
�¥áâ¨ª �®áª®¢áª®£® ã¨¢¥àá¨â¥â . �¥à¨ï 3. �¨§¨ª . �áâà®®¬¨ï. 2006. ò3 59������������ 532.529.2:551.481.1������� ����� �� �������� �������� ���������� ������ ��������� �������� ��������.�. �«®å¨ , �.�. �®«®¢ì¥¢(ª ä¥¤à  ä¨§¨ª¨ ¬®àï ¨ ¢®¤ áãè¨)E-mail: blokhina@phys.msu.ru�  ®á®¢¥ ¥«¨¥©®© á¨áâ¥¬ë ãà ¢¥¨© â¥à¬®£¨¤à®¤¨ ¬¨ª¨ ¢ ¯à¨¡«¨¦¥¨¨ �ãáá¨¥áª ¯®áâà®¥  ¬ â¥¬ â¨ç¥áª ï ¬®¤¥«ì ¤¨ ¬¨ª¨ à §¢¨â¨ï â¥à¬®¡ à . �á®¡®¥ ¢¨¬ ¨¥ ã¤¥«ï¥âáï¨áá«¥¤®¢ ¨î ¢«¨ï¨ï ¢¥âà  à §«¨ç®© á¨«ë ¨  ¯à ¢«¥¨ï   â¥à¬®£¨¤à®¤¨ ¬¨ç¥áª¨¥¯à®æ¥ááë ¢ ¯à¥áëå ¢®¤®¥¬ å ¢ ¢¥á¥¨© ¯¥à¨®¤.�¥á®©, ¯®á«¥ â ï¨ï «ì¤ , â¥¬¯¥à âãà  ¯®¢¥àå-®áâëå ¢®¤ ¢ ®§¥à å ¬¥ìè¥ â¥¬¯¥à âãàë ¬ ªá¨-¬ «ì®© ¯«®â®áâ¨ (Tm = 4 �C). �¥á¥¨© ¯à®£à¥¢¢®¤®¥¬  ¯à¨¢®¤¨â ª â®¬ã, çâ® ¯à¨¡à¥¦ë¥ ¯®¢¥àå-®áâë¥ ¢®¤ë ¡ëáâà¥¥  £à¥¢ îâáï ¨ ¤®áâ¨£ îââ¥¬¯¥à âãàë 4�C. �®«¥¥ â¥¯«ë¥ ¨  ¨¡®«¥¥ ¯«®âë¥¯à¨¡à¥¦ë¥ ¢®¤ë ®¯ãáª îâáï ¤® ¤ , ®¡à §ãï äà®-â «ìë© à §¤¥« á â¥¬¯¥à âãà®© 4�C ®â ¯®¢¥àå®áâ¨¤® ¤ . �â®â äà®â «ìë© à §¤¥«  §ë¢ ¥âáï â¥à-¬®¡ à®¬. �«¥¢  ¨ á¯à ¢  ®â â¥à¬®¡ à  ®¡à §ãîâáï¤¢¥ æ¨àªã«ïæ¨®ë¥ ïç¥©ª¨ á §®®© áå®¦¤¥¨ï ¢®¤ë®ª®«® ¨§®â¥à¬ë 4�C (à¨á. 1). �â®â äà®â «ìë© à §-¤¥« ¯à¥¯ïâáâ¢ã¥â £®à¨§®â «ì®¬ã ¯¥à¥¬¥è¨¢ ¨î¢®¤ ¬¥¦¤ã ¤¢ã¬ï æ¨àªã«ïæ¨®ë¬¨ ïç¥©ª ¬¨ ¨ ¯à®-¨ª®¢¥¨î ¯à¨¡à¥¦ëå ¢®¤ ¢ æ¥âà «ìãî ç áâì¢®¤®¥¬ . �® ¬¥à¥ ¯à®£à¥¢  ¢®¤®¥¬  â¥à¬¨ç¥áª¨© ¡ àá¬¥é ¥âáï ª æ¥âàã ¨ ¨áç¥§ ¥â, ª®£¤  â¥¬¯¥à âãà ¢á¥©  ª¢ â®à¨¨ ¢®¤®¥¬  áâ ®¢¨âáï ¡®«ìè¥ 4�C.�®¤®¡®¥ ï¢«¥¨¥  ¡«î¤ ¥âáï ¨ ®á¥ìî, ª®£¤  â¥¬-¯¥à âãà  ¢®¤ë   ¯®¢¥àå®áâ¨ ¯®¨¦ ¥âáï ¤® 4�C.� ªàã¯ëå ®§¥à å â¥à¬¨ç¥áª¨© ¡ à ¬®¦¥â áãé¥áâ¢®-¢ âì ¢ â¥ç¥¨¥ ¥áª®«ìª¨å ¬¥áïæ¥¢, çâ® áª §ë¢ ¥âáï  â¥à¬®£¨¤à®¤¨ ¬¨ç¥áª®¬ à¥¦¨¬¥ ¢®¤®¥¬®¢.
