
ISSN 1028 -7507 �ªãáâ¨ç­¨© ¢÷á­¨ª. 2001. �®¬ 4, N 2. �. 3 { 10��� 534.26:539.3+548.1��������������� ����������������������� ���������� ���� � �������������������������� ����������. �. ���, �. �. ��������, �. �. �����®­¥æª¨© ­ æ¨®­ «ì­ë© ã­¨¢¥àá¨â¥â�®«ãç¥­® 23.01.2001�à®¢¥¤¥­® ª ç¥áâ¢¥­­®¥ ¨ ª®«¨ç¥áâ¢¥­­®¥ ¨áá«¥¤®¢ ­¨¥ § ª®­®¬¥à­®áâ¥© «®ª «¨§ æ¨¨ ¢ ¢ëá®ª®ç áâ®â­®¬ ª®à®âª®-¢®«­®¢®¬ ¤¨ ¯ §®­¥ ¤«ï ­®à¬ «ì­ëå ã¯àã£¨å ¢®«­ á à §«¨ç­®© ®à¨¥­â æ¨¥© ­ ¯à ¢«¥­¨ï à á¯à®áâà ­¥­¨ï ¢ ¯«®á-ª®áâ¨ ¤¢ãåá«®©­®£® ¢®«­®¢®¤  ¨§ ®àâ®à®¬¡¨ç¥áª¨å ¬®­®ªà¨áâ ««®¢ á ª®««¨­¥ à­ë¬¨ ®áï¬¨ ã¯àã£®© á¨¬¬¥âà¨¨.�à¨¢¥¤¥­ë à¥§ã«ìâ âë ¨««îáâà â¨¢­ëå à áç¥â®¢ ª¨­¥¬ â¨ç¥áª¨å ¨ í­¥à£¥â¨ç¥áª¨å å à ªâ¥à¨áâ¨ª «®ª «¨§®¢ ­-­ëå ¢®«­ ¤«ï ¢®«­®¢®¤ , ¢ ª®â®à®¬ à¥ «¨§ãîâáï ç¥âëà¥ â¨¯  «®ª «¨§ æ¨¨. �®ª § ­®, çâ® ¤«ï à §«¨ç­ëå ­ -¯à ¢«¥­¨© à á¯à®áâà ­¥­¨ï ­®à¬ «ì­ëå ¢®«­ ¢ ¤¢ãåá«®©­®© ªà¨áâ ««¨ç¥áª®© ¯« áâ¨­¥ ®àâ®à®¬¡¨ç¥áª®© á¨áâ¥¬ëá ª®««¨­¥ à­ë¬¨ ã¯àã£®íª¢¨¢ «¥­â­ë¬¨ ­ ¯à ¢«¥­¨ï¬¨ ®¡à §ãîé¨å á«®¥¢ ¬®¦¥â à¥ «¨§®¢ âìáï è¨à®ª¨© á¯¥ªâà¬¥å ­¨§¬®¢ «®ª «¨§ æ¨¨ ¢ ¢ëá®ª®ç áâ®â­®¬ ª®à®âª®¢®«­®¢®¬ ¤¨ ¯ §®­¥.�à®¢¥¤¥­® ïª÷á­¥ â  ª÷«ìª÷á­¥ ¤®á«÷¤¦¥­­ï § ª®­®¬÷à­®áâ¥© «®ª «i§ æiù ã ¢¨á®ª®ç áâ®â­®¬ã ª®à®âª®å¢¨«¥¢®¬ã ¤÷ -¯ §®­÷ ¤«ï ­®à¬ «ì­¨å ¯àã¦­¨å å¢¨«ì ÷§ à÷§­®î ®àiõ­â æ÷õî ­ ¯àï¬ã à®§¯®¢áî¤¦¥­­ï ¢ ¯«®é¨­÷ ¤¢®è à®¢®£® å¢¨-«¥¯à®¢®¤ã § ®àâ®à®¬¡iç­¨å ¬®­®ªà¨áâ «÷¢ ÷§ ª®«i­¥ à­¨¬¨ ®áï¬¨ ¯àã¦­®ù á¨¬¥âà÷ù. � ¢¥¤¥­÷ à¥§ã«ìâ â¨ ÷«îáâà -â¨¢­¨å à®§à åã­ª÷¢ ª÷­¥¬ â¨ç­¨å â  ¥­¥à£¥â¨ç­¨å å à ªâ¥à¨áâ¨ª «®ª «÷§®¢ ­¨å å¢¨«ì ¤«ï å¢¨«¥¯à®¢®¤ã, ¢ ïª®¬ãà¥ «÷§ãîâìáï ç®â¨à¨ â¨¯¨ «®ª «÷§ æ÷ù. �®ª § ­®, é® ¤«ï à÷§­¨å ­ ¯àï¬ª÷¢ à®§¯®¢áî¤¦¥­­ï ­®à¬ «ì­¨å å¢¨«ì ã¤¢®è à®¢÷© ªà¨áâ «÷ç­÷© ¯« áâ¨­÷ ®àâ®à®¬¡÷ç­®ù á¨áâ¥¬¨ § ª®«÷­¥ à­¨¬¨ ¯àã¦­®¥ª¢÷¢ «¥­â­¨¬¨ ­ ¯àï¬ª ¬¨ ãâ¢®-àîîç¨å è à÷¢ ¬®¦¥ à¥ «÷§ã¢ â¨áï è¨à®ª¨© á¯¥ªâà ¬¥å ­÷§¬÷¢ «®ª «÷§ æ÷ù ã ¢¨á®ª®ç áâ®â­®¬ã ª®à®âª®å¢¨«¥¢®¬ã¤÷ ¯ §®­÷.The qualitative and numerical investigation of regularities of localization in high-frequency short-wave band for normalelastic waves with di�erent propagation directions in plane of the bilayer waveguide of two orthorhombic monocrystals withcollinear axes of symmetry is carried out. The results of illustrative computation of kinematic and power characteristicsof localized waves are given for the waveguide, in which the four localization types are provided. It is shown, thatfor diverse normal waves propagation directions in the two-layered crystalline plate of orthorombic system with collinearelasto-equivalent directions of forming layers a wide spectrum of localization mechanisms in the high-frequency short-waverange can take place.