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<\_^_gb_. H[sZy oZjZdl_jbklbdZobfbq_kdbo we_f_glh\
§ 1� OZjZdl_jbklbdZ obfbq_kdh]h we_f_glZ gZ hkgh\Zgbb_]h iheh`_gby \ i_jbh^bq_kdhc kbkl_f_ >�B� F_g^_e__\Z<hijhk ��:� OZjZdl_jbklbdZ nhknhjZ��� Nhknhj ² we_f_gl iylhc ]jmiiu b lj_lv_]h i_jbh^Z� = = 15,

Ar�J� = 31.Khhl\_lkl\_ggh� Zlhf nhknhjZ kh^_j`bl \ y^j_ �� ijhlhgh\� ��g_cljhgh\ b �� we_dljhgh\� Kljh_gb_ _]h we_dljhgghc h[hehqdbfh`gh hljZablv k ihfhsvx ke_^mxs_c ko_fu�
+15J ��� ��� ���:lhfu nhknhjZ ijhy\eyxl dZd hdbkebl_evgu_ k\hckl\Z�ijbgbfZxl g_^hklZxsb_ ^ey aZ\_jr_gby \g_rg_]h mjh\gy ljbwe_dljhgZ � ihemqZy ijb wlhf kl_i_gv hdbke_gby �� gZijbf_j � \kh_^bg_gbyo k f_g__ we_dljhhljbpZl_evgufb we_f_glZfb  —f_lZeeZfb � \h^hjh^hf b l�i�� lZd b \hkklZgh\bl_evgu_ k\hckl\Z�hl^Zxl � beb � we_dljhgh\ [he__ we_dljhhljbpZl_evguf we_f_glZf  —dbkehjh^m� ]Zeh]_gZf b l�i�� ijbh[j_lZy ijb wlhf kl_i_gb hdbke_gby ��b ����Nhknhj f_g__ kbevguc hdbkebl_ev� q_f Zahl� gh [he__ kbevguc� q_ffurvyd� qlh k\yaZgh k jhklhf jZ^bmkh\ Zlhfh\ hl ZahlZ d furvydm�Ih wlhc `_ ijbqbg_ \hkklZgh\bl_evgu_ k\hckl\Z� gZh[hjhl�mkbeb\Zxlky��� Nhknhj ijhklh_ \_s_kl\h � lbibqguc g_f_lZee� Nhknhjmk\hckl\_ggh y\e_gb_ Zeehljhibb � GZijbf_j� kms_kl\mxl Zeehljhigu_fh^bnbdZpbb nhknhjZ lZdb_� dZd [_euc� djZkguc b q_jguc nhknhj�dhlhju_ h[eZ^Zxl jZagufb obfbq_kdbfb b nbabq_kdbfb k\hckl\Zfb ��� G_f_lZeebq_kdb_ k\hckl\Z nhknhjZ \ujZ`_gu keZ[__� q_f mZahlZ� gh kbevg__� q_f m furvydZ �khk_^gb_ we_f_glu \ ]jmii_���� G_f_lZeebq_kdb_ k\hckl\Z nhknhjZ \ujZ`_gu kbevg__� q_f mdj_fgby� gh keZ[__� q_f m k_ju �khk_^gb_ we_f_glu \ i_jbh^_���� <ukrbc hdkb^ nhknhjZ bf__l nhjfmem J2H5� Wlh dbkehlguchdkb^� Hg ijhy\ey_l \k_ lbibqgu_ k\hckl\Z dbkehlguo hdkb^h\� LZd�gZijbf_j� ijb \aZbfh^_ckl\bb _]h k \h^hc ihemqZ_lky nhknhjgZydbkehlZ� J2H5 � �G2H ⇒ �G3JH4.
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Ijb \aZbfh^_ckl\bb _]h k hkgh\gufb hdkb^Zfb b hkgh\Zgbyfb hg^Z_l kheb� J2H5 � �0JH  0J3�JH4)2;J2H5 � �DHG  �D3JH4 � �G2H��� <ukrbc ]b^jhdkb^ nhknhjZ² nhknhjgZy dbkehlZ G3JH4,jZkl\hj dhlhjhc ijhy\ey_l \k_ lbibqgu_ k\hckl\Z dbkehl�\aZbfh^_ckl\b_ k hkgh\Zgbyfb b hkgh\gufb hdkb^Zfb�G3JH4 + 3NaOH = Na3PO4 � �G2H� �G3JH4 � �KD2  KD3(PO4)2↓ � �G2H��� Nhknhj h[jZam_l e_lmq__ kh_^bg_gb_ G3J² nhknbg�;� OZjZdl_jbklbdZ dZeby��� DZebc bf__l ihjy^dh\uc ghf_j ��� =  �� b hlghkbl_evgmxZlhfgmx fZkkm $r(K�  ��� Khhl\_lkl\_ggh aZjy^ y^jZ _]h ZlhfZ ����jZ\_g qbkem ijhlhgh\�� Ke_^h\Zl_evgh� qbkeh g_cljhgh\ \ y^j_jZ\gh ��� LZd dZd Zlhf we_dljhg_cljZe_g� lh qbkeh we_dljhgh\�kh^_j`Zsboky \ Zlhf_ dZeby� lh`_ jZ\gh ���We_f_gl dZebc gZoh^blky \ q_l\_jlhf i_jbh^_ i_jbh^bq_kdhckbkl_fu� agZqbl� \k_ we_dljhgu jZkiheZ]Zxlky gZ q_luj_owg_j]_lbq_kdbo mjh\gyo� LZdbf h[jZahf� kljh_gb_ ZlhfZ dZebyaZibku\Z_lky lZd�
+19D� ��� ��� ��� ���Bkoh^y ba kljh_gby ZlhfZ� fh`gh ij_^kdZaZlv kl_i_gv hdbke_gbydZeby \ _]h kh_^bg_gbyo� LZd dZd \ obfbq_kdbo j_Zdpbyo Zlhf dZebyhl^Z_l h^bg \g_rgbc we_dljhg� ijhy\eyy \hkklZgh\bl_evgu_k\hckl\Z� ke_^h\Zl_evgh� hg ijbh[j_lZ_l kl_i_gv hdbke_gby ���<hkklZgh\bl_evgu_ k\hckl\Z m dZeby \ujZ`_gu kbevg__� q_f mgZljby� gh keZ[__� q_f m jm[b^by� qlh k\yaZgh k jhklhf jZ^bmkh\ hl 1D d

Rb.�� DZebc² ijhklh_ \_s_kl\h� ^ey g_]h oZjZdl_jgZ f_lZeebq_kdZydjbklZeebq_kdZy j_r_ldZ b f_lZeebq_kdZy obfbq_kdZy k\yav� Zhlkx^Z² b \k_ lbibqgu_ ^ey f_lZeeh\ k\hckl\Z��� F_lZeebq_kdb_ k\hckl\Z m dZeby \ujZ`_gu kbevg__� q_f mgZljby� gh keZ[__� q_f m jm[b^by� l�d� Zlhf dZeby e_]q_ hl^Z_l we_dljhg�q_f Zlhf gZljby� gh ljm^g__� q_f Zlhf jm[b^by���F_lZeebq_kdb_ k\hckl\Z m dZeby \ujZ`_gu kbevg__� q_f mdZevpby� l�d� h^bg we_dljhg ZlhfZ dZeby e_]q_ hlhj\Zlv� q_f ^\Zwe_dljhgZ ZlhfZ dZevpby��� Hdkb^ dZeby D2H y\ey_lky hkgh\guf hdkb^hf b ijhy\ey_l \k_lbibqgu_ k\hckl\Z hkgh\guo hdkb^h\� <aZbfh^_ckl\b_ k dbkehlZfbb dbkehlgufb hdkb^Zfb�D2H � �G&O  �.&O �+2O; K2O + SO3 = K2SO4.
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�� < dZq_kl\_ ]b^jhdkb^Z dZebx khhl\_lkl\m_l hkgh\Zgb_ �s_ehqv�DHG� dhlhjh_ ijhy\ey_l \k_ oZjZdl_jgu_ k\hckl\Z hkgh\Zgbc�\aZbfh^_ckl\b_ k dbkehlZfb b dbkehlgufb hdkb^Zfb�DHG�+123 = KNO3+H2O; 2KOH+N2O5 = 2KNO3+H2O.�� E_lmq_]h \h^hjh^gh]h kh_^bg_gby dZebc g_ h[jZam_l� Z h[jZam_l]b^jb^ dZeby DG�<hijhk ��Z� 0J2² hkgh\ghc hdkb^� 623 ² dbkehlguc hdkb^�
1) MgO + SO3 = MgSO4;
2) MgO + 2HNO3 = Mg(NO3)2 + H2O;
3) MgO + 2H+ = Mg2+ + H2O; 2RbOH + SO3 = Rb2SO4 + H2O;
SO3 + 2OH– = SO4

2– + H2O.[� 0J�2+�2 ² hkgh\ghc ]b^jhdkb^� +2SO4 ² dbkehlguc ]b^jhdkb^��� 0J�2G�2 + H2SO4 = MgSO4 + 2H2O; OH– + H+ = H2O;�� 0J�2G�2 + SO3 = MgSO4 + H2O; SO3 + 2OH– = H2O + ���62 �
3) H2SO4 + Na2O = Na2SO4 + H2O; Na2O + 2H+ = 2Na+ + H2O.<hijhk ��FZ]gbc² ijhklh_ \_s_kl\h� ^ey g_]h oZjZdl_jgZ f_lZeebq_kdZydjbklZeebq_kdZy j_r_ldZ� hg h[eZ^Z_l f_lZeebq_kdbf [e_kdhf�we_dljhijh\h^ghklvx�Z� �0J � H2 = 2MgO� ��

� ���
0J �H  0J �� �2 �� H �2

[� 0J � &O2 = MgCl2� ��
� ��

0J ��H  0J �� �&O ��H  �&O\� 0J � 6  0J6� �
� �0J �H 0J �� �6 �H 6 +

−

− =

+ =

]� �0J � 12 = Mg3N2� �
��

0J �H 0J �� �1 �H �1 +

−

− =

+ =^� 0J � �+&O  0J&O2 + H2↑� ��
� ��

0J �H  0J �� ��+ ��H  +<hijhk ��:eehljhiby² y\e_gb_ kms_kl\h\Zgby obfbq_kdh]h we_f_glZ \\b^_ g_kdhevdbo ijhkluo \_s_kl\� jZaebqguo ih kljh_gbx bk\hckl\Zf �lZd gZau\Z_fuo Zeehljhiguo nhjf��Z� < fhe_dmeZo khklZ\Z 68 j_Zebam_lky dh\Ze_glgh�g_iheyjguc lbik\yab �l�_� g_ ijhbkoh^bl kf_s_gby we_dljhgghc iZju� h[jZamxs_ck\yav��
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[� < fhe_dmeZo khklZ\Z G26 j_Zebam_lky dh\Ze_glgh�iheyjguc lbik\yab� l�d� ijhbkoh^bl kf_s_gb_ we_dljhgghc iZju d [he__we_dljhhljbpZl_evghfm Zlhfm² k_j_ �6��G → S ← GNbabq_kdb_ k\hckl\Z jhf[bq_kdhc k_ju �68):<_s_kl\h ebfhggh�`_elh]h p\_lZ� mklhcqb\h_ ^h W  ����°K�jZkl\hjy_lky \ k_jhm]e_jh^_ �&62�� Zgbebg_� [_gahe_� n_ghe_�MjZ\g_gby j_Zdpbc�Z� �1D � 6  1D2S� �
� ��1D �H 1D� \hkklZgh\bl_ev� � hdbkebl_ev6 ��H 6[� &D � 6  &D6� �
� �KD � H KD � \hkklZgh\bl_ev� � hdbkebl_ev6 � H 6 +

−

− =

+ =\� �$O � �6  $O2S3� ��
� ��$O �H $O� \hkklZgh\bl_ev� � hdbkebl_ev6 ��H 6]� 6 � 22 = SO2↑� ��
� ���
6 �H 6 � \hkklZgh\bl_ev� � hdbkebl_ev2 ��H �2^� 6 � +2 = H2S↑� ��� ��+ �H �+ � \hkklZgh\bl_ev� � hdbkebl_ev6 ��H 6_� 6 � �)2 = SF6� ��
� ��
6 �� H 6 � � \hkklZgh\bl_ev� � � hdbkebl_ev) �� H �)<hijhk ��G_f_lZeebq_kdb_ k\hckl\Z dj_fgby \ujZ`_gu keZ[__� q_f mnhknhjZ� gh kbevg__� q_f m Zexfbgby.<hijhk ��Z� M ZahlZ dbkehlgu_ k\hckl\Z \ujZ`_gu kbevg__� q_f m nhknhjZ�l�d� \ ]jmiiZo k\_jom \gba ijhbkoh^bl mkbe_gb_ hkgh\guo bhkeZ[e_gb_ dbkehlguo k\hckl\�[� M k_ju dbkehlgu_ k\hckl\Z \ujZ`_gu kbevg__� q_f m nhknhjZ�l�d� \ i_jbh^Zo ke_\Z gZijZ\h ijhbkoh^bl mkbe_gb_ dbkehlguo bhkeZ[e_gb_ hkgh\guo k\hckl\�

http://alexbooks.ucoz.com/load/reshebniki/68



9

<hijhk ��>Zgh: η�H2�  ���� P�0J�  ����]� ωMg�ijbf_kb�  � %.GZclb� 9 �\ha^moZ�J_r_gb_� �� GZc^_f fZkkm fZ]gby [_a ijbf_kb�
mqbkluc(Mg) = m(Mg) – m(Mg)⋅ωMg (ijbf_kb��
mqbkluc (Mg)  ���� ]± ����]⋅����  ������ ]��� AZibr_f mjZ\g_gb_ j_Zdpbb k`b]Zgby fZ]gby� ������ ]������� ] o e��  � fhev� �  �fhev�F  �� ]�fhev� 9  ���� e�fhev��P  �� ]� 9  ���� e�

�0J � 2  �0J2�
Ih mjZ\g_gbx j_Zdpbb khklZ\bf ijhihjpbx��� ] ² ���� e������ ] o eo  ������ ������⋅  ������� e�Ke_^h\Zl_evgh � ������� e qbklh]h dbkehjh^Z lj_[m_lky gZ k`b]Zgb_������ ] fZ]gby��� GZc^_f h[t_f \ha^moZ� dhlhjuc ihlj_[m_lky gZ k`b]Zgb_ fZ]gby�9�\ha^moZ�  

)O(

)O(V

2

2

η
= ����������  ������ e�

Hl\_l� 9�\ha^moZ�  ������ e�<hijhk ��>Zgh� P�6�  ��� d]  ���� ]�
ω = 80 %.GZclb: V(SO2)J_r_gb_� �� AZibr_f mjZ\g_gb_ j_Zdpbb k`b]Zgby k_ju \ dbkehjh^_����� ] o e� ��  � fhev� �  � fhev�F  �� ]�fhev 9  ���� e�fhev��P  �� ] 9  ���� e�

6 � H  62
KhklZ\bf ijhihjpbx��� ] ² ���� e���� ]² o eo  ���� ������⋅  ���� e�
VijZdl(SO2) = Vl_hj(SO2)⋅ ω  ���� e⋅���  ��� e�Hl\_l: V(SO2�  ��� e�<hijhk ��G_l� g_evay� Ij_`^_ \k_]h� ba�aZ jZaebqby \ kl_i_gyo hdbke_gby� <hdkb^_ k_jZ bf__l kl_i_gv hdbke_gby ��� < k_jgbklhc dbkehl_ — 4+.
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<ukr_fm hdkb^m 623 khhl\_lkl\m_l k_jgZy dbkehlZ +2SO4.K_jgbklhc dbkehl_ +2SO3 khhl\_lkl\m_l hdkb^ 622.>Zggu_ khhl\_lkl\by fh`gh ihdZaZlv ]b^jhebahf hdkb^h\�
��62+ �G�H⇒ ��� 62+ + �� �62+ �G�H � ��� 62+ + �<hijhk ���Z� �0J � KH2  �0JH � K� �

� � �0J �H 0J � �& �H & +

+

− =
+ =[� �6 � �.KOH3 = 2KCl + 3SO2� �

� �6 �H 6 �� �&O �H &O++ −

− =
+ =

§ 2. OZjZdl_jbklbdZ obfbq_kdh]h we_f_glZih dbkehlgh�hkgh\guf k\hckl\Zf h[jZam_fuobf kh_^bg_gbc� :fnhl_jgu_ hdkb^u b ]b^jhdkb^u<hijhk ��:fnhl_jguf ]b^jhdkb^Zf ijbkms_ k\hckl\h j_Z]bjh\Zlv kdbkehlZfb dZd hkgh\Zgb_ b kh s_ehqZfb dZd dbkehlZ� Ihwlhfm�dh]^Z fu d jZkl\hjm s_ehqb ijbeb\Z_f ih dZieyf jZkl\hj kheb� mgZk ihemqZ_lky Zfnhl_jguc ]b^jhdkb^� dhlhjuc kjZam `_ j_Z]bjm_lk s_ehqvx� h[jZamy jZkl\hjbfmx khev� b fu g_ gZ[ex^Z_f\uiZ^_gb_ \ hkZ^hd Zfnhl_jgh]h ]b^jhdkb^Z�<hijhk ��%H � %H2
%H62� .�%H2� %H�12���

%H�2+��

� � �
���

1. 2Be + O2 = 2BeO;
2. BeO + H2SO4 = BeSO4↓ � G2H��� <_H � �DHG  D2<_H2 � G2H��� <_H � �G123 = Be(NO3)2 + H2O;
5. Be(NO3)2 + 2NaOH = 2NaNO3 + Be(OH)2;
6. Be(OH)2 � �D2+  D2BeO2 + 2H2O;
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7. Be(OH)2 + H2SO4 = BeSO4↓ � �G2H�<hijhk ��Z� %H�2+�2 � �G+ <_2+ � �G2H� %H�2+�2 + H2SO4=BeSO4 � �G2H�
Be(OH)2 + 2HNO3=Be(NO3)2 � �G2H�[� %H�2+�2 � �2G– <_22– � �G2H� %H�2+�2 + 2KOH=K2BeO2 +�G2H�
Be(OH)2 + 2NaOH=Na2BeO2 � �G2H�<hijhk ��:fnhl_jghklvx gZau\Z_lky kihkh[ghklv \_s_kl\Z ijhy\eylv dZddbkehlgu_ � lZd b hkgh\gu_ k\hckl\Z� Dbkehlgu_ k\hckl\Z� dZd ijZ\beh�ijhy\eyxl kh_^bg_gby g_f_lZeeh\ �GZijbf_j� +2SO4; P2O5; CO2.Gh kms_kl\mxl dbkehlu� h[jZah\Zggu_ f_lZeeZfb �GZijbf_j� .MnO4 ² i_jfZg]ZgZl dZeby� D2Cr2O7 ² ^bojhfZldZeby� 1D3VO4 ² \ZgZ^Zl gZljby� 1D>Al(OH)4] ² ]b^jhdkhZexfbgZlgZljby�Lh _klv f_lZeeu fh]ml lZd`_ ijhy\eylv dbkehlgu_ k\hckl\Z�Hkgh\gu_ k\hckl\Z oZjZdl_jgu ijZdlbq_kdb lhevdh ^ey f_lZeeh\�GZijbf_j� NaOH, K2O, LiNO3.

§ 3� I_jbh^bq_kdbc aZdhg b i_jbh^bq_kdZy kbkl_fZobfbq_kdbo we_f_glh\ >�B� F_g^_e__\Z<hijhk ��I_jbh^bq_kdbc aZdhg F_g^_e__\Z² h^bg ba hkgh\hiheZ]ZxsboaZdhgh\ obfbb�Fh`gh ml\_j`^Zlv� qlh \ky kh\j_f_ggZy obfbyihkljh_gZ gZ g_f� Hg h[tykgy_l aZ\bkbfhklv k\hckl\ Zlhfh\ hl bokljh_gby� h[h[sZ_l wlm aZ\bkbfhklv ^ey \k_o we_f_glh\� jZa^_eyybo gZ jZaebqgu_ ]jmiiu� Z lZd`_ ij_^kdZau\Z_l bo k\hckl\Z \aZ\bkbfhklb hl kljh_gby b kljh_gb_ \ aZ\bkbfhklb hl k\hckl\�Kms_kl\mxl ^jm]b_ aZdhgu� g_kmsb_ h[tykgyxsmx� h[h[sZxsmxb ij_^kdZaZl_evgmx nmgdpbb� GZijbf_j� aZdhg khojZg_gby wg_j]bb�aZdhg ij_ehfe_gby k\_lZ� ]_g_lbq_kdbc aZdhg F_g^_ey�<hijhk ��Jmdh\h^kl\mykv i_jbh^bq_kdhc kbkl_fhc� gZc^_f we_f_gl k gm`gufjZkiheh`_gb_f we_dljhgh\ �� b ��� Wlhl we_f_gl² Zahl�
:N 1s22s22p3.Wlhl we_f_gl h[jZam_l ijhklh_ \_s_kl\h — N2, Zahl� <h^hjh^gh_kh_^bg_gb_ ZahlZ — NH3� ZffbZd� <ukrbc hdkb^ ZahlZ — N2H5.
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Dbkehlguc hdkb^ N2O5 ijb jZkl\hj_gbb \ \h^_ i_j_oh^bl \kbevgmx Zahlgmx dbkehlm +123.

N2O5 + H2O = 2HNO3;
N2O5 + BaO = Ba(NO3)2;

N2O5 + Ba(OH)2 = Ba(NO3)2 + H2O;

N5+ h[eZ^Z_l kbevgufb hdbkebl_evgufb k\hckl\Zfb�
2N2O5 � �K = 2N2 � �K22.<hijhk ��JZgvr_ we_f_gl [_jbeebc hrb[hqgh hlghkbeb d ,,, ]jmii_� IjbqbgZwlh]h aZdexqZeZkv \ g_ijZ\bevghf hij_^_e_gbb Zlhfghc fZkku[_jbeeby �\f_klh � __ kqblZeb jZ\ghc ������ >�B� F_g^_e__\ij_^iheh`be � qlh [_jbeebc gZoh^blky \ ,, ]jmii_� hkgh\u\Zykv gZobfbq_kdbo k\hckl\Zo we_f_glZ� K\hckl\Z [_jbeeby [ueb hq_gvihoh`b gZ k\hckl\Z 0J b KZ� b kh\_jr_ggh g_ ihoh`b gZ k\hckl\Z $O�AgZy� qlh Zlhfgu_ fZkku /L b <� khk_^gbo we_f_glh\ d <_� jZ\gukhhl\_lkl\_ggh � b ��� >�B�F_g^_e__\ ij_^iheh`be � qlh ZlhfgZy fZkkZ[_jbeeby jZ\gZ ��<hijhk ��KZ² Zlhf� m dhlhjh]h we_dljhgu jZkij_^_e_gu kh]eZkgh jy^mqbk_e �� �� �� ��We_f_gl � 7 — N,we_f_gl � 8 — O.MjZ\g_gby j_Zdpbc� �KZ + N2  KZ3N2,�KZ + O2  �KZ2�Ijh^mdlu j_Zdpbc bf_xl bhgguc lbi k\yab�:ahl b dbkehjh^ bf_xl fhe_dmeyjgh_ kljh_gb_ djbklZeebq_kdboj_r_lhd� Z m dZevpby f_lZeebq_kdZy djbklZeebq_kdZy j_r_ldZ�Ijh^mdlu \aZbfh^_ckl\by² KZ3N2 b KZ2 bf_xl bhggh_ kljh_gb_djbklZeebq_kdhc j_r_ldb�<hijhk ��

N, P, As, Sb, Bi — mkbe_gb_ f_lZeebq_kdbo k\hckl\�F_lZeebq_kdb_ k\hckl\Z \ ]jmiiZo mkbeb\Zxlky �<hijhk ��
Na, Mg, Al, Si, P, S, Cl — mkbe_gb_ g_f_lZeebq_kdbo k\hckl\�G_f_lZeebq_kdb_ k\hckl\Z \ i_jbh^Zo mkbeb\Zxlky�<hijhk ��
Cl2O7, P2O5, SiO2, Al2O3, MgO, Na2O — mf_gvr_gb_ dbkehlguok\hckl\�
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Dbkehlgu_ k\hckl\Z \ i_jbh^Zo m\_ebqb\Zxlky�+KO24, H3PO4, H2SiO4, Al(OH)3, Mg(OH)2, NaOH — mf_gvr_gb_dbkehlguo k\hckl\�<hijhk ��
B2O3, BeO, Li2O² \hajZklZgb_ hkgh\guo k\hckl\� l�d� \ i_jbh^Zohkgh\gu_ k\hckl\Z hkeZ[_\Zxl�
B(OH)3, Be(OH)2, LiOH — \hajZklZgb_ hkgh\guo k\hckl\�
B(OH)3 — keZ[Zy dbkehlZ�
Be(OH)2 — keZ[h_ hkgh\Zgb_�
LiOH — kbevgh_ hkgh\Zgb_�<hijhk ��I_jbh^bq_kdZy kbkl_fZ we_f_glh\ hljZ`Z_l \aZbfhk\yavobfbq_kdbo we_f_glh\ � :lhfguc ghf_j we_f_glZ jZ\_g aZjy^m y^jZ�qbke_ggh hg jZ\_g qbkem ijhlhgh\� Qbkeh g_cljhgh\ � kh^_j`Zsboky \y^jZo h^gh]h we_f_glZ� \ hlebqb_ hl qbkeZ ijhlhgh\� fh`_l [ulvjZaebqguf � :lhfu h^gh]h we_f_glZ� y^jZ dhlhjuo kh^_j`Zl jZagh_qbkeh g_cljhgh\� gZau\Zxlky bahlhiZfb �DZ`^uc obfbq_kdbc we_f_gl bf__l ih g_kdhevdh bahlhih\�ijbjh^guo beb ihemq_gguo bkdmkkl\_ggh �� :lhfgZy fZkkZobfbq_kdh]h we_f_glZ jZ\gZ kj_^g_fm agZq_gbx ba fZkk \k_o _]hijbjh^guo bahlhih\ k mq_lhf bo jZkijhkljZg_gghklb �K hldjulb_f bahlhih\ ^ey jZkij_^_e_gby we_f_glh\ ihi_jbh^bq_kdhc kbkl_f_ klZeb bkihevah\Zlv aZjy^u y^_j� Z g_ boZlhfgu_ fZkku�<hijhk ���LZd ijhbkoh^bl ba-aZ lh]h� qlh k\hckl\Z we_f_glh\ b bo kh_^bg_gbcaZ\bkyl g_ hl h[s_]h qbkeZ we_dljhgh\� Z lhevdh hl \Ze_glguo�dhlhju_ gZoh^ylky gZ ihke_^g_f keh_� Dhebq_kl\h \Ze_glguowe_dljhgh\ f_gy_lky i_jbh^bq_kdb� ke_^h\Zl_evgh� k\hckl\Zwe_f_glh\ lZd`_ f_gyxlky i_jbh^bq_kdb�<hijhk ����� K\hckl\Z obfbq_kdbo we_f_glh\ b h[jZah\Zgguo bfb \_s_kl\gZoh^ylky \ i_jbh^bq_kdhc aZ\bkbfhklb hl hlghkbl_evguo ZlhfguofZkk we_f_glh\��� K\hckl\Z obfbq_kdbo we_f_glh\ b h[jZah\Zgguo bfb \_s_kl\gZoh^ylky \ i_jbh^bq_kdhc aZ\bkbfhklb hl aZjy^Z Zlhfguo y^_jwe_f_glh\��� K\hckl\Z obfbq_kdbo we_f_glh\ b h[jZah\Zgguo bfb \_s_kl\gZoh^ylky \ i_jbh^bq_kdhc aZ\bkbfhklb hl kljh_gby \g_rgbowg_j]_lbq_kdbo mjh\g_c \ we_dljhgghc h[hehqd_ ZlhfZ�
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=eZ\Z ��F_lZeeu
§ 4� <_d f_^guc� [jhgah\uc�`_e_aguc<hijhk ��< wihom Zglbqghklb k_fvx qm^_kZfb k\_lZ kqblZeb _]bi_lkdb_ibjZfb^u� \bkyqb_ kZ^u <Z\behgZ � klZlmx DhehkkZ Jh^hkkdh]h � OjZf:jl_fb^u \ Wn_k_� klZlmx hebfibckdh]h [h]Z Xibl_jZ� fZ\ahe_c \=ZebdZjbZk_� :e_dkZg^jbckdbc fZyd�< kha^Zgbb _]bi_lkdbo ibjZfb^ b]jZeZ g_fZemx jhev f_^v� l�d� ^eykhhjm`_gby ibjZfb^u bkihevah\Zebkv bgkljmf_glu � ba]hlh\e_ggu_ baf_^b�=b]ZglkdZy klZlmy DhehkkZ Jh^hkkdh]h [ueZ iheghklvx ba]hlh\e_gZba [jhgau�KlZlmy Xibl_jZ [ueZ qZklbqgh k^_eZgZ ba ahehlZ� ba [eZ]hjh^gh]hf_lZeeZ [ue ba]hlh\e_g ieZs Xibl_jZ�<hijhk ��K\hckl\Z jlmlb ijb h[uqguo mkeh\byo fh`gh hibkZlv ke_^mxsbfbijbeZ]Zl_evgufb� `b^dZy� y^h\blZy� [e_klysZy �[� ]� _��<hijhk ��< hkgh\_ h[jZah\Zgby ebl_jZlmjgh]h \ujZ`_gby ©klZevghcoZjZdl_jª� ©`_e_agu_ g_j\uª� ©ahehlh_ k_j^p_ª� ©f_lZeebq_kdbc]hehkª� ©k\bgph\uc dmeZdª e_`Zl ke_^mxsb_ k\hckl\Z f_lZeeh\�l\_j^hklv� ijhqghklv�<hijhk ��>ey oZjZdl_jbklbdb ij_^]jhah\h]h g_[Z fh`gh bkihevah\ZlvijbeZ]Zl_evgu_� k\bgph\h_� ly`_eh_ �\� ^��<hijhk ��>ey lh]h� qlh[u ohjhrh ih^]hlh\blvky d khh[s_gbx� \u fh`_l_\hkihevah\Zlvky ^_lkdhc wgpbdehi_^b_c beb wgpbdehi_^b_cbkdmkkl\Z�<hijhk ��Ij_^hklZ\ey_f \hafh`ghklv \Zf kZfbf ihnZglZabjh\Zlv gZ wlm l_fm�>ey lh]h� qlh[u \Zf e_]q_ [ueh khjb_glbjh\Zlvky � h[hagZqbfg_dhlhju_ \hafh`ghklb ^ey ijbf_g_gby f_lZeeh\� dhgkljmdpbhggu_fZl_jbZeu� we_dljhl_ogbq_kdb_ fZl_jbZeu� `Zjhijhqgu_ fZl_jbZeu �
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§ 5� Iheh`_gb_ f_lZeeh\ \ i_jbh^bq_kdhc kbkl_f_>�B�F_g^_e__\Z b kljh_gb_ bo Zlhfh\<hijhk ��<hkklZgh\bl_evgu_ k\hckl\Z f_lZeeh\ hij_^_eyxlky kihkh[ghklvxhl^Z\Zlv we_dljhgu \g_rg_]h kehy� Q_f e_]q_ Zlhf hl^Z_lwe_dljhgu \g_rg_]h kehy� l_f [he__ kbevguf \hkklZgh\bl_e_f hgy\ey_lky�<hijhk ��KZfuc Zdlb\guc f_lZee² njZgpbc �)U��NjZgpbc e_]q_ \k_]h hl^Z_l we_dljhg \g_rg_]h kehy� Hg h[eZ^Z_lkZfuf [hevrbf Zlhfguf jZ^bmkhf� ihwlhfm wg_j]by\aZbfh^_ckl\by y^jZ ZlhfZ k \g_rg_c we_dljhgghc h[hehqdhc fZeZ�<hijhk ��F_lZeeu ijhy\eyxl \hkklZgh\bl_evgu_ k\hckl\Z \ gme_\hc kl_i_gbhdbke_gby� l�_� kZf f_lZee fh`_l [ulv lhevdh \hkklZgh\bl_e_f�Ijb\_^_gguc ijhp_kk² ijbf_j hdbke_gby &X2+ ^h &X0� < ^Zgghfijbf_j_ f_^v \uklmiZ_l \ \b^_ dZlbhgZ�
§ 6�Nbabq_kdb_ k\hckl\Z f_lZeeh\<hijhk ��KZfuc e_]dhieZ\dbc f_lZee² jlmlv� M`_ ijb dhfgZlghcl_fi_jZlmj_ hg y\ey_lky `b^dhklvx�<hijhk ��< l_ogbd_ bkihevamxlky lZdb_ k\hckl\Z f_lZeeh\� dZdwe_dljhijh\h^ghklv� l\_j^hklv� l_jfhmklhcqb\hklv�<hijhk ��S_ehqgu_ f_lZeeu bf_xl kZfmx gbadmx wg_j]bx bhgbaZpbb� l�_�hgb e_]dh hl^Zxl we_dljhg k ihke_^g_]h kehy� >ey lh]h� qlh[uhlgylv wlhl we_dljhg hl f_lZeeZ� ^hklZlhqgh ^Z`_ wg_j]bb k\_lZ�nhlhgZ��GZ y\e_gbb nhlhwnn_dlZ hkgh\Zgh ^_ckl\b_ nhlhwe_dljbq_kdboijb[hjh\� ihemqb\rb_ jZaghh[jZagh_ ijbf_g_gb_ \ jZaebqguoh[eZklyo gZmdb b l_ogbdb² nhlhwe_f_glu� jZ[hlZxsb_ gZ hkgh\_nhlhwnn_dlZ� ij_h[jZamxl wg_j]bx baemq_gby \ we_dljbq_kdmx�<hijhk ��GZ lm]hieZ\dhklb \hevnjZfZ hkgh\Zgh _]h ijbf_g_gb_ \ eZfiZogZdZeb\Zgby�
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<hijhk ��< ebl_jZlmjguo \ujZ`_gbyo ©k_j_[jyguc bg_cª� ©ahehlZy aZjyª�©k\bgph\u_ lmqbª aZdexq_gh k\hckl\h f_lZeeh\ hljZ`Zlv k\_lh\u_emqb� \ j_amevlZl_ q_]h hgb ijbh[j_lZxl oZjZdl_jgmx hdjZkdm�f_lZeebq_kdbc [e_kd�
§ 7� KieZ\u<hijhk ��;jhgah\uc \_d ijh^he`Zeky ijb[ebabl_evgh ���� e_l �dhg_p � —gZqZeh � lukyq_e_lby ^h g� w��� GZa\Zgb_ ©[jhgah\uc \_dª h[mkeh\e_ghl_f� qlh \ wlhl i_jbh^ rbjhdh bkihevah\Zeky kieZ\ f_^b b heh\Z�dhlhjuc ihemqbe gZa\Zgb_ [jhgaZ�<hijhk ��F_evobhj kieZ\� kh^_j`Zsbc hdheh �� � f_^b b �� � gbd_ey�Ihwlhfm ^ey ijhba\h^kl\Z �� d] f_evobhjZ g_h[oh^bfh \aylv�P�&X�  P�f_evobhjZ� ⋅ ω�KX�\ kieZ\_ = 25⋅���  �� d]�P�1L�  P�f_evobhjZ� ⋅ ω(Ni)\ kieZ\_ = 25⋅���  � d]�Hl\_l� �� d] &X b � d] 1L�<hijhk ��G_ljm^gh aZf_lblv� qlh keh\Z ©e_]bjmxsbcª b©ijb\be_]bjh\Zggucª bf_xl h^bgZdh\mx qZklv ©e_]bjª \ dhjgyo�Hq_\b^gh � qlh hgb ijhbkoh^yl hl h^gh]h b lh]h `_ keh\Z� E_]bjmxsb_we_f_glu ^h[Z\eyxl \ kieZ\� qlh[u memqrblv bo nbabq_kdb_ k\hckl\Z�©Ijb\be_]bjh\Zggucª hagZqZ_l ©emqrbcª� ©[he__ \ukhdbc� q_f mhklZevguoª�

