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^ml�aZljm^g_gby��lh�ke_^m_l�h[jZlblvky�aZ�bg^b\b^mZevghc�dhg�
kmevlZpb_c�d�ij_ih^Z\Zl_ex��\_^ms_fm�^Zgguc�dmjk� 

<� dhgp_� ihkh[by� \� ijbeh`_gbb� ijb\_^_gu� kijZ\hqgu_�
lZ[ebpu��g_h[oh^bfu_�^ey�bamq_gby�fZl_jbZeZ� 
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=eZ\Z����HKGH<GU?�IHGYLBY�B�A:DHGU�OBFBB 
 
 

1.1. Hkgh\gu_�obfbq_kdb_�ihgylby 
 

<� i_jbh^bq_kdhc� kbkl_f_� we_f_glh\� �lZ[ebp_)� >�B�� F_g^_e__\Z     
�kf�� ijbeh`_gb_�� jy^hf� k� kbf\hehf� we_f_glZ� klhyl� qbkeZ��H^gh� ba� gbo�
h[hagZqZ_l�ihjy^dh\uc�ghf_j�we_f_glZ��Z�\lhjh_ – Zlhfgmx�fZkkm��Ihjy^�
dh\uc�ghf_j�bf__l� k\hc�nbabq_kdbc� kfuke��H�g_f�[m^_l� kdZaZgh�iha`_��
a^_kv�hklZgh\bfky�gZ�Zlhfghc�fZkk_� 

:lhfgZy� fZkkZ� we_f_glZ�� ijb\_^_ggZy� \� lZ[ebp_�� \_ebqbgZ� hlghkb�
l_evgZy��AZ�_^bgbpm�hlghkbl_evghc�\_ebqbgu�Zlhfghc�fZkku�ijbgylZ 1/12 
qZklv� fZkku� ZlhfZ� m]e_jh^Z�� bahlhiZ� k� fZkkh\uf� qbkehf� ���� b� gZa\ZgZ�
Zlhfghc�_^bgbp_c�fZkku��Z�_�f����Ke_^h\Zl_evgh����Z�_�f��jZ\gZ������qZklb�
fZkku�bahlhiZ�m]e_jh^Z�12K�beb 1,667⋅10–27

�d]��Z[khexlgZy�fZkkZ�ZlhfZ�m]�
e_jh^Z�jZ\gZ�����⋅10–26

�d]�� 
:lhfgZy�fZkkZ��ijb\_^_ggZy�\�lZ[ebp_��y\ey_lky�fZkkhc�ZlhfZ��\u�

jZ`_gghc� \� Zlhfguo� _^bgbpZo� fZkku��Wlh� \_ebqbgZ� [_ajZaf_jgZy��Dhg�
dj_lgh� ^ey� dZ`^h]h� we_f_glZ� ZlhfgZy� fZkkZ� ihdZau\Z_l�� \h� kdhevdh� jZa�
fZkkZ�^Zggh]h�ZlhfZ�[hevr_�beb�f_gvr_ �����qZklb�fZkku�ZlhfZ�m]e_jh^Z� 

Fhe_dmeyjgZy�fZkkZ –� wlh�fZkkZ�fhe_dmeu�� \ujZ`_ggZy� \� Zlhfguo�
_^bgbpZo�fZkku��<_ebqbgZ�lh`_�hlghkbl_evgZy��Fhe_dmeyjgZy�fZkkZ�dhg�
dj_lgh]h�\_s_kl\Z�jZ\gZ�kmff_�fZkk�Zlhfh\�\k_o� we_f_glh\��\oh^ysbo�\�
khklZ\�fhe_dmeu� 

<Z`guf�ihgylb_f�obfbb�y\ey_lky�ihgylb_�©fhevª��Fhev –�lZdh_�dh�
ebq_kl\h�\_s_kl\Z��dhlhjh_�kh^_j`bl�����⋅10–23

�kljmdlmjguo�_^bgbp��Zlh�
fh\��fhe_dme��bhgh\��we_dljhgh\�b�l�^��: fhev�Zlhfh\��fhev�fhe_dme��fhev�
bhgh\�b�l�^� 

FZkkZ�h^gh]h�fhey�^Zggh]h�\_s_kl\Z�gZau\Z_lky�_]h�fheyjghc� �beb�
fhevghc��fZkkhc��HgZ�baf_jy_lky�\�]�fhev�beb�d]�fhev�b�h[hagZqZ_lky�[m�
d\hc�F��GZijbf_j��fheyjgZy�fZkkZ�k_jghc�dbkehlu�Fg2Vh4 = 98 ]�fhev� 

Ke_^mxs__� ihgylb_� – wd\b\Ze_gl��Wd\b\Ze_glhf� �W�� gZau\Zxl� j_�
Zevgmx�beb�mkeh\gmx�qZklbpm�\_s_kl\Z��dhlhjZy�fh`_l�aZf_sZlv��ijbkh_�
^bgylv��\uk\h[h`^Zlv�h^bg�bhg�\h^hjh^Z�\�dbkehlgh-hkgh\guo�beb�bhgh-
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h[f_gguo�j_Zdpbyo�beb�h^bg�we_dljhg�\�hdbkebl_evgh-\hkklZgh\bl_evguo�
ijhp_kkZo� 

Hlkx^Z�ke_^m_l��qlh�wd\b\Ze_gl�\h^hjh^Z�jZ\_g�_^bgbp_��WG = 1), wd�
\b\Ze_gl�dbkehjh^Z�jZ\_g�\hkvfb��WH = 8). 

JZaebqZxl�obfbq_kdbc�wd\b\Ze_gl�we_f_glZ�b�obfbq_kdbc�wd\b\Ze_gl�
keh`gh]h�\_s_kl\Z� 

Wd\b\Ze_gl�we_f_glZ –�\_ebqbgZ�i_j_f_ggZy��HgZ�aZ\bkbl�hl�Zlhf�
ghc�fZkku��:��b�\Ze_glghklb��<���dhlhjmx�we_f_gl�bf__l�\�dhgdj_lghf�kh�
_^bg_gbb��W = :�<���GZijbf_j��wd\b\Ze_gl�k_ju�\�hdkb^Zo�SO2�b�SO3�jZa�
guc� <�SO2�WS = 32/4 = ���Z�\�SO3�WS = 32/6 = 5,33. 

FZkkm�h^gh]h�fhey� wd\b\Ze_glh\��\ujZ`_ggmx�\� ]jZffZo��gZau\Zxl�
fheyjghc�fZkkhc� wd\b\Ze_glZ� �FW),�beb� wd\b\Ze_glghc�fZkkhc��Ke_^h\Z-
l_evgh��wd\b\Ze_glgZy�fZkkZ�\h^hjh^Z�FW G=1 ]�fhev��wd\b\Ze_glgZy�fZkkZ�
dbkehjh^Z�FW H=8 ]�fhev� 

Obfbq_kdbc�wd\b\Ze_gl�keh`gh]h�\_s_kl\Z��dbkehlu��]b^jhdkb^Z��kh�
eb��hdkb^Z��–�lZdh_�dhebq_kl\h�khhl\_lkl\mxs_]h�\_s_kl\Z��dhlhjh_�\aZb�
fh^_ckl\m_l�k�h^gbf�wd\b\Ze_glhf�\h^hjh^Z�beb�aZf_sZ_l�lZdh_�dhebq_�
kl\h�\h^hjh^Z�beb�ex[h]h�^jm]h]h�\_s_kl\Z�\�obfbq_kdbo�j_Zdpbyo� 

Wd\b\Ze_gl�dbkehlu� �Wd��jZ\_g�qZklghfm�hl�^_e_gby�fhe_dmeyjghc�
fZkku�dbkehlu�gZ�qbkeh�Zlhfh\�\h^hjh^Z�nH��mqZkl\mxsbo�\�j_Zdpbb��>ey�
dbkehlu�G26H4�� dh]^Z� h[Z� ZlhfZ� \h^hjh^Z� \klmiZxl� \� j_Zdpbx�G2SH4 +  
+ �1ZHG = 1Z26H + �G2H,�WG26H4 = F�G26H4/nH = 98/2 = 49. 

Wd\b\Ze_gl� ]b^jhdkb^Z� �W]b^j��hij_^_ey_lky�dZd�qZklgh_�hl�^_e_gby�
fhe_dmeyjghc�fZkku�]b^jhdkb^Z�gZ�qbkeh�]b^jhdkh]jmii�nHG��\klmiZxsbo�
\�j_Zdpbx��GZijbf_j��wd\b\Ze_gl�1D2+�W1ZHG = F1ZHG/nHG = 40/1 = 40. 

Wd\b\Ze_gl�kheb�fh`gh�jZkkqblZlv��ih^_eb\�__�fhe_dmeyjgmx�fZkkm�
gZ�ijhba\_^_gb_�qbkeZ�Zlhfh\�f_lZeeZ�nf_l��\klmiZxsbo�\�j_Zdpbx��b�bo�
\Ze_glghklv�� LZd�� wd\b\Ze_gl� kheb� :�2�6H4)3 WAl2�6H4)3 = FAl2�6H4)3/6 =  
= 342/2⋅3 = 342/6 = 57. 

Wd\b\Ze_gl�hdkb^Z� �Whd��fh`gh�hij_^_eblv�dZd�kmffm�wd\b\Ze_glh\ 
khhl\_lkl\mxsbo�we_f_glZ�b�dbkehjh^Z��GZijbf_j��wd\b\Ze_gl�KH2 –�jZ�
\_g�kmff_�wd\b\Ze_glh\�m]e_jh^Z�b�dbkehjh^Z��Wkh2 = Wk + Wh = A + 8 = 11. 

>ey�]Zahh[jZaguo�\_s_kl\�m^h[gh�ihevah\Zlvky�wd\b\Ze_glgufb�h[t�
_fZfb� �WV). LZd�dZd�ijb�ghjfZevguo�mkeh\byo�fhev� ]ZaZ� aZgbfZ_l�h[t_f�
22,4 e��lh�bkoh^y�ba�wlhc�\_ebqbgu�e_]dh�hij_^_eblv�wd\b\Ze_glguc�h[t_f�
ex[h]h� ]ZaZ��JZkkfhljbf�\h^hjh^��FhevgZy�fZkkZ� \h^hjh^Z� � ]� aZgbfZ_l�
h[t_f����� e��lh]^Z�_]h�wd\b\Ze_glgZy�fZkkZ�O ]�aZgbfZ_l�h[t_f����� e��beb�



 

 6 

11 200 fe�. Ke_^h\Zl_evgh��WV = 11,2 e��Wd\b\Ze_glguc�h[t_f�oehjZ�jZ\_g�
11,2 e��Wd\b\Ze_glguc�h[t_f�CO2�jZ\_g���� e� 

Obfbq_kdbc�wd\b\Ze_gl�we_f_glZ�beb�keh`gh]h�\_s_kl\Z�bkihevam_l�
ky�\ kl_obhf_ljbq_kdbo�jZkq_lZo�h[f_gguo�j_Zdpbc��Z�\�khhl\_lkl\mxsbo�
jZkq_lZo�hdbkebl_evgh-\hkklZgh\bl_evguo�j_Zdpbc�ijbf_gyxl�m`_�hdbk�
ebl_evguc�b�\hkklZgh\bl_evguc�wd\b\Ze_glu� 

Hdbkebl_evguc�wd\b\Ze_gl�hij_^_eyxl�dZd�qZklgh_�hl�^_e_gby�fh�
e_dmeyjghc�fZkku�hdbkebl_ey�gZ�qbkeh�we_dljhgh\��dhlhjh_�hg�ijbgbfZ_l�
\�^Zgghc�hdbkebl_evgh-\hkklZgh\bl_evghc�j_Zdpbb� 

<hkklZgh\bl_evguc�wd\b\Ze_gl�jZ\_g�fhe_dmeyjghc�fZkk_�\hkklZ�
gh\bl_ey,�ih^_e_gghc�gZ�qbkeh�we_dljhgh\��dhlhjh_�hg�hl^Z_l�\�^Zgghc�j_�
Zdpbb� 

GZibr_f�hdbkebl_evgh-\hkklZgh\bl_evgmx�j_Zdpbx�b�hij_^_ebf�wd�
\b\Ze_gl�hdbkebl_ey�b�\hkklZgh\bl_ey� 

5Na2S + 2DFnO4 + 8G2SH4 = S + 2FnSO4 + D2SO4 + 5NZ2SO4 + 8G2O. 

Hdbkebl_e_f�\�wlhc�j_Zdpbb�y\ey_lky�i_jfZg]ZgZl�dZeby��Wd\b\Ze_gl�
hdbkebl_ey�jZ\_g�fhe_dmeyjghc�fZkk_�DFnO4, ^_e_gghc�gZ�qbkeh�we_dljh�
gh\��ijbgyluo�hdbkebl_e_f�\�j_Zdpbb��N_ = ����WKMnO4/N_ = 158/5 = 31,5. 
FheyjgZy� fZkkZ� wd\b\Ze_glZ� hdbkebl_ey� DFnH4 \� dbkehc� kj_^_� jZ\gZ�
31,5 ]�fhev� 

Wd\b\Ze_gl� \hkklZgh\bl_ey� 1Z26� W1Z2S = M1Z2S/N_ = 78/2 = ����Fh�
eyjgZy�fZkkZ�wd\b\Ze_glZ�1Z26�jZ\gZ 39 ]�fhev� 

<�h[s_f�kemqZ_�fheyjgZy�fZkkZ�wd\b\Ze_glZ�hij_^_ey_lky�hlghr_gb�
_f�fheyjghc�fZkku�\_s_kl\Z�d�nZdlhjm�wd\b\Ze_glghklb�(fwd\): FW = F/ fwd\. 

<� we_dljhobfbq_kdbo� ijhp_kkZo�� \� qZklghklb� ijb� we_dljheba_� \_�
s_kl\��ihevamxlky�we_dljhobfbq_kdbf�wd\b\Ze_glhf��We_dljhobfbq_kdbc�
wd\b\Ze_gl�hij_^_eyxl� dZd�qZklgh_�hl�^_e_gby�obfbq_kdh]h� wd\b\Ze_glZ�
\_s_kl\Z��\u^_ey_fh]h�gZ�we_dljh^_��gZ�qbkeh�NZjZ^_y��F���We_dljhobfb�
q_kdbc�wd\b\Ze_gl�[he__�ih^jh[gh�[m^_l�jZkkfhlj_g�\�lj_lv_c�qZklb�dmjkZ� 

Ijb� \aZbfh^_ckl\bb� Zlhfh\� f_`^m� gbfb� h[jZam_lky� obfbq_kdZy�
k\yav��DZ`^uc�Zlhf�fh`_l�h[jZah\u\Zlv�lhevdh�hij_^_e_ggh_�dhebq_kl\h�
k\ya_c��Dhebq_kl\h�k\ya_c�ij_^hij_^_ey_l�lZdh_�mgbdZevgh_�k\hckl\h�dZ�
`^h]h�we_f_glZ��dhlhjh_�gZau\Zxl�\Ze_glghklvx��<�gZb[he__�h[s_f�\b�
^_� \Ze_glghklvx�gZau\Zxl� kihkh[ghklv� ZlhfZ� h[jZah\u\Zlv� obfbq_kdmx�
k\yav��AZ� _^bgbpm�\Ze_glghklb�ijbgbfZxl�h^gm�obfbq_kdmx� k\yav��dhlh�
jmx�kihkh[_g�h[jZah\Zlv�Zlhf�\h^hjh^Z��<�k\yab�k�wlbf�\h^hjh^�y\ey_lky�
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h^gh\Ze_glguf� we_f_glhf�� Z� dbkehjh^�^\mo\Ze_glguf�� lZd� dZd� k� Zlhfhf�
dbkehjh^Z�fh]ml�h[jZah\u\Zlv�k\yav�g_�[he__�^\mo�Zlhfh\�\h^hjh^Z. 

Mf_gb_� hij_^_eylv� \Ze_glghklv� dZ`^h]h� we_f_glZ�� \� lhf� qbke_� b� \�
obfbq_kdhf� kh_^bg_gbb�� y\ey_lky�g_h[oh^bfuf�mkeh\b_f�mki_rgh]h�mk�
\h_gby�dmjkZ�obfbb� 

K�\Ze_glghklvx�k\yaZgh�b�lZdh_�ihgylb_�obfbb,�dZd�kl_i_gv�hdbke_�

gby��Ih^�kl_i_gvx�hdbke_gby�ihgbfZxl�lhl�aZjy^��dhlhjuc�bf__l�we_f_gl�
\� bhgghf� kh_^bg_gbb� beb� bf_e� [u� \� dh\Ze_glghf� kh_^bg_gbb�� _keb� [u�
h[sZy� we_dljhggZy�iZjZ�[ueZ�[u�iheghklvx�kf_s_gZ�d�[he__�we_dljhhl�
jbpZl_evghfm�we_f_glm��Kl_i_gv�hdbke_gby�bf__l�g_�lhevdh�pbnjh\h_�\u�
jZ`_gb_��gh�b�khhl\_lkl\mxsbc�agZd�aZjy^Z – «+» beb�«–»��<Ze_glghklv�g_�
bf__l�wlbo�agZdh\��GZijbf_j��\�G2SH4 kl_i_gv�hdbke_gby \h^hjh^Z�����db�
kehjh^Z�–���k_ju�����Z�\Ze_glghklv�khhl\_lkl\_ggh��������� 

<Ze_glghklv� b� kl_i_gv� hdbke_gby� \� qbkeh\uo� agZq_gbyo� g_� \k_]^Z�
kh\iZ^Zxl� ih� \_ebqbg_�� GZijbf_j�� \� fhe_dme_� wlbeh\h]h� kibjlZ� 
KG3—KG2—HG�\Ze_glghklv�m]e_jh^Z����\h^hjh^Z����dbkehjh^Z����Z�kl_i_gv�
hdbke_gby��gZijbf_j��i_j\h]h�m]e_jh^Z –���\lhjh]h�–1: –3KG3—

–1KG2—HG� 
 
 

1.2. Hkgh\gu_�aZdhgu�obfbb 
 
D�hkgh\guf� aZdhgZf�obfbb�hlghkyl� lZd�gZau\Z_fu_� kl_obhf_ljbq_�

kdb_�aZdhgu��Kl_obhf_ljby�mklZgZ\eb\Z_l�khhl\_lkl\b_�f_`^m�dhebq_kl�
\hf� j_Z]_glh\�� \klmiZxsbo� \� obfbq_kdmx� j_Zdpbx,� b� dhebq_kl\hf� ijh�
^mdlh\��h[jZamxsboky�\�j_amevlZl_�j_Zdpbb��Wlh�khhl\_lkl\b_�hkms_kl\�
ey_lky� kl_obhf_ljbq_kdbfb� dhwnnbpb_glZfb�� ijhklZ\ey_fufb� \� mjZ\g_�
gb_�j_Zdpbb� 

I_j\uc� aZdhg�� dhlhjuc� jZkkfZljb\Z_lky� \� dmjk_� obfbb, – aZdhg kh�
ojZg_gby�fZkku�b�wg_j]bb��Fh`gh�ih-jZaghfm�ih^oh^blv�d�wlhfm�aZdhgm��
gZijbf_j�jZa^_eblv _]h�gZ�^\Z��aZdhg�khojZg_gby�fZkku�b�aZdhg�khojZg_�
gby�wg_j]bb�beb�lhedh\Zlv�_]h�[he__�rbjhdh��dZd�aZdhg�khojZg_gby�fZl_�
jbb� 

AZdhg�khojZg_gby�fZkku�]h\hjbl�h�lhf��qlh�\�j_amevlZl_�obfbq_kdbo�
ij_\jZs_gbc�kmffZ�fZkk�\_s_kl\�^h�j_Zdpbb�b�kmffZ�fZkk�\_s_kl\�ihke_�
j_Zdpbb�h^bgZdh\Z��H[sZy�fZkkZ�khojZgy_lky��_keb�^Z`_�\�j_amevlZl_�ob�
fbq_kdh]h�ijhp_kkZ�ihemqZ_lky�g_[hevrh_�dhebq_kl\h�ihe_agh]h�ijh^md�
lZ��Ke_^h\Zl_evgh��hkgh\gZy�fZkkZ�\_s_kl\�b^_l�\�hloh^u��B�klhbl� aZ^m�
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fZlvky��ijZ\bevgh�eb�\u[jZg�^Zgguc�l_ogheh]bq_kdbc�ijhp_kk"�Dm^Z�^_�
\Zlv�ihemq_ggu_�hloh^u"�GZ�gZr�\a]ey^��wlhl�aZdhg�bf__l�]em[hdh_�wdheh�
]h-nbehkhnkdh_� agZq_gb_��Ij_`^_� \k_]h�� gZkdhevdh� \hafh`gu� [_ahloh^�
gu_�l_ogheh]bb,�h�dhlhjuo�g_�lZd�^Z\gh�fgh]h�]h\hjbeb��K�^jm]hc�klhjh�
gu��dZdh\Z�hl\_lkl\_gghklv�Z\lhjh\-jZajZ[hlqbdh\�lh]h�beb�bgh]h�l_ogh�
eh]bq_kdh]h� ijhp_kkZ�� \u[jZku\Zxs_]h� \� hloh^u� agZqbl_evgu_� fZkku�
«g_gm`guo»��bgh]^Z�hq_gv�\j_^guo�\_s_kl\� 

Ih�aZdhgm�khojZg_gby�wg_j]bb ex[Zy�wg_j]by�g_�bkq_aZ_l�b�g_�\hagb�
dZ_l��Z�lhevdh�h^gb�__�\b^u�i_j_oh^yl�\�^jm]b_�\�wd\b\Ze_glguo�dhebq_kl�
\Zo.�<�wlhf�aZdhg_�fu�khagZl_evgh�gZ�i_j\h_�f_klh�ihklZ\beb�khojZg_gb_�
wg_j]bb��lZd�dZd�ke_^m_l�_s_�ijh\_klb�^hihegbl_evgu_�bkke_^h\Zgby�ij_�
\jZs_gby�obfbq_kdhc�wg_j]bb�\�^jm]b_�\b^u� 

AZdhg�ihklhygkl\Z�khklZ\Z�jZgvr_�kqblZeb�\lhjuf�ih�agZqbfhklb�
kj_^b� obfbq_kdbo� aZdhgh\��Hg� ml\_j`^Z_l�� qlh� dZ`^h_� qbklh_� \_s_kl\h�
bf__l�ihklhygguc�dZq_kl\_gguc�b�dhebq_kl\_gguc�khklZ\�g_aZ\bkbfh�hl�
kihkh[h\�ihemq_gby��Hlkx^Z�ke_^m_l��qlh�\_s_kl\Z��ihemq_ggu_�jZagufb�
kihkh[Zfb�� gh� bf_xsb_� h^bg� b� lhl�`_� dZq_kl\_gguc� b� dhebq_kl\_gguc�
khklZ\��^he`gu�h[eZ^Zlv�h^bgZdh\ufb�obfbq_kdbfb�k\hckl\Zfb��H^gZdh�
a^_kv�g_h[oh^bfh�k^_eZlv�^\Z�mlhqg_gby��<h-i_j\uo��gZ�obfbq_kdb_�k\hc�
kl\Z�\eby_l�g_�lhevdh�dZq_kl\_gguc�b�dhebq_kl\_gguc�khklZ\�kh_^bg_gby��
gh�b�kljmdlmjZ�fhe_dmeu��\aZbfgh_�jZkiheh`_gb_�Zlhfh\���<�k\yab�k�wlbf�
h^gh�b�lh `_�kh_^bg_gb_��ihemq_ggh_�jZagufb�f_lh^Zfb��fh`_l�hlebqZlv�
ky�ih�obfbq_kdbf�k\hckl\Zf��Gh�wlh�g_�agZqbl��qlh�jZaguc�khklZ\�\_s_kl�
\Z�]h\hjbl�h�lhf��qlh�\�g_f�ijhklh�\�jZaebqghf�ihjy^d_�kh_^bg_gu�^jm]�k�
^jm]hf�Zlhfu��<h-\lhjuo��aZdhg�ihklhygkl\Z�khklZ\Z�\uihegy_lky�ijb�mk�
eh\bb��qlh�obfbq_kdh_�kh_^bg_gb_�\k_]^Z�khklhbl�ba�h^gbo�b�l_o�`_�bah�
lhih\�^Zggh]h�we_f_glZ� 

AZdhg�djZlguo�hlghr_gbc�ijbf_gbf�d�kh_^bg_gbyf��h[jZamxsbf�
ky�ba�^\mo�we_f_glh\��?keb�^\Z�we_f_glZ�h[jZamxl�^jm]�k�^jm]hf�g_kdhevdh�
obfbq_kdbo�kh_^bg_gbc��lh�fZkku�h^gh]h�we_f_glZ��ijboh^ysb_ky�gZ�h^gm�
b�lm�`_�fZkkm�^jm]h]h�we_f_glZ��khhlghkylky�f_`^m�kh[hc�dZd�g_[hevrb_�
p_eu_�qbkeZ��GZijbf_j��m]e_jh^�b�dbkehjh^�h[jZamxl�^\Z�hdkb^Z –�KH�b�
KH2. <�wlbo�hdkb^Zo�fZkku�dbkehjh^Z��ijboh^ysb_ky�gZ�h^gm�b�lm `_�fZk�
km�m]e_jh^Z��hlghkylky�dZd����� 

AZdhg�h[t_fguo�hlghr_gbc�k\b^_l_evkl\m_l�h�lhf��qlh�h[t_fu (V)  
\aZbfh^_ckl\mxsbo� ]Zahh[jZaguo� \_s_kl\� khhlghkylky�f_`^m� kh[hc�b� d�
h[t_fZf� ijh^mdlh\� j_Zdpbb� dZd� g_[hevrb_� p_eu_� qbkeZ�� GZijbf_j�� 
V1H : VH2 : V1H2 = 2 : 1 : 2��^ey�j_Zdpbb��1H + H2 = �1H2). 
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AZdhg� :\h]Z^jh�� knhjfmebjh\Zgguc� \� ����� ].� :�� :\h]Z^jh�� bf__l�
[hevrh_� agZq_gb_� ^ey� obfbb� b�nbabdb� ]Zahh[jZaguo� \_s_kl\��Ih� wlhfm�
aZdhgm� \� jZ\guo� h[t_fZo� jZaebqguo� ]Zah\�ijb� h^bgZdh\uo� mkeh\byo� kh�
^_j`blky�h^bgZdh\h_�qbkeh�qZklbp��fhe_dme��Zlhfh\��bhgh\���Ba�wlh]h�aZ�
dhgZ�\ul_dZ_l�ke_^kl\b_��fhev�ex[h]h�]ZaZ�ijb�ghjfZevguo�mkeh\byo�aZ�
gbfZ_l�h[t_f����� e��ObfbdZf�ba\_klgZ�lZd`_�b�\_ebqbgZ��dhlhjmx�gZau�
\Zxl�qbkehf�:\h]Z^jh� (N)��Qbkeh�:\h]Z^jh�ihdZau\Z_l��kdhevdh�fhe_dme�

kh^_j`blky�\�h^ghf�fhe_�\_s_kl\Z: N=6,02⋅1023. 
AZdhg� wd\b\Ze_glh\� hij_^_ey_l�� \� dZdbo� dhebq_kl\Zo� \aZbfh^_ckl�

\mxl�\_s_kl\Z�f_`^m�kh[hc��Ih�wlhfm�aZdhgm�obfbq_kdb_�\_s_kl\Z�\aZb�
fh^_ckl\mxl�^jm]�k�^jm]hf�\�\_kh\uo�beb�h[t_fguo�dhebq_kl\Zo��ijhihj�
pbhgZevguo� bo� wd\b\Ze_glZf�� Wd\b\Ze_glgh_� dhebq_kl\h� h[jZam_lky� ba�
ijh^mdlh\�j_Zdpbb��GZijbf_j���G2 + H2 = �G2H��A^_kv�k�q_lujvfy�wd\b\Z�
e_glZfb�\h^hjh^Z�\aZbfh^_ckl\mxl�q_luj_�wd\b\Ze_glZ�dbkehjh^Z�b�h[jZ�
amxlky�q_luj_�wd\b\Ze_glZ�\h^u� 

FZl_fZlbq_kdb�aZdhg�wd\b\Ze_glh\�aZibku\Zxl�ke_^mxsbf�h[jZahf: 
m1/m2 = W1�W2��beb�m1�W�1 = m2�W2 = mn�Wn. 

 
 

<hijhku�^ey�kZfhdhgljhey 
 
1. Qlh�gZau\Z_lky�Zlhfghc�_^bgbp_c�fZkku" 
2. >Zlv�hij_^_e_gb_�ihgylbc�©ZlhfgZy�fZkkZª��©fhe_dmeyjgZy�fZkkZª. 
3. Qlh�gZau\Z_lky�wd\b\Ze_glhf? 
4. DZdbf� h[jZahf� hij_^_eyxl� wd\b\Ze_gl� we_f_glZ�� dbkehlu�� ]b^jh�
dkb^Z��kheb��hdkb^Z" 

5. DZd�hij_^_eblv�wd\b\Ze_gl�hdbkebl_ey�b�\hkklZgh\bl_ey" 
6. Qlh�lZdh_�fhev��fheyjgZy�fZkkZ��fhe_dmeyjgZy�fZkkZ" 
7. Q_fm�jZ\_g�wd\b\Ze_gl�\h^hjh^Z��dbkehjh^Z" 
8. Qlh�lZdh_�wd\b\Ze_glguc�h[t_f" 
9. Q_fm�jZ\_g�wd\b\Ze_glguc�h[t_f�\h^hjh^Z��dbkehjh^Z" 

10. DZd�hij_^_eblv�wd\b\Ze_glguc�h[t_f�ex[h]h�]ZaZ�ijb�ghjfZevguo�
mkeh\byo" 

11. >Zlv�hij_^_e_gb_�aZdhgZ�wd\b\Ze_glh\� 
12. GZibkZlv�fZl_fZlbq_kdh_�\ujZ`_gb_�aZdhgZ�wd\b\Ze_glh\� 
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AZ^Zgby�^ey�dhgljhevghc�jZ[hlu 
 

I. Z� Bf__f 100�fe 0,5 fhey�jZkl\hjZ�Na2SO4��Kdhevdh�wd\b\Ze_glh\�
kheb�kh^_j`blky \�^Zgghf�jZkl\hj_" 

 [� Kdhevdh�wd\b\Ze_glh\�s_ehqb�\klmibl�\�j_Zdpbx�k 20�]�kmevnZlZ�
`_e_aZ (III)? 

 \� <�dZdhf�dhebq_kl\_ NaOH�kh^_j`blky�klhevdh�`_�wd\b\Ze_glh\��
kdhevdh�\ 140�]�DHG" 

 ]� Ijb�\hkklZgh\e_gbb�\h^hjh^hf 2,68�]�hdkb^Z�f_lZeeZ�^h�qbklh]h�
f_lZeeZ�h[jZah\Zehkv 0,648�]�G2H��<uqbkeblv�wd\b\Ze_gl�f_lZe�
eZ� 

II. Z� Bf__f 500�fe 0,1 fhey�jZkl\hjZ�Al2(SO4)3��Kdhevdh�wd\b\Ze_glh\�
kheb�kh^_j`blky�\�^Zgghf�jZkl\hj_" 

 [� Kdhevdh�wd\b\Ze_glh\�H2SO4�\klmibl�\�j_Zdpbx�k 20�]�KZ�HG�2? 
 \� <�dZdhf�dhebq_kl\_�KHG�kh^_j`blky�klhevdh�`_�wd\b\Ze_glh\��

kdhevdh�\ 60�] NaOH? 
 ]� Ihke_�h[jZ[hldb�gbljZlhf�k_j_[jZ 0,986�]�oehjb^Z�f_lZeeZ�h[�

jZah\Zehkv 1,732�]�AgCl. <uqbkeblv�wd\b\Ze_gl�f_lZeeZ� 
III. Z� Bf__f 150� fe 0,3 fhey� jZkl\hjZ� AlCl 3�� Kdhevdh� wd\b\Ze_glh\�

kheb�kh^_j`blky�\�^Zgghf�jZkl\hj_" 
 [� Kdhevdh� wd\b\Ze_glh\� hjlhnhknhjghc� dbkehlu� \klmibl� \� j_Zd�

pbx�k 20�]�KZ�H+�2? 
 \� <�dZdhf�dhebq_kl\_�<Z�HG�2� kh^_j`blky� klhevdh� wd\b\Ze_glh\, 

kdhevdh�\ 120�]�1ZHG" 
 ]� GZ� g_cljZebaZpbx 100� fe� H2SO4� bajZkoh^h\Zgh 2,14� ]� DHG��

Kdhevdh�wd\b\Ze_glh\�dbkehlu�kh^_j`Zehkv�\�jZkl\hj_" 
IV. Z� Bf__f 50�fe 0,6 fhey� jZkl\hjZ�D2KrH4��Kdhevdh� wd\b\Ze_glh\�

kheb�kh^_j`blky�\�wlhf�jZkl\hj_" 
 [� Kdhevdh� ]jZffh\�hjlhnhknhjghc�dbkehlu�\klmibl�\�j_Zdpbx�k�

0,2�wd\b\Ze_glZfb�KZ�HG�2��_keb�h[jZam_lky�kj_^gyy�khev" 
 \� <�dZdhf�dhebq_kl\_ NaOH�kh^_j`blky�klhevdh�`_�wd\b\Ze_glh\, 

kdhevdh�\ 250�fe 0,5 fhey�jZkl\hjZ�DHG" 
 ]� 27,26� ]�^\mo\Ze_glgh]h�f_lZeeZ�\ul_kgbeb�ba�dbkehlu 10�e�\h�

^hjh^Z�ijb��� °K�b 760�ff�jl�kl��<uqbkeblv�Zlhfgmx�fZkkm�f_�
lZeeZ��GZa\Zlv�f_lZee� 

V. Z� Bf__f 150�fe 0,5 fhey�jZkl\hjZ�Cr2(SO4)3.�Kdhevdh�wd\b\Ze_glh\�
kheb�kh^_j`blky�\�wlhf�jZkl\hj_" 
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 [� Kdhevdh�ebljh\�dbkehjh^Z�\klmibl�\�j_Zdpbx�k 0,5�wd\b\Ze_glZ�
fb�fZ]gby"�Kdhevdh�wd\b\Ze_glh\�hdkb^Z�h[jZah\Zehkv" 

 \� <� dZdhf� h[t_f_� ���-gh]h� jZkl\hjZ�H2SO4� kh^_j`blky� klhevdh�
`_�wd\b\Ze_glh\��kdhevdh�bo�\ 100�fe 0,5 fhey�jZkl\hjZ HCI? 

 ]� G_dhlhjuc� we_f_gl� h[jZam_l� dbkehjh^gh_� kh_^bg_gb_�� kh^_j�
`Zs__������ ��dbkehjh^Z��<uqbkeblv�wd\b\Ze_glgmx�fZkkm�wlh�
]h�we_f_glZ� 

 
 

=eZ\Z����KLJH?GB?�:LHF:��D<:GLH<H-
F?O:GBQ?KD:Y�FH>?EV�:LHF: 

 
GZ�jm[_`_�O,O – OO�\\.�gZmdZ�\iehlgmx�ih^hreZ�d�hldjulbx�kljh_�

gby�fZl_jbb��<�wlhl�i_jbh^��f_ldh�gZa\Zgguc�j_\hexpb_c�\�_kl_kl\hagZ�
gbb��[ueb�k^_eZgu�\u^Zxsb_ky�hldjulby� 

– hldjulb_�dZlh^guo�emq_c������, M��Djmdk�� 
– nhlhwe_dljbq_kdh]h�wnn_dlZ������, =�J��=_jp�� 
– j_gl]_gh\kdbo�emq_c������, <��J_gl]_g�� 
– y\e_gby�jZ^bhZdlb\ghklb������, :�:. ;_dd_j_ev�� 

dhlhju_�ih^l\_j^beb�jZg__�k^_eZggu_�ij_^kdZaZgby�h�keh`ghc�kljmdlmj_�
ZlhfZ��<�j_amevlZl_�[ueh�h[gZjm`_gh��qlh�\�khklZ\�ZlhfZ�\oh^yl�hljbpZ�
l_evgh�aZjy`_ggu_�qZklbpu��dhlhju_�[ueb�gZa\Zgu�Zg]ebckdbf�nbabdhf�
>`.>`��Lhfkhghf we_dljhgZfb� 

Wdki_jbf_glZevguf� iml_f� \� ����� ].�W.� J_a_jnhj^hf� [ueh� hldjulh�
y^jh� ZlhfZ�� g_kms__� iheh`bl_evguc� aZjy^� b� aZgbfZxs__� gbqlh`gh�fZ�
e_gvdmx�qZklv�ijhkljZgkl\Z�\gmljb�ZlhfZ� 

I_j\u_� l_hjbb� kljh_gby� ZlhfZ� [ueb� ijbfblb\gufb� b� g_� ihemqbeb�
rbjhdh]h�jZkijhkljZg_gby��H^gZdh�\�bklhjbb�klZgh\e_gby�fh^_eb�ZlhfZ�
ihq_lgh_�f_klh� aZgbfZxl� l_hjbb�W��J_a_jnhj^Z�b�G��;hjZ��W��J_a_jnhj^�
ij_^eh`be�ieZg_lZjgmx�fh^_ev�ZlhfZ�(1911). G��;hj�knhjfmebjh\Ze�d\Zg�
lh\u_�ihklmeZlu��jZajZ[hlZe�fh^_ev�kljh_gby�ZlhfZ�\h^hjh^Z��\u\_e�nhj�
fmeu�^ey�jZkq_lZ�jZ^bmkh\�b�wg_j]bb�d\Zglh\uo�hj[bl�b�nhjfmeu�^ey�hi�
j_^_e_gby�ki_dljZevguo ebgbc�������� 

Kh\j_f_ggZy� d\Zglh\h-f_oZgbq_kdZy� l_hjby� kljh_gby� ZlhfZ� kdeZ^u�
\ZeZkv�ihkl_i_ggh��>_eZebkv�gh\u_�hldjulby��kh\_jr_gkl\h\Zeky�fZl_fZ�
lbq_kdbc�ZiiZjZl,�b��ke_^h\Zl_evgh��\udjbklZeebah\u\ZeZkv�fh^_ev�ZlhfZ��
Kh\j_f_ggZy�d\Zglh\h-f_oZgbq_kdZy�l_hjby�]eZkbl��qlh�Zlhf�ex[h]h�we_�
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f_glZ� bf__l� keh`gmx� kljmdlmjm�� Iheh`bl_evgZy� qZklv� ZlhfZ� �iheh`b�
l_evguc� aZjy^�� khkj_^hlhq_gZ� \� y^j_�� HljbpZl_evgmx� qZklv� khklZ\eyxl�
we_dljhgu��dhlhju_�gZoh^ylky�\�[_kij_ju\ghf�^\b`_gbb� 

 
 

�����Kljh_gb_�y^jZ��Ijhlhggh-g_cljhggZy�l_hjby 
 
Y^jh� ZlhfZ�� hldjulh_� \� ����� ]. W�� J_a_jnhj^hf�� bf__l� keh`gmx�

kljmdlmjm��Hkgh\gufb� qZklbpZfb�� \oh^ysbfb� \� khklZ\� ex[h]h� y^jZ�� y\�
eyxlky�ijhlhgu�b�g_cljhgu� 

Ijhlhg� ( )p1
1  –� we_f_glZjgZy� qZklbpZ�� \oh^ysZy� \� khklZ\� y^_j� \k_o�

Zlhfh\�b�bf_xsZy�fZkkm��jZ\gmx�fZkk_�y^jZ�ZlhfZ�\h^hjh^Z��������Z�_�f.), 
b� aZjy^,� ih� \_ebqbg_� jZ\guc� aZjy^m� we_dljhgZ�� gh� ijhlb\hiheh`guc� ih�
agZdm (+1). 

G_cljhg ( )n0
1  –�we_f_glZjgZy�qZklbpZ��h[eZ^ZxsZy�fZkkhc,�[ebadhc�d�

fZkk_�ijhlhgZ� ������� Z�_�f����gh�g_�g_kmsZy� we_dljbq_kdh]h� aZjy^Z� �we_d�
ljhg_cljZevgZy�� 

L_hjby�kljh_gby�y^jZ�ZlhfZ��ij_^eh`_ggZy�\������]. jmkkdbfb�bkke_�
^h\Zl_eyfb�>�>��B\Zg_gdh�b�?�G��=Zihghf�b�g_f_pdbf�mq_guf�<��=_ca_g�
[_j]hf,�gZa\ZgZ�ijhlhggh-g_cljhgghc�l_hjb_c�y^jZ��Kh]eZkgh�wlhc�l_h�
jbb� 

– y^jh� ZlhfZ� khklhbl� ba� gmdehgh\� �lZd� gZa\Zgu� \� kmff_� ijhlhgu� b�
g_cljhgu�� 

– kmffZjgh_�qbkeh�ijhlhgh\�\�y^j_� ( )pNp 1
1=∑  h[mkeh\eb\Z_l�\_ebqb�

gm�iheh`bl_evgh]h� aZjy^Z�y^jZ (Zy���Hl�g_]h� aZ\bkbl�qbkeh� we_dljhgh\�\�
we_dljhg_cljZevghf�Zlhf_� �N���b�ihjy^dh\uc�ghf_j�\�lZ[ebp_�>�B��F_g�
^_e__\Z��Z): 

Z = 1� = Zy = 1j; 
– kmffZjgh_�qbkeh�g_cljhgh\��Nn = �0n��k�kmffZjguf�qbkehf�ijhlh�

gh\��Np��^Zxl�\_ebqbgm�fZkku�y^jZ��A = Np + Nn���Wlm�\_ebqbgm�gZau\Zxl�
fZkkh\uf� qbkehf (A���FZkkh\h_� qbkeh� :� jZ\gh� p_ehfm� qbkem�� gZb[he__�
[ebadhfm�ih�agZq_gbx�d�Zlhfghc�fZkk_�^Zggh]h�we_f_glZ�:w; 

– kljmdlmjZ�y^jZ�ZlhfZ�fh`_l�[ulv�\ujZ`_gZ�ke_^mxs_c�nhjfmehc� 
Zp + (A – Z)n. 

GZijbf_j��kljmdlmjZ�y^jZ�ZlhfZ�nlhjZ��: = 19, Z = ���[m^_l��j + 10n,�l�_��\�
khklZ\� y^jZ� ZlhfZ� nlhjZ� \oh^yl� �� ijhlhgh\� b� ��� g_cljhgh\�� LZd� dZd�        
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aZjy^�y^jZ� �Z) b�fZkkh\h_�qbkeh (A��y\eyxlky�dhebq_kl\_gghc�oZjZdl_jb�
klbdhc�ZlhfZ�ex[h]h�we_f_glZ��W�� lh�hgb�klZ\ylky�\�\b^_�bg^_dkh\�\hae_�kbf�

\heZ�^Zggh]h�we_f_glZ� WA
Z ��gZijbf_j�^ey�nlhjZ�– F19

9 �beb�^ey�k_j_[jZ – 

Ag108
47 . 