���������¤­¨¬ ¨§ ®á­®¢­ëå  á¯¥ªâ®¢ ¯à®¡«¥¬ë ¨áá«¥-¤®¢ ­¨ï á¯¥ªâà  ¨ á¢®©áâ¢ ­®à¬ «ì­ëå ã¯àã£¨å¢®«­ ¤«ï ¢®«­®¢®¤®¢ ¢ ¢¨¤¥ ®¤­®á«®©­ëå «¨¡®¬­®£®á«®©­ëå ¯« áâ¨­ ¯à®áâà ­áâ¢¥­­®© £¥®¬¥-âà¨¨ ï¢«ï¥âáï ¨§ãç¥­¨¥ ¯à¥¤¥«ì­ëå á¢®©áâ¢ ¬®¤à á¯à®áâà ­ïîé¨åáï ¢®«­ ¢ ¢ëá®ª®ç áâ®â­®¬ ª®-à®âª®¢®«­®¢®¬ ¤¨ ¯ §®­¥. � ¨¡®«ìè¥¥ ª®«¨ç¥-áâ¢® ¨áá«¥¤®¢ ­¨© ¢ ®¡« áâ¨  ­ «¨§  ¬¥å ­¨§¬®¢«®ª «¨§ æ¨¨ ­®à¬ «ì­ëå ¢®«­ ¢ ®¤­®á«®©­ëå ¨¤¢ãåá«®©­ëå ¯« áâ¨­ å ª á ¥âáï ®¯¨á ­¨ï ¢ à¨- ­â®¢ ¨ ®á®¡¥­­®áâ¥© ¯à¥¤¥«ì­®£® ¯®¢¥¤¥­¨ï ¢ë-á®ª®ç áâ®â­ëå ª®à®âª¨å ¢®«­ ¢ ¨§®âà®¯­ëå ¯« -áâ¨­ å [1 { 6] ¨ ¯« áâ¨­ å ¨§ ¬ â¥à¨ «®¢ £¥ªá -£®­ «ì­®© á¨áâ¥¬ë [7, 8]. �®à¬ «ì­ë¥ ¢®«­ë ¢â ª¨å ¯« áâ¨­ å ¯à¥¤áâ ¢«¥­ë ¬®¤ ¬¨ ­¥§ ¢¨-á¨¬ëå ¤¢ãå¯ àæ¨ «ì­ëå P -SV - ¨ ®¤­®¯ àæ¨ «ì-­ëå SH-¢®«­. � ª®­®¬¥à­®áâ¨ ¯à¥¤¥«ì­®£® ¯®-¢¥¤¥­¨ï áª®à®áâ¥© ­®à¬ «ì­ëå ¢®«­ ¢ ¨§®âà®¯-­ëå ¯« áâ¨­ å ®å à ªâ¥à¨§®¢ ­ë ¢ ¯ã¡«¨ª æ¨-ïå [4 { 6]. �¥ª®â®àë¥ à¥§ã«ìâ âë ¯®¤®¡­®£® ¯« ­ ¤«ï ¯®¯¥à¥ç­®- ­¨§®âà®¯­ëå ¯« áâ¨­ ¯®«ãç¥­ë ¢à ¡®â å [7 { 10]. �«ï ¯« áâ¨­ á  ­¨§®âà®¯­ë¬¨
®¡à §ãîé¨¬¨ á«®ï¬¨ ®àâ®à®¬¡¨ç¥áª®© á¨áâ¥¬ëà áá¬ âà¨¢ ¥¬ ï ¯à®¡«¥¬  ¤ ¦¥ ¯à¨ ãá«®¢¨¨ ª®«-«¨­¥ à­®áâ¨ ã¯àã£®íª¢¨¢ «¥­â­ëå ­ ¯à ¢«¥­¨© ¢á«®ïå áãé¥áâ¢¥­­® ãá«®¦­ï¥âáï, çâ® á¢ï§ ­® á ®á®-¡¥­­®áâï¬¨ «®ª «¨§ æ¨¨ âà¥å¯ àæ¨ «ì­ëå ¢®«­®-¢ëå ¤¢¨¦¥­¨© ¯à¨ à §«¨ç­ëå ­ ¯à ¢«¥­¨ïå à á-¯à®áâà ­¥­¨ï ¢ ª ¦¤®¬ ¨§ ®¡à §ãîé¨å á«®¥¢.� ­ áâ®ïé¥© áâ âì¥ á ãç¥â®¬ â®£®, çâ® áâàãª-âãà  ¯à¥¤áâ ¢«¥­¨© «®ª «¨§®¢ ­­ëå ­®à¬ «ì­ëå¢®«­ ¢ ¢ëá®ª®ç áâ®â­®¬ ª®à®âª®¢®«­®¢®¬ ¤¨ ¯ -§®­¥ ¤«ï ¢®«­®¢®¤®¢ «î¡®£® â¨¯  á¢ï§ ­  á â¨-¯®¬ ª®à­¥© å à ªâ¥à¨áâ¨ç¥áª¨å ¬­®£®ç«¥­®¢ á¨-áâ¥¬  ¬¯«¨âã¤­ëå ¤¨­ ¬¨ç¥áª¨å ãà ¢­¥­¨© ¤¢¨-¦¥­¨ï, à¥ «¨§ã¥âáï ª ç¥áâ¢¥­­ë© ¨ ª®«¨ç¥áâ¢¥­-­ë©  ­ «¨§ ¢®§¬®¦­ëå â¨¯®¢ «®ª «¨§ æ¨¨ ª®à®â-ª¨å ¢ëá®ª®ç áâ®â­ëå ­®à¬ «ì­ëå ¢®«­. �áá«¥-¤®¢ ­¨¥ ¯à®¢¥¤¥­® ¤«ï ¢®«­, à á¯à®áâà ­ïîé¨å-áï ¢¤®«ì ¯à®¨§¢®«ì­®£® ­ ¯à ¢«¥­¨ï ¢ ¯«®áª®áâ¨¤¢ãåá«®©­®£® ¢®«­®¢®¤  ¨§ ®àâ®à®¬¡¨ç¥áª¨å ¬®-­®ªà¨áâ ««¨ç¥áª¨å ¯«®áª¨å á«®¥¢ á ª®««¨­¥ à­ë-¬¨ ®áï¬¨ ã¯àã£®© á¨¬¬¥âà¨¨. �¯¨á ­ë ª¨­¥¬ -â¨ç¥áª¨¥ ¨ í­¥à£¥â¨ç¥áª¨¥ á¢®©áâ¢  «®ª «¨§®¢ ­-­ëå ¢®«­ ¤«ï à §«¨ç­ëå â¨¯®¢ ªà¨áâ ««¨ç¥áª¨å¢®«­®¢®¤®¢.c
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ISSN 1028 -7507 �ªãáâ¨ç­¨© ¢÷á­¨ª. 2001. �®¬ 4, N 2. �. 3 { 101. ���������� ������������������������������� ����������¤­®à®¤­ ï £à ­¨ç­ ï § ¤ ç , ®¯¨áë¢ îé ïà á¯à®áâà ­¥­¨¥ ã¯àã£¨å ¢®«­ ¢ § ­¨¬ îé¥¬®¡« áâì V = V � [ V +;V � = �(x1; x2) 2 R2; �h � x3 < 0	;V + = �(x1; x2) 2 R2; 0 � x3 � h+	; (1)¤¢ãåá«®©­®¬ ¢®«­®¢®¤¥ ®àâ®à®¬¡¨ç¥áª®© á¨áâ¥¬ëá® á¢®¡®¤­ë¬¨ ¢­¥è­¨¬¨ ¯«®áª¨¬¨ £à ­ï¬¨ G+:x3=h+, G�: x3=h� ¨ ¨¤¥ «ì­® ª®­â ªâ¨àãîé¨-¬¨ á¬¥¦­ë¬¨ ¯«®áª®áâï¬¨ ¢ª«îç ¥â á®®â­®è¥­¨ï(c�11@21+c�66@22+c�55@23�R2�C�1� ��@2t )U�1 ++(c�12+c�66)@1@2U�2 +(c�13+c�55)@1@3U�3 = 0;(c�12+c�66)@1@2U�1 +(c�22@22+c�66@21+c�44@23��R2�C�1� ��@2t )U�2 +(c�23+c�44)@2@3U�3 = 0;(c�13+c�55)@1@3U�1 +(c�23+c�44)@2@3U�2 ++(c�33@23+c�55@21+c�44@23�R2�C�1� ��@2t )U�3 = 0; (2)�+3j jx3=h+= 0; ��3j jx3=h�= 0; (3)U+j jx3=0= U�j jx3=0; �+3j jx3=0= ��3j jx3=0; (4)£¤¥ j=1; 3. � ãà ¢­¥­¨ïå ¤¢¨¦¥­¨ï (2) ¨ ªà ¥-¢ëå ãá«®¢¨ïå (3), (4) U�j (x1; x2; x3; t) { ª®¬¯«¥ªá-­ë¥ äã­ªæ¨¨ ¢®«­®¢ëå ¯¥à¥¬¥é¥­¨© ¢ ®¡à §ãî-é¨å á«®ïå V �; @j (j=1; 3) ¨ @t { ®¯¥à â®àë ç áâ-­®£® ¤¨ää¥à¥­æ¨à®¢ ­¨ï ¯® ª®®à¤¨­ â ¬ xj ¨ ¢à¥-¬¥­¨ t; c�ij ¨ �� { ­®à¬¨à®¢ ­­ë¥ ã¯àã£¨¥ ¯®áâ®-ï­­ë¥ ¨ ¯«®â­®áâì ¢®«­®¢®¤  ¢ ®¡« áâïå V � á®®â-¢¥âáâ¢¥­­®; R� { ­®à¬¨àãîé¨© ¯ à ¬¥âà ¤«ï ¢á¥å¢¥«¨ç¨­, ¨¬¥îé¨© «¨­¥©­ãî à §¬¥à­®áâì; C� {­®à¬¨àãîé¨© ¯ à ¬¥âà ¤«ï ¢¥«¨ç¨­ á à §¬¥à­®-áâìî ¬¥å ­¨ç¥áª¨å ­ ¯àï¦¥­¨©.�áá«¥¤®¢ ­¨¥ á¯¥ªâà  £ à¬®­¨ç¥áª¨å ­®à¬ «ì-­ëå ¢®«­ á ªàã£®¢®© ç áâ®â®© ! ¤«ï ¯à®¨§¢®«ì-­®£® ­ ¯à ¢«¥­¨ï à á¯à®áâà ­¥­¨ï, å à ªâ¥à¨§ã-¥¬®£® ã£«®¬ ' ¬¥¦¤ã ¢®«­®¢®© ­®à¬ «ìî ¨ ®áìîOx1, á¢®¤¨âáï ª  ­ «¨§ã á¯¥ªâà «ì­®© § ¤ ç¨,®¡à §ã¥¬®© á¨áâ¥¬ ¬¨ ®¡ëª­®¢¥­­ëå ¤¨ää¥à¥­-æ¨ «ì­ëå ãà ¢­¥­¨©f�1 00 + ��11f�1 + ��12f�2 + ��13f�3 0 = 0;��21f�1 + f�2 00 + ��22f�2 + ��23f�3 0 = 0;��31f�1 0 + ��32f�2 0 + f�3 00 + ��33f�3 = 0 (5)

®â­®á¨â¥«ì­® ª®¬¯«¥ªá­ëå  ¬¯«¨âã¤­ëå äã­ªæ¨©f�j (x3) ¢ ¯à¥¤áâ ¢«¥­¨ïåU�j = Re �f�j (x3)ei(k(n1x1+n2x2)�!t�;n1 = cos'; n2 = sin' (6)¨ á«¥¤ãîé¨¬¨ ¨§ á®®â­®è¥­¨© (3), (4) ®¤­®à®¤­ë-¬¨ £à ­¨ç­ë¬¨ ãá«®¢¨ï¬¨ ¤«ï f�j (x3). � ãà ¢­¥-­¨ïå (5) ��ij { í«¥¬¥­âë ¬ âà¨æ �à¨áâ®ää¥«ï ¤«ïáà¥¤, § ­¨¬ îé¨å ®¡« áâ¨ V �:��11 = [
2� � k2(c�11n21 + c�66n22)]=c�55;��22 = [
2� � k2(c�66n21 + c�11n22)]=c�44;��33 = [
2� � k2(c�55n21 + c�44n22)]=c�33;��12 = �k2n1n2(c�12 + c�66)=c�55;��21 = �k2n1n2(c�12 + c�66)=c�44;��13 = �ikn1(c�13 + c�55)=c�55;��23 = �ikn2(c�23 + c�44)=c�44;��31 = �ikn1(c�13 + c�55)=c�33;��32 = �ikn2(c�23 + c�44)=c�33: (7)�  ®á­®¢¥ ¯à¥¤áâ ¢«¥­¨© à¥è¥­¨© á¨áâ¥¬ë (5)f�j (x3) = 3Xm=1K�m��mj sin(��mx3)++ 3Xm=1K�m+3��mj cos(��mx3) (8)¨áª®¬®¥ ¤¨á¯¥àá¨®­­®¥ ãà ¢­¥­¨¥ ¤«ï ¢®«­ ¢ à á-á¬ âà¨¢ ¥¬®© áâàãªâãà¥ ¬®¦¥â ¡ëâì ¯®«ãç¥­® ¢¢¨¤¥ �(k;
) = �������� S+1 S+2 0 00 0 S�1 S�2S+3 0 S�3 00 S+4 0 S�4 �������� = 0: (9)� ¯à¥¤áâ ¢«¥­¨ïå (8), (9)K�j (i=1; 6) { ¯à®¨§¢®«ì-­ë¥ ¯®áâ®ï­­ë¥; ��mj { ª®íää¨æ¨¥­âë ¢¨¤ ��m1 = ��12��23 � ��13(��2m + ��22);��m2 = ��13��21 � ��23(��2m + ��11);��m3 = (���12��21 � ��13(��2m + ��11)��(��2m + ��22))=��m; (10)4 �. �. � ©, �. �. �â®à®¦¥¢, �. �. �¯ ª



