
������ö �����ö ISSN 1561 -9087 �à¨ª« ¤  £÷¤à®¬¥å ÷ª . 2004. �®¬ 6 (78), N 1. �. 3 { 8��� 532.542.4��������� �������� ��� ������ �����������. �. ������, �. �. �����������áâ¨âãâ £¨¤à®¬¥å ¨ª¨ ��� �ªà ¨ë, �¨¥¢���¢â®âà á¯®àâë© ¨áâ¨âãâ �®¥æª®£®  æ¨® «ì®£® â¥å¨ç¥áª®£® ã¨¢¥àá¨â¥â �®«ãç¥® 03.10.2003�®áâ ¢«¥® ®¡®¡é¥®¥ ãà ¢¥¨¥ �¥àã««¨ ¤«ï ¯®â®ª  £ §®¢§¢¥á¨, ãç¨âë¢ îé¥¥ á¦¨¬ ¥¬®áâì £ § , â¥¬¯¥à âãàã¨ ¥à ¢®¬¥à®¥ à á¯à¥¤¥«¥¨¥ ª®æ¥âà æ¨© ¨ áª®à®áâ¥© ä § ¯® ¦¨¢®¬ã á¥ç¥¨î ¯®â®ª . �®áâ ¢«¥¨¥ â ª®£® à®¤ ãà ¢¥¨ï ¬ â¥¬ â¨ç¥áª¨ áâà®£¨¬ ¨ ä¨§¨ç¥áª¨ ®¡®á®¢ ë¬ ¬¥â®¤®¬ ¨¬¥¥â ¯à¨æ¨¯¨ «ì®¥ § ç¥¨¥, ¯®áª®«ìªã¨§¢¥áâë¥ ¢  ãç®© «¨â¥à âãà¥ ãà ¢¥¨ï �¥àã««¨ ¤«ï ¯®â®ª®¢ â®© ¨«¨ ¤àã£®© £¥â¥à®£¥®© áà¥¤ë  ¯¨á ë¥ ¢á¥£¤  ¯à ¢¨«ì®. �®«ãç¥®¥ ¢ ¤ ®© à ¡®â¥ ãà ¢¥¨¥ �¥àã««¨ ®á¨â ã¨¢¥àá «ìë© å à ªâ¥à ¨ ¬®¦¥âá«ã¦¨âì ®á®¢®© ¬¥â®¤¨ª¨ £¨¤à ¢«¨ç¥áª®£®à áç¥â  ¯ à ¬¥âà®¢ ¤¢¨¦¥¨ï ¥ â®«ìª® £ §®¢§¢¥á¥©, ® ¨, ¢ ç áâ®áâ¨,áãá¯¥§¨© ¨«¨ á¬¥á¥© ¦¨¤ª®áâ¨ ¨ ¯ã§ëàìª®¢ £ §  ¨«¨ ¯ à .�ª« ¤¥® ã§ £ «ì¥¥ ài¢ïï �¥àã««i ¤«ï ¯®â®ªã áã¬ièi £ §ã â  â¢¥à¤¨å ç áâ¨®ª, ïª¥ ãà å®¢ãõ áâ¨á«¨¢iáâì £ §ã,â¥¬¯¥à âãàã i ¥ài¢®¬iàiáâì à®§¯®¤i«ã ª®æ¥âà æiù â  è¢¨¤ª®áâ¥© ä § ¯® ¦¨¢®¬ã ¯¥à¥ài§i ¯®â®ªã. �ª« ¤ ïâ ª®£® à®¤ã ài¢ïï ¬ â¥¬ â¨ç® â®ç¨¬ â  äi§¨ç® ®¡£àãâ®¢ ¨¬ ¬¥â®¤®¬ ¬ õ ¯à¨æ¨¯®¢¥ § ç¥ï, ®áªi«ìª¨¢i¤®¬i ã  ãª®¢i© «iâ¥à âãài ài¢ïï �¥àã««i ¤«ï ¯®â®ªã â®£® ç¨ iè®£® £¥â¥à®£¥®£® á¥à¥¤®¢¨é   ¯¨á i ¥§ ¢¦¤¨ ¢ià®. �¤¥à¦ e ã ¤ i© à®¡®âi ài¢ïï �¥àã««i ®á¨âì ãi¢¥àá «ì¨© å à ªâ¥à i ¬®¦¥ ¡ãâ¨ ®á®¢®î¬¥â®¤¨ª¨ £i¤à ¢«iç®£® à®§à åãªã ¯ à ¬¥âài¢ àãåã ¥ âi«ìª¨ áã¬iè¥© £ §ã i â¢¥à¤¨å ç áâ¨®ª,   ©, §®ªà¥¬ ,áãá¯¥§i©  ¡® áã¬iè¥© ài¤¨¨ i ¡ã«ì¡ è®ª £ §ã ç¨ ¯ àã.Generalized equation of Bernoulli for a ow of gas and solid particles mixture,is made taking into account compressibility ofgas, temperature and non-uniform distribution of concentration and velocitys of phases on alive section of a stream. Suchdrawing up of the equation mathematically strict and physically proved method has basic value as the known equationsof Bernoulli in scienti�c literature for ow of this or that heterogeneous environment are written not always correctly.Equation of Bernoulli received in the given work has universal character and can form a basis of a technique of hydrauliccalculation of parameters of movement not only mixes of gas and solid particles, but also, in particular, suspensions ormixes of a liquid and blisters of gas or pair.