§ 8� Obfbq_kdb_ k\hckl\Z f_lZeeh\<hijhk ��AZibr_f mjZ\g_gb_ j_Zdpbc h[jZah\Zgby `_e_aghc hdZebgu�
3Fe + 4H2O = Fe3O4 + 4H2↑ (1)

Fe3O4 ² ij_^klZ\ey_l kh[hc kf_kv ^\mo hdkb^h\ )H2⋅Fe2O3.Ihwlhfm mjZ\g_gb_ j_Zdpbb ��� fh`gh mkeh\gh ij_^klZ\blv \ \b^_^\mo mjZ\g_gbc b ^ey dZ`^h]h khklZ\blv mjZ\g_gb_ we_dljhggh]h[ZeZgkZ�
Fe + H2O = FeO + H2↑� ��

� �
)H �H )H �� ��+ ��H +
2Fe + 3H2O = Fe2O3 + 3H2↑
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� �
�

)H �H )H �� ��+ �H + +

+

− =

+ =
3Fe + 4H2O = FeO⋅Fe2O3 + 4H2↑� �� ��

� �
�)H �H )H ��)H �� ��+ ��H +Lh _klv ihemqbeb� qlh \ j_Zdpbb h[jZah\Zgby `_e_aghc hdZebgu ljbZlhfZ `_e_aZ hl^Zxl � we_dljhgh\�<hijhk ��>Zgh� P�0J�  �� ]� η�H2) = 0,21.GZclb� 9�\ha^�J_r_gb_� �� AZibr_f mjZ\g_gb_ j_Zdpbb k`b]Zgby fZ]gby��� ] o e��  � fhev �  � fhevF  �� e�fhev 9  ���� e�fhev�P  �� ] 9  ���� e
�0J � 2 �0J2 ,

KhklZ\bf ijhihjpbx b hij_^_ebf h[t_f dbkehjh^Z� g_h[oh^bfh]h^ey ijh\_^_gby j_Zdpbb��� ] ² ���� e�� ] [ eo  �� ������⋅  ���� e�
V(O2�  ���� e��� GZc^_f h[t_f \ha^moZ� g_h[oh^bfh]h ^ey ijh\_^_gby j_Zdpbb�9�\ha^�  

)O(

)O(V

2

2

η
= ���� e����  �� e�Hl\_l� 9�\ha^�  �� e�<hijhk ��>Zgh� P�&D�  ��� f]  ���� ]� ω = 80 %GZclb: V(H2)J_r_gb_� �� AZibr_f mjZ\g_gb_ j_Zdpbb jZkl\hj_gby dZevpby \ \h^_����� ] � � ��  � fhev �  � fhevF  �� ]�fhev 9  ���� e�fhev�P  �� ] 9  ���� e

&D� �+2  &D�2+� � +
KhklZ\bf ijhihjpbx b gZc^_f h[t_f \h^hjh^Z� dhlhjucl_hj_lbq_kdb ^he`_g [ue ihemqblvky \ oh^_ j_Zdpbb��� ] ² ���� e���� ]² o eo  ���� ������⋅  ������ e�
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Vl_hj�G2�  ������ e�Hl\_l: V�G2�  ������ e��� Ih mkeh\bx aZ^Zqb \uoh^ ]ZaZ khklZ\ey_l �� � hl l_hj_lbq_kdb\hafh`gh]h� Ihwlhfm ijZdlbq_kdb [ueh ihemq_gh�
VijZdl��G2) = Vl_hj��G2)⋅ ω  ������ e⋅ ���  ������� e�Hl\_l: VijZdl��G2�  ����� e�<hijhk ��S_ehqgu_ b s_ehqgha_f_evgu_ f_lZeeu hq_gv Zdlb\gu bj_Z]bjmxl ijZdlbq_kdb kh \k_f� k q_f khijbdZkZxlky�GZijbf_j� gZ \ha^mo_ wlb f_lZeeu e_]dh hdbkeyxlky � ?keb wlbf_lZeeu ojZgblv ih^ keh_f d_jhkbgZ� d dhlhjhfm hgb bg_jlgu� lhfh`gh m[_j_qv hl g_gm`guo \aZbfh^_ckl\bc � Eblbc kZfuc e_]dbcba f_lZeeh\� Hg e_]q_ d_jhkbgZ b \ hlebqb_ hl ^jm]bo f_lZeeh\\kieu\Z_l \ g_f� ihwlhfm _]h ojZgyl \ \Za_ebg_�<hijhk ���KZ + 12HNO3 = 5Ca(NO3)2 + N2↑ + 6H2O.� ��

�� ��
�&D �H  &D �� ��1 ���H  1−

<hijhk ��Ih ijZ\bem� dhlhjh_ ]eZkbl� qlh f_lZeeu� klhysb_ \ jy^mgZijy`_gby e_\__ \h^hjh^Z� \ul_kgyxl _]h ba jZkl\hjh\ dbkehl�\h^hjh^ ijb j_Zdpbb k\bgpZ k jZkl\hjhf k_jghc dbkehlu ^he`_gihemqblvky� Gh ^Zggh_ ijZ\beh kh[ex^Z_lky� _keb \ j_Zdpbbf_lZeeZ k dbkehlhc h[jZam_lky jZkl\hjbfZy khev� Z 3E624 —g_jZkl\hjbfZy khev� Ihwlhfm \ kemqZ_ k\bgpZ b k_jghc dbkehluijZ\beh g_ ^_ckl\m_l b� ke_^h\Zl_evgh� \h^hjh^ g_evay ihemqblvijb \aZbfh^_ckl\bb k\bgpZ k jZkl\hjhf k_jghc dbkehlu�<hijhk ��
4Zn + 5H2SO��dhgp� = 4ZnSO4 + H2S↑ + 4H2O� ��

�� �� �=Q �H  =Q � �6 � �H  6−

< wlhc j_Zdpbb pbgd ijhy\ey_l \hkklZgh\bl_evgu_ k\hckl\Z�
§ 9� Ihemq_gb_ f_lZeeh\<hijhk ��=� :]jbdhe \ k\h_c dgb]_ bf_e \ \b^m ibjhf_lZeemj]bx�Ibjhf_lZeemj]bq_kdb_ ijhp_kku \dexqZxl h[`b]� ijb wlhfkh^_j`Zsb_ky \ jm^Zo kh_^bg_gby f_lZeeh\� \ qZklghklb kmevnb^u�i_j_\h^ylky \ hdkb^u� Z k_jZ m^Zey_lky \ \b^_ 622� gZijbf_j�
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2CuS + 3O2 ⇒ 2CuO + 2SO2↑; Cr2O3 + 2Al ⇒ Al2O3 + 2Cr.AZl_f hdkb^u i_j_\h^ylky \ qbklu_ f_lZeeu iml_f Zfhghl_jfbb�<hijhk ��Wdheh]bq_kdb [he__ [_ahiZk_g [Zdl_jbZevguc f_lh^ ihemq_gby f_^b�<hijhk ��S_ehqgu_ b s_ehqgha_f_evgu_ f_lZeeu g_evay ihemqblv]b^jhf_lZeemj]bq_kdbf f_lh^hf� ihlhfm qlh ^Zgguc f_lh^hkgh\Zg gZ \u^_e_gbb f_lZeeh\ ba jZkl\hjZ ih^ ^_ckl\b_fwe_dljbq_kdh]h lhdZ� : _keb fu ba jZkl\hjZ \u^_ebf s_ehqghcf_lZee \ qbklhf \b^_� lh hg kjZam `_ [m^_l \aZbfh^_ckl\h\Zlv k\h^hc� h[jZamy ]b^jhdkb^�<hijhk ��
1) 2PbS + 3O2

t
= 2SO2↑ + 2PbO,�� ��3E6 3E2 3E→ →

2) PbO + CO
t
= Pb + CO2↑.<hijhk ��

)H6� )H�2� → )H
62� → 62� → +�62�

4FeS2 + 11O2

t
= 2Fe2O3 + 8SO2↑;

2SO2 + O2 = 2SO3;

SO3 + H2O = H2SO4;

Fe2O3 + 3C
t
= 2Fe + 3CO↑.<hijhk ��>Zgh� P�]hj� ihj��  ��� l  ������ d]� ω(Cu2S) = 20 %, W = 90 %GZclb: m(Cu)J_r_gb_� �� GZc^_f kdhevdh &X26 kh^_j`blky \ ]hjghc ihjh^_�

m(Cu2S) = m�]hj� ihj��⋅ω(Cu2S) = 1,2⋅108]⋅0,2 = 2,4⋅107]��� GZc^_f kdhevdh qbklhc f_^b fh`gh ihemqblv l_hj_lbq_kdb ba
Cu2S:

ml_hj(Cu) = m(Cu2S) ⋅ ω�&X \ &X2S) = m(Cu2S) ⋅ U
U �

�$ �&X�0 �&X 6� =

= 2,4 ⋅ 107 ⋅ � ��� �� ��⋅
⋅ +

= 1,92 ⋅ 107 ]��� GZc^_f kdhevdh qbklhc f_^b ihemqbeb ijZdlbq_kdb�
mijZdl(Cu) = ml_hj(Cu)⋅W = 1,92⋅107⋅0,9 = 1,728⋅107 ]  ����� l�Hl\_l: m(Cu) = 17,28 l�
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§ 10� Dhjjhaby f_lZeeh\<hijhk ��MjZ\g_gb_ j_Zdpbb dhjjhabb f_^b�
� � � � �fZeZobl�&X � 2 � + 2 � &2 �&X2+� &2

<hijhk ��S_ehqgu_ b s_ehqgha_f_evgu_ f_lZeeu fh]ml j_Z]bjh\Zlv k H2,
N2, H22 b KH2� \oh^ysbfb \ khklZ\ \ha^moZ�
4Li+O2 = 2LiO2; 6Li + N2 = 2Li3N; D � H2  D2H2;
Li2O+CO2=Li2CO3; 2Na+O2=Na2O2;

2Na2O2+2CO2=2Na2CO3+O2↑;
Ca(Mg, Ba) + O2 = CaO (MgO, BaO); CaO + CO2 = CaCO3.<hijhk ��G_j`Z\_xsZy klZev² kieZ\� kh^_j`Zsbc ^h �� � ojhfZ� �� %gbd_ey� Ihwlhfm ^ey \uieZ\db ��� d] g_j`Z\_xs_c klZeb gm`gh\aylv�P�&U�  P�kieZ\Z�⋅ω�&U�  ��� d]⋅����  ���� d]P�1L�  P�kieZ\Z�⋅ω�1L�  ��� d]⋅���  �� d]P�)H�  P�kieZ\Z�⋅ω�&U�  ��� d] ���� d] �� d]  ����� d]�Hl\_l� P�KU�  ���� d]� P�1L�  �� d]� P�)H�  ����� d]�<hijhk ��<�<�FZydh\kdbc ]h\hjbl h[ hpbgdh\Zgghf `_e_a_�<hijhk ��>mfZx� \k_f ohjhrh ba\_klgh� qlh lZdh_ ]Zev\Zgbq_kdbc we_f_gl�>\Z kh_^bg_gguo f_`^m kh[hc we_dljh^Z himkdZxl \ jZkl\hjwe_dljheblZ� gZ h^ghf we_dljh^_ \ j_amevlZl_ H<J ijhbkoh^blhkZ`^_gb_ f_lZeeZ� gZ ^jm]hf� gZh[hjhl� jZkl\hj_gb_� LZd`_ihemqbehkv b k dhjZ[e_f� fhjkdZy \h^Z ku]jZeZ jhev jZkl\hjZwe_dljheblZ� :exfbgb_\uc dhjimk b f_^gu_ aZde_idb² jhevwe_dljh^h\ \ j_amevlZl_ f_lZeebq_kdbc Al i_j_oh^bl \ Al3+, gZf_^ghf dhjimk_ \u^_ey_lky \h^hjh^�

2H+ + �� ⇒ ��+ , Al0 �� ⇒ Al3+.LZdbf h[jZahf� f_lZeebq_kdbc dhjimk gZ r\Zo gZqZe jZkl\hjylvky�b dhjZ[ev mlhgme�
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§ 11�S_ehqgu_ f_lZeeu<hijhk ��
Z� /L →� /L�2 →� /L2+ →� /L&O�

�
1. 4Li + O2 = 2Li2O, 2. Li2H � G22  �/L2G��� /LHG � G&O  LiCl + H2O, 4. 2Li � �G2O = 2LiOH + H2↑,
5. Li2H � �G&O  G2H + 2LiCl.

[� 1D → 1D�2� → 1D�2 → 1D2+→ 1D�62�
1D12�

1D�32�
� � ����

1. 2Na + O2 = Na2O2;
2. Na2O2 + 2Na = 2Na2O;
3. Na2O + H2O = 2NaOH;
4. 2NaOH + H2SO4 = Na2SO4 + 2H2O;
5. Na2O + 2HNO3 = 2NaNO3 + H2O;
6. 3Na2O + 2H3PO4 = 2Na3PO4 + 3H2O.<hijhk ��>Zgh� P�1D�  ���� ]� ω�ijbf_kb�  � %, W = 95 %GZclb: V(H2)J_r_gb_� �� GZc^_f fZkkm qbklh]h gZljby�0�1D�  P�1D � ijbf_kv� ± P�1D � ijbf_kv� ⋅ ω�ijbf_kb�   ����] ± ����] ⋅ ����  ����] ± 0,23 ]  ����� ]��� AZibr_f mjZ\g_gb_ j_Zdpbb������ ] o e� ��  � fhev �  � fhevF  �� ]�fhev 9  ���� e�fhev�P  �� ] 9  ���� e

�1D� �+2  �1D2+ � +
KhklZ\bf ijhihjpbx b gZc^_f h[t_f \h^hjh^Z� dhlhjucl_hj_lbq_kdb ^he`_g [ue ihemqblvky \ oh^_ j_Zdpbb��� ] ���� e����� ] ² o e

x = 
11,27 22,4

46
⋅  ����� e�

Vl_hj�G2�  ����� e�Hl\_l: Vl_hj(H2�  ����� e��� Ih mkeh\bx aZ^Zqb \uoh^ ]ZaZ khklZ\ey_l �� � hl l_hj_lbq_kdb\hafh`gh]h� Ihwlhfm ijZdlbq_kdb [ueh ihemq_gh�
VijZd��G2) = Vl_j��G2)⋅W = 5,488⋅����  ������ e�Hl\_l: VijZd��G2�  ���� e�
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<hijhk ��K_fbwlZ`guc ^hf² i_jbh^bq_kdZy lZ[ebpZ� ih^t_a^ s_ehqguof_lZeeh\² , ]jmiiZ we_f_glh\� \Za_ebgh\Zy ©rm[Zª kihkh[ojZg_gby eblby ih^ keh_f \Za_ebgZ� LZd`_ GZlZrZ bkihevah\ZeZom^h`_kl\_gguc yaud ^ey hibkZgby b h[tykg_gby obfbq_kdbok\hckl\ /L �\hkklZgh\bl_evgu_ k\hckl\Z� j_Zdpby k dbkehjh^hf��<hijhk ��Ij_^hklZ\ey_f \Zf \hafh`ghklv ih^mfZlv gZ^ wlbf kZfbf� DZdl_fm ^ey khqbg_gby fh`gh \aylv hdjZkdm ieZf_gb s_ehqguo f_lZeeh\�<hijhk ��<ajhkeuc q_eh\_d \ kmldb ^he`_g ihlj_[eylv k ibs_c ��� ] bhgh\dZeby�KhklZ\bf ijhihjpbx���� ] dmjZ]b² ����� ] dZebyo ] dmjZ]b² ��� ] dZeby�o  ��� ��������⋅  ��� ]�Hl\_l� P�dmjZ]b�  ��� ]�
§ 12� ;_jbeebc� fZ]gbc b s_ehqgha_f_evgu_ f_lZeeu<hijhk ��Imklv fZkkZ q_eh\_dZ o d]� Lh]^Z fZkkZ _]h dhkl_c [m^_l jZ\gZ ���⋅o�Z fZkkZ nhknZlZ dZevpby — 0,2⋅0,2⋅o  ����⋅o d]�P�KZ3�JH4)2) = 0,04⋅o� ]^_ o² fZkkZ q_eh\_dZ�<hijhk ��=_fhnbeby² aZ[he_\Zgb_� k\yaZggh_ k iehohc k\_jlu\Z_fhklvxdjh\b� Ijb djh\hl_q_gbyo \\h^yl jZkl\hj &D&O2 ^ey ih\ur_gbydhgp_gljZpbb dZlbhgh\ KZ2+ \ djh\b� dhlhju_ kihkh[kl\mxlk\_jlu\Z_fhklb djh\b�<hijhk ��>Zgh� P�KZKH3�  �l� ω�ijbf_kb�  �� %.GZclb� P�KZ�HG�2)J_r_gb_� �� GZc^_f fZkkm KZKH3 [_a ijbf_kb�P�KZKH3)=P�h[s��⋅(1–ω�ijbf_kb�� 2⋅ ��� (1–

0,25)=2⋅ ��� ⋅0,75=1,5⋅ ��� ]�
2. M(CaCO3�  ��� ]�fhev� 0�KZ�HG�2�  �� ]�fhev�KhklZ\bf ijhihjpbx � ih dhlhjhc gZc^_f dhebq_kl\h ]Zr_ghcba\_klb� dhlhjh_ fh`_l [ulv ihemq_gh���� ]�fhev — 1,5 ⋅ 106 ]
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�� ]�fhev ² o ]o  ��� ��� �����⋅ ⋅
= 1,11 ⋅ ��� ]  ���� l�Hl\_l� P�KZ�HG�2  ���� l�<hijhk ��FKH� →� FH →� F�HG�� →� 062� →� 062���FKH3

W FH � KH2↑;��FH � G2H  F�HG�2;��F�HG�2 + Na2SO3 = MSO3 + 2NaOH;
4. MSO3 + H2SO4 = MSO4 + SO2↑ � G2H�Fh]ml [ulv bkihevah\Zgu� %_� 0J�G_ fh]ml [ulv bkihevah\Zgu KZ� <Z�<hijhk ��
KD →� &D+� →� &D�HG�� →� &D&2� →� &D2 →� &D&O� →� �&D�32���

�
&D2 ���� KZ � G2

t
= KZG2;�� KZG2 � �G2H  KZ�HG�2 � �G2↑;�� KZ�HG�2 + Na2CO3 = CaCO3↓ + 2NaOH;�� KZKH3

t
= KZH + KH2↑;�� KZH + 2HCl = CaCl2 + H2O;

6. 3CaCl2 + 2Na3PO4 = Ca3(PO4)2↓ + 6NaCl;
7. Ca + 2H2O = Ca(OH)2 + H2↑;�� �KZ � H2

t
= �KZH��� KZH � G2H  KZ�HG�2.<hijhk ��Ij_^hklZ\ey_f \Zf \hafh`ghklv ih^mfZlv gZ^ wlbf kZfbf�DZd l_fm ^ey khqbg_gby fh`_f ij_^eh`blv ©Ij_\jZs_gb_f_lZeebq_kdh]h KZ \ fjZfhjª�<hijhk ��>ey ]bikh\uo ih\yahd bkihevamxl Ze_[Zklj� Hg ijb ^h[Z\e_gbb \h^uij_\jZsZ_lky \ ieZklbq_kdmx fZkkm� dhlhjmx b bkihevamxl ^eygZeh`_gby ih\yadb� FZkkZ \ukuoZ_l b ij_\jZsZ_lky \ l\_j^uc ijhqguc]bik�Ihem\h^guc ]bik� beb Ze_[Zklj� ��&D624)⋅H22 ijb \aZbfh^_ckl\bbk \h^hc h[jZam_l ^\m\h^guc ]bik�

(2CaSO4)⋅H2O + 3H2O⇒2CaSO4⋅2H2O.
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WlZ j_Zdpby b^_l k \u^_e_gb_f l_ieZ�<hijhk �� KZKH3∅KZH � KH2↑–Q.>ey kf_s_gby jZ\gh\_kby \ijZ\h d kbkl_f_ g_h[oh^bfh ih^\_klbl_ieh� l�_� mkeh\b_f ijh\_^_gby y\ey_lky \ukhdZy l_fi_jZlmjZ bihgbablv ^Z\e_gb_�
§ 13� :exfbgbc<hijhk ��< Zexfbgb_\hc ihkm^_ g_evay ojZgblv s_ehqgu_ jZkl\hju� l�d�ijhbkoh^bl ke_^mxsZy obfbq_kdZy j_Zdpby�

2Al + 2NaOH + 6H2O=2Na[Al(OH)4] + 3H2↑.Ijhbkoh^bl jZkl\hj_gb_ Zexfbgby \ s_ehqb�<hijhk ��Kdhj__ \k_]h fZl_jbZehf ^ey ]bi_j[hehb^Z fh] ihkem`blv $O2O3ba�aZ _]h bg_jlguo k\hckl\�<hijhk ��;_g]Zevkdb_ k\_qb kh^_j`Zl kf_kv� khklhysmx ba Zexfbgb_\uohibehd� hdbkebl_ey — KNO3 beb .&O24 b de_y�Ijb ih^`b]Zgbb ihy\ey_lky kghi bkdj� B^_l hdbke_gb_ Zexfbgby�
8Al � �.KO24

t
= 4Al2O3 + 3KCl.<hijhk ��Ijbf_g_gb_ Zexfbgby \ l_ogbd_ hkgh\Zgh gZ ke_^mxsbok\hckl\Zo� e_]dhklv� ieZklbqghklv� [hevrZy we_dljhijh\h^ghklv bl_iehijh\h^ghklv� K ^jm]bfb f_lZeeZfb Zexfbgbc h[jZam_lijhqgu_ kieZ\u�<hijhk ��Z� $O2(SO4)3+6KOH�g_^�=2Al(OH)3↓��D2SO4;

Al3+��HG–�g_^�=Al(OH)3↓[�$O2(SO4)3+8KOH�ba[� �D>$O�2+�4@��D2SO4;
Al3+��HG–�ba[�=[Al(OH)4]

–.<hijhk ��
Al →1 AlCl3 →2 Al(OH)3 →3 Al2O3 →4 NaAlO2 →5

→5 Al2(SO4)3 →6 Al(OH)3 →7 AlCl3 →8 NaAlO2.
1. 2Al + 6HCl = 2AlCl3 + 3H2↑;
2. AlCl3 + 3NaOH = Al(OH)3↓ + 3NaCl;
Al3+ + 3OH– → Al(OH)3;
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� ��
� ��

$O �H $O ��+ � �H + �− →

→

3. 2Al(OH)3

t
= Al2O3 + 3H2O↑;

4. Al2O3 + 2NaOH
kieZ\e_gb_� W

= 2NaAlO2 + H2O↑;

5. 2NaAlO2 + 4H2SO4

t
= Na2SO4 + Al2(SO4)3 + 4H2O;

6. Al2(SO4)3 + 6NaOH�g_^�=3Na2SO4 + 2Al(OH)3↓;
Al3+ + 3OH– = Al(OH)3;
Al(OH)3 + 3H+ = Al3+ + 3H2O;
7. Al(OH)3 + 3HCl=AlCl3 + 3H2O;

8. AlCl��l\� + 4NaOH�l\� kieZ\e_gb_� W= NaAlO2 + 3NaCl + 2H2O↑.<hijhk ��>Zgh� P�kieZ\Z�  ���� ]�
ω(Cu) = 20 %, W = 85 %.GZclb: VijZd��G2)J_r_gb_� �� GZc^_f fZkkm Zexfbgby \ kieZ\_�P�:O�  P�kieZ\Z�±P�kieZ\Z�⋅ω(Cu) = 0,27–0,27⋅���  ����� ]��� AZibr_f mjZ\g_gb_ j_Zdpbb b gZc^_f h[t_f \h^hjh^Z� dhlhjucl_hj_lbq_kdb ^he`_g [ue ihemqblvky�P  ����� ] � � ��  � fhev �  � fhevF  �� ]�fhev 9  ���� e�fhev�P  �� ] 9  ���� e

�$O� �1D2+ � �+2  �1D>$O�2+�@ � �+
�� ] ² ���� e����� ] ² oo  ����� ������⋅  ������ e�
Vl_hj�G2�  ������ e��� GZc^_f h[t_f \h^hjh^Z� dhlhjuc ihemqbeky ijZdlbq_kdb
VijZdl�G2) = Vl_hj�G2)⋅:  ������ e⋅����  ������� e�Hl\_l: VijZdl�G2�  ����� e�<hijhk ��Ij_^hklZ\ey_f \Zf k\h[h^m ^ey l\hjq_kl\Z � Ij_^eZ]Z_f \ dZq_kl\_l_fu ^ey khqbg_gby� ©:exfhl_jfby � beb [hjv[Z Zexfbgby k ^jm]bfbf_lZeeZfbª�

§ 14�@_e_ah<hijhk ��AZibr_f kgZqZeZ ko_fm ]_g_lbq_kdbo jy^h\�
1) Fe→FeCl2→Fe(OH)2→FeO;
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2) Fe→FeCl3→Fe(OH)3→Fe2O3;�� )H���+�&O⇒)H&O��G�↑���
FeCl2 + 2NaOH ⇒ Fe(OH)2↓ + 2NaCl;
Fe2+ + 2OH– ⇒ Fe(OH)2↓;

Fe(OH)2

t
= FeO + H2O↑.J_Zdpbx jZaeh`_gby gm`gh ijh\h^blv \ hlkmlkl\bb hdbkebl_e_c ��� �)H���&O��⇒�)H&O����

FeCl3 + 3NaOH ⇒ Fe(OH)3 + 3NaCl;
Fe3+ + 3OH– ⇒ Fe(OH)3↓;

2Fe(OH)3

t
⇒ Fe2O3 + 3H2O.<hijhk ��

1) 3Fe2+ + 2[Fe(CN)6]
3– = Fe3[Fe(CN)6]2:

3FeSO4 + 2K3 �djZkgZydjh\ygZy khev
>)H�&1� @ = 3K2SO4 + � � �]_dkZpbZghn_jjZl �,,,�`_e_aZ �,,�

)H >)H�&1� @ ↓ ;

2) 4Fe3+ + 3[Fe(CN)6]
4– = Fe4[Fe(CN)6]3:

4FeCl + 4 6`_elZydjh\ygZy khev
3K [Fe(CN) ] = 4 6 3]_dkZpbZghn_jjZl �,,�`_e_aZ �,,,�

Fe [Fe(CN) ] ↓ ;

3) Fe3+ + 3NCS– � Fe(NCS)3:

FeCl3 + jh^Zgb^ gZljby�1D1&6 ∅ �jh^Zgb^ `_e_aZ�,,,�)H�1&6� + 3NaCl.

