
42 �¥áâ¨ª �®áª®¢áª®£® ã¨¢¥àá¨â¥â . �¥à¨ï 3. �¨§¨ª . �áâà®®¬¨ï. 2004. ò1������ � ���������������� 535.375.55 ������ ������� �������� � ������� ������������������������ ������������ ��������������������� ������.�. �¨ª¨â¨(ª ä¥¤à  ®¡é¥© ä¨§¨ª¨ ¨ ¢®«®¢ëå ¯à®æ¥áá®¢)E-mail: nikitin@sr.phys.msu.su� à ¬ª å ¬®¤¥«¨ â¢¥à¤ëå è à®¢ ¢ëç¨á«¥  ª®àà¥«ïæ¨® ï äãªæ¨ï â¥¯«®¢®© áª®à®áâ¨¬®«¥ªã«ë £ §®®¡à §®© áà¥¤ë. �®ª § ®, çâ® ¢à¥¬ï ª®àà¥«ïæ¨¨ áª®à®áâ¨ ¢¤¢®¥ ¯à¥¢ëè ¥âáà¥¤¥¥ ¢à¥¬ï á¢®¡®¤®£® ¯à®¡¥£  ¬®«¥ªã«ë. �  ®á®¢¥ ¤ ëå ¯® ¥áâ æ¨® à®¬ã ª®£¥à¥â-®¬ã  â¨áâ®ªá®¢ã à áá¥ï¨î á¢¥â  ¯à®¢¥¤¥  ®æ¥ª  à §¬¥à  ¬®«¥ªã«ë ¢®¤®à®¤ .�¢¥¤¥¨¥�à¨¬¥¥¨¥ á¢¥àåª®à®âª¨å « §¥àëå ¨¬¯ã«ìá®¢¤ ¥â ¢®§¬®¦®áâì ¨§ãç âì ¡ëáâà®¯à®â¥ª îé¨¥ ¯à®-æ¥ááë ¢ à §«¨çëå áà¥¤ å. � ç¨á«ã â ª¨å ¯à®æ¥áá®¢®â®á¨âáï, ¢ ç áâ®áâ¨, ¤¥ä §¨à®¢ª  ¬®«¥ªã«ïàëåª®«¥¡ ¨© ¨«¨ ¢à é¥¨©, ª®â®àãî ¬®¦®  ¡«î¤ âìá ¯®¬®éìî ¬¥â®¤¨ª¨ ¥áâ æ¨® à®£® ª®£¥à¥â®£® â¨áâ®ªá®¢  à áá¥ï¨ï á¢¥â  (����) [1{4]. �à®-æ¥áá ¤¥ä §¨à®¢ª¨ ¢¥áì¬  çã¢áâ¢¨â¥«¥ ª å¨¬¨ç¥áª®-¬ã á®áâ ¢ã ¨ â¥à¬®¤¨ ¬¨ç¥áª®¬ã á®áâ®ï¨î áà¥¤ë,çâ® ¯®§¢®«ï¥â ®¯à¥¤¥«ïâì ¯ à ¬¥âàë áà¥¤ë á ¢ëá®-ª¨¬ ¢à¥¬¥ë¬ ¨ ¯à®áâà áâ¢¥ë¬ à §à¥è¥¨¥¬.�¥®à¥â¨ç¥áª ï ¬®¤¥«ì ¤®¯«¥à®¢áª®© ¤¥ä §¨à®¢-ª¨ [5] ¤ ¥â ¢ëà ¦¥¨¥ ¨¬¯ã«ìá®£® ®âª«¨ª  £ -§®®¡à §®© áà¥¤ë ç¥à¥§ ª®àà¥«ïæ¨®ãî äãªæ¨îâ¥¯«®¢®© áª®à®áâ¨ ¬®«¥ªã«ë £ § . � à ¡®â¥ [5] íâ ª®àà¥«ïæ¨® ï äãªæ¨ï ¥ ¢ëç¨á«ï« áì,   ¡ë« ¢ë¡à   íªá¯®¥æ¨ «ì®©   ®á®¢¥ ®¡é¨å á®®¡à -¦¥¨©, ¨§« £ ¥¬ëå,  ¯à¨¬¥à, ¢ [6, 7]. �¥¦¤ã â¥¬¢®§¬®¦¥ ¯àï¬®© à áç¥â ãª § ®© ª®àà¥«ïæ¨®®©äãªæ¨¨, ¯®áª®«ìªã â¥¯«®¢ ï áª®à®áâì ¬®«¥ªã«ë¯®¤ç¨ï¥âáï ª« áá¨ç¥áª®¬ã ãà ¢¥¨î ¤¢¨¦¥¨ï,  ãáà¥¤¥¨¥ ¬®¦® ¢ë¯®«¨âì, ¨á¯®«ì§ãï à á¯à¥¤¥-«¥¨¥ �ã áá®  (¤«ï ç¨á«  áâ®«ª®¢¥¨© ¬®«¥ªã«ë  ¥ª®â®à®¬ ¨â¥à¢ «¥ ¢à¥¬¥¨) ¨ à á¯à¥¤¥«¥¨¥� ªá¢¥«« . �â  § ¤ ç  à¥è ¥âáï ¢  áâ®ïé¥© à ¡®-â¥.1. �¥å ¨ª  áâ®«ª®¢¥¨ï� áá¬®âà¨¬ ã¯àã£®¥ áâ®«ª®¢¥¨¥ ¤¢ãå ®¤¨ ª®-¢ëå £« ¤ª¨å â¢¥à¤ëå è à®¢. �¨«  ¢§ ¨¬®¤¥©áâ¢¨ï¯à¨ â ª®¬ ã¤ à¥  ¯à ¢«¥  ¯® «¨¨¨, á®¥¤¨ïîé¥©æ¥âàë è à®¢, á«¥¤®¢ â¥«ì® ¬®¬¥â á¨«ë ®â®á¨-â¥«ì® æ¥âà  è à  à ¢¥ ã«î. �£«®¢ ï áª®à®áâì¢à é¥¨ï è à  ¥ ¡ã¤¥â ¬¥ïâìáï ¢ ¯à®æ¥áá¥ ã¤ -à , ¯®íâ®¬ã ¢à é â¥«ìë¥ áâ¥¯¥¨ á¢®¡®¤ë è à®¢¬®¦® ¥ ãç¨âë¢ âì. �ç¨â ï ã¤ à ¡¥áª®¥ç® ª®-à®âª¨¬, ¨§¬¥¥¨¥¬ ª®®à¤¨ â è à®¢ ¢ ¯à®æ¥áá¥ã¤ à  ¬®¦® ¯à¥¥¡à¥çì (<ã¤ à®¥ ¯à¨¡«¨¦¥¨¥>).

�¥§ã«ìâ â®¬ ã¤ à  ¡ã¤¥â ¨§¬¥¥¨¥ áª®à®áâ¥© è à®¢,ª®â®à®¥ ¬®¦® à ááç¨â âì   ®á®¢¥ § ª®®¢ á®åà -¥¨ï ¨¬¯ã«ìá  ¨ í¥à£¨¨.�ãáâì r1 ¨ r2 | à ¤¨ãá-¢¥ªâ®àë æ¥âà®¢ è à®¢¢ ¬®¬¥â ã¤ à , v1 ¨ v2 | áª®à®áâ¨ è à®¢ ¯¥à¥¤ã¤ à®¬, v01 ¨ v02 | áª®à®áâ¨ è à®¢ ¯®á«¥ ã¤ à ,m | ¬ áá  ª ¦¤®£® ¨§ è à®¢. �á¯®«ì§ãï § ª®ëá®åà ¥¨ï ¨¬¯ã«ìá  ¨ í¥à£¨¨, § ¯¨è¥¬mv1 +mv2 =mv01 +mv02 (1)¨ mv212 + mv222 = mv0122 + mv0222 : (2)�à®¬¥ â®£®, á®£« á® ¢â®à®¬ã § ª®ã �ìîâ® , ¨§-¬¥¥¨¥ ¨¬¯ã«ìá  è à  ¯à®¨áå®¤¨â ¯®  ¯à ¢«¥¨î¤¥©áâ¢ãîé¥©   ¥£® á¨«ë. �â® ¤ ¥â ®á®¢ ¨¥ ¯¨á âì v01 � v1 = � e; (3)£¤¥ � | ¥ª®â®à ï áª «ïà ï ¢¥«¨ç¨ ,e= r1 � r2jr1 � r2j (4)| ¥¤¨¨çë© ¢¥ªâ®à,  ¯à ¢«¥ë© ¯® «¨¨¨, á®-¥¤¨ïîé¥© æ¥âàë è à®¢ ¢ ¬®¬¥â ã¤ à  (<¢¥ªâ®àã¤ à >).