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 ï ¬®¤¥«ì  ªâ¨¢ æ¨¨ ª«¥âª¨. �¥ ¨¤¥â¨ä¨ª æ¨ï á¯®ª § ¨ï¬¨ ¯à¨¡®à  ¯à®¢®¤¨âáï ¢ ãá«®¢¨ïå áâ -æ¨® à®áâ¨ ¯®á«¥¤¨å, çâ® á®®â¢¥âáâ¢ã¥â ª¢ §¨à ¢-®¢¥á®¬ã á®áâ®ï¨î ¨¬¬ã®© á¨áâ¥¬ë ¯ æ¨¥â .�ëïáïîâáï ¢®¯à®áë ¬ â¥¬ â¨ç¥áª®© ª®àà¥ªâ®áâ¨¬®¤¥«¨. �¥«ìî à ¡®âë ï¢«ï¥âáï ®æ¥ª  ¢®§¬®¦®áâ¨¯à®£®§  § ¡®«¥¢ ¨ï á ¯®¬®éìî ¬ â¥¬ â¨ç¥áª®£®íªá¯¥à¨¬¥â .1. �ãáâì A(t) | ç¨á«® ¬®«¥ªã«   ¯®¢¥àå®áâ¨ª«¥âª¨ ¢ â¥ç¥¨¥ ¥¥ ¢à¥¬¥¨ ¦¨§¨ t ,   B(t) | ç¨á«®¨å ¢ ¥¤à å ª«¥âª¨. �à¥¤« £ ¥¬ ï ¬®¤¥«ì ãç¨âë¢ -¥â âà á¯®àâ ¬®«¥ªã«   ¯®¢¥àå®áâì,   â ª¦¥ ¨åà á¯ ¤ ª ª   ¯®¢¥àå®áâ¨, â ª ¨ ¢ãâà¨. �®¤¥«¨



�¥áâ¨ª �®áª®¢áª®£® ã¨¢¥àá¨â¥â . �¥à¨ï 3. �¨§¨ª . �áâà®®¬¨ï. 2000. ü3 7á®®â¢¥âáâ¢ã¥â á«¥¤ãîé ï § ¤ ç  �®è¨:dAdt =��A+ �B; dBdt =��B;A(0) = A0; B(0) = B0; (1)®¯à¥¤¥«¥ ï   ¬®¦¥áâ¢¥ ¯®«®¦¨â¥«ìëå § ç¥-¨© ç¨á«®¢ëå ¯ à ¬¥âà®¢ � , � , A0 , B0 .�®£« á® [5], ¯à¨ «î¡®© á®¢®ªã¯®áâ¨ ¯ à ¬¥â-à®¢ § ¤ ç  (1) ¨¬¥¥â, ¨ ¯à¨â®¬ ¥¤¨áâ¢¥®¥, à¥è¥-¨¥ fA(t); B(t)g , ãáâ®©ç¨¢®¥ ¢ ª®¥ç®¬ ¢à¥¬¥®¬¤¨ ¯ §®¥. �à¨ ¤®¯®«¨â¥«ì®¬ ®£à ¨ç¥¨¨   ¯ -à ¬¥âàë: ��A0+�B0 < 0 ¢ á¨«ã ¥¯à¥àë¢®áâ¨ à¥-è¥¨ï áãé¥áâ¢ã¥â á¥£¬¥â [0; t̂ ] , ¢ ¯à¥¤¥« å ª®â®à®£®��A+�B < 0 , ¨ ¯®áª®«ìªã B(t) > 0 , à¥è¥¨¥ ¬®®-â®® ã¡ë¢ ¥â á à®áâ®¬ t 2 [0; t̂ ] ; á®®â¢¥âáâ¢ãîé¨©¯à®æ¥áá  §®¢¥¬ ¬®®â®ë¬.�¥è¥¨¥ á¨áâ¥¬ë (1) ¬®¦® ¢ëà §¨âì   «¨â¨ç¥á-ª¨ ¢ ¢¨¤¥A(t) = �B0�� � e��t+�A0 � �B0�� �� e��t; (2)çâ® ¨ ®¯à¥¤¥«ï¥â  «£®à¨â¬ ¥£® ¢ëç¨á«¥¨ï. �¥«¨ç¨ãA(t)  §®¢¥¬ úãà®¢¥¬  ªâ¨¢ æ¨¨û ª«¥âª¨.2. �à®â®çë© æ¨â®¬¥âà ¯®¤áç¨âë¢ ¥â ç¨á«® ª«¥-â®ª á ãà®¢¥¬  ªâ¨¢®áâ¨ ¢ ¯à¥¤¥« å ª ¦¤®£® ¨§ § -¤ ëå ¤¨ ¯ §®®¢ [Ai; Ai+�Ai] , á®®â¢¥âáâ¢ãîé¨åà §«¨çë¬ ª  « ¬ ¯à¨¡®à . �¥§ã«ìâ â®¬ â ª®£®¯®¤áç¥â  ï¢«ï¥âáï £¨áâ®£à ¬¬  f�n(Ai)g | ¤¨áªà¥â-®¥ ®¯¨á ¨¥ ¨áâ¨®£® à á¯à¥¤¥«¥¨ï. �à¨ áâ æ¨®- à®¬ á®áâ®ï¨¨ ®à£ ¨§¬  £¨áâ®£à ¬¬  ¥ § ¢¨á¨â®â ¬®¬¥â   ¡«î¤¥¨ï. �®áª®«ìªã  ªâ¨¢®áâì ®â-¤¥«ì®© ª«¥âª¨ ¬¥ï¥âáï ¢ â¥ç¥¨¥ ¥¥ ¦¨§¨ ¢ á®®â-¢¥âáâ¢¨¨ á (1), ¥¨§¬¥®áâì £¨áâ®£à ¬¬ë ®¡êïáï-¥âáï â¥¬, çâ® á¯®â ë© à á¯ ¤ ¥ª®â®à®£® ç¨á« ª«¥â®ª ¢ i-¬ ª  «¥ ª®¬¯¥á¨àã¥âáï ¯à¨à é¥¨¥¬§  áç¥â à á¯ ¤  ª«¥â®ª ¢ á®á¥¤¥¬, á®®â¢¥âáâ¢ãîé¥¬¡®«ìè¥©  ªâ¨¢®áâ¨. �â¥áï íâ¨ ¨§¬¥¥¨ï ª í«¥-¬¥âã �t ¢à¥¬¥¨ à §¢¨â¨ï ¯à®æ¥áá  (1), ¯®«ãç¨¬�N(Ai+1) = �N(Ai) ¤«ï «î¡®£® i , ¥á«¨ N(Ai) |â®ç®¥ ç¨á«® ª«¥â®ª á ãà®¢¥¬  ªâ¨¢®áâ¨ ¥ ¬¥-¥¥ Ai , § à¥£¨áâà¨à®¢ ëå ¯à¨¡®à®¬.�¡à é ïáì ª ¥¯à¥àë¢®¬ã   «¨§ã ¬®¤¥«¨, ¢¢¥-¤¥¬ N(A) . �á«¨ n(A) | ¯«®â®áâì à á¯à¥¤¥«¥¨ïª«¥â®ª | ¥¯à¥àë¢ë©   «®£ £¨áâ®£à ¬¬ë, â® ¢á¨«ã ¤¨ää¥à¥æ¨àã¥¬®áâ¨ A(t) (1)dN(A) = dNdt �t= n(A)dAdt �t:� ª ª ª ¢ à áá¬ âà¨¢ ¥¬®¬ á¥£¬¥â¥ äãªæ¨ïA(t) ¬®®â® , â® ®  ¨¬¥¥â ®¡à âãî äãª-æ¨î t = g(A) , â ª¦¥ ¤¨ää¥à¥æ¨àã¥¬ãî; ¯à¨ íâ®¬dA=dt = (g0(A))�1 < 0 [6]. �à¨ ¯®áâ®ï®¬ �t ¯à¨-å®¤¨¬ ª ãà ¢¥¨î à ¢®¢¥á¨ï ¢ ¢¨¤¥n(A)g0(A) = C0 = const< 0:� ª¨¬ ®¡à §®¬, ¯à¨ § ¤ ëå ¯ à ¬¥âà å ¡¨®«®-£¨ç¥áª®© á¨áâ¥¬ë P = f�; �; A0; B0; C0g ¬®®â®-

ë© ¯à®æ¥áá  ªâ¨¢ æ¨¨, ®âà ¦ ¥¬ë© ¢ ¯®ª § ¨ïå¯à®â®ç®£® æ¨â®¬¥âà , ®¯¨áë¢ ¥âáï § ¤ ç¥© �®è¨ á¯à¨á®¥¤¨¥ë¬ § ª®®¬ à á¯à¥¤¥«¥¨ï ª«¥â®ª ¯®ãà®¢î  ªâ¨¢ æ¨¨:dAdt =��A+ �B; A(0) = A0;dBdt = ��B; B(0) =B0; n(A)g0(A) = C0: (3)�âã ¬®¤¥«ì  §®¢¥¬ ª¢ §¨à ¢®¢¥á®©.3. � ¤ ç  ¨¤¥â¨ä¨ª æ¨¨ ª¢ §¨à ¢®¢¥á®© ¬®¤¥-«¨ á®áâ®¨â ¢ ¢ë¡®à¥ ¯ à ¬¥âà®¢ P ¯® § ¤ ®© ¬¨-¨¬ «ì®© ¨ä®à¬ æ¨¨ ®â®á¨â¥«ì® à¥è¥¨© A(t) ,B(t) , n(A) . � ª ï § ¤ ç  ®â®á¨âáï ª ç¨á«ã ®¡à â-ëå [7], ¨ à §à ¡®âª   «£®à¨â¬®¢ à¥è¥¨ï âà¥¡ã¥â¨§ãç¥¨ï ¢®¯à®á®¢ ¥¥ ª®àà¥ªâ®áâ¨. �áª«îç¨¬ ¯à¥¦-¤¥ ¢á¥£® ¨§ ç¨á«  ¨áª®¬ëå ¯ à ¬¥âà®¢ A0 : ¤«ï ¬®-®â®®£® ¯à®æ¥áá  íâ  ¢¥«¨ç¨  ãáâ  ¢«¨¢ ¥âáï ¯®íªá¯¥à¨¬¥â «ìë¬ £¨áâ®£à ¬¬ ¬: n(A0) = n0 . �®£-¤  ¨áª®¬ë¬ ®ª §ë¢ ¥âáï  ¡®à q = f�; �; B0; C0g .� ª ç¥áâ¢¥ ¬¨¨¬ «ì®© ¢å®¤®© ¨ä®à¬ æ¨¨, á®¯®-áâ ¢«ï¥¬®© á ¯àï¬ë¬¨  ¡«î¤¥¨ï¬¨, ¯à¨¬¥¬ úâ¥-®à¥â¨ç¥áªãîû £¨áâ®£à ¬¬ã: n = n(A;q) . � á®®â¢¥â-áâ¢¨¨ á ª®æ¥¯æ¨¥© ª®àà¥ªâ®áâ¨ ¯®áâ ®¢ª¨ § ¤ ç¨¯® �.�.�¨å®®¢ã, ¯®«®¦¨¬ q 2 Q , £¤¥ Q | § ¤ -®¥ ¯® ¡¨®«®£¨ç¥áª¨¬ ¤ ë¬ ¬®¦¥áâ¢® ¤®¯ãáâ¨-¬ëå § ç¥¨© ¯ à ¬¥âà®¢. �ãáâì P | ¬®¦¥áâ¢®à¥è¥¨© § ¤ ç¨ (3): W = fA;B; ng ¯à¨ ¢á¥¢®§¬®¦-ëå q 2 Q . �®£¤  ®ç¥¢¨¤®, çâ® ¤«ï «î¡®£® W 2 Páãé¥áâ¢ã¥â â®ç®¥ à¥è¥¨¥ § ¤ ç¨ ¨¤¥â¨ä¨ª æ¨¨.�®¯à®á ® ¥¤¨áâ¢¥®áâ¨ â ª®£® à¥è¥¨ï à á-á¬®âà¨¬ ¢ â®ç®© ¯®áâ ®¢ª¥. �â®â ¯®¤å®¤ ¤ áâ ¢®§-¬®¦®áâì ¢ëïá¨âì ¯à¨æ¨¯¨ «ìãî ¢®§¬®¦®áâì®¯à¥¤¥«¥¨ï â¥å ¨«¨ ¨ëå ¯ à ¬¥âà®¢ ¯® ¨§¡à ®©¢å®¤®© ¨ä®à¬ æ¨¨.�«ï íâ®£® ä®à¬ã«¨àã¥¬ ï¢® ãà ¢¥¨¥, ®¯à¥¤¥-«ïîé¥¥ n(A;q) . �à¨ ¨§¢¥áâ®© £¨áâ®£à ¬¬¥ n(A)¯®á«¥¤¥¥ ãà ¢¥¨¥ ¨§ (3) ¤ ¥ât = 1C0 AZA0 n(�) d�;¨ â®£¤  ¨§ ¢â®à®£® ãà ¢¥¨ïB =B0 exp ��C0 AZA0 n(�) d�!:� ª®¥æ, ¯¥à¢®¥ ãà ¢¥¨¥ (3) ¯à¨¢®¤¨â ¢ á¨«ã ãáâ -®¢«¥ëå á¢ï§¥© ª äãªæ¨® «ì®¬ã ãà ¢¥¨î ®â-®á¨â¥«ì® n(A) :n�1(A) = ��C0 + �C0B0 exp ��C0 AZA0 n(�) d�!: (4)�ç¥¢¨¤®, çâ® à¥è¥¨¥ ãà ¢¥¨ï (4) ¯à¨ § -¤ ®¬ A0 § ¢¨á¨â â®«ìª® ®â âà¥å ¯ à ¬¥âà®¢4 ���, ä¨§¨ª ,  áâà®®¬¨ï, ü 3



