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• klasi nivTierebaTa erTobliobaa, romlebic, maT SedgenilobaSi
arsebuli gansazRvruli funqciuri jgufis gamo, damaxasiaTebeli 
qimiuri TvisebebiT gamoirCeva.

39.1 cxrilSi mocemulia ZiriTadi funqciuri jgufebi da maTi
Sesabamisi organuli nivTierebebis klasebi. 

 

1. miuTiTeT mcdari gamonaTqvami. qimiuri aRnagobis Teoriis Tanaxmad…
a) molekulaSi atomebi gansazRvruli TanmimdevrobiTaa SeerTebuli;
b) atomebis SeerTebis Tanmimdevroba gavlenas axdens nivTierebaTa Tvisebebze;
g) C atomebis SeerTebis Tanmimdevrobis Secvlisas icvleba nivTierebis Tvisebebi;
d) nivTierebis Tvisebebi damokidebuli ar aris mis qimiur aRnagobaze;
e) molekulaSi atomebis SeerTebis Tanmimdevroba misi qimiuri aRnagobaa.

2. gansazRvreT izomerebi:
1. C2H5OH 2. C3H7OH 3. CH3–O–CH3 4. C3H7–O–C3H7 
a) 1,3 b) 2,4 g) 1,2 d) 2,3 e) 3,4

3. CamoTvaleT ramdenime Tavisebureba, romlebic izomerebs erTmaneTisgan ganasxvavebs.

4. romlebia izomerebis ori erTnairi maxasiaTebeli?

5. SeadgineT gogirdnaxSirbadis CS2, diqlormeTanisa CH2Cl2 da butanis C4H10 struq-
turuli formulebi.

6. riT aixsneba naxSirwyalbadebis mravalricxovnoba, Sedgenilobisa da aRnagobis
mravalferovneba??

7. dawereT spirtebis, aldehidebisa da karbonmJavebis funqciuri jgufebi.

8. riT gansxvavdeba cikluri naxSirwyalbadebi aciklurisgan?

9. vin wamoayena organuli nivTierebebis qimiuri aRnagobis Teoria?
10. nivTierebis molekuluri Tu struqturuli formula met informacias iZleva am 

nivTierebis Tvisebebze?

struqturuli formulebi  
 ra SeiZleba iTqvas 1, 2 da 3 struqturuli formulebis safuZvelze?  
                                                              CH3               CH3 
     

 CH3–CH2–CH2–CH2–CH3        CH3 – CH – CH2 – CH3          CH3 – C – CH3                                            

                                                    pasuxi:                                               CH3 
 

– 1, 2 da 3 C5H12 naxSirwyalbadis izomerebia, radgan aqvT erTi da igive Sedge-
niloba. 

_ yovel molekulaSi aris 4 С–С (arapolaruli) da 12 С–Н (mcired polaruli) 
bma. 

– yovel molekulaSi atomebi da atomTa jgufebi brunavs С–С σ-bmebis 
garSemo. 

 

davaleba. gaiTvaliswineT C–C–C kuTxis sidide (≈1090) da gansazRvreT, 
brtyeli Tu samganzomilebiani (sivrculi) aRnagoba aqvs am sam
m s p s x  s b

n
i
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u

S
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metalTa Senadnobebi
teqnikaSi metalebi ZiriTadad Senadnobebis saxiT gamoiyeneba.
• sistemebs, romlebic Sedgeba ori an meti metalisgan an metalisgan da

arametalisgan, Senadnobebi ewodeba.

klasifikacia. teqnikaSi Senadnobebi sxvadasxva niSniT klasificirdeba.
magaliTad, damaxasiaTebeli Tvisebebis mixedviT _ ZnellRobadi 
(niqromi) da advillRobadi (brinjao, TiTberi, sarCili), uJangavi
(qromirebuli foladi); safuZvlad aRebuli ZiriTadi metalis mixedviT _
Savi (Tuji, foladi) da feradi [brinjao (Cu, Sn), TiTberi (Cu, Zn), 
melqiori], msubuqi [duralumini (Al, Mg, Cu), eleqtroni]; Senadnobis
komponentebis ricxvis mixedviT (ormagi, sammagi da a.S.).

Senadnobis SedgenilobaSi zogierTi metalis da arametalis Seyvanisas
iReben sasargeblo Tvisebebis mqone Senadnobebs (am process legireba
ewodeba). magaliTad, qromi Cr Senadnobs aniWebs simagres da koroziame-
degobas, siliciumi Si _ mJavebis moqmedebisadmi mdgradobas, volframi W
_ simagres da cecxlgamZleobas, titani Ti _ cecxlgamZleobas, korozii-
sadmi medegobasa da meqanikur simtkices.

 
 

 

1. romeli metalebi gvxvdeba bunebaSi Tavisufal mdgomareobaSi? 
a) Ca, Al, Fe           b) Cu, Fe, Al           g) Au, Pt, Ag        d) Au, Ag, Zn        e) Cu, Fe, Cr 

codnis zardaxSa • Senadnobebis misaRebad metalebs erTad alRoben, ureven da aciveben.
rogorc wesi, Senadnobebis simtkice ufro maRalia, vidre misi komponentebisa, xolo
lRobis temperatura, bzinvareba da eleqtrogamtaroba ki _ ufro dabali.

codnis zardaxSa • Senadnobebis sinTezis, maTi Sedgenilobisa da Tvisebebis
Seswavlis saqmeSi qimiur mecnierebaSi mniSvnelovani wvlili Seitanes
azerbajanelma mecnierebma: alihusein gulievma, paSa rustamovma da maTma
samecniero skolebma.

qimia da garemo. metalurgiuli widebis SedgenilobaSi Sedis iseTi
metalebi, rogoricaa: kalciumi, magniumi, rkina, manganumi, spilenZi,
nikeli, kobalti, tyvia, kadmiumi da sxv. wididan maTi gamoyofa
efuZneba gamlRvari wididan naxSiriT aRdgenas kirqvis Tanaobisas.
metalurgiuli sawarmoebis gamdinare wylebis gasufTaveba mavne meta-
lebis kationebisgan efuZneba am kationebis daleqvas sulfidebis (PbS,
HgS, CuS da sxv.) saxiT:

M2+ +  S2– → MS↓

xuTi yvelaze moxmarebadi metali maTi gamoyenebis klebis 
mixedviT aris: rkina, alumini, spilenZi, TuTia, manganumi. 

es sainteresoa 

• madani • pirometalurgia • hidrometalurgia • 
eleqtrometalurgia • eleqtrolizi • Senadnobebi • 

sakvanZo 
sityvebi 

  codnis gamoyeneba da Semowmeba        
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I 

1. gansazRvreT mcdari gamonaTqvami. 
a) silviniti ori tute metalis marilia; 
b) NaCl-isa da KCl-is nalRobebis eleqtroliziT iReben Sesabamis metalebs; 
g) NaH-s aqvs aramolekuluri aRnagoba; 
d) kaliumis hidridSi wyalbadis Jangvis ricxvia _1;
e) tute metalebs ar iReben tuteebis eleqtroliziT.

2. metalebis romeli Tvisebebi izrdeba rigSi: Be, Mg, Ca, Sr, Ba ?
1. ionizaciis energia; 2. metaluri Tvisebebi;
3. aRmdgeni Tvisebebi; 4. eleqtrouaryofiToba.
a) 1,2,3,4 b) 1,2,3 g) 2,3 d) 1,4 e) 1,3

3. rveulSi gadawereT reaqciaTa sqemebi da daasruleT isini.

1. Al + Fe3O4 →t 2. 3C  +  CaO →t 3. Ca + P →t

4. Li + O2 →t 5. Na + O2 →t 6. LiH + H2O→
4. romeli gamonaTqvami ar exeba kalciumsa da mis ions?

a) movercxlisfro-TeTri metalia; b) mZime metalia; g) advildnobadi metalia;
d) Са nakleb aqtiuria, vidre Bа; e) misi ioni monawileobs sisxlis SededebaSi.

5. romeli ionebi ganapirobebs wylis droebiT sixistes?

a) Mg2+, Ca2+, −
3HCO b) Mg2+, Ca2+, −2

3CO g) Mg2+, Ca2+, −2
4SO

d) K+, Ca2+, −
3HCO e) Na+, Ca2+,  −2

3CO

6. rveulSi gadawereT reaqciaTa sqemebi da daasruleT isini:

1. Al + NaOH  +  H2O →t 2. Al2O3 + NaOH + H2O →
3. Ca(HCO3)2 + Ca(OH)2 → 4. Ca(HCO3)2 + Na2CO3→
5. MgSO4 + Na3PO4 → 6. CO2 + H2O + CaCO3  →

7. romeli gamonaTqvamia mcdari wylis sixistesTan mimarTebaSi?
a) ganasxvaveben karbonatul da arakarbonatul sixistes;
b) ganasxvaveben droebiT da mudmiv sixistes;
g) Tavidan icileben sodis moqmedebiT;
d) wylis distilaciisas Tavidan icileben orive tipis sixistes;
e) yofaSi gamoyenebuli wyals unda hqondes 7 mmoli/l meti sixiste.

8. miuTiTeT swori gamonaTqvamebi. alumini…
1. Cveulebriv pirobebSi pasiurdeba koncentrirebul gogirdmJavaSi;
2. Cveulebriv pirobebSi pasiurdeba koncentrirebul azotmJavaSi;
3. vercxliswyalTan warmoqmnis amalgamas;
4.  haerze ifareba oqsiduri afskiT;
5. xsnarSi ionis saxiT SeiZleba ganisazRvros Сu(ОН)2-is xsnaris moqmedebiT.
a) 1,2,3,4,5 b) 2,3,4,5 g) 1,2,3,4 d) 1,3,4,5 e) 3,4

9. ramdenma g liTiumma unda ireagiros wyalTan, rom miviRoT imave moculobis
wyalbadi, ra moculobac miiReba 69 g natriumis wyalTan urTierqmedebis Sedegad?
Ar(Li) = 7, Ar(Na) = 23.

10. erTnairi masiT aRebul metalebs: Mg, Ca da Ba Soris romeli gamoyofs maril-
mJavasTan urTierTqmedebisas udidesi moculobis wyalbads?

 S e m a j a m e b e l i  d a v a l e b e b i   

 
 
 
 

a 
advildnobadi metali _ metali, romlis dnobis temperatura 10000C-ze dabalia. 
adsorbcia _ myari nivTierebis zedapiriT airebisa da gaxsnili nivTierebebis 
STanTqma. 
azotiani sasuqebi _ sasuqebi, romelTa SedgenilobaSi Sedis azoti. 
aldehidebi _ organuli nivTierebebi, romelTa molekulebSi naxSirwyalbadovani
radikali dakavSirebulia aldehidis (CHO) jgufTan.
alkadienebi _ naxSirwyalbadebi, romelTa molekulebSi naxSirbadatomebs Soris
arsebobs ori ormagi bma.
alkanebi _ naxSirwyalbadebi, romelTa Sedgeniloba Seesabameba zogad formulas
CnH2n+2.
alkenebi _ naxSirwyalbadebi, romelTa molekulebSi naxSirbadatomebs Soris
arsebobs erTi ormagi bma.
alkinebi _ naxSirwyalbadebi, romelTa molekulebSi naxSirbadatomebs Soris
arsebobs erTi sammagi bma.
aluminTermia _ metalebis oqsidebidan aRdgena aluminiT.
aluminsilikatebi _ silikatebi, romlebic Seicavs aluminis oqsids.
amalgama _ metalis vercxliswyalSi gaxsniT warmoqmnili Senadnobi.
amiakiani wyali anu niSaduris spirti _ amiakis wyalxsnari.
aminmJavebi _ organuli nivTierebebi, romelTa SedgenilobaSi Sedis amino- (–NH2) 
da karboqsilis (–COOH) jgufebi.
anodi _ dadebiTad damuxtuli eleqtrodi.
arakarbonatuli (mudmivi) sixiste _ wylis sixiste, gamowveuli masSi magniumisa da
kalciumis qloridebisa da sulfatebis arsebobiT.
aromatuli naxSirwyalbadebi _ naxSirwyalbadebi, romelTa molekulebi Seicavs
erT an ramdenime benzolis rgols.
acetatebi _ ZmarmJavas (CH3COOH) marilebi.

