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3. �¥¨á¥ª® �.�., �®à®ª¨ �.�. // �§¢. �� ����, á¥à. ä¨§.1983. 47, ü 1. �. 41.4. Inia P., Agarwal Y.K., Waard H.de. // Phys. Rev. 1969. 188.P. 605.5. Winkler H., Ruter D., Gerdau E., Braunsfurth J. // Z. f. Phys.1971. 243. P. 166.6. �ªá¥«ìà®¤ �.�., �®¬¨áá à®¢  �.�., �àîª®¢  �.�. ¨ ¤à. //�à¨¡. ¨ â¥å. íªá¯¥à¨¬¥â . 1982. 3. �. 32.7. �¢®â¨  �.�., �®«®â ¢¨ �.�. �®¬¥âë ®á®¢ëå ¨¢®§¡ã¦¤¥ëå á®áâ®ï¨© ï¤¥à. �. 1. �., 1979.�®áâã¯¨«  ¢ p¥¤ ªæ¨î28.03.97������������� 521.92;93 ������� �������� ��������� �� ������� ������. �.� à®¢(����)�®ª § ®, çâ® ãç¥â ¤¨ ¬¨ª¨  â¬®áä¥àë ¯à¨ ¨§ãç¥¨¨ ¢à é¥¨ï �¥¬«¨ ¢ ¯à®áâà áâ¢¥ ¯à¨¢®¤¨âª ¯®ï¢«¥¨î ®¢ëå ®à¬ «ìëå ¬®¤. �â¨ ¬®¤ë á¢ï§ ë á ¢à é¥¨¥¬  â¬®áä¥àë ®â®á¨â¥«ì®â¢¥à¤®© �¥¬«¨ ¨ ¤®«¦ë ¯à¨¨¬ âìáï ¢® ¢¨¬ ¨¥ ¯à¨ ¯®áâà®¥¨¨ â¥®à¨¨ ãâ æ¨¨.� §¢¨â¨¥ â¥®à¨¨ ¢à é¥¨ï �¥¬«¨ ¢ ¯à®áâà áâ¢¥(¨§ãç¥¨¥ ãâ æ¨¨) áâ¨¬ã«¨àã¥âáï § ç¨â¥«ìë¬ ã¢¥«¨-ç¥¨¥¬ â®ç®áâ¨  áâà®¬¥âà¨ç¥áª¨å  ¡«î¤¥¨© ¨ ®¡- àã¦¥ë¬ à áå®¦¤¥¨¥¬ â¥®à¥â¨ç¥áª¨å ¨  ¡«î¤¥-ëå  ¬¯«¨âã¤ ãâ æ¨®ëå ç«¥®¢ [1, 2]. �â¨ à¥§ã«ì-â âë ¥¢®§¬®¦® ®¡êïá¨âì   ®á®¢¥ ¬®¤¥«¨ �¥¬«¨,á®áâ®ïé¥© ¨§ áâà â¨ä¨æ¨à®¢ ëå ¨  å®¤ïé¨åáï ¢£¨¤à®áâ â¨ç¥áª®¬ à ¢®¢¥á¨¨ ®¡®«®ç¥ª: ã¯àã£®© ¬ -â¨¨, ¦¨¤ª®£® ¢¥è¥£® ¨ ã¯àã£®£® ¢ãâà¥¥£® ï¤à [3, 4]. �®íâ®¬ã ¢ à ¡®â¥ ¨§ãç ¥âáï ¢«¨ï¨¥ ¢à é¥¨ï â¬®áä¥àë, à áá¬ âà¨¢ ¥¬®© ª ª ¯à®¨§¢®«ì® ®à¨¥-â¨à®¢  ï ®â®á¨â¥«ì® â¢¥à¤®© �¥¬«¨ ®¡®«®çª ,  ãâ æ¨î. �¢®¡®¤®¥ ¢à é¥¨¥  â¬®áä¥àë ®¯à¥¤¥«ï¥â®¢ë¥ ®à¬ «ìë¥ ¬®¤ë ¨, § ç¨â, ¢®§¬®¦® ¤®¯®«¨-â¥«ì®¥ à¥§® á®¥ ãá¨«¥¨¥  â¬®áä¥àëå ¨ ®ª¥ ¨-ç¥áª¨å ¯à¨«¨¢®¢ ¨ ã¢¥«¨ç¥¨¥  ¬¯«¨âã¤ë ¢ëã¦¤¥-®© ãâ æ¨¨.