���������ãà¡ã«¥âë¥ ¯®â®ª¨ á¬¥á¥© £ §®¢ ¨ â¢¥à¤ëåç áâ¨æ { ï¢«¥¨¥ ç áâ®¥ ª ª ¢ ¯à¨à®¤¥, â ª ¨ ¢à §«¨çëå ®¡« áâïå â¥å¨ª¨. � ª¨¥ ¯®â®ª¨  -¡«î¤ îâáï, ¢ ç áâ®áâ¨, ¢ á¨áâ¥¬ å âàã¡®¯à®¢®¤-®£® ¯¥¢¬®âà á¯®àâ  â¢¥à¤ëå ¤¨á¯¥àáëå ¬ -â¥à¨ «®¢.�¥®à¥â¨ç¥áª®© ®á®¢®© ¨¦¥¥à®£® à áç¥â ¯®â®ª®¢ £ §®¢§¢¥á¥© ¢ âàã¡ å ¤®«¦ë á«ã¦¨âìâà¨ £¨¤à ¢«¨ç¥áª¨¥ ãà ¢¥¨ï: ¥à §àë¢®áâ¨,�¥àã««¨ ¨ £¨¤à ¢«¨ç¥áª¨å á®¯à®â¨¢«¥¨©,  ¯¨-á ë¥ ¤«ï ®¤®¬¥à®© § ¤ ç¨ ãáâ ®¢¨¢è¥£®áïâ¥ç¥¨ï. �á«¨ ¢ ¤ ®¬ á«ãç ¥ ¯à¨ § ¯¨á¨ ãà ¢-¥¨© ¥à §àë¢®áâ¨, ¢ëà ¦ îé¨å ¯®áâ®ïáâ¢®¬ áá®¢ëå à áå®¤®¢ ä § ¢ ¯®¯¥à¥ç®¬ á¥ç¥¨¨ ¯®-â®ª , ¥ ¢®§¨ª îâ ª ª¨¥-«¨¡® âàã¤®áâ¨, â® ¯à¨á®áâ ¢«¥¨¨ ãà ¢¥¨ï �¥àã««¨ ®¨ ¯®ï¢«ïîâáï,çâ® á¢ï§ ® á ¥®¡å®¤¨¬®áâìî ãç¥â  á¦¨¬ ¥¬®-áâ¨ ¨ â¥¬¯¥à âãàë £ § ,   â ª¦¥ ¥à ¢®¬¥à®-áâ¨ à á¯à¥¤¥«¥¨ï ª®æ¥âà æ¨© ¨ áª®à®áâ¥© ä §¯® "¦¨¢®¬ã" á¥ç¥¨î. �â® ª á ¥âáï ¢®¯à®á  ®¡®¯à¥¤¥«¥¨¨ £¨¤à ¢«¨ç¥áª¨å á®¯à®â¨¢«¥¨© ¯à¨¤¢¨¦¥¨¨ £ §®¢§¢¥á¥© ¢ âàã¡ å, â® ®  ¨¡®«¥¥âàã¤ë© ¨ âà¥¡ã¥â ¯à®¢¥¤¥¨ï á¯¥æ¨ «ìëå â¥®-à¥â¨ç¥áª¨å ¨ íªá¯¥à¨¬¥â «ìëå ¨áá«¥¤®¢ ¨©.�  ãç®© «¨â¥à âãà¥ ¨§¢¥áâë ãà ¢¥¨ï �¥à-

ã««¨, á®áâ ¢«¥ë¥ ¤«ï ¯®â®ª  áãá¯¥§¨¨ ª ª ¥-á¦¨¬ ¥¬®© áà¥¤ë [1, 2],   â ª¦¥ ¤«ï ¯®â®ª  £ -§®¦¨¤ª®áâ®© á¬¥á¨ ª ª á¦¨¬ ¥¬®© áà¥¤ë [3, 4].�¤ ª®, ª ª ¯®ª §ë¢ ¥â   «¨§ íâ¨å ãà ¢¥¨©,¤ ¦¥ ¤«ï ®¤®© ¨ â®© ¦¥ áà¥¤ë ®¨ ®â«¨ç îâ-áï ¤àã£ ®â ¤àã£  ª®íää¨æ¨¥â ¬¨ ¯à¨ áª®à®áâëå ¯®à å ä § ¨ á¬ëá«®¢ë¬ á®¤¥à¦ ¨¥¬ ¯«®â®-áâ¨, ¢å®¤ïé¥© ¢ ¯ì¥§®¬¥âà¨ç¥áª¨©  ¯®à. �â® ª -á ¥âáï ãà ¢¥¨ï �¥àã««¨ ¤«ï ¯®â®ª  £ §®¢§¢¥-á¨, â®  ¬ ¥ ¨§¢¥áâ  «¨â¥à âãà  ¯® íâ®¬ã ¢®-¯à®áã. �   è ¢§£«ï¤,  ¨¡®«¥¥ ¬ â¥¬ â¨ç¥áª¨áâà®£¨¬ ¨ ä¨§¨ç¥áª¨ ®¡®á®¢ ë¬ ¬¥â®¤®¬ á®-áâ ¢«¥¨ï ãà ¢¥¨ï �¥àã««¨ ¤«ï £¥â¥à®£¥®©¥á¦¨¬ ¥¬®© áà¥¤ë ï¢«ï¥âáï ¬¥â®¤, ¨§«®¦¥ë©¢ [2]. �®íâ®¬ã § ¤ ç   áâ®ïé¥© à ¡®âë § ª«îç -¥âáï ¢ â®¬, çâ®¡ë, ¯®«ì§ãïáì íâ¨¬ ¬¥â®¤®¬, ¯®«ã-ç¨âì ãà ¢¥¨¥ �¥àã««¨ ¤«ï ¯®â®ª  £ §®¢§¢¥á¨.1. ��������� �������� ��� ����������������� §®¢§¢¥áì ¡ã¤¥¬ à áá¬ âà¨¢ âì ª ª ¥ªãî ¥-®¤®à®¤ãî á¯«®èãî áà¥¤ã, á®áâ®ïéãî ¨§ ¤¢ãå¢§ ¨¬®¤¥©áâ¢ãîé¨å ¤àã£ á ¤àã£®¬ ª®â¨ãã¬®¢,®¤¨ ¨§ ª®â®àëå ®â®á¨âáï ª £ §®¢®© ä §¥,   ¤àã-£®© { ª â¢¥à¤®©. � à ªâ¥à¨áâ¨ª¨ £ §  ®¡®§ ç¨¬c �. �. �à¨«ì, �. �. � «ìæ¥¢, 2004 3



