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<<?>?GB? 

Mq_gb_�h�kljh_gbb�\_s_kl\Z�y\ey_lky�^hklZlhqgh�keh`ghc�h[eZklvx�
_kl_kl\hagZgby��hgh�bkihevam_l�kh\j_f_ggu_�^hklb`_gby�nbabdb�b�fZl_�
fZlbq_kdbc� ZiiZjZl�� iha\heyxsbc� hibku\Zlv� beb� ZgZebabjh\Zlv� l_� beb�
bgu_�y\e_gby��k\yaZggu_�kh�kljmdlmjhc�beb�hij_^_ezgguf�\aZbfh^_ckl\b�
_f�qZklbp� 

AZ^ZqZ�^Zggh]h�ihkh[by�–�baeh`_gb_� hkgh\guo� aZdhgh\��ihgylbc�b�
ij_^klZ\e_gbc�h�kljh_gbb�\_s_kl\Z��]^_�wlh�\hafh`gh��k�ZgZebahf�dhebq_�
kl\_gghc�klhjhgu�jZkkfZljb\Z_fuo�\hijhkh\� H[uqgh�dmjk�gZqbgZ_lky�k�
jZkkfhlj_gby�d\Zglh\hf_oZgbq_kdh]h�kljh_gby�Zlhfh\�b�fhe_dme��H^gZdh�
wlhl�fZl_jbZe�kx^Z�g_�\dexqzg��lZd�dZd�hg�[ue�gZfb�baeh`_g�\�mq_[ghf�
ihkh[bb�ih�d\Zglh\hc�obfbb� 

<� ]e. 1 ijb\_^_gu� k\_^_gby� ih� deZkkbq_kdbf� ij_^klZ\e_gbyf� h�
kljh_gbb�keh`guo�obfbq_kdbo�fhe_dme��\�qZklghklb�–�hkgh\u�l_hjbb�;ml�
e_jh\Z�� >hklZlhqgh� ih^jh[gh� jZkkfhlj_gu� ]eZ\gu_� \b^u� bahf_jbb� – 
kljmdlmjgZy�b�ijhkljZgkl\_ggZy��Hk\_s_gu� \hijhku��dZkZxsb_ky hkgh\�
guo�oZjZdl_jbklbd�]_hf_ljbq_kdhc�dhgnb]mjZpbb�fhe_dme. 

KlZeh� m`_� ijb\uqguf� hibku\Zlv� kljmdlmju� fhe_dme� \� l_jfbgZo�
kbff_ljbb��dhlhjhc�wlb�fhe_dmeu�h[eZ^Zxl��<�]e�����\�hkgh\ghf�jZkkfhl�
j_gZ� kbff_ljby�bahebjh\Zgghc�fhe_dmeu�� lZd�gZau\Z_fZy� lhq_qgZy� kbf�
f_ljby��Ijb\_^_gu� hkgh\u� deZkkbnbdZpbb�fhe_dme� ih� ]jmiiZf� kbff_l�
jbb��<�kbem�gZebqby�ki_pbZevgh]h�dmjkZ�³DjbklZeehobfby´�ba�^Zgghc�]eZ�
\u�bkdexq_gZ�kbff_ljby�djbklZeeh\� 

>hklZlhqgh�ih^jh[gh�\� ]e�� ��jZkkfhlj_gu� we_dljbq_kdb_�b�fZ]gbl�
gu_�k\hckl\Z�fhe_dme�–�k\hckl\Z��\h�fgh]hf�hij_^_eyxsb_�nbabq_kdb_�b�
obfbq_kdb_�iZjZf_lju�fhe_dmeyjguo�kbkl_f��\�qZklghklb�h[jZah\Zgb_�bk�
dexqbl_evgh�\Z`guo�^ey�obfbb�h[t_dlh\�bamq_gby�–�`b^dbo�jZkl\hjh\� 

<�]e����jZkkfhlj_gh�lZd`_�f_`fhe_dmeyjgh_�\aZbfh^_ckl\b_�–�ij_^�
klZ\e_gby��iha\heyxsb_�hibkZlv�fgh]b_�y\e_gby��g_h[tykgbfu_�k�^jm]bo�
ihabpbc� 

<�]e��V��ihk\yszgghc�kljh_gbx�dhg^_gkbjh\Zgguo�nZa,�g_�jZkkfhl�
j_gu� djbklZeeu�� ih\_joghklb� b� ]jZgbpu� jZa^_eZ�nZa�� l�d�� wlhl�fZl_jbZe�
hk\_sZ_lky�\� ki_pbZevguo�dmjkZo� ³Obfby� l\_j^h]h� l_eZ´�b� ³Dheehb^gZy�
obfby´� 
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=eZ\Z 1. HKGH<GU? IJ?>KL:<E?GBY DE:KKBQ?KDHC 
              L?HJBB�KLJH?GBY�<?S?KL<: 

1.1. DJ:LD:Y�BKLHJBQ?KD:Y�KIJ:<D: 

Kh\j_f_ggZy� obfbq_kdZy� l_hjby� jZkkfZljb\Z_l� ljb� \b^Z� qZklbp��
mqZkl\mxsbo� \� kh[kl\_ggh� obfbq_kdbo� ijhp_kkZo�� fhe_dmeu�� l�_�� gZb�
f_gvrb_� g_cljZevgu_� qZklbpu� \_s_kl\Z�� khojZgyxsb_� _]h� obfbq_kdb_�
k\hckl\Z��bhgu�–�aZjy`_ggu_�hljbpZl_evgh�Zgbhgu� �k�ba[uldhf�we_dljh�
gh\�� b� aZjy`_ggu_� iheh`bl_evgh� dZlbhgu� �k� g_^hklZldhf� we_dljhgh\���
k\h[h^gu_� jZ^bdZeu – g_cljZevgu_� �dZd� ijZ\beh�� ]jmiiu� Zlhfh\�� h[eZ�
^Zxsb_�g_gZkus_ggufb�\Ze_glghklyfb��<�khklZ\�fhe_dme�fh`_l�\oh^blv�
h^bg�Zlhf��gZijbf_j��\�[eZ]hjh^guo�]ZaZo��b�fgh]b_�lukyqb�Zlhfh\��\�\u�
khdhfhe_dmeyjguo�kh_^bg_gbyo���Bhgu�qZs_�\k_]h�h[jZamxlky�b�kms_kl�
\mxl�ijhlb\hiheh`gh� aZjy`_ggufb�iZjZfb��qlh�g_�gZjmrZ_l� we_dljbq_�
kdhc� g_cljZevghklb� l_eZ� \� p_ehf�� JZaghbfzggu_� bhgu� ihemqZxl� ebrv�
k\h[h^m� oZhlbq_kdh]h� i_j_f_s_gby� ^jm]� hlghkbl_evgh� ^jm]Z��Bhgbabjh�
\Zggu_� khklhygby� \_s_kl\Z�fh]ml� h[jZah\u\Zlvky� \� ]ZaZo� �bhgbabjh\Zg�
guc�ih^�^_ckl\b_f�\g_rg_c�wg_j]bb�]Za��bhgbabjh\Zgguc�]Za�ijb�\ukhdbo�
l_fi_jZlmjZo�–�ieZafZ��b�\�`b^dhklyo� �jZkl\hju�we_dljheblh\��jZkieZ\u�
khe_c��� \� l\zj^uo�`_� l_eZo� bhgu� h[jZamxl� mklhcqb\u_� djbklZeebq_kdb_�
j_rzldb� k� hq_gv� fZeuf� dhwnnbpb_glhf� ^bnnmabb� �gZijbf_j�� bhggu_�
djbklZeeu���<�l_o�kemqZyo��dh]^Z�\�g_dhlhjuo�h[eZklyo�gZjmrZ_lky�\aZbf�
gh_� oZhlbq_kdh_� jZkiheh`_gb_� jZaghbfzgguo� bhgh\�� gZ[ex^Zxlky� we_d�
ljhobfbq_kdb_� y\e_gby�� K\h[h^gu_� jZ^bdZeu� h[eZ^Zxl� bkdexqbl_evgh�
\ukhdhc�obfbq_kdhc�Zdlb\ghklvx�b�\�ih^Z\eyxs_f�[hevrbgkl\_�kemqZ_\�
kms_kl\mxl�ebrv�hq_gv�dhjhldh_�\j_fy��Fgh]b_�j_Zdpbb�keh`guo�fhe_�
dme�ijhl_dZxl�ih�k\h[h^ghjZ^bdZevghfm�f_oZgbafm��b�ohly�\j_fy�`bagb�
hl^_evgh]h� jZ^bdZeZ� fZeh�� kms_kl\m_l� dZdZy-lh� hij_^_ezggZy� kj_^gyy�
dhgp_gljZpby� k\h[h^guo�jZ^bdZeh\��Ijb�hq_gv� \ukhdbo� l_fi_jZlmjZo� �\�
Zlfhkn_j_�a\za^��gZijbf_j��kms_kl\mxl�k\h[h^gu_�jZ^bdZeu�CN, OH, CH 
b�^j� g_dhlhju_�bo�\b^u�kms_kl\mxl�b�\�h[uqghf�ieZf_gb��Ijb�h[uqguo�
mkeh\byo�kjZ\gbl_evgh�klZ[bevgh ebrv�g_[hevrh_�qbkeh�k\h[h^guo�jZ^b�
dZeh\� keh`gh]h� kljh_gby� �gZijbf_j�� ljbn_gbef_lbe� (C6H5)3C•��� dhlhju_�
mklhcqb\u�ih�ijbqbgZf�ijhkljZgkl\_ggh]h�kljh_gby�qZklbp� 

JZkkfhlj_gb_� \hijhkh\�obfbq_kdh]h� kljh_gby�b�jZajZ[hldZ� \�^Zev�
g_cr_f�khhl\_lkl\mxsbo�l_hjbc�\h�fgh]hf�kihkh[kl\h\Zeb�klZgh\e_gbx�
obfbb�dZd�kljh]hc�gZmdb��I_j\Zy�aZkem`b\ZxsZy�\gbfZgby�l_hjby�obfb�
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q_kdhc�k\yab�[ueZ�\u^\bgmlZ�L��;_j]fZghf�b�D�E��;_jlhee_�\�gZqZe_�XIX 
\_dZ��Hkgh\u\Zykv�gZ�mki_oZo�nbabdb�b�Zkljhghfbb��hgb�ihiulZebkv�jZk�
ijhkljZgblv�l_hjbx�\k_fbjgh]h�ly]hl_gby�gZ�obfbq_kdb_�qZklbpu��kqblZy��
qlh� obfbq_kdb_� qZklbpu� ijbly]b\Zxlky� ^jm]� d� ^jm]m� ]jZ\blZpbhggufb�
kbeZfb. H^gZdh�ijb�\gbfZl_evghf�jZkkfhlj_gbb�hdZaZehkv��qlh�^_ckl\b_�
kbe� \k_fbjgh]h� ly]hl_gby� dZj^bgZevgh� hlebqZ_lky� hl� obfbq_kdh]h� \aZb�
fh^_ckl\by�� =jZ\blZpbhggu_� kbeu� g_\_ebdb� b� kjZ\gbl_evgh� f_^e_ggh�
m[u\Zxl�k�jZkklhygb_f��^_ckl\mxl�hgb�gZ�ex[mx�fZkkm�\g_�aZ\bkbfhklb�
hl� ijbjh^u� \_s_kl\Z�� ba[bjZl_evgh]h� gZijZ\e_gby� \� ijhkljZgkl\_� g_�
bf_xl� b� g_� ih^\_j`_gu� \g_rgbf� \ha^_ckl\byf� bgh]h� oZjZdl_jZ�� h[jZ�
amxsb_ky�kdhie_gby�\_s_kl\Z�ijbly]b\Zxl�d�k_[_�gh\u_�ihjpbb�\_s_kl\Z�
k� _sz� [hevr_c� kbehc� �lh� _klv� ]jZ\blZpbhggu_� \aZbfh^_ckl\by� g_gZku�
sZ_fu��� Obfbq_kdh_� \aZbfh^_ckl\b_� oZjZdl_jbam_lky� kbeZfb�� dhlhju_�
[hevr_�\�g_kdhevdh�^_kyldh\�ihjy^dh\�\_ebqbgu��m[u\Z_l�hgh�k�jZkklhy�
gb_f� agZqbl_evgh� [uklj__� b� ijbkms_� fhe_dmeZf� kljh]h� hij_^_ezgghc�
ijbjh^u��ijbqzf�obfbq_kdb_�kbeu�bf_xl�gZijZ\e_gghklv�\�ijhkljZgkl\_��
\�qZklghklb�\�keh`guo�fhe_dmeZo�fh]ml�j_Z]bjh\Zlv�ebrv�bo�g_dhlhju_�
qZklb��Ijhl_dZgb_�obfbq_kdbo�j_Zdpbc�kbevgh�aZ\bkbl�hl�\g_rgbo�mkeh�
\bc��gZijbf_j�hl�l_fi_jZlmju�,�b�wlh�\aZbfh^_ckl\b_�oZjZdl_jbam_lky�gZ�
kusZ_fhklvx�� lh� _klv� _keb� ^\_� ijhklu_�fhe_dmeu� kh_^bgyxlky� \� keh`�
gmx��lj_lvy�ijhklZy�fhe_dmeZ�m`_�g_�fh`_l�ijbkh_^bgblvky�d�h[jZah\Z\�
r_cky�qZklbp_��LZdbf�h[jZahf��]jZ\blZpbhggZy�l_hjby�;_j]fZgZ – ;_jlhe�
e_�hq_gv�kdhjh�[ueZ�hl\_j]gmlZ� 

<� ����� ]h^m�C�Y��;_jp_ebmk�\u^\bgme� we_dljhobfbq_kdmx�l_hjbx��
kh]eZkgh�dhlhjhc�Zlhfu�g_�y\eyxlky�g_cljZevgufb��Z�bf_xl�^\Z�ihexkZ�– 
iheh`bl_evguc�b�hljbpZl_evguc��ijbqzf�ih�\_ebqbg_�aZjy^Z�h^bg�ba�ih�
exkh\�ij_h[eZ^Z_l��Obfbq_kdb_�j_Zdpbb�h[tykgyebkv�we_dljhklZlbq_kdbf�
\aZbfh^_ckl\b_f��\�kemqZ_�g_iheghc�kdhfi_gkbjh\Zgghklb�we_dljbq_kdbo�
aZjy^h\�ijb�h[jZah\Zgbb�keh`guo�fhe_dme�ihke_^gb_�khojZgyeb�kihkh[�
ghklv� d� ^Zevg_cr_fm� \aZbfh^_ckl\bx�� wlbf� h[tykgyehkv� kms_kl\h\Zgb_�
fgh]hZlhfguo�fhe_dme��KZfuc�k_jvzaguc�batyg�wlhc�l_hjbb��dZaZ\r_cky�
gZ�i_j\uc�\a]ey^�\_kvfZ�ijZ\^hih^h[ghc��–�kms_kl\h\Zgb_�^\moZlhfguo�
fhe_dme� h^gh]h� we_f_glZ� �gZijbf_j�� O2, N2, Cl2 b� ^j���� Zlhfu� dhlhjuo�
\_kvfZ�ijhqgh�k\yaZgu�f_`^m�kh[hc��L_hjby�gbdZd�g_�h[tykgyeZ�baf_g_�
gb_�fgh]bo�nbabq_kdbo�k\hckl\�j_Z]bjmxsbo�\_s_kl\��k�^jm]hc�klhjhgu��
ij_^iheh`_gb_�h[� we_dljbq_kdhc� � aZjy`_gghklb� Zlhfh\�b�fhe_dme�gZoh�
^behkv�\�y\ghf�ijhlb\hj_qbb�k�hiulhf��l�d��h^bg�ba�j_Z]_glh\�ihqlb�\k_�
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]^Z�fh`gh�ihemqblv�\�qbklhf�\b^_,�b�hg��ke_^h\Zl_evgh��^he`_g�bf_lv�aZ�
jy^��<kdhj_�[ueb�hldjulu�j_Zdpbb��\�dhlhjuo�jZaghiheyjgu_�ih�l_hjbb�
;_jp_ebmkZ�we_f_glu�aZf_sZeb�^jm]�^jm]Z�\�keh`guo�kh_^bg_gbyo��We_d�
ljhobfbq_kdZy�l_hjby�lZd`_�^he]h�g_�ijhkms_kl\h\ZeZ� 

<���-o�]h^Zo�XIX \_dZ�@��>xfZ�b�R��@_jZj�\u^\bgmeb�l_hjbx�lb�
ih\��WlZ� l_hjby� \hh[s_� hklZ\eyeZ� \� klhjhg_� aZ^Zqm� \uykg_gby� kljh_gby 
fhe_dme��qlh� y\eyehkv� dZd�[u�j_Zdpb_c�gZ�^he]b_�[_amki_rgu_�ihiuldb�
kha^Zgby�ijZ\^hih^h[ghc�l_hjbb�obfbq_kdh]h�kljh_gby��Z�khkj_^hlhqb\Z�
eZ�\gbfZgb_�gZ�h[tykg_gbb�obfbq_kdbo�k\hckl\�bkoh^y�ba�[jmllh-khklZ\Z�
fhe_dme�b�ZgZeh]bc�\�wlhf�khklZ\_��Ijb�wlhf�ml\_j`^Zehkv��qlh�obfbq_�
kdb_�k\hckl\Z�fZeh�aZ\bkyl�hl�ijbjh^u�kZfbo�Zlhfh\��JZaebqgu_�keh`gu_��
\�qZklghklb�hj]Zgbq_kdb_��\_s_kl\Z�jZkkfZljb\Zebkv�dZd�ijhba\h^gu_�[h�
e__�ijhkluo�fhe_dme�beb� Zlhfh\��ijb� wlhf�[jZeb�g_kdhevdh� lbih\�–�hk�
gh\gu_�bkoh^gu_�fhe_dmeu�^h\hevgh�ijhklh]h�khklZ\Z��Ijhkl_crbc�ijb�
f_j� –� lbi� \h^u��Fhe_dmeu�� ihemqZxsb_ky� aZf_s_gb_f� h^gh]h� beb� g_�
kdhevdbo�Zlhfh\�\h^hjh^Z��gZijbf_j��C2H5OH b C2H5OC2H5),�hlghkbebkv�d�
wlhfm�lbim��Fhe_dmeu�CH3NH2, (CH3)2NH�b��CH3)3N�[ueb�hlg_k_gu�d�lbim�
ZffbZdZ�NH3. NhjfZebaf�b�hlhj\Zgghklv�hl�j_Zebc�g_�iha\hebeb�kqblZlv�
wlm�l_hjbx�m^h\e_l\hjbl_evghc�^Z`_�\h�\j_fy�_z�kms_kl\h\Zgby� 

Kms_kl\_gguf� rZ]hf� d� kha^Zgbx� bklbgghc� l_hjbb� obfbq_kdh]h�
kljh_gby�[ueh�\\_^_gb_�\������]h^m�W��NjZgde_g^hf�ihgylby�\Ze_glghklb��
Wlh�y\behkv�\ha\jZlhf�d�dhgp_ipbb�hij_^_eyxs_c�jheb�kljh_gby�fhe_dme�
\� hibkZgbb� obfbq_kdbo� k\hckl\� b�nZdlbq_kdb� hldZahf� hl� l_hjbb� lbih\��
<Ze_glghklv�\ujZ`Z_l�kihkh[ghklv�Zlhfh\�^Zggh]h�we_f_glZ�kh_^bgylvky�
k� hij_^_ezgguf� dhebq_kl\hf� Zlhfh\� ^jm]h]h� dhgdj_lgh]h� we_f_glZ��<Z�
e_glghklv� \h^hjh^Z� [ueZ� ijbgylZ� aZ� _^bgbpm�� <Ze_glghklv� fgh]bo� we_�
f_glh\�hij_^_eyeZkv�ih�dhebq_kl\m�Zlhfh\�\h^hjh^Z��dhlhjh_�wlhl�we_f_gl�
fh]� ijbkh_^bgblv�� Ihgylb_� \Ze_glghklb� ghkbeh� qbklh� hibkZl_evguc� b�
nhjfZevguc�oZjZdl_j��\�qZklghklb��dZd�\uykgbehkv��fgh]b_�we_f_glu�h[�
eZ^Zeb� i_j_f_gghc� \Ze_glghklvx,� b� wlh� gbdZd� g_� h[tykgyehkv�� H^gZdh�
kmlv�^_eZ�[ueZ�m]Z^ZgZ�\_jgh� 

1.2. L?HJBY�OBFBQ?KDH=H�KLJH?GBY�:�F��;MLE?JH<: 

<� ����� ]h^m� :�F�� ;mle_jh\� \u^\b]Z_l� l_hjbx�� dhlhjZy� \f_kl_� k�
Zlhfgh-fhe_dmeyjguf� mq_gb_f�F�<��Ehfhghkh\Z� b� i_jbh^bq_kdbf� aZdh�
ghf�>�B��F_g^_e__\Z�khklZ\ey_l�h^bg�ba�ljzo�djZ_m]hevguo�dZfg_c�deZk�
kbq_kdhc�obfbq_kdhc�l_hjbb� 
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Kmlv�wlhc�l_hjbb�fh`gh�i_j_^Zlv�\�ljzo�hkgh\guo�iheh`_gbyo� 
1. Ijb�h[jZah\Zgbb�fhe_dmeu�^Zggh]h�\_s_kl\Z�Zlhfu��khklZ\eyx�

sb_�_z��kh_^bgyxlky�^jm]�k�^jm]hf�\�kljh]hf�ihjy^d_��h[jZamy�ijb�wlhf�
hij_^_ezggmx� kljmdlmjm�� <� ih^Z\eyxs_f� [hevrbgkl\_� kemqZ_\� [jmllh-
nhjfmeZ�\_s_kl\Z�g_�g_kzl�\�k_[_�bgnhjfZpbb�gb�h�kljh_gbb�kZfhc�fhe_�
dmeu�� gb� h� _z� obfbq_kdbo� k\hckl\Zo��Ihwlhfm� fhe_dmeu� p_e_khh[jZagh�
ij_^klZ\eylv�k�ihfhsvx�kljmdlmjguo�nhjfme��lh�_klv�mijhszggh]h�ieh�
kdhklgh]h� bah[jZ`_gby� j_Zevgh]h� jZkiheh`_gby� Zlhfh\� \� fhe_dme_�� <h�
fgh]bo� kemqZyo� bkihevah\Zgb_� kljmdlmjguo� nhjfme� iha\hey_l� emqr_�
ij_^klZ\blv�b� kljh_gb_� kZfbo�fhe_dme��b�bo�obfbq_kdb_� k\hckl\Z��b�ob�
fbaf�ijhp_kkh\��\�dhlhjuo�fhe_dmeZ�mqZkl\m_l� 

2. Kh_^bg_gb_� Zlhfh\� \�fhe_dme_� ijhbkoh^bl� \� khhl\_lkl\bb� k� bo�
\Ze_glghklvx��Lh�_klv�hij_^_eyxsbf�nZdlhjhf�ijb�h[jZah\Zgbb�fhe_dme�
y\ey_lky�ijbjh^Z�kZfbo�Zlhfh\��khklZ\eyxsbo�^Zggmx�fhe_dmem� L_hjby�
;mle_jh\Z�g_�j_rZeZ�\hijhk�h�gZebqbb�i_j_f_gghc�\Ze_glghklb��hl\_l�gZ�
g_]h�^ZeZ�\ihke_^kl\bb�i_jbh^bq_kdZy�kbkl_fZ�F_g^_e__\Z���gh�hl\h^beh�
wlhfm�ihgylbx�h^gm�ba�hij_^_eyxsbo�jhe_c� 

3��Obfbq_kdb_�b�nbabq_kdb_�k\hckl\Z�\_s_kl\Z�aZ\bkyl�hl�ijbjh^u�
b�dhebq_kl\Z�Zlhfh\��khklZ\eyxsbo�fhe_dmem�^Zggh]h�\_s_kl\Z��Z�lZd`_�
hl�bo�\aZbfgh]h�jZkiheh`_gby�\�fhe_dme_� Wlh�iheh`_gb_�y\eyehkv�[hev�
rbf� ^hklb`_gb_f� l_hjbb� ;mle_jh\Z� b� hdZaZehkv� hq_gv� ieh^hl\hjguf��
<ebylv�^jm]�gZ�^jm]Z�fh]ml�g_�lhevdh�Zlhfu�–�[eb`Zcrb_�khk_^b��gh�b�[h�
e__� m^Zezggu_� \� p_ihqd_� Zlhfh\� �bg^mdpbhgguc� wnn_dl��� <ebygb_� wlh�
kjZ\gbl_evgh�fZeh��gh�\�g_dhlhjuo�kemqZyo�fh`_l�[ulv�\_kvfZ�aZf_lguf�
�gZijbf_j�� dh]^Z� kbevgh� we_dljhhljbpZl_evguc� Zlhf� hlly]b\Z_l� gZ� k_[y�
we_dljhggmx� iehlghklv� b�fh`_l�f_gylv� obfbq_kdmx� Zdlb\ghklv� m^Zezg�
guo�Zlhfh\��g_ihkj_^kl\_ggh�mqZkl\mxsbo�\�obfbq_kdbo�ij_\jZs_gbyo���
MdZaZggZy�dhgp_ipby�iha\hebeZ�\uy\eylv�\�keh`guo�fhe_dmeZo�nmgdpbh�
gZevgu_�]jmiiu�–�]jmiiu�Zlhfh\�hij_^_ezggh]h�kljh_gby��\klj_qZxsb_ky�
\� jZaebqguo�fhe_dmeZo,� \� agZqbl_evghc�f_j_� hij_^_eyxsb_� obfbq_kdb_�
k\hckl\Z� \_s_kl\� b� y\eyxsb_ky� hkgh\hc� ^ey� bo� deZkkbnbdZpbb��GZijb�
f_j��nmgdpbhgZevgZy�]jmiiZ�–OH ijbkmsZ�hkgh\Zgbyf��]jmiiZ�–COOH – 
hj]Zgbq_kdbf�dbkehlZf� 

LZdbf�h[jZahf��l_hjby�;mle_jh\Z�h[tykgyeZ�\kz�fgh]hh[jZab_�hj]Z�
gbq_kdbo� b� g_hj]Zgbq_kdbo� \_s_kl\� b� y\eyeZkv� \k_h[t_fexs_c��H^gZdh�
ihgZqZem�wlZ�l_hjby \ua\ZeZ�g_ihgbfZgb_�kh�klhjhgu�jy^Z�mqzguo��H^bg�
g_f_pdbc�obfbd��bkoh^y�ba�h^ghc�[jmllh-nhjfmeu�b�hkgh\u\Zykv�gZ�l_h�
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jbb�;mle_jh\Z��gZibkZe�g_kdhevdh�\hafh`guo�kljmdlmjguo�nhjfme��kqb�
lZy� wlh�g_^hklZldhf� l_hjbb��Dmjvza� khklhye� \� lhf��qlh� \ihke_^kl\bb� \k_�
wlb�\_s_kl\Z�[ueb�hldjulu� 

L_hjby�^ZeZ�kbevguc�lheqhd�jZa\blbx�hj]Zgbq_kdhc�obfbb��lZd�dZd�
[ue�mkljZgzg�oZhk��pZjb\rbc�^h�kbo�ihj�\�bgl_jij_lZpbb�h]jhfgh]h�wdk�
i_jbf_glZevgh]h�fZl_jbZeZ��;ueb�jZajZ[hlZgu�obfbq_kdb_�f_lh^u�bkke_�
^h\Zgby�kljh_gby�fhe_dme��Kmlv�bo�mijhszggh�k\h^beZkv�d�ke_^mxs_fm��
Bkoh^y�ba�ba\_klghc�[jmllh-nhjfmeu��gZijbf_j��C2H6O)�aZibku\Zebkv�\k_�
\hafh`gu_�kljmdlmjgu_�nhjfmeu� 

HH

||

HOCCH

||

HH

−−−− ��������b�������

HH

||

HCOCH

||

HH

−−−− ; 

Z�aZl_f�bamqZebkv�obfbq_kdb_�k\hckl\Z�^Zggh]h�\_s_kl\Z��GZijbf_j��_keb�
ijb�^_ckl\bb�f_lZeebq_kdh]h�gZljby�aZf_sZeky�lhevdh�h^bg�Zlhf�\h^hjh�
^Z�� \_s_kl\h�fh]eh� bf_lv� lhevdh� i_j\mx� kljmdlmjgmx�nhjfmem�� lh� _klv�
y\eyehkv�wlbeh\uf�kibjlhf��LZdbf�h[jZahf,�[ueb�mklZgh\e_gu�kljmdlmj�
gu_�nhjfmeu�fgh]bo�lukyq�\_s_kl\��JZajZ[hlZggu_�ebrv�\�XX �\_d_�nb�
abq_kdb_�f_lh^u�bkke_^h\Zgby�kljh_gby�fhe_dme�iheghklvx�ih^l\_j^beb 
ijZ\bevghklv wlbo�nhjfme� 

<������]h^m�X��Eb[bohf�b�N��<ze_jhf�[ueh�hldjulh�y\e_gb_�bah�
f_jbb��aZdexqZxs__ky�\�lhf��qlh�\_s_kl\Z�h^gh]h�khklZ\Z�Zlhfh\��lh�_klv�
bf_xsb_� h^gm� b� lm�`_� [jmllh-nhjfmem�� h[eZ^Zeb� jZaebqgufb� obfbq_�
kdbfb�b�nbabq_kdbfb�k\hckl\Zfb��>he]h_�\j_fy�wlh�g_�bf_eh�m^h\e_l\h�
jbl_evgh]h�h[tykg_gby��b�ebrv�l_hjby�;mle_jh\Z�^ZeZ�lZdh_�h[tykg_gb_�k�
ihabpbc� kljh_gby� fhe_dme�� JZkkfhljbf� ^\Z� ba\_klguo� lbiZ� bahf_jbb� – 
kljmdlmjgmx�b�ijhkljZgkl\_ggmx� 

1.���KLJMDLMJG:Y�BAHF?JBY 

<�[hevrbgkl\_�kemqZ_\�bahf_jby�jZkkfZljb\Z_lky�ih�hlghr_gbx�d�
hj]Zgbq_kdbf�\_s_kl\Zf��hkgh\m�fhe_dme�dhlhjuo� khklZ\eyxl� Zlhfu�m]�
e_jh^Z��Fu�lZd`_�jZkkfhljbf�ijbf_ju�gZ�hkgh\_�wlbo�\_s_kl\��ohly�\kz�
kdZaZggh_�fh`gh�[m^_l�hlg_klb�b�d�dj_fgbchj]Zgbq_kdbf�\_s_kl\Zf��b��\�
g_dhlhjuo�kemqZyo,�d�g_hj]Zgbq_kdbf� 
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Ijb� jZkkfhlj_gbb� hj]Zgbq_kdbo� \_s_kl\� p_e_khh[jZagh� aZ� hkgh\m�
[jZlv�Zlhfu�m]e_jh^gh]h�kd_e_lZ��lZd�dZd�h[uqgh�Zlhfu�^jm]bo�we_f_glh\�
b�nmgdpbhgZevgu_�]jmiiu�\ukljZb\Zxlky�\hdjm]�gbo. 