ISSN 1028 -7507 �ªãáâ¨ç­¨© ¢÷á­¨ª. 2001. �®¬ 4, N 2. �. 3 { 10��m (m=1; 3) { ª®à­¨ å à ªâ¥à¨áâ¨ç¥áª¨å ãà ¢­¥-­¨© �à¨áâ®ää¥«ï ¤«ï ¬ â¥à¨ «®¢ ¢ ®¡« áâïå V �;S�q { ¬ âà¨ç­ë¥ ¡«®ª¨ à §¬¥à­®áâ¨ 3�3 á í«¥¬¥­-â ¬¨ S�qij (j=1; 3) ¢¨¤ S�11j = ��1j cos ��j h�;S�1ij = ��ij sin��j h� (i = 2; 3);S�21j = ���1j sin��j h�;S�2ij = ���ij cos ��j h� (i = 2; 3);S�3ij = ���ij (i = 1; 2);S�33j = ���1j ;S�4ij = c�i+3i+3��i+1j (i = 1; 2);S�43j = ��3j ; (11)��im (m=1; 3) { ¢¥«¨ç¨­ë, ®¯à¥¤¥«ï¥¬ë¥ ¨§ á®®â-­®è¥­¨©��1m = c�13in1 + c�23in2��2m + c�33��3m��m;��2m = in2��3m � ��2m��m;��3m = in1��3m � ��m; (12)
=2!h+=�v+SV { ¯à¨¢¥¤¥­­ë© ç áâ®â­ë© ¯ à -¬¥âà.2. ������������ ������ ����-����������� ����������¯à¥¤¥«ï¥¬ ï á®®â­®è¥­¨¥¬ (9) ¤¨á¯¥àá¨®­­ ïäã­ªæ¨ï �(k;
) ¢ ®¡é¥¬ á«ãç ¥ ¯à¨ ª®¬¯«¥ªá­ëåk ¡ã¤¥â ª®¬¯«¥ªá­®§­ ç­®©,   ¯à¨ ¤¥©áâ¢¨â¥«ì­ëå«¨¡® ¬­¨¬ëå §­ ç¥­¨ïå k ¯à¨­¨¬ ¥â ª ª ¤¥©áâ¢¨-â¥«ì­ë¥, â ª ¨ ¬­¨¬ë¥ §­ ç¥­¨ï. � á¢ï§¨ á íâ¨¬­ ç «ì­ë¬ íâ ¯®¬ íää¥ªâ¨¢­®£® ¨áá«¥¤®¢ ­¨ï ¯®-¤®¡­ëå ¤¨á¯¥àá¨®­­ëå á®®â­®è¥­¨© [8,9] ï¢«ï¥â-áï ¢¢¥¤¥­¨¥ ¢á¯®¬®£ â¥«ì­®© ª®®à¤¨­ â­®© ¯«®á-ª®áâ¨ ('; v), £¤¥ v { ä §®¢ ï áª®à®áâì ¡¥£ãé¥©­®à¬ «ì­®© ¢®«­ë, ¨ ¯®áâà®¥­¨¥ ­  ­¥© á¯¥æ¨ «ì-­ëå ®¡« áâ¥© Dj . �­ãâà¨ íâ¨å ®¡« áâ¥© â¨¯ ª®à-­¥© å à ªâ¥à¨áâ¨ç¥áª¨å ãà ¢­¥­¨© �à¨áâ®ää¥«ï¤«ï ª ¦¤®£® ¨§ ¬ â¥à¨ «®¢ ¤¢ãåá«®©­®£® ¢®«­®-¢®¤  ­¥ ¬¥­ï¥âáï ¨, ª ª á«¥¤áâ¢¨¥, ®áâ ¥âáï ¯®-áâ®ï­­ë¬ â¨¯ §­ ç¥­¨© ¤¨á¯¥àá¨®­­®© äã­ªæ¨¨�(k;
). �ë¤¥«¥­¨¥ â ª¨å ®¡« áâ¥© ¯®§¢®«ï¥â, ¢ç áâ­®áâ¨, íää¥ªâ¨¢­® ¯à¨¬¥­ïâì ¨§¢¥áâ­ë¥ ç¨-á«¥­­ë¥ ¬¥â®¤ë ¤«ï à áç¥â  ¤¥©áâ¢¨â¥«ì­ëå ¨¬­¨¬ëå ¬®¤ ¤¨á¯¥àá¨®­­®£® á¯¥ªâà .�à ­¨æë ®¡« áâ¥© Dj ®¯à¥¤¥«ïîâáï ãá«®¢¨ï-¬¨ áãé¥áâ¢®¢ ­¨ï ªà â­ëå ª®à­¥© ¡¨ªã¡¨ç¥áª®-£® å à ªâ¥à¨áâ¨ç¥áª®£® ãà ¢­¥­¨ï �à¨áâ®ää¥«ï.

�§ ¯¥à¢®£® ãá«®¢¨ï, § ª«îç îé¥£®áï ¢ à ¢¥­áâ¢¥­ã«î á¢®¡®¤­®£® ç«¥­  ãà ¢­¥­¨ï �à¨áâ®ää¥-«ï, á«¥¤ãîâ âà¨ § ¢¨á¨¬®áâ¨ fl1(') : v=vP (')g,fl2(') : v=vSH (')g ¨ fl3(') : v=vSV (')g, ª®â®-àë¥ ¯® ä¨§¨ç¥áª®¬ã á¬ëá«ã ï¢«ïîâáï § ¢¨á¨-¬®áâï¬¨ ä §®¢ëå áª®à®áâ¥© ®¡ê¥¬­ëå ª¢ §¨¯à®-¤®«ì­ëå (P ), ª¢ §¨¯®¯¥à¥ç­ëå (SV ) ¨ £®à¨§®­-â «ì­® ¯®«ïà¨§®¢ ­­ëå á¤¢¨£®¢ëå (SH) ¢®«­ ®â¯ à ¬¥âà  '.�â®à®¥ ãá«®¢¨¥, á®áâ®ïé¥¥ ¢ à ¢¥­áâ¢¥ ­ã«î¤¨áªà¨¬¨­ ­â  ãà ¢­¥­¨ï �à¨áâ®ää¥«ï, ¯à¥¤áâ -¢«ï¥â á®¡®©  «£¥¡à ¨ç¥áª®¥ ¯®«¨­®¬¨ «ì­®¥ ãà ¢-­¥­¨¥ è¥áâ®© áâ¥¯¥­¨ ®â­®á¨â¥«ì­® v2. �á«¨ ãíâ®£® ãà ¢­¥­¨ï ¨¬¥¥âáï ¤¥©áâ¢¨â¥«ì­ ï ¢¥â¢ìª®à­¥© v=vD('), â® á®®â¢¥âáâ¢ãîéãî ¥© ªà¨¢ãî¡ã¤¥¬ ®¡®§­ ç âì l4(').� ¤ ­­®¬ ¨áá«¥¤®¢ ­¨¨ ç¨á«¥­­ë©  ­ «¨§  á¨¬-¯â®â¨ç¥áª¨å ª®à®âª®¢®«­®¢ëå á¢®©áâ¢ ­®à¬ «ì-­ëå ¢®«­ ¯à®¢¥¤¥­ ¤«ï ¤¢ãåá«®©­ëå ¢®«­®¢®¤®¢âà¥å â¨¯®¢:1) ¢®«­®¢®¤ ¯¥à¢®£® â¨¯  ¨¬¥¥â á«®© V + ¨§ ¬®-­®ªà¨áâ ««  ®«¨¢¨­  ¨ á«®© V � ¨§ ¬®­®ªà¨-áâ ««  ¬ £­¨ï áã«ìä¨¤  £¥¯â £¨¤à â ;2) ¢®«­®¢®¤ ¢â®à®£® â¨¯  { á«®© V + ¨§ ¬®­®ªà¨-áâ ««  áâà®­æ¨ï ä®à¬¨ â  ¨ á«®© V � ¨§ ¬®-­®ªà¨áâ ««  à¥§®àæ¨­ ;3) ¢®«­®¢®¤ âà¥âì¥£® â¨¯  { á«®© V + ¨§ ¬®­®-ªà¨áâ ««  ©®¤­®¢ â®© ª¨á«®âë ¨ á«®© V � ¨§¬®­®ªà¨áâ ««  �-ãà ­ .