���������¨á. 1. �å¥¬ â¨ç¥áª®¥ ¯à¥¤áâ ¢«¥¨¥ â¥ç¥¨© ¢ ¬®¤¥«¨àã¥-¬®¬ ¢®¤®¥¬¥. H | £«ã¡¨  ¢®¤®¥¬ , L | è¨à¨  ¯® ¤ã,L1 | è¨à¨  ¯® ¯®¢¥àå®áâ¨� ç¨ ï á 1950-å £®¤®¢, ¯®á«¥ ®âªàëâ¨ï ï¢«¥¨ïâ¥à¬®¡ à    � ¤®¦áª®¬ ®§¥à¥ �.�. �¨å®¬¨à®-¢ë¬ [1] ¯®ï¢¨«¨áì à ¡®âë ¯® ¨§ãç¥¨î â¥à¬®¡ à ¢ ¯à¨à®¤ëå ãá«®¢¨ïå, « ¡®à â®à®¬ã ¨ â¥®à¥â¨-ç¥áª®¬ã ¨áá«¥¤®¢ ¨î íâ®£® ï¢«¥¨ï. �  ®á®¢¥íâ¨å ¨áá«¥¤®¢ ¨© ¯®áâà®¥® ¥áª®«ìª® ¬ â¥¬ â¨-ç¥áª¨å ¬®¤¥«¥©, ®¯¨áë¢ îé¨å â¥à¬®£¨¤à®¤¨ ¬¨-

ç¥áª¨¥ ¯à®æ¥ááë ¢ ¢®¤®¥¬ å ¢ ¯¥à¨®¤ áãé¥áâ¢®-¢ ¨ï ¢ ¨å â¥à¬®¡ à  ¨ ¤¨ ¬¨ªã ¥£® à §¢¨â¨ï.�¤ ª® ¢ íâ¨å à ¡®â å ¥ ã¤¥«ï¥âáï ¤®áâ â®ç®£®¢¨¬ ¨ï ¨áá«¥¤®¢ ¨ï ¢«¨ï¨î á¨«ë �®à¨®«¨á   ¤¨ ¬¨ªã à §¢¨â¨ï â¥à¬®¡ à  ¢ ¡®«ìè¨å ®§¥à å,ª®â®à ï ¨§¬¥ï¥â áª®à®áâ®© à¥¦¨¬ â¥ç¥¨©, â¥¬á ¬ë¬ ®ª §ë¢ ï ¢«¨ï¨¥   ¯à®¤®«¦¨â¥«ì®áâì áã-é¥áâ¢®¢ ¨ï â¥à¬®¡ à . � ª¦¥ ¢ ¡®«ìè¨áâ¢¥ à ¡®â¥ ¯à®¢®¤¨âáï ¤¥â «ìë©   «¨§ ¢«¨ï¨ï ¬¥â¥®à®«®-£¨ç¥áª¨å ãá«®¢¨©   ª àâ¨ã â¥ç¥¨© ¨ â¥à¬¨ç¥áª®¥á®áâ®ï¨¥ ¢®¤®¥¬  ¢ ¯¥à¨®¤ ¢¥á¥¥£® ¯à®£à¥¢ .�¢â®à ¬¨ ¯®áâà®¥  ¬ â¥¬ â¨ç¥áª ï ¬®¤¥«ì â¥à-¬®£¨¤à®¤¨ ¬¨ç¥áª¨å ¯à®æ¥áá®¢ ¢ ¯à¥á®¬ ¢®¤®¥¬¥¢ ¯¥à¨®¤ áãé¥áâ¢®¢ ¨ï ¢ ¥¬ â¥à¬®¡ à  á ãç¥â®¬á¨«ë �®à¨®«¨á  ¨ â ª¨å ¬¥â¥®à®«®£¨ç¥áª¨å ãá«®-¢¨©, ª ª áª®à®áâì ¨  ¯à ¢«¥¨¥ ¢¥âà , â¥¬¯¥à âãà ¨  ¡á®«îâ ï ¢« ¦®áâì ¢®§¤ãå  [2{5]. �  áâ®ïé¥©à ¡®â¥ ®á®¢®¥ ¢¨¬ ¨¥ ã¤¥«¥® ¨§ãç¥¨î ¢«¨ï-¨ï ¢¥âà    ãá«®¢¨ï à §¢¨â¨ï â¥à¬®¡ à .� à ¡®â¥ à áá¬ âà¨¢ ¥âáï ¤¢¨¦¥¨¥ ¦¨¤ª®áâ¨¢ ®¡« áâ¨, ¯à¥¤áâ ¢«¥®©   à¨á. 1 ¢ á¨áâ¥¬¥ ª®®à-¤¨ â Ox1x2x3 . �ç¨â ¥âáï, çâ® § ¤ ç  ®¤®à®¤  ¯®ª®®à¤¨ â¥ Ox1 . �«ï ®¯¨á ¨ï â¥à¬®£¨¤à®¤¨ ¬¨-ç¥áª¨å ¯à®æ¥áá®¢ ¢ ¢ï§ª®© ¥á¦¨¬ ¥¬®© ¦¨¤ª®áâ¨¨á¯®«ì§ã¥âáï á¨áâ¥¬  ãà ¢¥¨©, ¢ª«îç îé ï ãà ¢-¥¨ï � ¢ì¥{�â®ªá  ¢ ¯à¨¡«¨¦¥¨¨ �ãáá¨¥áª ,¥à §àë¢®áâ¨, â¥¯«®¯à®¢®¤®áâ¨ ¨ á®áâ®ï¨ï ¤«ï¯à¥á®© ¢®¤ë:@Ui@t +Uj @Ui@xj = 1�0 @P@xi + � @2Ui@xj@xj ++ g(T � Tm)2�i3 � 2