b
beriliumis qvejgufis elementebi _ IIa jgufis elementebi.
boris qvejgufis elementebi _ IIIa jgufis elementebi.
boWkoebi _ grZel drekad Zafebad gawelvis unaris mqone bunebrivi da sinTezuri 
polimerebi, romelTagan amzadeben narTs da sxva safeiqro nawarms.

g
gardamavali metalebi (elementebi) _ me-4_me-7 periodebis Tanauri qvejgufebis
elementebi.
gvarjilebi _ natriumis, kaliumis, amoniumisa da kalciumis nitratebi.
gogirdwyalbadmJava _ gogirdwyalbadis wyalxsnari.
gogirdovani mJava _ gogirdis dioqsidis wyalxsnari, romelic Seesabameba
Sedgenilobas H2SO3.

d
denaturacia _ cilis meoreuli da mesameuli struqturis rRveva.

e
eTerifikaciis reaqciebi _ karbonmJavebsa da spirtebs Soris mimdinare reaqciebi.
eleqtrolizi _ Jangva-aRdgeniTi procesebi, romlebic eleqtrodebze
mimdinareobs eleqtrolitis nalRobSi an xsnarSi mudmivi eleqtruli denis
gatarebisas.
eleqtrometalurgia _ metalebis miReba maTi naerTebis nalRobis eleqtroliziT.

terminebi da  qimiuri cnebebi  
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motivacia _ yoveldRiur cxovrebasTan 
dakavSirebuli sakiTxebi, romlebic iwvevs 
gakveTilis Temisadmi interess. 

ganmartebebi _ gakveTilis Temis Sinaarsis 
Semadgeneli ZiriTadi cnebebi, 
gansazRvrebebi, wesebi da ganmartebebi. 

integraciuli bloki _ qimiis kavSiri sxva 
sagnebTan, ZiriTadad, biologiasTan, 
fizikasTan, maTematikasTan, 
geografiasTan da sxv.

saqmianoba _ cdebi an Teoriuli davalebebi, 
romlebic xels uwyobs mocemul TemaSi 
gadmocemul codnasa  da adre aTvisebul 
codnas Soris kavSiris damyarebas, 
ganapirobebs aqtiur SemecnebiT 
saqmianobas. 

codnis zardaxSa _ Temis ufro Rrmad da 
farTod Seswavlis xelSemwyobi codna.

nimuSi _ gakveTilis TemasTan dakavSirebuli  
amocanebis an Teoriuli davalebebis 
amoxsnis magaliTebi; boloSi motanilia 
amocana an davaleba, romelic sruldeba 
damoukideblad.  

es sainteresoa _ informacia, romelic xels 
uwyobs qimiuri Tvalsawieris gafarToebas 
da amdidrebs codnas.

sakvanZo sityvebi _ yoveli Temis 
umniSvnelovanesi terminebi da cnebebi.

codnis  gamoyeneba da Semowmeba _ kiTxvebi 
da davalebebi, romlebic emsaxureba 
Seswavlili masalis gamoyenebasa da 
ganmtkicebas; avlens codnis sust 
mxareebs da xels uwyobs SemoqmedebiTi 
unaris ganviTarebas.

Semajamebeli  davalebebi _  yoveli Tavis bolos 
SemoTavazebuli kiTxvebi da davalebebi, 
romlebic ajamebs mocemul TavSi 
Seswavlil  masalas.

terminebi da qimiuri cnebebi _ saxelmZRvaneloSi 
gamoyenebuli umTavresi terminebisa da 
cnebebis mniSvnelobebi.

gaecaniT saxelmZRvanelos
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araorganulisgan gansxvavebiT, organuli nivTierebebi gamoirCeva rigi
TaviseburebiT, romelTagan zogierTi qvemoTaa CamoTvlili:

1. organuli nivTierebaTa umravlesoba wvadia: meTanis, navTobis,
benzinis, sanTlis, merqnis wva TqvenTvis kargad aris cnobili.

2. organuli nivTierebaTa umravlesoba molekuluri aRnagobisaa da
Seicavs arapolarul da mcired polarul kovalentur bmebs.

3. organuli nivTierebebSi naxSirbadis atomebi erTmaneTs uerTdeba,
warmoqmnis ra sworxazovan (a da b), ganStoebul (g) da Caketil (d) jaWvebs:

H H H
H    H H H    H    H H   C H CH2

H – C – C – H H – C – C – C – C – H H – C – C – C – H H2C        CH2

H    H  H    H    H   H H    H H H2C –— CH2 

eTani C2H6 butani C4H10 izobutani C4H10 ciklopentani C5H10

(a) (b) (g) (d)

codnis zardaxSa • XIX saukunemde nivTierebebs, warmoSobis mixedviT, orga-
nulad da araorganulad yofdnen. iTvleboda, rom organuli nivTierebebis 
laboratoriaSi sinTezireba SeuZlebelia; rom isini cocxal organizmebSi 
warmoiqmneba e.w. `sasicocxlo Zalis~ gavleniT (vitalisturi Teoria), 
magram germanelma mecnierebma f. velerma da f. kekulem, frangma qimikosma 
m. berTlom da rusma a. butlerovma, daasinTezes ra araorganulidan 
organuli nivTierebebi, aCvenes maTi urTierTgardaqmnis SesaZlebloba. 
amiT dadasturda idea, rom araorganul da organul nivTierebebs Soris 
mkveTri zRvari ar arsebobs. 