ISSN 1561 -9087 �à¨ª« ¤  £÷¤à®¬¥å ÷ª . 2004. �®¬ 6 (78), N 1. �. 3 { 8¨¦¨¬ ¨¤¥ªá®¬ 1,   å à ªâ¥à¨áâ¨ª¨ â¢¥à¤ëåç áâ¨æ { ¨¦¨¬ ¨¤¥ªá®¬ 2. �®£« á® [2], ãà ¢¥-¨¥ �¥àã««¨ ¤«ï í«¥¬¥â à®© áâàã©ª¨ "¨¤¥ «ì-®©" (¡¥§ âà¥¨ï) ¥á¦¨¬ ¥¬®© ¤¢ãåä §®© áà¥¤ë¨¬¥¥â ¢¨¤ 2Xn=1 12�p;nv2n + P � �p� = const; (1)�p;n = �ncnvn2Pn=1 cnvn ; (2)�p = 2Xn=1�p;n; (3)� = � Z gdz; (4)£¤¥ �p;n ¨ �p { à áå®¤ë¥ ¯«®â®áâ¨ n-© (n = 1, 2)ä §ë ¨ ¤¢ãåä §®© áà¥¤ë ¢ í«¥¬¥â à®© áâàã©ª¥;�n, cn ¨ vn { ¯«®â®áâì, ®¡ê¥¬ ï ª®æ¥âà æ¨ï¨ ¨áâ¨ ï áª®à®áâì ¤¢¨¦¥¨ï n-© ä §ë á®®â¢¥â-áâ¢¥®; P { ¤ ¢«¥¨¥ ¢ ¥áãé¥© áà¥¤¥; � { ¯®â¥-æ¨ «ì ï äãªæ¨ï; g { ãáª®à¥¨¥ á¨«ë âï¦¥áâ¨;z { ®áì,  ¯à ¢«¥ ï ¢¥àâ¨ª «ì® ¢¢¥àå.�¡®§ ç¨¬ á¨¬¢®«®¬ qn ®¡ê¥¬ë© à áå®¤ n-© ä §ë ç¥à¥§ ¥¤¨¨æã ¯«®é ¤¨ ¦¨¢®£® á¥ç¥-¨ï í«¥¬¥â à®© áâàã©ª¨ ¤¢ãåä §®© áà¥¤ë, â.¥.qn = cnvn. �®£¤  ¢ëà ¦¥¨ï (2) ¨ (3) ¯¥à¥¯¨-èãâáï á®®â¢¥âáâ¢¥® ¢ ¢¨¤¥�p;n = �nqnq ; (5)�p = 2Pn=1 �nqnq = 2Xn=1 �ncp;n; (6)£¤¥ q = 2Xn=1 qn (7){ ®¡ê¥¬ë© à áå®¤ ¤¢ãåä §®© áà¥¤ë ç¥à¥§ ¥¤¨¨-æã ¯«®é ¤¨ ¦¨¢®£® á¥ç¥¨ï í«¥¬¥â à®© áâàã©-ª¨; cp;n { à áå®¤ ï ®¡ê¥¬ ï ª®æ¥âà æ¨ï n-©ä §ë, cp;n = qnq : (8)�à ¢¥¨¥ (1) ¯¥à¥¯¨è¥¬ á ãç¥â®¬ ¢ëà ¦¥¨©(4) { (6) ¢ ¢¨¤¥2Xn=1 12�nqnv2n + qP + 2Xn=1 �nqngz = const;

§ â¥¬ à §¤¥«¨¬ ¢á¥ á« £ ¥¬ë¥ ¯®«ãç¥®£® ãà ¢-¥¨ï   ¯®áâ®ïãî ¢¥«¨ç¨ã 2Pn=1 �nqng. � à¥-§ã«ìâ â¥ ¯®«ãç¨¬2Xn=1 cpm;n v2n2g + P�pg + z = const; (9)£¤¥ cpm;n = �nqn2Pn=1�nqn = �p;n�p (10){ à áå®¤ ï ¬ áá®¢ ï ª®æ¥âà æ¨ï n-© ä §ë ¢í«¥¬¥â à®© áâàã©ª¥, ¯à¨ íâ®¬2Xn=1 cpm;n = 1:�à ¢¥¨¥ (9) ®â®á¨âáï ª ¥á¦¨¬ ¥¬®© ¤¢ãå-ä §®© áà¥¤¥, ¯®íâ®¬ã ª®æ¥âà æ¨ï cpm;n ¨ à á-å®¤ ï ¯«®â®áâì �p { ¯®áâ®ïë¥ ¢¥«¨ç¨ë ¢¤®«ìáâàã©ª¨. � á«ãç ¥ ¦¥ £ §®¢§¢¥á¨, ¥áãé ï áà¥-¤  ª®â®à®© á¦¨¬ ¥¬ , ¢¥«¨ç¨  �p ¯¥à¥¬¥ ï ¯®¤«¨¥ áâàã©ª¨, ¨ ¢ ¤ ®¬ á«ãç ¥ ¢¬¥áâ® ãà ¢¥-¨ï (9) ã¦® ¯¨á âì2Xn=1 cpm;n v2n2g + Z dP�pg + z = const (11)¨«¨ 2Xn=1 cpm;n v2n2g + } + z = const: (12)�¤¥áì ¯à¨ïâ® } = Z dP�pg ;£¤¥ } { äãªæ¨ï ¤ ¢«¥¨ï.� «¥¥ § ¤ ç  § ª«îç ¥âáï ¢ ª®ªà¥â¨§ æ¨¨ ¨-â¥£à « , ¢å®¤ïé¥£® ¢ ãà ¢¥¨ï (11) ¨ (12). �ëà -§¨¬ ¢¥«¨ç¨ë cpm;n ¨ �p ç¥à¥§ § ¤ ë¥ ¬ áá®¢ë¥à áå®¤ë ä § �1 ¨ �2, ®â®áïé¨¥áï ª ¥¤¨¨æ¥ ¯«®-é ¤¨ ¦¨¢®£® á¥ç¥¨ï í«¥¬¥â à®© áâàã©ª¨. �®-£« á® ãà ¢¥¨ï¬ ¥à §àë¢®áâ¨ ä §, ¨¬¥¥¬�1q1 = �1 = const; (13)�2q2 = �2 = const; (14)  ®á®¢ ¨¨ ç¥£® ¢ëà ¦¥¨ï (6) ¨ (10) ¯à¨¨¬ -îâ á®®â¢¥âáâ¢ãîé¨© ¢¨¤:�p = �1 + �2�1�1 + �2�2 = (�1 + �2)�1�2�2�1 + �1�2 ; (15)cpm;n = �n�1 + �2 (16)4 �. �. �à¨«ì, �. �. � «ìæ¥¢



