
�¥áâ¨ª �®áª®¢áª®£® ã¨¢¥àá¨â¥â . �¥à¨ï 3. �¨§¨ª . �áâà®®¬¨ï. 1998. ü3 35Continuous Wave, Time and Frequency Domain Technology /Ed. B. Chance et al.: Proc. SPIE. 1996. 2925. �. 160.13. Prahl S., Welch A. // Tissue Optics / Ed. V.V. Tuchin: SPIE.1994. VMS 102. �. 129.14. Tuchin V.V. // Tissue Optics. / Ed. V.V. Tuchin: SPIE. 1994.VMS 102. �. 621.15. �ãç¨ �.�. // ���. 1996. 167, ü5. �. 157. 16. Anderson R.R., Parrish J.A. // Tissue Optics / Ed. V.V. Tuchin:SPIE. 1994. VMS 102. �. 29.17. Kolinko V.G, de Mul F.F.M., Greve J., Priezzhev A.V. //J. Biomed. Opt. 1998. 3, No. 2. �®áâã¯¨«  ¢ p¥¤ ªæ¨î02.07.97�������� � ������������ ��������� 534.222.2�������� ��������������� � ������������ ���������������������� ��� � ������� �������� ��������� �������� ������������� ���������.�.�¥à¤®¡®«ìáª ï, �. �. �ã¬ïæ¥¢ (ª ä¥¤à   ªãáâ¨ª¨)� ááç¨â ë â¥¬¯¥à âãàë¥ § ¢¨á¨¬®áâ¨ ¤¨í«¥ªâà¨ç¥áª®© ¯à®¨æ ¥¬®áâ¨, áª®à®áâ¨ ¨ § âãå ¨ï§¢ãª  ¢¡«¨§¨ ä §®¢®£® ¯¥à¥å®¤  ¢â®à®£® à®¤  ¢ ãá«®¢¨ïå ¥®¤®à®¤®£® ®¤®®á®£® ¤ ¢«¥¨ï. � -«¨ç¨¥ £à ¤¨¥â  ¤ ¢«¥¨ï ¯à¨¢®¤¨â ª à áè¨à¥¨î â¥¬¯¥à âãà®© ®¡« áâ¨, ¢ ª®â®à®©  ¡«î¤ îâáï ®¬ «¨¨ ä¨§¨ç¥áª¨å á¢®©áâ¢. � ¨¡®«¥¥ á¨«ì®¥ ¨§¬¥¥¨¥ § âãå ¨ï §¢ãª  ¯à®¨áå®¤¨â, ª®£¤  £à -¤¨¥â ¤ ¢«¥¨ï ¯¥à¯¥¤¨ªã«ïà¥ ¢®«®¢®¬ã ¢¥ªâ®àã  ªãáâ¨ç¥áª®© ¢®«ë.�à¨ ¨áá«¥¤®¢ ¨¨ á¢®©áâ¢ ªà¨áâ ««®¢ ¢¡«¨§¨ä §®¢ëå ¯¥à¥å®¤®¢ ç áâ® ¢®§¨ª ¥â ¥®¡å®¤¨¬®áâì¯®¤¢¥à£ãâì ®¡à §æë ¬¥å ¨ç¥áª¨¬ ®¤®®áë¬  -¯àï¦¥¨ï¬. �à¨ íâ®¬ ¯à ªâ¨ç¥áª¨ ¥¢®§¬®¦® ®¡¥á-¯¥ç¨âì ¯®áâ®ï®¥  ¯àï¦¥¨¥ ¯® ¢á¥¬ã ®¡ê¥¬ã ®¡-à §æ , çâ® ®âà ¦ ¥âáï   ¨§¬¥àï¥¬ëå â¥¬¯¥à âãàëå§ ¢¨á¨¬®áâïå ä¨§¨ç¥áª¨å å à ªâ¥à¨áâ¨ª. �®áª®«ìªãâ¥¬¯¥à âãà  ¯¥à¥å®¤  § ¢¨á¨â ®â ¤ ¢«¥¨ï, ¯à¨ ¥®¤-®à®¤®¬ ¤ ¢«¥¨¨ ª ¦¤®© â®çª¥ ¢ ®¡ê¥¬¥ ®¡à §æ á®®â¢¥âáâ¢ã¥â á¢®ï «®ª «ì ï â¥¬¯¥à âãà  ¯¥à¥å®¤ ,¨ ®¡é¨© íää¥ªâ ãáà¥¤ï¥âáï.