<hijhk ���� DZq_kl\_ggZy j_Zdpby gZ )H2+:

3FeCl2 + 2K3[Fe(CN)6] ⇒ Fe3[Fe(CN)6]2↓ + 6KCl;

3Fe2+ + 2[Fe(CN)6]
3– ⇒ Fe3[Fe(CN)6]2↓

K3[Fe(CN)6] ² djZkgZy djh\ygZy khev� )H3[Fe(CN)6]2 ² lmjg[mee_\Zkbgv��� DZq_kl\_ggZy j_Zdpby gZ )H3+:

4FeCl3 + 3K4[Fe(CN)6] ⇒ Fe4[Fe(CN)6]3↓ + 12KCl;

4Fe3+ + 3[Fe(CN)6]
4– ⇒ Fe4[Fe(CN)6]3↓

K4[Fe(CN)6] ² `_elZy djh\ygZy khev� )H4[Fe(CN)6]3 ² [_jebgkdZyeZamjv�
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�� GZa\Zgb_ djh\yguo khe_c ijhbkoh^bl hl f_lh^Z bo ihemq_gby�JZgvr_ bo ihemqZeb ba hloh^h\ gZ fykh[hcg_� l�_� ba]hlZ\eb\Zeb badjh\b� ©@_elZyª b ©djZkgZyª² ba�aZ jZaebqguo hll_gdh\ jZkl\hjh\khe_c�Lmjg[mee_\Z khev ihemqbeZ k\h_ gZa\Zgb_ \ q_klv mq_gh]hLmjg[mey� dhlhjuc __ \i_j\u_ kbgl_abjh\Ze �;_jebgkdZy eZamjv gZa\ZgZ \ q_klv ]hjh^Z ;_jebg�<hijhk ��
3Fe + 4H2O ∅ Fe3O4 + 4H2↑.Ijb ih\ur_gbb ^Z\e_gby jZ\gh\_kb_ g_ baf_gblky� l�d� j_Zdpbyijhl_dZ_l [_a baf_g_gby qbkeZ fhe_dme ]Zah\ �H2O ² ]Za��<hijhk ��)H →� )H&O� →� )H�2+�� →� )H�2+�� →� )H�2� →� )H

)H&O� �� �
1. Fe + 2HCl = FeCl2 + H2↑;
Fe0 – 2 H → Fe2+;

2H+ + 2 H → ��+ ;

Fe2+ + 2OH → Fe(OH)2↓;
2. FeCl2 + 2KOH = Fe(OH)2↓ + 2KCl;

3. 4Fe(OH)2 + 2H2O + O2 = 4Fe(OH)3↓;

4. 2Fe(OH)3

t
= Fe2O3 + 3H2O;

5. Fe2O3 + 3CO
t
= 2Fe + 3CO2↑;�� �

�� ��)H� �H )H �& �� H & �→

→
6. Fe2O3 + 6HCl=2FeCl3 + 3H2O;
Fe2O3 + 6H+ → 2Fe3+ + 3H2O;
7. 2FeCl3 + 3Zn=3ZnCl2 + 2Fe↓;
2Fe3+ + 3Zn → 3Zn2+ + 2Fe
8. FeCl3 + 3NaOH=3NaCl + Fe(OH)3↓;
Fe3+ + 3OH– → Fe(OH)3↓.<hijhk ��
1. 10Fe + 36HNO3 = 10Fe(NO3)3 + 3N2↑ + 18H2O.
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� ��
�� ��

)H �H  )H ���� ��1 ���H  1−

2. Fe + 4HNO3 = Fe(NO3)3 + NO↑ + 2H2O� ��
�� ��)H �H  )H �� �1 � �H  1−

3. 8Fe + 30HNO3 = 8Fe(NO3)3 + 3NH4NO3 + 9H2O� ��
�� � �)H �H )H �� �1 ��H 1 −

−

<hijhk ��>Zgh: m(Fe3O4�  ���� l� ω�ijbf_kb�  � %, W = 80 %.GZclb: ν(Fe), V(CO)J_r_gb_� �� GZc^_f fZkkm ihjh^u [_a ijbf_kb�
m(Fe3O4)=m(Fe3O4 � ij� – m(Fe3O4 � ij�⋅ω�ij� ����±����⋅0,05=2,204l��� AZibr_f mjZ\g_gb_ j_Zdpbb�\ ]P  ����� l [ e W� � ��  � fhev �  �fhev�  � fhev 9  ���� e�fhev F  �� ]�fhev�F  ��� ]�fhev P  ��� ]9  ���� eP  ��� ]
)H 2 � �&2  �)H �&2 �+

GZc^_f 9�&2� b P�)H����� ] ���� e
2,204⋅ ��� ]² o eo  ������ �� �������⋅ ⋅  ������ e�9�&2�  ������ e���� ]² ��� ]
2,204⋅106 ² m ]m  ���� ����� �����⋅ ⋅ = 1,596⋅106 ]��� GZc^_f fZkkm `_e_aZ� ihemqb\r_]hky gZ ijZdlbd_�
m(Fe) = y⋅W = 1,596⋅106⋅0,8 = 1,2768⋅ ��� ]�
ν(Fe) = 

m(Fe)

M(Fe)
= 

61,2768 10 ]
56 ]�fhev⋅  ����� fhev�

Hl\_l: ν(Fe) = 2,28 ⋅ 104 fhev� V(CO) = 8,5 ⋅ 105 e�<hijhk ��Ij_^hklZ\ey_f \Zf k\h[h^m ^ey l\hjq_kl\Z�
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=eZ\Z 2� G_f_lZeeu
§ 15� G_f_lZeeu� Zlhfu b ijhklu_ \_s_kl\Z�Dbkehjh^� hahg� \ha^mo<hijhk ��Z� '\ha^�H2) = U �U0 �2 �0 �\ha^� = 

29

32 ≈1,1;

[� '\ha^�KH2) = U �U0 �&2 �0 �\ha^� = 
29

44 ≈1,52;

\� '\ha^�G2) = U �U0 �+ �0 �\ha^� = 
29

2 ≈0,069.

<hijhk ��>Zgh� 9�\ha^�  ��� e�
η\ha^(N2) = 78,2 %,
η\ha^�H2) = 20,95 %.GZclb: ν(N2), ν�H2)J_r_gb_� �� GZc^_f h[t_f H2 b 12:
V(O2�  9�\ha^�⋅η\ha^�H2�  ��� e⋅������  ����� e�
V(N2�  9�\ha^�⋅η\ha^(N2�  ��� e⋅�����  ���� e��� GZc^_f qbkeh fhev ]Zah\�
ν�H2) = 

νV

)O(V 2 = ����� e���� e�fhev ≈ ����� fhev�
ν(N2) = 

νV

)N(V 2 = ���� e���� e�fhev ≈ ���� fhev�
Hl\_l: ν�H2�  ����� fhev� ν(N2�  ���� fhev�<hijhk ��>Zgh� 9�\ha^�  ���� eGZclb: N(O2), N(N2)J_r_gb_� �� <ujZabf h[t_f dZ`^h]h ]ZaZ�
V(O2�  9�\ha^�⋅η\ha^�H2); V(N2�  9�\ha^�⋅η\ha^(N2)�� GZc^_f qbkeh fhev ]Zah\�
ν�H2)= �9�2 �9ν

= �9�\ha^� �H �9ν

⋅ η = ���� e ���������� e�fhev⋅  ������ fhev�
ν(N2) = �9�\ha^� �1 �9ν

⋅ η = ���� e ��������� e�fhev⋅  ����� fhev��� GZc^_f qbkeh fhe_dme dZ`^h]h ]ZaZ�

http://alexbooks.ucoz.com/load/reshebniki/68



30

N(O2) = ν�H2)⋅NA = 0,2095⋅6,022⋅1023 ≈ 1,26⋅1023.
N(N2) = ν(N2)⋅NA = 0,782⋅6,022⋅1023 ≈ 4,7⋅1023.Hl\_l� 1�22) = 1,26⋅1023 fhe_dme�
N(N2) = 4,7⋅1023 fhe_dme�<hijhk ��>Zgh: V(H2S) = 20 f3 = 20⋅103 e�GZclb� 9�\ha^�� P�\ha^�J_r_gb_� �� AZibr_f mjZ\g_gb_ j_Zdpbb�

� �
� � � �� � fhev � � fhev9 ���� ]�fhev 9 ���� e�fhev9 ���� e 9 ���� e

�+ 6 �2 �+ 2��62+ = ↑

GZc^_f h[t_f dbkehjh^Z� g_h[oh^bfuc ^ey ijh\_^_gby j_Zdpbb����� e² ���� e
2⋅104 e² o eo  

844

267102 4

,

,⋅⋅
= 3⋅104 e��� GZc^_f h[t_f \ha^moZ� g_h[oh^bfuc ^ey ihemq_gby lZdh]hh[t_fZ dbkehjh^Z�

V(\ha^�  
)H( )O(V

2\ha^
2

η
= 

�� �� e������⋅ = 1,43⋅105 e  ��� f3.

m(\ha^� Mr(\ha^�⋅ν�\ha^� Mr�\ha^�⋅ 9�\ha^�9ν
=

= 29 e�fhev⋅
����� �� e���� e�fhev⋅ = 1,85⋅105 ] ��� d]�Hl\_l: V�\ha^�  ��� f3, m�\ha^�  ��� d]�<hijhk ��Ljm^gh ij_^klZ\blv gZrm `bagv [_a dbkehjh^Z� Hg kem`bl� ij_`^_\k_]h� ^ey ^uoZgby� JZkl\hj_gguc \ \h^_ dbkehjh^ kem`bl ^ey^uoZgby h[blZl_e_c \h^ghc kj_^u� Ih^ ^_ckl\b_f dbkehjh^Z\ha^moZ b [Zdl_jbc ijhbkoh^bl hdbke_gb_ hj]Zgbq_kdbo hklZldh\�< ijhfure_gghklb dbkehjh^ ijbf_gy_lky \ f_lZeemj]bb �ijb\uieZ\d_ f_lZeeh\�� dZd hdbkebl_ev \h fgh]bo obfbq_kdboijhba\h^kl\Zo� ^ey k\Zjdb b j_adb f_lZeeh\� \ f_^bpbgkdbo p_eyo�@b^dbc dbkehjh^ hdbkebl_ev ^ey jZd_lguo lhieb\� hoeZ^bl_ev�<hijhk ��Hahgh\u_ ^uju ihy\eyxlky ba�aZ \u[jhkh\ \ Zlfhkn_jmoeZ^Z]_glh\ �nj_hgh\�� hdkb^h\ ZahlZ� dhlhju_ h[jZamxlky \hfgh]bo ijhfure_gguo ijhp_kkZo�>ey ij_^mij_`^_gby hahgh\uo ^uj g_h[oh^bfh hqbsZlv \u[jhkuijhfure_gguo ij_^ijbylbc b ij_djZlblv bkihevah\Zgb_ nj_hgh\�
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Hahgh\u_ ^uju² mlhgvr_gb_ beb jZajmr_gb_ hahgh\h]h klehyZlfhkn_ju�
§ 16� Obfbq_kdb_ we_f_glu \ de_ldZo `b\uo hj]Zgbafh\<hijhk ��JZaebqb_ f_`^m `b\hc b g_`b\hc ijbjh^hc h[gZjm`b\Zxlkylhevdh gZ mjh\g_ keh`guo \_s_kl\� gZ fhe_dmeyjghf mjh\g_�<hijhk ��LZdb_ \_s_kl\Z oZjZdl_jgu lhevdh ^ey `b\uo hj]Zgbafh\�gZijbf_j� hj]Zgbq_kdb_ \_s_kl\Z �[_edb� `bju� m]e_\h^u�gmde_bgh\u_ dbkehlu� \blZfbgu� ]hjfhgu b ^j���<hijhk ��;bh]_ggu_ fZdjhwe_f_glu² we_f_glu� dhlhju_ \oh^yl \ khklZ\hj]Zgbq_kdbo \_s_kl\� Wlh m]e_jh^� \h^hjh^� dbkehjh^ b Zahl�<hijhk ��Wg^_fbq_kdbc ah[� dZd ba\_klgh� \uau\Z_lky g_^hklZldhf bh^Z \ibs_ b \h^_� Wlh aZ[he_\Zgb_ ihy\ey_lky \ hij_^_e_gguo]_h]jZnbq_kdbo jZchgZo� ^ey dhlhjuo oZjZdl_j_g g_^hklZlhd bh^Z�Wg^_fbdb² wlh jZkl_gby beb `b\hlgu_� dhlhju_ \klj_qZxlkylhevdh \ h^ghf hij_^_e_gghf Zj_Ze_�Wg^_fbdb�jZkl_gby� gZijbf_j� ebZgu� wg^_fbdb�`b\hlgu_�gZijbf_j� dhZeZ� mkkmjbckdbc lb]j�<hijhk ��N_jf_glu wlh [_edb� dhlhju_ dZlZebabjmxl [bheh]bq_kdb_j_Zdpbb�<blZfbgu wlh [bheh]bq_kdb_ Zdlb\gu_ \_s_kl\Z� ijbgbfZxsb_mqZklb_ \ j_Zdpbyo h[f_gZ \_s_kl\� Ih k\h_fm [bheh]bq_kdhfm^_ckl\bx \blZfbgu [ebadb d n_jf_glZf� gh n_jf_glu h[jZamxlkyde_ldZfb hj]ZgbafZ� Z \blZfbgu h[uqgh ihklmiZxl k ibs_c�<hijhk ��@_e_au =hjfhgu Nmgdpbb ]hjfhgh\Ih^`_em^hqgZy`_e_aZ Bgkmebg Kgb`_gb_ ]exdhau \ djh\b
=bihnba :DL= >_ckl\m_l gZ gZ^ihq_qgbdb�kihkh[kl\m_l bo nmgdpbbGZ^ihq_qgbdb :^j_gZebgGhjZ^j_gZebg MqZklb_ \ klj_kkhjguo j_Zdpbyo�m\_ebq_gb_ qZklhlu k_j^_qguokhdjZs_gbc�
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Sblh\b^gZy`_^_aZ Lbjhdkbg < ^_lkdhf \hajZkl_ jZa\blb_g_j\ghc kbkl_fu� \h \ajhkehf\hajZkl_ ih\ur_gb_ h[f_gZ \_s_kl\
§ 17� =Zeh]_gu<hijhk ��>Zgh: V(F2) = V(Cl2�  � e�GZclb: m(F2); m(Cl2); D\ha^(F2); D\ha^(Cl2); 2HD (F2); 2HD (Cl2)

J_r_gb_: 1. m(F2)=ν(F2)⋅M(F2)=
νV

)F(V 2 ⋅M(F2)=
�e����e�fhev ⋅ ��]�fhev ��� ]�

m(Cl2)=ν(Cl 2)⋅M(Cl 2) =
νV

)Cl(V 2 ⋅M(Cl 2) = �e����e�fhev ⋅��]�fhev  ���� ]�
2. D\ha^(F2) = U �U0 �) �0 �\ha^� = ���� ≈1,31;

�+' (F2) = U �U �0 �) �0 �+ � = ��� = 19;

D\ha^(Cl2) = U �U0 �&O �0 �\ha^� = ���� ≈2,45;

�+' (Cl2) = U �U �0 �&O �0 �+ � = ��� = 35,5.

<hijhk ��NlhjgZy \h^Z g_ kms_kl\m_l� l�d� nlhj j_Z]bjm_l k \h^hc�
2F2 + H2O = 2HF + F2O.<hijhk ��S_ehqgu_ f_lZeeu� ij_`^_ \k_]h� [m^ml j_Z]bjh\Zlv k \h^hc k\u^_e_gb_f \h^hjh^Z� Z g_ k jZkl\hj_gghc khevx�>ey kjZ\g_gby \havf_f j_Zdpbb $O k jZkl\hjhf )H&O3 b oehjghc\h^u k jZkl\hjhf 1D%U�

��$O�� +� �)H&O ⇒ )H↓�$O&O�� Cl2+2NaBr ⇒ 2NaCl+Br2.
2�B \ lhf b \ ^jm]hf kemqZ_ b^_l H<J� ;he__ Zdlb\guc we_f_gl\ul_kgy_l f_g__ Zdlb\guc ba jZkl\hjZ kheb�<hijhk ��

&O�2� &O�2 &O�2�
�� .�� KO�� −��2 � �� +�� KO�� 2�±� �� +�� KO�� −��2
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<hijhk ��
H2 + I��]Za� ∅ 2HI + Q.Obfbq_kdh_ jZ\gh\_kb_ fh`gh kf_klblv \ijZ\h� _keb kbkl_fZ [m^_lhoeZ`^Zlvky �ih ijbgpbim E_�RZl_ev_��<hijhk ��JZkkfhljbf \aZbfh^_ckl\b_ ]Zeh]_gh\ k \h^hjh^hf� Nlhj j_Z]bjm_lk G2 \ ex[uo mkeh\byo kh \aju\hf� oehj² kh \aju\hf lhevdh ijbih^`b]Zgbb beb h[emq_gbb ijyfuf kheg_qguf k\_lhf� [jhf\aZbfh^_ckl\m_l k G2 ijb gZ]j_\Zgbb b [_a \aju\Z� Wlb j_Zdpbbwdahl_jfbq_kdb_� J_Zdpby `_ kh_^bg_gby bh^Z b G2 keZ[hwg^hl_jfbq_kdZy� hgZ ijhl_dZ_l f_^e_ggh ^Z`_ ijb gZ]j_\Zgbb�<u\h^� q_f Zdlb\g_c j_Z]bjmxsb_ \_s_kl\Z� l_f \ur_ kdhjhklvijhl_dZgby j_Zdpbb�<hijhk �>Zgh� P�j�jZ .,�  ��� ]� ω\ j�j_(KI) = 0,15;GZclb: V(Cl2), m(KCl);J_r_gb_� �� GZc^_f fZkkm kmohc kheb .,�P�.,�  P�j�jZ .,�⋅ω�.,�  ��� ] ⋅ ����  �� ]��� AZibr_f mjZ\g_gb_ j_Zdpbb b gZc^_f fZkkm kheb b h[t_fg_h[oh^bfh]h oehjZ

�
m ]P �� ] o e� �� � fhev � � fhev� � fhev0 ��� ]�fhev 0 ���� ]�fhev9 ���� e�fhevP ��� ] P ��� ]9 ���� e

�., � &O �.&O �,
�� ] ² o e��� ]² ���� eo  ���� �����⋅ = 3.

V(Cl2)  � e��� ] ² m ]��� ]² ��� ]
y  ���� ]�
m(KCl) = 20,2 ]P�.&O� ����]��.&O� ����fhev0�.&O� ����]�fhevHl\_l: V(Cl2�  � e� P�.&O�  ���� ].<hijhk ��>Zgh: V(H2�  ��� e� 9�&O2�  ��� e�GZclb: V(HCl)J_r_gb_� �� AZibr_f mjZ\g_gb_ j_Zdpbb�
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�� �
� � � � fhev� � fhev � � fhev 9 ���� e�fhev9 ���� e�fhev 9 ���� e�fhev 9 ���� e9 ���� e 9 ���� e

+ � &O �+&O
GZc^_f� dZdhc ]Za \ayl \ ba[uld_�
ν�G2) = �9�+ �9ν

= 
4,22

200
, V�KO2) = 

νV

)Cl(V 2 = ������� .

3� Ih mjZ\g_gbx j_Zdpbb V�G2):V�KO2�  ���� ke_^h\Zl_evgh�\h^hjh^ \ ba[uld_ � ������� > ������� ).Ih mjZ\g_gbx j_Zdpbb 9�G&O�  �⋅9�KO2�  ��� e� Lh]^Z hklZehkvg_ijhj_Z]bjh\Z\r_]h \h^hjh^Z� 9hkl ��� e±��� e �� e�Hl\_l� 9�+&O�  ��� e� 9hkl�G2�  �� e�<hijhk ��Wlh gZa\Zgb_ nlhj ihemqbe [eZ]h^Zjy kihkh[ghklb ieZ\bdh\h]hriZlZ ihgb`Zlv l_fi_jZlmjm ieZ\e_gby nlhjb^h\�
§ 18� Kh_^bg_gby ]Zeh]_gh\<hijhk ��We_dljheblbq_kdZy ^bkkhpbZpby m\_ebqb\Z_lky hl H) d HI.KZfZy kbevgZy ba ]Zeh]_gh\h^hjh^guo dbkehl² bh^h\h^hjh^gZy� ZkZfZy keZ[Zy² nlhjh\h^hjh^gZy� ;hevrZy ijhqghklv obfbq_kdhck\yab +�) �nlhjh\h^hjh^gZy dbkehlZ keZ[h ^bkkhpbbjm_l \ \h^_�h[mkeh\e_gZ fZeuf jZaf_jhf ZlhfZ ) b khhl\_lkl\mxsbf fZeufjZkklhygb_f f_`^m y^jZfb Zlhfh\ \h^hjh^Z b nlhjZ� K jhklhfjZ^bmkZ ZlhfZ hl ) d I jZkl_l b f_`ty^_jgh_ jZkklhygb_� ijhqghklvfhe_dme mf_gvrZ_lky b khhl\_lkl\mxsZy kihkh[ghklv dwe_dljheblbq_kdhc ^bkkhpbZpbb m\_ebqb\Z_lky�<hijhk ��<havf_f \ dZq_kl\_ j_Zdlb\Z jZkl\hj gbljZlZ k_j_[jZ�

1. AgNO3 + NaF∅AgF + NaNO3 ² gbdZdbo baf_g_gbc�
2. AgNO3 + NaCl=AgCl↓ + NaNO3 ² \uiZ^Z_l [_euc hkZ^hd�
3. AgNO3+NaBr=AgBr↓+NaNO3 ² \uiZ^Z_l [e_^gh�`_eluc hkZ^hd�
4. AgNO3 + NaI=AgI↓ + NaNO3 — \uiZ^Z_l `_eluc hkZ^hd�<hijhk ���� K ihfhsvx ^Zgghc j_Zdpbb fh`gh ihemqblv [_a\h^guc MgCl2

Mg + Cl2 = MgCl2.

2. Mg(OH)2 + 2HCl = MgCl2 + 2H2O;
3. MgO + 2HCl = H2O + MgCl2;
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4. MgSO4 + BaCl2 = BaSO4↓ + MaCl2.<hijhk ��&O� →� +&O →� &X&O� →� =Q&O� →� $J&O�
1. Cl2 + H2 = 2HCl; ���&O �H �&O−+ → ; � ��+ �H �+− → ;

2. 2HCl + Cu(OH)2 = CuCl2 + 2H2O; 2H+ + Cu(OH)2 → Cu2+ + 2H2O;
3. CuCl2 + Zn = Cu↓ + ZnCl2; Cu2+ + Zn → Cu + Zn2+;
4. ZnCl2 + 2AgNO3 = 2AgCl↓ + Zn(NO3)2; Ag+ + Cl– → AgCl↓.

§ 19� Ihemq_gb_ ]Zeh]_gh\� ;bheh]bq_kdh_ agZq_gb_b ijbf_g_gb_ ]Zeh]_gh\ b bo kh_^bg_gbc<hijhk ��>Zgh: m(NaCl + ij��  ��� ]� ω�ij��  � %;GZclb: V(Cl2); m(Na)J_r_gb_: �� GZc^_f fZkkm qbklhc kheb�
M(NaCl)=m(NaCl+ij�±m(NaCl+ij�⋅ω�ij� ��� ]±��� ]⋅0,02  �����]��� AZibr_f mjZ\g_gb_ j_Zdpbc�

�
mP ����� ] o �� � fhev � � fhev � � fhev0 ���� ]�fhev 0 �� ]�fhev 9 ���� e�fhevP ��� ] P �� ] 9 ���� e

�1D&O �1D &O= +

GZc^_f fZkkm gZljby b h[t_f oehjZ������ ] ² o ]��� ]² �� ]o  �� ��������⋅  ����� ]�
m(Na)  ����� ]������ ] ² m e��� ]² ���� em  ���� ��������⋅  ������ e�
V(Cl2) = 109,76 e�Hl\_l: m(Na) = 225,4 ]� V(Cl2) = 109,76 e�<hijhk ��>Zgh: m(Na�  ����� ]� ω\ j�j_(NaOH) = 40 %;GZclb: m(NaOH)J_r_gb_: �� AZibr_f mjZ\g_gb_ j_Zdpbb ihemq_gby NaOH:P ����� ] o ]� �� � fhev � � fhev0 �� ]�fhev 0 �� ]�fhevP �� ] P �� ]

�1D �+2 �1D2+ G+ + ↑

GZc^_f fZkkm NaOH� ihemqb\r_]hky \ oh^_ j_Zdpbb�

a
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�� ] ² �� ]����� ]² o ]o  ����� ����⋅  ��� ]� m(NaOH) = 392 ]��� GZc^_f fZkkm �� ��]h jZkl\hjZ ]b^jhdkb^Z gZljby�
m(j�jZ NaOH) = 

)NaOH(

)NaOH(m

j_\j−ω
= ������ = 980 ]�Hl\_l: m(j�jZ 1D2+�  ��� ].<hijhk ��>Zgh: V(Cl2) = 100 e� W = 95 %;GZclb: m(MnO2); ν(HCl)J_r_gb_� �� GZc^_f kdhevdh oehjZ ^he`gh ihemqZlvkyl_hj_lbq_kdb� qlh[u ijZdlbq_kdb ihemqbehkv ��� ebljh\�

Vl_hj(Cl2) = 
W

)Cl(V 2 = ��� e���� = 105,26 e��� AZibr_f mjZ\g_gb_ j_Zdpbb
�

105,26 eo ]
2 2 2 2

= 4 fhev� � fhev � � fhev
M = 87 ]�fhev 9 ���� e�fhev
m = 87 ] V = 22,4 e

MnO 4HCl  = MnCl Cl G 2
ν

+ + + ↑

ν(HCl) = 4⋅ν(Cl2) = 4⋅ � l_hj9�&O �9ν
= 4⋅ ���������� = 18,8 fhev�GZc^_f fZkkm MnO2:�� ] ² ���� eo ]² ������ eo  ������ ]�Hl\_l: V(HCl)  ���� fhev� m(MnO2) = 408��� ]�<hijhk ��Ij_^hklZ\ey_f \Zf \hafh`ghklv kZfbf ih^mfZlv gZ^ wlbf \hijhkhf�<hijhk ��

F ² ihfh]Z_l ij_^hl\jZsZlv lZdh_ aZ[he_\Zgb_� dZd dZjb_k am[h\�
Cl ² klbfmebjm_l h[f_g \_s_kl\� jhkl \hehk� ijb^Z_l [h^jhklv bkbem� Br ² j_]mebjm_l ijhp_kku \ha[m`^_gby b lhjfh`_gbyp_gljZevghc g_j\ghc kbkl_fu� ijbf_gy_lky ^ey e_q_gby g_j\guo[he_ag_c� I ² \eby_l gZ \ujZ[hldm ]hjfhgZ sblh\b^ghc `_e_au�_]h g_^hklZlhd ijb\h^bl d lZdhfm aZ[he_\Zgbx� dZd wg^_fbq_kdbcah[�< lh `_ \j_fy \k_ ]Zeh]_gu \oh^yl \ khklZ\ y^h\bluo� hljZ\eyxsbo\_s_kl\�Ijb ba[uld_ ]Zeh]_gh\ \ hj]Zgbaf_ jZa\b\Zxlky jZaebqgu_ [he_agb�1

1 Hl\_l \ayl ba mq_[gbdZ gZ klj��� ���
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<hijhk ��< jheb m[bcpu \uklmiZ_l ]Zeh]_g² oehj — ]Za k _^dbf aZiZohf�[e_^gh a_e_gh]h p\_lZ� y^h\bl� Hibku\Z_lky ijbf_g_gb_ \ \hcg_obfbq_kdh]h hjm`by�<hijhk ��Ij_^hklZ\ey_f \Zf \hafh`ghklv ihnZglZabjh\Zlv kZfbf�
§ 20� Dbkehjh^<hijhk ��

1) 4Al + 3O2 = 2Al2O3; Al0 ± ��  $O3+, 0
2O � ��  �22–

2) 3Fe + 2O2=Fe3O4; Fe0±� �→Fe2+, 2Fe0±�� → 2Fe3+, 0
2O � �� �22–

<hijhk ��
S + O2 = SO2, 4P + 5O2 = 2P2O5, C + O2 = CO2.<hijhk ��DZlZebaZlhjZfb gZau\Zxlky lZdb_ \_s_kl\Z� dhlhju_ ih\urZxlkdhjhklv j_Zdpbb� gh kZfb ijb wlhf \ j_Zdpbx g_ \klmiZxl� <ijbkmlkl\b_ dZlZebaZlhjZ — MnO2� \ eZ[hjZlhjbb ihemqZxl H2iml_f jZaeh`_gby +2O2.

2H2O2

2MnO

⇒ 2H2O + O2↑.<hijhk ��J_Zdpby jZaeh`_gby HgO:

2HgO
t

⇒ 2Hg + O2↑;AZ^ZqZ� Imklv m gZk _klv �� ] aZ]jyag_ggh]h +J2� Ba\_klgh� qlhkh^_j`Zgb_ ijbf_k_c khklZ\ey_l � �� <uoh^ j_Zdpbb �� %.JZkkqblZcl_ h[t_f dbkehjh^Z� ihemq_ggh]h ijb jZaeh`_gbb hdkb^Zjlmlb�J_r_gb_� �� GZc^_f fZkkm qbklh]h +J2�
m(HgO) = mkf_kb⋅ωkf_kb(HgO) = 10⋅��±�����  ��� ]�
2) 

W ��  � fhev �  � fhev0  ��� ]�fhev 9  ���� e�fhev�P  ��� ] 9  ���� e
�+J2 �+J � 2

9�H2)l_hj� = ���] ���� e��� ]⋅  ���� e�
3) � ijZdl�� l_hj�

9�2 �9�2 � = 0,8;

V(O2)ijZdl� = V(O2)l_hj�⋅���  ���� e⋅���  ����� e�Hl\_l� ����� e dbkehjh^Z j_Zevgh \u^_ebehkv�
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<hijhk ��J_Zdpbb ]hj_gby² j_Zdpbb \_s_kl\Z k dbkehjh^hf� ijhl_dZxsb_ k[hevrhc kdhjhklvx� k \u^_e_gb_f [hevrh]h dhebq_kl\Z l_ieZ bkhijh\h`^Zxsb_ky \hkieZf_g_gb_f�>uoZgb_ wlh ijhp_kk f_^e_ggh]h hdbke_gby � Hg aZdexqZ_lky \ke_^mxs_f � dbkehjh^ ^hklZ\ey_lky ]_fh]eh[bghf djh\b \h \k_ ldZgb bde_ldb hj]ZgbafZ � dbkehjh^ hdbkey_l m]e_\h^u� h[jZamy ijb wlhfm]e_dbkeuc ]Za b \h^m b hk\h[h`^Zy wg_j]bx� g_h[oh^bfmx ^eyhj]ZgbafZ �Koh^kl\h aZdexqZ_lky \ lhf� qlh� h[Z ijhp_kkZ _klv ijhp_kkuhdbke_gby� \ h[hbo kemqZyo \uk\h[h`^Z_lky wg_j]by� \ j_amevlZl_j_Zdpbc h[jZamxlky hdkb^u�JZaebqby aZdexqZxlky \ kdhjhklyo hdbke_gby� \ dhebq_kl\_\u^_ey_fhc wg_j]bb�<hijhk ��Nhlhkbgl_a² wlh ijhp_kk `bag_^_yl_evghklb jZkl_gby� \j_amevlZl_ dhlhjh]h hgb ih]ehsZxl KH2 b \u^_eyxl H2.>uoZgb_² wlh ijhp_kk `bag_^_yl_evghklb jZkl_gby� `b\hlgh]h bq_eh\_dZ� \ j_amevlZl_ dhlhjh]h ih]ehsZ_lky H2 b \u^_ey_lky KH2.Ijb nhlhkbgl_a_ b ^uoZgbb \ jZkl_gbyo ijhbkoh^ylijhlb\hiheh`gu_ ijhp_kku�<hijhk ��Ijhy\bl_ k\hb l\hjq_kdb_ kihkh[ghklb \ gZibkZgbb khqbg_gby�<hijhk ��
2F2 + H2O = 2HF + F2O;���� ��) ��H �)� hdbkebl_ev� � \hkklZgh\bl_ev2 �H 2−

§ 21� K_jZ<hijhk ��>Zgh: m(ZnS � ij��  ��� d]� ω�ijbf_kb�  �� %.GZclb: V(SO2)J_r_gb_� �� GZc^_f fZkkm \_s_kl\Z [_a ijbf_kb�
m(ZnS)=m(ZnS � ij�±P�=Q6 � ij�⋅ω�ij� ��� d] ± ��� d]⋅��� ���d]��� AZibr_f mjZ\g_gb_ j_Zdpbb���

�
P ��� �� o e� �� � fhev � � fhev0 �� ]�fhev 9 ���� e�fhevP ��� ] 9 ���� e

�=Q6 �2 �=Q2 �62⋅
+ +

��� ]² ���� e
388⋅103]² o e
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o  ���� �� �������⋅ ⋅ ≈100⋅103 e  ��� f3.Hl\_l: V(SO2�  ��� f3.<hijhk ��
3S � �.KO23 = 2KCl + 3SO2↑;� ��

�� �6 � H6 � \hkklZgh\bl_ev�� � hdbkebl_ev&O� �H &O−

<hijhk ��
S →1 HgS →2 SO2 →3 Na2SO3 →4 SO2 →5 SO3 →6 H2SO4.
1. S + Hg = HgS;
2. HgS + O2 = SO2↑ + Hg;
3. SO2 + 2NaOH = Na2SO3 + H2O;
4. Na2SO3 + 2HCl = 2NaCl + H2O + SO2↑;
5. 2SO2 + O2 = 2SO3;
6. SO3 + H2O = H2SO4.<hijhk ��Kh_^bg_gby� \oh^ysb_ \ khklZ\ \medZgbq_kdbo ]Zah\� h[eZ^Zxllhdkbq_kdbfb k\hckl\Zfb�<hijhk ��JZgvr_ jlmlv gZau\Zeb f_jdmjb_f� \ q_lv ieZg_lu F_jdmjbc�IjbklZ\dZ ^_ hagZqZ_l hljbpZgb_� Lh]^Z ©^_f_jdmjbaZpbyª ² wlhmgbqlh`_gb_ jlmlb� l�_� h[_aaZjZ`b\Zgb_�

§ 22� Kh_^bg_gby k_ju<hijhk ��Z� K_jh\h^hjh^ ijhy\ey_l lhevdh \hkklZgh\bl_evgu_ k\hckl\Z� l�d�k_jZ \ ^Zgghf kh_^bg_gbb bf__l kl_i_gv hdbke_gby � �gZbf_gvrZy ba\hafh`guo��
2H2S + 3O2 

W 2H2O + 2SO2↑.[� hdkb^ k_ju �,9� fh`_l ijhy\eylv k\hckl\Z dZd hdbkebl_ey� lZd b\hkklZgh\bl_ey� l�d� kl_i_gv hdbke_gby k_ju \ ^Zgghf kh_^bg_gbb�� y\ey_lky ijhf_`mlhqghc�
2SO2 + 3C�ba[� t

= CS2 + 2CO2, SO2 + Cl2

t
= SO2Cl2;\� k_jZ lZd`_ fh`_l ijhy\eylv hdbkebl_evgu_ b \hkklZgh\bl_evgu_kihkh[ghklb� l�_� kl_i_gv hdbke_gby k_ju � y\ey_lkyijhf_`mlhqghc�

S + H2 = H2S↑, S + O2 = SO2↑;
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]� k_jgZy dbkehlZ ijhy\ey_l hdbkebl_evgu_ k\hckl\Z� l�d� kl_i_gvhdbke_gby k_ju �� y\ey_lky fZdkbfZevgh \hafh`ghc�
2H2SO��dhgp�+Cu = CuSO4+SO2↑+2H2O.<hijhk ��Z� K_jgbkluc ]Za ihemqZxl ijb iheghf k`b]Zgbb k_jh\h^hjh^Z bh[`b]_ kmevnb^h\�

2H2S+3O2

t
= 2SO2↑+2H2O, 2ZnS+3O2

t
= 2ZnO+2SO2↑.K_jgbkluc ]Za �622) ² [_kp\_lguc ]Za k oZjZdl_jguf aZiZohf�ijhy\ey_l lbibqgu_ k\hckl\Z dbkehlguo hdkb^h\ b ohjhrhjZkl\hjy_lky \ \h^_� h[jZamy keZ[mx k_jgbklmx dbkehlm�

SO2+H2O ∅ H2SO3.Kh_^bg_gby k_ju �IV): NaHSO3, Na2SO3 b 622 bkihevamxlky ^eyhl[_eb\Zgby r_jklb� r_edZ� [mfZ]b b khehfu� Z lZd`_ \ dZq_kl\_dhgk_j\bjmxsbo kj_^kl\ ^ey khojZg_gby k\_`bo ieh^h\ b njmdlh\�[� Hdkb^ k_ju �9,� ihemqZxl ih ke_^mxs_c j_Zdpbb
2SO2+O2 

W� FDW
2SO3.Hdkb^ k_ju �9,� ² [_kp\_lgZy� kbevgh ^ufysZyky gZ \ha^mo_`b^dhklv� ijhy\ey_l lbibqgu_ dbkehlgu_ k\hckl\Z� jZkl\hjyykv \\h^_� h[jZam_l k_jgmx dbkehlm�

H2O + SO3 = H2SO4.K_jgZy dbkehlZ² h^bg ba \Z`g_crbo ijh^mdlh\� bkihevam_fuo \jZaebqguo hljZkeyo ijhfure_gghklb�<hijhk ���� JZa[Z\e_ggZy k_jgZy dbkehlZ \uklmiZ_l \ dZq_kl\_ we_dljheblZ \bhgguo j_Zdpbyo� GZijbf_j�
BaCl2 + H2SO4 ⇒ BaSO4↓ + 2HCl; Ba2+ + SO4

2– ⇒ BaSO4↓.K_jgZy dbkehlZ ijhy\ey_l k\hckl\Z hdbkebl_ey� < H<J +2SO4\klmiZ_l lhevdh dhgp_gljbjh\ZggZy��� JZkkfhljbf j_Zdpbb +2SO4 k f_lZeeZfb =Q b &X k ihabpbbhdbkebl_evgh�\hkklZgh\bl_evguo j_Zdpbc�
Zn + H2SO��jZa[�� ⇒ ZnSO4 + H2↑,

Cu + 2H2SO��dhgp�� ⇒ CuSO4 + SO2↑ + 2H2O.B \ lhf b \ ^jm]hf kemqZ_ b^_l H<J� gh \ i_j\hc j_Zdpbb jhevhdbkebl_ey b]jZxl dZlbhgu G+� Z \h \lhjhc² k_jZ�AZibr_f bhggh_ mjZ\g_gb_ ^ey i_j\hc j_Zdpbb�
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Zn0 + 2H+ ⇒ Zn2+ + �+ ↑.Wlm j_Zdpbx fh`gh hlg_klb d j_Zdpbyf bhggh]h h[f_gZ��� L_i_jv jZkkfhljbf j_Zdpbb bhggh]h h[f_gZ k ihabpbb l_hjbbwe_dljheblbq_kdhc ^bkkhpbZpbb� DZd \u agZ_l_� j_Zdpby bhggh]hh[f_gZ b^_l lhevdh \ lhf kemqZ_� _keb \ j_amevlZl_ h[jZam_lky keZ[h^bkkhpbbjmxs__ \_s_kl\h�GZijbf_j�
ZnSO4 + MgCl2 ∅ MgSO4 + ZnCl2.J_Zdpby g_ b^_l� l�d� g_ h[jZamxlky fZeh^bkkhpbbjmxsb_ \_s_kl\Z�< jZkl\hj_ gZoh^blky kf_kv bhgh\�

ZnSO4 + BaCl2 ⇒ BaSO4↓ + ZnCl2.��62 − + Ba2+ ⇒ BaSO4↓.J_Zdpby ijhl_dZ_l� l�d� %D624 ² fZehjZkl\hjbf�<hijhk ��Ihemq_gb_ k_jghc dbkehlu�
42

3
3

2
2

1

2

2 SOHSOSO

SH

FeS

S

→→→







.

1. S+O2=SO2↑; 4FeS2���H2

t
= 2Fe2O3+8SO2; 2H2S+3O2

t
= 2H2O+2SO2.�� 62��2� 62��W� FDW

3. SO3+H2O = H2SO4.<hijhk ��>Zgh: V(H22�  ��� fe  ��� ]� 9�622�  ���� e�GZclb: ω\ j�j_(H2SO3)J_r_gb_� �� AZibr_f mjZ\g_gb_ ihemq_gby k_jgbklhc dbkehlu�
H2O+SO2 = H2SO3.Ba mjZ\g_gby \b^gh� qlh ^ey h[jZah\Zgby � fhev +2SO3 gm`gh \aylv� fhev +22 b � fhev 622� GZc^_f qbkeh fhev +22 b 622:

ν�G2H�  ��P�+ 2�0�+ 2� = fhev/]18

]400  ����� fhev�
ν(SO2) = 

νV

)SO(V 2 = ����e����e �fhev  ��� fhev�
Ke_^h\Zl_evgh� 622 gZoh^blky \ g_^hklZld_ b ihemqbehkv ��� fhev
H2SO3� Lh]^Z m gZk hklZehkv ν�G2H�hkl  �����±���  ����� fhev�

http://alexbooks.ucoz.com/load/reshebniki/68



42

2. ω\ j�j_(H2SO3) = 
)jZj(m

)SOH(m 32

−
= hkl232

32

)OH(m)SOH(m

)SOH(m

+
=

= � � � �� � � � � hkl ��+ 62 � 0�+ 62 ��+ 62 � 0�+ 62 � �+ 2� 0�+ 2�ν ⋅
ν ⋅ + ν ⋅

=

= ���fhev ��] �fhev���fhev ��] �fhev �����fhev ��] �fhev⋅
⋅ + ⋅

= 0,095 = 9,5 %.Hl\_l: ω\ j�j_(H2SO3) = 9,5 %.<hijhk ��AZibr_f j_Zdpbx kbgl_aZ 623:

2SO2 + O2 2SO3.Ij_`^_ \k_]h� wlZ j_Zdpby hdbkebl_evgh�\hkklZgh\bl_evgZy�
++  →− 6hdbke_gb_l_ev\hkklZgh\b4 Se2S ; − →+ 2_gb_\hkklZgh\ehdbkebl_ev0

2 O2e4O .LZd`_ j_Zdpby kbgl_aZ 623 y\ey_lky h[jZlghc j_Zdpb_c� l�_� hgZ b^_lh^gh\j_f_ggh \ h[_ klhjhgu� J_Zdpby gZqbgZ_lky lhevdh ijbhlghkbl_evgh \ukhdbo l_fi_jZlmjZo �������°K b ijhl_dZ_l \ijbkmlkl\b_ dZlZebaZlhjZ �ieZlbgu� hdkb^h\ \ZgZ^by� `_e_aZ b l� ^���>ey kf_s_gby jZ\gh\_kby \ijZ\h� gZ^h \kihfgblv ijbgpbi E_RZl_ev_ ^ey ]Zah\� ijb \ukhdhf ^Z\e_gbb j_Zdpby b^_l \ lmklhjhgm� ]^_ h[sbc h[t_f ]Zah\ f_gvr_�< gZr_f kemqZ_ ke_\Z dhebq_kl\h ]Zah\ � fhev� kijZ\Z² � fhev�l�_� ijb m\_ebq_gbb ^Z\e_gby j_Zdpby [m^_l kf_sZlvky \ klhjhgmh[jZah\Zgby 623.<hijhk ��>Zgh: V(H2H�  ���� fe� 0�&X624⋅5H22�  ��� ]�GZclb: ω\ j�j_(CuSO4)J_r_gb_: 1. m(H2O) = V(H2O)⋅ρ(H22�  ���� fe⋅� ]�fhev  ����]��� GZc^_f fZkkm jZkl\hjZ kheb�P�h[s��  P�+2O) + m(CuSO4⋅5H2O) = 5000 � ���  ���� ]��� GZc^_f fZkkm kmevnZlZ f_^b [_a\h^gh]h�
m(CuSO4) = m(CuSO4⋅5H2O)⋅ω \ &X62�⋅�G�H(CuSO4) =

= m(CuSO4)⋅ �� �0U�&X62 �0U�&X62 � �0U�+ 2�+
 ��� ]⋅ ������ ��+

 ��� ]⋅����  ��� ]��� Lh]^Z fZkkh\Zy ^hey &X624 \ jZkl\hj_�
ω(CuSO4) = 

)h[s(m

)CuSO(m 4 = ]5500

320 ≈0,058 = 5,8 %.

Hl\_l: ω(CuSO4) = 5,8 %.
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<hijhk ��<gbfZl_evgh jZkkfhljbl_ ko_fm ijbf_g_gby k_jghc dbkehlu�jbk� ��� gZ klj� ��� b ihiulZcl_kv kZfb hl\_lblv gZ wlhl \hijhk�
§ 23� :ahl<hijhk ��Z� �0J + N2 = Mg3N2 ² gbljb^ fZ]gby�� �

��
0J �H 0J �� �1 �H �1 +

−

− =

+ =[� �KZ + N2 = Ca3N2 ² gbljb^ dZevpby�� �
��

&D �H &D �� �1 �H �1 +

−

− =

+ =\� �$O + N2 = 2AlN ² gbljb^ Zexfbgby� �
��

$O �H $O �� �1 �H �1
+

−

− =

+ =< ijh^mdlZo j_Zdpbc bhgguc lbi obfbq_kdhc k\yab b bhggZydjbklZeebq_kdZy j_r_ldZ�Gbljb^u f_lZeeh\ e_]dh ]b^jhebamxlky k \u^_e_gb_f ZffbZdZ�
Mg3N2 + 6H2O 3Mg(OH)2↓ + 2NH3↑;<hijhk ��1� →� /L�1 →� 1+� →� 12 →� 12� →� +12�

1. N2 + 6Li = 2Li3N; � ��1 �H �1 �−+ →
2. Li3N + 3H2O = 3LiOH + NH3↑; Li – 1 H → Li+;

3. 4NH3 � �H2

cat
= 4NO↑ + 6H2O;

4. 2NO + O2 = 2NO2;
5. 4NO2 + 2H2O + O2 = 4HNO3.<hijhk ��JZkkfhljbf ke_^mxsmx j_Zdpbx�

2NO + O2 ∅ 2NO2 + Q.Ij_`^_ \k_]h� wlZ j_Zdpby hdbkebl_evgh�\hkklZgh\bl_evgZy�� �hdbke_gb_\hkklZgh\bl_ev1 �H 1+ +− → ;

− →+ 2_gb_\hkklZgh\ehdbkebl_ev0
2 O2e4O .
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LZd`_ j_Zdpby kbgl_aZ 122 y\ey_lky h[jZlghc j_Zdpb_c� l�_� hgZb^_l h^gh\j_f_ggh \ h[_ klhjhgu� L�d� \ j_Zdpbb mqZkl\mxl ]Zau� lhfu fh`_f ijbf_gblv ijbgpbi E_�RZl_ev_�< gZr_c j_Zdpbb dhebq_kl\h fhev ]Zah\ ke_\Z [hevr_� q_f kijZ\Z�Lh]^Z ijb m\_ebq_gbb ^Z\e_gby jZ\gh\_kb_ kf_klblky \ijZ\h�< ijyfhc j_Zdpbb \u^_ey_lky l_ieh� ke_^h\Zl_evgh� ijbmf_gvr_gbb l_fi_jZlmju jZ\gh\_kb_ kf_klblky \ijZ\h�<hijhk ��Z� �1+3 + 5O2 = 4NO↑ + 6H2O� �
� ��

1 �H 1 ��� �2 �H �2
− +

−

− =

+ =[� �1+3 + 3O2 ⇒ 2N2↑ + 6H2O� �� ��
�1 �H 1 ��� �2 �H �2

−

−

− =

+ =
.

<hijhk ��>Zgh: m(NH4NO2�  ��]� ω�ijbf_kb�  ��� %.GZclb: V(N2), ν(H2O)J_r_gb_� �� GZc^_f fZkkm kheb [_a ijbf_k_c�
m(NH4NO2)=m(NH4NO2�ij�±P�1+4NO2)⋅ωij �� ]±�� ]⋅0,012=19,76]��� AZibr_f mjZ\g_gb_ j_Zdpbb

�
m ]����� ] W o e� � � �� � fhev � � fhev � � fhev0 �� ]�fhev 9 ���� ]�fhev F �� ]�fhevP �� ] P �� ]9 ���� ]

1+ 12  1 � �+ 2
GZc^_f 9�12� b P�+2O):�� ] ² ���� e����� ] ² o eo  19,76 22,4

64

⋅  ����� e� 9�12�  ����� e��� ] ² �� ]����� ] ² m ]
y = 19,76 36

64

⋅ = 11,115 ]� P�+22�  ������ ]�Lh]^Z ν(H2O) = ��P�+ 2�0�+ 2� = ������]�� ] �fhev  ������ fhev�Hl\_l: V(N2�  ����� e� ν(H22�  ������ fhev�
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§ 24� :ffbZd<hijhk ��:ffbZd e_]dh k`b`Z_lky ijb h[uqghf ^Z\e_gbb b l_fi_jZlmj_
33,4°K� Z ijb bkiZj_gbb `b^dh]h ]ZaZ ba hdjm`Zxs_c kj_^u ih]ehsZ_lkyfgh]h l_ieZ� ihwlhfm hg ijbf_gy_lky \ oheh^bevguo mklZgh\dZo�:ffbZd hq_gv ohjhrh jZkl\hjbf \ \h^_� �� � jZkl\hj ZffbZdZgZau\Z_lky gZrZlujguf kibjlhf b bkihevam_lky \ f_^bpbg_�2<hijhk ��<h^hjh^gZy k\yav² wlh obfbq_kdZy k\yav f_`^m ZlhfZfb \h^hjh^Zb ZlhfZfb kbevgh we_dljhhljbpZl_evguo we_f_glh\ �nlhj�dbkehjh^� Zahl�� <h^hjh^gZy k\yav h[jZam_lky h[uqgh f_`^m ^\mfykhk_^gbfb fhe_dmeZfb� GZijbf_j� hgZ h[jZam_lky f_`^mfhe_dmeZfb \h^u� kibjlh\� nlhjh\h^hjh^Z� ZffbZdZ�Wlh hq_gv keZ[Zy k\yav ijbf_jgh \ �� �� jZa keZ[__ dh\Ze_glghc �;eZ]h^Zjy _c g_dhlhju_ gbadhfhe_dmeyjgu_ \_s_kl\Z h[jZamxlZkkhpbZlu� qlh ijb\h^bl d ih\ur_gbx l_fi_jZlmj ieZ\e_gby bdbi_gby \_s_kl\�:ghfZevgh \ukhdb_ l_fi_jZlmju ieZ\e_gby b dbi_gby oZjZdl_jgu^ey \h^u �_keb jZkkfZljb\Zlv \h^hjh^gu_ kh_^bg_gby 9, ]jmiiu�� <k_\h^hjh^gu_ kh_^bg_gby 9, ]jmiiu� djhf_ \h^u� y\eyxlky ]ZaZfb�Hq_gv \Z`gmx jhev b]jZ_l \h^hjh^gZy k\yav \ fhe_dmeZo \Z`g_crbo^ey `b\uo kms_kl\ kh_^bg_gbc² [_edh\ b gmde_bgh\uo dbkehl�3<hijhk ��>hghjgh�Zdp_ilhjgZy k\yav² wlh hkh[uc \b^ obfbq_kdhc k\yab�dhlhjZy \hagbdZ_l g_ aZ kq_l kiZjb\Zgby g_iZjguo we_dljhgh\� Z aZkq_l k\h[h^ghc we_dljhgghc iZju h^gh]h ZlhfZ b k\h[h^ghc yq_cdb^jm]h]h�4<hijhk ��Kl_i_gv hdbke_gby ZahlZ \ oehjb^_ Zffhgby 1+4Cl: 

� �1+ &O−
.Kl_i_gv hdbke_gby ZahlZ \ gbljZl_ Zffhgby 1+4NO3: 

� �� �1+ 12− +
.<hijhk ��

3CuO + 2NH3 = N2 + 3Cu + 3H2O.� �
� �

&X �H &X �� ��1 �H 1
+

−

+ =

− =
.

2 >ey hl\_lZ bkihevah\Zeky mq_[gbd �klj� �����
3 >ey hl\_lZ bkihevah\Zeky mq_[gbd �klj� ��� �����
4 >ey hl\_lZ bkihevah\Zeky mq_[gbd �klj� ��� �����
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<hijhk ��:ffbZd ijhy\ey_l lhevdh \hkklZgh\bl_evgu_ k\hckl\Z� l�d� ZahlgZoh^blky \ kZfhc gbadhc kl_i_gb hdbke_gby b g_ fh`_l [hevr_ijbgbfZlv we_dljhgu �
§ 25� Kheb Zffhgby<hijhk ��Z� �1+4)2SO4 + BaCl2 = BaSO4↓ + 2NH4Cl; SO4

2– + Ba2+ = BaSO4↓.[� 1+4Cl + AgNO3 = AgCl↓ + NH4NO3; Ag+ + Cl– = AgCl↓.<hijhk ��Z� �1+4)2CO3+H2SO4=(NH4)2SO4+H2O+CO2 ↑; CO3
–

2+2H+=H2O+CO2↑.[� �1+4)2CO3+2NaOH=Na2CO3+2NH3↑+2H2O; NH4
++OH–=NH3↑+H2O.\� �1+4)2CO3 + CaCl2 = CaCO3↓ + 2NH4Cl; CO3

2– + Ca2 + = CaCO3↓.]� �1+4)2CO3
W

CO2↑ + 2NH3↑ + H2O↑.<hijhk ��
(NH4)3PO4 ² nhknZl Zffhgby�
(NH4)2HPO4 ² ]b^jhnhknZl Zffhgby�
NH4H2PO4 ² ^b]b^jhnhknZl Zffhgby�
(NH4)3PO4 ∅ 3NH4

+ + PO4
3–.

(NH4)2HPO4 ∅ 2NH4
+ + H+ + PO4

3–

(NH4)H2PO4 ∅ NH4
+ + 2H+ + PO4

3–.<hijhk ��
N2 →1 NH3 →2 (NH4)2HPO4 →3 NH4Cl →4 NH4NO3.

1. N2 + 3H2

W� S� FDW- 2NH3↑;
2. H3PO4 + 2NH3 = (NH4)2HPO4;
3. (NH4)2HPO4 � �G&O  �1+4Cl + H3JH4;
4. NH4Cl + AgNO3 = AgCl↓ + NH4NO3.<hijhk ��>Zgh� P((NH4)2SO4�  ��� d]�GZclb� 9�1+3), m(NH3)J_r_gb_� �� GZc^_f fZkkh\mx ^hex ZffbZdZ \ kmevnZl_ Zffhgby�

� � ��1+ � 62ω (NH3)= �� � �
�0�1+ �0��1+ � 62 � = fhev/]132

fhev/]172 ⋅
=0,2576=25,76 %.�� GZc^_f fZkkm ZffbZdZ� g_h[oh^bfh]h ^ey ihemq_gby ��� d]

(NH4)2SO4:
m(NH3) = m((NH4)2SO4)⋅ω(NH3�  ��� d]⋅������  ���� d]��� GZc^_f h[t_f ZffbZdZ�
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V(NH3)=ν(NH3)⋅Vν= ��P�1+ �0�1+ �⋅Vν=
����� �� ]�� ]�fhev⋅ ⋅���� e�fhev ������� e ��f3.Hl\_l: m(NH3�  ���� d]� 9�1+3�  �� f3.

§ 26� Dbkehjh^gu_ kh_^bg_gby ZahlZ<hijhk ��:ahlgZy dbkehlZ g_ h[jZam_l dbkeuo khe_c� l�d� hgZ h^ghhkgh\gZy bbf__l \k_]h h^bg Zlhf \h^hjh^Z� dhlhjuc b hl^Z_l ijb h[jZah\Zgbb kheb�<hijhk ��Z� &X�2+�2 + 2HNO3=2H2O + Cu(NO3)2; Cu(OH)2 + 2H+=Cu2+ + 2H2O;[� )H2O3 + 6HNO3 = 2Fe(NO3)3 + 3H2O; Fe2O3 + 6H+ = 2Fe3+ + 3H2O.\� 1D2CO3+2HNO3=2NaNO3 + H2O + CO2↑; CO3
2– + 2H+=H2O +

CO2↑.<hijhk ��
Na2SiO3 + 2HNO3 = 2NaNO3 + H2SiO3↓; SiO3

2– + 2H+ = H2SiO3↓.<hijhk ��
1) 3Cu + 8HNO��jZa[� = 3Cu(NO3)2 + 2NO↑ + 2H2O,� ��

�� ��&X �H &X �� �1 � �H 1− .

2) Cu + 4HNO3(dhgp) = Cu(NO3)2 + 2NO2↑ + 2H2O� ��
�� ��&X �H &X �� �1 � H 1−

<hijhk ��
I. N2 →1 NO →2 NO2 →3 HNO3.
1. N2 + O2 = 2NO,� ��� ��
1 �H �1 �� �2 �H �2

+

−

− =

+ =
.

2. 2NO + O2 = 2NO2,� �
� ��

1 �H 1 ��� �2 �H �2
+ +

−

− =

+ =
.

3. 4NO2 + O2 + 2H2O = 4HNO3,� �
� ��

1 H 1 �� �2 �H �2
+ +

−

− =

+ =
.

II. NH3
1→ NO 2→ NO2

3→ HNO3.
1. 4NH3 + 5O2 = 4NO + 6H2O,
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� �
� ��

1 �H 1 ��� �2 �H �2
− +

−

− =

+ =
.

MjZ\g_gby � b � kfhljb \ur_�<hijhk ��>Zgh: V(NO2�  ����� f3; ω(HNO3) = 68 %.GZclb� P�+123)J_r_gb_� �� AZibr_f mjZ\g_gb_ j_Zdpbb ihemq_gby Zahlghc dbkehlu������� �� e o ]� � � �� � fhev � � fhev9 ���� e�fhev 0 �� ]�fhevP ��� ]9 ���� e
�12� 2 � �+2 �+12

ν

⋅

89,6 e — 252
134,4⋅103 e² o ]o  ����] ����� �� e����e⋅ ⋅  ��� d]��� GZc^_f fZkkm jZkl\hjZ Zahlghc dbkehlu�
m(HNO3) = 

)HNO(

x

3ω
= 

379 d]
0,68

= 555,9 d];Hl\_l: m(HNO3) = 555,9 d]�<hijhk ��>Zgh: m(NaNO3�  ��� ]� 9�22�  ���� e�GZclb� P�ijbf_kb�J_r_gb_� �� AZibr_f mjZ\g_gb_ j_Zdpbb�
�

���� eo ] W� � �� � fhev� � fhev 9 ���� e�fhev0 �� ]�fhevP ��� ] 9 ���� e
�1D12 �1D12 � 2 ↑

��� ]² ���� eo ]² ���� eo  ���� �������⋅  ��� ]�
mqbklZy(NaNO3�  ��� ]��� GZc^_f fZkkm ijbf_kb�P�ij�  P�1D123)–mqbklZy(NaNO3�  ��� ]±��� ]  �� ]�
ωij = ijk_e�

P ��P ���=  ���� beb ���
Hl\_l: ωij = 25%.<hijhk ��Kf� \hijhk � �,,��
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§ 27�Nhknhj b _]h kh_^bg_gby<hijhk ��
1. Na3PO4 ² nhknZl gZljby� Na3PO4 = 3Na+ + PO4

3–;
2. Na2HPO4 ² ]b^jhnhknZl gZljby� Na2G324 = 2Na+ � G+ + PO4

3–;
3. NaH2PO4 ² ^b]b^jhnhknZl gZljby� 1DG2PO4 = Na+ � �G+ + PO4

3–.<hijhk ��J →1 Mg3P2 →2 PH3 →3 P2O5 →4 H3PO4 →5 Ca3(PO4)2.

1. �J + 3Mg
t
= Mg3P2,� ��

� ��3 � �H 3 �� �0J �H 0J−
,

2. Mg3P2 + 6H2O = 3Mg(OH)2↓ + 2PH3↑.
3. 2PH3 + 4O2 = P2O5 + 3H2O,� �

� ��
3 �H 3 �� �2 �H �2

− +

−

− =

+ =
,

4. P2O5 + 3H2O = 2H3PO4;
5. 2H3PO4 � �&D�HG�2 = Ca3(PO4)2↓ + 6H2H�<hijhk ��
3P + 5HNO3 + 2H2O = 3H3PO4 + 5NO↑,� �

� �3 �H 3 ��� �1 �H 1
+

+ +

− =

+ =
.

<hijhk ��>Zgh: m(Ca3(PO)4 � ij�  ��� ]� ω�ij�  �� %, W = 80 %.GZclb: m(P)J_r_gb_� �� GZc^_f fZkkm kheb [_a ijbf_kb�
m(Ca3(PO4)2) = m(Ca3(PO4)2 � ij�±P�&D3(PO4)2 � ij�⋅ω�ij�   ��� ]±��� ] ⋅ ����  ����� ]��� AZibr_f mjZ\g_gb_ j_Zdpbb� o ]����� ]� � � � � � � fhev� � fhev 0 �� ]�fhev0 ��� ]�fhev P �� ]P ��� ]
&D �32 � ��6L2 ��& �&D6L2 � �3↑

��� ]² �� ]����� ] ² o ]o  ����� �����⋅  ���� ]�
m(P)l_hj  ���� ]��� GZc^_f fZkkm nhknhjZ� dhlhjZy ihemqbeZkv \ oh^_ j_Zdpbb�
m(P)ijZdl = m(P)l_hj⋅:  ���� ]⋅���  �� ]�
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Hl\_l: m(P)ijZdl  �� ]�<hijhk ��>Zgh� P�3�  �� ]� ω�ij�  � %,
ω(H3PO4) = 80 %.GZclb: mj�jZ(H3PO4)J_r_gb_� �� GZc^_f fZkkm nhknhjZ [_a ijbf_kb�
m(P) = m(P � ij� – m(P � ij�⋅ω�ij�  �� ] – 31⋅����  ����� ]��� Ba h^gh]h fhev nhknhjZ fh`gh ihemqblv jh\gh h^bg fhevnhknhjghc dbkehlu�
ν(H3PO4)=ν(P)= P�3�0�3� ⇒ν(H3PO4)=

P�3�0�3� = ]31

]45,29
=0,95 fhev��� Lh]^Z P�+3PO4)=M(H3PO4)⋅ν(H3PO4� �� ]�fhev⋅���� fhev ���� ]���FZkkZ jZkl\hjZ nhknhjghc dbkehlu jZ\gZ�P�j�jZ +3PO4) = 

)POH(

)POH(m

43

43

ω
= ����]���  ����� ]�Hl\_l� P�j�jZ +3PO4�  ����� ]�<hijhk ��>Zgh� P�j�jZ +3PO4�  ��� ]� ω1(H3PO4) = 5 �� P�J2H5�  ��� ]�GZclb: ω2(H3PO4)J_r_gb_� �� AZibr_f mjZ\g_gb_ j_Zdpbb ihemq_gby nhknhjghcdbkehlu� �G2H � J2H5  �G3JH4.Ba mjZ\g_gby \b^gh� qlh ba � fhev J2H5 ihemqZ_lky � fhev G3JH4.GZc^_f fZkkm nhknhjghc dbkehlu� ihemqb\r_cky \ oh^_ j_Zdpbb�

ν(H3PO4) = 2ν(P2O5) = 2⋅ � �� �P�3 2 �0�3 2 � = 2⋅ ���]���] �fhev  ���� fhev�
m(H3PO4) = ν(H3PO4)⋅M(H3PO4�  ���� fhev⋅�� ]�fhev  ������ ]��� GZc^_f� kdhevdh [ueh nhknhjghc dbkehlu \ jZkl\hj_�
m(H3PO4�  P�j�jZ�⋅ω1(H3PO4) = 980⋅����  �� ]��� GZc^_f gh\mx fZkkh\mx ^hex dbkehlu \ jZkl\hj_�
ω2(H3PO4) = � � h[s�� �P�+ 32 �P�j jZ� P�3 2 �− +

= 
152980

4972,209

+
+ = 0,2286.Hl\_l: ω2(H3PO4) = 22,86 %.<hijhk ��:�DhgZg >hce \ k\h_f ijhba\_^_gbb g_ mq_e obfbq_kdbo k\hckl\nhknhjZ� >Z\Zcl_ ih^mfZ_f \f_kl_� Nhknhj k\_lblky \ l_fghl_�ke_^h\Zl_evgh � wlh [_euc nhknhj� l�d� djZkguc nhknhj g_ k\_lblky\hh[s_� >Ze__� [_euc nhknhj hq_gv y^h\bl� b bkihevah\Zlv _]h klhev
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g_h[uqguf kihkh[hf g_kdhevdh jZa� \_jhylgh � [ueh [u keh`gh� Djhf_lh]h� [_euc nhknhj gZ \ha^mo_ e_]dh hdbkey_lky � i_j_oh^y ijb wlhf \kl_i_gv hdbke_gby ��
4P + 5O2 = 2P2O5.DZd lhevdh ijhp_kk hdbke_gby aZdZgqb\Z_lky� kh[ZdZ i_j_klZ_lk\_lblvky�Hdkb^ nhknhjZ �9� hq_gv ]b]jhkdhibqgh_ \_s_kl\h� l�_� hghijbly]b\Z_l d k_[_ \h^m� <kihfgbf� qlh \ hlju\d_ ]h\hjbehkv hlmfZg_� ba dhlhjh]h \ukdhqbeh ©qm^h\bs_ª� LmfZg² wlhkdhg^_gkbjh\Zggu_ iZju \h^u� Lh]^Z� kdhj__ \k_]h� h[jZah\Z\rbcky

P2O5 ih^ ^_ckl\b_f \eZ]b ij_\jZlbeky \ nhknhjgmx dbkehlm�J2H5 � �G2H⇒�G3JH4.Ljm^gh ij_^klZ\blv k_[_� qlh kh[ZdZ� h[fZaZggZy y^h\bluf\_s_kl\hf b dbkehlhc� fh`_l _s_ qlh eb[h k^_eZlv�
§ 28� M]e_jh^<hijhk ���� :efZa ijhajZqgh_ djbklZeebq_kdh_ \_s_kl\h � kZfh_ l\_j^h_ ba\k_o ijbjh^guo \_s_kl\� LZdZy l\_j^hklv h[mkeh\e_gZ hkh[hckljmdlmjhc _]h Zlhfghc djbklZeebq_kdhc j_r_ldb� < g_c dZ`^uc Zlhfm]e_jh^Z hdjm`_g lZdbfb `_ ZlhfZfb� jZkiheh`_ggufb \ \_jrbgZoijZ\bevgh]h l_ljZw^jZ �DjbklZeeu ZefZaZ h[uqgh [_kp\_lgu_� gh [u\Zxl kbg_]h� ]hem[h]h�djZkgh]h b q_jgh]h p\_lh\� Hgb bf_xl hq_gv kbevguc [e_kd[eZ]h^Zjy \ukhdhc k\_lhij_ehfeyxs_c b k\_lhhljZ`Zxs_ckihkh[ghklb� :efZa ohjhrh ijh\h^bl l_ieh� h[eZ^Z_lwe_dljhbaheypbhggufb k\hckl\Zfb�5�� =jZnbl² l_fgh�k_jh_� `bjgh_ gZ hsmiv djbklZeebq_kdh_\_s_kl\h k f_lZeebq_kdbf [e_kdhf� < hlebqb_ hl ZefZaZ ]jZnblfy]dbc b g_ijhajZqguc� ohjhrh ijh\h^bl l_ieh b we_dljbq_kdbclhd�Fy]dhklv ]jZnblZ h[mkeh\e_gZ kehbklhc kljmdlmjhc �jbk� �� \mq_[gbd_�� < djbklZeebq_kdhc j_r_ld_ ]jZnblZ Zlhfu m]e_jh^Z�e_`Zsb_ \ h^ghc iehkdhklb� ijhqgh k\yaZgu \ ijZ\bevgu_r_klbm]hevgbdb�6

5 Hl\_l \ayl ba mq_[gbdZ� klj� ����
6 Hl\_l \ayl ba mq_[gbdZ� klj� ����
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<hijhk ���� K � H2  KH2� ��
� ��
& � H & � \hkklZgh\bl_ev� � hdbkebl_ev2 � �H  �2 −

− −
−

.