(U1�i2 �U2�i1) sin�;@Ui@xi = 0;@T@t +Uj @T@xj = � @2T@xj@xj ;�(T ) = �0 �1� (T � 4�C)2� : (1)
�¤¥áì Ui(x1; x2; x3; t) | ª®¬¯®¥âë ¢¥ªâ®à  áª®à®-áâ¨ (i = 1; 2; 3), T | â¥¬¯¥à âãà , P | ¤ ¢«¥¨¥,



60 �¥áâ¨ª �®áª®¢áª®£® ã¨¢¥àá¨â¥â . �¥à¨ï 3. �¨§¨ª . �áâà®®¬¨ï. 2006. ò3� | ¯«®â®áâì ¢®¤ë, �0 | ¯«®â®áâì ¢®¤ë ¯à¨Tm = 4 �C, � ¨ � | á®®â¢¥âáâ¢¥® ª®íää¨æ¨¥âë¬®«¥ªã«ïà®© ¢ï§ª®áâ¨ ¨ â¥¯«®¯à®¢®¤®áâ¨, � |£¥®£à ä¨ç¥áª ï è¨à®â , �ij | á¨¬¢®« �à®¥ª¥à , = 0:000085 £à ¤�2 .�¨¦¥ ¯à¨¢¥¤¥ë £à ¨çë¥ ãá«®¢¨ï, ¨á¯®«ì§ã¥-¬ë¥ ¯à¨ à¥è¥¨¨ á¨áâ¥¬ë (1).�  ¤¥ ¢®¤®¥¬  (x3 = 0), ¯à ¢®© ¨ «¥¢®©  -ª«®ëå £à ¨æ å § ¤ îâáï ãá«®¢¨¥ ¯à¨«¨¯ ¨ï¨ ¥¯à®¨æ ¥¬®áâ¨ (U1 = U2 = U3 = 0) ¤«ï áª®à®áâ¨¨ ãá«®¢¨¥ ®âáãâáâ¢¨ï ¯®â®ª®¢ â¥¯«  ¤«ï â¥¬¯¥à âã-àë.�  ¢¥àå¥© £à ¨æ¥ (x3 = H ) § ¤ îâáï á«¥¤ãî-é¨¥ ãá«®¢¨ï:�� @U2@x3 = �w2; �� @U1@x3 = �w1; U3 = 0¤«ï áª®à®áâ¨; �c0�� @T@x3 =Q¤«ï â¥¬¯¥à âãàë. �¤¥áì Q=QR+QT+QL , £¤¥ QR |¯®áâ®ïë© ¯® ¢à¥¬¥¨ ¨  ª¢ â®à¨¨ ¢®¤®¥¬  à ¤¨- æ¨®ë© ¯®â®ª â¥¯« , QT = �acpCT (T � Tair)V |¯®â®ª ï¢®£® â¥¯« , QL = LCq(q � qair)V | ¯®â®ªáªàëâ®£® â¥¯« , �wi = Cu�a(Vi)2 ¨ Vi (i = 1; 2) | ¯àï¦¥¨¥ âà¥¨ï ¨ áª®à®áâì ¢¥âà  ¢¤®«ì á®®â¢¥â-áâ¢ãîé¨å ª®®à¤¨ â, �a |¯«®â®áâì ¢®§¤ãå , Cu |ª®íää¨æ¨¥â á®¯à®â¨¢«¥¨ï, V =pV 21 + V 22 | áª®-à®áâì ¢¥âà   ¤ ¢®¤®© ¯®¢¥àå®áâìî, c0 | â¥¯-«®¥¬ª®áâì ¢®¤ë, cp | â¥¯«®¥¬ª®áâì ¢®§¤ãå  ¯à¨¯®áâ®ï®¬ ¤ ¢«¥¨¨, CT ¨ Cq | ª®íää¨æ¨¥âë�â¥â®  ¨ � «ìâ®  ¤«ï ¯¥à¥®á  â¥¯«  ¨ ¢« £¨á®®â¢¥âáâ¢¥®, L | áªàëâ ï â¥¯«®â  ¯ à®®¡à §®¢ -¨ï, Tair ¨ qair | â¥¬¯¥à âãà  ¨ ã¤¥«ì ï ¢« ¦®áâì¢®§¤ãå , T ¨ q | â¥¬¯¥à âãà  ¯®¢¥àå®áâ¨ ¢®¤ë¨ ã¤¥«ì ï ¢« ¦®áâì ¢¡«¨§¨ ¥¥ ¯®¢¥àå®áâ¨.�®á«¥ á®®â¢¥âáâ¢ãîé¨å ¯à¥®¡à §®¢ ¨©, ¯®¤à®¡-® ®¯¨á ëå ¢ à ¡®â¥ [6], ¨§ (1) ®ª®ç â¥«ì® ¯®-«ãç¨¬ ¢ ¡¥§à §¬¥à®¬ ¢¨¤¥ ¢ ¯¥à¥¬¥ëå äãªæ¨¨â®ª   ¨ ¢¨åàï � á¨áâ¥¬ã ãà ¢¥¨©@U1@t + @ @x3 @U1@x2 � @ @x2 @U1@x3 � 2 @ @x3
