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�������������� 621.385.6����������� ����� � ����������� �������������� ����������������������� ������. �. �  ¢¥æ(ª ä¥¤à  à ¤¨®ä¨§¨ª¨)�¡áã¦¤ îâáï ®á®¡¥®áâ¨ ¢§ ¨¬®¤¥©áâ¢¨ï í«¥ªâà®®£® ¯®â®ª  ¨ í«¥ªâà®¬ £¨â®£® ¯®«ï ¢ ®¤®-á¥ªæ¨®®¬ à¥§® â®à®¬ à¥«ïâ¨¢¨áâáª®¬ £¥¥à â®à¥ ¯®¢¥àå®áâ®© ¢®«ë ¢ ®¡« áâ¨ ç áâ®â �-¢¨¤ .� ç¥à¥ª®¢áª¨å £¥¥à â®à å   á¢¥àåà §¬¥àëå¯¥à¨®¤¨ç¥áª¨å ¢®«®¢®¤ å, ¤¥©áâ¢ãîé¨å ¢ ®¡« áâ¨ç áâ®â �-¢¨¤  (! �= !�), í«¥ªâà®ë© ¯®â®ª  å®¤¨â-áï ¢ á¨åà®¨§¬¥ á ¯®¢¥àå®áâë¬¨ ¢®« ¬¨ ¨§è¥©¬®¤ë ¢®«®¢®¤  (¬®¤ë E01) [1{7]. �à¨ ®£à ¨ç¥-ëå í¥à£¨ïå í«¥ªâà®®¢ E 6 1 �í� íâ¨ ¨áâ®ç¨-ª¨ ¨§«ãç¥¨ï ¢® ¬®£®¬   «®£¨çë à¥«ïâ¨¢¨áâáª¨¬£¥¥à â®à ¬ ¯®¢¥àå®áâ®© ¢®«ë [1{5]. �à®æ¥ááë ¢£¥¥à â®à å § ¢¨áïâ ®â ãá«®¢¨© ®âà ¦¥¨ï ®â ª®æ®¢á¥ªæ¨© ¯¥à¨®¤¨ç¥áª®£® ¢®«®¢®¤  ¨ ¢«¨ï¨ï í«¥ª-âà®®© áà¥¤ë. �¥à¢ë© £¥¥à â®à ¯®¢¥àå®áâ®© ¢®«ë   ¬®¤¥E01 á®¤¥à¦ « ®¤ã á¥ªæ¨î ¢®«®¢®¤ , á®£« á®¢ -ãî   ª®æ å á ¯®¬®éìî ¯« ¢ëå ¯¥à¥å®¤®¢ [1, 2].�®á«¥¤ãîé¨¥ £¥¥à â®àë ¥ ¢ª«îç «¨ á®£« á®¢ â¥-«¨ ¨ ¢®«ë ®âà ¦ «¨áì ®â ª®æ®¢ [2{5]. �áâà®©áâ-¢  ¡¥§ ®âà ¦¥¨© ®â«¨ç îâáï à á¯à¥¤¥«¥®© ¯¥à¥-ª çª®© í¥à£¨¨ ¬¥¦¤ã ¢®« ¬¨ á ãá¨«¥¨¥¬ ¨ ¢ãâ-à¥¥© ®¡à â®© á¢ï§ìî [6{8]. � £¥¥à â®à å á ®â-à ¦¥¨ï¬¨ ¢®§¡ã¦¤ îâáï ª®«¥¡ â¥«ìë¥ ¬®¤ë á¥ª-æ¨© [4, 5].



�¥áâ¨ª �®áª®¢áª®£® ã¨¢¥àá¨â¥â . �¥à¨ï 3. �¨§¨ª . �áâà®®¬¨ï. 1998. ü2 25�áâ®ç¨ª¨ ¨§«ãç¥¨ï   ¬®¤ å ª®«¥¡ ¨©, § ¢¨-áïé¨å ®â ¯®â®ª  ¨ ®â ¯à®æ¥áá®¢ ¢¡«¨§¨ �-¢¨¤ , ï¢-«ïîâáï ¬®£®à¥§® â®àë¬¨ £¥¥à â®à ¬¨ ¯®¢¥àå-®áâëå áâ®ïç¨å ¢®«. �à¨ ¡®«ìè®¬ ¤¨ ¬¥âà¥ ¯®-â®ª  ¨ ¬ «ëå ¬¨ªà®¯¥à¢¥ á å [7] ®¨ ¬®£ãâ ¨¬¥âì¢ëá®ª¨© ª¯¤, â ª ª ª ª ¨¬ ¯à¨¬¥¨¬  ¯à®æ¥¤ã-à  ®¯â¨¬¨§ æ¨¨, à §à ¡®â  ï ¤«ï ¯à®áâà áâ¢¥-®-à §¢¨âëå ¢ëá®ª®íää¥ªâ¨¢ëå ¬®£®à¥§® â®à-ëå ª«¨áâà®®¢ [9, 10].� £¥¥à â®à å   ¯®¢¥àå®áâëå ¢®« å ¯à®ï¢«ï-îâáï ®á®¡¥®áâ¨ ¢§ ¨¬®¤¥©áâ¢¨ï ¢ ®¡« áâ¨ ç áâ®â�-¢¨¤  [6, 8]. �«¨ï¨¥ ¯®â®ª  ¯à¨¢®¤¨â ª á¬¥é¥¨î£à ¨æë ¯®«®áë, í«¥ªâà®®© ¯¥à¥áâà®©ª¥ ç áâ®â,®¤®¢à¥¬¥®¬ã ¯à®ï¢«¥¨î à¥¦¨¬®¢ ��� ¨ ���.