�¥âàã¤®  ©â¨ à¥è¥¨¥ á¨áâ¥¬ë (1){(3). �¡®-§ ç¨¬ ¯à¨à é¥¨ï áª®à®áâ¥© è à®¢ ¢ à¥§ã«ìâ â¥ã¤ à  ç¥à¥§ �v1 ¨ �v2 . �®£¤ �v1 = v01 � v1; �v2 = v02 � v2:� á¨«ã ãà ¢¥¨© (1), (3)�v1 = � e; �v2 =�� e: (5)�áâ ¥âáï ®¯à¥¤¥«¨âì áª «ïàë© ¯ à ¬¥âà � . �«ïíâ®£® ¨á¯®«ì§ã¥¬ ãà ¢¥¨¥ (2). �à¥¤¢ à¨â¥«ì®§ ¯¨è¥¬ ª¢ ¤à âë áª®à®áâ¥© è à®¢ ¯®á«¥ ã¤ à  ¢á«¥¤ãîé¥¬ ¢¨¤¥:v012 = v01v01 = (v1 +�v1)(v1 +�v1) == v12 + (2v1 +�v1)�v1 (6)



�¥áâ¨ª �®áª®¢áª®£® ã¨¢¥àá¨â¥â . �¥à¨ï 3. �¨§¨ª . �áâà®®¬¨ï. 2004. ò1 43¨ v022 = v22 + (2v2 +�v2)�v2: (7)�®¤áâ ¢¨¢ (6), (7) ¢ (2), ¯®«ãç¨¬ ãà ¢¥¨¥(2v1 +�v1)�v1 + (2v2 +�v2)�v2 = 0 (8)¨«¨, á ãç¥â®¬ (5),(v1 � v2)�e+ �2 = 0:�®á«¥¤¥¥ ãà ¢¥¨¥ ¨¬¥¥â ¤¢  à¥è¥¨ï: �= 0 ¨�= (v2 � v1)e:�¥à¢®¥ ¨§ ¨å á¯à ¢¥¤«¨¢® ¯à¨ ®âáãâáâ¢¨¨ ã¤ à ¬¥¦¤ã ¬®«¥ªã« ¬¨, ¢â®à®¥ | ¥á«¨ ã¤ à ¯à®¨áå®¤¨â.�â ª, ¯ à ¬¥âà �  ©¤¥. �ª®ç â¥«ìë© à¥§ã«ìâ âã¤®¡® ¯à¥¤áâ ¢¨âì ¢ ¢¨¤¥v01 = v1 + (e;v)e; v20 = v2 � (e;v)e; (9)£¤¥ v = v2 � v1 (10)| áª®à®áâì ®â®á¨â¥«ì®£® ¤¢¨¦¥¨ï è à®¢ ¯¥à¥¤ã¤ à®¬. �¯à ¢¥¤«¨¢®áâì ä®à¬ã« (9), (10) ¬®¦®¯à®¢¥à¨âì ¯àï¬®© ¯®¤áâ ®¢ª®© ¢ ãà ¢¥¨ï (1){(3).