8 �¥áâ¨ª �®áª®¢áª®£® ã¨¢¥àá¨â¥â . �¥à¨ï 3. �¨§¨ª . �áâà®®¬¨ï. 2000. ü 3�q= n��= �C0 ; �� = �C0 ; B0o . � ª¨¬ ®¡à §®¬, ¢¥à � ¥ ® à ¥ ¬   1 . � ¤ ®© â¥®à¥â¨ç¥áª®© £¨áâ®-£à ¬¬¥ á®®â¢¥âáâ¢ã¥â ¡¥áª®¥ç®¥ ¬®¦¥áâ¢® § -ç¥¨© q , ®¡à §ãîé¥¥ ®¤®¯ à ¬¥âà¨ç¥áª®¥ á¥¬¥©áâ¢®(§ ¢¨áïé¥¥ ®â ¯ à ¬¥âà  C0 ).�âáî¤  á«¥¤ã¥â, çâ® ¤«ï ¢ë¤¥«¥¨ï ¥¤¨áâ¢¥®£®à¥è¥¨ï ®â®á¨â¥«ì® �q ¥®¡å®¤¨¬® § à ¥¥ § ¤ âìC0 ¨§ ¡¨®«®£¨ç¥áª¨å á®®¡à ¦¥¨©.�«ï ¢ëïá¥¨ï ¢®¯à®á  ®¡ ®¤®§ ç®áâ¨ ®¯à¥-¤¥«¥¨ï ®áâ «ìëå ¯ à ¬¥âà®¢ ¯® £¨áâ®£à ¬¬¥ ¢®á-¯®«ì§ã¥¬áï ¬¥â®¤®¬  á¨¬¯â®â¨ç¥áª®£®   «¨§  [8, 9].� ª®©   «¨§ ¢ëà ¦¥¨ï (4) ¢ ®ªà¥áâ®áâ¨ â®çª¨ A0¯à¨¢®¤¨â ª á«¥¤ãîé¥¬ã § ª«îç¥¨î.� ¥ ® à ¥ ¬   2 . � ®¡« áâ¨, ®¯à¥¤¥«¥®© ¥à ¢¥-áâ¢ ¬¨ �� < 0 , �� < 0 , B0 > 0 , £¨áâ®£à ¬¬¥ n(A)®â¢¥ç ¥â ¥¤¨áâ¢¥®¥ § ç¥¨¥ �q .4. � ª ¢ëïá¨«®áì, ®âà ¦¥¨ï ¬®¤¥«¨ ¢ ¯®ª § ¨-ïå ¯à®â®ç®£® æ¨â®¬¥âà  ¥¤®áâ â®ç® ¤«ï ¢®ááâ -®¢«¥¨ï ¯®«®© á®¢®ªã¯®áâ¨ ¥¥ ¯ à ¬¥âà®¢. �¡¥-¤¨¬áï, çâ® ¢á¥ ¨å ¬®¦® ¢®ááâ ®¢¨âì, ¥á«¨ à áè¨-à¨âì ª®á¢¥ãî ¨ä®à¬ æ¨î ® ¬®¤¥«¨, áç¨â ï ¨§-¢¥áâ®© â ª¦¥ äãªæ¨î A(t) . � á ¬®¬ ¤¥«¥, á®£« á-® (2), ¤«ï A(t) á¯à ¢¥¤«¨¢® á«¥¤ãîé¥¥  á¨¬¯â®â¨-ç¥áª®¥ (t! 0) ¢ëà ¦¥¨¥:A(t) =A0� [D0� + (A0 �D0)��]t+ o(t)�� (A0� �a1C0t) + o(t);D0 = �B0(�� �)�1 = ��B0(��� ��)�1;�a1 =D0 �� + (A0�D0)��: (5)�¤¥áì § ç¥¨ï �� , �� , B0 ®¯à¥¤¥«¥ë ®¤®§ ç®â¥®à¥â¨ç¥áª®© £¨áâ®£à ¬¬®©; ä®à¬ã«  (5) ®¤®§ ç-® ®¯à¥¤¥«ï¥â ¯à¨ ¤®áâ â®ç® ¬ «ëå t ª®íää¨æ¨¥â�a1C0 , a á«¥¤®¢ â¥«ì® ¨ C0 . � ª¨¬ ®¡à §®¬, ¢¥à � ¥ ® à ¥ ¬   3 . �ãáâì ¯à¨ ¨§¢¥áâ®¬ § ç¥¨¨ A0¯ à ¬¥âàë ¬®¤¥«¨ (3) ¯à¨ ¤«¥¦ â ¬®¦¥áâ¢ã D ,®¯à¥¤¥«¥®¬ã ¥à ¢¥áâ¢ ¬¨ � > 0 , � > 0 , B0 > 0 ,C0 < 0 , ��A0+�B0 < 0 , ¯ãáâì [0; t̂ ] | ®¡« áâì ¬®-®â®®áâ¨ äãªæ¨¨ A(t) . �®£¤  á®¢®ªã¯®áâì ¯ à -¬¥âà®¢ ¬®¤¥«¨ ®¤®§ ç® ®¯à¥¤¥«ï¥âáï ¯ à®© äãª-æ¨©: fn= n(A) , A=A(t) , t 2 [0; t̂ ]g , á®®â¢¥âáâ¢ãî-é¨å à¥è¥¨î (3).5. �¡à é ïáì ª ¢®¯à®áã ®¡  «£®à¨â¬¥ à áç¥-â  ¥¨§¢¥áâëå ¯ à ¬¥âà®¢ ¬®¤¥«¨ ¯® ª®á¢¥®©¨ä®à¬ æ¨¨ ® ¨å, ¬ë ¢®á¯®«ì§ã¥¬áï ¤ ë¬¨ ®nexp(A) , ¯à¥¤®áâ ¢«¥ë¬¨ �áâ¨âãâ®¬ ¨¬¬ã®«®-£¨¨ ����. � á®®â¢¥âáâ¢¨¨ á ¯à®¢¥¤¥ë¬ ¢ëè¥  «¨§®¬ ¬®¦® à ááç¨âë¢ âì   ¯®«ãç¥¨¥ ¯® íâ¨¬¤ ë¬ ¢á¥å ¯ à ¬¥âà®¢, ªà®¬¥ C0 , ¨ ¢ ¯à¥¤áâ ¢-«¥®¬ ¨¦¥ ç¨á«¥®¬ íªá¯¥à¨¬¥â¥ ¬ë ¯®« £ «¨C0 = �1 .�«ï à¥è¥¨ï § ¤ ç¨ ¯à¨ § ¤ ëå nexp(A) ¥áâ¥áâ-¢¥® ¢®á¯®«ì§®¢ âìáï ¬¥â®¤®¬  ¨¬¥ìè¨å ª¢ ¤à -â®¢. �®£¤  �q= arg inf �(q) ,�= MXi=1 ['(ti;q)�Ai]2:

�¤¥áì Ai ¬®¦® § ¤ âì ¯à®¨§¢®«ì®,  ¯à¨¬¥àAi � i 2 N ; '(ti;q) | § ç¥¨¥ A(t) ¯à¨ t = ti ,¢ëç¨á«ï¥¬®¥ ¯® íªá¯¥à¨¬¥â «ìë¬ ¤ ë¬ nexp .� ª ¨§¢¥áâ® [7], à¥è¥¨¥ ®¡à â®© § ¤ ç¨ ¢¯à®áâà áâ¢¥ ¥¡®«ìè®© ä¨ªá¨à®¢ ®© à §¬¥à®-áâ¨ E(m) ¥ ¨áª«îç ¥â ¯à¨ § ¬¥â®© ¯®£à¥è®áâ¨¢å®¤ëå ¤ ëå ú¯à ªâ¨ç¥áª®©û ¥ãáâ®©ç¨¢®áâ¨ à¥-§ã«ìâ â : ®¯à¥¤¥«¥ë¥ § ç¥¨ï ª®¬¯®¥â q ¬®£ãâ¢ë©â¨ §  ¯à¥¤¥«ë ¬®¦¥áâ¢  ¤®¯ãáâ¨¬ëå § ç¥¨©.�«ï ª®âà®«ï  ¤ íâ¨¬ íää¥ªâ®¬ § ¤ ¤¨¬ ¬®¦¥-áâ¢® P̂ ¯®áà¥¤áâ¢®¬ ï¢ëå ®£à ¨ç¥¨©   ª®¬-¯®¥âë ¨ á¢¥¤¥¬ § ¤ çã ª ãá«®¢®© ¬¨¨¬¨§ æ¨¨áà¥¤¥ª¢ ¤à â¨ç®£® äãªæ¨® « , çâ® á®®â¢¥âáâ¢ã-¥â ª®æ¥¯æ¨¨ úª¢ §¨à¥è¥¨ïû [10]:q= arg infP̂ �(q):�«ï à¥è¥¨ï íâ®© § ¤ ç¨  ¬¨ ¡ë«¨ ®¯à®¡®¢ ë¤¢  ¨§¢¥áâëå ¬¥â®¤ : ¬¥â®¤ ãá«®¢®£® £à ¤¨¥â ¨ ¬¥â®¤ ä®à¬ «ì®£® ¯®¨áª , ¤ ¢è¨¥ ¯à ªâ¨ç¥áª¨á®¢¯ ¤ îé¨¥ à¥§ã«ìâ âë [11].6. �ãé¥áâ¢¥ë¬ ¤«ï ¯à¨«®¦¥¨© ï¢«ï¥âáï ¢®¯à®á® â®¬, ¯à¨ ª ª®© ¯®£à¥è®áâ¨ � ¢ íªá¯¥à¨¬¥â «ì-ëå ¤ ëå à¥è¥¨¥ à áá¬ âà¨¢ ¥¬®© ®¡à â®© § -¤ ç¨ ¯®«ãç ¥âáï á ¤®¯ãáâ¨¬®© ¢ ¬¥¤¨æ¨áª®© ¯à ª-â¨ª¥ ¯®£à¥è®áâìî " .