I_j\uc�\b^�kljmdlmjghc�bahf_jbb�–�bahf_jby�m]e_jh^gh]h�kd_e_lZ��
dh]^Z�ihke_^gbc�fh`_l�[ulv�\ukljh_g�ih-jZaghfm�ba�h^gh]h�b�lh]h�`_�dh�
ebq_kl\Z�m]e_jh^guo�Zlhfh\� 

CH3–CH2–CH2–CH2–CH3      g-i_glZg  �b 
 

3

323

CH

|

CHCHCHCH −−−
  2-f_lbe[mlZg 

Qbkeh�lZdbo�bahf_jh\�[ukljh�\hajZklZ_l�k�jhklhf�qbkeZ�Zlhfh\�m]�
e_jh^gh]h� kd_e_lZ�� ^ey� ^\Z^pZlb� Zlhfh\� m]e_jh^Z� kms_kl\m_l� m`_� [he__�
ljzo�k�iheh\bghc�khl_g�bahf_jh\��;hevrb_�jZaebqby�\�k\hckl\Zo�^Zzl�wlhl�
lbi�bahf_jbb�^ey�pbdebq_kdbo�kh_^bg_gbc� 

?keb� m]e_jh^guc� kd_e_l� h^bgZdh\�� gh� jZaebqgh� iheh`_gb_� \� gzf�
nmgdpbhgZevguo�]jmii�beb�hl^_evguo�ijbkh_^bgzgguo�Zlhfh\��fu�bf__f�
\lhjhc�lbi�kljmdlmjghc�bahf_jbb�–�bahf_jbx�iheh`_gby� 

CH3–CH2–CH2OH  g-ijhibeh\uc�kibjl  �b 
 

OH

|

CHCHCH 33 −−
bahijhiZghe 

<�g_dhlhjuo�kemqZyo�hj]Zgbq_kdb_�\_s_kl\Z�fh]ml�[ulv�ihkljh_gu�
\hdjm]�g_m]e_jh^guo� Zlhfh\�� _keb�ijb� wlhf� jZ^bdZeu�bf_xl� jZaebqguc�
khklZ\� b� kljh_gb_�� Z� [jmllh-nhjfmeu� \_s_kl\� h^bgZdh\u�� gZ[ex^Z_lky�
lj_lbc�\b^�kljmdlmjghc�bahf_jbb�–�f_lZf_jby��Ijbf_jhf�fh]ml�kem`blv�
f_lbeijhibeh\uc�b�^bwlbeh\uc�wnbju� 

CH3–O–CH2–CH2–CH3 b CH3–CH2–O–CH2–CH3. 
Hkh[mx� ]jmiim� bahf_jh\� khklZ\eyxl� \_s_kl\Z�� hlebqZxsb_ky�

kljh_gb_f�nmgdpbhgZevguo�]jmii� 
CH3COOH                     mdkmkgZy�dbkehlZ �b 

H

|

OC(OH)CH2 =−
��������]ebdhe_\uc�Zev^_]b^ 
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<�g_dhlhjuo�kemqZyo�bahf_ju�fh]ml�e_]dh�i_j_oh^blv�^jm]�\�^jm]Z��
lh� _klv�bf__l�f_klh�h[jZlbfZy�j_Zdpby��^ZxsZy�jZ\gh\_kgmx� kf_kv�bah�
f_jh\�� ijb� wlhf� gZ[ex^Z_lky� lZmlhf_jby� beb� ^bgZfbq_kdZy� bahf_jby��
DeZkkbq_kdbf�ijbf_jhf�_z�y\ey_lky�d_lh-_ghevgh_�jZ\gh\_kb_� 

233 CHCCHOCCH =−==−  

             |                         | 
         3CH                   OH 

<�XX \_d_�� dh]^Z� \� gZmqguc� h[boh^� [ueb� \\_^_gu� jZ^bhZdlb\gu_�
bahlhiu�ZlhfZ�m]e_jh^Z��[ueb�ihemq_gu�bahlhigu_�bahf_ju� 

1.���IJHKLJ:GKL<?GG:Y�BAHF?JBY 

<�[hevrbgkl\_�kemqZ_\�fhe_dmeu�bf_xl�h[tzfgh_�kljh_gb_��lh�_klv�
khklZ\eyxsb_�bo�Zlhfu�g_�e_`Zl�\�h^ghc�iehkdhklb�beb�gZ�h^ghc�ebgbb��
<� qZklghklb,� kljh_gb_� hj]Zgbq_kdbo� fhe_dme� \h� fgh]hf� hij_^_ey_lky�
kljh_gb_f�ZlhfZ�m]e_jh^Z��\Ze_glghklb�dhlhjh]h�ijb�ijhqbo�jZ\guo�mkeh�
\byo� gZijZ\e_gu� d� \_jrbgZf� ijZ\bevgh]h� l_ljZw^jZ –� ijZ\bevghc� lj_�
m]hevghc�ibjZfb^u��Ijb�wlhf�m]he�f_`^m�^\mfy�ex[ufb�\Ze_glghklyfb�
khklZ\ey_l� °5,109 ��?keb�k�Zlhfhf�m]e_jh^Z�k\yau\Zxlky�h^bgZdh\u_�q_lu�

j_�ZlhfZ�beb�nmgdpbhgZevgu_� ]jmiiu�� wlhl�m]he�g_�baf_gy_lky��gZebqb_�
jZaguo� Zlhfh\� beb� ]jmii� fh`_l� _]h� bkdZ`Zlv�� <� fhe_dmeZo� keh`gh]h�
kljh_gby�wlh�fh`_l�ijb\h^blv�d�ijhkljZgkl\_gghc�bahf_jbb�^\mo�\b^h\�– 
]_hf_ljbq_kdhc�b�hilbq_kdhc� 

LZdbf�h[jZahf��ijb�bamq_gbb�kljh_gby�fhe_dme�g_h[oh^bfh�mqblu�
\Zlv�bo�ijhkljZgkl\_ggmx�dhgnb]mjZpbx��Wlh� kms_kl\_ggh_�^hiheg_gb_�
l_hjbb�;mle_jh\Z�[ueh�k^_eZgh�\������]h^m�Y��<Zgl-=hnnhf�b�@��E_�;_�
e_f��JZa^_e�obfbb��bamqZxsbc�ijhkljZgkl\_ggmx�dhgnb]mjZpbx�hj]Zgb�
q_kdbo�b�g_hj]Zgbq_kdbo�fhe_dme,�ihemqbe�gZa\Zgb_�kl_j_hobfbb� 

=_hf_ljbq_kdZy�bahf_jby�oZjZdl_jgZ�^ey�g_ij_^_evguo�b�pbdebq_�
kdbo� hj]Zgbq_kdbo� kh_^bg_gbc�� Z� lZd`_� ^ey� dhfie_dkguo� kh_^bg_gbc. 
Ij_^_evgu_� m]e_\h^hjh^u� b� bo� ijhba\h^gu_� g_� h[eZ^Zxl� wlbf� \b^hf�
bahf_jbb��lZd�dZd�\hdjm]�hkb�k\yab�C–C ijhbkoh^bl�k\h[h^gh_�\jZs_gb_�
khhl\_lkl\mxsbo� ]jmii� Zlhfh\�� <� ]_hf_ljbq_kdbo� bahf_jZo� Zlhfu-
aZf_klbl_eb�beb�nmgdpbhgZevgu_�]jmiiu�ih-jZaghfm�jZkiheZ]Zxlky�hlgh�
kbl_evgh�^\hcghc�k\yab�beb�iehkdhklb�pbdeZ��?keb�aZf_klbl_eb�beb�nmgd�
pbhgZevgu_� ]jmiiu� m^Ze_gu� ^jm]� hl� ^jm]Z�� fu� bf__f� ^_eh� k� ljZgk-
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bahf_jhf�� _keb� k[eb`_gu –� bf__l� f_klh� pbk-bahf_j�� Fhe_dmeu� ���-
^boehjwlbe_gZ� 

ClCl

||

HCCH −=−
  

HCl

||

ClCCC3 −=−
 

pbk-nhjfZ     ljZgk-nhjfZ 
Fhe_dmeu����-^boehjpbdehi_glZgZ� 

 
pbk-nhjfZ     ljZgk-nhjfZ 

Hilbq_kdZy� beb� a_jdZevgZy� bahf_jby oZjZdl_jbam_lky� l_f�� qlh� ih�
obfbq_kdbf� k\hckl\Zf� lZdb_� bahf_ju� g_jZaebqbfu��DZd� ijZ\beh�� \g_r�
gb_�ijhy\e_gby�lZdhc�bahf_jbb�k\h^ylky�d�jZaebqbx�\�hilbq_kdbo�k\hckl�
\Zo� \_s_kl\�� Z� bf_ggh� d� \jZs_gbx� iehkdhklb� iheyjbah\Zggh]h� k\_lZ� ih�
jZaguf�gZijZ\e_gbyf��ih^jh[g__�wlh�[m^_l�jZkkfhlj_gh�\�]e. III). GZebqb_�
bahf_jbb� wlh]h� \b^Z� h[mkeh\eb\Z_lky� \hafh`ghklvx� kms_kl\h\Zgby�
keh`guo�h[tzfguo�fhe_dme��y\eyxsboky�dZd�[u�a_jdZevguf�hljZ`_gb_f�
^jm]� ^jm]Z�� _keb�bo� hij_^_ezgguf� h[jZahf� jZkiheh`blv� \�ijhkljZgkl\_� 
Ijb�wlhf�_keb�h^gm�ba�fhe_dme�fuke_ggh�i_j_f_sZlv�\�ijhkljZgkl\_�ex�
[ufb�kihkh[Zfb��_z�g_\hafh`gh�kh\f_klblv�kh�k\hbf�a_jdZevguf�hlh[jZ�
`_gb_f��K\hckl\h�wlh�gZau\Z_lky�objZevghklvx��k\yaZgh�hgh�k�kbff_ljb_c�
b�[m^_l�ih^jh[g__�jZkkfhlj_gh�\�]e. II��Ijhkl_crbf�ijbf_jhf�objZevguo�
bahf_jh\� �wgZglbhf_jh\��fh`_l�kem`blv�fhe_dmeZ�f_lZgZ��\�dhlhjhc�ljb�
ZlhfZ�\h^hjh^Z�aZf_s_gu�jZaebqgufb�aZf_klbl_eyfb (jbk���� 

 
Jbk�����WgZglbhf_ju��Z��[��lj_oaZf_szgguo�fhe_dme�f_lZgZ 
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<Ze_glgu_�m]eu�lZdbo�fhe_dme�ijZdlbq_kdb�jZ\gu��qlh�h[mkeh\eb�
\Z_l�h^bgZdh\hklv�obfbq_kdbo�k\hckl\� 

<�l\zj^hf�khklhygbb�hilbq_kdb_�Zglbih^u��wgZglbhf_ju��fh]ml�h[�
jZah\u\Zlv�djbklZeeu��dhlhju_�fh`gh�jZa^_eblv�^Z`_�\bamZevgh��jbk� 2) 

 

Jbk�����DjbklZeeu�a_jdZevguo�bahf_jh\�gZljb_\h-Zffhgbcghc�kheb 
\bgghc dbkehlu��kjZ\gbl_�]jZgb�Z – Z�b�[�–�[) 

 
Hilbq_kdZy� bahf_jby� ijbkmsZ� \k_f�fhe_dmeZf� k� Zkbff_ljbqgufb�

m]e_jh^gufb�ZlhfZfb��ijbq_f�qbkeh�lZdbo�bahf_jh\�fh`_l�[ulv�^h\hevgh�
\_ebdh� 

1.���HKGH<GU?�O:J:DL?JBKLBDB�=?HF?LJBQ?KDHC 
        DHGNB=MJ:PBB�FHE?DME 

<�ex[uo�khklhygbyo��\�dhlhjuo�fh`_l�gZoh^blvky�fhe_dmeZ��_z�y^jZ�
fh]ml�kh\_jrZlv�ljb�jh^Z�^\b`_gbc� 

���Y^jZ�fh]ml�^\b]Zlvky�ihklmiZl_evgh�\f_kl_�k�i_j_f_s_gb_f�\k_c�
qZklbpu�dZd�p_eh]h��ijb�wlhf�hlghkbl_evgh_�jZkiheh`_gb_�y^_j�g_�f_gy�
_lky� 

���Y^jZ�fh]ml�\f_kl_�kh�\k_c�fhe_dmehc�\jZsZlvky�\�ijhkljZgkl\_� 
hiylv-lZdb�g_�f_gyy�k\h_]h�hlghkbl_evgh]h�jZkiheh`_gby� 

���Y^jZ�qZklbpu�fh]ml�dhe_[Zlvky�hdheh�g_dhlhjuo�iheh`_gbc�jZ\�
gh\_kby��ijb�wlhf�jZaf_ju�fhe_dmeu�b�hlghkbl_evgh_�jZkiheh`_gb_�y^_j�
g_ij_ju\gh�f_gy_lky�\�g_dhlhjuo�ij_^_eZo��Iheh`_gby�jZ\gh\_kby�y^_j�
khklZ\eyxl�jZ\gh\_kgmx�dhgnb]mjZpbx�fhe_dmeu� 

Djhf_� lh]h,� \� g_dhlhjuo� fhe_dmeZo� ]jmiiu� Zlhfh\� �qZs_� \k_]h��
nmgdpbhgZevgu_�]jmiiu��fh]ml�k\h[h^gh�\jZsZlvky�\hdjm]�hkb�hj^bgZj�
guo�k\ya_c� 
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LZdbf�h[jZahf��j_Zevgh�fhe_dmeZ�g_�bf__l�kljh]h�ihklhygguo�]_h�
f_ljbq_kdbo� jZaf_jh\� b� aZ^ZqZ� bamq_gby� kljmdlmju� fhe_dme� k\h^blky� d�
mklZgh\e_gbx�bo�jZ\gh\_kghc�dhgnb]mjZpbb� 

Hkgh\gu_�oZjZdl_jbklbdb�]_hf_ljbb�fhe_dme: 
�Z��f_`ty^_jgu_�jZkklhygby��^ebgu�k\ya_c��–�jZkklhygby�f_`^m�jZ\�

gh\_kgufb�iheh`_gbyfb�obfbq_kdb�k\yaZgguo�iZj�Zlhfh\� 
[��\Ze_glgu_�m]eu�f_`^m�ebgbyfb��k\yau\Zxsbfb�maeu�jZ\gh\_kby�

y^_j; 
\�� jZ\gh\_kgu_� m]eu� ih\hjhlZ� h^gbo� ]jmii� y^_j� ih� hlghr_gbx� d�

^jm]bf; 
]��wg_j]by�k\ya_c��hij_^_eyxsZy�bo�ijhqghklv.  
=jm[u_�ijbdb^db�f_`ty^_jguo�jZkklhygbc�fh]ml�[ulv�k^_eZgu�gZ�

hkgh\_�^Zgguo�ih�iehlghklb�b�bkihevah\Zgby�^ey�jZkqzlZ�qbkeZ�:\h]Z^jh��
LZdb_� jZkqzlu� iha\heyxl� \_jgh� m]Z^Zlv� ihjy^hd� \_ebqbgu�� dhlhjuc� kh�
klZ\ey_l�g_kdhevdh�Zg]klj_f��Å). Nbabq_kdb_�f_lh^u�bkke_^h\Zgby�iha\h�
eyxl�hij_^_eblv�^ebgu�k\ya_c�^h\hevgh�lhqgh��J_amevlZlu�lZdbo�baf_j_�
gbc�ohjhrh�hl\_qZxl� aZdhghf_jghklyf�i_jbh^bq_kdhc�kbkl_fu��qlh�rb�
jhdh�ba\_klgh��:gZeba�hiulguo�^Zgguo�ihdZau\Z_l��qlh�^ey�h^gh]h�b�lh]h�
`_�\Ze_glgh]h�khklhygby�^ebgu�k\ya_c�h^gbo�b�l_o�`_�Zlhfh\�\�jZaguo�kh�
_^bg_gbyo� ijbf_jgh� h^bgZdh\u�� ^ey� ZebnZlbq_kdbo� kh_^bg_gbc� ^ebgZ�
k\yab� 58,154,1 ÷=−CCd Å, ^ey� ZjhfZlbq_kdbo 42,139,1 ÷=−CCd Å. ?keb�

^ey�hj^bgZjguo�k\ya_c� 54,1≈−CCd Å, lh�^ey�^\hcguo� 34,1≈=CCd Å, Z�^ey�

ljhcghc�k\yab� 20,1≈≡CCd Å; qlh�hljZ`Z_l�mijhqg_gb_�wlbo�k\ya_c� 

<_ebqbgZ�\Ze_glguo�m]eh\�aZ\bkbl�hl�ijbjh^u�Zlhfh\�b�\b^Z�k\yab� 
Ebrv�^\moZlhfgu_�fhe_dmeu�\k_]^Z�ebg_cgu��[hevr__�dhebq_kl\h�Zlhfh\�
ijb\h^bl�d�jZaebqguf�\ZjbZglZf��LjzoZlhfgu_�fhe_dmeu�fh]ml�[ulv�eb�
g_cgu� k�jZ\guf�beb�g_jZ\guf�f_`ty^_jguf�jZkklhygb_f (BeCl2, ZnBr2, 
CdI2, CO2, CS2, HCN) beb�g_ebg_cgu��H2O – \Ze_glguc�m]he� '28104° ; H2S – 

°92 ; H2Se – °91 ; H2Te – '3089° ). Kj_^b�q_lujzoZlhfguo�fhe_dme�\klj_qZ�
xlky� b� ebg_cgu_� � HCCH −≡− )�� b� iehkdb_� �dZd� h[jZamxsb_� jZ\ghklh�
jhggbc�lj_m]hevgbd�– BCl3, AlBr3��lZd�b�L-h[jZagu_�– ClF3)��gh�qZs_�\k_]h�
–�h[tzfgu_��D�ihke_^gbf�hlghkylky�fhe_dmeu�\�\b^_�lj_m]hevguo�ibjZ�
fb^� k�jZaebqgufb�m]eZfb�� \klj_qZ_lky� lZd`_�^jm]h_� kljh_gb_��gZijbf_j�
Zlhfu�i_j_dbkb�\h^hjh^Z�jZkiheZ]Zxlky�\�^\mo�i_j_k_dZxsboky�iehkdh�
klyo��Fhe_dmeu� k� [hevrbf� qbkehf� Zlhfh\� qZs_� \k_]h� h[jZamxl� fgh]h�
]jZggu_�ibjZfb^u b�[bibjZfb^u��M]e_\h^hjh^u�fh]ml�h[jZah\u\Zlv�p_�
ihq_qgu_�kljmdlmju�k�\Ze_glgufb�m]eZfb��Z�lZd`_��pbdeu��<�gZkus_gguo�
pbdebq_kdbo�m]e_\h^hjh^Zo�\Ze_glgu_�m]eu�bkdZ`_gu��qlh�ijb\h^bl�d�gZ�
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ijy`_gbyf�pbdeh\�b�h[mkeh\eb\Z_l�ih\ur_ggmx�obfbq_kdmx�Zdlb\ghklv�
wlbo� \_s_kl\��<�fhe_dme_� pbdehi_glZgZ� q_luj_� ZlhfZ� m]e_jh^Z� e_`Zl� \�
h^ghc�iehkdhklb��Z�iyluc�ijbih^gyl�gZ�iheZg]klj_fZ��jbk��3�Z���Fhe_dmeZ�
pbdeh]_dkZgZ�fh`_l�bf_lv�\b^�©dj_keZª�beb�©\Zgguª��jbk�����[���gZb[he__�
\_jhylguf� ij_^klZ\ey_lky� i_j\uc� kemqZc�� qlh� b� ih^l\_j`^_gh� wdki_jb�
f_glZfb� 

     
�������Z���������������������������������������������                        [�� 

Jbk��3. <ZjbZglu�h[tzfgh]h�kljh_gby�fhe_dme�pbdehi_glZgZ��Z��b�pbdeh]_dkZgZ��[� 

M]eu� ih\hjhlZ�nmgdpbhgZevguo� ]jmii�fh]ml� [ulv�g_ihklhyggufb�
�k\h[h^gh_� \jZs_gb_�� beb� bf_lv� dZdb_-lh� jZ\gh\_kgu_� agZq_gby� b� kqb�
lZlvky�ihklhyggufb� 

Wg_j]by�k\yab�kem`bl�f_jhc�ijhqghklb�wlhc�k\yab�b�fh`_l�hij_^_�
eylvky�b�dZd�wg_j]by��aZljZqb\Z_fZy�gZ�_z�jZaju\� �wg_j]by�jZaju\Z�k\yab��
\k_]^Z� iheh`bl_evgZ��� b� dZd� wg_j]by�� \u^_eyxsZyky� ijb� _z� h[jZah\Zgbb�
�wg_j]by�h[jZah\Zgby�k\yab��jZ\gZ�ih�fh^mex� wg_j]bb�jZaju\Z�b�hljbpZ�
l_evgZ���LZdh_�l_hj_lbq_kdh_�hij_^_e_gb_�gbq_]h�g_�^Zzl�\�ieZg_�ijZdlb�
q_kdh]h� wdki_jbf_glZevgh]h� baf_j_gby� wlbo� \_ebqbg�� ;he__� beb� f_g__�
lhqgh� wg_j]bx�k\yab�fh`gh�hij_^_eblv�ebrv�^ey�^\moZlhfguo�fhe_dme��
lZd� dZd� hgZ� jZ\gZ� wg_j]bb� ^bkkhpbZpbb�� >ey� keh`guo� fhe_dme� wg_j]bb 
k\ya_c�fh]ml�[ulv�jZkkqblZgu�ebrv�ijb[ebabl_evgh�b�mkj_^g_ggh�gZ�hk�
gh\_�wg_j]bc�k\yab�^\moZlhfguo�fhe_dme�b�k�bkihevah\Zgb_f�jZaebqguo�
ij_^iheh`_gbc��<� qZklghklb�� wg_j]bb� k\ya_c� g_evay� hij_^_eylv� k� ihfh�
svx�ihke_^h\Zl_evgh]h�hlju\Z�hl^_evguo�Zlhfh\��dZdbf-eb[h�kihkh[hf���
lZd�dZd�lZdhc�jZaju\�fh`_l�khijh\h`^Zlvky�eb[h�mijhqg_gb_f�hklZ\rbo�
ky�k\ya_c��eb[h�bo�hkeZ[e_gb_f��<�h[hbo�kemqZyo�\uk\h[h^b\rZyky�wg_j�
]by�g_�[m^_l�jZ\gZ�wg_j]bb�bkke_^m_fhc�k\yab� 

L_f�g_�f_g__�^ey�fgh]bo�k\ya_c�bo�wg_j]bb�hij_^_e_gu�b�k\_^_gu�\�
khhl\_lkl\mxsb_� lZ[ebpu��<� bo� agZq_gbyo� ijhkfZljb\Zxlky� hij_^_ezg�
gu_�aZdhghf_jghklb�\�khhl\_lkl\bb�k�i_jbh^bq_kdhc�kbkl_fhc��F_g^_e__�
\Z��^ebgZfb�b�djZlghklyfb�k\ya_c�  

Fh`gh�lZd`_�hlf_lblv��qlh�\g_rgb_�nZdlhju� �l_fi_jZlmjZ��^Z\e_�
gb_��fZeh�\ebyxl�gZ�wg_j]bx�k\ya_c��Ihke_^gyy�kbevgh�f_gy_lky�ijb�i_�
j_oh^_�Zlhfh\�\�\ha[m`^zggh_�khklhygb_� 
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=eZ\Z 2.�KBFF?LJBY�FHE?DMEYJGUO�KBKL?F 

2����WE?F?GLU�KBFF?LJBB�H;T?DL:�B�HI?J:PBB 
       KBFF?LJBB 

D\Zglh\hf_oZgbq_kdb_�jZkqzlu��\�lhf�qbke_�ijb[eb`zggu_��kbevgh�
mkeh`gyxlky�beb�klZgh\ylky�g_\hafh`gufb�\�ijbf_g_gbb�d�keh`guf�fh�
e_dmeZf��Bamq_gb_�ihke_^gbo�g_fukebfh�[_a�jZkkfhlj_gby�bo�kbff_ljbb��
Fhe_dmeZ�h[eZ^Z_l�kbff_ljb_c��_keb�hgZ�bf__l�^\_�beb�[he__�g_jZaebqb�
fu_�hjb_glZpbb�\�ijhkljZgkl\_��<jZs_gb_�fhe_dmeu�gZau\Z_lky�hi_jZpb�
_c� kbff_ljbb�� Z� hkv� \jZs_gby�ghkbl�gZa\Zgb_� we_f_glZ� kbff_ljbb� �we_�
f_glhf�kbff_ljbb�y\ey_lky�ebgby��lhqdZ�beb�iehkdhklv��hlghkbl_evgh�dh�
lhjuo� ijhba\h^blky� hi_jZpby� kbff_ljbb��� Ij_^klZ\e_gb_� h� kbff_ljbb�
bf__l� hq_gv� \Z`gh_� agZq_gb_� dZd� \� l_hj_lbq_kdhf�� lZd� b� \� wdki_jbf_g�
lZevghf�Zki_dl_�bamq_gby�kljh_gby�Zlhfh\�b�fhe_dme��Fgh]b_�fhe_dmeu�
h[eZ^Zxl�l_f�beb�bguf�\b^hf�kbff_ljbb�b�deZkkbnbdZpby�ih�kbff_ljbb�
iha\hey_l�k^_eZlv�[he__�ijhkluf�bo�hibkZgb_��h[tykgylv�b�ij_^kdZau\Zlv�
bo� k\hckl\Z��<� g_dhlhjuo� kemqZyo� jZkkfhlj_gb_� kbff_ljbb� mijhsZ_l�� Z�
bgh]^Z� lhevdh� lZdh_� jZkkfhlj_gb_�b�iha\hey_l� \uihegblv� d\Zglh\hf_oZ�
gbq_kdh_�hibkZgb_�keh`guo�kbkl_f��Hkgh\gu_�ijbgpbiu�kbff_ljbb�ijb�
f_gyxlky�\�d\Zglh\hc�f_oZgbd_��ki_dljhkdhibb�b�^ey�hij_^_e_gby�kljmd�
lmju� fhe_dme� ijb� bkihevah\Zgbb� ^bnjZdpbb� g_cljhgh\�� we_dljhgh\� b�
j_gl]_gh\kdbo� emq_c�� Kbff_ljb_c� hij_^_ey_lky�� djhf_� lh]h�� gZebqb_� m�
k\h[h^ghc�fhe_dmeu�^bihevgh]h�fhf_glZ�b�_z�\hafh`gZy�hilbq_kdZy�Zd�
lb\ghklv��Dhebq_kl\_ggh_� hibkZgb_� kbff_ljbb� j_Zebam_lky� ijb� ihfhsb�
l_hjbb� ]jmii��dhlhjZy�y\ey_lky�jZa^_ehf�Ze]_[ju�b�iha\hey_l�\h�fgh]bo�
kemqZyo� g_� jZkkfZljb\Zlv� ih^jh[gh� kljh_gb_� dZ`^hc� fhe_dmeu� k� lhqdb�
aj_gby�kbff_ljbb��Z�f_oZgbq_kdb�ijbf_gblv�g_dhlhju_�ijZ\beZ�b�kjZ\gb�
l_evgh�[ukljh�ihemqblv�dhgdj_lgu_�j_amevlZlu� 

>ey� hibkZgby� kbff_ljbb�bkihevamxlky�iylv� lbih\� we_f_glh\� kbf�
f_ljbb� 

• lh`^_kl\_gguc�we_f_gl��beb�lh`^_kl\_ggh_�ij_h[jZah\Zgb_��– 
h[hagZqZ_lky�E ��beb�K1���khhl\_lkl\m_l�hi_jZpbb�b^_glbqghklb�� 

• hkv�kh[kl\_ggh]h�\jZs_gby�–�h[hagZqZ_lky�C n� �hi_jZpby�\jZ�
s_gby�\hdjm]�hkb�kbff_ljbb�� 

• a_jdZevgZy�iehkdhklv�–�h[hagZqZ_lky�σ ��hi_jZpby�hljZ`_gby�\�
iehkdhklb�kbff_ljbb�� 
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• p_glj�kbff_ljbb�beb�p_glj�bg\_jkbb��–�h[hagZqZ_lky� i � �hi_�
jZpby�bg\_jkbb�hlghkbl_evgh�p_gljZ�kbff_ljbb�� 

• hkv� g_kh[kl\_ggh]h� \jZs_gby� �beb� a_jdZevgh-ih\hjhlgZy�
hkv� –� h[hagZqZ_lky� Sn� �hi_jZpby� g_kh[kl\_ggh]h� \jZs_gby�� beb� \jZs_�
gb_-hljZ`_gb_�� 

Ijb� jZkkfhlj_gbb� djbklZeeh\� ^h[Z\ey_lky� _sz� g_hlebqbfhklv�
kljmdlmju�ijb� ljZgkeypbhgghf� k^\b]_�� l�_��iZjZee_evghf�i_j_ghk_� �kbf�
f_ljby�djbklZeeh\�\�^Zgghf�mq_[ghf�ihkh[bb�g_�jZkkfZljb\Z_lky�� 

Hi_jZpbb�kbff_ljbb�–�hij_^_ezggu_�^_ckl\by�k�h[t_dlhf��dhlhju_�
^he`gu�ijb\h^blv�d�lZdhfm�`_�\b^m�h[t_dlZ��Ijbf_gbfhklv�d�h[t_dlm�lhc�
beb�bghc�hi_jZpbb�kbff_ljbb�k\b^_l_evkl\m_l�h�gZebqbb�m�g_]h�khhl\_l�
kl\mxs_]h�we_f_glZ�kbff_ljbb��ijbqzf�lZdbo�we_f_glh\�m�h[t_dlZ�fh`_l�
[ulv�g_kdhevdh��Kh\hdmighklv�we_f_glh\�kbff_ljbb�h[t_dlZ�y\ey_lky�hk�
gh\hc�_]h�deZkkbnbdZpbb�ih�kbff_ljbb��l�_��hlg_k_gby�h[t_dlZ�d�lhc�beb�
bghc�]jmii_�kbff_ljbb� 

JZkkfhljbf�[he__�ih^jh[gh�i_j_qbke_ggu_�\ur_�hi_jZpbb�kbff_l�
jbb� 

���B^_glbqghklv�E ��Ih\hjhl�h[t_dlZ�\hdjm]�ex[hc�hkb�gZ� °360 ��Ijb�
hi_jZpbb�lh`^_kl\_ggh]h�ij_h[jZah\Zgby�gbdZdbo�baf_g_gbc�k�fhe_dmehc�
g_�ijhbkoh^bl��Hq_\b^gh��qlh�\�j_amevlZl_�wlhc�hi_jZpbb�hjb_glZpby�fh�
e_dme�hklZzlky�g_�lhevdh�wd\b\Ze_glghc��gh�lZd`_�b�b^_glbqghc��Ihkdhev�
dm�ex[hc�h[t_dl��^Z`_�g_�h[eZ^Zxsbc�kbff_ljb_c��g_hlebqbf�hl�kZfh]h�
k_[y��lh�hg�h[eZ^Z_l�ohly�[u�wlbf�we_f_glhf�kbff_ljbb�b�_]h�fh`gh�deZk�
kbnbpbjh\Zlv��LZdbf�h[jZahf��g_kbff_ljbqgu_�h[t_dlu�fh]ml�[ulv�deZk�
kbnbpbjh\Zgu�\�hl^_evgmx�]jmiim��Djhf_�lh]h��g_h[oh^bfhklv�\\_^_gby�
wlhc� hi_jZpbb� h[mkeh\eb\Z_lky� l_f�� qlh� \� l_hjbb� ]jmii� dhf[bgZpby� g_�
kdhevdbo�hi_jZpbc�kbff_ljbb�\�j_amevlZl_�fh`_l�^Z\Zlv� E ��>jm]bf�h[h�
agZq_gb_f�wlhc�hi_jZpbb�fh`_l�kem`blv�kbf\he� 1C . 