�ãáâì ¢ ®¤®®á®¬ á¥£¥â®í«¥ªâà¨ª¥ ¨¬¥¥âáï ¯¥-à¥å®¤ ¢â®à®£® à®¤  â¨¯  ¯®àï¤®ª{¡¥á¯®àï¤®ª á ª¢ ¤-à â¨ç®© á¢ï§ìî ¯ à ¬¥âà  ¯®àï¤ª  ¨ ¤¥ä®à¬ æ¨¨,ª®â®àë© ®¯¨áë¢ ¥âáï â¥à¬®¤¨ ¬¨ç¥áª¨¬ ¯®â¥æ¨ -«®¬ ¢¨¤ � = �0 + A2 P 2 + B4 P 4 + c2u2 + quP 2; (1)£¤¥ ¯ à ¬¥âà®¬ ¯®àï¤ª  ï¢«ï¥âáï ¯®«ïà¨§ æ¨ï P¢¤®«ì ¯®«ïà®© ®á¨, u | ¤¥ä®à¬ æ¨ï, A = A0(T ��T0), B > 0, c | ¬®¤ã«ì ã¯àã£®áâ¨, q | í«¥ª-âà®áâà¨ªæ¨® ï ¯®áâ®ï ï. �¥¬¯¥à âãà  ä §®¢®-£® ¯¥à¥å®¤  T0 § ¢¨á¨â ®â ¢¥è¥£®  ¯àï¦¥¨ï «¨-¥©®; ¤«ï ®¤®®á®£® ¤ ¢«¥¨ï �i ¢¤®«ì i-© ®á¨T0 = Tc � ai�i. �¥¬¯¥à âãà  ¯¥à¥å®¤  ¬®¦¥â ª ª ¯®-¢ëè âìáï, â ª ¨ ¯®¨¦ âìáï á ¤ ¢«¥¨¥¬, çâ® § ¢¨-á¨â ®â § ª  á®®â¢¥âáâ¢ãîé¥© í«¥ªâà®áâà¨ªæ¨®®©ª®áâ âë.

�®£« á® â¥®à¨¨ � ¤ ã, § ¢¨á¨¬®áâì ®¡à â®©¤¨í«¥ªâà¨ç¥áª®© ¢®á¯à¨¨¬ç¨¢®áâ¨ ®â â¥¬¯¥à âãàë ¢®¡« áâ¨ ä §®¢®£® ¯¥à¥å®¤  ¨¬¥¥â ¢¨¤ [1]��1(�; T ) = � A0(T � T0); T > T0;�2A0(T � T0); T < T0: (2)� áá¬®âà¨¬ ¢«¨ï¨¥ ¥®¤®à®¤®áâ¨ ¤ ¢«¥¨ï  â¥¬¯¥à âãà®¥ ¯®¢¥¤¥¨¥ ¤¨í«¥ªâà¨ç¥áª®© ¯à®¨æ -¥¬®áâ¨ á¥£¥â®í«¥ªâà¨ª . � «ì¥©è¨¥ à áç¥âë ¡ã-¤ãâ ¯à®¢¥¤¥ë ¤«ï ªà¨áâ ««  âà¨£«¨æ¨áã«ìä â (���) | ª« áá¨ç¥áª®£® ¯à¥¤áâ ¢¨â¥«ï ®¤®®áëå á¥-£¥â®í«¥ªâà¨ª®¢, ¨¬¥îé¥£® ä §®¢ë© ¯¥à¥å®¤ ¢â®à®-£® à®¤  ¯à¨ â¥¬¯¥à âãà¥ Tc = 49; 5�C (¯®«ïà ï®áì 2). �«ï ¯à®áâ®âë ¯à¥¤¯®«®¦¨¬, çâ® ®¤®®á®¥¤ ¢«¥¨¥ � = �2  ¯à ¢«¥® ¢¤®«ì ¯®«ïà®© ®á¨ Y ,£à ¤¨¥â ¤ ¢«¥¨ï â ª¦¥  ¯à ¢«¥ ¢¤®«ì ¯®«ïà®©®á¨ ¨ à á¯à¥¤¥«¥¨¥ ¤ ¢«¥¨ï à ¢®¢¥à®ïâ® ¢ ¨-â¥à¢ «¥ �0��� < � < �0+��. �®£¤  â¥¬¯¥à âãà ï§ ¢¨á¨¬®áâì ãáà¥¤¥®© ®¡à â®© ¤¨í«¥ªâà¨ç¥áª®©¢®á¯à¨¨¬ç¨¢®áâ¨ �2 ¬®¦¥â ¡ëâì ¯®«ãç¥  ¨â¥£à¨-à®¢ ¨¥¬ (2):��1(Y ) = (2��)�1 Z ��1 d� == 8>>>>><>>>>>:K(�Y + �0); Y < �0 ���;(2��)�1 �K2 (�0 + �� � Y )2 + (�0 ��� � Y )2� ;�0 ��� < Y < �0 +��;�K(Y + �0); Y > �0 + ��: (3)