�¨§¨ª®-¬¥å ­¨ç¥áª¨¥ ¯ à ¬¥âàë íâ¨å ¬®­®ªà¨-áâ ««®¢ § ¨¬áâ¢®¢ ­ë ¨§ à ¡®âë [11]. �«ï ¢®«-­®¢®¤®¢ ¯¥à¢®£® ¨ ¢â®à®£® â¨¯  h�=h+=1,   ¤«ï¢®«­®¢®¤  âà¥âì¥£® â¨¯  h�=h+=2. �  à¨á. 1 ¨ 2¯à¨¢¥¤¥­ë à á¯à¥¤¥«¥­¨ï ªà¨¢ëå l�i (i=1; 4) ­ ¯«®áª®áâ¨ ('; v) ¤«ï ¬ â¥à¨ «®¢ á«®¥¢ V � ¢®«­®-¢®¤®¢ ¢â®à®£® ¨ âà¥âì¥£® â¨¯®¢ á®®â¢¥âáâ¢¥­­®.� § èâà¨å®¢ ­­ëå ®¡« áâïå ¤¨á¯¥àá¨®­­ ï äã­ª-æ¨ï ¯à¨­¨¬ ¥â ¬­¨¬ë¥ §­ ç¥­¨ï,   ¢ ­¥§ èâà¨-å®¢ ­­ëå ®¡« áâïå { ¤¥©áâ¢¨â¥«ì­ë¥ §­ ç¥­¨ï.�«ï ¤ «ì­¥©è¥£®  ­ «¨§  ª®à®âª®¢®«­®¢ëåá¢®©áâ¢ ­®à¬ «ì­ëå ¢®«­ á¥¬¥©áâ¢® ªà¨¢ëål�i (i=1; 4) ¤®«¦­® ¡ëâì ¤®¯®«­¥­® ªà¨¢ë-¬¨ fl�5 (') : v=v�Rg ¤«ï áª®à®áâ¥© ¯®¢¥àå-­®áâ­ëå ¢®«­ �í«¥ï ­  ¢­¥è­¨å á¢®¡®¤­ëå£à ­ïå ®¡à §ãîé¨å ¢®«­®¢®¤ á«®¥¢ ¨ ªà¨¢®©fl6(') : v=vStg ¤«ï áª®à®áâ¨ ¢®«­ë �â®ã­-«¨ [12], «®ª «¨§®¢ ­­®© ã ¯«®áª®áâ¨ ª®­â ªâ á«®¥¢. �¢¥¤¥¬ â ª¦¥ ¢ à áá¬®âà¥­¨¥ á«¥¤ãî-é¨¥ § ¢¨á¨¬®áâ¨: vS=minfvSV ('); vSH(')g ¢ª ¦¤®¬ ¨§ ®¡à §ãîé¨å á«®¥¢ ¢®«­®¢®¤ ,   â ª¦¥�vS=minfv�S ('); v+S (')g, �vR=minfv�R('); v+R(')g ¨�. �. � ©, �. �. �â®à®¦¥¢, �. �. �¯ ª 5
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�¨á. 1. � á¯à¥¤¥«¥­¨¥ ªà¨¢ëå l�i ­  ¯«®áª®áâ¨ ('; v)¤«ï ¤¢ãåá«®©­®£® ¢®«­®¢®¤ \áâà®­æ¨©-ä®à¬¨ â { à¥§®àæ¨­"v̂R=maxfv�R('); v+R (')g ¤«ï ¤¢ãåá«®©­®£® ¢®«­®-¢®¤ , à áá¬ âà¨¢ ¥¬®£® ¢ æ¥«®¬.� ¤ çã ¨áá«¥¤®¢ ­¨ï  á¨¬¯â®â¨ç¥áª¨å á¢®©áâ¢¢ ¤¢ãåá«®©­®¬  ­¨§®âà®¯­®¬ ¢®«­®¢®¤¥ §­ ç¨-â¥«ì­® ãá«®¦­ï¥â ­ «¨ç¨¥ ¡®«ìè®£® ª®«¨ç¥áâ¢ ¯ à ¬¥âà®¢ ¤¨á¯¥àá¨®­­®£® ãà ¢­¥­¨ï (9). �®-íâ®¬ã ¯à¨­æ¨¯¨ «ì­® ¢ ¦­ë¬ ¬®¬¥­â®¬ ï¢«ï¥â-áï á¯®á®¡ ª« áá¨ä¨ª æ¨¨ ¨ à §£à ­¨ç¥­¨ï ãá«®¢¨©¤«ï à §«¨ç­ëå ¢®§¬®¦­ëå ¬¥å ­¨§¬®¢ «®ª «¨§ -æ¨¨ ­®à¬ «ì­ëå ¢®«­ ¢ ª®à®âª®¢®«­®¢®¬ ¤¨ ¯ §®-­¥.�«ï ¨§®âà®¯­®£® ¤¢ãåá«®©­®£® ¢®«­®¢®¤  ¢®§-¬®¦­ë âà¨ ¢ à¨ ­â  á®®â­®è¥­¨© ¬¥¦¤ã áª®à®-áâï¬¨ v�S , v̂R ¨ �vR,   ¨¬¥­­®:1) �vR < v�S < v̂R < v+S ;2) �vR < v̂R < v�S < v+S ;3) �vR < v̂R < v+S < v�S : (13)�«ï ¡®«ìè¨­áâ¢  ¤¢ãåá«®©­ëå ¢®«­®¢®¤®¢ ¨§ à¥- «ì­ëå ¬ â¥à¨ «®¢ å à ªâ¥à¥­ ¯¥à¢ë© ¢ à¨ ­âá®®â­®è¥­¨© ¬¥¦¤ã v�S , v̂R ¨ �vR. � íâ®¬ á«ãç ¥­¨§è ï ¬®¤  ­®à¬ «ì­ëå ¢®«­ ¢ ¢ëá®ª®ç áâ®â­®¬ª®à®âª®¢®«­®¢®¬ ¤¨ ¯ §®­¥ ¬®­®â®­­®  á¨¬¯â®-â¨ç¥áª¨ ¯à¨¡«¨¦ ¥âáï á­¨§ã ª ¯àï¬®© v=�vR,  ¢á¥ ®áâ «ì­ë¥ ¬®¤ë ¢ íâ®¬ ¤¨ ¯ §®­¥ ¨¬¥îâ á¢®-¨¬ ¯à¥¤¥«®¬  á¨¬¯â®âã v=v�S . �«¥¤®¢ â¥«ì­®, ¢íâ®¬ á«ãç ¥  á¨¬¯â®â¨ç¥áª¨¥ á¢®©áâ¢  ®¯à¥¤¥«ï-