We_f_glu��y^jZ�Zlhfh\�dhlhjuo�kh^_j`Zl�h^gh�b�lh�`_�qbkeh�ijhlhgh\, 
gh�jZaebqgh_�dhebq_kl\h�g_cljhgh\��gZa\Zgu�bahlhiZfb��gZijbf_j,�pbgd�

(Z = 30, A = 64; 66; 67; 68; 70) bf__l�bahlhiu� Zn.Zn, Zn, Zn, Zn, 70
30

68
30

67
30

66
30

64
30  

:lhfu�we_f_glh\��bf_xsb_�h^bgZdh\u_�fZkkh\u_�qbkeZ��gh�jZaebq�

gu_�aZjy^u�y^_j��gZa\Zgu�bah[ZjZfb��gZijbf_j�� Cr.K, Ar, 40
20

40
19

40
18  

Obfbq_kdbf� we_f_glhf� gZau\Zxl� \b^� Zlhfh\�� h[eZ^Zxsbo� h^bgZ�
dh\uf�aZjy^hf�y^jZ� 

GZjy^m�k�ijhlhgZfb�b�g_cljhgZfb�\�khklZ\�y^_j�Zlhfh\�\oh^yl�b�^jm�
]b_�we_f_glZjgu_�qZklbpu��gZijbf_j�f_ahg��F_ahgu�\�^\_klb – ljbklZ�jZa�
ly`_e__�we_dljhgZ��Kms_kl\m_l�fg_gb_��qlh�f_ahgu�h[mkeh\eb\Zxl�y^_j�
gu_�kbeu��dhlhju_�ijb\h^yl�d�h[jZah\Zgbx�ijhqguo�b�dhfiZdlguo�y^_j�
ba� ijhlhgh\� b� g_cljhgh\�� Wlhl� Zki_dl� jZkkfZljb\Z_lky� \� dmjk_� y^_jghc�
nbabdb� 

 
 

2.2��>\hckl\_ggZy�ijbjh^Z�we_dljhgZ 
 
We_dljhgu� dZd� we_f_glZjgu_� qZklbpu� ijhy\eyxl� dhjimkdmeyjgh-

\hegh\hc�^mZebaf��Hgb�y\eyxlky�qZklbpZfb�b�ijhy\eyxl�\hegh\u_�k\hc�
kl\Z� 

Ex[Zy�qZklbpZ�ij_^klZ\ey_l�kh[hc�khkj_^hlhq_gb_�\_s_kl\Z�\�fZehc�
qZklb�ijhkljZgkl\Z��Ke_^h\Zl_evgh��dZd�qZklbpu�we_dljhgu�h[eZ^Zxl�fZk�
khc�me b�aZjy^hf����FZkkZ�we_dljhgZ�me = 9,1· 10–28 ]��\�� �������jZa�f_gvr_�fZk�
ku�ZlhfZ�\h^hjh^Z���AZjy^�we_dljhgZ�� = 1,6 · 10–19 De� �beb� ���· 10–10

�we�kl�_^��� 
>\b`_gb_� we_dljhgZ� dZd� qZklbpu� ^he`gh� oZjZdl_jbah\Zlvky�� k� h^ghc�
klhjhgu��ljZ_dlhjb_c��l�_��dhhj^bgZlZfb,�b��k�^jm]hc�klhjhgu��kdhjhklvx�\�
^Zgguc�fhf_gl�\j_f_gb� 

H^gZdh� \� ^\b`_gbb� we_dljhgu� ijhy\eyxl� \hegh\u_� k\hckl\Z�� Wlhl�
ijhp_kk�ijhbkoh^bl�\�h[t_f_�lj_of_jgh]h�ijhkljZgkl\Z�b�jZa\b\Z_lky�\h�
\j_f_gb� dZd� i_jbh^bq_kdbc� ijhp_kk�� OZjZdl_jbklbdhc� \hegu� y\ey_lky�
^ebgZ�\hegu��__�qZklhlZ��kdhjhklv�^\b`_gby�b�Zfieblm^Z�k�hij_^_e_gguf�
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agZdhf��Ke_^h\Zl_evgh��we_dljhgguc�ihlhd�oZjZdl_jbam_lky�^ebghc�\hegu�
���dhlhjmx�fh`gh�hp_gblv�k�ihfhsvx�mjZ\g_gby�E.�^_�;jhcey�������� 

� = h/mv. 
A^_kv�h – ihklhyggZy�IeZgdZ��h = 6,62 ·  10–34 >`���m – fZkkZ�we_dljhgZ��v – 
kdhjhklv�we_dljhgZ� 

MjZ\g_gb_�^_�;jhcey�h[t_^bgy_l�oZjZdl_jbklbdm�\hegh\h]h ijhp_kkZ 
dhjimkdmeyjgh]h� ^\b`_gby� �mv-bfimevk��� <hegh\Zy� ijbjh^Z we_dljhgh\�
ih^l\_j`^_gZ� wdki_jbf_glZevgh� ihemq_gghc� dZjlbghc� bgl_jn_j_gpbb� b�
^bnjZdpbb�we_dljhgh\� 

 
G_hij_^_e_gghklv�\�ih\_^_gbb�we_dljhgZ 
Ihkdhevdm� we_dljhg� h[eZ^Z_l� \hegh\ufb� k\hckl\Zfb�� lh� _]h� ^\b`_�

gb_�g_�fh`_l�[ulv�hibkZgh�hij_^_e_gghc�ljZ_dlhjb_c��LjZ_dlhjby� ©jZa�
fu\Z_lkyª�� \hagbdZ_l�h[eZklv� �ihehkZ��g_hij_^_e_gghklb�� \�ij_^_eZo�dh�
lhjhc�b�gZoh^blky�we_dljhg� 

<�k\yab�k�wlbf�^ey�we_dljhgZ�dZd�fbdjhqZklbpu�ijbf_gbf�ijbgpbi�
�khhlghr_gb_�� g_hij_^_e_gghklb� =_ca_g[_j]Z� �������� dhlhjuc� ]eZkbl��
qlh�\�ex[hc�fhf_gl�\j_f_gb�g_\hafh`gh�h^gh\j_f_ggh�lhqgh�hij_^_eblv�
b� iheh`_gb_� we_dljhgZ� \� ijhkljZgkl\_� �_]h� dhhj^bgZlm�,� b� _]h� kdhjhklv�
�bfimevk���fbgbfZevgZy�\hafh`gZy�g_lhqghklv�jZ\gZ�h. 

FZl_fZlbq_kdb�ijbgpbi�g_hij_^_e_gghklb�fh`gh�\ujZablv�lZd� 
(¨px)(¨x) � h, 

a^_kv� ¨� px –� g_hij_^_e_gghklv� \� \_ebqbg_� bfimevkZ� ¨o –� g_hij_^_e_g�
ghklv�\�iheh`_gbb�qZklbpu�\�ijhkljZgkl\_� h –�ihklhyggZy�IeZgdZ� 

LZd� dZd� h� \_ebqbgZ� ihklhyggZy�� lh� ba� ijbgpbiZ� g_hij_^_e_gghklb�
ke_^m_l�� qlh� q_f� lhqg__� [m^_f� hij_^_eylv� bfimevk� we_dljhgZ� �_]h� kdh�
jhklv���l_f�[hevrmx�[m^_f�^himkdZlv�hrb[dm�\�hij_^_e_gbb�_]h�dhhj^b�
gZlu��l�_��f_klhgZoh`^_gby� 

<�khhl\_lkl\bb�k�ijbgpbihf�g_hij_^_e_gghklb�ljZ_dlhjbx�we_dljhgZ�
g_evay�jZkkfZljb\Zlv�kh�kljh]hc�fZl_fZlbq_kdhc�lhqghklvx�dZd�[hjh\kdmx�
hj[blm��kms_kl\m_l�h[eZklv�g_hij_^_e_gghklb��\�dhlhjhc�fh`_l�^\b]Zlvky�
we_dljhg��Ihwlhfm� ke_^m_l� ]h\hjblv� lhevdh�h� \_jhylghklb� lh]h��qlh� we_d�
ljhg�\�^Zgguc�fhf_gl�\j_f_gb�[m^_l�\�^Zgghf�f_kl_�ijhkljZgkl\Z�ZlhfZ� 

<�d\Zglh\hc�f_oZgbd_�bf_xl�^_eh�kh�klZlbq_kdbfb�ijbgpbiZfb�b�\_�
jhylghklguf� oZjZdl_jhf� ih\_^_gby� we_dljhgh\�� H[eZklv� ijhkljZgkl\Z�
ZlhfZ�� \gmljb� dhlhjhc� kms_kl\m_l� gZb[hevrZy� \_jhylghklv� gZoh`^_gby�
we_dljhgZ��gZau\Z_lky�hj[blZevx� 
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2.3��<hegh\Zy�nmgdpby�b�\hegh\h_�mjZ\g_gb_ 
 
LZd�dZd�we_dljhgZf�ijbkmsb�\hegh\u_�k\hckl\Z�b�hgb�h[eZ^Zxl�g_�

hij_^_e_gghklvx�iheh`_gby�\�ijhkljZgkl\_��bo�^\b`_gb_�oZjZdl_jbam_lky�
ijb� ihfhsb� \hegh\hc�nmgdpbb�%� b hibku\Z_lky� \hegh\uf� mjZ\g_gb_f��
Nbabq_kdbc�kfuke�\hegh\hc�nmgdpbb�aZdexqZ_lky�\�lhf��qlh�__�d\Z^jZl�%2 
ijhihjpbhgZe_g�\_jhylghklb�gZoh`^_gby�we_dljhgZ�\�we_f_glZjghf�h[t�
_f_�ZlhfZ�¨V�k�dhhj^bgZlZfb�o, y, z. 

AgZq_gb_�\hegh\hc�nmgdpbb�gZoh^yl�ijb�j_r_gbb� keh`gh]h�^bnn_�
j_gpbZevgh]h�\hegh\h]h�mjZ\g_gby Rj_^bg]_jZ�k�qZklgufb�ijhba\h^gufb 

σ2ψ/σo2 + σ2ψ/σy2 + σ2ψ/σz2 + 8π2m/h2(E – U) ψ = 0. 
A^_kv�? – ihegZy�wg_j]by�qZklbpu��U – ihl_gpbZevgZy�wg_j]by��ψ – \hegh�
\Zy�nmgdpby� 

<hegh\Zy�nmgdpby��ihemqZ_fZy�ijb�j_r_gbb�mjZ\g_gby�Rj_^bg]_jZ��
fh`_l�bf_lv�jy^�agZq_gbc��Wlb�agZq_gby�aZ\bkyl�hl�d\Zglh\uo iZjZf_ljh\�

n, l, m,�gZa\Zgguo�d\Zglh\ufb�qbkeZfb:

 

 

<� blh]_� agZq_gby� d\Zglh\uo� qbk_e� _klv� g_� qlh� bgh_�� dZd� j_amevlZl�
j_r_gby�mjZ\g_gby�Rj_^bg]_jZ��Ke_^h\Zl_evgh��ijb�j_r_gbb�mjZ\g_gby�
Rj_^bg]_jZ ihemq_gu� agZq_gby�\hegh\hc�nmgdpbb�b�\hafh`gu_� �^himk�
lbfu_��agZq_gby d\Zglh\uo�qbk_e� 

 
 

2.4��D\Zglh\u_�qbkeZ��:lhfgu_�hj[blZeb 
 
LZd�dZd�we_dljhg�bf__l�q_luj_�kl_i_gb�k\h[h^u��lh�^ey�oZjZdl_jbklb�

db�_]h�ih\_^_gby�\�Zlhf_�lj_[m_lky�q_luj_�d\Zglh\uo�qbkeZ� 
=eZ\gh_�d\Zglh\h_�qbkeh�n�hij_^_ey_l�m^Ze_gghklv�Zlhfghc�hj[blZ�

eb� hl� y^jZ� b� oZjZdl_jbam_l� h[sbc� aZiZk� wg_j]bb� we_dljhgZ� gZ� ^Zgghf�
wg_j]_lbq_kdhf� mjh\g_��Hgh� ijbgbfZ_l� p_ehqbke_ggu_� agZq_gby� hl� _^b�
gbpu� ^h� [_kdhg_qghklb�� <� aZ\bkbfhklb� hl� qbkeh\uo� agZq_gbc ]eZ\gh]h�
d\Zglh\h]h�qbkeZ�n ijbgylu�[md\_ggu_ h[hagZq_gby�d\Zglh\uo�mjh\g_c:  

  n = 1,  2,  3,  4, …; 
 h[hagZq_gb_�mjh\gy� K, L, F, N, …  . 
Q_f�[hevr_�n��l_f�keZ[__�we_dljhg�k\yaZg�k�y^jhf�b�[he__�_fdbf�klZ�

gh\blky�d\Zglh\uc�mjh\_gv�� 

 n 
ψ l   . 
 m 
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Qbkeh\u_�agZq_gby�n hij_^_eyxl�lZd`_�b�dhebq_kl\h�ih^mjh\g_c��kh�
^_j`Zs__ky� gZ� ^Zgghf� d\Zglh\hf� mjh\g_� �_fdhklv� d\Zglh\h]h� mjh\gy���
LZd��_keb�n = ���lh�fu�bf__f�lj_lbc�d\Zglh\uc�mjh\_gv��dhlhjuc�khklhbl�
ba�lj_o�ih^mjh\g_c� 

Hj[blZevgh_� d\Zglh\h_� qbkeh� l oZjZdl_jbam_l� fhf_gl� dhebq_kl\Z�
^\b`_gby� we_dljhgZ�hlghkbl_evgh�p_gljZ�hj[blZeb��GZebqb_� lZdh]h�^\b�
`_gby�ijb\h^bl�d�^_e_gbx�d\Zglh\h]h�mjh\gy�gZ�ih^mjh\gb��Hj[blZevgh_�
d\Zglh\h_�qbkeh�oZjZdl_jbam_l�lZd`_�ijhkljZgkl\_ggmx�nhjfm�we_dljhg�
gh]h� h[eZdZ��Wlh� d\Zglh\h_� qbkeh� ij_^hij_^_ey_lky� ]eZ\guf� d\Zglh\uf�
qbkehf n�b�ijbgbfZ_l�jy^�p_ehqbke_gguo�agZq_gbc hl 0 ^h�n – ���<�aZ\b�
kbfhklb� hl� qbkeh\uo� agZq_gbc� l� ijbgylu� [md\_ggu_� h[hagZq_gby� ih^m�
jh\g_c� 
 n = 1, 2, 3, 4, …; 
  l = 0, 1, 2, 3, ..., (n – 1); 

h[hagZq_gb_�ih^mjh\gy�     s,     p,       d,        f, ...; 
 

nhjfZ�hj[blZeb� . 
 
FZ]gblgh_� d\Zglh\h_� qbkeh� ml oZjZdl_jbam_l� fZ]gblguc� fhf_gl�

we_dljhgZ�b hij_^_ey_l�hjb_glZpbx�d\Zglh\h]h�ih^mjh\gy�\�ijhkljZgkl\_��
Qbkeh�ijh_dpbc�ih^mjh\gy�gZ�gZijZ\e_gb_�fZ]gblguo�kbeh\uo�ebgbc��H) 
d\Zglm_lky� b� jZ\gh� dhebq_kl\m� hj[blZe_c� gZ� ^Zgghf� ih^mjh\g_��Fh`gh�
kdZaZlv��qlh�fZ]gblgh_�d\Zglh\h_�qbkeh�hij_^_ey_l�dhebq_kl\h�hj[blZe_c�
gZ�ih^mjh\g_��hgh ijbgbfZ_l�agZq_gby�hl� – l q_j_a�ghev�^h� +l. 

ml = –l, …, +1, 0, –1, …, +l. 

JZkkfhljbf�ih^mjh\_gv�s. >ey�g_]h��l = 0, ml = 0. 
M�ih^mjh\gy�rZjhh[jZaghc�nhjfu�fh`_l�[ulv�lhevdh�h^gZ�ijh_dpby��

bf_xsZy�agZq_gb_�©ghevª �jbk��������Ke_^h\Zl_evgh��gZ�s-ih^mjh\g_�lhev�
dh�h^gZ�s-hj[blZev� 

>ey�p-ih^mjh\gy�agZq_gb_ l = ���Z�ml = –1, 0, ��� �jbk. 2.2). <�^Zgghf�
kemqZ_�kh]eZkgh�ijZ\beZf�d\Zglh\Zgby�m`_�ljb�ijh_dpbb��Ke_^h\Zl_evgh, 
gZ�j-ih^mjh\g_�ljb�j-hj[blZeb� 

     –1     0     +1 

l = 1 

Jbk�������Ko_fZ�d\Zglh\Zgby�hj[blZevgh]h�

fZ]gblgh]h�fhf_glZ�ijb�l=1 

H 
Jbk�������Ko_fZ�d\Zglh\Zgby�

fZ]gblgh]h�fhf_glZ�ijb�l = 0 
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>ey�d-ih^mjh\gy��l = 2, ml = –2, –��������������Wlh�agZqbl��qlh�kh]eZkgh�
d\Zglh\hc�l_hjbb�d-ih^mjh\_gv�khklhbl�ba�iylb�d-hj[blZe_c� 

Ih^mjh\_gv�f�bf__l�l = 3, ml = –3, –2, –������������������Ke_^h\Zl_evgh, 
f-ih^mjh\_gv�khklhbl�ba�k_fb�f-hj[blZe_c. 

Qbkeh� hj[blZe_c� gZ� ih^mjh\g_� fh`gh� hij_^_eblv� ba� \ujZ`_gby� 
ml = 2l + 1: 

– d\Zglh\h_�qbkeh l:  0, 1, 2, 3; 
– h[hagZq_gb_�ih^mjh\gy: s, p, d, f; 
– qbkeh�hj[blZe_c: 1, 3, 5, 7. 
 
Kibgh\h_�d\Zglh\h_�qbkeh�ms oZjZdl_jbam_l�kh[kl\_gguc�fhf_gl�dh-

ebq_kl\Z�^\b`_gby��\hagbdZxsbc�ba-aZ�\jZs_gby�we_dljhgZ�\hdjm]�kh[kl�
\_gghc�hkb��IjbgbfZ_l�^\Z�agZq_gby��qlh�khhl\_lkl\m_l�^\mf�\hafh`guf�
gZijZ\e_gbyf \jZs_gby� we_dljhgZ� �ih� qZkh\hc� klj_ed_� b� ijhlb\�:  
ms = +1/2; –1/2. Wlb�agZq_gby�ihemq_gu�ba�hiulh\�H��Rl_jgZ�b�<��=_jeZoZ� 

JZkkfhlj_ggu_�d\Zglh\u_�qbkeZ�hij_^_eyxl�wg_j]bx�we_dljhgZ��h[t_f�
b�nhjfm�ijhkljZgkl\Z��\�dhlhjhf�\_jhylgh�_]h�ij_[u\Zgb_�\�hdhehy^_jghf�
h[t_f_��l�_��jZaf_j��nhjfm�b�hjb_glZpbx�hj[blZeb�\�ijhkljZgkl\_� 

LZd�dZd�\hegh\Zy�nmgdpby�ψ�y\ey_lky�j_r_gb_f�mjZ\g_gby�Rj_^bg�
]_jZ�ijb�\k_\hafh`guo�agZq_gbyo�d\Zglh\uo�qbk_e��lh�fh`gh�kdZaZlv��qlh�
\hegh\Zy� nmgdpby� y\ey_lky� \� k\hx� hq_j_^v� nmgdpb_c� jZkkfhlj_gguo�
d\Zglh\uo�iZjZf_ljh\�n, l�b�ml: 

n = 1, 2, 3, 4, …; 
l = 0, 1, 2, 3, …, (n – 1); 

ml = –l, …, –1, 0, +1, …, +l. 

:lhfgu_�hj[blZeb��LZd�dZd�\_jhylghklv�gZoh`^_gby�we_dljhgZ�\�ijh�
kljZgkl\_,�^Ze_dhf�hl�y^jZ,�hq_gv�fZeZ��dh]^Z�]h\hjyl�h[�hj[blZeyo��bf_xl�
\� \b^m� lZdmx� h[eZklv� \hdjm]� y^jZ� ZlhfZ,� \gmljb� dhlhjhc� khkj_^hlhq_gh    
90 – 95 ��we_dljhggh]h�aZjy^Z��K�lhqdb�aj_gby�d\Zglh\hc�f_oZgbdb�Zlhf�
gu_�hj[blZeb�y\eyxlky�]_hf_ljbq_kdbf�bah[jZ`_gb_f�\hegh\hc�nmgdpbb�
ψ (n, l, ml). 

We_dljhggh_�h[eZdh��?keb�[u�\�dZ`^uc�fhf_gl�\j_f_gb�hij_^_eyeb�
iheh`_gb_� we_dljhgZ� \� lj_of_jghf� ijhkljZgkl\_� b� klZ\beb� \� lhf�f_kl_�
lhqdm�� lh� q_j_a�fgh`_kl\h� lZdbo� ^_ckl\bc ihemqbeb� [u� dZjlbgm� \� \b^_�
ijhkljZgkl\_ggh]h� h[eZdZ,� bah[jZ`_ggh]h� lhqdZfb� k� jZafulufb� djZyfb 
�jbk� 2.3). 
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LZdh_� aZjy^h\h_� h[eZdh� gZau\Zxl� we_dljhgguf� h[eZdhf�� ?]h� iehl�

ghklv� ijhihjpbhgZevgZy�ψ2
��y\ey_lky�g_ihkj_^kl\_gghc�f_jhc�\_jhylgh�

klb� gZoh`^_gby� we_dljhgZ�� =jZgbqgZy� ih�
\_joghklv�h[eZdZ��\gmljb�dhlhjhc�kh^_j`bl�
ky�90 – 95 % we_dljhggh]h�aZjy^Z��^Z_l�nhjfm�
hj[blZeb� 

Hj[blZev s kms_kl\m_l�ijb�l = ���AgZq_�
gb_�ml�lh`_�jZ\gh�gmex��Bf__f�lhevdh�h^gh�
agZq_gb_� ml = ��� Ke_^h\Zl_evgh�� s-hj[blZev�
bf__l�fZdkbfZevgmx�kbff_ljbqghklv��M�g__�

kn_jbq_kdZy�nhjfZ� �jbk� ������<� wlhf� kemqZ_ 
\_jhylghklv� gZoh`^_gby� we_dljhgZ� \� hdheh�
y^_jghf� ijhkljZgkl\_� hij_^_ey_lky� lhevdh�
jZ^bmk-\_dlhjhf� b� g_� aZ\bkbl� hl� m]eZ� dhhj�
^bgZl� 

JZ^bZevgh_� jZkij_^_e_gb_� we_dljhgghc�
iehlghklb� ^ey� 1s-we_dljhgZ� khhl\_lkl\m_l�
djb\hc� k� fZdkbfmfhf� �jbk� 2.5).�FZdkbfmf�
jZkijhkljZg_gby� \_jhylghklb gZoh^blky� gZ�
jZkklhygbb�hl�y^jZ� r1��dhlhjh_�khhl\_lkl\m_l�

jZ^bmkm�i_j\hc�[hjh\kdhc�hj[blu� 
Hj[blZeb� p kms_kl\mxl� ijb� l = 1, ml =  

= –1, 0, +1 b ihy\eyxlky�gZ�\lhjhf�b�\k_o�ih�
ke_^mxsbo� mjh\gyo�� LZd� dZd� ml bf__l� ljb�
agZq_gby�� lh�gZ�j-ih^mjh\g_ dZ`^h]h�mjh\gy�
fh`_l� [ulv� ljb� j-hj[blZeb�� LZdZy� hj[blZev�
bf__l�]Zgl_e_h[jZagyx nhjfm��<k_�ljb�j-hj-
[blZeb� jZkiheZ]Zxlky� \�ijhkljZgkl\_�ih�gZ�
ijZ\e_gbx�dhhj^bgZlguo�hk_c��Bo�gZau\Zxl�

khhl\_lkl\_ggh�px-, py-, pz-hj[blZeyfb��jbk� 2.6). 
Hj[blZeX� G ihy\eyxlky�ijb� l = ��gZ� lj_lv_f� d\Zglh\hf� mjh\g_��GZ� 

d-ih^mjh\g_�fh`_l� [ulv� m`_� iylv� jZaebqguo� khklhygbc� we_dljhgh\�� ih�
wlhfm�gZ�d-ih^mjh\g_�dZ`^h]h�d\Zglh\h]h�mjh\gy�kh^_j`blky�iylv�d-hj[b-
lZe_c��<�wlhf�kemqZ_�ml�ijbgbfZ_l�iylv�agZq_gbc� –2, –1, 0, +1, +2. Wlb�hj�

y 

 x 

  z 

Jbk�������We_dljhggh_�h[eZdh 

y 

x 

z 

Jbk�������Fh^_ev�s-we_dljhggh]h�
h[eZdZ��s-hj[blZeb� 

0             r1           r 

ψ 

Jbk�������JZ^bZevgh_� 
jZkij_^_e_gb_�V-iehlghklb 

  y 

  x 

 z 

py 

pz 

px 

Jbk�������Fh^_ev�p-we_dljhggh]h�
h[eZdZ (p-hj[blZe_c� 
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[blZeb�bf_xl�[he__�keh`gmx�nhjfm��q_f�p-hj[blZeb��– \�\b^_�q_luj_o�e_�
i_kldh\�eb[h�\�\b^_�]Zgl_eb�k�h[h^dhf��jbk� 2.7). 

Hj[blZeb f ihy\eyxlky�ijb�agZq_gbb�l = 3, hgb�fh]ml�[ulv�lhevdh�gZ�
q_l\_jlhf�b�[he__�hl^Ze_gguo�mjh\gyo��LZd�dZd�ijb�l = 3 ml�bf__l���agZq_�
gbc� �–3, –2, –1, 0, +1, +2, +3),� lh� gZ� f-ih^mjh\g_� fh`_l� [ulv� k_fv�                
f-hj[blZe_c� 

NhjfZ�f-hj[blZe_c�_s_�[he__�keh`gZy��q_f�m�d-hj[blZe_c��Bo�bah[jZ�
`Zxl�\�\b^_�keh`guo�r_klbe_i_kldh\uo�nb]mj� 

NhjfZ�hj[blZe_c�b�__�gZijZ\e_gghklv�b]jZxl�kms_kl\_ggmx�jhev�ijb�
h[jZah\Zgbb�obfbq_kdbo� k\ya_c�� lZd�dZd� wlb�^\Z�nZdlhjZ�hij_^_eyxl�oZ�
jZdl_j�b�kl_i_gv�i_j_dju\Zgby�we_dljhgguo�h[eZdh\�kh_^bgyxsboky�Zlh�
fh\� 
 
 

2.5. KljmdlmjZ�we_dljhgguo�h[hehq_d�Zlhfh\ 
 

IhegZy�we_dljhggh-wg_j]_lbq_kdZy�kljmdlmjZ�Zlhfh\�ij_^hij_^_ey_l�
ky� gZ[hjhf� jZkkfhlj_gguo� d\Zglh\uo� qbk_e��=eZ\gh_� d\Zglh\h_� qbkeh� n 
hij_^_ey_l�g_� lhevdh�ghf_j�d\Zglh\h]h�mjh\gy��gh�b�mdZau\Z_l�gZ�qbkeh�
ih^mjh\g_c�� kh^_j`Zsboky� \�^Zgghf�mjh\g_��GZijbf_j��ijb�n = ��bf__f�
lj_lbc� d\Zglh\uc� mjh\_gv�� dhlhjuc� khklhbl�ba� lj_o�ih^mjh\g_c�� s-, p-, d-. 
Q_f�^Zevr_�hl�y^jZ�gZoh^blky�d\Zglh\uc�mjh\_gv��l_f�hg�[he__�_fdbc��l_f�
ba�[hevr_]h�qbkeZ�ih^mjh\g_c�hg�khklhbl��Qbkeh�hj[blZe_c�gZ�mjh\g_�hi�
j_^_eyxl�ih�nhjfme_�kn = n2

��Z�qbkeh�hj[blZe_c�gZ�ih^mjh\g_��dZd�m`_�mdZ�
au\Zehkv��ih�nhjfme_�kl = 2l + 1. 

JZkkfhljbf�l_hj_lbq_kdmx�ko_fm�\aZbfgh]h�jZkiheh`_gby�d\Zglh\uo�
mjh\g_c�b�ih^mjh\g_c��njZ]f_gl�^ey�i_j\uo�q_luj_o�mjh\g_c gZ�jbk. 2.8). 
GZ�q_luj_o�\_jlbdZevguo�ebgbyo�hleh`bf�agZq_gby�d\Zglh\uo�qbk_e�n, l, 
ml�b�ms��GZ�i_j\hc�\_jlbdZevghc�ebgbb�bah[jZabf�d\Zglh\u_�mjh\gb�khhl�

  x 

 z 

  dz2 

  x 

 y 

 dx2y2 

  x 

 y 

 dxy 

  x 

 z 

 dxz 

  y 

 z 

 dyz 

Jbk�������Fh^_ev�d-we_dljhggh]h�h[eZdZ (d-hj[blZe_c� 
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\_lkl\_ggh�agZq_gbyf�d\Zglh\h]h�qbkeZ�n��Fu�m`_�agZ_f��qlh�q_f�[hevr_�
qbkeh\h_�agZq_gb_�n��l_f�[he__�_fdbc�d\Zglh\uc�mjh\_gv��Ihwlhfm�gZ�jb�
kmgd_�hg�k^_eZg�[he__�^ebgguf�ih�\ukhl_��GZ�\lhjhc�\_jlbdZevghc�ebgbb��
hlg_k_gghc�d�d\Zglh\hfm�qbkem�l,�ihdZaZgh�^_e_gb_�d\Zglh\uo�mjh\g_c�gZ�
ih^mjh\gb��I_j\uc�d\Zglh\uc�mjh\_gv�khklhbl�lhevdh�ba�h^gh]h�ih^mjh\�
gy,� h[hagZq_ggh]h� dZd� s-ih^mjh\_gv��<lhjhc� d\Zglh\uc� mjh\_gv� ^_eblky�
m`_�gZ�^\Z�ih^mjh\gy��s-�b�j-ih^mjh\_gv��Lj_lbc�mjh\_gv�^_eblky�gZ�ljb�
ih^Yjh\gy (s-, p-�b�d-), Z�q_l\_jluc –�gZ�q_luj_ (s-, p-, d-�b f-). 

 
Lj_lvy�\_jlbdZevgZy�ebgby�khhl\_lkl\m_l�d\Zglh\hfm�qbkem�ml��A^_kv�ih�

dZaZgh�^_e_gb_�d\Zglh\h]h�ih^mjh\gy�gZ�hj[blZeb��Qbkeh�hj[blZe_c�gZ�ih^m�
jh\g_�jZ\gh�qbkem�agZq_gbc��dhlhju_�ijbgbfZ_l�fZ]gblgh_�d\Zglh\h_�qbkeh: 

s-ih^mjh\_gv� khklhbl� lhevdh�ba� h^ghc� hj[blZeb��ihwlhfm�gZ�i_j\hf�
d\Zglh\hf�mjh\g_�bf__lky�lhevdh�h^gZ�hj[blZev;  

j-ih^mjh\_gv�khklhbl�ba�lj_o�hj[blZe_c: 
 j-ih^mjh\_gv; 
           ml =     –1,        0         +1 

d-ih^mjh\_gv�kh^_j`bl�m`_�iylv�hj[blZe_c: 
 d-ih^mjh\_gv; 

ml =      –2        –1,         0         +1        +2 

n=4 

 s 
 p 

 d 
 f 

4s 
 4p 

 4d 
 4f 

4s2 
4p6 

4d10 4f14 

n=3 
 s 

 p 
 d 

 3s 
 3p 

 3d 

3s2 
3p6 

3d10 

n=2 
 s 

 p 
 2s 

 2p 
2s2 

2p6 

n=1  s  1s 1s2 
n  l  ml  ms 

D\Zglh�
\uc� 
mjh\_gv 

Ih^mjh\gb Hj[blZeb We_dljhgu�gZ�hj[blZeyo 

Jbk�������Ko_fZ�l_hj_lbq_kdh]h�jZkiheh`_gby�ih^mjh\g_c 
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f-ih^mjh\_gv�m\_ebqbe�k\hx�_fdhklv�^h�k_fb�hj[blZe_c: 
 f-ih^mjh\_gv. 

ml =      –3         –2        –1,         0         +1        +2      +3 

Q_l\_jlZy�\_jlbdZevgZy�ebgby�hlg_k_gZ�d�kibgh\hfm�d\Zglh\hfm�qbk�
em�ms. AZ[_]Zy�\i_j_^,�hlf_lbf��qlh�wlh�fZ]gblgh_�d\Zglh\h_�qbkeh�ij_^h�
ij_^_ey_l� \hafh`gh_� dhebq_kl\h� we_dljhgh\� gZ� hj[blZeb��Ih� khhl\_lkl�
\mxs_fm�ihklmeZlm�gZ�hj[blZeb�fh]ml�[ulv�^\Z�we_dljhgZ��gh�hgb�^he`gu�
bf_lv�jZagu_�kibgu��l�_��jZagu_�agZq_gby�ms�������b�–�����<�k\yab�k�wlbf�gZ�
q_l\_jlhc�\_jlbdZevghc�ebgbb�ij_^klZ\e_gZ�fZdkbfZevgZy�aZihegy_fhklv�
we_dljhgZfb�d\Zglh\h]h�ih^mjh\gy�b�mjh\gy: 

s-ih^mjh\_gv –   ��we_dljhgZ, 
j-ih^mjh\_gv –   ��we_dljhgh\, 
d-ih^mjh\_gv – ���we_dljhgh\, 
f-ih^mjh\_gv – ���we_dljhgh\. 
FZdkbfZevgh_�qbkeh�we_dljhgh\�gZ�ih^mjh\g_�fh`gh�hij_^_eblv�ih 

nhjfme_ D = 2(2l + 1). 
L_hj_lbq_kdZy�ihke_^h\Zl_evghklv�jZkiheh`_gby�d\Zglh\uo�mjh\g_c�

b ih^mjh\g_c�\u]ey^bl�lZd� 

1s:2s:2p:3s:3p:3d:4s:4p:4d:4f:5s: 
:5p:5d:5f:6s:6p:6d:6f:7s:7p:7d:7f:… 

H^gZdh�ijb�jZks_ie_gbb�d\Zglh\uo�mjh\g_c�gZ�ih^mjh\gb ijb\_^_g�
gZy�\ur_�l_hj_lbq_kdZy�ihke_^h\Zl_evghklv�gZjmrZ_lky��J_Zevgh_�jZkih�
eh`_gb_� ih^mjh\g_c� hij_^_ey_lky�ijZ\behf�De_qdh\kdh]h�� kh]eZkgh� dh�
lhjhfm� ihke_^h\Zl_evghklv� jZkiheh`_gby� ih^mjh\g_c� hij_^_ey_lky� kmf�
fZjguf� agZq_gb_f� ^\mo� d\Zglh\uo� qbk_e�n�b� l��<� lhf� kemqZ_�� dh]^Z� ^ey�
^\mo�b�[he__�ih^mjh\g_c�n + l�bf__l�h^bgZdh\h_� agZq_gb_�� kgZqZeZ�b^_l�
lhl�ih^mjh\_gv��m�dhlhjh]h�f_gvr__�agZq_gb_�n. 

 1s – 2s – 2j – 3s – 3j – 3d – 4s – 4j – 4d – 4f – 5s – 5j – 5d – 5f. 
(n + l) 1      2      3      3      4     5      4      5      6      7     5      6      7      8 

Ih� ijZ\bem�De_qdh\kdh]h�nZdlbq_kdZy� ihke_^h\Zl_evghklv� jZkiheh�
`_gby�ih^mjh\g_c�ke_^mxsZy� 

   1s:2s:2p:3s:3p:4s:3d:4p:5s:4d:6s: 
:5d:4f:5d2–5:6p:7s:6d1:5f:6d2–5:7p. 
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KljmdlmjZ�we_dljhgguo�h[hehq_d�Zlhfh\�bah[jZ`_gZ�gZ�jbk� 2.9. 

 
 

�����Hkgh\gu_�ijbgpbiu�jZkij_^_e_gby�we_dljhgh\�\�Zlhf_ 
 
JZkkfhlj_ggZy�we_dljhggZy�h[hehqdZ�ZlhfZ�aZihegy_lky�we_dljhgZfb�

\� khhl\_lkl\bb� k� lj_fy� ijbgpbiZfb�� ijbgpbihf� gZbf_gvr_c� wg_j]bb��
ijbgpbihf�IZmeb� ijZ\behf�=mg^Z� 

Ijbgpbi�gZbf_gvr_c�wg_j]bb�]eZkbl��qlh�we_dljhg�\�Zlhf_�aZgbfZ_l�
lhl�k\h[h^guc�ih^mjh\_gv��gZ�dhlhjhf�hg�[m^_l�bf_lv�fbgbfZevgh_�agZ�
q_gb_�wg_j]bb��Ih�^jm]hfm��we_dljhg�hklZ_lky�gZ�lhf�ih^mjh\g_��gZ�dhlh�
jhf�h[_ki_qb\Z_lky�gZb[he__�ijhqgZy�k\yav�k�y^jhf� 

Ihke_^h\Zl_evghklv�aZiheg_gby�ih^mjh\g_c�khhl\_lkl\m_l�ijb\_^_ggh�
fm�\ur_�ih ijZ\bem�De_qdh\kdh]h�nZdlbq_kdhfm�jZkiheh`_gbx�ih^mjh\g_c�
\�kljmdlmj_�we_dljhgghc�h[hehqdb�ZlhfZ� 1s:�s:�j:�s:�j:�s:3d�b�l�^� 

Ijbgpbi�IZmeb��aZij_l�IZmeb��]h\hjbl�h�lhf��qlh�\�Zlhf_�g_�fh`_l�
[ulv�^Z`_�^\mo�we_dljhgh\�k�h^bgZdh\ufb�agZq_gbyfb�q_luj_o�d\Zglh\uo�
qbk_e� 

Ke_^kl\b_��GZ�hj[blZeb�fh`_l�gZoh^blvky�^\Z�we_dljhgZ�k�jZaebqgu�
fb� kibgZfb� �l�_�� k� jZaebqgufb� agZq_gbyfb� kibgh\h]h� d\Zglh\h]h� qbkeZ�  
ms = �����b�ms = –1/2). 

6s 
5d1 

4f 
5d4 

6p 

5s 
4d 

5d 

4s 

3s 

2s 
1s 

3p 

2p 

3d 
4p 

Jbk�������Ihke_^h\Zl_evghklv�jZkiheh`_gby�ih^mjh\g_c� 
ih�ijZ\bem�De_qdh\kdh]h 
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Lj_lbc�ijbgpbi –�wlh�ijZ\beh�=mg^Z��Omg^Z���Hgh�h[tykgy_l�ihjy^hd�
aZiheg_gby� we_dljhgZfb� d\Zglh\h]h� ih^mjh\gy�� <� ij_^_eZo� ih^mjh\gy�
we_dljhgu�jZkij_^_eyxlky�lZd��qlh[u�bo�kmffZjgh_�kibgh\h_�d\Zglh\h_�
qbkeh�bf_eh�fZdkbfZevgh_�agZq_gb_��kgZqZeZ�ih�h^ghfm�we_dljhgm�gZ�hj�
[blZev��Z�aZl_f�kiZjb\Zgb_���IjZ\bevguf�[m^_l jZkij_^_e_gb_��gZijbf_j, 
lj_o�p-we_dljhgh\�lZdbf�h[jZahf� 

  9    9   9 

<� aZ\bkbfhklb� hl� lh]h�� dZdhc� ih^mjh\_gv� aZihegy_lky� ihke_^gbfb�
we_dljhgZfb��jZaebqZxl�s-, p-, d-, f-we_f_glu: 

s-we_f_glZfb�gZau\Zxl�lZdb_�we_f_glu��\�ZlhfZo�dhlhjuo�ihke_^gb_�
we_dljhgu�aZgbfZxl�s-ih^mjh\_gv�\g_rg_]h�d\Zglh\h]h�mjh\gy��gZijbf_j, 
gZljbc��fZ]gbc��dZebc��dZevpbc�b�^j��; 

j-we_f_glZfb� gZau\Zxl� we_f_glu�� \� ZlhfZo� dhlhjuo� ihke_^gb_�
we_dljhgu� aZgbfZxl� j-ih^mjh\_gv� \g_rg_]h� d\Zglh\h]h� mjh\gy� �gZijb�
f_j,�m]e_jh^��dbkehjh^��oehj�b�^j��; 

d-we_f_glZfb gZau\Zxl�lZdb_�we_f_glu, dhlhjufb�aZihegy_lky \�ih�
ke_^gxx�hq_j_^v�d-ih^mjh\_gv (gZijbf_j, d-we_f_glZfb�y\eyxlky�lblZg��
ojhf��`_e_ah��f_^v��lZd�dZd�m�wlbo�we_f_glh\�ihke_^gb_�we_dljhgu� aZgb�
fZxl�d-ih^mjh\_gv�ij_^ihke_^g_]h�mjh\gy�; 

f-we_f_glZfb�gZau\Zxl�we_f_glu��\�ZlhfZo�dhlhjuo�ihke_^gb_�we_d�
ljhgu� aZgbfZxl� f-ih^mjh\_gv� \lhjh]h� hl� \g_� d\Zglh\h]h� mjh\gy� �gZijb�
f_j, ijZa_h^bf��_\jhibc��wj[bc�b�^j��. 