�� K � �G2
W KG4� �
��

& �H & � hdbkebl_ev� � \hkklZgh\bl_ev+ �H �+
−

+

+ = −
−− =

.

<hijhk ��DZj[hg wlh h^bg ba i_jbh^h\ iZe_hahckdhc wju� < dZj[hg_ijh^he`Zxl jZkijhkljZgylvky kihjh\u_ jZkl_gby� l�_� iZihjhlgbdb �HklZldb ih]b[rbo iZihjhlgbdh\ f_^e_ggh hdbkeyebkv ih^ keh_f a_feb\ l_q_gb_ fgh]bo fbeebhgh\ e_l� < j_amevlZl_ h[jZah\Zebkv h]jhfgu_aZe_`b dZf_ggh]h m]ey� dhlhjuc g_ qlh bgh_� dZd hklZldb ^j_\g_crbojZkl_gbc�<hijhk ��DZj[he_g² wlh jZagh\b^ghklv Zdlb\bjh\Zggh]h m]ey�Ke_^h\Zl_evgh� hg h[eZ^Z_l ohjhrbfb Z^khj[bjmxsbfbk\hckl\Zfb� b bkihevam_lky ^ey ih]ehs_gby jZaebqguo aZiZoh\ \oheh^bevgbdZo�<hijhk ���� �K + Fe2O3

t
= 2Fe � �KH↑;� �

� �& �H & �� �)H �H )H
+

+

− =

+ =

2) PbO2 + 2C
t
= Pb + 2CO↑;� �

� �3E �H 3E �� �& �H &
+

+

+ =

− =
.

<hijhk ��>Zgh� P�K � ij�  �]� 9�&22�  ����� e� :  ���� %.GZclb: ω�ij�J_r_gb_� �� GZc^_f h[t_f m]e_dbkeh]h ]ZaZ� dhlhjuc ^he`_g [ueihemqblvky�
V(CO2)l_hj� = �9�&2 �: = �����e����  ���� e��� AZibr_f mjZ\g_gb_ j_Zdpbb�K � H2

W KH2.Ba mjZ\g_gby j_Zdpbb \b^gh� qlh ba h^gh]h fhev m]ey ihemqZ_lkyjh\gh h^bg fhev m]e_dbkeh]h ]ZaZ� AgZqbl�
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ν�K�  ν�KH2) = 
νV

)CO(V l_hj2 = ����e����e �fhev  ��� fhev�Lh]^Z P�&�  ν�K�⋅0�K�  ��� fhev⋅�� ]�fhev  � ]��� P�ij�  P�& � ij�±P�K�  � ]±� ]  � ]�Lh]^Z ω�ij�  
)ijC(m

)ij(m

+ = ]8

]2
= 0,25 = 25 %.Hl\_l: ω�ij�  �� %.<hijhk ��K � KH2  �KH� �

� �& �H & � \hkklZgh\bl_ev� � hdbkebl_evK �H K
+

+ +

− = −
−+ =

.

<hijhk ��K →1 CaC2 →2 C2H2 →3 CO2 →4 CO

1. 2C + Ca
t
= CaC2;� �

� ���&� �H  �& � hdbkebl_ev� \hkklZgh\bl_ev&D �H  &D −

−
2. CaC2 + 2H2O = Ca(OH)2 + C2H2↑;
3. 2C2H2 + 5O2 = 4CO2↑ + 2H2O;� �

��
�& ��H  �& � \hkklZgh\bl_ev� hdbkebl_evH � �H  �H− +

−

−

4. CO2 + C = 2CO.

§ 29� Dbkehjh^gu_ kh_^bg_gby m]e_jh^Z<hijhk ��
Fe2O3 + 3CO 

t
= 2Fe + 3CO2↑� �

� �)H �H )H �� �& �H &
+

+ +

+ =

− =<hijhk ��G_khe_h[jZamxsb_ � beb bg^bnn_j_glgu_ hdkb^u� g_ j_Z]bjmxsb_k \h^hc wlh� gZijbf_j � K2� 12� 6L2 �djZcg_ g_mklhcqb\uc��<hijhk �� �KH � H2 � �KH2.Ih\ur_gb_ ^Z\e_gby ijb\h^bl d kf_s_gbx iheh`_gby jZ\gh\_kby\ijZ\h�<hijhk �� KH2 � G2H � G2KH3,
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KH2 � K � �KH�KH2 + 2Mg = 2MgO + C;

2

1
4

Mge2Mg

Ce4C
20

04

+

+

=−
=+ .

<hijhk ��Ijb jZkl\hj_gbb m]e_dbkeh]h ]ZaZ \ \h^_ h[jZam_lky keZ[Zym]hevgZy dbkehlZ� ihwlhfm eZdfmk bf__l djZkgmx hdjZkdm�
CO2 + H2O � H2CO3Ijb klhygbb jZkl\hjZ m]hevgZy dbkehlZ jZaeZ]Z_lky b jZkl\hj kgh\ZklZgh\blky g_cljZevguf �<hijhk ��

CuCO3 ² kj_^gyy fhev² dZj[hgZl f_^b �,,��&X�G&23)2 ² dbkeZy khev² ]b^jhdZj[hgZl f_^b �,II),
(CuOH)2CO3² hkgh\gZy khev² ]b^jhdkhdZj[hgZl f_^b �,,� �fZeZobl��Ba i_j_qbke_gguo khe_c lhevdh &X�+&23)2 y\ey_lky we_dljheblhf�&X�G&23)2�Cu2+ + 2CO3

2– + 2H+.<hijhk ��Z� KD&23

1
→ CaO

2
→&Z�2+�2 3

→ CaCO3

4
→ Ca(HCO3)2

5
→ CaCO3

1. CaCO3 

t
= CaO + CO2↑;

2. CaO + H2O = Ca(OH)2;
3. Ca(OH)2 + CO��g_^� = CaCO3 + H2O;
4. CaCO3 + CO��ba[� + H2O = Ca(HCO3)2;

5. Ca(HCO3)2

t
= CaCO3 + H2O + CO2↑.[� K →1 CO2 →2 CO →3 CO2 →4 C

1. C + O2

t
= CO2;� �

� ��
& �H & �� �2 �H �2

+

−

− =

+ =
2. CO2 + C = 2CO;� �

� �& �H & �� �& �H &
+ +

+

+ =

− =
3. 2CO + O2 = 2CO2;�� ��

���
& � H& �� �2 �� H �2−

4. CO2 + 2Mg
t
= 2MgO + C.
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�� �
� ��& �� H& �� �0J �H 0J−<hijhk ��>Zgh� P�j�jZ 1D2CO3�  ���� ]� ω1(Na2CO3) = 2 %;

m(Na2CO3⋅��G2H�  ���� ]�GZclb: ω2(Na2CO3)J_r_gb_� �� GZc^_f fZkkm 1D2CO3 \ djbklZeeh]b^jZl_�
m(Na2CO3)=m(Na2CO3⋅��G2H�⋅ω(Na2CO3)=

=m(Na2CO3⋅��G2H�⋅ � �� � �0U�1D &2 �0U�1D &2 � ��0U�+ 2�+
= 14,3⋅ ������ ���+

 ��� ]��� GZc^_f fZkkm 1D2CO3 \ jZkl\hj_�
m(Na2CO3�  P�j�jZ 1D2CO3)⋅ω1(Na2CO3) = 1060⋅����  ���� ]�
3. ω2(Na2CO3)= � � h[s�� � �P�1D &2 �P�j jZ� P�1D &2 ��+ 2�− + ⋅

= ���] ����]����] ����]+
+

 ����� ]�Hl\_l: ω2(Na2CO3�  ����� ] beb ��� %.

§ 30� Dj_fgbc b _]h kh_^bg_gby<hijhk ��>bhdkb^ dj_fgby b m]e_dbkeuc ]Za y\eyxlky dbkehlgufb hdkb^Zfb�H^gZdh� \ hlebqb_ hl KH2 hdkb^ dj_fgby �,9� bf__l g_fhe_dmeyjgmx� Z Zlhfgmx djbklZeebq_kdmx j_r_ldm� Ihwlhfm 6L22y\ey_lky l\_j^uf b lm]hieZ\dbf \_s_kl\hf� Z KH2 y\ey_lky ]Zahf�M]e_dbkeuc ]Za \aZbfh^_ckl\m_l k \h^hc k h[jZah\Zgb_f m]hevghcdbkehlu� +2O + CO2 ∅ H2CO3� \aZbfh^_ckl\m_l k s_ehqZfb� KH2 +
+ 2NaOH = Na2CO3 + H22� j_Z]bjm_l k hkgh\gufb hdkb^Zfb� KH2 +
+ KZH  KZKH3� \klmiZ_l \ j_Zdpbx k f_lZeebq_kdbf fZ]gb_f�KH2 + + 2Mg = 2MgO + C.Hdkb^ dj_fgby �,9� g_ jZkl\hjy_lky \ \h^_� \aZbfh^_ckl\m_l ijb\ukhdbo l_fi_jZlmjZo kh s_ehqZfb k h[jZah\Zgb_f kbebdZlh\�
SiO2 + 2NaOH

t
= Na2SiO3 + H22� \aZbfh^_ckl\m_l ijb kieZ\e_gbb khkgh\gufb hdkb^Zfb� SiO2 + CaO

t
= CaSiO3, j_Z]bjm_l k fZ]gb_f�

SiO2 + 2Mg ⇒ 2MgO + Si.<hijhk ��M]e_jh^ wlh hkh[uc obfbq_kdbc we_f_gl� Hg hkgh\Zfgh]hh[jZaby hj]Zgbq_kdbo kh_^bg_gbc � ba dhlhjuo ihkljh_gu \k_`b\u_ hj]Zgbafu gZ gZr_c ieZg_l_�< ijbjh^_ dj_fgbc² \lhjhc ih jZkijhkljZg_gghklb ihke_dbkehjh^Z obfbq_kdbc we_f_gl� A_fgZy dhjZ [he__ q_f gZ q_l\_jlvkhklhbl ba _]h kh_^bg_gbc� Ihwlhfm m]e_jh^ gZau\Zxl hkgh\guf
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we_f_glhf `b\hc ijbjh^u� Z dj_fgbc² hkgh\guf we_f_glhfg_`b\hc ijbjh^u�<hijhk ��>Zgh: m(Si + ij�  �� ]� V(H2) = 22,4 e� ω(NaOH) = 60 %.GZclb: ω(Si), m(SiO2), m(j�jZ NaOH)J_r_gb_� �� AZibr_f mjZ\g_gb_ j_Zdpbc�
Si + 2NaOH + H2O = Na2SiO3 + 2H2↑.Ba mjZ\g_gby \b^gh� qlh ba � fhev dj_fgby ihemqZ_lky � fhev\h^hjh^Z� AgZqbl�

ν(Si) = 
2

1 ν�G2) = 
2

1 ⋅
νV

)H(V 2 = 
2

1 ⋅ fhev/e4,22

e4,22  ��� fhev�Lh]^Z m(Si) = ν(Si)⋅M(Si) = 0,5⋅28 = 14]�
ω(Si) = 

)ijSi(m

)Si(m

+
= ]16

]14 ⋅0,875 = 87,5 %.

2. m(SiO2) = m(Si � ij�±m(Si) = 16]±��]  � ]��� Ba mjZ\g_gby j_Zdpbb \b^gh� qlh ^ey jZkl\hj_gby � fhev dj_fgbygm`gh \aylv � fhev s_ehqb� Ke_^h\Zl_evgh� ν(NaOH) = 2ν(Si) =
= 2⋅0��fhev  �fhev�
m(NaOH) = ν(NaOH)⋅M(NaOH) = � fhev⋅��]�fhev  �� ]�P�j�jZ 1D2+�  

)NaOH(

)NaOH(m

ω
= 

6,0

]40  ���� ]�Hl\_l: ω(Si) = 87,5 %; m(SiO2) = 2 ]� P�j�jZ 1D2+�  ���� ]�<hijhk ��Z� 6LO2 →1 Si →2 Ca2Si →3 SiH4 →4 SiO2 →5 Si

1. SiO2 + 2Mg
t
= 2MgO + Si;� �

� �6L �H 6L �� �0J �H 0J
+

+

+ =

− =
,

2. Si + 2Ca
t
= Ca2Si;� �

� �6L �H 6L �� �&D �H &D −

+

+ =

− =
3. Ca2Si + 4H2O = 2Ca(OH)2 + SiH4↑;
4. SiH4 + 2O2 = SiO2 + 2H2O;� �

� ��
6L �H 6L �� �2 �H �2

− +

−

− =

+ =
,

5. SiO2 + Mg
W
= 2MgO + Si.
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[� 6L →� 6L2� →� 1D�6L2� →� +�6L2� →� 6L2� →� 6L
1. Si + O2 

t
= SiO2;� �

� ��
6L �H 6L �� �2 �H �2

+

−

− =

+ =
,

2. SiO2 + 2NaOH�l\� t
= Na2SiO3 + H2O↑;

3. Na2SiO3 + H2SO4 = H2SiO3↓ + Na2SO4;

4. H2SiO3

t
= H2O + SiO2.

5. SiO2 + 2Mg
t
= Si + 2MgO.<hijhk ��Dhg_qgh `_� wlh kh_^bg_gb_² hdkb^ dj_fgby (IV).<hijhk ��Hlebqbl_evghc hkh[_gghklvx kl_deZ y\ey_lky _]h k\hckl\hjZafy]qZlvky b \ jZkieZ\e_gghf \b^_ ijbgbfZlv ex[mx nhjfm�dhlhjZy khojZgy_lky ijb aZklu\Zgbb kl_deZ� GZ wlhf hkgh\Zghijhba\h^kl\h ihkm^u b ^jm]bo ba^_ebc ba kl_deZ� >hihegbl_evgu_dZq_kl\Z kl_dem ijb^Zxl jZaebqgu_ ^h[Z\db� LZd� \\_^_gb_f hdkb^Zk\bgpZ ihemqZxl ojmklZevgh_ kl_deh� hdkb^ ojhfZ hdjZrb\Z_lkl_deh \ a_e_guc p\_l� hdkb^ dh[ZevlZ² \ kbgbc b l� ^�H[eZklv ijbf_g_gby kl_deZ hq_gv h[rbjgZ� Wlh hdhggh_�[mluehqgh_� eZfih\h_� a_jdZevgh_ kl_deh� kl_deh hilbq_kdh_ hlkl_dhe hqdh\ ^h kl_dhe nhlhdZf_j � ebgau [_kqbke_gguo ijb[hjh\ hlfbdjhkdhih\ ^h l_e_kdhih\ �
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=eZ\Z 3� Hj]Zgbq_kdb_ \_s_kl\Z
§ 31� Ij_^f_l hj]Zgbq_kdhc obfbb<hijhk ��

S = C = S k_jhm]e_jh^
& +&O
&O&O ljboehjf_lZg
K K GG G G
G G KG3 ² KG3 ijhiZg
G KGG K GG

GKGG KGG KG3 KG2 KG2 KG3 [mlZg
<hijhk ��K2G6� kl_i_gv hdbke_gby m]e_jh^Z �±��� kl_i_gv hdbke_gby \h^hjh^Z����� \Ze_glghklv m]e_jh^Z �� \Ze_glghklv \h^hjh^Z ��

K K GG G G
G G

N2� kl_i_gv hdbke_gby ZahlZ �� \Ze_glghklv �� N ≡ N.
H2O2: kl_i_gv hdbke_gby dbkehjh^Z �±��� kl_i_gv hdbke_gby\h^hjh^Z ����� \Ze_glghklv dbkehjh^Z �� \Ze_glghklv \h^hjh^Z ��G H H G<hijhk ��L_hjby :�F�;mle_jh\Z ml\_j`^Z_l lh� qlh dZ`^h_ \_s_kl\h bf__lhij_^_e_ggh_ obfbq_kdh_ kljh_gb_� hl dhlhjh]h aZ\bkyl k\hckl\Z\_s_kl\� K\hckl\Z \_s_kl\ aZ\bkyl hl ijbjh^u obfbq_kdbowe_f_glh\� hl bo dhebq_kl\Z b hl lh]h� dZd hgb kh_^bgyxlky f_`^mkh[hc�Ijb\_^_f ijbf_j ^\mo bahf_jh\ k jZaebqgufb obfbq_kdbfbk\hckl\Zfb�
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&  2+�1+�1
NH4 — N = K = O

fhq_\bgZ pbZgZl Zffhgby�<hijhk ��Kl_i_gv hdbke_gby oZjZdl_jbam_l dhebq_kl\h ijbgyluo bebhl^Zgguo we_f_glhf we_dljhgh\� Kl_i_gv hdbke_gby fh`_l [ulviheh`bl_evghc� hljbpZl_evghc� gme_\hc�<Ze_glghklv ihdZau\Z_l dhebq_kl\h k\ya_c� dhlhju_ h[jZam_lwe_f_gl \ fhe_dme_� <Ze_glghklv fh`_l [ulv lhevdh iheh`bl_evghc�<hijhk ��Ij_^hklZ\ey_f \Zf \hafh`ghklv ih^mfZlv gZ^ wlbf \hijhkhfkZfbf�<hijhk ��>Zgh: V(CH4) = ��� f3, η�H2)\ha^ = 21 %.GZclb: V�\ha^�J_r_gb_� �� AZibr_f mjZ\g_gb_ j_Zdpbb k`b]Zgby f_lZgZ�KG4 � �H2

W KH2 � �G2H�Ba mjZ\g_gby \b^gh� qlh ^ey k`b]Zgby � fhev f_lZgZ g_h[oh^bfh
2 fhev dbkehjh^Z � AgZqbl

ν�H2) = 2ν�KG4) = 2⋅
νV

)CH(V 4 .

�� Lh]^Z V�\ha^�  \ha^)O(

)O(V

2

2

η
= \ha^)O(

V)O(

2

2

η
ν ν = \ha^)O(

V

)CH(V
2

2

4

η
ν

⋅

=

= \ha^)O(

)CH(V2

2

4

η
⋅

= 
21,0

f2502 3⋅  ���� f3.

Hl\_l: V�\ha^�  ���� f3.

§ 32� Ij_^_evgu_ m]e_\h^hjh^u<hijhk ��Ijbqbgu fgh]hh[jZaby m]e_\h^hjh^h\ ykgu ba iheh`_gbc l_hjbb:�F� ;mle_jh\Z ��� :lhfu \ fhe_dmeZo hj]Zgbq_kdbo \_s_kl\ k\yaZgu ^jm] k ^jm]hfkh]eZkgh bo \Ze_glghklb�
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�� K\hckl\Z \_s_kl\ aZ\bkyl g_ lhevdh hl khklZ\Z bo fhe_dme� gh bhl bo kljh_gby�<hijhk ��=hfheh]bq_kdbc jy^ fh`gh aZibkZlv dZd Cn H2n+2.M]e_\h^hjh^u k n ≤ � y\eyxlky ]ZaZfb�M]e_\h^hjh^u k � < n ≤ �� y\eyxlky `b^dhklyfb�M]e_\h^hjh^u k n ≥ �� y\eyxlky l\_j^ufb \_s_kl\Zfb�Ih f_j_ m\_ebq_gby n m\_ebqb\Z_lky l_fi_jZlmjZ dbi_gby bieZ\e_gby m]e_\h^hjh^h\�<hijhk ��GZ ]hjh^kdhf b k_evkdhohayckl\_gghf ljZgkihjl_ ijbf_gyxlky[_gabg� d_jhkbg� kheyjdZ� ^ba_evgh_ lhieb\h� hgb y\eyxlkye_]dh\hkieZf_gyxsbfbky� ]hjxqbfb \_s_kl\Zf� ihwlhfm ke_^m_lkh[ex^Zlv ijhlb\hih`Zjgu_ ijZ\beZ l_ogbdb [_ahiZkghklb�<hijhk �� KG� KG &+� KG�&+�Z� =hfheh]b KG� ² KG² KG�&+�
KG3 ² KG2 ² KG3

bah[mlZg ijhiZg[� Bahf_ju
KG3 KG2 KG2 KG2 KG3 &&+�

&+�
&+�

&+�
i_glZg l_ljZf_lbef_lZg<hijhk ��K3G8  K3G6� G2↑; K3H6 — ijhi_g� K4G10  K4G8 � G2↑; K4G8 —[ml_g<hijhk ��>Zgh: V�kf_kb�  ���� e� η�KH2) = 10 %.GZclb: V(O2)J_r_gb_� �� GZc^_f h[t_f ijhiZgZ [_a ijbf_kb�

V(C3H8)=V(kf_kb� ± V(kf_kb�⋅η�KH2� ���� e ± ���� e⋅��� �����e��� AZibr_f mjZ\g_gb_ j_Zdpbb� K3G8 � �H2  �KH2 � �G2H�Ba mjZ\g_gby \b^gh� qlh ^ey k`b]Zgby � fhev ijhiZgZ gm`gh � fhevdbkehjh^Z�
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Ke_^h\Zl_evgh� ν�H2) = 5ν�K3G8) = 5⋅ � �9�& + �9ν
.

Lh]^Z V(O2) = Vν⋅ν�H2) = V#⋅5 3 8V(C H )

Vν

= 5⋅�����  ����� e�
Hl\_l: V(O2) = 100�� e�

§ 33� G_ij_^_evgu_ m]e_\h^hjh^u�Wlbe_g b _]h ]hfheh]b<hijhk ��>ey wlZgZ oZjZdl_j_g lbi j_Zdpbc aZf_s_gby � Z ^ey wlbe_gZ —ijbkh_^bg_gby �<hijhk ��J_Zdpby ijbkh_^bg_gby \h^hjh^Z gZau\Z_lky ]b^jbjh\Zgb_f�KG2 KG2 � G2 → KG3–KG3; KG3 KG CH2 + H2 → CH3–CH2–CH3<hijhk ��
2CH3–CH3 + 7O2 → 4CO2 + 6H2O; CH2=CH2 + 3O2 → 2CO2 + 2H2O;hevr_ dbkehjh^Z ihlj_[m_lky ^ey k`b]Zgby wlZgZ� l�d� wlZg bf__lgZ ^\Z \h^hjh^Z [hevr_� q_f wlbe_g�Wlbe_g ]hjbl k\_lysbf ieZf_g_f � l�d� \ gf [hevr_ fZkkh\Zy ^heym]e_jh^Z� q_f \ wlZg_�<hijhk �� &+&+� &+�

QKG� KG KG� → �a
ihebijhibe_g

a�Q
Ijh^mdl ihebf_jbaZpbb ijhibe_gZ gZau\Z_lky ihebijhibe_g<hijhk �� &&+� &+

&+� &G�
Z� =hfheh]b�

CH2 C CH3

CH3

CH2=CH–CH3

��f_lbeijhi_g�� ijhi_g[� Bahf_ju� KG  KG KG2 KG2 KG3² i_gl_g��
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&+�
KG� K  KG KG�

² ��f_lbe[ml_g���<hijhk �� KG2 KG2 → G2 � KG≡KG�Zp_lbe_g:p_lbe_g ijhy\ey_l kbevgh g_ij_^_evguc b ^Z`_ keZ[hdbkehlgucoZjZdl_j�
§ 34� G_ij_^_evgu_ m]e_\h^hjh^u� :p_lbe_g<hijhk ��H[sZy nhjfmeZ m]e_\h^hjh^h\ jy^Z Zp_lbe_gZ� CnH2n–2.<hijhk ��:p_lbe_g fh`gh bgZq_ gZa\Zlv wlbghf�<hijhk �� &+ ≡ &² &+² &+� ² &+�&+�Z� =hfheh]b� KG ≡ KH, wlbg� KG ≡ K — &+&+�

KG3

² ��f_lbe[ml_g-1.[� Bahf_ju
&+ ≡ & ² & ² &+�&+�

&+�

— 3,3-^bf_lbe[mlbg ��KG3–K≡K–KG2–KG2–KG3

— ]_dkbg ��<hijhk �� �KG≡KG � �H2 �KH2 � �G2H�
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:p_lbe_g ]hjbl dhilysbf ieZf_g_f � ihlhfm \ g_f hq_gv [hevrZyfZkkh\Zy ^hey m]e_jh^Z�<hijhk ��>Zgh: m(CaC2) = 720 d]� ω�ij�  �� %.GZclb: V�K2G2)J_r_gb_� �� GZc^_f fZkkm dZj[b^Z dZevpby [_a ijbf_k_c�
m�KaK2) = 720⋅(1–0,2) = 720⋅���  ��� d]��� AZibr_f mjZ\g_gb_ j_Zdpbb�

�
o e��� d]� � � � �� � fhev � � fhev0 �� ]�fhev 9 ���� e�fhevP �� ] 9 ���� e

&D& �+2 & + &D�2+�+ = ↑ +

KhklZ\bf ijhihjpbx��� ] ² ���� e������ ] oo  ����� ��� ����⋅ ⋅ = 201,6⋅103 e  ����� f3.Hl\_l: V�K2G2�  ����� f3.<hijhk ��>Zgh: V(C2H2) = 134,4 e; W = 75 %.GZclb: m�K6G6)J_r_gb_� �� AZibr_f mjZ\g_gb_ j_Zdpbb�
�

����� e W o ]� � � �� � fhev � � fhev9 ���� e�fhev 0 �� ]�fhevP �� ]9 ���� e
�&+ & +

����� e² o ]���� e² �� ]o  
2,67

4,13478 ⋅  ��� ]�
m(C6H6)l_hj�  ��� ]��� GZc^_f fZkkm [_gaheZ� ihemqb\r_]hky \ oh^_ j_Zdpbb�
m(C6H6)ijZdl� = m(C6H6)l_hj�⋅W  ��� ]⋅����  ��� ]�Hl\_l: m(C6H6)  ��� ]�

§ 35� :jhfZlbq_kdb_ m]e_\h^hjh^u� ;_gahe<hijhk �� K6G5–KG3 f_lbe[_gahe=hfheh]� K6G5–K2G5 wlbe[_gahe�
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Bahf_j�
HC≡C–C≡C–CH2–CH2–CH3 ]_ilZ^bbg ����<hijhk ��Hj]Zgbq_kdb_ \_s_kl\Z rbjhdh ijbf_gyxlky \ k_evkdhf ohayckl\_^ey aZsblu jZkl_gbc hl \j_^bl_e_c� [he_ag_c b khjgydh\� Wlhy^hobfbdZlu� beb i_klbpb^u� Ih k\h_fm gZagZq_gbx i_klbpb^u^_eylky gZ g_kdhevdh \b^h\�Fu m`_ gZa\Zeb bgk_dlbpb^]_dkZoehjZg� >ey bae_q_gby jZkl_gbc b ihq\u hl ]jb[dh\uoaZ[he_\Zgbc ijbf_gyxl nmg]bpb^u� ^ey mgbqlh`_gby khjgydh\ —]_j[bpb^u� ^ey mgbqlh`_gby \j_^guo fbdjhhj]Zgbafh\ —[Zdl_jbpb^u� Z ]juamgh\² ahhpb^u�<k_ i_klbpb^u y^h\blu_ \_s_kl\Z� ihwlhfm g_h[oh^bfh ke_^blv�qlh[u hgb g_ ihiZeb \ hj]Zgbaf�<hijhk ��;_gahe� dZd b Zp_lbe_g� gZ �� � khklhbl ba m]e_jh^Z� ihwlhfm hgdhilbl ijb k]hjZgbb�>ey lh]h� qlh[u [_gahe ]hj_e [_a dhihlb� fh`gh \f_klh dbkehjh^Zbkihevah\Zlv hahg� dZd [he__ kbevguc hdbkebl_ev �<hijhk ��< hkgh\_ ijbf_g_gby [_gaheZ \ khklZ\_ fhlhjgh]h lhieb\Z e_`blj_Zdpby ]b^jbjh\Zgby� l�_� gZkus_gby m]e_jh^Z \h^hjh^hf�

� �G2 ⇒

<hijhk ��
1. CaC2 + 2H2O ⇒ C2H2 + Ca(OH)2.

2. 3C2H2

t, p, cat
⇒

3. + HONO2 ⇒

NO2

+ H2O .