�â¢¥â   íâ®â ¢®¯à®á  å®¤¨âáï ¬¥â®¤®¬ ¬ â¥¬ -â¨ç¥áª®£® íªá¯¥à¨¬¥â    ��� [7, 3], ®¯à¥¤¥«ïîé¥-£® § ¢¨á¨¬®áâì " = "(�) . �¤®¢à¥¬¥® ®¯à®¡ã¥âáï¯à¥¤« £ ¥¬ë© ª®¬¯«¥ªá  «£®à¨â¬®¢.�  è¥¬ íªá¯¥à¨¬¥â¥ ¬®¦¥áâ¢® D § ¤ ¢ «®áì¥à ¢¥áâ¢ ¬¨ 40 6 � 6 100 ; 1;3 6 � 6 3;0 ; 500 66 B0 6 1500 . � ç¥¨¥ A0 á®®â¢¥âáâ¢®¢ «® íªá¯¥à¨-¬¥â «ìë¬ ¤ ë¬ ¨§ ¤¨ ¯ §®  A0 2 [300; 3000] .�æ¥ª  "(�) ¯à¨ å à ªâ¥àëå § ç¥¨ïå ¯ à -¬¥âà®¢ q ¨§ § ¤ ®£® ¤¨ ¯ §®  ¯à®¨§¢®¤¨âáï ¯®áå¥¬¥, ¨§«®¦¥®© ¢ à ¡®â¥ [7].�®áª®«ìªã â®çë¥ § ç¥¨ï ¨áª®¬ëå ¯ à ¬¥â-à®¢ ¨§¢¥áâë (®¨ ãçâ¥ë ¢ëç¨á«¥ë¬¨ § ç¥¨ï-¬¨ fnig), ®ª §ë¢ ¥âáï ¢®§¬®¦ë¬ ¢ëïá¨âì ¯®£à¥è-®áâì ¨å ®¯à¥¤¥«¥¨ï. � ª ç¥áâ¢¥ ¬¥àë ®â®á¨â¥«ì-®© ¯®£à¥è®áâ¨ ¬ë ¯à¨ï«¨ ¢¥«¨ç¨ã"=max������� � �̂�̂ ����; ������ � �̂�̂ ����; ����B0� � B̂0B̂0 �����;£¤¥ �̂ ¨ â. ¤. | â®çë¥ § ç¥¨ï ¯ à ¬¥âà®¢, ��¨ â. ¤. | § ç¥¨ï ¨å, ¢ëç¨á«¥ë¥ ¢  è¥¬  «-£®à¨â¬¥. �¥«¨ç¨  � ®¯à¥¤¥«ï« áì ª ª áà¥¤¥ª¢ ¤-à â¨ç ï ¬¥à  ®â®á¨â¥«ì®© ¯®£à¥è®áâ¨  ¡®à â¥®à¥â¨ç¥áª®© £¨áâ®£à ¬¬ë.�  à¨áãª¥ ¯à¥¤áâ ¢«¥ ¢ ¯®«ã«®£ à¨ä¬¨ç¥áª®¬¬ áèâ ¡¥ £à ä¨ª § ¢¨á¨¬®áâ¨ "= "(�) ¤«ï ¢ à¨ â � = 54 , � = 2;15 , B0 = 1360 . �¡ àã¦¨¢ ¥âáï ¨-â¥á¨¢ë© à®áâ ¯®£à¥è®áâ¨ à¥è¥¨ï á ã¢¥«¨ç¥¨-¥¬ � .�ªá¯¥à¨¬¥â, ¯à®¢¥¤¥ë© ¤«ï á¥à¨¨ ¢ à¨ â®¢ ¢ãª § ®¬ ¢ëè¥ ¤¨ ¯ §®¥ ¯ à ¬¥âà®¢, ¯®ª §ë¢ ¥â,çâ® ã¤®¢«¥â¢®à¨â¥«ìãî â®ç®áâì ¯à®£®§¨à®¢ ¨ï
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�(  ãà®¢¥ � 1%) ¬®¦® ¯®«ãç¨âì ¯à¨ � 6 0;1% ,® ã¦¥ ¯à¨ � = 10�1;5 (� 3%) ¯®£à¥è®áâì à¥è¥¨ï¤®áâ¨£ ¥â 12,5%.�â¬¥â¨¬, çâ® íâ¨ ®æ¥ª¨ á®¢¯ ¤ îâ ¯® ¯®àï¤ªã¢¥«¨ç¨ë á ¯®«ãç¥ë¬¨ ¢ à ¡®â¥ [3] ¤«ï ¤àã£®©¬®¤¥«¨.