���Hkv�kh[kl\_ggh]h�\jZs_gby� nC ��?keb�\�fhe_dme_�fh`gh�ijh\_klb�

\hh[jZ`Z_fmx� hkv�� \jZs_gb_� \hdjm]� dhlhjhc� ijb\h^bl� d� wd\b\Ze_glghc�
�l�_��g_hlebqbfhc�hl�i_j\hgZqZevghc��hjb_glZpbb��lh�]h\hjyl��qlh�wlZ�fh�
e_dmeZ� h[eZ^Z_l� hkvx� \jZs_gby�� <jZs_gb_� gZ� m]he�� djZlguc� °360 � �l�_��

n°360 �� ]^_� n  –� p_eh_� qbkeh��� \hdjm]� g_dhlhjhc� hkb� ^Zzl� kljmdlmjm�� kh�

\f_sZxsmxky�k�bkoh^ghc��GZijbf_j��jZkkfhljbf�hkv��ijhoh^ysmx�q_j_a�
p_glj�ZlhfZ�ZahlZ�\�fhe_dme_�NH3�i_ji_g^bdmeyjgh�iehkdhklb��\�dhlhjhc�
jZkiheh`_gu�Zlhfu�\h^hjh^Z��jbk������Ijb�\jZs_gbb�\hdjm]�wlhc�hkb��kh�
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\_jrZ_fhf�� dZd� ijbgylh�� ih� qZkh\hc� klj_ed_�� q_j_a� dZ`^u_� ���h� fh`gh�
^\Z`^u�ihemqblv�wd\b\Ze_glgmx�hjb_glZpbx��K�mq_lhf�gZqZevghc�hjb_g�
lZpbb� fu� bf__f� ljb� jZaebqgu_� wd\b\Ze_glgu_� hjb_glZpbb�� Ihjy^hd� n 
wlhc� hkb� jZ\_g� lj_f�� lZd� dZd�� qlh[u� \_jgmlvky� d�bkoh^ghfm�iheh`_gbx��
gm`gh� kh\_jrblv� ljb� ih\hjhlZ�� <� lZdhf� kemqZ_� ]h\hjyl�� qlh� fhe_dmeZ�
bf__l�hkv�\jZs_gby�lj_lv_]h�ihjy^dZ��h[hagZqZxl�_z�kbf\hehf�K3��Ih\h�
jhl�fhe_dmeu�gZ�m]he����n �l�_��gZ����h��ijb\h^bl�d�wd\b\Ze_glguf�hjb_g�
lZpbyf�� Z� n� hi_jZpbc�� \hkklZgZ\eb\Zxsbo� bkoh^gmx� hjb_glZpbx�� gZau�

\Zxl�hi_jZpbyfb�lh`^_kl\_ggh]h�ij_h[jZah\Zgby��Kbf\he� 2
3C �ijbf_gyxl�

^ey�h[hagZq_gby�ih\hjhlZ�gZ����h�\hdjm]�hkb�K3��Hi_jZpby�
2
3C �b^_glbqgZ�

\jZs_gbx�ijhlb\�qZkh\hc�klj_edb�gZ����h��qlh�h[hagZqZxl�kbf\hehf� −
3C  

�ke_^m_l�hlf_lblv�� qlh� \� jy^_� kemqZ_\�ijbgylh�h[jZlgh_�ijZ\beh� agZdh\��
\jZs_gb_�ijhlb\�qZkh\hc�klj_edb�bf__l�agZd�³�´��Z�ih�qZkh\hc�³–´���Ijb�
\jZs_gbb�fhe_dmeu�\h^u�gZ����h (n� ����dhgnb]mjZpby�fhe_dmeu�kh\iZ^Z�
_l�k�bkoh^ghc� �jbk�� ����l�_��\�^Zgghf�kemqZ_�bf__f�hkv�\jZs_gby�\lhjh]h�
ihjy^dZ�K2. 

 
Z��                            ��[� 

Jbk�����Kbff_ljby�fhe_dme�ZffbZdZ��Z��b�\h^u��[� 
 

Hq_\b^gh��qlh�hkv��ijhoh^ysZy�q_j_a�p_glj�fhe_dmeu�[_gaheZ�i_ji_g^b�
dmeyjgh� _z� iehkdhklb� �jbk�� ���� y\ey_lky� hkvx�r_klh]h� ihjy^dZ� K6�� Ih�
kdhevdm�n� ����r_klv�ih\hjhlh\�gZ���h (360h/n��ijb\h^bl�d�r_klb�wd\b\Z�
e_glguf� hjb_glZpbyf�� LZd`_� hq_\b^gh�� qlh� fhe_dmeZ� [_gaheZ� bf__l�
r_klv�hk_c� \lhjh]h�ihjy^dZ�K2��e_`Zsbo� \�iehkdhklb�fhe_dmeu��Ljb�ba�
gbo�ijhoh^yl�q_j_a�iZju�ijhlb\hiheh`gh�e_`Zsbo�Zlhfh\�m]e_jh^Z��ljb�
^jm]b_��q_j_a�p_glju�k\ya_c�K–K��jbk������GZebqb_�hkb�\jZs_gby�ihjy^dZ�
n,�dhlhjuc�fh`_l�ijbgbfZlv�agZq_gby�hl� ��^h��� �ki_pbnbq_kdhc�hkb�K� 
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khhl\_lkl\m_l�hi_jZpby�ih\hjhlZ�gZ�kdhev�m]h^gh�fZeuc�m]he��ex[Zy�eb�
g_cgZy�fhe_dmeZ�bf__l�h^gm�hkv�K� –�jbk������]h\hjbl�h�kms_kl\h\Zgbb�n 

hi_jZpbc��Kn , 2
nC  , 3

nC ,…, 1−n
nC , n

nC ��;he__� lh]h��hi_jZpby� 2
4C  wd\b\Z�

e_glgZ�hi_jZpbb�K2��hi_jZpby�
2
6C  –�hi_jZpbb�K3��Z�hi_jZpby�

n
nC �_klv�hi_�

jZpby�lh`^_kl\_ggh]h�ij_h[jZah\Zgby� 
 

                 
                 K6�b���hk_c�K2  

Jbk�����Hkb�kbff_ljbb�[_gaheZ�K6G6                          Jbk�����Kljh_gb_ 
                                                                                                 �fhe_dmeu HCl 

 

Hkv�\jZs_gby�fhe_dmeu�\ukr_]h�ihjy^dZ�gZau\Z_lky�]eZ\ghc�hkvx�
fhe_dmeu��?keb�\k_�hkb�Kn�wd\b\Ze_glgu��ex[mx�ba�gbo�fh`gh�\u[jZlv�\�
dZq_kl\_� ]eZ\ghc� hkb�� >hklZlhqgh� m^h[gh� jZkkfZljb\Zlv� fhe_dmem� b� _z�
we_f_glu� kbff_ljbb�\�^_dZjlh\hc� kbkl_f_�dhhj^bgZl��Ijbq_f�^\b`_gb_�
hl�y�d�o�y\ey_lky�\jZs_gb_f�k�iheh`bl_evguf�agZdhf��P_glj�fZkk�fhe_dm�
eu� ijb� wlhf� ihf_sZxl� \� gZqZeh� dhhj^bgZl�� ?keb� m� fhe_dmeu� bf__lky�
lhevdh�h^gZ�hkv� kbff_ljbb�� lh�hgZ� kh\iZ^Z_l� k�hkvx�z,� _keb�`_�hk_c�g_�
kdhevdh��lh�]eZ\ghc�hkvx�fhe_dmeu�kqblZxl�lm��dhlhjZy�kh\iZ^Z_l�k�hkvx�
z��?keb�fhe_dmeZ� bf__l� g_kdhevdh� hk_c� \ukr_]h� ihjy^dZ�� lh� aZ� ]eZ\gmx�
ijbgbfZxl�lm�hkv��dhlhjZy�ijhoh^bl�q_j_a�gZb[hevr__�qbkeh�Zlhfh\��?keb�
fhe_dmeZ�iehkdZy�b�hkv�z�e_`bl�\�iehkdhklb�fhe_dmeu� �dZd��gZijbf_j��\�
fhe_dme_�\h^u���aZ�hkv�o�\u[bjZ_lky�hkv��i_ji_g^bdmeyjgZy�iehkdhklb��LZ�
dbf� h[jZahf�� _keb� z –� hkv� \jZs_gby�� lh� hi_jZpby� \jZs_gby� khklhbl� ba�
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ij_h[jZah\Zgby� dhhj^bgZl� ),,( zyx � \� ),,( zyx −− �� Hi_jZpbx� 2C � fh`gh�

ij_^klZ\blv�dZd 
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C1
2 . 

���A_jdZevgZy�iehkdhklv� σ ��?keb�kms_kl\m_l�iehkdhklv��dhlhjZy�^_�
ebl� fhe_dmem� gZ� ^\_� iheh\bgu�� y\eyxsb_ky� a_jdZevgufb� hljZ`_gbyfb�
h^gZ�^jm]hc��lh�fhe_dmeZ�h[eZ^Z_l�we_f_glhf�kbff_ljbb��dhlhjuc�gZau�
\Z_lky�a_jdZevghc�iehkdhklvx��A_jdZevgZy�iehkdhklv�g_�fh`_l�e_`Zlv�\g_�
fhe_dmeu��hgZ�h[yaZgZ�ijhoh^blv�q_j_a�g_z��Ijb�hljZ`_gbb�\�a_jdZevghc�
iehkdhklb�fhe_dmeZ� �h[t_dl��g_hlebqbfZ�hl�i_j\hgZqZevghc�nhjfu��Ih�
\lhjgZy� hi_jZpby� σ � ^Zzl� i_j\hgZqZevgmx� dhgnb]mjZpbx�� ihwlhfm� a^_kv�
bf__lky� lhevdh� h^gZ� hij_^_ezggZy� hi_jZpby� σ=σk  (k  –� g_qzlgh_��� l�d��

Ek =σ ��_keb� k  –�qzlgh_���?keb�a_jdZevgZy�iehkdhklv�ijhoh^bl�q_j_a�]eZ\�
gmx�hkv�kbff_ljbb� �l�_��y\ey_lky�\_jlbdZevghc���lh�hgZ�h[hagZqZ_lky� vσ  

�jbk����Z��[�� 
?keb� hgZ� i_ji_g^bdmeyjgZ� ]eZ\ghc� hkb� �l�_�� y\ey_lky� ]hjbahglZev�

ghc��� � lh� h[hagZqZ_lky� hσ � �jbk�� ��\���?keb� iehkdhklv� \_jlbdZevgZ� b� ijb�

wlhf�^_ebl�ihiheZf�m]he�f_`^m�^\mfy�hkyfb� 2C ��dhlhju_�kZfb�i_ji_g^b�

dmeyjgu�]eZ\ghc�hkb��lh�_z�h[hagZqZxl� dσ ��l�_��^bZ]hgZevgZy�beb�^bw^jb�

q_kdZy���<�fhe_dme_�H2O�bf_xlky�^\_�\aZbfgh�i_ji_g^bdmeyjgu_�hkb� vσ �b�

'vσ � �jbk� ��Z���Fhe_dmeZ�ZffbZdZ�bf__l�ljb� vσ � �jbk�� ���\���;_gahe�bf__l��

ihfbfh�\k_]h�ijhq_]h��iehkdhklv� hσ �b�r_klv�iehkdhkl_c� vσ ��jbk���b���\���

Ebg_cgu_� fhe_dmeu� k� ∞C � bf_xl� [_kdhg_qgh_� fgh`_kl\h� a_jdZevguo�

iehkdhkl_c� vσ ��jbk����� 

?keb� xz� a_jdZevgZy�iehkdhklv�� lh�hi_jZpby�hljZ`_gby�fh`_l�[ulv�
aZibkZgZ�ke_^mxsbf�h[jZahf� 
















−=
















σ

z

y

x

z

y

x

. 

���P_glj� kbff_ljbb� i ��Bg\_jkby� khklhbl�\� kh_^bg_gbb�ex[hc�jZk�
kfZljb\Z_fhc� lhqdb� h[t_dlZ� k� p_gljhf� kbff_ljbb� b� ijh^he`_gbb� wlhc�
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ijyfhc�aZ�p_glj�kbff_ljbb�gZ�lZdh_�`_�jZkklhygb_��Ijb�wlhf�\�ihemq_g�
ghc�lhqd_�^he`_g�gZoh^blvky�wd\b\Ze_glguc�we_f_gl�h[t_dlZ� 

 
   
 
 
 
 
 
                      [� 
 
 
 
 
 
 
 
 
 
 

              Z�                                   \� 

Jbk�����A_jdZevgu_�iehkdhklb�fhe_dmeu�ZffbZdZ�NH3 �Z��b�\h^u�H2H �[�� 

a_jdZevgZy�iehkdhklv� hσ �fhe_dmeu�[_gaheZ��\� 

Fhe_dmeZ�bf__l�p_glj�kbff_ljbb��beb�p_glj�bg\_jkbb��_keb�dZ`^uc�
_z� Zlhf� ijb� ^\b`_gbb� ih� ijyfhc� ebgbb�� ijhoh^ys_c� q_j_a� wlhl� p_glj��
\klj_lbl�gZ�jZ\ghf�jZkklhygbb�hl�p_gljZ�ih�^jm]mx�_]h�klhjhgm�lZdhc�`_�
Zlhf�� ?keb� Zlhf� dbkehjh^Z� a� bhgZ� ]bihgbljblZ� �jbk�� ��� ^\b`_lky� q_j_a�
p_glj�bg\_jkbb��hg�\klj_lbl�^jm]hc�Zlhf�dbkehjh^Z�b��Lh�`_�^he`gh�ijh�
bahclb�k�h[hbfb�ZlhfZfb�ZahlZ�� 

                           (Z) 
 
 
 
                                        P_glj�bg\_jkbb                    (b) 

          Jbk�����P_glj�bg\_jkbb�bhgZ�]bihgbljblZ 
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P_glj� kbff_ljbb� bf_xl� lZdb_� ]_hf_ljbq_kdb_� nb]mju�� dZd� rZj��

dm[�� ijZ\bevguc� hdlZw^j� �jbk�� ���� b� lZdb_� fhe_dmeu�� dZd� [_gahe� �kf��

jbk� ��\���SF4� �jbk� �����CO2��G_�bf_xl�p_gljZ� kbff_ljbb�fhe_dmeu�H2O, 

NH3, CH4��kf��jbk� ��b������ 

  

 Jbk�����P_glj�bg\_jkbb�ijZ\bevgh]h�hdlZw^jZ�����   �Jbk������Kbff_ljby�fhe_dmeu�SF4 

 

?keb�fu�ihf_klbf�p_glj�kbff_ljbb�\�gZqZeh�kbkl_fu�dhhj^bgZl��lh�

khhl\_lkl\mxsZy� wlhfm� we_f_glm� kbff_ljbb� hi_jZpby� [m^_l� khklhylv� \�

baf_g_gbb�dhhj^bgZl�dZ`^h]h�ZlhfZ� ),,( zyx �gZ�dhhj^bgZlu� ),,( zyx −−− . 

LZdbf�h[jZahf��^ey�hi_jZpbb�bg\_jkbb�bf__f 
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ii ���\�h[s_f��

),q_lgh_( −= kii k  )g_q_lgh_( −= kEi k , 

l�_�� lhevdh� h^gZ� hi_jZpby� y\ey_lky� hij_^_ezgghc��:lhfu� ^he`gu� gZoh�

^blvky�\�p_gljhkbff_ljbqguo�iZjZo�aZ�bkdexq_gb_f�p_gljZevgh]h� 

���Hkv�g_kh[kl\_ggh]h�\jZs_gby� S��WlZ�hi_jZpby�\dexqZ_l�\jZs_�

gb_�\hdjm]�hkb�k�ihke_^mxsbf�hljZ`_gb_f�hl�a_jdZevghc�iehkdhklb��dh�

lhjZy�i_ji_g^bdmeyjgZ�hkb�\jZs_gby��beb�gZh[hjhl��l�_��\jZs_gb_�–�hljZ�
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`_gb_�wd\b\Ze_glgh�hljZ`_gbx�–�\jZs_gbx���?keb�\�j_amevlZl_�wlbo�^\mo�

hi_jZpbc� ihy\ey_lky� wd\b\Ze_glgZy� kljmdlmjZ�� lh� ]h\hjyl�� qlh�fhe_dmeZ�

h[eZ^Z_l�a_jdZevgh-ih\hjhlghc�hkvx��beb�Zevl_jgZglghc��Z�hi_jZpby��kh�

hl\_lkl\mxsZy� wlhfm� we_f_glm�kbff_ljbb��qZklh�gZau\Z_lky�g_kh[kl\_g�

guf�\jZs_gb_f��Gb`gbc�bg^_dk�n �\� nS �mdZau\Z_l�gZ�ih\hjhl��ih�qZkh\hc�

klj_ed_�� gZ� nπ2 ��GZijbf_j�� 2S � mdZau\Z_l� gZ� ^\Z� ih\hjhlZ� ih� qZkh\hc�

klj_ed_�gZ� °180 ��Ih�hij_^_e_gbx�S2�wd\b\Ze_glgZ�i. 

Hq_\b^gh��_keb�kms_kl\m_l�hkv�Kn�b�i_ji_g^bdmeyjgZy�_c�1��lh�Kn�b�

_klv�Sn��jbk�����Z���L_i_jv�jZkkfhljbf�kemqZc��dh]^Z�ijb�gZebqbb�Sn�gb�Kn, 

gb�a_jdZevghc�iehkdhklb��i_ji_g^bdmeyjghc�Kn,�ih�hl^_evghklb�g_�kms_�

kl\m_l��<�nhjf_�wlZgZ��ijb\_^_ggh]h�gZ�jbk����[��k\yav�K–K�hij_^_ey_l�hkv�

K3��gh�i_ji_g^bdmeyjgZy�_c�a_jdZevgZy�iehkdhklv�hlkmlkl\m_l��H^gZdh�_k�

eb�ih\_jgmlv�fhe_dmem�\hdjm]�hkb�K–K�gZ���h��Z�aZl_f�hljZablv�_z�\�iehk�

dhklb��i_ji_g^bdmeyjghc�wlhc�hkb��lh�fu�ihemqbf�wd\b\Ze_glgmx�dhgnb�

]mjZpbx��Ke_^h\Zl_evgh��kms_kl\m_l�hkv�S6��dhlhjZy�\�lh�`_�\j_fy�g_�y\�

ey_lky�hkvx�K6. 

JZkkfhljbf��q_f�hlebqZxlky�g_kh[kl\_ggu_�hkb�\jZs_gby�q_lgh]h�b�

g_q_lgh]h�ihjy^dh\��?keb�n�q_lgh_�� m
nS �ijb\h^bl�d�gZ[hjm� 1

nS , 2
nS , 3

nS ,…, 

n
nS �� dhlhjuc� wd\b\Ze_gl_g� 11σnC , 22σnC , 3σn

nC ,…, nn
nC σ � �hlf_lbf�� qlh�

aZibkv� nn
nC σ �h[hagZqZ_l��qlh�\gZqZe_�ijhbkoh^bl�hljZ`_gb_��Z�aZl_f�\jZ�

s_gb_�� lh]^Z� dZd� aZibkv� n
n

nCσ � ]h\hjbl� h� lhf�� qlh� \gZqZe_� ijhbkoh^bl�

\jZs_gb_�� Z� aZl_f�hljZ`_gb_���?keb�m�g_q_lgh_��fu�bf__f� khhlghr_gb_�

σ=σm ��Z�_keb�m�q_lgh_��lh�ihemqZ_fh_�khhlghr_gb_�bf__l�\b^� Em =σ . 

Ihke_^g__� ijb\h^bl� d� lh`^_kl\Zf� EECS n
n

n
n ==  � b� m

n
m
n CS = ��Hlf_lbf��

qlh�ba�kms_kl\h\Zgby�hkb�Sn�q_lgh]h�ihjy^dZ�\k_]^Z�\ul_dZ_l�gZebqb_�Kn/2, 

ihkdhevdm� 2/
222

nnn CCS =σ= ��Ijbf_ju�fhe_dme��bf_xsbo�hkb�\jZs_gby�

S2, S4, S6��ijb\_^_gu�gZ�jbk���������[�b�����ba�dhlhjuo�ke_^m_l��qlh�fhe_dmeZ�

SF4 �bf__l�ljb�hkb� 2S �b�q_luj_�hkb� 6S � �kf��jbk�������fhe_dmeZ�CH4�bf__l�
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ljb� hkb� 4S � �jbk�� �����g_kh[kl\_ggZy� hkv� \jZs_gby�S6�bf__lky� \� aZlhjfh�

`_gghc�nhjf_� wlZgZ� �jbk�� ���[���LZdb_�fhe_dmeu�� dZd�H2O, NH3� �jbk�� j���

\hh[s_�g_�bf_xl�a_jdZevgh-ih\hjhlghc�hkb��� 

 

             
              Z�                                                                            [� 

Jbk������DhgnhjfZpbb�wlZgZ� 
Z�–�aZl_gzggZy��^bw^jZevguc�m]he� �������� 

[�–�rZofZlgZy��aZlhjfh`_ggZy���^bw^jZevguc�m]he� �������� 
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JZkkfhljbf� gZ[hj� 1
6S , 2

6S , 3
6S , 4

6S , 5
6S , 6

6S � ^ey� aZlhjfh`_gghc�

kljmdlmju�wlZgZ��jbk�����[�� 

1
6S  - g_evay� aZibkZlv�dZdbf-

eb[h�bguf�kihkh[hf 
2
6S  = 3

22
6 CC =σ , 

3
6S  = S2 = i �hkv�S2�\k_]^Z�jZ\�

gZ�i), 
4
6S  = 2

3C , 

5
6S  –�g_evay�aZibkZlv�dZdbf-

eb[h�bguf�kihkh[hf� 
6
6S  = ?  . 

Iheguc�gZ[hj�^ey�^Zggh]h�kemqZy�h[uqgh�aZibku\Zxl�lZd� 

S6  C3  i  
2
3C   5

6S   E. 

?keb�n g_q_lgh_��lh� m
nS �ijb\h^bl�d�gZ[hjm� n

nnnnn SSSSS 2432 ,...,,,, . Sn 

ijb�g_q_lghf�n�khhl\_lkl\m_l�Kn�b�i_ji_g^bdmeyjghc�_c�1��Hlf_lbf��qlh�

hi_jZpby� n
nS ��_keb�n�g_q_lgh_��wd\b\Ze_glgZ� σ=σ=σ n

n
nn

n CC . 

<� dZq_kl\_� ijbf_jZ� jZkkfhljbf� S3�� <� wlhf� kemqZ_�� ij_`^_� \k_]h��

^he`gh� kms_kl\h\Zlv� hljZ`_gb_�� ijb\h^ys__� d� dhgnb]mjZpbb�� wd\b\Z�

e_glghc�bkoh^ghc� �ihkdhevdm�^ey�^Zgghc�fhe_dmeu�kms_kl\m_l�1���>Ze__�

\jZs_gb_�\hdjm]�K3�^he`gh�^Z\Zlv�dhgnb]mjZpbx��khhl\_lkl\mxsmx� 1
3S . 

Ihkdhevdm� 1
3S  –�hi_jZpby�kbff_ljbb�fhe_dmeu��dhgnb]mjZpby�ihke_�\jZ�

s_gby�\hdjm]�K3�^he`gZ�[ulv�wd\b\Ze_glghc�bkoh^ghc��b��lZdbf�h[jZahf��

K3�^_ckl\bl_evgh�kms_kl\m_l��<hh[s_�^ey�ex[hc�hi_jZpbb�Sn��ijb�g_q_l�

ghf�n) Kn�lZd`_�y\ey_lky�hi_jZpb_c�kbff_ljbb��Ijbf_j�fhe_dmeu��bf_x�

s_c�hkv�\jZs_gby�S3,�ijb\_^_g�gZ�jbk�����Z��K\_^_f�\�lZ[e����hkgh\gu_�ih�

gylby��dhlhju_�[ueb�bkihevah\Zgu�ijb�jZkkfhlj_gbb�hi_jZpbc�b�we_f_g�

lh\�kbff_ljbb� 

Jbk������<b^u�kbff_ljbb�fhe_dmeu�KG4 
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LZ[ebpZ�� 
We_f_glu�b�hi_jZpbb�kbff_ljbb 

Hi_jZpby�kbff_ljbb We_f_gl�
kbff_ljbb 

H[hagZq_gb_ Ijbf_j 

Lh`^_kl\_ggh_�ij_h[jZ�
ah\Zgb_ 

_ ? <k_�fhe_dmeu 

HljZ`_gb_ Iehkdhklv � G2H��<F3 

Bg\_jkby LhqdZ��p_glj�
kbff_ljbb� 

I Cl2B–BCl2 

Kh[kl\_ggh_�\jZs_gb_ Hkv Cn NH3, H2O 

G_kh[kl\_ggh_�\jZs_gb_�
�ih\hjhl�gZ����n 
k�ihke_^mxsbf�hljZ`_�
gb_f�\�iehkdhklb��i_j�
i_g^bdmeyjghc�hkb� 

Hkv�b�iehk�
dhklv 

Sn WlZg 

2.2. LHQ?QGU?�=JMIIU 

H[t_dlu��\�qZklghklb�fhe_dmeu��deZkkbnbpbjmxlky�ih�kbff_ljbb�\�
khhl\_lkl\bb� k� bo� we_f_glZfb� kbff_ljbb� imlzf� h[t_^bg_gby� \� ]jmiiu��
<hafh`gu_� dhf[bgZpbb� hi_jZpbc� kbff_ljbb�� hklZ\eyxsbo� [_a� baf_g_�
gby� ohly� [u� h^gm� lhqdm� �gZijbf_j� p_glj� fZkk��� gZau\Zxlky� lhq_qgufb�
]jmiiZfb�kbff_ljbb��Kms_kl\mxl�^\_�kbkl_fu�kbf\heh\��Lhq_qgu_�]jmi�
iu��kbkl_fZ�RzgnebkZ��qZs_�mihlj_[eyxlky�ijb�jZkkfhlj_gbb�bg^b\b^m�
Zevguo� fhe_dme�� Z� ijhkljZgkl\_ggu_� ]jmiiu� �F_`^mgZjh^gZy� kbkl_fZ�
=_jfZgZ-Fh]_gZ��–�ihqlb�bkdexqbl_evgh�ijb�jZkkfhlj_gbb�djbklZeeh\� 

<�^Zgghf�ihkh[bb�djbklZeeu�g_�jZkkfZljb\Zxlky��b��ke_^h\Zl_evgh��
j_qv�ihc^zl�lhevdh�h�kbkl_f_�RzgnebkZ��<�lhq_qguo�]jmiiZo�\k_�we_f_g�
lu� kbff_ljbb�ijhoh^yl� q_j_a�nbdkbjh\Zggmx� lhqdm�beb�gZqZeh� dhhj^b�
gZl��<�ijbgpbi_� kms_kl\m_l�[hevrh_�fgh`_kl\h� lhq_qguo� ]jmii��gh�\k_�
bo�fh`gh�k\_klb�d����hkgh\guf�lbiZf� 

����=jmiiu� iS CCC ,,1 ���h[hagZq_gb_�]jmiiu� 1C �b�we_f_glZ� 1C �kh\iZ�

^Zxl���?keb�fhe_dmeZ�g_kbff_ljbqgZ��hgZ�ijbgZ^e_`bl�d�]jmii_� 1C ��we_�

f_gl�E ���jbk�������?keb�bf_xlky�we_f_glu� E �b�a_jdZevgZy�iehkdhklv�kbf�
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f_ljbb�σ ��fhe_dmeZ�ijbgZ^e_`bl�d�lhq_qghc�]jmii_� SC ��jbk�������_keb� E  

b�bg\_jkby� i  –�]jmiiZ� iC ��gZijbf_j�f_ah\bggZyz�dbkehlZ���jbk������ 

    

������Jbk������Ijbf_j�g_kbff_ljbqghc����������������������Jbk������=jmiiZ�kbff_ljbb� SC  

                                                                                            fhe_dmeu���]jmiiZ� 1C ) 

    
 

       Jbk������Kbff_ljby�fhe_dmeu             Jbk������Fhe_dmeZ�i_j_dbkb�\h^hjh^Z 
             f_ah\bgghc�dbkehlu                                              �]jmiiZ�K2) 

 

���=jmiiu� nC  ( 1>n ���h[hagZq_gb_�wlbo�]jmii�kh\iZ^Z_l�k�h[hagZq_�

gb_f� we_f_glh\���Bo�h[jZamxl� we_f_glu� kbff_ljbb� E �b� nC �� �Ijbf_j�– 

i_j_dbkv�\h^hjh^Z��jbk������ 
���=jmiiu� nvC  ( 1>n ) –�we_f_glu� E , nC �b� n �\_jlbdZevguo�a_jdZev�

guo�iehkdhkl_c� vσ ��Fhe_dmeZ�\h^u��kh^_j`bl�lhevdh�h^gm�hkv�\jZs_gby�b�

^\_� iehkdhklb� vσ  ( ′σσ vvCE ,,, 2 ), –� ]jmiiZ� vC2 �� fhe_dmeZ� ZffbZdZ�

( ″σ′σσ vvvCE ,,,, 3 �beb� vCE σ3,, 3 ) –�]jmiiZ� vC3 . 
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���=jmiiu� nhC  ( 1>n ) –�we_f_glu� E , nC �b�]hjbahglZevgZy�a_jdZev�

gZy�iehkdhklv� hσ ��i_ji_g^bdmeyjgZy�hkb�\jZs_gby� nC � �jbk�� �����=jmiiZ�

hC2 �Z\lhfZlbq_kdb�bf__l�we_f_gl� i ��=_hf_ljbq_kdZy�nb]mjZ�dhgmk�ijb�

gZ^e_`bl� d� ]jmii_� hC∞ �� ke_^h\Zl_evgh��^\moZlhfgu_� ]_l_jhy^_jgu_�fh�

e_dmeu�ijbgZ^e_`Zl�d�]jmii_� hC∞ . 

���=jmiiu� nD  –�we_f_glu� E , nC �b� n �hk_c� 2C ��i_ji_g^bdmeyjguo�

nC ��GZ�jbk�����ihdZaZg�h[t_dl�k� 6D  –�fhe_dmeZ�h^gh]h�ba�f_lZeehp_gh\� 

 
Jbk������=jmiiu� hC2  (C2H2Cl2 –�^boehjwlZg������������� �Jbk������=jmiiZ�kbff_ljbb� 6D  

���������������b hC3  (H3BO3 –�[hjgZy�dbkehlZ� 

 
���=jmiiu� nhD  –�wlh�]jmiiZ� nD �iexk� hσ ��i_ji_g^bdmeyjgZy�hkb�Kn 

�jbk� �����WlZ�]jmiiZ�bf__l�b�n�\_jlbdZevguo�a_jdZevguo�iehkdhkl_c��Ieh�
kdZy�fhe_dmeZ�BF3 –� ]jmiiZ� hD3 �� [_gahe�– hD6 ��=_hf_ljbq_kdZy�nb]mjZ�

pbebg^j�\oh^bl�\�]jmiim� hD∞ ��ke_^h\Zl_evgh�^\moZlhfgu_�]hfhy^_jgu_�

fhe_dmeu�ijbgZ^e_`Zl�d�]jmii_� hD∞ . 

