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�<� i_j\hc� qZklb� ij_^klZ\e_gu� \hijhku� ih� l_fZf��

©Kl_obhf_ljbq_kdb_� aZdhgu� obfbbª�� ©Kljh_gb_� ZlhfZ� b�

i_jbh^bq_kdbc� aZdhgª�� ©Mq_gb_� h� obfbq_kdhc� k\yabª�� ©We_f_glu�

obfbq_kdhc� l_jfh^bgZfbdb� b� dbg_lbdbª� \� khhl\_lkl\bb� k�

ijh]jZffhc� dmjkZ� h[s_c� b� g_hj]Zgbq_kdhc� obfbb� ^ey� klm^_glh\�

obfbq_kdh]h�nZdmevl_lZ�<=M�� �Ij_^eZ]Z_fu_�\hijhku�fh]ml�[ulv�

bkihevah\Zgu� klm^_glZfb�^ey� kZfhl_klbjh\Zgby� k�p_evx�ijh\_jdb�

]em[bgu� ihgbfZgby� bamqZ_fh]h� fZl_jbZeZ�� Z� lZd`_� fh]ml�

ij_^eZ]Zlvky�gZ�dheehd\bmfZo�ih�jZaebqguf�jZa^_eZf�dmjkZ� 
�<hijhku� jZajZ[hlZgu� dhee_dlb\hf� khljm^gbdh\� dZn_^ju�

g_hj]Zgbq_kdhc� obfbb� <=M� –� ijhn�� B�Y�Fbllh\hc�� ijhn��

Y�:�M]Z_f�� ijhn�� H�;�Yp_gdh�� ^hp�� <�J�Ir_klZgqbdhf�� ^hp��

:�G�Ijhdbguf�� ^hp�� K�K�EZ\jmrbghc�� dZg^�� obf�� gZmd� Zkk��

:�F�KZfhceh\uf�� dZg^�� obf�� gZmd� Zkk�� ?�<�Lhfbghc� –� ih^� h[s_c�

j_^Zdpb_c��ijhn��M]Zy�Y�:� 



1. Hkgh\gu_�ihgylby��Kl_obhf_ljbq_kdb_�aZdhgu 
 

 
1. Qlh� lZdh_� \_s_kl\h"� DZd� ihgylb_� h� jZaebqguo� obfbq_kdbo�

\_s_kl\Zo�kh]eZkm_lky�k�wlbf�hij_^_e_gb_f"�Qlh�<u�ihgbfZ_l_�

ih^�©nhjfZfb�hj]ZgbaZpbb�\_s_kl\Zª"� 
 
2. <hafh`gu�eb�ij_\jZs_gby�\_s_kl\Z�\�ihe_�beb�gZh[hjhl"� 
 
3. <� q_f� jZaebqb_� f_`^m� ©Zlhfgh-fhe_dmeyjguf� mq_gb_fª� b�

©kh\j_f_gghc�obfbq_kdhc�Zlhfbklbdhcª" 
 
4. IjZ\bevgu� eb� hij_^_e_gby�� Z�� �:lhf� –� gZbf_gvrZy� g_^_ebfZy�

qZklbpZ� \_s_kl\Z��� [�� �� Fhe_dmeZ� –� gZbf_gvrZy� qZklbpZ�

\_s_kl\Z��h[eZ^ZxsZy�_]h�k\hckl\Zfb�"� 
 
5. "Atomos" -�ih-]j_q_kdb� -�g_^_ebfuc��<�dZdhc�f_j_�wlh�gZa\Zgb_�

hljZ`Z_l�kh\j_f_ggh_�ihgbfZgb_�ihgylby��Zlhf�"� 
 
6. �<� q_f� ijbqbgZ� jZaebqbc�f_`^m� �nbabq_kdbf�� b� �obfbq_kdbf��

hij_^_e_gbyfb�fhe_dmeu" 
 
7. �IjhZgZebabjmcl_� � � hkgh\gu_� � � iheh`_gby� � � Zlhfgh-

fhe_dmeyjgh]h� � mq_gby�� \ukdZaZggu_� F�<�� Ehfhghkh\uf� b�

ij_^klZ\e_gby�>`��>ZevlhgZ��<�q_f�<u�\b^bl_�koh^kl\h"��<�q_f�

wlb�dhgp_ipbb�jZaebqZxlky"� 
 
8. <� q_f� g_^hklZldb� Zlhfbklbdb� >ZevlhgZ� ih� kjZ\g_gbx� k� Zlh-

fbklbdhc�Ehfhghkh\Z"�D�dZdbf�ijh[e_fZf�\�obfbb�gZqZeZ�O,O�

\��wlh�ijb\_eh"� 
 
9. <� q_f� jZaebqb_� f_`^m� ihgylbyfb� �fhe_dmeZ�� �:\h]Z^jh�� b�

�keh`guc� Zlhf�� �>Zevlhg�"� G_� \k_� eb� jZ\gh�� q_f� kqblZlv��

gZijbf_j��+&O" 
 
10. �>Zcl_�hij_^_e_gby�ihgylbyf�©obfbq_kdbc�we_f_glª�b�©ijhklh_�

\_s_kl\hª��Q_f�jZaebqZxlky�wlb�ihgylby��ihq_fm�g_^himklbfh�bo�

kf_rb\Zlv"�DZd�<u� ^mfZ_l_�� dZdh\u�ijbqbgu�imlZgbpu�f_`^m�

gbfb��\klj_qZxs_cky�bgh]^Z�b�\�gZklhys__�\j_fy"� 
 
11. DZdb_�obfbq_kdb_�we_f_glu�bf_xl�gZa\Zgby��h[mkeh\e_ggu_�bo�

k\hckl\Zfb�� � � dhlhju_� hij_^_eyxlky� hj]Zghe_ilbq_kdbf� iml_f�

�p\_l��aZiZo��b�l��i��" 



 
12. GZa\Zgby��dZdbo��obfbq_kdbo��we_f_glh\�bf_xl�©]_h]jZnbq_kdh_ª�

ijhbkoh`^_gb_"� 
 
13. MdZ`bl_� we_f_glu�� bf_xsb_� ©fbnheh]bq_kdb_ª��

©Zkljhghfbq_kdb_ª�b�©ki_dljhkdhibq_kdb_ª�gZa\Zgby� 
 
14. <� q_f� aZdexqZ_lky� \Z`ghklv� kl_obhf_ljbq_kdbo� aZdhgh\� ^ey�

jZa\blby�obfbb"� 
 
15. Dlh�b�dh]^Z�\\_e�l_jfbg�kl_obhf_ljby"�Qlh�hg�hagZqZ_l"� 
 
16. Ihq_fm� ij_^klZ\e_gb_� h� khojZg_gbb� fZkku� \� obfbq_kdbo�

j_Zdpbyo� ku]jZeh� j_rZxsmx� jhev� \� hijh\_j`_gbb�

neh]bklhgghc�l_hjbb"  
 
17. Ihq_fm� \� obfbb� ihevamxlky� aZdhghf� khojZg_gby� fZkku�� Z� \�

nbabd_� -� aZdhghf� khojZg_gby� wg_j]bb"� <� dZdhc� f_j_� wlh�

ijZ\hf_jgh"� 
 
18. Bf_xl� eb� dZdmx-gb[m^v� jZaf_jghklv� kl_obhf_ljbq_kdb_�

dhwnnbpb_glu� \� mjZ\g_gbyo� j_Zdpbc�� beb� wlh� \_ebqbgu�

[_ajZaf_jgu_" 
 
19.  Ihq_fm� Zlhfgu_�fZkku� [hevrbgkl\Z� we_f_glh\�� \� lhf� qbke_�b�

fhghbahlhiguo��\ujZ`Zxlky�g_�p_eufb�qbkeZfb"  
 
20. DZd�<u�^mfZ_l_��ijbf_gbfZ�eb�nhjfmeZ�Wcgrl_cgZ��E = mc2  

^ey�

hibkZgby� l_ieh\uo� wnn_dlh\� obfbq_kdbo� j_Zdpbc"� � >Zcl_�

Zj]mf_glbjh\Zgguc�hl\_l� 
 
21. Ijb�k]hjZgbb���fhev�f_lZgZ�\u^_ey_lky�����d>`�l_ieZ��<�dZdhc�

f_j_�kh[ex^Z_lky�aZdhg�khojZg_gby�fZkku�\�^Zgghc�j_Zdpbb" 
 
22.  Q_f�hlebqZ_lky�ij_^klZ\e_gb_�h�ihklhygkl\_�khklZ\Z�\_s_kl\Z�\�

XIX �\_d_�b�\�gZklhys__�\j_fy" 
 
23. �DZdb_� \_s_kl\Z� h[eZ^Zxl� aZ\_^hfh� ihklhygguf� khklZ\hf"�

Ijb\_^bl_� ijbf_ju�� H[jZapu� f_^b� ihemq_gu� g_kdhevdbfb�

kihkh[Zfb� ba� ke_^mxsbo� bkoh^guo� \_s_kl\�� djZkgh]h� hdkb^Z�

f_^b��I���q_jgh]h�hdkb^Z�f_^b��II ���[_eh]h�CuSO4���kbg_]h�CuSO4 
. 

5H2O�� l_fgh-a_e_gh]h� Cu2(OH)2CO3� �� l_fgh-dhjbqg_\h]h� CuCl2. 



>he`gu�eb�ihemq_ggu_�h[jZapu�f_^b�hlebqZlvky�^jm]�hl�^jm]Z�

ih�nbabdh-obfbq_kdbf�k\hckl\Zf"��?keb�^Z��lh�ihq_fm" 
 
24. Fh`gh�eb�ml\_j`^Zlv��qlh�khklZ\�hkZ^dZ�ihke_�_]h�\uiZ^_gby�ba�

jZkl\hjZ�g_�f_gy_lky"�Hl\_l�ih^l\_j^bl_�ijbf_jZfb�� 
 
25. Obfbq_kdZy� nhjfmeZ� g_dhlhjh]h� [bgZjgh]h� kh_^bg_gby� AxBy .  

Fh]ml� eb� [ulv� agZq_gby� x� b y ex[ufb"� � Hl� q_]h� aZ\bkbl��
khhlghr_gb_� Zlhfh\� A� b� B� \� kh_^bg_gbb"� � Ihq_fm� wlh�

khhlghr_gb_�fh`_l�[ulv�g_h^ghagZqguf� �^ey�dhgdj_lghc�iZju�

we_f_glh\"��Hl\_l��ih^dj_ibl_�ijbf_jZfb� 
 
26. �IjZ\bevgu� eb� ml\_j`^_gby�� �^Zevlhgb^u� –� kh_^bg_gby�

ihklhyggh]h� khklZ\Z��� �[_jlheeb^u� –� kh_^bg_gby� i_j_f_ggh]h�
khklZ\Z�"� Q_f� jZaebqZxlky� wlb� ^\Z� deZkkZ� \_s_kl\��Fh]ml� eb�

[_jlheeb^u�kms_kl\h\Zlv�\�`b^dhf�beb�]Zahh[jZaghf�khklhygbb"  
 
27. DZdb_� ba� kl_obhf_ljbq_kdbo� aZdhgh\� \� gZklhys__� \j_fy� gm`-

^Zxlky�\�i_j_kfhlj_�k�mq_lhf�lh]h�nZdlZ��qlh�g_�\k_�\_s_kl\Z�kh-
klhyl�ba�fhe_dme"� 

 
28. Ihq_fm� ghkbl_e_f� k\hckl\� dhhj^bgZpbhgguo� djbklZeeh\� y\ey-

_lky�nZaZ��Z�g_�fhe_dmeZ��Zlhf��nhjfmevgZy�_^bgbpZ�" 
 
29. �DZdhc�kfuke�\eh`_g�\�ke_^mxsb_��bah[jZ`_gby��oehjh\h^hjh^Z�

b�oehjb^Z�gZljby��+�– Cl���b��1D�–  Cl ?  
 