�¢¨¤ã á«®¦®áâ¨ ¯à®æ¥áá®¢ ®¨ ¨§ãç «¨áì ç é¥ ¢á¥-£® ¤«ï ¢®«®¢®¤®¢, á®£« á®¢ ëå ¢ úå®«®¤®¬û à¥-¦¨¬¥. �¨¦¥ ¨áá«¥¤ã¥âáï ¢«¨ï¨¥ í«¥ªâà®®© áà¥¤ë,¢ ®á®¢®¬ ¯à¨ ¡®«ìè¨å ¯« §¬¥ëå ç áâ®â å,  á ¬®¢®§¡ã¦¤¥¨¥ ®¤®á¥ªæ¨®ëå à¥§® â®àëå £¥-¥à â®à®¢ ¯®¢¥àå®áâ®© ¢®«ë.1. �ª¢¨¢ «¥â ï æ¥¯ì ¨ ¥¥ ãà ¢¥¨ï�®«®¢®¤   ç áâ®â å �-¢¨¤  ¬®¤ë E01 ®¯¨áë-¢ ¥âáï á ¯®¬®éìî íª¢¨¢ «¥â®© æ¥¯¨ [6]. �¢®¤ïâáï ¬¯«¨âã¤ë  ¯àï¦¥¨ï Vn ¨ Vn+1   ¢å®¤¥ ¨ ¢ëå®¤¥n-© ïç¥©ª¨ (n = 1; : : : ; N ), â®ª In, ª®íää¨æ¨¥â ¯¥-à¥¤ ç¨  = � + i', £¤¥ � | § âãå ¨¥ ¨ ' | á¤¢¨£ä §ë   ¯¥à¨®¤ d. �®â®ª ¨§¬¥ï¥â ¢¥«¨ç¨ë jVnj;jInj; �; ' ¨ ¯à¨¢®¤¨â ª ¢®§¨ª®¢¥¨î á®¡áâ¢¥ëå¢®« á¢ï§ ®© á¨áâ¥¬ë ®¬¥à  j á ¯®áâ®ïë¬¨ �j¨ 'j .�ãáâì á¨áâ¥¬  ¨¬¥¥â ¯ à ¬¥âàë, ¡«¨§ª¨¥ ª ¯ à -¬¥âà ¬ à¥«ïâ¨¢¨áâáª®£® £¥¥à â®à  ¯®¢¥àå®áâ®©¢®«ë [1, 2] (d = 1; 6 á¬, N = 30, I0 = 5 ª�). �¥¯ì ç¥-âëà¥å¯®«îá¨ª  ¤«ï ¬®¤ëE01 ¢ª«îç ¥â á®¯à®â¨¢«¥-¨¥ ¯à®¤®«ì®© ¢¥â¢¨ Z ¨ ¯à®¢®¤¨¬®áâì ¯®¯¥à¥ç®©¢¥â¢¨ Y . �¥§® áë¥ á¢®©áâ¢  ¨ ¯®â¥à¨ ®¯¨áë¢ îâ-áï á ¯®¬®éìî ª®âãà  L0C0, á®¤¥à¦ é¥£® ®¬¨ç¥áª®¥á®¯à®â¨¢«¥¨¥ R0 [8]. � á«ãç ¥ ¯ à ««¥«ì®£® ¢ª«î-ç¥¨ï í«¥¬¥â®¢ ª®âãà  ¯®«ãç ¥¬Z = i!L0=(1� !2=!20 + i!�0=!0);Y = i!C; !20 = 1=L0C0; �0 = !0L0=R0; (1)¯à¨ç¥¬ !� �= !0. �¢ï§ì ¯®â®ª  ¨ ¯®«ï ¢ ¥¬ª®áâ-®¬ § §®à¥ C0 § ¤ ¥âáï ª®íää¨æ¨¥â®¬ í«¥ªâà®®£®¢§ ¨¬®¤¥©áâ¢¨ï M . �®â®ª ®¯à¥¤¥«ï¥âáï ¯®áâ®ïë-¬¨ á®áâ ¢«ïîé¨¬¨ â®ª  I0 ¨ áª®à®áâ¨ v0, ãáª®àï-îé¨¬  ¯àï¦¥¨¥¬ V0, ¯¥à¥¬¥ë¬¨ áª®à®áâìî vn¨ â®ª®¬ Jn. �¥¯ì ¢®§¡ã¦¤ ¥âáï  ¢¥¤¥ë¬ â®ª®¬�MJn. �  ç «¥ (z = 0) ¨ ª®æ¥ (z = L) æ¥¯®çª¨¯®¤ª«îç¥ë  £àã§ª¨ Z0, ZL ¨ ��� E0, EL. �à ¢-¥¨ï �-®¡à §®© æ¥¯¨ á ãç¥â®¬  ¢¥¤¥®£® â®ª ¨¬¥îâ ¢¨¤ [6]Vn =Vn+1(1 + ZY=2) + In+1Z �MJnZ;In =Vn+1Y (1 + ZY=4)++In+1(1 + ZY=2)�MJnZY=2: (2)�®£« á® «¨¥©®© â¥®à¨¨ ãáâà®©áâ¢ á ¯à®¤®«ìë¬¢§ ¨¬®¤¥©áâ¢¨¥¬ ¢¢®¤ïâáï ®à¬ «ìë¥  ¬¯«¨âã¤ë