• sinTezurad miiRo bevri organuli nivTi-
ereba (meTani, acetileni, benzoli, eTilis
spirti, WianWvelmJava, cximebi da sxv.). ace-
tilenTan wyalbadis mierTebiT miiRo eTi-
leni, misgan ki _ eTani.

m. berTlo
(1827-1907)
frangi qimikosi

• atarebda gamokvlevebs organuli da araor-
ganuli qimiis sferoSi. aRmoaCina cianwyal-
badmJava (HCN), miiRo alumini, beriliumi
da itriumi (Y).

f. veleri
(1800-1892)
germaneli
qimikosi

• aCvena naxSirbadis oTxvalentianoba (f.
keku-lesTan erTad), sinTezurad miiRo 
rigi or-ganuli mJava, daamtkica
naxSirwyalbade-bis miRebis SesaZlebloba
karbonmJavebis eleq-troqimiuri daJangvis
S

a. kolbe
(1818-1884)
germaneli
qimikosi 

8

 
 

 metalebis mimoxilva; bunebaSi gavrceleba da miRebis
zogadi meTodebi. metalTa Senadnobebi    

IX klasSi qimiis Seswavlas metalebiT viwyebT. dReisaTvis cnobili 118 
qimiuri elementidan 90 metalia. metalebis gareSe SeuZlebelia dedamiwis 
sferos warmodgena. dedamiwis birTvi Sedgeba ZiriTadad rkinisgan da 
nikelisgan, mantia _ aluminis naerTebisgan, liTosfero (dedamiwis qerqi) 
_ mravali metalis naerTebisgan. 

Tavi metalebis zogadi daxasiaTeba1 

1 

qimia da biologia. metalebi umniSvnelovanes rols asrulebs cocxali orga-
nizmebis cxovelqmedebaSic. magaliTad, fotosinTezis procesi mimdinareobs 
magniumis organuli naerTebis (qlorofilis) monawileobiT. adamianis orga-
nizmSi fermentebis, Zvlovani qsovilis, sisxlis da sxv. organoebis Sedge-
nilobaSi arsebuli metalebi marTavs asobiT umniSvnelovanes qimiur process. 

metalebiI nawili 

– ratom  mzaddeba upiratesad metalebisgan manqanebisa da meqanizmebis Ziri-
Tadi nawilebi?

mTavari qvejgufebis metalebis periodul sistemaSi mdebareobis mixedviT 
upasuxeT kiTxvebs: 

    jgufi 
periodi IA IIA IIIA IVA VA VIA VIIA VIIIA 

1 (H) a r a m e t a l e b i     H He 
2 Li Be B C N O F Ne 
3 Na Mg Al Si P S Cl Ar 
4 K Ca Ga Ge As Se Br Kr 
5 Rb Sr In Sn Sb Te I Xe 
6 Cs Ba Tl Pb Bi Po At Rn 
7 Fr Ra m e t a l e b i

_ ZiriTadad perioduli sistemis romel jgufebSia ganlagebuli mTavari qve-
jgufebis metalebi?

_ rogor fiqrobT, riT aris es ganpirobebuli?
_ ratom izrdeba metalebis ricxvi periodis nomris gazrdasTan erTad?

saqmianoba mTavari qvejgufebis metalebis mdebareoba 
periodul sistemaSi

  Ç
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1 

1 

 

I 

 – 
 

 
 

             
IA IIA IIIA IVA VA VIA VIIA VIIIA 

1 (H)                     H  He 

2 Li Be B C N O F Ne 

3 Na Mg Al Si P S Cl Ar 

4 K Ca Ga Ge As Se Br Kr 

5 Rb Sr In Sn Sb Te I Xe 

6 Cs Ba Tl Pb Bi Po At Rn 

7 Fr Ra        
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Аt

Н В

 





Au, Pt, Ag, Cu

  

 
  

 Al2O3· nH2O –  Fe3O4  –  

 FeS2 –  HgS –  

 CaCO3 –  FeCO3 –  

 NaCl –  KCl –  

 CaSO4·2H2O –  Na2SO4·10H2O –  

 

  

Mn+  + ne–   M0 

. 
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C, 

CO, H2

 Cu2O + C 
 t 2Cu + CO           

  Fe2O3+ 3CO 
 t 2Fe + 3CO2

        {
. 2ZnS + 3O2 

 t 2ZnO + 2SO2

. ZnO  +  C 
 t  Zn  + CO             

 

Al, Mg, Na

 Cr2O3 + 2Al 
 t 2Cr  + Al2O3   

                    
      MoO3 +  3H2 

 t Mo + 3H2O
   

 

 

W  

  CuO + H2SO4 CuSO4 +H2O ⏟                  CuSO4( )+ Fe  Cu + FeSO4 

 

Na, K, 

Al, Ca 

2NaCl( )   2Na + Cl2↑        2Al2O3( )    4Al + 3O2↑ 

Na+ 

K– Cl–

A+ Na+ 

Cl–

 

 (К–): Na +  e–   Na        

 (А ): 2Cl – 2e–  Cl2↑ 

 

 
• 

  
• 

• 

 NaCl
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ОН–

 

 

 

 

       KOH  K
  

+  OH

 

  (К
– 
):  K


  +  e–

 
  K                4          

 (А
 

): 4OH

 – 4e–2H2O+O

2
 

     4KOH 4K + 2H2O+O 2 ↑ 
                       

 

  

           NаCl  Na
  

+  Cl

 

         (К
– 
):  Na


  +  e–

 
  Na    2 

         (А
 

):  2Cl

 – 2e–  Cl

2
 

       2NаCl 2Nа + Cl2 ↑ 
            

   

  (KOH)  

 

 Ar(Na) =23.        
 