 
 
�����Bah[jZ`_gb_�we_dljhgghc�kljmdlmju�Zlhfh\�ijb�ihfhsb� 

we_dljhgguo�nhjfme b�d\Zglh\uo�yq__d 
 

We_dljhggmx� kljmdlmjm� ex[h]h� ZlhfZ� bah[jZ`Zxl� we_dljhggufb�
nhjfmeZfb��<� we_dljhgguo�nhjfmeZo� d\Zglh\uc� we_dljhgguc� mjh\_gv�
h[hagZqZxl�qbke_gguf�agZq_gb_f�]eZ\gh]h�d\Zglh\h]h�qbkeZ�n��ih^mjh�
\_gv� aZibku\Zxl�[md\_gguf�h[hagZq_gb_f� khhl\_lkl\mxs_]h�ih^mjh\�
gy�� Z� qbkeh� we_dljhgh\� gZ� ih^mjh\g_� mdZau\Zxl� kl_i_gvx�� klhys_c� m�
h[hagZq_gby�ih^mjh\gy��GZijbf_j���d5 hagZqZ_l��qlh�gZ�d-ih^mjh\g_ 3-]h�
d\Zglh\h]h� mjh\gy� gZoh^blky� iylv� we_dljhgh\�� We_dljhggZy� nhjfmeZ�
ex[h]h�we_f_glZ�khklhbl�ba�ihegh]h�gZ[hjZ�lZdbo�njZ]f_glh\��dZd�mdZ�
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aZgh�\�ijbf_j_��LZd��we_dljhggZy�nhjfmeZ�ZlhfZ�lblZgZ��������bf__l�\b^� 
1s22s22j63s23j64s23d2

��KmffZ�\k_o�kl_i_g_c�jZ\gZ�����wlh�agZqbl��qlh�Zlhf�
lblZgZ��bf_y�aZjy^�y^jZ������kh^_j`bl�gZ�we_dljhgghc�h[hehqd_� ���we_d�
ljhgZ��dhlhju_�k\hbf�hljbpZl_evguf�kmffZjguf�aZjy^hf��–����dhfi_gkb�
jmxl�iheh`bl_evguc� aZjy^� y^jZ� ZlhfZ�� ^_eZy� Zlhf� keh`ghc� we_dljhg_c�
ljZevghc�kbkl_fhc� 

We_dljhggu_�nhjfmeu�m^h[g__�khklZ\eylv�ihke_�jZkkfhlj_gby�kljmd-
lmju�i_jbh^bq_kdhc�kbkl_fu�we_f_glh\�>�B��F_g^_e__\Z��AZ[_]Zy�\i_j_^�
b�hkgh\u\Zykv�gZ� agZgbyo��ihemq_gguo�\� kj_^g_c�rdhe_��ij_^klZ\bf�i_�
jbh^bq_kdmx�kbkl_fm�we_f_glh\�\�\b^_�we_dljhgguo�nhjfme��jbk� 2.10). H 
gZibkZgbb� we_dljhgguo� nhjfme� dhgdj_lgh]h� we_f_glZ�� gZoh^ys_]hky� \�
i_jbh^bq_kdhc�kbkl_f_��kdZ`_f�iha`_�b�jZkkfhljbf�Ze]hjblf,�ih�dhlhjh�
fm�e_]dh�gZmqblvky�ibkZlv�we_dljhggmx�nhjfmem�ex[h]h�we_f_glZ�� 
 

 I 
 

 II 
 
 III 
 

 IV 
 
 V 
 

 VI 
 
 VII 

 
 

LZd`_�kljmdlmjm�we_dljhgghc�h[hehqdb�ZlhfZ�bah[jZ`Zxl�ijb�ihfh�
sb�d\Zglh\uo�yq__d� D\Zglh\ufb�yq_cdZfb�fu�m`_�ihevah\Zebkv,�ohly�b�
g_�\\h^beb�wlh�ihgylb_��D\Zglh\Zy�yq_cdZ�–�wlh�g_�qlh�bgh_,�dZd�]jZnbq_�
kdh_�bah[jZ`_gb_�hj[blZeb��?_�ihdZau\Zxl�de_lhqdhc ,�Z�we_dljhgu�gZ�
hj[blZeb� bah[jZ`Zxl� klj_ehqdhc�� klhys_c� \� de_lhqd_ �� >ey�                  
s-ih^mjh\gy� hl\_^_gZ� h^gZ� de_lhqdZ�� lZd� dZd� s-ih^mjh\_gv� bf__l� lhevdh�
h^gm�hj[blZev��>ey�j-ih^mjh\gy� \u^_e_gh� ljb� yq_cdb��b[h�j-ih^mjh\_gv�
kh^_j`bl� ljb� j-hj[blZeb, d-ih^mjh\_gv� bah[jZ`Zxl� iylvx� yq_cdZfb�� Z�    
f-ih^mjh\_gv�– k_fvx�yq_cdZfb� 

1s2 

2s2 

3s2 

4s2 

5s2 

6s2 

7s2 

2p6 

3p6 

3d10 4p6 

5p6 

6p6 

7p6 

5d9 

6d9 

5d1 

6d1 

4d10 

4f14 

5f14 

Jbk��������I_jbh^bq_kdZy�kbkl_fZ�we_f_glh\�\�\b^_�we_dljhgguo�nhjfme 

I
_j
bh

^u
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We_dljhggZy� kljmdlmjZ� ZlhfZ� lblZgZ�� ^ey� dhlhjh]h� fu� m`_� ibkZeb�
we_dljhggmx� nhjfmem�� bah[jZ`_ggZy� ijb� ihfhsb� d\Zglh\uo� yq__d�� \u�
]ey^bl�lZd� 

 
 

2.8. H[�bg^b\b^mZevghklb�dZ`^h]h�obfbq_kdh]h�we_f_glZ 
 
©M^hklh\_j_gb_f�ebqghklbª�obfbq_kdh]h�we_f_glZ�fh`gh�gZa\Zlv�_]h 

we_dljhggmx�nhjfmem��=ey^y�gZ�g__,�obfbd�kdZ`_l�hq_gv�fgh]h_�h[�bg^b�
\b^mZevghklb�^Zggh]h�©obfbq_kdh]h�i_jkhgZ`Zª� 

Fu�m`_�agZ_f��qlh�mgb\_jkZevghc�oZjZdl_jbklbdhc�we_f_glZ�y\ey_lky�
iheh`bl_evguc� aZjy^� y^jZ� ZlhfZ�� Z� _keb� kfhlj_lv� _s_� ]em[`_�� lh� qbkeh�
iheh`bl_evgh� aZjy`_gguo�we_f_glZjguo�qZklbp�–�ijhlhgh\��M\_ebq_gb_�
bo�dhebq_kl\Z�ijb\h^bl�d�kdZqdhh[jZaghfm�baf_g_gbx�k\hckl\��GZqbgZ_l�
^_ckl\h\Zlv�mgb\_jkZevguc�aZdhg�ijbjh^u�–�aZdhg�i_j_oh^Z�dhebq_kl\Z�\�
dZq_kl\h��H^gZdh�gZ�dZq_kl\_ggh_�baf_g_gb_�ihdZaZl_e_c�we_f_glZ�\eby_l�
g_�lhevdh�qbkeh�ijhlhgh\��gh�b�qbkeh�g_cljhgh\�\�y^j_��DZd�m`_�[ueh�hl�
f_q_gh��we_f_glu��bf_xsb_�h^bgZdh\h_�qbkeh�ijhlhgh\�\�y^j_��gh�jZagh_�
dhebq_kl\h�g_cljhgh\��gZa\Zgu�bahlhiZfb��M�dZ`^h]h�we_f_glZ�k\h_�qbkeh�
bahlhih\�� m� h^gh]h� –� [hevr_�� m� ^jm]h]h� –� f_gvr_�� Dh]^Z� \� lZ[ebp_� 
>�B��F_g^_e__\Z�mdZau\Zxl�Zlhfgmx�fZkkm�we_f_glZ�^jh[guf�qbkehf��lh�
wlh�g_� agZqbl��qlh�\�y^j_�bf__lky�^jh[gh_�qbkeh�we_f_glZjguo�qZklbp��\�
wlhf�kemqZ_�\aylZ�kj_^gyy�ZlhfgZy�fZkkZ�\k_o�bahlhih\�^Zggh]h�we_f_glZ�k�
mq_lhf�bo�dhebq_kl\_ggh]h�kh^_j`Zgby�\�ijbjh^_��Gh�_keb�\�lhqguo�wdk�
i_jbf_glZo�[m^_f�ihevah\Zlvky�lZdhc�©mkj_^g_gghcª�Zlhfghc�fZkkhc��lh�
wlh�[m^_l�g_�kh\k_f�dhjj_dlgh��b[h�aZ�mkj_^g_gb_f�l_jy_l�k\hx�bg^b\b^m�
Zevghklv�^Zgguc�bahlhi��hkh[_ggh�_keb�bahlhi�jZ^bhZdlb\guc� 

GZ� ijZdlbd_� _s_� [hevr_� hldehgyxlky� hl� bklbggh]h� agZq_gby�� dh]^Z�
ihevamxlky�g_�Zlhfghc�fZkkhc��Z�fZkkh\uf�qbkehf�:��l�_��p_euf�qbkehf��kZ�

4p 
3d 

4s 
   3p 

   2p 
3s 

2s 

1s 
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fuf�[ebadbf�d�Zlhfghc�fZkk_��Fh`_l�[ulv��ijb�jZkkfhlj_gbb�bg^b\b^mZev�
guo�hkh[_gghkl_c�we_f_glZ�emqr_�[jZlv�Zlhfgmx�fZkkm�lh]h�bahlhiZ��dhlh�
jh]h�\�ijhp_glghf�khhlghr_gbb�\�ijbjh^_�[hevr_��beb�lh]h��dhlhjuc�kZfuc�
mklhcqb\uc�(beb�g_mklhcqb\uc)��_keb�j_qv�b^_l�h�jZ^bhZdlb\guo�we_f_glZo� 

DZd� \b^bf�� aZdhg� i_j_oh^Z� dhebq_kl\Z� \� dZq_kl\h� ^ey� obfbq_kdbo�
we_f_glh\�j_Zebam_lky�ih�^\mf�gZijZ\e_gbyf��ijhlhgghfm�b�g_cljhgghfm��
Ih�ijhlhgghfm��ihy\e_gb_�\�y^j_�hq_j_^gh]h�ijhlhgZ�kdZqdhh[jZagh�ijb�
\h^bl�d�gh\hfm�we_f_glm��Z�ih�g_cljhgghfm��jZkrbjy_l�dZq_kl\h�^Zggh]h�
we_f_glZ�\iehlv�^h�ihy\e_gby�jZ^bhZdlb\ghklb��Wlh�\b^gh�gZ�ijbf_j_�\h�
^hjh^Z��?keb�d�y^jm�\h^hjh^Z�^h[Z\ey_lky�ijhlhg��lh�wlh�hljbpZ_l�\k_�dZ�
q_kl\Z� \h^hjh^Z� dZd� we_f_glZ� �^Zggh]h� bg^b\b^mmfZ�� b� i_j_\h^bl� _]h� \�
gh\uc�we_f_gl�–�]_ebc��l�_��\�gh\uc�bg^b\b^mmf���>h[Z\e_gb_�g_cljhgZ�g_�
hljbpZ_l�kZfh]h�we_f_glZ�\h^hjh^Z��Z�jZkrbjy_l�]jZgbpu�_]h�dZq_kl\Z��h[�

jZamy�bahlhi�\h^hjh^Z� G2
1 � �gZa\Zgguc�^_cl_jb_f� >2

1 ��b�^Ze__�bahlhi� G3
1  

�gZa\Zgguc�ljblb_f� L3
1 ���K�m\_ebq_gb_f�qbkeZ�g_cljhgh\�we_f_gl�ijbh[j_�

lZ_l�^hihegbl_evgu_�ijbagZdb��\�^Zgghf�kemqZ_ – jZ^bhZdlb\ghklv� 
Ijhy\e_gb_�hl^_evgufb�bahlhiZfb�jZ^bhZdlb\guo�k\hckl\�khh[sZ_l�

lZdbf�we_f_glZf�hkh[mx�bg^b\b^mZevghklv��fh`gh�kdZaZlv�hiZkgmx�bg^b�
\b^mZevghklv�� _keb� jZkkfZljb\Zlv� we_f_glu� k� wdheh]bq_kdbo� ihabpbc��<�
wlhf�hlghr_gbb�g_h[oh^bfh�bf_lv�©ki_pbZevgmx�lZ[ebpm�F_g^_e__\Zª��\�
dhlhjhc�[ueb�[u�ij_^klZ\e_gu�k\hckl\Z�jZ^bhZdlb\guo�we_f_glh\�b�nhj�
fZ�bo�aZ\bkbfhklb�hl�iheh`_gby�\�^Zgghc�lZ[ebp_��LZdZy�lZ[ebpZ�[ueZ�[u�
ihe_aghc�ijb�bkihevah\Zgbb�jZ^bhZdlb\guo�we_f_glh\�\�dZq_kl\_� ©f_q_�
guo�Zlhfh\ª��Z�lZd`_�^ey�wdheh]bq_kdbo�Zki_dlh\� 

Ijb�hij_^_e_gbb�bg^b\b^mZevghklb�obfbq_kdh]h�we_f_glZ�g_h[oh^b�
fh�ij_`^_�\k_]h�mkeh\blvky��^ey�dZdhc�p_eb�wlZ�oZjZdl_jbklbdZ�[m^_l�ijb�
f_gylvky��Ihlhfm�qlh�h^gh�^_eh�– ZlhfZjgh_� khklhygb_�obfbq_kdh]h� we_�
f_glZ��Z�^jm]h_�–�lh�j_Zevgh_�khklhygb_�ijhklh]h�\_s_kl\Z��\�dhlhjhf�^Zg�
guc�we_f_gl�gZoh^blky�\�h[uqguo�mkeh\byo��l�_��\�_]h�klZg^Zjlghf�khklhy�
gbb��?keb�\�kh\j_f_gghc�i_jbh^bq_kdhc�kbkl_f_�>�B��F_g^_e__\Z�gZoh^bl�
ky���� – ����we_f_glh\��lh�qbkeh�ijhkluo�\_s_kl\�\hajZklZ_l�^h�\_ebqbgu�
250, b�m�dZ`^h]h�ijhklh]h�\_s_kl\Z�k\hy�ki_pbnbq_kdZy�bg^b\b^mZevghklv� 

Obfbq_kdb_�k\hckl\Z�we_f_glZ��_]h�©obfbq_kdZy�bg^b\b^mZevghklvª, 
hij_^_eyxlky�lj_fy�_]h�oZjZdl_jbklbdZfb��jZaf_jhf�ZlhfZ��wg_j]b_c�bh�
gbaZpbb�b�kjh^kl\hf�d�we_dljhgm��Gh�dZd�hp_gblv�jZaf_ju�ZlhfZ"�DZdmx�
\_ebqbgm�[jZlv� aZ�jZ^bmk� ZlhfZ:�jZkklhygb_�hl� y^jZ�^h�fZdkbfmfZ� we_d�
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ljhgghc�iehlghklb� �h^gh�agZq_gb_��beb�jZkklhygb_�hl�y^jZ�^h�]jZgbqghc�
ih\_joghklb�� \� dhlhjhc� kh^_j`blky 95 �� we_dljhggh]h� h[eZdZ� �wlh� m`_�
^jm]h_�agZq_gb_���Z�fh`_l�jZaf_ju�ZlhfZ�hij_^_eylv�dZd�ihemjZkklhygb_�
f_`^m�p_gljZfb�^\mo�h^bgZdh\uo�Zlhfh\�\�ijhklhc�fhe_dme_�beb�\�djb�
klZeebq_kdhc� j_r_ld_� �wlh� m`_� lj_lv_� agZq_gb_�?� Qlh[u� j_amevlZl� [ue�
dhjj_dlguf�� ^ey� kjZ\g_gby� b� h[hkgh\Zgby� dZdhc-eb[h� aZdhghf_jghklb�
\k_]^Z�g_h[oh^bfh�[jZlv�\_ebqbgu��ihemq_ggu_�h^gbf�b�l_f�`_�f_lh^hf� 

 
 

<hijhku�^ey�kZfhdhgljhey 
 

1. DZdb_�hldjulby�ih^l\_j^beb��qlh�Zlhf�–�keh`gZy�kbkl_fZ" 
2. Qlh�lZdh_�bahlhi��g_cjhg��we_dljhg" 
3. <�q_f�kmsghklv�ijhlhggh-g_cljhgghc�l_hjbb�kljh_gby�y^jZ�ZlhfZ" 
4. Q_f�hij_^_ey_lky aZjy^�y^jZ�ZlhfZ" 
5. Q_f�hij_^_ey_lky�ZlhfgZy�fZkkZ�we_f_glZ" 
6. >Zlv�hij_^_e_gb_�ihgylbc «bahlhi», «bah[Zju», «obfbq_kdbc�we_f_gl». 
7. <�q_f�kmsghklv�^\hckl\_gghc�ijbjh^u�we_dljhgh\" 
8. GZibkZlv�mjZ\g_gb_�E.�^_�;jhcey� 
9. >Zlv�hij_^_e_gb_�ijbgpbiZ�g_hij_^_e_gghklb�=_ca_g[_j]Z��GZib�
kZlv�_]h fZl_fZlbq_kdh_�\ujZ`_gb_� 

10. DZdh\�nbabq_kdbc�kfuke�\hegh\hc�nmgdpbb" 
11. Qlh�oZjZdl_jbamxl�d\Zglh\u_�qbkeZ" 
12. DZdb_�agZq_gby�ijbgbfZxl�d\Zglh\u_�qbkeZ" 
13. DZdh_� d\Zglh\h_� qbkeh� hij_^_ey_l� qbkeh� ih^mjh\g_c� gZ� mjh\g_��

qbkeh�hj[blZe_c�gZ�ih^mjh\g_" 
14. DZdh_�d\Zglh\h_�qbkeh�oZjZdl_jbam_l�nhjfm�hj[blZeb" 
15. Qlh�lZdh_�ZlhfgZy�hj[blZev" 
16. DZdmx�]_hf_ljbq_kdmx�nhjfm�bf_xl�s-, p-, d-hj[blZeb" 
17. >Zlv�hij_^_e_gb_�ijZ\beZ�De_qdh\kdh]h� 
18. Bah[jZablv� j_Zevgmx� ihke_^h\Zl_evghklv� jZkiheh`_gby� ih^mjh\�

g_c�b�mjh\g_c�\�Zlhf_� 
19. >Zlv� hij_^_e_gby� ijbgpbiZ gZbf_gvr_c� wg_j]bb�� ijZ\beZ =mg^Z� 

ijbgpbiZ IZmeb. 
20. Bah[jZablv�ijb�ihfhsb�we_dljhgguo�nhjfme�we_dljhggmx�kljmdlm�

jm: Z��ZlhfZ�k_ju; [��ZlhfZ�gbd_ey; \��ZlhfZ�heh\Z; ]� ZlhfZ�g_h^bfZ. 
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AZ^Zgby�^ey�dhgljhevghc�jZ[hlu 
 
>ey� we_f_glh\� Z� lblZg; [�� \ZgZ^bc; \�� ojhf�� ]� `_e_ah�� ^� dh[Zevl�

\uihegblv�ke_^mxsb_�^_ckl\by� 
1. GZibkZlv�we_dljhggmx�nhjfmem�ZlhfZ� 
2. JZkij_^_eblv ih� d\Zglh\uf� yq_cdZf� we_dljhgu� ^\mo� ihke_^gbo�
mjh\g_c�ZlhfZ��kh[ex^Zy�ijbgpbi�IZmeb�b�ijZ\beh�=mg^Z� 

3. Hij_^_eblv� \ukrmx� \Ze_glghklv� we_f_glZ� b� mdZaZlv�� gZ� dZdbo�
ih^mjh\gyo�gZoh^ylky�\Ze_glgu_�we_dljhgu� 

4. GZibkZlv� agZq_gb_� q_luj_o� d\Zglh\uo� qbk_e� ^ey� \k_o� \Ze_glguo�
we_dljhgh\�ZlhfZ. 

5. HoZjZdl_jbah\Zlv�hkgh\gu_�k\hckl\Z�we_f_glZ��bkihevamy�_]h�we_d�
ljhggmx�nhjfmem� 

 
 
 

=eZ\Z����I?JBH>BQ?KDBC�A:DHG�B�I?JBH>BQ?KD:Y�
KBKL?F:�WE?F?GLH< 

 
 
<������].�mq_guc�fbj�hlf_lbe�x[be_cgmx�^Zlm�–�klhe_lb_�kh�^gy�hl�

djulby� i_jbh^bq_kdh]h� aZdhgZ� obfbq_kdbo� we_f_glh\�� <� klZlv_�� ihk\y�
s_gghc� klhe_lbx� wlh]h� aZdhgZ,� ZdZ^_fbd�B�<��I_ljygh\-Khdheh\� ibkZe��
©Bklhjby�–�kmjh\Z��HgZ�ijb^bjqb\h�khjlbjm_l�\k_��qlh�gZc^_gh�b�kha^Zgh�
q_eh\_dhf��Hq_gv� g_fgh]h_� hgZ� ojZgbl� \� l_q_gb_� \_dZ��M^b\bl_evgZy� b�
ijb\uqgZy� ijhklhlZ� b� q_ldhklv� f_g^_e__\kdhc� lZ[ebpu� ba� rdhevgh]h�
mq_[gbdZ� gZrbo� ^g_c� kdju\Z_l� l_i_jv� hl� gZk� lm� g_ihklb`bfmx�� ]b]Zgl�
kdmx� djhihleb\mx� jZ[hlm� ih� hk\h_gbx� b� i_j_jZ[hld_� \k_]h�� qlh� [ueh�
gZc^_gh� b� ihagZgh� ^h� F_g^_e__\Z�� dhlhjmx� ijbrehkv� \uihegblv� _fm��
qlh[u�klZeZ�\hafh`ghc�b�hkms_kl\bfhc�]_gbZevgZy�bglmblb\gZy�^h]Z^dZ�h�
kms_kl\h\Zgbb�\�fbj_�AZdhgZ�i_jbh^bqghklb�k\hckl\�we_f_glh\ª� 

<�ijhrehf�\_d_�obfby�klZeZ�jZa\b\Zlvky�mkdhj_ggufb�l_fiZfb��GZ�
dhibehkv�[hevrh_�dhebq_kl\h�hiulguo�^Zgguo��<hagbdeZ�g_h[oh^bfhklv�
kbkl_fZlbaZpbb� obfbq_kdbo� we_f_glh\�� Fgh]b_� mq_gu_� ^h� F_g^_e__\Z�
ijbgbfZebkv�aZ�wlm�jZ[hlm��gh�gbdlh�g_�kfh]�hldjulv�\k_h[smx�k\yav�we_�
f_glh\�� kha^Zlv� kljhcgmx� kbkl_fm�� hlh[jZ`Zxsmx� aZdhg� jZa\blby�fZl_�
jbb��Gb�h^gZ�ij_^eZ]Z_fZy�kbkl_fZ�g_�fh]eZ�m^h\e_l\hjblv�mq_guo� 
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>�B��F_g^_e__\,� ijbklmiZy� d� jZ[hl_�� q_ldh� ij_^klZ\be� k_[_�� dZdb_�
ljm^ghklb�_]h�h`b^Zxl�b�q_f�fh`_l�aZdhgqblvky�_]h�ihbkd��eb[h�mki_ohf��
eb[h�g_m^Zq_c��dZd�m�\k_o�_]h�ij_^r_kl\_ggbdh\� 
 
 

�����Ljb�wlZiZ�jZ[hlu�>�B��F_g^_e__\Z�gZ^�ijh[e_fhc� 
kbkl_fZlbdb�obfbq_kdbo�we_f_glh\ 

 
JZ[hlm�>�B��F_g^_e__\Z�gZ^�\hijhkZfb�kbkl_fZlbdb�obfbq_kdbo�we_�

f_glh\�fh`gh�eh]bq_kdb�jZa^_eblv�gZ�ljb�wlZiZ� 
– hldjulb_�i_jbh^bq_kdh]h�aZdhgZ� 
– ihkljh_gb_�i_jbh^bq_kdhc�kbkl_fu�we_f_glh\; 
– eh]bq_kdb_� \u\h^u�� k^_eZggu_�gZ�hkgh\_� aZdhgZ�b�i_jbh^bq_kdhc�

kbkl_fu� 
Ohly� wlb� wlZiu� i_j_ie_lZxlky� ^jm]� k� ^jm]hf�� gh� ^ey� ijZ\bevghc�

hp_gdb�gZmqgh]h�ih^\b]Z�gZr_]h�khhl_q_kl\_ggbdZ�jZkkfhljbf�dZ`^uc�ba�
wlZih\�hl^_evgh� 

Hldjulb_�i_jbh^bq_kdh]h� aZdhgZ� =eZ\gZy� aZkem]Z�>�B��F_g^_e__\Z�
khklhbl�\�lhf��qlh�hg�hldjue�nmg^Zf_glZevguc�aZdhg�ijbjh^u�– i_jbh^b�
q_kdbc�aZdhg�������� 

>h�F_g^_e__\Z�gb� h^bg� mq_guc�g_� kfh]� h[gZjm`blv� mgb\_jkZevghc�
aZdhghf_jghklb�\�kms_kl\h\Zgbb�fgh]hh[jZaby�obfbq_kdbo�we_f_glh\��Gb�
ljbZ^u�B��>z[_j_cg_jZ��gb�hdlZ\u�>`��Gvxe_g^kZ��gb�lZ[ebpZ�X��F_c_jZ�
g_�hljZ`Zeb�nmg^Zf_glZevghc�aZdhghf_jghklb�b�g_�fh]eb�h[tykgblv�dZd�
koh^kl\h��lZd�b�jZaebqby�f_`^m�hl^_evgufb�we_f_glZfb� 

D�fhf_glm�gZqZeZ�jZ[hlu�>�B��F_g^_e__\Z�gZ^�kbkl_fZlbdhc�we_f_g�
lh\�kms_kl\h\Zeh�\k_]h����obfbq_kdbo�we_f_glZ��JZkiheh`b\�we_f_glu�\�
ihjy^d_�\hajZklZgby�Zlhfguo�fZkk��hg�ihke_�^ebl_evgh]h�b�]em[hdh]h�ZgZ�
ebaZ�bo�k\hckl\�h[gZjm`be�mgb\_jkZevgmx�aZdhghf_jghklv��\ujZ`Z\rmx�
ky�\�i_jbh^bq_kdhc�ih\lhjy_fhklb�k\hckl\�q_j_a�hij_^_e_ggu_�bgl_j\Zeu�
we_f_glh\� 

Ke_^m_l�hlf_lblv�b�lhl�nZdl��qlh�\�lh�\j_fy�m�jy^Z�we_f_glh\�g_ijZ�
\bevgh�[ueb�hij_^_e_gu�Zlhfgu_�fZkku��Z�agZqbl�we_f_glu�g_�fh]eb�gZ�
oh^blvky�gZ�k\hbo�aZdhgguo�f_klZo��gh�\hij_db�wlhfm�>�B��F_g^_e__\�h[�
gZjm`be� aZdhghf_jghklv��Hg� mklZgh\be�� qlh� k\hckl\Z� we_f_glh\� aZ\bkyl�

hl�Zlhfguo�fZkk�b�nhjfZ�aZ\bkbfhklb�–�i_jbh^bq_kdZy. 
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>�B��F_g^_e__\� knhjfmebjh\Ze� hldjuluc� bf� aZdhg� lZd�� ©K\hckl\Z�
ijhkluo�l_e��Z�lZd`_�nhjfu�b�k\hckl\Z�kh_^bg_gbc�we_f_glh\�gZoh^ylky�\�
i_jbh^bq_kdhc�aZ\bkbfhklb�hl�\_ebqbg�Zlhfguo�fZkk�we_f_glh\ª�  

Ihkljh_gb_�i_jbh^bq_kdhc�kbkl_fu�we_f_glh\� I_jbh^bq_kdZy�kbk�
l_fZ� y\ey_lky� ]jZnbq_kdbf�bah[jZ`_gb_f�i_jbh^bq_kdh]h� aZdhgZ�b� _kl_�
kl\_gguf�ijh^he`_gb_f�b� jZa\blb_f�>�B��F_g^_e__\uf�b^_c� \� h[eZklb�
kbkl_fZlbaZpbb�obfbq_kdbo�we_f_glh\� 

Kha^Z\Zy�i_jbh^bq_kdmx�kbkl_fm�we_f_glh\��mq_guc�jmdh\h^kl\h\Ze�
ky�g_� lhevdh� Zlhfgufb�fZkkZfb� we_f_glh\��gh�b� \k_c� kh\hdmighklvx�bo�
nbabq_kdbo�b�obfbq_kdbo�k\hckl\� 

<lhjhc�wlZi�jZ[hlu�[ue�gZb[he__�keh`guf��<h-i_j\uo��Zlhfgu_�fZk�
ku�jy^Z�we_f_glh\��<_��=Q��,Q��7K�b�^j���[ueb�g_ijZ\bevgh�hij_^_e_gu��<h-
\lhjuo��_s_�g_�[ue�hldjul�p_euc�jy^�we_f_glh\� 

Kh� \k_fb� ljm^ghklyfb�>�B��F_g^_e__\� mki_rgh� kijZ\beky,�b� kbk�
l_fZ� [ueZ� kha^ZgZ�� Hg� jZkij_^_ebe� we_f_glu� gZ� ]jmiiu� ih� koh^guf 
k\hckl\Zf�� bkijZ\be� Zlhfgu_� fZkku� b� hklZ\be� f_klZ� ^ey� g_hldjuluo�
we_f_glh\� 

Eh]bq_kdb_�\u\h^u��k^_eZggu_�gZ�hkgh\_�aZdhgZ�b�i_jbh^bq_kdhc�kbk�

l_fu��aZdexqZxlky�\�ke_^mxs_f� 
1) ̂ he`gu� kms_kl\h\Zlv� b� ^he`gu� [ulv� hldjulu� g_ba\_klgu_� \� lh�

\j_fy�we_f_glu; 
2) ̂ he`gu�[ulv�bkijZ\e_gu�Zlhfgu_�fZkku�jy^Z�we_f_glh\� 
3) i_j_oh^�hl�lbibqguo�f_lZeeh\�d�lbibqguf�g_f_lZeeZf�g_�^he`_g�

[ulv�hq_gv�j_adbf� 
>ey�g_dhlhjuo�we_f_glh\�>�B��F_g^_e__\�hklZ\be�\�lZ[ebp_�jy^�k\h�

[h^guo�f_kl��LZd� [ueb� hklZ\e_gu� de_lhqdb� ^ey� we_f_glh\:�� ��� �kdZg�
^bc���� ����]Zeebc���� ����]_jfZgbc���� ����l_og_pbc);�wlb�we_f_glu�\�l_�
q_gb_�15 e_l�[ueb�hldjulu� 

>�B�� F_g^_e__\� hq_gv� ih^jh[gh� hibkZe� nbabq_kdb_� b� obfbq_kdb_�
k\hckl\Z� g_dhlhjuo� we_f_glh\�� Ihke_� hldjulby� we_f_glh\� bo� k\hckl\Z��
mklZgh\e_ggu_� hiulguf� iml_f�� k� m^b\bl_evghc� lhqghklvx� kh\iZ^Zeb� k�
ij_^kdZaZggufb�bf. 

;m^mqb�m[_`^_gguf�\�lhf��qlh�i_jbh^bq_kdbc�aZdhg�hljZ`Z_l�h[t_d�
lb\gmx�j_Zevghklv��hg�g_aZf_^ebl_evgh�bkijZ\be�Zlhfgu_�fZkku�g_dhlh�
juo�we_f_glh\��[_jbeeby�k������gZ 9; bg^by k 76���gZ������mjZgZ�kh�����gZ�
240; lhjby�kh�����gZ������ 
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�����Kh\j_f_ggZy�nhjfmebjh\dZ�i_jbh^bq_kdh]h�aZdhgZ 
 
>�B��F_g^_e__\�ij_djZkgh�ihgbfZe��qlh�hldjuluc�bf�i_jbh^bq_kdbc�

aZdhg�b�khklZ\e_ggZy�gZ�_]h�hkgh\_�i_jbh^bq_kdZy�kbkl_fZ�we_f_glh\�h[�
eZ^Zxl� \gmlj_gg_c� kihkh[ghklvx� d� jZa\blbx�� Kh\j_f_ggZy� d\Zglh\h-
f_oZgbq_kdZy� l_hjby�kljh_gby�ZlhfZ�ih^l\_j^beZ�ijZ\bevghklv�f_g^_e_�
_\kdbo� \haaj_gbc�gZ�i_jbh^bqghklv� k\hckl\�obfbq_kdbo� we_f_glh\��K_c�
qZk�mklZgh\e_gh��qlh�]eZ\ghc�oZjZdl_jbklbdhc�ZlhfZ�ex[h]h�we_f_glZ�y\�
ey_lky�g_�ZlhfgZy�fZkkZ��Z�\_ebqbgZ�iheh`bl_evgh]h�aZjy^Z�_]h�y^jZ; aZjy^�
y^jZ�y\ey_lky�gZb[he__�mgb\_jkZevghc�oZjZdl_jbklbdhc�ZlhfZ��Hl�\_ebqb�
gu�aZjy^Z�y^jZ�aZ\bkbl�h[s__�qbkeh�we_dljhgh\�\�Zlhf_�b�_]h�iheh`_gb_�\�
i_jbh^bq_kdhc� kbkl_f_� �ghf_j� we_f_glZ� \� i_jbh^bq_kdhc� kbkl_f_� jZ\_g�
\_ebqbg_�aZjy^Z�y^jZ; aZjy^�y^jZ�hij_^_ey_l�qbkeh�we_dljhgh\���Hl�aZjy^Z�
y^jZ� aZ\bkyl� k\hckl\Z� we_f_glh\�� <� k\yab� k� wlbf� \g_k_gu� mlhqg_gby� \�
nhjfmebjh\dm�i_jbh^bq_kdh]h�aZdhgZ��Kh\j_f_ggZy�nhjfmebjh\dZ�i_jbh�
^bq_kdh]h�aZdhgZ�ke_^mxsZy� 

K\hckl\Z�we_f_glh\��nhjfu�b�k\hckl\Z�kh_^bg_gbc�we_f_glh\�gZ�

oh^ylky�\�i_jbh^bq_kdhc�aZ\bkbfhklb�hl�\_ebqbgu�aZjy^Z�y^_j�bo�

Zlhfh\� 
WlZ�nhjfmebjh\dZ�i_jbh^bq_kdh]h�aZdhgZ�g_�ijhlb\hj_qbl�nhjfmeb�

jh\d_��^Zgghc�>�B��F_g^_e__\uf��HgZ�[Zabjm_lky�gZ�gh\uo�^Zgguo��dhlh�
ju_�ijb^Zxl�aZdhgm�b�i_jbh^bq_kdhc�kbkl_f_�gZmqgmx�h[hkgh\Zgghklv�b�
ih^l\_j`^Zxl�bo�ijZ\bevghklv��Kh\j_f_ggZy�nhjfmebjh\dZ�aZdhgZ�–�wlh�
gh\uc� wlZi� jZa\blby� i_jbh^bq_kdh]h� aZdhgZ�� hldjulh]h� >�B��F_g^_e__�
\uf��HgZ�e_]dh�h[tykgy_l�l_�g_agZqbl_evgu_�ZghfZebb��dhlhju_�\klj_qZ�
xlky�\�i_jbh^bq_kdhc�kbkl_f_ (gZijbf_j��Zj]hg�k�Zlhfghc�fZkkhc��������
klhbl�\i_j_^b�dZeby��ZlhfgZy�fZkkZ�dhlhjh]h�f_gvr_�b jZ\gZ���������l_e�
emj�k Zlhfghc�fZkkhc��������klhbl�\i_j_^b�ch^Z��ZlhfgZy�fZkkZ�dhlhjh]h�
126,90). 

 
 
�����KljmdlmjZ�kh\j_f_gghc�i_jbh^bq_kdhc�kbkl_fu�we_f_glh\ 
 
>�B��F_g^_e__\�ihklhyggh�kh\_jr_gkl\h\Ze�kljmdlmjm�i_jbh^bq_kdhc�

kbkl_fu�we_f_glh\��<����� ].�hg�ij_^klZ\be�\lhjhc�\ZjbZgl�kbkl_fu –�lZd gZau�
\Z_fmx�dhjhldmx�nhjfm�lZ[ebpu��<�wlhf�\ZjbZgl_�m`_�q_ldh�[ueb�\uy\�
e_gu� jZaebqgu_� kl_i_gb� kjh^kl\Z� f_`^m� we_f_glZfb�� We_f_glu�            
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jZa^_e_gu�gZ�\hk_fv�]jmii��ghf_j�]jmiiu�jZ\_g�\ukr_c�\Ze_glghklb��dh�
lhjmx�fh`_l�bf_lv�we_f_gl� 

Kh\j_f_ggZy�i_jbh^bq_kdZy�kbkl_fZ�we_f_glh\�\�h[sbo�q_jlZo�gZih�
fbgZ_l�ihke_^gb_�\ZjbZglu�f_g^_e__\kdhc�lZ[ebpu� 

K_cqZk� gZb[hevr__� jZkijhkljZg_gb_� bf_xl� ^\_� nhjfu� i_jbh^bq_�
kdhc� kbkl_fu� we_f_glh\��dhjhldhi_jbh^gZy�b�^ebgghi_jbh^gZy� ���� we_�
f_glh\��ba\_klguo�\�gZklhys__�\j_fy��jZkiheh`_gu�\� lZ[ebp_�\�ihjy^d_�
m\_ebq_gby�aZjy^Z�y^_j�Zlhfh\��AZjy^�y^jZ�hij_^_ey_l�ihjy^dh\uc�ghf_j�
we_f_glZ� \� i_jbh^bq_kdhc� kbkl_f_�� Dexqhf� d� jZa]Z^d_� i_jbh^bqghklb�
k\hckl\�we_f_glh\�y\ey_lky�kljh_gb_�we_dljhgguo�h[hehq_d�Zlhfh\� 

Kh\j_f_ggZy�i_jbh^bq_kdZy�kbkl_fZ�khklhbl�ba���i_jbh^h\�b���]jmii� 
I_jbh^hf�gZau\Zxl�ihke_^h\Zl_evguc�jy^�we_f_glh\��\�ij_^_eZo�dhlhjh�
]h�ijhbkoh^bl�ihkl_i_gguc�i_j_oh^�hl�yjdh�\ujZ`_gguo�f_lZeebq_kdbo�d�
yjdh�\ujZ`_gguf�g_f_lZeebq_kdbf�k\hckl\Zf� 

GZijbf_j��\lhjhc�i_jbh^�gZqbgZ_lky�lbibqguf�s_ehqguf�f_lZeehf�
�eblb_f�� b� aZdZgqb\Z_lky� ^\mfy� we_f_glZfb� �nlhjhf� b� g_hghf�,� yjdbfb�
g_f_lZeeZfb��Ghf_j�i_jbh^Z�mdZau\Z_l�gZ�qbkeh�d\Zglh\uo�we_dljhgguo�
mjh\g_c� \� Zlhf_�b�jZ\_g� agZq_gbx� ]eZ\gh]h� d\Zglh\h]h� qbkeZ�n��I_jbh^�
gZqbgZ_lky�s-we_f_glZfb�b�aZdZgqb\Z_lky�j-we_f_glZfb�(s-we_f_glZfb gZ�
au\Zxl�lZdb_�we_f_glu��\�ZlhfZo�dhlhjuo�ihke_^gb_�we_dljhgu�aZihegyxl�
s-ih^mjh\_gv�\g_rg_]h�d\Zglh\h]h�mjh\gy; j-we_f_glZfb –�lZdb_�we_f_glu��
\�ZlhfZo�dhlhjuo�\�ihke_^gxx�hq_j_^v�we_dljhgu�aZihegyxl�j-ih^mjh\_gv�
\g_rg_]h�mjh\gy)��FZdkbfZevgh�\�dZ`^hf�i_jbh^_�fh`_l�[ulv�lhevdh�^\Z�
s-we_f_glZ��gZijbf_j��/L�b�<_�\h�\lhjhf�i_jbh^_��b�g_�[he__�r_klb�j-we_-
f_glh\��gZijbf_j��<��K��1��H��)��1H�\h�\lhjhf�i_jbh^_�� 

I_j\u_�q_luj_�i_jbh^Z�y\eyxlky�fZeufb�i_jbh^Zfb, ijbq_f�i_j\uc�
i_jbh^�kh^_j`bl�lhevdh�^\Z�we_f_glZ��G��G_���KljmdlmjZ�we_dljhgghc�h[h�
ehqdb��hij_^_ey_fZy�d\Zglh\ufb�qbkeZfb��jZaj_rZ_l�Zlhfm�bf_lv�gZ�i_j�
\hf� d\Zglh\hf� mjh\g_� lhevdh� h^bg� ih^mjh\_gv� �s-ih^mjh\_gv�� k� h^ghc� 
s-hj[blZevx��Z,�ke_^h\Zl_evgh,�gZ�h^ghc�s-hj[blZeb�fh`_l�[ulv�lhevdh�^\Z�
we_dljhgZ�k�jZagufb�kibgZfb� 

<lhjhc�� lj_lbc� b� q_l\_jluc� i_jbh^u� kh^_j`Zl� ih� �� we_f_glh\� �^\Z� 
s-we_f_glZ�b�r_klv�j-we_f_glh\���Q_l\_jluc�b�\k_�ihke_^mxsb_�i_jbh^u�– 
[hevrb_��<� dhjhldhi_jbh^ghc� kbkl_f_� [hevrb_�i_jbh^u� keh`_gu� \� ^\Z�
jy^Z��gh�\�^ebgghi_jbh^ghc�lZ[ebp_�hgb�khklZ\eyxl�h^bg�jy^��<�[hevrbo�
i_jbh^Zo�f_`^m�s-�b�j-we_f_glZfb�\debgb\Zxlky�d-we_f_glu��FZdkbfZev�
gh_�qbkeh�d-we_f_glh\�\�[hevrbo�i_jbh^Zo�–�^_kylv� (d-we_f_glZfb gZau�
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\Zxl� lZdb_� we_f_glu��\� ZlhfZo�dhlhjuo�ihke_^gb_� we_dljhgu� aZihegyxl�
d-ih^mjh\_gv�ij_^ihke_^g_]h�mjh\gy)��GZijbf_j��\�q_l\_jlhf�i_jbh^_�aZ�
^\mfy�s-we_f_glZfb� �D��KZ��ke_^mxl�^_kylv d-we_f_glh\� �hl� 6F�^h�=Q���M� 
d-we_f_glh\� �-]h� i_jbh^Z� ihke_^gb_� we_dljhgu� aZihegyxl� d-ih^mjh\_gv� 
3-]h�d\Zglh\h]h�mjh\gy��l�_���d-ih^mjh\_gv� 

R_klhc�b�k_^vfhc�i_jbh^u�klZgh\ylky�_s_�^ebgg__��<�wlbo�i_jbh^Zo�
ihy\eyxlky� f-we_f_glu�(f-we_f_glZfb�gZau\Zxl�lZdb_�we_f_glu��\�ZlhfZo�
dhlhjuo� ihke_^gb_� we_dljhgu� aZihegyxl� f-ih^mjh\_gv� lj_lv_]h� hl� \g_�
mjh\gy�� l�_�� ij_^ij_^ihke_^g_]h� mjh\gy)��GZijbf_j, f-we_f_glu�r_klh]h�
i_jbh^Z� aZihegyxl� ihke_^gbfb� we_dljhgZfb� �f-ih^mjh\_gv��FZdkbfZev�
gh_�qbkeh�f-we_f_glh\�\�i_jbh^_�–�q_lujgZ^pZlv; f-we_f_glu�b^ml�\ke_^�aZ�
i_j\uf�d-we_f_glhf��jZa[b\Zy�ijb�wlhf�d-ih^mjh\_gv�gZ�^\_�qZklb��LZd,�\�
r_klhf� i_jbh^_� ihke_� ^\mo� s-we_f_glh\� �&V� b� <Z�� b^_l� h^bg� d-we_f_gl� 
(� 57, /D���AZl_f�ke_^mxl�q_lujgZ^pZlv� f-we_f_glh\� �&e – Lu),�b� lhevdh�
ihke_�gbo�k�� 72 (Hf) ijh^he`Z_lky�d-ih^mjh\_gv��+I – Hg),�b�aZdZgqb\Z�
_lky�r_klhc�i_jbh^�r_klvx�j-we_f_glZfb��7l – 5Q���:gZeh]bqgZy�dZjlbgZ�
bf__l�f_klh� \� k_^vfhf� i_jbh^_��<� dhjhldhi_jbh^ghc�nhjf_� i_jbh^bq_�
kdhc� kbkl_fu� f-we_f_glu�\ug_k_gu�\�hl^_evgmx� kljhdm�b�jZkiheZ]Zxlky�
ih^�lZ[ebp_c��khklZ\eyy�jy^�eZglZghb^h\�b�jy^�Zdlbghb^h\� 

?keb� \gbfZl_evgh� jZkkfhlj_lv� ^ebgghi_jbh^gmx�nhjfm�i_jbh^bq_�
kdhc�kbkl_fu��lh�fh`gh�aZf_lblv��qlh�k�m\_ebq_gb_f�ghf_jZ�i_jbh^Z�qbk�
eh�g_f_lZeeh\�\�i_jbh^_�mf_gvrZ_lky��IjZdlbq_kdb�g_f_lZeeu�h[jZamxl�
dhfiZdlguc�©lj_m]hevgbdª� 

<� wlhf� ©lj_m]hevgbd_ª� ^\Z� g_f_�
lZeeZ� �G� b� G_�� y\eyxlky� s-we_f_glZfb��
hklZevgu_� g_f_lZeeu� hlghkylky� d�            
j-we_f_glZf��>bZ]hgZev��\u^_e_ggZy�jZ�
fhqdhc�� kh^_j`bl� we_f_glu�� hl^_eyx�
sb_�g_f_lZeeu�hl�f_lZeeh\��G_dhlhju_�
mq_gu_�\u^_e_ggu_�jZfhqdhc�we_f_glu��
l�_��we_f_glu��e_`Zsb_�gZ�^bZ]hgZevghc�
]jZgbp_�lj_m]hevgbdZ �<��6L��$V��L_��$W���
bgh]^Z� gZau\Zxl� ihemf_lZeeZfb� beb�
ihemg_f_lZeeZfb�ih�ijbqbg_�bo�^\hckl\_gguo�k\hckl\� 

=jmiihc�gZau\Zxl�\_jlbdZevguc�jy^� (klhe[_p)�we_f_glh\,�^ey�dhlh�
juo�kms_kl\m_l�b^_glbqghklv�k\hckl\��l�_��]jmiiZ�–�wlh�kh\hdmighklv�we_�
f_glh\,�koh^guo�ih�k\hbf�obfbq_kdbf�k\hckl\Zf��=jmiiZ�^_eblky�gZ�ih^�

 I_jbh^u 
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 II – – B C N O F Ne 

 III – – – Si P S Cl Ar 

 IV – – – – As Se Br Kr 

 V – – – – – Te I Xe 

 VI – – – – – – At Rn 



 

 34 

]jmiiu��JZkkfhljbf�^\Z�lbiZ�^_e_gby�]jmiiu�gZ�ih^]jmiiu��DZ`^h_�^_e_�
gb_�hkgh\u\Z_lky�gZ�k\hbo�ijbgpbiZo��I_j\uc lbi�^_e_gby�ba\_kl_g�_s_�
ba� kj_^g_c�rdheu�� dZ`^Zy� ]jmiiZ� ^_eblky� gZ� ]eZ\gmx� b� ih[hqgmx� ih^�
]jmiiu��<�]eZ\gmx�ih^]jmiim�dZ`^hc�]jmiiu�\oh^yl�we_f_glu�[hevrbo�b�
fZeuo� i_jbh^h\�� Z� \� ih[hqgmx� –� lhevdh� we_f_glu� [hevrbo� i_jbh^h\�       
(d-we_f_glu���LZd,�\h�\lhjhc�]jmii_�d�]eZ\ghc�ih^]jmii_�hlghkylky�r_klv�
we_f_glh\��<_��0J��&D��6U��%D��5D���Z�d�ih[hqghc�ih^]jmii_�– \k_]h�ljb�we_�
f_glZ��=Q��&G��+J���Ih�\lhjhfm�lbim�^_e_gby�dZ`^Zy�]jmiiZ�^_eblky�gZ�ljb�
ih^]jmiiu�� ih^]jmiim� lbibq_kdbo� we_f_glh\� b� ^\_� ih^]jmiiu� iheguo�
we_dljhgguo�ZgZeh]h\� 

<�ih^]jmiim�lbibq_kdbo we_f_glh\�\oh^yl�we_f_glu�fZeuo�i_jbh�
^h\��^ey�dhlhjuo�gZb[he__�yjdh�\ujZ`_gu�k\hckl\Z��hij_^_ey_fu_�ghf_�
jhf�]jmiiu� 

Ihegufb� we_dljhggufb� ZgZeh]Zfb� gZau\Zxl� we_f_glu�� \� ZlhfZo�
dhlhjuo�kh^_j`blky�h^bgZdh\h_�qbkeh�we_dljhgh\�gZ�\g_rg_f�b�ij_^ih�
ke_^g_f�d\Zglh\uo�mjh\gyo��LZd,�\lhjZy�]jmiiZ�^_eblky�gZ�ke_^mxsb_�ljb�
ih^]jmiiu� 

1) ih^]jmiim lbibq_kdbo�we_f_glh\�–�<_��0J; 
2) ih^]jmiim iheguo�we_dljhgguo�ZgZeh]h\�dZevpby��ih^]jmiim�dZev�

pby��–�KZ��6U��%D��5D; 
3) ih^]jmiim�iheguo� we_dljhgguo� ZgZeh]h\�pbgdZ� �ih^]jmiim�pbg�

dZ��– Zn, Cd, Hg. 
Hkh[gydhf� klhbl� \hkvfZy� ]jmiiZ�� HgZ� \dexqZ_l� \� k_[y� iylv� ih^�

]jmii� 
1) ih^]jmiim�lbibq_kdbo�we_f_glh\�–�G_��1H, Ar; 
2) ih^]jmiim� iheguo� we_dljhgguo� ZgZeh]h\� djbilhgZ� �ih^]jmiim 

djbilhgZ��–�D]��O_��5Q; 
3) ih^]jmiim�`_e_aZ�– Fe, Ru, Os; 
4) ih^]jmiim�dh[ZevlZ�–�Kh� Rh, Ir; 
5) ih^]jmiim�gbd_ey�– Ni, Pd, Pt. 
<� ^ebgghi_jbh^ghc� lZ[ebp_� we_f_glu� ]eZ\guo� ih^]jmii� dZ`^hc�

]jmiiu�gZau\Zxl�ijhklh�–�we_f_glu� ,$-]jmiiu��we_f_glu� II:-]jmiiu�b�
l�^�� We_f_glu� ih[hqguo� ih^]jmii� gZau\Zxl� we_f_glZfb� <-]jmii:� we_�
f_glu�IB-]jmiiu��we_f_glu�IIB-]jmiiu��GZijbf_j��\h II:-]jmiim�\oh^yl�
we_f_glu�<_��0J��&D��6U��<Z�b�5a, Z�IIB-]jmiiZ�kh^_j`bl�we_f_glu�=Q��&G��
Hg. 
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�����H[ahj�aZdhghf_jghkl_c��\ujZ`Z_fuo�i_jbh^bq_kdhc� 
kbkl_fhc�we_f_glh\ 

 
AZdhghf_jghklv� baf_g_gby� hkgh\guo� oZjZdl_jbklbd� Zlhfh\� ij_^h�

ij_^_ey_lky�jZfdZfb�i_jbh^bq_kdhc�kbkl_fu�we_f_glh\��HibjZykv�gZ�i_�
jbh^bq_kdbc� aZdhg��i_jbh^bq_kdmx� kbkl_fm� we_f_glh\�� agZgb_� we_dljhg�
ghc�kljmdlmju�Zlhfh\,�fh`gh�^hklZlhqgh�lhqgh�hibkZlv�k\hckl\Z�ijhkluo�
b�keh`guo�\_s_kl\��K\hckl\Z�we_f_glh\�\�ijhkluo�b�keh`guo�\_s_kl\Zo�\�
h[s_f�kemqZ_�hij_^_eyxlky�jZaf_jhf�ZlhfZ� �_]h�jZ^bmkhf��b�kljmdlmjhc�
we_dljhgghc�h[hehqdb� 