 
 
30. IjZ\bevgh�eb�bah[jZ`_gZ�kljmdlmjgZy�nhjfmeZ�1D2CO3: 

 
31. �DZd� ba\_klgh�� \� kihj_� IjmklZ� b� ;_jlhee_� \� dhgp_� dhgph\� \u-

ykgbeZkv�kijZ\_^eb\hklv�\haaj_gbc�;_jlhee_���DZdb_�ihke_^kl\by�

^ey� obfbb� ih� <Zr_fm� fg_gbx� bf_eZ� [u� �ih[_^Z�� ;_jlhee_� \�

gZqZe_�O,O�\�"  
 
32. DZd�<u�^mfZ_l_��dZdhc�ba�aZdhgh\�[he__�\Z`_g�\�jZa\blbb�obfbb��

aZdhg�khojZg_gby�fZkku�� aZdhg�wd\b\Ze_glh\�beb�aZdhg�djZlguo�

hlghr_gbc"� 
 

1D

1D

2

2

& 2



33. <�gZklhys__� � \j_fy� wd\b\Ze_glgmx�fZkkm� we_f_glZ�fh`gh� jZk-
kqblZlv� ih� nhjfme_� mW = :/<�� ]^_� : -� ZlhfgZy� fZkkZ�� < - 
\Ze_glghklv�we_f_glZ��Ihq_fm�wlm�nhjfmem� �g_evay�ijbf_gylv�\�

dZq_kl\_� bkoh^ghc� ^ey� hij_^_e_gby� ihgylby� �wd\b\Ze_glgZy�

fZkkZ�" 
 
34. DZd�hij_^_ey_lky�ihgylb_�wd\b\Ze_glZ�dbkehlu��hkgh\Zgby��kheb"�

DZd� ^Zlv� hij_^_e_gb_� wd\b\Ze_glghc� fZkk_� hdkb^Z"� Ih� dZdhc�

h[s_c� nhjfme_� jZkkqblu\Zxlky� wd\b\Ze_glgu_� fZkku� wlbo�

\_s_kl\" 
 
35. Wd\b\Ze_glgZy�fZkkZ�f_lZeeZ�\���jZaZ�[hevr_��q_f�wd\b\Ze_glgZy�

fZkkZ� dbkehjh^Z�� <h� kdhevdh� jZa� fZkkZ� hdkb^Z� [hevr_� fZkku�

f_lZeeZ"�Hl\_l�ihykgblv� 
 
36. Kdhevdh� wd\b\Ze_glguo� fZkk� � k_ju� kh^_j`blky� � \� � fheyjghc�

fZkk_�+2S, SO2, SO3, H2SO4? 
 
37. Wd\b\Ze_glgZy�fZkkZ�k_jghc�dbkehlu�jZ\gZ����]�fhev��DZd�[ukljh�

©jZkkqblZlvª�wd\b\Ze_glgmx�fZkkm�dbkehlgh]h�hklZldZ�SO4
2-? 

 
38. IhklhyggZ� eb� \_ebqbgZ� wd\b\Ze_glZ� b� wd\b\Ze_glghc� fZkku� Z��

we_f_glZ"�[��\_s_kl\Z"�Hl\_l�h[hkgmcl_� 
 
39. H^bgZdh\Z� eb� wd\b\Ze_glgZy� fZkkZ� ojhfZ� \� &U&O3� b� &U2(SO4)3, 

`_e_aZ�\�)H&O2�b�)H&l3? 
 
40. <� q_f� agZq_gb_� aZdhgZ� wd\b\Ze_glh\� ^ey� jZa\blby� kbkl_fu�

obfbq_kdbo�ij_^klZ\e_gbc�\�XIX �\_d_" 
 
41. �<� q_f� aZdexqZ_lky� ij_^eh`_ggh_� >Zevlhghf� ©ijZ\beh�

gZb[hevr_c� ijhklhluª� ijb� hij_^_e_gbb� Zlhfguo� fZkk�

we_f_glh\"�D� dZdbf� ijh[e_fZf� \� obfbb� i_j\hc�iheh\bgu�XIX 
\_dZ�wlh�ijb\_eh" 

 
42. DZd� ba\_klgh�� >Zevlhg�� ij_^eh`b\rbc� i_j\mx�� \h^hjh^gmx�

rdZem� Zlhfguo� fZkk�� kZfb� Zlhfgu_� fZkku� ^ey� [hevrbgkl\Z�

we_f_glh\� hij_^_ebe� g_\_jgh�� H^gZdh� ^ey� jy^Z� we_f_glh\� wlb�

agZq_gby�\ihke_^kl\bb�hdZaZebkv�ijZ\bevgufb��DZd�<u�^mfZ_l_�

–�^ey�dZdbo�we_f_glh\" 
 



43. Ihq_fm� aZdhg�:\h]Z^jh� h[uqgh� g_� jZkkfZljb\Z_lky� \� dZq_kl\_�
kZfhklhyl_evgh]h� r_klh]h� kl_obhf_ljbq_kdh]h� aZdhgZ"� <� q_f�

agZq_gb_�wlh]h�aZdhgZ�^ey�jZa\blby�obfbb"� 
 
44. Qlh� lZdh_� fhevguc� �fheyjguc�� h[t_f"� D� dZdbf� h[t_dlZf�

ijbf_gbfh�wlh�ihgylb_" 
 
45. FZkkZ� ZlhfZ� k_ju� \� �� jZaZ� [hevr_� fZkku� ZlhfZ� dbkehjh^Z��

Fh`gh�eb�gZ�wlhf�hkgh\Zgbb�kqblZlv��qlh�iehlghklv�iZjh\�k_ju�

ih�dbkehjh^m�jZ\gZ�^\mf" 
 
46. >h� \\_^_gby� kbkl_fu� _^bgbp� KB� kms_kl\h\Zeh� lZdh_�

hij_^_e_gb_��©fZkkZ�–�wlh�dhebq_kl\h�\_s_kl\Z��kh^_j`Zs_]hky�

\�l_e_ª��Ihq_fm�\�gZklhys__�\j_fy�bkihevam_lky�^jm]Zy�_^bgbpZ�

dhebq_kl\Z� \_s_kl\Z"� Ihq_fm� dhebq_kl\h� \_s_kl\Z� g_m^h[gh�

baf_jylv�fZkkhc��ohly�©`bag_gguc�hiulª�ih^kdZau\Z_l��qlh�q_f�

[hevr_�fZkkZ�\_s_kl\Z��l_f�[hevr_�_]h�dhebq_kl\h" 
 
47. Fh`gh� eb� \�fheyo�baf_jylv��gZijbf_j��dhebq_kl\h� we_dljhgh\��

ijhlhgh\��nhlhgh\" 
 
48. DZd� ihemqZ_lky�� qlh� fheyjgZy� fZkkZ�� \ujZ`_ggZy� \� ]�fhev��

qbke_ggh�jZ\gZ�hlghkbl_evghc�fhe_dmeyjghc�fZkk_" 
 
49. Ihevamykv� lhevdh� aZdhghf� :\h]Z^jh�� ihdZ`bl_�� qlh� hlghr_gb_�

iehlghkl_c� ^\mo� ]Zah\� jZ\gh� hlghr_gbx� bo� fhe_dmeyjguo�

�fheyjguo��fZkk� 
 
50. GZ�hkgh\Zgbb�dZdh]h� khhlghr_gby�fh`gh� \uqbkeblv�fheyjguc�

h[t_f�]ZaZ�ijb�ghjfZevguo�mkeh\byo"  
 
51. Q_fm� jZ\_g� wd\b\Ze_glguc� h[t_f� \h^hjh^Z�� dbkehjh^Z� b� oehjZ�

ijb�ghjfZevguo�mkeh\byo" 
 
52. DZdhc�\ha^mo�©ly`_e__ª�-�kmohc�beb�\eZ`guc" 
 
53. <�j_amevlZl_�j_Zdpbb�ZahlZ�k�dbkehjh^hf�h[sbc�h[t_f�]Zah\�g_�

baf_gy_lky��MklZgh\bl_�nhjfmem�h[jZamxs_]hky�hdkb^Z� 
 
54. Ijb�iheghf�\aZbfh^_ckl\bb���e�g_dhlhjh]h�]ZaZ�k���e�\h^hjh^Z�

h[jZah\Zeky� �� e� ZahlZ� b� �� e� \h^ygh]h� iZjZ� �baf_j_gby�

ijh\h^bebkv� ijb� h^bgZdh\uo� mkeh\byo��� DZdh\Z� nhjfmeZ� ]ZaZ"�

GZ�dZdb_�aZdhgu��<u�hibjZebkv�ijb�hl\_l_" 



 
55. �DZdhc� ba� i_j_qbke_gguo� gb`_� nZdlh\� fh`_l� kem`blv� ^hdZaZ-

l_evkl\hf� h^ghZlhfghklb� ]Zahh[jZagh]h� g_hgZ�� Z�� g_hg� g_�

h[jZam_l�kh_^bg_gbc�k�^jm]bfb�we_f_glZfb��[��iehlghklv�g_hgZ�

\^\h_�f_gvr_�� q_f�iehlghklv� Zj]hgZ�� \��iehlghklv�g_hgZ�ihqlb�

\^\h_�f_gvr_��q_f�iehlghklv�nlhjZ�� 
 
56. DZdh\h�khhlghr_gb_�h[t_fh\��aZgbfZ_fuo���fhe_f�H2�b���fhe_f��

H3  �mkeh\by�h^bgZdh\u_�" 
 
57. GZc^bl_�fhe_dmeyjgmx�nhjfmem� kh_^bg_gby� [hjZ� k� \h^hjh^hf��

_keb�fZkkZ���e�wlh]h�]ZaZ�jZ\gZ�fZkk_���e�ZahlZ��Z�kh^_j`Zgb_�[hjZ�

\�\_s_kl\_�khklZ\ey_l������fZk��� 
 
 

2. Kljh_gb_�ZlhfZ�b�i_jbh^bq_kdbc�aZdhg 
 

1. :gZebabjmy� � hkgh\gu_� � j_amevlZlu� � wdki_jbf_glZ� � ih��

\aZbfh^_ckl\bx� �ihlhdZ� �α -�qZklbp� �k� �ahehlhc� �nhev]hc���hiul�
J_a_jnhj^Z� -� =_c]_jZ� -� FZjk^_gZ� ��� � hl\_lvl_� gZ� ke_^mxsb_�

\hijhku�� � Z�� qlh� ij_^klZ\ey_l� kh[hc� � α-qZklbpZ� "� [�� ihq_fm��
ih^Z\eyxs__� � [hevrbgkl\h� � α-qZklbp� � � g_� � hldehgy_lky� � hl��
i_j\hgZqZevghc� ljZ_dlhjbb"� \�� ihq_fm� g_dhlhju_� α-qZklbpu�
hldehgyebkv� hl� ijyfhebg_cghc� ljZ_dlhjbb� � beb� hljZ`Zebkv� \�

h[jZlghf�gZijZ\e_gbb"�]��dZdb_�k\_^_gby�^Z_l�wlhl�wdki_jbf_gl�

h�kljh_gbb�ZlhfZ" 
 
2. DZdh\Z� jhev� ki_dljZevgh]h� ZgZebaZ� \� ml\_j`^_gbb� l_hjbb� G��

;hjZ"� 
 
3. Hilbq_kdbc� � ki_dlj� � ZlhfZjgh]h� � \h^hjh^Z� � kh^_j`bl� � k_jbx��

ebgbc� � \� bgnjZdjZkghc� �k_jby� IZr_gZ��� � \b^bfhc� �k_jby�

;Zevf_jZ�� �b� � mevljZnbhe_lh\hc� �k_jby�EZcfZgZ�� h[eZklyo�� �G_��

ijh\h^y��jZkq_lh\���gZ��hkgh\Zgbb�l_hjbb���;hjZ��ihdZ`bl_��dZdZy�

k_jby� �khhl\_lkl\m_l� �\ha\jZs_gbx�\ha[m`^_ggh]h��we_dljhgZ��\�

hkgh\gh_�khklhygb_���n� ������i_j\h_�\ha[m`^_ggh_�khklhygb_���n = 
�����b��\lhjh_��\ha[m`^_ggh_��khklhygb_��n = 3). 

 
4. JZkklhygb_� f_`^m� ebgbyfb� k_jbb� ;Zevf_jZ� \� ki_dlj_� ZlhfZ�

\h^hjh^Z� ihke_^h\Zl_evgh� mf_gvrZ_lky� � ih� f_j_� \hajZklZgby�

qZklhlu�� b� � \� dhgp_� dhgph\� ebgbb� keb\Zxlky�� DZd� k� ihabpbc�

l_hjbb�;hjZ�h[tykgblv�wlhl�nZdl�� 



 
5. Ijb\_^bl_� wdki_jbf_glZevgu_� ^hdZaZl_evkl\Z� dhjimkdmeyjghc 

ijbjh^u�\b^bfh]h�k\_lZ�b�\hegh\hc�ijbjh^u�we_dljhgZ�  
 
6. Ihq_fm� \� h[uqghc� `bagb� fu� g_� klZedb\Z_fky� k� \hegh\ufb�

k\hckl\Zfb�l_e" 
 
7. DZdb_� ihke_^kl\by� ^ey� hibkZgby� we_dljhggh]h� kljh_gby� ZlhfZ�

\e_q_l�aZ�kh[hc�khhlghr_gb_�g_hij_^_e_gghkl_c�=_ca_g[_j]Z" 
 
8. Q_f� ihgylb_� �hj[blZev�� \� d\Zglh\hc� f_oZgbd_� hlebqZ_lky� hl�

ihgylby��hj[blZ��\�l_hjbb�;hjZ"� 
 
9. DZdh_� ij_bfms_kl\h� ijb� j_r_gbb� mjZ\g_gby�Rj_^bg]_jZ� ^ey�

ZlhfZ� \h^hjh^Z� ^Z_l� �i_j_oh^� � hl� � ^_dZjlh\hc� � � d� kn_jbq_kdhc�

�iheyjghc��kbkl_f_�dhhj^bgZl" 
 
10. H[tykgbl_�� ihq_fm�� gZijbf_j�� \k_� � p-hj[blZeb� bf_xl�

h^bgZdh\mx�nhjfm�b�gZijZ\e_gby�\�ijhkljZgkl\_��g_aZ\bkbfh�hl�

agZq_gby�]eZ\gh]h�d\Zglh\h]h�qbkeZ"  
 
11. <�q_f��ih�<Zr_fm�fg_gbx��ijbqbgZ�p_ehqbke_gghklb n, l, ml? 
 