§ 36� Kibjlu<hijhk ���� �KG3HG � �H2

t
⇒ �KH2↑ � �G2H² ]hjbl [_kp\_lguf ieZf_g_f�
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�� K2G5HG � �H2

t
⇒ �KH2↑ � �G2H² ]hjbl k\_lysbfky]hem[h\Zluf ieZf_g_f�

3) 2CH2 CH2

OH OH

� �H2

t
⇒ �KH2 � �G2H�

4) 2 CH2 CH

OH

CH2

OHOH

� �H2

t
⇒ �KH2 � �G2H�

<hijhk ��
+& 2+KG�HG�&XH W

⇒ �&X �+�2↑�
<hijhk ��F_lbeh\uc b wlbeh\uc kibjlu ijbf_gyxlky \ dZq_kl\_jZkl\hjbl_e_c�<hijhk �� KG2  KG2 � G2H ⇒ KG3KG2HG + Q.Obfbq_kdh_ jZ\gh\_kb_ wlhc j_Zdpbb fh`gh kf_klblv \ijZ\h�ih\ukb\ ^Z\e_gb_ b h[_ki_qb\ hl\h^ l_ieZ�<hijhk ��>Zgh: ν�K6G12H6�  � fhevGZclb: m(C2H5OH), V(CO2)J_r_gb_� �� AZibr_f mjZ\g_gb_ j_Zdpbb�K6G12H6 → �K2G5HG � �KH2↑.Ba mjZ\g_gby \b^gh� qlh ba � fhev ]exdhau � fhev m]e_dbkeh]h]ZaZ� Ihwlhfm ba � fhev ]exdhau ihemqbehkv � fhev KH2.Lh]^Z� V�KH2) = ν�KH2)⋅Vν  � fhev⋅���� e�fhev  ����� e�Hl\_l: m�\h^db�  ��� ]� V�KH2�  ����� e�

§ 37� :ev^_]b^u<hijhk �� &+� & 2+�� K�G�HG � >2@→ � +�2�
&+ &+�2+�� &+ ≡ KG � G�H→ → &+� & 2+
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<hijhk �� +& 2+KG�HG � >2@→
<hijhk �.+& 2+ � $J�2 → +& 22+� �$J↓���
nhjfZev^_]b^ fmjZ\vbgZy dbkehlZ+& 2+� �&X�2+��→ +K 22+� &X�2↓ � �+�2�

nhjfZev^_]b^ fmjZ\vbgZy dbkehlZ
2) &+� & 2+� $J�2→ � �$J↓�&+� & 22+Zp_lZev^_]b^ mdkmkgZy dbkehlZ&+� & 2+ ��&X�2+�� → � KX�H↓ � �G�H�&+� & 22+Zp_lZev^_]b^ mdkmkgZy dbkehlZ<hijhk ��J_Zdpby ©k_j_[jygh]h a_jdZeZª fh`_l ijbf_gylvky ^ey ihemq_gbylhgdh]h gZe_lZ k_j_[jZ gZ dZdhf-gb[m^v ij_^f_l_ beb ^ey ihemq_gbya_jdZe.<hijhk ��Ij_^eZ]Z_f \Zf ih^mfZlv gZ^ wlbf kZfbf�<hijhk ��wlZg �→ wlbe_g 2→ wlbeh\uc kibjl →3 mdkmkguc Zev^_]b^

→4 mdkmkgZy dbkehlZ��� KG3±KG3→G2 � KG2  KG2� J_Zdpby ^_]b^jbjh\Zgby��� KG2  KG2 � G2H→K2G5HG� J_Zdpby ]b^jZlZpbb�&+� & 2+�� KG� KG�HG � >2@→ � G�H� J_Zdpby hdbke_gby�
�� &+� & 2+� $J�H→&+� & 22+ � �$J↓� J_Zdpby hdbke_gby�k_j_[jyggh]h a_jdZeZ��

§ 38� Ij_^_evgu_ h^ghhkgh\gu_ dZj[hgh\u_ dbkehlu�Keh`gu_ wnbju<hijhk ��
I. �� �GKHHG + Mg = (CHOO)2Mg + H2↑.
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2) �GKHHG + MgO = (CHOO)2Mg + H2O.
3) �GKHHG + Mg(OH)2 = (CHOO)2Mg + 2H2O.
4) �GKHHG + MgCO3 = (CHOO)2Mg + H2O + CO2↑.
II. 1) Mg + 2CH3COOH = (CH3COO)2Mg + H2↑.
2) MgO + 2CH3COOH = (CH3COO)2Mg + H2O.
3) Mg(OH)2 + 2CH3COOH = (CH3COO)2Mg + H2O.
4) MgCO3 + 2CH3COOH = (CH3COO)2Mg + CO2 + H2O.<hijhk ��Keh`guc wnbj ihemqZ_lky \ oh^_ j_Zdpbb ^_]b^jZlZpbb f_`^mdbkehlhc b kibjlhf �j_Zdpby wl_jbnbdZpbb �� GZa\Zgb_ wnbjZh[jZam_lky iml_f h[t_^bg_gby ^\mo ijbeZ]Zl_evguo � i_j\h_ hlgZa\Zgby dbkehlu� \lhjh_ hl gZa\Zgby kibjlZ�<hijhk ��

+& 22+� +2 &+� � 2 &+�+&2 � G�HfmjZ\vbghf_lbeh\uc wnbj<hijhk ��>ey lh]h� qlh[u kf_klblv jZ\gh\_kb_ \ j_Zdpbb wl_jbnbdZpbb\ijZ\h� gm`gh \\_klb \ kbkl_fm \h^hhlgbfZxs__ \_s_kl\h�gZijbf_j� dhgp_gljbjh\Zggmx k_jgmx dbkehlm�<hijhk ���� KG3KHHG + Cl2 → KG2ClKHHG + HCl �oehjmdkmkgZy dbkehlZ���� KG2ClKHHG + Cl2 → KGCl2KHHG + HCl �^boehjmdkmkgZy dbkehlZ�.�� KGCl2KHHG + Cl2 → KCl3KHHG � HCl �ljboehjmdkmkgZy dbkehlZ�.<hijhk ��wlZg →1 wlbe_g →2 wlbeh\uc kibjl →3 mdkmkguc Zev^_]b^
→4 mdkmkgZy dbkehlZ →5 mdkmkghwlbeh\uc kibjl

oehjmdkmkgZy dbkehlZ�
�� KG3±KG3

t, p→ KG2  KG2 � G2↑.�� KG2  KG2 � G2H→KG3±KG2HG��� KG3KG2HG + [O]→ CH3 C
O

H
� G2H�

4. CH3 C
O

H
+ Ag2H→KG3KHHG + 2Ag↓.

�� KG3KHHG � K2G5HG→ OC2H5CH3C

O

+ G2O�� KG3KHHG + Cl2→KG2ClKHHG + HCl.
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§ 39�@bju<hijhk �� & +� 2 & & �� + ��2
2 & �� + �&2& +
2 & �� + ��&2& + �

&+� &+2+ &+�2+2+ � �K��G��KHHG � �+�2�

<hijhk ��>ey kf_s_gby jZ\gh\_kby j_Zdpbb wl_jbnbdZpbb \ijZ\h gm`ghh[_ki_qblv m^Ze_gb_ \h^u ba kbkl_fu�<hijhk ��
CH2 O C C17 H31

O

O

C17 H31COCH

O

C 17 H31COCH2

� �G2→

C H 2 O C C 17 H 35

O

O

C 17 H 35COC H

O

C 17 H 35COC H 2

<hijhk ���K17G35KHHNa + CaSO4 ⇒ �K17G35KHH�2KZ↓ + Na2SO4.

<hijhk ��@bju y\eyxlky \Z`ghc qZklvx ibs_\h]h jZpbhgZ� < hj]Zgbaf_ijhbkoh^bl ]b^jheba `bjh\� dhlhju_ jZks_ieyxlky gZ ]ebp_jbg b`bjgu_ dbkehlu� g_dhlhju_ ba gbo y\eyxlky g_aZf_gbfufb � l�d� g_fh]ml kbgl_abjh\Zlvky \ hj]Zgbaf_ q_eh\_dZ�DZd b ^jm]b_ iblZl_evgu_ \_s_kl\Z� `bju ijbgbfZxl mqZklb_ \ieZklbq_kdhf b wg_j]_lbq_kdhf h[f_g_� Bo hdbke_gb_ ijb\h^bl d\uk\h[h`^_gbx ]hjZa^h [hevr_]h dhebq_kl\Z wg_j]bb� q_f hdbke_gb_[_edh\ b m]e_\h^h\� Djhf_ lh]h� `bju fh]ml gZdZieb\Zlvky \ hj]Zgbaf_�h[jZamy mgb\_jkZevgh_ ^_ih wg_j]_lbq_kdb p_ggh]h fZl_jbZeZ�IhklmiZxsb_ \ hj]Zgbaf \ ba[ulhqghf dhebq_kl\_ m]e_\h^u b qZklv[_edh\ fh]ml ljZgknhjfbjh\Zlvky \ `bj� qlh ijb\h^bl d jhklm _]hhleh`_gbc� Ijb g_h[oh^bfhklb aZiZk_gguc lZdbf h[jZahf `bj fh`_lij_\jZsZlvky \ ]ebdh]_g b bkihevah\Zlvky \ j_Zdpbyo m]e_\h^gh]hh[f_gZ�
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§ 40� :fbghdbkehlu b [_edb<hijhk ��Fhe_dmeu Zfbghdbkehl kh^_j`Zl ^\_ nmgdpbhgZevgu_ ]jmiiu�
H2N — Zfbgh]jmiim b COOH— dZj[hdkbevgmx ]jmiim� ihwlhfmZfbghdbkehlu ijhy\eyxl k\hckl\Z dZd Zfbgh\� lZd b dZj[hgh\uodbkehl�<hijhk ��JZaebqb_ f_`^m j_Zdpbyfb ihebdhg^_gkZpbb b ihebf_jbaZpbbaZdexqZ_lky \ lhf� qlh \ i_j\hc j_Zdpbb gZjy^m k ihebf_jhfh[jZam_lky gbadhfhe_dmeyjgh_ \_s_kl\h� qZs_ \k_]h \h^Z� \j_Zdpbb ihebf_jbaZpbb h[jZam_lky lhevdh ihebf_j�<hijhk ��N_jf_glu ± wlh [bheh]bq_kdb_ dZlZebaZlhju� Hgb ij_^klZ\eyxlkh[hc [_edb� N_jf_glu hlebqZxlky hl g_hj]Zgbq_kdbodZlZebaZlhjh\ \ukhdhc wnn_dlb\ghklvx b ki_pbnbqghklvx^_ckl\by�<hijhk ��1+ &+5 &2 Q� Q+�2 >+ @+

⇒ Q1+� &+5 &22��
=b^jheba [_edh\ ih^ ^_ckl\b_f dbkehl beb s_ehq_c e_`bl \ hkgh\_ijhp_kkZ ibs_\Zj_gby�<hijhk ��K2G6 →1 K2G5HG →2 KG3KHG →3 KG3KHHG →4

→4 KG2KlCOOH →5 CH–NH2–COOH →6 ihebi_ilb^��� K2H6
W� 3
⇒ CH2 = CH2 + H2; CH2 = CH2 + H2O → K2H5OH;

2. K2H5OH + [O] → CH3COH + H2O;
3. CH3COH + Ag2O → CH3COOH + 2Ag↓;
4. CH3COOH + Cl2 → CH2ClCOOH + HCl;
5. CH2ClCOOH + 2NH3 → CH2NH2COOH + NH4Cl;

6. 1+ &+5 &2 Q� Q+�2Q&+�1+�&22+  
§ 41� M]e_\h^u<hijhk ��>Zgh: ν�K6G12H6�  � fhev� ω�K2G5HG�  �� %.GZclb: m�kibjlZ�
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J_r_gb_� �� AZibr_f mjZ\g_gb_ j_Zdpbb�K6G12H6 → 2K2G5HG + 2CO2↑.Ba mjZ\g_gby j_Zdpbb \b^gh� qlh ba � fhev ]exdhau ihemqZ_lky � fhevwlbeh\h]h kibjlZ� ihwlhfm ν�K2G5HG� �⋅ν�K6G12H6)=2⋅�fhev �� fhev�
2. m�K2G5HG� ν�K2G5HG�⋅M�K2G5HG� �� fhev⋅�� ]�fhev ��� ]��� Lh]^Z m�kibjlZ�  m�K2G5HG��ω�K2G5HG�  ��� ]� ���  ����]�Hl\_l� m�kibjlZ�  ���� ]�<hijhk ��>Zgh: m�G2H�  ��� d]�GZclb: V(O2)J_r_gb_� �� AZibr_f mjZ\g_gb_ j_Zdpbb��KH2 � �G2H → K6G12H6 � �H2.Ba mjZ\g_gby \b^gh� qlh ba � fhev \h^u ihemqZ_lky � fhevdbkehjh^Z� ihwlhfm
ν�H2) = ν�G2H�  ��P�+ 2�0�+ 2� = 

���� ���� ]�fhev⋅
= 2⋅104 fhev��� Lh]^Z V�H2)=ν�H2)⋅Vν=2⋅104 fhev⋅���� e�fhev ����⋅104 e ��� f3.Hl\_l� V�H2�  ��� f3.<hijhk ��

2&+�2+
+2+
+

+
2+

+ +
22

2&+�2+
+2+
+

+
2+

+ +

Q
+nH2O

+

t

H
⇒ n

2&+�2+
+2+
+

+
2+

+ +
2+2+

<hijhk ��=exdhaZ� DZd \b^gh ba nhjfmeu ]exdhau� hgZ bf__l Zev^_]b^gmx]jmiim b kibjlh\mx ]jmiim HG� < wlhf b aZdexqZ_lky^\hckl\_gghklv ]exdhau�
HC

O

OH
: ]jmiiZ C

O

OH
 — dZj[hdkbevgZy

]jmiiZ; ]jmiiZ C
O

H
Zev^_]b^gZy ]jmiiZ�FmjZ\vbgmx dbkehlm fh`gh gZa\Zlv Zev^_]b^hdbkehlhc.<hijhk ��Fhe_dmeZ djZofZeZ bf__l jZa\_l\e_ggh_ kljh_gb_� ihoh`__ gZk_ldm� Z fhe_dmeZ p_eexehau bf__l kljh_gb_ p_ihqdb� gh bofhghf_jhf y\ey_lky ]exdhaZ�

2+ &

&+�2++ & 2++ & 2+2+ & ++ & 2+
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<hijhk ��=exdhaZ ijbf_gy_lky \ f_^bpbg_ b ibs_\hc ijhfure_gghklb � ijbijhba\h^kl\_ a_jdZe� KZoZjhaZ \ ibs_\hc ijhfure_gghklb �DjZofZe \ ibs_\hc� l_dklbevghc � [mfZ`ghc� iheb]jZnbq_kdhcijhfure_gghklyo� P_eexehaZ ijbf_gy_lky ^ey ihemq_gby [mfZ]b�obfbq_kdbo \hehdhg� ieZklfZkk � ihjhoZ� eZdh\�
§ 42� Ihebf_ju<hijhk �� &+� &+&O QQ &+� &+&O ⇒

<hijhk �� &+� &+&+�Qihebijhibe_g
Q &+� &+ &+� ⇒

<hijhk ��Bkdmkkl\_ggu_ \hehdgZ ba]hlZ\eb\Zxl ba ijbjh^guo ihebf_jh\�ij_`^_ \k_]h� ba p_eexehau� Kbgl_lbq_kdb_ \hehdgZ \ujZ[Zlu\Zxlba kbgl_lbq_kdbo ihebf_jh\�<hijhk ��HklZ\ey_f wlhl \hijhk ^ey kZfhklhyl_evgh]h bamq_gby�< j_amevlZl_ j_Zdpbb ihebdhg^_gkZpbb ihemqZxln_henhjfZev^_]b^gmx kfhem�<hijhk ��Ij_^hklZ\ey_f \Zf \hafh`ghklv ih^mfZlv gZ^ wlbf \hijhkhf kZfbf�
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Ijbeh`_gb_
1� H[sZy deZkkbnbdZpby m^h[j_gbc<hijhk ��Z� )N(

3NaNOω = 
)NaNO(Mr

)N(Mr

3

= 
85

14
= 16,5 %.

[� )N(
424 SO)NH(ω = 

4 2 4

2Mr(N)

Mr((NH ) SO )
= 

132

28
= 21,2 %.

\� � �1+ 12 �1�ω = 
)NONH(Mr

)N(Mr2

34

⋅
= 

80

28
= 35 %.GZb[he__ dhgp_gljbjh\Zggh_ m^h[j_gb_ NH4NO3.<hijhk ��Z� �.12 ��. 2�ω = 

)KNO(Mr2

)OK(Mr

3

2 = 
202

94
= 46,5 %.

�.12 �1�ω = 
)KNO(Mr

)N(Mr

3

= 
101

14
= 14 %.

[� � � ��1+ � +32 �1�ω = 
424 HPO)NH(Mr

)N(Mr2 = 
132

28
= 21,2 %;

� ��1+ �+32 � �& �3 2 � = 
424

52

HPO)NH(Mr2

)OP(Mr = 
264

142
= 53,8 %.

\� )OK( 24PO3Kω = 
)POK(Mr2

)OK(Mr3

43

2⋅ = 
424

282
= 66,5 %.

)OP( 524PO3Kω = 
)POK(Mr2

)OP(Mr

43

52 = 
424

142
= 33,5 %.

<hijhk �.G_ \k_ m^h[j_gby fh`gh kf_rb\Zlv ^jm] k ^jm]hf�
2NH4NO3 � &D�2G�2 ⇒ Ca(NO3)2 + 2NH3↑ � �G2H:ffbZd \us_eZqb\Z_l ihq\m�<hijhk ��< khklZ\_ \_s_kl\� h[jZamxsbo de_ldb \k_o `b\uo hj]Zgbafh\h[gZjm`_gh [he__ �� we_f_glh\� Wlb we_f_glu ijbgylh ^_eblv gZ^\_ ]jmiiu� fZdjh- b fbdjhwe_f_glu�FZdjhwe_f_glu kh^_j`Zlky \ de_ldZo \ [hevrbo dhebq_kl\Zo � <i_j\mx hq_j_^v� wlh m]e_jh^� dbkehjh^� Zahl b \h^hjh^� < kmff_ hgbkhklZ\eyxl ihqlb ��� \k_]h kh^_j`bfh]h de_ldb� Ba gbo khklhyl� \
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hkgh\ghf� [_edb� `bju� m]e_\h^u� gmde_bgh\u_ dbkehlu� \blZfbgu�]hjfhgu b ^j�Fbdjhwe_f_glu kh^_j`Zlky \ wlbo \_s_kl\Zo \ g_agZqbl_evguodhebq_kl\Zo �\k_]h bo ������ l_f g_ f_g__� bo jhev \ ghjfZevghc`bag_^_yl_evghklb hj]ZgbafZ h]jhfgZ�GZijbf_j� kh_^bg_gby [hjZ� fZj]ZgpZ� pbgdZ� dh[ZevlZ j_adhm\_ebqb\Zxl mjh`Zcghklv hl^_evguo k_evkdhohayckl\_gguojZkl_gbc b ih\urZxl bo khijhlb\ey_fhklv d jZaebqgh]h jh^ZaZ[he_\Zgbyf� Q_eh\_d b `b\hlgu_ ihemqZxl gm`gu_ bffbdjhwe_f_glu q_j_a jZkl_gby� dhlhjufb iblZxlky�<Z`gmx jhev \ `bagb jZkl_gbc b]jZxl K, N b J�dZebc \oh^bl \f_`de_lhqgmx `b^dhklv�Zahl² \ Zfbghdbkehlu� nhknhjg_h[oh^bf ^ey ihkljh_gby de_lhd� \oh^bl \ khklZ\ gmde_bgh\uodbkehl�<hijhk ��Ihq\u Kbpbebb bkihevah\Zeb ^ey k_evkdhohayckl\_gguo p_e_c \l_q_gb_ fgh]bo e_l� < j_amevlZl_ ihq\Z mljZlbeZ k\hxieh^hjh^ghklv� ijhbahreh bklhs_gb_ a_feb� >ey ij_^hl\jZs_gbywlh]h g_h[oh^bfh _`_]h^gh \ghkblv \ ihq\m m^h[j_gby�<hijhk �� Djm]h\hjhl ZahlZ \ ijbjh^_:ahl kms_kl\m_l \ ijbjh^_ \ \b^_ kh_^bg_gbc� kh^_j`Zsboky \ihq\_ �beb jZkl\hj_gguo \ fbg_jZevguo \h^Zo�� LZd`_ Zahl \oh^bl\ [_edh\u_ fhe_dmeu� dhlhju_ y\eyxlky hkgh\gufb qZklyfb de_lhdldZg_c hj]ZgbafZ�Q_eh\_d ihemqZ_l [_edb� Z \f_kl_ k gbfb b Zahl� ba jZklbl_evghc b`b\hlghc ibsb� `b\hlgu_ � \ k\hx hq_j_^v� ihemqZxl bo lZd`_ bajZkl_gbc�;hevrh_ agZq_gb_ bf_xl hkh[u_ [Zdl_jbb� dhlhju_ `b\ml \dem[_gvdZo gZ dhjgyo [h[h\uo jZkl_gbc� Wlb [Zdl_jbb k\yau\Zxlk\h[h^guc Zlfhkn_jguc Zahl� l�_� ij_\jZsZxl _]h \ kh_^bg_gby �dhlhju_ fh]ml mk\Zb\Zlvky jZkl_gbyfb � Ba jZkl_gbc b `b\hlguo� ihke_bo kf_jlb� Zahl kgh\Z i_j_oh^bl \ ihq\m�
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: ahl \h a^ moZ

: ahl jZkl_gbc b` b\hlgu o
=gb_gb _ = hj_gb_

: ahl fhjy
: ahl ihq\u

JZaeh` _gb_[Zdl_jb yfb

=gb_gb _ I blZgb_jZkl _gbc <ufu\Zgb_\h^hc

J Zaeh` _gb_[Zdl_jbyfb;Zdl_jbbihq\u=jhau

M ^h[j_gbyDjm]h\hjhl dZeby b nhknhjZ \ ijbjh^_Nhknhj b dZebc kms_kl\mxl \ ijbjh^_ \ \b^_ kh_^bg_gbc �kh^_j`Zsboky \ ihq\_ �beb jZkl\hj_gguo \ ijbjh^guo \h^Zo�� Baihq\u wlb we_f_glu ba\e_dZxlky jZkl_gbyfb � Z `b\hlgu_ ihemqZxl bok jZklbl_evghc ibs_c� Ihke_ hlfbjZgby jZklbl_evguo b `b\hlguohj]Zgbafh\ nhknhj b dZebc kgh\Z i_j_oh^yl \ ihq\m� LZdhkms_kl\ey_lky djm]h\hjhl nhknhjZ b dZeby \ ijbjh^_�

Ihq\Z
@b\hlgu_JZkl_gby

M^h[j_gby
DZebcgu_ bnhknhjhkh^_j`Zsb_fbg_jZeu b ihjh^u

M^h[j_gby ^ey lh]h� qlh[u g_ aZ]jyagylv \h^h_fu� fhjy b hd_Zgu�^he`gu ohjhrh \iblu\Zlvky jZkl_gbyfb b g_ hklZ\Zlvky \ ihq\_�e_]dh jZaeZ]Zlvky b jZkl\hjylvky \ \h^_�<hijhk ��Ieh^hjh^b_ ihq\u aZ\bkbl g_ lhevdh hl dhebq_kl\Z iblZl_evguo\_s_kl\� gh lZd`_ hl \h^h b \ha^mohijhgbpZ_fhklb � ihwlhfm ohjhrZyiZohlZ lZd`_ g_h[oh^bfZ � dZd b \g_k_gb_ m^h[j_gbc�
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2� Obfbq_kdZy f_ebhjZpby ihq\<hijhk ��
CaCO3 + 2HCl = CaCl2 + H2O + CO2↑.G_jZkl\hjbfuc dZj[hgZl dZevpby jZkl\hjy_lky \ dbkehlZo�<hijhk ��J_dhf_g^m_lky ihke_ _^u ihqbklblv am[u beb ih`_\Zlv`_\Zl_evgmx j_abgdm ^ey lh]h� qlh[u g_cljZebah\Zlv kj_^m`_em^dZ kexghc�<hijhk ��
CaCO3 + 2H+ ⇒ Ca2+ + H2O + CO2↑.

m(CaCO3) = 4l�]Z⋅
100

6  ���� l�Hl\_l� gm`gh \g_klb ��� d] CaCO3.<hijhk ��
CaCO3⋅MgCO3 + 4H+ ⇒ Ca2+ + Mg2+ + 2CO2↑ + 2H2O.

3� :ahlgu_� dZebcgu_ b nhknhjgu_ m^h[j_gby<hijhk ��
Ca3(PO4)2 ² fZehjZkl\hjbfh_ \ \h^_ \_s_kl\h� ihwlhfm _]h \ghkyl^h ihk_\Z� l�d� \ wlh \j_fy \eZ`ghklv ihq\u [hevr_�<hijhk ��
Ca3(PO4)2 — nhknhjblgZy fmdZ² fZehjZkl\hjbfh_ \_s_kl\h�ihwlhfm hgh ©mk\Zb\Z_lkyª ihq\hc ^ebl_evgh_ \j_fy�<hijhk ��Nhknhjgu_ m^h[j_gby \ [hevrbgkl\_ k\h_f fZehjZkl\hjbfu_\_s_kl\Z� ke_^h\Zl_evgh� bo jZkl\hj_gb_ aZgbfZ_l ^he]bc i_jbh^�DZebcgu_ `_ m^h[j_gby² ohjhrh jZkl\hjbfu_ \_s_kl\Z� ihwlhfmhgb [ukljh mk\Zb\Zxlky ihq\hc�<hijhk ��Hl\_l gZ wlhl \hijhk _klv \ � � �\hijhku � b ���<hijhk ��>Zgh: V�j�jZ� � e ����]� m(HNO3) ���]� m(Ca×(NO3)2)=10]�GZclb: ω\ j�j_(K2O), ω\ j�j_(N), ω\ j�j_(P2O5)J_r_gb_� �� GZc^_f fZkkh\u_ ^heb we_f_glh\�
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)OK( 2KNO3
ω = U �U �

0 �. 2��0 �.12 � = 
202

94
= 46,5 %.

)N(
3KNOω = UU �

0 �1�0 �.12 � = 
101

14
= 14 %.

)N(
2)3NO(Caω = UU � �

�0 �1�0 �&D�12 � � = 
164

28
= 17 %.

)OK( 24PO2KHω = U �U � �
0 �. 2��0 �.+ 32 � = 

272

94
= 34,6 %.

)OP( 524PO2KHω = U � �U � �
0 �3 2 ��0 �.+ 32 � = 

272

142
= 52,2 %.�� GZc^_f fZkku dhfihg_glh\�

m(N) = m(KNO3)⋅ω(N) + m(Ca(NO3)2)⋅ω(N) = 2,5⋅0,14 + 10⋅0,17 =
= 0,35 + 1,7 = 2,05 ]�
m(P) = m(K2HPO4)⋅ω(P2O5) = 2,5⋅0,522 = 1,305 ]�
m(K)=m(KNO3)⋅ω(K2O)+m(KH2PO4)⋅ω(K2O)=2,5⋅0,465+2,5⋅0,346=2,02
75 ]�
3. GZc^_f fZkkh\u_ ^heb dhfihg_glh\�
ω(N) =

)POKH(m)NO(Ca(m)KNO(m)jZj(m

)N(m

42233 +++− =

= �������� = 0,2 %.

ω(K) = 
)h[s(m

)K(m
= 

1015

0275,2
= 0,2 %.

ω(P) = 
)h[s(m

)P(m
= 

1015

305,1
= 0,113 %.Hl\_l: ω(N) = 0,2 %; ω�J) = 0,13 %; ω(D�  ��� %.<hijhk ��>Zgh: ωkf_kb(J2H5) = 0,2.GZclb: ω�KZ�G2JH4)2)J_r_gb_� Kmi_jnhknZl ijhklhc khklhbl ba Ca(H2PO4)2 b CaSO4.AgZqbl� ω�J2H5) = 

)kf_kb(m

)OP(m 52 = 
y

x
= 0,2.

o  ���⋅m� ]^_ m fZkkZ kf_kb�
2. ω�KZ�G2JH4)2) = 

)kf_kb(m

))POH(Ca(m 242 =
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= 
)kf_kb(m

)OP(:)OP(m 522)4PO2H(Ca52 ω
= � � �&D�+ 32 � � �[ � �3 2 �\ω

;

)OP( 52)POH(Ca 242
ω = U � �U � � �

0 �3 2 �0 �&D�+ 32 � � = 
234

142
= 60,7 %.

Lh]^Z ω�KZ�G2JH4)2)=
[ � �����\ = ��� \ � �����\⋅ =0,329=32,9 %.Hl\_l: ω\ kmi_jnhknZl_�KZ�G2JH4)2) = 32,9 %.<hijhk ��>Zgh: m(H3PO4) = ���� ]� m(Ca(OH)2) = 37 ]�GZclb: m(CaHPO4⋅2H2O)J_r_gb_� �� AZibr_f mjZ\g_gb_ j_Zdpbb�Ka(OH)2+H3PO4=CaHPO4⋅2H2O; ν(Ca(OH)2)=0,5fhev�

ν�G3JH4� ���fhev�Ba mjZ\g_gby j_Zdpbb \b^gh� qlh ν�G3JH4): ν(Ca(OH)2�  ���� Ba^Zgguo \b^gh� qlh Ca(OH)2 \ ba[uld_� ihwlhfm kqblZ_f ih G3JH4.Ba � fhev G3JH4 ihemqZ_lky � fhev ij_pbiblZlZ.
m(CaHPO4⋅2H2O) = ν�\_s�\Z�⋅M�\�\Z�  ���⋅���  ���� ]�Hl\_l: m(CaHPO4⋅2H22�  ���� ]�
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Obfbq_kdbc ijZdlbdmf I.K\hckl\Z f_lZeeh\ b bo kh_^bg_gby
IjZdlbq_kdZy jZ[hlZ � 1.Hij_^_e_gb_ \uoh^Z ijh^mdlZ j_Zdpbb<ZjbZgl ��Hij_^_e_gb_ \uoh^Z \h^hjh^Z ijb \aZbfh^_ckl\bb pbgdZ k kheyghcdbkehlhc�

rlZlb\

ijh[bjdZ k ihjhrdhf
Zn b HCl

ijh[dZ
]Zahhl\h^gZy ljm[dZ

f_jgucpbebg^j
djbklZeebaZlhjk \h^hc

Kh[_j_f ijb[hj ^ey ihemq_gby ]Zah\� dZd ihdZaZgh gZ jbkmgd_�Ijh\_jbf _]h gZ ]_jf_lbqghklv� >ey wlh]h himklbf k\h[h^gucdhg_p ]Zahhl\h^ghc ljm[db \ \h^m b gZ]j__f ijh[bjdm �fh`gh kihfhsvx kibjlh\db�� ?keb ba ljm[db \uoh^yl imaujvdb \ha^moZ�jZkrbjb\r_]hky ijb gZ]j_\Zgbb� lh ijb[hj kh[jZg ]_jf_lbqgh�L_i_jv gZev_f \ f_jguc pbebg^j \h^m� ZddmjZlgh i_j_\_jg_f _]h \\h^_ lZd� qlh[u \ha^mo g_ ihiZe \gmljv� dhg_p ]Zahhl\h^ghc ljm[dbihf_klbf \ pbebg^j� dZd ihdZaZgh gZ jbkmgd_� < ijh[bjdm ihf_klbfjZkq_lgh_ dhebq_kl\h ihjhrdZ pbgdZ b jZkl\hj kheyghc dbkehlu biehlgh aZldg_f __ j_abgh\hc ijh[dhc k ]Zahhl\h^ghc ljm[dhc�< ijh[bjd_ gZqbgZ_lky \u^_e_gb_ \h^hjh^Z� dhlhjuc ih ljm[d_ihklmiZ_l \ f_jguc pbebg^j b \ul_kgy_l ba g_]h \h^m� H[t_f\ul_kg_gghc \h^u jZ\_g h[t_fm ihemq_ggh]h \h^hjh^Z � )ijZdl(H2
V ).>ey lh]h� qlh[u magZlv )ijZdl(2HV � aZibr_f j_Zdpbx \aZbfh^_ckl\by=Q b +&O�

�
� �� � fhev � � fhev0 �� ]�fhev 9 ���� e�fhevP 0 � �� ] 9 9 ���� e

=Q �+&O =Q&O +
ν

⋅ ν⋅

+ ⇒ + ↑

http://alexbooks.ucoz.com/load/reshebniki/68



79

Ij_^\Zjbl_evgh \a\_kb\ pbgd� jZkkqblZ_f l_hj_lbq_kdb h[t_f\h^hjh^Z�
)l_hj(2HV = mZn⋅

m

V
= mZn

65

4,22 = 0,345 mZn;lh]^Z \uoh^ \h^hjh^Z fh`gh ihemqblv ih nhjfme_�
W = 

)l_hj(2H

)ijZdl(2H

V

V
⋅100 % = �+ �ijZdl��=Q

9����� P ⋅100 % = 2,9⋅ �+ �ijZdl��=Q
9 P 100 %.

