
ISSN 1561 -9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 2000. �®¬ 2 (74), N 3. �. 60 { 64��� 532.528� ������ ���������� ����������������������. �. ������������� ���� ¨¬. �.�.�ãª®¢áª®£®, �®áª¢ �®«ãç¥­® 15.06.2000� ¡®â  ¯®á¢ïé¥­  ¬¥â®¤ã à áç¥â  ­¥áâ æ¨®­ à­®© áã¯¥àª ¢¥à­ë. � áâ âì¥ ¯à¨¢¥¤¥­  ­ «¨§ à áç¥â  ¡¥áª®­¥ç-­®© ª ¢¥à­ë ­  ®á­®¢ ­¨¨ í­¥à£¥â¨ç¥áª®£® ¯à¨­æ¨¯  ¨ ¯à®¢¥¤¥­® áà ¢­¥­¨¥ à¥§ã«ìâ â®¢ à áç¥â  á ª« áá¨ç¥áª¨¬¨à¥§ã«ìâ â ¬¨. � à ¡®â¥ ¤ ­ ­®¢ë© ¢ë¢®¤ § ª®­  à áè¨à¥­¨ï ¯®¯¥à¥ç­®£® á¥ç¥­¨ï ª ¢¥à­ë ¤«ï ä¨ªá¨à®¢ ­­®£®®â­®á¨â¥«ì­® âà ¥ªâ®à¨¨ ª ¢¨â â®à  ¯®«®¦¥­¨ï, çâ® ¤ ¥â ¢®§¬®¦­®áâì à ááç¨â âì ä®à¬ã ­¥áâ æ¨®­ à­®© áã¯¥à-ª ¢¥à­ë.�®¡®â  ¯à¨á¢ïç¥­  ¬¥â®¤ã à®§à åã­ªã ­¥áâ æ÷®­ à­®ù áã¯¥àª ¢¥à­¨. � áâ ââ÷ ­ ¢¥¤¥­¨©  ­ «÷§ à®§à åã­ªã ­¥áª÷­-ç¥­­®ù ª ¢¥à­¨ ­  ®á­®¢÷ ¥­¥à£¥â¨ç­®£® ¯à¨­æ¨¯ã â  ¯à®¢¥¤¥­® ¯®à÷¢­ï­­ï à¥§ã«ìâ â÷¢ à®§à åã­ªã § ª« á¨ç­¨¬¨à¥§ã«ìâ â ¬¨. � à®¡®â÷ ¤ õâìáï ­®¢¥ ¢¨¢¥¤¥­­ï § ª®­ã à®§è¨à¥­­ï ¯®¯¥à¥ç­®£® ¯¥à¥à÷§ã ª ¢¥à­¨ ¤«ï ä÷ªá®¢ ­®£®¢÷¤­®á­® âà ¥ªâ®à÷ù ª ¢÷â â®à  ¯®«®¦¥­­ï, é® ¤ õ ¬®¦«¨¢÷áâì à®§à åã¢ â¨ ä®à¬ã ­¥áâ æ÷®­ à­®ù áã¯¥àª ¢¥à­¨.The work is devoted to the method of calculation of an unsteady supercavity. In the article, an analysis of calculationof an in�nite cavity based on the energy principle is given, and a comparison of the calculation results with the classicresults is performed. A new deduction of the law of expansion of the cross cavity section for a position �xed about thecavitator trajectory is shown in the work. This permits the unsteady cavity shape to be calculated.