12. DZdh\u� h[sb_� ijbgpbiu�nhjfbjh\Zgby� we_dljhgguo� h[hehq_d�

Zlhfh\" 
 
13. Fh`_l� eb� we_dljhg� ZlhfZ� \h^hjh^Z� gZoh^blvky�� gZijbf_j�� \�

khklhygbb��d? 
 
14. Q_f� fgh]hwe_dljhggu_� Zlhfu� hlebqZxlky� hl�

\h^hjh^hih^h[gh]h"� <� q_f� khklhbl� ©ijh[e_fZ�

fgh]hwe_dljhgghklbª"� 
 
15. <� q_f� ij_bfms_kl\Z� b� g_^hklZldb� bah[jZ`_gby� we_dljhggh]h�

kljh_gby� ZlhfZ� ijb� ihfhsb� we_dljhgguo�nhjfme� b� d\Zglh\uo�

yq__d" 
 
16. Y\ey_lky�eb�ijZ\beh�=mg^Z�kZfhklhyl_evguf�ml\_j`^_gb_f�beb�

hgh�ebrv�dhgdj_lbabjm_l�h^bg�ba�nmg^Zf_glZevguo�ijbgpbih\�

nhjfbjh\Zgby�we_dljhgguo�h[hehq_d�Zlhfh\" 
 
17. GZibrbl_�agZq_gby�d\Zglh\uo�qbk_e��ml b�ms�^ey�l_o�we_dljhgh\��

m� � dhlhjuo� � ]eZ\gh_� � b� hj[blZevgh_� d\Zglh\u_� qbkeZ� jZ\gu�



khhl\_lkl\_ggh� �� b� ��� Kdhevdh� we_dljhgh\� h[eZ^Z_l� lZdbf�

gZ[hjhf�agZq_gbc�n b�l?  
 
18. Y\ey_lky� eb��ih�<Zr_fm�fg_gbx��ijZ\beh�De_qdh\kdh]h� kZfhk-

lhyl_evguf�ml\_j`^_gb_f�\�^hiheg_gb_�d�ijbgpbim�gZbf_gvr_c�

wg_j]bb�b�ijbgpbim�IZmeb"� 
 
19. Kms_kl\mxl�eb�\�I_jbh^bq_kdhc�lZ[ebp_�we_f_glu��^ey�dhlhjuo�

oZjZdl_jgh�aZiheg_gb_�we_dljhgZfb�wg_j]_lbq_kdbo�ih^mjh\g_c�k�

hldehg_gb_f�hl�ijZ\beZ�De_qdh\kdh]h"� 
 
20. M�we_f_glh\�dZdh]h�i_jbh^Z�gZqbgZxl�aZihegylvky� �s-, 3d-, 4p-, 

5d-�hj[blZeb"  
 
21. M�dZdh]h�we_f_glZ�gZqbgZ_lky�aZiheg_gb_�ih^mjh\gy��f"�M�dZdh]h�

we_f_glZ� aZdZgqb\Z_lky� aZiheg_gb_� wlh]h�ih^mjh\gy"�GZibrbl_�

we_dljhggu_�nhjfmeu�wlbo�we_f_glh\�  
 
22. DZdhc�ih^mjh\_gv�aZihegy_lky�ihke_��s��ihke_��p��ihke_��d��ihke_�

4f"�GZah\bl_�wlb�we_f_glu��ijb\_^bl_�bo�we_dljhggu_�nhjfmeu�� 
 
23. Ba�^\mo�we_f_glh\�h^bg�h[jZam_l�bhg�W3+

��Z�^jm]hc�-�W3−. H[Z�bhgZ�
bf_xl��h^bgZdh\mx���we_dljhggmx���dhgnb]mjZpbx��>Ne]103s23p6.  
Hij_^_ebl_� i_jbh^�� � � ]jmiim�� ih^]jmiim� b� ihjy^dh\uc� ghf_j�

dZ`^h]h�we_f_glZ��djZldh�hibrbl_�_]h��k\hckl\Z� 
 
24. �KhklZ\vl_� khdjZs_ggu_� we_dljhggu_�nhjfmeu� bhgh\��S2-, Ti4+, 

Cr3+, Mn2+, Mn7+, Br1-. 
25. >ey� � dZdh]h� � ba� � ^\mo� � we_f_glh\� bhgbaZpbhgguc� � ihl_gpbZe��� 

^he`_g��[ulv��[hevr_c�����\_ebqbghc��b�ihq_fm���_keb��hgb��bf_xl�

ke_^mxsb_� � we_dljhggu_� � nhjfmeu�� Z��s22s22p63s23p2  
� b��

1s22s22p63s23p5 
������[���s22s22p63s23p64s1   

b��s22s22p63s23p63d104s1.  
 
26. We_dljhggZy�dhgnb]mjZpby�ZlhfZ�g_hgZ�kh\iZ^Z_l�k�we_dljhgghc 

dhgnb]mjZpb_c�bhgh\�g_kdhevdbo�we_f_glh\��Ijb\_^bl_�ijbf_ju�

lZdbo�bhgh\��Kdhevdh�bo�fh`_l�[ulv" 
 
27. H[tykgbl_� ijbqbgu� ©ijhkdhdZª� we_dljhgZ� �s→3d m� we_f_glh\�

ih^]jmii� ojhfZ� b� f_^b��DZd� wlb� ijhkdhdb� \ebyxl� gZ� k\hckl\Z�

ijhkluo�\_s_kl\�b�bo�kh_^bg_gbc" 
 



28. Hjb_glbjmykv�gZ�aZdhghf_jghklb�baf_g_gby�i_j\h]h�ihl_gpbZeZ�
bhgbaZpbb� \� i_jbh^bq_kdhc� kbkl_f_�� mdZ`bl_� ©gZb[he__�

f_lZeebq_kdbcª�b�©gZbf_g__�f_lZeebq_kdbcª�we_f_glu�� 
 
29. Fh]ml�eb�we_dljhgu�Al 3+

�gZoh^blvky�gZ�ke_^mxsbo�hj[blZeyo��Z��

2p��[���j��\���d? 
 
30. AZibrbl_�we_dljhggu_�dhgnb]mjZpbb�Zlhfh\�Ne, F, Mg�\�i_j\hf��

\ha[m`^_gghf�khklhygbb� 
 
31. <�Zlhf_�dZdh]h�we_f_glZ�– Cs�beb�Li –�k\yav�\Ze_glgh]h�we_dljhgZ�

k�y^jhf�ijhqg__"�Ihq_fm" 
 
32. Gb`_� ijb\_^_gu� agZq_gby� i_j\h]h� ihl_gpbZeZ� bhgbaZpbb�

we_f_glh\��-]h�i_jbh^Z� 
                We_f_gl      Li     Be        B        C            N           O           F           

Ne 
                    I1��<����������������������������������������������������������������������

21,56    
       H[tykgbl_� gZ[ex^Z_fmx� aZdhghf_jghklv� \� baf_g_gbb� wlhc�

oZjZdl_jbklbdb� 
 
33. Bah[jZabl_� we_dljhggh_� kljh_gb_� we_f_glZ������ ijb� ihfhsb�

we_dljhgghc�nhjfmeu�b�d\Zglh\uo�yq__d��Kdhevdh�g_kiZj_gguo�

we_dljhgh\� kh^_j`bl� Zlhf� \� g_\ha[m`^_gghf� khklhygbb"�

:gZeh]hf�dZdh]h�we_f_glZ�hg�y\ey_lky"� 
 
34. GZ�dZdhf�hkgh\Zgbb�oehj�b�fZj]Zg_p�gZoh^ylky�\�h^ghc�]jmii_��

gh�\�jZaguo�ih^]jmiiZo"� 
 
35. Ih� dZdhfm� ijbgpbim� k� we_dljhgghc� lhqdb� aj_gby� we_f_glu�

h[t_^bgyxlky� \� ]jmiim"� Ih� dZdhfm� ijbgpbim� hgb�

ih^jZa^_eyxlky�gZ�ih^]jmiiu"� 
 
36. Kms_kl\mxl� ^\Z� kihkh[Z� h[hagZq_gby� ]eZ\guo� b� ih[hqguo�

ih^]jmii��Ih�h^ghfm�ba�gbo��gZijbf_j��we_f_glu�ljbZ^u�`_e_aZ�

ijbgZ^e_`Zl�d�VIIIB �]jmii_��ih�^jm]hfm�–�d�VIIIA �]jmii_��GZ�q_f�

hkgh\Zgu� wlb� ^\Z� kihkh[Z"� DZdhfm� ba� gbo� <u� hl^Z_l_�

ij_^ihql_gb_�b�ihq_fm"  
 
37. DZdb_� Zki_dlu� kh\j_f_gguo� ij_^klZ\e_gbc� h� kljh_gbb� ZlhfZ�

kh^_j`Zebkv�\�I_jbh^bq_kdhc�kbkl_f_�>�B��F_g^_e__\Z"�� 
 



38. �<�q_f�kmlv�wnn_dlh\�wdjZgbjh\Zgby�b�ijhgbdgh\_gby"�DZd�hgb�
kdZau\Zxlky� gZ� k\hckl\Zo� we_f_glh\"�DZd� � hgb� mqblu\Zxlky� \�

nhjfme_� 2242
0 2/ KneZmEn −= �� oZjZdl_jbamxs_c� mjh\gb� wg_j]bb�

we_dljhgZ�\�\h^hjh^hih^h[ghf�Zlhf_" 
 
39. Qlh� lZdh_� Zlhfguc� jZ^bmk"� DZd� khhlghkylky� ihgylby��

wnn_dlb\guc� b� hj[blZevguc� jZ^bmk� ZlhfZ"� Kdhevdh�

wnn_dlb\guo�jZ^bmkh\�fh`_l�[ulv�m�ZlhfZ�h^gh]h�we_f_glZ" 
 
40. Qlh� lZdh_� d-� � b� f-k`Zlb_"� GZ� k\hckl\Zo� dZdbo� we_f_glh\� hgh�

kdZau\Z_lky"� Bf__l� eb� f_klh� mf_gvr_gb_� jZ^bmkh\� \� jy^Zo� j-
we_f_glh\"�Ihq_fm�gbq_]h�g_ba\_klgh�h��j-k`Zlbb" 

 
41. <�q_f� aZdexqZ_lky� kmsghklv�ihgylby�dZcghkbff_ljby"�DZdbfb�

hkh[ufb�k\hckl\Zfb�h[eZ^Zxl�dZcghkbff_ljbqgu_�we_f_glu"� 
 
42. Qlh� lZdh_� wnn_dl�bg_jlghc� �s-we_dljhgghc�iZju"�GZ�k\hckl\Zo�

dZdbo�we_f_glh\�b�dZdbf�h[jZahf�hg�ijhy\ey_lky"  
 
43. Ihq_fm�k_f_ckl\Z��f-�b��f-we_f_glh\�k�kh\j_f_gghc�lhqdb�aj_gby�

bf_xl�jZagu_�gZa\Zgby"� 
 
44. Kdhevdh�we_dljhgh\�fh`_l�gZoh^blvky�gZ�g-ih^mjh\g_"�<�dZdhf�

i_jbh^_� hg� ^he`_g� gZqZlv� aZihegylvky"� Kdhevdh� we_f_glh\�

^he`gh�[ulv�\�wlhf�i_jbh^_"�Ijh[e_fZfb�klZ[bevghklb�Zlhfguo�

y^_j�ij_g_[j_qv� 
 
45. <� q_f� aZdexqZ_lky� nbabq_kdbc� kfuke� i_jbh^bq_kdh]h� aZdhgZ"�

Ihq_fm� ijb�fhghlhgghf� �b� ^Z`_� ebg_cghf��� baf_g_gbb� aZjy^Z�

y^jZ� �ihjy^dh\h]h� ghf_jZ� we_f_glZ�� k\hckl\Z� we_f_glh\�

baf_gyxlky�g_�fhghlhggh��Z�bf_ggh�i_jbh^bq_kdb" 
 
46. <�q_f��ih�<Zr_fm�fg_gbx��aZdexqZ_lky�agZq_gb_�ijbgpbiZ�IZ-

meb�^ey�obfbb"� 
 
47. Q_f� h[mkeh\e_gZ� g_p_ehqbke_gghklv� Zlhfguo� fZkk�

fhghbahlhiguo� we_f_glh\� �
19F, 31P, 51V, 127I� b� l�� i��"� DZdmx�

bgnhjfZpbx�fh`gh�ba\e_qv�ba�wlh]h�nZdlZ" 
 
48. Ba\_klgh�� qlh� dbkehjh^� \� ijbjh^_� ij_^klZ\e_g� kf_kvx� lj_o�

bahlhih\�� HHH 18
8

17
8

16
8 ,, �� Ihq_fm� kj_^gyy� ZlhfgZy� fZkkZ� we_f_glZ�

f_gvr_�gZbf_gvr_c�ba�gbo��Ar(O)=15,9994)? 



