥©áâ¢¨â¥«ì­ë¥ §­ ç¥­¨ï¯®à¨áâ®áâ¨ § ¨«¥­­®£® ä¨«ìâà . �® ¬¥à¥ § ¨«¥-­¨ï ä¨«ìâà  ¯®à¨áâ®áâì n§ ã¬¥­ìè ¥âáï ¨ áâà¥-¬¨âáï ª ¯à¥¤¥«ì­®¬ã §­ ç¥­¨î n§ � 0:2. �¯à¥-¤¥«¥­¨¥ n§ ¯®§¢®«¨«® ãáâ ­®¢¨âì áâ¥¯¥­ì § ¯®«-­¥­¨ï ¯®à ®á ¤ª®¬ �, ª®­æ¥­âà æ¨î â¢¥à¤ëå ç -áâ¨æ ¢ ®á ¤ª¥ C®á, ¯«®â­®áâì ®á ¤ª  
®á ¨ §­ ç¥­¨¥C®á=C�. �  ¢â®¬®¤¥«ì­®¬ à¥¦¨¬¥ C®á ¬ «® ¨§¬¥-­ï¥âáï,   ¯à¨ ­ àãè¥­¨¨ íâ®£® à¥¦¨¬  ¢®§à áâ ¥â¨ áâà¥¬¨âáï ª ¯®áâ®ï­­®¬ã §­ ç¥­¨î. �¡á®«îâ-­®¥ §­ ç¥­¨¥ ¯«®â­®áâ¨ ®á ¤ª  ¤«ï áãá¯¥­§¨¨ ¨§¬¨­¥à «ì­ëå ç áâ¨æ 
®á � 1:03� 1:05 £=á¬3. � -ª¨¬ ®¡à §®¬, ®á ¤®ª ¢ ¯®à å ä¨«ìâà , ®ç¥¢¨¤­®,¯à¥¤áâ ¢«ï¥â á®¡®© £¥«¨¥¢ãî áâàãªâãàã, ®á­®¢-­ãî ç áâì ª®â®à®© á®áâ ¢«ï¥â ¢®¤ . �®, â¥¬ ­¥¬¥­¥¥, ª®­æ¥­âà æ¨ï â¢¥à¤ëå ç áâ¨æ ¢ ®á ¤ª¥ C®á¯® áà ¢­¥­¨î á C� ¢ 600� 1000 à § ¡®«ìè¥.5. �ç¨áâª  ¬ «®ª®­æ¥­âà¨à®¢ ­­®© áãá¯¥­§¨¨ä¨«ìâà ¬¨ ��� ¯à®¢®¤¨« áì ¯à¨ V � 3:2 ¬=ç á.�à¨ â ª¨å áª®à®áâïå à¥¦¨¬ ä¨«ìâà æ¨¨ ¢ ä¨«ì-âà¥ « ¬¨­ à­ë© ¨ ¯®¤ç¨­ï¥âáï § ª®­ã � àá¨. �«ï®¯¨á ­¨ï â ª®© ä¨«ìâà æ¨¨ ¡ë«  ¨á¯®«ì§®¢ ­ ¬®¤¥«ì ª ¯¨««ïà­®-¯®à¨áâ®£® â¥« . �à ¢­¥­¨¥ª®íää¨æ¨¥­â®¢ ä¨«ìâà æ¨¨, ®¯à¥¤¥«¥­­ëå