36 �¥áâ¨ª �®áª®¢áª®£® ã¨¢¥àá¨â¥â . �¥à¨ï 3. �¨§¨ª . �áâà®®¬¨ï. 1998. ü 3�¤¥áì Y = (T � Tc)=ai, K = aiA0, A0 = 3; 4 ��10�3 ¬���1�£à ¤�1, a2 = 9; 1 � 10�8 £à ¤/� , a3 == 16 � 10�8 £à ¤/� . �¨¨¬ «ì®¥ § ç¥¨¥ ®¡à â-®© ¢®á¯à¨¨¬ç¨¢®áâ¨ ��12min = 2K��=3 c®®â¢¥âáâ¢ã-¥â â®çª¥ Y = �0 + (��=3),   ¥ Y = �0. �á«¨ áç¨-â âì, çâ® à á¯à¥¤¥«¥¨¥ ¤ ¢«¥¨ï ¥ § ¢¨á¨â ®â á -¬®£® ¤ ¢«¥¨ï, ¨ �� ¯à®¯®àæ¨® «ì® �0, â® ¢¨¤®,çâ® ¬¨¨¬ «ì®¥ § ç¥¨¥ ®¡à â®© ¢®á¯à¨¨¬ç¨¢®-áâ¨ «¨¥©® ¢®§à áâ ¥â á ¤ ¢«¥¨¥¬. �®®â¢¥âáâ¢¥-® ã¬¥ìè ¥âáï ¬ ªá¨¬ã¬ ¤¨í«¥ªâà¨ç¥áª®© ¯à®¨-æ ¥¬®áâ¨ ¯à¨ ä §®¢®¬ ¯¥à¥å®¤¥. �  à¨á. 1 ¯à¥¤áâ ¢-«¥ë à¥§ã«ìâ âë à áç¥â  ®¡à â®© ¤¨í«¥ªâà¨ç¥áª®©¢®á¯à¨¨¬ç¨¢®áâ¨ ¯à¨ à §«¨çëå ¢¥«¨ç¨ å ¢¥è¥-£® ¤ ¢«¥¨ï ¨ £à ¤¨¥â¥ ¤ ¢«¥¨ï �� = 0; 3�0.
�¨á. 1. �¥¬¯¥à âãàë¥ § ¢¨á¨¬®áâ¨ ®¡à â®© ¤¨í«¥ª-âà¨ç¥áª®© ¯à®¨æ ¥¬®áâ¨ ��� ¯à¨ ¥®¤®à®¤®¬ ¤ ¢-«¥¨¨: ��=�0 = 0; 3; �0 = 107 (1), 3�107 (2), 5�107 �  (3)�¥¯¥àì à áá¬®âà¨¬, ª ª ¢«¨ï¥â ¥®¤®à®¤®áâì¤ ¢«¥¨ï   ¨§¬¥àï¥¬®¥ â¥¬¯¥à âãà®¥ ¯®¢¥¤¥¨¥ ªãáâ¨ç¥áª¨å å à ªâ¥à¨áâ¨ª | áª®à®áâ¨ ¨ § âãå ¨ï§¢ãª . �à¨ ¨á¯®«ì§®¢ ¨¨ ®¡ëç®© ¨¬¯ã«ìá®© ¬¥-â®¤¨ª¨ ¤«ï ¯«®áª¨å ®¡ê¥¬ëå ¢®« ¨§¬¥à¥¨¥ áª®-à®áâ¨ ¨ § âãå ¨ï á¢®¤¨âáï ª ¨§¬¥à¥¨î ä §ë (¢à¥-¬¥¨ § ¤¥à¦ª¨) ¨  ¬¯«¨âã¤ë á¨£ « . � ®âáãâáâ¢¨¥£à ¤¨¥â®¢ ¤ ¢«¥¨ï ¯à¨ ¯¥à¥å®¤¥ ¢â®à®£® à®¤  áª®-à®áâì §¢ãª  v ¨á¯ëâë¢ ¥â áª ç®ª �v ¢ â®çª¥ T0,  ¨§¬¥¥¨¥ § âãå ¨ï á â¥¬¯¥à âãà®©:� = �vv2 !2�1 + !2�2 ; T � T0 < 0;� = 0; T � T0 > 0: (4)�¤¥áì � | ¢à¥¬ï à¥« ªá æ¨¨ ¯ à ¬¥âà  ¯®àï¤ª ,! | ç áâ®â  §¢ãª . �«ï ��� ¢ á¥£¥â®í«¥ªâà¨ç¥á-ª®© ä §¥ � = (2LA0(T0 � T ))�1, £¤¥ 2LA0 = 3; 5 ��10�11 ��1�á. �¤¥áì L | ª¨¥â¨ç¥áª¨© ª®íää¨æ¨¥â¢ ãà ¢¥¨¨ à¥« ªá æ¨¨. � «ì¥©è¨¥ à áç¥âë ¯à®-¢¥¤¥ë ¤«ï ¯à®¤®«ì®© ¢®«ë ¢¤®«ì ®á¨ Z ¢ ���,¤«ï ª®â®à®© ®â®á¨â¥«ì®¥ ¨§¬¥¥¨¥ áª®à®áâ¨ §¢ã-ª  �v=v = 0; 06, ¨ v = 4; 02 � 103 ¬/á | § ç¥¨¥áª®à®áâ¨ §¢ãª  ¢ ¯ à í«¥ªâà¨ç¥áª®© ä §¥.�¥à¥å®¤ï ª ¥®¤®à®¤®¬ã ¤ ¢«¥¨î, ¬®¦® à á-á¬®âà¥âì ¤¢  á«ãç ï ¤«ï � = �3.1. �à ¤¨¥â ¤ ¢«¥¨ï  ¯à ¢«¥ ¢¤®«ì ¢®«®¢®£®¢¥ªâ®à  (¯® ®á¨ Z). �¥®¬¥âà¨ç¥áª¨¬ ¬¥áâ®¬ â®ç¥ª

á ®¤¨ ª®¢®© â¥¬¯¥à âãà®© ¯¥à¥å®¤  ï¢«ï¥âáï ¯«®á-ª®áâì, ¯ à ««¥«ì ï ¢®«®¢®¬ã äà®âã, á«¥¤®¢ â¥«ì-®, äà®â ¢®«ë ¯à¨ à á¯à®áâà ¥¨¨ §¢ãª  ®áâ ¥âáï¯«®áª¨¬. �ää¥ªâ¨¢ë© ª®íää¨æ¨¥â § âãå ¨ï ¨¬¥-¥â ¢¨¤ <�> = 12�� �0+��Z�0��� �(�; T ) d�; (5)£¤¥ ¯®¤ëâ¥£à «ì®¥ ¢ëà ¦¥¨¥ ¡¥à¥âáï ¨§ (4) á ãç¥-â®¬ § ¢¨á¨¬®áâ¨ T0 ®â ¤ ¢«¥¨ï, ®âªã¤  ¬®¦® ¯®-«ãç¨âì ¢ëà ¦¥¨ï ¤«ï <�> ¢ ¢¨¤¥<�>=8>>>>>>>>>>>>>>>>>>>><>>>>>>>>>>>>>>>>>>>>:
0; T > Tc + a3(�0 + ��);�v2v2 !2=A0L2a3�� �� ln (!=2A0L)2 + (Tc + a3(�0 + ��)� T )2(!=2A0L)2 ;Tc + a3(�0 ���) < T << Tc + a3(�0 + ��);�v2v2 !2=A0L2a3�� �� ln (!=2A0L)2 + (Tc + a3(�0 + ��)� T )2(!=2A0L)2 + (Tc + a3(�0 ���)� T )2 ;T < Tc + a3(�0 ���): (6)

�¨á. 2. �¥¬¯¥à âãàë¥ § ¢¨á¨¬®áâ¨ ª®íää¨æ¨¥â  § -âãå ¨ï ( ) ¨ áª®à®áâ¨ §¢ãª  (¡) ¢ ��� ¯à¨ ¯à®¤®«ì-®¬ £à ¤¨¥â¥ ¤ ¢«¥¨ï: ��=�0 = 0; 1; �0 = 107 (1),3 � 107 (2), 5 � 107 �  (3)�¥§ã«ìâ âë à áç¥â  â¥¬¯¥à âãà®© § ¢¨á¨¬®áâ¨íää¥ªâ¨¢ëå ¢¥«¨ç¨ ª®íää¨æ¨¥â  § âãå ¨ï <�>¨ áª®à®áâ¨ §¢ãª  <v> ¯à¥¤áâ ¢«¥ë   à¨á. 2, 3¤«ï ¯à®¤®«ì®© ¢®«ë   ç áâ®â¥ !