 
49. �Ijbjh^guc�fZ]gbc� khklhbl� ba� bahlhih\� 24Mg, 25Mg, 26Mg��<u-

qbkebl_� kj_^gxx� Zlhfgmx� fZkkm� wlh]h� we_f_glZ�� _keb�

kh^_j`Zgb_� bahlhih\� \� _kl_kl\_gghc� kf_kb� khklZ\ey_l�

khhl\_lkl\_ggh������������b���������>_n_dlhf�fZkku�ij_g_[j_qv� 
 
50. KqblZ_lky�� qlh� bahlhiu� h^gh]h� we_f_glZ� ijZdlbq_kdb�

lh`^_kl\_ggu� ih� obfbq_kdbf� k\hckl\Zf� b� ebrv�g_agZqbl_evgh 
jZaebqZxlky� ih� g_dhlhjuf� nbabq_kdbf� �bahlhigu_� wnn_dlu���

Ihq_fm�^ey�bahlhih\�\h^hjh^Z�wlh�g_�bf__l�f_klZ�b�kZfb�bahlhiu�

^Z`_�h[hagZqZxlky�jZaebqgufb�kbf\heZfb��H, D, T)? 
 
51. Ihq_fm� ^ey� e_]dbo� we_f_glh\� �^h� dZevpby�� ZlhfgZy� fZkkZ�

ijbf_jgh� \� ^\Z� jZaZ� [hevr_� ihjy^dh\h]h� ghf_jZ�� Z� ^ey� [he__�

ly`_euo� we_f_glh\� gZ[ex^Z_lky� [he__� agZqbl_evguc� jhkl�

Zlhfghc�fZkku�ih�kjZ\g_gbx�k�ihjy^dh\uf�ghf_jhf" 
 
52. Ihq_fm�\k_� we_f_glu�ihke_�\bkfmlZ� � Bi209

83 ��g_�bf_xl�gb�h^gh]h�

klZ[bevgh]h�bahlhiZ" 
 
���Obfbq_kdZy�k\yav��F_`fhe_dmeyjgh_�\aZbfh^_ckl\b_ 

 
1. <�q_f�aZdexqZ_lky�kmsghklv�ihgylby�obfbq_kdZy�k\yav"� 
 
2. DZd�jZa\b\Zebkv�ij_^klZ\e_gby�h[�we_dljhklZlbq_kdhc�ijbjh^_�

obfbq_kdhc�k\yab�ih�f_j_�jZa\blby�nbabdb�b�obfbb"� 
 
3. Dlh� b� dh]^Z� ij_^eh`be� i_j\u_� fh^_eb� h[jZah\Zgby� bhgghc� b�

dh\Ze_glghc�k\ya_c�gZ�hkgh\Zgbb�we_dljhgguo�ij_^klZ\e_gbc"� 
 
4. <� q_f� khklhbl� kmlv� ©l_hjbb� hdl_lZª� � \� mq_gbb� h� obfbq_kdbo�

k\yayo�� Ijb\_^bl_� ijbf_ju� lh]h�� dZd� wlZ� l_hjby� iha\hebeZ�

h[tykgblv�h[jZah\Zgb_��obfbq_kdbo�k\ya_c��Ijb\_^bl_�ijbf_ju��

dh]^Z�wlZ�dhgp_ipby�hdZaZeZkv�g_khklhyl_evghc� 
 
5. Dh]^Z� knhjfbjh\Zebkv� d\Zglh\hf_oZgbq_kdb_� ij_^klZ\e_gby� h�

ijbjh^_�dh\Ze_glghc��obfbq_kdhc�k\yab" 
 
6. DZdb_� ij_^_evgu_� lbiu� obfbq_kdbo� k\ya_c� <Zf� ba\_klgu"�

Ke_^m_l� eb� d� gbf� ijbqbkeylv� \h^hjh^gmx� b� ^hghjgh-
Zdp_ilhjgmx�k\yav"�Hl\_l�Zj]mf_glbjh\Zlv�� 

 



7. Q_f� jZaebqZxlky� ihgylby� nhjfZevghc� \Ze_glghklb� b�

\Ze_glghklb� dZd� qbkeZ� obfbq_kdbo� k\ya_c"� Qlh� lZdh_�

dh\Ze_glghklv�we_f_glZ" 
 
8. �DZdb_�ba�ba\_klguo�<Zf� lbih\�obfbq_kdhc� k\yab�g_�h[eZ^Zxl�

kihkh[ghklvx�d�iheyjbaZpbb"���DZdb_�ihke_^kl\by�wlh�\e_q_l�aZ�

kh[hc"� 
 
9. GZah\bl_� ijbqbgm� kms_kl\h\Zgby� iheyjguo� b� g_iheyjguo�

k\ya_c�� DZd� <u� kqblZ_l_�� kijZ\_^eb\h� eb� ml\_j`^_gb_�� _keb� \�

fhe_dme_� ABn k\yab� iheyjgu_�� lh� b� kZfZ� fhe_dmeZ� [m^_l�

iheyjghc��>Zcl_�Zj]mf_glbjh\Zgguc�hl\_l� 
 
10. �Fh`_l� eb� hkms_kl\eylvky� ijhfhlbjh\Zgb_� [_a� ihke_^mxs_c�

]b[jb^baZpbb"� Fh`_l� eb� hkms_kl\eylvky� ]b[jb^baZpby� [_a�

ij_^r_kl\mxs_]h�ijhfhlbjh\Zgby" 
 
11. Bah[jZabl_� kljh_gb_� fhe_dme� 1+2&1� �pbZgZfbg��� �1+2)2CO 

�fhq_\bgZ� beb� dZj[Zfb^��� K+3NH2� �f_lbeZfbg��� K2&O2 
�dZj[hgbeoehjb^� beb� nhk]_g�� ijb� ihfhsb� d\Zglh\uo� yq__d� b�

we_dljhgguo� h[eZdh\�� DZd� fh`gh� hoZjZdl_jbah\Zlv�

ijhkljZgkl\_ggh-]_hf_ljbq_kdh_� kljh_gb_� wlbo� fhe_dme"�

GZah\bl_� \k_� k\yab� \� wlbo� fhe_dmeZo�� DZdb_� ba� gbo� gZb[he__�

iheyjgu"� <� dZdhf� gZijZ\e_gbb� kf_s_gh� we_dljhggh_� h[eZdh�

wlbo�k\ya_c" 
 
12. <�fhe_dmeZo�622�b�623�Zlhfu�k_ju�gZoh^ylky�\�khklhygbb�sp2-

]b[jb^baZpbb��Iheyjgu�eb�wlb�fhe_dmeu"� 
 
13. >bihevgu_�fhf_glu�fhe_dme�%)3�b�1)3�jZ\gu�khhl\_lkl\_ggh���

b�����⋅10-30
�De⋅f��DZdh\�lbi�]b[jb^baZpbb�:H�[hjZ�b�ZahlZ�\�wlbo�

fhe_dmeZo" 
 
14. <�dZdhc�fhe_dme_�– BF3 beb�1+3 -�agZq_gb_�^bihevgh]h�fhf_glZ�

[hevr_" 
 
15. <�q_f�khklhbl�jZaebqb_�\�kljh_gbb�ke_^mxsbo�fhe_dme��Z��JH3 b�

BCl3����[��SO2  b�CO2���Hij_^_ebl_��iheyjgufb�beb�g_iheyjgufb�

[m^ml�wlb�fhe_dmeu�� 
 
16. DZdh\� lbi� ]b[jb^baZpbb�p_gljZevgh]h� ZlhfZ�b� ]_hf_ljbq_kdZy�

nhjfZ�ke_^mxsbo�fhe_dme���SF6, NH3, SiCl4 , OF2 , SF4 , IF5. 
 



17. MdZ`bl_�� dZdb_� ba� ke_^mxsbo� qZklbp� y\eyxlky� j_Zevgufb�� Z�

dZdb_� -� ]bihl_lbq_kdbfb� k� lhqdb� aj_gby� f_lh^Z� \Ze_glguo�
k\ya_c���PF3 ,  PF5,  PF4

+,  PF6
−,  NF3,  NOF3,  NF5,  BeF2,  BeF4

2−.  
 
18. Hibrbl_� ijhkljZgkl\_ggh_� kljh_gb_� ]Zahh[jZaguo� fhe_dme�

AlCl 3, Al2Cl6, PH3, H2O, BeF2��DZdb_�ba�gbo�iheyjgu" 
 
19. DZd�f_gy_lky� \Ze_glguc� m]he� \� jy^m� kh_^bg_gbc�NH3 – PH3 – 

AsH3 – SbH3"�H�q_f�wlh�]h\hjbl"� 
 
20. Q_f� hij_^_eyxlky� lZdb_� k\hckl\Z� dh\Ze_glghc� k\yab� dZd�

gZijZ\e_gghklv�b�gZkusZ_fhklv"�DZd�wlb�oZjZdl_jbklbdb�k\yab�

ijhy\eyxlky�\�k\hckl\Zo�\_s_kl\"� 
 
21. <� q_f� aZdexqZxlky� ki_pbnbq_kdb_� hkh[_gghklb� kbkl_f� k�

khijy`_ggufb�k\yayfb"� 
 
22. H[tykgbl_� k� lhqdb� aj_gby� hkh[_gghkl_c� obfbq_kdhc� k\yab��

ihq_fm� ZefZa� –� ^bwe_dljbd�� Z� ]jZnbl� h[eZ^Z_l� f_lZeebq_kdhc�
we_dljhijh\h^ghklvx� 

 
23. DZdh\u� nhjfZevgZy� \Ze_glghklv�� kl_i_gv� hdbke_gby� b�

dh\Ze_glghklv�ZahlZ�\�Zahlghc�dbkehl_�b�oehjb^_�Zffhgby" 
 
24. �DZdbfb�k\hckl\Zfb�h[eZ^Z_l�^hghjgh-Zdp_ilhjgZy�k\yav"�Q_fm�

jZ\_g�\Ze_glguc�m]he�\�bhg_�Zffhgby"�DZdb_�\u\h^u�ba�wlh]h�

fh`gh�k^_eZlv"� 
 
25. Ihq_fm�kms_kl\m_l�bhg�NH4

+
��gh�g_�kms_kl\m_l�bhg�KG5

+?  
 
26. DZd�b�ihq_fm�baf_gy_lky�wg_j]by�^bkkhpbZpbb�fhe_dme�jy^m�F2 –  

Cl2 – Br2 – I2 ? 
 
27. DZd�h[jZamxlky�k\yab�\�djbklZee_�Zjk_gb^Z�]Zeeby"�Q_fm�a^_kv�

jZ\gu�dhhj^bgZpbhggu_�qbkeZ�Ga�b�As?  
 
28. DZdh\h� dhhj^bgZpbhggh_� qbkeh� ijb� l_ljZw^jbq_kdhc��

hdlZw^jbq_kdhc�b�]_dkZw^jbq_kdhc��dm[bq_kdhc��dhhj^bgZpbb" 
 
29. Ihq_fm�dh\Ze_glgu_�djbklZeeu�ij_^klZ\eyxl�kh[hc�kljmdlmju�k�

g_\ukhdbfb�dhhj^bgZpbhggufb�qbkeZfb�\�hlebqb_�hl�bhgguo�b�

f_lZeebq_kdbo"� 
 



30. KjZ\gbl_� hkgh\gu_� ^hklhbgkl\Z� b� g_^hklZldb� hibkZgby�

dh\Ze_glghc�k\yab�\�jZfdZo�F<K�b�FFH� 
 
31. Q_f�jZaebqZxlky�ihgylby�©ihjy^hd�k\yabª�\�FFH�b�©djZlghklv�

k\yabª�F<K"�DZdb_�\hafh`ghklb�FFH�hlkx^Z�ke_^mxl" 
 
32. <k_�eb�\_s_kl\Z�h[eZ^Zxl�fZ]gblgufb�k\hckl\Zfb"� 
 
33. <� jZfdZo� FFH� h[tykgbl_�� ihq_fm� kms_kl\mxl� �beb� g_�

kms_kl\mxl��ke_^mxsb_�qZklbpu��Z��H2
−, H2

2− 
���[���Na2

0 , Mg2
0 .  

 
34. KhklZ\vl_� wg_j]_lbq_kdb_� ^bZ]jZffu� \� jZfdZo� FFH�

h[jZah\Zgby� k\ya_c� \� � qZklbpZo� � NO+, NO0 , NO− 
�� MdZ`bl_�

ihjy^hd�k\yab��<�dZdhc�ba�qZklbp� �k\yav�[m^_l�kZfhc�ijhqghc"��

DZdZy� ba� qZklbp� – NO+
�� 12� beb� 12

- -� oZjZdl_jbam_lky� gZb-
f_gvr_c�^ebghc�k\yab"�DZdh\u�bo�fZ]gblgu_�k\hckl\Z"� 

 
35. Qlh� fh`gh� kdZaZlv� h� aZdhghf_jghklyo� baf_g_gby� k\hckl\�

�dZdbo"��\�jy^m�H2
2-
��H2

-
��H2��H2

+?  
 
