
������ö �����ö ISSN 1561 -9087 �à¨ª« ¤  £÷¤à®¬¥å ÷ª . 1999. �®¬ 1 (73), N 3. �. 3 { 10��� 532.517.2������������ ���������� ������� � ������� ���������������� ��������������� �������. �. �����áâ¨âãâ £¨¤à®¬¥å ¨ª¨ ��� �ªà ¨ë, �¨¥¢�®«ãç¥® 8.12.98� áá¬®âà¥  § ¤ ç  ® áâ ¡¨«¨§¨à®¢ ®¬ ¤¢¨¦¥¨¨ ¢ï§ª®©¦¨¤ª®áâ¨ ¢ ¯«®áª®¬ ª  «¥ ¯®¤ ¤¥©áâ¢¨¥¬ ¯¥à¨®¤¨ç¥áª¨¨§¬¥ïîé¥£®áï ¤ ¢«¥¨ï ¢ á«ãç ¥ ¯à¨áãâáâ¢¨ï ã ¥£® áâ¥®ª «¥£ª®¯à®¨æ ¥¬®© è¥à®å®¢ â®áâ¨, ��� (â.¥. á«®ï áà á¯à¥¤¥«¥®© ¬ áá®¢®© á¨«®©, § ¢¨áïé¥© ®â «®ª «ì®© áª®à®áâ¨ ¦¨¤ª®áâ¨). �®   «¨â¨ç¥áª®¬ã à¥è¥¨î, ¯®-«ãç¥®¬ã ¢ ª®¬¯«¥ªáëå ç¨á« å, ¯®áâà®¥ë ¨§¬¥ïîé¨¥áï ¢® ¢à¥¬¥¨ à á¯à¥¤¥«¥¨ï áª®à®áâ¨ ¨ âà¥¨ï ¯®¯¥à¥ªª  «  ¢ ®âáãâáâ¢¨¥ ¨ ¯à¨  «¨ç¨¨ ���. �¡ àã¦¥® ª à¤¨ «ì®¥ à §«¨ç¨¥ ¢® ¢«¨ï¨¨ ���   ¯ã«ìá¨àãî-é¨© ¯®â®ª ¢ § ¢¨á¨¬®áâ¨ ®â ç áâ®âë ¨§¬¥¥¨ï ¤ ¢«¥¨ï. �¥§ã«ìâ âë ¬®£ãâ ¡ëâì ¨á¯®«ì§®¢ ë ¢ ¯¥¢¬®- ¨«¨£¨¤à® ¢â®¬ â¨ª¥ ¨ ¢ ¡¨®¬¥å ¨ª¥.�®§£«ïãâ  § ¤ ç  ¯à® ¥áâ æ÷® à¨© àãå ¢'ï§ª®ù à÷¤¨¨   áâ ¡÷«÷§®¢ ÷© ¤÷«ïæ÷ ¯«®áª®£® ª  «ã ¯÷¤ ¢¯«¨¢®¬â¨áªã, é® £ à¬®÷ç® §¬÷îõâìáï, ã ¢¨¯ ¤ªã ¯à¨áãâ®áâ÷ ¡÷«ï ©®£® áâ÷®ª «¥£ª®¯à®¨§«¨¢®ùè®àáâª®áâ÷, ��� (â®¡â®è àã § à®§¯®¤÷«¥®î ¬ á®¢®î á¨«®î, é® § «¥¦¨âì ¢÷¤ «®ª «ì®ù è¢¨¤ª®áâ÷ à÷¤¨¨). �    «÷â¨ç¨¬ à®§¢'ï§ª®¬ ¢ª®¬¯«¥ªá¨å ç¨á« å ¯®¡ã¤®¢ ÷ §¬÷î¢ ÷ §  ç á®¬ à®§¯®¤÷«¨è¢¨¤ª®áâ÷ â  â¥àâï ã ¢÷¤áãâ®áâ÷ â  ¯à¨áãâ®áâ÷ ���.� ©¤¥  áãââõ¢  à÷§¨æï ã ¢¯«¨¢÷ ���   ¯ã«ìáãîç¨© ¯®â÷ª ¢ § «¥¦®áâ÷ ¢÷¤ ç áâ®â¨ §¬÷¨ â¨áªã. �¥§ã«ìâ â¨¬®¦ãâì ¡ãâ¨ ¢¨ª®à¨áâ ÷ ã ¯¥¢¬®- ç¨ £÷¤à® ¢â®¬ â¨æ÷ â  ¢ ¡÷®¬¥å ÷æ÷.Stabilized motion of a viscous uid in a long plane duct with the easily penetrable roughness (EPR) over walls (i.e., alayer with a distributed mass force proportional to the local velocity) has been considered under the periodically changingpressure gradient. By means of an analytical solution in complex numbers, distributions of the velocity and shear stresshave been plotted across the duct for di�erent time moments with the absence or presence of the EPR. The inuence ofthe EPR on the periodical ow appeared to be drastically depended on the frequency of pressure changes. Results maybe used in pneumatics or hydroautomatics, and in biological uid mechanics.��������� ¬¨ à®¥  ¯®à®¥ â¥ç¥¨¥ ¥á¦¨¬ ¥¬®©¦¨¤ª®áâ¨ ¯®¤ ¤¥©áâ¢¨¥¬ ¥áâ æ¨® à®£®, ä«ãª-âã¨àãîé¥£® ¯à®¤®«ì®£® £à ¤¨¥â  ¤ ¢«¥¨ïp0=p00 + ap� cos !t à áá¬®âà¨¬ «¨èì   áâ ¡¨«¨-§¨à®¢ ®¬ ãç áâª¥ ¯«®áª®£® ª  « , ¢®§«¥ áâ¥®ªª®â®à®£®  å®¤¨âáï «¥£ª®¯à®¨æ ¥¬ ï è¥à®å®¢ -â®áâì (���).� ª ï § ¤ ç  ¯à¥¤áâ ¢«ï¥â ¨â¥à¥á ª ª ¤ «ì¥©-è¥¥ ¨§ãç¥¨¥ £¨¤à®¬¥å ¨ç¥áª¨å á¢®©áâ¢ ¯à®¨-æ ¥¬®© è¥à®å®¢ â®áâ¨ [1], â ª ¨ ª ª ¥ª®â®à ïáå¥¬ â¨§ æ¨ï ï¢«¥¨© âãà¡ã«¥â®áâ¨. �  ¬®-¦¥â  ©â¨ ¯à¨¬¥¥¨¥ ¢ â¥å¨ç¥áª¨å (¯à¨¢®¤ ¢¨-¡à â®à®¢, ¯®¤ ç  â®¯«¨¢  ¢ ª ¬¥àã á¦¨£ ¨ï ¤¢¨-£ â¥«ï) ¨ ¡¨®«®£¨ç¥áª¨å (¤¢¨¦¥¨¥ ªà®¢¨ ¢ áª«¥-à®â¨ç¥áª¨å á®áã¤ å, ¢®§¤ãå  ¢ âà å¥ïå ¨«¨ ¢®¤ë ¢¦ ¡à å ¬®àáª¨å ¦¨¢®âëå) § ¤ ç å.�â¥à¥áãîé¥¥  á â¥ç¥¨¥ ¢ ¯«®áª®¬ ª  «¥ ¬ -â¥¬ â¨ç¥áª¨ ¯à®é¥, ç¥¬ ®á¥á¨¬¬¥âà¨ç®¥ â¥ç¥-¨¥ ¢ ªàã£«®© âàã¡¥. �¥¬ ¥ ¬¥¥¥, £®â®¢®¥ à¥è¥-¨¥ ¤«ï á«ãç ï £« ¤ª¨å áâ¥®ª (â.¥. ¢ ®âáãâáâ¢¨¥���) ¬ë ¢ «¨â¥à âãà¥ ¥  è«¨. � «¨â¥à âã-