�¨â¥à âãà 1. �¥à¥â �. �¥«®áâ®áâì ®à£ ¨§¬  ¨ ¨¬¬ã¨â¥â. �.: �¨à,1964.2. � àçãª �.�. � â¥¬ â¨ç¥áª¨¥ ¬®¤¥«¨ ¢ ¨¬¬ã®«®£¨¨.�ëç¨á«¨â¥«ìë¥ ¬¥â®¤ë ¨ íªá¯¥à¨¬¥âë. �.: �¥¤à ,1991.3. � á¨«ì¥¢ �.�., �« áª® �.�., �« áª® �.�. ¨ ¤à. // �¥áâ.�®áª. ã-â . �¨§. �áâà®. 1997. ü 4. �. 7 (MoscowUniversity Phys. Bull. 1997. No. 4. P. 7).4. �¥¤®á¥¥¢  �.�., �®àï¤¨ �.�., �®¢ «ìçãª �.�. ¨ ¤à. �ã-ª®¢®¤áâ¢® ¯® ¨¬¬ã®«®£¨ç¥áª¨¬ ¨  ««¥à£®«®£¨ç¥áª¨¬¬¥â®¤ ¬ ¢ £¨£¨¥¨ç¥áª¨å ¨áá«¥¤®¢ ¨ïå. �.: �à®¬¥¤®ª,1993.5. �¨å®®¢ �.�., � á¨«ì¥¢  �.�., �¢¥è¨ª®¢ �.�. �¨ää¥à¥-æ¨ «ìë¥ ãà ¢¥¨ï. �.: � ãª , 1985.6. �«ì¨ �.�., �®§ïª �.�. �á®¢ë ¬ â¥¬ â¨ç¥áª®£®   «¨-§ . �. 1. �.: � ãª , 1973.7. �« áª® �.�. �¡à âë¥ § ¤ ç¨ ¬ â¥¬ â¨ç¥áª®© ä¨§¨ª¨.�.: �§¤-¢® �®áª. ã-â , 1984.8. �¨å®®¢ �.�. // ��� ¨ ��. 1965. 5, ü3. �. 545.9. �« áª® �.�., �¥¯¥â¨«®¢ �.�. // ��� ¨ ��. 1991. 31,ü 12. �. 1826.10. �¨å®®¢ �.�., �àá¥¨ �.�. �¥â®¤ë à¥è¥¨ï ¥ª®àà¥ªâ-ëå § ¤ ç. �.: � ãª , 1979.11. � «¨â¨ª �.�. �¨á«¥ë¥ ¬¥â®¤ë. �.: � ãª , 1978.�®áâã¯¨«  ¢ p¥¤ ªæ¨î 25.06.99��� 539.19+539.2������������ ������������ ������� �� �������������������� �����. �. �«¥ªá ®¢ , �. �. �®¬ à®¢, �. �. �®¯®¢ , �. �. �p®¤¨ , �. �£ª« á�)(�����)� áá¬ âà¨¢ îâáï ¯à®æ¥ááë ¤¨áá®æ¨ æ¨¨ ¯®«¨ â®¬ëå ¬®«¥ªã«, á®¤¥à¦ é¨å ¯®¤áâàãªâãàë ¨§ áëé¥ëå ã£«¥¢®¤®à®¤ëå æ¥¯¥©, ¯à¨ ¯®£«®é¥¨¨ ��-ä®â®®¢. �à¥¤«®¦¥  â¥®à¥â¨ç¥áª ï ¬®-¤¥«ì ¯à®æ¥áá , ª®â®à ï ®á®¢     â¥®à¨¨ ª®««¥ªâ¨¢ëå ª®«¥¡ â¥«ìëå á®áâ®ï¨© (íªá¨¬®«¥©),¢®§¨ª îé¨å ¢ æ¥¯ïå ã¯®àï¤®ç¥ëå ¢ «¥âëå £àã¯¯  áëé¥ëå ã£«¥¢®¤®à®¤®¢. �®«ãç¥®¢ëà ¦¥¨¥ ¤«ï äãªæ¨¨ ¢¥à®ïâ®áâ¨ ¯à®æ¥áá . � ª ¯à¨¬¥à à áá¬®âà¥  ¢¥à®ïâ®áâì äà £¬¥â æ¨¨¬®«¥ªã« ¯®«¨íâ¨«¥  ¯®¤ ¤¥©áâ¢¨¥¬ ¨§«ãç¥¨ï CO2 -« §¥à .