��������� â¥®à¨¨ "¡¥áª®­¥ç­®©" ª ¢¥à­ë, ¯à¨ ç¨á«¥ ª -¢¨â æ¨¨ � = 0, ¨§¢¥áâ­ë ¤¢¥ ä®à¬ã«ë, ¢ë¢¥¤¥­-­ë¥ ¨áå®¤ï ¨§ à §«¨ç­ëå á®®¡à ¦¥­¨©. �®à¬ã« �.�. �ãà¥¢¨ç  ¨ �. �¥¢¨­á®­  (¢ë¢¥¤¥­ë ­¥§ ¢¨-á¨¬®) ®¯à¥¤¥«ï¥â ä®à¬ã ®á¥á¨¬¬¥âà¨ç­®£® ¯®«ã-â¥«  ª®­¥ç­®£® á®¯à®â¨¢«¥­¨ï~R = p~x4pln ~xconst ä®à¬ «ì­® ¯à¨ ~x! 0: (1)�¤¥áì ~R = R=Rn; ~x = x=Rn, £¤¥ Rn à ¤¨ãáª ¢¨â â®à  (­ ¯à¨¬¥à ¤¨áª ). �à¨ íâ®¬ ¤«ï ¤¨áª const = 1:34.�àã£ ï ä®à¬ã«  ¯®«ãç¥­   ¢â®à®¬, ¨áå®¤ï ¨§¯à¥¤¯®«®¦¥­¨ï, çâ® ª¨­¥â¨ç¥áª ï í­¥à£¨ï ¦¨¤ª®-áâ¨ ­  ¥¤¨­¨æã ¯ãâ¨ ª ¢¨â â®à  ¯à¨ � = 0 à ¢­ à ¡®â¥ á¨«ë á®¯à®â¨¢«¥­¨ï ­  íâ®© ¥¤¨­¨æ¥ ¯ãâ¨.� à¥§ã«ìâ â¥ ¯®«ãç ¥âáïdT = ��2'2�R _Rds = WV dt: (2)�¯à¥¤¥«ïï ®âáî¤  ' ¨ ¨á¯®«ì§ãï £à ­¨ç­®¥ãá«®¢¨¥ @'@t + 12�2 = 0;¯®«ãç ¥âáï ãà ¢­¥­¨¥�W�� ddt� 1R _R�+ 12 _R2 = 0:

�¥à¢ë© ¨­â¥£à «dRdt = pW=��RplnR+A: (3)�®£« á®¢ ¢ ¨­â¥£à «ì­ë© ª®­âãà á í¬¯¨à¨ç¥-áª¨¬ ª®­âãà®¬ ¯¥à¥¤­¥© ç áâ¨ ª ¢¥à­ë, ¯®«ãç¨¬ä®à¬ã«ã~x = 2 +r 2Cx0 ~RZ3=p7 ~RplnR+Ad ~R; (4)£¤¥ A = 0; 845.�.�. �­â®­®¢ ¢ë¯®«­¨« ­  ��� ¢ëç¨á«¥­¨ïª®­âãà®¢ ¯® ä®à¬ã« ¬ (1) ¨ (4) ¤«ï ¡®«ìè¨å §­ -ç¥­¨© ~x. �¥§ã«ìâ âë ¯à¨¢¥¤¥­ë ¢ â ¡«. 1.� áå®¦¤¥­¨ï ¬¥¦¤ã ª®­âãà®¬ �.�. �ãà¥¢¨ç (1) ¨ �.�. �®£¢¨­®¢¨ç  (4) á®áâ ¢«ïîâ ­¥áª®«ì-ª® ¯à®æ¥­â®¢, ¯à¨ç¥¬ ¯¥à¢ë© ª®­âãà ­¥áª®«ìª®¯®«­¥¥ ¢â®à®£®, çâ® ¬®¦­® ®¡êïá­¨âì ­¥â®ç­®-áâìî â®ç¥ª á®£« á®¢ ­¨ï. �®¢¯ ¤¥­¨¥ ª®­âãà®¢ª ¢¥à­ ¤ ¥â ®á­®¢ ­¨¥ áç¨â âì, çâ® í­¥à£¥â¨ç¥-áª¨© ¯à¨­æ¨¯ à áç¥â  ª ¢¥à­ ¬®¦¥â ¨á¯®«ì§®-¢ âìáï ¢ à §«¨ç­ëå á«ãç ïå ­¥áâ æ¨®­ à­®£® ¤¢¨-¦¥­¨ï.� ç áâ­®áâ¨, ¨­â¥£à¨àãï ãà ¢­¥­¨¥ (3), ¥á«¨á®¯à®â¨¢«¥­¨¥ W0 ®¯à¥¤¥«ï¥âáï ¯à¨ ¯à®å®¦¤¥­¨¨ª ¢¨â â®à®¬ â®çª¨ âà ¥ªâ®à¨¨ S0 ¢ ¬®¬¥­â ¢à¥-¬¥­¨ t0, ¬ë ®¯à¥¤¥«ï¥¬ § ª®­ à áè¨à¥­¨ï R =f(t � t0; S0;W0) ¤«ï ä¨ªá¨à®¢ ­­®© ¯«®áª®áâ¨ ­ -¡«î¤¥­¨ï, ¢ ª®â®à®© à áè¨àï¥âáï ¤ ­­®¥ á¥ç¥­¨¥60 c