ISSN 1561 -9087 �à¨ª« ¤  £÷¤à®¬¥å ÷ª . 2004. �®¬ 6 (78), N 1. �. 3 { 8¨, ª ª á«¥¤ã¥â ¨§ ¢ëà ¦¥¨ï (16), ¢¥«¨ç¨ cpm;n = const.� «¥¥, ãç¨âë¢ ï á®®â®è¥¨¥ (15), ¯¥à¥¯¨è¥¬¢å®¤ïéãî ¢ ãà ¢¥¨¥ (12) äãªæ¨î ¤ ¢«¥¨ï } ¢¢¨¤¥ } = Z � �2�1 + �1�2(�1 + �2)�1�2�dPg : (17)� æ¥«ìî ¤ «ì¥©è¥£® ¯à¥®¡à §®¢ ¨ï ãà ¢¥-¨ï (17) ¯à¥¤¢ à¨â¥«ì®  ¯®¬¨¬ ¨§¢¥áâë¥ ¨§£ §®¤¨ ¬¨ª¨ ¯à®æ¥ááë ¨§¬¥¥¨ï á®áâ®ï¨ï £ -§ .� ¦¤®¥ á®áâ®ï¨¥ £ §  å à ªâ¥à¨§ã¥âáï âà¥¬ï¯ à ¬¥âà ¬¨: �1, P1, T1, £¤¥ T1 { â¥¬¯¥à âãà .� á«ãç ¥ ®âáãâáâ¢¨ï â¥¯«®®¡¬¥  ¬¥¦¤ã £ §®¬ ¨¢¥è¥© áà¥¤®© (â¥¯«®â  ¥ ®â¢®¤¨âáï ¨ ¥ ¯®¤¢®-¤¨âáï) ¨§¬¥ïîâáï ¢á¥ âà¨ ¯ à ¬¥âà  £ §  ¢ ¯à®-æ¥áá¥ ¥£® à áè¨à¥¨ï ¨«¨ á¦ â¨ï. � ª®© ¯à®æ¥áá §ë¢ ¥¬  ¤¨ ¡ â¨ç¥áª¨¬. �á«¨ T1 = const, â®¯à®æ¥áá ¨§®â¥à¬¨ç¥áª¨©. � á«ãç ¥ P1 = const {¯à®æ¥áá ¨§®¡ àë© ¨,  ª®¥æ, ¥á«¨ �1 = const,â® ¯à®æ¥áá ¨§®å®àë©. �§®â¥à¬¨ç¥áª¨©, ¨§®¡ à-ë© ¨ ¨§®å®àë© ¯à®æ¥ááë { íâ® ç áâë¥ á«ãç ¨ ¤¨ ¡ â¨ç¥áª®£® ¯à®æ¥áá .� ª¨¬ ®¡à §®¬, ¯¥à¥å®¤ï ª ãà ¢¥¨î (17), ¡ã-¤¥¬ ¯à¥¤¯®« £ âì, çâ® ¯à®¨áå®¤¨â  ¤¨ ¡ â¨ç¥-áª¨© ¯à®æ¥áá á¦ â¨ï £ §®¢®© ä §ë, â.¥. £ § ¥á®¢¥àè ¥â ¨ª ª®© ¢¥è¥© à ¡®âë ¨ ¯®íâ®¬ã ¢áï¥£® í¥à£¨ï à áå®¤ã¥âáï   ¯®¢ëè¥¨¥ ¢ãâà¥¥©¯®â¥æ¨ «ì®© í¥à£¨¨ ¤ ¢«¥¨ï. �«ï ¢ëç¨á«¥-¨ï ¨â¥£à « , ¢å®¤ïé¥£® ¢ ãà ¢¥¨¥ (17), ¡ã¤¥¬¯®«ì§®¢ âìáï ¬¥â®¤®¬,   «®£¨çë¬ ¨§«®¦¥®¬ã¢ [5] ¤«ï ¯®â®ª  £ § . � á«ãç ¥  ¤¨ ¡ â¨ç¥áª®£®¯à®æ¥áá  ¬®¦¥¬  ¯¨á âì [5]P = A�K1 ; (18)£¤¥ A = const; K { ¯®ª § â¥«ì  ¤¨ ¡ âë, à ¢-ë© ®â®è¥¨î â¥¯«®¥¬ª®áâ¥© £ §  ¯à¨ ¯®áâ®ï-®¬ ¤ ¢«¥¨¨ C�p ¨ ¯®áâ®ï®¬ ®¡ê¥¬¥ C�v , â. ¥.K = C�p=C�v . �«ï ¢®§¤ãå  K = 1:405 (¯à¨ ®à¬ «ì-ëå ãá«®¢¨ïå) [5].�«ï  ç «ì®£® ¦¨¢®£® á¥ç¥¨ï í«¥¬¥â à®©áâàã©ª¨ ¨¬¥¥¬ P0 = A�K1;0: (19)�§ à ¢¥áâ¢ (18) ¨ (19) ¢ëâ¥ª ¥â, çâ®P0�K1;0 = P�K1 = const: (20)�á¯®«ì§ãï á®®â®è¥¨¥ (18), ¢ëà §¨¬ ¯«®â®áâì£ §  �1 ç¥à¥§ ¤ ¢«¥¨¥ P :�1 = BP 1=K; (21)

£¤¥ B = � P�K1 ��1=K = const: (22)�®¤áâ ¢«ïï ¢ ¯®¤ëâ¥£à «ì®¥ ¢ëà ¦¥¨¥ ãà ¢-¥¨ï (17) ¢¬¥áâ® �1 ¥£® ¢ëà ¦¥¨¥ (21), ¯®«ãç ¥¬¢ à¥§ã«ìâ â¥ ¨â¥£à¨à®¢ ¨ï} = Z � P 1=KB�2 + �2�1(�1 + �2)P 1=KB�2� dPg == �2P(�1 + �2)�2g + �1B(�1 + �2) KK � 1P K�1K + const¨«¨, ãç¨âë¢ ï á®®â®è¥¨¥ (22) ¨ â®¦¤¥áâ¢®KK � 1 � 1 + KK � 1 ,} = �2P(�1 + �2)�2g + �1P(�1 + �2)�1g+ (23)+ 1K � 1 �1P(�1 + �2)�1g :�®£« á® ¢ëà ¦¥¨î (15), ¨¬¥¥¬�2(�1 + �2)�2 + �1(�1 + �2)�1 = 1�p ; (24)  ¨§ ãà ¢¥¨ï á®áâ®ï¨ï ¨¤¥ «ì®£® £ § P = �1RT1¯®«ãç ¥¬ P�1 = RT1; (25)£¤¥ R { £ §®¢ ï ¯®áâ®ï ï. � ãç¥â®¬ á®®â®è¥-¨© (24), (25) ¨ ®¡®§ ç¥¨ï (16) ¢ëà ¦¥¨¥ äãª-æ¨¨ ¤ ¢«¥¨ï (23) ¯à¨¨¬ ¥â ¢¨¤} = P�pg + cpm;1RT1(K � 1)g : (26)� à¥§ã«ìâ â¥ ¯®¤áâ ®¢ª¨ ¢ ãà ¢¥¨¥ (12) ¢¬¥áâ®} ¥£® ¢ëà ¦¥¨¥ (26) ¯®«ãç ¥¬:2Xn=1 cpm;n v2n2g + P�pg + cpm;1RT1(K � 1)g + z = const: (27)�à ¢¨¢ ï (27) á (9), ¢¨¤¨¬, çâ® ãà ¢¥¨¥ �¥à-ã««¨ ¤«ï í«¥¬¥â à®© áâàã©ª¨ £ §®¢§¢¥á¨ (27)®â«¨ç ¥âáï ®â á®®â¢¥âáâ¢ãîé¥£® ãà ¢¥¨ï ¤«ï¥á¦¨¬ ¥¬®© ¤¢ãåä §®© áà¥¤ë (9) ¤®¯®«¨â¥«ì-ë¬ á« £ ¥¬ë¬ cpm;1RT1(K � 1)g ;ª®â®à®¥  §ë¢ ¥âáï â¥¬¯¥à âãàë¬  ¯®à®¬,®¡ãá«®¢«¥ë¬ ¥¨§®â¥à¬¨ç¥áª¨¬ ¤¢¨¦¥¨¥¬ áà¥-¤ë [5]. � á«ãç ¥ ¨§®â¥à¬¨ç¥áª®£® ¤¢¨¦¥¨ï�. �. �à¨«ì, �. �. � «ìæ¥¢ 5



ISSN 1561 -9087 �à¨ª« ¤  £÷¤à®¬¥å ÷ª . 2004. �®¬ 6 (78), N 1. �. 3 { 8T1 = const ¨, á«¥¤®¢ â¥«ì®, â¥¬¯¥à âãàë©  -¯®à â ª¦¥ ¯®áâ®ï¥. � íâ®¬ á«ãç ¥, ª ª á«¥¤ã¥â¨§ ãà ¢¥¨ï (27), â¥¬¯¥à âãàë©  ¯®à ¢å®¤¨â ¢ª®áâ âã ¢ ¯à ¢®© ç áâ¨, ¨ â®£¤  ãà ¢¥¨¥ (27)áâ ®¢¨âáï â®¦¤¥áâ¢¥ë¬ ãà ¢¥¨î (9). �®-£« á® ãà ¢¥¨î (27), ¢ í«¥¬¥â à®© áâàã©ª¥ £ -§®¢§¢¥á¨ £¨¤à®â¥à¬®¤¨ ¬¨ç¥áª¨©  ¯®à, á« £ -îé¨©áï ¨§ áª®à®áâ®£®, ¯ì¥§®¬¥âà¨ç¥áª®£®, â¥¬-¯¥à âãà®£® ¨ £¥®¬¥âà¨ç¥áª®£®  ¯®à®¢ ¨ ¯à¥¤-áâ ¢«ïîé¨© á®¡®© ¯®«ãî í¥à£¨î, ®â¥á¥ãîª ¥¤¨¨æ¥ ¢¥á  £ §®¢§¢¥á¨, { ¢¥«¨ç¨  ¯®áâ®ï ï¢¤®«ì áâàã©ª¨.� «¥¥ ãáâ ®¢¨¬ ¢¨¤ ãà ¢¥¨ï �¥àã««¨ ¤«ï¢á¥£® ¯®â®ª  £ §®¢§¢¥á¨ á ¯®¯¥à¥çë¬ á¥ç¥¨¥¬ª®¥çëå à §¬¥à®¢. � áá¬ âà¨¢ ï ¯®â®ª ª ª á®-¢®ªã¯®áâì í«¥¬¥â àëå áâàã¥ª, ¡ã¤¥¬ ¯à¥¤¯®« -£ âì, çâ® ã£®« à áå®¦¤¥¨ï ¬¥¦¤ã á®á¥¤¨¬¨ í«¥-¬¥â àë¬¨ áâàã©ª ¬¨  áâ®«ìª® ¬ «, çâ® á®áâ -¢«ïîé¨¬¨ áª®à®áâ¨ ¢ ¯®¯¥à¥ç®¬ á¥ç¥¨¨ ¯®â®ª ¬®¦® ¯à¥¥¡à¥çì. � ª®© ¯®â®ª, ª ª ¨§¢¥áâ®,  -§ë¢ ¥âáï ¯« ¢®¨§¬¥ïîé¨¬áï, ¨ ¢ ¥¬ ¤ ¢«¥¨¥¨§¬¥ï¥âáï ¯® á¥ç¥¨î ¢ á®®â¢¥âáâ¢¨¨ á § ª®®¬£¨¤à®áâ â¨ª¨. � ¤ ®¬ á«ãç ¥} + z = idem¤«ï ¢á¥å â®ç¥ª ¯®¯¥à¥ç®£® á¥ç¥¨ï.� á¢ï§¨ á ¢ëè¥¨§«®¦¥ë¬, ¯à¨ ¯¥à¥å®¤¥ ®âí«¥¬¥â à®© áâàã©ª¨ ª® ¢á¥¬ã ¯« ¢®¬¥ïîé¥-¬ãáï ¯®â®ªã £ §®¢§¢¥á¨ ã¦® ãç¥áâì ¢ ãà ¢¥¨¨�¥àã««¨ ¯®¯à ¢ªã   ¥à ¢®¬¥à®¥ à á¯à¥¤¥«¥-¨¥ áª®à®áâ¥© ¨ ª®æ¥âà æ¨© ä § ¯® ¯®¯¥à¥ç®¬ãá¥ç¥¨î. �«ï íâ®£® ¡ã¤¥¬ ¨áå®¤¨âì ¨§ á«¥¤ãîé¨åá®®¡à ¦¥¨©.�¥á ®¡ê¥¬  £ §®¢§¢¥á¨, ¯à®â¥ª îé¥© ¢ ¥¤¨¨æã¢à¥¬¥¨ ç¥à¥§ ¦¨¢®¥ á¥ç¥¨¥ d! ª ¦¤®© ®â¤¥«ì-®© áâàã©ª¨, à ¢ï¥âáï �pgvd!, £¤¥v = 2Xn=1 cnvn = q{ áª®à®áâì ¤¢¨¦¥¨ï £ §®¢§¢¥á¨ ¢ í«¥¬¥â à®©áâàã©ª¥. �«¥¤®¢ â¥«ì®, ª¨¥â¨ç¥áª ï í¥à£¨ïdKn ¬ ááë n-®© ä §ë, ¯à®â¥ª îé¥© ¢ ¥¤¨¨æã¢à¥¬¥¨ ç¥à¥§ í«¥¬¥â àãî ¯«®é ¤ªã d!, à ¢ï-¥âáï dKn = 12cpm;nv2n�pd!: (28)�ç¨âë¢ ï, çâ®, á®£« á® (6) ¨ (10),cpm;n�pv = �nqn = �ncnvn; (29)¢ëà ¦¥¨¥ (28) ¯¥à¥¯¨è¥¬ ¢ ¢¨¤¥dKn = 12�ncnv3nd!: (30)