                      

2NaCl

0,2 

2Na
2 

 + 

х 

Cl2
22,4 

↑           х = 
0,2 ∙22,4 

2 
= 2,24  

 MCl

  

• 

 

  

 

   • 
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Cu, Sn Cu, Zn

Al, Mg, Cu
  

Cr

Si W

Ti

  
 

 
 

 
 

 

 
 

 

 
 

 Ca, Al, Fe            Cu, Fe, Al            Au, Pt, Ag         Au, Ag, Zn         Cu, Fe, Cr 

   • 
  

. 

   • 

. 

 

PbS, 

HgS, CuS  

M2+  +  S2–   MS 

 

•  •  • • 

• •  • 
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 WO3  +  H2 
 t

                    

 ZnO + C 
 t

                           

 Cr2O3 + Al 
 t   

 CuSO4 + Fe 
 t

             

 Al2O3( .)  


 

 

  

 

 

 

КВr МgСl2   

 

 

 

 

 

 
 

 

 
 

 

 
 

 

2 

 –  

                                                                                                     
 

                            

  Hg  Pb  Fe  Zn  Mg  Al  Au  Cu  Ag                  Fe   Zn   Pb   Sn   Cu   Ag   Au   
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t C

20-250C   

t C). C
  

Au, Ag, Cu, Fe, Cr

Li, Na, Zn, Al, Ca   



Os  

Zn, Fe, 

Cu, Hg, Ag, Pt

Li, Na, Mg, Al   

 

 

 
20-250C

 

   • 
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Au, Ag, Pt, Pd   
  

 

 

  

(



n0

MenM )   

Li K Ca Na Mg Al Mn Zn Cr Fe Pb H2 Cu Hg Ag Au 

Li K Ca2 Na Mg2 Al3 Mn2 Zn2 Cr2 Fe2 Pb2 H Cu2 Hg Ag Au3 

 (
0n

MenM 


)   

 

 

. 
 

 
 

 

Cu, Hg, Ag, Au  

Zn + 2HCl  ZnCl2 + H2↑ 

 
 

 
 

Zn + FeSO4   ZnSO4 + Fe                      Fe + CuSO4  FeSO4 + Cu 

  

 М + МА  МА + М . 

   • 

PbCl2 PbSO4
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M – ne–  M+n

М   

Na

K  

              4Li + О2  2Li2О                                       4Аl + 3О2 
 t 2Аl2О3 

                                                                                                     

 

            Ca + Br2 
 t CaBr2                                                             Fe + S 

 t FeS 
                                                                                             

  

6Li + N2    2Li3N                                    3Ca + N2 
 t  Ca3N2 

                                                                                                                             

 

          2Na + H2 
 t

1+1

H2Na


                Ca + H2 
 t

 1

2

+2

HCa


 
                                                                                                  
 

  

2Na + 2H2O   2NaOH + H2↑            3Fe + 4H2O( ) 
 t  Fe3O4 + 4H2↑ 

 

  

 

 

  

2K + 2H2O + (CuSO4)  2KOH + H2 + (CuSO4) 

       2KOH + CuSO4 + (H2)  Cu(OH)2↓ + K2SO4 + (H2↑) 

Ba + CuSO4     
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Mg + H2SO4( .)   MgSO4 + H2↑            Mg + CuSO4   MgSO4 + Cu 

Be, Zn, Al
  

Be + 2HCl  BeCl2 + H2↑          

Be + 2NaOH + 2H2O  Na2[Be(OH)4] + H2↑ 

 

 

 

 
 

 

    

 

 K + H2O                       

 Zn + H2SO4( .)  

 Zn + HCl 

 Fe + CuSO4                   

 Ag + HCl 

 

 

 
         

… … … … … … … 
 

 1. Os      2. Fe      3.Cu      4. Li     5. Cr      6. Na      7. Hg        8. Al      9. K      10. W 
 

 

1. Hg + FeSO4 2.  Mg + H2SO4( .)    3. Na + Cu(NO3)2    4. Zn + AgNO3  

 

 

 

 

 Ar(Cu) = 64,  Ar(Zn) = 65. 

1. Hg  

2. Mn  

3. Cu  

4. Ag  

5. Fe 

• • • 

• •  • 

  

Na2[Be(OH)4]  

Na2[Zn(OH)4]   

Na[Al(OH)4]  

[М(OH)4]n–

   

* 
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• 

corrodere . 

 

 

  

4Fe + 3O2  2Fe2O3                   

Au

Pt  

Mg Zn Cr

.   

3 
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4Fe + 2O2 + 4H2O  4Fe(OH)2  
 O)2H ++(О 22  4Fe(OH)3 

                                                                                                        

 

Н+   
 

 

 

 
  

 

 

 
 

Ni, Co, Cu Cr

  

Fe2O3∙nH2O. 

   

 

   • Cu, Au, Ag

Zn, Cr
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Mg, Al, Zn

ОН–
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1. Hg             2. Cr              3. Sn            4. Ni              5. Ca               6. Li 
 

 

1. Cr              2. К              3. Ni            4. Ba 

 
 

 

 

 

 

  H2S, HCl, SO2, NO и NO2   

 
 

 

 

• • • •  •           
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 Mg  

 Pb 

 Cu 

 Sn 

 Ag 

 

1. Fe3O4 +CO 
 t

   

2. Fe3O4 + Al 
 t

 

3. K2O  + H2 
 t  

4. ZnO + C 
 t

 

5. CaO + C 
 t  

 
 

  
 

 

 

. Ba  +  H2O                                    

. MoO3 + H2 
 t  

. Mg  + CuSO4  

. Cr2O3  + Al 
 t  

 

Ar(Na) = 23; Ar(Cl) = 35,5. 

 

Ar(Cu) = 64,  Ar(Sn) = 119. 