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ISSN 1561 -9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 2000. �®¬ 2 (74), N 3. �. 60 { 64� ¡«. 1.~x �®ç­.à áç.(1) ~R �®ç­.à áç.(4) ~R0 1.0 1.05 2.67 2.5910 3.45 3.3625 5.02 4.9050 6.77 6.63100 9.19 9.03250 13.88 13.70500 19.06 18.861000 26.25 26.041500 31.69 31.48ª ¢¥à­ë. � ¤àã£¨å â®çª å âà ¥ªâ®à¨¨ á®¯à®â¨-¢«¥­¨¥ W ¨ áª®à®áâì ª ¢¨â â®à  V ¬®¦¥â ¨¬¥âì¨­ë¥ §­ ç¥­¨ï,   § ª®­ à áè¨à¥­¨ï á®®â¢¥âáâ¢¥­-­® ¨§¬¥­¨âáï. � áãé­®áâ¨ ãà ¢­¥­¨¥ (3) ¥áâì ¬ -â¥¬ â¨ç¥áª ï ä®à¬ã«¨à®¢ª  "¯à¨­æ¨¯  ­¥§ ¢¨á¨-¬®áâ¨ à áè¨à¥­¨ï ª ¢¥à­ë" ¤«ï � = 0 ¯à¨ ãá«®-¢¨ïå, ®£®¢®à¥­­ëå ¢ [1].�������� ����� ����������­¥à£¥â¨ç¥áª¨© ¯à¨­æ¨¯ ¢ ®¡é¥¬ ¢¨¤¥ ¢ëà ¦ -¥âáï ãà ¢­¥­¨¥¬@@S �U + T +W� = 0: (5)�¤¥áì U { ¯®â¥­æ¨ «ì­ ï í­¥à£¨ï, ®¯à¥¤¥«ï¥¬ ïª ª à ¡®â , § âà ç¨¢ ¥¬ ï ­  à áè¨à¥­¨¥ ¥¤¨­¨-æë ¤«¨­ë ª ¢¥à­ë §  áç¥â ¯à¥®¤®«¥­¨ï à §­®-áâ¨ áâ â¨ç¥áª®£® ¤ ¢«¥­¨ï P0 ¨ ¤ ¢«¥­¨ï ¢ ª -¢¥à­¥ Pk. �á«¨ ¤ ¢«¥­¨¥ ¢ ª ¢¥à­¥ ¯®áâ®ï­­®,U = �R2(P0 � Pk). �¥«¨ç¨­ã P0 � Pk = �P ¢®¡é¥¬ á«ãç ¥ ¬®¦­® áç¨â âì äã­ªæ¨¥© ¢à¥¬¥­¨ t¨«¨ à ¤¨ãá  R. T { ª¨­¥â¨ç¥áª ï í­¥à£¨ï, ®¯à¥¤¥-«ï¥¬ ï ª ª dT = ��2'@'@n 2�RdS:�«ï â®­ª¨å ª ¢¥à­ @'@n � _R:�­ «®£¨ç­® ¯à¥¤ë¤ãé¥¬ã ¢ â®çª¥ âà ¥ªâ®à¨¨'(S) = �W � �R2�P��R _R ; £¤¥ W = Cx�R2n�V 22 ;¯à¨ç¥¬ V ¥áâì áª®à®áâì ª ¢¨â â®à  ¢ â®çª¥ S.� â® ¦¥ ¢à¥¬ï W = �R2k�P , £¤¥ Rk { ¬ ªá¨-¬ «ì­ë© à ¤¨ãá à áè¨àïîé¥£®áï á¥ç¥­¨ï ª ¢¥à-­ë (¡«¨§ª¨© ª ¥¤¨­¨æ¥ ¨á¯à ¢«ïîé¨© ¬­®¦¨â¥«ìK(�) ®¯ãé¥­).