à¥ ¯à¨¢¥¤¥ë ¯®áâ ®¢ª¨ ¨ à¥è¥¨ï § ¤ ç ® ¥-áâ æ¨® à®¬ â¥ç¥¨¨ «¨èì ¤«ï ªàã£«®© âàã¡ë.� [2,4] ¨á¯®«ì§ãîâáï ¯à¥®¡à §®¢ ¨ï � ¯« á ;  ¢-â®àë [3] ¬¥â®¤®¬ ¬ «®£® ¯ à ¬¥âà  ¯®«ãç îâ à¥-è¥¨¥ «¨èì ¤«ï ¬ «ëå ¥áâ æ¨® àëå ¢®§¬ãé¥-¨© áâ æ¨® à®£® à¥è¥¨ï. �ë ¡ã¤¥¬ á«¥¤®¢ âì§¤¥áì áâ ¤ àâ®¬ã ¯à¨¥¬ã ¬ â¥¬ â¨ç¥áª®© ä¨-§¨ª¨ ®âëáª ¨ï ¯¥à¨®¤¨ç¥áª¨å à¥è¥¨©, ®¯¨á -®¬ã, ¢ ç áâ®áâ¨, �«¨åâ¨£®¬ [5] á® ááë«ª®©  àï¤ ®à¨£¨ «ìëå à ¡®â. �® ¡ã¤¥â ¯®«ãç¥® ª ªç áâë© á«ãç © ¡®«¥¥ ®¡é¥© § ¤ ç¨  «¨ç¨ï ã áâ¥-®ª ¥ª®â®à®© ��� § ¤ ®© £ãáâ®âë ¨ ¢ëá®âë¨ ¡ã¤¥â á«ã¦¨âì á®¯®áâ ¢¨â¥«ì®¬ã   «¨§ã § -¤ ç¨.1. ������������ � ������� �������ãáâì ã áâ¥®ª ¤«¨®£® ª  «  ¢ëá®âë 2H, ®â-®á¨â¥«ì® ®á¨ ª  «  z=H, á¨¬¬¥âà¨ç® à §¬¥-é¥  «¥£ª®¯à®¨æ ¥¬ ï è¥à®å®¢ â®áâì (���) [1]¥ª®â®à®© ¢ëá®âë h; h <H. �  ãç áâª¥ ª  « ,¤®áâ â®ç® ã¤ «¥®¬ ®â ¥£® ¢å®¤®£® ¨ ¢ëå®¤-®£® ®£®«®¢ª®¢, ãáâ ®¢¨âáï, ª ª ¨§¢¥áâ®, ¥ª®-c �. �. � ¥¢, 1999 3



ISSN 1561 -9087 �à¨ª« ¤  £÷¤à®¬¥å ÷ª . 1999. �®¬ 1 (73), N 3. �. 3 { 10â®à®¥ "áâ ¡¨«¨§¨à®¢ ®¥", ¥ § ¢¨áïé¥¥ ®â ¯à®-¤®«ì®© ª®®à¤¨ âë à á¯à¥¤¥«¥¨¥ áª®à®áâ¨ â¥ç¥-¨ï ¦¨¤ª®áâ¨ ç¥à¥§ á¥ç¥¨¥ ª  «  U (z). �«ï ¯®-áâ®ï®£® £à ¤¨¥â  ¤ ¢«¥¨ï p0 ®®  ©¤¥® ¢ [1].� á«ãç ¥ ¦¥ ¥áâ æ¨® à®£® £à ¤¨¥â  ¤ ¢«¥¨ï¡ã¤¥¬ ¨¬¥âì ªà ¥¢ãî § ¤ çã ¤«ï ãà ¢¥¨© ¢ ç áâ-ëå ¯à®¨§¢®¤ëå:U 0t = �U 00zz � p0(t)� �8<: kU; z 2 [0; h];0; z 2 (h;H]; (1)z = 0 U = 0; z = H U 0z = 0:� íâ®© ä®à¬ã«¨à®¢ª¥ k, 1/c ¥áâì ª®íää¨æ¨¥âá®¯à®â¨¢«¥¨ï ¯®â®ªã ¢ á«®¥ ¯à¥¯ïâáâ¢¨©, á®áâ -¢«ïîé¨å ���.�§¢¥áâ®, çâ® ® à ¢¥ ¯à®¨§¢¥¤¥-¨î á®¯à®â¨¢«¥¨ï ¨¤¨¢¨¤ã «ì®£® ¯à¥¯ïâáâ¢¨ï  ª®æ¥âà æ¨î ¯à¥¯ïâáâ¢¨© ¢ ®¡ê¥¬¥ n; 1=¬3 [1]¨ ®âà ¦ ¥â, â ª¨¬ ®¡à §®¬, £ãáâ®âã ���. �ë¯à¨¨¬ ¥¬ «¨¥©ë© § ª® á¨«ë, â ª¦¥ ª ª ¨ ¯à®-áâ¥©è¥¥ (« ¬¨ à®¥) § ¤ ¨¥ âà¥¨ï ¢ ¯®â®ª¥F = �k¨¤U; f = nF = �kU; (2)k = k¨¤n; � = �� dUdz ;çâ®¡ë ¯®«ãç¨âì   «¨â¨ç¥áª®¥ à¥è¥¨¥ § ¤ ç¨.�à¨ íâ®¬ ¥ ãç¨âë¢ ¥âáï â ª¦¥ ¢®§¬®¦®¥ ¢«¨ï-¨¥   á¨«ã á®¯à®â¨¢«¥¨ï ãáª®à¥¨ï ¯®â®ª . �á-á«¥¤®¢ ¨¥ «¨¥©®© á¨«ë (2) ¢á¥ ¦¥ ¬®¦¥â á«ã-¦¨âì â¥áâ®¬ ¤«ï ¯®á«¥¤ãîé¨å, ¡®«¥¥ â®çëå, ¯®-áâ ®¢®ª § ¤ ç¨.�à ¤¨¥â ¯à®¤®«ì®£® ¤ ¢«¥¨ï ¡ã¤¥¬ § ¤ ¢ âì¢ ¢¨¤¥ ¯®áâ®ï®© ¨ ¯¥à¨®¤¨ç¥áª®© á®áâ ¢«ïî-é¨å: p0(t)� = p00� + ap cos !t: (3)�¥ç¥¨¥, â ª¨¬ ®¡à §®¬, ®¯à¥¤¥«ï¥âáï ¢®á¥¬ìîä¨§¨ç¥áª¨¬¨ ¯ à ¬¥âà ¬¨ { �, �; H; p00=�, ap, !;k, h, å à ªâ¥à¨§ãîé¨¬¨ á®®â¢¥âáâ¢¥® â¥ªãéãî¦¨¤ª®áâì ¨ ª  «, å à ªâ¥à ¨§¬¥¥¨ï ¤ ¢«¥¨ï ¨á¢®©áâ¢  ���. �à¨ ¯®áâ®ï®¬ £à ¤¨¥â¥ ¤ ¢«¥-¨ï, ap = 0, ¨ ¢ ®âáãâáâ¢¨¨ ��� (â.¥. ª®£¤  k = 0¨«¨ h = 0) ¯®«ãç¨¬ «¨¥©®¥ à á¯à¥¤¥«¥¨¥ âà¥-¨ï ¨ ¯ à ¡®«¨ç¥áª®¥ à á¯à¥¤¥«¥¨¥ áª®à®áâ¨ [6] á¬ ªá¨¬ «ìë¬¨ § ç¥¨ï¬¨W = maxz2[0;H] U (z) = U (H) = �p00H22�� ;�00 = maxz2[0;H] � (z) = � (0) = �p00H:

�á¯®«ì§ã¥¬ ¨å ¢ ª ç¥áâ¢¥ ¬ áèâ ¡®¢ ¯à¨ ¢¢¥¤¥¨¨¡¥§à §¬¥àëå ¯¥à¥¬¥ëå ¯®«®© § ¤ ç¨ (1) { (3):z = zH ; U = UW ; � = ��00 ; t = �tH2 : (4)�¡¥§à §¬¥à¥ë¥ ãà ¢¥¨ï § ¯¨è¥¬ à §¤¥«ì-® ¤«ï â¥ç¥¨© ¢ãâà¨ ¨ ¢¥ ��� á ãá«®¢¨¥¬ á®-¯àï¦¥¨ï   £à ¨æ¥ à §¤¥«  z=h:¯à¨ z 2 [0; �]( U 0t = U 00zz + 2(1 + a cos !t)� AU;z = 0 U = 0; (5)¯à¨ z 2 [�; 1]( U 0t = U 00zz + 2(1 + a cos!t);z = 1 Uz = 0;U (� � 0) = U (� + 0); � (� � 0) = � (� + 0):�à¨ íâ®¬ ¡¥§à §¬¥à®¥ âà¥¨¥ ®ª §ë¢ ¥âáï à ¢-ë¬ ¯®«®¢¨¥ ¯à®¨§¢®¤®© áª®à®áâ¨:� = 12 dUdz(ç¥àâ   ¤ á¨¬¢®« ¬¨ ®¯ãé¥ ). � ®¢ëå ¡¥§à §-¬¥àëå ¯¥à¥¬¥ëå «¨èì ç¥âëà¥ (¡¥§à §¬¥àëå)¯ à ¬¥âà a = apH2�W ; ! = !H2� ; A = kH2� ; � = hH®¯à¥¤¥«ïîâ â¥ç¥¨¥.�¥è¥¨¥ ¯®«ãç¨¢è¥©áï áâ æ¨® à®© § ¤ ç¨ (5)¢ ®âáãâáâ¢¨¥ "¯ã«ìá æ¨©" £à ¤¨¥â  ¤ ¢«¥¨ï ¡ë-«® ¯®«ãç¥®  ¬¨ à ¥¥ [1]. �®¬¥â¨¬ ¥£® ¨¤¥ªá®¬"S":Us =8>>>>><>>>>>: 2A + 2 �0�0 sh (�0z)� 2Ach (�0z);¢ãâà¨ ���, z 2 [0; �];Uh + (z � �)(2� z � �);¢e ���, z 2 [�; 1]; (6)�s = 8>>>>><>>>>>: �0ch (�0z) � 1�0 sh (�0z);¢ãâà¨ ���, z 2 [0; �];1� z; ¢e ���, z 2 [�; 1];4 �. �. � ¥¢



ISSN 1561 -9087 �à¨ª« ¤  £÷¤à®¬¥å ÷ª . 1999. �®¬ 1 (73), N 3. �. 3 { 10£¤¥ �0=pA ¨ ¢ ª ç¥áâ¢¥ ¯ à ¬¥âà®¢ ¨á¯®«ì§®¢ -ë âà¥¨¥   áâ¥ª¥ ¨ áª®à®áâì   £à ¨æ¥ ���, ©¤¥ë¥ ¨§ ãá«®¢¨© á®¯àï¦¥¨ï ¨ ¢ëç¨á«ï¥¬ë¥¯® ä®à¬ã« ¬�0 = 1� �ch�0� + 1�0 th�0�;Uh = 2A + 2 �0�0 sh �0� � 2Ach �0�:�¥è¥¨¥ ¦¥ ¨§ãç ¥¬®© §¤¥áì ¥áâ æ¨® à®©§ ¤ ç¨ (5) ¢ á¨«ã ¥¥ «¨¥©®áâ¨ ¨ ®¤®à®¤®áâ¨ªà ¥¢ëå ãá«®¢¨©, ¬®¦¥â ¡ëâì ¯à¥¤áâ ¢«¥® ¢ ¢¨¤¥áã¬¬ë áâ æ¨® à®© á®áâ ¢«ïîé¥© (6) ¨ ¥áâ æ¨-® à®© ¤®¡ ¢ª¨, "¯ã«ìá æ¨¨":V (z; t) = U (z; t)� Us(z): (7)�¥£ª® ¢¨¤¥âì, çâ® íâ  ¥áâ æ¨® à ï ¤®¡ ¢ª ã¤®¢«¥â¢®àï¥â § ¤ ç¥ á®¯àï¦¥¨ï:¯à¨ z 2 [0; �]( V 0t = V 00zz + 2a cos!t � AV;z = 0 V = 0; (8)¯à¨ z 2 [�; 1]( V 0t = V 00zz + 2a cos!t;z = 1 V 0z = 0;V (� � 0) = V (� + 0); V 0z (� � 0) = V 0z (� + 0):�à¨ íâ®¬ ¡¥§à §¬¥à®¥ ¢ï§ª®¥ âà¥¨¥ ¢ ¯®â®ª¥á¢ï§ ® á ¯®¯¥à¥çë¬ £à ¤¨¥â®¬ ¤®¡ ¢ª¨ áª®à®-áâ¨ á«¥¤ãîé¨¬ ®¡à §®¬:� (z; t) = �s(z) + 12V 0z (z; t):� ¤ ç  (8) ¤«ï "¤®¡ ¢®ª" (7) ¨¬¥¥â ¨ á ¬®áâ®-ïâ¥«ì®¥ § ç¥¨¥: ®  ®¯¨áë¢ ¥â ¯¥à¨®¤¨ç¥áª®¥¢®§¢à â®-¯®áâã¯ â¥«ì®¥ â¥ç¥¨¥ ¦¨¤ª®áâ¨ ¯à¨ã«¥¢®¬ áà¥¤¥¬ £à ¤¨¥â¥ ¤ ¢«¥¨ï p00=0. �¬¥-® íâ®â á«ãç ©, ª®£¤  Us�0 ¢ á¨«ã p00=0, ¨ ¡ã¤¥â§¤¥áì à áá¬®âà¥.�â®¡ë  ©â¨ à¥è¥¨¥ § ¤ ç¨ á®¯àï¦¥¨ï (8),¡ã¤¥¬ à áá¬ âà¨¢ âì ¤®¡ ¢ª¨ (7) ª ª ¢¥é¥áâ¢¥-ë¥ á®áâ ¢«ïîé¨¥ ¡®«¥¥ ®¡é¨å ª®¬¯«¥ªá®§ ç-ëå ãà ¢¥¨©V 0t = V 00zz + 2aei!t �AV ¯à¨ z 2 [0; �]¨Vt = Vzz + 2aei!t ¯à¨ z 2 [�; 1]:

�¥è¥¨¥ ®¡®¨å ¡ã¤¥¬ ¨áª âì ¢ ¢¨¤¥ [5,7]V (z; t) = Z(z) exp(t); (9)£¤¥  { ª®¬¯«¥ªá®¥ ç¨á«® ¨ Z { ª®¬¯«¥ªá®§ ç ïäãªæ¨ï ¢¥é¥áâ¢¥®£®  à£ã¬¥â  z. �¥£ª® ¢¨-¤¥âì, çâ® â ª®¥ à¥è¥¨¥ áãé¥áâ¢ã¥â, ¥á«¨  = i!.