 
 
 
 
 
 
 

 
                     Z�       [�    \� 

Jbk������=jmiiu�kbff_ljbb� nhD :  

Z�– hD2 ��fhe_dmeu�wlZgZ���[�– hD3 ��fhe_dmeZ PCl5���\�– hD4 ��fhe_dmeZ�AuCl4) 
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���=jmiiu� ndD  –�wlh�]jmiiZ� nD �iexk�iehkdhklb� dσ ��\�dhlhjuo�gZ�

oh^blky� ]eZ\gZy� �Kn��hkv��gh�g_l�gb�h^ghc�ba�i_ji_g^bdmeyjguo�hk_c�K2 

�jbk�������RZofZlgZy��aZlhjfh`_ggZy��dhgnhjfZpby�wlZgZ��kf��jbk�����[��– 

]jmiiZ� dD3 . 

���Dm[bq_kdb_�]jmiiu�T , O �b�bo�ijhba\h^gu_��jbk��������M�h[t_dlh\�

wlbo� ]jmii�bf__lky�[he__� q_f� h^gZ� ]eZ\gZy� hkv� kbff_ljbb��GZijbf_j�� \�

fhe_dme_�f_lZgZ�CH4�bf_xl�f_klh�q_luj_�jZ\ghp_ggu_�hkb� 3C ��Kj_^b�dm�

[bq_kdbo�\u^_eyxlky�l_ljZw^jbq_kdb_�]jmiiu� hd TTT ,, �b�hdlZw^jbq_kdb_�

]jmiiu� hOO, ��=jmiiZ� dT  –�ijZ\bevguc�l_ljZw^j�� ]jmiiZ� hO  –�ijZ\bev�

guc�hdlZw^j��?keb�h[t_dl�bf__l�\jZsZl_evgmx�kbff_ljbx�l_ljZw^jZ�beb�

hdlZw^jZ��gh�g_�bf__l�gb�h^ghc�iehkdhklb� σ ��lh�hg�ijbgZ^e_`bl�]jmiiZf�
T �beb� O � khhl\_lkl\_ggh��<� ]jmiim� hT �\oh^yl�h[t_dlu��h[eZ^Zxsb_�oZ�

jZdl_jbklbdZfb�]jmiiu�T �b�p_gljhf�bg\_jkbb� i . 

 

   
Jbk������Ijbf_j                  Jbk������Fhe_dmeu�]jmii� dT  (CCl4���Z��b� hO  (SF6���[� 

fhe_dmeu ]jmiiu� ndD  

 
���=jmiiZ�ihegh]h�\jZs_gby� 3R  –�kn_jbq_kdbc�h[t_dl��<�wlm�]jmiim�

\oh^yl�Zlhfu��gb�h^gZ�fhe_dmeZ�g_�ijbgZ^e_`bl�d�wlhc�]jmii_� 

����=jmiiu� nS ��bgh]^Z�lZdb_�]jmiiu�hl^_evgh�g_�\u^_eyxlky���H[t�

_dlu�wlbo�]jmii�oZjZdl_jbamxlky�gZebqb_f�we_f_glh\�kbff_ljbb� nS . 
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2.3. IHJY>HD�DE:KKBNBD:PBB�FHE?DME 
       IH�LHQ?QGUF�=JMII:F 

>ey� h[e_]q_gby� deZkkbnbdZpbb� h[t_dlh\� ih� ]jmiiZf� fh`gh� j_dh�
f_g^h\Zlv� ke_^mxsbc� ihjy^hd�� ijb_fe_fuc� ^ey� ih^Z\eyxs_]h� qbkeZ�
h[t_dlh\��ij_^iheZ]Z_lky��qlh�h[t_dl�g_�h[eZ^Z_l�kn_jbq_kdhc�kbff_ljb_c�� 

1. Hij_^_eblv��hlghkblky�eb�fhe_dmeZ�d�]jmiiZf�T �beb�O ��ih�gZeb�
qbx�q_lujzo�hk_c� 3C �\^hev�^bZ]hgZe_c�dm[Z� 

2. ?keb�h[t_dl�g_�bf__l�gb�h^ghc�hkb� nC ��gh��Z��bf__lky�iehkdhklv�

σ  –�]jmiiZ� SC ��[��bf__lky�p_glj�kbff_ljbb� i  –�]jmiiZ� iC ��\��gbq_]h�g_�

bf__lky�–�]jmiiZ� 1C . 

3. ?keb�bf__lky�ohly�[u�h^gZ� nC ��hij_^_ey_lky�]eZ\gZy�hkv� 

4. ?keb�bf__lky�hkv� nS2 ��kh\iZ^ZxsZy�k�]eZ\ghc�beb�k�^jm]hc�hkvx��

b�ijb�wlhf�g_l�^jm]bo��djhf_� i ��we_f_glh\�kbff_ljbb��lh�h[t_dl�ijbgZ^�
e_`bl�d�]jmii_� )2( nmSm = . 

5. ?keb�ij_^u^msbc�imgdl�g_�ih^oh^bl��hij_^_ey_lky��bf__lky�eb�n  
hk_c� 2C ��i_ji_g^bdmeyjguo�]eZ\ghc� �beb�^jm]hc��hkb��?keb�wlh�lZd��h[t�

_dl�ijbgZ^e_`bl�d�h^ghc�ba�]jmii�D ��?keb�bf__lky�iehkdhklv� hσ  –�]jmiiZ�

nhD ��_keb�_klv�iehkdhklb� dσ  –�]jmiiZ� ndD ��_keb�iehkdhkl_c�σ �g_l�\hh[�
s_�–�]jmiiZ� nD . 

6. ?keb�g_�bf__lky�n �hk_c� 2C ��i_ji_g^bdmeyjguo�]eZ\ghc��beb�^jm�

]hc��hkb��lh�h[t_dl�ijbgZ^e_`bl�]jmiiZf�C ��?keb�bf__lky�iehkdhklv� hσ  – 

]jmiiZ� nhC ��_keb�_klv� n �iehkdhkl_c� vσ  –�]jmiiZ� nvC ��_keb�iehkdhkl_c�σ  

g_l�–�]jmiiZ� nC . 

2.4. G?DHLHJU?�IJHKLU?�K<HCKL<:�KBFF?LJBB 

>bihevguc�fhf_gl�_klv�\_dlhj��gZ�\_ebqbgm�b�gZijZ\e_gb_�dhlhjh]h�
g_�\ebyxl�ex[u_�hi_jZpbb�kbff_ljbb��Kh[kl\_gguf�^bihevguf�fhf_g�
lhf� fh]ml� h[eZ^Zlv� lhevdh� h[t_dlu�� ijbgZ^e_`Zsb_� d� ]jmiiZf�

1,,, CCCC Snvn ��<� wlbo� ]jmiiZo� g_l� i_j_\hjZqb\Zgby� h[t_dlh\� \\_jo� beb�

\gba��dZd�wlh�bf__l�f_klh��kdZ`_f��\�]jmiiZo� DC h ,3 �b�^j����GZijbf_j��CO2 

b�H2O� fh]ml� bf_lv� kljh_gb_�� khhl\_lkl\mxs__� kbff_ljbqghc� ebg_cghc�
fhe_dme_�beb�g_kbff_ljbqghc�ebg_cghc�fhe_dme_��beb�bah]gmlhc�fhe_dm�
e_��Ihkdhevdm�wdki_jbf_gl�ihdZau\Z_l��qlh�^bihevguc�fhf_gl�CO2�jZ\_g�
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gmex��lh�_]h�fhe_dmeZ�–�kbff_ljbqgZy�ebg_cgZy��m�fhe_dmeu�\h^u�bf__l�
ky�y\gh�\ujZ`_gguc�^bihevguc�fhf_gl��ke_^h\Zl_evgh�hgZ�bah]gmlZ��l�d��
g_� fh`_l� [ulv� g_kbff_ljbqghc� ebg_cghc��Fhe_dmeZ� [_gaheZ� g_� fh`_l�
bf_lv�^bihevguc�fhf_gl��Z�gZijZ\e_gb_�^bihevgh]h�fhf_glZ�oehj[_gaheZ�
ijhoh^bl�q_j_a�Zlhf�Cl�b�p_glj�fhe_dmeu� 

Hilbq_kdZy�Zdlb\ghklv��Fhe_dmeZ�fh`_l�\jZsZlv�iehkdhklv�iheyjb�
ah\Zggh]h�k\_lZ��_keb�lhevdh�hgZ�h[eZ^Z_l�k\hckl\hf�objZevghklb��l_jfbg�
³objZevghklv´�ijhbkoh^bl� hl� ]j_q_kdh]h� ³jmdZ´���ObjZevgu_�nb]mju� km�
s_kl\mxl�\�\b^_�^\mo�a_jdZevgh�jZ\guo�nhjf�–�wgZglbhf_jh\��h^bg�gZau�
\Z_lky�³ijZ\uf´��^jm]hc�³e_\uf´���DZ`^uc�wgZglbhf_j�y\ey_lky�a_jdZev�
guf�hlh[jZ`_gb_f� k\h_c�iZju� �_keb�bo�jZaf_klblv�\�ijhkljZgkl\_�khhl�
\_lkl\mxsbf�h[jZahf���h^gZdh�_]h�g_evay�kh\f_klblv�k�g_c�imlzf�ex[uo�
i_j_f_s_gbc�\�ijhkljZgkl\_��Wlh�ohjhrh�\b^gh�gZ�ijbf_j_�jmd��_keb�bo�
jZkiheh`blv� eZ^hgyfb� ^jm]� d� ^jm]m�� hgb� [m^ml� a_jdZevgufb� hlh[jZ`_�
gbyfb��gh�bo�g_\hafh`gh�kh\f_klblv�^jm]�k�^jm]hf��ObjZevgu_�kh_^bg_�
gby�\�`b^dhf�khklhygbb�ih\hjZqb\Zxl�iehkdhklv�iheyjbaZpbb�gZ�m]he�α , 
ijhihjpbhgZevguc�lhesbg_�ij_iZjZlZ��Ijb�wlhf�bf__lky�\�\b^m��qlh�^Zg�
guc� ij_iZjZl� kh^_j`bl� iheghklvx� beb� ij_bfms_kl\_ggh� h^bg� ba� wgZg�
lbhf_jh\��?keb�kms_kl\m_l�hkv� nS ��lh�fhe_dmeZ�ZobjZevgZ�b�g_�bf__l�hi�

lbq_kdhc� Zdlb\ghklb� �gZijbf_j�� ]jmiiZ� nhC � \dexqZ_l� \� k_[y� nS �g_y\gh���

?keb�bf__lky�p_glj�kbff_ljbb� i ��lh�h[t_dl�g_�fh`_l�[ulv�hilbq_kdb�Zd�
lb\guf�� <� fhe_dmeZo� k� \gmlj_ggbf� k\h[h^guf� \jZs_gb_f� �wlZg�� H2O2) 
\hafh`gu�hilbq_kdb�Zdlb\gu_�dhgnhjfZpbb��gh�hgb�ijbkmlkl\mxl�\�`b^�
dhklb�\�jZ\guo�dhebq_kl\Zo��b�]Za�beb�jZkl\hj�\�p_ehf�hilbq_kdb�g_Zdlb\gu� 

Kbff_ljbqgu_� k\hckl\Z� hj[blZe_c�� Ijb� jZkkfhlj_gbb� kbff_ljbb�
hj[blZe_c�g_h[oh^bfh�mqblu\Zlv� agZd�ψ-nmgdpbb��S-hj[blZeb�ijbgZ^e_�
`Zl� d� ]jmii_� 3R , p -hj[blZeb� Zglbkbff_ljbqgu� \� i_ji_g^bdmeyjghc�

iehkdhklb�b�g_�bf_xl�p_gljZ�bg\_jkbb� i , d -hj[blZeb�bf_xl� i . 

2.5. =JMIIH<H?�MFGH@?GB?��K<HCKL<:�=JMIIU 

Ijhba\_^_gb_� ex[uo� ^\mo� hi_jZpbc� kbff_ljbb�� hij_^_ey_fh_� dZd�
bo� ihke_^h\Zl_evgh_� ijbf_g_gb_�� [m^_l� hi_jZpb_c� kbff_ljbb��Ihwlhfm�
ijhba\_^_gb_�hi_jZpbc�K2�b σ�v���ijhba\h^bfuo�gZ^�fhe_dmehc�kbff_ljbb�
K2#��gZijbf_j�G2H���– wlh�σv��gZihfgbf��qlh�hkv�K2�y\ey_lky�hkvx�z,�fhe_�
dmeZ�e_`bl�\�iehkdhklb�yz, Z�iehkdhklv�yz _klv�iehkdhklv�σ�v): 

K2 ·  σ�v = σv. 
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<f_klh� l_jfbgZ� ©ijhba\_^_gb_ª� hibkZggmx� hi_jZpbx� h[uqgh� oZ�
jZdl_jbam_l� l_jfbg� ©dhf[bgZpbyª��Ihjy^hd� aZibkb� hi_jZpbb� �l�_�� ke_\Z�
gZijZ\h��ijhlb\hiheh`_g�ihjy^dm��\�dhlhjhf�hgb�\uihegyxlky��<�ijb\_�
^_gghf�ijbf_j_�hi_jZpby�σ�v�hkms_kl\ey_lky�i_j\hc��Z�aZl_f�ke_^m_l�hi_�
jZpby�K2��qlh�^Z_l�lhl�`_�kZfuc�j_amevlZl��qlh�b�hi_jZpby�σ�v��<hh[s_�dh�
g_qguc�j_amevlZl�aZ\bkbl�hl�ihjy^dZ�\uiheg_gby�hi_jZpbc��h^gZdh�\�g_�
dhlhjuo�kemqZyo�wlh�g_�lZd��?keb�j_amevlZl�^\mo�hi_jZpbc�g_� aZ\bkbl�hl�
ihjy^dZ�bo�\uiheg_gby��gZijbf_j��K2 σ�v  = σ�v  K2���]h\hjyl��qlh�^\Z�we_�
f_glZ�kbff_ljbb�K2�b�σ�v�dhffmlbjmxl�� 

Hi_jZpbb� kbff_ljbb� fh]ml� [ulv� jZkkfhlj_gu� k� ihfhsvx� l_hjbb�
]jmii��>ey�lh]h�qlh[u�kh\hdmighklv�we_f_glh\�h[jZah\u\ZeZ�fZl_fZlbq_�
kdmx�]jmiim��^he`gu�\uihegylvky�ke_^mxsb_�mkeh\by� 

1. Dhf[bgZpby� ex[uo� ^\mo� we_f_glh\� b� d\Z^jZl� ex[h]h� we_f_glZ�
^he`gu�^Z\Zlv�we_f_gl�wlhc�`_�]jmiiu��?keb�\ha\_klb�\�d\Z^jZl�we_f_gl�
lhq_qghc�]jmiiu�K2v�beb�\aylv�\k_�\hafh`gu_�dhf[bgZpbb�we_f_glh\�wlhc�
]jmiiu�� lh� hiylv� `_� ihemqblky� we_f_gl�� ijbgZ^e_`Zsbc� d� ]jmii_� K2v.        
<�hlebqb_�hl�mfgh`_gby�\�h[uqghc�Zjbnf_lbd_�g_�gm`gh�aZ[u\Zlv�h�ih�
ke_^h\Zl_evghklb�\uiheg_gby�hi_jZpbc�\�dhf[bgZpbb� 

2. H^gZ�ba�hi_jZpbc�]jmiiu�^he`gZ�dhffmlbjh\Zlv�kh�\k_fb�^jm]b�
fb�b�hklZ\eylv�bo�[_a�baf_g_gby��LZdbf�we_f_glhf�y\ey_lky�lh`^_kl\_g�
gh_�ij_h[jZah\Zgb_� 

?σ 2 = σ2? = σ2. 

3. >he`_g�\uihegylvky�ZkkhpbZlb\guc�aZdhg�mfgh`_gby��l�_�� 

(O<)Z = X(YZ). 
J_amevlZl� dhf[bgZpbb� lj_o� we_f_glh\�^he`_g�[ulv� l_f�`_� kZfuf��

_keb� i_j\uc� we_f_gl� dhf[bgbjm_lky� k� ijhba\_^_gb_f� ^\mo� ^jm]bo� >l�_��
σv(K2 σ�v�@�beb�_keb�ijhba\_^_gb_�^\mo�i_j\uo�dhf[bgbjm_lky�k�ihke_^gbf�
we_f_glhf�>l�_���σvK2 ) σ�v]. 

4. DZ`^uc�we_f_gl�^he`_g�bf_lv�h[jZlguc�we_f_gl��dhlhjuc�lZd`_�
y\ey_lky�we_f_glhf�]jmiiu��LZdbf�h[jZahf��^ey�dZ`^hc�hi_jZpbb�kbff_l�
jbb�^he`gZ�kms_kl\h\Zlv�hi_jZpby��mkljZgyxsZy�j_amevlZl�^_ckl\by�i_j�
\hc� hi_jZpbb�� >ey� ex[hc� a_jdZevghc� iehkdhklb� h[jZlguf� we_f_glhf�
^he`gZ�[ulv�b^_glbqgZy�a_jdZevgZy�iehkdhklv��l�_��σ σ = ?��>ey�kh[kl\_g�
gh]h�\jZs_gby� m

nC h[jZlguf�we_f_glhf�y\ey_lky� mn
nC − ; m

nC mn
nC −  = ?��?keb�

:�bf__l�h[jZlguc�we_f_gl�B��lh]^Z�:<� �<:� ?��?keb�<�ijhlb\hiheh`_g�
:��lh�b�:�ijhlb\hiheh`_g�<��<hh[s_�we_f_gl��h[jZlguc�we_f_glm�:��fh`�
gh�aZibkZlv�dZd�:-1. 
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We_f_glhf��h[jZlguf�we_f_glm�K3��y\ey_lky�we_f_gl�
2
3C : 

K3
2
3C  = 2

3C  K3 = ?� 

LZ[ebp_c�]jmiih\h]h�mfgh`_gby�gZau\Z_lky�lZ[ebpZ�\k_o�dhf[bgZpbc� 
Ihkdhevdm� ijhklh_� mfgh`_gb_�� dZd� ijZ\beh�� g_� y\ey_lky� dhffmlZ�

lb\guf��fu�^he`gu�ijb^_j`b\Zlvky�hij_^_e_ggh]h�ihjy^dZ�mfgh`_gby��
H[uqgh�ijbgbfZxl��qlh�hi_jZpby�hkms_kl\ey_lky�\�ke_^mxs_f�ihjy^d_��
we_f_gl�klhe[pZ�mfgh`Z_lky�gZ�we_f_gl�kljhdb��l�_��_keb�fu� aZibku\Z_f�
ijhba\_^_gb_�dZd�KR��]^_�K�hlghkblky�d�klhe[pm��Z�R –�d�kljhd_��lh�fu�[_�
j_f�kgZqZeZ�we_f_gl�klhe[pZ��Z�aZl_f�we_f_gl�kljhdb� 

Gb`_� ijb\_^_gZ� ^ey� ijbf_jZ� lZ[e�� �� ]jmiih\h]h� mfgh`_gby� ^ey�
]jmiiu� vC3 . 

LZ[ebpZ�� 
LZ[ebpZ�mfgh`_gby�^ey�lhq_qghc�]jmiiu�K3# 

          R 
  C 

? K3 
2
3C  σv σv� σv� 

? ? K3 
2
3C  σv σv� σv� 

K3 K3 
2
3C  ? σv� σv σv� 

2
3C  2

3C  ? K3 σv� 
σv� 

 
σv 

σv σv σv� σv� ? K3 
2
3C  

σv� σv� σv� σv 
2
3C  ? K3 

σv� σv� σv σv� K3 
2
3C  ? 

 

2.6. F:LJBQGH?�IJ?>KL:<E?GB?�LJ:GKNHJF:PBC� 
       O:J:DL?J�HI?J:PBC�KBFF?LJBB 

FZljbpZ� ij_^klZ\ey_l� kh[hc� jZkiheh`_gb_� qbk_e� beb� kbf\heh\� \�
\b^_�ijyfhm]hevgbdZ�ke_^mxs_]h�h[s_]h�\b^Z� 

















333231

232221

131211

aaa

aaa

aaa

. 
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D\Z^jZlgu_�kdh[db�mdZau\Zxl�gZ�lh��qlh�wlh�fZljbpZ��Z�g_�^_l_jfb�

gZgl��?keb�qbkeh�kljhd�fZljbpu�jZ\gh�qbkem�klhe[ph\��fZljbpZ�gZau\Z_l�

ky�d\Z^jZlghc��We_f_gl�d\Z^jZlghc�fZljbpu�\b^Z�Z11��Z22��Z33�gZau\Z_lky�

^bZ]hgZevguf�we_f_glhf��Z�^jm]b_�we_f_glu�ghkyl�gZa\Zgb_�g_^bZ]hgZev�

guo��?keb�\k_�g_^bZ]hgZevgu_�we_f_glu�jZ\gu�gmex��fZljbpZ�gZau\Z_lky�

^bZ]hgZebah\Zgghc�� beb� ^bZ]hgZevghc�� ?keb� dZ`^uc� ^bZ]hgZevguc� we_�

f_gl�d\Z^jZlghc�fZljbpu�jZ\_g�_^bgbp_��Z�g_^bZ]hgZevgu_�we_f_glu�jZ\�

gu�gmex��fZljbpZ�gZau\Z_lky�_^bgbqghc��<Z`gZy�oZjZdl_jbklbdZ�d\Z^jZl�

ghc�fZljbpu��ke_^�beb�oZjZdl_j��ij_^klZ\ey_l�kh[hc�ijhklh�kmffm�^bZ]h�

gZevguo� we_f_glh\��FZljbpu�fh`gh�kdeZ^u\Zlv��\uqblZlv��^_eblv�b�mf�

gh`Zlv��bkihevamy�khhl\_lkl\mxsb_�ijZ\beZ�fZljbqghc�Ze]_[ju� 

DZd�jZg__�[ueh�hlf_q_gh��?, 1, i, Cn, Sn�hibku\Zxl�kbff_ljbx�h[t�

_dlh\��DZ`^mx�ba�wlbo�hi_jZpbc�fh`gh�hibkZlv�fZljbp_c� 

JZkkfhljbf�lhqdm�J�k�dhhj^bgZlZfb�o��y�b�z�jZ\gufb� �� �jbk�� ����b�

khhl\_lkl\mxsbfb�ijh_dpbyfb�lhqdb�gZ�wlb�hkb��Lh`^_kl\_ggh_�ij_h[jZ�

ah\Zgb_� gZ^� wlhc� lhqdhc� ijb\h^bl� d� gh\hfm� gZ[hjm� dhhj^bgZl�� dhlhjuc�

gbq_f�g_�hlebqZ_lky�hl�klZjh]h� 

>Zggmx�hi_jZpbx�hibku\Z_l�fZljbpZ� 

















=
































'

'

'

100

010

001

Z

Y

X

Z

Y

X

 . 

Mfgh`_gb_�fZljbp�^Z_l 

X = X� 

Y = Y� . 

Z = Z� 

=h\hjyl��qlh�wlZ�_^bgbqgZy�fZljbpZ�y\ey_lky�ij_^klZ\e_gb_f�lh`^_�

kl\_ggh]h�ij_h[jZah\Zgby� 

JZkkfhljbf�fhe_dmem� vC3 �k�p_gljZevguf�Zlhfhf� NS �b�lj_fy�ZlhfZfb 

CBA SSS ,, ��jbk�������Ijb�hi_jZpbb� vσ  ),,,(),,,( CBANBCAN SSSSSSSS ← . 

Jbk������LhqdZ�\�^_dZjlh\hc�
kbkl_f_�dhhj^bgZl 
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LZdmx� ljZgknhjfZpbx� fh`gh� \ujZablv�� bkihevamy� fZljbqgh_� mf�

gh`_gb_��l�_��fh`gh�gZclb�fZljbpm� )( vD σ �lZdmx��qlh 



















←

1000

0100

0010

0001

),,,(),,,( CBANBCAN SSSSSSSS . 

 
FZljbpZ� )( vD σ �gZau\Z_lky��ij_^klZ\e_gb_f�hi_jZpbb� vσ . 

Ij_^klZ\e_gb_�hi_jZpbb� −
3C  –�fZljbpZ� )( 3

−CD : 



















←

0010

1000

0100

0001

),,,(),,,( CBANBACN SSSSSSSS . 

Ij_^klZ\e_gb_�hi_jZpbb� +
3C –�fZljbpZ� )( 3

+CD : 



















←

0100

0010

1000

0001

),,,(),,,( CBANACBN SSSSSSSS . 

Ij_^klZ\e_gb_�E : 



















=

1000

0100

0010

0001

)(ED . 

>ey )( ′σvD : ←),,,( ABCN SSSS  



















←

0010

0100

1000

0001

),,,( CBAN SSSS . 

Jbk������Fhe_dmeZ�]jmiiu�
kbff_ljbb�� vC3   



 

 37 

>ey� )( ″
vD σ : 



















←

1000

0010

0100

0001

),,,(),,,( CBANCABN SSSSSSSS . 

>ey�ijhba\_^_gby� )()( 3
+σ CDD v �bf__f� 

)(

0010

0100

1000

0001

0100

0010

1000

0001

0100

1000

0010

0001

)()( 3 vv DCDD σ′=



















=





































=σ + , 

l�_�� )()()( 3
+σ=σ′ CDDD vv ��qlh�kh\iZ^Z_l�k� +σ=′σ 3Cvv . 

IhegZy� lZ[ebpZ� ]jmiih\h]h� mfgh`_gby� \hkijhba\h^blky� Ze]_[jZb�
q_kdbf�mfgh`_gb_f�fZljbqguo�ij_^klZ\e_gbc� 

GZ[hj�ba�r_klb�fZljbp�y\ey_lky�fZljbqguf�ij_^klZ\e_gb_f�]jmiiu�

vC3 ��b�lZ[e����fh`gh�ihkljhblv�Ze]_[jZbq_kdb��We_f_glu� CBAN SSSS ,,,  

gZau\Zxlky�[Zabkhf��\�^Zgghf�kemqZ_�hg�q_luj_of_jguc��qlh�ijb\h^bl�d�
q_luj_of_jguf�fZljbpZf��^ey�f_lZgZ� �]jmiiZ� dT ��[Zabk� lZd`_�q_luj_o�

f_jguc�� 
?keb�^ey�gZr_]h�ijbf_jZ�keh`blv�^bZ]hgZevgu_�we_f_glu��gZ�]eZ\�

ghc�^bZ]hgZeb��fZljbqguo�ij_^klZ\e_gbc��lh�ihemqblky� 

222114

)()()()()()( 33
=χ

″σ′σσ−+
vvv DDDCDCDED  

KmffZ� ^bZ]hgZevguo� we_f_glh\� fZljbqgh]h� ij_^klZ\e_gby� hi_jZ�
pbb� kbff_ljbb� gZau\Z_lky� oZjZdl_jhf� χ � ^Zgghc� hi_jZpbb��Hi_jZpbb� k�
h^bgZdh\uf�χ �hlghkylky�d�h^ghfm�deZkkm��OZjZdl_j�hi_jZpbb� )( igχ �aZ\b�

kbl�hl�[ZabkZ��OZjZdl_ju�jZaguo�deZkkh\�fh]ml�[ulv�h^bgZdh\ufb� 
<�dZq_kl\_�[ZabkZ�fh`gh�\aylv�_^bgkl\_gguc�Zlhf� NS ��ex[Zy�hi_�

jZpby�kbff_ljbb�[m^_l�k\h^blvky�d� NN SS ← ��ij_^klZ\e_gb_�ex[hc�hi_�

jZpbb� 1⋅= NN SS �� ]^_� �� fh`gh� jZkkfZljb\Zlv� dZd� fZljbpm�� oZjZdl_ju�

\k_o�ij_^klZ\e_gbc� 1=χ ��Wlh�ij_^klZ\e_gb_�ijZdlbq_kdb�g_bgnhjfZlb\�

gh�b�gZau\Z_lky�g_^h\_jbl_evguf�ij_^klZ\e_gb_f� ]jmiiu� �\k_� we_f_glu�
\ujZ`_gu�_^bgbp_c�� 
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2.7. G?IJB<H>BFU?�IJ?>KL:<E?GBY 

<k_� fZljbqgu_� ij_^klZ\e_gby� hi_jZpbc� kbff_ljbb� ]jmiiu� vC3  
bf_xl�[ehd-^bZ]hgZevgmx�nhjfm��lh�_klv�\ky�fZljbpZ�fh`_l�[ulv�jZa[blZ�
gZ�[ehdb�f_gvrbo�fZljbp�[_a�g_^bZ]hgZevguo�we_f_glh\�f_`^m�[ehdZfb�� 



















0

0

0

0001

, 

b�hi_jZpbb�kbff_ljbb�gbdh]^Z�g_�i_j_f_rb\Zxl� NS �k�^jm]bfb�nmgdpby�

fb�[ZabkZ� CBA SSS ,, ��l�_��p_gljZevguc�Zlhf�b]jZ_l�hkh[mx�jhev�\�kbf�
f_ljbb�\�^Zgghf�[Zabk_��Q_luj_of_jgh_�ij_^klZ\e_gb_�fh`_l�[ulv�ih^�
jZa^_e_gh�gZ�^\Z�g_aZ\bkbfuo�[ZabkZ��h^bg�–�k�h^gbf�qe_ghf��^jm]hc�–�k�

lj_fy���Hgb�h[hagZqZxlky� )1(D �b� )3(D �b�aZf_gyxl� )4(D ��G_^h\_jbl_evgh_�

ij_^klZ\e_gb_� )1(D �^Zevr_�ih^h[guf�h[jZahf�g_�fh`_l�[ulv�ijb\_^_gh�b�
y\ey_lky�g_ijb\h^bfuf�ij_^klZ\e_gb_f��Lj_of_jgh_�ij_^klZ\e_gb_� 

111003
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)(
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100
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001

100

010

)(

010

001

100

)(
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)( 33

=χ

















″σ

















′σ

















σ

















































−+
vvv DDDCDCDED

 

G_ijb\h^bfu_�ij_^klZ\e_gby�h[hagZqZxlky��$�–�h^ghf_jgu_��(� �–
^\mf_jgu_��g_�imlZlv�k�b^_glbqghklvx���7�–�lj_of_jgu_��%�–�h^ghf_jgu_�
ij_^klZ\e_gby��oZjZdl_j�dhlhjuo�jZ\_g�–���ijbq_f�oZjZdl_j�wlhl�khhl\_l�
kl\m_l�hi_jZpbb� nC ��]^_� nC  –�]eZ\gZy�hkv�kbff_ljbb� 

Kibkdb� oZjZdl_jh\� \k_o� \hafh`guo� g_ijb\h^bfuo� ij_^klZ\e_gbc�
jZaebqguo�]jmii�gZau\Zxlky�lZ[ebpZfb�oZjZdl_jh\��Hgb�m`_�khklZ\e_gu�
^ey�fgh`_kl\Z�]jmii��b�bfb�gZ^h�lhevdh�mf_lv�ihevah\Zlvky��l�d��bf_ggh�
hgb�ij_^klZ\eyxl�kh[hc�gZb[he__�bgl_j_kguc�bklhqgbd�bgnhjfZpbb��DZ�
`^Zy� pbnjZ� \� lZ[ebp_� oZjZdl_jh\� ij_^klZ\ey_l� kh[hc� oZjZdl_j�fZljbpu�
^ey�hi_jZpbb��qvbf�ij_^klZ\e_gb_f�hgZ�y\ey_lky��>ey�fZljbpu� 11× �oZjZd�
l_j�b�fZljbpZ�kh\iZ^Zxl��>ey�dZ`^h]h�g_ijb\h^bfh]h�ij_^klZ\e_gby�bf_�
_lky�k\hy�kljhdZ� 

Ijb\_^_f�l_hj_fm�l_hjbb�]jmii��[_a�^hdZaZl_evkl\Z���³Qbkeh�g_ijb�
\h^bfuo�ij_^klZ\e_gbc�jZ\gh�qbkem�deZkkh\´. 