�¡é¥¥ ãà ¢­¥­¨¥ à áè¨à¥­¨ï, ¨áå®¤ï ¨§ ãà ¢-­¥­¨ï (5), ¡ã¤¥â�W�� ddt � 1R _R�+ �P� ddt �R_R� = �P� � _R22 : (6)� ¬¥­  @'=@n ¢¥«¨ç¨­®© _R ¯à ¢®¬®ç­  ¤«ï â®©ç áâ¨ ª ¢¥à­ë, £¤¥ ¢¥«¨ç¨­ 1V @'@n = cos(V; n)¤®áâ â®ç­® ¬ « . �®íâ®¬ã ­ ç «® ¢ëç¨á«¥­¨ïª®­âãà  ­ ¤«¥¦¨â ¢¥áâ¨ ­¥ ®â ªà®¬®ª ¤¨áª ,  ®â ­¥ª®â®à®© â®çª¨ £à ­¨æë, £¤¥ ­ ª«®­ ª®­âãà ¬ «. � å®¤ï ¯à®¨§¢®¤­ë¥ ¢ ãà ¢­¥­¨¨ (6), ¯®á«¥­¥á«®¦­ëå ¯à¥®¡à §®¢ ­¨© ¯®«ãç ¥¬�W�� � �P� R2 = ��R _R�2 lnR+ const;¨«¨ dRdt = 1R 24�R2k � R2��P�ln RR1 +A 3512 : (7)�à ¢­¥­¨¥ (7) ¯® á¬ëá«ã  ­ «®£¨ç­® (3) ¨ â ª-¦¥ ¢ëà ¦ ¥â "¯à¨­æ¨¯ ­¥§ ¢¨á¨¬®áâ¨ à áè¨à¥-­¨ï ª ¢¥à­ë". �á«¨ áª®à®áâì ª ¢¨â â®à  ¬®­®-â®­­® ¯¥à¥¬¥­­  ¢¤®«ì âà ¥ªâ®à¨¨ S ¤«ï ª ¦¤®©â®çª¨ S, â® ¡ã¤¥â á¢®ï áª®à®áâì, á¢®¥ §­ ç¥­¨¥ W¨ Rk ¨ á¢®¥ ¢à¥¬ï tk ¤®áâ¨¦¥­¨ï ¬ ªá¨¬ «ì­®£®à ¤¨ãá  Rk; ¯®áâ®ï­áâ¢® ¤ ¢«¥­¨ï �P ­ ¤«¥¦¨â¯®­¨¬ âì ¢ â®¬ á¬ëá«¥, çâ® tk@�P=@t� �P .�¥§ã«ìâ âë à áç¥â  ¯® ä®à¬ã« ¬ (7) ¨­â¥à¥á­®áà ¢­¨âì á ¤àã£¨¬¨ ¨§¢¥áâ­ë¬¨ ¬¥â®¤ ¬¨ à áç¥-â  ª ¢¥à­. �«ï áâ æ¨®­ à­®© ª ¢¥à­ë ¯®«ãç ¥âáïdRdt = dRdt V¨ ¯à¨ ¯®áâ®ï­­®© ¢¥«¨ç¨­¥ �P ¨¬¥¥¬dRdx = 1R 24�R2k � R2��2ln RR1 +A 35 12 : (8)� ª ¢¨¤­® ­  à¨á. 1, ¯à®ä¨«¨ ª ¢¥à­ (8) ¢ëç¨-á«¥­­ë¥ ¯® ä®à¬ã«¥ ¨§ [1]R2 = R2k "1� �1� R21R2k��1� xLk�2 =k#¯®çâ¨ â®ç­® á®¢¯ ¤ îâ ¨ ¢ ¯¥à¥¤­¥© ç áâ¨ ª á -â¥«ì­ë á ¯à®ä¨«¥¬ ¤«ï � = 0, ¢ëç¨á«¥­­ë¬ ¯®ä®à¬ã« ¬ (1) ¨ (4).�. �. �®£¢¨­®¢¨ç 61
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�¨á. 1. �®­âãàë ª ¢¥à­ ¢ ­¥¢¥á®¬®© ¦¨¤ª®áâ¨,à cáç¨â ­­ë¥ ¯® à §«¨ç­ë¬ ä®à¬ã« ¬ ¤«ï � = 0 ¨0.02. �®çª  á®£« á®¢ ­¨ï á "í¬¯¨à¨ç¥áª¨¬" ª®­âãà®¬¤«ï ¤¨áª  R1Rn = 2. � { �®£¢¨­®¢¨ç, � { �ãà¥¢¨ç������������ ������ ��������§ ãà ¢­¥­¨ï (8) ¯®«ãç ¥âáïxRn = �2p2Cx� RZR1 �ln RR1 + A�1=2 d�1� R2R2k�1=2 == 2p2Cx� I ��; RR1� : (9)� ç «® ®âáç¥â  x ¯à¨­ïâ® ¢ â®çª¥ ª®­âãà  ª -¢¥à­ë R1 = 2Rn, £¤¥ dR=dx = 1=4. �ç áâ®ª ª®­-âãà  ®â ªà®¬®ª ¤¨áª  Rn ¤® â®çª¨ R1  ¯¯à®ªá¨-¬¨àã¥âáï í¬¯¨à¨ç¥áª¨¬ ª®­âãà®¬R = Rn�1 + 3 xRn�1=3 ;¤«ï ª®â®à®£® dRdx = �RnR1�2 :�®íää¨æ¨¥­â á®¯à®â¨¢«¥­¨ï Cx = 0:21 ¯à¨­ïâ¨§ â¥å á®®¡à ¦¥­¨©, çâ® R2n0:84 = CxR21. �®áâ®-ï­­ ï A = 8(Cx � 6) = (1:68� 8�). �à¨ íâ¨å ãá«®-¢¨ïå ¢ëç¨á«¥­­ë¥ I ��; RkR1 � ¯à¥¤áâ ¢«¥­ë ¢ â ¡«.2, £¤¥lkRn� = 2p2CxI ��; RkR1� ' 1:3I��; RkR1� :� âà¥âì¥© áâà®ª¥ ¤ ­® lk { à ááâ®ï­¨¥ ®â R == R1 ¤® ¬¨¤¥«¥¢®£® á¥ç¥­¨ï ª ¢¥à­ë. � ááâ®ï­¨¥¢¤®«ì ®á¨ x ®â ¤¨áª  ¤® R1 ¯®«ãç ¥âáï 2:33Rn ¨

� ¡«. 2.� �I ��; RkR1 � l�Rn� Lk�Rn = 1:5qlg 1�0.1 1.15 1.498 1.50.01 1.655 2.15 2.110.001 2.0 2.6 2.5950.0001 2.25 2.925 3.00� ¡«. 3.�2 �� (10) �2� (12) �B (11)0.04 0.105 0.039 0.0890.01 0.04 0.0104 0.0360.001 0.0063 0.001038 0.00590.0001 0.00086 0.000102 0.00082íâ  ¯®¯à ¢ª  ­¥áãé¥áâ¢¥­­  ¤«ï ¢á¥å ¬ «ëå � (§ ¨áª«îç¥­¨¥¬ � = 0:1). �®íâ®¬ã ¯à¨¡«¨¦¥­­® lk 'Lk { ¯®«ã¤«¨­  ª ¢¥à­ë.� ç¥â¢¥àâ®© áâà®ª¥ ¤ ­   ¯¯à®ªá¨¬ æ¨ï ç¨-á«¥­­ëå à áç¥â®¢ �ã§¥¢áª®£® LkRn� = 1:5qlg 1� '1:3I ��; RkR1 �. �«¨§ª®¥ á®¢¯ ¤¥­¨¥ à áç¥â  ¯® ä®à-¬ã«¥ (9) á à¥§ã«ìâ â ¬¨ �ã§¥¢áª®£® ¥é¥ à § ¯®-ª §ë¢ ¥â ¨¤¥­â¨ç­®áâì í­¥à£¥â¨ç¥áª®£® ¯®¤å®¤ ¨ ª« áá¨ç¥áª®£® ¬¥â®¤ . �â  ¨¤¥­â¨ç­®áâì ¡ë« ãáâ ­®¢«¥­  à ­¥¥ [2].� ­ áâ®ïé¥¥ ¢à¥¬ï ¨§¢¥áâ­ë ¤¢¥ ä®à¬ã«ë,®¯à¥¤«¥«ïîé¨¥ ç¨á«® ª ¢¨â æ¨¨ � ¯® § ¤ ­­®© ¢¥-«¨ç¨­¥ � = Rk=Lk.