sin�== ��@2U1@x22 + @2U1@x23 � ; (2)@'@t +� @ @x3 @'@x2 � @ @x2 @'@x3�+ 2@U1@x3 
sin�== ��@2'@x22 + @2'@x23�� 2 (T � T �m) @T@x2 ; (3)@T@t + � @ @x3 @T@x2 � @ @x2 @T@x3� = ��@2T@x22 + @2T@x23 � ;(4)� = '; U2 = @ @x3 ; U3 =� @ @x2 (5)

á ãà ¢¥¨¥¬ § ¬ëª ¨ï�2 = c3s ZS �4� @2 @x2@x3�2 +�@2 @x23 � @2 @x22�2 �� (T � T �m) @T@x3 � ds; (6)£¤¥ � = �T� �HpgH � ¨ T �m | ¡¥§à §¬¥àë¥ ª®-íää¨æ¨¥â âãà¡ã«¥â®© ¢ï§ª®áâ¨ ¨ â¥¬¯¥à âãà ¬ ªá¨¬ «ì®© ¯«®â®áâ¨ ¯à¥á®© ¢®¤ë, �T | à §-¬¥àë© ª®íää¨æ¨¥â âãà¡ã«¥â®© ¢ï§ª®áâ¨, S |¯«®é ¤ì ¢á¥© ®¡« áâ¨ ¬®¤¥«¨àã¥¬®£® ¢®¤®¥¬ , c |í¬¯¨à¨ç¥áª ï ª®áâ â , H | £«ã¡¨  ¢®¤®¥¬ (å à ªâ¥àë© «¨¥©ë© à §¬¥à ªàã¯®¬ áèâ ¡ëå®¡à §®¢ ¨©).� ª ç¥áâ¢¥ ¬ áèâ ¡  ¯à¨ïâë: ¤«ï à ááâ®ï¨©xi | £«ã¡¨  ¢®¤®¥¬  H , â¥¬¯¥à âãàë T | p1= ,áª®à®áâ¥© Ui; V | pgH , ¢à¥¬¥¨ t | pH=g(i= 1; 2; 3).�  ç «ìë© ¬®¬¥â ¢à¥¬¥¨ â¥¬¯¥à âãà   ¯®¢¥àå®áâ¨ ¢®¤®¥¬  ¨§¬¥ï¥âáï ¯® «¨¥©®¬ã § -ª®ã ®â 0�C ¢ æ¥âà¥ ¤® 3.9�C ã ¡¥à¥£ . �  ¤¥¢®¤®¥¬  § ¤ ¥âáï â¥¬¯¥à âãà  ¬ ªá¨¬ «ì®© ¯«®â-®áâ¨. �   ª«®ëå ¡®ª®¢ëå £à ¨æ å â¥¬¯¥à âãà ¨§¬¥ï« áì ¯® «¨¥©®¬ã § ª®ã ®â â¥¬¯¥à âãàë ¤ ¤® 3.9�C,   ¢ãâà¨ à áá¬ âà¨¢ ¥¬®© ®¡« áâ¨ | ®ââ¥¬¯¥à âãàë ¤  ¤® § ç¥¨ï â¥¬¯¥à âãàë   ¢¥àå-¥© £à ¨æ¥   ¤ ®© ¢¥àâ¨ª «¨. �ç¨â «®áì, çâ®¤¢¨¦¥¨¥ ¢ ¢®¤®¥¬¥ ¢  ç «ìë© ¬®¬¥â ¢à¥¬¥¨®âáãâáâ¢ã¥â.�à ¢¥¨ï (2){(6) ¢¬¥áâ¥ á £à ¨çë¬¨ ¨  ç «ì-ë¬¨ ãá«®¢¨ï¬¨ ®¡à §ãîâ § ¬ªãâãî á¨áâ¥¬ã ¤«ï¬®¤¥«¨à®¢ ¨ï â¥à¬®£¨¤à®¤¨ ¬¨ç¥áª¨å ¯à®æ¥áá®¢¢ ¢®¤®¥¬¥ § ¤ ®£® à §¬¥à . �¥è¥¨¥ íâ®© á¨áâ¥¬ëãà ¢¥¨© à¥ «¨§ã¥âáï   ��� á ¯®¬®éìî ç¨á«¥-®£® ¬¥â®¤  ç¥à¥¤ãîé¨åáï  ¯à ¢«¥¨© (¥ï¢ ïáå¥¬ ) [7].