¯àï¬®© asn+ ¨ ¢áâà¥ç®© asn� ¢®« ¢®«®¢¥¤ãé¥©á¨áâ¥¬ë,   â ª¦¥ ®à¬ «ìë¥  ¬¯«¨âã¤ë ¡ëáâà®©aqn+ ¨ ¬¥¤«¥®© aqn� ¢®« ¯à®áâà áâ¢¥®£® § -àï¤  [6]:asn� = (1=4)(Zs)�1=2(Vn � ZsIn);aqn� = (1=4)(Ze)�1=2(Ven � ZeJn);Zs = [(Z=Y )=(1 + ZY=4)]1=2; Ze = Ze0=K;Ze0 = (2V0=I0)(!q=!); (3)Ven = v0vn(m0=jej)30 | ª¨¥â¨ç¥áª¨© ¯®â¥æ¨ «,jej=m0 | ®â®è¥¨¥ § àï¤  í«¥ªâà®  ª ¬ áá¥ ¯®-ª®ï, 0 = (1 � v20=c2)�1=2, K = 2jejV0=(m0v2030),!q = !pR, !q ¨ !p | ¯« §¬¥ë¥ ç áâ®âë, R |ª®íää¨æ¨¥â à¥¤ãªæ¨¨, Zs ¨ Ze | å à ªâ¥à¨áâ¨ç¥á-ª¨¥ á®¯à®â¨¢«¥¨ï �-®¡à §®© æ¥¯¨ ¨ í«¥ªâà®®£®¯®â®ª .�à ¢¥¨ï ¤«ï  ¬¯«¨âã¤ asn�, á«¥¤ãîé¨¥ ¨§ (2),(3), § ¯¨áë¢ îâáï á ï¢ë¬ ¢ë¤¥«¥¨¥¬ ª®íää¨æ¨¥-â  ¯¥à¥¤ ç¨ ïç¥©ª¨ :asn��asn+1�(ch �sh) = Mcsed(aqn+�aqn�); (4)ch  = 1 + ZY=2; sh = �Z=Zs;csed = [sh � (ch � 1)](Zs=4Ze)1=2:�®íää¨æ¨¥âë ¯¥à¥¤ ç¨  ¨ ¤¨áªà¥â®© á¢ï§¨ cse ¢®¡é¥¬ á«ãç ¥ § ¢¨áïâ ®â ¯®â¥àì, § ¤ ¢ ¥¬ëå ¯ à -¬¥âà®¬ g = (R0G0)�1, G0 = I0=V0. � æ¥¯®çª¥ ¡¥§¯®â¥àì (� = 0)   ç áâ®â å ¢¤ «¨ ®â �-¢¨¤ , ª®£¤ ch  �= 1 ¨ sh  �= i', ¢¥«¨ç¨  cse ¯¥à¥å®¤¨â ¢ ª®íä-ä¨æ¨¥â ¥¯à¥àë¢®© á¢ï§¨ cse = (i�0s=2)(Zs=Ze)1=2[11], £¤¥ �0s = '=d ( = �i�sd; �s = �0s + i�00s ).�®   «®£¨¨ á [11] ¢¢®¤¨âáï ãá«®¢¨¥ ªà¨â¨ç¥áª®©á¢ï§¨ Mcrjcsejcr=�00s (g) �= 1:�à¨ ä¨ªá¨à®¢ ëå ¯®â¥àïå g, § ¤ ëå ¯ à ¬¥âà åæ¥¯®çª¨ ¨ ¯®â®ª  ¬¥å ¨§¬ë ��� ¨ ��� ¢®§¬®¦-ë ¯à¨ ª®íää¨æ¨¥â å ¢§ ¨¬®¤¥©áâ¢¨ï M > Mcr.� ¤ «ì¥©è¥¬ ¨áá«¥¤ãîâáï á«ãç ¨ ¬ «ëå ¯®â¥àìM jcsej � �00s .�à ¢¥¨ï ®à¬ «ìëå ¢®« ¯®â®ª    «®£¨çë§ ¯¨á ë¬ ¢ à ¡®â¥ [6]. �¨ á®¤¥à¦ â ¯®áâ®ïë¥à á¯à®áâà ¥¨ï �q� = �e(1 � !q=!), �e = !=v0.� á«ãç ¥ ¡®«ìè¨å ¯« §¬¥ëå ç áâ®â ¢ë¤¥«¥  ¬¥¤-«¥ ï ¢®«  ¯®â®ª , ¨¬¥îé ï ä §®¢ãî áª®à®áâìvq� = v0=(1 + !q=!). �  ç áâ®â å ¢¤ «¨ ®â �-¢¨¤ ¯à¨ ¬ «ëå ª®íää¨æ¨¥â å M à¥ «¨§ã¥âáï ¤¢ãå¢®«-®¢ ï á¢ï§ì, ®á®¢  ï   á¨åà®¨§¬¥ ¬¥¤«¥®©¢®«ë ¯®â®ª  á ¯àï¬®© (à¥¦¨¬ ���) ¨«¨ ®¡à â®©(���) ¯à®áâà áâ¢¥ë¬¨ £ à¬®¨ª ¬¨ ¯®«ï ®¬¥-à  l (®¡ëç® l = 0 ¨«¨ -1, à¨á. 1,a)vq�(!syn) �= vsl(!syn);vsl = !=jRe�s + 2�l=dj; (5)£¤¥ !syn | ç áâ®â  á¨åà®¨§¬ . �¨åà®¨§¬   ç á-â®â¥ �-¢¨¤  (!syn �= !� , V0 �= 450 ª�, à¨á. 1,a), ¯à¨M > 0 á®®â¢¥âáâ¢ã¥â âà¥å¢®«®¢®© á¢ï§¨.