�¥à¢ ï, ¯®«ãç¥­­ ï �®£¢¨­®¢¨ç¥¬ ¢ 1976 £.,��2 ln e2 �24 = �� = 2�2�ln 1� � 0:31� : (10)�â®à ï, ¢ë¢¥¤¥­­ ï � á¨­ë¬ ¢ 1999 £.,2�2 ln 1�pe = �B = 2�2�ln 1� � 0:5� : (11)�§  ¯¯à®ªá¨¬ æ¨¨ �ã§¥¢áª®£®�2� ' 0:36 �lg 1� : (12)� â ¡«. 3 ¤ ­® áà ¢­¥­¨¥ à¥§ã«ìâ â®¢ à áç¥â®¢¯® íâ¨¬ ä®à¬ã« ¬. �® § ¤ ­­ë¬ � ¯® ä®à¬ã«¥(10) ¢ëç¨á«¥­ë �, ¯® íâ¨¬ � ¯® ä®à¬ã«¥ (12) ¢ë-ç¨á«¥­ë � ¨, ­ ª®­¥æ, ¯® § ¤ ­­ë¬ � ¨§ ¯¥à¢®©áâà®ª¨ ¢ëç¨á«¥­ë � ¯® ä®à¬ã«¥ (11).�§ â ¡«. 3 á«¥¤ã¥â, çâ® ä®à¬ã«  (10) ­ ¨¡®-«¥¥ ¡«¨§ª® á®¢¯ ¤ ¥â á à áç¥â ¬¨ ¯® (9) ¨ ¯® (12).62 �. �. �®£¢¨­®¢¨ç



ISSN 1561 -9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 2000. �®¬ 2 (74), N 3. �. 60 { 64�®à¬ã«  (11) ¤ ¥â ­¥áª®«ìª® § ­¨¦¥­­®¥ ç¨á«® ª -¢¨â æ¨¨ ¯à¨ § ¤ ­­®¬ �. �«ï ¯à ªâ¨ª¨ æ¥«¥á®-®¡à §­® ¯®«ì§®¢ âìáï  ¯¯à®ªá¨¬ æ¨¥© �ã§¥¢áª®-£® Lk�Rn ' 1:5rln 1� :�á«¨ ­  ¤¨ £à ¬¬¥ à¨á. 58 ¢ ª­¨£¥  ¢â®à  [1] ­ -­¥áâ¨ íâã  ¯¯à®ªá¨¬ æ¨î, ¯®«ãç ¥âáï «ãçè¥¥ á®-£« á®¢ ­¨¥, ç¥¬ ¯à¨ Lk�=Rn = 1:92� 3� , ª®â®à ï¯à¨¡«¨¦¥­­® á¯à ¢¥¤«¨¢  «¨èì ¢ ¤¨ ¯ §®­¥ � ®â0.07 ¤® 0.15.�®­âãà ª ¢¥à­ë ¢¡«¨§¨ ¤¨áª  á®¢¯ ¤ ¥â á ª®­-âãà®¬ ¯à¨ � = 0, ¯à®å®¤¨â ç¥à¥§ â®çª¨ R1 ¨ Rk ¨¯®¤ç¨­ï¥âáï ãà ¢­¥­¨îxRn = 2:33 + 1:3I ��; RR1� : (13)"�««¨¯â¨ç¥áª ï ª ¢¥à­ " ¯¥à¢®£® ¯à¨¡«¨¦¥-­¨ï, ¯à®å®¤ïé ï ç¥à¥§ â®çª¨ R1 ¨ Rk, ­¥ á®¢¯ -¤ ¥â á ª®­âãà®¬ (13) ¨ ¬®¦¥â ¯¥à¥á¥ª âì ª®­âãà� = 0, çâ® ä¨§¨ç¥áª¨ ­¥¢®§¬®¦­®.������������ �������, ��������-������ ����� � ����� ��������§ ãà ¢­¥­¨ï (5) á«¥¤ã¥â, çâ® ª¨­¥â¨ç¥áª ïí­¥à£¨ï ¯¥à¥¤­¥© ¯®«ãª ¢¥à­ë ­  ¯ãâ¨ Lk ¡ã¤¥âT = WLk � U:�à¨¡«¨¦¥­¨îWLk = �R2kLk�P; (14)U = �R2kLk�P �1���R21R2k� ��+ 1� :�à¨ � ! 0, (R1=Rk)2 ! 0 ¨ U ! 23 ,   T ! 13¢¥«¨ç¨­ë WLk.