� áá¬ âà¨¢ «áï ¢®¤®¥¬ ¢ �¥¢¥à®¬ ¯®«ãè à¨¨�¥¬«¨   £¥®£à ä¨ç¥áª®© è¨à®â¥ � = 60� . �¨à¨ ¬®¤¥«¨àã¥¬®£® ¢®¤®¥¬  L1 = 3000 ª¬,   ¬ ªá¨-¬ «ì ï £«ã¡¨  H = 50 ¬. �®â®ª â¥¯« , ¯®áâã-¯ îé¨©   ¢¥àåîî £à ¨æã ¢®¤®¥¬  ®â �®«æ QR = 210 �â/¬2 . �¥¬¯¥à âãà  Tair = 10 �C ¨ ®â®-á¨â¥«ì ï ¢« ¦®áâì ¢®§¤ãå  qair = 80% á®®â¢¥â-áâ¢¥®.�¯¨è¥¬ ¤¨ ¬¨ªã à §¢¨â¨ï â¥à¬¨ç¥áª®£® ¡ à .�  à¨á. 2 ¯à¥¤áâ ¢«¥ë ¯®«ï à á¯à¥¤¥«¥¨ï â¥¬¯¥à -âãàë T ( ) ¨ äãªæ¨¨ â®ª   (¡) á è £®¬ ¯® ¢à¥¬¥¨t= 95 ç ¯®á«¥  ç «  ¯à®£à¥¢  ¢®¤®¥¬ . �®á«¥ ¤®-áâ¨¦¥¨ï ¯®¢¥àå®áâëå ¢®¤ ã ¡¥à¥£®¢ â¥¬¯¥à âãàë¬ ªá¨¬ «ì®© ¯«®â®áâ¨ ¢ ¢®¤®¥¬¥ § à®¦¤ îâáï ¤¢ â¥à¬®¡ à  ã ¯à ¢®£® ¨ «¥¢®£® ¡¥à¥£®¢ (à¨á. 2, t1 ).�® ¬¥à¥ ¯à®£à¥¢  ¢®¤®¥¬  â¥à¬®¡ àë ¯¥à¥¬¥é îâáïª æ¥âàã ¢®¤®¥¬  (à¨á. 2, t1{t4 ). �¥à¥§ 400 ç¥¯à¥àë¢®£® ¯à®£à¥¢  â¥¬¯¥à âãà  ¢á¥©  ª¢ â®à¨¨
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�����������¨á. 2. �®«ï à á¯à¥¤¥«¥¨ï â¥¬¯¥à âãàë T ( ) ¨ äãªæ¨¨ â®ª   (¡) ¢ ¯«®áª®áâ¨ (x2; x3) á è £®¬ ¯® ¢à¥¬¥¨t= 95 ç. �®«î t1 á®®â¢¥âáâ¢ãîâ à¥§ã«ìâ âë, ¯®«ãç¥ë¥ ç¥à¥§ 20 ç ¯®á«¥  ç «  áç¥â ¢®¤®¥¬  áâ ®¢¨âáï ¡®«ìè¥ â¥¬¯¥à âãàë ¬ ªá¨¬ «ì-®© ¯«®â®áâ¨, ¨ ®¡« áâì ®¯ãáª ¨ï ¢®¤ëå ¬ ááá â¥¬¯¥à âãà®© 4�C ®â ¯®¢¥àå®áâ¨ ¤® ¤  ¨áç¥§ ¥â(à¨á. 2, t5 ).�® ¬¥à¥ ¯à®£à¥¢  ¯®¢¥àå®áâëå ¢®¤ ¨ ¯à®¤¢¨-¦¥¨ï â¥à¬®¡ à  ª æ¥âàã ®§¥à  ®ª®«® ¡¥à¥£®¢¯à¨¡à¥¦ë¥ æ¨àªã«ïæ¨®ë¥ ïç¥©ª¨ ã¢¥«¨ç¨¢ îâ-áï ¢ à §¬¥à¥, ¯®¤ ¢«ïï æ¨àªã«ïæ¨®ë¥ áâàãªâãàë¢ æ¥âà «ì®© ç áâ¨ ¢®¤®¥¬ . �á«¨ ¢  ç «ì®© áâ -¤¨¨ § à®¦¤¥¨ï â¥à¬®¡ à  (à¨á. 2, t1) ¢®¤  ®¯ãáª -« áì ¢ à ©®¥ ¨§®â¥à¬ë 4�C,   ¯®¤¨¬ « áì ¢ æ¥âà¥¢®¤®¥¬ , ®¡à §ãï ¤¢¥ ¡®«ìè¨¥ æ¥âà «ìë¥ æ¨àªã-«ïæ¨®ë¥ ïç¥©ª¨, ®å¢ âë¢ îé¨¥ ¡®«ìèãî ç áâì¢®¤®¥¬ , â® ¯®á«¥ ¯à®å®¦¤¥¨ï â¥à¬®¡ à  ª àâ¨ ¤¢¨¦¥¨ï ¦¨¤ª®áâ¨ ¬¥ï¥âáï. �¢¥ æ¨àªã«ïæ¨®ë¥áâàãªâãàë ®å¢ âë¢ îâ ¢¥áì ¢®¤®¥¬, ®¡à §ãï §®ãª®¢¥à£¥æ¨¨ ¢ ¥£® æ¥âà¥ (à¨á. 2, t5 ).� ª¨¬ ®¡à §®¬, ¢  ç «ì®© áâ ¤¨¨ à §¢¨â¨ïâ¥à¬®¡ à  ¢ æ¥âà¥   ¯®¢¥àå®áâì ¢®¤®¥¬  ¯®¤¨¬ -îâáï ¯à¨¤®ë¥ ¢®¤ë,   ¯®á«¥ ¥£® ¨áç¥§®¢¥¨ï |®¯ãáª îâáï ¯®¢¥àå®áâë¥. �à¥¤ïï áª®à®áâì à á-¯à®áâà ¥¨ï â¥à¬®¡ à  á®áâ ¢¨«  3.75 ¬/ç. �æ¥-ª  áà¥¤¨å áª®à®áâ¥© æ¨àªã«ïæ¨®ëå â¥ç¥¨© ¢®¢à¥¬ï áãé¥áâ¢®¢ ¨ï â¥à¬®¡ à  ¯®ª § « , çâ® ¢¥à-