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�¨á. 1. � ¢¨á¨¬®áâ¨ á¤¢¨£  ä §ë 'j=� (ªà¨¢ë¥ 1{8) ¨ § âãå ¨ï �j (ªà¨¢ë¥ 9{14) (a), ¬®é®áâ¨ ®¡à â®©¢®«ë ¢ á¥ç¥¨¨ z = 0 PBW (0) á¨áâ¥¬ë ¡¥§ ¯®â®ª  (ªà¨¢ ï 15) ¨ á ¯®â®ª®¬ (ªà¨¢ë¥ 16{20) (¡) ®â ç áâ®âë¤«ï ¯àï¬®© l = 0 (1) ¨ ®¡à â®© l = �1 (2) ¢®« ¢®«®¢®¤  ¡¥§ ¯®â®ª , ¤«ï ¢¥¯®«®á®£® à¥ ªâ¨¢®£®§ âãå ¨ï (9), ¤«ï ¬¥¤«¥®© í«¥ªâà®®© ¢®«ë ¯à¨ ª®íää¨æ¨¥â¥ M = 0 (3), ¤«ï á¨áâ¥¬ë á ¯®â®ª®¬ ¯à¨áâ àâ®¢ëå § ç¥¨ïå Mst = 0; 053 (4, 10, 16), 0,18 (5, 11, 17), 0,42 (6, 12, 18), 0,5 (7, 13, 19), 0,7 (8, 14, 20).I0 = 5 ª�, V0 = 450 ª�, EL = 0; 001, !q=! = 0; 25, g = 0, Z0 = ZL = 0; 1Zs2. �®¤ë ª®«¥¡ ¨© ¢ à áá®£« á®¢ ®¬¢®«®¢®¤¥ ¡¥§ ¯®â¥àì� ®¡« áâ¨ ç áâ®â ! � !� ¤«ï æ¥¯®çª¨ �-®¡à §-ëå §¢¥ì¥¢ ¡¥§ ¯®â¥àì (g = 0) ¢ ®âáãâáâ¢¨¥ ¯®â®ª § ¯¨áë¢ îâáï ä®à¬ã«ë (x = !=!0)Zs = [(L0=C)=(1� x2)]1=2= cos';' = 2 arcsin[(C=2C0)(x2=(1� x2))]1=2: (6)�®£« á® (6) !� = !0 (x� = 1). �á«¨ ! ! !�, â®Zs ! 1. � £¥¥à â®à å [1{7] ¡®«ìè¨¥ Zs ¥ à¥ -«¨§ãîâáï ¨§-§  ¯¥à¥¨§«ãç¥¨ï ¯®¢¥àå®áâ®£® ¯®«ï ¢®¡ê¥¬ë¥ ¯®«ï. � á¥ªæ¨ïå ¡¥§ á®£« á®¢ â¥«¥© ¢ ®¡-« áâ¨ �-¢¨¤  § ç áâãî Z0 = ZL �= (L0=C)1=2� Zs ¨áãé¥áâ¢ãîâ ®âà ¦¥¨ï ®â ª®æ®¢.� £àã§ª¨ ¢ á¥ç¥¨ïå z = 0; L áç¨â îâáï ®¤¨ -ª®¢ë¬¨: Z0 = ZL. �®íää¨æ¨¥âë ®âà ¦¥¨ï ¢ íâ¨åá¥ç¥¨ïå ¤ îâáï ä®à¬ã« ¬¨�0 = (Z0�Zs)=(Z0+Zs); �L = (ZL�Zs)=(ZL+Zs):� á¨áâ¥¬¥ ¢®§¡ã¦¤ îâáï ¬®¤ë ª®«¥¡ ¨© E01m á®á¤¢¨£®¬ ä §   ¯¥à¨®¤:'m = �m=N; m = 1; 2; : : : ; N � 2; N � 1; N: (7)� àâ¨  ¢ëã¦¤¥ëå ª®«¥¡ ¨© (EL 6= 0) ¯®ª -§     à¨á. 1,¡ ¤«ï ¯ïâ¨ ¬®¤ á ¨¤¥ªá ¬¨ m = N �5; : : : ; N � 1 ¢ á«ãç ¥ ¢®«®¢®¤  á ¡®«ìè¨¬¨ ®âà ¦¥-¨ï¬¨ (Z0 = ZL = 0; 1Zs). �«ï á¢ï§¨ á íªá¯¥à¨¬¥-â®¬ [1{5] ¢ ¦® ¢«¨ï¨¥ ¯®â®ª    ¬®¤ë á ¨¤¥ª-á ¬¨ m = N � 2; N � 1 (E01N�1; E01N�2), ¨¬¥îé¨¥

úå®«®¤ãîû ¤®¡à®â®áâì Qm � 10{100. �¥ ¯®«®áë¯à®§à ç®áâ¨ (! > !�) ª®«¥¡ ¨ï áàë¢ îâáï ¨§-§ à¥ ªâ¨¢®£® § âãå ¨ï � 6= 0.�ëã¦¤¥ë¥ ª®«¥¡ ¨ï ¢ ®¡« áâ¨ à¥§® á®©ç áâ®âë ¬®¤ë á m = N âà¥¡ãîâ ®â¤¥«ì®£®   «¨-§ , â ª ª ª ¯à¨ ! �= !� ¢«¨ï¨¥ ¯®â®ª  ®á®¡¥®¢¥«¨ª® ¨§-§  ¬ ªá¨¬ «ì®£® § ç¥¨ï ª®íää¨æ¨¥â á¢ï§¨jcsej [6]. �ëà §¨¬ ª®íää¨æ¨¥â ç¥à¥§ ¯ à ¬¥âàëâ¥®à¨¨ ��� Ce ¨ �q:jcsejd = Ce(2K=�q)1=2; C3e = jZsjI0=4V0;�q = !q=(!Ce): (8)�á«¨ g = 0 ¨ ! ! !� , â® á®£« á® (6) Ce !1, �q ! 0¨ jcsej ! 1.3. ú�®àïç¥¥û á¬¥é¥¨¥ £à ¨æë ¯®«®áë ¨ ¬®¤ëª®«¥¡ ¨©�ãáâì á¨åà®¨§¬ ¢®«ë ¯®«ï ¢®«®¢®¤  ¡¥§ ¯®-â¥àì ¨ ¢®«ë ¯®â®ª  ¤®áâ¨£ ¥âáï   ç áâ®â¥ �-¢¨¤ (V0 = 450 ª�). �à¨ ¡®«ìè¨å ®âà ¦¥¨ïå (Z0 =ZL = 0; 1Zs) ¢«¨ï¨¥ í«¥ªâà®®© áà¥¤ë   ¬®¤ëm = N�5; : : : ; N�1 ®¯à¥¤¥«ï¥âáï á¬¥é¥¨¥¬ £à ¨æª®¬¯«¥ªá®£® à¥è¥¨ï ¤«ï á®¡áâ¢¥ëå ¢®« á¢ï§ -®© á¨áâ¥¬ë �j 6= 0 (à¨á. 1,a), ¯à®ï¢«ïîé¨¬áï ª ªú£®àïç¥¥û á¬¥é¥¨¥ £à ¨æë ¯®«®áë ¯à®§à ç®áâ¨.�¥§® áë¥ ªà¨¢ë¥ ¬®¤ á®åà ïîâáï, â®«ìª® ¥á«¨ å®¤ïâáï ¢ ®¡« áâ¨ �j = 0.