�à¨ íâ®¬ à¥è¥¨¥ ã¤®¢«¥â¢®àï¥â ª®¬¯«¥ªá®§ ç-ë¬ (¢ ®¡é¥¬ á«ãç ¥) ãà ¢¥¨ï¬Z00 � (A + )Z + 2a = 0 ¯à¨ z 2 [0; �]Z̈00 � Z + 2a = 0 ¯à¨ z 2 [�; 1]:�à¨å®¤¨¬, â ª¨¬ ®¡à §®¬, ª § ¤ ç¥ á®¯àï¦¥-¨ï ¤«ï ª®¬¯«¥ªá®§ ç®© äãªæ¨¨ Z ®â ¤¥©áâ¢¨-â¥«ì®£®  à£ã¬¥â  z:¯à¨ z 2 [0; �]( Z00 � (A+ i!)Z = �2a;Z(0) = 0; (10)¯à¨ z 2 [�; 1]( Z00 � i!Z = �2a;Z0(1) = 0;Z(� � 0) = Z(� + 0); (11)Z0(� � 0) = Z0(� + 0):�â ¤ àâë¬ ¯à¨¥¬®¬ à¥è¥¨¥ ¯¥à¢®£® ãà ¢-¥¨ï (10) («¨¥©®£®, ®¡ëª®¢¥®£® ¤¨ää¥à¥-æ¨ «ì®£® ¢â®à®£® ¯®àï¤ª ) ¬®¦¥â ¡ëâì ¯à¥¤áâ -¢«¥® ¢ ¢¨¤¥ á«¥¤ãîé¥© áã¬¬ë ®¡é¥£® à¥è¥¨ï ®¤-®à®¤®£® ãà ¢¥¨ï ¨ ç áâ®£® à¥è¥¨ï ¥®¤®-à®¤®£®, á®¤¥à¦ é¥© ¥®¯à¥¤¥«¥ë¥ ª®íää¨æ¨-¥âë:Z = C1e�z + C2e��z + 2aM4 (A � i!);Z0 = �(C1e�z �C2e��z);£¤¥ ª®à¥ì å à ªâ¥à¨áâ¨ç¥áª®£® ãà ¢¥¨ï ¥áâì�=pA + i!=Me�i'=2. � ç¥¨ï ¥®¯à¥¤¥«¥ëåª®íää¨æ¨¥â®¢ ¤®«¦ë ¡ëâì  ©¤¥ë ¨§ £à ¨ç-ëå ãá«®¢¨© § ¤ ç (10). �® § ¯¨áì à¥è¥¨ï ¡ã-¤¥â « ª®¨ç¥¥, ¥á«¨ ¯à¨¬¥¨âì á«¥¤ãîé¨© ¯à¨-¥¬. � ç¥¨¥  à£ã¬¥â  z = � ï¢«ï¥âáï ®¡é¨¬¤«ï ®¡¥¨å § ¤ ç. � ç¥¨ï äãªæ¨¨ ¢ íâ®© â®çª¥Z(�) ¨ ¥¥ ¯à®¨§¢®¤®© Z0(�), å®âï ®¨ ¯®ª  ¨ ¥-¨§¢¥áâë, ¨á¯®«ì§ã¥¬ ¢¬¥áâ® £à ¨çëå ãá«®¢¨©(10) ¤«ï § ¯¨á¨ ®¡é¥£® ¢¨¤  à¥è¥¨ï, ã¤®¢«¥â¢®-àïï â¥¬ á ¬ë¬ ãá«®¢¨ï¬ á®¯àï¦¥¨ï (11). �®á«¥®¯à¥¤¥«¥¨ï C1 ¨ C2 ¨§ á¨áâ¥¬ë ¤¢ãå «¨¥©ëå�. �. � ¥¢ 5



ISSN 1561 -9087 �à¨ª« ¤  £÷¤à®¬¥å ÷ª . 1999. �®¬ 1 (73), N 3. �. 3 { 10 «£¥¡à ¨ç¥áª¨å ãà ¢¥¨© ¯à¨å®¤¨¬ ª á«¥¤ãîé¥-¬ã ¯à¥¤áâ ¢«¥¨î à¥è¥¨ï ¯¥à¢®© ªà ¥¢®© § ¤ -ç¨, z 2 [0; �]; ¯®¬¥ç ¥¬ ¥£® ¨¤¥ªá®¬ "1":Z1(z) = fZ(�) � 2aA + i! g � ch [�1(z � �)]++ 1�1Z0(�) � sh [�1(z � �)] + 2aA+ i! ; (12)£¤¥ �1 = pA + !i = M1 exp 12'1i,M21 = (A2 + !2) 12 , cos'1 = A=pA2 + !2.�®à¬ «ì® ¯®¤áâ ¢«ïï áî¤  A=0, ¯®«ãç ¥¬ à¥-è¥¨¥ ¨ ¤«ï ¢â®à®© ªà ¥¢®© § ¤ ç¨, z 2 [�; 1], ª®-â®à®¥ ¯®¬¥ç ¥¬ ¨¤¥ªá®¬ "2":Z2(z) = fZ(�)� 2ai! g � ch [�2(z � �)] ++ 1�2Z 0 � (�)sh [�2(z � �)] + 2ai! ; (13)£¤¥ �2 = p!i = M2 exp (12'2i), M22 = !, '2 = �=2.�¥¯¥àì ä®à¬ «ìë¥ ¯ à ¬¥âàë Z(�) ¨ Z0(�) «¥£-ª®  ©â¨ ¨§ ªà ¥¢ëå ãá«®¢¨© § ¤ ç (10):Z(�) = NumDen � ch (�2�2)�2 ; (14)Z0(�) = NumDen � sh (�2�2);£¤¥ Num = 2af1� ch (�1�1)gei'1 ,Den = M21 � f 1�2 � ch (�1�1) � ch (�2�2) ++ 1�1 � sh (�1�1) � sh (�2�2)g;�1 = �, �2 = 1� �.�ëà ¦¥¨ï (12) { (14) ¨ ¤ îâ à¥è¥¨¥ ª®¬¯«¥ªá-®§ ç®© § ¤ ç¨ (10). �ë¤¥«ïï ¢ ¯®á«¥¤¥¬ ¢¥-é¥áâ¢¥ãî ç áâì, ¯®«ãç ¥¬ à¥è¥¨¥ ¤«ï "¯ã«ì-á æ¨©" (8) á®£« á® (9):V (z; t) = Re (Z exp (i!t)) == Re (Z cos (!t) � Im (Z sin (!t): (15)�®«ãç¥ë¥   «¨â¨ç¥áª¨¥ ¢ëà ¦¥¨ï ¢¥áì¬ £à®¬®§¤ª¨, ¥á«¨ ¢¥é¥áâ¢¥ë¥ ¨ ¬¨¬ë¥ ç áâ¨¢ë¤¥«ïâì "¤® ª®æ ". �¤ ª® «¥£ª® ¢ë¯®«ïâì¯® ¨¬ ¢ëç¨á«¥¨ï   «î¡®¬ ¨§  «£®à¨â¬¨ç¥áª¨åï§ëª®¢. �à¨áâã¯¨¬ ª   «¨§ã ¯®«ãç¥®£® à¥è¥-¨ï (12) { (15).

2. ���������� ������� ������������� ����á®, çâ® ¯à¨ (¡¥§à §¬¥à®¬) £à ¤¨¥â¥ ¤ ¢«¥-¨ï, ¯ã«ìá¨àãîé¥¬ ¯® £ à¬®¨ç¥áª®¬ã § ª®ãp0 = a cos !t; (16)¢ ª  «¥ ãáâ ®¢¨âáï ¯¥à¨®¤¨ç¥áª®¥ ¢®§¢à â®-¯®áâã¯ â¥«ì®¥ ¤¢¨¦¥¨¥ á ¯¥à¨®¤®¬ ª®«¥¡ ¨©T = 2�=!. � áá¬®âà¨¬ á ç «  á«ãç © ®âáãâ-áâ¢¨ï «¥£ª®¯à®¨æ ¥¬®© è¥à®å®¢ â®áâ¨ ¢ ª  «¥,çâ® ®â¢¥ç ¥â § ç¥¨ï¬ ¯ à ¬¥âà®¢ � = 0 «¨¡®A=0. �  à¨á. 1 ¨ 2, ¢ ¨å ¨¦¨å ¯®«®¢¨ª å, ¯®-ª § ë à á¯à¥¤¥«¥¨ï áª®à®áâ¨ ¨ âà¥¨ï ¢ ª  «¥¡¥§ ��� ¢ ¯®á«¥¤®¢ â¥«ìë¥ ¬®¬¥âë ¢à¥¬¥¨¢ ¯à¥¤¥« å ®¤®£® ¯®«ã¯¥à¨®¤  ª®«¥¡ ¨© ¤ ¢«¥-¨ï. �«¥¤ã¥â ¨¬¥âì ¢ ¢¨¤ã, çâ® â¥ç¥¨¥ ¢ ¢¥àå¥©¯®«®¢¨¥ ª  «  á¨¬¬¥âà¨ç® ¨ §¤¥áì ¥ ¯®ª § -®. � è¥© æ¥«ìî ¡ã¤¥â á®¯®áâ ¢¨âì â¥ç¥¨ï ¯à¨,ãá«®¢® £®¢®àï, "¬ «®©" ¨ "¢ëá®ª®©" ç áâ®â å ª®-«¥¡ ¨©.