�¨á. 2. � á¯à¥¤¥«¥­¨¥ ªà¨¢ëå l�i ­  ¯«®áª®áâ¨ ('; v)¤«ï ¤¢ãåá«®©­®£® ¢®«­®¢®¤ \©®¤­®¢ â ï ª¨á«®â  {�-ãà ­"îâáï å à ªâ¥à¨áâ¨ª ¬¨ ¬¥­¥¥ ¦¥áâª®£® á«®ï.�â®à®© ¨ âà¥â¨© ¢ à¨ ­âë á®®â­®è¥­¨© (13)¤«ï ¤¢ãåá«®©­ëå ¢®«­®¢®¤®¢ ¨§ à¥ «ì­ëå ¨§®âà®¯-­ëå ¬ â¥à¨ «®¢ ¢áâà¥ç îâáï à¥¦¥ ¨ á®£« áãîâ-áï á ­¥®¡å®¤¨¬ë¬ ãá«®¢¨¥¬ áãé¥áâ¢®¢ ­¨ï ¢®«­ë�â®ã­«¨ �vS>v̂R. � íâ¨å á«ãç ïå  á¨¬¯â®â¨ç¥-áª¨¥ ª®à®âª®¢®«­®¢ë¥ á¢®©áâ¢  ¬®¤ ­®à¬ «ì­ëå¢®«­ ¬®¦­® ®¯¨á âì á«¥¤ãîé¨¬ ®¡à §®¬. �ª®à®-áâ¨ v1 ¨ v2 ¤¢ãå ­¨§è¨å ¬®¤ ®¡« ¤ îâ ¯à¥¤¥«ì-­ë¬¨ á¢®©áâ¢ ¬¨ v1!�vR, v2! v̂R. �á¨¬¯â®â¨-ª  âà¥âì¥© ¬®¤ë § ¢¨á¨â ®â ä ªâ  áãé¥áâ¢®¢ ­¨ï¢®«­ë �â®ã­«¨ ¤«ï ¤ ­­®£® á®ç¥â ­¨ï ¬ â¥à¨ -«®¢: ¯à¨ ¥¥ ­ «¨ç¨¨ v3!vSt,   ¥á«¨ ¢®«­  �â®-ã­«¨ ®âáãâáâ¢ã¥â, â® v3!�vS. �á¥ ¬®¤ë á ­®¬¥-à ¬¨ n�4 ¯à¨ «î¡®¬ ¨§ ãá«®¢¨© (13) ¬®­®â®­­®áâà¥¬ïâáï á¢¥àåã ª  á¨¬¯â®â¨ç¥áª®© § ¢¨á¨¬®áâ¨v=�vS , â. ¥. vn!�vS (n�4).�«ï ¤¢ãåá«®©­ëå ¢®«­®¢®¤®¢ ¨§  ­¨§®âà®¯­ëå¬ â¥à¨ «®¢ ¯à¨­æ¨¯¨ «ì­ë¥ ®â«¨ç¨ï ¢ ®¯¨á ­-­ëå áå¥¬ å «®ª «¨§ æ¨¨ ¬®£ãâ ¯à®ï¢¨âìáï â®«ìª®¢ â®¬ á«ãç ¥, ¥á«¨ å®âï ¡ë ¤«ï ®¤­®£® ¨§ á«®¥¢ áã-é¥áâ¢ã¥â ­¥âà¨¢¨ «ì­ ï § ¢¨á¨¬®áâì vD('). �â-ª«®­¥­¨ï áª®à®áâ¥© ª®à®âª¨å ¢®«­ ®â ¯à¥¤¥«ì­ëå á¨¬¯â®â¨ç¥áª¨å §­ ç¥­¨© ¯à¨ ­ «¨ç¨¨ vD(') ¬®-£ãâ ï¢«ïâìáï ­¥ ¬®­®â®­­ë¬¨,   § âãå îé¨¬¨ á¨-­ãá®¨¤ «ì­® ¬®¤ã«¨à®¢ ­­ë¬¨. �à®¬¥ â®£®, á ¬¨§­ ç¥­¨ï vD(') ¬®£ãâ ¢ëáâã¯ âì ¢ ª ç¥áâ¢¥ ¯à¥-¤¥«ì­ëå  á¨¬¯â®â¨ç¥áª¨å §­ ç¥­¨© ¤«ï áª®à®áâ¥©­®à¬ «ì­ëå ¢®«­.6 �. �. � ©, �. �. �â®à®¦¥¢, �. �. �¯ ª



ISSN 1028 -7507 �ªãáâ¨ç­¨© ¢÷á­¨ª. 2001. �®¬ 4, N 2. �. 3 { 10
�¨á. 3. �¨ £à ¬¬  ä §®¢ëå áª®à®áâ¥© ­®à¬ «ì­ëå¢®«­ ¢ ¤¢ãåá«®©­®¬ ¢®«­®¢®¤¥\®«¨¢¨­ { ¬ £­¨©-áã«ìä¨¤-£¥¯â £¨¤à â"� à ¡®â¥ [8] ¤«ï ®¤­®á«®©­®£® ®àâ®âà®¯­®£®¢®«­®¢®¤  ¯®«ãç¥­ë ãá«®¢¨ï, ¯à¨ ª®â®àëå ¯à¥-¤¥«ì­ë¬ §­ ç¥­¨¥¬ áª®à®áâ¥© ­®à¬ «ì­ëå ¢®«­¢ ª®à®âª®¢®«­®¢®¬ ¤¨ ¯ §®­¥ áâ ­®¢¨âáï vD(').�­ ç¥­¨ï vD('), ª®â®àë¥ ¢ëáâã¯ îâ ¢ ª ç¥-áâ¢¥ ãª § ­­ëå ¯à¥¤¥«ì­ëå §­ ç¥­¨©, ®¡®§­ ç¨¬ª ª v�D('). �¢®¤ï ¢ à áá¬®âà¥­¨¥ § ¢¨á¨¬®áâ¨vSD=minfvS('); v�D(')g ¤«ï ª ¦¤®£® ¨§ ®¡à §ãî-é¨å á«®¥¢ ¢®«­®¢®¤  ¨ �vSD=minfv�SD('); v+SD(')g¤«ï ¢á¥£® ¤¢ãåá«®©­®£® ¢®«­®¢®¤ , ¬®¦­® áä®à¬ã-«¨à®¢ âì á«¥¤ãîé¨¥ § ª®­®¬¥à­®áâ¨ ¯à¥¤¥«ì­®£®¯®¢¥¤¥­¨ï ¬®¤ ­®à¬ «ì­ëå ¢®«­ ¤«ï ¤¢ãåá«®©­®£® ­¨§®âà®¯­®£® ¢®«­®¢®¤  ¢ ª®à®âª®¢®«­®¢®¬ ¤¨ -¯ §®­¥. �ãáâì N (') { ®¡é¥¥ ª®«¨ç¥áâ¢® ¯®¢¥àå-­®áâ­ëå ¢®«­ ¢ ¤¢ãåá«®©­®¬ ¢®«­®¢®¤¥, ¢ª«îç ï¢®«­ë �â®ã­«¨, ¨¬¥îé¨å áª®à®áâì à á¯à®áâà ­¥-­¨ï, ¬¥­ìèãî, ç¥¬ �vSD('):N (') =8>>>><>>>>: 1; �vR(') < �vSD('); v̂R(') > �vSD(');2; �vR(') < �vSD('); v̂R(') < �vSD(');3; �vR(') < �vSD('); v̂R(') < �vSD(');vSt(') < �vSD('):�®£¤  ç¨á«® ¢ à¨ ­â®¢ à¥ «¨§ãîé¨åáï  á¨¬¯â®-â¨ç¥áª¨å § ¢¨á¨¬®áâ¥© à ¢­® N+1,   ¯à¥¤¥«ì­ë-¬¨ §­ ç¥­¨ï¬¨ áª®à®áâ¥© ­®à¬ «ì­ëå ¢®«­ ¢ ª®-à®âª®¢®«­®¢®¬ ¤¨ ¯ §®­¥ ¡ã¤ãâ �vSD(') ¨ ¢á¥ §­ -ç¥­¨ï áª®à®áâ¥© ¯®¢¥àå­®áâ­ëå ¢®«­, ­¥ ¯à¥¢ë-è îé¨¥ �vSD(').