�¥áâ¨ª �®áª®¢áª®£® ã¨¢¥àá¨â¥â . �¥à¨ï 3. �¨§¨ª . �áâà®®¬¨ï. 1998. ü2 27�à¨ áâ àâ®¢ëå § ç¥¨ïå ª®íää¨æ¨¥â M =Mst¬®¦® ¢®§¡ã¤¨âì £¥¥à æ¨î   à §«¨çëå ¬®¤ å(à¨á. 1,¡, PBW !1). �§-§  ¢«¨ï¨ï ¯®â®ª  ç áâ®âë£¥¥à æ¨¨ ¬®¤ m 6 N � 2 ¬¥ìè¥ úå®«®¤ëåû à¥§®- áëå ç áâ®â. �«ï ¬®¤ë m = N � 1 ®â¬¥ç ¥âáï¢ëá®ª®ç áâ®â®¥ á¬¥é¥¨¥.�®¤ë m = N � 4; N � 3 ®â«¨ç îâáï ¡«¨§ª¨¬¨áâ àâ®¢ë¬¨ § ç¥¨ï¬¨ Mst. � íâ®¬ á«ãç ¥ ¢®§¬®¦-  ¤¢ãåç áâ®â ï £¥¥à æ¨ï, çâ® ï¢«ï¥âáï ¥¤®áâ â-ª®¬ à¥¦¨¬  ¡®«ìè¨å M . �¥«¥ªæ¨ï ¬®¤ ®¡«¥£ç ¥âáï¯à¨ ¯¥à¥å®¤¥ ª ¬ «ë¬ M (¢ íªá¯¥à¨¬¥â¥ | §  áç¥âã¬¥ìè¥¨ï à ¤¨ãá  ¯®â®ª ).�ãé¥áâ¢¥®¥ ã¬¥ìè¥¨¥ ¯ãáª®¢ëå § ç¥¨©Mst ¯à¨ ã¢¥«¨ç¥¨¨ à¥§® á®© ç áâ®âë (à¨á. 1,¡)¤¥« ¥â ¯à¥¤¯®çâ¨â¥«ìë¬ ¯®«ãç¥¨¥ £¥¥à æ¨¨  ¡®«¥¥ ¢ëá®ª®ç áâ®âëå ¬®¤ å á m = N � 2; N � 1.�¤ ª® ¢¡«¨§¨ £à ¨æë ¯®«®áë  ¤® ãç¨âë¢ âì à á-¯à¥¤¥«¥ë¥ ¯®â¥à¨ g 6= 0.

�¨á. 2. � ¢¨á¨¬®áâ¨ ®â®á¨â¥«ì®£® § ç¥¨ï¬®é®áâ¨ ®¡à â®© ¢®«ë ¢  ç «ì®¬ á¥ç¥¨¨PBW (0)=jPBWM(0)j ®â ç áâ®â®© à ááâà®©ª¨ �!=!m¤«ï ¬®¤ m = N � 1 (a) ¨ m = N � 2 (¡) ¯à¨ § ç¥¨ïå¯ à ¬¥âà®¢: M = 0, g = 0; 04 (1), 0,02 (2), 0,002 (3),0 (7); g = 0; 02, M = 0; 03 (4), 0,045 (5), 0,055 (6); g = 0,M = 0; 1 (8), 0,14 (9), 0,172 (10). I0 = 5 ª�, V0 = 450 ª�,!q=! = 0; 25, Z0 = ZL = 0; 1Zs

4. �«¥ªâà®®¥ ¨§¬¥¥¨¥ ¤®¡à®â®áâ¨ ¨à¥§® á®© ç áâ®âë�¥â «¨§¨à®¢  ï ª àâ¨  í«¥ªâà®®£® á¬¥é¥-¨ï ç áâ®âë ¨ áã¦¥¨ï à¥§® áëå ªà¨¢ëå ¢ëã¦-¤¥ëå ª®«¥¡ ¨© ¬®¤ á m = N � 1; N � 2 ¢ á¨áâ¥-¬¥ á ¡®«ìè¨¬¨ ®âà ¦¥¨ï¬¨ ¯à¥¤áâ ¢«¥    à¨á. 2(EL 6= 0). �â¬¥ç¥®¥   à¨á. 1 ¨§ª®ç áâ®â®¥ á¬¥-é¥¨¥ à¥§® á®£® ¬ ªá¨¬ã¬  á®åà ï¥âáï ¤«ï ¬®-¤ë m = N �2 (à¨á. 2,a). �®¤  m = N�1 ®â«¨ç ¥âáï¢ëá®ª®ç áâ®âë¬ á¤¢¨£®¬ (à¨á. 2,¡), ®¡ãá«®¢«¥ë¬¢«¨ï¨¥¬ ¬®¤ë m = N .�®¡à®â®áâì ¬®¤ë m = N � 1 ¢ á«ãç ¥ M = 0 ¨g < 0; 002 ®¯à¥¤¥«ï¥âáï ¯®â¥àï¬¨   ¢å®¤¥ ¨ ¢ëå®¤¥.