 

Ar(Cu) = 64,  Ar(Zn) = 65. 
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Li

Na K Rb

Cs Fr

  
 

  

 

Li Na K

 

 

2 

4 

   
 

  

 

 

 

litos

natrun

alkali  

* 

 

 3Li 11Na 19K 37Rb 55Cs 87Fr 

 2s1 3s1 4s1 5s1 6s1 7s1 

 +1 +1 +1 +1 +1 +1 
 

s
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Li2O

Na2O2 MO2

  

    4Li + O2 
 t 2Li2O              2Na + O2 

 t Na2O2                            K + O2 
 t KO2 

                                                                                         

 
 

Na2O + H2O  2NaOH 

 

2Na + Cl2  2NaCl         2Na + S  Na2S            2Na + H2 
 t  2NaH 

 

6Li + N2  2Li3N           6Na + N2 
 t 2Na3N      

 

2Na + 2H2O  2NaOH + H2              LiH +  H2O  LiOH + H2 

 

  

 
 

NaCl NaCl·KCl

NaNO3 Na3[AlF6]

KCl NaCl·KCl KCl·MgSO4 ·3H2O
  

NaOH  

 2KCl    2K + Cl2         4NaOH    4Na + 2H2O + O2 
                                                 
                                                                                                                                                                                                                 

 

   • 

M2O Li, Na, K

Na, K
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Na2O  K2O 
 

NaOH  KOH 

 

 
 

 
 

 

 
NaCl

NaClO NaClO3

NaCN   

Na2SO4·10H2O

  

   • Na2O  K2O 
        

2Na + Na2O2 2Na2O                         3K  +  KO2 2K2O 

          

   2Na2O2 + 2CO2  2Na2CO3 + O2        
 

 

 Ar(Na) = 23, Ar(O) = 16. 

  

CO2 х

у       




y x

 22,4

2

  

 4,22  2
22

78

 78  2
232 OCO2Na  2CO  + O2Na     

   



   

x

                      

2,11
 156

  78 22,4



у

            

 Ar(Na) = 23, Ar(Н) = 1. 
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Na2CO3·10H2O

.  

NaHCO3

  

KCl  

K2CO3

  

 
 

 
 

 
 

 
 

      

      
 

R  

 RH                 RO           RCl               R3N       R2S 
 

            

      

 

1. NaOH                        2. NaHCO3                   3. Na2CO3                       4. Na3N 

 

 

 

 

    . ...   +  CO2   K2CO3          . 2Na + 2H2O  2...  +  ...          . ...  +  ...   2KCl + BaSO4 
 

 

 Na 
1 Na2O2 

2 Na2O 
3 NaOH 

4 Na2SO4 

 

   

• •  •    
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Be Mg Ca

Sr Ba Ra  
 

 

s ns2 s
  

 

 BeMgCaSrBaRa 
 

RO

R(OH)2

Be(OH)2 BeO   

 
 

Be + H2O                                R + 2H2O  R(OH)2 +  H2;   
                                                                                          R = Mg ( ), Ca, Sr, Ba 

Be

  1+2

2
RH 



BeH2  

  

 

 

5 

 Ca Sr Ba Ra  

 

Be

  
 

Be Mg Ca
 

CaO, MgO, BeO
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calx  

 1s22s2 2p63s23p64s2. 

CaCO3

CaCO3·MgCO3 CaSO4·2H2O

CaSO4 Ca3(PO4)2

3Ca3(PO4)2·CaX2 (X=F,Cl,OH) CaF2

 

 
 

       
 

  

CaCl2( )   Ca  +  Cl2 

 t .= °C  

 

2Ca + O2    2CaO        Ca + Cl2    CaCl2                     Ca + H2 
 t CaH2      

Ca   + S 
 t CaS    3Ca + 2P 

 t Ca3P2     

3Ca + N2 
 t Ca3N2      Ca + 2C 

 t CaC2      

 

Ca + 2H2O  Ca(OH)2 + H2                      Ca + 2HCl  CaCl2 + H2 
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I 

 

 
 

 
 

 
 

 

s  
 
 

  
 

 

 CaCO3         CaSO4·2H2O         Ca(OH)2         Ca3(PO4)2         CaCO3·MgCO3 

 

1. Mg +  H2O  
C


20

                    2. Ca   +  H2 
 t

                   

3. Ba  + H2O  
C


20                4. Ca  +  H2O  

C


20
       5. Be  +  NaOH + H2O              

 
 

 
  

CaO
 

 

  Ar (Ca) = 40; Ar (Cl) = 35,5. 

 Ca 
 1 CaCl2 

 2 Ca(NO3)2 
 3 CaCO3 

 4 CaO 

 

 

• • • •  • 
  

   

  

C2H2

CaC2+ 2HOH  C2H2+Ca(OH)2                  
 

V   

2)OH2Ca(HC2HOHCaС 22

32

  + 2

 

 22,4 64

V
      V  = 2,11

64

4,2232



 

  

V

%100V
90%




          

V  = 
100%

2,1190%
 = 10,8        

PH3

 Ar(P) =31, Ar(H)=1. 

  

  Ç
ap üçün deyil



 

 30  

 

 

 
 

 

 
 

CaCO3  

 

CaO, Ca(OH)2, CaSO4·2H2O  CaC2. 

CaO

t =2570°C
0C  

 

CaCO3 
 t  CaO + CO2  – 178  

 

3C  +  CaO 
 t CaC2 + CO 

 

Ca(OH)2

 
0C

 

CO2( ) + Ca(OH)2  CaCO3+ H2O     SiO2 + Ca(OH)2  CaSiO3+ H2O 

 

6 

 
 

 

H2O + CaO  Ca(OH)2 + Q
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I 

 

   CO2 + Ca(OH)2  CaCO3+ H2O      CO2 + H2O + CaCO3  Ca(HCO3)2 

  

2Cl2+ 2Ca(OH)
2
 Ca(ClO)

2
 + CaCl2+ 2H2O⏟                 

 

 

 

 
 

CaSO4·2H2O

150–180°C

(CaSO4)2·H2O  
 

2CaSO4·2H2O   С180–150
(CaSO4)2·H2O + 3H2O 

                                                                                                