� áç¥â ãâ æ¨¨ �¥¬«¨ ¢ë¯®«¥ ¢ â®¬ ¦¥ ª®â¥ªáâ¥,ª ª ¨ ¢ à ¡®â å [1, 5]: à¥è îâáï ãà ¢¥¨ï ã£«®¢®£® ¬®-¬¥â  ¤«ï ¢á¥© �¥¬«¨ ¨ ¦¨¤ª®£® ï¤à . �  áâ®ïé¥© à -¡®â¥ ª ¨¬ ¤®¡ ¢«¥® ãà ¢¥¨¥ ã£«®¢®£® ¬®¬¥â  ¤«ï â¬®áä¥àë ¨ ª¨¥¬ â¨ç¥áª®¥ ãà ¢¥¨¥, ®¯¨áë¢ îé¥¥¢à é¥¨¥ á¨áâ¥¬ë ª®®à¤¨ â, á¢ï§ ®© á  â¬®áä¥à®©.�®¬¥âë á¨«, ª®â®àë¥ ¢å®¤ïâ ¢ ãà ¢¥¨ï, ¢®§¨ª îâ¨§-§  ¯à¨âï¦¥¨ï �¥¬«¨ �ã®© ¨ �®«æ¥¬, £à ¢¨â -æ¨®®£® ¯à¨âï¦¥¨ï ®¡®«®ç¥ª ¨ ¨§-§  à á¯à¥¤¥«¥¨ï¤ ¢«¥¨ï   £à ¨æ å ®¡®«®ç¥ª.�à¥¤¯®« £ ¥âáï, çâ® ¢¥ªâ®à ¬£®¢¥®© ã£«®¢®©áª®à®áâ¨ �¥¬«¨ 
 á¢ï§  á ¢¥ªâ®à ¬¨ ã£«®¢®© áª®à®áâ¨ï¤à  
f ¨  â¬®áä¥àë 
a á®®â®è¥¨ï¬¨


 = 
0 +w = 
0(i3 +m);
f = 
0 +wf = 
0(i3 +m+mf );
a = 
0 +wa = 
0(i3 +m+ma):�¥§à §¬¥àë¥ ¢¥ªâ®àë m;mf ;ma å à ªâ¥à¨§ãîâ¢®§¬ãé¥¨ï áª®à®áâ¨ ®¡®«®ç¥ª, ª®â®àë¥ ¢ë§ë¢ îâáï«ã®-á®«¥çë¬ (�s), £à ¢¨â æ¨®ë¬ (�g) ¨ æ¥âà®-¡¥¦ë¬ (�c) ¯®â¥æ¨ « ¬¨. �¨áâ¥¬  ª®®à¤¨ â (á.ª.)i1; i2; i3 á¢ï§   á ¬ â¨¥© ¨ ¡«¨§ª  ª ®áï¬ �¨áá¥à  .�à®¨§¢®«ì ï ®à¨¥â æ¨ï  â¬®áä¥àë ¬®¦¥â ¡ëâì ®¯¨-á   ¢¢¥¤¥¨¥¬ á.ª. i01; i02; i03, ¥ á®¢¯ ¤ îé¥©, ¢®®¡é¥£®¢®àï, c i1; i2; i3. "� ª«®"  â¬®áä¥àë ®¯à¥¤¥«ï¥âáï¥¤¨¨çë¬ ¢¥ªâ®à®¬ na = i03 � i3.�¯à¥¤¥«¥¨¥ ç¥âëà¥å ¥¨§¢¥áâëå ¢¥ªâ®à®¢ m, mf ,ma ¨ na ª ª äãªæ¨© ¢®§¡ã¦¤ îé¨å ¯®â¥æ¨ «®¢ï¢«ï¥âáï ¯®«ë¬ à¥è¥¨¥¬ § ¤ ç¨. � á¢ï§¨ á ¡®«ìè®©á«®¦®áâìî § ¤ ç¨ ¢ à ¡®â¥  å®¤ïâáï «¨èì à¥è¥¨ï®¤®à®¤ëå ãà ¢¥¨©, â.¥. ®à¬ «ìë¥ ¬®¤ë �¥¬«¨ á â¬®áä¥à®©.�¨ ¬¨ç¥áª¨¥ ãà ¢¥¨ï ®â®á¨â¥«ì® á.ª. i1; i2; i3,¢à é îé¥©áï á ã£«®¢®© áª®à®áâìî 