� á¯à¥¤¥«¥ë¥ ¯®â¥à¨ ¤ îâ § ¬¥âë© ¢ª« ¤ «¨èì¯à¨ g > 0; 002 (à¨á. 2,a, èâà¨å®¢ë¥ «¨¨¨). �® ¬¥à¥¢®§à áâ ¨ï M ¤® Mst à¥§® á ï ªà¨¢ ï áã¦ ¥â-áï, ¯à¨ç¥¬ ¯à®æ¥áá ¯à®¨áå®¤¨â ¢ ¯à¥¤¥« å ú£®àïç¥©û¯®«®áë ¯à®§à ç®áâ¨ (à¨á. 2,a, á¯«®èë¥ «¨¨¨).�ã¦¥¨¥ à¥§® áëå ªà¨¢ëå ¬®¤ á m 6 N � 2®¡êïáï¥âáï ¨§¬¥¥¨¥¬ ¤®¡à®â®áâ¨ Qm ª®«¥¡ -â¥«ì®£® ª®âãà  m-© ¬®¤ë. �¥«¨ç¨  Qm § ¢¨á¨â®â à¥§® á®© ç áâ®âë !m, ¥¬ª®áâ¨ Cm ¨ ¯à®¢®¤¨-¬®áâ¨ Gm:Qm = 1=(!mCmGm); Gm = Gzm + Ggm +Gem;£¤¥ Gzm | ¯à®¢®¤¨¬®áâì ¯®â¥àì   ¢å®¤¥ ¨ ¢ë-å®¤¥, Ggm | ¯à®¢®¤¨¬®áâì à á¯à¥¤¥«¥ëå ¯®â¥àì,Gem | ¤¥©áâ¢¨â¥«ì ï ç áâì í«¥ªâà®®© ¯à®¢®¤¨-¬®áâ¨ [10] Yem = Gem + iBem. �® ¬¥à¥ ã¢¥«¨ç¥-¨ï ª®íää¨æ¨¥â  M ¤® Mst ¯à®¨áå®¤¨â à®áâ § -ç¥¨ï jGemj ¨ ã¢¥«¨ç¥¨¥ ¤®¡à®â®áâ¨ Qm. � ®¡« á-â¨ M �= Mst Gm �= 0 ¨ ¤®¡à®â®áâì ®¡à é ¥âáï ¢¡¥áª®¥ç®áâì.5. �¥«¥ªæ¨ï ¬®¤ m = N � 2; N � 1 ¢ë¡®à®¬ãáª®àïîé¥£®  ¯àï¦¥¨ï V0�â àâ®¢ë¥ § ç¥¨ï ª®íää¨æ¨¥â  Mst ¤«ï ¬®¤ëm = N�2 ¢ ¢®«®¢®¤¥ á ¡®«ìè¨¬¨ ®âà ¦¥¨ï¬¨ § -ª«îç¥ë ¢ ¤¢ãå ®¡« áâïå  ¯àï¦¥¨ï V0 (à¨á. 3). �¨-¨¬ã¬ëMst ®¯à¥¤¥«ïîâáï ¬¥å ¨§¬ ¬¨ ��� ¨ ���,¯à¨å®¤ïâáï    ¯àï¦¥¨ï á¨åà®¨§¬  á ¯àï¬®© ¨®¡à â®© ¢®« ¬¨. �â¬¥ç¥®¥   à¨á. 1 á®®â®è¥-¨¥ ¬¥¦¤ã ç áâ®â®© £¥¥à æ¨¨ !0 ¨ ¨§ª®ç áâ®â®©£à ¨æ¥© ª®¬¯«¥ªá®£® à¥è¥¨ï ¯à¨  «¨ç¨¨ ¯®â®ª !LF (!G < !LF ) ¥ ¢ë¯®«ï¥âáï ¢ ¢ëá®ª®¢®«ìâ®©®¡« áâ¨.�¨¨¬ã¬ Mst ¤«ï ¬®¤ë m = N � 1 ¡®«¥¥ £«ã¡®-ª¨© ¨ ¯à¨å®¤¨âáï ¯à¨¬¥à®    ¯àï¦¥¨¥ á¨åà®-¨§¬  ¢ ®¡« áâ¨ ç áâ®â �-¢¨¤ . �à¨ ¨§ª®¢®«ìâ®¬á¬¥é¥¨¨ ®â �-¢¨¤  § ¢¨á¨¬®áâ¨Mst ®â V0 ¯¥à¥á¥ª -îâáï, çâ® á®®â¢¥âáâ¢ã¥â ¤¢ãåç áâ®â®¬ã à¥¦¨¬ã £¥-¥à æ¨¨.6. �«¨ï¨¥ ®âà ¦¥¨©   ãá«®¢¨ï £¥¥à æ¨¨ ¢®¡« áâ¨ ¬®¤ m = N � 1; N� áç¥âë ¯®ª § «¨, çâ® ¯à¨ ¡®«ìè¨å ®âà ¦¥¨-ïå ¬®¤  m = N ®â«¨ç ¥âáï á¨«ì®© § ¢¨á¨¬®á-