<ZjbZgl ��Hij_^_e_gb_ \uoh^Z \h^hjh^Z ijb \aZbfh^_ckl\bb dZevpby k \h^hc�Hiul ijh\h^blky ZgZeh]bqgh ij_^u^ms_fm �\ZjbZgl ���HlebqZxlky ebrv jZkq_lu�KgZqZeZ gZc^_f fZkkm qbklh]h dZevpby� <a\_kb\ \u^Zgguc h[jZa_p�fu magZ_f kmffZjgmx fZkkm f_lZeeZ k ijbf_kyfb�
mCa = 

%100

%)12%100( −
mh[jZapZ = 0,88 mh[jZapZ.����±��� ��� ^hey qbklh]h f_lZeeZ \ h[jZap_� AZibr_f j_Zdpbx\aZbfh^_ckl\by KZ k G2H�

�
o e� � �� � fhev � � fhev0 �� ]�fhev 9 ���� e�fhevP �� ] 9 ���� e

&D �+ 2 &D�2+� ++ = + ↑

Lh]^Z )l_hj(2HV = mKZ⋅
m

V
= 0,56mKZ = 0,4928 mh[jZapZ.JZkkqblZ_f \uoh^ \h^hjh^Z ih nhjfme_�

W = 
)l_hj(2H

)ijZdl(2H

V

V
⋅100 % = 2,03⋅ h[jZapZ

)ijZdl(2H

m

V
100 %.

< j_Zdpbb h[jZam_lky fZehjZkl\hjbfh_ \_s_kl\h KZ�HG�2� HghhklZg_lky \ ijh[bjd_ \ \b^_ [_ehc fmlb�
IjZdlbq_kdZy jZ[hlZ � 2.Hkms_kl\e_gb_ p_ihqdb obfbq_kdbo ij_\jZs_gbc<ZjbZgl ��Ijh\_^_f ke_^mxsb_ ij_\jZs_gby�

MgCO3 →1 MgCl2 →2 Mg(OH)2 →3 MgSO4.�� <havf_f l\_j^uc0J&23 b ^h[Z\bf d g_fm jZkl\hj +&O�
MgCO3 + 2HCl ⇒ MgCl2 + H2O + CO2↑.

MgCO3 + 2H+ ⇒ Mg2+ + H2O + CO2↑.
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L\_j^uc dZj[hgZl fZ]gby jZkl\hjblky \ dbkehl_ b [m^_l \u^_eylvky]Za��� D ihemq_gghfm jZkl\hjm ^h[Z\bf s_ehqv� gZijbf_j� jZkl\hj
NaOH.

MgCl2 + 2NaOH ⇒ 2NaCl + Mg(OH)2↓; Mg2+ + 2OH– ⇒ Mg(OH)2↓.Ijhbkoh^bl \uiZ^_gb_ [_eh]h hkZ^dZ��� D hkZ^dm ^h[Z\ey_f jZkl\hj +2SO4.

Mg(OH)2 + H2SO4⇒MgSO4 + 2H2O;Mg(OH)2 + 2H+⇒Mg2+ + 2H2O.HkZ^hd jZkl\hjy_lky�<ZjbZgl ��Ijh\_^_f ke_^mxs__ ij_\jZs_gb_ �
CuSO4 →1 Cu(OH)2 →2 CuO →3 Cu.�� D jZkl\hjm f_^gh]h dmihjhkZ �&X624� ^h[Z\bf hklhjh`ghjZkl\hj 1D2+�

CuSO4 + 2NaOH = Cu(OH)2↓ + Na2SO4,

Cu2+ + 2OH– = Cu(OH)2↓.<uiZ^Z_l kbgbc hkZ^hd��� Ijh[bjdm k ihemq_gguf hkZ^dhf ZddmjZlgh gZ]j__f gZ kibjlh\d_�
Cu(OH)2

W
⇒ CuO + H2O.Kbgbc hkZ^hd ihkl_i_ggh q_jg__l� Ijhbkoh^bl jZaeh`_gb_

Cu(OH)2� k h[jZah\Zgb_f q_jgh]h KX2��� >ey ihemq_gby &X kgZqZeZ i_j_\_^_f &X2 \ jZkl\hj� ^h[Z\bfjZkl\hj +&O�KX2 + 2HCl ⇒ CuCl2 + H2O, KX2 + 2H+ ⇒ Cu2+ + H2O.Q_jguc hkZ^hd jZkl\hjy_lky� L_i_jv ^h[Z\bf lm^Z ihjhrhd `_e_aZ�Ihemq_ggmx kf_kv fh`gh hklhjh`gh ijhdbiylblv gZ kibjlh\d_�
CuCl2 + Fe ⇒ Cu↓ + FeCl2; Cu2+ + Fe0 ⇒ Cu0↓ + Fe2+.GZ ^g_ ijh[bjdb hklZ_lky djZkguc hkZ^hd f_^b�<ZjbZgl ��Ijh\_^_f ke_^mxsb_ ij_\jZs_gby�= Q& O� � → = Q �2 + � � � → = Q& O� �

1 D �= Q2 �
�

�� D jZkl\hjm =Q&O2 ^h[Z\bf g_fgh]h jZkl\hjZ 1D2+�
ZnCl2 + 2NaOH ⇒ Zn(OH)2↓ + 2NaCl, Zn2+ + 2OH– ⇒ Zn(OH)2↓.<uiZ^Z_l [_euc klm^_gbkluc hkZ^hd�
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�� <uiZ\rbc hkZ^hd jZa^_ebf gZ ^\_ jZ\gu_ qZklb� D i_j\hcijh[bjd_ ^h[Z\bf jZkl\hj +&O�
Zn(OH)2 + 2HCl ⇒ ZnCl2 + 2H2O, Zn(OH)2 + 2H+ ⇒ Zn2+ + 2H2O.HkZ^hd jZkl\hjy_lky��� Dh \lhjhc ijh[bjd_ ^h[Z\bf ba[ulhd 1D2+�
Zn(OH)2+2NaOH⇒Na2[Zn(OH)4], Zn(OH)2+2OH–⇒[Zn(OH)4]

2–.H[jZam_lky ]b^jhdkhdhfie_dk pbgdZ� �Ijb\_^_ggZy \ mq_[gbd_nhjfmeZ 1D2ZnO2 g_ \_jgZ ^ey j_Zdpbc \ jZkl\hjZo��
Zn(OH)2 \ j_Zdpbyo �� b �� \_^_l k_[y� dZd Zlfhkn_jguc ]b^jhdkb^�j_Z]bjmy b k dbkehlhc� b k hkgh\Zgbyfb�

IjZdlbq_kdZy jZ[hlZ � 3.Wdki_jbf_glZevgu_ aZ^Zqb ih jZkihagZ\Zgbxb ihemq_gbx \_s_kl\<ZjbZgl ��< \u^Zgguo ijh[bjdZo kh^_j`Zlky l\_j^u_ [_eu_ \_s_kl\Z� >eygZqZeZ jZkl\hjbf bo \ \h^_� >h[Z\bf d ihemq_gguf jZkl\hjZf
H2SO4.Z� �1D2+ + H2SO4 ⇒ Na2SO4 + 2H2O,
2Na+ + 2OH– + 2H+ + SO4

2– ⇒ 2Na+ + SO4
2– + 2H2O,HG– � G+ ⇒ G2H�G_l \b^bfuo baf_g_gbc�[� D2KH3 + H2SO4 ⇒ K2SO4 + H2O + CO2↑.

2K+ + CO3
2– + 2H+ + SO4

2– ⇒ 2K+ + SO4
2– + H2O + CO2↑.

CO3
2– + 2H+ ⇒ H2O + CO2↑.<u^_ey_lky ]Za�\� %D&O2 + H2SO4 ⇒ BaSO4↓ + 2HCl;

Ba2+ + 2Cl– + 2H+ + SO4
2– ⇒ BaSO4↓ + 2H+ + 2Cl–.

Ba2+ + SO4
2– ⇒ BaSO4↓.<uiZ^Z_l [_euc hkZ^hd�<ZjbZgl ��< ijh[bjdZo kh^_j`Zlky l\_j^u_ [_eu_ \_s_kl\Z� KgZqZeZ bojZkl\hjbf \ \h^_�Z� < h^ghc ijh[bjd_ \_s_kl\h g_ [m^_l jZkl\hjylvky� Wlh &D&23.>ey hdhgqZl_evghc ijh\_jdb ^h[Z\bf d g_fm jZkl\hj +&O�

CaCO3 + 2HCl ⇒ CaCl2 + H2O + CO2↑.
CaCO3 + 2H+ + 2Cl– ⇒ Ca2+ + 2Cl– + H2O + CO2↑.

CaCO3 + 2H+ ⇒ Ca2+ + H2O + CO2↑.<u^_ey_lky ]Za�
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[� D hklZ\rbfky jZkl\hjZf ^h[Z\bf jZkl\hj %D&O2� < h^ghc baijh[bjhd \uiZ^_l [_euc hkZ^hd� Wlh jZkl\hj 1D2SO4.

Na2SO4 + BaCl2 ⇒ 2NaCl + BaSO4↓.
2Na+ + SO4

2– + Ba2+ + 2Cl– ⇒ 2Na+ + 2Cl– + BaSO4↓.
SO4

2– + Ba2+ ⇒ BaSO4↓.\� < hklZ\r_cky ijh[bjd_ gZoh^blky .&O�<ZjbZgl ��< ijh[bjdZo² l\_j^u_ [_eu_ \_s_kl\Z� IhiulZ_fky bo jZkl\hjblv\ \h^_� G_jZkl\hjb\r__ky \_s_kl\h \ h^ghc ba ijh[bjhd² wlhKZKO3� >ey ih^l\_j`^_gby fh`gh ^h[Z\blv d g_fm jZkl\hj dbkehlu�kfhljb \ZjbZgl ��Z��� >ey hij_^_e_gby 1D2SO4 ijh\_^_fZgZeh]bqguc hiul� dZd b \ \ZjbZgl_ ��[��< hklZ\r_cky ijh[bjd_ gZoh^blky %D(NO3)2.<ZjbZgl ��< ijh[bjdZo² ljb jZaebqguo jZkl\hjZ� >h[Z\bf d dZ`^hc ba lj_oijh[bjhd g_fgh]h jZkl\hjZ 1D2+�Z� < ijh[bjd_� ]^_ g_l \b^bfuo baf_g_gbc� kh^_j`blky 1D&O�[� < ijh[bjd_ k jZkl\hjhf $O&O3 \uiZe [_euc klm^_gbkluc hkZ^hd�jZkl\hjbfuc dZd \ dbkehlZo� lZd b \ s_ehqZo�
AlCl3 + 3NaOH ⇒ 3NaCl + Al(OH)3↓.

Al3+ + 3Cl– + 3Na+ + 3OH– ⇒ 3Na+ + 3Cl– + Al(OH)3↓.
Al3+ + 3OH– ⇒ Al(OH)3↓.\� < ijh[bjd_ k jZkl\hjhf )H&O3 hkZ^hd bf__l [mjuc p\_l� WlhlhkZ^hd lZd`_ jZkl\hjbf \ dbkehlZo b \ ba[uld_ s_ehqb�

FeCl3 + 3NaOH ⇒ 3NaCl + Fe(OH)3↓.
Fe3+ + 3Cl– + 3Na+ + 3OH– ⇒ 3Na+ + 3Cl– + Fe(OH)3↓.

Fe3+ + 3OH– ⇒ Fe(OH)3↓.AZ^ZqZ ��>ey hij_^_e_gby ijbf_kb kmevnZlZ `_e_aZ �,,,� \ `_e_aghfdmihjhk_ \hkihevam_fky dZq_kl\_gghc j_Zdpb_c gZ bhg )H3+� l�_�ijh\_^_f j_Zdpbx k `_elhc djh\yghc khevx�
2Fe2(SO4)3 + 3K4[Fe(CN)6] ⇒ Fe4[Fe(CN)6]3↓ + 6K2SO4.?keb ijbf_kv )H3+ kh^_j`blky \ dmihjhk_� lh \uiZ^_l l_fgh�kbgbchkZ^hd lmjg[me_\hc kbgb�AZ^ZqZ ��>ey gZqZeZ i_j_\_^_f )H&O3 \ ]b^jhdkb^� ^h[Z\eyy jZkl\hj 1D2+�

FeCl3 + 3NaOH ⇒ Fe(OH)3↓ + 3NaCl.
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<uiZ^Z_l [mjuc hkZ^hd ]b^jhdkb^Z� L_i_jv khev_f k g_]h jZkl\hj ih\hafh`ghklb� Z kZf hkZ^hd i_j_g_k_f \ nZjnhjh\uc lb]ev bijhdZebf gZ h]g_� HklZ\rbcky ihjhrhd p\_lZ j`Z\qbgu b [m^_l
Fe2O3.

2Fe(OH)3

t
⇒ Fe2O3 + 3H2O↑.AZ^ZqZ ��>ey ihemq_gby ZexfbgZlZ gZljby g_h[oh^bfh d $O ^h[Z\blvba[ulhd jZkl\hjZ 1D2+ b ih^h`^Zlv g_dhlhjh_ \j_fy�:exfbgbc gZ \ha^mo_ ihdju\Z_lky hdkb^ghc ie_gdhc� dhlhjZyf_^e_ggh jZkl\hjy_lky \ s_ehqb� KZf `_ Zexfbgbc k s_ehqvxj_Z]bjm_l ^h\hevgh Zdlb\gh�AZibr_f \k_ ijhbkoh^ysb_ j_Zdpbb�

3H2O + Al2O3 + 6NaOH ⇒ 2Na3[Al(OH)6];
2Al + 6H2O ⇒ 2Al(OH)3 + 3H2↑;

Al(OH)3 + 3NaOH ⇒ Na3[Al(OH)6].< j_amevlZl_ h[jZam_lky ZexfbgZl gZljby�AZ^ZqZ ��>ey ihemq_gby )H&O2 ijh\_^_f j_Zdpbx f_`^m )H b jZkl\hjhf +&O�
Fe + 2HCl ⇒ H2↑ + FeCl2.

IjZdlbq_kdZy jZ[hlZ � 4.DZq_kl\_ggu_ j_Zdpbb gZ bhgu f_lZeeh\AZ^Zgb_ ��< obfbb bkoh^ j_Zdpbb qZklh aZ\bkbl hl mkeh\bc _]h ijh\_^_gby�gZijbf_j� hl khhlghr_gby j_Z]_glh\�Ijb ^h[Z\e_gbb d jZkl\hjm $O&O3 s_ehqb \uiZ^Z_l hkZ^hd]b^jhdkb^Z� l�d� s_ehqv \ wlhf kemqZ_ \ g_^hklZld_�
AlCl3 + 3NaOH�g_^hkl�� ⇒ Al(OH)3↓ + 3NaCl.Ijb ^h[Z\e_gbb d s_ehqb jZkl\hjZ $O&O3 hkZ^hd g_ \uiZ^Z_l� l�d�

Al(OH)3 kjZam `_ j_Z]bjm_l k ba[uldhf 1D2+ ^h h[jZah\Zgby]b^jhdkhdhfie_dkZ�
AlCl3 + 6NaOH�ba[�� ⇒ 3NaCl + Na3[Al(OH)6]↓.AZ^Zgb_ ��>ey ih^l\_j`^_gby dZq_kl\_ggh]h khklZ\Z &D&O2 ^h[Z\bf d _]hjZkl\hjm dZj[hgZl gZljby� Ijb wlhf \uiZ^_l [_euc hkZ^hd�

CaCl2 + Na2CO3 = CaCO3↓ + 2NaCl;
Ca2+ + 2Cl– + 2Na+ + ��&2 − ⇒ CaCO3↓ + 2Na+ + 2Cl–;
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Ca2+ + ��&2 − = CaCO3↓.>ey hij_^_e_gby bhgh\ &O– \ h[jZap_ fh`gh bkihevah\Zlv jZkl\hj
AgNO3� dhlhjuc ^Z_l g_jZkl\hjbfuc [_euc hkZ^hd�

CaCl2 + 2AgNO3 ⇒ Ca(NO3)2 + 2AgCl↓;
Ca2+ + 2Cl– + 2Ag+ + 2NO3

– ⇒ Ca2+ + 2NO3
– + 2AgCl↓.AZ^Zgb_ ��Ijh\_^_f ke_^mxsb_ ij_\jZs_gby�

Fe →1 FeCl2 →2 FeCl3.�� JZkl\hjbf `_e_ah \ jZkl\hj_ +&O��)H � �+&O� +
⇒

� �)H&O+ � ��+ ↑�� Fe0 + 2H+ = Fe2+ + 0
2H ↑.

<u^_ey_lky \h^hjh^� L_i_jv ijh\_jbf \ jZkl\hj_ gZebqb_ )H2+ kihfhsvx djZkghc djh\yghc kheb�
3FeCl2 + 2K3[Fe(CN)6] ⇒ Fe3[Fe(CN)6]2↓ + 6KCl.

3Fe2+ + 2[Fe(CN)6]
3– ⇒ Fe3[Fe(CN)6]2↓.<uiZ^Z_l l_fgh�kbgbc hkZ^hd lmjg[me_\hc kbgb� ke_^h\Zl_evgh�bhgu )H2+ ² ihemq_gu��� I_j_\_^_f )H2+ \ )H3+� bkihevamy oehjgmx \h^m� OehjgZy \h^Z —wlh jZkl\hj &O2 \ \h^_�

+� �)H&O� � � �&O ⇒� +
−

� �)H&O ��� 2Fe2+ + 0
2Cl ⇒ 2Fe3+ + 2Cl–.

P\_l jZkl\hjZ ba a_e_gh]h i_j_oh^bl \ `_elh�dhjbqg_\uc� L_i_jvijh\_jbf jZkl\hj gZ gZebqb_ )H3+ k ihfhsvx `_elhc djh\yghckheb�
4FeCl3 + 3K4[Fe(CN)6] ⇒ Fe4[Fe(CN)6]3↓ + 12KCl.

4Fe3+ + 3[Fe(CN)6]
4– ⇒ Fe4[Fe(CN)6]3↓.?keb \uiZ^Z_l l_fgh�kbgbc hkZ^hd �lmjg[me_\Z kbgv�� lh \ jZkl\hj_kh^_j`Zlky bhgu )H3+.AZ^Zgb_ ��Ihemqbf )H624.�� Ijh\_^_f j_Zdpbx )H k +2SO4.

0

Fe + 
1

42SOH
+

⇒
2

4FeSO
+

+ 
0

2H ↑.��@_e_ah jZkl\hjy_lky \ dbkehl_ b \u^_ey_lky ]Za� < jZkl\hj_hklZ_lky )H624.
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�� Ijh\_^_f j_Zdpbx )H k jZkl\hjhf &X624.� �&X62+ � �)H ⇒
� �)H62+ � �&X ↓���<uiZ^Z_l djZkguc hkZ^hd f_^b� \ jZkl\hj_ hklZ_lky )H624.�� Ba jZkl\hjZ kheb )H2+ ihemqbf kgZqZeZ ]b^jhdkb^ `_e_aZ �,,��

FeCl2 + 2NaOH ⇒ Fe(OH)2↓ + 2NaCl.
Fe2+ + 2OH– ⇒ Fe(OH)2↓.Khev_f hklZ\rbcky jZkl\hj b ^h[Z\bf +2SO4� H[jZam_lky )H624.

Fe(OH)2 + H2SO4 ⇒ 2H2O + FeSO4;
Fe(OH)2 + 2H+ ⇒ Fe2+ + 2H2O.�� ?s_ )H624 fh`gh ihemqblv ba )H623 ^h[Z\e_gb_f dbkehlu�

FeSO3 + H2SO4 ⇒ FeSO4 + H2O + SO2↑;
FeSO3 + 2H+ ⇒ Fe2+ + H2O + SO2↑.AZ^Zgb_ ��Ijh\_jbf dZq_kl\_gguc khklZ\ kmevnZlZ `_e_aZ �,,���� >hdZ`_f kh^_j`Zgb_ \ jZkl\hj_ bhgh\ )H2+� Bkihevam_f ^eywlh]h dZq_kl\_ggmx j_Zdpbx k djZkghc djh\yghc khevx�

3FeSO4 + 2K3[Fe(CN)6] ⇒ Fe3[Fe(CN)6]2↓ + 3K2SO4;
3Fe2+ + 2[Fe(CN)6]

3– ⇒ Fe3[Fe(CN)6]2↓.<uiZ^_gb_ l_fgh�kbg_]h hkZ^dZ ]h\hjbl h gZebqbb bhgh\ )H2+.�� >hdZ`_f kh^_j`Zgb_ \ jZkl\hj_ bhgh\ 624
2– j_Zdpb_c k khevx[Zjby�

FeSO4 + BaCl2 ⇒ BaSO4↓ + FeCl2;
SO4

2– + Ba2+ ⇒ BaSO4↓.<uiZ^Z_l [_euc hkZ^hd� g_ jZkl\hjyxsbcky \ dbkehlZo b s_ehqZo�Ke_^h\Zl_evgh� jZkl\hj kh^_j`Ze 624
2–.
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Obfbq_kdbc ijZdlbdmf II.K\hckl\Z kh_^bg_gbc g_f_lZeeh\
IjZdlbq_kdZy jZ[hlZ � 5.Ihemq_gb_ kheyghc dbkehlu b bamq_gb_ __ k\hckl\Ihemq_gb_ kheyghc dbkehlu �+&O��Z� ;m^mqb g_e_lmq_c kbevghc dbkehlhc� +2SO��dhgp� kihkh[gZy\ul_kgylv ^jm]b_ dbkehlu ba bo khe_c� < ^Zgghf kemqZ_ +&O lZd`_kbevgZy dbkehlZ� gh hgZ h[eZ^Z_l e_lmqbfb k\hckl\Zfb� Ihwlhfm^ey __ ihemq_gby bkihevamxl j_Zdpbx kH2SO��dhgp� ijb gZ]j_\Zgbb

H2SO��dhgp� + NaCll\ t
⇒ NaHSO4 + HCl↑.< kbevgh dbkehc kj_^_ kj_^gyy khev 1D2SO4 i_j_oh^bl \ dbkemx

NaHSO4.

Na2SO4 + H2SO4 ⇒ 2NaHSO4.;_a gZ]j_\Zgby \ jZkl\hj_ mklZgZ\eb\Z_lky bhggh_ jZ\gh\_kb_�Oehjh\h^hjh^ g_ \u^_ey_lky�
NaCl + H2SO4 ⇒ NaHSO4 � 1Z&O��� JZkl\hj oehjh\h^hjh^Z g_fgh]h ly`_e__ \h^u� ihwlhfm fufh`_f gZ[ex^Zlv lhgdb_ himkdZxsb_ky kljmcdb _s_ g_i_j_f_rZ\r_cky� lhevdh qlh h[jZah\Z\r_cky ijb jZkl\hj_gbbkheyghc dbkehlu��� Oehjh\h^hjh^ hq_gv ohjhrh jZkl\hjbf \ \h^_� ?keb dhg_p]Zahhl\h^ghc ljm[db himklblv gbadh d ih\_joghklb \h^u� lh fh`_lijhbahclb \kZku\Zgb_ jZkl\hjZ \ ljm[dm�Ihkfhljbl_ jbk� �� ba mq_[gbdZ �klj� ���� beexkljbjmxsbcohjhrmx jZkl\hjbfhklv oehjh\h^hjh^Z \ \h^_�Bamq_gb_ k\hckl\ kheyghc dbkehlu�>ey bamq_gby k\hckl\ kheyghc dbkehlu ijh\_^_f g_kdhevdhoZjZdl_jguo ^ey g__ j_Zdpbc��� G_ \k_ f_lZeeu j_Z]bjmxl k kheyghc dbkehlhc� B^_l j_Zdpby� bebg_l aZ\bkbl hl Zdlb\ghklb f_lZeeZ� Q_f Zdlb\g_c f_lZee� l_f[uklj__ b^_l \aZbfh^_ckl\b_� >ey m^h[kl\Z fh`gh jZkkfhlj_lvwe_dljhobfbq_kdbc jy^ gZijy`_gbc f_lZeeh\ �hg gZoh^blky gZnhjaZp_ \ dhgp_ mq_[gbdZ�� Lh]^Z f_lZeeu� gZoh^ysb_ky i_j_^ G2,j_Z]bjmxl k dbkehlZfb� ihke_ G2 ² g_ j_Z]bjmxl�Ihwlhfm =Q b0J \ul_kgyxl +2 ba dbkehlu�

Zn + 2HCl ⇒ ZnCl2 + H2↑,
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Mg + 2HCl ⇒ MgCl + H2↑.K f_^vx kheygZy dbkehlZ g_ j_Z]bjm_l��� < q_l\_jlhc ijh[bjd_ ijhl_dZ_l j_Zdpby�
CuO + 2HCl

t
⇒ CuCl2 + H2O.&X2 jZkl\hjy_lky \ dbkehl_� h[jZam_lky ]hem[hc jZkl\hj aZ kq_lhdjZr_gguo bhgh\ &X2+.< iylhc ijh[bjd_ ijhbkoh^bl jZkl\hj_gb_ &X�2+�2 \ +&O�

Cu(OH)2 + 2HCl ⇒ �G2H + CuCl2.LZd`_ h[jZam_lky ]hem[hc jZkl\hj �&X2+).< r_klhc ijh[bjd_�
CaCO3 + 2HCl ⇒ CaCl2 + H2O + CO2↑.;he__ kbevgZy dbkehlZ \ul_kgy_l [he__ keZ[mx m]hevgmx dbkehlm�dhlhjZy jZaeZ]Z_lky gZ m]e_dbkeuc ]Za b \h^m�

H2CO3 ⇒ CO2↑ + H2O.�� KgZqZeZ aZibr_f \k_ j_Zdpbb k $J123.

HCl + AgNO3 ⇒ AgCl↓ + HNO3;
NaCl + AgNO3 ⇒ AgCl↓ + NaNO3;

CaCl2 + 2AgNO3 ⇒ 2AgCl↓ + Ca(NO3)2.<h \k_o ijh[bjdZo \uiZ^Z_l [_euc hkZ^hd� g_ jZkl\hjbfuc \
HNO��dhgp�.:gZeh]bqgh ijhbkoh^yl j_Zdpbb k 3E�123)2:

2HCl + Pb(NO3)2 ⇒ PbCl2↓ + 2HNO3;

2NaCl + Pb(NO3)2 ⇒ PbCl2↓ + 2NaNO3;
CaCl2 + Pb(NO3)2 ⇒ PbCl2↓ + Ca(NO3)2.LZd dZd jZkl\hjbfhklv 3E&O2 \k_�lZdb ^hklZlhqgh \_ebdZ� lh hkZ^hd\uiZ^Z_l ebrv ba ^hklZlhqgh dhgp_gljbjh\Zgguo jZkl\hjh\� Ijb^h[Z\e_gbb ba[uldZ dhgp_gljbjh\Zgghc G123 dhgp_gljZpby bhgh\

Pb2+ b &O– mf_gvrZ_lky� djhf_ lh]h� jZ\gh\_kb_ ba�aZ ba[uldZ +123kf_sZ_lky \e_\h� ihwlhfm hkZ^hd 3E&O2 jZkl\hjy_lky�Z� >ey lh]h� qlh[u hlebqblv kheygmx dbkehlm hl ^jm]bo dbkehl�fh`gh ijh\_klb j_Zdpbx k $J123 beb 3E�123)2� < j_amevlZl_\uiZ^Z_l [_euc l\hjh`bkluc hkZ^hd $J&O beb fZehjZkl\hjbfuc
PbCl2.[� Oehjb^u hij_^_eyxlky bguf h[jZahf�\� Kheygmx dbkehlm hl oehjb^h\ fh`gh hlebqblv j_Zdpb_c kf_lZeeZfb�+&O j_Z]bjm_l k f_lZeeZfb k \u^_e_gb_f \h^hjh^Z�
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IjZdlbq_kdZy jZ[hlZ � 6.Wdki_jbf_glZevgu_ aZ^Zqb ih l_f_ ©Ih^]jmiiZ dbkehjh^ZªAZ^ZqZ ��>ey ^hdZaZl_evkl\Z ijh\_^_f kgZqZeZ j_Zdpbx k_jghc dbkehlu k =Q�
Zn + H2SO4 ⇒ ZnSO4 + H2↑.Pbgd \ul_kgy_l \h^hjh^ ba dbkehlu� l�_� +2SO4 kh^_j`bl bhgu\h^hjh^Z�Ijh\_^_f j_Zdpbx +2SO4 k jZkl\hjhf kheb <Z2+:<Z&O2 + H2SO4 ⇒ BaSO4↓ + 2HCl.<uiZ^Z_l [_euc hkZ^hd� g_ jZkl\hjbfuc \ dbkehlZo b hkgh\Zgbyo�l�_� +2SO4 kh^_j`bl bhgu 624

2+.AZ^ZqZ ��< j_Zdpbb pbgdZ k jZa[Z\e_gghc k_jghc dbkehlhc \u^_ey_lky \h^hjh^:

Zn + H2SO��jZa[� ⇒ ZnSO4 + H2↑.Ijb j_Zdpbb =Q k dhgp_gljbjh\Zgghc k_jghc dbkehlhc \u^_ey_lky
H26� h[eZ^Zxsbc g_ijbylguf oZjZdl_jguf aZiZohf�

4Zn + 5H2SO4(dhgp� ⇒ 4ZnSO4 + H2S↑ + 4H2O.JZa[Z\e_ggZy k_jgZy dbkehlZ j_Z]bjm_l k f_lZeeZfb� dZd h[uqgZyfbg_jZevgZy dbkehlZ� Dhgp_gljbjh\ZggZy k_jgZy dbkehlZ \_^_lk_[y m`_ dZd dbkehlZ�hdbkebl_ev� \ j_amevlZl_ j_Zdpby ijhbkoh^blih�^jm]hfm�AZ^ZqZ ��OehjgZy b [jhfgZy \h^Z² hdbkebl_eb� ihwlhfm \ h[_bo ijh[bjdZokmevnb^ hdbkeblky ^h k_ju�
Na2S + Cl2 = S + 2NaCl;

Na2S + Br2 = S + 2NaBr.JZkl\hju h[_kp\_qb\Zxlky�AZ^ZqZ ��M gZk _klv ljb jZaebqguo \_s_kl\Z� +&O� +2SO4; NaOH.�� >ey hij_^_e_gby 1D2+ fh`gh bkihevah\Zlv eZdfmk�bg^bdZlhjgZy [mfZ`dZ ^he`gZ ihkbg_lv \ s_ehqghc kj_^_� bebjZkl\hj0J2+.

MgCl2 + 2NaOH ⇒ 2NaCl + Mg(OH)2↓.< ijh[bjd_ k 1D2+ \uiZ^_l [_euc hkZ^hd� \ hklZevguo \b^bfuobaf_g_gbc g_ ijhbahc^_l��� >ey hij_^_e_gby +2SO4 gZ^h bkihevah\Zlv jZkl\hj %D2+
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H2SO4 + BaCl2 ⇒ 2HCl + BaSO4↓.<uiZ^Z_l [_euc hkZ^hd� k +&O jZkl\hj %D2+ g_ \aZbfh^_ckl\m_l��� < hklZ\r_cky ijh[bjd_ jZkl\hj +&O� >ey ijh\_jdb ^h[Z\bfjZkl\hj $J123 beb 3E�123)2.

HCl + AgNO3 ⇒ AgCl↓ + HNO3;

2HCl + Pb(NO3)2 ⇒ PbCl2↓ + 2HNO3.<uiZ^Z_l [_euc hkZ^hd�AZ^ZqZ ��Ih\Zj_ggZy khev bf__l nhjfmem 1D&O�>ey hij_^_e_gby ijbf_kbkmevnZlZ fh`gh bkihevah\Zlv dZq_kl\_ggmx j_Zdpbx k %D2+.

Na2SO4 + BaCl2 ⇒ 2NaCl + BaSO4↓.?keb \uiZ^Z_l [_euc hkZ^hd� g_ jZkl\hjbfuc \ dbkehlZo bs_ehqZo� lh ih\Zj_ggZy khev kh^_j`bl ijbf_kb kmevnZlh\�AZ^ZqZ ��>ey hij_^_e_gby kmevnZlZ bkihevam_f oZjZdl_jgmx j_Zdpbx kjZkl\hjhf <Z2+. <Z2+ + SO4
2– ⇒ BaSO4.<uiZ^Z_l [_euc hkZ^hd� K oehjb^hf b bh^b^hf j_Zdpby g_ b^_l��� >ey hij_^_e_gby oehjb^Z b bh^b^Z \havf_f jZkl\hj $J123�ij_^\Zjbl_evgh ijh\_jb\ gZ kmevnZl��

Ag+ + Cl– ⇒ AgCl↓,

Ag+ + I– ⇒ AgI↓.