íªá¯¥-à¨¬¥­â «ì­® ¨ ¢ëç¨á«¥­­ëå ¯® ¬®¤¥«¨, ¯®ª § -«®, çâ® ¬®¤¥«ì å®à®è® ®¯¨áë¢ ¥â ¯à®æ¥áá § ¨-«¥­¨ï ä¨«ìâà  â®«ìª® ¢ ­ ç «ì­ë© ¯¥à¨®¤ ¯à¨G � 10 ¬£=á¬3. �à¨ G > 10 ¬£=á¬3 ®¯ëâ­ë¥ §­ -ç¥­¨ïKä ¡®«ìè¥ à áç¥â­ëå ¯® ¬®¤¥«¨, ¨ £¨¯®â¥§ ® à ¢­®¬¥à­®¬ à á¯à¥¤¥«¥­¨¨ ®á ¤ª  ¢®ªàã£ ¢®«®-ª®­ ­¥ ¯®¤â¢¥à¦¤ ¥âáï.�¡éãî § ¢¨á¨¬®áâì Kä = f(G) ¯à¨ § ¨«¥­¨¨ä¨«ìâà  ��� ¯®«ãç¨âì ­¥ ã¤ «®áì. �® ­ ¤® ®â¬¥-â¨âì, çâ® ¢ ª ¦¤®¬ ®â¤¥«ì­®¬ ®¯ëâ¥ áãé¥áâ¢ã¥â§ ¢¨á¨¬®áâì Kä = f(G) ­¥§ ¢¨á¨¬® ®â �. �®íâ®-¬ã, ®¯à¥¤¥«¨¢ ®¯ëâ­ãî § ¢¨á¨¬®áâì Kä = f(G)¯à¨ â¥áâ®¢ëå ¨á¯ëâ ­¨ïå ä¨«ìâà  ­  ¢®¤¥ ª®­-ªà¥â­®£® ¨áâ®ç­¨ª  ¢®¤®á­ ¡¦¥­¨ï, ¬®¦­® ®æ¥-­¨âì ¯®â¥à¨ ¤ ¢«¥­¨ï ¯à¨ ¯à®£­®§­ëå à áç¥â åä¨«ìâà .6. � §à ¡®â ­ ¬¥â®¤ à¥£¥­¥à æ¨¨ ä¨«ìâà  ���¡¥§ ¥£® ¯¥à¥£àã§ª¨. �«ï íâ®£® ­  ¯®áâ®ï­­ãî¯à®¬ë¢®ç­ãî áª®à®áâì V¯à >> V ­ ª« ¤ë¢ ¥â-áï ¯ã«ìá¨àãîé¨© §­ ª®¯à¥¬¥­­ë© ¯®â®ª, ª®â®-àë© á®§¤ ¥âáï á ¯®¬®éìî ¯ã«ìá â®à®¢ ¤ ¢«¥­¨ï¨«¨ áª®à®áâ¨. �à¨ ¯ã«ìá¨àãîé¥© ä¨«ìâà æ¨¨ áç áâ®â®© n� = 1 � 2 �æ ¨ ¬ ªá¨¬ «ì­®© ¯ã«ìá -æ¨®­­®© á®áâ ¢«ïîé¥© áª®à®áâ¨ ä¨«ìâà æ¨¨, à ¢-42 �ã£ © �.�., �à¨¢®­®£ �.�., �à¨¢®­®£ �.�.