�¨á. 4. �¨ £à ¬¬  ä §®¢ëå áª®à®áâ¥© ­®à¬ «ì­ëå¢®«­ ¢ ¤¢ãåá«®©­®¬ ¢®«­®¢®¤¥\áâà®­æ¨©-ä®à¬¨ â { à¥§®àæ¨­"3. ��������� �����������¥ª®â®àë¥ à¥§ã«ìâ âë ç¨á«¥­­ëå ¨áá«¥¤®¢ ­¨©¯à¥¤¥«ì­ëå á¢®©áâ¢ áª®à®áâ¥© ¡¥£ãé¨å ­®à¬ «ì-­ëå ¢®«­ ¢ ­ ¯à ¢«¥­¨ïå '=0� ¨ '=90� ¤«ï ¤¢ãå-á«®©­ëå ¢®«­®¢®¤®¢ á ª®­â ªâ¨àãîé¨¬¨ á«®ï¬¨¨§ à §«¨ç­ëå ¬ â¥à¨ «®¢ ®àâ®à®¬¡¨ç¥áª®© á¨áâ¥-¬ë [11] ¯à¥¤áâ ¢«¥­ë ¢ â ¡«¨æ¥. �â­®á¨â¥«ì­ë¥â®«é¨­ë ª®­â ªâ¨àãîé¨å á«®¥¢ ¯®« £ îâáï à ¢-­ë¬¨. � áâ®«¡æ å 3 {9 ¯à¨¢¥¤¥­ë ¬¨­¨¬ «ì­ë¥áª®à®áâ¨ ®¡ê¥¬­ëå ¢®«­ ¢ ¬ â¥à¨ « å á«®¥¢, ®¡à -§ãîé¨å ¢®«­®¢®¤, áª®à®áâ¨ ¯®¢¥àå­®áâ­ëå ¢®«­�í«¥ï ¨ �â®ã­«¨,   â ª¦¥ §­ ç¥­¨ï v�D . �¥à¥§vi (i=1; 4) ®¡®§­ ç¥­ë ¯à¥¤¥«ì­ë¥ (¢ ª®à®âª®¢®«-­®¢®¬ ¢ëá®ª®ç áâ®â­®¬ ¤¨ ¯ §®­¥) §­ ç¥­¨ï ¤«ïáª®à®áâ¥© ­®à¬ «ì­ëå ¢®«­, ¯à¨­ ¤«¥¦ é¨å ¯¥à-¢ë¬ ç¥âëà¥¬ ¬®¤ ¬ à á¯à®áâà ­ïîé¨åáï ¢®«­ ¢¤¢ãåá«®©­®¬ ¢®«­®¢®¤¥.� à ªâ¥à  á¨¬¯â®â¨ç¥áª®£® ¯à¨¡«¨¦¥­¨ï áª®-à®áâ¥© ­®à¬ «ì­ëå ¢®«­ ª ¯à¥¤¥«ì­ë¬ § ¢¨á¨¬®-áâï¬ ¤«ï ç¥âëà¥å ­¨§è¨å ¬®¤ ¢® ¢¢¥¤¥­­ëå ¢ë-è¥ ¤¢ãåá«®©­ëå ¢®«­®¢®¤ å ¯¥à¢®£®, ¢â®à®£® ¨âà¥âì¥£® â¨¯®¢ ¯à¥¤áâ ¢«¥­ ­  à¨á. 3 { 5 á®®â¢¥â-áâ¢¥­­®. �«ï ¢®«­®¢®¤  ¯¥à¢®£® â¨¯  ¢ë¯®«­ï¥â-áï ¯¥à¢®¥ ¨§ á®®â­®è¥­¨© (13). � íâ®¬ á«ãç ¥­¨§è ï ¬®¤  ¡¥£ãé¨å ¢®«­ ¢ ¢ëá®ª®ç áâ®â­®¬ ª®-à®âª®¢®«­®¢®¬ ¤¨ ¯ §®­¥ áâà¥¬¨âáï ª  á¨¬¯â®â¥v=v�R ,   ¢á¥ ®áâ «ì­ë¥ ¬®¤ë ¡¥£ãé¨å ¢®«­ ¢ ª®-à®âª®¢®«­®¢®¬ ¯à¥¤¥«¥ áâà¥¬ïâáï á¢¥àåã ª § ¢¨-á¨¬®áâ¨ v=v�SV (à¨á. 3).�«ï ¢®«­®¢®¤  ¢â®à®£® â¨¯  ¢ë¯®«­ï¥âáï ¯¥à-�. �. � ©, �. �. �â®à®¦¥¢, �. �. �¯ ª 7



ISSN 1028 -7507 �ªãáâ¨ç­¨© ¢÷á­¨ª. 2001. �®¬ 4, N 2. �. 3 { 10� ¡«¨æ . �à¥¤¥«ì­ë¥ §­ ç¥­¨ï áª®à®áâ¥© ­®à¬ «ì­ëå ¢®«­ ¢ ¤¢ãåá«®©­ëå ¢®«­®¢®¤ åN � â¥à¨ «ë á«®¥¢ V +, V �; �­ ç¥­¨ï áª®à®áâ¥©, ª¬/á �à¥¤¥«ì­ë¥ áª®à®áâ¨­ ¯à ¢«¥­¨¥à á¯à®áâà ­¥­¨ï ' v�R v+R v�SV v+SV v�D v+D vSt v1 v2 v3 v42 3 4 5 6 7 8 9 10 11 12 131 �«¨¢¨­, � £­¨©-áã«ìä¨¤-£¥¯â £¨¤à â; 0� 3:431 4:673 3:716 4:936 v�R v�SV v�SV v�SV2 �¥­§®ä¥­®­,�âà®­æ¨©-ä®à¬¨ â; 0� 2:064 3:499 2:181 3:564 v�R v�SV v�SV v�SV3 �âà®­æ¨©-ä®à¬¨ â,�¥§®àæ¨­; 0� 1:454 2:064 1:854 2:181 1:591 v�R v�D v�D v�D4 �¨â¨©- ¬¬®­¨©-â àâà â,�¥§®àæ¨­; 0� 1:454 1:939 1:854 1:979 1:591 v�R v�D v�D v�D5 �¨â¨©- ¬¬®­¨©-â àâà â,�-ãà ­; 0� 1:850 1:939 1:960 1:979 v�R v+R v�SV v�SV6 �¨â¨©- ¬¬®­¨©-â àâà â,�¥£­¥â®¢  á®«ì; 90� 2:348 2:467 2:748 2:638 2:696 v�R v+R v+SV v+SV7 �¥­§®ä¥­®­,�¥à¬ ­ â «¨â¨ï; 90� 3:207 3:898 4:106 4:079 4:037 3:965 v�R v+R vSt v�D8 �®¤­®¢ â ï ª¨á«®â ,�-ãà ­; 0� 1:710 1:850 2:175 1:960 1:940 1:913 v+R v�R vSt v+D¢®¥ ¨§ ãá«®¢¨© (13) ®¤­®¢à¥¬¥­­® á ãá«®¢¨¥¬�vSD=v��D . � íâ®¬ á«ãç ¥ ­¨§è ï ¬®¤  ¡¥£ãé¨å¢®«­ ¯à¨ ¬ «ëå ¤«¨­ å ¢®«­ áâà¥¬¨âáï ª  á¨¬¯â®-â¥ v=v�R ,   ¢á¥ ®áâ «ì­ë¥ ¬®¤ë áâà¥¬ïâáï á¢¥àåãª  á¨¬¯â®â¥ v=v��D (à¨á. 4).