â¨ª «ì ï áª®à®áâì à ¢  18 ¬/ç,   áà¥¤ïï £®à¨§®-â «ì ï áª®à®áâì | 54 ¬/ç. �®«ãç¥ë¥ å à ªâ¥à¨á-â¨ª¨ ¡«¨§ª¨ ª ¤ ë¬  âãàëå  ¡«î¤¥¨© [8].�à®¢¥¤¥¬   «¨§ ¢«¨ï¨ï ¢¥âà  à §«¨ç®© á¨«ë¨  ¯à ¢«¥¨ï   ¤¨ ¬¨ªã à §¢¨â¨ï â¥à¬®¡ à .�  à¨á. 3 ¯à¥¤áâ ¢«¥ë ¯®«ï à á¯à¥¤¥«¥¨©äãªæ¨¨ â®ª   ¨ â¥¬¯¥à âãàë T ¢ ¬®¬¥â ¢à¥¬¥¨230 ç ¯®á«¥  ç «  ¯à®£à¥¢  ¢®¤®¥¬  ¯à¨ áª®à®áâïå¢¥âà  V = 2 , 4 , 6 ¬/á,  ¯à ¢«¥®£® ª ¯à ¢®¬ã ( )¨ «¥¢®¬ã (¡) ¡¥à¥£ ¬. �¥â¥à ¤¥©áâ¢®¢ « ¢ â¥ç¥¨¥ ¯®-á«¥¤¨å 4 ç. � ¯à ¢«¥¨¥ ¢¥âà  ãª § ® áâà¥«ª ¬¨¢ ¢¥àå¥© ç áâ¨ à¨áãª .�®§¤¥©áâ¢¨¥ ¢¥âà    ¯®¢¥àå®áâì ¢®¤®¥¬  áã-é¥áâ¢¥® ¬¥ï¥â ª àâ¨ã â¥ç¥¨©. �¡à é ¥â  á¥¡ï ¢¨¬ ¨¥, â®, çâ® ¤«ï á« ¡®£® ¢¥âà  (¤®V = 2 ¬/á) ¢ ¯à ¢®© ¨ «¥¢®© ç áâïå ¢®¤®¥¬   ¡«î-¤ ¥âáï â¥à¬®¡ à, á ®¡¥¨å áâ®à® ª®â®à®£® ¢®§¨ª îâæ¨àªã«ïæ¨®ë¥ áâàãªâãàë. �à¨ íâ®¬  â¨æ¨ª«®-¨ç¥áª¨¥ æ¨àªã«ïæ¨®ë¥ áâàãªâãàë, ¢à é îé¨¥áï¯® ç á®¢®© áâà¥«ª¥ ¢ á«ãç ¥   ¡®«¥¥ à §¢¨âë, ç¥¬æ¨ª«®¨ç¥áª¨¥ (¢ á«ãç ¥ ¡  ®¡®à®â). �à¨ áª®à®-áâ¨ ¢¥âà  4 ¬/á ¯à®¨áå®¤¨â ®¡ê¥¤¨¥¨¥ æ¨àªã«ï-æ¨®ëå ïç¥¥ª, ¤«ï ª®â®àëå  ¯à ¢«¥¨¥ â¥ç¥¨ï  ¯®¢¥àå®áâ¨ á®¢¯ ¤ ¥â á  ¯à ¢«¥¨¥¬ ¤¥©áâ¢¨ï
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��������������������¨á. 3. �®«ï à á¯à¥¤¥«¥¨ï â¥¬¯¥à âãàë T ¨ äãªæ¨¨ â®ª   ¢ ¯«®áª®áâ¨ (x2; x3) ¯à¨ à §«¨çëå § ç¥¨ïå áª®à®áâ¨¢¥âà  V¢¥âà . �à¨ íâ®¬ ¥¡®«ìè ï ïç¥©ª  á  ¢¥âà¥®©áâ®à®ë ¢®¤®¥¬  ®ª®«® ¡¥à¥£  áãé¥áâ¢ã¥â,   ®¡« áâì®¯ãáª ¨ï ¢®¤ëå ¬ áá  å®¤¨âáï ¤®áâ â®ç® ¤ «¥ª®®â §®ë à á¯®«®¦¥¨ï ¨§®â¥à¬ë 4�C. �à¨ áª®à®áâ¨¢¥âà  6 ¬/á ¯à¨¡à¥¦ ï ïç¥©ª  ¯à ªâ¨ç¥áª¨ ¨áç¥§ -¥â, ¨ ¢¥áì ¢®¤®¥¬ ®å¢ âë¢ ¥â ¥¤¨ ï æ¨àªã«ïæ¨® ïáâàãªâãà . �¦¥ ¯à¨ áª®à®áâïå ¢¥âà  4 ¬/á ¯à ¢ë©¨ «¥¢ë© áâ®«¡ë ¢®¤ë á â¥¬¯¥à âãà®© 4�C ¥ á®¢¯ -¤ îâ á §®®© ®¯ãáª ¨ï ¢®¤ëå ¬ áá ¨ ¥£® ¥«ì§ï §¢ âì â¥à¬®¡ à®¬. � ã¢¥«¨ç¥¨¥¬ áª®à®áâ¨ ¢¥âà ¨§®â¥à¬  4�C  ª«®ï¥âáï   ¯®¢¥àå®áâ¨ ¢ áâ®à®ã¤¥©áâ¢¨ï ¢¥âà  ¨ ¬ «® ¨§¬¥ï¥â á¢®¥ ¯®«®¦¥¨¥  ¤¥ ¢®¤®¥¬ .� «¨§ à¥§ã«ìâ â®¢ à áç¥â  ¯®ª § «, çâ® ¯à¨¥¡®«ìè¨å áª®à®áâïå ¢¥âà  ¤¨ ¬¨ç¥áª¨¥ ¯à®æ¥ááë,á¢ï§ ë¥ á ¥®¤®à®¤ë¬ à á¯à¥¤¥«¥¨¥¬ ¯«®â®-áâ¨, ¯à¥®¡« ¤ îâ  ¤ ¤¨ ¬¨ç¥áª¨¬¨ ¯à®æ¥áá ¬¨,¢ë§¢ ë¬¨ ¢¥âà®¢ë¬ ¢®§¤¥©áâ¢¨¥¬. �¢¥«¨ç¥¨¥

áª®à®áâ¨ ¢¥âà  ¯à¨¢®¤¨â ª ¯®¤ ¢«¥¨î â¥à¬¨ç¥áª®©ª®¢¥ªæ¨¨ ¨ á®¯à®¢®¦¤ ¥âáï à®áâ®¬ áª®à®áâ¨ æ¨à-ªã«ïæ¨¨ ¦¨¤ª®áâ¨. �â® á«¥¤áâ¢¨¥ ¯®¤â¢¥à¦¤ ¥âáï§ ¢¨á¨¬®áâìî áà¥¤¥£® ç¨á«  �¨ç à¤á®  Ri ¤«ï¢á¥£® ¬®¤¥«¨àã¥¬®£® ¢®¤®¥¬  ®â ¢à¥¬¥¨ ¤¥©áâ¢¨ï¢¥âà , ¯à¥¤áâ ¢«¥®©   à¨á. 4.�à¨â¥à¨© �¨ç à¤á®  ®¯à¥¤¥«ï¥â à®«ì â¥à¬¨ç¥-áª®© áâà â¨ä¨ª æ¨¨ ¢ ¢¥àâ¨ª «ì®¬ ¯¥à¥®á¥ í¥à-£¨¨ ¯® áà ¢¥¨î á ¤¨ ¬¨ç¥áª¨¬¨ ä ªâ®à ¬¨,¢ ª ç¥áâ¢¥ ª®â®àëå ¬®¦® à áá¬ âà¨¢ âì ¢¥âà®¢®¥¢®§¤¥©áâ¢¨¥   ¯®¢¥àå®áâì ¢®¤®¥¬ . � ã¢¥«¨ç¥-¨¥¬ áª®à®áâ¨ ¢¥âà  § ç¥¨¥ ç¨á«  �¨ç à¤á® ¯à¨¡«¨¦ ¥âáï ª ã«î, çâ® ¨««îáâà¨àã¥â ¯à¥®¡-« ¤ îé¥¥ ¤¥©áâ¢¨¥ á¨« ¨¥àæ¨¨  ¤  àå¨¬¥¤®¢®©á¨«®©. �® ¢à¥¬¥®© § ¢¨á¨¬®áâ¨ ç¨á«  �¨ç à¤á® ¬®¦® ®æ¥¨âì ¤«¨â¥«ì®áâì ¢à¥¬¥¨ ¯¥à¥áâà®©ª¨ª®ä¨£ãà æ¨¨ â¥ç¥¨© ¤® ¤®áâ¨¦¥¨ï áâ æ¨® à®©ª àâ¨ë ¢® ¢á¥© ®¡« áâ¨ ¬®¤¥«¨àã¥¬®£® ¢®¤®¥¬ 
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��¨á. 4. � ¢¨á¨¬®áâì áà¥¤¥£® ç¨á«  �¨ç à¤á®  Ri®â ¢à¥¬¥¨ ¢®§¤¥©áâ¢¨ï ¢¥âà  à §«¨ç®© ¨â¥á¨¢®áâ¨.�ª®à®áâì ¢¥âà : 1 | 2 ¬/á, 2 | 4 ¬/á, 3 | 6 ¬/á, 4 | 10 ¬/c¯à¨ ¯®áâ®ï®© áª®à®áâ¨ ¢¥âà . �à¨ á« ¡®¬ ¢¥âà¥¯¥à¥áâà®©ª  ¨ ¤®áâ¨¦¥¨¥ áâ æ¨® à®£® à¥¦¨¬ ¤¢¨¦¥¨ï ¢®¤ë ¯à®¨áå®¤ïâ ¬¥¤«¥¥¥ (à¨á. 4, ªà¨-¢ë¥ 1, 2) ¯® áà ¢¥¨î á® á«ãç ¥¬ § ç¨â¥«ìëå¢¥âà®¢ëå  £àã§®ª, ª®â®àë¥ ¯¥à¥áâà ¨¢ îâ â¥ç¥¨¥§  ¥áª®«ìª® ¬¨ãâ. �â®â ä ªâ ¨««îáâà¨àã¥â ª à-â¨  â¥ç¥¨©, ¯à¥¤áâ ¢«¥ ï   à¨á. 3, ¨ § ¢¨á¨-¬®áâì Ri(t) (à¨á. 4), ¨§ ª®â®àëå á«¥¤ã¥â, çâ® ¯à¨áª®à®áâ¨ ¢¥âà  6 ¬/á ¯® ¨áâ¥ç¥¨¨ ¯®«ãç á  ç¥âëà¥¢¨åàï (à¨á. 2, t3 ) ®¡ê¥¤¨ïîâáï ¢ ®¤¨.