�â¬¥â¨¬, çâ® ¬®¤¥«ì,   «®£¨ç ï ¯à¥¤áâ ¢«¥®©§¤¥áì, ¨á¯®«ì§®¢   ¢ [8] ¯à¨ ¢ëç¨á«¥¨¨ ¨â¥£à « áâ®«ª®¢¥¨© ¢ ª¨¥â¨ç¥áª®¬ ãà ¢¥¨¨ �®«ìæ¬ - .2. �â â¨áâ¨ª  áâ®«ª®¢¥¨ï�ãáâì vz | ¤¥ª àâ®¢  ª®¬¯®¥â  áª®à®áâ¨ ¬®-«¥ªã«ë. � ª ¯®ª § ® ¢ à ¡®â¥ [5], â¥¯«®¢®¥ ¤¢¨-¦¥¨¥ ¬®«¥ªã« £ §®®¡à §®© áà¥¤ë ¢ ®â®è¥¨¨ ¥-áâ æ¨® à®£® ª®£¥à¥â®£®  â¨áâ®ªá®¢  à áá¥ï¨ïá¢¥â  å à ªâ¥à¨§ã¥âáï ª®àà¥«ïæ¨®®© äãªæ¨¥©B(�) =<vz(t)vz(t+ �)>: �ëç¨á«¨¬ íâã äãªæ¨î.� ç¥¬ á ¢ëç¨á«¥¨ï ª®àà¥«ïâ®à  áª®à®áâ¥© ¬®-«¥ªã«ë ¤® ¨ ¯®á«¥ áâ®«ª®¢¥¨ïB1 =<vzvz 0>: (11)�®£« á® ä®à¬ã« ¬ (9), (10),v1z 0 = v1z + (e;v2 � v1)ez == v1z + [ex(v2x�v1x) + ey(v2y�v1y) + ez(v2z�v1z)]ez:�¥ª àâ®¢ë ª®¬¯®¥âë ¢¥ªâ®à®¢ e;v1;v2 ¯à¥¤áâ ¢-«ïîâ á®¡®© áâ â¨áâ¨ç¥áª¨ ¥§ ¢¨á¨¬ë¥ á«ãç ©ë¥¢¥«¨ç¨ë á ã«¥¢ë¬¨ áà¥¤¨¬¨ § ç¥¨ï¬¨. �®íâ®-¬ã <v1zexv2xez>=<v1z><ex><v2x><ez>= 0:� «®£¨ç®<v1zexv1xez>= 0; <v1zey(v2y � v1y)ez>= 0;<v1zez2v2z>= 0:�«¥¤®¢ â¥«ì®,<v1zv1z 0>=<v1z(v1z � v1zez2)>==<v1z2(1� ez2)>=<v1z2>(1�<ez2>) = 12<v1z2>:

�¤¥áì ãçâ¥®, çâ®<ez2>=< cos2 �>= 1� Z �0 cos2 � d� = 1=2:�ãª¢®© � ®¡®§ ç¥ ã£®« ¬¥¦¤ã ¤¥ª àâ®¢®© ®áìî z¨ ¢¥ªâ®à®¬ ã¤ à  e . �á¥ ¢®§¬®¦ë¥  ¯à ¢«¥¨ï¢¥ªâ®à  e ¢ ¯à®áâà áâ¢¥ áç¨â ¥¬ à ¢®¢¥à®ïâë¬¨.�â ª, <v1zv1z 0> = <v1z2>=2: �¯ãáª ï ¨¤¥ªá<1>, ã¬¥àãîé¨© ¬®«¥ªã«ã, ¯®«ãç ¥¬B1 =<vzvz 0>= 12<vz2>: (12)�¤¥áì vz ¨ vz 0 | ¯à®¥ªæ¨¨ áª®à®áâ¨ ¬®«¥ªã«ë   ®áìz á®®â¢¥âáâ¢¥® ¤® ¨ ¯®á«¥ áâ®«ª®¢¥¨ï. � ª¨¬®¡à §®¬, ª ¦¤®¥ áâ®«ª®¢¥¨¥ ®á« ¡«ï¥â ª®àà¥«ï-æ¨î áª®à®áâ¥© ¬®«¥ªã«ë ¢ ¤¢  à § . �®àà¥«ïâ®à¯®àï¤ª  nBn =<vzvz(n)>= (1=2)n<vz2>: (13)� íâ®¬ ¢ëà ¦¥¨¨ vz(n) | ¤¥ª àâ®¢  ª®¬¯®¥â áª®à®áâ¨ ¬®«¥ªã«ë, ¨á¯ëâ ¢è¥© n áâ®«ª®¢¥¨©,vz | ¥¥  ç «ì ï áª®à®áâì.