AgCl ² [_euc� $JI ² `_eluc� Ih p\_lm fh`gh hij_^_eblv khklZ\\u^Zgghc kheb�AZ^ZqZ ��JZkl\hjbf ihemq_gguc hdkb^ f_^b \ k_jghc dbkehl_ ijb gZ]j_\Zgbb�
CuO + H2SO4

t
⇒ CuSO4 + H2O.H[jZam_lky ]hem[hc jZkl\hj kmevnZlZ f_^b�Ihemq_gguc jZkl\hj &X624 i_j_ev_f \ nZjnhjh\mx qZr_qdm bijh^he`bf ]j_lv gZ h]g_ ^h ihy\e_gby keZ[hc ie_ghqdb gZih\_joghklb jZkl\hjZ� AZl_f kgbfZ_f qZr_qdm k h]gy b hklZ\ey_fhoeZ`^Zlvky� < jZkl\hj_ h[jZamxlky djbklZeeu f_^gh]h dmihjhkZ�L_i_jv bo fh`gh hklhjh`gh hlnbevljh\u\Zlv b \ukmrblv�NhjfmeZ f_^gh]h dmihjhkZ — CuSO4⋅�G2H�
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AZ^ZqZ ��<havf_f jZkl\hj kheyghc dbkehlu b ^h[Z\bf __ \ dZ`^mx ba ijh[bjhd�< ijh[bjd_ k kmevnZlhf gbq_]h g_ ijhbahc^_l� < ^\mo ^jm]boijh[bjdZo \u^_ey_lky ]Za� Bo fh`gh jZaebqblv ih aZiZom�
Na2SO3+2HCl⇒2NaCl+H2O+SO2↑,

Na2S+2HCl⇒2NaCl+H2S↑.

SO2 bf__l j_adbc g_ijbylguc aZiZo� +26 bf__l oZjZdl_jguc aZiZoihjq_guo ybp�
IjZdlbq_kdZy jZ[hlZ � 7.Ihemq_gb_ ZffbZdZ b bamq_gb_ _]h k\hckl\Ihemq_gb_ ZffbZdZ� Ijh\_^_f \k_ ^_ckl\by� hibkZggu_ \ mq_[gbd_�Ba ]Zahhl\h^ghc ljm[db [m^_l \u^_eylvky ZffbZd� Hg jZkl\hjy_lky\ \h^_� ijhiblZ\r_c n_ghenlZe_bgh\mx [mfZ`dm�

NH3 + H2O ⇒ NH4OH.< j_amevlZl_ h[jZam_lky ]b^jhdkb^ Zffhgby� dhlhjuc bf__ls_ehqgmx j_Zdpbx b hdjZrb\Z_l bg^bdZlhj \ fZebgh\uc p\_l�?keb ih^g_klb d hl\_jklbx ijh[db kl_deyggmx iZehqdm� kfhq_ggmxdhgp_gljbjh\Zgghc kheyghc dbkehlhc� lh gZ^ hl\_jklb_fh[jZam_lky [_eZy ^ufdZ� Ijhbkoh^bl j_Zdpby�
NH3 + HCl ⇒ NH4Cl.

NH4&O h[eZ^Z_l e_lmq_klvx� _]h qZklbqdb ih^gbfZxlky \f_kl_ kZffbZdhf� Bo fu b \b^bf \ \b^_ [_ehc ^ufdb�Ijh\_^_f jZkl\hj_gb_ ZffbZdZ lZd� dZd wlh hibkZgh \ mq_[gbd_� Ba�aZ hq_gv ohjhr_c jZkl\hjbfhklb ZffbZdZ \h^Z \ ijh[bjd_ih^gbfZ_lky� H[jZam_lky 1+4OH.�� AZibr_f mjZ\g_gb_ j_Zdpbb f_`^m &D�2+�2 b 1+4Cl.

Ca(OH)2 + 2NH4Cl ⇒ CaCl2 + 2NH3↑ + 2H2O↑.DZd fh`gh \b^_lv ba mjZ\g_gby� \ j_Zdpbb h[jZamxlky iZju \h^u�Hgb dhg^_gkbjmxlky gZ [he__ oheh^guo kl_gdZo ijh[bjdb� ?kebdZi_evdb \h^u ihiZ^ml gZ jZkdZe_ggh_ ^gh� lh ijh[bjdZ fh`_llj_kgmlv� Ihwlhfm __ gZdehgyxl lZdbf h[jZahf� qlh[u dZi_evdbkdZlu\Zebkv d hl\_jklbx ijh[bjdb��� :ffbZd e_]q_ \ha^moZ �l�d�F�1+3�  �� ]�fhev�F�\ha^moZ� ≈
≈ 29 ]�fhev�� Hg ih^gbfZ_lky \\_jo� ihwlhfm _]h gZ^h kh[bjZlv \i_j_\_jgmlmx ijh[bjdm� :gZeh]bqgh fh`gh kh[bjZlv G2�F  
2 ]�fhev�� &+4 ² f_lZg �F  �� ]�fhev�� +H �F  � ]�fhev� b ^jm]b_�
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�� ?keb \f_klh +&O ih^g_klb d hl\_jklbx ijh[bjdb k ZffbZdhfiZehqdm� kfhq_ggmx dhgp_gljbjh\Zgghc Zahlghc dbkehlhc� lh fugbq_]h g_ m\b^bf�
NH3 + HNO3 ⇒ NH4NO3.

NH4NO3 ² g_ h[eZ^Z_l e_lmq_klvx��� H[uqgh ^ey hij_^_e_gby hkgh\Zgbc bkihevamxl j_Zdpbb kh[jZah\Zgb_f g_jZkl\hjbfuo ]b^jhdkb^h\� gZijbf_j� 0J�2+�2.
2NH4OH + MgCl2 ⇒ 2NH4Cl + Mg(OH)2↓.<uiZ^Z_l [_euc hkZ^hd�Bamq_gb_ k\hckl\ \h^gh]h jZkl\hjZ ZffbZdZ��� <h^guc jZkl\hj ZffbZdZ bf__l s_ehqgmx kj_^m� l�_� ^Z_lfZebgh\mx hdjZkdm k n_ghenlZe_bghf �Ijb dbiyq_gbb jZkl\hjZ ]b^jhdkb^ Zffhgby jZaeZ]Z_lky� \j_amevlZl_ q_]h ZffbZd me_lZ_l� b jZkl\hj klZgh\blky g_cljZevguf�

NH4OH
t

⇒ NH3 + H2O↑.N_ghenlZe_bg \ g_cljZevghc kj_^_² [_kp\_lguc��� N_ghenlZe_bg ^Z_l fZebgh\mx hdjZkdm \ jZkl\hj_ ]b^jhdkb^ZZffhgby� lZd dZd lhl y\ey_lky hkgh\Zgb_f� Ijb ^h[Z\e_gbb dbkehluijhbkoh^bl g_cljZebaZpby b p\_l bkq_aZ_l�
NH4OH + HCl ⇒ NH4Cl + H2O,

OH– + H+ ⇒ H2O.�� Ijhbkoh^bl \aZbfh^_ckl\b_ f_`^m jZkl\hjhf $O&O3 b 1+4OH.

AlCl3 + 3NH4OH ⇒ Al(OH)3↓ + 3NH4Cl,

Al3+ + 3OH– ⇒ Al(OH)3↓.<uiZ^Z_l [_euc klm^_gbkluc hkZ^hd�
IjZdlbq_kdZy jZ[hlZ � 8.Wdki_jbf_glZevgu_ aZ^Zqb ih l_f_ ©Ih^]jmiiZ ZahlZªAZ^ZqZ ��Z� JZkl\hjbf ZffbZd \ \h^_ b ijh\_jbf hkgh\gu_ k\hckl\Z jZkl\hjZ�

NH3 + H2O ⇒ NH4OH, 2NH4OH + MgCl2 = 2NH4Cl + Mg(OH)2↓.<uiZ^Z_l [_euc hkZ^hd� N_ghenlZe_bg hdjZrb\Z_lky \ fZebgh\ucp\_l�[� Dhgp_gljbjh\ZggZy ZahlgZy dbkehlZ jZkl\hjy_l f_lZeebq_kdmxf_^v�
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Cu + 4HNO��dhgp�� ⇒ KX�123)2 + 2NO2↓ + 2H2O.H[jZam_lky ]hem[hc jZkl\hj b \u^_ey_lky [mjuc ]Za�\� GbljZl Zffhgby ijb gZ]j_\Zgbb jZaeZ]Z_lky gZ ^\Z ]Zahh[jZaguo�ijb W°>100°K� \_s_kl\Z�
NH4NO3

t
⇒ N2O↑ + 2H2O↑.Ijb gZ]j_\Zgbb k s_ehqvx \u^_ey_lky ZffbZd�

NH4NO3 + NaOH
t

⇒ NaNO3 + NH3↑ + H2O.:ffbZd fh`gh hij_^_eblv ih aZiZom beb dZd mdZaZgh \ imgdl_ Z��AZ^ZqZ ��Ijh\_^_f j_Zdpbx �1+4)2SO4 b 1+4NO3 k &D(OH)2.< j_amevlZl_ \aZbfh^_ckl\by iblZl_evguc we_f_gl Zahlme_lmqb\Z_lky \ \b^_ ZffbZdZ�
(NH4)2SO4 + Ca(OH)2 =CaSO4↓ + 2NH3↑ + 2H2O;
2NH4NO3 + Ca(OH)2 = Ca(NO3)2 + 2NH3↑ + 2H2O.

AZ^ZqZ ��Z� >ey hij_^_e_gby 1+4
+ fh`gh bkihevah\Zlv j_Zdpbx k s_ehqvxijb gZ]j_\Zgbb

NH4Cl + NaOH
t

⇒ NH3↑ + H2O + NaCl.G_mklhcqb\uc 1+42+ jZaeZ]Z_lky ijb gZ]j_\Zgbb k h[jZah\Zgb_f]Zahh[jZagh]h ZffbZdZ� Hij_^_e_gb_ 1+3 ih^jh[gh hibkZgh \aZ^Zq_ ��Z��Oehjb^�bhgu &O– fh`gh hij_^_eblv k ihfhsvx bhgh\ $J+ beb 3E2+.

AgNO3 + NH4Cl ⇒ NH4NO3 + AgCl↓.

Pb(NO3)2 + 2NH4Cl ⇒ PbCl2↓ + 2NH4NO3.<uiZ^Zxl [_eu_ hkZ^db�[� :gZeh]bqgh hij_^_eyxlky bhgu Zffhgby �1++ \ kmevnZl_�KmevnZl�bhgu 624
2– hij_^_eyxlky j_Zdpb_c k jZkl\hjhf <Z2+.<Z&O2 + (NH4)2SO4 ⇒ 2NH4Cl+BaSO4↓<uiZ^Z_l [_euc hkZ^hd� g_jZkl\hjbfuc \ dbkehlZo b s_ehqZo�AZ^ZqZ ��AZibr_f nhjfmeu \u^Zgguo m^h[j_gbc� oehjb^ dZeby — KCl;ZffbZqgZy k_ebljZ — NH4NO3� kmi_jnhknZl — Ca(H2PO4)2.KgZqZeZ hij_^_ebf &D�+2PO4)2� >ey wlh]h \havf_f ba[ulhdjZkl\hjZ s_ehqb�
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3Ca(H2PO4)+12NaOH ⇒ Ca3(PO4)2↓+4Na3PO4+12H2H�<uiZ^Z_l [_euc hkZ^hd� < ijh[bjd_� ]^_ gZoh^beZkv ZffbZqgZyk_ebljZ� ih^ ^_ckl\b_f s_ehqb \u^_ey_lky ]Za�
NH4NO3 + NaOH=NaNO3 + NH3↑ + H2O.Hij_^_ebf l_i_jv .&O� >ey wlh]h ^h[Z\bf jZkl\hj $J123 beb

Pb(NO3)2.

AgNO3+KCl ⇒ AgCl↓+KNO3,

Pb(NO3)2+2KCl ⇒ PbCl2↓+2KNO3.<uiZ^Z_l [_euc hkZ^hd�AZ^ZqZ ���� IjhdZeb\Zy l\_j^uc 1+4&O fh`gh ihemqblv qbkluc ZffbZd�
NH4Cl 

t
⇒ NH3↑ + HCl↑.Ijb jZaeh`_gbb h[jZamxlky ^\Z ]Zahh[jZaguo ijh^mdlZ� IjhimkdZywlm kf_kv q_j_a s_ehqv� fu ba[Z\ey_fky hl oehjh\h^hjh^Z�

HCl + NaOH ⇒ NaCl + H2O.HklZ_lky qbkluc ZffbZd��� Ba �1+4)2SO4 b 1+4NO3 ZffbZd fh`gh ihemqblv \kbevghs_ehqghc kj_^_ ijb gZ]j_\Zgbb�
(NH4)2SO4 + 2NaOH ⇒ 2NH3↑ + H2O+Na2SO4,

NH4NO3 + NaOH ⇒ NH3↑ + H2O + NaNO3.AZ^ZqZ ���� I_j\Zy bhggZy j_Zdpby khhl\_lkl\m_l j_Zdpbb g_cljZebaZpbb�
HCl+NaOH ⇒ NaCl+H2O, H++OH– ⇒ H2O.�� <lhjZy bhggZy j_Zdpby² hkZ`^_gb_ %D624;

BaCl2+Na2SO4 ⇒ BaSO4↓+2NaCl; Ba2++SO4
2– = BaSO4↓.�� Ihke_^gyy j_Zdpby² hkZ`^_gb_ $J&O�

AgNO3+KCl ⇒ AgCl+KNO3, Ag++Cl– ⇒ AgCl↓.AZ^ZqZ ���� JZkl\hjbf f_lZeebq_kdmx f_^v \ dhgp_gljbjh\Zgghc Zahlghcdbkehl_�
Cu+4HNO��dhgp� ⇒ Cu(NO3)2+2NO2↑+2H2O.H[jZamxsbcky ]hem[hc jZkl\hj kh^_j`bl &X�123)2.�� JZkl\hjbf &X�2+�2 \ +123:

Cu(OH)2+2HNO3 ⇒ Cu(NO3)2+2H2O.H[jZam_lky ]hem[hc jZkl\hj gbljZlZ f_^b �,,��
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�� Ihemqbf &X�123)2 q_j_a j_Zdpbx hkZ`^_gby�
CuSO4+Ba(NO3)2 ⇒ BaSO4↓+Cu(NO3)2.H[jZam_lky [_euc hkZ^hd� _]h g_h[oh^bfh hlnbevljh\Zlv�HklZ\rbcky jZkl\hj — Cu(NO3)2.

IjZdlbq_kdZy jZ[hlZ � 9.Ihemq_gb_ hdkb^Z m]e_jh^Z �,9� b bamq_gb__]h k\hckl\� JZkihagZ\Zgb_ dZj[hgZlh\Ihemq_gb_ hdkb^Z m]e_jh^Z �,9� b bamq_gb_ _]h k\hckl\��� Ijb ^_clk\bb kheyghc dbkehlu gZ f_e beb fjZfhj hgbjZkl\hjyxlky� ijb wlhf \u^_ey_lky &22� NhjfmeZ f_eZ bfjZfhjZ — CaCO3.

CaCO3+2HCl ⇒ CaCl2+CO2↑+H2O, KaCO3+2H+ ⇒ &Z2+ + CO2↑ + H2O.�� < ijh[bjd_ k ba\_kldh\hc \h^hc ijhbkoh^yl ^\_ihke_^h\Zl_evgu_ j_Zdpbb� KgZqZeZ ijhbkoh^bl h[jZah\Zgb_ [_eh]hhkZ^dZ
Ca(OH)2+CO2 ⇒ CaCO3↓+H2O.AZl_f hkZ^hd jZkl\hjy_lky�
CaCO3+CO2+H2O ⇒ Ca(HCO3)2.

Ca(HCO3)2 ² jZkl\hjbfh_ \_s_kl\h�
CaCO3+CO2+H2O ⇒ Ca2++2HCO3

–.�� Ijb ijhimkdZgbb KH2 q_j_a ^bklbeebjh\Zggmx \h^m m]e_dbkeuc]Za qZklbqgh jZkl\hjy_lky k h[jZah\Zgb_f m]hevghc dbkehlu G2KH3.

CO2+H2O ∅ H2CO3,DZd dbkehlZ +2CO3 bf__l dbkemx j_Zdpbx� ihwlhfm eZdfmkhdjZkblky \ kbgbc p\_l�JZkihagZ\Zgb_ dZj[hgZlh\�GZf \u^Zgh � \_s_kl\Z� 1D2SO4, ZnCl2, K2CO3, Na2SiO3.�� KgZqZeZ ijb[Z\bf jZkl\hj +&O� Ijb wlhf j_Zdpby ihc^_l lhevdh\ ^\mo ijh[bjdZo�
K2CO3+2HCl ⇒ 2KCl+H2O+CO2↑.

2K+ +CO3
2–+2H++2Cl– ⇒ 2K++2Cl–+H2O+CO2↑.
CO3

2–+2H+ ⇒ CO2↑+H2O.<u^_ey_lky ]Za�
Na2SiO3+2HCl ⇒ H2SiO3↓+2NaCl.

2Na++SiO3
2–+2H++2Cl– ⇒ H2SiO3↓+2Na++2Cl–.
SiO3

2–+2H+ ⇒ H2SiO3↓.
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�� L_i_jv ^h[Z\bf jZkl\hj %D&O2� K 1D2SO4 wlhl jZkl\hj ^Z_lhkZ^hd�
Na2SO4+BaCl2 ⇒ BaSO4↓+2NaCl,

2Na++SO4
2–+Ba2++2Cl– ⇒ BaSO4↓+2Na++2Cl–,

Ba2++SO4
2– ⇒ BaSO4↓.<uiZ^Z_l [_euc hkZ^hd� K jZkl\hjhf =Q&O2 gbq_]h g_ ijhbkoh^bl��� < hklZ\r_cky ijh[bjd_ =Q&O2� >h[Z\bf jZkl\hj $J123� qlh[uijh\_jblv wlh� <uiZ^Z_l [_euc hkZ^hd�

ZnCl2+2AgNO3 ⇒ Zn(NO3)2+2AgCl↓,
Zn2++2Cl–+2Ag++2NO3

– ⇒ Zn2++2NO3
–+2AgCl↓.

Cl–+Ag+ ⇒ AgCl↓.<u\h^� >ey dZj[hgZl�bhgh\ dZq_kl\_gghc j_Zdpb_c y\ey_lkyj_Zdpby k dbkehlhc k \u^_e_gb_f m]e_dbkeh]h ]ZaZ�
CO3

2–+2H+ ⇒ H2O+CO2↑.

http://alexbooks.ucoz.com/load/reshebniki/68



96

Obfbq_kdbc ijZdlbdmf III.K\hckl\Z hj]Zgbq_kdbo \_s_kl\
IjZdlbq_kdZy jZ[hlZ � 10.Ihemq_gb_ wlbe_gZ b bamq_gb_ _]h k\hckl\�� < ijh[bjd_ gZqbgZ_l \u^_eylvky ]Za�

C2H5OH

t, H2SO4 (dhgp�
C2H4↑+H2O.Dhgp_gljbjh\ZggZy k_jgZy dbkehlZ aZ[bjZ_l \h^m ba kibjlZ b \j_amevlZl_ h[jZam_lky wlbe_g��� Ijb ijhimkdZgbb K2G4 q_j_a [jhfgmx \h^m ihke_^gyyh[_kp\_qb\Z_lky� K2G4+Br2(aq) ⇒ C2H4Br2.Ijhbkoh^bl hdbke_gb_ wlbe_gZ [jhfghc \h^hc ih ^\hcghc k\yab��� Ih^dbke_gguc i_jfZg]ZgZl lZd`_ hdbkey_l wlbe_g��K2G4+12KMnO4+18H2SO4=10CO2+6K2SO4+12MnSO4+28H2O.JZkl\hj .MnO4 h[_kp\_qb\Z_lky��� Ih^h``_f \u^_eyxsbcky ]Za� Hg ]hjbl yjdbf k\_lysbfkyieZf_g_f K2G4��H2 

t
⇒ 2CO2+2H2O.

IjZdlbq_kdZy jZ[hlZ � 11.Wdki_jbf_glZevgu_ aZ^Zqb ih jZkihagZ\Zgbxb ihemq_gbx \_s_kl\�� GZf g_h[oh^bfh hij_^_eblv ljb \_s_kl\Z� ]ebp_jbg�fgh]hZlhfguc kibjl�� Zev^_]b^� ]exdham �m]e_\h^��H^ghc ba oZjZdl_jguo j_Zdpbc ^ey wlbo \_s_kl\ y\ey_lky\aZbfh^_ckl\b_ k &X�2+�2.KgZqZeZ ihemqbf ]b^jhdkb^ f_^b �,,�� >ey wlh]h d f_^ghfmdmihjhkm ^h[Z\bf g_fgh]h jZkl\hjZ 1D2+�
CuSO4+2NaOH ⇒ KX�2+�2↓+Na2SO4.<uiZ^Z_l ]hem[hc hkZ^hd ]b^jhdkb^Z��� D h[jZah\Z\r_fmky hkZ^dm ijbev_f g_fgh]h Zev^_]b^Z b gZ]j__fkf_kv�

C
O

R
H

+2Cu(OH)2

t
⇒ C

O
R

OH
+2CuOH↓�G2H�
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Zev^_]b^ ]hem[hc `_eluc
2CuOH

t
⇒ KX2O↓+H2O`_eluc djZkguc< j_amevlZl_ h[jZam_lky djZkguc hkZ^hd &X2O.�� L_i_jv d &X�2+�2 ^h[Z\bf ih dZieyf ]ebp_jbg b kf_kv\a[helZ_f� HkZ^hd jZkl\hjy_lky� ihemqZ_lky jZkl\hj yjdh�kbg_]hp\_lZ� H[jZam_lky mklhcqb\uc dhfie_dk ]ebp_jbgZ k f_^vx�

2
&+�&+&+� 2+2+2+�&X�2+��⇒ &+�&+&+�

22+2+
&X22+2+&+�&+&+� ��+�2

�� =exdhaZ ih k\hbf obfbq_kdbf k\hckl\Zf y\ey_lkyZev^_]b^hkibjlhf� l�_� hgZ ijhy\ey_l k\hckl\Z b Zev^_]b^h\� bfgh]hZlhfguo kibjlh\� DZd Zev^_]b^� hgZ \klmiZ_l \ j_Zdpbb�oZjZdl_jgu_ ^ey wlh]h deZkkZ \_s_kl\� \ qZklghklb ijb gZ]j_\Zgbb\aZbfh^_ckl\m_l k &X�2+�2 k h[jZah\Zgb_f djZkgh�dhjbqg_\h]hhkZ^dZ &X2H� DZd fgh]hZlhfguc kibjl� ]exdhaZ ^Z_l jZkl\hj yjdh�kbg_]h p\_lZ ijb ^h[Z\e_gbb d g_c k\_`_]h hkZ^dZ &X�2+�2.
&+� &+ &2+

+22+ �
��&X�2+�� W

⇒&+� &+ &2+
2+22+ �

��G�H��&X2+↓�
2CuOH

t

⇒ Cu2O↓+H2O.<uiZ^Z_l djZkguc hkZ^hd &X2O.�� >ey hij_^_e_gby lj_o ^Zgguo \_s_kl\ ba dZ`^hc ijh[bjdb^h[Z\bf g_fgh]h &X�2+�2� < ^\mo ijh[bjdZo h[jZam_lky yjdh�kbgbcjZkl\hj �]exdhaZ b ]ebp_jbg�� L_i_jv gZ]j__f \k_ ljb kf_kb� \ ^\moijh[bjdZo \uiZ^_l djZkguc hkZ^hd �Zev^_]b^ b ]exdhaZ�� LZdbfh[jZahf� fu magZ_f \ dZdhc ijh[bjd_ dZdh_ \_s_kl\h gZoh^blky���FZrbggh_ fZkeh khklhbl� \ hkgh\ghf� ba ij_^_evguom]e_\h^hjh^h\� Z jZklbl_evgh_ fZkeh² ba `bjh\� h[jZah\Zgguog_ij_^_evgufb dbkehlZfb� JZklbl_evgh_ fZkeh h[_kp\_qb\Z_l[jhfgmx \h^m� Z fZrbggh_² g_l��� Z� >ey ihemq_gby ijhklh]h wnbjZ ijh\_^_f j_Zdpbx^_]b^jZlZpbb wlbeh\h]h kibjlZ�
�K2G5HG t, H2SO4 (dhgp� K2G5 H K2G5 �G2H�H[jZamxsbc wnbj gZau\Z_lky ^bwlbeh\uf� >ZggZy j_Zdpbyijhoh^bl ebrv ijb hij_^_e_gguo mkeh\byo� gZ]j_\Zgbb� \ijbkmlkl\bb +2SO4� b ijb ba[uld_ kibjlZ�[� >ey ihemq_gby Zev^_]b^Z ba kibjlZ gm`gh bkihevah\Zlv keZ[uchdbkebl_ev� gZijbf_j� &X2+.
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C2H5OH+CuO
t

⇒ Cu+ CH3 C
O

H
+H2O;

CH3 C
O

H
² mdkmkguc Zev^_]b^�\� Ijb ^Zevg_cr_f hdbke_gbb Zev^_]b^Z h[jZam_lky dbkehlZ�
CH3 C

O

H
+2Cu(OH)2

t
⇒ CH3COOH+Cu2O↓+2H2O;

H[jZam_lky mdkmkgZy dbkehlZ��� KZoZj² wlh keh`gh_ hj]Zgbq_kdh_ \_s_kl\h� kh^_j`Zs__^hklZlhqgh [hevrh_ dhebq_kl\h m]e_jh^Z� Qlh[u ^hdZaZlv wlh�\havf_f g_fgh]h kZoZjZ b ^h[Z\bf d g_fm +2SO��dhgp��.KZoZj ih^ ^_ckl\b_f dhgp_gljbjh\Zgghc k_jghc dbkehlu hl^Zkl\h^m b ij_\jZlblky \ m]e_jh^�
C12H22O11

H2SO4 (dhgp�
12C+11H2O.Dhgp_gljbjh\ZggZy +2SO4 aZ[bjZ_l \h^m m kZoZjZ� \ j_amevlZl_ihemqZ_lky k\h[h^guc m]e_jh^ �q_jgh_ \_s_kl\h���� Z� >ey hij_^_e_gby djZofZeZ kms_kl\m_l ohjhrZy dZq_kl\_ggZyj_Zdpby k bh^hf� H[jZam_lky mklhcqb\uc dhfie_dk yjdh�kbg_]hp\_lZ�DZig_f g_kdhevdh dZi_ev jZkl\hjZ bh^Z gZ dZjlhn_ev b [_euc oe_[�?keb gZ ijh^mdlZo h[jZam_lky kbg__ iylgh� lh hgb kh^_j`ZldjZofZe�[� >ey ijh\_jdb y[ehdZ gZ kh^_j`Zgb_ ]exdhau ijb]hlh\bfg_kdhevdh dZi_ev y[ehqgh]h khdZ� >h[Z\bf g_fgh]h kbg_]h hkZ^dZ

Cu(OH)2� ?keb bkke_^m_fuc jZkl\hj kh^_j`bl ]exdham� lh kgZqZeZfu ihemqbf kbgbc jZkl\hjbfuc dhfie_dk ]exdhau� dhlhjuc ijbgZ]j_\Zgbb jZaeh`blky ^h djZkgh]h &X2H��� Z� KgZqZeZ hij_^_ebf djZofZe� ^h[Z\b\ d dZ`^hfm ba lj_o\_s_kl\ jZkl\hj bh^Z� < ijh[bjd_ k djZofZehf h[jZam_lky kbgbcdhfie_dk� =exdham hl kZoZjhau fh`gh hlebqblv aZ kq_lZev^_]b^guo k\hckl\� H[Z \_s_kl\Z h[eZ^Zxl k\hckl\Zfbfgh]hZlhfgh]h kibjlZ� gh lhevdh ]exdhaZ h[eZ^Z_l _s_ bk\hckl\Zfb Zev^_]b^Z� >h[Z\bf \ h[_ ijh[bjdb &X�2+�2� h[jZam_lkykbgbc jZkl\hj� Gh lhevdh ijb gZ]j_\Zgbb k ]exdhahc \uiZ^Z_ldjZkguc hkZ^hd &X22 �l�_� ijhbkoh^bl hdbke_gb_ Zev^_]b^ghc]jmiiu��[� KgZqZeZ hij_^_ebf djZofZe k ihfhsvx bh^Z� H[jZam_lky kbgbcdhfie_dk�
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L_i_jv ijh\_jbf dbkehlghklb jZkl\hjh\ fueZ b ]ebp_jbgZ�=ebp_jbg bf__l keZ[hdbkemx kj_^m� Z fueh² s_ehqgmx�=ebp_jbg lZd`_ h[jZam_l k &X�2+�2 kbgbc jZkl\hj �k\hckl\hfgh]hZlhfguo kibjlh\���� GZ]j__f ihemq_ggu_ jZkl\hju� < h^ghc ba ijh[bjhd \uiZ^Z_l[_euc hkZ^hd ijhbkoh^bl ^_gZlmjZpby [_edZ� K ]ebp_jbghf ijbgZ]j_\Zgbb gbq_]h g_ ijhbkoh^bl �
IjZdlbq_kdZy jZ[hlZ � 12.JZkihagZ\Zgb_ ieZklfZkkIjb\_^_f ^ey ^Zgguo \b^h\ ieZklfZkk kljmdlmjgu_ nhjfmeu�Ihebwlbe_g �² KG2 —KG2 — ) n,Iheb\bgbeoehjb^ (— KG2 —KG — ) nKl

,

Ihebklbjhe (– CH2 – CH – )n ,

N_ghenhjfZev^_]b^gZy kfheZ
OH

CH2CH2

CH2

CH2

CH2CH2

OH OH

n

IjZdlbq_kdZy jZ[hlZ � 13.JZkihagZ\Zgb_ \hehdhgAZibr_f kljmdlmjgu_ nhjfmeu bkdmkkl\_gguo \hehdhg�:p_lZlgh_ \hehdgh [ – C6H7O2(OCCH3)3 – ]nH .

KZijhg [– (KG2)5 — K — NH — ]n

O

.

EZ\kZg >± & ± ± & ± 2 ±&+� ± &+� ± H ±@Q2 2
.
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IjZdlbq_kdZy�jZ[hlZ�� 14.JZkihagZ\Zgb_�fbg_jZevguo�m^h[j_gbc< mq_[gbd_�^hklZlhqgh�ih^jh[gh�ijb\_^_gh�hibkZgb_�\k_o�hiulh\�Ihwlhfm�ijb\_^_f�ebrv�\hafh`gu_�j_Zdpbb����Hij_^_e_gb_�Zffhgb_\uo�fbg_jZevguo�m^h[j_gbc�
NH4

++OH–

t
⇒ NH3↑+H2O.

GZijbf_j��1+4NO3+NaOH
t

⇒ NaNO3+NH3↑+H2O.���Hij_^_e_gb_�kmevnZlguo�m^h[j_gbc�
SO4

2– + Ba2+ ⇒ BaSO4↓.GZijbf_j�
(NH4)2SO4 + BaCl2 ⇒ BaSO4↓ + 2NH4Cl.���Hij_^_e_gb_�oehjb^�bhgh\�

Cl– + Ag+ ⇒ AgCl↓.GZijbf_j�
KCl + NaCl + 2AgNO3 ⇒ KNO3 + NaNO3 + 2AgCl↓.Hij_^_e_gb_�nhknhjguo�m^h[j_gbc�

PO4
3– + 3Ag+ ⇒ Ag3PO4↓GZijbf_j�

K3PO4 + 3AgNO3 ⇒ Ag3PO4↓ + 3KNO3.J_Zdpby�$J123 k bhgZfb�624
2–:

2Ag+ + SO4
2– ⇒ Ag2SO4↓.���Hij_^_e_gb_�dZj[hgZlh\�

CO3
2– + 2H+ ⇒ H2O + CO2↑.GZijbf_j�

CaCO3+2HCl ⇒ CaCl2+H2O+CO2↑.
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