�â¥£à¨àãï (30) ¯® ¢á¥© ¯«®é ¤¨ ¯®¯¥à¥ç®£® á¥-ç¥¨ï !, ¯®«ãç ¥¬ ¢ëà ¦¥¨¥ ¤¥©áâ¢¨â¥«ì®© ª¨-¥â¨ç¥áª®© í¥à£¨¨ ¬ ááë n-®© ä §ë, ¯à®â¥ª î-é¥© ¢ ¥¤¨¨æã ¢à¥¬¥¨ ç¥à¥§ ¯®¯¥à¥ç®¥ á¥ç¥¨¥!: Kn = 12�n Z! cnv3nd!: (31)�á«¨ ¯®«ì§®¢ âìáï áà¥¤¨¬¨ ¯® á¥ç¥¨î ! ®¡ê¥¬-®© ª®æ¥âà æ¨¥© ccp;n ¨ áª®à®áâìî n-®© ä §ëvcp;n, â® ¢ëà ¦¥¨¥ "áà¥¤¥©" ª¨¥â¨ç¥áª®© í¥à-£¨¨ ¬ ááë n-®© ä §ë, ¯à®â¥ª îé¥© ¢ ¥¤¨¨æã ¢à¥-¬¥¨ ç¥à¥§ á¥ç¥¨¥ !, ¨¬¥¥â ¢¨¤Kcp;n = 12�nccp;nv3cp;n!: (32)� §¤¥«¨¢ ¢ëà ¦¥¨¥ (31)   (32), ¯®«ãç¨¬R! cnv3nd!ccp;nv3cp;n! = �n (®¡®§ ç¥¨¥)¨«¨, ãç¨âë¢ ï, çâ® ccp;nvcp;n! = Qn, £¤¥ Qn { ®¡ê-¥¬ë© à áå®¤ n-®© ä §ë ç¥à¥§ á¥ç¥¨¥ !, ¨¬¥¥¬�n = R! cnv3nd!v2cp;nQn : (33)�¥§à §¬¥àë© ª®íää¨æ¨¥â �n, ®â®áïé¨©áï ª¯®â®ªã n-®© ä §ë £ §®¢§¢¥á¨, ï¢«ï¥âáï   «®£®¬ª®íää¨æ¨¥â  �®à¨®«¨á  ¤«ï ¯®â®ª®¢ ®¤®à®¤ëå¦¨¤ª®áâ¥©. � ¯à¥¤áâ ¢«ï¥â á®¡®© ®â®è¥¨¥¤¥©áâ¢¨â¥«ì®© ª¨¥â¨ç¥áª®© í¥à£¨¨ ¬ ááë n-®©ä §ë, ¯à®â¥ª îé¥© ¢ ¥¤¨¨æã ¢à¥¬¥¨ ç¥à¥§ á¥ç¥-¨¥ !, ª "áà¥¤¥©" ª¨¥â¨ç¥áª®© í¥à£¨¨ íâ®© ¦¥¬ ááë. �ëà ¦¥¨¥ (33) ¢¯¥à¢ë¥ ¯®«ãç¥® ¤àã£¨¬¯ãâ¥¬ ¢ [2].�®¯ãâ® ®â¬¥â¨¬, çâ® ¤«ï ¯®â®ª®¢ áãá¯¥§¨© ¢£®à¨§®â «ìëå âàã¡ å § ç¥¨ï ª®íää¨æ¨¥â®¢�®à¨®«¨á  �1 ¨ �2 ¨áá«¥¤®¢ ë ¢ [6]. � à¥§ã«ì-â â¥ ãáâ ®¢«¥®, çâ® ¤«ï ¥áãé¥© áà¥¤ë ª®íää¨-æ¨¥â �1 ¯à¨¨¬ ¥â § ç¥¨ï 1:04� 1:2, ª®â®àë¥à ¢ë ¨«¨ ¡«¨§ª¨ § ç¥¨ï¬ ª®íää¨æ¨¥â  �®à¨-®«¨á  ¤«ï ¯®â®ª®¢ ®¤®à®¤®© ¦¨¤ª®áâ¨. �â® ª -á ¥âáï ª®íää¨æ¨¥â  �2 ¤«ï â¢¥à¤®© ä §ë, â® ¥£®§ ç¥¨¥ áãé¥áâ¢¥® § ¢¨á¨â ®â áâ¥¯¥¨ ¥à ¢-®¬¥à®áâ¨ à á¯à¥¤¥«¥¨ï ª®æ¥âà æ¨¨ â¢¥à¤ëåç áâ¨æ ¯® ¢¥àâ¨ª «ì®¬ã ¤¨ ¬¥âàã âàã¡ë. � ªà¨-â¨ç¥áª®¬ à¥¦¨¬¥ £¨¤à®âà á¯®àâ¨à®¢ ¨ï, ª®£¤ ®á®¢ ï ¬ áá  â¢¥à¤®£® ¬ â¥à¨ «  ¯¥à¥¬¥é ¥âáïã ¨¦¥© áâ¥ª¨ âàã¡ë, § ç¥¨¥ ª®íää¨æ¨¥â �2 ¬®¦¥â à ¢ïâìáï 1, 6 ¨ ¡®«e¥. � ã¢¥«¨ç¥¨¥¬áà¥¤¥© áª®à®áâ¨ ¯®â®ª  § ç¥¨¥ ª®íää¨æ¨¥â �2 ã¬¥ìè ¥âáï, ¯à¨¡«¨¦ ïáì ª § ç¥¨î �1. �â®6 �. �. �à¨«ì, �. �. � «ìæ¥¢



ISSN 1561 -9087 �à¨ª« ¤  £÷¤à®¬¥å ÷ª . 2004. �®¬ 6 (78), N 1. �. 3 { 8ä¨§¨ç¥áª¨ ®¡êïáï¥âáï â¥¬, çâ® ¯à¨ áà ¢¨â¥«ì-® ¡®«ìè¨å áª®à®áâïå ¯®â®ª  ª®æ¥âà æ¨ï â¢¥à-¤ëå ç áâ¨æ ¢ëà ¢¨¢ ¥âáï ¯® £«ã¡¨¥,   í¯îàë®áà¥¤¥ëå áª®à®áâ¥© ®¡¥¨å ä § ¯à¨¡«¨¦ îâáïª í¯îà¥ áª®à®áâ¥© ®¤®à®¤®£® ¯®â®ª .�¥à¥©¤¥¬ ª à áá¬®âà¥¨î ¯¥à¢®£® á« £ ¥¬®£®ãà ¢¥¨ï (27). �¬®¦¨¬ ¥£®   �pgvd!, § -â¥¬ ¯à®¨â¥£à¨àã¥¬ ¯® á¥ç¥¨î ! ¨ à §¤¥«¨¬  �cp;pgQ, £¤¥ Q { ®¡ê¥¬ë© à áå®¤ £ §®¢§¢¥á¨ ç¥à¥§á¥ç¥¨¥ !,   �cp;p = 2Xn=1�nQnQ (34){ áà¥¤ïï ¯® á¥ç¥¨î ! à áå®¤ ï ¯«®â®áâì £ §®-¢§¢¥á¨.