=2� = 30 ��æ.�¤®®á®¥ ¤ ¢«¥¨¥  ¯à ¢«¥® ¢¤®«ì ®á¨ Z. � à¨á. 2 ªà¨¢ë¥ 1{3 á®®â¢¥âáâ¢ãîâ à §«¨çë¬ § ç¥-¨ï¬ áà¥¤¥£® ¤ ¢«¥¨ï ¨ ®¤®¬ã ¨ â®¬ã ¦¥ § ç¥-¨î ��=�0 = 0; 1. � ª ¢¨¤® ¨§ à¨á. 2, ¢¥«¨ç¨ ¬ ªá¨¬ «ì®£® § âãå ¨ï ¯à¨ ã¢¥«¨ç¥¨¨ ¤ ¢«¥¨ïã¬¥ìè ¥âáï,   á ¬¨ ¯¨ª¨ § âãå ¨ï à áè¨àïîâáï,



�¥áâ¨ª �®áª®¢áª®£® ã¨¢¥àá¨â¥â . �¥à¨ï 3. �¨§¨ª . �áâà®®¬¨ï. 1998. ü3 37á®åà ïï ¥á¨¬¬¥âà¨çë© ¢¨¤, å à ªâ¥àë© ¤«ï á¥-£¥â®í«¥ªâà¨ç¥áª¨å ¯¥à¥å®¤®¢ ¢â®à®£® à®¤  ¡¥§ ¯ì¥-§®íää¥ªâ  ¢ ¯ à ä §¥. � ªá¨¬ã¬ § âãå ¨ï ¯à¨ ¥-®¤®à®¤®¬ ¤ ¢«¥¨¨ á¬¥é¥ ¢ áâ®à®ã ¨§ª¨å â¥¬-¯¥à âãà. �á«¨ ¯à¨ ®¤®à®¤®¬ ¤ ¢«¥¨¨ ® á®®â¢¥â-áâ¢ã¥â â¥¬¯¥à âãà¥ Tmax = T0 � (!=2LA), â® ¯à¨ «¨ç¨¨ £à ¤¨¥â  ¤ ¢«¥¨ï ¬ ªá¨¬ã¬ ãáà¥¤¥®-£® ª®íää¨æ¨¥â  § âãå ¨ï á®®â¢¥âáâ¢ã¥â â¥¬¯¥à -âãà¥ Tmax = T0 � [(a3��)2 + (!=2La3)2]. �ää¥ªâ¨¢- ï áª®à®áâì §¢ãª  «¨¥©® § ¢¨á¨â ®â â¥¬¯¥à âãàë¢ ¨â¥à¢ «¥ T0� (a3��) ¨ ¥ § ¢¨á¨â ®â T ¢¥ íâ®£®¨â¥à¢ « .
�¨á. 3. �¥¬¯¥à âãàë¥ § ¢¨á¨¬®áâ¨ ª®íää¨æ¨¥â  § -âãå ¨ï ( ) ¨ áª®à®áâ¨ §¢ãª  (¡) ¢ ��� ¯à¨ ¯à®¤®«ì®¬£à ¤¨¥â¥ ¤ ¢«¥¨ï: �0 = 5 � 107 � ; ��=�0 = 0; 1 (1),0,3 (2) ¨ 0,5 (3)�  à¨á. 3 ¯®ª § ë á¥¬¥©áâ¢  â¥¬¯¥à âãàëå § -¢¨á¨¬®áâ¥© § âãå ¨ï ¨ áª®à®áâ¨ §¢ãª  ¯à¨ ä¨ªá¨-à®¢ ®© ¢¥«¨ç¨¥ ¤ ¢«¥¨ï ¨ à §«¨çëå § ç¥¨ïå��=�0.2. �à ¤¨¥â ¤ ¢«¥¨ï  ¯à ¢«¥ ¯¥à¯¥¤¨ªã«ïà®¢®«®¢®¬ã äà®âã. � íâ®¬ á«ãç ¥ ª àâ¨  áãé¥áâ-¢¥® ãá«®¦¨âáï, â ª ª ª ¢®«®¢®© äà®â ¥«ì§ïáç¨â âì ¯«®áª¨¬, ¨ á¨£ «   ¯à¨¥¬®¬ ª®æ¥  ªãá-â¨ç¥áª®© «¨¨¨ ¡ã¤¥â à¥§ã«ìâ â®¬ ¨â¥àä¥à¥æ¨¨¢®«, ¯à¨è¥¤è¨å á à §«¨ç®© áª®à®áâìî. � ¯à¨¡«¨-¦¥¨¨ £¥®¬¥âà¨ç¥áª®©  ªãáâ¨ª¨ ãáà¥¤¥ë© á¨£- « á ¯à¨¥¬®£® ¯à¥®¡à §®¢ â¥«ï ¬®¦® ¯à¥¤áâ ¢¨âìá«¥¤ãîé¨¬ ®¡à §®¬:<A> = A0N NXi=1 exp(��il + j!l=vi); (7)£¤¥ l | ¤«¨   ªãáâ¨ç¥áª®© «¨¨¨. �®¤ã«ì ¨ ä -§  ãáà¥¤¥®£® á¨£ «  ¯®§¢®«ïîâ ®¯à¥¤¥«¨âì íä-ä¥ªâ¨¢ë¥ áª®à®áâì ¨ § âãå ¨¥ §¢ãª . �à¨ à áç¥-â¥   ��� £¥¥à¨àã¥âáï N á«ãç ©ëå § ç¥¨© �i,à ¢®¬¥à® à á¯à¥¤¥«¥ëå ¢ ¨â¥à¢ «¥ �0 � �� << �i < �0 + ��. �«ï ª ¦¤®£® § ç¥¨ï ¢ëç¨á«ï¥âáïá®®â¢¥âáâ¢ãîé ï â¥¬¯¥à âãà  ¯¥à¥å®¤ , áª®à®áâì ¨

§ âãå ¨¥ §¢ãª . �à¨ à áç¥â å ¤«¨   ªãáâ¨ç¥áª®©«¨¨¨ ¢ë¡¨à « áì à ¢®© 0,7 á¬. � áç¥âë¥ ªà¨¢ë¥,¯à¥¤áâ ¢«¥ë¥   à¨á. 4, ¯®«ãç¥ë ¤«ï à §ëå § -ç¥¨© �0 ¨ ��=�0 = 0; 1. �¨áã®ª 5 á®®â¢¥âáâ¢ã¥âä¨ªá¨à®¢ ®¬ã § ç¥¨î �0 ¨ à §«¨çë¬ § ç¥¨-ï¬ ��=�0. �¡à é ¥â   á¥¡ï ¢¨¬ ¨¥ â®â ä ªâ, çâ®â¥¬¯¥à âãàë¥ § ¢¨á¨¬®áâ¨ íää¥ªâ¨¢®£® § âãå ¨ïáâ ®¢ïâáï ¢á¥ ¡®«¥¥ á¨¬¬¥âà¨çë¬¨ ¨ ¨§à¥§ ë¬¨¯à¨ ã¢¥«¨ç¥¨¨ ¤ ¢«¥¨ï ¨ £à ¤¨¥â  ¤ ¢«¥¨ï. � ª-á¨¬ «ì®¥ § ç¥¨¥ § âãå ¨ï á à®áâ®¬ �� ¯à ªâ¨-ç¥áª¨ ¥ ¬¥ï¥âáï. �¥áâ®¯®«®¦¥¨¥ ®â¤¥«ìëå ¯¨ª®¢§ âãå ¨ï á«ãç ©®, ® ®¡é¨© å à ªâ¥à ªà¨¢ëå á®-åà ï¥âáï ¯à¨ ¢ë¡®à¥ ¤àã£¨å § ç¥¨© �i.
�¨á. 4. �¥¬¯¥à âãàë¥ § ¢¨á¨¬®áâ¨ ª®íää¨æ¨¥â  § -âãå ¨ï ( ) ¨ áª®à®áâ¨ §¢ãª  (¡) ¢ ��� ¯à¨ ¯®¯¥à¥ç®¬£à ¤¨¥â¥ ¤ ¢«¥¨ï:��=�0 = 0; 1; �0 = 107 (1), 3�107 (2)¨ 5 � 107 �  (3)
�¨á. 5. �¥¬¯¥à âãàë¥ § ¢¨á¨¬®áâ¨ ª®íää¨æ¨¥â  § -âãå ¨ï ( ) ¨ áª®à®áâ¨ §¢ãª  (¡) ¢ ��� ¯à¨ ¯®¯¥à¥ç®¬£à ¤¨¥â¥ ¤ ¢«¥¨ï �0 = 5 � 107 � ; ��=�0 = 0; 1 (1),0,3 (2), 0,5 (3)�à¨¢¥¤¥ë¥ â¥®à¥â¨ç¥áª¨¥ ¨áá«¥¤®¢ ¨ï ¯®ª -§ «¨, çâ® ¥®¤®à®¤®áâì ¤ ¢«¥¨ï, ª®â®à®© ¢ íªá-¯¥à¨¬¥â å ¯à ªâ¨ç¥áª¨ ¥¢®§¬®¦® ¨§¡¥¦ âì, § -ç¨â¥«ì® ¢«¨ï¥â   ¨§¬¥àï¥¬ë¥ ¤¨í«¥ªâà¨ç¥áª¨¥ ¨ ªãáâ¨ç¥áª¨¥ å à ªâ¥à¨áâ¨ª¨ ªà¨áâ ««®¢ ¢ ®¡« áâ¨ä §®¢®£® ¯¥à¥å®¤ . �á«¥¤áâ¢¨¥ ¥®¤®à®¤®áâ¨ ¤ ¢-«¥¨ï â¥¬¯¥à âãàë¥ § ¢¨á¨¬®áâ¨ íâ¨å å à ªâ¥à¨á-