 

 0C

CaSO4

   

CaSO4·2H2O    С180t
CaSO4 + 2H2O 

CaC2  

• Ca2+ Mg2+

  

Ca2 Mg2  

   • 

(HClO)
 

 

     H2O+CO2 + Ca(ClO)2  CaCO3 + 2HClO         2HClO2HCl + 2O  2HCl + O2 
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Ca(HCO3)2 

    100°C   
→       CaCO3+ H2O + CO2 

 

Ca(HCO3)2  + Ca(OH)2  2CaCO3 + 2H2O 
 

Ca(HCO3)2  + Na2CO3  CaCO3   + 2NaHCO3 

 

CaCO3 + CO2 + H2O  Ca(HCO3)2 

 
 

CaSO4 + Na2CO3  CaCO3 + Na2SO4 

3MgCl2 + 2Na3PO4  Mg3(PO4)2 + 6NaCl 

 

Ca2 Mg2

   

 

 

Ca2 Mg2

   

   • 

 

     2C17H35COONa  +  M2+  (C17H35COO)2M  +  2Na+ 

                                           (M2+ = Ca2+, Mg2+) 

 

Na2[Al2Si2O8·nH2O]. 
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 CaCO3 
 t CaO + CO2                                                                

 2Ca + O2  2CaO          

 CaO + H2O  Ca(OH)2                                         

 Ca(OH)2 + CO2  CaCO3 + H2O      

 2Ca(OH)2 + 2Cl2  Ca(ClO)2 + CaCl2 + 2H2O       

 

 Na2CO3            NaHCO3        Na2SO4            Ca(OH)2   
               Ca(HCO3)2 

 

CO2  

 Ca(OH)2          CaO           HClO                 Ca(HCO3)2          Ca(ClO)2 

 

1. Ca(HCO3)2 
С100

                                  
2. Mg(HCO3)2  + Na2CO3   

3. Ca(HCO3)2   + NaHCO3                

4. Ca(HCO3)2   + Ca(OH)2  

 

 

 Mr(CaCO3)=100; Mr(CO2) = 44; 

Mr(CaO) = 56. 

Са2+

Mg2+  

  

       Mr(H2O) = 18, Mr(CaSO4) = 136. 

 

Ca 
 1 CaH2 

 2 Ca(OH)2 
 3 CaCO3 

 4 CaCl2 
 5 Ca3(PO4)2 

 • • • • • 

• • •  • 
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B Ga In Tl p

ns2np1

 

  

B Al In Tl

R2O3

R(OH)3 

B(OH)3 H3BO3 Al(OH)3 Ga(OH)3 In(OH)3

  

 

 – 1s22s2 2p63s23p1. 

Al2O3·nH2O Al2O3 Na3[AlF6]  

7 

 
  

NaOH
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Al2O3  [t .= 2050°C]

Na3[AlF6]
0C  

 
 

 
 

 ) C
0C

  

HgCl2

Al
  

2Al( ) + 6H2O  2Al(OH)3 + 3H2 
 

  

        4Al + 3O2 
 t 2Al2O3       2Al + 3S 

 t Al2S3                 2Al + 3Cl2 
 t 2AlCl3 

        2Al + N2  
 t 2AlN           4Al +  3C 

 t Al4C3 
                                                 
               

 

   • 

Na2O·Al2O3·2SiO2 K2O·Al2O3·6SiO2  

(K2SO4· Al2(SO4)3·2Al2O3·6H2O) 
 

 

 

 

 

  

2Al2O3  4Al + 3O2 
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        2Al + 6HCl  2AlCl3 + 3H2           2Al + 3H2SO4( )  Al2(SO4)3 + 3H2 

Fe, Mn, Cr, V, W
  

2Al + Cr2O3 
 t 2Cr + Al2O3 + Q        

  

Fe3O4

 

8Al+3Fe3O4⏟        
 t 9Fe + 4Al2O3 + Q  

 
 

2Al + 2NaOH + 6H2O  2Na[Al(OH)4]   +  3H2 
                                        

 

2Al + 2NaOH  +  2H2O 
 t 2NaAlO2   +  3H2 

                                                                                     

 

 

Al3+

  

Al3+ + 3OH–   Al(OH)3  NaOH Na[Al(OH)4] 

 

 

   

.  
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Al2O3

°C
 

 
 

 

 

4Al + 3O2 
 t 2Al2O3                     2Al(OH)3 

 t Al2O3 + 3H2O 

  

 

6HCl +Al2O3  2AlCl3 + 3H2O        2NaOH+Al2O3   2NaAlO2 + H2O 
 

                                                       2NaOH + Al2O3 + 3H2O  2Na[Al(OH)4]  
                                                                                             
 

Al(OH)3 

 

AlCl3 + 3NaOH  Al(OH)3 + 3NaCl 

   • 

   

        
 

 

  

  Ar(Al) = 27. 
 

 

  

5,4

2Al

2·27

+ 6HCl  2AlCl3+

x  

3H2

67, 2 

          x = 
5,4  ∙ 67,2 

54 
 = 6,72  

КОН

 

  

    

 

 

  Ç
ap üçün deyil



 

 38  

 

3HCl + Al(OH)3  AlCl3 + 3H2O         NaOH + Al(OH)3   Na[Al(OH)4] 

Al+NH4NO3

 

 

 

 
 

 
 

13Al  
                                                     

s                                            
                 

X  Y Z  

Al( )  +  H2O       X  +  H2    

Al + NaOH   +  H2O 
 t

 Y +  H2    

Al + NaOH   +  H2O      Z  +  H2 

1. Al(OH)3        2. NaAlO2        3. Na[Al(OH)4]       4. Al2O3 

 

1.  AlCl3  +  K 
 t                2.  Al  +  Cr2O3 

 t                    3.  Al  +  Fe3O4 
 t      

.  