28 �¥áâ¨ª �®áª®¢áª®£® ã¨¢¥àá¨â¥â . �¥à¨ï 3. �¨§¨ª . �áâà®®¬¨ï. 1998. ü 2âìî ¤®¡à®â®áâ¨ ®â ¯ à ¬¥âà  ¯®â¥àì g ¨ ã¦¥ ¯à¨g > 0; 0002  ¬¯«¨âã¤  ¢ëã¦¤¥ëå ª®«¥¡ ¨© ¬®-¤ë áãé¥áâ¢¥® ¯ ¤ ¥â. � «ì¥©è¨¥ ¨áá«¥¤®¢ ¨ï£¥¥à æ¨¨ ¢¥«¨áì ¯à¨ ãç¥â¥ ¯®â¥àì ¨ ¯à¨ ãá«®¢¨¨á¨åà®¨§¬    ç áâ®â¥ �-¢¨¤ .�¬¥ìè¥¨¥ ®âà ¦¥¨© ¯® ¬¥à¥ ã¢¥«¨ç¥¨ï ¯ -à ¬¥âà  Z0=Zs = ZL=Zs ¢«¨ï¥â   áâ àâ®¢ë¥ ãá«®-¢¨ï ç¥à¥§ á¬¥é¥¨¥ £à ¨æë ª®¬¯«¥ªá®£® à¥è¥¨ï(à¨á. 4). �§¬¥¥¨¥ Mst ¯®¢â®àï¥â å®¤ § ¢¨á¨¬®áâ¨à ááâà®©ª¨ j�!LF j=!� , £¤¥ �!LF = !LF � !� < 0.� áâ®â  £¥¥à æ¨¨ !G ¨á¯ëâë¢ ¥â ¢ëá®ª®ç áâ®â®¥í«¥ªâà®®¥ á¬¥é¥¨¥ �!G = !G � !� < 0, ã¬¥ì-è îé¥¥áï á ã«ãçè¥¨¥¬ á®£« á®¢ ¨ï. �à¨ ¡®«ì-è¨å ®âà ¦¥¨ïå Z0 = ZL 6 0; 2Zs ç áâ®â  £¥¥-à æ¨¨  å®¤¨âáï ¢ ú£®àïç¥©û ¯®«®á¥ ¯à®§à ç®áâ¨j�!Gj > j�!LF j, çâ® á®®â¢¥âáâ¢ã¥â ¢®§¡ã¦¤¥¨î ¬®-¤ë m = N � 1.�à¨ ¬ «ëå ®âà ¦¥¨ïå Z0 = ZL > 0; 5Zs ¯® ¬¥à¥ã«ãçè¥¨ï á®£« á®¢ ¨ï ç áâ®â  £¥¥à æ¨¨ ¯à¨¡«¨-¦ ¥âáï ª ç áâ®â¥ �-¢¨¤  ¨ á®¢¥àè ¥âáï ¯¥à¥å®¤ ®âà¥¦¨¬  ¢®§¡ã¦¤¥¨ï ¬®¤ë ª®«¥¡ ¨© m = N , ¢®§-¬ãé¥®© ¯®â®ª®¬, ª à¥¦¨¬ã ���{��� ¯à¨ ¬ «ëå¯®â¥àïå ¨ ª í«¥ªâà®®© ¬®¤¥ £¥¥à æ¨¨ ¯à¨ ¯®â¥-àïå, ¡«¨§ª¨å ª ªà¨â¨ç¥áª¨¬.
�¨á. 3. � ¢¨á¨¬®áâ¨ áâ àâ®¢®£® § ç¥¨ï ª®íää¨æ¨¥-â  ¢§ ¨¬®¤¥©áâ¢¨ï Mst ¬®¤ m = N � 2 (ªà¨¢ë¥ 1, 2)¨ m = N � 1 (ªà¨¢ ï 3), à ááâà®¥ª ç áâ®âë £¥¥à æ¨¨j�!Gj=!� ¯à¨m = N�2 (ªà¨¢ë¥ 4, 5) ¨m = N�1 (ªà¨-¢ ï 6), à ááâà®¥ª ç áâ®â ¨§ª®ç áâ®â®© j�!LF j=!�(ªà¨¢ ï 7) ¨ ¢ëá®ª®ç áâ®â®© j�!HF j=!� (ªà¨¢ ï 8)£à ¨æ ®¡« áâ¨ ª®¬¯«¥ªá®£® à¥è¥¨ï ®â ãáª®àïîé¥-£®  ¯àï¦¥¨ï V0. I0 = 5 ª�, !q=! = 0; 25, g = 0,Z0 = ZL = 0; 1Zs7. �§ ¨¬®¤¥©áâ¢¨¥ ¬®¤ m = N � 1; N ¨ ¨åª®®¯¥à æ¨ï ¯®¤ ¢«¨ï¨¥¬ ¯®â®ª � à¥¦¨¬¥ á®£« á®¢ ¨ï ¢¡«¨§¨ ¬ ªá¨¬ã¬  Mst¯à¨ Z0 = ZL = 0; 4Zs (à¨á. 4) ®â¬¥ç ¥âáï ¢®§¡ã¦-

¤¥¨¥ ¬®¤ m = N � 1; N , ¢®§¬ãé¥ëå ¯®â®ª®¬.� íâ®¬ à¥¦¨¬¥ Mst �= 0; 1 ¨ à¥§® áë¥ ç áâ®âë¬®¤ m = N � 1; N á®£« á® à¨á. 1 ¯®¯ ¤ îâ ¢ ®¡-« áâì ª®¬¯«¥ªá®£® à¥è¥¨ï. �à®æ¥ááë § ¢¨áïâ ®âà¥ ªâ¨¢®£® § âãå ¨ï, ãá¨«¥¨ï ��� ¨ ¢§ ¨¬®¤¥©-áâ¢¨ï ���-â¨¯ . �¥§® áë¥ ç áâ®âë ¢ëã¦¤¥ëåª®«¥¡ ¨© ¯à¨ M = 0,07{0,10 â ª¦¥ § ¬¥â® ¡®«ìè¥ç áâ®â £à ¨æ ª®¬¯«¥ªá®£® à¥è¥¨ï, à¨á. 5,a.