 
AZdhghf_jghklv�baf_g_gby�jZ^bmkh\�Zlhfh\ 
LZd�dZd�^\b`_gb_�we_dljhgZ�\�Zlhf_�g_�bf__l�kljh]hc�[hjh\kdhc�ljZ�

_dlhjbb��Z�ghkbl�\hegh\hc�oZjZdl_j��lh�b�jZaf_j�ZlhfZ�g_�bf__l�kljh]h�hi�
j_^_e_gghc� ]jZgbpu�� AZ� jZ^bmk� ZlhfZ� h[uqgh� ijbgbfZxl� l_hj_lbq_kdb�
jZkkqblZggu_� iheh`_gby� fZdkbfmfZ� iehlghklb� \g_rg_]h� we_dljhggh]h�
h[eZdZ��LZdb_�jZ^bmku�gZau\Zxl�hj[blZevgufb��IjZdlbq_kdb�bkihevamxl�
wnn_dlb\gu_� jZ^bmku�� dhlhju_� hij_^_e_gu� ba� kljh_gby�fhe_dme� b� djb�
klZeeh\�� JZ^bmku� Zlhfh\� y\eyxlky� h^ghc� ba� \Z`guo� oZjZdl_jbklbd� we_�
f_glh\��lZd dZd�jZaf_ju�Zlhfh\�hij_^_eyxl�jy^�nbabdh-obfbq_kdbo�ihdZ�
aZl_e_c�b�obfbq_kdmx� Zdlb\ghklv� we_f_glh\��Baf_g_gb_� Zlhfguo�jZ^bm�
kh\� we_f_glh\�ghkbl�i_jbh^bq_kdbc�oZjZdl_j��JZkkfhljbf��dZd�f_gyxlky�
jZ^bmku�Zlhfh\�\�ij_^_eZo�h^gh]h�i_jbh^Z�b�h^ghc�]jmiiu,�k^_eZ_f�wlh�gZ�
]jmii_� we_f_glh\� \lhjh]h�i_jbh^Z�b� ]eZ\ghc�ih^]jmiiu�i_j\hc� ]jmiiu��
GZ�jbk. 3.1�ihdZaZg�oZjZdl_j� �l_g^_gpby��baf_g_gby�jZ^bmkh\�Zlhfh\�we_�
f_glh\�\lhjh]h�i_jbh^Z��AgZq_gby�jZ^bmkh\�^Zgu�\�Zg]klj_fZo��Å =10–8kf�� 

<�i_jbh^Zo�jZ^bmku� Zlhfh\�ih�f_j_�m\_ebq_gby� aZjy^Z� y^jZ�� l�_��hl�
gZqZeZ�d�dhgpm�i_jbh^Z��mf_gvrZxlky��Ohly�\�ZlhfZo�we_f_glh\��gZoh^y�

    Li              Be       B       C        N       O       F 

 1,52 1,13 0,88 0,77 0,70 0,60 0,66 r, Å 
 Na 1,86 
 D 2,31 
 Rb 2,44 
 Cs 2,62 
 Fr 2,71 

Jbk�������OZjZdl_j�baf_g_gby�jZ^bmkh\�Zlhfh\� 
ih�i_jbh^Zf�b�]jmiiZf 

GZijZ\e_gb_�mf_gvr_gby 
jZ^bmkh\�Zlhfh\ 
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sboky�\�h^ghf�i_jbh^_��kh^_j`blky�h^gh�b�lh `_�dhebq_kl\h�we_dljhgguo�
d\Zglh\uo�mjh\g_c��gh�ih�f_j_�m\_ebq_gby�qbkeZ�we_dljhgh\�ijhbkoh^bl�
mf_gvr_gb_�jZ^bmkh\�Zlhfh\�hl�gZqZeZ�d�dhgpm�i_jbh^Z��Wlh�oZjZdl_jbam�
_lky�l_f��qlh�ijb�m\_ebq_gbb�aZjy^Z�y^jZ�b�qbkeZ�we_dljhgh\�mkbeb\Z_lky�
dmehgh\kdh_� \aZbfh^_ckl\b_�f_`^m� we_dljhgghc� h[hehqdhc�b� y^jhf,� dh�
lhjh_�ijb\h^bl�d�k`Zlbx�ZlhfZ��LZd,�\�jy^m�we_f_glh\�\lhjh]h�i_jbh^Z�hl�
eblby�^h�nlhjZ�jZ^bmku�Zlhfh\�mf_gvrbebkv�ijbf_jgh�\���� jZaZ� 

<�]jmiiZo�k\_jom�\gba�jZ^bmku�Zlhfh\�m\_ebqb\Zxlky��lZd�dZd�k�dZ`�
^uf� gh\uf� i_jbh^hf� ihy\ey_lky� _s_� h^bg� d\Zglh\uc� mjh\_gv�� dhlhjuc�
gZqbgZ_l�aZihegylvky�we_dljhgZfb� 

GZ� jbkmgd_� klj_edhc� mdZaZgZ� lhevdh� h[sZy� l_g^_gpby�baf_g_gby� jZ�
^bmkh\��Gh�wlh�g_� agZqbl��qlh�\�mdZaZgghf�gZijZ\e_gbb�bf__lky�ebg_cgZy�
aZ\bkbfhklv� 

<� jy^Zo� d-we_f_glh\� baf_g_gby� jZ^bmkh\�f_g__� agZqbl_evgu�� q_f� m� 
s-�b�j-we_f_glh\��M�d-we_f_glh\�b^_l�aZiheg_gb_�we_dljhgZfb�d-ih^mjh\gy�
ij_^\g_rg_]h�d\Zglh\h]h�mjh\gy�b�ihwlhfm�\_ebqbgZ�k`Zlby�ZlhfZ�\�p_�
ehf�f_gvr_��q_f�\�kemqZ_�m\_ebq_gby�qbkeZ�we_dljhgh\�gZ�\g_rg_f�mjh\�
g_��<�jy^m�d-we_f_glh\�\_ebqbgZ�k`Zlby�jZ^bmkh\�Zlhfh\�khklZ\ey_l�\k_]h�
hdheh���� Å (d-k`Zlb_�� 

<�jy^m� f-we_f_glh\�\_ebqbgZ�k`Zlby�_s_�f_gvr_��>_eh�\� lhf��qlh�m� 
f-we_f_glh\ b^_l� aZiheg_gb_� f-ih^mjh\gy� ij_^ij_^ihke_^g_]h� mjh\gy� b�
m\_ebq_gb_�aZjy^Z�y^jZ�b�qbkeZ�we_dljhgh\�hq_gv�fZeh�\eby_l�gZ�jZaf_ju�
Zlhfh\��<_ebqbgZ� f-k`Zlby� khklZ\ey_l� \k_]h� ��� Å. H^gZdh� wlh� g_agZqb�
l_evgh_�baf_g_gb_�jZ^bmkh\�\�jy^m�f-we_f_glh\�\eby_l�gZ�k\hckl\Z�ihke_�
^mxsbo� we_f_glh\��b�� _kl_kl\_ggh�� kZfb� f-we_f_glu��bf_y�hq_gv�[ebadb_�
jZ^bmku�Zlhfh\��koh`b�ih�obfbq_kdbf�k\hckl\Zf� 

 
AZdhghf_jghklv�baf_g_gby�wg_j]bb�bhgbaZpbb 
Obfbq_kdmx� Zdlb\ghklv� we_f_glZ�fh`gh� hp_gblv� kihkh[ghklvx� _]h�

ZlhfZ� l_jylv� beb� ijbh[j_lZlv� we_dljhgu�� Kihkh[ghklv� ZlhfZ� hl^Z\Zlv�
we_dljhgu�dhebq_kl\_ggh�hp_gb\Z_lky�wg_j]b_c�bhgbaZpbb� 

Wg_j]b_c� bhgbaZpbb gZau\Z_lky� lZdh_� dhebq_kl\h� wg_j]bb�� dhlhjh_�
g_h[oh^bfh�aZljZlblv�^ey�hlju\Z�h^gh]h�we_dljhgZ�hl�g_cljZevgh]h�ZlhfZ�:. 

Wg_j]bx�bhgbaZpbb�h[hagZqZxl�[md\hc�I�b�\ujZ`Zxl�\�d>`�fhev�beb�
w<�Zlhf� 

: + I = :+ + �. 



 

 37 

Fgh]hwe_dljhggu_� Zlhfu� oZjZdl_jbamxlky� g_kdhevdbfb� wg_j]byfb�
bhgbaZpbb�� I1, I2, I3, ..., In, khhl\_lkl\mxsbfb� hlju\m� i_j\h]h�� \lhjh]h��
lj_lv_]h� b� l�^�� we_dljhgh\��Ijb� wlhf� \k_]^Z� I1 < I2 < I3 < … < In�� lZd dZd� k�
m\_ebq_gb_f� qbkeZ� hlju\Z_fuo� we_dljhgh\� jZkl_l� aZjy^� h[jZamxs_]hky�
iheh`bl_evgh]h� ghgZ�� dhlhjuc� kbevg__� ijbly]b\Z_l� we_dljhgu�� >ey� oZ�
jZdl_jbklbdb�obfbq_kdhc�Zdlb\ghklb�we_f_glZ�h[uqgh�ihevamxlky�agZq_�
gb_f�i_j\hc�wg_j]bb�bhgbaZpbb�I1��[m^_f�h[hagZqZlv�__�ijhklh�I). Wg_j]by�
bhgbaZpbb�l_kgh�k\yaZgZ�k�jZaf_jZfb�ZlhfZ��OZjZdl_j�baf_g_gby�wg_j]bb�
bhgbaZpbb�ih�i_jbh^Zf�b�]jmiiZf�jZkkfhljbf�gZ�ijbf_j_�we_f_glh\�\lh�
jh]h�i_jbh^Z�b�]eZ\ghc�ih^]jmiiu�i_j\hc�]jmiiu��J_amevlZlu�ijb\_^_gu�
gZ�jbk������ 

<�i_jbh^Zo�ke_\Z�gZijZ\h�wg_j]by�bhgbaZpbb�Zlhfh\�m\_ebqb\Z_lky��<�
]jmiiZo� k\_jom� \gba�–�gZh[hjhl� wg_j]by�bhgbaZpbb�mf_gvrZ_lky��Ba�jb�
kmgdZ�\b^gh��qlh�gZijZ\e_gb_�m\_ebq_gby�wg_j]bb�bhgbaZpbb�khhl\_lkl\m�
_l�gZijZ\e_gbx�mf_gvr_gby�jZ^bmkh\�Zlhfh\��Ke_^h\Zl_evgh��q_f�f_gvr_�
jZ^bmk�ZlhfZ,�l_f�ljm^g__�hlju\Zlv�we_dljhg��l_f�[hevr_�agZq_gb_�wg_j�
]bb�bhgbaZpbb� 

H^gZdh�oZjZdl_j�baf_g_gby�wg_j]bb�bhgbaZpbb�g_�khhl\_lkl\m_l�ijy�
fhc�ebgbb��gh�bf__l�i_jbh^bq_kdbc�oZjZdl_j��<�ij_^_eZo�dZ`^h]h�i_jbh^Z�
gZ[ex^Zxlky�©f_klgu_ª�fZdkbfmfu��Wlh�k\yaZgh�k�ihjy^dhf�aZiheg_gby�
we_dljhgZfb�d\Zglh\uo�ih^mjh\g_c��<h�\lhjhf�i_jbh^_�kgZqZeZ�we_dljh�
gu�aZihegyxl�s-ih^mjh\_gv��ihwlhfm�ijb�i_j_oh^_�hl�we_f_glZ�k�we_dljh�
ghf�ns1

��/L��d�we_f_glm�k�we_dljhghf�ns2
��<_��wg_j]by�bhgbaZpbb�\hajZklZ�

_l��AZl_f�b^_l�kdZqhd�\gba� �mf_gvr_gb_ I), \ua\Zgguc�aZiheg_gb_f�we_d�
ljhgZfb�j-ih^mjh\gy��gh�^Ze__�wg_j]by�bhgbaZpbb�\hajZklZ_l�ijb�i_j_oh^_�
hl� we_f_glZ� k� nj1-we_dljhghf� �<�� d� we_f_glm� k� Qj3-we_dljhghf 

�K�, h[m�
keh\e_ggh_� aZiheg_gb_f� ih^mjh\gy� ih� ijZ\bem� =mg^Z� �l�_�� ih� h^ghfm�

    Li              Be       B       C        N       O       F       Ne 

 5,4 9,1 8,3 11,3 14,5 13,6 17,4 21,6 I, w<�Zlhf 
 Na 1,86 
 D 2,31 
 Rb 2,44 
 Cs 2,62 
 Fr 2,71 

Jbk�������OZjZdl_j�baf_g_gby�wg_j]bb�bhgbaZpbb�ih�i_jbh^Zf�b�]jmiiZf 

GZijZ\e_gb_�m\_ebq_gby 
wg_j]bb�bhgbaZpbb 
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we_dljhgm�gZ�hj[blZev���AZl_f�kgh\Z�kdZqhd�\gba��mf_gvr_gb_�I���GZqbgZ�
_lky�aZiheg_gb_�\lhjufb�we_dljhgZfb�nj-ih^mjh\gy, b�wg_j]by�bhgbaZpbb�
kgh\Z�\hajZklZ_l� �hl�dbkehjh^Z�d�g_hgm���F_klgu_�fZdkbfmfu�b�fbgbfm�
fu�gZ�\hajZklZxs_f�mqZkld_�djb\hc�\�ij_^_eZo�ih^mjh\gy�hljZ`Zxl�y\�
e_gb_� \gmlj_gg_c�i_jbh^bqghklb��FZdkbfmfu� khhl\_lkl\mxl� we_f_glZf� 
m�dhlhjuo�\g_rgb_�ih^mjh\gb�aZiheg_gu�iheghklvx�ns2-, Qj6- beb�gZiheh�
\bgm� nj3-we_dljhgZfb��Wlh� k\b^_l_evkl\m_l� h� ih\ur_gghc� mklhcqb\hklb�
lZdbo�dhgnb]mjZpbc� 

<�]jmiiZo��\�ih^]jmiiZo�s-�b�j-we_f_glh\��k\_jom�\gba�wg_j]by�bhgb�
aZpbb� mf_gvrZ_lky��Wlh� h[mkeh\e_gh� m\_ebq_gb_f� jZ^bmkh\� Zlhfh\�� q_f�
[hevr_� jZaf_j� ZlhfZ�� l_f� e_]q_� hl� g_]h� hlhj\Zlv� we_dljhg�� l_f�f_gvr_�
agZq_gb_�wg_j]bb�bhgbaZpbb� 

<�ih^]jmiiZo�d-we_f_glh\��djhf_�ih^]jmiiu�kdZg^by��wg_j]by�bhgb�
aZpbb��dZd�ijZ\beh��k\_jom�\gba�ih\urZ_lky��GZijbf_j� 

 V – I1 = 6,74 w<�Zlhf� 
 Nb – I1 = 6,88 w<�Zlhf� 
 LZ – I1 = 7,88 w<�Zlhf� 
Ih\ur_gb_� wg_j]bb� bhgbaZpbb� \� ih^]jmiiZo� d-we_f_glh\� \ua\Zgh�

wnn_dlhf�ijhgbdgh\_gby� we_dljhgh\�d� y^jm��Kh]eZkgh�d\Zglh\hc� l_hjbb�
\g_rgb_�we_dljhgu�ijhgbdZxl�[eb`_�d�y^jm�ih^�d-ih^mjh\_gv��Wlh�ijb�
\h^bl�d�ih\ur_gbx�ijhqghklb�k\yab�\g_rgbo�we_dljhgh\�k�y^jhf� 

 
Kjh^kl\h�d�we_dljhgm�b�oZjZdl_j�_]h�baf_g_gby 
Kihkh[ghklv� ZlhfZ� ijbkh_^bgylv� we_dljhgu� fh`_l� [ulv� dhebq_kl�

\_ggh�hp_g_gZ�wg_j]b_c��dhlhjmx�h[hagZqZxl�ihgylb_f�©kjh^kl\h�d�we_d�
ljhgmª� 

Kjh^kl\hf�d�we_dljhgm�gZau\Zxl�dhebq_kl\h�wg_j]bb�?��dhlhjh_�\u�
^_ey_lky� \� j_amevlZl_� ijbkh_^bg_gby� we_dljhgZ� d� g_cljZevghfm� Zlhfm� b�
ij_\jZs_gb_f�_]h�\�hljbpZl_evgh�aZjy`_gguc�bhg� 

: + _ = :–  + ?. 

Kjh^kl\h�d� we_dljhgm� \ujZ`Z_lky� \� l_o�`_� _^bgbpZo��qlh�b� wg_j]by�
bhgbaZpbb��d>`�fhev�beb�w<�Zlhf���H^gZdh�wdki_jbf_glZevgh�_]h�hij_^_�
eblv�ljm^g__��q_f�wg_j]bx�bhgbaZpbb��Ihwlhfm�lhqgu_�agZq_gby�?�ihem�
q_gu� ebrv� ^ey� g_[hevrh]h� qbkeZ� we_f_glh\�� Ih� bf_xsbfky� ^Zgguf�
fh`gh�k^_eZlv�h^ghagZqguc�\u\h^�h�aZdhghf_jghklb�baf_g_gby�kjh^kl\Z�
d�we_dljhgm�ih�i_jbh^Zf�b�]jmiiZf� 
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OZjZdl_j� baf_g_gby� jZkkfhljbf� gZ� ijbf_j_� we_f_glh\� \lhjh]h� i_�
jbh^Z,�]eZ\ghc�ih^]jmiiu�k_^vfhc�]jmiiu�(jbk� 3.3). 

 
Ba�jbkmgdZ�ke_^m_l��qlh�\�i_jbh^_�hl�gZqZeZ�d�dhgpm�kjh^kl\h�d�we_d�

ljhgm� m\_ebqb\Z_lky�� Z� \� ]jmiiZo� m\_ebq_gb_� b^_l� \� gZijZ\e_gbb� kgbam�
\\_jo��Fh`gh�k^_eZlv�lZdhc�\u\h^��q_f�f_gvr_�jZ^bmk�ZlhfZ��l_f�e_]q_�d�
g_fm� ijbkh_^bgy_lky� we_dljhg�� l_f� [hevr_� \uk\h[h`^Z_lky� wg_j]bb� b��
ke_^h\Zl_evgh��[hevr_�kjh^kl\h�d�we_dljhgm��H^gZdh�fhghlhgghklb�\�ba�
f_g_gbb�kjh^kl\Z�d�we_dljhgm�g_l��dZd�b�g_�[ueh�__�\�baf_g_gbb�wg_j]bb�
bhgbaZpbb� 

>ey�we_f_glh\�9I,:-]jmiiu��h[eZ^Zxsbo�\�k\hbo�i_jbh^Zo�gZbf_gv�
rbfb�jZ^bmkZfb��\_ebqbgZ�kjh^kl\Z�d�we_dljhgm�gZb[hevrZy��GZbf_gvr__�
agZq_gb_�kjh^kl\Z�d�we_dljhgm�b�^Z`_�hljbpZl_evgh_�agZq_gb_�bf__l�f_klh�
m�we_f_glh\�k�we_dljhggufb�kljmdlmjZfb�s2 �<_��0J��&D���s2

j
6 �1_��$U��Dr) 

b�k�gZiheh\bgm�aZiheg_gguf�j-ih^mjh\g_f��l�_��kljmdlmjhc�s2p3
��1��J��$V���

Wlh� kem`bl�^hihegbl_evguf�^hdZaZl_evkl\hf�ih\ur_gghc�mklhcqb\hklb�
mdZaZgguo�dhgnb]mjZpbc. 

Baf_g_gb_�kjh^kl\Z�d�we_dljhgm�\�jy^m�d-we_f_glh\�ihdZ`_f�gZ�ijb�
f_j_ we_f_glh\��-]h�i_jbh^Z (lZ[e�����). 

LZ[ebpZ���� 
We_f_glu Sc Ti V Cr Mn Fe Co Ni Cu Zn 
?, w<�Zlhf –0,40 0,15 0,65 0,85 –1,20 0,1 0,70 1,10 1,40 –0,9 
We_dljhggZy�
dhgnb]mjZpby 

 
s2d1 

 
s2d2 

 
s2d3 

 
s1d5 

 
s2d5 

 
s2d6 

 
s2d7 

 
s2d8 

 
s1d10 

 
s2d10 

 
A^_kv�lh`_�mklhcqb\u_�dhgnb]mjZpbb�s2d5, s2d10

�bf_xl�hljbpZl_evgh_�
agZq_gb_�kjh^kl\Z�d�we_dljhgm��Ijbgpbi�baf_g_gby�kjh^kl\Z�d�we_dljhgm�\�
jy^_�d-we_f_glh\ lZdhc�`_,�dZd�m�jy^Z�s-�b�j-we_f_glh\� 

                       Li      Be      B       C        N       O       F 

E, w</Zlhf 0,57 –0,6 0,2 1,25 –0,1 1,47 3,6 
 3,8 Cl 
 3,5 Br 
 3,3 I 

Jbk� �����OZjZdl_j�baf_g_gby�kjh^kl\Z�d�we_dljhgm� 
ih�i_jbh^Zf�b�]jmiiZf 

GZijZ\e_gb_�m\_ebq_gby 
kjh^kl\Z�d�we_dljhgm 
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?s_� jZa� h[jZlbfky� d� oZjZdl_jm� baf_g_gby�?� \� ]jmiiZo��Ba� ^Zgguo��
ijb\_^_gguo�^ey� ]Zeh]_gh\��\b^gh��qlh�\_ebqbgZ� kjh^kl\Z�d� we_dljhgm�m�
nlhjZ�������f_gvr_��q_f�m�oehjZ��������LZdmx�ZghfZebx�fh`gh�h[tykgblv�
hllZedb\Zgb_f�we_dljhgZ�\�iehlgh�aZiheg_gghf��j-ih^mjh\g_��LZdb_�Zgh�
fZebb�\klj_qZxlky�m�we_f_glh\�^jm]bo�]jmii� 

 
Baf_g_gb_�we_dljhhljbpZl_evghklb 
>ey�lh]h�qlh[u�j_rblv,�Zlhf�^Zggh]h�we_f_glZ�e_]q_�l_jy_l�beb�ijb�

kh_^bgy_l�we_dljhg,�g_h[oh^bfh�mq_klv�wg_j]bx�bhgbaZpbb�I�b�kjh^kl\h�d�
we_dljhgm�?��Kmffm�wg_j]bb�bhgbaZpbb�b�kjh^kl\Z�d�we_dljhgm�gZau\Zxl�
we_dljhhljbpZl_evghklvx��WH���GZijbf_j��^ey�gZoh`^_gby�we_dljhhl�
jbpZl_evghklb� ZlhfZ�nlhjZ� �WHF�� g_h[oh^bfh� kmffbjh\Zlv� _]h� wg_j]bx�
bhgbaZpbb��IF��b�kjh^kl\h�d�we_dljhgm��?F): 

WHF = IF + EF = 1736,36 + 339,74 = 2076,2 d>`/fhev. 

We_dljhhljbpZl_evghklv�baf_jy_lky�\�l_o�`_�_^bgbpZo��qlh�b�wg_j]by�
bhgbaZpbb��d>`�fhev�beb�w<�Zlhf� 

H^gZdh�^ey�m^h[kl\Z�ijbf_g_gby�\f_klh�Z[khexlguo�agZq_gbc�we_d�
ljhhljbpZl_evghklb��d>`�fhev�beb�w<�Zlhf��bkihevamxl�agZq_gby�hlghkb�
l_evghc�we_dljhhljbpZl_evghklb �HWH beb�0���AZ _^bgbpm�hlghkbl_evghc�
we_dljhhljbpZl_evghklb�ijbgylZ�we_dljhhljbpZl_evghklv�ZlhfZ�eblby� 

HWH = WHLi = ILi + ?Li = 0. 
:gZeh]bqgh�hij_^_e_gu�\_ebqbgu�HWH�\k_o�we_f_glh\��Bo�agZq_gby�

ijb\_^_gu�\�ijbeh`_gbb. 
OZjZdl_j� baf_g_gby� hlghkbl_evghc� we_dljhhljbpZl_evghklb� we_f_g�

lh\�jZkkfhlj_g�gZ�ijbf_j_�we_f_glh\�\lhjh]h�i_jbh^Z,�]eZ\ghc�ih^]jmiiu�
i_j\hc�]jmiiu��jbk� 3.4). 

    Li              Be       B       C        N       O       F 

 1 1,5 2,0 2,5 3,0 3,5 4 
 Na 0,97 
 D 0,91 
 Rb 0,89 
 Cs 0,86 
 Fr 0,7 

Jbk�������OZjZdl_j�baf_g_gby�hlghkbl_evghc  
we_dljhhljbpZl_evghklb�ih�i_jbh^Zf�b�]jmiiZf 

GZijZ\e_gb_�m\_ebq_gby�0 
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Fh`gh� k^_eZlv� ke_^mxsbc� \u\h^�� q_f� f_gvr_� jZ^bmk� ZlhfZ�� l_f�
[hevr_�agZq_gb_�we_dljhhljbpZl_evghklb� 

We_dljhhljbpZl_evghklvx� gZau\Zxl� k\hckl\h� ZlhfZ� ijbly]b\Zlv� d�
k_[_ we_dljhgu� 
 GZbf_gvrbf� agZq_gb_f� we_dljhhljbpZl_evghklb� h[eZ^Zxl� s-
we_f_glu��ihwlhfm�s_ehqgu_�f_lZeeu�e_]dh�hl^Zxl�we_dljhgu��Bo�fh`gh�
gZa\Zlv�gZb[he__� we_dljhiheh`bl_evgufb� we_f_glZfb��<�ijhlb\hiheh`�
ghklv�s_ehqguf�f_lZeeZf ]Zeh]_gu�bf_xl�[hevrmx� we_dljhhljbpZl_ev�
ghklv��ihwlhfm�hgb�e_]dh�ijbly]b\Zxl�d�k_[_�we_dljhgu�b�k�[hevrbf�ljm�
^hf�hl^Zxl�bo� 

GZbf_gvrbf�agZq_gb_f�0�h[eZ^Z_l�Fr �������Z�gZb[hevrbf�– F �����Ih�
gylb_� we_dljhhljbpZl_evghklb� kem`bl� lZd`_� f_jhc� hlghkbl_evghc� kih�
kh[ghklb�Zlhfh\�\�fhe_dme_�ijbly]b\Zlv�d�k_[_�we_dljhgu�beb�hlly]b\Zlv�
gZ�k_[y�we_dljhggmx�iehlghklv� 

Ih� \hajZklZxs_c� \_ebqbg_� hlghkbl_evghc� we_dljhhljbpZl_evghklb�
g_f_lZeeu�fh`gh�jZkiheh`blv�\�jy^��lZ[e������� 

LZ[ebpZ���2 

G_f_�
lZeeu 

Si At B Te P H As I S Sc C Br Cl N O F 

0 1,74 1,9 2,01 2,01 2,06 2,1 2,2 2,21 2,44 2,48 2,5 2,74 2,83 3,07 3,5 4,0 

 
DZd�\b^gh�ba�lZ[ebpu��dZ`^uc�we_f_gl�\�wlhf�jy^m�h[eZ^Z_l�[hevr_c�

we_dljhhljbpZl_evghklvx��q_f�we_f_gl,�gZoh^ysbcky�e_\__� 
 

OZjZdl_j�baf_g_gby�\Ze_glghklb�we_f_glh\ 
<Ze_glghklv� we_f_glh\�h[_ki_qb\Z_lky� lZd�gZau\Z_fufb�\Ze_glgu�

fb�we_dljhgZfb��<Ze_glgufb�gZau\Zxlky�lZdb_�we_dljhgu�^Zggh]h�we_�
f_glZ��dhlhju_�h[jZamxl�obfbq_kdb_�k\yab�k�ZlhfZfb�^jm]bo� we_f_glh\��
<_ebqbgZ� \Ze_glghklb� ZlhfZ� ^Zggh]h� we_f_glZ� hij_^_ey_lky� qbkehf� g_�
kiZj_gguo� we_dljhgh\�� Z� lZd`_� qbkehf� we_dljhgh\,� dhlhju_� bf_xl� \ha�
fh`ghklv�jZkiZjb\Zlvky�ijb�g_agZqbl_evguo�aZljZlZo�wg_j]bb� 

M�s-we_f_glh\� \Ze_glgufb� y\eyxlky� we_dljhgu�s-ih^mjh\gy� \g_rg_]h�
d\Zglh\h]h� mjh\gy�� GZijbf_j,� m� ZlhfZ� fZ]gby� k� we_dljhgghc� kljmdlmjhc�
1s22s22j63s23j0

�\Ze_glgufb�y\eyxlky�we_dljhgu��s2
��Hgb�fh]ml�jZkiZjb\Zlv�

ky�k�i_j_oh^hf�h^gh]h�we_dljhgZ�k��s-ih^mjh\gy�gZ�ih^mjh\_gv��j��<�\ha[m�
`^_gghf�khklhygbb�we_dljhggZy�kljmdlmjZ�fZ]gby�[m^_l�1s22s22j63s13j1. 
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M�j-we_f_glh\�\Ze_glgu_�we_dljhgu�jZkiheh`_gu�gZ�s-�b�j-ih^mjh\-
gyo�\g_rg_]h�d\Zglh\h]h�mjh\gy� 

LZd,�m� ZlhfZ� Zexfbgby� k� we_dljhgghc� kljmdlmjhc� �s22s22j63s23j1 \Z-
e_glgufb� y\eyxlky� �s23j1-we_dljhgu��Ijbq_f� h^bg� we_dljhg� k� �s-ih^m-
jh\gy� e_]dh� i_j_oh^bl� gZ� �j-ih^mjh\_gv�� h[jZam_lky� ljb� g_kiZj_gguo�
we_dljhgZ��Ihwlhfm�Zexfbgbc�– lj_o\Ze_glguc�we_f_gl� 

M� d-we_f_glh\� \Ze_glgufb� y\eyxlky� we_dljhgu,� jZkiheh`_ggu_� 
gZ� s-ih^mjh\g_� \g_rg_]h� mjh\gy� b� d-ih^mjh\g_� ij_^ihke_^g_]h� d\Zg-
lh\h]h� mjh\gy�� GZijbf_j�� Zlhf� lblZgZ� bf__l� we_dljhggmx� kljmdlmjm 
1s22s22j63s23j64s23d2

�� <Ze_glgufb� ^ey� lblZgZ� [m^ml� we_dljhgu� �s23d2
�� <�

j_amevlZl_�jZkiZjb\Zgby� we_dljhgh\� �s-ih^mjh\gy�ihemqZ_lky�q_luj_�g_�
kiZj_gguo�we_dljhgZ��dhlhju_�b�h[_ki_qb\Zxl�lblZgm�\Ze_glghklv IV. 

M�f-we_f_glh\�\Ze_glgu_�we_dljhgu jZkiheh _̀gu�gZ�s-ih^mjh\g_�\g_rg_]h�
mjh\gy�b�f-ih^mjh\g_�ij_̂ ij_̂ ihke_̂ g_]h��l�_��lj_lv_]h�hl�\g_,�d\Zglh\h]h�mjh\gy� 

DZd�ijZ\beh��\ukrZy�\Ze_glghklv�s-�b�j-we_f_glh\�jZ\gZ�ghf_jm�]jmi�
iu��aZ�bkdexq_gb_f�g_kdhevdbo�we_f_glh\�\lhjh]h�i_jbh^Z� �1��H��)���GZ�
ijbf_j_� s-� b� j-we_f_glh\� lj_lv_]h� i_jbh^Z�fh`gh� ihdZaZlv�� qlh� \ukrZy�
\Ze_glghklv�we_f_glZ�jZ\gZ�ghf_jm�]jmiiu��lZ[e� 3.3). 

LZ[ebpZ���3 

We_f_gl Na Mg Al Si P S Cl 
Ghf_j�]jmiiu I II III IV V VI VII 
<Ze_glgu_�we_dljhgu�\�
g_\ha[m`^_gghf�khklhy�
gbb 

3s 3s2 3s23p1 3s23p2 3s23p3 3s23p4 3s23p5 

JZkiheh`_gb_�\Ze_gl�
guo�we_dljhgh\�\�\ha[m�
`^_gghf�khklhygbb 

3s1 3s13p1 3s13p2 3s13p3 3s13p33d1 3s13p33d2 3s13p33d3 

<ukrZy�\Ze_glghklv I II III IV V VI VII 

 
LZd� dZd� m� we_f_glh\� \lhjh]h� i_jbh^Z� hlkmlkl\m_l� d-ih^mjh\_gv�� lh�

Zahl�� dbkehjh^� b� nlhj� g_� fh]ml� ^hklb]Zlv� \Ze_glghklb,� jZ\ghc� ghf_jm�
]jmiiu��M�gbo�g_l� \hafh`ghklb�jZkiZjb\Zlv� we_dljhgu��M�nlhjZ�fZdkb�
fZevgZy�\Ze_glghklv�fh _̀l�[ulv�jZ\gZ�_̂ bgbp_��m�dbkehjh Ẑ�– ̂ \mf��Z�m�ZahlZ�–�lj_f. 

Ke_^m_l� k^_eZlv�ijbf_qZgb_��\�^Zgghf� kemqZ_�jZa]h\hj�b^_l�h� ]eZ\�
ghc� �hkgh\ghc��\Ze_glghklb��>Zevr_�[m^_l�ihdZaZgh��qlh�gZjy^m�k�hkgh\�
ghc� \Ze_glghklvx� Zlhfu� we_f_glh\� kihkh[gu�ijhy\eylv�b�ih[hqgmx� \Z-                   
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e_glghklv�aZ�kq_l�h[jZah\Zgby�^hihegbl_evguo�^hghjgh-Zdp_ilhjguo�k\y�
a_c� 

>ey�[hevrbgkl\Z�d-we_f_glh\�\ukrZy�\Ze_glghklv�fh`_l�hlebqZlvky�
hl�ghf_jZ�]jmiiu��<Ze_glgu_�\hafh`ghklb�d-we_f_glZ�\�dhgdj_lghf�kem�
qZ_� hij_^_eyxlky� kljmdlmjhc� we_dljhgghc� h[hehqdb� ZlhfZ, d-we_f_glu�
fh]ml�bf_lv�fbgbfZevgmx�\Ze_glghklv�\ur_�ghf_jZ�]jmiiu��f_^v��k_j_[�
jh��b�gb`_�ghf_jZ�]jmiiu� �`_e_ah��dh[Zevl���GZijbf_j��k_j_[jh��gZoh^y�
s__ky�\�ih[hqghc�ih^]jmii_�i_j\hc�]jmiiu,�bf__l�kh_^bg_gby�k�\Ze_gl�
ghklvx�,,,:�:J2H3��:JK�3��Wlh�\ur_�ghf_jZ�]jmiiu��<�lh `_�\j_fy�dh[Zevl�
\� kh_^bg_gbb� ijhy\ey_l� \Ze_glghklv� g_� \ur_� ,,,� �Kh2H3��� qlh� gb`_�� q_f�
ghf_j�]jmiiu��VIII). 

K�ihgylb_f�\Ze_glghklv�[ebadh�khijbdZkZ_lky�\lhjh_�ihgylb_�–�kl_�
i_gv�hdbke_gby� 

Kl_i_gv�hdbke_gby�–�wlh�lhl�aZjy^��dhlhjuc�Zlhf�bf__l�\�bhgghf�kh�
_^bg_gbb�beb�bf_e�[u��_keb�[u�h[sZy�we_dljhggZy�iZjZ�iheghklvx�[ueZ�
[u� kf_s_gZ� d�[he__� we_dljhhljbpZl_evghfm� we_f_glm� \� dh\Ze_glghf� kh�
_^bg_gbb��Ke_^h\Zl_evgh��kl_i_gv�hdbke_gby�\�hlebqbb�hl�\Ze_glghklb�oZ�
jZdl_jbam_lky� g_� lhevdh� \_ebqbghc�� gh� b� aZjy^hf� «+»� beb� «–». <Ze_gl�
ghklv�bf__l�lhevdh�\_ebqbgm�b�g_�bf__l�agZdZ��GZijbf_j��\�kmevnZl_�gZ�
ljby�NaI

2S
VIOII

4 \Ze_glghklv�gZljby��k_ju�b�dbkehjh^Z�jZ\gZ�khhl\_lkl\_g�
gh�I, V,��,,��:�kl_i_gv�hdbke_gby�[m^_l��m�gZljby�����k_ju�����dbkehjh^Z –2. 
<Ze_glghklv�b�kl_i_gv�hdbke_gby�ih�\_ebqbg_�g_�\k_]^Z�kh\iZ^Zxl��LZd,�\ 
ke_^mxsbo�kh_^bg_gbyo�KG4��KG3HG��GKHG��GKHHG�\Ze_glghklv�m]e_�
jh^Z�\_a^_�jZ\gZ�,V��Z�kl_i_gv�hdbke_gby�–4, –���������khhl\_lkl\_ggh� 

>ey�hij_^_e_gby�\Ze_glghklb�we_f_glh\�\�kh_^bg_gbyo�ke_^m_l�bkihev�
ah\Zlv�g_� lhevdh�iheh`_gb_� we_f_glZ�\�hij_^_e_gghc� ]jmii_�\�i_jbh^bq_�
kdhc�kbkl_f_��gh�b�\Ze_glghklv�lZd�gZau\Z_fuo�wlZehgguo�we_f_glh\��D�wlZ�
ehgguf�we_f_glZf�hlghkyl�lZdb_��dhlhju_�\k_]^Z�bf_xl�h^bgZdh\u_�agZq_�
gby�\Ze_glghklb��Kj_^b�gbo� \h^hjh^�G��I), dZebc D��I), dbkehjh^�H��,,�� gZ�
ljbc Na (I), fZ]gbc�0J��,,�, Zexfbgbc�:l (III), nlhj F (I). 

Qlh�dZkZ_lky�kl_i_gb�hdbke_gby,�lh�wlb�we_f_glu�fh]ml�kem`blv�wlZeh�
ghf�^ey�hij_^_e_gby�kl_i_gb�hdbke_gby�^jm]bo�we_f_glh\�\�kh_^bg_gbyo� 

D+
��1Z+

�������G+
�������aZ�bkdexq_gb_f�]b^jb^h\�; 

Mg+2, KZ+2 (+2), F–1 (–1); 
:l +3 (+3)��KO�–1(–����aZ�bkdexq_gb_f�kh_^bg_gbc�k�dbkehjh^hf�b�nlh�

jhf�; 
H–2(–����aZ�bkdexq_gb_f�kh_^bg_gbc�k�nlhjhf�. 
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OZjZdl_j�baf_g_gby�\hkklZgh\bl_evguo 
        b�  hdbkebl_evguo  �k\hckl\�   we_f_glh\ 

?keb� \� obfbq_kdbo� j_Zdpbyo� we_f_gl� hl^Z_l� we_dljhgu�b�ih\urZ_l�
kl_i_gv� hdbke_gby�� lh� hg�ijhy\ey_l� \hkklZgh\bl_evgu_� k\hckl\Z��GZh[h�
jhl��\�kemqZ_�ijbkh_^bg_gby�we_f_glhf�we_dljhgh\�b�ihgb`_gbb�kl_i_gb�
hdbke_gby�we_f_gl�ijhy\ey_l�hdbkebl_evgu_�k\hckl\Z��<hkklZgh\bl_evgu_�
b� hdbkebl_evgu_� k\hckl\Z� we_f_glh\� aZ\bkyl� hl� jZ^bmkh\� Zlhfh\�� Q_f�
f_gvr_�jZ^bmk�ZlhfZ��l_f�ljm^g__�we_f_gl�hl^Z_l�we_dljhgu�b�keZ[__�ijh�
y\ey_l� \hkklZgh\bl_evgu_� k\hckl\Z�� <� wlhf� kemqZ_� m� we_f_glZ� Zdlb\g__�
[m^ml�ijhy\eylvky�hdbkebl_evgu_�k\hckl\Z��<�i_jbh^Zo�ke_\Z�gZijZ\h�\hk�
klZgh\bl_evgu_�k\hckl\Z�we_f_glh\�mf_gvrZxlky��Z�hdbkebl_evgu_�–�m\_�
ebqb\Zxlky�� <� ]jmiiZo� k\_jom� \gba� m\_ebqb\Zxlky� \hkklZgh\bl_evgu_�
k\hckl\Z�b�mf_gvrZxlky�hdbkebl_evgu_��jbk������. 

 
OZjZdl_j�baf_g_gby�k\hckl\�h^ghlbiguo�kh_^bg_gbc 
Ihf_klbf�\�jy^�h^ghlbigu_�kh_^bg_gby�]Zeh]_gh\�–�]Zeh]_g\h^hjh^u�

b�jZkkfhljbf��dZd�baf_gyxlky�bo�k\hckl\Z��mklhcqb\hklv�kh_^bg_gbc��kl_�
i_gv�^bkkhpbZpbb��kbeZ�dbkehlu��\hkklZgh\bl_evgu_�k\hckl\Z��\�ij_^_eZo�
]eZ\ghc� ih^]jmiiu�VII � ]jmiiu��H[gZjm`b\Z_lky� q_ldZy� aZdhghf_jghklv��
dZd�b�^ey�ijhkluo�we_f_glh\� 

  Li       Be       B       C        N       O       F 
 Na 
 D 
 Rb 
 Cs 
 Fr 

 
Jbk�������OZjZdl_j�baf_g_gby�ih�i_jbh^Zf�b�]jmiiZf�hdbkebl_evguo� 

b�\hkklZgh\bl_evguo�k\hckl\�we_f_glh\ 

M\_ebq_gb_�hdbkebl_evguo�
k\hckl\�we_f_glh\ 

M\_ebq_gb_�\hkklZgh\bl_evguo�k\hckl\�we_f_glh\ 

<hajZklZgb_�jZ^bmkZ�]Zeh]_gZ 
M\_ebq_gb_�

ijhqghklb�kh_^bg_gby 
M\_ebq_gb_�kl_i_gb�^bkkhpbZpbb 

M\_ebq_gb_�dbkehlguo�k\hckl\ 

M\_ebq_gb_�\hkklZgh\bl_evghc�
Zdlb\ghklb�]Zeh]_g-bhgZ 

HF     HCl     HBr     HI 
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LZd,� \� gZijZ\e_gbb� hl� nlhjZ� d� ch^m� b^_l� \hajZklZgb_� jZ^bmkh\�
Zlhfh\��ke_^h\Zl_evgh,�\�wlhf�gZijZ\e_gbb�mf_gvrZ_lky�ijhqghklv�kh�
_^bg_gbc��Q_f�[hevr_�jZ^bmk�]Zeh]_gh\��l_f�f_g__�ijhqgh�k�gbf�k\y�
aZg�\h^hjh^��KjZ\gbf�wg_j]bb�=b[[kZ�h[jZah\Zgby�g_kdhevdbo�fhe_dme 
�lZ[e������� 

LZ[ebpZ���4 

Fhe_dmeu HF HCl HBr 

0
h[jG∆ , d>`�fhev –273  –95 –53  

 
GZb[he__�hljbpZl_evgh_�agZq_gb_�wg_j]bb�=b[[kZ�h[jZah\Zgby�bf__l�

fhe_dmeZ�HF�� ke_^h\Zl_evgh,� hgZ� kZfZy� ijhqgZy��Ijb� i_j_oh^_� hl�HF� d�

HBr 0
h[jG∆ �mf_gvrbeZkv�[he__�q_f�\���jZa��Khhl\_lkl\_ggh�ijhqghklv�fh�

e_dme�j_adh�iZ^Z_l��JZkl\hju�]Zeh]_g\h^hjh^h\�\�\h^_�y\eyxlky�dbkehlZ�
fb��Ijb�i_j_oh^_�hl�HF�d�HI �lZ[e�������m\_ebqb\Z_lky�kl_i_gv�^bkkhpbZ�
pbb�dbkehlu��mkbeb\Zxlky�dbkehlgu_�k\hckl\Z�]Zeh]_g\h^hjh^ghc�dbkeh�
lu� �kbeZ� dbkehlu� hij_^_ey_lky� dhgp_gljZpb_c� bhgh\� G+

�� \_jg__� bhgh\�
]b^jhdkhgby�G3H

+). 
LZ[ebpZ���� 

DbkehlZ HF HCI HBr HI 

Kl_i_gv�^bkkhpbZpbb�α, % 7 78 89 90 

 
<�gZijZ\e_gbb�hl�nlhjZ�d�ch^m�m\_ebqb\Z_lky�\hkklZgh\bl_evgZy�kih�

kh[ghklv� ]Zeh]_g-bhgZ��LZd, HI�e_]dh� \hkklZgZ\eb\Z_l KMnO4 ^h�^\mo\Z�
e_glgh]h� khklhygby�fZj]ZgpZ� (Mn2+

���Hq_gv� ljm^gh�HCI� \hkklZgZ\eb\Z_l�
fZj]Zg_p��Z�HF�\hh[s_�g_�\�khklhygbb�\hkklZgh\blv�_]h�ba�i_jfZg]ZgZlZ�
dZeby� 

:gZeh]bqgh�fh`gh�ijh^_fhgkljbjh\Zlv�baf_g_gb_�k\hckl\�h^ghlbi�
guo�kh_^bg_gbc�we_f_glh\�r_klhc�]jmiiu� 
 

M\_ebq_gb_�jZ^bmkZ�ZlhfZ  

M\_ebq_gb_�kbeu�dbkehlu 

Mf_gvr_gb_�ijhqghklb�kh_^bg_gby 

H2O    H2S      H2Se    H2Te 
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3.5. AZdhg Fhaeb 
 

Ihf_sZy�\�j_gl]_gh\kdmx�ljm[dm�h^bg�aZ�^jm]bf�obfbq_kdb_�we_f_g�
lu�b�bkke_^my�j_gl]_gh\kdb_�ki_dlju�wlbo�we_f_glh\,�Zg]ebckdbc�mq_guc 
=��Fhaeb�\������]��h[gZjm`be��qlh�k�m\_ebq_gb_f�ihjy^dh\h]h�ghf_jZ�we_�
f_glZ�h^gb�b�l_�`_�ebgbb�ki_dljZ�kf_sZxlky�\�klhjhgm�mf_gvr_gby�^ebg�
\heg��Ijb�wlhf�j_gl]_gh\kdh_�baemq_gb_�g_�aZ\bkbl�hl�lh]h��\�dZdhf�\b^_�
gZoh^blky�^Zgguc�we_f_gl�–�\ \b^_�ijhklh]h�\_s_kl\Z�beb�kh_^bg_gby� 

HibjZykv� gZ� wdki_jbf_glZevgu_� ^Zggu_, =�� Fhaeb� mklZgh\be�� qlh�
qZklhlZ� dhe_[Zgbc� j_gl]_gh\kdbo� emq_c�� bkimkdZ_fuo� obfbq_kdbfb�
we_f_glZfb��ebg_cgh�k\yaZgZ�k�ihjy^dh\ufb�ghf_jZfb�Zlhfh\�we_f_glh\��
Hg�knhjfmebjh\Ze�ke_^mxsbc� aZdhg��dhlhjuc�k_cqZk�gZau\Zxl�_]h�bf_�
g_f� Dhjgb� d\Z^jZlgu_� ba� h[jZlguo� agZq_gbc� ^ebg� \heg� hij_^_e_gghc�

ebgbb� oZjZdl_jbklbq_kdh]h� j_gl]_gh\kdh]h� ki_dljZ� gZoh^ylky� \�

ebg_cghc�aZ\bkbfhklb�hl�ihjy^dh\uo�ghf_jh\�we_f_glh\. 
FZl_fZlbq_kdb�aZdhg�Fhaeb�\ujZ`Z_lky�ke_^mxs_c�nhjfmehc� 

)(/1 bZa −=λ . 