�¨á«® áâ®«ª®¢¥¨© ¬®«¥ªã«ë §  ¥ª®â®àë© ¯à®-¬¥¦ãâ®ª ¢à¥¬¥¨ � ¥áâì á«ãç © ï ¢¥«¨ç¨ , ¯®¤-ç¨ïîé ïáï à á¯à¥¤¥«¥¨î �ã áá® :P (n) = e���nn! ; (14)£¤¥ n = 0; 1; 2; : : : ; ¯ à ¬¥âà � = <n> ¨¬¥¥â á¬ëá«áà¥¤¥£® ç¨á«  áâ®«ª®¢¥¨© ¬®«¥ªã«ë §  ¢à¥¬ï � .�âã ¢¥«¨ç¨ã ¬®¦® § ¯¨á âì ª ª <n>= �� = �=�c;£¤¥ � | áà¥¤ïï ç áâ®â  áâ®«ª®¢¥¨©, �c | áà¥¤¥¥¢à¥¬ï á¢®¡®¤®£® ¯à®¡¥£  ¬®«¥ªã«ë.�á¯®«ì§ãï ä®à¬ã«ë (13), (14), ¥âàã¤® ¢ëç¨á-«¨âì ª®àà¥«ïæ¨®ãî äãªæ¨î â¥¯«®¢®© áª®à®áâ¨¬®«¥ªã«ë:B(�) =<Bn>= 1Xn=0BnP (n) ==<vz2> exp(��=2) =<vz2> exp(��=2�c): (15)�â® ¢ëà ¦¥¨¥ á¯à ¢¥¤«¨¢® ¯à¨ � > 0 . �ç¨âë¢ ïç¥â®áâì ª®àà¥«ïæ¨®®© äãªæ¨¨, ®¡é¥¥ ¢ëà ¦¥-¨¥ ¬®¦® ¯à¥¤áâ ¢¨âì ¢ ¢¨¤¥B(�) =<vz2> exp(�j� j=2�c): (16)�â ª, ª®àà¥«ïæ¨® ï äãªæ¨ï â¥¯«®¢®© áª®à®-áâ¨ ¬®«¥ªã«ë £ §®®¡à §®© áà¥¤ë ï¢«ï¥âáï íªá¯®-¥æ¨ «ì®©. �à¥¬ï ª®àà¥«ïæ¨¨ â¥¯«®¢®© áª®à®áâ¨¬®«¥ªã«ë �v ®¯à¥¤¥«¨¬ ä®à¬ã«®©B(�) =<vz2> exp(�j� j=�v): (17)�à ¢¨¢ ï ¢ëà ¦¥¨ï (16) ¨ (17),  å®¤¨¬ á®®â®-è¥¨¥ ¬¥¦¤ã ¯ à ¬¥âà ¬¨ �c ¨ �v :�v = 2�c: (18)�â ª, ¢à¥¬ï ª®àà¥«ïæ¨¨ â¥¯«®¢®© áª®à®áâ¨ ¢¤¢®¥¯à¥¢ëè ¥â áà¥¤¥¥ ¢à¥¬ï á¢®¡®¤®£® ¯à®¡¥£  ¬®«¥-ªã«ë £ §®®¡à §®© áà¥¤ë.



44 �¥áâ¨ª �®áª®¢áª®£® ã¨¢¥àá¨â¥â . �¥à¨ï 3. �¨§¨ª . �áâà®®¬¨ï. 2004. ò13. �¨á«¥ë¥ ®æ¥ª¨�§¬¥à¥¨ï ¥áâ æ¨® à®£® ª®£¥à¥â®£®  â¨-áâ®ªá®¢  à áá¥ï¨ï á¢¥â  ¢ ¬®«¥ªã«ïà®¬ ¢®¤®à®¤¥,¢ë¯®«¥ë¥ ¢ à ¡®â¥ [5], ¯®§¢®«¨«¨ ®æ¥¨âì ¢à¥¬ïª®àà¥«ïæ¨¨ â¥¯«®¢ëå áª®à®áâ¥© ¬®«¥ªã«. �®£« á®¤ ë¬, ¯®«ãç¥ë¬ ¢ [5],�v =B=�; (19)£¤¥ B = 0:13 � 10�9 c; (20)�=N=N0 | ¯«®â®áâì £ §  ¢ ¥¤¨¨æ å  ¬ £ , N |ç¨á«® ¬®«¥ªã« ¢ ªã¡¨ç¥áª®¬ á â¨¬¥âà¥ £ § , N0 |ç¨á«® ¬®«¥ªã« ¢ ªã¡¨ç¥áª®¬ á â¨¬¥âà¥ £ §  ¯à¨®à¬ «ìëå ãá«®¢¨ïå (ç¨á«® �®è¬¨¤â ).�§ ¬®«¥ªã«ïà®© ä¨§¨ª¨ ¨§¢¥áâ  ä®à¬ã« , á¢ï-§ë¢ îé ï ¬¥¦¤ã á®¡®© áà¥¤¥¥ ¢à¥¬ï á¢®¡®¤®£®¯à®¡¥£  ¬®«¥ªã«ë £ §  �c ¨ ¤¨ ¬¥âà ¬®«¥ªã«ë d .�â  ä®à¬ã«  ¨¬¥¥â á«¥¤ãîé¨© ¢¨¤ (á¬.,  ¯à., [9]):� = �c�1 =Np2<v>�d2: (21)�¤¥áì N | ç¨á«® ¬®«¥ªã« ¢ ¥¤¨¨æ¥ ®¡ê¥¬  £ § ,p2<v> | áà¥¤ïï áª®à®áâì ®â®á¨â¥«ì®£® ¤¢¨¦¥-¨ï ¤¢ãå ¬®«¥ªã« £ § ,<v>=r 8� kTm (22)| áà¥¤¥¥ § ç¥¨¥ ¬®¤ã«ï áª®à®áâ¨ ¬®«¥ªã«ë, k |¯®áâ®ï ï �®«ìæ¬  , T |  ¡á®«îâ ï â¥¬¯¥à âã-à  £ § , m | ¬ áá  ¬®«¥ªã«ë.�§ ä®à¬ã« (18), (19), (21), (22) á«¥¤ã¥â, çâ®d= (2p�N0�vB)�1=2: (23)�¤¥áì d | ¤¨ ¬¥âà ¬®«¥ªã«ë, N0 = 2:7 �� 1019 á¬�3 | ç¨á«® �®è¬¨¤â , �v = pkT=m ==p<vz2> | ¤¨á¯¥àá¨ï â¥¯«®¢ëå áª®à®áâ¥© ¬®«¥-ªã«, B | ¯ à ¬¥âà, ®¯à¥¤¥«ï¥¬ë© ä®à¬ã«®© (19).�®à¬ã«ã (23) ¬®¦® ¨á¯®«ì§®¢ âì ¤«ï ®¯à¥¤¥«¥-¨ï à §¬¥à  ¬®«¥ªã«ë. �¤¥« ¥¬ ®æ¥ªã ¤«ï ¬®«¥ªã-«ë ¢®¤®à®¤ . �«ï íâ®© ¬®«¥ªã«ë ¯à¨ ª®¬ â®© â¥¬-¯¥à âãà¥ �v = 1:1 � 105 á¬/á. � à ¬¥âà B ®¯à¥¤¥«ï-¥âáï ä®à¬ã«®© (20). �ëç¨á«¥¨¥ ¤¨ ¬¥âà  ¬®«¥ªã«ë¯® ä®à¬ã«¥ (23) ¯à¨¢®¤¨â ª ®æ¥ª¥ d= 2:7 � 10�8 á¬.�«ï áà ¢¥¨ï ãª ¦¥¬ ¢¥«¨ç¨ã ¤¨ ¬¥âà  ¬®«¥ªã-«ë ¢®¤®à®¤ , ¯®«ãç¥ãî   ®á®¢¥ ¨§¬¥à¥¨© â¥¯-«®¯à®¢®¤®áâ¨ £ §  [9]: d = 2:74 � 10�8 á¬. �¨¤®,çâ® ®¡¥ ®æ¥ª¨ å®à®è® á®£« áãîâáï ¬¥¦¤ã á®¡®©.