�¨á. 4. � ¢¨á¨¬®áâ¨ áâ àâ®¢®£® § ç¥¨ï ª®íää¨æ¨¥â ¢§ ¨¬®¤¥©áâ¢¨ïMst (ªà¨¢ë¥ 1, 4, 7), à ááâà®¥ª ç áâ®âë£¥¥à æ¨¨ j�!Gj=!� (ªà¨¢ë¥ 2, 5, 8) ¨ ç áâ®âë £à ¨-æë áãé¥áâ¢¥®£® ª®¬¯«¥ªá®£® à¥è¥¨ï j�!LF j=!�(ªà¨¢ë¥ 3, 6) ¢ ®¡« áâ¨ ¬®¤ m = N � 1; N ®â ¯ à ¬¥â-à  á®£« á®¢ ¨ï Z0=Zs = ZL=Zs ¯à¨ à á¯à¥¤¥«¥ëå¯®â¥àïå g = 0; 002 (1{3, 7, 8); 0,02 (4{6) ¨  ¯àï¦¥¨-ïå á¨åà®¨§¬  V0 = 450 ª� (1{6), 186 ª� (7, 8) ¤«ï!q=! = 0; 25 (1{6), 0,01 (7, 8). I0 = 5 ª�� á«ãç ¥ ¬ «ëå M ¬ ªá¨¬ã¬ë à¥§® áëå ªà¨-¢ëå ¬®¤ m = N � 1; N à §¤¥«¥ë ¨ ¡«¨§ª¨ ª úå®-«®¤ë¬û § ç¥¨ï¬, à¨á.5,¡. �âç¥â«¨¢® ¢ëï¢«¥ë ª®-«¥¡ ¨ï ¬®¤ë m = N , ¨¬¥îé¥© ¡®«ìèãî ¤®¡à®â-®áâì. �® ¬¥à¥ ã¢¥«¨ç¥¨ïM ¬ ªá¨¬ã¬ë á¡«¨¦ îâ-áï. � ¡«î¤ ¥âáï í«¥ªâà® ï ª®®¯¥à æ¨ï ¬®¤. �¡«¨-§¨ áâ àâ®¢®£® § ç¥¨ï Mst ¬ ªá¨¬ã¬ë á«¨¢ îâáï ¨ãáâ  ¢«¨¢ ¥âáï ¥¤¨ë© ¯à®æ¥áá (ú£®àïç ïû ¬®¤ ).
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�¨á. 5. � ¢¨á¨¬®áâ¨ á¤¢¨£  ä §ë 'j=� (ªà¨¢ë¥ 1, 2) ¨ ¯ à ¬¥âà  § âãå ¨ï �j (ªà¨¢ë¥ 3, 4) (a), ¬®é®áâ¨®¡à â®© ¢®«ë ¢  ç «ì®¬ á¥ç¥¨¨ PBW (0) (¡) ®â ç áâ®â®© à ááâà®©ª¨ �!=!G ¤«ï ª®ää¨æ¨¥â®¢ í«¥ª-âà®®£® ¢§ ¨¬®¤¥©áâ¢¨ï M = 0; 07 (1, 3, 5), 0,08 (6), 0,09 (7), 0,094 (8), 0,096 (9), 0,10 (2, 4, 10). I0 = 5 ª�,V0 = 450 ª�, EL = 0; 001, !q=! = 0; 25, g = 0; 002, Z0 = ZL = 0; 4Zs8. �á®¡¥®áâ¨ à¥¦¨¬  ¬ «®£® ¯à®áâà áâ¢¥®£®§ àï¤ �à¨ !q=! � 0; 01 ¯à®æ¥ááë ¨§¬¥ïîâáï ¨§-§  ¤¨- ¬¨ç¥áª®£® á¡«¨¦¥¨ï «¨¨© ¢®« ¯®â®ª . �á«®¢¨¥!G > !LF ¢ë¯®«ï¥âáï ã¦¥ ¯à¨ ¬ «ëå M . �¡®áâàï-¥âáï ª®ªãà¥æ¨ï ¬®¤, ¨   £à ä¨ª å â¨¯  à¨á. 1,¡¨áç¥§ îâ «¨¨¨ £¥¥à æ¨¨ ¬®¤ m = N � 2; N � 4.�à¨ ®âà ¦¥¨ïå § ç¥¨ï Mst ¬®¤ë m = N � 1 ¯®-¨¦ îâáï,   ®âáâà®©ª  ç áâ®âë £¥¥à æ¨¨ ®â �-¢¨¤ ¢®§à áâ ¥â (à¨á. 4). �®¤  m = N ¯®çâ¨ ¥ ¢®§¡ã¦¤ -¥âáï.� ª«îç¥¨¥�à¨ § ç¨â¥«ìëå ®âà ¦¥¨ïå ¢«¨ï¨¥ ¯®â®ª ¯à®ï¢«ï¥âáï ¢ ¯®¤ ¢«¥¨¨ ª®«¥¡ â¥«ìëå ¬®¤ ¨§-§ á¬¥é¥¨ï £à ¨æë ª®¬¯«¥ªá®£® à¥è¥¨ï. �à¨ á« -¡®© á¢ï§¨ ¯®â®ª  ¨ ¯®«ï  ¨¡®«¥¥ íää¥ªâ¨¢® ¢®§-¡ã¦¤¥¨¥ ¬®¤ë m = N � 1. �® ¬¥à¥ ã¬¥ìè¥¨ï®âà ¦¥¨© ®â¬¥ç ¥âáï ª®®¯¥à æ¨ï ¬®¤ m = N�1; N¨ ¯¥à¥å®¤ ª £¥¥à æ¨¨   ç áâ®â¥ �-¢¨¤ .�¨â¥à âãà 1. �«¥ªá ¤à®¢ �.�., � «ã§® �.�., �  ¢¥æ �.�. ¨ ¤à. //���. 1981. 51, ü 8. �. 1727.2. �«¥ªá ¤à®¢ �.�., �ä®¨ �.�., � «ã§® �.�. ¨ ¤à. // �¥«ï-â¨¢¨áâáª ï ¢ëá®ª®ç áâ®â ï í«¥ªâà®¨ª . �®àìª¨©, 1981.ü 2. �. 145.
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