�á¥ ¯à®ä¨«¨ áª®à®áâ¨ ¯à®å®¤ïâ ç¥à¥§ ®«ì ¢ á¨-«ã £à ¨ç®£® ãá«®¢¨ï ¯à¨«¨¯ ¨ï   áâ¥ª¥. �à¨"¬ «®©" ç áâ®â¥ ª®«¥¡ ¨© { ¤«ï ¯à¨¬¥à    à¨á. 1¢§ïâ® ! = 1 ¯à¨ ¡¥§à §¬¥à®©  ¬¯«¨âã¤¥ a = 2:5{ ¯à®ä¨«¨ áª®à®áâ¨ ¨¬¥îâ ¬®®â®ë© ¯ à ¡®-«¨ç¥áª¨© ¢¨¤, â.¥. á«¥¤ãîâ § ª®ã �ã §¥©«ï ¤«ïª  «  [5, 6] ¢ ª ¦¤ë© ¬®¬¥â ¢à¥¬¥¨. �¢¨¦¥-¨¥ ¦¨¤ª®áâ¨ ¯à¨ íâ®¬ ®¤® ¯à ¢«¥® á £à ¤¨-¥â®¬ ¤ ¢«¥¨ï. � ¬®¬¥â ¢à¥¬¥¨ t=0 (ªà¨¢ ï 1  à¨á. 1(�)) £à ¤¨¥â ¤ ¢«¥¨ï (16) ¯®«®¦¨â¥«¥¨ ¬ ªá¨¬ «¥,   ¯à®ä¨«ì áª®à®áâ¨ § ¨¬ ¥â ªà ©-¥¥ ¯à ¢®¥ ¯®«®¦¥¨¥: ¢¥«¨ç¨  áª®à®áâ¨ ¯®«®¦¨-â¥«ì , ¦¨¤ª®áâì ¢ ª  «¥ ¤¢¨¦¥âáï á«¥¢   ¯à -¢® (¯®«®¦¨â¥«ì®¥  ¯à ¢«¥¨¥). � ¯®á«¥¤ãîé¨¥¬®¬¥âë ¢à¥¬¥¨ £à ¤¨¥â ¤ ¢«¥¨ï ã¬¥ìè ¥â-áï, á ç «  ¬¥¤«¥®, ® á ãáª®à¥¨¥¬, ¨ á®®â¢¥â-áâ¢¥® ¢¥¤ãâ á¥¡ï ¯à®ä¨«¨ áª®à®áâ¨ ¢ ¬®¬¥âë¢à¥¬¥¨ t=�t (ªà¨¢ ï 2) ¯à¨ �t= T=20; t= 2�t(ªà¨¢ ï 3); t=3�t (ªà¨¢ ï 4) ¨ â.¤. � ¬®¬¥â ¢à¥-¬¥¨ t = 5�t (ªà¨¢ ï 6) £à ¤¨¥â ¤ ¢«¥¨ï à ¢¥ã«î ¨ ¢ ¯®á«¥¤ãîé¨¥ ¬®¬¥âë áâ ®¢¨âáï ®âà¨-æ â¥«ìë¬. �®®â¢¥âáâ¢¥® ¢¥¤ãâ á¥¡ï ¯à®ä¨«¨áª®à®áâ¨ 7, .., 10: áª®à®áâì ®âà¨æ â¥«ì , ¦¨¤-ª®áâì ¤¢¨¦¥âáï á¯à ¢   «¥¢®.� ¬®¬¥â t= 10�t (ªà¨¢ ï 11) £à ¤¨¥â ¤ ¢«¥-¨ï (16) ¨¬¥¥â ¬¨¨¬ «ì®¥ § ç¥¨¥, ¨«¨ â®ç¥¥{ ¬ ªá¨¬ «ì®¥ ®âà¨æ â¥«ì®¥, ¨  ç¨ ¥â § â¥¬ã¡ë¢ âì ¯® ¢¥«¨ç¨¥. �®íâ®¬ã ¢ ¯®á«¥¤ãîé¨¥ ¬®-¬¥âë ¢à¥¬¥¨ (ªà¨¢ë¥ 12, 13 ¨ â.¤.) ¯à®ä¨«¨ áª®-à®áâ¨ ¯¥à¥¬¥é îâáï ¢¯à ¢®, ®âà¨æ â¥«ì®¥ ¤¢¨-¦¥¨¥ ®á« ¡¥¢ ¥â ¨ § ¬¥é ¥âáï ¯®«®¦¨â¥«ìë¬,á®¢   ¯à ¢«¥ë¬ á«¥¢   ¯à ¢®. � ¤ «ì¥©è¨¬å®¤®¬ ¢à¥¬¥¨ ®¯¨á ë¥ ª®«¥¡ ¨ï ¦¨¤ª®áâ¨ ¢6 �. �. � ¥¢
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�¨á. 1. �®á«¥¤®¢ â¥«ìë¥ ¯à®ä¨«¨ áª®à®áâ¨ ¯®â®ª  ç¥à¥§ á¥ç¥¨¥ ¯«®áª®£® ª  « ¢ ¬®¬¥âë ¢à¥¬¥¨: 1 - t =0, 2 - t=�t=T=20, 3 - t=2�t ¨ â.¤. ¯à¨ ¯¥à¨®¤¨ç¥áª®¬¨§¬¥¥¨¨ ¤ ¢«¥¨ï (16) á  ¬¯«¨âã¤®© a=2:5 ¨ "¬ «®©" ç áâ®â®© !=1.¢¨§ã { ª  « ¡¥§ ���, ¢¢¥àåã { ª  « á ���, �=0:7, A=50,� { ¯¥à¢ ï, � { ¢â®à ï ¯®«®¢¨ë ¯¥à¨®¤  ª®«¥¡ ¨© Tª  «¥ ¯¥à¨®¤¨ç¥áª¨ ¯®¢â®àïîâáï. �â¬¥â¨¬, çâ®ã¦¥ ¯à¨ íâ®¬ § ç¥¨¨ ç áâ®âë ¨¬¥¥â ¬¥áâ® á« -¡®¥ "®âáâ ¢ ¨¥" ¤¢¨¦¥¨ï ®â ¨§¬¥¥¨© ¤ ¢«¥-¨ï: ¯à¨ ã«¥¢®¬ £à ¤¨¥â¥ ¤ ¢«¥¨ï ¢ ¬®¬¥â 6áª®à®áâ¨ ¢ ª  «¥ ¥ à ¢ë â®¦¤¥áâ¢¥® ã«î.� á¯à¥¤¥«¥¨¥ âà¥¨ï ¢ ª  «¥ ¯à¨ â ª®© ¬ «®©ç áâ®â¥ ¯ã«ìá æ¨© (à¨á. 1(�)) á«¥¤ã¥â ¢ ®á®¢®¬¨§¢¥áâ®¬ã § ª®ã, ã¡ë¢ ï «¨¥©® ®â ¥ª®â®à®£®âà¥¨ï   áâ¥ª¥ �0 = � (0; t) ¤® ã«ï   ®á¨ ª  -« ; «¨èì ¢ ¥ª®â®àë¥ ¬®¬¥âë ¢à¥¬¥¨ ¢®§¨ª ¥âá« ¡®¥ ¨áªà¨¢«¥¨¥ à á¯à¥¤¥«¥¨© ¢¡«¨§¨ áâ¥®ª.�  à¨á. 2(�) ¯à¥¤áâ ¢«¥ë ¯à®ä¨«¨ áª®à®áâ¨¦¨¤ª®áâ¨ ¯®¯¥à¥ª ª  «  ¯à¨ "¢ëá®ª®©" ¡¥§à §-¬¥à®© ç áâ®â¥ !