38 �¥áâ¨ª �®áª®¢áª®£® ã¨¢¥àá¨â¥â . �¥à¨ï 3. �¨§¨ª . �áâà®®¬¨ï. 1998. ü 3â¨ª á¨«ì® à §¬ë¢ îâáï, çâ® íªá¯¥à¨¬¥â «ì®  -¡«î¤ «®áì ¢ à ¡®â å [2, 3]. � ¬¥â¨¬, çâ® úáâ à¥¨¥ûªà¨áâ ««®¢, á¢ï§ ®¥ á ã¢¥«¨ç¥¨¥¬ ç¨á«  ¤¥ä¥ªâ®¢,â ª¦¥ ¯à¨¢®¤¨â ª à §¬ëâ¨î ¤¨í«¥ªâà¨ç¥áª¨å ¨  ªãá-â¨ç¥áª¨å  ®¬ «¨© ¢ ®¡« áâ¨ ¯¥à¥å®¤  §  áç¥â ¢®§-¨ª®¢¥¨ï «®ª «ìëå í«¥ªâà¨ç¥áª¨å ¯®«¥©, ã¯àã£¨å ¯àï¦¥¨© ¨ ¨å £à ¤¨¥â®¢. �¨â¥à âãà 1. �âàãª®¢ �.�., �¥¢ îª �.�. �¨§¨ç¥áª¨¥ ®á®¢ë á¥£¥â®-í«¥ªâà¨ç¥áª¨å ï¢«¥¨© ¢ ªà¨áâ «« å. �., 1983.2. Imai K.J. // Phys. Soc. Japan. 1974. No. 4. P. 1069.3. � à¥¬¡® �.�., �à á¨«ì¨ª®¢ �.�., �ã¬ïæ¥¢  �.�., �¥à¤®-¡®«ìáª ï �.�. // �ªãáâ. ¦ãà. 1995. 41, ü 5. C. 784.�®áâã¯¨«  ¢ p¥¤ ªæ¨î24.06.97������ �������� ������� 539.1 ������ ������� ���������� ��������� �������������� ������� ����������.�.�¨«®®¢, �. �. �«ï¥ª®(ª ä¥¤à  ä¨§¨ª¨ â¢¥à¤®£® â¥« )�¥â®¤®¬ ¬®¤¥«ì®£® ¯®â¥æ¨ «  ¢ £ à¬®¨ç¥áª®¬ ¯à¨¡«¨¦¥¨¨ á ãç¥â®¬ ¢§ ¨¬®¤¥©áâ¢¨ï ¤® ç¥â-¢¥àâ®© ª®®à¤¨ æ¨®®© áä¥àë ¯à®¢¥¤¥ à áç¥â ã¯àã£¨å ¯®áâ®ïëå Mg, Zr ¨ Ti. � ª ¢ á«ãç ¥ Mg,â ª ¨ ¢ á«ãç ¥ ¯¥à¥å®¤ëå ¬¥â ««®¢ Zr ¨ Ti à ááç¨â ë¥ § ç¥¨ï ã¯àã£¨å ¯®áâ®ïëå ®ª § «¨áì¡«¨§ª¨¬¨ ª íªá¯¥à¨¬¥â «ìë¬. �«ï Zr ¨ Ti  ¨¡®«¥¥ ¡«¨§ª¨¬¨ ª íªá¯¥à¨¬¥â «ìë¬ ®ª § «¨áì§ ç¥¨ï ã¯àã£¨å ¯®áâ®ïëå C12, C13, C33,   ¤«ï C11 ¨ C44 à áå®¦¤¥¨ï á®áâ ¢¨«¨ ®ª®«® 20%.�  áâ®ïé¥¥ ¢à¥¬ï ¬¥â®¤ ¬®¤¥«ì®£® ¯®â¥æ¨ « ¤®áâ â®ç® è¨à®ª® ¯à¨¬¥ï¥âáï ¤«ï ¨§ãç¥¨ï ¬®-£¨å ¢ ¦ëå á¢®©áâ¢ ¬¥â ««®¢ ¨ á¯« ¢®¢, â ª¨å ª ªí¥à£¨ï ã¯®àï¤®ç¥¨ï, ãáâ®©ç¨¢®áâì ä §, ä®®ë¥á¯¥ªâàë, ¯«®â®áâì í«¥ªâà®ëå á®áâ®ï¨© ¨ â. ¯.