�à®æ¥ááë ¢®§¡ã¦¤¥¨ï ¨ ¤¨áá®æ¨ æ¨¨ ¯®«¨ â®¬-ëå ¬®«¥ªã« ¯®¤ ¤¥©áâ¢¨¥¬ ¢¥è¨å ¯®«¥© ¨â¥-á¨¢® ¨áá«¥¤ãîâáï ¢ ¯®á«¥¤¥¥ ¢à¥¬ï ª ª íªá¯¥à¨-¬¥â «ì®, â ª ¨ â¥®à¥â¨ç¥áª¨ (á¬.,  ¯à., [1{5]).�®«ìè¨áâ¢® ¨§ ¯ã¡«¨ªã¥¬ëå à ¡®â ¯®á¢ïé¥® ¨§ã-ç¥¨î äà £¬¥â æ¨¨ ¬®«¥ªã« ¯à¨ ¨å áª®«ì¦¥¨¨ ¯®¯®¢¥àå®áâ¨    â®¬ëå à ááâ®ï¨ïå á® áª®à®áâï-¬¨ ¨¦¥ áª®à®áâ¨ �®à  (vB = 108 á¬/á) [2, 4, 5].�§ãç ¥âáï â ª¦¥ ¤¨áá®æ¨ æ¨ï ¬®«¥ªã« ¯®¤ ¤¥©áâ¢¨¥¬��-¨§«ãç¥¨ï « §¥à  [6]. �ªá¯¥à¨¬¥â ¯®ª § «, çâ®¯®«¨ â®¬ë¥ ¬®«¥ªã«ë ¢® ¢¥è¥¬ ¯¥à¨®¤¨ç¥áª®¬��-¯®«¥ ¬®£ãâ  ª ¯«¨¢ âì ¢ãâà¥îî í¥à£¨î¢¯«®âì ¤® í¥à£¨¨ ¤¨áá®æ¨ æ¨¨. �à¨ç¥¬ ®ª § «®áì,çâ® ¢¥à®ïâ®áâì íâ®£® ¯à®æ¥áá  áãé¥áâ¢¥® § ¢¨á¨â®â áâàãªâãàë ¬®«¥ªã«ë.�) Philipps Universit�at, Marburg /Lahn.
� à ¡®â å [5, 7] ¡ë«® íªá¯¥à¨¬¥â «ì® ãáâ ®¢-«¥®, çâ® ¯®«¨ â®¬ë¥ ¬®«¥ªã«ë, á®¤¥à¦ é¨¥ æ¥¯¨ã¯®àï¤®ç¥ëå ¢ «¥âëå á¢ï§¥© ¢® ¢¥è¥¬ ¯®-«¥,  ª ¯«¨¢ îâ ¢ãâà¥îî í¥à£¨î á® § ç¨â¥«ì-® ¡®«ìè¥© ¢¥à®ïâ®áâìî, ç¥¬ ¬®«¥ªã«ë á ¤àã£®©áâàãªâãà®©. �â¨ à¥§ã«ìâ âë ¯®á«ã¦¨«¨ ®á®¢®© ¤«ïá®§¤ ¨ï ¬®¤¥«¨  ª®¯«¥¨ï í¥à£¨¨ ¢ ¯®«¨ â®¬-ëå ¬®«¥ªã« å, ¯®¤áâàãªâãàë ª®â®àëå ¨¬¥îâ ¢¨¤®¤®¬¥àëå ªà¨áâ ««®¢. � ®á®¢ã ¬®¤¥«¨ ¯®«®¦¥ëà ¡®âë ® ª®««¥ªâ¨¢ëå ª®«¥¡ â¥«ìëå á®áâ®ï¨ïå(íªá¨¬®«ïå) ¢ æ¥¯ïå ã¯®àï¤®ç¥ëå ¢ «¥âëå á¢ï-§¥© [8, 9]. � á®®â¢¥âáâ¢¨¨ á íâ®© â¥®à¨¥© íªá¨¬®«¨,¨¬¥îé¨¥ í¥à£¨î, ¡«¨§ªãî ª í¥à£¨¨ ¯¥à¢®£® ª®«¥-¡ â¥«ì®£® á®áâ®ï¨ï ¤¢ãå â®¬®© á¢ï§¨ æ¥¯¨, ¢®§-¨ª îâ §  áç¥â ¤¨¯®«ì-¤¨¯®«ì®£® ¢§ ¨¬®¤¥©áâ¢¨ï¤¨¯®«ìëå ¬®¬¥â®¢ ¢ «¥âëå £àã¯¯ á ¢¥è¨¬ ¯¥-à¨®¤¨ç¥áª¨¬ ¯®«¥¬ ¨ ¬¥¦¤ã á®¡®©. �ãâà¥ïï í¥à-5 ���, ä¨§¨ª ,  áâà®®¬¨ï, ü 3