A^_kv� λ –� \u[jZggZy� ^ebgZ ki_dljZ� we_f_glZ�� Z –� ihjy^dh\uc� ghf_j�     
we_f_glZ�\�i_jbh^bq_kdhc�kbkl_f_��Z�b�b –�dhwnnbpb_glu�(Z – i_j_f_gguc�
dhwnnbpb_gl�� dhlhjuc� ^ey� dZ`^hc� ebgbb� ki_dljZ� bf__l� k\h_� agZq_gb_�� 
b – ihklhyggZy�wdjZgbjh\Zgby��mdZau\ZxsZy�gZ�mf_gvr_gb_�\_ebqbgu�aZ�
jy^Z� y^jZ, d� dhlhjhfm� ijbly]b\Z_lky� we_dljhg,� l�_�� b mqblu\Z_l� qbkeh�
d\Zglh\uo�we_dljhgguo�mjh\g_c�� 

=jZnbq_kdb� aZdhg� Fhaeb� bf__l�
\b^��bah[jZ`_gguc�gZ�jbk� 3.6. 

;hevrh_� agZq_gb_� aZdhgZ�Fhaeb�
aZdexqZehkv� \� lhf�� qlh� g_ihkj_^kl�
\_ggh� ba� hiulZ� fh`gh� [ueh� gZclb�
ihjy^dh\u_�ghf_jZ�we_f_glh\�b�^hdZ�
aZlv�� qlh� hgb� lhqgh� khhl\_lkl\mxl�
ghf_jZf� we_f_glh\� \� i_jbh^bq_kdhc�
kbkl_f_�>�B��F_g^_e__\Z� 

LZ[ebpZ�Zlhfguo�ghf_jh\�=��Fha-
eb,� khklZ\e_ggZy� \� ���� ].,� lhqgh� kh\�

iZ^ZeZ� k� lZ[ebp_c�>�B��F_g^_e__\Z��<�g_c� lh`_�[ueb�imklu_�f_klZ��dZd� \�
lZ[ebp_�>�B��F_g^_e__\Z��khhl\_lkl\mxsb_�g_ba\_klguf�\�lh�\j_fy�we_f_g�
lZf� 

λ/1  
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Jbk. 3.6. AZ\bkbfhklv�^ebgu�\hegu� 
j_gl]_gh\kdh]h�ki_dljZ�hl�ihjy^dh\h]h�

ghf_jZ�we_f_glZ 
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>ey�g_ba\_klguo�we_f_glh\�=��Fhaeb�lhqgh�mdZaZe�kljh_gb_�oZjZdl_�
jbklbq_kdbo� j_gl]_gh\kdbo� ki_dljh\�� qlh� ijb\_eh� d� hldjulbx� \� kdhjhf�
\j_f_gb�^\mo�g_ba\_klguo�we_f_glh\��]Zngby��� 72) b�j_gby��� 75). 
 
 

<hijhku�^ey�kZfhdhgljhey 
 
1. >Zlv�nhjfmebjh\dm�i_jbh^bq_kdh]h�aZdhgZ. 
2. Q_f�hlebqZ_lky�kh\j_f_ggZy�nhjfmebjh\dZ�i_jbh^bq_kdh]h�aZdhgZ�
hl�nhjfmebjh\db��ij_^eh`_gghc�>�B��F_g^_e__\uf" 

3. DZdb_�eh]bq_kdb_�\u\h^u�k^_eZe�>�B��F_g^_e__\�gZ�hkgh\_�i_jbh�
^bq_kdh]h�aZdhgZ�b�i_jbh^bq_kdhc�kbkl_fu�we_f_glh\" 

4. Qlh�gZau\Zxl�i_jbh^hf" 
5. Qlh�gZau\Zxl�]jmiihc�\�i_jbh^bq_kdhc�kbkl_f_�we_f_glh\" 
6. GZ�dZdb_�ih^]jmiiu�^_eylky�]jmiiu"�Ijb\_klb�ijbf_j� 
7. >Zlv hij_^_e_gb_�ihgylbc� ©lbibq_kdb_� we_f_gluª�� ©ihegu_� we_d-
ljhggu_�ZgZeh]bª� 

8. DZd�baf_gyxlky�jZ^bmku�Zlhfh\�ih�i_jbh^Zf�b�]jmiiZf" 
9. Qlh�lZdh_�wg_j]by�bhgbaZpbb" 

10. DZd�baf_gy_lky�ih�i_jbh^Zf�b�]jmiiZf�wg_j]by�bhgbaZpbb" 
11. Qlh�lZdh_�kjh^kl\h�d�we_dljhgm" 
12. DZd�baf_gy_lky�ih�i_jbh^Zf�b�]jmiiZf�kjh^kl\h�d�we_dljhgm" 
13. Qlh�oZjZdl_jbam_l�we_dljhhljbpZl_evghklv" 
14. DZd� baf_gy_lky� ih� i_jbh^Zf� b� ]jmiiZf� hlghkbl_evgZy� we_dljhhl-

jbpZl_evghklv" 
15. >Zlv�hij_^_e_gb_�ihgylbc�©\Ze_glghklvª��©kl_i_gv�hdbke_gbyª� 
16. DZd�baf_gy_lky�ih�i_jbh^Zf�b�]jmiiZf�\hkklZgh\bl_evgu_�b�hdbk�

ebl_evgu_�k\hckl\Z�we_f_glh\" 
17. >Zlv�nhjfmebjh\dm� aZdhgZ�Fhaeb, _]h�fZl_fZlbq_kdh_�\ujZ`_gb_�

b�]jZnbq_kdh_�bah[jZ`_gb_� 
 
 

AZ^Zgby�^ey�dhgljhevghc�jZ[hlu 
 

I. Z� I_j_qbkebl_� lbibq_kdb_� we_f_glu� i_j\hc� ]jmiiu� i_jbh^bq_�
kdhc�kbkl_fu. 

[� Hij_^_ebl_�� m� dZdbo�we_f_glh\��lblZgZ��pbjdhgby�  beb�  \ZgZ�
^by –�jZ^bmk�ZlhfZ�[hevr_��Ihq_fm" 

\� Hij_^_ebl_�\ukrmx�\Ze_glghklv�nlhjZ� 
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II. Z� I_j_qbkebl_� lbibq_kdb_� we_f_glu� \lhjhc� ]jmiiu� i_jbh^bq_�
kdhc�kbkl_fu� 

[� Hij_^_ebl_�  m �dZdbo�we_f_glh\��lblZgZ��pbjdhgby�  beb�  \ZgZ�
^by�– [hevr_�wg_j]by�bhgbaZpbb��Ihq_fm" 

\� Hij_^_ebl_�\ukrmx�\Ze_glghklv�oehjZ� 
III. Z� I_j_qbkebl_�lbibq_kdb_�we_f_glu�lj_lv_c�]jmiiu�    i_jbh^bq_�

kdhc�kbkl_fu� 
[� Hij_^_ebl_� �m �dZdbo�we_f_glh\��lblZgZ��pbjdhgby  �beb   \ZgZ�

^by –�[hevr_�kjh^kl\h�d�we_dljhgm� 
\� Hij_^_ebl_�\ukrmx�\Ze_glghklv�[jhfZ� 

IV. Z� I_j_qbkebl_�lbibq_kdb_�we_f_glu�q_l\_jlhc�]jmiiu   �i_jbh^b�
q_kdhc�kbkl_fu� 

[� Hij_^_ebl_, �m� dZdbo� we_f_glh\��lblZgZ�� pbjdhgby�   beb�   \ZgẐ by – 
[hevr_�agZq_gb_�hlghkbl_evghc�we_dljhhljbpZl_evghklb��Ihq_fm" 

\� Hij_^_ebl_�\ukrmx�\Ze_glghklv�ch^Z� 
V. Z� I_j_qbkebl_�lbibq_kdb_�we_f_glu�iylhc�]jmiiu�i_jbh^bq_kdhc�

kbkl_fu� 
[� Hij_^_ebl_�  m �dZdbo�we_f_glh\��blljby��kdZg^by�   beb�  pbjdh�

gby –�[hevr_�jZ^bmk�ZlhfZ��Ihq_fm"� 
\� Hij_^_ebl_�\ukrmx�\Ze_glghklv�dbkehjh^Z� 

 
 
 

=eZ\Z����OBFBQ?KD:Y�K<YAV��KLJH?GB?�FHE?DME 
 
 
K\hckl\Z� obfbq_kdbo� kh_^bg_gbc� aZ\bkyl� hl� khklZ\Z� fhe_dme�� bo�

kljh_gby�b�\b^Z�k\yab�f_`^m�ZlhfZfb. 
Fhe_dmehc�gZau\Zxl�mklhcqb\h_�h[jZah\Zgb_��kbkl_fm��ba�^\mo�b�[h�

e__�Zlhfh\��Kh\hdmighklv�kbe��m^_j`b\Zxsbo�Zlhfu�\�fhe_dmeZo��gZau�
\Zxl� obfbq_kdhc� k\yavx��Ij_`^_� q_f� jZkkfZljb\Zlv� oZjZdl_jbklbdm� ob�
fbq_kdhc�k\yab��\uykgbf�ijbjh^m�kbe��h[mkeh\eb\Zxsmx�\aZbfh^_ckl\b_�
Zlhfh\�b�h[jZah\Zgb_�fhe_dme� 
 

�����Hkgh\gu_�ijbgpbiu�\aZbfh^_ckl\by�Zlhfh\ 

<aZbfh^_ckl\b_� f_`^m� ZlhfZfb� ijhbkoh^bl� q_j_a� ihe_�� Hkgh\guf�
ihe_f�y\ey_lky�we_dljbq_kdh_� �we_dljhklZlbq_kdh_���lZd�dZd�]jZ\blZpbhg�
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gh_�b�fZ]gblgh_�ihey�\�wlhf�kemqZ_�gbqlh`gh�fZeu��JZkkfhljbf�qZklguc�
kemqZc�� \aZbfh^_ckl\b_� ^\mo� Zlhfh\� \h^hjh^Z� b� h[jZah\Zgb_� fhe_dmeu�
\h^hjh^Z��LZdh_�\aZbfh^_ckl\b_�ihdZaZgh�gZ�jbk. 4.1. 

Dh]^Z�Zlhfu�m^Ze_gu�^jm]�hl�^jm]Z�gZ�[hevrh_�jZkklhygb_��lh�kbeu��
^_ckl\mxsb_�f_`^m�gbfb��jZ\gu�gmex��Ijb�k[eb`_gbb�^\mo�Zlhfh\�\h�
^hjh^Z�f_`^m�gbfb�\hagbdZxl�^\Z�\b^Z�kbe� 

Jbk� �����<hagbdgh\_gb_�kbe�ijbly`_gby�«Z»�b�kbe� 
hllZedb\Zgby�«\»�ijb�k[eb`_gbb�^\mo�Zlhfh\�\h^hjh^Z 

 
F_`^m�we_dljhgghc�h[hehqdhc�i_j\h]h�\h^hjh^Z�HI

�b�y^jhf�\lhjh]h�
\h^hjh^Z�HII

�b�f_`^m�y^jhf�GI
�b�h[hehqdhc�GII

�\hagbdZxl�kbeu�ijbly`_�
gby��Bo�h[hagZqbf�[md\hc�Z��<�j_amevlZl_�ijbly`_gby�^\mo�Zlhfh\�\h^h�
jh^Z� wg_j]by� f_`^m� gbfb� �wg_j]by� kbkl_fu� ba� ^\mo� Zlhfh\�� gZqbgZ_l�
mf_gvrZlvky�� GZ� wg_j]_lbq_kdhc� ^bZ]jZff_� �jbk� ����� wlh� mf_gvr_gb_�
wg_j]bb�ihdZaZgh�djb\hc�Z��Gh�gZjy^m�k�ijbly`_gb_f�f_`^m�^\mfy�ZlhfZ�
fb�\h^hjh^Z�\hagbdZxl�kbeu�hllZedb\Zgby��h[mkeh\e_ggu_�hllZedb\Zgb_f�
f_`^m� h^ghbf_ggh� aZjy`_ggufb� y^jZfb� h[hbo� Zlhfh\� \h^hjh^Z�� lZd� b�
f_`^m�we_dljhggufb�h[hehqdZfb��Wlb�kbeu�hllZedb\Zgby�gZ jbk� 4���ih�
dZaZgu�klj_edZfb�b�h[hagZq_gu�[md\hc�\��<�j_amevlZl_�kbe�hllZedb\Zgby�
wg_j]by�kbkl_fu�G2 [m^_l�\hajZklZlv��GZ�jbk.�����m\_ebq_gb_�wg_j]bb�kbk�
l_fu��\ua\Zggh_�kbeZfb�hllZedb\Zgby,�ihdZaZgh�djb\hc�\. 

>ey�ihemq_gby�j_Zevghc�h[h[s_kl\e_gghc�dZjlbgu�baf_g_gby� wg_j�
]bb�kbkl_fu�g_h[oh^bfh�kmffbjh\Zlv�kbeu�ijbly`_gby�Z�b�kbeu�hllZedb�
\Zgby�\��l�_��keh`blv�djb\mx�Z�b�djb\mx�\. Ijb�kdeZ^u\Zgbb�kbe Z�k�kbeZ�
fb�\�ihemqZ_f�j_amevlbjmxsmx�kbem�j. 

GZ jbk.� ����j_amevlbjmxsZy� kbeZ�^Zkl�gh\mx�djb\mx�j��ihdZau\Zx�
smx�oZjZdl_j�baf_g_gby�wg_j]bb�kbkl_fu�G2 \�ijhp_kk_�k[eb`_gby�^\mo�
Zlhfh\� \h^hjh^Z��GZ� wlhc� djb\hc� bf__lky� \iZ^bgZ (r0),� dhlhjmx� h[uqgh�
gZau\Zxl�ihl_gpbZevghc�yfhc��Ihke_�lhqdb�r0 djb\Zy�j�j_adh�b^_l�\\_jo��
l�_��wg_j]by�kbkl_fu�gZqbgZ_l�klj_fbl_evgh�\hajZklZlv��Ijbly`_gb_�^\mo�

+ 
a 

a 

a 
a 

\ 

\ 
\ 

\ 

_ 

_ 

+ 

HI HII 
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Zlhfh\�\h^hjh^Z�aZdZgqb\Z_lky��dh]^Z�f_`^m�gbfb�bf__lky�jZkklhygb_�rc, 
khhl\_lkl\mxs__� fbgbfZevghfm� agZq_gbx� wg_j]bb� JZkklhygb_� rc –� wlh�
jZkklhygb_�f_`^m�^\mfy�p_gljZfb�^\mo�Zlhfh\�\�fhe_dme_��_]h�gZau\Zxl�
^ebghc�k\yab� 

Jbk� �����Baf_g_gb_�ihl_gpbZevghc�wg_j]bb�kbkl_fu�H2  
ijb�k[eb`_gbb�^\mo�Zlhfh\ 

 
Ba�jbk. 4.3�\b^gh��qlh�jZkklhygb_�rc f_gvr_��q_f�kmffZ�^\mo�jZ^bmkh\�

Zlhfh\�\h^hjh^Z��R. Ke_^h\Zl_evgh��\�kbkl_f_�^\mo�Zlhfh\�\h^hjh^Z��l�_��\�
fhe_dme_�\h^hjh^Z,�ijhbahreh�i_�
j_dju\Zgb_� we_dljhgguo� h[hehq_d�
\aZbfh^_ckl\mxsbo�Zlhfh\� 

FbgbfZevghfm� jZkklhygbx�
f_`^m� y^jZfb� Zlhfh\� \h^hjh^Z� \�
fhe_dme_� G2 (rc)� khhl\_lkl\m_l� b�
fbgbfZevgh_� agZq_gb_� wg_j]bb�

Emin��<�ijhp_kk_�k[eb`_gby�^\mo�Zlhfh\�\h^hjh^Z�ijhbkoh^bl�mf_gvr_gb_�
wg_j]bb�kbkl_fu�gZ�\_ebqbgm�∆?��WlZ�\_ebqbgZ�fh`_l�kqblZlvky�wg_j]b_c�
obfbq_kdhc�k\yab�∆? = ?k\,�lZd�dZd�^ey�jZajmr_gby�fhe_dmeu�\h^hjh^Z�gZ�
hl^_evgu_�Zlhfu�g_h[oh^bfh�aZljZlblv�lZdh_�`_�dhebq_kl\h�wg_j]bb� 

Ba�jZkkfhlj_ggh]h�\b^gh��qlh�obfbq_kdZy�k\yav�hkgh\ZgZ�gZ�we_dljb�
q_kdhf�\aZbfh^_ckl\bb�Zlhfh\��Ke_^h\Zl_evgh��ijbjh^Z�obfbq_kdhc�k\yab�
ghkbl�we_dljhklZlbq_kdbc�oZjZdl_j��<�lhf�kemqZ_��dh]^Z�\�j_amevlZl_�h[jZ�

HI HII HII 

rc 
r0 

E 

E0 

 ∆E 

Emin 

a 

p 

\ 

r 

R R 
2R rc 

rc<2R 

Jbk�������I_j_dju\Zgb_�hj[blZe_c� 
\�fhe_dme_�\h^hjh^Z 
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ah\Zgby�fhe_dmeu�ijhbkoh^bl�i_j_dju\Zgb_�we_dljhgguo�h[hehq_d�\aZb�
fh^_ckl\mxsbo�Zlhfh\��fhe_dmeZ�G2 b�^j��,�gZ�we_dljbq_kdb_�kbeu�obfb�
q_kdhc� k\yab� gZdeZ^u\Zxlky� kbeu� d\Zglh\h]h� oZjZdl_jZ�� h[mkeh\e_ggu_�
m\_ebq_gb_f�we_dljhgghc�iehlghklb�\�h[eZklb�i_j_dju\Zgby�we_dljhgguo�
h[hehq_d�\aZbfh^_ckl\mxsbo�Zlhfh\� 

Hkgh\gufb� oZjZdl_jbklbdZfb� k\yab� y\eyxlky� wg_j]by� k\yab� ?k\� b�
^ebgZ�k\yab�rc. 

>ey�fgh]hwe_dljhgguo�Zlhfh\�b�ijb�\aZbfh^_ckl\bb�g_�^\mo��Z�[he__�
Zlhfh\�djb\Zy�j�g_�\k_]^Z�bf__l�lZdhc�\b^��dZd�^ey�h^ghwe_dljhgguo�Zlh�
fh\��<�wlhf�kemqZ_�wg_j]_lbq_kdb_�djb\u_�dZd-lh�baf_gyxl�k\hb�hq_jlZ�
gby��gh�oh^�bo�khojZgy_l�lbibqgu_�ijbagZdb��hklZxlky�gbkoh^ysb_�b�\hk�
oh^ysb_� \_l\b�� Z� lZd`_� lhqdb�mklhcqb\h]h�jZ\gh\_kby� k�fbgbfmfhf�ih�
l_gpbZevghc�wg_j]bb� 

LZd� dZd� ijb� obfbq_kdbo� j_Zdpbyo�� Z� \aZbfh^_ckl\b_� Zlhfh\� b�
h[jZah\Zgb_� fhe_dmeu� lh`_� obfbq_kdZy� j_Zdpby�� aZjy^� y^jZ� ZlhfZ� g_�
f_gy_lky� b� mklhcqb\ufb� hklZxlky� \gmljbwe_dljhggu_� mjh\gb�� lh�
obfbq_kdZy� k\yav� h[jZam_lky�� dZd� ijZ\beh�� ihkj_^kl\hf� lZd� gZau\Z_fuo�
\Ze_glguo�we_dljhgh\�–�we_dljhgh\��ijbgbfZxsbo�mqZklb_�\�h[jZah\Zgbb�
k\yab� Ba� kdZaZggh]h� \b^gh�� qlh� ijbjh^Z� obfbq_kdhc� k\yab� _^bgZ�� bf__l�
we_dljbq_kdh_�ijhbkoh`^_gb_��H^gZdh�kZfZ�obfbq_kdZy�k\yav�\�aZ\bkbfh�
klb�hl�oZjZdl_jZ�kh_^bg_gby�Zlhfh\�^jm]�k�^jm]hf��jZkiheh`_gby \Ze_gl�
guo�we_dljhgh\�\�\_s_kl\_�[u\Z_l�jZaebqguo�lbih\� 

 
 

4.2. Lbiu�obfbq_kdhc�k\yab 
 
<k_�\b^u�obfbq_kdhc�k\yab�fh`gh�jZa^_eblv�gZ�ljb�]jmiiu� 
– \Ze_glgu_, 
– ̂ hihegbl_evgu_, 
– f_lZeebq_kdb_. 
D�\Ze_glguf�k\yayf hlghkyl�dh\Ze_glgmx�b�bhggmx��Wlb�k\yab�hij_�

^_eyxl�\Ze_glghklv�Zlhfh\�\�kh_^bg_gbyo��<�]jmiim�^hihegbl_evguo�k\y�
a_c \oh^yl�^hghjgh-Zdp_ilhjgZy�b�\h^hjh^gZy�k\yab� Wlb�lbiu�k\ya_c�ijb�
\h^yl�d�h[jZah\Zgbx�[he__�keh`guo�fhe_dme�ba�ijhkluo�beb�d�mdj_ie_�
gbx�ijhqghklb�fhe_dmeu�aZ�kq_l�h[jZah\Zgby�^hihegbl_evguo�\gmljbfh�
e_dmeyjguo�k\ya_c�[_a�baf_g_gby�\Ze_glghklb�Zlhfh\� 
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F_lZeebq_kdZy�k\yav�klhbl�hkh[gydhf��hgZ�\klj_qZ_lky�\�l\_j^uo�f_�
lZeeZo�b�bo�kieZ\Zo� 

<k_�lbiu�k\ya_c�fh`gh�h[t_^bgblv�\�lZdmx�ko_fm: 

 
 

4.2.1. Dh\Ze_glgZy�k\yav 
<�lhf�kemqZ_��dh]^Z�ijb�\aZbfh^_ckl\bb�^\mo�Zlhfh\�ijhbkoh^bl�i_�

j_dju\Zgb_�we_dljhgguo�h[hehq_d��dZd�\�fhe_dme_�\h^hjh^Z�,�obfbq_kdZy�
k\yav�h[_ki_qb\Z_lky�kmffZjgufb�we_dljbq_kdbfb�b�d\Zglh\ufb�kbeZfb��
LZdZy�obfbq_kdZy�k\yav�gZau\Z_lky�dh\Ze_glghc� 

>ey� hibkZgby� dh\Ze_glghc� k\yab� ijbf_gyxl� ^\Z� f_lh^Z�� f_lh^� \Z�
e_glguo�k\ya_c��f_lh^�%&��b�f_lh^�fhe_dmeyjguo�hj[blZe_c��f_lh^�FH���
DZ`^uc� ba� wlbo�f_lh^h\� ^hihegy_l� ^jm]� ^jm]Z�� ?keb�f_lh^�<K� ohjhrh�
h[tykgy_l�iheyjghklv�k\yab��gZkusZ_fhklv��gZijZ\e_gghklv�b�]_hf_ljbq_�
kdmx�dhgnb]mjZpbx�fhe_dme��lh�f_lh^�FH�[he__�ihegh�h[tykgy_l�lZdb_�
hkh[_gghklb�fhe_dme��dZd�bo�fZ]gblgu_�k\hckl\Z��ki_dljZevgu_�oZjZdl_�
jbklbdb�b�^j� 

 
F_lh^�\Ze_glguo�k\ya_c 

Wlhl�f_lh^�[Zabjm_lky�gZ�^\mo�b^_yo� 
1) Obfbq_kdZy�dh\Ze_glgZy� k\yav�\hagbdZ_l�\�j_amevlZl_�i_j_dju\Z�

gby�\Ze_glguo�hj[blZe_c�\aZbfh^_ckl\mxsbo�Zlhfh\��DZ`^Zy�h[eZklv�i_�
j_dju\Zgby� ^Z_l� h^gm� dh\Ze_glgmx� k\yav��IhemqZxsZyky� k\yav� y\ey_lky�
^\mop_gljh\hc�� lZd� dZd� h[h[s_kl\e_ggZy� we_dljhggZy� iZjZ� h[kem`b\Z_l�
p_glju��y^jZ��h[hbo�Zlhfh\� 

2) Fhe_dmeZ�� h[jZah\ZggZy� ihkj_^kl\hf� lZdhc� k\yab�� ij_^klZ\ey_l�
kh[hc�dhgnb]mjZpbx��khklhysmx�ba�^\mo�ijZdlbq_kdb�g_baf_gguo�nbdkb�
jh\Zgguo� óklh\h\�� Ih^� Zlhfguf� óklh\hf� ih^jZamf_\Zxl� lm� hkgh\gmx�

Lbiu obfb�
q_kdhc k\yab 

<Ze_glgu_� 
k\yab 

>hihegbl_evgu_�
k\yab 

F_lZeebq_kdZy 
k\yav 

Dh\Ze_glgZy 

BhggZy 

<h^hjh^gZy 

<gmljbfhe_dmeyjgu_ 

>hghjgh-Zdp_ilhjgZy 

F_`fhe_dmeyjgu_ 
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qZklv�ZlhfZ��dhlhjZy�g_�ijbgbfZ_l�mqZklby�\�h[jZah\Zgbb�k\yab��l�_��Zlhf�
[_a�\Ze_glguo�we_dljhgh\�� 

Iheyjghklv� k\yab.�F_lh^� \Ze_glguo� k\ya_c� ohjhrh� b� gZ]ey^gh� ^_�
fhgkljbjm_l� iheyjghklv� dh\Ze_glghc� k\yab�� G_iheyjgZy� dh\Ze_glgZy�
k\yav�ihemqZ_lky�lh]^Z��dh]^Z�h[eZklv�i_j_dju\Zgby�\Ze_glguo�hj[blZe_c�
gZoh^blky�gZ�h^bgZdh\hf�jZkklhygbb�hl�p_gljh\�\aZbfh^_ckl\mxsbo�Zlh�
fh\��Ijbf_jhf�fh`_l�kem`blv�k\yav�\�fhe_dmeZo�G2�b�Cl2��jbk������� 

<� h[_bo� fhe_dmeZo� h[�
eZklv�i_j_dju\Zgby�^\mo�s-hj-
[blZe_c� �G2�� b� ^\mo� j-hj[b-
lZe_c� �&O2��gZoh^blky�gZ�h^b�
gZdh\uo� jZkklhygbyo� hl� p_g�
ljh\�Zlhfh\�\h^hjh^Z�b�oehjZ�
�l�_��Z = [�. 

=jZnbq_kdb�fhe_dmeu�k�g_iheyjghc�dh\Ze_glghc�k\yavx�h[hagZqZxl�
ky�djm`hqdhf��\�dhlhjhf�iheh`bl_evgZy�b�hljbpZl_evgZy�ihehkZ�kh\iZ^Z�
xl��jbk������� 

LZdZy� k\yav� h[jZah\u\Z_lky�f_`^m� ZlhfZfb� h^�
gh]h�b�lh]h�`_�we_f_glZ��\h^hjh^Z��dbkehjh^Z��ZahlZ��
beb�ZlhfZfb�jZaebqguo�we_f_glh\, gh�k�h^bgZdh\ufb�
agZq_gbyfb�we_dljhhljbpZl_evghklb��GZijbf_j��k\yav�
f_`^m�[hjhf�b�l_eemjhf�ijZdlbq_kdb�g_iheyjgZ��lZd�
dZd�m�h[hbo� we_f_glh\�h^bgZdh\h_� agZq_gb_�hlghkb�
l_evghc�we_dljhhljbpZl_evghklb���,01). 

IheyjgZy�dh\Ze_glgZy�k\yav h[jZam_lky�f_`^m�ZlhfZfb�k�jZaebqghc�
we_dljhhljbpZl_evghklvx�� <� wlhf� kemqZ_� h[eZklv� i_j_dju\Zgby� \aZbfh�
^_ckl\mxsbo� Zlhfh\� kf_sZ_lky� \� klhjhgm� ZlhfZ� k� [hevrbf� agZq_gb_f�
we_dljhhljbpZl_evghklb� 

LZdhc�� gZijbf_j�� y\ey_lky� k\yav�
f_`^m�ZlhfZfb�\�fhe_dmeZo�GKl��KH��<�
fhe_dme_�+—&O� �jbk�� �����we_dljhhljb�
pZl_evghklv�we_f_glh\�jZagZy� �?G = 2,1; 
?Cl = 2,83)��LZd� dZd� we_dljhhljbpZl_ev�
ghklv� oehjZ� [hevr_�� lh� h[eZklv� i_j_�
dju\Zgby�kf_s_gZ�\ klhjhgm��:gZeh]bqgh�\�fhe_dme_�KH��?K = 2,5; ?H = 3,5) 
h[eZklv� i_j_dju\Zgby� kf_s_gZ� \� klhjhgm� [he__� we_dljhhljbpZl_evgh]h�
dbkehjh^Z� 

a [ a [ 

Cl2 H2 

Jbk�������G_iheyjgZy�k\yav 

Jbk�������Fh^_ev 
g_iheyjguo�fhe_dme 

a [ 

H:Cl;    a>[ 

Jbk�������IheyjgZy�k\yav 
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<�fhe_dmeZo�k�iheyjghc�dh\Ze_glghc�k\yavx�p_glju�iheh`bl_evguo�
b�hljbpZl_evguo�aZjy^h\�g_�kh\iZ^Zxl��\�fhe_dme_�h[jZamxlky�^\Z�ihex�
kZ� iheh`bl_evguc�b� hljbpZl_evguc��LZdb_�fhe_dmeu�gZau\Zxl�^bihev�
gufb��^biheyfb�� 

>bihe_f�gZau\Zxl�kbkl_fm�ba�^\mo�jZ\guo�ih�\_ebqbg_��gh�ijhlb\h�
iheh`guo�ih�agZdm�we_dljbq_kdbo�aZjy^h\��q),�jZkiheh`_gguo�gZ�g_dhlh�
jhf�jZkklhygbb�(l) ^jm]�hl�^jm]Z��gZau\Z_fhf�^ebghc�^bihey. 

=jZnbq_kdb�^bihevgZy�fhe_dmeZ�bah�
[jZ`Z_lky�lZd��dZd�ihdZaZgh�gZ�jbk������ 

Kl_i_gv� iheyjghklb� ^bihevguo� fh�
e_dme�oZjZdl_jbam_lky�^bihevguf�fhf_g�
lhf�µ = ql. 

K^_eZ_f� hp_gdm� \_ebqbgu� ^bihevgh�
]h�fhf_glZ�iheyjghc�dh\Ze_glghc�k\yab��JZkkfhljbf�djZcgbc�kemqZc��?keb�
[u�h[eZklv�i_j_dju\Zgby��h[sZy�we_dljhggZy�iZjZ��iheghklvx�kf_klbeZkv�
d�[he__�we_dljhhljbpZl_evghfm�we_f_glm��lh�aZjy^�^bihey�q�klZe�[u�jZ\_g�
\_ebqbg_� aZjy^Z� we_dljhgZ� q = _ = 4,8 ⋅ 10–10

� we�kl�_^�� ����⋅10–19
� De��� Ijb�

kj_^g_c�^ebg_�^bihey�l = 10–8kf�\_ebqbgZ�^bihevgh]h�fhf_glZ�ke_^mxsZy� 
µ = ql = 4,8 ⋅ 10–10 ⋅ 10–8

�we�kl�_^� ⋅ kf = 4,8 ⋅ 10–18 we�kl�_^� ⋅ kf. 
<_ebqbgm�4,8⋅10–18we�kl�_^� ⋅ kf�ijbgbfZxl�aZ�_^bgbpm�baf_j_gby�^b�

ihevguo�fhf_glh\��gZa\Zggmx�^_[Z_f��>�� 
�> = 4,8 ⋅ 10–18we�kl�_^� ⋅ kf� 

<�kbkl_f_�_^bgbp�KB l > = 0,33 ⋅ 10–29 De ·  f��Ke_^h\Zl_evgh,�\�gZr_f�
kemqZ_�µ = 4,8 >� 

>ey�iheyjghc�dh\Ze_glghc�k\yab�\_ebqbgZ�^bihevgh]h�fhf_glZ�e_`bl�
\�bgl_j\Ze_� 

0 < µ < 4,8 >� 
GZijbf_j��^bihevguc�fhf_gl�fhe_dmeu�KH�jZ\_g���� >��µKH = 2,7 >�� 
<� kemqZ_�iheyjghc� dh\Ze_glghc� k\yab� (kf_s_gb_� we_dljhgghc iehl�

ghklb� d� [he__� we_dljhhljbpZl_evghfm� we_f_glm)� h[Z� ZlhfZ� ijbh[j_lZxl�
qZklbqgu_�aZjy^u��h[uqgh�gZau\Z_fu_�wnn_dlb\gufb��GZijbf_j��\�fhe_�
dme_� +)� wnn_dlb\guc� aZjy^� \h^hjh^Z� �������nlhjZ�–0,43 �G+43—F–0,43

���<�
fhe_dme_� bh^b^Z� \h^hjh^Z� wnn_dlb\gu_� aZjy^u� agZqbl_evgh� f_gvr_�
(H+0,05—I–0,05

���Ke_^h\Zl_evgh�� k\yav� \�fhe_dme_�GI� [ebadZ� d� g_iheyjghc��
>_ckl\bl_evgh,�^ey�wlhc�iZju�Zlhfh\�∆ε = 2,21 – 2,1 = ������Ijb\_^_f�agZ�
q_gby�^bihevguo�fhf_glh\�g_dhlhjuo�iheyjguo�fhe_dme�\�^_[Zyo� 

GI – ������GK� – 1,03; NH3 – 1,57;�G2O – ������GK1 – 2,93. 

q+ 
q– 

l 

Jbk�������Ko_fZ�^bihevghc�fhe_dmeu 



 

 55 

Q_f� [hevr_� ^bihevguc� fhf_gl�� l_f� kbevg__� \ujZ`_gZ� iheyjghklv�
fhe_dmeu��>bihevguc�fhf_gl�bf__l�gZijZ\e_gb_��Z�ihwlhfm�^ey�keh`guo�
fhe_dme�^bihevguc�fhf_gl�kdeZ^u\Z_lky�dZd�\_dlhjgZy�kmffZ�hl^_evguo�
k\ya_c��LZd�dZd�\�fhe_dme_�G2H�k\yab�gZoh^ylky�ih^�m]ehf 

, 
iheyjghklv�dZ`^hc�k\yab�H—G�khklZ\ey_l����1 >��>bihevguc�fhf_gl�fh�
e_dmeu�G2H:µH2O = 1,84 >��\_dlhjgZy�kmffZ�^\mo�k\ya_c�H—G�� 

<hafh`gu�lZdb_�kemqZb��dh]^Z�hl^_evgu_�k\yab�\�fhe_dme_�iheyjgu_��
Z� ^bihevguc� fhf_gl� fhe_dmeu� jZ\_g� gmex�� gZijbf_j� \�KH2��Fhe_dmeZ�
KH2 ebg_cgZy�(H K H)��DZ`^Zy�k\yav�K=H�iheyjgZy����� >���gh�^bihevgu_�
fhf_glu�k\ya_c�gZijZ\e_gu�\�ijhlb\hiheh`gu_�klhjhgu��H K H�,�b�kmf�
fZjguc�^bihevguc�fhf_gl�jZ\_g�gmex� 

Ihklhyggu_�^bihevgu_�fhf_glu�fhe_dme�bf_xl�agZq_gby�hl���^h����>� 
M�g_iheyjguo�fhe_dme�g_l�^bihevgh]h�fhf_glZ��µ = ���lZd�dZd�l = ����m�ih�
eyjguo�µ > ��b�^hklb]Z_l 3,5 – 4 >��>bihevguc�fhf_gl�bhgguo�fhe_dme�
^hklb]Z_l��� >� 

 

σ-�b�π-k\yab��GZkusZ_fhklv�k\yab 
<� aZ\bkbfhklb� hl� kihkh[Z�i_j_dju\Zgby� \Ze_glguo� hj[blZe_c� \aZb�

fh^_ckl\mxsbo�Zlhfh\�jZaebqZxl�dh\Ze_glgu_�σ-�b�π-k\yab� 
σ-k\yavx� gZau\Zxl� lZdmx�

dh\Ze_glgmx�k\yav��^ey�dhlhjhc�
h[eZklv� i_j_dju\Zgby� gZoh^bl�
ky�gZ�ebgbb,� k\yau\Zxs_c�p_g�
lju� \aZbfh^_ckl\mxsbo Zlh�
fh\�� gZijbf_j� \� fhe_dmeZo�H2, 
HCl��jbk������� 

<� h[hbo� kemqZyo� h[eZklv�
i_j_dju\Zgby�e_`bl�gZ�ebgbb�x��ijhoh^ys_c�q_j_a�p_glju�Zlhfh\� 

π-k\yav –�wlh�lZdZy�dh\Ze_glgZy�k\yav��^ey�dhlhjhc�h[eZklv�i_j_dju�
\Zgby�jZkiheZ]Z_lky�\�iehkdhklb��i_ji_g^bdmeyjghc�ebgbb��k\yau\Zxs_c�
p_glju�\aZbfh^_ckl\mxsbo�Zlhfh\� 

JZkkfhljbf�fhe_dmem�dbkehjh^Z�H2. DZ`^uc�Zlhf�dbkehjh^Z�bf__l�gZ�
\g_rg_f�d\Zglh\hf�mjh\g_�^\Z�g_kiZj_gguo�we_dljhgZ��aZgbfZxsbo�j-hj-
[blZeb��gZijbf_j�jo- b�jm-hj[blZeb��jbk������� 

G G 

H 

[) a) 
o o 

σs-s-k\yav σs-j-k\yav 

H H H Cl 

Jbk�������Dh\Ze_glgZy�σ-k\yav�� 
Z�–�fhe_dmeZ�G2��[�–�fhe_dmeZ�HCl 
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Ijb�\aZbfh^_ckl\bb�^jm]�k�^jm]hf�^\mo� Zlhfh\�dbkehjh^Z�ijhbkoh�
^bl�i_j_dju\Zgb_�ihiZjgh�^\mo�jo-hj[blZe_c�b�^\mo�jm-hj[blZe_c��Ijbq_f 
h[eZklv� i_j_dju\Zgby� jo-hj[blZe_c� gZoh^blky� gZ� ebgbb�� k\yau\Zxs_c�
p_glju�^\mo�Zlhfh\��Ijb�wlhf�h[jZam_lky�σjo–jo-k\yav��H[eZklv�i_j_dju\Z�
gby�^\mo�jm-hj[blZe_c�e_`bl�\�iehkdhklb��o – m���l�_��\�iehkdhklb,�i_ji_g�
^bdmeyjghc�ebgbb,�k\yau\Zxs_c�p_glju�Zlhfh\�dbkehjh^Z��Wlh�ihdZaZgh�
gZ�jbk������� 

 
<� fhe_dme_� 12 h[jZamxlky� ^\_� π-k\yab�� GZjy^m� k� σjo-jo-k\yavx� b� 

πjy-jy
-k\yavx� h[jZam_lky� \lhjZy� πjz-jz

-k\yav� \� j_amevlZl_� i_j_dju\Zgby� 

πjz
-hj[blZe_c�h[hbo�Zlhfh\�ZahlZ,�bf_xsbo�lh`_�ih�h^ghfm�g_kiZj_ggh�

fm�we_dljhgm�k�ijhlb\hiheh`gufb�kibgZfb� 

K\yav�π \lhjbqgZy�ihke_�σ-k\yab��HgZ�h[jZam_lky�\�lhf�kemqZ_��dh]^Z�
m`_ bf__lky�σ-k\yav��Hl^_evgh π-k\yav�f_`^m�^\mfy�ZlhfZfb�g_�kms_kl\m�
_l��DZd ^hihegbl_evgZy,�hgZ f_g__�ijhqgZy��q_f�σ-k\yav��<hafh`ghklv�h[�
jZah\Zgby�π-k\yab h[_ki_qb\Z_l�gZkusZ_fhklv� dh\Ze_glghc� k\yab�b�ijb�
\h^bl�d�lhfm��qlh�f_`^m�^\mfy�ZlhfZfb�fh]ml�[ulv�g_�lhevdh�h^bgZjgu_��
gh�b�^\hcgu_,�b�ljhcgu_�k\yab� 

 
=b[jb^baZpby�k\yab��GZijZ\e_gghklv�k\yab��=_hf_ljbq_kdZy 
�dhgnb]mjZpby�fhe_dme 
<Ze_glgufb�y\eyxlky�we_dljhgu�g_�lhevdh�h^gh]h�ih^mjh\gy��hj[b�

lZeb� dhlhjuo�bf_xl� h^bgZdh\mx�nhjfm��gh�b� jZaguo�ih^mjh\g_c� k� jZa�

py 

pz 

px 
πjy-jy

 
σjo-jo 

Jbk�������Hj[blZeb� 
ZlhfZ�dbkehjh^Z 

Jbk��������H[jZah\Zgb_�σ-�b�π-k\ya_c�\�fhe_dme_�H2 

πjy-jy
 

πjz-jz
 σjx-jx

 

N N 
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ebqghc� dhgnb]mjZpb_c� we_dljhgguo� h[eZdh\�� GZijbf_j�� Zlhfu� [Zjby� b�
m]e_jh^Z�bf_xl�\Ze_glgu_� we_dljhgu��gZoh^ysb_ky�gZ� �s- b� �j-ih^mjh\-
gyo��[hj�– 2s2 2j1

��m]e_jh^�– 2s22j2
���<�h[jZah\Zgbb�k\yab�ijbgbfZxl�mqZ�

klb_� h^gh\j_f_ggh� s-�b� j-we_dljhggu_� h[eZdZ,�bf_xsb_� jZaebqgu_� dhg�
nb]mjZpbb��Ke_^h\Zl_evgh��^he`gu�h[jZah\u\Zlvky�jZagu_�ih�ijhqghklb�
obfbq_kdb_� k\yab�� lZd� dZd� ijb� \aZbfh^_ckl\bb� k� ^jm]bfb� h^bgZdh\ufb�
ZlhfZfb�iheghlZ�i_j_dju\Zgby�[m^_l�jZaghc� 

JZkkfhljbf�h[jZah\Zgb_�fhe_dmeu�KG4��<�\ha[m`^_gghf�khklhygbb�m�
ZlhfZ� m]e_jh^Z� \Ze_glgu_� we_dljhgu� jZkiheZ]Zxlky� gZ� �s12j3-hj[blZeb, 
l�_��ih�h^ghfm�gZ�dZ`^hc��jbk�������. 