=50 ( ¯®¬¨¬, çâ® «¨èì ¨¦-¨¥ ¯®«®¢¨ë à¨áãª®¢ ¯à¥¤áâ ¢«ïîâ á«ãç © ®â-áãâáâ¢¨ï ���). �®¦® ¢¨¤¥âì, çâ® ¤¢¨¦¥¨¥¦¨¤ª®áâ¨ ¢ ¬®¬¥âë ¢à¥¬¥¨ 5, 6, ..., 9 (á¬. á®-®â¢¥âáâ¢ãîé¨¥ ªà¨¢ë¥) ¯à®¨áå®¤¨â, ¯®áâ¥¯¥®§ ¬¥¤«ïïáì, á«¥¢   ¯à ¢®, ¯®á«¥ ç¥£® ¢ ¬®¬¥âë¢à¥¬¥¨ 11, 12, ..., 15 ¤¢¨¦¥¨¥ ¢ ª  «¥ ¡ã¤¥â  -¯à ¢«¥® ã¦¥ ¢ ®¡à âãî, ®âà¨æ â¥«ìãî, áâ®à®-ã, § â¥¬ á®¢  ¢ ¯®«®¦¨â¥«ìãî (íâ¨ ¬®¬¥âë¢à¥¬¥¨ ã¦¥ ¥ ¯®ª § ë), ¨ â ª ¤ «¥¥ ¯¥à¨®¤¨-ç¥áª¨. �¥à¨®¤ íâ¨å ª®«¥¡ ¨© T2=2�=!2 ¢ 50 à §¬¥ìè¥, ç¥¬ ¢ ¯à¥¤ë¤ãé¥¬ á«ãç ¥.�®¦® ¢¨¤¥âì, çâ® "®âáâ ¢ ¨¥" ¯®â®ª  ®â ¨§-¬¥¥¨© ¤ ¢«¥¨ï ¢ á«ãç ¥ "¢ëá®ª®ç áâ®âëå" ª®-«¥¡ ¨© § ç¨â¥«ì® ¢®§à®á«® ¯® áà ¢¥¨î á ¯à¥-¤ë¤ãé¨¬ á«ãç ¥¬ "¨§ª®ç áâ®âëå" ®áæ¨««ïæ¨©:¢ ¬®¬¥â ¢à¥¬¥¨ 6, ª®£¤  £à ¤¨¥â ¤ ¢«¥¨ï à -¢¥ ã«î, ¯à®ä¨«ì áª®à®áâ¨ â®«ìª®-â®«ìª® "¯¥à¥-

¢ «¨«" ç¥à¥§ ªà ©¥ ¯à ¢®¥ ¯®«®¦¥¨¥. � ¢ ¬®-¬¥â ¢à¥¬¥¨ 10, ª®£¤  £à ¤¨¥â ¯®çâ¨ ¤®áâ¨£¬ ªá¨¬ «ì®© ®âà¨æ â¥«ì®© ¢¥«¨ç¨ë (¨ ¯à¨ ª®-â®à®¬ ¢ ¯¥à¢®¬ à áç¥â®¬ á«ãç ¥ ¦¨¤ª®áâì ¤¢¨£ -« áì ¢«¥¢® á ¯®çâ¨ ¬ ªá¨¬ «ì® ¢®§¬®¦®© áª®à®-áâìî), ¦¨¤ª®áâì ¢á¥ ¥é¥ ¯à®¤®«¦ ¥â â¥çì ¢ ¯®«®-¦¨â¥«ì®¬  ¯à ¢«¥¨¨, á«¥¢   ¯à ¢®. � ª®¥ ®â-áâ ¢ ¨¥ ¯® ä §¥ ª®«¥¡ ¨© ®¡êïáï¥âáï, ª®¥ç®,¨¥àæ¨®®áâìî ¦¨¤ª®áâ¨. �¤ ª® ¢¡«¨§¨ áâ¥-®ª, £¤¥ áª®à®áâì ¦¨¤ª®áâ¨ ¥ ¢¥«¨ª , ®  "¡®-«¥¥ ¯®á«ãè®" á«¥¤ã¥â §  ¨§¬¥¥¨¥¬ £à ¤¨¥â .�á«¥¤áâ¢¨¥ íâ®£® ¢ ¬®¬¥âë ¢à¥¬¥¨ 5, 6, 7 ¨ § -â¥¬ ¢ ¬®¬¥âë 11, ..., 15   ¯à®ä¨«ïå áª®à®áâ¨  ã¤ «¥¨¨ ®â ®á¨ ª  «  ¯®ï¢«ïîâáï «®ª «ìë¥¬ ªá¨¬ã¬ë. �®«¥¥ â®£®, ¢ ¬®¬¥âë ¢à¥¬¥¨ 9¨ 10 ã áâ¥®ª ¯®ï¢«ïîâáï §®ë ¯à®â¨¢®¯®«®¦® ¯à ¢«¥®£® (¢ ¤ ®¬ á«ãç ¥ { ®âà¨æ â¥«ì®)¤¢¨¦¥¨ï. �â®â íää¥ªâ ¡ë« ®¡ àã¦¥ íªá¯¥à¨-¬¥â «ì® �¨ç à¤á®®¬ [8] ¨  §¢  ¨¬ " ã«ïà-ë¬" (ª®«ìæ¥¢ë¬). � ¬®¦¥â ¡ëâì ¨á¯®«ì§®¢ æ¥«¥ ¯à ¢«¥® ¯à¨ ¯à®¬ë¢ª¥ âàã¡, âà á¯®àâ¥áãá¯¥§¨© ¨«¨ § ¯ë«¥ëå £ §®¢ [4]. �â¥à¥á®,çâ® ¢ æ¥âà¥ ª  «  à á¯à¥¤¥«¥¨¥ áª®à®áâ¨ ¡«¨§-ª® ª à ¢®¬¥à®¬ã,   ¢ æ¥«®¬ ¯à®ä¨«ì U (z) ¢¥áì¬ á«®¦¥.�ª § ®¥ ¯®¤â¢¥à¦¤ ¥âáï à á¯à¥¤¥«¥¨ï¬¨âà¥¨ï ¯®¯¥à¥ª ª  «  (¨¦ïï ¯®«®¢¨  à¨á.2(�)). �à¥¨¥ ¯®çâ¨ ®âáãâáâ¢ã¥â ¢ á¥à¥¤¨¥ ª - « , ® ¢¥áì¬  á«®¦® à á¯à¥¤¥«¥® ã ¥£® áâ¥®ª.�¬¯«¨âã¤  ¨§¬¥¥¨© ¢¥«¨ç¨ë áª®à®áâ¨ ã¬¥ì-è¨« áì ¯®çâ¨ ¢ 25 à § ¯à¨ ¯¥à¥å®¤¥ ª® ¢â®à®-�. �. � ¥¢ 7
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�¨á. 2. �®á«¥¤®¢ â¥«ìë¥ ¯à®ä¨«¨ áª®à®áâ¨ ¯®â®ª  (�) ¨ âà¥¨ï (�) ¢ ¬®¬¥âë ¢à¥¬¥¨:1 - t = 0, 2 - t = �t = T=20, 3 - t = 2�t, ¨ â.¤. ®¤®£® ¯®«ã¯¥à¨®¤  ¯à¨ ¯ã«ìá æ¨®®¬¨§¬¥¥¨¨ ¤ ¢«¥¨ï á  ¬¯«¨âã¤®© a = 2:5 ¨ "¢ëá®ª®©" ç áâ®â®© ! = 50;(�¨§ã - ª  « ¡¥§ ���, ¢¢¥àåã - ª  « á ��� � = 0:5, A = 50)¬ã à áç¥â®¬ã á«ãç î. �®  ¬¯«¨âã¤  âà¥¨ï  áâ¥ª¥ �0(t) ã¬¥ìè¨« áì «¨èì ¢ 5 à §.3. ������������ ������� � ������� ���� §¢ ë¥ íää¥ªâë ã¦¥ ®¯¨á ë ¢ «¨â¥à âã-à¥ [2 {4], å®âï ¨ ¬ «® ¨§¢¥áâë ¢ â¥®à¥â¨ç¥áª®©£¨¤à®¬¥å ¨ª¥. �®á¬®âà¨¬ â¥¯¥àì, ª ª¨¥ ¨§¬¥¥-¨ï ¢®á¨â ¢ ¯®â®ª ¯à¨áãâáâ¢¨¥ ¢ ¥¬ «¥£ª®¯à®¨-æ ¥¬®© è¥à®å®¢ â®áâ¨. � áç¥âë¥ ¯à®ä¨«¨ â¥ç¥-¨© ¯à¥¤áâ ¢«¥ë ¢ ¢¥àå¨å ¯®«®¢¨ª å à¨á. 1 ¨2 ¤«ï ��� ¥ª®â®à®© ¯«®â®áâ¨ A= 50, § ¨¬ -îé¥© ¯®«®¢¨ã á¥ç¥¨ï ª  «  (â.¥. �=0:5), å®âï, ¯®¬¨¬, à áá¯®«®¦¥¨¥ ��� ¢ ª  «¥ ¨, á®®â-¢¥âáâ¢¥®, â¥ç¥¨¥ ¢ ¥¬, á¨¬¬¥âà¨çë ®â®á¨-â¥«ì® ®á¨ z=1. �  à¨áãª å ®â¬¥ç¥  ®¡« áâì ãáâ¥®ª, § ¯®«¥ ï ¯à¥¯ïâáâ¢¨ï¬¨.