36. H[tykgbl_� k� ihabpbc� F<K� b� FFH� baf_g_gb_� wg_j]bb�

^bkkhpbZpbb� \� jy^m� fhe_dme� F2� ����� d>`�fhev�� –� H2 (493 
d>`�fhev��– N2������d>`�fhev���DZdh\u�bo�fZ]gblgu_�k\hckl\Z" 

 
37. �Wg_j]by� ^bkkhpbZpbb� fhe_dme� 12� b�KH� jZ\gZ� khhl\_lkl\_ggh�

���� b� ����� d>`�fhev�� H[tykgbl_� [ebahklv� wlbo� agZq_gbc� k�

ihabpbc� F<K� b� FFH�� Ihq_fm� \� KH� wg_j]by� ^bkkhpbZpbb�

g_kdhevdh�\ur_"� 
 
38. DZdh\u�fZ]gblgu_� k\hckl\Z�fhe_dmeu� &1�b�bhgZ� &1-

� "�DZdZy�

fhe_dmeZ� bahwe_dljhggZ� bhgm� &1
-
� "� DZdb_� \u\h^u� ijb� wlhf�

fh`gh�k^_eZlv" 
 
39.  Jmdh\h^kl\mykv� iheh`_gb_f� we_f_glh\� \� i_jbh^bq_kdhc�

kbkl_f_�� jZkiheh`bl_� ke_^mxsb_� \_s_kl\Z� \� ihjy^d_�

\hajZklZgby�bhgghklb�k\yab�©we_f_gl�–�oehjª��BCl3, LiCl, CCl4, 
BeCl2.  

 
40. We_dljhhljbpZl_evghklb� \h^hjh^Z� b� nhknhjZ� h^bgZdh\u�

>HWH�G�� �HWH�J�� ����@��Fh`gh�eb�ml\_j`^Zlv��qlh�fhe_dmeZ�

nhknbgZ�JG3�g_iheyjgZ" 
 



41. JZkiheh`bl_� \_s_kl\Z� dZ`^h]h� gZ[hjZ� \� ihjy^d_� \hajZklZgby�

^heb� bhgghc� k\yab�� Z�NaI, NaF, NaCl, NaBr�� � [�� MgBr2, SiBr4, 
NaBr, AlBr3��������������\��MgO , MgS ,  MgSe , MgTe������]��CaCl2 , 
CaS , Ca3P2 .  

 
42. GZah\bl_� gZb[he__� bhggu_� kh_^bg_gby� \� jy^Zo� Z�� nlhjb^h\�

s_ehqguo� f_lZeeh\�� [�� ]Zeh]_gb^h\� dZeby�� \�� nlhjb^h\�

we_f_glh\�R�i_jbh^Z��Hl\_l�h[hkgmcl_� 
 
43. <�q_f�kfuke�dhgp_ipbb�iheyjbaZpbb�bhgh\"�Hl�dZdbo�nZdlhjh\�

aZ\bkbl� iheyjbamxs__� ^_ckl\b_� dZlbhgZ� b� iheyjbam_fhklv�

ZgbhgZ"� D� dZdbf� j_amevlZlZf� ijb\h^bl� iheyjbaZpby�

dh\Ze_glghc�k\yab�b�iheyjbaZpby�bhgh\" 
 
44. Ihq_fm� qbklh� bhggZy� k\yav� g_� kms_kl\m_l� \� hlebqb_� hl� qbklh�

dh\Ze_glghc" 
 
45. Bhggmx�k\yav�\�ijbgpbi_�fh`gh�jZkkfZljb\Zlv�dZd�ij_^_evguc�

kemqZc� iheyjghc� dh\Ze_glghc� k\yab� �ijb� hq_gv� [hevrhc�

jZaghklb�we_dljhhljbpZl_evghkl_c�\aZbfh^_ckl\mxsbo�Zlhfh\���

Ihq_fm� \� lZdhf� kemqZ_� dhhj^bgZpbhggu_� qbkeZ� \� bhgguo�

djbklZeeZo� \ukhdb_�� Z� \� djbklZeeZo� k� iheyjghc� dh\Ze_glghc�

k\yavx�–�gbadb_"� 
 
46. Q_f�jZaebqZxlky�ihgylby�\Ze_glghklv�b�kl_i_gv�hdbke_gby" 
 
47. <�djbklZee_�NaCl�dhhj^bgZpbhggu_�qbkeZ�gZljby�b�oehjZ�jZ\gu�

��� Z� \� djbklZee_� CsCl� hgb� jZ\gu� ��� DZd� h[tykgblv�� qlh� ^\Z�
h^ghlbiguo� kh_^bg_gby�� h[jZah\Zgguo� we_f_glZfb-ZgZeh]Zfb��
bf_xl�jZaebqgh_�djbklZeehobfbq_kdh_�kljh_gb_" 

 
48. �DZd�b�ihq_fm�baf_gy_lky�l_fi_jZlmjZ�ieZ\e_gby�\�jy^m�&V)� -- 

CsCl -CsBr - CsI?  
 
49. D2KH3�ieZ\blky�[_a�jZaeh`_gby�ijb�����

0
K��$J2CO3�jZaeZ]Z_lky�

m`_�ijb� ����
0
K��H[tykgbl_�jZaebqb_�\�l_jfbq_kdhc�mklhcqb\h-

klb�wlbo�khe_c��� 
 
50. BaCl2�ijZdlbq_kdb�iheghklvx�^bkkhpbbjh\Zg�\�\h^guo�jZkl\h-

jZo��Z�+J&O2�^bkkhpbbjh\Zg�\�djZcg_�fZehc�kl_i_gb��Q_f�fh`gh�

h[tykgblv�mdZaZggh_�jZaebqb_"� 
 



51. �DZd� <u� ^mfZ_l_�� m� dZdh]h� kh_^bg_gby� – SrF2� beb� 3E)2 -� l_f-
i_jZlmjZ�ieZ\e_gby�^he`gZ�[ulv�\ur_" 

 
52. ��DZdh_� kh_^bg_gb_� l_jfbq_kdb� [he__� mklhcqb\h� – MgCO3� beb�

ZnCO3"�&�dZdbo�ihabpbc�wlh�fh`gh�h[tykgblv"� 
 
53. DZd� b� ihq_fm� baf_gyxlky� dbkehlgh-hkgh\gu_� k\hckl\Z� \� jy^m�

]b^jhdkb^h\�we_f_glh\�R�i_jbh^Z" 
 
54. Qlh� fh`gh� kdZaZlv� h� kjZ\gbl_evghc� kbe_� dbkehl� +3AsO3� b�

H3AsO4?.  
 
55. >ey� we_f_glZ� \ZgZ^by� ba\_klgu� ]b^jhdkb^u�� hl\_qZxsb_� kl_-

i_gyf� hdbke_gby� ���� ��� b� ���� GZibrbl_� bo� nhjfmeu� b�

hoZjZdl_jbamcl_�dbkehlgh-hkgh\gu_�k\hckl\Z�� 
 
56. >ey�heh\Z�ba\_klgu�]b^jhdkb^u��hl\_qZxsb_�kl_i_gyf�hdbke_-

gby� ��� b� ���� Qlh� fh`gh� kdZaZlv� h[� bo� dbkehlgh-hkgh\guo�
k\hckl\Zo"� 

 
57. �DZdh\� oZjZdl_j� b� dZd� baf_gyxlky� k\hckl\Z� ]b^jhdkb^h\�� hl-

\_qZxsbo� kl_i_gyf� hdbke_gby�� Z�� oehjZ� ���� ���� ��� b� ���� [��

fZj]ZgpZ�������������������"� 
 
58. >ey�we_f_glZ�g_ilmgby�1S�ba\_klgu�kl_i_gb�hdbke_gby���������

���� ���� GZibrbl_� nhjfmeu� b� hoZjZdl_jbamcl_� dbkehlgh-
hkgh\gu_� k\hckl\Z� ]b^jhdkb^h\� g_ilmgby� \� wlbo� kl_i_gyo�

hdbke_gby�� 
 
59. <�q_f�hlebqb_�f_lZeebq_kdhc�k\yab�hl�dh\Ze_glghc�b�bhgghc"�<�

q_f� koh^kl\h� f_`^m� gbfb"� <� q_f� ki_pbnbdZ� f_lZeebq_kdhc�

k\yab"� 
 
60. IZj� gZljby� khklhbl� ba� fhe_dme� Na2�� DZdh\Z� a^_kv� ijbjh^Z�

obfbq_kdhc�k\yab" 
 
61. Ihq_fm� \� f_lZeebq_kdbo� djbklZeeZo� gZ[ex^Zxlky� [he__�

\ukhdb_�dhhj^bgZpbhggu_�qbkeZ��q_f�\�bhgguo�djbklZeeZo"� 
 
62. DjbklZeeu� khe_c� e_]dh� jZklj_kdb\Zxlky� ih^� ^_ckl\b_f�

^_nhjfbjmxs_c�kbeu��Z�f_lZeeu�ijb�wlhf�baf_gyxl�nhjfm��g_�

^Z\Zy�lj_sbg��H[tykgbl_�wlh�jZaebqb_� 
 



63. Fh`_l� eb� f_lZeebq_kdZy� k\yav� gZ[ex^Zlvky� \� `b^dhf� b�

]Zahh[jZaghf�Z]j_]Zlghf�khklhygbb" 
 
64. Ihq_fm�kms_kl\m_l�ihgylb_�©h[sb_�k\hckl\Z�f_lZeeh\ª��gh�g_l�

ihgylby�©h[sb_�k\hckl\Z�g_f_lZeeh\ª" 
 
65. F�<�Ehfhghkh\� � \� k_j_^bg_� XVIII � \�� hij_^_eye� f_lZee� dZd�

©k\_leh_� l_eh�� dhlhjh_� dh\Zlv� fh`ghª�� <� dZdhc� f_j_� wlh�

hij_^_e_gb_� kh]eZkm_lky� k� kh\j_f_ggufb� ij_^klZ\e_gbyfb� h�

f_lZeeZo�k�mq_lhf�ijbjh^u�f_lZeebq_kdhc�k\yab" 
 
66. DjbklZeebq_kdbc�p_abc� �HPD-j_r_ldZ���ieZ\blky�ijb�����

h
K��Z�

\hevnjZf� �kZfuc� lm]hieZ\dbc� f_lZee��� bf_xsbc� lZdmx� `_�

kljmdlmjm� –� hdheh� ����� hK�� Q_f� fh`gh� h[tykgblv� mdZaZggh_�
jZaebqb_" 

 
67. DZdhc�f_lZee�y\ey_lky�kZfuf�lm]hieZ\dbf�kj_^b��d-we_f_glh\"�

K�q_f�wlh�k\yaZgh" 
 
68. <� q_f� ijbgpbibZevgh_� jZaebqb_� f_`^m� f_lZeeZfb�� k� h^ghc�

klhjhgu�� b� ihemijh\h^gbdZfb� b� ^bwe_dljbdZfb� –� k� ^jm]hc�� k�
lhqdb�aj_gby�ahgghc�l_hjbb" 

 
69. DZdb_�k\hckl\Z�oZjZdl_jgu�^ey�\_s_kl\�k�dh\Ze_glghc��bhgghc�b�

f_lZeebq_kdhc� k\yavx"� DZd� wlb� k\hckl\Z� hij_^_eyxlky�

ijbjh^hc�k\yab" 
 
70. �>ey� dZ`^h]h� ba� ke_^mxsbo� l\_j^uo� \_s_kl\� m\y`bl_�

nbabq_kdb_� k\hckl\Z� k� lbihf� obfbq_kdhc� k\yab�� � � � Z�� oehjb^�

gZljby��[��ZefZa��\��e_^��]��f_^v� 
 
71. <�q_f�aZdexqZxlky�hkh[_gghklb�h[jZah\Zgby��\h^hjh^ghc�k\yab"� 
 
72. DZd� kdZau\Z_lky� gZebqb_� \h^hjh^ghc� k\yab� gZ� kljh_gbb� b�

k\hckl\Zo�\_s_kl\Z" 
 
73. DZdb_�nZdlu� mdZau\Zxl� gZ� lh�� qlh� \h^hjh^gZy� k\yav�g_�fh`_l�

[ulv� h[tykg_gZ� gZ� hkgh\_� hklZlhqguo� we_dljhklZlbq_kdbo�

\aZbfh^_ckl\bc�f_`^m�fhe_dmeZfb" 
 
74. �Fh]ml� eb� h^ghhkgh\gu_� dbkehlu� h[jZah\u\Zlv� dbkeu_� kheb"�

?keb��^Z���lh�dZdb_�b�ihq_fm"� 
 



75. DZdh_� \ebygb_� hdZau\Z_l� \h^hjh^gZy� k\yav� gZ� k\hckl\Z� NH3, 
H2O, HF"�Ihq_fm" 

 
76. Ihq_fm�e_^�ieZ\Z_l�\�`b^dhc�\h^_" 
 
77. �Q_f� h[tykgy_lky� ohjhrZy� jZkl\hjbfhklv� ZffbZdZ� b�

nlhjh\h^hjh^Z�\�\h^_"�DZd�h[tykgblv��qlh�\h^guc�jZkl\hj�NH3 
h[eZ^Z_l� hkgh\gufb� k\hckl\Zfb�� Z� \h^guc� jZkl\hj� HF – 
dbkehlgufb" 