Ijb� \aZbfh^_ckl\bb� ZlhfZ� m]e_jh^Z� k� \h^h�
jh^hf�h[jZamxlky�q_luj_�dh\Ze_glguo�k\yab��I_�
j_dju\Zgb_�we_dljhgguo�h[eZdh\�\h^hjh^Z�k�j-h[-
eZdZfb� m]e_jh^Z� ijhbkoh^bl� ih� gZijZ\e_gbyf� 
j-h[eZdh\�� Z�s-h[eZdh�m]e_jh^Z� k�s-h[eZdhf�\h^h�
jh^Z�fh`_l�i_j_dju\Zlvky�\�ex[hf�f_kl_��lZd�dZd 
\k_� gZijZ\e_gby� jZ\ghp_ggu��Ijb� wlhf� iehsZ^v�
i_j_dju\Zgby� s-h[eZdZ� m� m]e_jh^Z� k� \h^hjh^hf�
[m^_l�hlebqZlvky�hl�iehsZ^b�i_j_dju\Zgby�j-h[-
eZdh\��LZdbf�h[jZahf��\�fhe_dme_�KG4 h^bg�Zlhf�
\h^hjh^Z� [m^_l� bf_lv� bgmx� ijhqghklv� k\yab�� q_f� hklZevgu_� ljb�� q_]h�
ijZdlbq_kdb�g_�[u\Z_l��<k_�q_luj_�ZlhfZ�\h^hjh^Z�\�fhe_dme_�f_lZgZ�g_�
jZaebqbfu��bf_xl�h^bgZdh\mx�wg_j]bx�k\yab��Ke_^h\Zl_evgh,�\k_�q_luj_�
h[eZdZ�\�\ha[m`^_gghf�Zlhf_�m]e_jh^Z�bf_xl�h^bgZdh\mx�nhjfm�b�iehl�
ghklv��WlZ�b^_y�ijb\_eZ�d�\hagbdgh\_gbx�l_hjbb�]b[jb^baZpbb� 

<�hkgh\_�l_hjbb�]b[jb^baZpbb�e_`bl�b^_y�ij_h[jZah\Zgby�we_dljhg�
guo� h[eZdh\� p_gljZevgh]h� ZlhfZ� i_j_^� _]h� \aZbfh^_ckl\b_f� k� ^jm]bfb�
ZlhfZfb��<�j_amevlZl_�lZdhc�i_j_kljhcdb�we_dljhggu_�h[eZdZ�p_gljZevgh�
]h�ZlhfZ,�jZagu_�ih�nhjf_�b�iehlghklb,�ij_h[jZamxlky�\�gh\u_� �]b[jb^�
gu_��h[eZdZ�h^bgZdh\hc�nhjfu�b�iehlghklb� 

LZd��m�ZlhfZ�m]e_jh^Z�\�j_amevlZl_�i_j_kljhcdb�s-h[eZdh�aZ�kq_l�k\h_c�
iehlghklb� b� qZklbqgh� iehlghklb� j-h[eZdh\� ijbh[j_lZ_l�nhjfm� h^ghklh�
jhgg_c�]Zgl_eb��:gZeh]bqgh�\k_�j-h[eZdZ�aZ�kq_l�k\h_c�iehlghklb�b�hklZ�
lhqghc� iehlghklb� s-h[eZdZ� klZgh\ylky� lZdbfb�`_� ih�nhjf_� b� iehlghklb 
�jbk��4.12). 

<� ^Zgghf� ij_h[jZah\Zgbb� mqZkl\mxl� h^gh� s-h[eZdh� b� ljb� j-h[eZdZ��
ihwlhfm� lZdZy� i_j_kljhcdZ� gZau\Z_lky� sp-]b[jb^baZpb_c�� DZd� \b^gh� ba�

Jbk� ������JZkiheh`_gb_� 
\Ze_glguo�we_dljhgh\� 
\�\ha[m`^_gghf�Zlhf_� 

m]e_jh^Z 
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jbk�������\�j_amevlZl_�]b[jb^baZpbb�g_�lhevdh�baf_gy_lky�nhjfZ�h[eZdh\��
baf_gyxlky� bo� \aZbfgh_� jZkiheh`_gb_�� m]eu�f_`^m� gh\ufb� �]b[jb^gu�
fb�� hj[blZeyfb�� =b[jb^gh_� khklhygb_� ZlhfZ� ijbh[j_lZ_l� k\h_h[jZagmx�
]_hf_ljbq_kdmx�kljmdlmjm�fhe_dmeu� 

Ihke_�]b[jb^baZpbb�Zlhf�m]e_jh^Z�ihemqbe�q_luj_�]b[jb^guo�Vj-h[-
eZdZ�� Ijb� \aZbfh^_ckl\bb� k� \h^hjh^hf� h[jZamxlky� q_luj_� h^bgZdh\uo� 

1Vj-]b[jb^guo� k\yab� �jbk�� �������
Fhe_dmeZ�KG4 ijbh[j_lZ_l� dhg�
nb]mjZpbx�l_ljZw^jZ� 

LZd� dZd� ]b[jb^gu_� h[eZdZ�
bf_xl� [hevrmx� \ulygmlhklv� \�
h^gm�klhjhgm�hl�y^jZ��q_f�\�^jm�
]mx�� lh� obfbq_kdZy� k\yav�� h[jZ�
ah\ZggZy� ]b[jb^gufb� h[eZdZfb, 
[he__�ijhqgZ��q_f�k\yav��h[jZah�

\ZggZy� hl^_evgufb� h[eZdZfb�� gZijbf_j� s-� b� j-h[eZdZfb�� =b[jb^baZpby�
k\yaZgZ� k� wg_j]_lbq_kdbf� \ub]jur_f� \� j_amevlZl_� h[jZah\Zgby� [he__�
ijhqguo�k\ya_c�b�[he__�kbff_ljbqgh]h�jZkij_^_e_gby�we_dljhgghc�iehl�
ghklb�\�fhe_dme_� 

JZkkfhljbf�^jm]b_� lbiu� ]b[jb^baZpbb��Ijb�sp-]b[jb^baZpbb�\�ij_�
h[jZah\Zgbb� mqZkl\mxl� h^gh� s-� b� h^gh� j-h[eZdh� b� ]b[jb^gu_� Vj-h[eZdZ�
klZgh\ylky�ebg_cgh�jZkiheh`_ggufb��jbk�������. 

 

 
Ijb�sp-]b[jb^baZpbb�fhe_dmeu�bf_xl�ebg_cgmx�dhgnb]mjZpbx��GZ�

ijbf_j��fhe_dmeZ�BeCl2 (Cl—Be—Cl). 

pz py 

px 

s 

sp3-]b[jb^baZpby 

z y 

x Bkoh^gu_�
h[eZdZ� 

=b[jb^gu_�
h[eZdZ� 

Jbk��������I_j_kljhcdZ�s-�b�p-we_dljhgguo�h[eZdh\�ZlhfZ�m]e_jh^Z�(sp3-]b[jb^baZpby) 

H 
H 

H 

H 

C 
H 

H 
H 

H 

C 

Jbk��������Dhgnb]mjZpby�fhe_dmeu�CH4 

180° sp-]b[jb^baZpby 

Bkoh^gu_�
h[eZdZ 

=b[jb^gu_�
h[eZdZ p 

Jbk��������JZkiheh`_gb_�]b[jb^guo�Zlhfh\�ijb�sp-]b[jb^baZpbb 
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Ijb� sp2-]b[jb^baZpbb�i_j_kljhcdZ�we_dljhgguo�h[eZdh\�ijhbkoh^bl�
aZ� kq_l� h^gh]h� s-h[eZdZ� b� ^\mo� j-h[eZdh\�� jZkiheh`_gguo� ^jm]� hlghkb�
l_evgh�^jm]Z�ih^�m]ehf� ���°� �jbk�� �������sp2-]b[jb^baZpby�^Z_l�lj_m]hev�
gmx�dhgnb]mjZpbx�fhe_dme��LZdmx�dhgnb]mjZpbx�bf__l��gZijbf_j��fh�
e_dmeZ�BCl3: 

 

. 

 
JZkkfhljbf�fhe_dmeu�1+3 b�G2H��<�fhe_dme_�1+3 we_dljhggu_�h[eZ�

dZ�p_gljZevgh]h�ZlhfZ�ZahlZ�]b[jb^babjh\Zgu��Lbi�]b[jb^baZpbb�Vj3
��H^�

gZdh�\h�\aZbfh^_ckl\b_�\klmibeb�lhevdh�ljb�]b[jb^guo�hj[blZeb��kh^_j�
`Zsb_�ih�h^ghfm�we_dljhgm��GZ�q_l\_jlhc�]b[jb^ghc�hj[blZeb�gZoh^ylky�
^\Z�we_dljhgZ,�b�ihwlhfm�hgZ�\h�\aZbfh^_ckl\bb�k�\h^hjh^hf�g_�mqZkl\m_l��
Ohly� Zahl� bf__l� Vj3-]b[jb^gh_� khklhygb_�� gh� dhgnb]mjZpby� fhe_dme� g_�
l_ljZw^jbq_kdZy��Z�ibjZfb^ZevgZy��h[jZah\ZggZy�dZd�[u�aZ�kq_l�j3-]b[jb^-
guo�h[eZdh\��jbk�������� 

 
<�fhe_dme_�G2H� Zlhf� dbkehjh^Z� gZoh^blky� \� Vj

3-]b[jb^ghf� khklhy�
gbb�� Gh� gZ� ^\mo� ]b[jb^guo� hj[blZeyo� kh^_j`blky� ih� ^\Z� we_dljhgZ,� b�
lhevdh�^\_�hklZevguo��bf_xsbo�ih�h^ghfm�we_dljhgm��\klmiZxl�\h�\aZb�
fh^_ckl\b_�k�\h^hjh^hf��IhemqZ_lky�ke_^mxsZy�dZjlbgZ��ijb�Vj3-]b[jb^-

Cl 
 B—Cl 
Cl 

s 

120° 
sp2-]b[jb^baZpby 

p 

p 

Bkoh^gu_�
h[eZdZ� 

=b[jb^gu_�
h[eZdZ� 

Jbk� ������JZkiheh`_gb_�we_dljhgguo�h[hehq_d�ijb�sp2-]b[jb^baZpbb 

fhe_dmeZ�NH3 sp3-]b[jb^gh_�khklhygb_�
ZlhfZ�ZahlZ 

H 

H 

H 

N 

Jbk��������Sp3-]b[jb^baZpby�ZahlZ�b�ibjZfb^ZevgZy�dhgnb]mjZpby�fhe_dmeu�NH3 
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ghf�khklhygbb�we_dljhgguo�h[eZdh\�ZlhfZ�dbkehjh^Z�fhe_dmeZ�\h^u�bf_�
_l� m]eh\mx� dhgnb]mjZpbx�� h[jZah\Zggmx� lhevdh� aZ� kq_l� ]b[jb^guo� Zlh�
fh\ �jbk���. 17). 

AZ\bkbfhklv� ijhkljZgkl\_gguo� dhgnb]mjZpbc�fhe_dme� hl� lbiZ� ]b[�
jb^baZpbb�^ZgZ�\�lZ[ebp_����� 

LZ[ebpZ���� 

Lbi�]b[jb^baZpbb Dhgnb]mjZpby�fhe_dme Ijbf_ju 
sp  Ebg_cgZy� BeCl2, ZnCl2 
sp2 Lj_m]hevgZy� BeCl3, BF3 
sp3  L_ljZw^jbq_kdZy� CH4, NH4

+ 
sp3 (lhevdh�p2

�aZgylZ)  M]eh\Zy� H2O, H2S 
sp3 (lhevdh�p3

�aZgylZ)  IbjZfb^ZevgZy� SbH3, NH3 
sp2d D\Z^jZlgZy� PCl4

2– 
sp3d  ;bibjZfb^ZevgZy� PtCl5 
sp3d2  HdlZw^jbq_kdZy� SF6 

 

F_lh^�fhe_dmeyjguo�hj[blZe_c 

D� kh`Ze_gbx,� f_lh^� \Ze_glguo� k\ya_c�� bf_xsbc� ohjhrmx� gZ]ey^�
ghklv��g_�kfh]�h[tykgblv�jy^�hkh[_gghkl_c�hl^_evguo�fhe_dme�b�mklhcqb�
\hklv�qZklbp��LZd��f_lh^�<K�g_�fh]�h[tykgblv��ihq_fm�\�fhe_dme_�H2 hklZ�
xlky�g_bkihevah\Zggufb�^\Z�we_dljhgZ�b�fhe_dmeZ�h[eZ^Z_l�fZ]gblgufb�
k\hckl\Zfb��ihq_fm�kms_kl\mxl�b�y\eyxlky�^hklZlhqgh�mklhcqb\ufb�bh�
gu�G2

–
��1_2

+
��H2

+
�b�^j�"�Hl\_l�gZ�fgh]b_�³ihq_fm´�[ue�ihemq_g�ihke_�\\_�

^_gby�\�l_hjbx�obfbq_kdhc�k\yab�f_lh^Z�fhe_dmeyjguo�hj[blZe_c��f_lh�
^Z�FH�� 

sp3-]b[jb^gh_�khklhy�
gb_�dbkehjh^Z 

104,5° 

Z�� [� \� 

H 

G G 

Jbk��������Sp3-]b[jb^gh_�khklhygb_�dbkehjh^Z��Z���dhgnb]mjZpby�fhe_dmeu�G2H��[� \� 
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F_lh^�fhe_dmeyjguo�hj[blZe_c�[Zabjm_lky�gZ�ke_^mxsbo�iheh`_gbyo� 
– We_dljhgu�\�fhe_dmeZo�gZoh^ylky�gZ�fhe_dmeyjguo�hj[blZeyo��Z�m�

ZlhfZ�–�gZ�Zlhfguo� 
– Fhe_dmeyjgu_�hj[blZeb�ihemqZxlky�ijb�kdeZ^u\Zgbb�Zlhfguo�hj�

[blZe_c� 
– Ba�^\mo�Zlhfguo�hj[blZe_c�h[jZamxlky�^\_�fhe_dmeyjgu_�hj[blZ�

eb��h^gZ�ba�dhlhjuo�bf__l�[he__�gbadmx�wg_j]bx� 
– Hj[blZev�k�[he__�gbadhc�wg_j]b_c�gZau\Z_lky�k\yau\Zxs_c��Z�k�[h�

e__�\ukhdhc�–�jZajuoeyxs_c� 
– H[jZamxlky�dZd�σ-��lZd�b�π-fhe_dmeyjgu_�hj[blZeb� 
– JZkij_^_e_gb_�we_dljhgh\�ih�fhe_dmeyjguf�hj[blZeyf�ijhbkoh^bl�

\�khhl\_lkl\bb�k�l_fb�`_�ijbgpbiZfb��qlh�b�ih�Zlhfguf��ijbgpb�
ihf gZbf_gvr_c�wg_j]bb��ijbgpbihf�IZmeb�b�ijZ\behf�=mg^Z� 

Ijb�\aZbfh^_ckl\bb�^\mo�s-Zlhf-
guo� h[jZamxlky� ^\_� fhe_dmeyjgu_�

hj[blZeb�� k\
sσ �b� jZa

sσ  (jbk. 4.18). 

J-Zlhfgu_� hj[blZeb� \� aZ\bkbfh�
klb� hl� kihkh[Z� \aZbfh^_ckl\by� kih�
kh[gu�h[jZah\u\Zlv�^\Z�lbiZ�fhe_dm�
eyjguo�hj[blZe_c: σjo-FH�b�πjm(j])-FH�
�jbk�������b������. 

JZkkfhljbf�k�ihabpbb�f_lh^Z�FH�g_kdhevdh�fhe_dme� 
Fhe_dmeZ�G2��M�dZ`^h]h�ZlhfZ�\h^hjh^Z�bf__lky�gZ�Zlhfguo�hj[blZ�

eyo�ih�h^ghfm�s-we_dljhgm��Ijb�\aZbfh^_ckl\bb�\h^hjh^h\�Zlhfgu_�hj[b�

s s 

jZa
sσ

k\
sσ

+

Jbk��������Ko_fZ�h[jZah\Zgby� 
σs-fhe_dmeyjguo�hj[blZe_c 

Jbk��������Ko_fZ�h[jZah\Zgby�σjo-FH 

Px 

+ 
jZa
pxσ
k\
pxσ

pz pz 

+ 

Jbk��������Ko_fZ�h[jZah\Zgby�πj]-FH 

jZa
pzπ

k\
pzπ
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lZeb�h[t_^bgyxlky�b�h[jZamxl��dZd�\b^gh�ba�jbk��������^\_�fhe_dmeyjgu_�
hj[blZeb�� σs

k\
� b� σs

jZa
��>bZ]jZffZ� \aZbfgh]h� jZkiheh`_gby� k\yamxsbo� b�

jZajuoeyxsbo�fhe_dmeyjguo�hj[blZe_c�ihdZaZgZ�gZ�jbk������� 
Ih�ijbgpbim�gZbf_gvr_c� wg_j]bb�b�ijbgpbim�IZmeb�h[Z� we_dljhgZ�

jZkiheZ]Zxlky�gZ�σs
k\-hj[blZeb��Hj[blZev�σs

jZa
�hklZ_lky�k\h[h^ghc� 

F_lh^� FH� iha\hey_l� hp_gb�
\Zlv� ijhqghklv� obfbq_kdhc� k\yab�
iml_f� jZkq_lZ� djZlghklb� k\yab��
DjZlghklv�k\yab��DK��hij_^_ey_lky�
dZd�ihemjZaghklv�qbkeZ�we_dljhgh\�
gZ� k\yamxsbo� hj[blZeyo� �nk\�� b�
qbkeZ� we_dljhgh\� gZ� jZajuoeyx�
sbo��njZa): 

                DK = (nk\�– njZa). 
>ey�fhe_dmeu�\h^hjh^Z�djZlghklv�k\yab�jZ\gZ����DKG2 = (2 – 0)/2 = 1). 

Wg_j]by�^bkkhpbZpbb�fhe_dmeu�G2 khklZ\ey_l�����d>`�fhev� 
Fhe_dmeZ�G_2.� Wg_j]_lbq_kdZy� ^bZ]jZffZ� fhe_dmeu� ih� f_lh^m�FH�

ij_^klZ\e_gZ�jbk. 4.22. 
Ih� kjZ\g_gbx� k� fhe_dmehc�

\h^hjh^Z� wg_j]_lbq_kdZy� ^bZ]jZf�
fZ� fhe_dmeu� G_2� kh^_j`bl� lZd`_�
^\Z� we_dljhgZ� gZ� σs

jZa-hj[blZeb, 
qbkeh� we_dljhgh\� gZ� k\yamxs_c� b�
jZajuoeyxs_c� hj[blZeyo� h^bgZ�
dh\h�� DjZlghklv� k\yab� fhe_dmeu�
jZ\gZ� gmex� �DKG_2(2 – 2)/2 = 0). 

<ub]jurZ�wg_j]bb�g_l��Ke_^h\Zl_evgh��fhe_dmeZ�G_2 g_�kms_kl\m_l� 
JZkkfhljbf�^\moZlhfgu_�fhe_dmeu�we_f_glh\�\lhjh]h�i_jbh^Z� 
M�we_f_glh\�\lhjh]h�i_jbh^Z��djhf_��s-hj[blZe_c��\�h[jZah\Zgbb�FH�

ijbgbfZxl�mqZklb_��s-, 2jo-, 2jm-�b��jz-hj[blZeb��Dhf[bgZpby��s-Zlhfguo�
hj[blZe_c�^Z_l�σ2s

k\-�b�σ2s
jZa-hj[blZeb��<aZbfh^_ckl\b_��j-hj[blZe_c�ijb�

\h^bl� d� h[jZah\Zgbx�^\mo� lbih\�FH: σj
k\-, σj

jZa-�b�πj
k\-, πj

jZa-hj[blZe_c��
Fhe_dmeyjgu_�hj[blZeb�σ2jo

k\, σ2jo
jZa
�h[jZamxlky�hl� �jo-Zlhfguo�hj[blZ�

e_c�� \ulygmluo� \^hev�hkb� o,� kh_^bgyxs_c�p_glju�h[t_^bgyxsboky� Zlh�
fh\��LZd�dZd� �jm-�b� �jz-Zlhfgu_�hj[blZeb�jZkiheh`_gu�i_ji_g^bdmeyjgh�
wlhc�hkb��ke_^h\Zl_evgh,�hgb�h[jZamxl�σ-, πjm

jZa-, πjz
k\-, πjz

jZa-hj[blZeb��e_�

AO AO MO 
H’ H2 H’’ 

σs
jZa 

σs
k\ 1s 1s 

E 

Jbk��������Wg_j]_lbq_kdZy�^bZ]jZffZ� 
fhe_dmeu�H2 

AO AO MO 
He’ He2 He’’ 

σs
jZa 

σs
k\ 1s 1s 

E 

Jbk��������Wg_j]_lbq_kdZy�^bZ]jZffZ� 
fhe_dmeu�He2 
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`Zsb_�\h�\aZbfgh-i_ji_g^bdmeyjguo�iehkdhklyo��NhjfZ�π-fhe_dmeyjguo�
hj[blZe_c�ihdZaZgZ�gZ�jbk������� 

<� khhl\_lkl\bb� kh�ki_dljhkdhibq_kdbfb�^Zggufb�fhe_dmeyjgu_�hj�
[blZeb� ^\moZlhfguo� fhe_dme� ih� mjh\gx� wg_j]bb� jZkiheZ]Zxlky� \� ke_�
^mxsbc�jy^� 

σ1s
k\<σ1s

jZa<σ2s
k\<σ2s

jZa<σ2jo
k\<π2jm

k\
 = π2jz

k\<π2jm
jZa=π2jz

jZa<σ2jo
jZa. 

LZdhc� ihjy^hd� jZkiheh`_gby� fhe_dmeyjguo� hj[blZe_c� oZjZdl_j_g�
^ey�fhe_dme�\lhjhc�iheh\bgu�i_jbh^Z��fhe_dmeu�O2, F2��1_2). 

Ijb� wg_j]_lbq_kdhc� [ebahklb� �s-�b� �j-Zlhfguo� hj[blZe_c� �<��K�� 1��
we_dljhgu�gZ�σ2s-�b�σ2j-hj[blZeyo�\aZbfgh�hllZedb\Zxlky��ihwlhfm�π2jm

k\- b�
π2jz

k\-fhe_dmeyjgu_�hj[blZeb�hdZau\Zxlky�wg_j]_lbq_kdb�[he__�\u]h^gu�
fb�� q_f� σ2jo

k\-FH�� Ihjy^hd� jZkiheh`_gby� fhe_dmeyjguo� hj[blZe_c� g_�
kdhevdh�baf_gy_lky�b�bf__l�lZdmx�ihke_^h\Zl_evghklv� 

σ1s
k\<σ1s

jZa<σ2s
k\<σ2s

jZa<σ2jy
k\ = π2jz

k\<σ2jo
k\<π2jm

jZa = π2jz
jZa<σ2jo

jZa. 
JZkkfhljbf�[he__�ih^jh[gh�g_kdhevdh�fhe_dme�\lhjh]h�i_jbh^Z� 
Fhe_dmeZ� 12. JZkiheh`_gb_� fhe_dmeyjguo� hj[blZe_c� ihdZaZgh� gZ�

jbk������� 

Jbk��������Ko_fZ�jZkiheh`_gby�fhe_dmeyjguo�hj[blZe_c�fhe_dmeu�N2 

 
We_dljhgu� �s-Zlhfguo� hj[blZe_c� ZahlZ� h[jZamxl� σ1s

k\- b� σ1s
jZa-FH��

:gZeh]bqgh�we_dljhgu��s-:H�h[jZamxl�σ2s
k\-�b�σ2s

jZa-FH��We_dljhgu��j-ih-

^mjh\g_c� ZahlZ� ijb� \aZbfh^_ckl\bb� ^Zxl� π2jy,pz
k\-, σpx

k\-FH� b� khhl\_lkl�
\_ggh�lZdb_�`_�jZajuoeyxsb_��<�kmff_�h[Z�ZlhfZ�ZahlZ�bf_xl��� :H��gZ�
g_dhlhjuo�gZoh^blky����we_dljhgh\��fhe_dmeyjguo�hj[blZe_c�h[jZam_lky�

σ1s
jZa 

1s 1s 

2s 2s 

2p 2p 

σ1s
k\ 

πjm
jZa πj]

jZa 
σjo

jZa 

E 

σ2jo
k\ 

πjm
k\ πj]

k\ 

AO AO MO 
N’ N2 N’’ 
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lh`_�����GZ�gbo�^he`gh�jZaf_klblvky����we_dljhgh\��Ijbq_f�aZiheg_gb_�
FH�we_dljhgZfb�ijhbkoh^bl�k�kh[ex^_gb_f�lj_o�ba\_klguo�ijbgpbih\��<�

blh]_� g_aZiheg_ggufb� hklZebkv π2jm
jZa-, π2jz

jZa-� b� σ2jo
jZa-FH�� Hij_^_ebf�

djZlghklv� k\yab� fhe_dmeu� 12:� DKN2 = (10 – 4)/2 = ���Fhe_dmeZ� k� djZlgh�

klvx� k\yab�3� hq_gv� ijhqgZy��Wg_j]by� ^bkkhpbZpbb� wlhc�fhe_dmeu� jZ\gZ�
����d>`�fhev��Ih�kjZ\g_gbx�k�fhe_dmehc�G2, ^ey�dhlhjhc�DK = ��b�wg_j�
]by� ^bkkhpbZpbb� jZ\gZ� ���� d>`�fhev,� fhe_dmeZ� ZahlZ� kbevgh� ih\ukbeZ�
k\hx�ijhqghklv� 

We_dljhggZy�kljmdlmjZ�fhe_dme��ZgZeh]bqgZy�we_dljhgghc�kljmdlmj_�
ZlhfZ��fh`_l�[ulv�bah[jZ`_gZ�ijb�ihfhsb�we_dljhgguo�nhjfme��<�we_d�
ljhgguo�nhjfmeZo� mdZau\Zxlky� \k_�FH�� aZiheg_ggu_� we_dljhgZfb��GZ�
ijbf_j�� we_dljhggZy� nhjfmeZ� fhe_dmeu� G2 bf__l� ijhklhc� \b^: 2H=H2 

[(σ1s
k\)2]. We_dljhggZy�nhjfmeZ�fhe_dmeu�N2�[he__�keh`gZy�� 

2N=N2 [(σ1s
k\)2(σ1s

jZa)2(σ2s
k\)2(σ2s

jZa)2(πjy, pz
k\)4(σpx

k\)2]. 
Fhe_dmeZ�H2.�:lhf�dbkehjh^Z�jZkiheZ]Z_lky�\h�\lhjhc�iheh\bg_�i_�

jbh^Z��ihwlhfm�jZaebqb_�f_`^m��s-�b��j-ih^mjh\gyfb�[hevr_��q_f�m�ZlhfZ�
ZahlZ��qlh�g_�\e_q_l�hsmlbfh_�hllZedb\Zgb_��s-�b��j-we_dljhgh\��ihwlhfm�
ihke_^h\Zl_evghklv� \� jZkiheh`_gbb�FH� g_� baf_gy_lky�� Wg_j]_lbq_kdZy�
ko_fZ�hj[blZe_c�fhe_dmeu�H2�ihdZaZgZ�gZ�jbk������� 

M�Zlhfh\�dbkehjh^Z�kmffZjgh_�qbkeh�hj[blZe_c�lZdh_�`_��dZd�m�ZahlZ�– 
���� ke_^h\Zl_evgh,�fhe_dmeyjguo�h[blZe_c�m�H2� lh`_�^_kylv��KmffZjgh_�
dhebq_kl\h�we_dljhgh\�m�fhe_dmeu�H2�gZ�^\Z�[hevr_��q_f�m�fhe_dmeu�Zah�
lZ��Ijb�jZkij_^_e_gbb�we_dljhgh\�ih�FH�dbkehjh^Z�\�khhl\_lkl\bb�k�hk�
gh\gufb� ijbgpbiZfb� jZkij_^_e_gby� ihke_^gb_� ^\Z� we_dljhgZ� aZgbfZxl�

π2jm
jZa-�b�π2jz

jZa-hj[blZeb��ih�h^ghfm�gZ�hj[blZev��ijZ\beh�=mg^Z���GZebqb_�
g_kiZj_gguo�we_dljhgh\�gZ�FH�ijb^Z_l�fhe_dme_�dbkehjh^Z�gh\u_�k\hc�
kl\Z��ih�kjZ\g_gbx�k�fhe_dmehc�ZahlZ��Fhe_dmeZ�dbkehjh^Z�klZgh\blky�iZ�
jZfZ]gblghc��l�_��hgZ�ijbh[j_lZ_l�fZ]gblgu_�k\hckl\Z�b�kihkh[gZ�ijbly�
]b\Zlvky�fZ]gblguf�ihe_f��M�^bZfZ]gblguo�\_s_kl\�\k_�we_dljhgu�iZj�
gu_� 

JZkkfhljbf�djZlghklv�k\yab�\�fhe_dme_�dbkehjh^Z��DKH2 = (10 – 6)/2 = 2. 

Ih�kjZ\g_gbx�k�fhe_dmehc�ZahlZ�fhe_dmeZ�dbkehjh^Z�^he`gZ�[ulv�f_g__�
ijhqghc��>_ckl\bl_evgh�wlh�lZd��Wg_j]by�^bkkhpbZpbb�fhe_dmeu�dbkehjh�
^Z�khklZ\ey_l�����d>`�fhev� 
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We_dljhggZy�nhjfmeZ�fhe_dmeu�dbkehjh^Z�� 
2O H2 [(σ1s

k\)2(σ1s
jZa)2(σ2s

k\)2(σ2s
jZa)2(σ2px

k\) (π2jy, z
k\)4(π2jy, z

jZa)4]. 

 

JZkkfhljbf�fhe_dmeyjgmx�qZklbpm��gZijbf_j�fhe_dmeyjguc�bhg�H+
2. 

GZ�jbk�������^ZgZ�wg_j]_lbq_kdZy�ko_fZ�lZdhc�qZklbpu� 
 

 
<�fhe_dmeyjghf�bhg_�dbkehjh^Z��qZklbpZ�H+

2��kmffbjh\Zgguc� aZjy^�
y^_j�dbkehjh^Z�gZ�_^bgbpm�ij_\urZ_l�kmffbjh\Zgguc�aZjy^�we_dljhgghc�
h[hehqdb� fhe_dmeu�� Ke_^h\Zl_evgh�� m� qZklbpu� H+

2� gZ� h^bg� we_dljhg�

σ1s
jZa 

1s 1s σ1s
k\ 

σ2s
jZa 

2s 2s σ2s
k\ 

π2j]
k\ π2j\

k\ 
2p 2p 

π2jm
jZa σ2jo

k\ 

σ2jo
k\ 

π2j]
jZa 

E 

AO AO MO 
H¶ H2 H¶¶ 

Jbk��������Ko_fZ�jZkiheh`_gby�fhe_dmeyjguo�hj[blZe_c�H2 

π2j]
k\ π2j\

k\ 
2p 2p 

π2jm
jZa 

σ2jo
k\ 

σ2jo
k\ 

π2j]
jZa 

σ1s
jZa 

1s 1s σ1s
k\ 

σ2s
jZa 

2s 2s σ2s
k\ 

E 

AO AO MO 
H¶ H+

2 H+ 

Jbk��������Ko_fZ�jZkiheh`_gby�fhe_dmeyjguo�hj[blZe_c�qZklbpu�H
+

2 
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f_gvr_��q_f�m�fhe_dmeu�dbkehjh^Z�H2��GZ�ko_f_�fhe_dmeyjguo�hj[blZe_c�
(kf��jbk�� ������gZ�πj

jZa-hj[blZeyo�bf__lky�lhevdh�h^bg�g_kiZj_gguc�we_d�
ljhg��π2jm

jZa
���Wlh�\ghkbl�g_dhlhju_�baf_g_gby�\�k\hckl\Z�lZdbo�qZklbp�ih�

kjZ\g_gbx� k� fhe_dmeZfb� H2. Wlh� hkeZ[ey_l� iZjZfZ]gblgu_� k\hckl\Z� b�
mkbeb\Z_l�ijhqghklv�fhe_dmeyjgh]h�h[jZah\Zgby��DjZlghklv�k\yab�H+

2�[m�
^_l� gZ� ���� _^bgbp� \ur_� �DKH2 = (10 – 5)/2 = ������Ke_^h\Zl_evgh,� lZdb_� db�

kehjh^gu_� qZklbpu� hq_gv� mklhcqb\u�� Wg_j]by� ^bkkhpbZpbb� H+
2� jZ\gZ� ����

d>`�fhev� 
KjZ\gbl_evgu_�^Zggu_�ih�jZkij_^_e_gbx�we_dljhgh\�gZ�FH��djZlgh�

klb�k\yab�b�wg_j]bb�^bkkhpbZpbb�fhe_dme�b�g_dhlhjuo�qZklbp�we_f_glh\�
\lhjh]h�i_jbh^Z�ij_^klZ\e_gu�\�lZ[e� 4.2. 

LZ[ebpZ���� 
JZkiheh`_gb_�fhe_dmeyjguo�hj[blZe_c Hj[b-

lZeb Li 2 Be2 B2 C2 N+
2 N2 O+

2 O2 O–
2 O2–

2 F2 Ne2 
σjo

jZa              
πjm

jZa 

πj]
jZa 

            

πj\
k\ 

πj]
k\ 

            

σjo
k\             

σ2s
jZa             

σ2s
k\             

σ1s
jZa             

σ1s
k\             

DjZl�
ghklv�
k\yab 

1 0 1 2 2,5 3 2,5 2 1,5 1 1 0 

>ebgZ�l 
k\yab��: 

2,67  1,59 1,24 1,12 1,09 1,12 1,21 1,34 1,46 1,41  

Wg_j]by�
^bkkh�
pbZpbb, 
d>`�fhev 

99 0 267 602 843 942 634 494 394  151 0 

IZjZfZ]�
gblgu_�
k\hckl\Z�

 
   +  + + +    

 
F_lh^�FH�ohjhrh�h[tykgy_l�b�fhe_dmeu,�b�fhe_dmeyjgu_�qZklbpu��

khklhysb_�ba�jZaguo�we_f_glh\� 
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Fhe_dmeZ�KH��H[Z�ZlhfZ�–�m]e_jh^�b�dbkehjh^�–�bf_xl�gZ�\g_rg_f�
mjh\g_�h^bgZdh\h_�dhebq_kl\h�hj[blZe_c��gh�m�m]e_jh^Z�gZ�^\Z�we_dljhgZ�
f_gvr_��m]e_jh^ – 2s22p2

��dbkehjh^ – 2s22p4). 
Ijb�\aZbfh^_ckl\bb�Zlhfguo�hj[blZe_c�m]e_jh^Z�k�Zlhfgufb�hj[b�

lZeyfb� dbkehjh^Z� ihemqZxlky�fhe_dmeyjgu_� hj[blZeb�KH�� ZgZeh]bqgu_�
dZd�ih�nhjf_��lZd�b�ih�\aZbfghfm�jZkiheh`_gbx�hj[blZeyf�]hfhy^_jguo�
fhe_dme�� gZijbf_j�N2�� Wg_j]_lbq_kdZy� ko_fZ� fhe_dmeu�KH� ihdZaZgZ� gZ�
jbkmgd_������ 

 
<�fhe_dme_�KH�q_lujgZ^pZlv�we_dljhgh\��Hgb�jZkij_^_e_gu�\�khhl�

\_lkl\bb�k�ba\_klgufb�lj_fy�ijbgpbiZfb��GZ�k\yamxsbo�hj[blZeyo�gZoh�
^ylky����we_dljhgh\��Z�gZ�jZajuoeyxsbo�–�lhevdh�q_luj_��DjZlghklv�k\yab�
jZ\gZ� ��� dZd� m� fhe_dmeu� 12�� Ke_^h\Zl_evgh�� fhe_dmeZ�KH� ^he`gZ� [ulv�
hq_gv� mklhcqb\hc,� b� \� ^_ckl\bl_evghklb� hgZ� gZihfbgZ_l� fhe_dmem� 12, 
wg_j]by� ^bkkhpbZpbb� KH� jZ\gZ� ����� d>`�fhev�� qlh� gZ� ���� d>`�fhev�
[hevr_�� q_f� wg_j]by� ^bkkhpbZpbb N2��Fh`gh� kdZaZlv�� qlh�fhe_dmeZ�KH�
bahwe_dljhggZy�fhe_dme_�12��We_dljhggZy�nhjfmeZ�fhe_dmeu�ke_^mxsZy�� 

C + O = CO [(σ1s
k\)2(σ1s

jZa)2(σ2s
k\)2(σ2s

jZa)2(πjy, z
k\)4(σpx

k\)2]. 
Fhe_dmeZ�NO.�Wg_j]_lbq_kdZy�^bZ]jZffZ�wlhc�fhe_dmeu�koh`Z�k�^bZ�

]jZffhc�qZklbpu�H+
2 (kf�jbk. 4.25���Ko_fZ�ij_^klZ\e_gZ�gZ�jbk������� 

Fhe_dmeZ�NO�bf__l�g_kiZj_gguc�we_dljhg��hgZ�iZjZfZ]gblgZy��DjZl�
ghklv�k\yab������We_dljhggZy�nhjfmeZ�NO: 

σ1s
jZa 

1s 1s σ1s
k\ 

σ2s
jZa 

2s 2s σ2s
k\ 

E 

AO AO MO 
��K KH ��H 

σjo
jZa 

πj\
jZa 

2p 2p 

πj]
jZa 

πj\
k\ πj]

k\ 
σjo

k\ 

Jbk��������Ko_fZ�jZkiheh`_gby�fhe_dmeyjguo�hj[blZe_c�KH 
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[(σ1s
k\)2(σ1s

jZa)2(σ2s
k\)2(σ2s

jZa)2(πjy, z
k\)4(σpx

k\)2(πjy, z
jZa)1]. 

 
G_dhlhju_� oZjZdl_jbklbdb� ]_l_jhy^_jguo� fhe_dme� b� qZklbp�� ihem�

q_gguo�ba�we_f_glh\�\lhjh]h�i_jbh^Z,�^Zgu�\�lZ[e� 4.3. 

LZ[ebpZ���� 

Fhe_dmeZ��
qZklbpZ 

We_dljhggZy�
dhgnb]mjZpby 

DjZlghklv� 
k\yab 

>ebgZ�k\yab�l, 
Å 

Wg_j]by�^bk�
khpbZpbb��
d>`�fhev 

BN [C2] 2 1,28 385 
CN– Lh�`_ 2 1,17 – 
BO [N2

+] 2,5 1,20 800 
CN Lh�`_ 2,5 1,17 756 
CO+ « 2,5 1,12 – 
NO >H2

+] 2,5 1,15 627 
CN– [N2] 3 1,14 940 
CO Lh�`_� 3 1,28 1069 
NO+ « 3   1,062 1048 
 
Fgh]hZlhfgu_�fhe_dmeu��<�dZq_kl\_�ijbf_jZ�jZkkfhljbf�fhe_dmeu�

CH4, NH3��KH2. 

σ1s
jZa 

1s 1s σ1s
k\ 

σ2s
jZa 

2s 2s σ2s
k\ 

E 

AO AO MO 
 N �1H ��H 

πj]
k\ πj\

k\ 2p 2p 

πjm
jZa 

σjo
jZa 

σjo
k\ πj]

jZa 

Jbk��������Ko_fZ�jZkiheh`_gby�fhe_dmeyjguo�hj[blZe_c�NO 
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Fhe_dmeZ�KG4.�<ur_�[ueh�ihdZaZgh��qlh�Zlhfgu_�hj[blZeb�m]e_jh^Z�
\�ijhp_kk_�\aZbfh^_ckl\by�k�^jm]bfb�we_f_glZfb� �\�qZklghklb,�k�\h^hjh�
^hf��ij_l_ji_\Zxl�i_j_kljhcdm��gZa\Zggmx� ]b[jb^baZpb_c,�b�\�fhe_dme_�
KG4�\k_�k\yab�b^_glbqgu_�b�g_jZaebqbfu_��WlZ�hkh[_gghklv�^he`gZ�[ulv�
hlh[jZ`_gZ�b�\�f_lh^_�fhe_dmeyjguo�hj[blZe_c��GZ� ko_f_��ijb\_^_gghc�
gZ�jbk.�������gZjy^m�k�:H�m]e_jh^Z�ihdZaZgu�]b[jb^gu_�hj[blZeb� 

 

 
1s-ZlhfgZy� hj[blZev� m]e_jh^Z�� kh^_j`ZsZy� ^\Z� we_dljhgZ,� dZd� hj[b�

lZev��e_`ZsZy�\�]em[bg_�ZlhfZ��mqZklb_�\�h[jZah\Zgbb�k\yab�g_�ijbgbfZ_l��
HgZ�[_a�baf_g_gby�i_j_oh^bl�\�fhe_dmeyjgmx�g_k\yau\Zxsmx�hj[blZev��
GZ� jbk�� �����hgZ� h[hagZq_gZ�σs* ��<� h[jZah\Zgbb�FH�ijbgbfZxl� mqZklb_       
��Zlhfguo�hj[blZe_c��q_luj_�hl�ZlhfZ�m]e_jh^Z�b�q_luj_�hl�q_luj_o�Zlh�
fh\� \h^hjh^Z���Ke_^h\Zl_evgh�� h[jZam_lky� �� fhe_dmeyjguo� hj[blZe_c�� ��
k\yau\Zxsbo� b� �� jZajuoeyxsbo�� AZihegyxlky� we_dljhgZfb� lhevdh� \k_�
k\yau\Zxsb_� hj[blZeb��LZd� dZd� gZijZ\e_gby� \k_o� k\ya_c�f_`^m� Zlhfhf�
m]e_jh^Z�b�dZ`^uf�ba�\h^hjh^h\�kh\iZ^Zxl�k�ebgb_c��k\yau\Zxs_c�p_g�
lju�Zlhfh\��b�ih�ijhqghklb�h^bgZdh\u��lh�\k_�k\yau\Zxsb_�fhe_dmeyjgu_�
hj[blZeb�gZoh^ylky�gZ�h^ghf�b�lhf�`_�wg_j]_lbq_kdhf�mjh\g_�b�h[hagZq_�
gu�h^bgZdh\h�– σo

k\
��:gZeh]bqgh�b�jZajuoeyxsb_��We_dljhggZy�nhjfmeZ�

fhe_dmeu�fh`_l�[ulv�aZibkZgZ�lZd��KG4 [(4(σo
k\)2]. 

Fhe_dmeZ�1+3. <�hlebqb_�hl�KG4 \�fhe_dme_�1+3 bf__lky�_s_�h^gZ�

g_k\yau\ZxsZy�hj[blZev�– σ2s* ��lZd�dZd 2s-ZlhfgZy�hj[blZev�ZahlZ�ijZdlb�
q_kdb� g_� ijbgbfZ_l� mqZklby� \� h[jZah\Zgbb� k\ya_c��Ko_fZ� jZkiheh`_gby�
FH�NG3�ij_^klZ\e_gZ�gZ�jbk������� 

σs* 1s 

4σx
jZa 

1s 
2sp3 

E 

AO AO MO 
�K�bkoh^g� 

�KG4 ���G 

AO 
�K�]b[j� 

2p 4σx
k\
�beb�σk\

s,x,y,z 

Jbk��������Ko_fZ�jZkiheh`_gby�fhe_dmeyjguo�hj[blZe_c�CH4 
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We_dljhggZy�dhgnb]mjZpby�fhe_dmeu�NH3: N+3H=NH3 [(σs
k\)2(σy

k\)2(σz
k\)2] 

beb� >��σo)
2
@��DjZlghklv�k\yab�\�lZdbo�fgh]hZlhfguo�fhe_dmeZo�hij_^_ey�

_lky�ih�ba\_klghfm�ijbgpbim��gh�aZl_f�g_h[oh^bfh�jZa^_eblv�__�gZ�qbkeh�
k\ya_c�(DKNH3 = ((6 – 0)/2):3 = 1). 

 
Fhe_dmeZ�CO2. Ijb�\aZbfh^_ckl\bb�m]e_jh^Z�k�dbkehjh^hf�Zlhfgu_�

hj[blZeb� m]e_jh^Z� ij_l_ji_\Zxl� ]b[jb^baZpbx�� GZ� jbk.� ����� ihdZaZgZ�
ko_fZ� jZkiheh`_gby� FH� \� fhe_dme_� CO2�� GZ� wlhc� ko_f_� g_� mdZaZgu� 
1s-Zlhfgu_� hj[blZeb� m]e_jh^Z� b� dbkehjh^Z�� lZd� dZd� hgb� y\eyxlky� \gml�
j_ggbfb��\h�\aZbfh^_ckl\b_�g_�\klmiZxl��hklZxlky�g_k\yau\Zxsbfb�hj�
[blZeyfb� 

σ2s* 
2s 

E 

AO AO MO 
    N  NH3 ���G 

2p 

σx,y,z
k\ (beb�3σx

k\) 

2p 

σx,y,z
jZa 

1s 
σ1s* 

Jbk� ������Ko_fZ�jZkiheh`_gby�fhe_dmeyjguo�hj[blZe_c�NH3 

E 
AO AO MO 

����K�]b[jb^�  CO2 ���H 

�m
kR

,z 

  2s 

  2p 

  2spx 

  2pyx   2px,y,z 

�m,z 

�m,z
jZa 

1x
jZa 

1x
k\ 

1s
* 

����K�bkoh^g. 

AO 

Jbk� 4.30. Ko_fZ�jZkiheh`_gby�FH�\�fhe_dme_�CO2 
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G_k\yamxsbfb� klZgh\ylky� _s_� q_luj_� hj[blZeb�� Hgb� i_j_oh^yl� \�
fhe_dmem�CO2 hl�^\mo�Zlhfh\�dbkehjh^Z� �^\_�hl� �s-Zlhfguo�hj[blZe_c�b�
^\_�hl��p-:H���We_dljhggZy�kljmdlmjZ�fhe_dmeu�fh`_l�[ulv�ij_^klZ\e_gZ�
ke_^mxs_c�we_dljhgghc�nhjfmehc��C + 2O = CO2 [(�jm, z

k\)4(1s, x
k\)4 (�* jm, z)

4]. 
DKKH = ((8 – 0)/2):2 = 2. 