Qbkeh�g_ijb\h^bfuo�ij_^klZ\e_gbc�kjZ\gbl_evgh�fZeh��<�lZ[ebpu�
oZjZdl_jh\�fh]ml� \dexqZlvky� g_ijb\h^bfu_� ij_^klZ\e_gby� ij_h[jZah\Z�
gby�dhhj^bgZl�b�bo�d\Z^jZlbqguo�nhjf��Z�lZd`_�\jZs_gb_�hlghkbl_evgh�
hk_c� zyx ,,  dZd�^hihegbl_evgZy�bgnhjfZpby� 
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=eZ\Z�3. WE?DLJBQ?KDB?�B�F:=GBLGU?�K<HCKL<: 
             �FHE?DME 

3.���>BIHEVGUC�FHF?GL 

H[sb_�ij_^klZ\e_gby� h� kljh_gbb�fhe_dme� dZd� h� kbkl_fZo�iheh`b�
l_evgh� aZjy`_gguo� y^_j� b� we_dljhgguo� h[eZdh\� jZaebqghc� iehlghklb�� Z�
lZd`_� aZdhgu� kbff_ljbb�fhe_dme�ijb\h^yl� d� \u\h^m�h� \hafh`ghklb�g_�
jZ\ghf_jgh]h� jZkij_^_e_gby� we_dljbq_kdh]h� aZjy^Z� \�fhe_dme_�� \� p_ehf�
we_dljbq_kdb�g_cljZevghc��<g_rgb_�ijhy\e_gby�lZdhc�g_jZ\ghf_jghklb�b�
h[mkeh\eb\Zxl� we_dljbq_kdb_� k\hckl\Z� fhe_dme�� Ijb� wlhf� dhgdj_lgh_�
jZkij_^_e_gb_�we_dljbq_kdh]h�aZjy^Z�ih�h[tzfm�fhe_dmeu�[hevrh]h�agZ�
q_gby�g_�bf__l��\Z`gh�ebrv�iheh`_gb_�kbeh\h]h�p_gljZ�iheh`bl_evguo�b�
hljbpZl_evguo� aZjy^h\��Wlb� p_glju�fh]ml� kh\iZ^Zlv� ^jm]� k� ^jm]hf� �gZ�
ijbf_j�m�\ukhdhkbff_ljbqguo�fhe_dme��beb�g_�kh\iZ^Zlv��<�khhl\_lkl\bb�
k� wlbf� \� k\h[h^ghf� khklhygbb�fhe_dmeu�fh]ml�[ulv�iheyjgufb�b�g_ih�
eyjgufb��<kz�wlh�ih^l\_j`^Z_lky�fgh]hqbke_ggufb�wdki_jbf_glZevgufb�
^Zggufb� 

<� h^ghc� qZklb� fhe_dmeu� fh`_l� gZoh^blvky� ba[ulhd� we_dljhggh]h�
aZjy^Z� �iehlghklb��� \�^jm]hc� __�qZklb�–�ba[ulhd�iheh`bl_evgh]h� aZjy^Z��         
<�wlhf�kemqZ_�fhe_dmeZ�y\ey_lky�iheyjghc��ij_^klZ\ey_l�kh[hc�we_dljbq_�
kdbc�^bihev�b�h[eZ^Z_l�^bihevguf�fhf_glhf�µ& ��?keb�^\Z�aZjy^Z� q �b� q−  

jZa^_e_gu�jZkklhygb_f� r ��lh 
qr=µ& . 

>bihevguc�fhf_gl�µ&  –�wlh�\_dlhj��gZijZ\e_gguc�hl�hljbpZl_evgh]h�
aZjy^Z�d�iheh`bl_evghfm��jbk�������Baf_jy_lky�^bihevguc�fhf_gl�\�dmeh�
gZo�gZ�f_lj� � fDe ⋅ )�� \g_kbkl_fgZy� _^bgbpZ�– ^_[Zc (> ;�gZa\ZgZ� \� q_klv�

]heeZg^kdh]h�mqzgh]h�I��>_[Zy�� fDe10336,3>1 30 ⋅⋅= − . 

>bihevguc�fhf_gl�µ& �fh`gh�jZkkqblZlv�^ey�
ex[h]h�jZkij_^_e_gby�lhq_qguo�aZjy^h\� iq , ihe�

guc�aZjy^�dhlhjuo�jZ\_g�gmex� 
∑=µ
i

ii rq ) (
&&
��]^_� ir

&
 –�jZ^bmk-\_dlhj�ba�gZqZ�

eZ�dhhj^bgZl�d�aZjy^m� iq . 

∑=µ∑=µ∑=µ
i

iiz
i

iiy
i

iix zqyqxq ) (;) (;) ( , 

]^_� iii zyx b,  –�dhhj^bgZlu�aZjy^Z� iq . 

Jbk. 24��D�hij_^_e_gbx�
^bihevgh]h�fhf_glZ 
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>bihevgu_� fhf_glu� ^Zxl� bgnhjfZpbx� h� kljmdlmj_� fhe_dmeu�� ih�
gbf�fh`gh�ijh\_jblv�\uqbke_ggu_�\hegh\u_�nmgdpbb��GZ�ijZdlbd_�hgb�
ijbf_gyxlky� ^ey� gZoh`^_gby� ih^oh^ys_]h� jZkl\hjbl_ey� ^ey� lh]h� beb�
bgh]h�\_s_kl\Z��>biheb�jZkl\hjbl_ey�fh]ml�jZajmrZlv�bhggu_�djbklZeeu�
b�^jm]b_�kljmdlmju��l�d��fh]ml�khev\Zlbjh\Zlv�bhgu�b�mf_gvrZlv�kbem�dm�
ehgh\kdh]h�ijbly`_gby��GZijbf_j��\�kemqZ_�\h^u�dmehgh\kdbc�ihl_gpbZe�
mf_gvrZ_lky�ijbf_jgh�\����jZa� 

 
3.���>BWE?DLJBQ?KD:Y�IJHGBP:?FHKLV��IHEYJBA:PBY 

Fhe_dmeu�fh]ml�[ulv�ihf_s_gu�\�we_dljbq_kdh_�ihe_�dZd�\�ihklh�
yggh_�� lZd�b�i_j_f_ggh_�jZaebqghc�qZklhlu��Ijb� wlhf�fhe_dmeu�dZd�ih�
eyjgu_��lZd�b�g_iheyjgu_�[m^ml�\aZbfh^_ckl\h\Zlv�k�wlbfb�iheyfb� 

?keb�\_s_kl\h�ihf_klblv�\h�\g_rg__�we_dljbq_kdh_�ihe_��kha^Z\Z_�
fh_�dhg^_gkZlhjhf��jbk�������lh�_fdhklv�_]h�\hajZklZ_l�\�ε �jZa��l�_��  

0C

C=ε , 

]^_� 0C �b�C  –�zfdhklb�dhg^_gkZlhjZ�\�\Zdmmf_�b�k�\_s_kl\hf�� ε  –�^bwe_d�

ljbq_kdZy�ijhgbpZ_fhklv�\_s_kl\Z� 
<hajZklZgb_� zfdhklb�        

�\� j_amevlZl_� mf_gvr_gby� kb�
eu� we_dljbq_kdh]h� ihey�� \u�
au\Z_lky�dZd�gZebqb_f�ihklh�
yggh]h� ^bihevgh]h� fhf_glZ�
µ ��ijbkms_]h�fhe_dmeZf�^Zg�

gh]h� \_s_kl\Z�� lZd� b� bo� ^_�
nhjfZpb_c�ih^�^_ckl\b_f�ih�
ey��Bgufb�keh\Zfb��ih^�\eby�
gb_f� we_dljbq_kdh]h� ihey�
ijhbkoh^bl� g_� lhevdh� hjb_g�
lZpby� fhe_dme� iheyjgh]h� \_�
s_kl\Z� �ih� gZijZ\e_gbx� ih�
ey��� gh� b� \hagbdgh\_gb_� ^h�
ihegbl_evgh]h� gZ\_^_ggh]h�
�bg^mpbjh\Zggh]h���^bihevgh�

]h�fhf_glZ� bg^µ �aZ�kq_l�kf_s_gby�we_dljhgh\��hlqZklb�b�y^_j�� 

Jbk�� �5��>bihevgu_�fhe_dmeu� \� h^ghjh^�
ghf� we_dljbq_kdhf� ihe_�� l – jZkklhygb_�
f_`^m�ieZklbgZfb��S – iehsZ^v�ieZklbgu 
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 ?keb� ih\_joghklgmx� iehlghklv� aZjy^Z� ieZklbg� dhg^_gkZlhjZ� h[h�
agZqblv�σ ��lh�^ey�\ZdmmfZ�gZijy`_gghklv�we_dljbq_kdh]h�ihey�[m^_l�jZ\�
gZ� 0εσ=E ��]^_� 0ε  –�^bwe_dljbq_kdZy�ijhgbpZ_fhklv�\ZdmmfZ��<�nbabd_�

qZs_�bkihevamxl�l_jfbg�©we_dljbq_kdZy�ihklhyggZyª��qbke_ggh_�agZq_gb_�
dhlhjhc� jZ\gh� �����· 10-11

�N· f-1
�� �Hlf_lbf�� qlh� \� =Zmkkh\hc� kbkl_f_� wlZ�

nhjfmeZ� bf__l� \b^� πσ= 4E ��<� ^Zgghc� kbkl_f_� ^bwe_dljbq_kdZy� ijhgb�
pZ_fhklv�y\ey_lky�[_ajZaf_jghc�\_ebqbghc��jZ\ghc�^ey�\ZdmmfZ�_^bgbp_). 
Ihkdhevdm� dhg_qgu_� jZkq_lgu_� nhjfmeu�� ijb\h^bfu_� \� [hevrbgkl\_�
mq_[gbdh\��h[uqgh�^Zxlky�\�]Zmkkh\hc�kbkl_f_��[m^_f�bkihevah\Zlv�_z�^ey�
gZrbo�^Zevg_crbo�jZkkm`^_gbc� 

Ijb� ihf_s_gbb� ^bwe_dljbdZ f_`^m� ieZklbgZfb�� ih^� ^_ckl\b_f�
\g_rg_]h� we_dljbq_kdh]h� ihey� ijhbkoh^bl� _]h� iheyjbaZpby�� l�_�� hij_^_�
e_ggZy�hjb_glZpby�fhe_dme��ijb\h^ysZy�d�hkeZ[e_gbx�gZijy`_gghklb� E

&
, 

\�wlhf�kemqZ_� 

ε
πσ= 4

E .                                                      (1) 

<� hlkmlkl\bb� \g_rg_]h� we_dljbq_kdh]h� ihey� ^bihevgu_� fhf_glu 
^bwe_dljbdZ�beb� jZ\gu�gmex� �g_iheyjgu_�fhe_dmeu���beb� jZkij_^_e_gu�
ih�gZijZ\e_gbyf�\�ijhkljZgkl\_�oZhlbq_kdbf�h[jZahf��iheyjgu_�fhe_dm�
eu���<�h[hbo�kemqZyo�kmffZjguc�we_dljbq_kdbc�fhf_gl�^bwe_dljbdZ�jZ\_g�
gmex��Ih^�^_ckl\b_f�\g_rg_]h�ihey�^bwe_dljbd�iheyjbam_lky��l�_��\gmljb�
_]h�\hagbdZ_l�kh[kl\_ggh_� we_dljbq_kdh_�ihe_��Wlh�hagZqZ_l��qlh�j_amev�
lbjmxsbc� we_dljbq_kdbc� fhf_gl� ^bwe_dljbdZ� klZgh\blky� hlebqguf� hl�
gmey�� <� dZq_kl\_� \_ebqbgu�� oZjZdl_jbamxs_c� kl_i_gv� iheyjbaZpbb� ^b�
we_dljbdZ��[_jml�we_dljbq_kdbc�fhf_gl�_^bgbpu�h[t_fZ 

Sl
P

µ=
&

&
, 

]^_�S –�iehsZ^v�dhg^_gkZlhjZ�� l  –�jZkklhygb_�f_`^m�ieZklbgZfb� 
AZf_gyy���_]h�agZq_gb_f��bf__f� 

S

q

Sl

ql
P == , 

l�_��iheyjbaZpby�jZ\gZ�ih\_joghklghc�iehlghklb�aZjy^Z� � 'σ ��ijb�gZebqbb 
^bwe_dljbdZ�\�dhg^_gkZlhj_� 

>ey�bahljhigh]h�\_s_kl\Z� �k\hckl\Z�dhlhjh]h�g_� aZ\bkyl�hl�hjb_g�
lZpbb�� \_dlhj� iheyjbaZpbb� k\yaZg� k� \_dlhjhf� gZijy`_gghklb� we_dljbq_�
kdh]h�ihey�\�lhc�`_�lhqd_�ijhkluf�khhlghr_gb_f 

EP χ= ,                                                     (2) 
]^_�χ  –�g_�aZ\bkysZy�hl�E �\_ebqbgZ��gZau\Z_fZy�^bwe_dljbq_kdhc�\hkijb�
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bfqb\hklvx� ^bwe_dljbdZ�� JZaf_jghklv� P � b� E � h^bgZdh\Z�� ke_^h\Zl_evgh�
χ  –�[_ajZaf_jgZy�\_ebqbgZ� 

>ey�^bwe_dljbdh\�� khklhysbo�ba�g_iheyjguo�fhe_dme��nhjfmeZ� ����
\ul_dZ_l�ba�ke_^mxsbo�ijhkluo�khh[jZ`_gbc��<�ij_^_eu�h[t_fZ� V∆ �ih�
iZ^Z_l�dhebq_kl\h�fhe_dme��jZ\gh_� Vn ∆ ��]^_�n  –�qbkeh�fhe_dme�\�_^bgbp_�
h[t_fZ��DZ`^Zy�ba�fhe_dme�\�j_amevlZl_�^_ckl\by�\g_rg_]h�ihey�ijbh[j_�
lZ_l�we_dljbq_kdbc�fhf_gl��\_ebqbgZ�dhlhjh]h�hij_^_ey_lky�nhjfmehc 

Eα=µ , 

]^_� α  –�\_ebqbgZ��gZau\Z_fZy�iheyjbam_fhklvx�fhe_dmeu� �beb�^_nhjfZ�
pbhgghc�iheyjbam_fhklvx���hgZ�l_f�[hevr_��q_f�[he__�ih^^Z_lky�fhe_dm�
eZ�^_nhjfZpbb��l�_��q_f�f_g__�`_kldb�__�we_dljhggu_�h[hehqdb��LZdbf�h[�
jZahf� 

∑ α∆=µ
∆V

i EVn . 

JZa^_eb\�wlh�\ujZ`_gb_�gZ� V∆ ��ihemqbf�\_dlhj�iheyjbaZpbb 

EnP α= .                                                  (3) 

<\_^y�h[hagZq_gb_� α=χ n ��ijboh^bf�d�nhjfme_����� 

<� kemqZ_� ^bwe_dljbdh\��ihkljh_gguo�ba�iheyjguo�fhe_dme�� hjb_g�
lbjmxs_fm�^_ckl\bx�\g_rg_]h�ihey�ij_iylkl\m_l�l_ieh\h_�^\b`_gb_�fh�
e_dme��klj_fys__ky�©jZa[jhkZlvª�bo�^bihevgu_�fhf_glu�ih�\k_f�gZijZ\�
e_gbyf��<� j_amevlZl_� mklZgZ\eb\Z_lky� g_dhlhjZy� ij_bfms_kl\_ggZy� hjb�
_glZpby� ^bihevguo� fhf_glh\� fhe_dme� \� gZijZ\e_gbb� ihey�� Khhl\_lkl�
\mxsbc�klZlbklbq_kdbc�jZkq_l�ihdZau\Z_l�\�kh]eZkbb�k�hiulhf��qlh�ijb�
g_baf_gghc� l_fi_jZlmj_� \_dlhj� iheyjbaZpbb� ijhihjpbhgZe_g� gZijy`_g�
ghklb�ihey��l�_��ijb\h^bl�d�nhjfme_� �����Ijb�ihklhygghc�gZijy`_gghklb�
ihey�\_dlhj�iheyjbaZpbb�^bwe_dljbdh\��khklhysbo�ba�iheyjguo�fhe_dme��
mf_gvrZ_lky� k� ih\ur_gb_f� l_fi_jZlmju�� >bwe_dljbq_kdZy� \hkijbbfqb�
\hklv�lZdbo�^bwe_dljbdh\�h[jZlgh�ijhihjpbhgZevgZ�Z[khexlghc�l_fi_jZlmj_� 

K\yav� f_`^m� ^bwe_dljbq_kdhc� ijhgbpZ_fhklvx� b� ^bwe_dljbq_kdhc�
\hkijbbfqb\hklvx� ^bwe_dljbdZ�fh`gh�ihemqblv�ba� ke_^mxs_]h� jZkkm`�
^_gby��Ihkdhevdm�ih^�^_ckl\b_f�ihey�^bwe_dljbd�iheyjbam_lky��lh�gZ�_]h�
ih\_joghklyo� ihy\ylky� aZjy^u� iehlghklb� 'σ � �dZd� [ueh� ihdZaZgh� \ur_�

'σ=P ���dhlhju_�kha^Z^ml�\gmljb�h^ghjh^gh_�ihe_��H[Z�ihey�gZijZ\e_gu�
gZ\klj_qm�^jm]�^jm]m��ke_^h\Zl_evgh�\gmljb�^bwe_dljbdZ 

'σ−σ=E . 
Ih^klZ\eyy�\�^Zggh_�mjZ\g_gb_�agZq_gb_�σ ��\aylh_�ba�jZ\_gkl\Z������
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ihemqbf�^ey�\_ebqbgu P �ke_^mxsmx�aZ\bkbfhklv� 

EP
π
−ε=

4

)1(
.                                                  (4) 

KjZ\gb\Zy�mjZ\g_gby�����b������fh`gh�k^_eZlv�\u\h^��qlh 
πχ+=ε 41 . 

<�kbkl_f_�KB�^ZggZy�nhjfmeZ�[m^_l�\u]ey^_lv�ke_^mxsbf�h[jZahf: 
χ+=ε 1 . 

 

3.3. HIJ?>?E?GB?�>BIHEVGUO�FHF?GLH<�FHE?DME 

Hl^_evgmx�fhe_dmem�\�^bwe_dljbq_kdhc�kj_^_�fh`gh�jZkkfZljb\Zlv, 
dZd�qZklbpm��gZoh^ysmxky� \� kn_jbq_kdhc�ihehklb��gZ�ih\_joghklb� dhlh�
jhc�gZoh^blky�hij_^_ezggZy�iehlghklv�aZjy^Z��jbk������ 

GZijy`_gghklv� ihey� \�
p_glj_�kn_jbq_kdhc�ihehklb 

PEE π+=
3

4* ,        (5) 

]^_� E  –�gZijy`_gghklv�ihey�
\� kiehrghf� ^bwe_dljbd_�         
<� kbkl_f_� KB� wlZ� nhjfmeZ�

bf__l�\b^�
0

*

3

1

ε
+= P

EE ��<u�

\h^� nhjfmeu� ^ey� gZijy`_g�
ghklb� ^hihegbl_evgh]h� ihey�
\� ihehklb� kn_jbq_kdhc� nhj�
fu�^Z_lky�\�khhl\_lkl\mxs_f�jZa^_e_�nbabdb��Ke_^m_l��h^gZdh��aZf_lblv��
qlh� jZ\_gkl\h� ���� kljh]h� \uihegy_lky� lhevdh� \� kemqZ_� djbklZeebq_kdh]h�
^bwe_dljbdZ�dm[bq_kdhc�kbkl_fu��>ey�`b^dbo�b�]Zahh[jZaguo�^bwe_dljb�
dh\�gZijy`_gghklv�ihey��^_ckl\mxs_]h�gZ�hl^_evgmx�fhe_dmem��hij_^_�
ey_lky�agZq_gb_f�����ebrv�ijb[eb`_ggh� 

LZdbf�h[jZahf��^ey�h[s_]h�ihey�hdheh�jZkkfZljb\Z_fhc�fhe_dmeu��
mqblu\Zy�jZ\_gkl\h������fh`gh�aZibkZlv� 

( ) )1(3

)2(4

3

1

1

1
4

3

4

1

4

3

4*

−ε
+επ=





 +

−ε
π=π+

−ε
π=π+= P

PP
P

PEE , 

hldm^Z 

*

)2(4

)1(3
EP

+επ
−ε= .                                               (6) 

Jbk��26. Ko_fZ��ihdZau\ZxsZy�gZijy`_gghklv�
^hihegbl_evgh]h�ihey�\�ihehklb�kn_jbq_kdhc�

nhjfu 
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Ba�kjZ\g_gby�mjZ\g_gbc�����b�����ke_^m_l��qlh 

)2(4

)1(3

+επ
−ε=αn . 

<ujZabf�\_ebqbgm� n �q_j_a�iehlghklv�ρ ��fheyjgmx�fZkkm�M �b�qbk�

eh�:\h]Z^jh� AN : 

AN
M

n
ρ= .                                                 (7) 

Lh]^Z�fh`gh�aZibkZlv� 

AN
M π=
ρ+ε

−ε
3

4
  

2

1
. 

Ihemq_ggh_�mjZ\g_gb_�gZau\Z_lky�mjZ\g_gb_f�DeZmabmkZ�–�Fhkkhl�
lb�b�ijbf_gbfh�d�g_iheyjguf�\_s_kl\Zf� 

>ey�]Zah\��Z�lZd`_�^ey�iheyjguo�\_s_kl\��jZkl\hj_gguo�\�g_iheyj�
guo�jZkl\hjbl_eyo��f_`^m� ε �b�µ �kms_kl\m_l�k\yav��\ujZ`Z_fZy�mjZ\g_gb�

_f�EZg`_\_gZ�–�>_[Zy�� 










 µ+απ=
ρ+ε

−ε
kT

N
M

A 33

4
  

2

1 2
.                                  (8) 

I_j\h_� keZ]Z_fh_� \� mjZ\g_gbb� ���� hl\_qZ_l� ^_nhjfZpbhgghfm� wnn_dlm��
\lhjh_� –� hjb_glZpbhgghfm� wnn_dlm��Ihke_^gbc�� hq_\b^gh�� ^he`_g� [ulv�
l_f� agZqbl_evg__��q_f�iheyjg__�fhe_dmeZ�� l�_��q_f�[hevr_���b�q_f�gb`_�
l_fi_jZlmjZ�� lZd� dZd� gZ]j_\Zgb_�� mkbeb\Zy� l_ieh\h_� ^\b`_gb_� fhe_dme��
ij_iylkl\m_l�bo�hjb_glZpbb��<�khhl\_lkl\bb�k�mjZ\g_gb_f�����ijb�gbadbo�
l_fi_jZlmjZo�ij_h[eZ^Z_l�hjb_glZpbhgguc�wnn_dl��ijb�\ukhdbo�–�^_nhj�
fZpbhgguc�wnn_dl� 

<\_^y�ke_^mxsb_�h[hagZq_gby� 

y
M =
ρ+ε

−ε
  

2

1
; A

NA =πα
3

4
; B

k

NA =πµ
9

4 2
�b� x

T
=1

, 

mjZ\g_gb_�����fh`gh�aZibkZlv�lZd� 

BxAy += . 

?keb�hldeZ^u\Zlv�ih�hkb�Z[kpbkk�h[jZlgmx�Z[khexlgmx�l_fi_jZlm�

jm��Z�ih�hkb�hj^bgZl�\_ebqbgm�
ρ+ε

−ε M
  

2

1
��lh�ihemqblky�ijyfZy��ih�gZdehgm�
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dhlhjhc� e_]dh� gZclb� ^bihevguc� fhf_gl��>ey� lh]h� qlh[u� ihkljhblv� wlm�
ijyfmx��gZ^h�baf_jblv�_fdhklv�dhg^_gkZlhjZ�k�bamqZ_fuf�\_s_kl\hf�oh�
ly�[u�ijb�^\mo�l_fi_jZlmjZo��Z�lZd`_�agZlv�iehlghklv�\_s_kl\Z�ijb�wlbo�
l_fi_jZlmjZo� 

<hafh`gh� lZd`_� hij_^_eblv� iheyjbam_fhklv� b� ^bihevguc� fhf_gl�
gZ�hkgh\_�baf_j_gby�^bwe_dljbq_kdhc�ihklhygghc�ijb�h^ghc�l_fi_jZlmj_�
b�ihdZaZl_e_�ij_ehfe_gby�kj_^u�n . 

NhjfmeZ�Ehj_gpZ�–�Ehj_gpZ 

AN
M

n

n πα=
ρ+

−
3

4
  

2

1
2

2
 

iha\hey_l�g_ihkj_^kl\_ggh�ih�baf_j_gbx�n �hij_^_eblv�α �b�aZl_f�ih�agZ�
q_gbx�ε �ijb�h^ghc�l_fi_jZlmj_�ih�nhjfme_�����jZkkqblZlv�µ . 

 
3.���IHEYJBAM?FHKLV�FHE?DME 

DZd�m`_�[ueh�hlf_q_gh��iheyjbam_fhklv�oZjZdl_jbam_l�gZ\_^_gguc�
^bihevguc�fhf_gl����\hagbdZxsbc�\�fhe_dme_�ih^�^_ckl\b_f�\g_rg_]h�
ihey��bf_xs_]h�gZijy`_gghklv�E : 

Eα=µ .                                                     (9) 

JZaf_jghklv�iheyjbam_fhklb�jZ\gZ�L3
��qlh�g_ihkj_^kl\_ggh�ke_^m_l�

ba�ijb\_^_ggh]h�mjZ\g_gby� 

[ ] [ ]
[ ]

[ ][ ]
[ ] [ ]

[ ]3
2/

L
Le

Le

E
==µ=α . 

Iheyjbam_fhklv�[ebadZ�ih�\_ebqbg_�d�h[t_fm�fhe_dmeu��Wlh�ke_^m�
_l��\�qZklghklb��ba�ke_^mxs_c�]jm[hc�fh^_eb��;m^_f�hibku\Zlv�^_ckl\b_�
we_dljbq_kdh]h� ihey� gZ� Zlhf� dZd� k^\b]� djm]h\hc� hj[blu� �jZ^bmkZ R�� gZ�
jZkklhygb_�∆ ��jbk�������GZ�jbkmgd_����imgdlbjhf�ihdZaZgZ�ijh_dpby�hj[b�
lu�\�i_j\hgZqZevghf�iheh`_gbb�b�kiehrghc�ebgb_c�ihke_�\dexq_gby�ihey� 

JZkkfhljbf�jZ\gh\_kb_�kbe�ih�hkb� x .�Ijh_dpby�p_gljh[_`ghc�kbeu�
ih�wlhc�hkb�jZ\gZ�gmex��KbeZ��hlly]b\ZxsZy�we_dljhg�hl�y^jZ��jZ\gZ� eE. 

KbeZ�ijbly`_gby�we_dljhgZ�d�y^jm�jZ\gZ�
2R

e
� �aZjy^�y^jZ�ijbgyl�jZ\guf�
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aZjy^m�we_dljhgZ���Ijh_dpby�wlhc�kbeu�ih�hkb� x �jZ\gZ� αcos
2

2

R

e
��Kfuke�

h[hagZq_gbc�R�b�α �\b^_g�ba�jbk����, 
R

∆=αcos ��LZdbf�h[jZahf 






 ∆











=

RR

e
eE  

2

2
, 

hlkx^Z� ERe 3=∆=µ . 
 
Ke_^h\Zl_evgh�� \� khhl\_lkl\bb� k�

nhjfmehc� �9), 3R=α �� _keb� ∆ � fZeh� ih�
kjZ\g_gbx�k� R��LZd�dZd� 810−≈R kf��lh�

2410−≈α kf3. 
Ihkdhevdm�iheyjbam_fhklv� dZdhc-

eb[h� Zlhfghc� kbkl_fu� �ZlhfZ�� ]jmiiu�
Zlhfh\��k\yab�b�l�^���[ebadZ�d�_z�h[t_fm��fh`gh�h`b^Zlv��qlh�wlb�\_ebqbgu 

�b�hij_^_ey_fZy�_x�fhevgZy�j_njZdpby� ANπα
3

4
��^he`gu�Z^^blb\gh�kdeZ�

^u\Zlvky��>_ckl\bl_evgh��j_njZdpby�g_hj]Zgbq_kdbo�kh_^bg_gbc�kdeZ^u�
\Z_lky�ba�j_njZdpbc�bhgh\��j_njZdpby�hj]Zgbq_kdbo�fhe_dme�–�ba�j_njZd�
pbc�k\ya_c��Zlhfh\�beb�]jmii� 

DZ`^hfm�Zgbhgm�fh`gh�ijbibkZlv�k\hx�j_njZdpbx��ijZ\^Z��wlb�\_�
ebqbgu�[m^ml�ijb[eb`zggufb���Hiulu�ihdZau\Zxl��qlh�j_njZdpby�Zgbh�
gZ�aZ\bkbl�b�hl�dZlbhgZ��k�dhlhjuf�hg�gZoh^blky�\�kh_^bg_gbb��?keb�`_�\�
i_j\hf� ijb[eb`_gbb� kqblZlv� j_njZdpbx� bhgh\� ihklhygghc�� lh� fh`gh�
ijhke_^blv��dZd�\eby_l�aZjy^�y^jZ�gZ�j_njZdpbx�bhgh\� 

<havfzf� bhgu� k� h^bgZdh\uf� kljh_gb_f� we_dljhgghc� h[hehqdb�
�lZ[e� 3). Ba�lZ[ebpu�\b^gh��qlh�k�m\_ebq_gb_f�aZjy^Z�y^jZ�\_ebqbgZ�j_n�
jZdpbb��Z�ke_^h\Zl_evgh�b�iheyjbaZpby�bhgh\��mf_gvrZ_lky��LZdbf�h[jZ�
ahf��q_f�kbevg__�y^jh�m^_j`b\Z_l�hdheh�k_[y�we_dljhgu��l_f�hgb�keZ[__�
kf_sZxlky�\h�\g_rg_f�we_dljbq_kdhf�ihe_� 

LZ[ebpZ�� 
<ebygb_�aZjy^Z�y^jZ�gZ�j_njZdpbx�R bhgh\ 

QZklbpu
 O2- F- Ne Na+ Mg2+ 
AZjy^�y^jZ Z 8 9 10 11 12 

J_njZdpby R,�kf3 7 2,5 1,0 0,5 0,2 


We_dljhggZy�h[hehqdZ��s22s22p6 
�^ey�\k_o�qZklbp�. 