� ¨¡®«¥¥ ãá¯¥èë¬ ®ª § «®áì ¯à¨¬¥¥¨¥ ¯á¥¢¤®-¯®â¥æ¨ «®¢ ¤«ï ¬¥â ««®¢ á ��� ¨ ��� áâàãªâãà -¬¨ [1{3]. � â® ¦¥ ¢à¥¬ï ¥¤®áâ â®ç® ¯®«® ¨áá«¥-¤®¢   ¢®§¬®¦®áâì ¨á¯®«ì§®¢ ¨ï ¬®¤¥«ìëå ¯®-â¥æ¨ «®¢ ¤«ï à áç¥â  ¯®¤®¡ëå å à ªâ¥à¨áâ¨ª ���¬¥â ««®¢ ¨ á¯« ¢®¢, ¢ ç áâ®áâ¨ ¯¥à¥å®¤ëå í«¥-¬¥â®¢. �¯àã£¨¥ ¯®áâ®ïë¥ ��� ¬¥â ««®¢ ¬®£ãâ¡ëâì à ááç¨â ë, ¥á«¨ ¨§¢¥áâë § ç¥¨ï ¯®â¥æ¨ -«®¢ ¬¥¦ â®¬®£® ¢§ ¨¬®¤¥©áâ¢¨ï F (r). � à ¡®â¥ [4]¯à¨ ¢ëç¨á«¥¨¨ F (r) ¯à¥¤¯®« £ ¥âáï § ¨¥ à á¯à¥-¤¥«¥¨ï í«¥ªâà®®© ¯«®â®áâ¨ ¢®ªàã£ ï¤¥à. � íâ®©à ¡®â¥ ¯à®¢®¤¨«áï à áç¥â ã¯àã£¨å ¯®áâ®ïëå ¤«ïMg á ¯à¨¬¥¥¨¥¬ ¯®â¥æ¨ « , ¯®áâà®¥®£®   ®á-®¢¥ à á¯à¥¤¥«¥¨ï í«¥ªâà®®© ¯«®â®áâ¨ ¢ à ¬ª å¬¥â®¤  äãªæ¨® «  ¯«®â®áâ¨. �¤ ª® ¯à¨¬¥¥¨¥¨á¯®«ì§®¢ ¢è¨åáï ¢ [4] ¤®áâ â®ç® £à®¬®§¤ª¨å ä®à-¬ã« ¤«ï ¯¥à¥å®¤ëå í«¥¬¥â®¢ ¯à¥¤áâ ¢«ï¥â § ç¨-â¥«ìë¥ âàã¤®áâ¨. � â® ¦¥ ¢à¥¬ï à áç¥â ã¯àã£¨å¯®áâ®ïëå ª ª ¤«ï ¯à®áâëå, â ª ¨ ¤«ï ¯¥à¥å®¤ëå¬¥â ««®¢ ¬®¦¥â ¡ëâì ¯à®¢¥¤¥ ¢ à ¬ª å ¬¥â®¤  ¬®-¤¥«ì®£® ¯®â¥æ¨ « . �¥«ìî ¤ ®© à ¡®âë ï¢«ï¥âáï¯à¨¬¥¥¨¥ ¬¥â®¤  ¬®¤¥«ì®£® ¯®â¥æ¨ «  ¤«ï ¢ë-ç¨á«¥¨ï ã¯àã£¨å ¯®áâ®ïëå àï¤  ¬¥â ««®¢ á ���áâàãªâãà®©.

�¥â®¤¨ª  à áç¥â � ª ®â¬¥ç «®áì ¢ à ¡®â¥ [4], ¢ £ à¬®¨ç¥áª®¬¯à¨¡«¨¦¥¨¨ ¤«ï à áç¥â  ã¯àã£¨å ¯®áâ®ïëå í«¥-¬¥â®¢ á ��� áâàãªâãà®© ¬®¦® ®£à ¨ç¨âìáï à á-á¬®âà¥¨¥¬ ª®®à¤¨ æ¨®ëå áä¥à ¤® ç¥â¢¥àâ®©¢ª«îç¨â¥«ì®. � íâ®¬ ¯à¨¡«¨¦¥¨¨ ã¯àã£¨¥ ¯®áâ®-ïë¥ ¬®£ãâ ¡ëâì à ááç¨â ë á ¨á¯®«ì§®¢ ¨¥¬ ¢ë-à ¦¥¨© [5, 6]:C11 = p3(3�� A1 � L)=2c;C12 = C11 � 1p3 c��[3(�� 3A1)� 3B1 � B2 � 12G1 � 4G2 + P ];L = h(2B2 +G2 + 3G1)(3B1 +B2 + 8G2)++2G2(3B1 + B2)i.3(B1 + B2 + G1 + G2);C13 = 2a(2G4 � B4)� C44;C33 = cp3 a2 [�3(B3 + G3) + 4�];C44 = � 2p3 c(3A2 +B3 + 4G3);P = (B1 � B2 � 2G1 + 2G2)2B1 +B2 + G1 + G2 ;� = �[k1(1) + CB(1)]; A1 = A2 = CB(1); A3 = 0;