 ®â®á¨â¥«ì®¨¥àæ¨ «ì®© á.ª., ¤«ï ¢á¥© �¥¬«¨, ¦¨¤ª®£® ï¤à  ¨ â¬®áä¥àë ¨¬¥îâ ¢¨¤dHdt +
 �H = L;dHfdt �wf �Hf = 0;dHadt +
 �Ha = La: (1)



66 �¥áâ¨ª �®áª®¢áª®£® ã¨¢¥àá¨â¥â . �¥à¨ï 3. �¨§¨ª . �áâà®®¬¨ï. 1997. ü 6�¨« , ¤¥©áâ¢ãîé ï á® áâ®à®ë �®«æ  ¨ �ãë  í«¥¬¥â ¬ ááë �edV �¥¬«¨, à ¢  f = �r�s�edV ,á«¥¤®¢ â¥«ì®, ¬®¬¥â á¨«ë à ¢¥L = ZV �er�r�sdV = �
2Aei3 ��;£¤¥ A | íª¢ â®à¨ «ìë© ¬®¬¥â ¨¥àæ¨¨ �¥¬«¨, e =(C � A)=A, � = (�1; �2; 0) | â¥áá¥à «ì ï £ à¬®¨ª ¢â®à®© áâ¥¯¥¨ ¯®â¥æ¨ «  �s.�®¬¥â á¨«, ¤¥©áâ¢ãîé¨å    â¬®áä¥àã, à ¢¥La = ZV r� (rP + �ar�g �r � T )dV;£¤¥ P | ¤ ¢«¥¨¥ ã ¯®¢¥àå®áâ¨ �¥¬«¨, T | â¥§®à ¯àï¦¥¨©. �à ¢¨â æ¨®ë¥ ¯à¨«¨¢ë ¢  â¬®áä¥à¥ ¥ãç¨âë¢ îâáï, â ª ª ª ®¨ ¬ «ë [6]. �á«¨ ¯à¥¥¡à¥çìâà¥¨¥¬ ¢®§¤ãå  (â.¥. T = 0) ¨ ¬®¤¥«¨à®¢ âì ä¨£ãàã�¥¬«¨ £¨¤à®áâ â¨ç¥áª¨¬ í««¨¯á®¨¤®¬, â®eLa = La1 + iLa2 = �iUeca3 ;£¤¥ eca3 = ca13 + ica23 | ¨§¬¥¥¨¥ â¥§®à  ¨¥àæ¨¨ â¬®áä¥àë, U = 
20.�à®¥ªâ¨àãï ãà ¢¥¨ï (1)   ®á¨ i1; i2, ¯®«ãç¨¬� ddt � ie
0� em + 1A � ddt + i
0���(ec +Af emf + Aa ema) = �ie
0 e�;ddt  em + ecf3Af !+ � ddt + i
0(1 + ef )� emf = 0; (2)� ddt � iea
0� em + � ddt + i
0����ema + eaena + eca3Aa� == � iUAa
0 (eca3 +Aaeaena);

denadt + i
0 ema = 0;£¤¥ ef = (Cf � Af )=Af ; ea = (Ca � Aa)=Aa. � à ¬¥âàem à ¢¥ em = m1 + im2. � «®£¨ç® ®¯à¥¤¥«ïîâáï¤àã£¨¥ ¥¨§¢¥áâë¥. �¥â¢¥àâ®¥ ãà ¢¥¨¥ ¯®«ãç ¥âáï ¨§¢ëà ¦¥¨ï dnadt = 