� à¥§ã«ìâ â¥ ¯®«ãç¨¬ ¢ëà ¦¥¨¥2Pn=1 R! cpm;n�pvv2nd!2g�cp;pQ ;ª®â®à®¥ ¯à¥®¡à §ã¥âáï á ãç¥â®¬ ¢ëà ¦¥¨© (29) {(31), (33), ª ¢¨¤ã2Xn=1(cpm)cp;n�n v2cp;n2g ; (35)£¤¥ (cpm)cp;n = �nQn2Pn=1 �nQn (36){ áà¥¤ïï ¯® á¥ç¥¨î ! à áå®¤ ï ¬ áá®¢ ï ª®-æ¥âà æ¨ï n-®© ä §ë.� ª¨¬ ®¡à §®¬, ¯à¨ ¯¥à¥å®¤¥ ®â í«¥¬¥â à®©áâàã©ª¨ ¯® ¢á¥¬ã ¯®â®ªã £ §®¢§¢¥á¨ ã¦® § ¬¥-¨âì ¯¥à¢®¥ á« £ ¥¬®¥ «¥¢®© ç áâ¨ ãà ¢¥¨ï (27)  ¢ëà ¦¥¨¥ (35). �â® ª á ¥âáï ®áâ «ìëå á« -£ ¥¬ëå ãà ¢¥¨ï (27), â® ¢¥«¨ç¨ë �p ¨ cpm;1ã¦® § ¬¥¨âì   ¨å áà¥¤¨¥ § ç¥¨ï �cp;p ¨(cpm)cp;1 á®®â¢¥âáâ¢¥®.� ãç¥â®¬ ¢ëè¥áª § ®£®, ãà ¢¥¨¥ �¥àã«-«¨ ¤«ï ¯« ¢®¨§¬¥ïîé¥£®áï ¯®â®ª  "¨¤¥ «ì®©"£ §®¢§¢¥á¨ ¯à¨¨¬ ¥â ¢¨¤2Xn=1(cpm)cp;n�n v2cp;n2g + P�cp;pg+ (37)+(cpm)cp;1RT1(K � 1)g + z = const:�¤¥áì ã¬¥áâ® ®â¬¥â¨âì, çâ® ¨§-§  á¦¨¬ ¥¬®áâ¨£ §  ¢¥«¨ç¨  �cp;p ¯¥à¥¬¥  ¢¤®«ì ¯®â®ª , ¯®-íâ®¬ã ã¬®¦ âì ¢á¥ á« £ ¥¬ë¥ ãà ¢¥¨ï (37)  �cp;pg ¢ ®¡é¥¬ á«ãç ¥ ¥«ì§ï. �â® ¬®¦® ¤¥-« âì «¨èì ¤«ï ¨§ª® ¯®à®£® ¤¢¨¦¥¨ï £ §®¢§¢¥-á¨ ¯à¨ ¬ «ëå ®â®á¨â¥«ìëå ¯¥à¥¯ ¤ å ¤ ¢«¥¨ï

¬¥¦¤ã  ç «ìë¬ ¨ ª®¥çë¬ á¥ç¥¨ï¬¨ ¯®â®ª .� íâ®¬ á«ãç ¥, ã¬®¦ ï ¢á¥ á« £ ¥¬ë¥ ãà ¢¥¨ï(37)   �cp;pg, ¯®«ãç ¥¬:2Xn=1(�p)cp;n�n v2cp;n2 + P+ (38)+�cp;p (cpm)cp;1RT1K � 1 + �cp;pgz = const;£¤¥ (�p)cp;n = �nQnQ (39){ áà¥¤ïï à áå®¤ ï ¯«®â®áâì n-®© ä §ë.�ç¨âë¢ ï, çâ®�nQnQ v2n = �n c3p;nc2n v2cp;£¤¥ vcp { áà¥¤ïï áª®à®áâì ¯®â®ª  £ §®¢§¢¥á¨,ãà ¢¥¨¥ (38) ¯¥à¥¯¨è¥¬ ¢ ¢¨¤¥ [2, 7]12��v2cp + P + �cp;p (cpm)cp;1RT1K � 1 + �cp;pgz = const;£¤¥ �� = 2Xn=1�n (cp)3cp;nc2cp;n �n{ íää¥ªâ¨¢ ï ¯«®â®áâì £ §®¢§¢¥á¨. � ª¨¬ ®¡à -§®¬, á®áâ ¢«¥ë ãà ¢¥¨ï �¥àã««¨ ¤«ï í«¥¬¥-â à®© áâàã©ª¨ (27) ¨ ¤«ï æ¥«®£® ¯®â®ª  (37) "¨¤¥- «ì®©" £ §®¢§¢¥á¨. � á«ãç ¥ à¥ «ì®© £ §®¢§¢¥á¨¢ «¥¢®© ç áâ¨ ãà ¢¥¨© (27) ¨ (37) ã¦® ãç¥áâì¯®â¥àïë©  ¯®à, ®¡ãá«®¢«¥ë© ¢ãâà¥¨¬ ¨¢¥è¨¬ âà¥¨ï¬¨ £ §®¢§¢¥á¨. �®£¤  ãà ¢¥¨¥(37) ¯¥à¥¯¨è¥âáï ¢ ¢¨¤¥2Xn=1(cpm)cp;n�n v2cp;n2g + P�cp;pg+ (40)+(cpm)cp;1RT1(K � 1)g + z + h = const;£¤¥ h { ¯®â¥àïë©  ¯®à ¯à¨ ¯¥à¥å®¤¥ ®â ®¤®£®¯®¯¥à¥ç®£® á¥ç¥¨ï ¯®â®ª  ª ¤àã£®¬ã.�ë§ë¢ ¥â ¨â¥à¥á áà ¢¥¨¥ ãà ¢¥¨ï (27)¨«¨ (37) á ãà ¢¥¨ï¬¨ �¥àã««¨, ¯®«ãç¥ë¬¨¤«ï â®© ¨«¨ ¤àã£®© £¥â¥à®£¥®© áà¥¤ë ¤àã£¨¬¨ ¢â®à ¬¨,  ¯à¨¬¥à, ¢ [1, 3]. �à¨ áà ¢¥¨¨ ¡ã¤¥¬¯®« £ âì, çâ® ¯®â®ª £¥â¥à®£¥®© áà¥¤ë ¨§®â¥à-¬¨ç¥áª¨© ¨ £®à¨§®â «ìë©. � íâ®¬ á«ãç ¥ ãà ¢-¥¨¥ �¥àã««¨ ¤«ï í«¥¬¥â à®© áâàã©ª¨ ¢§¢¥á¥-¥áãé¥£® ¯®â®ª , á®áâ ¢«¥®¥ ¢ [1], ¨¬¥¥â ¢  -è¨å ®¡®§ ç¥¨ïå ¢¨¤: v212g + P�1g!+ cp;2cp;1 v222g + P�2g! = const: (41)�. �. �à¨«ì, �. �. � «ìæ¥¢ 7