� â® ¦¥ ¢à¥¬ï,T = �11V 22 = Q11�V 22 ;£¤¥ �11 { ¯à¨á®¥¤¨­¥­­ ï ¬ áá , Q11 { ®¡ê¥¬ ¯à¨-á®¥¤¨­¥­­®© ¬ ááë. �®íâ®¬ã ®â­®è¥­¨¥ ®¡ê¥¬ ¯à¨á®¥¤¨­¥­­®© ¬ ááë ª ®¡ê¥¬ã ª ¢¥à­ë ¤«ï ¥¥¯¥à¥¤­¥© ç áâ¨ ¡ã¤¥â Q11=Qª ¢ � 0:43� ¯à¨ � ! 0.�«ï à áç¥â  ª ¢¥à­ë ®ç¥­ì ¢ ¦­® ¯à ¢¨«ì­®®¯à¥¤¥«¨âì ¯®«ã¤«¨­ã ª ¢¥à­ë Lk. �¡é¨¥ § ª®-­ë á®åà ­¥­¨ï ­¥ ¤ îâ ¢®§¬®¦­®áâì â®ç­® ®¯à¥-¤¥«¨âì ¢¥«¨ç¨­ã Lk. �®íâ®¬ã ¢ ­ áâ®ïé¥¥ ¢à¥¬ï

íâ  ¢¥«¨ç¨­  ®¯à¥¤¥«ï¥âáï «¨¡® ­  ®á­®¢¥ íªá¯¥-à¨¬¥­â «ì­ëå ¤ ­­ëå, «¨¡® ¨§ ¯®«ãí¬¯¨à¨ç¥áª¨å®æ¥­®ª, «¨¡® à¥è¥­¨¥¬ ãà ¢­¥­¨ï (7), «¨¡®, ­ -ª®­¥æ, ­  ®á­®¢¥ ç¨á«¥­­ëå à áç¥â®¢ ª ¢¥à­ ¤«ï­¥ª®â®àëå ª®­ªà¥â­ëå ç¨á¥« ª ¢¨â æ¨¨. �à¨¢¥-¤¥¬ ®á­®¢­ë¥ ä®à¬ã«ë ¡¥§ ¢ë¢®¤®¢, ®âáë« ï § ¯®¤à®¡­®áâï¬¨ ª à ¡®â ¬, ãª § ­­ë¬ ¢ ¡¨¡«¨®-£à ä¨¨. �  ®á­®¢¥ í¬¯¨à¨ç¥áª¨å ¤ ­­ëå�LkRn = 1:92� 3� (15)¨«¨ 1� = 2:08p� � 4p�;£¤¥ � = RkLk :�¥®à¥â¨ç¥áª¨¬ ®¯à ¢¤ ­¨¥¬ ä®à¬ã«ë (15) ï¢-«ï¥âáï â®ç­®¥ ¢ëà ¦¥­¨¥ ' = '1+V hSp1 + ��xi,¯à¨ç¥¬ '1 ¥áâì ¢¥«¨ç¨­  ¯®â¥­æ¨ «  ­  ªà®¬ª åª ¢¨â â®à ; S { ¤ã£  ª®­âãà  ª ¢¥à­ë ¤®  ¡áæ¨ááëx, ®âáç¨âë¢ ¥¬®© ®â ªà®¬®ª ª ¢¨â â®à . � ¬¨¤¥-«¥¢®¬ á¥ç¥­¨¨ ' = 0, à §«®¦¥­¨¥ ¤«ï ¬ «ëå � ¤ ¥â'1 + 12V �Lk = 0, ¯®íâ®¬ã ¢ ¯¥à¢®¬ ¯à¨¡«¨¦¥­¨¨�LkR1 � const.
�¨á. 2. �à ä¨ª à¥§ã«ìâ â®¢ à áç¥â®¢ ¯® ä®à¬ã« ¬� = RkLk ; � = 1� ; �� LkR­ = � 2:077� � 3; 25�p �1+� = 1� ;� � � = ��2 ln e2 �24 (�®£¢¨­®¢¨ç), 4� � = 2�2 ln �pe(� á¨­)�à ¢­¨¢ ï ¯à¥¤ë¤ãéãî ®æ¥­ªã ¯®â¥­æ¨ «  ' á®æ¥­ª®© ¯®â¥­æ¨ «  ¨§ â¥®à¨¨ â®­ª®£® â¥« , ¯®-«ãç ¥âáï ä®à¬ã«  [2]��2 ln e2 �24 = �: (16)�¥§ã«ìâ âë à áç¥â®¢ ¯® ¯à¨¢¥¤¥­­ë¬ ä®à¬ã-« ¬ á«¥¤ãîé¨¥:�. �. �®£¢¨­®¢¨ç 63
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