� ª«îç¥¨¥� áç¥â, ®á®¢ ë©   ¨á¯®«ì§®¢ ¨¨ ª« áá¨ç¥-áª®£® ãà ¢¥¨ï ¤¢¨¦¥¨ï, ¯®ª § «, çâ® ª®àà¥«ï-æ¨® ï äãªæ¨ï â¥¯«®¢®© áª®à®áâ¨ ¬®«¥ªã«ë £ -§®®¡à §®© áà¥¤ë ï¢«ï¥âáï íªá¯®¥æ¨ «ì®©. �à¨íâ®¬ ¢à¥¬ï ª®àà¥«ïæ¨¨ â¥¯«®¢®© áª®à®áâ¨ à ¢®ã¤¢®¥®¬ã áà¥¤¥¬ã ¢à¥¬¥¨ á¢®¡®¤®£® ¯à®¡¥£ ¬®«¥ªã«ë £ § . �®á«¥¤¥¥ ¨§¢¥áâë¬ ®¡à §®¬ á¢ï§ -® á à §¬¥à®¬ ¬®«¥ªã«ë. �®íâ®¬ã ¢®§¨ª ¥â ¯à¨æ¨-¯¨ «ì ï ¢®§¬®¦®áâì ®æ¥ª¨ à §¬¥à®¢ ¬®«¥ªã«  ®á®¢¥ íªá¯¥à¨¬¥â «ìëå ¤ ëå ¯® ¥áâ æ¨® à-®¬ã ����. � ª ¯®ª §ë¢ ¥â â¥®à¨ï, ¯à¥¤áâ ¢«¥ ï¢ à ¡®â¥ [5], íâ¨ ¦¥ á ¬ë¥ ¨§¬¥à¥¨ï, ¢ë¯®«¥ë¥¢ ¯à¥¤¥«¥ ¨§ª¨å ¤ ¢«¥¨© £ § , ¤ îâ ¢®§¬®¦®áâì®¯à¥¤¥«ïâì ¨ ¤¨á¯¥àá¨î â¥¯«®¢ëå áª®à®áâ¥© ¬®«¥-ªã«. � ãç¥â®¬ íâ®£® ®¡áâ®ïâ¥«ìáâ¢  ¤«ï ®æ¥ª¨ à §-¬¥à  ¬®«¥ªã«ë ¯® ¤ ®© ¬¥â®¤¨ª¥ âà¥¡ã¥âáï § ¨¥«¨èì ®¤®© ä¨§¨ç¥áª®© ¯®áâ®ï®©,   ¨¬¥® ç¨á« �®è¬¨¤â .�¨â¥à âãà 1. �å¬ ®¢ �.�., �¨ª¨â¨ �.�. �¨§¨ç¥áª ï ®¯â¨ª . �., 1998.2. Konovalov I.G., Morozov V.B., Tunkin V.G. et al. // J. Mol.Struct. 1995. 348. P. 41.3. Arakcheev V., Jakovlev D., Mochalov S. et al. // J. of RamanSpectroscopy. 2002. 33. P. 884.4. �®à®§®¢ �.�., �«¥¨ �.�., �ãª¨ �.�. �¥áâ æ¨® à ï���� á¯¥ªâà®áª®¯¨ï ¢ëá®ª®£® à §à¥è¥¨ï ¢à é â¥«ìëåà¥§® á®¢ ¬®«¥ªã«ïà®£® ¢®¤®à®¤  ¢ ®¡« áâ¨ ¤®¯«¥à®¢áª®©¤¥ä §¨à®¢ª¨ ¨ áã¦¥¨ï �¨ª¥. �à¥¯à¨â ò2/2000 ä¨§¨ç¥-áª®£® ä ªã«ìâ¥â  ���. �., 2000.5. �ìïª®¢ �.�., �à¨ªã®¢ �.�., � £¨æª¨© �.�., �¨ª¨-â¨ �.�., �ãª¨ �.�. // ����. 1983. 84. C. 2013.6. � ¤ ã �.�., �¨äè¨æ �.�. �â â¨áâ¨ç¥áª ï ä¨§¨ª . �.,1976.7. �¢ á¨ª®¢ �.�. �¥à¬®¤¨ ¬¨ª  ¨ áâ â¨áâ¨ç¥áª ï ä¨§¨ª .�¥®à¨ï ¥à ¢®¢¥áëå á¨áâ¥¬. �., 2003.8. �«¨¬®â®¢¨ç �.�. �â â¨áâ¨ç¥áª ï ä¨§¨ª . �., 1982.9. �¨ª®¨ �.�., �¨ª®¨ �.�. �®«¥ªã«ïà ï ä¨§¨ª . �., 1963.�®áâã¯¨«  ¢ p¥¤ ªæ¨î23.06.03