Jbk������Ko_fZ�iheyjbaZpbb�
we_dljhgZ�ZlhfZ 
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<ebygb_�dZlbhgZ�gZ�j_njZdpbx�ZgbhgZ�ihdZaZgh \�lZ[e���� 

LZ[ebpZ�� 
J_njZdpby�bhgZ�oehjZ�\�aZ\bkbfhklb�hl�khk_^g_]h�dZlbhgZ 

DZlbhg* H+ Li + Na+ K+ Cs+ 

−Cl
R , kf3 6,7 7,4 8,0 8,6      8,97 

* �hlghr_gb_� aZjy^Z�d�jZ^bmkm�bhgZ� re  ke_\Z�gZijZ\h�mf_gvrZ_lky��Q_f�

kbevg__� dZlbhg�� l_f� dj_iq_� hg� m^_j`b\Z_l� we_dljhgu�b� l_f�f_gvr_� hgb�
kf_sZxlky�ih^�^_ckl\b_f�\g_rg_]h�we_dljbq_kdh]h�ihey��DZlbhgu�mdj_i�
eyxl�we_dljhggmx�h[hehqdm�Zgbhgh\� 

 
3.5. HILBQ?KD:Y�:DLB<GHKLV 

Hilbq_kdZy�Zdlb\ghklv�\_s_kl\�–�\Z`gZy�kl_j_hobfbq_kdZy�oZjZdl_�
jbklbdZ��>Zggu_�h�\jZs_gbb�iehkdhklb�iheyjbaZpbb�hilbq_kdb�Zdlb\guo�
\_s_kl\�ihkem`beb�hkgh\hc�^ey�kha^Zgby�Y��<Zgl-=hnnhf�b�@� E_-;_e_f�
l_hjbb�h�ijhkljZgkl\_gghf�l_ljZw^jbq_kdhf�kljh_gbb�f_lZgZ�b�_]h�ijhba�
\h^guo��Iha^g__� wlb�ij_^klZ\e_gby�gZreb�ijbf_g_gb_�^ey�fgh]bo�deZk�
kh\�\_s_kl\��\dexqZy�dhfie_dkgu_�kh_^bg_gby��Z�lZd`_�[bheh]bq_kdb�Zd�
lb\gu_�\_s_kl\Z� 

H^gh�ba�\Z`g_crbo�k\hckl\�fhe_dme��hkh[_ggh�ijbjh^guo�kh_^bg_�
gbc��–�objZevghklv��beb�hilbq_kdZy�Zdlb\ghklv��HgZ�h[mkeh\e_gZ�kms_kl�
\h\Zgb_f� a_jdZevghih^h[guo�bahf_jh\�–�wgZglbhf_jh\��dhlhju_�_s_�gZ�
au\Zxlky�hilbq_kdbfb�Zglbih^Zfb��H^bg�ba�gbo�\jZsZ_l�iehkdhklv�ihey�
jbah\Zggh]h�emqZ�\e_\h�>l beb��–)-nhjfZ@��^jm]hc�–�gZ�lZdhc�`_�m]he�\ijZ�
\h�>d�beb����-nhjfZ]. <�hlebqb_�hl�]_hf_ljbq_kdbo�bahf_jh\�wgZglbhf_ju�
wd\b\Ze_glgu�ih�k\hbf�nbabq_kdbf�b�obfbq_kdbf�k\hckl\Zf��M�gbo�h^b�
gZdh\u_�l_fi_jZlmju�ieZ\e_gby�b�dbi_gby��^Z\e_gby�iZjZ��iehlghklv��ih�
dZaZl_ev� ij_ehfe_gby�� H^gZdh� wgZglbhf_ju� ih-jZaghfm� \jZsZxl� iehk�
dhklv�iheyjbaZpbb�ebg_cgh�iheyjbah\Zggh]h�k\_lZ�� 

Hkgh\gh_� mkeh\b_� objZevghklb� fhe_dme� –� hlkmlkl\b_� p_gljZ� kbf�
f_ljbb��iehkdhklb�kbff_ljbb��a_jdZevgh-ih\hjhlghc�hkb�kbff_ljbb� nS �\�

fhe_dme_��Hilbq_kdb�Zdlb\gu_�fhe_dmeu�fh]ml�bf_lv�kbff_ljbx� nC �b� nD . 
GZ]ey^ghc�fh^_evx�objZevguo�fhe_dme�fh`_l�kem`blv�ijZ\Zy�beb�e_\Zy�
kibjZeb� 

Djbl_jbc��hkgh\Zgguc�gZ�kbff_ljbb�^ey�mklZgh\e_gby�kms_kl\h\Z�
gby�hilbq_kdb�Zdlb\guo�bahf_jh\��k\h^blky�d�ke_^mxs_fm��ex[Zy�fhe_�
dmeZ�� dhlhjZy�g_�bf__l�g_kh[kl\_gghc� hkb� \jZs_gby��gZau\Z_lky�^bkkbf�
f_ljbqghc��Z�hilbq_kdb�Zdlb\gu_�fhe_dmeu�^he`gu�[ulv�^bkkbff_ljbqgufb� 
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Ijbf_jhf�fh]ml�kem`blv�kibjZevgu_�fhe_dmeu��gZijbf_j��fhe_dm�
eu� d\ZjpZ� khklhyl� ba� kibjZevguo� p_i_c�SiO2�� b� hg� h[eZ^Z_l� hilbq_kdhc�
Zdlb\ghklvx� 

Baf_g_gb_�hilbq_kdhc�Zdlb\ghklb�k�qZklhlhc�k\_lZ�gZau\Z_lky�^bk�
i_jkb_c� hilbq_kdh]h� \jZs_gby��Ijbf_gy_lky� hgZ� ^ey� bkke_^h\Zgby� kl_�
j_hobfbq_kdhc�dhgnb]mjZpbb�[hevrbo�fhe_dme� 

F_jhc�hilbq_kdhc�Zdlb\ghklb�y\ey_lky�hilbq_kdh_�\jZs_gb_�α ��dh�
lhjh_�baf_jyxl�k�ihfhsvx�iheyjbf_ljh\��GZ�\_ebqbgm� α �\ebyxl�^ebgZ�
kehy�hilbq_kdb�Zdlb\gh]h�\_s_kl\Z��dhgp_gljZpby��beb�iehlghklv�\�kemqZ_�
qbklh]h�`b^dh]h�\_s_kl\Z���jZkl\hjbl_ev��l_fi_jZlmjZ�b�^ebgZ�\hegu�λ . 

 
3.6��F:=GBLGU?�K<HCKL<: 

:lhfgu_� y^jZ� b� we_dljhgu�� bf_y� hij_^_e_gguc� we_dljbq_kdbc� aZ�
jy^��fh]ml�h[eZ^Zlv�b�g_dhlhjuf�fZ]gblguf�fhf_glhf��ijbq_f�m�y^jZ�hg�
ijbf_jgh�gZ�ljb�ihjy^dZ�f_gvr_��q_f�m�we_dljhgZ��Fhe_dmeZ�dZd�kbkl_fZ��
khklhysZy� ba� wlbo� aZjy`_gguo� qZklbp�� lZd`_� fh`_l� oZjZdl_jbah\Zlvky�
\_dlhjhf�fZ]gblgh]h�fhf_glZ�� dhlhjuc� k\yaZg� ]eZ\guf� h[jZahf� k� hj[b�
lZevguf�b�kibgh\uf�^\b`_gbyfb�we_dljhgh\��<�hlkmlkl\b_�\g_rg_]h�ih�
ey��\�kbem�oZhlbq_kdhc�hjb_glZpbb�fZ]gblguo�fhf_glh\�hl^_evguo�fhe_�
dme�kmffZjguc�fZ]gblguc�fhf_gl�l_eZ�jZ\_g�gmex��Ih^�^_ckl\b_f�ihey�
fZ]gblgu_� fhf_glu� fhe_dme� ijbh[j_lZxl� ij_bfms_kl\_ggmx� hjb_glZ�
pbx� \� h^ghf� gZijZ\e_gbb�� \ke_^kl\b_� q_]h� \_s_kl\h� gZfZ]gbqb\Z_lky� – 
_]h�kmffZjguc�fZ]gblguc�fhf_gl�klZgh\blky�hlebqguf�hl�gmey� 

GZfZ]gbqb\Zgb_� \_s_kl\Z� _kl_kl\_ggh� oZjZdl_jbah\Zlv�fZ]gblguf�
fhf_glhf�_^bgbpu�h[t_fZ��Wlm�\_ebqbgm�gZau\Zxl�\_dlhjhf�gZfZ]gbqb�
\Zgby�b�h[hagZqZxl� J ��DZd�ihdZau\Z_l�hiul��\_dlhj�gZfZ]gbqb\Zgby�k\y�
aZg�k�gZijy`_gghklvx�ihey�H �\�lhc�`_�lhqd_�khhlghr_gb_f 

HJ fχ= ,                                                   (10) 

]^_� fχ –� \_ebqbgZ�� gZau\Z_fZy� fZ]gblghc� \hkijbbfqb\hklvx� \_s_kl\Z��

Ihkdhevdm�jZaf_jghklb� J �b� H �h^bgZdh\u�� fχ �hdZau\Z_lky�[_ajZaf_jghc�

\_ebqbghc��QZklh�\f_klh�\hkijbbfqb\hklb�_^bgbpu�h[t_fZ� fχ �ihevamxl�

ky�hlg_k_gghc�d�h^ghfm�dbehfhex� \_s_kl\Z�dbehfheyjghc� �^ey�obfbq_�
kdb� ijhkluo� \_s_kl\� –� dbehZlhfghc�� \hkijbbfqb\hklvx� dfχ �� F_`^m�

agZq_gbyfb�wlbo�\hkijbbfqb\hkl_c�bf__lky�khhlghr_gb_�� dffdf Vχ=χ ,�]^_�
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dfV  –�h[t_f�dbehfhey�\_s_kl\Z��f3
�dfhev��<�aZ\bkbfhklb�hl�agZdZ�b�\_eb�

qbgu� fZ]gblghc� \hkijbbfqb\hklb� \k_� \_s_kl\Z� ih^jZa^_eyxlky� gZ� ljb�
]jmiiu� 

1) ^bZfZ]g_lbdb��m�dhlhjuo� fχ �hljbpZl_evgZ�b�fZeZ�ih�Z[khexlghc�

\_ebqbg_�� dfχ  ~ 10-8 ÷ 10-7 f3
�dfhev); 

2) iZjZfZ]g_lbdb�� m� dhlhjuo� fχ � lh`_� g_\_ebdZ�� gh� iheh`bl_evgZ�

( dfχ  ~ 10-7 ÷ 10-6 f3
�dfhev); 

3) n_jjhfZ]g_lbdb��m�dhlhjuo� fχ �iheh`bl_evgZ�b�^hklb]Z_l�hq_gv�

[hevrbo�agZq_gbc� � dfχ  ~ 103 f3
�dfhev).�Djhf_�lh]h��\�hlebqb_�hl�^bZ-�b�

iZjZfZ]g_lbdh\��^ey�dhlhjuo� fχ �ihklhyggZ��fZ]gblgZy� \hkijbbfqb\hklv�

n_jjhfZ]g_lbdh\�y\ey_lky�nmgdpb_c�gZijy`_gghklb�fZ]gblgh]h�ihey� 
LZdbf� h[jZahf�� \_dlhj�gZfZ]gbqb\Zgby� J �fh`_l� dZd� kh\iZ^Zlv�ih�

gZijZ\e_gbx�k� H ��m�iZjZ-�b�n_jjhfZ]g_lbdh\���lZd�b�[ulv�gZijZ\e_gguf�
\�ijhlb\hiheh`gmx�klhjhgm��m�^bZfZ]g_lbdh\�� 

Qlh[u� hibkZlv�ih\_^_gb_� \_s_kl\Z� \�fZ]gblghf�ihe_�� m^h[gh� \hk�
ihevah\Zlvky�iZjZf_ljhf��gZau\Z_fuf�fZ]gblghc�bg^mdpb_c�B ��WlZ�\_eb�
qbgZ�oZjZdl_jbam_l�kbeh\h_�^_ckl\b_�fZ]gblgh]h�ihey�gZ�lhd�b��ke_^h\Z�
l_evgh��y\ey_lky�ZgZeh]hf�gZijy`_gghklb�we_dljbq_kdh]h�ihey�E ��dhlhjZy�
oZjZdl_jbam_l�kbeh\h_�^_ckl\b_�we_dljbq_kdh]h�ihey�gZ�aZjy^��FZ]gblgZy�
bg^mdpby�k\yaZgZ�k�gZijy`_gghklvx�fZ]gblgh]h�ihey�\�\Zdmmf_�ke_^mx�
sbf�khhlghr_gb_f� 

0µ
= B

H , 

]^_� 0µ  –�fZ]gblgZy�ihklhyggZy��_z�qbke_ggh_�agZq_gb_�jZ\gh��π· 10-7
�=g�f�� 

>ey�hibkZgby�ihey�\�\_s_kl\_�kem`bl�ke_^mxs__�mjZ\g_gb_� 

J
B

H −
µ

=
0

.                                               (11) 

Ih^klZ\eyy�\�nhjfmem������agZq_gb_� J �ba�jZ\_gkl\Z�������ihemqbf 

H
B

H f
0

χ−
µ

= , 

hldm^Z� 

( )fo 1 χ+µ
= B

H  . 

;_ajZaf_jgZy�\_ebqbgZ� f1 χ+=µ �gZau\Z_lky�hlghkbl_evghc�fZ]gbl�

ghc�  ijhgbpZ_fhklvx�  \_s_kl\Z�� Hlf_lbf�� qlh� \� =Zmkkh\hc� kbkl_f_� 

f41 πχ+=µ . 
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BlZd��_keb�fZ]gblguc�fhf_gl�Zlhfh\� fµ �hlebq_g�hl�gmey��\_s_kl\h�

hdZau\Z_lky� iZjZfZ]g_lbdhf�� FZ]gblgZy� \hkijbbfqb\hklv� fχ � iZjZfZ]�

gblguo� \_s_kl\��ijb� kTB <<µf �� \ujZ`Z_lky�ih� l_hjbb�EZg`_\_gZ�nhj�

fmehc 

kT
n

3

2

of
F

µ
µ=χ ,                                             (12) 

]^_� n  –�dhgp_gljZpby�qZklbp��k –�ihklhyggZy�;hevpfZgZ��Mqblu\Zy�aZ\b�
kbfhklv������ba�mjZ\g_gby������ihemqbf 

kT

N

M
A

3

2

of
f

µρµ=χ .                                        (13) 

I��Dxjb�wdki_jbf_glZevgh�mklZgh\be�aZdhg��kh]eZkgh�dhlhjhfm�iZ�
jZfZ]gblgZy�\hkijbbfqb\hklv�\_s_kl\Z 

TC=χf ,                                              (14) 

]^_� C  –� ihklhyggZy� Dxjb�� aZ\bkysZy� hl� jh^Z� \_s_kl\Z�� KhihklZ\e_gb_�
nhjfme������b������^Z_l�^ey�ihklhygghc�Dxjb�ke_^mxs__�\ujZ`_gb_� 

k

N

M
C

A

3

2

o
f

µρµ= .         

GZb[hevrbc�\deZ^�\�iZjZfZ]gblguc� wnn_dl�\ghkbl� kibgh\uc�fZ]�
gblguc�fhf_gl�we_dljhgh\� Sµ ��dhlhjuc�h[mkeh\e_g�^\b`_gb_f�k\h[h^gh�

]h�we_dljhgZ�\hdjm]�kh[kl\_gghc�hkb��<_ebqbgZ� Sµ �aZ\bkbl�hl�kibgh\h]h�

d\Zglh\h]h�qbkeZ�S: 

)1(2 +µ=µ ssBS ��]^_� Bµ  –�fZ]g_lhg�� ;hjZ�
e

B m

e

2

!=µ . 

>ey�ZlhfZ�beb�bhgZ��bf_xs_]h�n�g_kiZj_gguo�we_dljhgh\�kh�kibghf�

2
1=S ��kmffZjgh_�kibgh\h_�d\Zglh\h_�qbkeh�jZ\gh� 2/nS = �b�kibgh\uc�

fZ]gblguc�fhf_gl�khklZ\ey_l� 

( )21
22

2 +µ=




 +µ=µ nn

nn
BBS . 

Ke_^m_l�h[jZlblv�\gbfZgb_�gZ�lh��qlh�fZ]gblguc�fhf_gl�g_�baf_gy�
_lky�ijyfh�ijhihjpbhgZevgh�qbkem�g_kiZj_gguo�we_dljhgh\� 

Ijb�gbadbo�l_fi_jZlmjZo�\�iZjZfZ]gblghf�l\_j^hf�\_s_kl\_�fh`_l�
ijhbahclb�nZah\uc�i_j_oh^�\�n_jjhfZ]gblgh_�khklhygb_��ijb�l_fi_jZlmj_�
Dxjb�� –� dh]^Z� kibgu� gZ� [hevrbo� mqZkldZo� hjb_glbjmxlky� iZjZee_evgh��
beb� \� Zglbn_jjhfZ]gblgh_� khklhygb_� �ijb� l_fi_jZlmj_� G__ey�� –� dh]^Z�
kibgu�q_j_^mxlky� 
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=eZ\Z 4��F?@FHE?DMEYJGH?�<A:BFH>?CKL<B? 
 

<�jZaebqguo�nbabq_kdbo�ijhp_kkZo� �dhg^_gkZpby��Z^khj[pby�b�^j���
kms_kl\_ggmx�jhev�b]jZxl�fhe_dmeyjgu_�kbeu��ijb\h^ysb_�gZ�[hevrbo�
jZkklhygbyo�d�ijbly`_gbx�f_`^m�fhe_dmeZfb��JZaebqby�f_`^m�^Zggufb�
kbeZfb�b� kbeZfb�� hij_^_eyxsbfb� obfbq_kdh_� \aZbfh^_ckl\b_,� aZdexqZ�
xlky�ij_`^_�\k_]h�\�ke_^mxs_f� 

1. Wg_j]by�fhe_dmeyjgh]h�\aZbfh^_ckl\by�f_gvr_�wg_j]bb�obfbq_�
kdh]h�ijb[ebabl_evgh�gZ�ihjy^hd�\_ebqbgu� 

2. Kbeu� obfbq_kdh]h� kjh^kl\Z� ki_pbnbqgu�� Z� kbeu�fhe_dmeyjgh]h�
ijbly`_gby� mgb\_jkZevgu�� Ex[u_� Zlhfgu_� kbkl_fu� ijbly]b\Zxlky� gZ�
[hevrbo� jZkklhygbyo��Wlh� h[klhyl_evkl\h� ke_^m_l� ba� lh]h�� qlh� \k_� ]Zau�
dhg^_gkbjmxlky�ijb�^hklZlhqgh�gbadbo�l_fi_jZlmjZo� 

3. <� hlebqb_� hl� obfbq_kdbo� kbe�� h[eZ^Zxsbo� gZkusZ_fhklvx�� hk�
gh\ghc�lbi�fhe_dmeyjguo�kbe�oZjZdl_jbam_lky�Z^^blb\ghklvx��Wlh�hagZ�
qZ_l��qlh�wg_j]by�\aZbfh^_ckl\by�^\mo�fhe_dme�g_�aZ\bkbl�hl�ijbkmlkl\by�
lj_lv_c� 

Ih^h[gh�^_e_gbx�kbe�obfbq_kdh]h�kjh^kl\Z�gZ�dh\Ze_glgu_�b�bhg�
gu_�fhe_dmeyjgu_�kbeu�^_eylky�gZ�ljb�\b^Z� 

• hjb_glZpbhggu_� kbeu� \hagbdZxl� f_`^m� fhe_dmeZfb�� h[eZ^Zx�
sbfb�Zkbff_ljb_c��aZ�kq_l�we_dljhklZlbq_kdh]h�\aZbfh^_ckl\by�aZjy^h\��
bf_xsboky�\�fhe_dmeZo� 

• bg^mdpbhggu_�kbeu�^_ckl\mxl�f_`^m�^bihevghc�fhe_dmehc�b�g_�
^bihevghc� \� j_amevlZl_� iheyjbaZpbb� ihke_^g_c� \� ihe_�� kha^Z\Z_fhf� ^b�
ihevghc�fhe_dmehc� 

• ^bki_jkbhggu_� kbeu� h[mkeh\e_gu� ki_pbnbq_kdbf� \aZbfh^_ckl�
\b_f�we_dljhgh\�fhe_dme� 

 
�����HJB?GL:PBHGGU?�B�BG>MDPBHGGU? 
<A:BFH>?CKL<BY 

Hjb_glZpbhggu_� kbeu� ihemqbeb� k\hz� gZa\Zgb_� \� k\yab� k� l_f�� qlh�
fhe_dmeu�^he`gu�hjb_glbjh\Zlvky� \�ijhkljZgkl\_� wg_j]_lbq_kdb� \u]h^�
guf�h[jZahf��Ij_^klZ\bf�^\_�^bihevgu_�fhe_dmeu��GZ�jbk�� ���ihdZaZgZ�
wg_j]_lbq_kdb�[he__�\u]h^gZy�bo�dhgnb]mjZpby� 

 
Jbk������>\_�hjb_glbjh\Zggu_�^bihevgu_�fhe_dmeu 
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Hq_\b^gh��qlh�_keb�l_fi_jZlmjZ�^hklZlhqgh�gbadZ��lh�hkms_kl\blky�
hjb_glZpby� b�� ke_^h\Zl_evgh�� ijbly`_gb_� fhe_dme�� Ijb� hq_gv� \ukhdhc�
l_fi_jZlmj_� wg_j]by� \jZs_gby� [m^_l� [hevr_� wg_j]bb� \aZbfh^_ckl\by��
hjb_glZpby�bkq_ag_l�b�fhe_dmeu�g_�[m^ml�ijbly]b\Zlvky�^jm]�d�^jm]m� 

LZdbf� h[jZahf�� hjb_glZpbhggu_� fhe_dmeyjgu_� kbeu� aZ\bkyl� hl�
l_fi_jZlmju�b�mf_gvrZxlky�ijb�_z�\hajZklZgbb��JZkkfhljbf�^\Z�ij_^_ev�
guo�kemqZy�hq_gv�gbadbo�b�hq_gv�\ukhdbo�l_fi_jZlmj� 

Ijb�hq_gv�gbadbo�l_fi_jZlmjZo��dh]^Z�wg_j]by�ijbly`_gby�kms_kl�
\_ggh� [hevr_� kL�� ijhbahc^_l�ihegZy� hjb_glZpby�fhe_dme��Lh]^Z�� gZijb�
f_j��\aZbfh^_ckl\b_�fhe_dme��gZoh^ysboky�gZ�h^ghc�ebgbb�gZ�jZkklhygbb�
R�^jm]�hl�^jm]Z��hibr_lky�dZd�\aZbfh^_ckl\b_�aZjy^h\��kf� jbk� 28): 

)(4)(4)(44 21o

2

1o

2

2o

2

o

2

∆+∆+πε
−

∆+πε
+

∆+πε
+

πε
−=

R

e

R

e

R

e

R

e
U . 

A^_kv�û1�b�û2 –�jZkklhygby�f_`^m�p_gljZfb�ly`_klb�aZjy^h\��jZ\guo�
ih�\_ebqbg_�_��KqblZy��qlh�wlb�jZkklhygby�fZeu�ih�kjZ\g_gbx�k�R, ihemqbf 

4
o

2
21

4

2

R

eR
U

πε

∆∆−= . 

<_ebqbgZ� jZ\gZy�
o4

1

πε
 –� dhwnnbpb_gl� ijhihjpbhgZevghklb�� ]^_�

0ε  –�we_dljbq_kdZy�ihklhyggZy��Ih�hij_^_e_gbx� e11 ∆=µ �b e22 ∆=µ ��]^_�

1µ �b� 2µ  –�^bihevgu_�fhf_glu�fhe_dme��Lh]^Z� 

3
o

21

4

2

R
U

πε

µµ−= .                                              (15) 

Ba� ihemq_ggh]h� mjZ\g_gby� \b^bf�� qlh� ijb� gbadbo� l_fi_jZlmjZo�
wg_j]by� ijbly`_gby� ^bihevguo� fhe_dme� h[jZlgh� ijhihjpbhgZevgZ� dm[m�
jZkklhygby� 

JZkkfhljbf�l_i_jv�bg^mdpbhggu_�kbeu��Z�aZl_f�\_jg_fky�d�\ujZ`_�
gbx�hjb_glZpbhgguo� kbe�ijb�\ukhdbo� l_fi_jZlmjZo��>ey�ijhklhlu�ijh�
ZgZebabjm_f�kemqZc��dh]^Z�g_^bihevgZy�fhe_dmeZ�gZoh^blky�gZ�ebgbb��gZ�
dhlhjhc�jZkiheh`_g�\_dlhj��oZjZdl_jbamxsbc�^bihevguc�fhf_gl��jbk�  29). 

 
Jbk� 29��Ko_fZ�^ey�jZkq_lZ�gZijy`_gghklb�ihey�^bihey 
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Ih^� \ebygb_f� we_dljbq_kdh]h�ihey�� kha^Z\Z_fh]h�^bihevghc�fhe_�
dmehc�� \� g_^bihevghc�fhe_dme_� \hagbdZ_l� \ke_^kl\b_� iheyjbaZpbb� we_d�
ljhgh\�gZ\_^_gguc�fhf_gl��g���hij_^_ey_fuc�nhjfmehc 

Eg α=µ ,                                                  (16) 

]^_�α  –�iheyjbam_fhklv�g_^bihevghc�fhe_dmeu��E  –�gZijy`_gghklv�ihey��
kha^Z\Z_fh]h�^bihevghc�fhe_dmehc�gZ�jZkklhygbb�R��Ba�jbk� 29�\b^gh��qlh 

( ) 3
o

3
o

2
o

2
o 4

2

4

2

44 RR

e

R

e

R

e
E

πε

µ=
πε

∆=
∆+πε

−
πε

= ,             (17) 

]^_�µ  –�^bihevguc�fhf_gl�fhe_dmeu��Ke_^h\Zl_evgh� 

34

2

Ro
g

πε
αµ=µ . 

LZd�dZd�gZijZ\e_gb_�gZ\_^_ggh]h�fhf_glZ� gµ �ijhlb\hiheh`gh�gZijZ\e_�

gbx�µ ��lh�wg_j]by�bo�\aZbfh^_ckl\by�fh`_l�[ulv�jZkkqblZgZ�ih�nhjfme_�
(15��b�khklZ\bl� 

( ) 62

2

4

4

R
U

oπε

αµ−= .                                          (18) 

G_h[oh^bfh�� h^gZdh�� mq_klv�� qlh�iheyjbaZpby� we_dljhgZ� lj_[m_l� aZljZlu�
g_dhlhjhc�wg_j]bb��>ey�jZkq_lZ�wlhc�wg_j]bb�[m^_f�g_ij_ju\gh�baf_gylv�
gZijy`_gghklv�ihey� hl�gmey� ^h� dhg_qgh]h� agZq_gby� E ��Wg_j]by� \aZbfh�
^_ckl\by�hjb_glbjh\Zggh]h�^bihey�µ �k�ihe_f�jZ\gZ� Eµ . 

>_ckl\bl_evgh� wg_j]bx� \aZbfh^_ckl\by� ^\mo� aZjy^h\� ^bihey� k�ih�
e_f�fh`gh�hij_^_eblv�ba�ke_^mxs_]h�mjZ\g_gby 

( )2121 VVeeVeVUi −=−= , 

]^_� 1V �b� 2V  –�agZq_gby�ihl_gpbZeh\�ihey�\�lhqdZo��]^_�gZoh^ylky�p_glju�

ly`_klb�iheh`bl_evgh]h�b�hljbpZl_evgh]h�aZjy^h\��H^gZdh� ∆−=− EVV 21 , 

lZdbf�h[jZahf: 
EEeUi µ−=∆−= .                                          (19) 

Baf_g_gb_�E �gZ�dE�ihlj_[m_l�aZljZlu�wg_j]bb� dEµ ��H[sZy�aZljZlZ 

wg_j]bb�gZ�iheyjbaZpbx�fhe_dmeu�\ujZablky�ke_^mxsbf�h[jZahf� 

∫ ∫
α=α=µ

E E E
EdEdE

0 0

2

2
. 
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Ih^klZ\b\�agZq_gb_� E �ba�nhjfmeu��17���ihemqbf�^ey�jZkkfZljb\Z_�
fhc�wg_j]bb� 

62

2

)4(

2

R
U

h

i
πε

αµ= . 

LZdbf�h[jZahf��iheh\bgZ�wg_j]bb��\u^_eyxs_cky�ijb�\aZbfh^_ckl�
\bb� jZkkfZljb\Z_fuo� ^bihe_c�� aZljZlblky� � gZ� iheyjbaZpbx� we_dljhgZ��
HdhgqZl_evgh�\f_klh�mjZ\g_gby��18��ihemqbf� 

( ) 62

2

4

2

R
U

oπε

αµ−=                                           (20) 

BlZd�� wg_j]by�bg^mdpbhggh]h� \aZbfh^_ckl\by�g_� aZ\bkbl�hl� l_fi_�
jZlmju�b�h[jZlgh�ijhihjpbhgZevgZ�r_klhc�kl_i_gb�jZkklhygby�f_`^m�fh�
e_dmeZfb��>ey�ihemq_gby�kj_^g_c�wg_j]bb�bg^mdpbhggh]h�\aZbfh^_ckl\by�
fhe_dme��ijhba\hevgh�jZkiheh`_gguo�\�ijhkljZgkl\_��g_h[oh^bfh�gZclb�
gZijy`_gghklv�ihey� E ��mkj_^g_ggh]h�ih�jZaebqguf�m]eZf�f_`^m�ebgb_c, 
kh_^bgyxs_c�fhe_dmeu��b�gZijZ\e_gb_f�^bihevgh]h�fhf_glZ��LZdhc�mq_l�
iha\hey_l�ijb\_klb�nhjfmem��20��d�ke_^mxs_fm�\b^m� 

( ) 62
o

2

4 R
U

πε

αµ−= .                                          (21) 

Ijb\_^_gguc� jZkq_l� wg_j]bb� bg^mdpbhggh]h� \aZbfh^_ckl\by� ^Z_l�
\hafh`ghklv� \uqbkeblv� hjb_glZpbhggh_� \aZbfh^_ckl\b_� gZ� hkgh\_� ke_�
^mxs_c�ZgZeh]bb��>bihevgZy�fhe_dmeZ��hjb_glbjmykv�ih^�\ebygb_f�ihey�
E ��h[jZam_l�g_dhlhjh_�kj_^g__�� aZ\bkys__�hl�l_fi_jZlmju� agZq_gb_�ijh�
_dpbb�fhf_glZ�ijhlb\�gZijZ\e_gby�ihey��IhdZ`_f��qlh�wlZ�ijh_dpby�ijh�
ihjpbhgZevgZ�E ��l�_��\hagbdZ_l�g_dhlhjuc�ZgZeh]�iheyjbam_fhklb� 

>ey�gZoh`^_gby�wlhc�� aZ\bkys_c�hl�l_fi_jZlmju��wnn_dlb\ghc�ih�
eyjbam_fhklb�hij_^_ebf�kj_^g__�agZq_gb_�ijh_dpbb�fhf_glZ�fhe_dmeu�gZ�
hkv��kh\iZ^Zxsmx�k�gZijZ\e_gb_f�ihey��>ey�ijh_dpbb�fhf_glZ�m�fh`gh�
aZibkZlv�mjZ\g_gb_� 

θµ= cosm  ,                                                (22) 

]^_� θ  – m]he�f_`^m�fhf_glhf�^bihey�b�gZijZ\e_gb_f�ihey��<uqbke_gb_�

kj_^g_]h� agZq_gby� m� k\yaZgh� k� hij_^_e_gb_f� \_jhylghklb� h[jZah\Zgby�
m]eZ��e_`Zs_]h�f_`^m�agZq_gbyfb� θ �b� θd ��<_jhylghklv��h[uqgh�_z�gZau�
\Zxl�]_hf_ljbq_kdhc dw]��bf_lv�lZdhc�m]he�hij_^_ey_lky�hlghr_gb_f�ih�



 

 55 

\_joghklb�rZjh\h]h�ihykZ��hl\_qZxs_]h�wlhfm�m]em��dh�\k_c�ih\_joghklb�
rZjZ�_^bgbqgh]h�jZ^bmkZ��jbk���0): 

2

sin

4

sin2
]

θθ=
π

θθπ= dd
dw . 