 
78. DZdh\u�]eZ\gu_�\deZ^u�\�f_`fhe_dmeyjgh_�\aZbfh^_ckl\b_"�Hl�

dZdbo�nZdlhjh\�hgb�aZ\bkyl" 
 
79. Wg_j]by� bg^mdpbhggh]h� b� ^bki_jkbhggh]h� \aZbfh^_ckl\by� g_�

aZ\bkbl�hl�l_fi_jZlmju��DZd�h[tykgblv��qlh�b�ijb�ij_h[eZ^Zgbb�

wlbo� wnn_dlh\� ijb� ih\ur_gbb� l_fi_jZlmju� \aZbfh^_ckl\b_�

hkeZ[ey_lky"� 
 
80. �DZd� [m^ml� ijhy\eylvky� kbeu� we_dljhklZlbq_kdh]h�

\aZbfh^_ckl\by� b� f_`fhe_dmeyjgh]h� \aZbfh^_ckl\by� ijb 
h^bgZdh\hf� jZkklhygbb� f_`^m� \aZbfh^_ckl\mxsbfb�

h[t_dlZfb" 
 
81. DZdhc�]Za�om`_�\k_]h�jZkl\hjbf�\�\h^_�b�ihq_fm" 
 
82. <�jy^m�H2O – H2S – H2Se – H2Te�^bihevgu_�fhf_glu�fhe_dme�

fhghlhggh�mf_gvrZxlky��Z�¨Gbki��khhl\_lkl\_ggh�jZ\gu� ��������

���b����d>`�fhev��H[tykgbl_�^Zggu_�aZdhghf_jghklb� 
 
83. L_fi_jZlmju�dbi_gby�NF3, PF3, AsF3�khhl\_lkl\_ggh�jZ\gu������

���� b� ���� D�� H[tykgbl_� ^Zggmx� aZdhghf_jghklv� \� baf_g_gbb�

l_fi_jZlmj�dbi_gby� 
 
84. Bhgghklv� k\yab� \� jy^m� � fhe_dme� HF – HCl – HBr – HI 

aZdhghf_jgh� mf_gvrZ_lky� �� Z� l_fi_jZlmju� dbi_gby� jZ\gu�

khhl\_lkl\_ggh� ������ -85,6; -66,7; -35,6hK�� H[tykgbl_�

g_fhghlhgghklv�\�baf_g_gbb�l_fi_jZlmj�dbi_gby� 
 
85. >Zgu� l_fi_jZlmju� ieZ\e_gby� \� jy^m� ]Zeh]_gb^h\� gZljby� b�

]Zeh]_gb^h\�\h^hjh^Z� 
Kh_^bg_gb_���1D)��1D&O���1D%U����1D,       HF          HCl        HBr        

HI 



tie, 
0
K�   995    800 750 662        -83,2      -114,2     -87,2     -

50,8 
�������H[tykgbl_�gZ[ex^Z_fu_�aZdhghf_jghklb� 

 
86. DZd�b�ihq_fm�baf_gyxlky� l_fi_jZlmju�ieZ\e_gby�b�dbi_gby�\�

jy^m��SiF4 – SiCl4 – SiBr4 – SiI4 ? 
 
87. Ihq_fm� ijb� h[uqguo� mkeh\byo� nlhj� b� oehj� –� ]Zau�� [jhf� – 

`b^dhklv��Z�bh^�–�djbklZee"  
 
88. <�jy^m�+2H�– H2S – H2Se – H27H�^bihevguc�fhf_gl�khklZ\ey_l�

khhl\_lkl\_ggh� ������� ������ ������ �����⋅10-30
�De⋅f�� Z� kdjulu_� l_-

iehlu� bkiZj_gby� �dhebq_kl\h� l_iehlu�� g_h[oh^bfh_� ^ey�

i_j_\h^Z���fhev�`b^dhklb�\�iZj��khklZ\eyxl������������������������

d>`�fhev��Ihq_fm� ijb�fhghlhgghf� baf_g_gbb�µ� g_fhghlhggh�
baf_gy_lky l_iehlZ� bkiZj_gby"� H[tykgbl_� gZ[ex^Z_fuc� oh^�
baf_g_gby� 

 
89. �DZdhc�ba�^\mo�]Zah\�–�dbkehjh^�beb�Zahl�–�emqr_�jZkl\hjbf�\�

\h^_�ijb�h^bgZdh\uo�mkeh\byo�b�ihq_fm" 
 
90. Gb`_�ijb\_^_gu�l_fi_jZlmju�dbi_gby�[eZ]hjh^guo�]Zah\��\�D�� 

                      He      Ne       Ar       Kr       Xe       Rn 
                                             4,2    27,1     87,3   120,9   166,0   211,4 
�����Q_f� h[tykgy_lky� ih\ur_gb_� Ldbi� k� \hajZklZgb_f� ihjy^dh\h]h�

ghf_jZ�[eZ]hjh^gh]h�]ZaZ" 
 
91. Ihq_fm�i_j\u_�ij_^klZ\bl_eb�]hfheh]bq_kdh]h�jy^Z�ij_^_evguo�

m]e_\h^hjh^h\�–�]Zau��Z�m`_�i_j\uc�ij_^klZ\bl_ev�h^ghZlhfguo�
kibjlh\�–�`b^dhklv" 

 
92. QZklh� ]h\hjyl�� qlh� k� m\_ebq_gb_f� fhe_dmeyjghc� fZkku�

l_fi_jZlmju� ieZ\e_gby� b� dbi_gby� \� jy^Zo� ]hfheh]h\� beb�

fhe_dmeyjguo� kh_^bg_gbc-ZgZeh]h\� aZdhghf_jgh� ih\urZxlky��

Q_f� h[mkeh\e_g� wlhl� wnn_dl"� Ijb� q_f� a^_kv� fhe_dmeyjgZy�

fZkkZ" 
 

���We_f_glu�obfbq_kdhc�l_jfh^bgZfbdb 
 

1. Q_f�jZaebqZxlky�l_jfh^bgZfbq_kdbc�b�dbg_lbq_kdbc�ih^oh^u�

d�bamq_gbx�obfbq_kdbo�ijhp_kkh\" 
 



2. Kms_kl\m_l� ^\Z� gZmqgh-eh]bq_kdbo� � f_lh^Z�� � ^_^mdlb\guc - 
dh]^Z� h[sb_� � aZdhghf_jghklb� kihkh[kl\mxl� j_r_gbx�qZklguo�

ijh[e_f�� b� bg^mdlb\guc -� dh]^Z� gZ� hkgh\Zgbb� � h[h[s_gby��

j_amevlZlh\� � j_r_gby� qZklguo� aZ^Zq� nhjfbjmxlky� h[sb_�

aZdhgu� beb� aZdhghf_jghklb�� DZd� <u� ^mfZ_l_� -� dZdhc� ba� wlbo�
f_lh^h\�� \� hkgh\ghf�� bkihevam_l� l_jfh^bgZfbdZ� dZd� gZmqgZy�

^bkpbiebgZ" 
 
3. �Qlh�lZdh_�l_jfh^bgZfbq_kdZy�kbkl_fZ"�DZd�deZkkbnbpbjmxlky�

l_jfh^bgZfbq_kdb_� kbkl_fu� ih� oZjZdl_jm� fZkkh-� b�

wg_j]hh[f_gZ� k� hdjm`Zxs_c� kj_^hc� �ijbf_ju�"� DZdh_�

khq_lZgb_� wlbo� oZjZdl_jbklbd� bkdexqZ_lky� ba� jZkkfhlj_gby� b�

ihq_fm"� GZ� hkgh\Zgbb� ihke_^g_]h� hl\_lZ� ^Zcl_� ^hklZlhqgu_ 
hij_^_e_gby��kbkl_f�\�\hafh`guo�kemqZyo� 

 
4. Fh`gh�eb�bamqZlv�bahebjh\Zggmx�kbkl_fm�wdki_jbf_glZevgh�b�

ihq_fm" 
 
5. DZd� hibku\Z_lky� \� l_jfh^bgZfbd_� khklhygb_� kbkl_fu"� Qlh�

lZdh_�iZjZf_lju�b�nmgdpbb�khklhygby"�DZdbf�fZl_fZlbq_kdbf�

lj_[h\Zgbyf�^he`gu�m^h\e_l\hjylv�nmgdpbb�khklhygby"  
 
6. DZdb_� ba� i_j_qbke_gguo� gb`_� oZjZdl_jbklbd�

l_jfh^bgZfbq_kdbo� kbkl_f� y\eyxlky� nmgdpbyfb� khklhygby�� Z�

dZdb_�–�g_l� S, H, VM , A, F, G, Q .  
 
7. Kbkl_fZ� khklhbl� ba� lj_o� \_s_kl\�� A, B� b� C�� Ba\_klgh�� qlh�

agZq_gby� � l_fi_jZlmju� �A�b�B��Z� lZd`_�B�b�C�h^bgZdh\u��Qlh�
fh`gh�kdZaZlv�\�wlhf�kemqZ_�h�l_fi_jZlmjZo��\_s_kl\��A�b�C? 

 
8. DZdb_� <Zf� ba\_klgu� nhjfmebjh\db� i_j\h]h� gZqZeZ�

l_jfh^bgZfbdb"� � >ey� dZdbo� kbkl_f� wlhl� aZdhg� kljh]h�

kh[ex^Z_lky"�Ihq_fm�hg�g_�kh[ex^Z_lky�^ey�^jm]bo�kbkl_f" 
 
 
9. Fh`gh�eb�lhqgh�hij_^_eblv�\gmlj_ggxx�wg_j]bx�kbkl_fu"� 
 
10. DZd� gZau\Zxlky� kbkl_fu�� ^ey� dhlhjuo� kmlv� i_j\h]h� gZqZeZ�

l_jfh^bgZfbdb�fh`gh� \ujZablv� ke_^mxsbfb� khhlghr_gbyfb�������

Z��∆U = Q����[��∆U = − A����\��∆U = 0���]��∆U = Q − A����^��∆U ≠ 0. 
 
11. Q_f� jZaebqZxlky� ihegZy� b� \gmlj_ggyy� wg_j]bb� kbkl_fu"� Q_f�

jZaebqZxlky� \gmlj_ggyy� wg_j]by� b� wglZeviby"� � >ey� dZdbo�



ijhp_kkh\� fh`gh� kqblZlv� baf_g_gb_� wglZevibb� ijbf_jgh�

jZ\guf�baf_g_gbx�\gmlj_gg_c�wg_j]bb" 
 
12. Obfbq_kdbc�ijhp_kk��ijhl_dZxsbc�ijb�ihklhygghf� ^Z\e_gbb��

khijh\h`^Z_lky� baf_g_gb_f� h[t_fZ� ]Zahh[jZaguo� \_s_kl\��

ijbq_f�� Z�� h[t_f� bkoh^guo� \_s_kl\� ij_\urZ_l� h[t_f�

ijh^mdlh\�� � [�� h[t_f� ijh^mdlh\� ij_\urZ_l� h[t_f� bkoh^guo�

\_s_kl\�� MdZ`bl_�� \� dZdhf� kemqZ_� kh\_jr_ggZy� f_oZgbq_kdZy�

jZ[hlZ�[m^_l�iheh`bl_evghc��Z�\�dZdhf�–�hljbpZl_evghc�� 
 
13. AZ\bkbl�eb�l_ieh\hc�wnn_dl�obfbq_kdhc�j_Zdpbb�hl�mkeh\bc�__�

ijh\_^_gby"� 
 
14. DZdZy� � ba� � ^\mo� � nmgdpbc� � khklhygby� - ∆U beb� � ∆H -� [he__��

ijbf_gbfZ�^ey��bamq_gby�obfbq_kdbo�j_Zdpbc�b�ihq_fm"��>Zcl_�

h[hkgh\Zgguc�hl\_l��ijb\_^bl_�ijbf_ju� 
15. >ey� j_Zdpbb� � �H��]�  +  Br��]�  =  2 HBr�]�  baf_j_gu� \_ebqbgu��

l_ieh\h]h� wnn_dlZ�ijb�ihklhygghf�h[t_f_� �QV)  b�ihklhygghf�

^Z\e_gbb� �QP).� H^bgZdh\ufb� beb� jZagufb� [m^ml� \_ebqbgu�
l_ieh\uo� wnn_dlh\"� Baf_g_gbx� dZdbo� l_jfh^bgZfbq_kdbo�

nmgdpbc��hl\_qZxl�l_ieh\u_�wnn_dlu�QV��b�QP ?  
 