ISSN 1561 -9087 �à¨ª« ¤  £÷¤à®¬¥å ÷ª . 2004. �®¬ 6 (78), N 1. �. 3 { 8�¥£ª® ã¡¥¤¨âìáï ¢ â®¬, çâ® ãà ¢¥¨¥ (41) ¥ ¢ë-â¥ª ¥â ¨§ (27), çâ® á¢ï§ ®, ¢¨¤¨¬®, á ¥ª®àà¥ªâ-®áâìî § ¯¨á¨ ãà ¢¥¨ï (41).�â® ª á ¥âáï ãà ¢¥¨ï �¥àã««¨, § ¯¨á ®-£® ¤«ï £ §®¦¨¤ª®áâ®£® ¯®â®ª  ¢ [3], â® ¢ á«ãç ¥£®à¨§®â «ì®£® â¥ç¥¨ï ®® ¯à¨¨¬ ¥â ¢¨¤v212 + 1Km v222 + P�1 = const; (42)£¤¥ Km = m1=m2 { ®â®è¥¨¥ ¬ áá®¢®£® à áå®-¤  ¥áãé¥© áà¥¤ë (¦¨¤ª®áâ¨) ª ¬ áá®¢®¬ã à áå®¤ã¯ã§ëàìª®¢; �1 { ¯«®â®áâì ¥áãé¥© áà¥¤ë.�®ª ¦¥¬, çâ® ãà ¢¥¨¥,   «®£¨ç®¥ ãà ¢¥-¨î (42), ¯®«ãç ¥âáï ¨§ (27).�¬®¦¨¢ ¢á¥ á« £ ¥¬ë¥ ãà ¢¥¨ï (27)   g ¨à §¤¥«¨¢   ¯®áâ®ïãî ¢¥«¨ç¨ã cpm;1, ¯®«ãç¨¬á ãç¥â®¬ à ¢¥áâ¢cpm;2cpm;1 = 1Km ; �pcpm;1 = �1cp;1ãà ¢¥¨¥ v212 + 1Km v222 + P�1cp;1 = const: (43)�à ¢¨¢ ï ãà ¢¥¨¥ (43) á (42), ã¡¥¦¤ ¥¬áï, çâ®¢ «¥¢ãî ç áâì ãà ¢¥¨ï (42) ¤®«¦  ¢å®¤¨âì, ¢¬¥-áâ® ¨áâ¨®© ¯«®â®áâ¨ ¥áãé¥© áà¥¤ë �1, à áå®¤- ï ¯«®â®áâì íâ®© áà¥¤ë �p;1, à ¢ ï �1cp;1.������«ï à §à ¡®âª¨ ¬¥â®¤¨ª¨ ¨¦¥¥à®£® à áç¥â ¯ à ¬¥âà®¢ ¤¢¨¦¥¨ï £ §®¢§¢¥á¥© ¢ âàã¡ å ®á®-

¢®¯®« £ îé¨¬ á«¥¤ã¥â áç¨â âì ãà ¢¥¨ �¥àã«-«¨. �â® ãà ¢¥¨¥, ¢ ®â«¨ç¨¥ ®â ãà ¢¥¨ï �¥à-ã««¨ ¤«ï ¯®â®ª®¢ áãá¯¥§¨©, ¤®«¦® ¢ ®¡é¥¬ á«ã-ç ¥ ¤®¯®«¨â¥«ì® ãç¨âë¢ âì á¦¨¬ ¥¬®áâì ¥áã-é¥© áà¥¤ë ¨ â¥¬¯¥à âãàë©  ¯®à. �®áâ ¢«¥ë¥¢ ¤ ®© à ¡®â¥ ãà ¢¥¨ï �¥àã««¨ ¤«ï í«¥¬¥-â à®© áâàã©ª¨ (27) ¨ ¤«ï ¢á¥£® ¯®â®ª  £ §®¢§¢¥á¨(37) ®áïâ ®¡®¡é îé¨© å à ªâ¥à ¨ ¬®£ãâ á«ã¦¨âì®á®¢®© ¬¥â®¤¨ª¨ à áç¥â  ¯®â®ª®¢ ¥ â®«ìª® £ §®-¢§¢¥á¥©, ® ¨ ¤àã£¨å £¥â¥à®£¥ëå áà¥¤, ¢ ç áâ®-áâ¨, áãá¯¥§¨© ¨«¨ á¬¥á¥© ¦¨¤ª®áâ¨ ¨ ¯ã§ëàìª®¢£ §  ¨«¨ ¯ à .1. �¥¬¥âì¥¢ �.�. � £¨¤à ¢«¨ç¥áª®¬ à áç¥â¥ ¯àï¬®-«¨¥©ëå ¨ à ¢®¬¥àëå ¢§¢¥á¥¥áãé¨å ¯®â®ª®¢¢ £¨¤à®âà á¯®àâëå á¨áâ¥¬ å // �§¢.�����.{1964.{ â.75.{ �. 33{58.2. �à¨«ì �.�. � ¯®àë¥ ¢§¢¥á¥¥áãé¨¥ ¯®â®ª¨.{ �.:� ãª®¢  ¤ã¬ª , 1990.{ 160 á.3. �¥¤®à®¢áª¨© �.�., �¨ª¨ä®à®¢¨ç �.�., �à¨å®¤ì-ª® �.�. �à®æ¥ááë ¯¥à¥®á  ¢ á¨áâ¥¬ å £ § -¦¨¤ª®áâì.{ �.: � ãª®¢  ¤ã¬ª , 1988.{ 256 á.4. �à ¤â«ì �. �̈ ¤à® íà®¬¥å ¨ª .{ �.: �§¤-¢® ¨®-áâà. «¨â-àë, 1951.{ 526 á.5. �¬¨âà¥¢áª¨© �.�. �̈ ¤à®¬¥å ¨ª .{ �.: �§¤-¢®"�®àáª®© âà á¯®àâ", 1962.{ 296 á.6. �à¨«ì �.�., �¥à¬  �.�. �¡ ¨§¬¥à¥¨¨ à áå®-¤  £¨¤à®á¬¥á¨ âàã¡®© �¥âãà¨ // �iá¨ª �åi¤®-ãªà ùáìª®£® ¤¥à¦ ¢®£® ãi¢¥àá¨â¥âã, á¥àiï �à®¬.âà á¯®àâ.{ 1999.{ N2(18).{ �. 93{98.7. � «ìæ¥¢ �.�. � £¨¤à ¢«¨ç¥áª®¬ à áç¥â¥ âàã¡®¯à®-¢®¤®¢ ¤«ï ¯¥¢¬®âà á¯®àâëå á¨áâ¥¬ // �¥áâ¨ª���� (���), á¥à¨ï � è¨®áâà®¥¨¥.{ 2000.{ N38,â.1.{ �. 50{54.
8 �. �. �à¨«ì, �. �. � «ìæ¥¢