�¢¨¦¥¨¥ ¢ï§ª®© ¦¨¤ª®áâ¨ ¢ ª  «¥ á ��� â ª-¦¥, ¥áâ¥áâ¢¥®, ¨§¬¥ï¥âáï ¯¥à¨®¤¨ç¥áª¨ á ¯¥-à¨®¤®¬ T = 2�=!: ¦¨¤ª®áâì â¥ç¥â á ç «  á«¥¢  ¯à ¢®,   § â¥¬ - ¢ ®âà¨æ â¥«ì®¬  ¯à ¢«¥¨¨,á¯à ¢   «¥¢®, ¨ â.¤. �® ã¬¥à æ¨¨ ¯à®ä¨«¥© áª®-à®áâ¨   à¨áãª å ¥ á«®¦® ®¯à¥¤¥«¨âì, ª ª ª®¬ã¬®¬¥âã ¢à¥¬¥¨ ®â®á¨âáï â® ¨«¨ ¨®¥ à á¯à¥-¤¥«¥¨¥, ¨¡® ¢ æ¥«®¬ ¨å ¯®á«¥¤®¢ â¥«ì®áâì á®®â-¢¥âáâ¢ã¥â á«ãç î ¡¥§ ���. �â ª, ¥á«¨ ¯®¬¥áâ¨âì��� ¡¥§à §¬¥à®© A = 50 ¯«®â®áâ¨ ¢ "¨§ª®-ç áâ®â®" ¯ã«ìá¨àãîé¨© ¯®â®ª (á¬. à¨á. 1), â® ¬¯«¨âã¤  ¨§¬¥¥¨ï áª®à®áâ¨ ã¬¥ìè¨âáï ¯à¨-¬¥à® ¢ ¤¢  à § . � ª®© à¥§ã«ìâ â á®¢¥àè¥®¥áâ¥áâ¢¥¥, ¯®áª®«ìªã ��� ¯à¥¤áâ ¢«ï¥â á®¡®©¤®¯®«¨â¥«ì®¥ (ª âà¥¨î ® áâ¥ª¨) £¨¤à ¢«¨ç¥-

áª®¥ á®¯à®â¨¢«¥¨¥ ¢ ª  «¥. � á¯à¥¤¥«¥¨¥ áª®-à®áâ¥© á®áâ®¨â â¥¯¥àì ¨§ ¤¢ãå ç áâ¥© { "§ â®à-¬®¦¥®£®" ¢ á«®¥ ¯à¥¯ïâáâ¢¨© ¨ ¯ à ¡®«¨ç¥áª®-£® ¢ á¢®¡®¤®© ç áâ¨ ª  « . � ª ¦¤ë© ¬®¬¥â¢à¥¬¥¨ ®® ¨¬¥¥â ¯à¨¬¥à® â ª®© ¦¥ ¢¨¤, ª ª®©¡ë« ¡ë ¢ áâ æ¨® à®¬ â¥ç¥¨¨ (6) á á®®â¢¥âáâ¢ã-îé¥© ¢¥«¨ç¨®© £à ¤¨¥â  ¤ ¢«¥¨ï ¨ ¯à¨  «¨-ç¨¨ ��� [1]. �á«¨ ��� ¡ã¤¥â ¡®«¥¥ ¯«®â®©, â®,ª ª ¯®ª §ë¢ îâ à áç¥âë, ¤¢¨¦¥¨¥ ¢ á«®¥ ¯à¥¯ïâ-áâ¢¨© ã£ á ¥â ¤® ¯®«®£® § áâ®ï ¨ á®áà¥¤®â ç¨¢ -¥âáï «¨èì ¢ á¢®¡®¤®© ç áâ¨ ª  « , ª ª ¥á«¨ ¡ë{ ¢ ¯à¥¤¥«¥ { ª  « ¡ë« ¡ë ã¬¥ìè¥®© è¨à¨ë1� � á £« ¤ª¨¬¨ áâ¥ª ¬¨.� ¢®â ¯®¬¥é¥¨¥ ��� ¢ ª  « á "¢ëá®ª®ç -áâ®âë¬¨" ¨§¬¥¥¨ï¬¨ ¤ ¢«¥¨ï ¢¥¤¥â ª ¡®«¥¥¥®¦¨¤ ë¬ à¥§ã«ìâ â ¬, ¢ ª®à¥ ®â«¨çë¬ ®âáâ æ¨® à®£® à¥è¥¨ï. � ª ¯®ª §ë¢ ¥â à¨á.2(�),  ¬¯«¨âã¤  ¨§¬¥¥¨© áª®à®áâ¨ ¥ ã¬¥ìè¨-« áì ¯® áà ¢¥¨î á® á«ãç ¥¬ ®âáãâáâ¢¨ï ���(¨¦ïï ¯®«®¢¨ª  à¨áãª®¢),   ¤ ¦¥ á«¥£ª  ã¢¥-«¨ç¨« áì ¢ á¢®¡®¤®¬ á¥ç¥¨¨ ª  «  (áà. ¯à®ä¨-«¨ ¢ ¬®¬¥âë ¢à¥¬¥¨ 5 ¨ 6), ¨ â ª¦¥ ã¢¥«¨ç¨-¢ ¥âáï  ¬¯«¨âã¤  "«®ª «ìëå ¬ ªá¨¬ã¬®¢" ¢ § -â®à¬®¦¥®© ç áâ¨ â¥ç¥¨ï ¨ à §¬¥àë ®¡« áâ¥©,®å¢ ç¥ëå ¯à®â¨¢®¯®«®¦®  ¯à ¢«¥ë¬, ¢®§-¢à âë¬, ¤¢¨¦¥¨¥¬ (¯à®ä¨«¨ 8, 9 ¨ 10). �®¦®£®¢®à¨âì ®¡ ãá¨«¥¨¨  ã«ïà®£® íää¥ªâ . � ª®¥ï¢«¥¨¥ íª¢¨¢ «¥â® ã¬¥ìè¥¨î £¨¤à ¢«¨ç¥áª®-£® á®¯à®â¨¢«¥¨ï ª  « . �¢¥«¨ç¥¨¥ ¯«®â®áâ¨��� (A=100 ¢¬¥áâ¨ 50) ¯®çâ¨ ¨ç¥£® ¥ ¬¥ï¥â,¢ ®â«¨ç¨¥ ®â á«ãç ¥¢ áâ æ¨® à®£® ¨«¨ ¨§ª®ç -áâ®â®£® ¤¢¨¦¥¨ï. � áç¥â ¤«ï ¥é¥ ¡®«¥¥ ¢ëá®ª®©ç áâ®âë != 100 íâ¨ ¢ë¢®¤ë ¯®¤â¢¥à¦¤ ¥â: å®âï8 �. �. � ¥¢
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�¨á. 3. �§¬¥¥¨¥ ¢® ¢à¥¬¥¨  ¯àï¦¥¨ï âà¥¨ï   áâ¥ª¥ ª  «  �0¢ ®âáãâáâ¢¨¥ ��� (èâà¨å®¢ë¥ «¨¨¨) ¨ ¯à¨ ¥¥  «¨ç¨¨ (á¯«®èë¥; A=50; � � 0:5):1 { !=10; 2 { !=50; 3 { !=100¡¥§à §¬¥à ï áª®à®áâì áâ «  ¨§¬¥ïâìáï ¢ ¡®«¥¥ã§ª¨å ¯à¥¤¥« å, ®â �0:045 ¤® 0:045, ® ��� ¤¥« -¥â "ªà ©¨¥" ¯à®ä¨«¨ áª®à®áâ¨ ¡®«¥¥  ¯®«¥ë-¬¨ ¨ ã¢¥«¨ç¨¢ ¥â £ ¡ à¨âë ®¡« áâ¨ ¯à®â¨¢®â®ª .� «¨ç¨¥ ��� ã¬¥ìè ¥â â ª¦¥ á¤¢¨£ ä § ¬¥¦¤ãª®«¥¡ ¨ï¬¨ ¤ ¢«¥¨ï ¨ áª®à®áâ¨.� à ¬¥âà § ¤ ç¨ �, � 2 [0; 1], å à ªâ¥à¨§ã¥â ¤®-«î á¥ç¥¨ï ª  « , § ïâ®£® ���. � áç¥âë ¯®ª -§ «¨, çâ® ¥£® ã¢¥«¨ç¥¨¥ ¯à¨ ¢ëá®ª®© ç áâ®â¥ !¯®çâ¨ ¥ â®à¬®§¨â ¦¨¤ª®áâì. �â® â ª¦¥ ®â«¨ç®®â á«ãç ï ¬ «®© ç áâ®âë.