�§ ¯®«ãç¥ëå à¥§ã«ìâ â®¢ â ª¦¥ á«¥¤ã¥â, çâ®¤¨ ¬¨ª  à §¢¨â¨ï â¥ç¥¨ï ¢ ¢®¤®¥¬¥ § ¢¨á¨â ®â ¯à ¢«¥¨ï ¢¥âà  á â®© à §¨æ¥©, çâ® ¯®¤ ¢«¥¨¥ª®¢¥ªæ¨¨ ¨ ¨áç¥§®¢¥¨¥ â¥à¬®¡ à  ¯à®¨áå®¤ïâ ¯à¨à §«¨çëå áª®à®áâïå ¢¥âà . �â¬¥â¨¬, çâ® ¢ á«ãç ¥ ¯à ¢«¥¨ï ¢¥âà  ¢¤®«ì äà®â  â¥à¬®¡ à § ç¥¨ïáª®à®áâ¥© ¡®«ìè¥. � â® ¦¥ ¢à¥¬ï ¯à¨ ®¤®© ¨ â®© ¦¥

áª®à®áâ¨ ¢¥âà  ¨ à §«¨ç®¬ ¥£®  ¯à ¢«¥¨¨  ¡«î-¤ ¥âáï ¥¡®«ìè ï  á¨¬¬¥âà¨ï ¢ ª àâ¨ å â¥ç¥¨ï(à¨á. 3), çâ®, ¯®-¢¨¤¨¬®¬ã, á¢ï§ ® á ¤¥©áâ¢¨¥¬ á¨«ë�®à¨®«¨á .� ¡®â  ¢ë¯®«¥  ¯à¨ ä¨ á®¢®© ¯®¤¤¥à¦ª¥���� (£à â 06-05-64911).�¨â¥à âãà 1. �¨å®¬¨à®¢ �.�. // �§¢. �á¥á®î§. £¥®£à. ®¡-¢ . 1959. 91, ò5.�. 424.2. �«®å¨  �.�., � ¢¥«ì¥¢  �.�., �à¤ ®¢¨ç �.�. // �à. ª®ä.<�¨§¨ç¥áª¨¥ ¯à®¡«¥¬ë íª®«®£¨¨ (íª®«®£¨ç¥áª ï ä¨§¨ª )>.1999. T. 4. �. 54.3. �«®å¨  �.�., �¢ç¨¨ª®¢  �.�., �à¤ ®¢¨ç �.�. // �¥áâ.�®áª. ã-â . �¨§. �áâà®. 2002. ò2. �. 60 (Moscow Uni-versity Phys. Bull. 2002. N 2. P. 73).4. �«®å¨  �.�., �à¤ ®¢¨ç �.�., �®«®¢ì¥¢ �.�. // �à. ª®ä.<�¨§¨ç¥áª¨¥ ¯à®¡«¥¬ë íª®«®£¨¨ (íª®«®£¨ç¥áª ï ä¨§¨ª )>.1999. T. 12. �. 5.5. �®«®¢ì¥¢ �. �. �«®å¨  �.�. // �¥¦¤ã à. ª®ä. áâã¤¥-â®¢,  á¯¨à â®¢ ¨ ¬®«®¤ëå ãç¥ëå ¯® äã¤ ¬¥â «ì®©  ã-ª¥ <�®¬®®á®¢ 2003>. C¥ªæ¨ï �¨§¨ª . �., 12{15  ¯à. 2003.�. 37.6. �®¢ «¥¢ �.�., �à¤ ®¢¨ç �.�. �¨§¨ª®-¬ â¥¬ â¨ç¥áª ï ¬®-¤¥«ì âãà¡ã«¥â®£® £®à¨§®â «ì®£® áâà â¨ä¨æ¨à®¢ ®£®¯®â®ª  á ãç¥â®¬ ª®£¥à¥âëå áâàãªâãà. �. 1. �®áâà®¥¨¥ ¬®-¤¥«¨ // �¥¯. ������. ò2771-81.7. �®ãç �. �ëç¨á«¨â¥«ì ï £¨¤à®¤¨ ¬¨ª . �., 1980.8. �¨å®¬¨à®¢ �.�. �¥à¬¨  ªàã¯ëå ®§¥à. �., 1982.�®áâã¯¨«  ¢ p¥¤ ªæ¨î25.03.05