Bhg�CO3
2–. Ko_fZ�fhe_dmeyjguo�hj[blZe_c�\�dZj[hgZl-bhg_�CO3

2–
�ih�

dZaZgZ�gZ�jbk������� 

 
<�dZj[hgZl-bhg_�g_k\yamxsbfb�FH�y\eyxlky�hj[blZeb,�ihemq_ggu_�

hl��s-:H�lj_o�Zlhfh\�dbkehjh^Z��1s���Z�lZd`_�ljb�hj[blZeb��jm��ihemq_g�
gu_�\�j_amevlZl_�ij_\jZs_gby�lj_o��j-Zlhfguo�hj[blZe_c�dbkehjh^Z��GZ�
FH�dZj[hgZl-bhgZ�gZoh^ylky�^\Z�g_kiZj_gguo�we_dljhgZ��jZkiheh`_gguo�
gZ��z-jZajuoeyxsbo�hj[blZeyo��We_dljhggZy�nhjfmeZ�dZj[hgZl-bhgZ�ke_�
^mxsZy� 

C + 3O + 2e = CO3
2– [(�z

k\)2(�z
k\)2(1x

k\)2(1x
k\)2(1x

k\)2(�z
x)6(�z, z

jZa)2]. 
DjZlghklv�k\yab�khklZ\ey_l����� – 2)/2):3 = 1,33. 
Ih^h[gmx� kljmdlmjm� bf__l� gbljZl-bhg� 123

–
�� Hg� y\ey_lky� bahwe_d�

ljhgguf�bhgm�CO3
2–. 

Ba� jZkkfhlj_ggh]h� fh`gh� k^_eZlv� ke_^mxsbc� \u\h^� hlghkbl_evgh�
hkgh\guo�oZjZdl_jbklbd�dh\Ze_glghc�k\yab� 

Dh\Ze_glgZy�k\yav: 
1) h[eZ^Z_l�iheyjghklvx; 
2) bf__l�gZijZ\e_gghklv; 

E 

AO AO MO 
����K�]b[jb^�  CO3

2- 
���H 

  2s 

�m*
 �m,z

jZa 

1x
k\ 

1s*
 

����K�bkoh^g� 
AO 

1x
jZa 

�z
jZa 

�z
k\ 

  2px,y,z 

  2pz   2px,y,z 

  2s 

Jbk� 4.31. Ko_fZ�jZkiheh`_gby�FH�\�dZj[hgZl-bhg_�&23
2– 
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3) klj_fblky�d�gZkusZ_fhklb; 
4) y\ey_lky�hq_gv�ijhqghc� 
Fhe_dmeu� obfbq_kdbo� kh_^bg_gbc�� h[jZah\Zggu_� dh\Ze_glghc� k\y�

avx��bf_xl�hij_^_e_gguc�dhebq_kl\_gguc�b�dZq_kl\_gguc�khklZ\��gZijb�
f_j��fhe_dmeZ�\h^u�khklhbl�ba�h^gh]h�ZlhfZ�dbkehjh^Z�b�^\mo�Zlhfh\�\h�
^hjh^Z;��������hl�fZkku�fhe_dmeu�\h^u�ijboh^blky�gZ�dbkehjh^�b��������– 
gZ�\h^hjh^���Dh\Ze_glgu_�fhe_dmeu�oZjZdl_jbamxlky�dhgdj_lghc�]_hf_l-
jbq_kdhc�dhgnb]mjZpb_c��fhe_dmeZ�KG4 – l_ljZw^j��fhe_dmeZ�<_K�4 – eb�
g_cgZy���Dh\Ze_glgu_�fhe_dmeu�fh]ml�ijhy\eylv�eb[h�iZjZfZ]gblgu_��eb�
[h�^bfZ]gblgu_�k\hckl\Z��Obfbq_kdb_�kh_^bg_gby�k�dh\Ze_glghc�k\yavx�
fh]ml�bf_lv�jZagu_�Z]j_]Zlgu_�khklhygby��l\_j^h_��`b^dh_�b�]Zahh[jZagh_�
�KXH – l\_j^uc��LLK�4 – ̀ b^dhklv��6O2 – ]Za�� 

 
4.2.2.�BhggZy�k\yav 
KZfh�gZa\Zgb_�k\yab�bhggZy�mdZau\Z_l�gZ�lh��qlh�hgZ�\hagbdZ_l�\�j_�

amevlZl_�\aZbfh^_ckl\by�bhgh\� 
Bhgghc gZau\Zxl�lZdmx�k\yav��dhlhjZy�h[jZam_lky�f_`^m�dZlbhghf�b�

Zgbhghf�\�j_amevlZl_�bo�we_dljhklZlbq_kdh]h�\aZbfh^_ckl\by� 
IjZ\hf_j_g�\hijhk:�dh]^Z�obfbq_kdb_�we_f_glu�fh]ml�ij_\jZsZlvky�

\�iheh`bl_evgh�b�hljbpZl_evgh�aZjy`_ggu_�bhgu��dZlbhgu�b�Zgbhgu�? 
JZkkfZljb\Zy� iheyjgmx� dh\Ze_glgmx� k\yav�� \uykgbeb�� qlh� h[eZklv�

i_j_dju\Zgby� hj[blZe_c� \aZbfh^_ckl\mxsbo� Zlhfh\� ^Z_l� m\_ebq_gb_�
we_dljhgghc�iehlghklb,�kha^Z\Z_fhc�iZjhc�we_dljhgh\� (^ey�ijhklhlu�[m�
^_f�bkihevah\Zlv�ihgylb_� ©we_dljhggZy�iZjZª).�H[sZy� we_dljhggZy�iZjZ�
kf_sZ_lky�\�klhjhgm�[he__�we_dljhhljbpZl_evgh]h�we_f_glZ��<_ebqbgZ�ih�
eyjghklb�fhe_dmeu� hp_gb\Z_lky� ^bihevguf�fhf_glhf� ���Ba� jZkq_lZ� ^b�
ihevgh]h�fhf_glZ�iheyjguo�fhe_dme�\uykgbeb��qlh�ijb���! 4,8 >�iheyj�
gZy� dh\Ze_glgZy� k\yav� ij_\jZsZ_lky� \� bhggmx�� <� wlhf� kemqZ_� we_dljhg�
\g_rg_c�h[hehqdb�h^gh]h�ZlhfZ�i_j_oh^bl�gZ�h[hehqdm�[he__�we_dljhhl�
jbpZl_evgh]h� ZlhfZ��LZdhc�i_j_oh^� \hafh`_g�ijb� \aZbfh^_ckl\bb� ZlhfZ�
eblby�k�Zlhfhf�nlhjZ��Wlh�ihdZaZgh�gZ�jbk������� 

Ih^�^_ckl\b_f�ihey�ZlhfZ�nlhjZ�h^bg�we_dljhg�ba�\g_rg_c�h[hehqdb�
eblby�i_j_oh^bl�gZ�h[hehqdm�nlhjZ��H[Z�ZlhfZ�ijbh[j_lZxl�mklhcqb\u_�
h[hehqdb� �eblbc�–�^\mowe_dljhggmx��nlhj�–�\hkvfbwe_dljhggmx���gh�ijb�
wlhf� h[Z� ZlhfZ� klZgh\ylky� bhgZfb�� eblbc� –� iheh`bl_evgh� aZjy`_gguf�
(dZlbhghf)��Z�nlhj�–�hljbpZl_evgh�aZjy`_gguf�(Zgbhghf)��Hlghkbl_evgZy�
we_dljhhljbpZl_evghklv�eblby�jZ\gZ� � (0Li  �����Z�nlhjZ�– 4 (0F  �����JZa�
ghklv�we_dljhhljbpZl_evghkl_c�khklZ\ey_l�ljb�_^bgbpu��¨0� �����KqblZ_lky��
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qlh�iheyjgZy�dh\Ze_glgZy�k\yav�ij_\jZsZ_lky�\�bhggmx�ijb�jZaghklb�we_d�
ljhhljbpZl_evghkl_c�\aZbfh^_ckl\mxsbo�Zlhfh\�[he__������Ke_^h\Zl_evgh��
wlZ�\_ebqbgZ�dZd�[u�y\ey_lky�djbl_jb_f�h[jZah\Zgby�bhgghc�k\yab: ¨0 >1,9. 

;he__�lhqghc�hp_gdhc�kl_i_gb�bhgghklb�iheyjghc�k\yab�fh`_l�[ulv�
jZkq_l� hlghr_gby� aZjy^Z� ^bihey� q� d� aZjy^m� we_dljhgZ� e: q/e�� K^_eZ_f�
hp_gdm�kl_i_gb�bhgghklb�k\yab�\�fhe_dme_�GKO��Ijb�^ebg_�k\yab�l = 1,27 Ö�
b�\_ebqbg_�aZjy^Z�^bihey�q = _ = 4,8 Ü���10

�we�kl�_^��jZkq_lgh_�agZq_gb_�^b�
ihevgh]h�fhf_glZ�[m^_l���l_hj = l Ü q = 1,27Ü��–8Ü���Ü��–10 = 6,11 >��Wdki_jb�
f_glZevgh�hij_^_e_ggh_� agZq_gb_� �wdk = ������>��Lh]^Z�hlghr_gb_�q� d� _ 
khklZ\bl��q/e = µwdk /µ]_hj Ü��� = 17 %. 

Kl_i_gv�bhgghklb�k\yab�\�fhe_dme_�GKl�\k_]h�������HklZevgu_������
khklZ\eyxl�dh\Ze_glguc�oZjZdl_j�k\yab��H[uqgh�kqblZxl��qlh�k\yav�y\ey�
_lky� ij_bfms_kl\_ggh� bhgghc�� dh]^Z� kl_i_gv� bhgghklb� q/_� !� ������Ijb�
djbl_jbb�¨0�!����fhe_dmeZ�ijbh[j_lZ_l�kl_i_gv�bhgghklb�[he__������ 

100%-ghc� bhgghc� k\yab�
ijZdlbq_kdb� g_� [u\Z_l�� >ey� lZ�
dhc� k\yab� g_h[oh^bfh�� qlh[u�
jZaghklv� we_dljhhljbpZl_evgh�
kl_c� we_f_glh\� ¨0� ^hklb]eZ� \_�
ebqbgu� �����GZ� kZfhf�^_e_�gZb�
[he__�djZcgb_�ih�we_dljhhljbpZ�
l_evghklb�we_f_glu�njZgpby��)U��
b�nlhjZ��)��bf_xl�\k_]h�¨0 = 3,3. 

GZ� jbk�� ����� ^ZgZ� aZ\bkb�
fhklv� kl_i_gb� bhgghklb� k\yab�
(q/e��hl�jZaghklb�we_dljhhljbpZl_evghkl_c�Zlhfh\�¨0. 

JZkkfhljbf� k\hckl\Z� bhgghc� k\yab� gZ� ijbf_j_� oehjb^Z� gZljby��
<ke_^kl\b_�ijhlb\hiheh`ghklb�aZjy^h\�h[Z�bhgZ�1Z+

�b�Cl–�ijbly]b\Zxlky�

  +3   +9   +3   +9 

  +    –    –   + 

  + 

  + 

  + 
  Li 

  Li+ 

  Li+   F 

  F– 

  F– 

  LiF 

Jbk��������H[jZah\Zgb_�bhgghc�fhe_dmeu�LiF 

100 
90 
80 
70 
60 
50 
40 
30 
20 
10 

Dh\Ze_glgu_�
k\yab 

Bhggu_�k\yab 

q/e, % 

0,4  0,8  1,2  1,6  2,0  2,4  2,8  3,2  3,6��û0 
Jbk��������AZ\bkbfhklv�kl_i_gb�bhgghklb�k\yab�

hl�jZaghklb�we_dljhhljbpZl_evghkl_c�Zlhfh\ 
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^jm]�d�^jm]m��H^gZdh�� k[ebab\rbkv�^h�hij_^_e_ggh]h�ij_^_eZ��hgb�hklZ�
gZ\eb\Zxlky� gZ� hilbfZevghf� jZkklhygbb� �r0��� ijb� dhlhjhf� ijbly`_gb_�
mjZ\gh\_rb\Z_lky�\aZbfguf�hllZedb\Zgb_f�bo�we_dljhgguo�h[hehq_d� 

Iheh`bl_evgh�b�hljbpZl_evgh�aZjy`_ggu_�bhgu��h[jZamxsb_�bhggh_ 
kh_^bg_gb_��ij_^klZ\bf�\�\b^_�aZjy`_gguo�rZjbdh\��kbeh\u_�ihey�dhlh�
juo�jZ\ghf_jgh�jZkij_^_eyxlky�\h�\k_o�gZijZ\e_gbyo��jbk�������� 

Jbkmghd� gZ]ey^gh� ihdZau\Z_l��
qlh�bhgu�^_j`Zlky�^jm]�\hae_�^jm]Z�
aZ�kq_l�kbeh\h]h�we_dljhklZlbq_kdh�
]h�ihey��GZkusZ_fhklv�kbeh\uo�eb�
gbc� ijhbkoh^bl� lhevdh� \� h[eZklb�
f_`^m� bhgZfb�� Z� ih� [hdZf� dZ`^h]h�
bhgZ� kbeh\u_� ebgbb� g_� dhfi_gkb�
jmxlky�� Hlkx^Z� i_j\h_� k\hckl\h�
bhgghc�k\yab�–�g_gZkusZ_fhklv. 

G_gZkusZ_fhklv�bhgghc�k\yab�ijb\h^bl�d�lhfm��qlh�\k_�bhggu_�kh_^b�
g_gby�–�wlh�djbklZeebq_kdb_�\_s_kl\Z�k�\ukhdbfb�l_fi_jZlmjZfb�ieZ\e_gby�b�
dbi_gby��Lhevdh�\�djbklZeebq_kdhf�kh_^bg_gbb�aZ�kq_l�h[jZah\Zgby�hij_^_�
e_gghc�djbklZeebq_kdhc�j_r_ldb��\�dhlhjhc�dZ`^uc�bhg�hdjm`_g�jy^hf�bh�
gh\�ijhlb\hiheh`gh]h�agZdZ��ijhbkoh^bl�dhfi_gkZpby�kbeh\uo�ebgbc��Djb�
klZeebq_kdZy�j_r_ldZ�1D&��ihkljh_gZ�ba�^\mo�]jZg_p_gljbjh\Zgguo�dm[bq_�
kdbo�ih^j_r_lhd��khklhysbo�h^gZ�ba�bhgh\�1Z+

��^jm]Zy�ba�bhgh\�Cl–��k^\bgm�
luo�h^gZ� \�^jm]mx�gZ�iheh\bgm�j_[jZ�dm[Z��Qbkeh��ihdZau\Zxs__�� kdhevdh�
bhgh\�ijhlb\hiheh`gh]h�agZdZ�hdjm`Zxl�^Zgguc�bhg�\�djbklZee_��gZau\Z_lky�
dhhj^bgZpbhgguf�qbkehf��Dhhj^bgZpbhggh_�qbkeh� aZ\bkbl�hl�jZaf_jh\�bh�
gh\�b�hij_^_ey_lky�khhlghr_gb_f�jZ^bmkh\�bhgh\��LZd��ijb�khhlghr_gbb�jZ�
^bmkh\�bhgh\�\�ij_^_eZo������–������hgh�jZ\gh����Z�ijb�khhlghr_gbb�jZ^bmkh\�
bhgh\� �����–� ����� dhhj^bgZpbhggh_� qbkeh� jZ\gh� ���Dhhj^bgZpbhggh_� qbkeh�
j_r_ldb�1D&,�jZ\gh����wlh�agZqbl��qlh�bhg�gZljby��\�djbklZee_�1D&l��hdjm`Z�
xl�r_klv�bhgh\�oehjZ�b��gZh[hjhl��bhg�oehjZ�hdjm`Zxl�r_klv�bhgh\�gZljby� 

Dh]^Z�fu�bah[jZ`Z_f�oehjb^�gZljby��ih\Zj_ggmx�khev��kbf\hehf�1D&l, 
lh� ^himkdZ_f� hij_^_e_ggmx� g_lhqghklv�� Ke_^h\Zeh� [u� ibkZlv� 1ZK�-
djbklZee�beb��1ZK��n��>Z`_�\�iZjhh[jZaghf�khklhygbb�oehjb^Z�gZljby�gZjy�
^m�k�h^bgZjgufb�fhe_dmeZfb�ijbkmlkl\mxl�ZkkhpbZlu��1ZKO�2 b��1ZK��3. 

<lhjh_�k\hckl\h�bhgghc�k\yab�aZdexqZ_lky�\�lhf��qlh�hgZ�g_gZijZ\�
e_gZ��G_evay�mdZaZlv�gZijZ\e_gb_��ih�dhlhjhfm�bhg�oehjZ�ih^oh^bl�d�bhgm�
gZljby��m�dZ`^h]h�bhgZ�\k_�gZijZ\e_gby�jZ\ghp_ggu��b�k�ex[hc�klhjhgu�
h^bg�bhg�fh`_l�ih^hclb�d�^jm]hfm��?keb�kjZ\gblv�k�dh\Ze_glghc�k\yavx��\�

  –   + 

Jbk��������JZkij_^_e_gb_�we_dljbq_kdbo� 
kbeh\uo�ihe_c�^\mo�jZaghbf_gguo�bhgh\ 
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dh\Ze_glguo�fhe_dmeZo�\aZbfh^_ckl\b_�f_`^m�ZlhfZfb�ijhbkoh^bl�\�gZ�
ijZ\e_gbb�jZkijhkljZg_gby� we_dljhggh]h�h[eZdZ,�b�dh\Ze_glgu_�fhe_dm�
eu�bf_xl�hij_^_e_ggmx�]_hf_ljbq_kdmx�dhgnb]mjZpbx��bhggu_�fhe_dm�
eu�lZdh]h�k\hckl\Z�g_�bf_xl� 

DZd�[ueh�kdZaZgh��\_s_kl\Z��h[jZah\Zggu_�bhggufb�fhe_dmeZfb��ijb�
h[uqguo� mkeh\byo� y\eyxlky� l\_j^ufb� djbklZeebq_kdbfb� \_s_kl\Zfb� k�
\ukhdbfb�l_fi_jZlmjZfb�ieZ\e_gby�(tie NaC1 = 800 °K��tie NaF = 995 °K)��Wlh�
k\b^_l_evkl\m_l� h� ijhqghklb� k\yab� \� djbklZee_�� Wg_j]by� bhgghc� k\yab� 
?k\ �bhg��\_ebdZ��Djhf_�wg_j]bb�we_dljhklZlbq_kdh]h�\aZbfh^_ckl\by�?w, wg_j-
]by�k\yab�?k\�\dexqZ_l�\�k_[y�wg_j]bx�kjh^kl\Z�d�we_dljhgm�?kj�g_f_lZeeZ�
b�wg_j]bx�bhgbaZpbb�ZlhfZ�f_lZeeZ�I��JZkq_l�ihdZau\Z_l��qlh�wg_j]by�bhg�
ghc�k\yab�fhe_dmeu�1D&��jZ\gZ�������d>`�fhev� 

?1ZK1 = ?w�– ?kj�+ I = 5,7–�������� �����w<� �������d>`�fhev� 
Gh,�ij_`^_�q_f�jZahj\Zlv�k\yav�f_`^m�ZlhfZfb�\�fhe_dme_�1D&l��g_�

h[oh^bfh�jZajmrblv�djbklZeebq_kdmx�j_r_ldm�wlh]h�\_s_kl\Z��Ke_^h\Z�
l_evgh�� lj_[m_lky� ^hihegbl_evgZy� aZljZlZ� wg_j]bb�� JZkq_lu� ihdZau\Zxl, 
qlh�wg_j]by�djbklZeebq_kdhc�j_r_ldb��1ZK��n�jZ\gZ�����d>`�fhev� 

BhggZy�k\yav�\hagbdZ_l�g_�lhevdh�f_`^m�ijhklufb�bhgZfb��hgZ�j_Z�
ebam_lky�b�f_`^m�keh`gufb�bhgZfb��dZlbhgZfb�1H4

+[Cu(NH3)4]
+
�b�Zgbh�

gZfb�1H3
–, SO4

2–
��K23

2–
��>JWKO6]

2– b�l�^� 
AZ� _^bgbpm� \Ze_glghklb� Zlhfh\� \� bhgguo� kh_^bg_gbyo� ijbgbfZxl�

_^bgbqguc� aZjy^� bhgZ��GZijbf_j�� \� bhgghc�fhe_dme_� 1D&l� Zlhf� gZljby�
bf__l�aZjy^�����Z�Zlhf�oehjZ�–���Ke_^h\Zl_evgh��h[Z�ZlhfZ�h^gh\Ze_glgu� 
 
 

�������>hghjgh-Zdp_ilhjgZy�k\yav 
JZkkfZljb\Zy�dh\Ze_glgmx�k\yav��\uykgbeb��qlh�hgZ�h[jZam_lky�\�j_�

amevlZl_�i_j_dju\Zgby�h^ghwe_dljhgguo�\Ze_glguo�h[eZdh\�\aZbfh^_ckl�
\mxsbo� Zlhfh\��LZd�� Zlhf� ZahlZ� \aZbfh^_ckl\m_l� k� lj_fy� h^ghwe_dljhg�
gufb� h[eZdZfb�� gZijbf_j� k� lj_fy� ZlhfZfb� \h^hjh^Z�� h[jZamy�fhe_dmem�
ZffbZdZ�1G3. 
 
 

Gh�Zlhf�ZahlZ�bf__l�gZ�\g_rg_f�d\Zglh\hf�mjh\g_�_s_�^\Z�we_dljhgZ��
jZkiheh`_gguo�gZ� �s-ih^mjh\g_��b�^ey�bo�jZkiZjb\Zgby�m�ZlhfZ�\hafh`�
ghklb�g_l��<hagbdZ_l�\hijhk��fh`_l�eb�iZjZ�we_dljhgh\��gZoh^ysboky�gZ�

N N 
H 

H 
H 

N 

H 

H 

H 
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2s-hj[blZeb��h[jZah\u\Zlv�obfbq_kdmx�k\yav"�HdZau\Z_lky��fh`_l��Gh�^ey�
wlh]h�gm`gu�hij_^_e_ggu_�mkeh\by��Z�bf_ggh:�gZebqb_�k\h[h^ghc�hj[blZeb� 

LZdh_� \aZbfh^_ckl\b_�� l�_�� \aZbfh^_ckl\b_� aZ� kq_l� iZju� we_dljhgh\�
�__�gZau\Zxl�g_ih^_e_gghc��h^gh]h�ZlhfZ�b�k\h[h^ghc�hj[blZeb�^jm]h]h�
ZlhfZ,� gZau\Zxl� ^hghjgh-Zdp_ilhjguf�� Z� obfbq_kdmx� k\yav�� h[jZah\Zg�
gmx�ijb�ihfhsb�wlh]h�\aZbfh^_ckl\by, –�^hghjgh-Zdp_ilhjghc�k\yavx� 

Ke_^h\Zl_evgh�� g_h[oh^bfuf� mkeh\b_f� ^ey� h[jZah\Zgby� ^hghjgh-
Zdp_ilhjghc�k\yab�y\ey_lky�gZebqb_�g_ih^_e_gghc�we_dljhgghc�iZju�h^�
gh]h� ZlhfZ� �fhe_dmeu��b� k\h[h^ghc�hj[blZeb�^jm]h]h� ZlhfZ� �fhe_dmeu���
G_ih^_e_ggZy�iZjZ�^hghjZ�aZgbfZ_l�k\h[h^gmx�hj[blZev�Zdp_ilhjZ��H[jZ�
am_lky� ^\mowe_dljhggZy� hj[blZev�� dhlhjZy� h[kem`b\Z_l� h[Z� ZlhfZ� �Zlhf�
^hghjZ�b�Zlhf�Zdp_ilhjZ�� 

?keb�h[jZlblvky�d�ZffbZdm��lh�fhe_dmeZ�1+3 fh`_l�h[jZah\u\Zlv�^h�
ghjgh-Zdp_ilhjgmx� k\yav� k� ex[hc� ^jm]hc� fhe_dmehc�� m� dhlhjhc� Zlhfu�
bf_xl�k\h[h^gu_�hj[blZeb� 

GZijbf_j�� 1+3 e_]dh� \aZbfh^_ckl\m_l� k� fhe_dmehc�GKl�� <� iheyjghc�
fhe_dme_� GKl� h[sZy� we_dljhggZy� iZjZ� �h[eZklv� i_j_dju\Zgby� hj[blZe_c��
kbevgh� kf_s_gZ� \� klhjhgm� [he__� we_dljhhljbpZl_evgh]h� ZlhfZ� oehjZ��Ijb�
wlhf�hj[blZev�ZlhfZ�\h^hjh^Z�ijZdlbq_kdb�k\h[h^gZ��b�hgZ�fh`_l�ijbgbfZlv�
we_dljhggmx�iZjm�^hghjZ��ZlhfZ�ZahlZ���h[jZamy�^hihegbl_evgmx�k\yav� 

<� j_amevlZl_� ^hghjgh-Zdp_ilhjgh]h� \aZbfh^_ckl\by� ^\mo� g_cljZev�
guo�fhe_dme�NH3 b�GKO�ihemqZ_lky�gh\h_�kh_^bg_gb_�–�oehjb^�Zffhgby� 

1G3�GKl� �1G4K�� 
Oehjb^�Zffhgby�–�bhggh_�kh_^bg_gb_��>hghjgh-Zdp_ilhjgh_�\aZbfh�

^_ckl\b_�ij_\jZlbeh�fhe_dmem�ZffbZdZ�\�bhg�Zffhgby�1G4
+
��<�bhg_�Zf�

fhgby� ljb� \h^hjh^Z� k\yaZgu� k� Zahlhf�ih�dh\Ze_glghfm�ijbgpbim�� Z�q_l�
\_jluc�\h^hjh^�–�ih�^hghjgh-Zdp_ilhjghfm� 

>hghjgh-Zdp_ilhjgmx� k\yav�h[uqgh�h[hagZqZxl�imgdlbjghc�ebgb_c�
(-----). 

N 
H 
H 
H 

+ H Cl N 
H 
H 
H 

H Cl 

N 
H 
H 
H 

H 

>hghjgh-Zdp_ilhjgZy�k\yav 

+ 
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Ih� ^hghjgh-Zdp_ilhjghfm� ijbgpbim� e_]dh� \aZbfh^_ckl\mxl� lZdb_�
^\_ g_cljZevgu_�fhe_dmeu��dZd�BF3�b�+)��M�[hjZ�_klv�k\h[h^gZy�hj[blZev�
gZ��j-ih^mjh\g_��Z�m�nlhjZ�– g_ih^_e_ggZy�iZjZ�we_dljhgh\��;hj�y\ey_lky�
Zdp_ilhjhf��Z�nlhj�– ̂ hghjhf� 

Gh\Zy�[he__�keh`gZy�fhe_dmeZ�G><F4@�\h[jZeZ�\�k_[y�ljb�\b^Z�k\ya_c��
f_`^m dhfie_dkguf�Zgbhghf�<)4

– b�dZlbhghf�G+ –�bhggZy�k\yav��\�Zgbhg_�
BF4

–
�ljb�nlhjZ kh_^bg_gu�k�[hjhf�ih�dh\Ze_glghfm�ijbgpbim��Z�q_l\_j�

luc�nlhj� k\yaZg� k� [hjhf ihkj_^kl\hf� ^hghjgh-Zdp_ilhjgh]h� \aZbfh^_c-
kl\by� 

DZd� \b^gh� ba� jZkkfhlj_gguo� ijbf_jh\�� ^hghjgh-Zdp_ilhjgZy� k\yav�
h[t_^bgy_l� ijhklu_� fhe_dmeu� \� dhfie_dku�� GZijbf_j�� =Q6H4 e_]dh�
\aZbfh^_ckl\m_l�k�ZffbZdhf�k�h[jZah\Zgb_f�dhfie_dkgh]h�kh_^bg_gby�– 
kmevnZlZ�l_ljZZffbgpbgdZ� 

ZnSH4+ 4NG3 = [Zn(NG3)4]SO4 

 

 

 

GZjy^m�k�f_`fhe_dmeyjghc�^hghjgh-Zdp_ilhjgZy�k\yav�bgh]^Z�\klj_-
qZ_lky�dZd�^hihegbl_evgZy�k\yav�\gmljb�h^ghc�fhe_dmeu� �\gmljbfhe_dm�
eyjgZy�. 

JZkkfhljbf�^\Z�ijbf_jZ� 
Fhe_dmeZ�KH� <�g_\ha[m`^_gghf�khklhygbb�Zlhf�m]e_jh^Z�bf__l�^\Z�

g_kiZj_gguo�we_dljhgZ�gZ�j-ih^mjh\g_�b�k\h[h^gmx�j-hj[blZev��:lhf�db�
kehjh^Z�kh^_j`bl�^\Z�g_kiZj_gguo�we_dljhgZ�b�h^gm�we_dljhggmx�iZjm� 
 
 
 
 
 

B 
F 
F 
F 

F 
– 

Zn2+ + 4NH3 = Zn 
NH3 

NH3 NH3 H3N 

H3N 

B 
F 
F 
F 

+ F H B 
F 
F 
F 

F H 

– 
+ H[jZam_lky�keh`guc��dhf�

ie_dkguc��Zgbhg�[BF4]
–. 

C O + 

C 

O 

s 
p 

s 
p 
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G_kiZj_ggu_� we_dljhgu� m]e_jh^Z� b� dbkehjh^Z� h[jZamxl� \�fhe_dme_�
KH�^\_�dh\Ze_glgu_�σ-�b�π-k\yab�b�h^gm�^hghjgh-Zdp_ilhjgmx�aZ�kq_l�g_�
kiZj_gghc�we_dljhgghc�iZju�dbkehjh^Z��^hghj��b�k\h[h^ghc�hj[blZeb�m]�
e_jh^Z��Zdp_ilhj�� 

H[jZah\Zgb_� ^hihegbl_evghc�^hghjgh-Zdp_ilhjghc� k\yab� \�KH�ijb�
\h^bl�d lhfm��qlh�fhe_dmeZ�KH�hq_gv�ijhqgZy��Wg_j]by�^bkkhpbZpbb�KH��
dZd�[ueh�mdZaZgh�jZgvr_��khklZ\ey_l�� ����d>`�fhev� 

Fhe_dmeZ� &O2. :lhf� oehjZ� \� g_\ha[m`^_gghf� khklhygbb� bf__l� gZ�
\g_rg_f� mjh\g_� h^bg� g_kiZj_gguc� we_dljhg� b� iheghklvx� k\h[h^guc� 
d-ih^mjh\_gv� 

Ijb�\aZbfh^_ckl\bb�^\mo�Zlhfh\�oehjZ�^jm]�k�^jm]hf�bo�g_kiZj_ggu_�
we_dljhgu�h[jZamxl�1-dh\Ze_glgmx�k\yav��b�gZjy^m�k�g_c�dZ`^uc�Zlhf�hl�
^Z_l�k\hx�we_dljhggmx�iZjm�gZ�k\h[h^gmx�hj[blZev�^jm]h]h�ZlhfZ,�h[jZ�
amy�^\_�^hihegbl_evgu_�^hghjgh-Zdp_ilhjgu_�k\yab��Ke_^h\Zl_evgh��\�fh�
e_dme_�&O2 g_�h^bgZjgZy��Z�ljhcgZy�k\yav:�Kl K�� 

Wg_j]by�^hghjgh-Zdp_ilhjghc�k\yab�dhe_[e_lky�\�rbjhdbo�ij_^_eZo��
\� kj_^g_f� hl� ��� ^h� ���� d>`�fhev�� GZijbf_j�� wg_j]by� ^bkkhpbZpbb  
I2 –�KG3HG�jZ\gZ� ��d>`�fhev��Z�wg_j]by�^bkkhpbZpbb�:lK�3 –�1G3�jZ\gZ�
����d>`�fhev� 

>ey�jy^Z�ijhqguo�dhfie_dkguo� kh_^bg_gbc� wg_j]by�^hghjgh-Zdp_i-
lhjghc�k\yab�ih�\_ebqbg_�[ebadZ�d�wg_j]bb�dh\Ze_glghc�k\yab� 

LZd� dZd� ^hghjgh-Zdp_ilhjgZy� k\yav� ih�f_oZgbafm� \aZbfh^_ckl\by� b�
ih�ijhqghklb�[ebadZ�d�dh\Ze_glghc�k\yab��__�bgh]^Z�ijbqbkeyxl�d�qZklgh�
fm�kemqZx�dh\Ze_glghc�k\yab� 

 
 
4.2.4.�<h^hjh^gZy�k\yav 
DZd� b� ^hghjgh-Zdp_ilhjgZy� \h^hjh^gZy� k\yav� hlghkblky� d� ^hihegb�

l_evguf�lbiZf�k\yab�b�ijb\h^bl�d�h[jZah\Zgbx�fhe_dmeyjguo�]jmiibjh�
\hd�ba�h^bgZdh\uo�beb�jZaguo�fhe_dme��f_`fhe_dmeyjguo��beb�k\yau\Z_l�

s   p                 d 

�Dh\Ze_glgZy�k\yav 

�>hghjgh-Zdp_ilhjgu_�k\yab 
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f_`^m� kh[hc� hl^_evgu_� qZklb�� nmgdpbhgZevgu_� ]jmiiu� �Zlhfu�� h^ghc�
fhe_dmeu��\gmljbfhe_dmeyjgZy�� 

H[jZah\Zgb_�\h^hjh^ghc�k\yab�h[mkeh\e_gh�ki_pbnbdhc�\h^hjh^Z�dZd�
we_f_glZ��khklhys_]h�ba�ijhlhgZ�b�h^gh]h�_^bgkl\_ggh]h�we_dljhgZ��<�l_o�
kemqZyo�� dh]^Z� \h^hjh^� kh_^bg_g� k� [he__� we_dljhhljbpZl_evguf� we_f_g�
lhf��_]h�_^bgkl\_gguc�we_dljhg�kf_sZ_lky�d�[he__�we_dljhhljbpZl_evgh�
fm�we_f_glm��<h^hjh^��ebr_gguc�we_dljhgZ��ij_\jZsZ_lky�\�hkh[h]h�jh^Z�
iheh`bl_evgh� aZjy`_ggmx� qZklbpm� k� mgbdZevgufb� k\hckl\Zfb��WlZ� qZk�
lbpZ��g_�bf_xsZy�we_dljhgh\��\�hlebqb_�hl�hklZevguo�dZlbhgh\�g_�hllZe�
db\Z_lky� we_dljhggufb� h[hehqdZfb� ^jm]bo� qZklbp�� Z�bkiulu\Z_l� lhevdh�
ijbly`_gb_�� djhf_� lh]h�� Zlhf� \h^hjh^Z� �ijhlhg�, ebr_gguc� we_dljhgZ, 
bf__l�gbqlh`gh�fZeu_�jZaf_ju��hg�fh`_l�]em[hdh�\g_^jylvky�\�we_dljhg�
gmx�h[hehqdm�hljbpZl_evgh]h�iheyjbah\Zggh]h�ZlhfZ��<k_�wlh�ijb\h^bl�d�
lhfm�� qlh� Zlhf� \h^hjh^Z� kihkh[_g� h[jZah\u\Zlv� ^hihegbl_evgmx� k\yav��
dhlhjZy� ihemqbeZ� gZa\Zgb_� \h^hjh^ghc�� Q_f� [hevr_� we_dljhg� \h^hjh^Z�
hllygml�\�klhjhgm�ZlhfZ��k\yaZggh]h�k�gbf�dh\Ze_glgh��l_f�kbevg__�ijhlhg�
ijbly]b\Z_lky�d�we_dljhgghc�h[hehqd_�^jm]h]h�ZlhfZ� 

GZijbf_j��\h^hjh^gZy�k\yav�\hagbdZ_l�f_`^m�fhe_dmeZfb�nlhjbklh]h�
\h^hjh^Z��<h�nlhjbl_�\h^hjh^Z�h[sZy�we_dljhggZy�iZjZ�kbevgh�kf_s_gZ�d�
Zlhfm� nlhjZ� G�)�� \h^hjh^�� ihqlb� iheghklvx� ebrb\rbkv� we_dljhgghc�
iehlghklb��ijbly]b\Z_lky�d�Zlhfm�nlhjZ�^jm]hc�fhe_dmeu�nlhjbklh]h \h�
^hjh^Z��h[jZamy�k�gbf�\h^hjh^gmx�k\yav��Wlm�k\yav�h[hagZqZxl�lj_fy�lhq�
dZfb: 

G�–�)�Â Â Â �G�– F�ÂÂÂ �G�– F. 

 Dh\Ze_glgZy� <h^hjh^gZy 
  k\yav� k\yav 

<h^hjh^gZy� k\yav� ih� ijhqghklb� \ur_� <Zg-^_j-<ZZevkh\uo� kbe�� gh�
agZqbl_evgh�keZ[__��\����–����jZa��dh\Ze_glghc�k\yab� 

<h^hjh^gZy�k\yav�ijhy\ey_lky�l_f�kbevg__��q_f�[hevr_�we_dljhhljb�
pZl_evghklv�ZlhfZ-iZjlg_jZ�b�q_f�f_gvr_�_]h�jZaf_ju��Ihwlhfm�hgZ�gZb�
[he__� oZjZdl_jgZ� ij_`^_� \k_]h� ^ey� kh_^bg_gbc� nlhjZ� b� dbkehjh^Z�� b� \�
f_gvr_c�kl_i_gb�^ey�kh_^bg_gbc�ZahlZ��oehjZ��k_ju� 

Wg_j]by� \h^hjh^ghc� k\yab� aZ\bkbl� dZd� hl� \b^Z� b� khklhygby� ZlhfZ-
iZjlg_jZ�� lZd� b� hl� lh]h�� k� dZdbfb� ZlhfZfb� ihke_^gbc� khk_^kl\m_l�� LZd��
wg_j]by�\h^hjh^ghc�k\yab�H�Â ÂÂ �1�jZ\gZ���d>`�fhev��k\yav�G�Â ÂÂ �H�–�hdheh�
���d>`�fhev��Z�k\yav�G�Â ÂÂ �)�– ijb[ebabl_evgh����d>`�fhev� 
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<h^hjh^gZy�k\yav�\hagbdZ_l�dZd�f_`^m�fhe_dmeZfb�–�f_`fhe_dmeyj�
gZy��G�–�)�Â ÂÂ �G�–�)��G�– F),�lZd�b�\gmljb�hl^_evguo�fhe_dme�–�\gmljbfhe_�
dmeyjgZy� 

F_`fhe_dmeyjgZy�\h^hjh^gZy�k\yav�fh`_l�h[jZah\u\Zlvky�dZd�f_`^m�
fhe_dmeZfb� h^gh]h� b� lh]h� `_� \_s_kl\Z� �G� –� )�Â ÂÂ �G� –� )�� G2O�Â ÂÂ� G2H�� 
NH3 · ·· NH3��� lZd� b�f_`^m�fhe_dmeZfb� jZaebqguo� \_s_kl\� �G3N · ··  G2O;  
H)�Â ÂÂ �G2H�� 

<h^hjh^gZy�k\yav�f_`^m�fhe_dmeZfb�ZffbZdZ�b�\h^u�ijb\h^bl�d�h[�
jZah\Zgbx�]b^jZlZ�ZffbZdZ�G31�Â �G2O��<�kemqZ_�fhe_dme�ZffbZdZ�b�oeh�
jbklh]h� \h^hjh^Z� f_`fhe_dmeyjgh_� \aZbfh^_ckl\b_� khijh\h`^Z_lky� bh�
gbaZpb_c�GKl�b�i_j_oh^hf�\h^hjh^ghc�k\yab�\�^hghjgh-Zdp_ilhjgmx� 

:kkhpbZpby�fhe_dme��h[mkeh\e_ggZy�h[jZah\Zgb_f�\h^hjh^ghc�k\yab��
ijhbkoh^bl�\�]Zahh[jZaghf�khklhygbb�\_s_kl\��`b^dhklyo�b�l\_j^hc�nZa_��
LZd��\�iZjZo�nlhjbklh]h�\h^hjh^Z�kms_kl\mxl�fhe_dmeu��+)�n��]^_�n = 4,5 
b�^Z`_����Wlhl�ihebf_j�bf__l�ke_^mxsmx�kljmdlmjm: 

.
 

H[jZah\Zgb_f� \h^hjh^ghc� k\yab� fh`gh� h[tykgblv� kms_kl\h\Zgb_�
hq_gv�mklhcqb\h]h�ZgbhgZ�HF2

–
��khklhys_]h�ba�^\mo�bhgh\�)–

��kh_^bg_gguo�
ijhlhghf� �H  F – F)–��:gZeh]bqguc�bhg�GK�2 fZeh� klZ[be_g�� lZd� dZd�
we_dljhhljbpZl_evghklv�oehjZ�(0Cl = 3)�agZqbl_evgh�gb`_�we_dljhhljbpZl_ev-
ghklb�nlhjZ�(0F = 4). 

;eZ]h^Zjy�\h^hjh^ghc�k\yab��gZijbf_j��fmjZ\vbgZy�dbkehlZ�\�]Zahh[�
jZaghc�nZa_�kms_kl\m_l�\�\b^_�^bf_jZ: 

 

<�`b^dhc�nZa_�jy^�hj]Zgbq_kdbo�dbkehl� �fmjZ\vbgZy��mdkmkgZy��oeh�
jmdkmkgZy��h[jZamxl�ZkkhpbZlu�^\mo�lbih\��p_ib�b�pbdebq_kdb_��<�l\_j�
^hf�khklhygbb�\k_�wlb�dbkehlu�h[jZamxl�p_igu_�fhe_dmeu� 

H 
F 

F 
H 

F 

F 
H H 

F 
H 

H—C  H—C  

H 

H—O  O 

OH 

C 
H 

O 
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Kihkh[ghklv�fhe_dme� d� ZkkhpbZpbb� hlebqZ_l� \h^m�� ZffbZd�� kibjl� b�

^jm]b_�`b^dhklb�hl�g_Zkkhpbbjh\Zgguo�`b^dhkl_c��gZijbf_j�m]e_\h^hjh�
^h\��:kkhpbZpby�ijb\h^bl�d�ih\ur_gbx� l_fi_jZlmju�ieZ\e_gby�� l_fi_�
jZlmju�dbi_gby��l_iehlu�iZjhh[jZah\Zgby��baf_g_gbx�jZkl\hjyxs_c�kih�
kh[ghklb� b� l�^�� ?keb� [u� \h^Z� g_� h[jZah\u\ZeZ� ZkkhpbZlh\�� lh� bf_eZ� [u�
l_fi_jZlmjm�aZf_jaZgby�–100 °K��Z�l_fi_jZlmjm�dbi_gby�– 80 °K� 

<h^hjh^gu_� k\yab� \� kljmdlmj_� \h^u�b� ev^Z�b]jZxl� \Z`gmx� jhev��<�
djbklZee_� ev^Z� �G2O)n� dZ`^Zy� fhe_dmeZ� \h^u� l_ljZw^jbq_kdb� kh_^bg_gZ�
\h^hjh^gufb�k\yayfb�k�q_lujvfy�[eb`Zcrbfb�d�g_c�fhe_dmeZfb��LZdmx�
kljmdlmjm� \� iehkdhklghf� bah[jZ`_gbb� fh`gh� ij_^klZ\blv� ke_^mxs_c�
ko_fhc� 

 

Wlh� kha^Z_l� Z`mjgmx� kljmdlmjm�� ^Ze_dmx� hl�iehlghc� miZdh\db��Ih�
wlhfm�e_^�bf__l�g_[hevrmx�iehlghklv�b�agZqbl_evgmx�juoehklv� 

Ijb� ieZ\e_gbb� ev^Z� \h^hjh^gu_� k\yab� qZklbqgh� jZajmrZxlky� �ijb�
f_jgh�gZ��������Wlh�g_kdhevdh�k[eb`Z_l�fhe_dmeu��ihwlhfm�\h^Z�iehlg__�
ev^Z��GZ]j_\Zgb_�\h^u��k�h^ghc�klhjhgu��ijb\h^bl�d�__�jZkrbj_gbx��l�_��d�
m\_ebq_gbx�h[t_fZ��k�^jm]hc�klhjhgu��\uau\Z_l�^Zevg_cr__�jZajmr_gb_�
\h^hjh^guo�k\ya_c�b�l_f�kZfuf�mf_gvrZ_l�h[t_f��<�j_amevlZl_�iehlghklv�
\h^u�ijhoh^bl�q_j_a�fZdkbfmf�ijb�l_fi_jZlmj_��� °K��KqblZxl��qlh�ijb 

O H  

C – CH2Cl  
O 

H O  O 

ClH2 C– C  
O 

C – CH2Cl  
H O  O 

ClH2 C– C –OH 

H 

H –  O  

H 

  O–H  

H 

  O–H  O –  H  

H   H–O  

H 
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wlhc� l_fi_jZlmj_� \h^Z� kh^_j`bl� ZkkhpbZlu�ba�^\mo�fhe_dme (H2H�2�� k\y�
aZgguo�^\mfy�\h^hjh^gufb�k\yayfb� 

 
Hgb� b� h[mkeh\eb\Zxl� gZb[hevrmx� iehlghklv� \h^u� ��� ]�kf3

�� ijb  
+4 °K��>Zevg_cr__�ih\ur_gb_�l_fi_jZlmju�ijb\h^bl�d�jZkrbj_gbx�\h^u�
b�d�jZaju\m�\h^hjh^ghc�k\yab��Fhe_dmeu�\h^ygh]h�iZjZ�ihqlb�g_�Zkkhpbb�
jh\Zgu� 

<h^hjh^gZy�k\yav�b]jZ_l�[hevrmx�jhev�\�ijhp_kkZo�jZkl\hj_gby��JZk�
l\hjbfhklv� \_s_kl\� \h�fgh]hf� aZ\bkbl� hl� bo� kihkh[ghklb� h[jZah\u\Zlv�
\h^hjh^gu_�k\yab�k�jZkl\hjbl_e_f� 

<h^hjh^gZy� k\yav�ijhy\ey_lky�ihqlb�ih\k_f_klgh�� \�g_hj]Zgbq_kdbo�
\_s_kl\Zo�b�\�hj]Zgbq_kdbo��\�[_edZo��\�ihebf_jZo��\�`b\uo�hj]ZgbafZo��
Ij_^iheZ]Zxl��qlh�b�^_ckl\b_�iZfylb�k\yaZgh�k�ojZg_gb_f�bgnhjfZpbb�\�
dhgnb]mjZpbyo�k�G-k\yayfb��Ihwlhfm�\�ihke_^g__�\j_fy�\h^hjh^gZy�k\yav�
klZeZ�h[t_dlhf�^hihegbl_evgh]h�bkke_^h\Zgby� 
 
 

�������F_lZeebq_kdZy�k\yav 
F_lZeebq_kdZy� k\yav� ih� k\h_c� fh^_eb� kms_kl\_ggh� hlebqZ_lky� hl�

bhgghc�b�dh\Ze_glghc��hgZ�oZjZdl_jbam_lky�\aZbfh^_ckl\b_f�iheh`bl_ev�
guo�bhgh\�djbklZeebq_kdhc�j_r_ldb�f_lZeeZ�b�k\h[h^guo�we_dljhgh\��g_�
k\yaZgguo�k�hij_^_e_ggufb�bhgZfb��k\h[h^gh�i_j_f_sZxsboky�\�ij_^_�
eZo�djbklZeebq_kdhc�j_r_ldb��Iheh`bl_evgh�aZjy`_ggu_�bhgu�f_lZeeh\�
jZkiheZ]Zxlky�\�maeZo�djbklZeebq_kdhc�j_r_ldb��Z�f_`^m�gbfb�gZoh^ylky�
dZd�[u�dhjb^hju��aZiheg_ggu_�k\h[h^gufb�we_dljhgZfb��i_j_f_sZxsb�
fbky�ih�\k_fm�h[t_fm�f_lZeeZ��jbk��4.35). 