0(ma � i3):� íâ¨¬ ç¥âëà¥¬ ãà ¢¥¨ï¬  ¤® ¤®¡ ¢¨âì, á«¥¤ãïà ¡®â¥ [5], ¥é¥ ¤¢  ãà ¢¥¨ï, á¢ï§ë¢ îé¨¥ â¥§®àë¨¥àæ¨¨ �¥¬«¨ ec, ¬ â¨¨ ecm3 ¨ ï¤à  ecf3 , ¢ë§¢ ë¥¤¥ä®à¬ æ¨ï¬¨, á ¯®â¥æ¨ «®¬ ¢®§¬ãé¥¨©:ec = A[{( em � e�) + � emf ] + ecm3 (1 + k0);ecf3 = Af [( em � e�) + � emf ] + ecm3 (�=� + hc): (3)� ãà ¢¥¨ïå (3) ãçâ¥® ¢«¨ï¨¥  £àã§ª¨   ¯®¢¥àå-®áâì �¥¬«¨ (k0 = �0; 30 |  £àã§®ç®¥ ç¨á«® ¢â®à®£®¯®àï¤ª , hc = �0; 128 | ¤¨ ¬¨ç¥áª®¥ ç¨á«® �ï¢ ,� = 
20a5=3GA, a | à ¤¨ãá �¥¬«¨, G | £à ¢¨â -æ¨® ï ¯®áâ®ï ï). � à ¬¥âàë {; �; ; � ¯®«ãç¥ë ¢à ¡®â å [2,5] ¤«ï ¥áª®«ìª¨å ¬®¤¥«¥© �¥¬«¨.�¢ë¥ ãà ¢¥¨ï ®â®á¨â¥«ì® ¥¨§¢¥áâëå ¢¥«¨-ç¨ em; emf ; ema; ena «¥£ª® ¯®«ãç¨âì, ¯à¥¤¯®«®¦¨¢, çâ®®¨ ï¢«ïîâáï ¯¥à¨®¤¨ç¥áª¨¬¨ äãªæ¨ï¬¨, â.¥. em �em ei�t ¨ â.¤. �®íâ®¬ã d em=dt = i� em: � ¬¥ïï ¯à®¨§¢®¤-ë¥ d=dt   i�,   â ª¦¥ ¢¥«¨ç¨ë ec ¨ ecf3 ¢ (2)  ¢ëà ¦¥¨ï (3), ¯®«ãç¨¬Mx = y;£¤¥M = 0BBBBBBBBB@ �(1 + {) + 
0({� e) (� + 
0)�AfA + �� (� +
0)AaA (� +
0)AaA ea(1 + k0)�(1 + ) � +
0(1 + ef ) + �� 0 ( �� + hc)AaAf ea� � 
0ea 0 � + 
0 �� +
0 + U
0 �ea0 0 
0 � 1CCCCCCCCCA ;
x = 0BBBBB@ ememfemaena 1CCCCCA ; y = 0BBBBBBBBB@ [�
0e+ (� +
0){]e�� (� + 
0)(1 + k0)eca3A� e� � ( �� + hc) eca3Af�(� + 
0 � U
0 ) eca3Aa0 1CCCCCCCCCA :