16. DZdh\�nbabq_kdbc�kfuke�mgb\_jkZevghc�]Zah\hc�ihklhygghc�R?  
 
17. DZd� <u� ^mfZ_l_�� ihq_fm� aZdhg� EZ\mZav_� –� EZieZkZ� bf__l�

kZfhklhyl_evgh_�gZa\Zgb_��ohly�\�^_ckl\bl_evghklb�hg�y\ey_lky�

ijyfuf�ke_^kl\b_f�aZdhgZ�khojZg_gby�wg_j]bb" 
 
18. Ijb�dZdbo�ki_pbZevguo�mkeh\byo�kijZ\_^eb\�aZdhg�=_kkZ"�DZd�

<u�^mfZ_l_��ihq_fm�=_kk��\hh[s_�g_�agZy��qlh�gZ^h�h]h\Zjb\Zlv�

b�kh[ex^Zlv�wlb�mkeh\by��l_f�g_�f_g__��ijZ\bevgh�hldjue�wlhl�

aZdhg"� 
 
19. DZd�<u�hl\_lbl_�gZ�\hijhk�–�ihq_fm�\hh[s_�kijZ\_^eb\�aZdhg�

=_kkZ"�Qlh� hg�� \� kmsghklb�� ml\_j`^Z_l�� k� mq_lhf� hij_^_e_gbc�

^ey�QP�b�QV?  
 
20. Qlh�lZdh_�l_jfhobfbq_kdh_�mjZ\g_gb_" 
 
21. Ihq_fm� jZaebqZxlky� agZdb� l_ieh\uo� wnn_dlh\� \�

l_jfh^bgZfbq_kdhc�b�l_jfhobfbq_kdhc��kbkl_f_�agZdh\" 
 



22. �DZd� fh`gh� jZaebqblv� \� aZibkb� l_jfhobfbq_kdmx� b�

l_jfh^bgZfbq_kdmx�rdZeu�l_ieh\uo�wnn_dlh\�j_Zdpbc" 
 
23. �DZdb_�ba�nZah\uo�i_j_oh^h\�[m^ml�wdahl_jfbq_kdbfb��Z�dZdb_�– 

wg^hl_jfbq_kdbfb������Hg(̀ ��→ Hg�]����Na�l��→ Na�`�����Br2�]��→ 
Br2�`���������S�jhf[��→ S�]�" 

 
24. �>Zcl_� hij_^_e_gb_� klZg^Zjlghc� wglZevibb� h[jZah\Zgby�

kh_^bg_gby�� klZg^Zjlgh]h� khklhygby�� klZg^Zjlguo� mkeh\bc��

Ihq_fm� klZg^Zjlgu_� wglZevibb� h[jZah\Zgby� ijhkluo� \_s_kl\�

ijbgbfZxlky�jZ\gufb������gmex"� 
 
25. Imklv� 0

298,fH∆ (NH4NO��d�) = -�����d>`�fhev��AZibrbl_�mjZ\g_gb_�

j_Zdpbb��^ey�dhlhjhc�wlZ�\_ebqbgZ�y\ey_lky�l_ieh\uf�wnn_dlhf�  
 
26. KlZg^Zjlgu_� wglZevibb� h[jZah\Zgby� Ca(OH)2, KClO3 , HCN  

jZ\gu� khhl\_lkl\_ggh� –986, -���� b� ���� d>`�fhev�� Qlh� wlh�
hagZqZ_l�\�dZ`^hf�kemqZ_" 

 
27. �<� khkm^_�� �jZa^_e_gghf� � \_jlbdZevghc� �i_j_]hjh^dhc��\�e_\hc�

qZklb�gZoh^blky�]Za�:��k�wgljhib_c�S:,�\�ijZ\hc�qZklb�-�]Za�<��k��
wgljhib_c�S< �ijb��mkeh\bb��ihklhygkl\Z�l_fi_jZlmju�T = const�b�
jZ\_gkl\Z� dhebq_kl\Z� ]Zah\ νA = νA =  const�� Ihke_� m^Ze_gby�
i_j_]hjh^db�]Zau�jZ\ghf_jgh�kf_rZebkv��MdZ`bl_���q_fm�jZ\gZ�

wgljhiby�kf_kb�]Zah\������Z��S  > SA + S< ���[��S  = SA ���\��  S  = S< ;     
]�� S  < SA + S< �����^��S  = SA + S<. ����>Zcl_�h[hkgh\Zgguc�hl\_l�� 

 
28. <� khkm^_�� jZa^_e_gghf� \_jlbdZevghc� i_j_]hjh^dhc�� \� h[_bo�

qZklyo� gZoh^ylky� h^bgZdh\u_� dhebq_kl\Z� ]ZaZ�:� � k� wgljhib_c�

dZ`^hc�qZklb�]ZaZ�S:�ijb�mkeh\bb�ihklhygkl\Z�l_fi_jZlmju��T = 
const�� Ihke_� m^Ze_gby� i_j_]hjh^db� ]Za� jZ\ghf_jgh� kf_rZeky��

MdZ`bl_��q_fm�jZ\gZ�wgljhiby�\k_]h�h[t_fZ�]ZaZ�S���Z��S  = 2SA;  
[��S  = SA �� �\��S  > S: �� �]��  S  > 2SA �� � � � � � � �^�� �S  < 2SA .� � � �>Zcl_�
h[hkgh\Zgguc�hl\_l�� 

 
29. DZdb_� j_Zdpbb� gZau\Zxlky� kZfhijhba\hevgh� ijhl_dZxsbfb� b�

qlh�kihkh[kl\m_l�bo�kZfhijhba\hevghfm�ijhl_dZgbx" 
 
30. Knhjfmebjmcl_� djbl_jbc� kZfhijhba\hevgh� ijhl_dZxs_]h�

ijhp_kkZ�\�bahebjh\Zgghc�kbkl_f_� 
 



31. �DZdhc� ba� ^\mo� ijhp_kkh\� –� ieZ\e_gby� b� djbklZeebaZpbb� – 
y\ey_lky� kZfhijhba\hevguf"� H[Z"� Gb� h^bg� ba� gbo"� >Zcl_�

h[tykg_gb_�� 
 
32. K� h^ghc� klhjhgu�� klj_fe_gb_� kbkl_fu� d� ihjy^dm�

l_jfh^bgZfbq_kdb� \u]h^gh�� k� ^jm]hc� klhjhgu� –� klj_fe_gb_� d�
[_kihjy^dm� l_jfh^bgZfbq_kdb� [he__� \_jhylgh�� DZd� \�

l_jfh^bgZfbd_� gZoh^blky� dhfijhfbkk� f_`^m� wlbfb�

ijhlb\hiheh`gufb�lj_[h\Zgbyfb"� 
 
33. IjhZgZebabjmcl_� mjZ\g_gb_� ∆G = ∆H - T ∆S � b� mdZ`bl_�� dZd�

aZ\bkbl�∆G�hl��l_fi_jZlmju��_keb���Z� ∆S < 0 ����[� ∆S > 0����\��∆S = 
0.  

 
34. >ey�dZdbo�kbkl_f�baf_g_gb_�k\h[h^ghc�wg_j]bb�=b[[kZ�y\ey_lky�

djbl_jb_f�kZfhijhba\hevgh]h�ijhl_dZgby�j_Zdpbb"�DZdh\�wlhl�

djbl_jbc� \� bahebjh\Zgghc� kbkl_f_� b� \� aZdjulhc� kbkl_f_� ijb�

0=∆S ?  
 
35. Q_f�jZaebqZxlky�k\h[h^gu_�wg_j]bb�=b[[kZ�b�=_evf]hevpZ"�>ey�

dZdbo�kbkl_f�b�ijhp_kkh\�wlbfb�jZaebqbyfb�fh`gh�ij_g_[j_qv" 
 
36.  Ihq_fm�baf_g_gb_�k\h[h^ghc�wg_j]bb�b�wgljhibb�\�j_amevlZl_�

j_Zdpbb�fh`gh�jZkkqblZlv�lZd�`_��dZd�b�baf_g_gb_�wglZevibb"�

GZ�q_f�hkgh\Zg�lZdhc�jZkq_l" 
 
37. Ihq_fm�\�kijZ\hqgbdZo�ijb�l_jfh^bgZfbq_kdhc�oZjZdl_jbklbd_�

kh_^bg_gbc� ijb\h^ylky� baf_g_gby� wglZevibb� b� k\h[h^ghc�

wg_j]bb� h[jZah\Zgby� ),( GH ∆∆ �� gh� Z[khexlgu_� agZq_gby�

wgljhibb" 
 
38. DZd� k� lhqdb� aj_gby� l_jfh^bgZfbdb� h[tykgblv� ijhl_dZgb_�

j_Zdpbc�� 
Z��Fe�l� + ½ O��]�= FeO�l� , (∆S������[��NH4NO��l�=N��]�+2H2O�]�, (∆G>0)? 
 
39. <�q_f�khklhbl�©hrb[dZª�;_jleh"�>ey�dZdbo�ijhp_kkh\�©ijbgpbi�

;_jlehª�\k_�`_�bf__l�f_klh" 
 
40. �Dh]^Z�\hafh`gh�ijhl_dZgb_�wg^hl_jfbq_kdbo�j_Zdpbc" 
 
41. <hafh`gh� eb� ijhl_dZgb_� wg^hl_jfbq_kdhc� j_Zdpbb��

khijh\h`^Zxs_cky� mf_gvr_gb_f� wgljhibb�� b� ijb� dZdbo�

mkeh\byo"� 



 
42. DZdb_� ba� agZq_gbc� baf_g_gby� nmgdpbc� khklhygby� y\eyxlky�

djbl_jbyfb� khklhygby� jZ\gh\_kby� \� aZdjulhc� kbkl_f_� b� \�

bahebjh\Zgghc� kbkl_f_� �P,T=const��� � � Z�� ;0=∆H � [� ;0=∆S � � \��

;0<∆G �����]�� ;0=∆G �^� 0>∆S ? 
 
43. >Zcl_� l_jfh^bgZfbq_kdbc� djbl_jbc� aZ\_^hfh� g_h[jZlbfhc�

j_Zdpbb� b� aZ\_^hfh� l_jfh^bgZfbq_kdb� g_\hafh`ghc� j_Zdpbb�

ijb�ex[uo�mkeh\byo� 
44. Fh`gh� eb� hkms_kl\blv� l_jfh^bgZfbq_kdb� g_\hafh`gmx� \�

^Zgguo�mkeh\byo�j_Zdpbx�b�g_�hkms_kl\blv�l_jfh^bgZfbq_kdb�

\hafh`gmx" 
 
 

5. Obfbq_kdZy�dbg_lbdZ��Obfbq_kdh_�jZ\gh\_kb_ 
 

1. Qlh�bamqZ_l�obfbq_kdZy�dbg_lbdZ"�DZdb_�^\_�]eZ\gu_�qZklb�hgZ�
\dexqZ_l" 

 
2. DZdb_�<u�agZ_l_�\ZjbZglu�deZkkbnbdZpbb�obfbq_kdbo�j_Zdpbc�k�

dbg_lbq_kdhc�lhqdb�aj_gby" 
 
3. Q_f� ijbgpbibZevgh� jZaebqZxlky� ]hfh]_ggu_� b� ]_l_jh]_ggu_�

j_Zdpbb" 
 
4. Qlh�lZdh_�kdhjhklv�obfbq_kdhc�j_Zdpbb"�DZdh\Z�__�jZaf_jghklv" 
 
5. <� dZdbo� kemqZyo� bklbggZy� kdhjhklv� \� ^Zgguc�fhf_gl� \j_f_gb�

kh\iZ^Z_l�kh�kj_^g_c�kdhjhklvx�aZ�ijhf_`mlhd�\j_f_gb" 
 
6. Qlh�hagZqZ_l� agZd� ©fbgmkª�\�hij_^_e_gbb�kdhjhklb� dtdCv /−= ? 

Fh`_l�eb�kdhjhklv�obfbq_kdhc�j_Zdpbb�[ulv�hljbpZl_evghc" 
 
7. Hl� dZdbo� nZdlhjh\� aZ\bkbl� kdhjhklv� obfbq_kdhc� j_Zdpbb�� Z��

]hfh]_gghc���[��]_l_jh]_gghc"�MdZ`bl_��ih�djZcg_c�f_j_��iylv 
nZdlhjh\��dhlhju_�hdZau\Zxl�\ebygb_�gZ��kdhjhklv�obfbq_kdhc�

j_Zdpbb� 
 
8. <�q_f�kfuke�aZdhgZ�^_ckl\by�fZkk"� 
 
9. DZdh\�nbabq_kdbc�kfuke�dhgklZglu�kdhjhklb�j_Zdpbb" 
 



10. DZdb_�nZdlhju�\ebyxl�gZ�\_ebqbgm�dhgklZglu�kdhjhklb" 
 
11. Qlh� lZdh_� ihjy^hd� b� fhe_dmeyjghklv� j_Zdpbb"� DZdh_� ba� wlbo�

ihgylbc� � hlghkblky� d� nhjfZevghc� dbg_lbd_�� Z� dZdh_�

oZjZdl_jbam_l�f_oZgbaf�ijhl_dZgby�j_Zdpbb"� 
 
12. DZdb_� agZq_gby� fh]ml� ijbgbfZlv� ihjy^hd� b� fhe_dmeyjghklv�

j_Zdpbc"�Ijb\_^bl_�ijbf_ju� 
 
13. <�dZdbo�kemqZyo�ihjy^hd�b�fhe_dmeyjghklv�j_Zdpbc�kh\iZ^Zxl" 
 