GZjy^m� k� ^Zgghc� \_jhylghklvx� g_h[oh^b�

fh�mq_klv��qlh�wg_j]by�\aZbfh^_ckl\by�U  
^bihevgh]h�fhf_glZ� µ �k�ihe_f�aZ\bkbl�hl�
m]eZ� θ �� >_ckl\bl_evgh�� kh]eZkgh� mjZ\g_�
gbx�(19) EmU −= ��Z�mqblu\Zy�\ujZ`_gb_�

(22��� ihemqbf� θµ−= cosEU �� LZdbf� h[jZ�

ahf��h[smx�\_jhylghklv�lh]h��qlh�m]he�[m�

^_l�gZoh^blvky�f_`^m� θ �b� θd ��bkihevamy�

aZdhg� ;hevpfZgZ�� fh`gh� aZibkZlv� \� ke_�

^mxs_f�\b^_� 






 θµθθ=

kT

E
ddW

cos
exp sin

2

1
. 

<_ebqbgm�m�gZc^_f�ba�jZ\_gkl\Z 

∫ θθ

∫ θ⋅θθµ
= π

π θµ

0

0

cos

dsin
2

1

desin
2

1
cos kT

E

m . 

IheZ]Zy��qlh� θµ>> cosEkT ��jZaeh`bf�wdkihg_glm�\�jy^�b,�h]jZgbqb\Zykv�

^\mfy�i_j\ufb�qe_gZfb��ihemqbf 

kT

E
m

3

2µ−= . 

LZdbf� h[jZahf�� kh]eZkgh� mjZ\g_gbx� �16)� agZq_gb_� wnn_dlb\ghc� iheyjb�
am_fhklb�α �hij_^_eblky�mjZ\g_gb_f 

kT3

2µ=α .                                                 (23) 

Jbk���0��Ko_fZ�^ey�jZkq_lZ�]_h�
f_ljbq_kdhc�\_jhylghklb�jZkih�

eh`_gby�m]eZ�f_`^m���b�d� 
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Ih^klZ\b\�wlh�\ujZ`_gb_�\�mjZ\g_gb_��21��^ey�bg^mdpbhggh]h�\aZbfh^_c�
kl\by�� ihemqbf� ijb[eb`_ggh_� \ujZ`_gb_� ^ey� hjb_glZpbhggh]h� \aZbfh�
^_ckl\by�ijb�\ukhdbo�l_fi_jZlmjZo 

( ) 62
o

2
2

2
1

hj
1

  
3�04 RkT

U
µµ

−≈ . 

Ijb[eb`_gghklv�ijb\_^_ggh]h�jZkq_lZ�hij_^_ey_lky� l_f��qlh�[ueh�
\aylh� kj_^g__� agZq_gb_� ihey�� kha^Z\Z_fh]h� h^ghc� fhe_dmehc�� Z� g_� [ueh�
k^_eZgh�^_lZevgh]h�jZkq_lZ�\_jhylghklb�jZaebqguo�\aZbfguo�hjb_glZpbc�
^bihevguo�fhf_glh\��LZdhc�jZkq_l�^Zkl�ke_^mxs__�mjZ\g_gb_� 

( ) 62
h

2
2

2
1

hj
1

  
4

  
3

2

RkT
U

πε

µµ
−= .                                 (24) 

LZdbf� h[jZahf�� hjb_glZpbhggh_� \aZbfh^_ckl\b_� ijb� \ukhdbo� l_f�
i_jZlmjZo� h[jZlgh� ijhihjpbhgZevgh� l_fi_jZlmj_� b�r_klhc� kl_i_gb� jZk�
klhygby�f_`^m�fhe_dmeZfb� 

 
4.���>BKI?JKBHGGH?�<A:BFH>?CKL<B? 
        �WNN?DL EHG>HG:� 

JZkkfhljbf�gZb[he__�ijhklhc�kemqZc�\aZbfh^_ckl\by�^ey�^\mo�Zlh�
fh\�\h^hjh^Z��gZoh^ysboky�gZ�klhev�[hevrhf�jZkklhygbb��qlh�we_dljhgu�
hklZxlky�\�Zlhfguo�khklhygbyo�b�g_�i_j_oh^yl�gZ�fhe_dmeyjgu_�hj[blu��
<�dZ`^hf�Zlhf_�p_glj�ly`_klb�hljbpZl_evgh]h�aZjy^Z�kh\iZ^Z_l�k�p_gljhf�
ly`_klb� iheh`bl_evgh]h� �y^jhf��� LZdbf� h[jZahf�� Zlhfu� g_� bf_xl� ^b�
ihevguo�fhf_glh\��H^gZdh�\�dZ`^uc�^Zgguc�fhf_gl�\j_f_gb�Zlhfu�h[�
eZ^Zxl� ³f]gh\_gguf´�^bihevguf�fhf_glhf��Kbkl_fZ�[m^_l�h[eZ^Zlv�[h�
e__�gbadhc�wg_j]b_c��_keb�wlb�fhf_glu�[m^ml�hjb_glbjh\Zgu�\�ijhkljZg�
kl\_�hij_^_e_gguf�h[jZahf��LZd��_keb�\�h^ghf�Zlhf_�we_dljhg�gZoh^blky�
ke_\Z�hl�y^jZ��lh�b�\�^jm]hf�^ey�mf_gvr_gby�hllZedb\Zgby�we_dljhgm�\u�
]h^g__�lh`_�[ulv�ke_\Z� 

LZdbf�h[jZahf��we_dljhgu�jZaguo�Zlhfh\�\�dZdhc-lh�kl_i_gb�^he`�
gu�^\b]Zlvky�\�lZdl��Wlh�hagZqZ_l�ebrv��qlh�\�jZaguo�ZlhfZo�qZs_�^he`gu�
[ulv� ij_^klZ\e_gu� dhgnb]mjZpbb� we_dljhgh\�� ijb\h^ysb_� d� f_gvr_fm�
hllZedb\Zgbx��>bki_jkbhggu_� kbeu�fh`gh�jZkkfZljb\Zlv�dZd�g_dhlhjh_�
ih^h[b_� hjb_glZpbhgguo� kbe� b� ihwlhfm� fh`gh� ijb[eb`_ggh� ihemqblv�
fZl_fZlbq_kdh_�\ujZ`_gb_�^ey�wlbo�kbe�gZ�hkgh\_�nhjfmeu� ������K�wlhc�
p_evx� g_h[oh^bfh� hij_^_eblv� ZgZeh]b� \_ebqbg� kT� b� µ �� \oh^ysbo� \� wlh�

mjZ\g_gb_� 
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H]jZgbqbfky� jZkkfhlj_gb_f� \aZbfh^_ckl\by� h^bgZdh\uo� fhe_dme��
Wg_j]bx� l_ieh\h]h�^\b`_gby��ij_iylkl\mxs_]h�hjb_glZpbb�ijb�\aZbfh�
^_ckl\bb�^bihevguo�fhe_dme�oZjZdl_jbam_l kT��F]gh\_gguf�we_dljhgguf�
fhf_glZf�f_rZ_l�hjb_glbjh\Zlvky�bo�dbg_lbq_kdZy�wg_j]by��f_jhc�dhlh�
jhc��dZd�ke_^m_l�ba�d\Zglh\hc�f_oZgbdb��fh`_l�[ulv�ihl_gpbZe�bhgbaZpbb�
V ��Ihwlhfm�\f_klh�kT�\�mjZ\g_gb_��24��ih^klZ\bf�\_ebqbgm�V ��F]gh\_g�
guc�^bihevguc�fhf_gl�p_e_khh[jZagh�aZf_gblv�wdi_jbf_glZevgh�hij_^_�
ey_fhc��aZ\bkys_c�hl�g_]h�\_ebqbghc��dhlhjhc�\�jZfdZo�fh^_eb�³f]gh\_g�
guo�fhf_glh\´�[m^_l�iheyjbam_fhklv�fhe_dmeu��Kh]eZkgh�mjZ\g_gbx��23) 
^bihevgZy� fhe_dmeZ� ijb� l_fi_jZlmj_� L� bf__l� wnn_dlb\gmx� iheyjbam_�

fhklv�
kT3

2µ=α . Ke_^h\Zl_evgh�� fhe_dmeZ� k� f]gh\_gguf� ^bihevguf� fh�

f_glhf���^he`gZ�bf_lv�iheyjbam_fhklv�
V3

2µ=α . <f_klh�kT��kh]eZkgh�\u�

r_baeh`_gghfm��\\_^_g�ihl_gpbZe�bhgbaZpbb�V . 

LZdbf�h[jZahf��ih^klZ\eyy�\�mjZ\g_gb_��24��\ujZ`_gby�^ey�kT�b� 2µ , 
ihemqbf��himklb\�qbke_gguc�fgh`bl_ev� 

( ) 62
o

2

4 R

V
U

πε

α−≈  . 

LhqgZy�nhjfmeZ�^ey�h^bgZdh\uo�Zlhfh\�bf__l�\b^ 

( ) 62
o

2
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α−= .                                       (25) 

<aZbfh^_ckl\b_� jZaguo� Zlhfh\� hibku\Z_lky� ke_^mxs_c�nhjfmehc�
Ehg^hgZ� 

( ) 6
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21
2

o
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3

RVV

VV
U

+πε

αα−= . 

>bki_jkbhggu_�kbeu�g_�aZ\bkyl�hl�l_fi_jZlmju��Hgb�mgb\_jkZevgu��
lZd�dZd�kms_kl\mxl�\�ex[uo�kbkl_fZo��]^_�bf_xlky�we_dljhgu��>\b`_gb_�
we_dljhgh\�³\�lZdl´�ij_^klZ\e_gh�ebrv�\�keZ[hc�kl_i_gb��l�_���bf_y�\ukh�
dmx�dbg_lbq_kdmx�wg_j]bx��we_dljhgu�h^ghc�fhe_dmeu�\�fZehc�kl_i_gb�
mqblu\Zxl�f]gh\_ggh_�iheh`_gb_�we_dljhgh\�^jm]hc�fhe_dmeu��J_amevlZ�
lhf� wlh]h� y\ey_lky� Z^^blb\ghklv� ^bki_jkbhgguo� kbe�� We_dljhgu� h^ghc�
fhe_dmeu� fh]ml� mqblu\Zlv� iheh`_gb_� we_dljhgh\� g_kdhevdbo� khk_^gbo�
fhe_dme��qlh�[ueh�[u��dhg_qgh��g_\hafh`gh�ijb�^\b`_gbb� we_dljhgh\�\�
lZdl� 
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JZkq_lu�ihdZau\Zxl��qlh�bg^mdpbhggu_�kbeu�fZeu�ih�kjZ\g_gbx�k�
hjb_glZpbhggufb�b�^bki_jkbhggufb�b�bfb�fh`gh�ij_g_[j_qv��>ey�fhe_�
dme��g_�bf_xsbo�^bihevguo�fhf_glh\��_^bgkl\_gguf�\b^hf�fhe_dmeyj�
guo�kbe�y\eyxlky�^bki_jkbhggu_��M�^bihevguo�fhe_dme�hjb_glZpbhggu_�
kbeu� kjZ\gbfu� k� ^bki_jkbhggufb�� Hlghkbl_evgZy� jhev� ^bki_jkbhgguo�
kbe�hij_^_eylky�h[uqgh�qbkehf�we_dljhgh\� 

 
�����HLL:EDB<:GB?�B�KMFF:JGH?�<A:BFH>?CKL<B? 

Cmffbjmy�wg_j]bx�hjb_glZpbhggh]h��bg^mdpbhggh]h�b�^bki_jkbhg�
gh]h� \aZbfh^_ckl\bc� ^ey� h^bgZdh\uo�fhe_dme�b� h[t_^bgyy� \k_�ihklhyg�
gu_�\�khhl\_lkl\bb�k�mjZ\g_gbyfb��21��������b�������ihemqbf�wg_j]bx�f_`�
fhe_dmeyjgh]h�ijbly`_gby 

6ij
r

K
U −= ,                                                (26) 

]^_�
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
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

 α+αµ+µ
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Ijb�fZeuo� jZkklhygbyo�f_`^m�fhe_dmeZfb�� dh]^Z� bo� we_dljhggu_�
h[hehqdb�kbevgh�i_j_dju\Zxlky��l�_��dh]^Z�we_dljhklZlbq_kdh_�hllZedb\Z�
gb_�y^_j�b�we_dljhgh\�klZgh\blky�[hevr_�bo�\aZbfgh]h�ijbly`_gby��ijh�
y\ey_lky�^_ckl\b_�kbe�hllZedb\Zgby��GZ�kms_kl\h\Zgb_�wlbo�kbe�mdZau\Z�
xl�fgh]b_�nZdlu�� \� qZklghklb�fZeZy� k`bfZ_fhklv�`b^dhkl_c�b� l\_j^uo�
l_e� 

<�i_j\hf�ijb[eb`_gbb� wg_j]by�hllZedb\Zgby�fhe_dme�fh`_l�[ulv�
\ujZ`_gZ�mjZ\g_gb_f� 

12hl
r

<
U = ,                                                (27) 

]^_ B  –� ihklhyggZy� �dhgklZglZ� hllZedb\Zgby���Ba� mjZ\g_gby� ����� \b^gh��
qlh�kbeu�hllZedb\Zgby�gZqbgZxl�ijhy\eylvky�gZ�hq_gv�fZeuo�jZkklhygbyo�
b�\_kvfZ�[ukljh�jZklml�k�mf_gvr_gb_f�r. 

IhegZy�wg_j]by�\aZbfh^_ckl\by�f_`^m�fhe_dmeZfb� 

hlij UUU +=  

beb�\�khhl\_lkl\bb�k������b����� 

126 r

B

r

C
U +−=  . 
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Wlh�mjZ\g_gb_�gZau\Z_lky�nhjfmehc�E_ggZj^Z�–�>`hgkZ��=jZnbq_�

kdb� ^ZggZy� aZ\bkbfhklv� khhl\_lkl\m_l� djb\uf�� ijb\_^_gguf� gZ� jbk�� 31. 

Fbgbfmf�gZ�kmffZjghc�djb\hc�oZjZdl_jbam_l�wg_j]bx�f_`fhe_dmeyjgh]h�

\aZbfh^_ckl\by� 0U �b�jZ\gh\_kgh_�jZkklhygb_� 0r �f_`^m�fhe_dmeZfb� 

 
 

Jbk��31��Djb\u_�ihl_gpbZevghc�wg_j]bb 

f_`fhe_dmeyjgh]h�\aZbfh^_ckl\by 

 

�����<H>HJH>G:Y�K<YAV 

Ijhf_`mlhqghc�f_`^m�fhe_dmeyjgufb� b� obfbq_kdbfb� kbeZfb� y\�

ey_lky� lZd� gZau\Z_fZy� \h^hjh^gZy� k\yav�� <� jy^_� kemqZ_\� Zlhf� \h^hjh^Z�

k\yau\Z_lky�g_�k�h^gbf�Zlhfhf��dZd�wlh�hl\_qZeh�[u�_]h�\Ze_glghklb��Z�k�

^\mfy��WlZ�k\yav�h[mkeh\e_gZ�l_f��qlh�kf_s_gb_�we_dljhgZ�hl�ZlhfZ�\h^h�

jh^Z�ij_\jZsZ_l�_]h�\�qZklbpm�k�mgbdZevgufb�k\hckl\Zfb��dhlhjZy��_keb�

jZkkfZljb\Zlv�_z�dZd�dZlbhg��Z��g_�bf__l�we_dljhgh\�b�ihwlhfm�\�hlebqb_�

hl�hklZevguo�dZlbhgh\�g_�hllZedb\Z_lky�we_dljhggufb�h[hehqdZfb�^jm]bo�

qZklbp�� Z� bkiulu\Z_l� lhevdh� ijbly`_gb_�� [�� h[eZ^Z_l� gbqlh`gh� fZeuf�

jZaf_jhf��ijhlhg�\�lukyqb�jZa�f_gvr_�hklZevguo�bhgh\���LZdbf�h[jZahf��

fZe_gvdbc��iheh`bl_evgh�aZjy`_gguc�bhg�\h^hjh^Z�kihkh[_g�^Zlv�agZqb�

l_evgmx�wg_j]bx�k\yab�k�khk_^gbfb�hljbpZl_evgufb�bhgZfb��Z�dhhj^bgZ�
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pbhggh_�qbkeh�^\Z�fh`_l�hij_^_eylvky�]_hf_ljbq_kdbfb�h[klhyl_evkl\Zfb�

�[hevr_�^\mo�Zlhfh\�g_�fh]ml�ijb[ebablvky�d�fZehfm�dZlbhgm�\h^hjh^Z�� 

<h^hjh^gZy� k\yav�ijhy\ey_lky� l_f� kbevg__�� q_f� [hevr_� we_dljhhl�

jbpZl_evghklv�ZlhfZ-iZjlg_jZ�b�q_f�f_gvr_�_]h�jZaf_ju��ihwlhfm�hgZ�oZ�

jZdl_jgZ��ij_`^_�\k_]h��^ey�kh_^bg_gbc�nlhjZ��Z�lZd`_�dbkehjh^Z��\�f_gv�

r_c� kl_i_gb� ZahlZ�� \� _s_�f_gvr_c� kl_i_gb�^ey�oehjZ�b� k_ju��;eZ]h^Zjy�

\h^hjh^guf� k\yayf�fhe_dmeu� h[t_^bgyxlky� \�^bf_ju�b�ihebf_ju��LZd��

fmjZ\vbgZy�dbkehlZ�dZd�\�`b^dhc�� lZd�b�\� ]Zahh[jZaghc�nZa_�kms_kl\m_l�

]eZ\guf�h[jZahf�\�\b^_�^bf_jZ��jbk��32). 

Kihkh[ghklv�d�ZkkhpbZpbb�hlebqZ_l�\h^m��ZffbZd��kibjlu�b�fgh]b_�

^jm]b_�`b^dhklb�hl�g_Zkkhpbbjh\Zgguo�`b^dhkl_c� �gZijbf_j��hl�m]e_\h�

^hjh^h\�� 

Ijhqghklv�^bf_jZ��jbk��3���hij_^_ey_lky�^\mfy�\h^hjh^gufb�k\yay�

fb�� hkms_kl\ey_fufb� dZ`^uf� Zlhfhf� \h^hjh^Z� k� dbkehjh^hf� ³qm`hc´�

fhe_dmeu��LZdb_�k\yab�hlghkylky�d�kemqZx�f_`fhe_dmeyjghc�\h^hjh^ghc�

k\yab��<� lh�`_� \j_fy� \klj_qZ_lky� \h^hjh^gZy� k\yav�� dhlhjZy� h[t_^bgy_l�

qZklb� h^ghc� b� lhc� `_� fhe_dmeu�� l�_�� y\ey_lky� \gmljbfhe_dmeyjghc�� GZ�

jbk� 3��ihdZaZg�lbibqguc�kemqZc�lZdhc�k\yab�\�fhe_dme_�hjlhgbljhn_gh�

eZ��\ke_^kl\b_�q_]h�h[jZam_lky�\lhjh_�dhevph��qlh�oZjZdl_jgh�^ey�fgh]bo�

hj]Zgbq_kdbo�\_s_kl\� 

               
 

                   Jbk��3���KljmdlmjZ�^bf_jZ              Jbk��33��<gmlj_ggyy�\h^hjh^gZy�k\yav 

                 fmjZ\vbghc�dbkehlu           \�fhe_dme_�hjlhgbljhn_gheZ 

 

;hevrmx�jhev�b]jZ_l�\h^hjh^gZy�k\yav�b�\�ijhqghklb�jy^Z�djbklZe�

ebq_kdbo� l_e�� LZd�� l\_j^Zy� [hjgZy� dbkehlZ� khklhbl� ba� keh_\� fhe_dme�

<�HG�3���dhlhju_�k\yaZgu�f_`^m�kh[hc�\h^hjh^gufb�k\yayfb� 
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=eZ\Z 5.�G?DHLHJU?�K<?>?GBY�H�KLJH?GBB 

               DHG>?GKBJH<:GGUO�N:A 

 
5.���KLJMDLMJ:�@B>DHKL?C 

HlijZ\ghc� lhqdhc� ijb� jZkkfhlj_gbb� l\_j^uo� \_s_kl\� y\ey_lky�
kljh]h�mihjy^hq_ggZy�kljmdlmjZ�kh\_jr_gguo�djbklZeeh\��Z�ijb�bamq_gbb�
]Zah\� –� iheghklvx� oZhlbq_kdh_� jZkij_^_e_gb_� qZklbp� \� b^_Zevghf� ]Za_��
Ijb�bamq_gbb�`b^dhkl_c�bkoh^yl�ba�bo�ijhf_`mlhqgh]h�kljh_gby��Ih^h[�
gh� ]ZaZf�`b^dhklb� ijbgbfZxl�nhjfm� lh]h� khkm^Z�� \� dhlhjhf� gZoh^ylky��
l�_��h[eZ^Zxl�l_dmq_klvx��H^gZdh�ih�k\hbf�k\hckl\Zf�b�kljh_gbx�`b^dh�
klb�]hjZa^h�[eb`_�klhyl�d�l\_j^uf�l_eZf��q_f�d�]ZaZf��hkh[_ggh�ijb�l_f�
i_jZlmjZo��[ebadbo�d�l_fi_jZlmj_�ieZ\e_gby��LZdh_�aZdexq_gb_�\ul_dZ_l�
ba�kjZ\g_gby�bo�k\hckl\� 

1. Ijhp_kk�ieZ\e_gby�khijh\h`^Z_lky�g_[hevrbf�m\_ebq_gb_f�h[t�
_fZ��hlf_lbf��qlh�bf_xlky�bkdexq_gby�^ey�g_dhlhjuo�\_s_kl\��gZijbf_j�
G2H�\�nhjf_�ev^Z���dhlhjh_�h[uqgh�g_�ij_\urZ_l�������Wlh�hagZqZ_l��qlh�
jZkklhygb_�f_`^m�khk_^gbfb�qZklbpZfb�\�`b^dhklb�fZeh�baf_gy_lky�ijb�
ieZ\e_gbb�–�g_�[he__�q_f�gZ������Ijb�i_j_oh^_�`_�`b^dhklb�\�]Zahh[jZa�
gh_� khklhygb_�h[t_f�m\_ebqb\Z_lky� agZqbl_evgh��gZijbf_j�ijb�i_j_oh^_�
\h^u�\�iZj�–�\������jZa� 

2. Wgljhiby�ijb�i_j_oh^_�l_eZ�ba�l\_j^h]h�khklhygby�\�`b^dh_�m\_�
ebqb\Z_lky� gZ� agZqbl_evgh� f_gvrmx� \_ebqbgm� �ijbf_jgh� \� ��� jZa�� ih�
kjZ\g_gbx�k�baf_g_gb_f�wgljhibb�ijb�bkiZj_gbb� 

3. Dhwnnbpb_glu� k`bfZ_fhklb�`b^dhklb�b� l\_j^h]h� l_eZ�[ebadb�b�
\h�fgh]h�jZa�f_gvr_��q_f�m�]ZaZ� 

4. @b^dhklb�b�l\_j^u_�l_eZ�bf_xl�ih\_joghklgh_�gZly`_gb_��Z�]Za�g_l� 
5. <�hij_^_e_gguo�mkeh\byo�`b^dhklb��dZd�b�l\_j^u_�l_eZ��h[eZ^Zxl�

ojmidhklvx��LZd�� ijb� m^Zj_� e_lys_c� imeb� h� kljmx� \h^u� ihke_^gyy�� dZd�
nbdkbjm_l�dbghkt_fdZ��jZae_lZ_lky�\�\b^_�hkdhedh\�lbiZ�dmkhqdh\�ev^Z��gh�
g_�dZi_ev��@b^dhklv�klZgh\blky�ojmidhc�ijb�hq_gv�[ukljuo�^_nhjfZpbyo��
gZijbf_j�ijb�\aju\Zo�\�`b^dhklb�fh]ml�\hagbdZlv�djZldh\j_f_ggu_�lj_�
sbgu� 

;ebahklv� k\hckl\� l\_j^h]h�b�`b^dh]h� khklhygbc�iha\hey_l�h[t_^b�
gylv�wlb�^\Z�khklhygby�b�gZau\Zlv�bo�h[sbf�l_jfbghf�–�dhg^_gkbjh\Zg�
gh_�khklhygb_�\_s_kl\Z� 
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Ihegh_� hibkZgb_� jZaebqguo� k\hckl\�`b^dhkl_c� ^he`gh� hibjZlvky�
gZ�g_dhlhju_�[Zah\u_�nmgdpbb��i_j_^Zxsb_�gZb[he__�\Z`gu_�_z�oZjZdl_�
jbklbdb��D�lZdbf�nmgdpbyf�hlghkblky�[bgZjgZy�nmgdpby�jZkij_^_e_gby��
hibku\ZxsZy� [eb`gbc� ihjy^hd�� JZkkfhljbf� `b^dhklv�� khklhysmx� ba�
Zlhfh\��<u[_j_f�\gmljb�lZdhc�`b^dhklb�rZjh\hc�kehc�k�\gmlj_ggbf�jZ�
^bmkhf� r� b� gZjm`guf� r + dr � k� p_gljhf� \� y^j_� ijhba\hevghc� qZklbpu��
Kj_^g__� qbkeh� Zlhfh\� dn(r��� ihiZ\rbo� \� kehc�� [m^_l� ijhihjpbhgZevgh�
h[t_fm�4�r2dr�b�g_dhlhjhfm�fgh`bl_ex�R(r)��aZ\bkys_fm�hl� r�b�gZau\Z_�
fhfm�iZjghc�nmgdpb_c�jZ^bZevgh]h�jZkij_^_e_gby�Zlhfh\��hlf_lbf��qlh�\�
g_dhlhjuo�mq_[gbdZo�^Zggmx�nmgdpbx�h[hagZqZxl�g(r)): 

)(4 2 rdrRr dn(r) π= .                                    (28) 

Nmgdpby� R(r)� ih� k\h_fm� kfukem� y\ey_lky� ehdZevghc� iehlghklvx�
qbkeZ�qZklbp�ih�hlghr_gbx�d�ijhba\hevghfm�Zlhfm��\u[jZgghfm�aZ�gZqZ�
eh�dhhj^bgZl��GZ�^hklZlhqgh�[hevrhf�jZkklhygbb�r�ih�kjZ\g_gbx�k�f_`�
Zlhfguf�jZkklhygb_f�Zlhfu�g_�bkiulu\Zxl�\ebygby�p_gljZevghc�qZklb�
pu�b�ihwlhfm�jZkiheZ]Zxlky�g_aZ\bkbfh�hl�g_z��<� wlhf�kemqZ_�\_ebqbgZ�
R(r) = Ro�b�ij_^klZ\ey_l�kj_^gxx�iehlghklv�qbkeZ�qZklbp��GZ�jZkklhygbb�
ro �f_gvr_f��q_f�^bZf_lj� ZlhfZ�� \�rZjh\hc� kehc�g_�ihiZ^Z_l�gb�h^gh]h�
y^jZ�ZlhfZ��b�ihwlhfm�a^_kv�R(r) =����<�ijhf_`mlhqghc�h[eZklb�nmgdpby�
R(r) hkpbeebjm_l�hdheh�agZq_gby�Ro b�bf__l�g_kdhevdh�fbgbfmfh\�b�fZd�
kbfmfh\��G_dhlhju_�f_`Zlhfgu_�jZkklhygby�\[ebab�p_gljZevghc�qZklbpu�
j_Zebamxlky�[he__�qZklh��GZebqb_�wlbo�we_f_glh\�mihjy^hq_gby�\�`b^dh�
klb�b�ihemqbeh�gZa\Zgb_�³[eb`g_]h�ihjy^dZ´��Ba�mjZ\g_gby������\ul_dZ_l�
aZ\bkbfhklv 

)(4 2 rRr 
dr

dn(r) π= , 

ij_^klZ\eyxsZy� kh[hc� kj_^g__� qbkeh� qZklbp�� ijboh^ysboky� gZ� _^bgbq�
gmx� lhesbgm� rZjh\h]h� kehy�� QZklh� \f_klh� nmgdpbb� R(r) bkihevam_lky�
nmgdpby�jZ^bZevgh]h�jZkij_^_e_gby� Zlhfghc�iehlghklb�!(r)�� wlb� aZ\bkb�
fhklb�k\yaZgu�f_`^m�kh[hc�ke_^mxsbf�khhlghr_gb_f� 

g(r) = !(r)/!o , 
]^_�!o –�kj_^g__�qbkeh�qZklbp�\�_^bgbp_�h[t_fZ�� VNA /0 =ρ ; AN  –�qbkeh�

:\h]Z^jh��V  –� Zlhfguc�h[t_f���AZ\bkbfhklv�nmgdpbb�4�r2R(r)�hl� r� �beb�
4�r2!(r)� hl� r�� ij_^klZ\eyxl� ]jZnbq_kdb��GZ� jbk�� 34� bah[jZ`_gh� Zlhfgh_�
jZkij_^_e_gb_�^ey�`b^dh]h�pbgdZ��IehsZ^v�ibdZ�� khhl\_lkl\mxsZy�i_j�
\hfm�fZdkbfmfm��hl\_qZ_l�kj_^g_fm�dhhj^bgZpbhgghfm�qbkem�\�`b^dhklb��
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G_h[oh^bfu_�^Zggu_�^ey�ihkljh_gby�djb\hc�jZ^bZevgh]h�jZkij_^_e_gby�
ihemqZxl�ih�djb\uf�bgl_gkb\ghklb�jZkk_ygby�j_gl]_gh\kdbo�emq_c� 

 

 

Jbk������:lhfgh_�jZkij_^_e_gb_�\�`b^dhf�pbgd_�hl�ex[hc�qZklbpu� 
�\aylhc�aZ�p_gljZevgmx: 1 –�]Za����–�`b^dhklv����–�l\_j^h_ 