�¥áâ¨ª �®áª®¢áª®£® ã¨¢¥àá¨â¥â . �¥à¨ï 3. �¨§¨ª . �áâà®®¬¨ï. 1997. ü6 67�«ï ®¯à¥¤¥«¥¨ï ç áâ®â �1; �2; �3; �4 ®à¬ «ìëå¬®¤ ¬ë ¥ ¡ã¤¥¬ à¥è âì ãà ¢¥¨¥ detM = 0 ¥¯®-áà¥¤áâ¢¥®,   ¢®á¯®«ì§ã¥¬áï ¨áªãááâ¢¥ë¬ ¯à¨¥¬®¬.� ¬¥â¨¬, çâ® ¯à¨ ®âáãâáâ¢¨¨  â¬®áä¥àë ( ema = ena = 0)§ ¤ ç  á¢®¤¨âáï ª § ¤ ç¥ �®«®¤¥áª®£®: ®¯à¥¤¥«¥¨î¬®¤ ¤«ï ã¯àã£®© �¥¬«¨ á ¦¨¤ª¨¬ ï¤à®¬. � íâ®¬ á«ãç ¥ãà ¢¥¨ï ®¯à¥¤¥«ïîâ ¤¢¥ å®à®è® ¨§¢¥áâë¥ ¬®¤ë:ç ¤«¥à®¢áª®¥ ª®«¥¡ ¨¥ ¨ ¯®çâ¨ áãâ®çãî ãâ æ¨îá ç áâ®â ¬¨ �1 ¨ �2, á®®â¢¥âáâ¢¥®:�1 = 
0(e � {) AAm ;�2 = �
0 �1 + (ef � �) AAm � ;£¤¥ Am = A � Af | ¬®¬¥â ¨¥àæ¨¨ ¬ â¨¨. �£à ¨-ç¨¢ ïáì â®ç®áâìî O(me), ¬®¦® ¯à¥¤áâ ¢¨âì detM ¢¢¨¤¥�1� AfA �(� � �1)(� � �2)(� � �3)(� � �4) = detM:�®¤áâ ¢¨¬ ¢¬¥áâ® �1 ¨ �2  ©¤¥ë¥ ¢ëà ¦¥¨ï. � §« -£ ï ¤¥â¥à¬¨ â M ¯® áâ¥¯¥ï¬ �, ¬®¦® ¯à¨à ¢ïâìª®íää¨æ¨¥âë ¯à¨ ®¤¨ ª®¢ëå áâ¥¯¥ïå �. � à¥§ã«ì-â â¥ ¯®«ãç¨¬, à¥è ï ª¢ ¤à â®¥ ãà ¢¥¨¥, ç áâ®âë®¢ëå ¬®¤: �3 = 
0�1 + �
0� ea;�4 = �
0�1 + �
0 ea + �1 AAm� ;£¤¥ � = U=
0, �1 = { + � � 2�. �«ï à áá¬ âà¨¢ ¥¬®©ä¨£ãàë �¥¬«¨ �=
0 = 1, �1 AAm = (1; 370� 0; 006) � 10�3.� áâ®â  ª ç ¨ï  â¬®áä¥àë �3 ®¯à¥¤¥«ï¥âáï á¦ â¨-¥¬ ea. � ï Ca; Aa [7], ¯®«ãç¨¬ ea = 0; 01476 ¨, á«¥¤®¢ -â¥«ì®, �3 = 0; 0295
0; �4 = �1; 0161
0. � ¬¥â¨¬, çâ® ¢

à ¡®â¥ ¥ ãç¨âë¢ «®áì âà¥¨¥ ¢®§¤ãå  ® ¯®¢¥àå®áâì,  â ª¦¥ â®¯®£à ä¨ï �¥¬«¨. �à¨ íâ¨å ¯à¥¤¯®«®¦¥¨-ïå ç áâ®â  �4 ¤ «¥ª  ®â ç áâ®â áãâ®çëå ¯à¨«¨¢®¢.�¥ «ì ï ¯®¢¥àå®áâì �¥¬«¨ § ç¨â¥«ì® ®â«¨ç ¥âáï®â £¨¤à®áâ â¨ç¥áª®£® í««¨¯á®¨¤ . �®íâ®¬ã ¢«¨ï¨¥â®¯®£à ä¨¨ ¢ëà ¦ ¥âáï ¢ ¨§¬¥¥¨¨ ¯ à ¬¥âà  �=
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