�«ï ¢®«­®¢®¤  âà¥âì¥£® â¨¯  ¢ë¯®«­ï¥âáï âà¥-âì¥ ¨§ á®®â­®è¥­¨© (13), ¯à¨ç¥¬ ã £à ­¨æë ª®­-â ªâ  á«®¥¢ V � ¨ V + áãé¥áâ¢ã¥â ¢®«­  �â®ã­-«¨. �®¬¨¬® íâ®£®, ¢ë¯®«­ï¥âáï ãá«®¢¨¥ �vSD=v�+D .� íâ®¬ á«ãç ¥ áª®à®áâ¨ ¤¢ãå ­¨§è¨å ¬®¤ ¡¥-£ãé¨å ¢®«­ ¢ ª®à®âª®¢®«­®¢®¬ ¤¨ ¯ §®­¥ áâà¥-¬ïâáï ª  á¨¬¯â®â¨ç¥áª¨¬ § ¢¨á¨¬®áâï¬ v=�vR ¨v= v̂R, áª®à®áâì ¢®«­ âà¥âì¥© ¬®¤ë { ª § ¢¨á¨¬®-áâ¨ v=vSt,   áª®à®áâì ¢®«­ ç¥â¢¥àâ®© ¬®¤ë { ª§ ¢¨á¨¬®áâ¨ v=v�+D . � ª¨¬ ®¡à §®¬, ¤«ï íâ®£®¢®«­®¢®¤  ¢®§¬®¦­ë ç¥âëà¥ à §«¨ç­ë¥ ¯à¥¤¥«ì-­ë¥ §­ ç¥­¨ï áª®à®áâ¨ ­®à¬ «ì­ëå ¢®«­ ¢ ª®à®â-ª®¢®«­®¢®¬ ¤¨ ¯ §®­¥: v�R , v+R , vSt, v�+D .�¥ª®â®àë¥ ®á®¡¥­­®áâ¨ ª¨­¥¬ â¨ç¥áª¨å ¨í­¥à£¥â¨ç¥áª¨å å à ªâ¥à¨áâ¨ª ¨áá«¥¤ã¥¬ëå­®à¬ «ì­ëå ¢®«­ ¨««îáâà¨àãîâáï à áç¥â -¬¨, ¯à®¢¥¤¥­­ë¬¨ ¤«ï ¢®«­®¢®¤  âà¥âì¥£®â¨¯ . �«ï ¯®ª § ­­ëå ­  à¨á. 5 ¢®«­, ¯à¨-­ ¤«¥¦ é¨å ç¥âëà¥¬ ­¨§è¨¬ ¬®¤ ¬ íâ®£®¢®«­®¢®¤ , ¢ ¢ëá®ª®ç áâ®â­®¬ ª®à®âª®¢®«­®-¢®¬ ¤¨ ¯ §®­¥ ¯®«ãç¥­ë à á¯à¥¤¥«¥­¨ï ­®à-¬¨à®¢ ­­ëå §­ ç¥­¨© ã¯àã£¨å ¯¥à¥¬¥é¥­¨©U�j =Re [Uj=maxfU1m; U3mg], Ujm=max ~x3 jUjj(j=1; 3) ¨ ãáà¥¤­¥­­®£® §  ¯¥à¨®¤ ­®à¬¨à®¢ ­-­®£® ¯®â®ª  ¬®é­®áâ¨ P �1 =P1=max ~x3 jP1j ¯®â®«é¨­¥ ¢®«­®¢®¤  (~x3=x3=h+). �â¨ à á¯à¥¤¥«¥- �¨á. 5. �¨ £à ¬¬  ä §®¢ëå áª®à®áâ¥© ­®à¬ «ì­ëå¢®«­ ¢ ¤¢ãåá«®©­®¬ ¢®«­®¢®¤¥\©®¤­®¢ â ï ª¨á«®â  {�-ãà ­"­¨ï ¯à¥¤áâ ¢«¥­ë ­  à¨á. 6. �§ à¨á. 6, , ¡ ¢¨¤­®,çâ® ¤«ï ¢®«­ 1 ¨ 2, ¨¬¥îé¨å ä §®¢ë¥ áª®à®áâ¨,¡«¨§ª¨¥ ª v+R ¨ v�R , ­ ¡«î¤ ¥âáï íªá¯®­¥­æ¨ «ì­ë©à®áâ à áç¥â­ëå å à ªâ¥à¨áâ¨ª ¢¡«¨§¨ á¢®¡®¤-­ëå £à ­¥© ¢®«­®¢®¤  G+ ¨ G�. � ­®à¬ «ì­®©8 �. �. � ©, �. �. �â®à®¦¥¢, �. �. �¯ ª
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£�¨á. 6. �®à¬ë ¢®«­®¢ëå ¤¢¨¦¥­¨© ¨ à á¯à¥¤¥«¥­¨ï ¯«®â­®áâ¨ ¯®â®ª  ¬®é­®áâ¨¯® â®«é¨­¥ ¤¢ãåá«®©­®£® ¢®«­®¢®¤ ¢®«­¥ 3 á ä §®¢®© áª®à®áâìî, ¯à¨¡«¨¦ îé¥©áïª áª®à®áâ¨ ¯®¢¥àå­®áâ­®© ¢®«­ë �â®ã­«¨, ­ -¡«î¤ ¥âáï «®ª «¨§ æ¨ï å à ªâ¥à¨áâ¨ª U�j ¨ P �1 ¢¡«¨§¨ £à ­¨æë ª®­â ªâ  ®¡à §ãîé¨å á«®¥¢ (á¬.à¨á. 6,¢). �®áª®«ìªã ¤«ï ¢®«­®¢®¤  ¤ ­­®£® â¨¯  ¢­ ¯à ¢«¥­¨¨ à á¯à®áâà ­¥­¨ï '=0� ¢ë¯®«­ï¥âáï�. �. � ©, �. �. �â®à®¦¥¢, �. �. �¯ ª 9
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