 
�����@B>DB?�F?L:EEU 

Qbklu_�`b^db_�f_lZeeu�hlghkyl�d�lZd�gZau\Z_fuf�ijhkluf�`b^dh�

klyf�� dhlhjufb� y\eyxlky� k`b`_ggu_� bg_jlgu_� ]Zau� k� <Zg-^_j-
<ZZevkh\ufb�kbeZfb�\aZbfh^_ckl\by��Ijhklu_�`b^dhklb�khklhyl�ba�kn_�

jbq_kdb�kbff_ljbqguo�qZklbp��f_`^m�dhlhjufb�^_ckl\mxl�g_gZijZ\e_g�

gu_� b� g_gZkus_ggu_� kbeu� k\yab��Fhe_dmeu� lZdbo�`b^dhkl_c� h[eZ^Zxl�

kn_jbq_kdbf� ihl_gpbZehf� \aZbfh^_ckl\by� b� g_� h[gZjm`b\Zxl� ki_pbnb�

q_kdbo�k\ya_c��^_ckl\mxsbo�\�dZdhf-eb[h�hij_^_e_gghf�gZijZ\e_gbb��dZd�
\�kemqZ_�]hf_hiheyjguo�beb�\h^hjh^guo�k\ya_c� 

<�`b^dbo�qbkluo�f_lZeeZo�f_`qZklbqgZy�k\yav�hkms_kl\ey_lky�dhe�

e_dlb\babjh\Zggufb�\Ze_glgufb�we_dljhgZfb��WlZ�k\yav��dZd�b�<Zg-^_j-
\ZZevkh\Z� k\yav�� g_gZijZ\e_gZ� b� g_gZkus_gZ��F_lZeebq_kdb_� bhgu�� kh�

klZ\eyxsb_�jZkieZ\��kn_jbq_kdb�kbff_ljbqgu��lZd�dZd�bf_xl�kljmdlmjm�
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\g_rgbo�we_dljhgguo�h[hehq_d��ZgZeh]bqgmx�kljmdlmj_�h[hehq_d�Zlhfh\�

[eZ]hjh^guo� ]Zah\�� Ih^h[gh_� hlh`^_kl\e_gb_� kljmdlmju� k`b`_gguo�

bg_jlguo�]Zah\�b�`b^dbo�f_lZeeh\�fh`_l�[ulv�hijZ\^Zgh�ebrv�ijb�hlgh�

kbl_evgh� [hevrbo� i_j_]j_\Zo� f_lZeeh\� gZ^� lhqdhc� ieZ\e_gby�� Ijb� g_�

[hevrbo�`_�i_j_]j_\Zo�fh`gh�ij_^iheh`blv��qlh�`b^db_�f_lZeeu�[eb`_�

ih�k\h_c�kljmdlmj_�d�djbklZeebq_kdhfm�khklhygbx��gh�\�lh�`_�\j_fy�bf_�

xl�b�k\hb�oZjZdl_jgu_�hkh[_gghklb� 
>ey� bamq_gby� kljmdlmju� `b^dbo� f_lZeeh\� bkihevamxl� mijm]hjZk�

k_b\Z_fu_�qZklbpu�–�j_gl]_gh\kdb_�nhlhgu��we_dljhgu�beb�g_cljhgu��<k_�
hgb�bf_xl�^ebgm�\hegu�ihjy^dZ�f_`Zlhfguo�jZkklhygbc��Ijb�bkke_^h\Z�
gbb�gZ�h[t_dl�gZijZ\eyxl�dhgp_gljbjh\Zgguc�imqhd�wlbo�qZklbp��j_]bkl�
jbjmxl�ihemqZ_fmx�^bnjZdpbhggmx�dZjlbgm��gZ�hkgh\Zgbb�dhlhjhc�km^yl�
h�kljh_gbb�\_s_kl\Z��GZb[hevr__�jZkijhkljZg_gb_�\�kljmdlmjghf�ZgZeba_�
`b^dbo�f_lZeeh\�ihemqbeb�j_gl]_gh\kdb_�emqb� 

<�`b^dbo�f_lZeeZo�j_gl]_gh\kdb_�emqb��jZkk_yggu_�h^gbf�Zlhfhf��
bgl_jn_jbjmxl� k� emqZfb�� jZkk_yggufb� _]h� [eb`Zcrbfb� khk_^yfb��Ijb�
q_f�[eb`Zcrb_�khk_^b�b�jZkklhygb_�f_`^m�gbfb�g_ij_ju\gh�baf_gyxlky�
\ke_^kl\b_�\ukhdhc�ih^\b`ghklb�Zlhfh\�\�`b^dbo�f_lZeeZo��ihwlhfm�\ha�
gbdZxsbc�^bnjZdpbhgguc�wnn_dl�y\ey_lky�j_amevlZlhf�mkj_^g_ggh]h�\h�
\j_f_gb�jZkij_^_e_gby�Zlhfh\��Ijb�wlhf�kj_^g__�jZkij_^_e_gb_�g_�aZ\b�
kbl�hl�ZlhfZ��\u[jZggh]h�aZ�gZqZeh�hlkq_lZ��GZ�hkgh\_�djb\uo�bgl_gkb\�
ghklb�jZkk_yggh]h�baemq_gby� �dZd�m`_�]h\hjbehkv�\ur_��jZkkqblu\Zxl�b�
kljhyl�djb\u_�jZ^bZevgh]h�jZkij_^_e_gby�Zlhfghc�iehlghklb�!(r). 

<k_�f_lZeeu�� g_aZ\bkbfh� hl� bo� kljmdlmju� \� l\_j^hf� khklhygbb�� \�
`b^dhf� khklhygbb� bf_xl� koh^gh_� �gh� g_� ZgZeh]bqgh_�� kljh_gb_�� \ujZ�
`Zxs__ky�\�ijbf_jgh�h^bgZdh\hf�oZjZdl_j_�djb\uo�jZ^bZevgh]h�jZkij_�
^_e_gby�Zlhfghc�iehlghklb�4�r2!(r) �dZd�ihdZaZgh�gZ�jbk�������JZ^bmk�i_j�
\hc�dhhj^bgZpbhgghc�kn_ju�\�`b^dbo�f_lZeeZo�jZ\_g�f_`Zlhfghfm�jZk�
klhygbx�ijb�iehlg_cr_c�miZdh\d_�Zlhfh\��ijbq_f�\_ebqbgZ�i_j\h]h�dh�
hj^bgZpbhggh]h�qbkeZ�e_`bl� \�ij_^_eZo� ��–� ���� kj_^gbc�jZ^bmk� \aZbfh�
^_ckl\by�\�jZkieZ\Zo�jZ\_g�lj_f�f_`Zlhfguf�jZkklhygbyf��Ijb�i_j_oh^_�
\�`b^dh_�khklhygb_�jZaebqguo�f_lZeeh\��j_adh�hlebqZxsboky�ih�kljmdlm�
j_�b�k\hckl\Zf�\�l\_j^hf�khklhygbb��ijhbkoh^bl�k\h_]h�jh^Z�mkj_^g_gb_�
oZjZdl_jZ� jZkiheh`_gby� Zlhfh\� b� g_� gZ[ex^Z_lky� j_adh]h� jZaebqby� \�
kljh_gbb�bo�`b^dhklb� 
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�����KLJH?GB?�@B>DHC�<H>U 

Ba� `b^dbo� l_e� ^ey� g_hj]Zgbq_kdhc� obfbb� gZb[hevrbc� bgl_j_k�
ij_^klZ\ey_l�\h^Z��<Z`gmx�jhev�\�kljmdlmj_�\h^u�b�ev^Z�b]jZxl�\h^hjh^�
gu_�k\yab��GZ�jbk�����ihdZaZg�njZ]f_gl�kljmdlmju�ev^Z� 

DZ`^uc� Zlhf� dbkehjh^Z� \� wlhc�
kljmdlmj_� l_ljZw^jbq_kdb� k\yaZg� k�
q_lujvfy� ^jm]bfb� ZlhfZfb�� f_`^m�
gbfb�jZkiheZ]Zxlky�Zlhfu�\h^hjh^Z��
^\Z� ba� gbo� kh_^bg_gu� k� ^Zgguf� Zlh�
fhf�dbkehjh^Z�iheyjghc�dh\Ze_glghc�
k\yavx��^\Z�^jm]bo�–�\h^hjh^ghc�k\y�
avx�� l�_��\oh^yl�\� khklZ\�^\mo�^jm]bo�
fhe_dme� G2H�� Kha^Z_lky� Z`mjgZy�
kljmdlmjZ�� ^Ze_dZy� hl� iehlghc� miZ�
dh\db��Hlkx^Z�g_[hevrZy�iehlghklv�b�
agZqbl_evgZy� juoehklv� ev^Z�� Ijb�
ieZ\e_gbb� ev^Z� \h^hjh^gu_� k\yab�
qZklbqgh� jZajmrZxlky� �ijbf_jgh� gZ�
10 ���� wlh� g_kdhevdh� k[eb`Z_l� fhe_�
dmeu��ihwlhfm�\h^Z�g_fgh]h�iehlg__�ev^Z��GZ]j_\Zgb_�\h^u��k�h^ghc�klh�
jhgu��ijb\h^bl�d�_z�jZkrbj_gbx��l�_��d�m\_ebq_gbx�h[t_fZ��k�^jm]hc�klh�
jhgu��hgh�\uau\Z_l�^Zevg_cr__�jZajmr_gb_�\h^hjh^guo�k\ya_c�b�l_f�kZ�
fuf� mf_gvr_gb_� h[t_fZ�� < j_amevlZl_� iehlghklv� \h^u� ijhoh^bl� q_j_a�
fZdkbfmf��ijb���hK�� 

>��;_jgZe�b�M��NZme_j��\i_j\u_�ijh^_eZ\rb_�lsZl_evgh_�j_gl]_gh�
kljmdlmjgh_� bkke_^h\Zgb_� \h^u�� mklZgh\beb�� qlh� \� \h^_� hklZxlky� njZ]�
f_glu�kljmdlmju�ev^Z�–�©djbklZeebq_kdb_�hkljh\dbª��>ey�[hevr_c�qZklb�
fhe_dme�\�`b^dhc�\h^_� khojZgy_lky� l_ljZw^jbq_kdh_�hdjm`_gb_��dhlhjh_�
hgb�bf_eb�\�kljmdlmj_�ev^Z� 

GZebqb_� we_f_glh\� djbklZeebq_kdhc� kljmdlmju� gZjy^m� kh� agZqb�
l_evghc� \_ebqbghc� ^bihevgh]h� fhf_glZ� fhe_dmeu� G2H� h[mkeh\eb\Z_l�
hq_gv�[hevrh_�agZq_gb_�^bwe_dljbq_kdhc�ijhgbpZ_fhklb�\h^u��ijb����hK�
hgZ�jZ\gZ��������LZdbf�h[jZahf��\aZbfh^_ckl\b_�f_`^m�aZjy`_ggufb�qZk�
lbpZfb�\�\h^ghc�kj_^_�ijb[ebabl_evgh�\����jZa�keZ[__��q_f�\�imklhl_��;eZ�
]h^Zjy� wlhfm� \k_�bhggu_� kh_^bg_gby� \� \h^guo�jZkl\hjZo�^bkkhpbbjmxl��      
<� hlebqb_� hl� ^jm]bo� jZkl\hjbl_e_c� k� f_gvrbf� agZq_gb_f� ^bwe_dljbq_�

Jbk������Hdjm`_gb_�fhe_dmeu�\h^u�     
\�kljmdlmj_�ev^Z 



 66 

kdhc� ijhgbpZ_fhklb� ^bkkhpbZpby� \� \h^ghc� kj_^_� y\ey_lky� ijZdlbq_kdb�
iheghc��<�\h^ghf�jZkl\hj_�^bkkhpbbjmxl�gZ�bhgu�lZd`_�fgh]b_�kh_^bg_�
gby�k�iheyjghc�k\yavx�\�fhe_dmeZo� 

 
�����@B>DB?�DJBKL:EEU 

Ba\_klgh� fgh]h� \_s_kl\�� dhlhju_� \� `b^dhf� khklhygbb� h[eZ^Zxl�
Zgbahljhighklvx��l�_��aZ\bkbfhklvx�k\hckl\�hl�gZijZ\e_gby��LZdb_�\_s_�
kl\Z� gZau\Zxl� `b^dbfb� djbklZeeZfb�� K\h_h[jZab_� kljmdlmju� `b^dbo�
djbklZeeh\�ijhy\ey_lky�\�lhf��qlh�h[jZamxsb_�bo�qZklbpu�fh]ml�k\h[h^�
gh�i_j_f_sZlvky�^jm]�hlghkbl_evgh�^jm]Z��ijb�wlhf�bo�hjb_glZpby�khojZ�
gy_lky� 

Fhe_dmeu�`b^dbo�djbklZeeh\�bf_xl�m^ebg_ggmx�ebg_cgmx�nhjfm��
qlh� iha\hey_l� \� `b^dhf� khklhygbb� khojZgylv� ^Zevgbc� ihjy^hd�
�jbk� 36, 37). 

 
i-ZahdkbZgbahe 

Z� 
 

 
wlbeh\uc�wnbj�i-Zahdkb[_gahcghc�dbkehlu 

[� 
 

Jbk������JZaebqgu_�lbiu�`b^dbo�djbklZeeh\� 
Z�–�g_fZlbq_kdbc��gbl_h[jZaguc���[�–�kf_dlbq_kdbc 

 
QZklbpu�beb�jZkiheZ]Zxlky�lZdbf�h[jZahf��qlh�bo�hkb�hjb_glbjh\Z�

gu� gbl_h[jZagh� \� h^ghf� gZijZ\e_gbb�� beb� jZaf_s_gu� \� iZjZee_evguo�
kehyo�� \gmljb� dhlhjuo� ^\b`_gb_� qZklbp� jZamihjy^hq_ggh�� I_j\uc� lbi�
`b^dbo�djbklZeeh\�gZau\Zxl�g_fZlbq_kdbf��beb�gbl_h[jZaguf��gZa\Zgb_�
ijhbkoh^bl� hl� ]j_q_kdh]h� keh\Z� �b]eu�� beb� �b]hevqZlu_� djbklZeeu�� – 
jbk� ���Z���\lhjhc�–�kf_dlbq_kdbf��gZa\Zgb_�ijhbkoh^bl�hl�]j_q_kdh]h�keh�
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\Z��fuevguc���l�d��\i_j\u_�hgb�[ueb�h[gZjm`_gu�kj_^b�fue�–�jbk�����[���
Ohe_kl_jbq_kdb_� `b^db_� djbklZeeu� �\i_j\u_� h[gZjm`_gu� kj_^b� ijhba�
\h^guo�ohe_kl_jbgZ��ijbq_f�kZf�ohe_kl_jbg�g_�y\ey_lky�`b^dbf�djbklZe�
ehf���<_s_kl\Z�wlh]h�lbiZ�hilbq_kdb�Zdlb\gu_�b�l_jfhZdlb\gu_��@b^dhd�
jbklZeebq_kdh_�khklhygb_�j_Zebam_lky��gZijbf_j��ijb�jZkl\hj_gbb�\�\h^_�
Zp_lZlZ� ohe_kl_jbgZ�� he_Zlh\� dZeby� b� Zffhgby�� Z� lZd`_� ^jm]bo� \_s_kl\��
dZd�ijZ\beh��hj]Zgbq_kdhc�ijbjh^u��fhe_dmeu�dhlhjuo�bf_xl�gbl_h[jZa�
gmx�kljmdlmjm��@b^dhdjbklZeebq_kdh_�khklhygb_�fh`_l�\hagbdZlv�b�ijb�
jZkl\hj_gbb� g_dhlhjuo� djbklZeebq_kdbo� \_s_kl\� �ebhljhigu_� `b^db_�
djbklZeeu�� 

Fgh]b_�`b^db_�djbklZeeu�kms_kl\mxl�\�hij_^_e_gghf�l_fi_jZlmj�
ghf�bgl_j\Ze_� �l_jfhljhigu_���gb`_�hij_^_e_gghc�l_fi_jZlmju�kms_kl�
\m_l�l\_j^uc�djbklZee��\ur_�–�bahljhigZy�`b^dhklv��@b^db_�djbklZeeu�
y\eyxlky�ijhf_`mlhqgufb�f_`^m�`b^dhklyfb�b�djbklZeeZfb�ih�kl_i_gb�
fhe_dmeyjghc� mihjy^hq_gghklb��K\hckl\Zfb�`b^dbo� djbklZeeh\� y\eyxl�
ky��hilbq_kdZy�Zdlb\ghklv��^\memq_ij_ehfe_gb_��[ukljh_�j_Z]bjh\Zgb_�gZ�
baf_g_gb_� l_fi_jZlmju�� \g_rg_]h� we_dljbq_kdh]h� b� fZ]gblgh]h� ihe_c��
f_oZgbq_kdbo�gZijy`_gbc��qZklh�–�k�baf_g_gb_f�p\_lZ��Hgb�gZoh^yl�hq_gv�
rbjhdh_� ijbf_g_gb_� \� p\_lguo� ^bkie_yo�� l_jfhf_ljZo�� [md\_ggh-
pbnjh\uo�bg^bdZlhjZo�b�^jm]bo�mkljhckl\Zo�aZibkb�b�ojZg_gby�bgnhjfZ�
pbb� 

 
 

Jbk� 37��Lbiu�kljmdlmj�`b^dhdjbklZeebq_kdbo�khklhygbc� 
Z�–�kf_dlbq_kdbc��[�–�g_fZlbq_kdbc��\�–�ohe_kl_jbq_kdbc 
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�����:FHJNGH?�KHKLHYGB? 

:fhjngu_� \_s_kl\Z� ih� fZdjhkdhibq_kdbf� ijbagZdZf� hlghkylky� d�

l\_j^uf��gh�g_�bf_xl�djbklZeebq_kdhc�j_r_ldb��Hlebqbl_evghc�hkh[_g�

ghklvx�wlbo�\_s_kl\�y\ey_lky�lh��qlh�hgb�h[eZ^Zxl� �bahljhighklvx��l�_���

ih^h[gh�`b^dhklb��h^bgZdh\ufb�agZq_gbyfb�^Zggh]h�k\hckl\Z�ijb�baf_�

j_gbb�\�ex[hf�gZijZ\e_gbb�\gmljb�\_s_kl\Z��Ih�kljmdlmj_�Zfhjngh_�kh�

klhygb_�wd\b\Ze_glgh�`b^dhfm� �l�_��bf__l�[eb`gbc�ihjy^hd���Z�ih�oZjZd�

l_jm�l_ieh\h]h�^\b`_gby�– djbklZeebq_kdhfm��qZklbpu�dhe_[exlky�\hdjm]�

jZ\gh\_kguo� iheh`_gbc�� gh� g_l� g_ij_ju\gh]h� i_j_f_rb\Zgby� Zlhfh\� b�

fhe_dme�� dZd� \�`b^dhklyo��I_j_oh^� Zfhjngh]h� \_s_kl\Z�ba� l\_j^h]h� kh�

klhygby�\�`b^dh_�g_�khijh\h`^Z_lky�kdZqdhh[jZaguf�baf_g_gb_f�k\hckl\��

?keb�djbklZeebq_kdh_�\_s_kl\h�bf__l�lhqdm�ieZ\e_gby� ieT ��ijb�dhlhjhc�

ijhbkoh^bl� baf_g_gb_� k\hckl\� �jbk�� ���Z��� lh� Zfhjngh_� oZjZdl_jbam_lky�

bgl_j\Zehf� jZafy]q_gby� ba TT − � b� g_ij_ju\guf� baf_g_gb_f� k\hckl\�

�jbk� ���[��� Wlhl� bgl_j\Ze� \� aZ\bkbfhklb� hl� ijbjh^u� \_s_kl\Z� fh`_l�

bf_lv�\_ebqbgm�ihjy^dZ�^_kyldh\�b�^Z`_�khl_g�]jZ^mkh\� 

 

Jbk������Baf_g_gb_�h[t_fZ�ijb�gZ]j_\Zgbb�djbklZeebq_kdbo��Z� 

b�Zfhjnguo��[��\_s_kl\ 

 

QZklh�Zfhjngu_�b�djbklZeebq_kdb_�nhjfu�–�wlh�jZaebqgu_�khklhy�

gby�h^gh]h�b�lh]h�`_�\_s_kl\Z��gZijbf_j��djbklZeebq_kdbc�d\Zjp�b�d\Zj�

p_\h_�kl_deh���H^gZdh�fgh]b_�Zfhjngu_�\_s_kl\Z��\�qZklghklb�[hevrbg�

kl\h� hj]Zgbq_kdbo� ihebf_jh\�� aZdjbklZeebah\Zlv� g_� m^Z_lky�� Ihebf_ju�
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hlebqZxlky�hl�h[uqguo�Zfhjnguo�l_e�l_f��qlh�h[jZamxlky�ba�khhl\_lkl�

\mxsbo�`b^dhkl_c��fhghf_jh\��g_�\�j_amevlZl_�ihgb`_gby�l_fi_jZlmju��

Z�\�j_amevlZl_�obfbq_kdh]h�kh_^bg_gby�fhe_dme� 

<�hlebqb_�hl�`b^dhkl_c��\�Zfhjnghf�\_s_kl\_�h[f_g�f_klZfb�f_`�

^m� khk_^gbfb� qZklbpZfb� ijZdlbq_kdb� g_� ijhbkoh^bl�� ;hevrZy� \yadhklv�

jZkieZ\h\�aZljm^gy_l�^\b`_gb_�b�i_j_hjb_glbjh\dm�fhe_dme��qlh�ij_iyl�

kl\m_l�h[jZah\Zgbx� aZjh^ur_c� l\_j^hc�nZau��Ihwlhfm�ijb�[ukljhf�ho�

eZ`^_gbb�`b^dhkl_c��jZkieZ\h\��hgb�aZl\_j^_\Zxl�g_�\�djbklZeebq_kdhf��

Z�\�Zfhjnghf�khklhygbb��LZd�dZd�lbibqgufb�Zfhjngufb�l_eZfb�y\eyxlky�

kbebdZlgu_� kl_deZ�� lh� qZklh� Zfhjngh_� khklhygb_� gZau\Zxl� kl_dehh[jZa�

guf� 

Hlf_lbf��qlh�Zfhjngh�aZl\_j^_\Zlv�fh]ml�b�h[uqgh�djbklZeebamx�

sb_ky�`b^dhklb��_keb�bo�hoeZ`^Zlv�k�[hevrhc�kdhjhklvx��<�wlhf�kemqZ_�

\yadhklv�i_j_hoeZ`^_gghc�`b^dhklb�aZ�hq_gv�fZeuc�ijhf_`mlhd�\j_f_gb�

^hklb]Z_l� agZq_gby� a��12
� IZÂ k� b� ihwlhfm� hgZ� i_j_oh^bl� ba� `b^dh]h� \�

Zfhjngh_�khklhygb_��Ijb�kdhjhklyo�hoeZ`^_gby���5 – 106
�D�k�b�\ur_�m^Z�

_lky�ihemqblv�\�Zfhjnghf�khklhygbb�g_dhlhju_�f_lZeeu��Ni, Pd��b�fgh]b_�

kieZ\u�f_lZeeh\��Fn, Fe, Co, Ni�b�^j���k�f_lZeehb^Zfb��<��K��N, P). 
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DHGLJHEVGU?�A:>:GBY 

<�ke_^mxsbo�aZ^Zgbyo�g_h[oh^bfh�deZkkbnbpbjh\Zlv�mdZaZggu_�fh�

e_dmeu�ih�lhq_qguf�]jmiiZf�RzgnebkZ� 

� 
i/i 

Obfbq_kdZy�nhjfmeZ��ijbf_qZgby KljmdlmjgZy�nhjfmeZ 

1 H2S 

 
2 PCl3 

 
3 ljZgk-[CrBr2(H2O)4]

+ 
(ZlhfZfb�H ij_g_[j_qv� 

 
4 FeF6

3- 

 
5 ]hr-CH2ClCH2Cl 

 
6 C6H3Br3 (1,3,5-ljb[jhf[_gahe� 

 
7 CHClBr(CH3) 

 
8 IF5 
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HdhgqZgb_�lZ[ebpu 
� 
i/i 

Obfbq_kdZy�nhjfmeZ��ijbf_qZgby KljmdlmjgZy�nhjfmeZ 

9 C6H12 (pbdeh]_dkZg� 

 
10 B2H6 

 
11 N2 NN ≡  
12 C10H8 (gZnlZebg� 

 
13 C5H8 (kibjhi_glZg� 

 
14 C6H4Cl2 (i-^boehj[_gahe� 

 
15 CCl4 

 
16 PF5 

 
17 ljZgk-CFClBr CFClBr 

 
18 HCN NCH ≡−  
19 C2F6 
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J_rblv�aZ^Zqb 

20. <uqbkeblv� fhe_dmeyjgmx� j_njZdpbx� q_luj_ooehjbklh]h� m]e_�
jh^Z��KKl4),�_keb�n = 1,463; d = 1,604 ]��cf3. 

21. <uqbkeblv�dhwnnbpb_gl�iheyjbam_fhklb�fhe_dmeu�]Zahh[jZagh�
]h� ZahlZ� ijb�L = 292,2 D� b�J�= 1 Zlf�� _keb� ^bwe_dljbq_kdZy� ihklhyggZy�

2ND = 1,0081. 

22. >ey�]Zahh[jZagh]h�NH3�ijb�L = 292,2 D βπ= oN
3

4
A � ������kf3 , 

2
o

o
9

4
µ

π
=

k

N
B  =15250 kf3

�]jZ^��GZclb�kh[kl\_gguc�^bihevguc�fhf_gl�fh�

e_dmeu�ZffbZdZ��_]h�fheyjgmx�iheyjbaZpbx�b�fhe_dmeyjgmx�iheyjbam_�
fhklv� 

23. We_dljhggZy� iheyjbam_fhklv� ^ey� ]Zahh[jZagh]h� ]_eby�
� = 0,197· 10–24 kf3

��Z�ihdZaZl_ev�ij_ehfe_gby�]_eby�\�^ebggh\hegh\hc�qZk�
lb� ki_dljZ� n�  � ���������� Hij_^_eblv� ^\mfy� f_lh^Zfb� ^bwe_dljbq_kdmx�
ijhgbpZ_fhklv�]_eby� 

24. <uqbkeblv�iheyjbam_fhklv�fhe_dmeu�[_gaheZ��K6G6���Iehlghklv�
[_gaheZ�ijb�dhfgZlghc�l_fi_jZlmj_�d = 0,88 ]�kf3,�^bwe_dljbq_kdZy�ihklh�
yggZy�D = 2,27. 

25. Hij_^_eblv� iehlghklv� k_jhm]e_jh^Z� KS2,� _keb� ihdZaZl_ev� ij_�

ehfe_gby� 52,2=n ��Z�fheyjgZy�j_njZdpby�R = 21,7 kf3
�fhev. 

26. Baf_j_gbyfb� ^bwe_dljbq_kdhc� ihklhygghc� ijb� jZaebqguo� l_f�
i_jZlmjZo� [ueZ� mklZgh\e_gZ� ke_^mxsZy� l_fi_jZlmjgZy� aZ\bkbfhklv� ^ey�
fheyjghc�iheyjbaZpbb�GKl: 

 
L, D 264 294 358 500 558 

I, kf3 37 32 27 22 20 

 

Hij_^_eblv�iheyjbam_fhklv�b�ihklhygguc�^bihevguc�fhf_gl� 
27. >bihevgu_� fhf_glu� fhe_dme� HCl, KJ� b� NaJ� jZ\gu��

�NaCl = 1,13· 10–18, �KJ = 6,8· 10–18, �NaJ = 4,9· 10–18 we-kl� _^bgbp�� JZkkqblZlv�
jZkklhygb_� f_`^m� p_gljZfb� ly`_klb� iheh`bl_evgh]h� b� hljbpZl_evgh]h�
aZjy^h\� 
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A:DEXQ?GB? 
 

<�gZklhys__�\j_fy�ij_^klZ\e_gby�h�kljh_gbb�\_s_kl\Z��ljZ^bpbhg�

gh�khklZ\eyxsb_�qZklv�nbabq_kdhc�obfbb��\kz�[hevr_�h[hkh[eyxlky�\�kZ�

fhklhyl_evgmx�hljZkev�gZmdb��Mq_gb_�h�kljh_gbb�\_s_kl\Z�[Zabjm_lky��k�

h^ghc�klhjhgu��gZ�f_lh^heh]bb�d\Zglh\hc�f_oZgbdb�b�d\Zglh\hc�obfbb��Z�

k�^jm]hc�klhjhgu�–�gZ�ij_^klZ\e_gbyo�h�kbff_ljbb��qlh�h[mkeh\beh�jZa\b�

lb_�k\h_]h�ki_pbnbq_kdh]h�fZl_fZlbq_kdh]h�ZiiZjZlZ��Djhf_�wlh]h�jZa\b�

lb_� wlhc� gZmdb� \� [hevrhc� kl_i_gb� hij_^_ey_lky�rbjhdbfb� wdki_jbf_g�

lZevgufb�bkke_^h\Zgbyfb��k�bkihevah\Zgb_f�gh\_crbo�^hklb`_gbc�eZ[h�

jZlhjghc�l_ogbdb�b�f_lh^bdb�b�mgbdZevguo�gZmqguo�ijb[hjh\�b�dhfivx�

l_jguo�l_ogheh]bc��<kz�wlh�ihklZ\beh�mq_gb_�h�kljh_gbb�\_s_kl\Z�\�jy^�

gZb[he__�keh`guo�hljZke_c�kh\j_f_ggh]h�_kl_kl\hagZgby��bkihevamxsbo�

ijZdlbq_kdb� \k_� ^hklb`_gby�nbabq_kdhc�gZmdb�b� k_jvzaguc�fZl_fZlbq_�

kdbc�ZiiZjZl� 

Mq_gb_�h�kljh_gbb�\_s_kl\Z�rbjhdh�bkihevam_lky�\�^jm]bo�h[eZklyo�

_kl_kl\hagZgby�� lZdbo� dZd� ZkljhnbabdZ�� fZl_jbZeh\_^_gb_�� [bheh]by�� Z�

lZd`_�\�ijhfure_gghklb�b�k_evkdhf�ohayckl\_� 

<�jZfdZo�mq_[gh]h�ihkh[by�g_\hafh`gh�iheghklvx�jZkdjulv�\k_�\h�

ijhku�b�f_lh^heh]bx�^Zgghc�gZmdb��ihwlhfm�fgh]b_�l_fu�hk\_s_gu�g_�

kdhevdh� mijhszggh�� [_a� bkihevah\Zgby� keh`guo�fZl_fZlbq_kdbo� \udeZ�

^hd�b�]jhfha^dbo�\uqbke_gbc��Wlh��h^gZdh��g_�kgb`Z_l�p_gghklb�^Zggh]h�

ihkh[by�^ey� klm^_glh\� \�ieZg_�i_j\hgZqZevgh]h� agZdhfkl\Z� k� l_hj_lbq_�

kdbfb�hkgh\Zfb� kljh_gby�\_s_kl\Z��dhlhjh_�fh`_l� kem`blv�hkgh\hc�^ey�

^Zevg_cr_]h�[he__�]em[hdh]h�bamq_gby�jZkkfZljb\Z_fh]h�ij_^f_lZ� 
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