F_lZeebq_kdZy�k\yav�\hafh`gZ�b�\�`b^dhf��b�
\�l\_j^hf�khklhygbyo�\_s_kl\� 

Wdki_jbf_glZevgh_� bamq_gb_� f_lZeebq_kdbo�
j_r_lhd�ihdZau\Z_l��qlh�f_lZeeu�bf_xl�ijhklmx��
gh�iehlgmx� kljmdlmjm�� dZ`^Zy� qZklbpZ�hdjm`_gZ�
r_klvx� beb� \hk_fvx� ^jm]bfb�� LZd�� \� gZljbb�
_^bgkl\_gguc� \Ze_glguc� we_dljhg� ^he`_g� ijb�
gbfZlv�mqZklb_�\�\hkvfb�k\yayo��l�_��we_dljhg�g_�

ehdZebah\Zg��DZ`^uc�we_dljhg�i_j_f_sZ_lky�\�djbklZee_��b�dZ`^Zy�qZklb�
pZ� hdjm`_gZ� we_dljhgZfb�� dhlhju_� g_� ijbgZ^e_`Zl� bkdexqbl_evgh� b� 

O 
H H O 

H H 

+ + + + + 

+ + + + + 

+ + + + + 

+ + + + + 
Jbk��������Ko_fZ� 

f_lZeebq_kdhc�j_r_ldb 
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ihklhyggh�_c��F_lZeebq_kdmx�j_r_ldm�gZljby�fh`gh�ij_^klZ\blv�\�\b^_�
j_r_ldb�ba�bhgh\�1Z+

��dhlhjZy�ih]jm`_gZ�\�h[eZdh�k\h[h^guo�we_dljhgh\��
K\yav� h[_ki_qb\Z_lky� we_dljhklZlbq_kdbf� ijbly`_gb_f� f_`^m� iheh`b�
l_evgufb�bhgZfb�b�we_dljhgguf�h[eZdhf��LZdZy�fh^_ev�iha\hey_l�h[tyk�
gblv�g_dhlhju_� k\hckl\Z�f_lZeeZ��F_lZeebq_kdZy� k\yav� keZ[__� dh\Ze_gl�
ghc�k\yab��f_lZeebq_kdmx�j_r_ldm�fh`gh�^_nhjfbjh\Zlv��ly]mq_klv��dh\�
dhklv� f_lZeeh\��� gh� \uj\Zlv� Zlhf� ba� lZdhc� j_r_ldb� ljm^gh�� h[� wlhf�
k\b^_l_evkl\mxl��\�qZklghklb��\ukhdb_�l_fi_jZlmju�dbi_gby�f_lZeeh\��
�����K��+J��������K��1D���� �����K��)H��b�l�^� 

We_dljhggh_�h[eZdh�\gmljb�j_r_ldb�e_]dh�ijb\h^blky�\�^\b`_gb_�k�
ihfhsvx�we_dljbq_kdh]h�ihey,�ke_^h\Zl_evgh��f_lZee�–�ohjhrbc�ijh\h^�
gbd�we_dljbq_kl\Z��h^gZdh�\uj\Zlv�we_dljhg�ba�f_lZeeZ�ljm^gh��ihkdhevdm�
f_`^m�]jmiibjh\dhc�iheh`bl_evguo�bhgh\�b�we_dljhgZfb�^_ckl\mxl�agZ�
qbl_evgu_�kbeu�ijbly`_gby� 

;hevrZy�l_ieh\Zy�ijh\h^bfhklv�f_lZeeh\�lh`_�h[tykgy_lky�h[eZdhf�
ih^\b`guo�we_dljhgh\��?keb�qZklv�f_lZeeZ�gZ]j_lZ��lh�dbg_lbq_kdZy�wg_j�
]by�we_dljhgh\�\�wlhc�h[eZklb�\hajZklZ_l��We_dljhgu�jZkijhkljZgyxlky�ih�
\k_fm�f_lZeem��lZdbf�h[jZahf��jZkl_l�l_fi_jZlmjZ�\h�\k_c�j_r_ld_� 

JZkkfhljbf� f_lZeebq_kdmx� k\yav� k� ihabpbc� f_lh^Z� fhe_dmeyjguo�
hj[blZe_c� 

:lhfu�f_lZeeh\�kh^_j`Zl�gZ�\g_rgbo�d\Zglh\uo�mjh\gyo�fZeh�we_d�
ljhgh\�b�fgh]h�\ZdZglguo�hj[blZe_c��Ijb�h[t_^bg_gbb�Zlhfh\�\�djbklZe�
ebq_kdmx� j_r_ldm� Zlhfgu_� hj[blZeb� f_lZeeh\� h[t_^bgyxlky� \� fhe_dm�
eyjgu_�� Qbkeh� fhe_dmeyjguo� hj[blZe_c� jZ\gy_lky� kmff_� hj[blZe_c� hl�
^_evguo� Zlhfh\�� ?keb� [u� mqblu\Zebkv� lhevdh� s-� b� j-hj[blZeb� \g_rgbo�
mjh\g_c��lh�\�wlhf�qZklghf�kemqZ_�ijb�kh^_j`Zgbb�\�djbklZee_�qbkeZ�Zlh�
fh\� �lhevdh�\�1�kf3 N = 1022 – 1023

�Zlhfh\��h[jZam_lky� �N�fhe_dmeyjguo 
hj[blZeb��<�dZ`^hf�Zlhf_�h^gZ�s-hj[blZev�b�ljb�j-hj[blZeb��ke_^h\Zl_ev�
gh��h[s__�qbkeh�hj[blZe_c����� 3)N = 4N. 

Ijb�mq_l_�d-�b� f-Zlhfguo�hj[blZe_c�qbkeh�fhe_dmeyjguo�hj[blZe_c�
m\_ebqb\Z_lky�gZ���N + 7N���l�_��j_adh�\hajZklZ_l� 

<Ze_glgu_�we_dljhgu�aZihegyxl�fhe_dmeyjgu_�hj[blZeb�f_lZeeh\�\�
ihjy^d_� \hajZklZgby� wg_j]bb�� LZd� dZd� fhe_dmeyjguo� hj[blZe_c� [hevr_��
q_f�\Ze_glguo�we_dljhgh\��lh�lhevdh�qZklv�fhe_dmeyjguo�hj[blZe_c�aZgy�
lZ� we_dljhgZfb�� __� gZau\Zxl� \Ze_glghc� ahghc�� Kh\hdmighklv� mjh\g_c��
jZkiheh`_gguo�\ur_�\Ze_glghc�ahgu�b�kh^_j`Zsbo�\Ze_glgu_�hj[blZeb, 
gZa\ZgZ� ahghc� ijh\h^bfhklb�� ;eZ]h^Zjy� [ebahklb� jZkiheh`_gby� ahg� �\Z�
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e_glghc�b�ijh\h^bfhklb��we_dljhgu�e_]dh�i_j_oh^yl�k�hj[blZe_c�\Ze_gl�
ghc� ahgu�gZ�hj[blZeb� ahgu�ijh\h^bfhklb,�hkms_kl\eyy�ijb� wlhf�f_`^m�
ZlhfZfb�f_lZeeZ�g_ehdZebah\Zggu_�k\yab� 

 
 

�����KeZ[u_�f_`fhe_dmeyjgu_�\aZbfh^_ckl\by 
 

GZjy^m� k� f_`fhe_dmeyjgufb� \h^hjh^ghc� b� ^hghjgh-Zdp_ilhjghc 
k\yayfb�f_`^m�fhe_dmeZfb� hl^_evguo� kh_^bg_gbc�fh]ml� \hagbdZlv� keZ�
[u_� f_`fhe_dmeyjgu_� \aZbfh^_ckl\by�� F_`fhe_dmeyjgh_� \aZbfh^_ckl�
\b_�ijb\h^bl�d�lhfm��qlh�]Zahh[jZagu_�\_s_kl\Z�ijb�khhl\_lkl\mxsbo�mk�
eh\byo�fh]ml�i_j_oh^blv�\�`b^dh_�b�l\_j^h_�Z]j_]Zlgu_�khklhygby. 

Kbeu�ijbly`_gby�beb� kp_ie_gby�f_`^m�fhe_dmeZfb�gZau\Zxl�<Zg-
^_j-<ZZevkh\ufb� kbeZfb�� ih� bf_gb� ]heeZg^kdh]h� mq_gh]h�Y�>��<Zg-^_j-
<ZZevkZ��bamqZ\r_]h�f_`fhe_dmeyjgh_�\aZbfh^_ckl\b_� 

F_`fhe_dmeyjgh_�\aZbfh^_ckl\b_�aZ\bkbl��ij_`^_�\k_]h��hl�jZkklhy�
gby�f_`^m�p_gljZfb� \aZbfh^_ckl\mxsbo�fhe_dme��GZ� [hevrbo� jZkklhy�
gbyo�<Zg-^_j-<ZZevkh\u_� kbeu� gbqlh`gh�fZeu� b� gZqbgZxl� ijhy\eylvky�
ebrv�gZ�jZkklhygbyo�ihjy^dZ��0 Å. Ijb�k[eb`_gbb�^\mo�fhe_dme�gZ�hij_�
^_e_gghf�jZkklhygbb�f_`^m�gbfb�gZqbgZxl�^_ckl\h\Zlv�kbeu�ijbly`_gby�
b�hllZedb\Zgby��Khhlghr_gb_�f_`^m�wlbfb�^\mfy�kbeZfb�fh`gh�\ujZablv�
j_amevlbjmxs_c�djb\hc��jbk��4.36���Kbeu�ijbly`_gby�f_`^m�^\mfy�k[eb�
`Zxsbfbky�fhe_dmeZfb� kgZqZeZ�jZklml��^hklb]Zxl�g_dhlhjh]h�fZdkbfm�
fZ�� Z� aZl_f�j_adh�mf_gvrZxlky� \ke_^kl\b_� kbevgh]h� \hajZklZgby� kbe� hl�
lZedb\Zgby��JZkklhygb_�f_`^m�fhe_dmeZfb�d0�hl\_qZ_l�jZ\gh\_kghfm� kh�
klhygbx��dh]^Z�kbeu�ijbly`_gby�b�hllZedb\Zgby�^\mo�k[eb`Zxsboky�fh�
e_dme�mjZ\gh\_rb\Zxlky��d0 ijb�wlhf�jZ\gh���– 7 Å. Wg_j]by�f_`fhe_dm�
eyjgh]h�\aZbfh^_ckl\by�g_\_ebdZ�b�khklZ\ey_l�hdheh���–����d>`�fhev��l�_��
\����–�����jZa�f_gvr_�wg_j]bb�h[uqgh]h�obfbq_kdh]h�\aZbfh^_ckl\by� 

 
Jbk��������J_amevlbjmxsZy�djb\Zy�f_`fhe_dmeyjgh]h�\aZbfh^_ckl\by 

0 

E 

D d 
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Fhe_dmeu�dZd�\Ze_glgh-gZkus_ggu_�qZklbpu�g_�fh]ml�h[jZah\u\Zlv�
f_`^m�kh[hc�\Ze_glgu_�k\yab��DZdh\Z�lh]^Z�ijbjh^Z�<Zg-^_j-<ZZevkh\uo�kbe" 

LZd� dZd� fhe_dmeu� fh`gh� jZa^_eblv� gZ� iheyjgu_� b� g_iheyjgu_�� lh�
\hafh`gh�ljb�lbiZ�\aZbfh^_ckl\bc� 

Z��f_`^m�iheyjgufb�fhe_dmeZfb��^bihevgh_�� 
[��f_`^m�iheyjghc�b�g_iheyjghc�fhe_dmeZfb��bg^mdpbhggh_�� 
\��f_`^m�g_iheyjgufb�fhe_dmeZfb��^bki_jkbhggh_�� 
JZkkfhljbf�dZ`^uc�ba�wlbo�lbih\�\aZbfh^_ckl\bc� 
>bihevgh_� \aZbfh^_ckl\b_� �hjb_glZpbhggh_� –� wlh� \aZbfh^_ckl\b_�

^\mo�iheyjguo�fhe_dme��Kmsghklv�_]h�k\h^blky�d�lhfm��qlh�iheh`bl_ev�
guc�dhg_p�h^ghc�fhe_dmeu�A�ijbly]b�
\Z_l�d�k_[_�hljbpZl_evguc�dhg_p�fhe_�
dmeu� <�� I_j_hjb_glbjh\dZ� ^bihe_c�
ijhl_dZ_l�^h�l_o�ihj��ihdZ�ijbly`_gb_�
f_`^m� gbfb� g_� mjZ\gh\_kblky� kbeZfb�
hllZedb\Zgby� �jbk�� ���7����<� j_amevlZl_�
\aZbfh^_ckl\by�^bihe_c�ihl_gpbZevgZy�
wg_j]by�kbkl_fu�mf_gvrZ_lky��wlh�jZ\�
ghkbevgh�mkbe_gbx� k\yab�f_`^m�fhe_�
dmeZfb�� Q_f� [hevr_� ^ebgZ� ^bihe_c l 
\aZbfh^_ckl\mxsbo�fhe_dme��l_f�[hevr_�wg_j]by�^bihevgh]h�\aZbfh^_c-
kl\by��LZd�dZd�l_ieh\h_�^\b`_gb_�fhe_dme�gZjmrZ_l�hjb_glZpbx��lh,�_kl_-
kl\_ggh,� ih\ur_gb_� l_fi_jZlmju� hkeZ[ey_l� k\yab� hjb_glZpbhggh]h� �^b-
ihevgh]h��\aZbfh^_ckl\by� 

Bg^mdpbhggh_� \aZbfh^_ckl\b_ –� \aZbfh^_ckl\b_� iheyjghc� b� g_ih�
eyjghc�fhe_dme��<�g_iheyjghc�fhe_dme_�agZq_gb_�ihklhyggh]h�^bihevgh�
]h�fhf_glZ�jZ\gh�gmex� (�p = 0)��Ih^�^_ckl\b_f� we_dljbq_kdh]h�ihey�ih�
eyjghc�fhe_dmeu�fh`_l�bg^mpbjh\Zlvky�\�g_ih�
eyjghc�fhe_dme_�^bihev�b�ihke_^gyy�klZgh\blky�
bg^mpbjh\Zggh-iheyjghc�� F_`^m� ihklhygguf�
^bihe_f�fhe_dmeu�:�b�bg^mpbjh\Zgguf�^bihe_f�
fhe_dmeu�<�\hagbdZ_l�bg^mdpbhggh_�\aZbfh^_c�
kl\b_� �jbk��4.38���G_�\k_�iheyjgu_�fhe_dmeu�h[�
eZ^Zxl�h^bgZdh\hc� kihkh[ghklvx�d�bg^mpbjh\Z�
gbx�� q_f� \ur_� iheyjbam_fhklv� fhe_dmeu�� l_f�
[hevr_� \_ebqbgZ� \hagbdZxs_]h� \� g_c� bg^mpbjh\Zggh]h� fhf_glZ� b� l_f�
kbevg__�bg^mdpbhggh_��\aZbfh^_ckl\b_� 

+  + 
d 

+  + 
d 

+ 
B A 

+ 

l l 

l l 

ll 

Jbk��������Hjb_glZpbhggh_�(^bihevgh_)  
\aZbfh^_ckl\b_�fhe_dme 

+ 
A 

l 

l 

li 

+ 
l= 0 

B 

Jbk� 4.38. Bg^mdpbhggh_�
\aZbfh^_ckl\b_�fhe_dme 
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LZd�dZd�bg^mpbjh\Zgb_�ijb\h^bl�d�baf_g_gbx�beb�^_nhjfZpbb�we_d�
ljhgghc�h[hehqdb�fhe_dmeu��lh�wlhl�lbi�\aZbfh^_ckl\by�bgh]^Z�gZau\Zxl�
^_nhjfZpbhgguf��Bg^mpbjh\Zgb_�beb�^_nhjfZpby�g_iheyjghc�fhe_dmeu�
aZ\bkbl�hl�gZijy`_gghklb�ihey�iheyjghc�fhe_dmeu��Z�ihwlhfm�bg^mpbjh�
\Zgguc�wnn_dl�g_�aZ\bkbl�hl�l_fi_jZlmju� 

>bki_jkbhggh_� \aZbfh^_ckl\b_ –� \aZbfh^_ckl\b_� ^\mo� g_iheyjguo�
fhe_dme��Ohly�m�h[_bo�g_iheyjguo�fhe_dme�^bihevguc�fhf_gl�jZ\_g�gm�
ex�� \ke_^kl\b_�imevkbjmxs_]h�^\b`_gby� we_dljhggh]h�h[eZdZ� �beb�^\b�
`_gby�we_dljhgh\�\gmljb fhe_dmeu��\�h^ghc�ba�fhe_dme�gZ�f]gh\_gb_�\ha�
gbdZ_l�g_agZqbl_evguc�^bihevguc�fhf_gl��dhlhjuc�bg^mpbjmxs_�^_ckl�
\m_l� gZ� khk_^gxx� fhe_dmem�� b� l�^�� F_`^m� wlbfb� ^biheyfb� \hagbdZ_l�

^bki_jkbhggh_�\aZbfh^_ckl\b_� �jbk�� ��39���dhlh�
jh_�l_f�[hevr_��q_f�e_]q_�iheyjbam_lky�fhe_dm�
eZ� beb� Zlhf� b� q_f� f_gvr_� jZkklhygb_� f_`^m�
\aZbfh^_ckl\mxsbfb�fhe_dmeZfb��GZ�^bki_jkb�
hgghf� \aZbfh^_ckl\bb� hkgh\Zg� ijhp_kk� k`b`_�
gby� [eZ]hjh^guo� b� ^\moZlhfguo� we_f_glZjguo�
]Zah\�� fhe_dmeu� dhlhjuo� g_� bf_xl� ^bihevgh]h�
fhf_glZ� 

Ke_^m_l�hlf_lblv��qlh�^ey�j_Zevguo�fhe_dme�mklZgh\blv�dZdhc-eb[h�
_^bgkl\_gguc�lbi�\aZbfh^_ckl\by�g_\hafh`gh��IjZdlbq_kdb�ijb�\aZbfh-
^_ckl\bb� fhe_dme� ijhy\eyxlky� \� hij_^_e_gghc� kl_i_gb� \k_� ljb� lbiZ��
<deZ^�dZ`^h]h�ba�jZkkfhlj_gguo� lbih\�f_`fhe_dmeyjgh]h�\aZbfh^_ckl�
\by�aZ\bkbl�\�hkgh\ghf�hl�^\mo�k\hckl\�\aZbfh^_ckl\mxsbo�fhe_dme��ih�
eyjghklb� b� iheyjbam_fhklb� �^_nhjfbjm_fhklb��� Q_f� \ur_� iheyjghklv��
l_f� agZqbl_evg__� jhev� hjb_glZpbhgguo� kbe�� q_f� [hevr_� ^_nhjfbjm_�
fhklv��l_f�agZqbl_evg__�jhev�^bki_jkbhgguo�kbe��Bg^mdpbhggu_�kbeu�aZ�
\bkyl�hl�h[hbo�nZdlhjh\� 

<k_�ljb�lbiZ�f_`fhe_dmeyjgh]h�\aZbfh^_ckl\by�bf_xl�h^gm�b�lm�`_�
ijbjh^m�–�we_dljhklZlbq_kdmx�b�h[mkeh\eb\Zxlky�we_dljbq_kdbfb�iheyfb�
fhe_dme�beb�Zlhfh\� 
 
 

<hijhku�^ey�kZfhdhgljhey 
 
1. DZdb_�kbeu�\hagbdZxl�f_`^m�^\mfy�ZlhfZfb�ijb�bo�k[eb`_gbb" 
2. DZdh\Z�ijbjh^Z�obfbq_kdhc�k\yab" 
3. I_j_qbkebl_�\Ze_glgu_�obfbq_kdb_�k\yab� 

+ 

l= 0 
 + 

l= 0 

li li 
Jbk������� >bki_jkbhggh_� 
\aZbfh^_ckl\b_�fhe_dme 
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4. >Zcl_� hij_^_e_gb_�� Z�� dh\Ze_glghc� k\yab�� [�� bhgghc� k\yab�� \��
\h^hjh^ghc�k\yab��]��^hghjgh-Zdp_ilhjghc�obfbq_kdhc�k\yab� 

5. DZdb_� obfbq_kdb_� k\yab� gZau\Zxlky� iheyjgufb�� Z� dZdb_� – 
g_iheyjgufb" 

6. >Zcl_�hij_^_e_gb_��-�b�1-k\ya_c� 
7. Qlh�gZau\Z_lky�^bihe_f" 
8. Ih�dZdhc�nhjfme_�fh`gh�jZkkqblZlv�^bihevguc�fhf_gl�fhe_dmeu" 
9. <�dZdbo�_^bgbpZo�baf_jyxl�^bihevgu_�fhf_glu" 

10. Qlh�gZau\Z_lky�]b[jb^baZpb_c�k\yab" 
11. Ijb\_^bl_�ijbf_j�fhe_dme��bf_xsbo��-k\yab� 
12. Ijb\_^bl_�ijbf_j�fhe_dme�k�sp-, sp2-, sp3-, sp3d-, sp3d2-]b[jb^baZpb_c� 
13. Q_f�hij_^_ey_lky�]_hf_ljbq_kdZy�dhgnb]mjZpby�fhe_dme" 
14. DZdhc�lbi�]b[jb^baZpbb�\�fhe_dmeZo�SiFr, H2S, PH3, SCl6? 
15. <� q_f� kmsghklv� f_lh^Z� fhe_dmeyjguo� hj[blZe_c�� ijbf_gy_fh]h�

^ey�h[tykg_gby�obfbq_kdhc�k\yab" 
16. GZjbkmcl_�wg_j]_lbq_kdmx�^bZ]jZffm�fhe_dmeu�dbkehjh^Z. 
17. Qlh�oZjZdl_jbam_l�djZlghklv�k\yab�ih�f_lh^m�fhe_dmeyjguo�hj[b�

lZe_c" 
 
 

AZ^Zgby�^ey�dhgljhevghc�jZ[hlu 
 

I. Z� Hij_^_eblv�qbkeh�k\ya_c�\�fhe_dmeZo�N2�b�HNO3��>Zlv�oZjZdl_�
jbklbdm�dZ`^hc�k\yab� 

[� DZdZy�]_hf_ljbq_kdZy�nhjfZ�fhe_dmeu�NH3"�Bah[jZablv�jbkmg�
dhf�ijhkljZgkl\_ggmx�dhgnb]mjZpbx�^Zgghc�fhe_dmeu� 

\� <� dZdhc�ba�i_j_qbke_gguo�fhe_dme: CF4, PF5, SiF4, SF6 – k\yav�
we_f_gl – nlhj�gZb[he__�iheyjgZ"�Ihq_fm" 

]� Hij_^_ebl_�� dZdb_� k\yab� ��-�beb�1-�� \�fhe_dme_�H2S��IhdZ`bl_ 
jbkmgdhf�wlb�k\yab� 

^� KhklZ\blv� wg_j]_lbq_kdmx�^bZ]jZffm� �ih�f_lh^m�FH��qZklbpu�
NO+

��GZibkZlv�__�we_dljhggmx�nhjfmem��Hij_^_eblv�djZlghklv�
k\yab��fZ]gblgu_�k\hckl\Z�b�hp_gblv�__�ijhqghklv� 

II. Z� Hij_^_eblv�qbkeh�k\ya_c�\�fhe_dmeZo�+2SO4�b�22��>Zlv�oZjZdl_�
jbklbdm�dZ`^hc�k\yab� 

[� DZdZy�]_hf_ljbq_kdZy�nhjfZ�fhe_dmeu�H2O"�Bah[jZablv�jbkmg�
dhf�ijhkljZgkl\_ggmx�dhgnb]mjZpbx�^Zgghc�fhe_dmeu� 

\��<� dZdhc� ba� i_j_qbke_gguo�fhe_dme: PCl3, NCl3, SbCl3, AsCl3 – 
k\yav�we_f_gl�–�oehj�gZb[he__�iheyjgZ"�Ihq_fm" 
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]��Hij_^_ebl_��dZdb_� k\yab� ��-�beb�1-��\�fhe_dme_�NO2��IhdZ`bl_ 
jbkmgdhf�wlb�k\yab� 

^��KhklZ\blv� wg_j]_lbq_kdmx�^bZ]jZffm� �ih�f_lh^m�FH��qZklbpu�
CO–. GZibkZlv�__� we_dljhggmx�nhjfmem��Hij_^_eblv�djZlghklv�
k\yab��fZ]gblgu_�k\hckl\Z�b�hp_gblv�__�ijhqghklv� 

III. Z� Hij_^_eblv�qbkeh�k\ya_c�\�fhe_dmeZo�H2S, H2SO3��>Zlv�oZjZdl_�
jbklbdm�dZ`^hc�k\yab� 

[��DZdZy� ]_hf_ljbq_kdZy�nhjfZ�fhe_dmeu�KH3Kl"�Bah[jZablv� jb�
kmgdhf�ijhkljZgkl\_ggmx�dhgnb]mjZpbx�^Zgghc�fhe_dmeu� 

\��<�dZdhc�ba�i_j_qbke_gguo�fhe_dme�PbS, CaS, H2S, CS2�k\yav�we_�
f_gl� –� k_jZ� oZjZdl_jbam_lky� [hevr_c� kl_i_gvx� bhgghklb"�Ih�
q_fm" 

]��Hij_^_ebl_��dZdb_�k\yab���-�beb�1-��\�fhe_dme_�CO��IhdZ`bl_�jb�
kmgdhf�wlb�k\yab� 

^��KhklZ\blv� wg_j]_lbq_kdmx�^bZ]jZffm� �ih�f_lh^m�FH��qZklbpu�
O2

+
��GZibkZlv� __� we_dljhggmx�nhjfmem��Hij_^_eblv� djZlghklv�

k\yab��fZ]gblgu_�k\hckl\Z�b�hp_gblv�__�ijhqghklv� 
IV. Z� Hij_^_eblv� qbkeh� k\ya_c� \�fhe_dme_�NaHSO4��>Zlv� oZjZdl_jb�

klbdm�dZ`^hc�k\yab� 
[�� DZdZy� ]_hf_ljbq_kdZy� nhjfZ� fhe_dmeu� BaCl2"� Bah[jZablv� jb�

kmgdhf�ijhkljZgkl\_ggmx�dhgnb]mjZpbx�^Zgghc�fhe_dmeu� 
\��<�dZdhc�ba�i_j_qbke_gguo�fhe_dme��LiCl, PCl3, AlCl3, RbCl – k\yav�

we_f_gl�–�oehj�bf__l�gZb[hevrmx�kl_i_gv�iheyjghklb"�Ihq_fm" 
]��Hij_^_ebl_��dZdb_�k\yab� ��-�beb�1-��\�fhe_dmeZo�H2O, H2S, PH3. 

IhdZ`bl_�jbkmgdhf�wlb�k\yab� 
^��KhklZ\blv� wg_j]_lbq_kdmx�^bZ]jZffm� �ih�f_lh^m�FH��qZklbpu�

O2
+
��GZibkZlv� __� we_dljhggmx�nhjfmem��Hij_^_eblv� djZlghklv�

k\ya_c��fZ]gblgu_�k\hckl\Z�b�hp_gblv�__�ijhqghklv� 
V. Z� Hij_^_eblv�qbkeh�k\ya_c�\�fhe_dmeZo�NO�b�HNO2��>Zlv�oZjZdl_�

jbklbdm�dZ`^hc�k\yab� 
[��DZdZy�]_hf_ljbq_kdZy�nhjfZ�fhe_dmeu�H2S"�Bah[jZablv�jbkmg�

dhf�ijhkljZgkl\_ggmx�dhgnb]mjZpbx�^Zgghc�fhe_dmeu� 
\��<�dZdhc�ba�i_j_qbke_gguo�fhe_dme: NH3, SbH3, AsH3, PH3 – k\yav�

we_f_gl�–�\h^hjh^�gZb[he__�iheyjgZ"�Ihq_fm" 
]��<� dZdbo� ba� i_j_qbke_gguo�fhe_dme: O2, C2H2, N2, NH3 – bf_xlky�

lhevdh�1-k\yab��Z��-k\yab�hlkmlkl\mxl"�IhdZaZlv�jbkmgdhf�wlb�k\yab� 
^��KhklZ\blv� wg_j]_lbq_kdmx�^bZ]jZffm� �ih�f_lh^m�FH��qZklbpu�

CO+
��GZibkZlv�__�we_dljhggmx�nhjfmem��Hij_^_eblv�djZlghklv�

k\yab��fZ]gblgu_�k\hckl\Z�b�hp_gblv�__�ijhqghklv� 
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A:DEXQ?GB? 

 
DZ`^uc� q_eh\_d�� dhlhjuc� j_rZ_lky� kZfhklhyl_evgh� bamqblv� lm� beb 

bgmx�^bkpbiebgm��fh`_l�\klj_lblv�jy^�ljm^ghkl_c�b�g_ihgylguo�fhf_g�
lh\��Wlh�\�_s_�[hevr_c�kl_i_gb�hlghkblky�d�obfbb� 

Ijb�gZibkZgbb�^Zggh]h�mq_[gh]h�ihkh[by��Z\lhju�klZjZebkv�baeZ]Zlv�
fZl_jbZe�\�ijhklhc��gZkdhevdh�\hafh`gh�^ey�dmjkZ�obfbb��b�^hoh^qb\hc�
nhjf_��g_�kgb`Zy�ijb�wlhf�gZmqgh]h�mjh\gy�mq_[ghc�^bkpbiebgu� 

H[sZy�b�g_hj]Zgbq_kdZy�obfby�dZd�h[s_gZmqgZy�^bkpbiebgZ�[Zabjm�
_lky�gZ�lj_o�©dblZoª��Wlh�agZgb_�hkgh\guo�aZdhgh\�b�ihgylbc�obfbb,�ijZ�
\bevgh_� khklZ\e_gb_�mjZ\g_gbc�obfbq_kdbo�j_Zdpbc�ex[h]h�oZjZdl_jZ�b�
agZgb_�k\hckl\�obfbq_kdbo�we_f_glh\�b�hkgh\guo�bo�kh_^bg_gbc��<�wlhf�
fh`_l�m[_^blvky�dZ`^uc��dlh�\gbfZl_evgh�b�kdjmime_agh�bamqZ_l�dmjk� 

Ij_^f_l� h[s_c�b�g_hj]Zgbq_kdhc� obfbb� khklZ\ey_l� hkgh\m� obfbq_�
kdbo�agZgbc��g_h[oh^bfuo�ki_pbZebklm��^_yl_evghklv�dhlhjh]h�[m^_l�k\y�
aZgZ� k� obfbq_kdhc� l_ogheh]b_c� b� obfbdh-wdheh]bq_kdbfb� ijh[e_fZfb��
Ihwlhfm��\hafh`gh��g_dhlhjuf�ki_pbZebklZf�ijb^_lky�_s_�jZa�\_jgmlvky�
d�fZl_jbZem�^Zggh]h�ihkh[by�beb�h[jZlblvky�d�ki_pbZevguf�bklhqgbdZf� 

<ihke_^kl\bb�ieZgbjm_lky�ba^Zgb_�\lhjhc�b�lj_lv_c�qZkl_c�dmjkZ�ob�
fbb��<h�\lhjhc�qZklb�[m^_l�baeh`_gZ�l_hjby�wg_j]_lbdb�b�dbg_lbdb�obfb�
q_kdbo�ijhp_kkh\��Z�lZd`_�l_hjby�jZkl\hjh\��<�lj_lv_c�qZklb�ij_^iheZ]Z�
_lky�jZkkfhlj_lv�obfbx�we_f_glh\� 

 
:\lhju� k� [eZ]h^Zjghklvx� ijbfml� \k_� aZf_qZgby� b� ij_^eh`_gby� ih�

^Zgghfm�ihkh[bx�b�mqlml�bo�\�^Zevg_cr_c�jZ[hl_� 
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I_jbh^bq_kdZy�kbkl_fZ 

=jmiiu�I_-
jbh�
^u 

I 
A       B 

II 
A         B 

III 
A         B 

IV 
A         B 

V 
A         B 

1 (H)  

2 
3  Li 

6,941    2s1 
EBLBC 

4  Be 
9,01218  2s2 
;?JBEEBC 

5  B 
10,81  2s22p1 

;HJ 

���K 
12,011  2s22p2 

M=E?JH> 

7  N 
14,0067 2s22p3 

:AHL 

3 
11  Na 

22,989  3s1 
G:LJBC 

12  Mg 
24,305  3s2 
F:=GBC 

13  Al 
26,98  3s23p1 
:EXFBGBC 

14  Si 
28,086  3s23p2 

DJ?FGBC� 

15  P 
30,97376 3s23p3 

NHKNHJ 

19  K 
39,098  4s1 

D:EBC 

20  Ca 
40,08  4s2 
D:EVPBC 

21  Sc 
44,96 3d14s2 
KD:G>BC 

22  Ti 
47,90  3d24s2 

LBL:G 

23  V 
50,9414  3d34s2 

<:G:>BC 
4 

29  Cu 
63,546   3d104s1 

F?>V 

30  Zn 
65,38  3d104s2 

PBGD 

31 Ga 
69,72  4s24p1 

=:EEBC 

32  Ge 
72,59  4s22p2 
=?JF:GBC 

33 As 
74,9216  4s24p3 

FURVYD 

37  Rb 
85,467  5s1 
JM;B>BC 

38  Sr 
87,62   5s2 
KLJHGPBC 

39  Y 
88,906  4d15s2 

BLLJBC 

40  Zr 
91,22  4d25s2 
PBJDHGBC 

41  Nb 
92,9064  4d45s1 

GBH;BC 
5 

47  Ag 
107,868  4d105s1 

K?J?;JH 

48  Cd 
112,40   4d105s2 

D:>FBC 

49  In 
114,82  5s25p1 

BG>BC 

50  Sn 
118,69  5s25p2 

HEH<H 

51  Sb 
121,75  5s25p3 

KMJVF: 

55 �KV 
132,90  6s1 

P?ABC 

56  Ba 
137,34  6s2 

;:JBC 

57 La* 
138,91  5d16s2 

E:GL:G 

72 Hf 
178,49  5d26s2 

=:NGBC 

73  Ta 
180,946 5d36s2 

L:GL:E 
6 

79 Au 
196,9665   5d106s1 

AHEHLH 

80 Hg 
200,59  5d106s2 

JLMLV 

81 Tl 
204,37  6s26p1 

L:EEBC 

82  Pb 
207,2  6s26p2 

K<BG?P 

83 Bi 
208,9804  6s26p3 

<BKFML 

7 
87 Fr  

[223]    7s1 
NJ:GPBC 

88  Ra 
[226]    7s2 

J:>BC� 

89  Ac** 
[227]  6d17s2 
:DLBGBC 

104 Ku 
[261]  6d27s2 
DMJQ:LH<BC 

105 Ns 
[261] 

GBEVK;HJBC 

E:GL:GHB>U 
58 Ce  

140,12 
P?JBC 

59 Pr  
140,9077 

IJ:A?H>BF 

60 Nd  
144,24 
G?H>BF 

61 Pm  
[145] 

IJHF?L?C 

62 Sm  
150,4 

K:F:JBC 

63 Eu  
151,96 

?<JHIBC 

64 Gd  
157,25 

=:>HEBGBC 

** :DLBGHB>U 
65 Th  

232,038 
LHJBC 

66 Pa 
[231] 

IJHL:DLBGBC 

67 U  
238,029 
MJ:G 

68 Np  
[237] 

G?ILMGBC 

69 Pu  
[244] 

IEMLHGBC 

70 Am 
[244] 

:F?JBPBC 

71 Cm  
[247] 
DXJBC 

 

IJBEH@?GB? 
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we_f_glh\�>�B��F_g^_e__\Z  

 we_f_glh\ 
VI 

A        B 
VII 

A         B 
VIII 

A                           B 

 
1 H 

1,0079    1s1 
<H>HJH> 

2 He 
4,00260   1s2 

=?EBC 

8  O 
15,9994  2s22p4 

DBKEHJH> 

9  F 
18,99840 2s22p5 

NLHJ 

10  Ne 
20,179  2s22p6 

G?HG 

16  S 
32,06   3s23p4 

K?J: 

17  Cl 
35,453  3s23p5 

OEHJ 

18  Ar 
39,948  3s23p6 

:J=HG 

24 Cr 
51,996  3d54s1 

OJHF 

25  Mn 
54,9380 3d54s2 

F:J=:G?P 

26  Fe 
55,847  3d64s2 

@?E?AH 

27  Co 
58,93   3d74s2 

DH;:EVL 

28  Ni 
58,70  3d84s2 

GBD?EV 

34  Se 
78,96  4s24p4 

K?E?G 

35  Br 
79,904  4s24p5 

;JHF 

36  Kr 
83,80 4s24p6 
DJBILHG 

42 Mo 
95,94    4d55s1 
FHEB;>?G 

43 Tc 
[97]      4d55s2 
L?OG?PBC 

44  Ru 
101,07  4d75s1 

JML?GBC 

45  Rh 
102,91  4d85s1 

JH>BC 

46  Pd 
106,4  4d105s0 
I:EE:>BC 

52 Te 
127,60  5s25p4 

L?EEMJ 

53  I 
126,9045 5s25p5 

CH> 

54 Xe 
131,30  5s25p6 

DK?GHG 

74  W 
183,85 5d46s2 
<HEVNJ:F 

75 Re 
186,207  5d56s2 

J?GBC 

76 Os 
190,2  5d66s2 

HKFBC 

77  Ir 
192,22  5d76s2 

BJB>BC 

78  Pt 
195,09  5d96s1 

IE:LBG: 

84  Po 
[209]  6s26p4 
IHEHGBC 

85  At 
[210]  6s26p5 

:KL:L 

86  Rn 
[222]  6s26p6 

J:>HG 

106  E-W 
[263] 

107 E-Re 
[261] 

108 E-Rn 
 

 
65  Tb 

158,925 
L?J;BC 

66  Dy 
162,50 

>BKIJHABC 

67  Ho 
164,9304 
=HEVFBC 

68  Er 
167,26 
WJ;BC 

69  Tm 
168,9342 
LMEBC 

70  Yb 
173,04 

BLL?J;BC 

71  Lu 
140,12 

EXL?PBC 

 
97  Bk 

[247] 
;?JDEBC 

98  Cf 
[251] 

D:EBNHJGBC 

99  Es 
[254] 

WCGRL?CGBC 

100  Fm 
[257] 

N?JFBC 

101  Md 
[258] 

F?G>?E?<BC 

102  (No) 
[259] 

(GH;?EBC) 

103  (Lr) 
[260] 

(EHMJ?GKBC) 
 



 

 

Hlghkbl_evgZy�we_dljhhljbpZl_evghklv�we_f_glh\ 
 

H 
2,1 

 
He 
— 

Li 
1,0 

Be 
1,47 

B 
2,01 

C 
2,50 

N 
3,07 

O 
3,50 

F 
4,00 

Ne 
— 

Na 
0,97 

Mg 
1,23 

  
Al 

1,47 
Si 

1,74 
P 

2,06 
S 

2,44 
Cl 

2,83 
Ar 
— 

K 
0,91 

Ca 
1,04 

Sc 
1,20 

Ti 
1,32 

V 
1,45 

Cr 
1,56 

Mn 
1,60 

Fe 
1,64 

Co 
1,70 

Ni 
1,75 

Cu 
1,75 

Zn 
1,66 

Ga 
1,82 

Ge 
2,02 

As 
2,20 

Se 
2,48 

Br 
2,74 

Kr 
— 

Rb 
0,89 

Sr 
0,99 

Y 
1,11 

Zr 
1,22 

Nb 
1,23 

Mo 
1,30 

Tc 
1,36 

Ru 
1,42 

Rh 
1,45 

Pd 
1,35 

Ag 
1,42 

Cd 
1,46 

Jn 
1,49 

Sn 
1,72 

Sb 
1,82 

Te 
2,01 

J 
2,21 

Xe 
— 

Cs 
0,86 

Ba 
0,97 

La 
1,08 

Hf 
1,23 

Ta 
1,33 

W 
1,40 

Re 
1,46 

Os 
1,52 

Jr 
1,55 

Pt 
1,46 

Au 
1,42 

Hg 
1,44 

Tl 
1,44 

Pb 
1,55 

Bi 
1,67 

Po 
1,76 

At 
1,90 

Rn 
— 

Fr 
0,86 

Ra 
0,97 

Ac 
1,00 

               

 
Ce 

1,08 
Pr 

1,08 
Nd 

1,07 
Pm 

1,07 
Sm 

1,07 
Eu 

1,01 
Gd 

1,11 
Tb 

1,10 
Dy 

1,10 
Ho 
1,10 

Er 
1,11 

Tm 
1,11 

Yb 
1,06 

Lu 
1,14 

Th 
1,11 

Pa 
1,14 

U 
1,22 

Np 
1,22 

Pu 
1,2 

Am 
1,2 

Cm 
1,2 

Bk 
1,2 

Cf 
1,2 

Es 
1,2 

Fm 
1,2 

Md 
1,2 

No 
1,2 

Lr 
— 

9
2
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;B;EBH=J:NBQ?KDBC�KIBKHD 
 
1. Kl_ibg�;�>���P\_ldh\�:�:��G_hj]Zgbq_kdZy�obfby��Mq_[��^ey�obf��b�

obf.-l_oghe��ki_p��\mah\��–�F�� <ukr��rd���������–�����k� 
2. Km\hjh\�:�<���Gbdhevkdbc�:�;��H[sZy� obfby��Mq_[.� ihkh[b_� ^ey�

\mah\��–�KI[��Obfby, 1995. – 624 k� 
3. H[sZy� obfby� \�nhjfmeZo�� hij_^_e_gbyo�� ko_fZo��Mq_[.�ihkh[b_ / 

B�?��RbfZgh\bq��F�E�� IZ\eh\bq�� <�N�� LbdZ\uc��I�F��FZeZrdh��
Ih^�j_^��<�N��LbdZ\h]h��–�Fg���Mgi\_jkiwpdh_��������– 528 k� 

4. Ke_lZ�E�:��Obfby��KijZ\��–�OZjvdh\��Nhebh��Jhklh\�g�>��N_gbdk��
1997. – 496 k� 

5. Dhjh\bg�G�<��H[sZy�obfby��Mq_[��^ey�l_og.�gZijZ\��b�ki_p��\mah\��– 
F���<ukr��rd�� 1998. – 559 k� 

6. JbiZg� J��� Q_lygm� B�� G_hj]Zgbq_kdZy� obfby�� Obfby� f_lZeeh\:  
<���l. –�F���Fbj. – L��I, 1971. –�����k���L��II, 1972. – 871 k� 

7. :of_lh\�G�K��H[sZy�b�g_hj]Zgbq_kdZy�obfby��Mq_[��^ey�\mah\. Ba^. 
lj_lv_��i_j_jZ[��b�^hi��–�F��<ukr��rd���������– 743 k� 

8. AZcp_\� H�K�� H[sZy� obfby�� GZijZ\e_gb_� b� kdhjhklv� obfbq_kdbo�
ijhp_kkh\��Kljh_gb_�\_s_kl\Z��–�F�� <ukr��rd���������– 248 k� 

9. AZcp_\�H�K��H[sZy�obfby��Khklhygb_�\_s_kl\�b�obfbq_kdb_�j_Zd�
pbb��–�F���Obfby��������– 332 k� 
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H=E:<E?GB? 
IJ?>BKEH<B? ................................................................................................. 3 
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