ISSN 1561 -9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 2004. �®¬ 6 (78), N 2. �. 27 { 43­®© (1:5 � 2)V¯à, áâ¥¯¥­ì à¥£¥­¥à æ¨¨ á®áâ ¢«ï-¥â 90 � 95%. �®§¤¥©áâ¢¨¥ ¯ã«ìá æ¨¨ ¬®¦¥â ¡ëâìªà âª®¢à¥¬¥­­ë¬, 10 � 20 æ¨ª«®¢,   ¢¥áì ¯¥à¨-®¤ ¯à®¬ë¢ª¨ ¤«¨âáï � 5 ¬¨­ãâ. �®íää¨æ¨¥­â¯®«¥§­®£® ¤¥©áâ¢¨ï ¯à¨ à¥£¥­¥à æ¨¨ á®áâ ¢«ï¥â97� 99%.7. � §à ¡®â ­­ ï ­ ¬¨ ¬¥â®¤¨ª  ¨áá«¥¤®¢ ­¨ïª¨­¥â¨ª¨ ä¨«ìâà®¢ ­¨ï ¯à¨ ¡¥§à¥ £¥­â­®© ®ç¨áâ-ª¥ ¬®¦¥â ¡ëâì ¨á¯®«ì§®¢ ­  ¯à¨ ¨§ãç¥­¨¨ à¥ -£¥­â­®© ®ç¨áâª¨ ¨ ®¡¥§¦¥«¥§¨¢ ­¨¨ ¢®¤ë. �­ -«¨§ ¯®¨áª®¢ëå ®¯ëâ®¢ ¯® ®¡¥§¦¥«¥§¨¢ ­¨î ¢®¤ë,¯à®¢¥¤¥­­ë¥ ­ ¬¨ à ­¥¥ [9], ¯®¤â¢¥à¦¤ ¥â íâ®.1. �¨­æ �. �. �¥®à¥â¨ç¥áª¨¥ ®á­®¢ë ®ç¨áâª¨ ¢®¤ë.{�.: �§¤-¢® «¨â¥à âãàë ¯® áâà®¨â¥«ìáâ¢ã, 1964.{156 á.2. �ãà¡  �. �. �ç¨áâª  ¢®¤ë ­  §¥à­¨áâëåä¨«ìâà å.{ �ì¢®¢: �¨é  èª®« , 1980.{ 200 á.3. �à«®¢ �. �., �®éãª �. �., � àâ¨­®¢ �. �.�i­®¯®«iáâ¨à®«ì­i äi«ìâà¨ ¢ â¥å­®«®£iç­¨å áå¥¬ å¢®¤®¯i¤£®â®¢ª¨.{ �i¢­¥: ����, 1999.{ 143 á.4. �à«®¢ �. �., �à ¢ç¥­ª® �. �. �i«ìáìª®£®á¯®-¤ àáìª¥ ¢®¤®¯®áâ ç ­­ï.{ �.: �¨é  èª®« , 1992.{191 á.5. �¥« ­ �. �., �®àã­¦¨© �. �. �à®¥ªâ¨à®¢ ­¨¥ ¨à áç¥â ãáâà®©áâ¢ ¢®¤®á­ ¡¦¥­¨ï.{ �.: �ã¤i¢¥«ì-­¨ª, 1981.{ 145 á.6. �ã¦¨ª®¢ �. �. �¨«ìâà®¢ ­¨¥.{ �.: �¨¬¨ï,1968.{ 410 á.7. �¥åâ¬ ­ �. �. �¨«ìâà æ¨ï ¬ «®ª®­æ¥­âà¨à®-¢ ­­ëå áãá¯¥­§¨©.{ �.: �§¤-¢® �� ����, 1961.{236 á.8. �¨¢®¢ à �. �., �ã£ © �. �., �à¨¤à¨åá®­ �. �.,�à¨¢®­®£ �. �., �à¨¢®­®£ �. �. �à¥­ ¦ á ¢®-«®ª­¨áâë¬¨ ä¨«ìâà ¬¨ ¤«ï § é¨âë â¥àà¨â®à¨©®â ¯®¤â®¯«¥­¨ï.{ �.: �­-â £¨¤à®¬¥å ­¨ª¨ ����ªà ¨­ë, 2000.{ 332 á.9. �à¨¢®­®£ �. I. �­¥§ «i§­¥­­ï ¯i¤§¥¬­¨å ¢®¤ äi-«ìâà ¬¨ § § ¢ ­â ¦¥­­ï¬ § ¢®«®ª­¨áâ®-¯®à¨áâ®£®¯®«i¥â¨«¥­ã // �¥«i®à æiï i ¢®¤­¥ £®á¯®¤ àáâ¢®.{2000.{ �¨¯ 87.{ �. 200{207.10. �¨¢®¢ à �. �., �ã£ © �. �., �ài¤àiåá®­ �. �.,�à¨¢®­®£ �. I., �à¨¢®­®£ �. �. �i«ìâà ¤«ï ®ç¨-é¥­­ï ¢®¤¨. � â¥­â �ªà õ­¨ N 41609 �, �¯ã¡«.17.09.2001. �î«. N 8
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