14. DZd� aZ\bkbl� dhgp_gljZpby� hl� \j_f_gb� ^ey� j_Zdpbc� gme_\h]h�

ihjy^dZ"� Bah[jZabl_� ]jZnbd� baf_g_gby� dhgp_gljZpbb� hl�

\j_f_gb�� Z�� bkoh^gh]h� \_s_kl\Z�� � [�� ijh^mdlZ� j_Zdpbb�� � _keb��

ihjy^hd�j_Zdpbb�ih�^Zgghfm�\_s_kl\m�jZ\_g�gmex� 
 
15. DZd�gZ�ijZdlbd_�bamqZxl�dbg_lbdm�obfbq_kdbo�j_Zdpbc" 
 
16. Kj_^b� wdki_jbf_glZevguo� f_lh^h\� hij_^_e_gby� ihjy^dZ�

j_Zdpbb� ih� � h^ghfm� � ba� j_Z]bjmxsbo� \_s_kl\� fh`gh� gZa\Zlv�

ke_^mxsbc�� Ih� ihemq_gguf� ba� hiulZ� ^Zgguf� kljhblky�

aZ\bkbfhklv� kdhjhklb� j_Zdpbb� hl� dhgp_gljZpbb� ^Zggh]h�

\_s_kl\Z��\aylhc�\�jZaebqguo�p_ehqbke_gguo�kl_i_gyo���DZd��gZ�

<Zr� \a]ey^�� �^he`gZ� \u]ey^_lv� ]jZnbq_kdZy� aZ\bkbfhklv� v = f 
(CA 

n)� \� lhf� kemqZ_�� dh]^Z� � ihdZaZl_ev� kl_i_gb� kh\iZ^_l� k�
\_ebqbghc�ihjy^dZ�j_Zdpbb" 

 
17. Qlh� lZdh_� keh`gu_� j_Zdpbb"� Qlh� lZdh_� iZjZee_evgu_��

ihke_^h\Zl_evgu_�b�khijy`_ggu_�obfbq_kdb_�j_Zdpbb" 
 
18. DZd� hij_^_ey_lky� kdhjhklv� gZdhie_gby� ijhf_`mlhqgh]h�

\_s_kl\Z��\�kbkl_f_�ihke_^h\Zl_evguo�j_Zdpbc" 
 
19. Qlh� lZdh_� ebfblbjmxsZy� klZ^by� ijhp_kkZ"� <� dZdbo� kemqZyo�

ijZ\hf_jgh�bkihevah\Zgb_�wlh]h�ihgylby" 
 
20. Q_f� fh`gh� h[tykgblv� ba\_klgh_� ijZ\beh� <Zgl-=hnnZ� h�

l_fi_jZlmjghf� dhwnnbpb_gl_� kdhjhklb� obfbq_kdhc� j_Zdpbb"�

Qlh� lZdh_� wg_j]by� Zdlb\Zpbb"�Ihq_fm� g_� ex[h_� klhedgh\_gb_�

qZklbp�wnn_dlb\gh"�Fh`_l_�eb�<u�ijb\_klb�ijbf_ju�j_Zdpbc��

ijhl_dZxsbo�ijZdlbq_kdb�ih�[_aZdlb\Zpbhgghfm�f_oZgbafm"� 
 



21. KijZ\_^eb\h� eb� ml\_j`^_gb_�� q_f� [hevr_� wg_j]by� Zdlb\Zpbb��

l_f� f_gvr_� kdhjhklv� obfbq_kdhc� j_Zdpbb�� q_f� gb`_� wg_j]by�

Zdlb\Zpbb��l_f�kdhjhklv�obfbq_kdhc�j_Zdpbb�\ur_"� 
 
22. DZd� gZ^h� ihklZ\blv� dbg_lbq_kdbc� wdki_jbf_gl�� qlh[u�

hij_^_eblv�wg_j]bx�Zdlb\Zpbb�j_Zdpbb" 
 
23. ?keb� ^ey� ^\mo� j_Zdpbc�� � Z�� h^bgZdh\u� dhgp_gljZpbb�

j_Z]bjmxsbo� \_s_kl\� b� l_fi_jZlmjZ�� lh� q_f� � hij_^_ey_lky��

jZaebqb_� \� kdhjhklyo� j_Zdpbc�� � [�� h^bgZdh\u� dhgklZglu�

kdhjhklb�� lh� ijb� dZdbo� mkeh\byo� [m^ml� h^bgZdh\ufb� bo��

kdhjhklb" 
 
24. Fh]ml�eb�^\_�j_Zdpbb�ijhl_dZlv�k�jZaghc�kdhjhklvx�ijb�h^ghc�

l_fi_jZlmj_�� _keb� hgb� oZjZdl_jbamxlky� h^bgZdh\ufb�

agZq_gbyfb�?Z"�Hl\_l�ih^l\_j^bl_�]jZnbdZfb��dZdbfb"�� 
 
25. >Zcl_� hij_^_e_gb_� h[jZlbfhc� j_Zdpbb�� DZd� ^hklb]Z_lky�

obfbq_kdh_� jZ\gh\_kb_"� DZdb_� kms_kl\mxl� ih^oh^u� d�

hij_^_e_gbx�wlh]h�khklhygby�kbkl_fu"� 
 
26. H^bgZdh\u� � beb� � jZaebqgu� agZq_gby� dhgklZgl� kdhjhkl_c� ^ey�

ijyfhc�b�h[jZlghc�j_Zdpbb"��Hl\_l�ihykgbl_�gZ�ijbf_jZo� 
 
27. �DZd� baf_gyxlky� � kdhjhklb� � ijyfhc� b� h[jZlghc� j_Zdpbb� \h�

\j_f_gb�hl�gZqZeZ�j_Zdpbb"�Q_f�h[mkeh\e_gZ�wlZ�aZ\bkbfhklv" 
 
28. Ih� dZdbf� wdki_jbf_glZevguf� ^Zgguf� fh`gh� km^blv� h�

gZklmie_gbb�obfbq_kdh]h�jZ\gh\_kby" 
 
29. Qlh� lZdh_� dhgklZglZ� jZ\gh\_kby"� DZd� <u� ^mfZ_l_�� ihq_fm�

dhgklZglZ�jZ\gh\_kby�g_�aZ\bkbl�hl�dhgp_gljZpbc�j_Z]_glh\"� 
 
30. Ijb�dZdhf�khhlghr_gbb�dhgklZgl�ijyfhc�b�h[jZlghc�j_Zdpbb�\�

kbkl_f_�� � �A + B  ↔  C + D� jZ\gh\_kgu_� dhgp_gljZpbb� \k_o�
j_Z]bjmxsbo�\_s_kl\�[m^ml�h^bgZdh\ufb" 

 
31. <� q_f� koh^kl\h� b� \� q_f� jZaebqb_� f_`^m� khhlghr_gbyfb��

hij_^_eyxsbfb� l_fi_jZlmjgmx� aZ\bkbfhklv� dhgklZglu�

kdhjhklb�b�dhgklZglu�jZ\gh\_kby" 
 
32. JZ\gh\_kgZy�kbkl_fZ�k�^Zgguf�agZq_gb_f�dhgklZglu�jZ\gh\_kby�

DK� �i_j_oh^bl�\�^jm]h_�khklhygb_�jZ\gh\_kby�kh�agZq_gb_f�DK

’ . 



DZdhc� l_jfh^bgZfbq_kdbc� iZjZf_lj� khklhygby� kbkl_fu� ^ey�

wlh]h�baf_gyxl" 
 
33. Ba\_klgu�agZq_gby�dhgklZglu�jZ\gh\_kby�j_Zdpbb   

H2(]�+ Cl��]�=2HCl�]� 
^ey�lj_o�l_fi_jZlmj� Kc = 3,2 ×1016 (300 K); Kc = 2,5 ×108 (600 K);   
Dc = 5,5 ×105 (900 K���Bkoh^y�ba�wlbo�^Zgguo��hij_^_ebl_�agZd�∆G 
j_Zdpbb�^ey�bgl_j\ZeZ�l_fi_jZlmj�����-�����D� 

 
34. GZ� hkgh\Zgbb� wg_j]_lbq_kdhc� ^bZ]jZffu� j_Zdpbb� hl\_lvl_� gZ�

ke_^mxsb_� \hijhku�� ��� \� q_f� aZdexqZ_lky� jZaebqb_� f_`^m�

l_jfh^bgZfbq_kdbf� b� dbg_lbq_kdbf� ih^oh^Zfb� d� hibkZgbx�

obfbq_kdbo� j_Zdpbc�� ��� ihq_fm� g_� \k_� l_jfh^bgZfbq_kdb�

\hafh`gu_�j_Zdpbb�hkms_kl\eyxlky�\�^_ckl\bl_evghklb�����dZd�

k�wlbo�ihabpbc�ijhbeexkljbjh\Zlv�aZdhg�=_kkZ�����\�q_f�k�wlhc�

lhqdb�aj_gby�kfuke�^_ckl\by�dZlZebaZlhjh\�b�bg]b[blhjh\"� 
 
35. DZd� \eby_l� dZlZebaZlhj� gZ� l_ieh\hc� wnn_dl� obfbq_kdhc�

j_Zdpbb"� Hl\_l� ihykgblv� ijb� ihfhsb� wg_j]_lbq_kdhc�

^bZ]jZffu� 
 
36. DZlZeba� –� wlh� ihgylb_� l_jfh^bgZfbq_kdh_� beb� dbg_lbq_kdh_"�

Hl\_l�Zj]mf_glbjh\Zlv�� 
 
37. MdZ`bl_� koh^kl\Z� b� jZaebqby� \� ijhl_dZgbb� ]hfh]_gguo� b�

]_l_jh]_gguo�dZlZeblbq_kdbo�j_Zdpbc� 
 
38. DZd� k� ihabpbc� wg_j]_lbq_kdhc� ^bZ]jZffu� h[tykgblv�� qlh� \�

kemqZ_� ]_l_jh]_ggh]h� dZlZebaZ� kgb`Z_lky� wg_j]by� Zdlb\Zpbb� b�

ijyfhc��b�h[jZlghc�j_Zdpbb"� 
 
39. Fh`gh� eb� k� bkihevah\Zgb_f� dZlZebaZlhjZ� ih\ukblv� \uoh^�

p_e_\h]h� ijh^mdlZ"� ?keb� g_l� –� lh� aZq_f� \hh[s_� gm`_g�

dZlZebaZlhj" 
 
40. DZdh\h�h]jZgbq_gb_�ijbf_gbfhklb�ijbgpbiZ�E_�RZl_ev_" 
 
41. H[tykgbl_�� bkihevamy� ba\_klgu_� <Zf� khhlghr_gby�� ihq_fm�� \�

khhl\_lkl\bb� k� ijbgpbihf� E_� RZl_ev_�� � ih\ur_gb_�

l_fi_jZlmju� kf_sZ_l� jZ\gh\_kb_� \� klhjhgm� wg^hl_jfbq_kdhc�

j_Zdpbb��Z��ihgb`_gb_�–�\�klhjhgm�wdahl_jfbq_kdhc� 
 



42. G_l� eb� \gmlj_gg_]h� ijhlb\hj_qby� \� ml\_j`^_gbb�� ©baf_g_gb_�
dhgp_gljZpbc�j_Z]_glh\�kf_sZ_l�iheh`_gb_�jZ\gh\_kby�ihlhfm��

qlh�dhgklZglZ�jZ\gh\_kby�hl�dhgp_gljZpbc�g_�aZ\bkblª" 
 
43. DZdb_�kms_kl\mxl�kihkh[u�k^\b]Z�jZ\gh\_kby��gZijbf_j��\ijZ\h�

aZ�kq_l�\ebygby�dhgp_gljZpbc�j_Z]_glh\"�Ijb\_^bl_�ijbf_ju� 
 
44. Fh`_l�eb�j_Zebah\Zlvky�kemqZc��dh]^Z�khklhygb_�jZ\gh\_kby�g_�

aZ\bkbl��Z��hl�l_fi_jZlmju��[��hl�^Z\e_gby��\��hl�dhgp_gljZpbc�

j_Z]_glh\" 
 
45. >Zgu� ^\_� j_Zdpbb�� ijhl_dZxsb_� ijb� l_fi_jZlmj_� ����

h
K��

N2+3H2↔2NH3�� �G2�H2→�G2H�]��� DZd� fh`gh� hp_gblv� \ebygb_�

^Z\e_gby�gZ�wlb�ijhp_kku" 
 
46. <eby_l� eb� ^Z\e_gb_� gZ� jZ\gh\_kb_� ijb� ihemq_gbb� ©\h^ygh]h�

]_g_jZlhjgh]h�]ZaZª�ijb�����
h
K����K�l\��G2H�]�↔KH�G2 ? 
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