�§¬¥¥¨¥ ¢® ¢à¥¬¥¨  ¯àï¦¥¨ï âà¥¨ï ¯ã«ì-á¨àãîé¥£® ¯®â®ª    áâ¥ª¥ ª  «  �0(t) ¯à¥¤áâ -¢«¥®   £à ä¨ª¥ à¨á. 3. �®¦® ¢¨¤¥âì, çâ® âà¥-¨¥   áâ¥ª¥ ¢® ¢á¥å à áç¥âëå á«ãç ïå ¨§¬¥ï-¥âáï ¯¥à¨®¤¨ç¥áª¨, ¯® § ª®ã ª®á¨ãá , ® á ¥-ª®â®àë¬ á¤¢¨£®¬ ä §ë ¯® ®â®è¥¨î ª ¤ ¢«¥¨î(16). �¢¥«¨ç¥¨¥ ç áâ®âë ¯ã«ìá æ¨© ã¬¥ìè ¥â ¬¯«¨âã¤ã �0(t), ® ¢ ®âáãâáâ¢¨¥ ��� (èâà¨å®-¢ë¥ «¨¨¨) íâ®â íää¥ªâ ¯à®ï¢«ï¥âáï á¨«ì¥¥, ç¥¬¯à¨ ¥¥ ¯à¨áãâáâ¢¨¨ (á¯«®èë¥ «¨¨¨), ¨¡® ���á ¬  ¯® á¥¡¥ ¢¥¤¥â ª ã¬¥ìè¥¨î ¯à¨áâ¥®£®âà¥¨ï. �à ¢¨¢ ï ¯ àã ªà¨¢ëå á ®¤¨ ª®¢ë¬¨®¬¥à ¬¨, ¥é¥ à § ®â¬¥ç ¥¬  «¨ç¨¥ á¤¢¨£  ä §á ¯ã«ìá æ¨ï¬¨ ¤ ¢«¥¨ï.4. ������������� ��������¢¥ ¯à ªâ¨ç¥áª¨¥ ¨â¥à¯à¥â æ¨¨ ¬®£ãâ ¡ëâì¤ ë à áá¬®âà¥®© ¢ëè¥ § ¤ ç¥. �à¨ ç¨áâ® £ à-¬®¨ç¥áª®¬ ¨§¬¥¥¨¨ ¤ ¢«¥¨ï (16) ¤¥©áâ¢¨â¥«ì-® ¨¬¥¥â ¬¥áâ® ¢®§¢à â®-¯®áâã¯ â¥«ì®¥ ¤¢¨¦¥-

¨¥ ¦¨¤ª®áâ¨ ¢ ª  «¥, ª ª®â®à®¬ã ®â®áïâáï ¢á¥¢ëè¥¯à¨¢¥¤¥ë¥ ¨««îáâà æ¨¨. �«¥¤ã¥â â®«ìª®®£®¢®à¨âì, çâ® ¯à¨ íâ®¬ ¬ áèâ ¡ áª®à®áâ¨ W ¬®-¦¥â ¡ëâì § ¤  «¨èì ¢ ¢¨¤¥ W = �=H, ¯®áª®«ìªãáà¥¤¨© £à ¤¨¥â ¤ ¢«¥¨ï ®âáãâáâ¢ã¥â, p00 � 0.�â® ®§ ç ¥â, çâ® ¡¥§à §¬¥à ï  ¬¯«¨âã¤  ª®-«¥¡ ¨© ¤ ¢«¥¨ï ¢® ¢á¥å ¯à¨¢¥¤¥ëå ä®à¬ã« å¨¬¥¥â á«¥¤ãîé¨© á¬ëá«:a = apH3�2 :�á«¨ ¦¥ ¢ ª  «¥ ¤¥©áâ¢ã¥â ¨ áà¥¤¨© £à ¤¨-¥â ¤ ¢«¥¨ï p00 6= 0, â® ¯à¨¢¥¤¥ë¥ ¢ëè¥ ¯à®-ä¨«¨ áª®à®áâ¨ ¨ âà¥¨ï  ª« ¤ë¢ îâáï   áâ -æ¨® àë¥ à á¯à¥¤¥«¥¨ï (6) ª ª ¥ª®â®àë¥ ä«ãª-âã æ¨¨. � â ª®¬ á«ãç ¥ ¡¥§à §¬¥à ï  ¬¯«¨âã¤ ¨¬¥¥â ¨®© á¬ëá«: a = �app00 :�à¥¤¨© ¯® ¢à¥¬¥¨ à áå®¤ ¦¨¤ª®áâ¨ ®áâ ¥âáï ¥-¨§¬¥ë¬. �¤ ª® ¨®¥ § ª«îç¥¨¥ á«¥¤ã¥â ®¦¨-¤ âì, ¥á«¨ ¤®¯ãáâ¨âì ¡®«¥¥ à¥ «ìë©, ª¢ ¤à â¨ç-ë© § ª® á¨«ë (2).�����������¡ àã¦¥®¥ ¢«¨ï¨¥ ���   ¯ã«ìá¨àãîé¨©¯®â®ª ¬®¦¥â ¡ëâì, ¢ ¨â®£¥, ®å à ªâ¥à¨§®¢ ® ¢§ ¢¨á¨¬®áâ¨ ®â â®£®, ¨á¯®«ì§ã¥âáï «¨ ��� ¤«ï¢®§¤¥©áâ¢¨ï   ¯ã«ìá¨àãîé¨© ¯®â®ª ¨«¨,  ®¡®-à®â, ¯ã«ìá æ¨¨ ¤ ¢«¥¨ï ¨á¯®«ì§ãîâáï ¤«ï ã¯à -¢«¥¨ï ¯®â®ª®¬ ¢ ª  «¥ á ���:�. �. � ¥¢ 9



ISSN 1561 -9087 �à¨ª« ¤  £÷¤à®¬¥å ÷ª . 1999. �®¬ 1 (73), N 3. �. 3 { 101.1. �á«¨ ¯®¬¥áâ¨âì ��� ¢ ¯¥à¨®¤¨ç¥áª¨ ¯ã«ì-á¨àãîé¨© ¯®â®ª, â® ¯à¨ ¨§ª®© ç áâ®â¥ ¯ã«ìá -æ¨© ®  ¢ë§®¢¥â à¥§ª®¥ ã¬¥ìè¥¨¥ ¯à®¯ãáª ¥¬®-£® à áå®¤  ¦¨¤ª®áâ¨ (â.¥. ã¢¥«¨ç¥¨¥ £¨¤à ¢«¨ç¥-áª®£® á®¯à®â¨¢«¥¨ï ª  « );1.2. �á«¨ ¯®¬¥áâ¨âì ��� ¢ ¢ëá®ª®ç áâ®âë©¯ã«ìá¨àãîé¨© ¯®â®ª, â® íâ® ¥ ã¬¥ìè¨â  ¬-¯«¨âã¤ã ¢ à¨ æ¨¨ áª®à®áâ¨. �®§¬®¦® ¯®íâ®¬ã¡¨®«®£¨ç¥áª¨¥ á ¬®ã¯à ¢«ï¥¬ë¥ á¨áâ¥¬ë à¥ £¨-àãîâ   ¢®§¨ª®¢¥¨¥ ¯à¥¯ïâáâ¢¨© (¢á«¥¤áâ¢¨¥, ¯à¨¬¥à, ¡®«¥§¨ ¨«¨ áâ à¥¨ï) ãç é¥¨¥¬ ¤¢¨-¦¥¨ï.1.3. � ¯®á«¥¤¥¬ á«ãç ¥, ®¤ ª®, à áè¨àïîâáï¯à¨áâ¥®çë¥ ®¡« áâ¨ á ¯à®â¨¢®¯®«®¦®  ¯à -¢«¥ë¬ ¤¢¨¦¥¨¥¬, çâ® ¬®¦¥â ¨¬¥âì ¥£ â¨¢ë¥¯®á«¥¤áâ¢¨ï ¤«ï ¡¨®«®£¨ç¥áª¨å á¨áâ¥¬.2.1. �á«¨ ¦¥ ¥®¡å®¤¨¬® ã¯à ¢«ïâì ¤¢¨¦¥¨¥¬ ¢ª  «¥ á ¨¬¥îé¥©áï ���, â®  ª« ¤ë¢ ¨¥ ¯ã«ì-á æ¨© ¤ ¢«¥¨ï ¯à¥¤áâ ¢«ï¥â á®¡®© ®¤¨ ¨§ ¢®§-¬®¦ëå ¬¥â®¤®¢. �à¨ íâ®¬ â ª¦¥ á«¥¤ã¥â ¯à¨-ïâì ¢® ¢¨¬ ¨¥ à §«¨ç®¥ ¯®¢¥¤¥¨¥ ¦¨¤ª®áâ¨¯à¨ ¨§ª¨å ¨ ¢ëá®ª¨å ç áâ®â å ¨§¬¥¥¨ï ¤ ¢«¥-¨ï.
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