1. Al + N2 
 t  2. Al + C 

 t
  3. Al  + S 

 t  4. Al  + Cl2 
 t  5. Al  + H2 

 t  

 

 

Al2O3

  Mr(Al2O3) = 102. 

 

Al 
 1 AlCl3 

 2 Al(OH)3 
 3 Al2O3 

 4 Na[Al(OH)4] 

 

 
 

• • • • • 

 •  
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     NaCl KCl   

     NaH  
      
      

Be, Mg, Ca, Sr, Ba  
                                     
                                   

 

      1. Al + Fe3O4 
 t

                     2. 3C  +  CaO 
 t

           3. Ca + P 
 t

 
      4. Li + O2 

 t
                           5.  Na + O2 

 t
                6. LiH + H2O 

 
             

Са Bа     

 

 Mg2+, Ca2+, 
3HCO          Mg2+, Ca2+,  2

3CO     Mg2+, Ca2+,  2
4SO  

 K+,    Ca2+,  
3HCO          Na+,  Ca2+,  2

3CO  

 

      1. Al + NaOH  +  H2O 
 t

                   2. Al2O3 + NaOH + H2O  

      3. Ca(HCO3)2  + Ca(OH)2                    4. Ca(HCO3)2  + Na2CO3  

      5. MgSO4 + Na3PO4                             6. CO2 + H2O + CaCO3   

 
 

 
 

 
 

              

Сu(ОН)2

 

Ar(Li) = 7, Ar(Na) = 23. 

Mg Ca Ba
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Fe3O4 Fe2O3

Fe2O3·nH2O FeS2

FeCO3

 

   

 

 
 

         Fe2O3  +  3H2 
 t 2Fe + 3H2                3Fe3O4 + 8Al 

 t 9Fe + 4Al2O3   
 

 

Fe2O3 + 3CO 
 t  2Fe + 3CO2 
 

=  t  = °C  

 

                

     3Fe + 2O2 
 t Fe3O4               2Fe + 3Cl2 

 t 2FeCl3            Fe + S 
 t FeS 

                                

FeO·Fe2O3  

   

4Fe + 6H2O + 3O2⏟          4Fe(OH)3           3Fe + 4H2O( ) 
 t Fe3O4+ 4H2 
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Fe + CuSO4  FeSO4 + Cu 

  

Fe + 2HCl  FeCl2 + H2             Fe + H2SO4   FeSO4 + H2 

 

2Fe + 6H2SO4  
 t Fe2(SO4)3 + 3SO2 + 6H2O 

Fe + 4HNO3  
 t Fe(NO3)3 + NO + 2H2O 

 

 
 

Fe3+ 

  

FeCl3 + 3NaOH  Fe(OH)3+ 3NaCl         FeCl3 + 3KSCN  Fe(SCN)3 + 3KCl 
                                                                 

 

Fe2+ 

  

                                    FeCl2 + 2KOH  Fe(OH)2 + 2KCl 
 

FeO  Fe3O4 Fe2O3

FeO Fe2O3

Fe3O4 (FeO·Fe2O3)  
 

Fe3O4  +  8HCl  FeCl2 + 2FeCl3  + 4H2O 

 
 

Fe2O3 + CO 
 t 2FeO + CO2      2Fe(OH)3  

 t  Fe2O3     + 3H2O 

                                                                     4FeS2 + 11O2 
 t 2Fe2O3  + 8SO2 

Fe2O3

                               

Fe2O3+ 6HCl  2FeCl3 +3H2O     Fe2O3+2NaOH   2NaFeO2 + H2O  
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Fe(OH)2 Fe(OH)3 

  

 
 

 
 

 
 

 

  Fe2O3 + H2 
 t

    Fe2O3 + Al 
 t

                   Fe3O4 + Al 
 t      

  Fe3O4+ Cu 
 t

    Fe3O4+ CO 
 t  

Fe2+ Fe3+   

 H2SO4            KOH             KCl              HNO3                Cl2 

  

1. Fe + HNO3  
 t

    
2. Fe + HCl                

3. Fe + H2SO4     

4. Fe + H2SO4  
 t

         

5. Fe + Cl2 
 t  

d f
 

 

 

 Ar(Fe) = 56, 

Ar(Cu) = 64. 

               

                  1. Fe2O3 
1  Fe 

2  FeCl2 
3  Fe(OH)2 

4  FeO 
5  FeSO4 

6  FeCl2 

                  2. Fe  
1  FeCl3 

2  Fe(OH)3 
3  Fe2O3 

4  Fe2(SO4)3 
5  Fe(SCN)3 

   • Fe(OH)2 Fe(OH)3

 

   FeCl2 + 2NaOH  Fe(OH)2 + 2NaCl            4Fe(OH)2 + 2H2O + O2  4Fe(OH)3 

   FeCl3 + 3NaOH  Fe(OH)3 + 3NaCl            2Fe(OH)2 + H2O2  2Fe(OH)3 

Fe2+   
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С Fe2O3 Fe3O4

CaCO3 C

°C  

CO2

  

                   C + O2 
 t CO2                                        CO2 + C 

 t 2CO 

Fe3C   

                   3Fe + C Fe3C                      3Fe + 2CO 
 t Fe3C + CO2 

 


 t

9 

  

  

 

 

 

C  

Fe
2
O

3

  
 

  
 

 

    

 

 

C

O2 

 

3Fe2O3+CO 2Fe3O4 + CO2 ( .3) 

Fe3O4 +CO   3FeO+ CO2  ( .4) 600C– 

450C– 

700C– FeO+COFe +CO2  ( .5) 

CCO2CO 
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  SiO2 +   2C 
 t  Si + 2CO↑                      

 

MnO + C 
 t  Mn + CO↑    

   Ca3(PO4)
2
+ 5C 

 t 2P+3CaO+5CO↑    FeS2 
 t  FeS + S   

 

 
 

 

  

 

 

 

Si, Mn, S, P  

   • 

 

          CaCO3⏟     
 t CaO + CO2↑                                CaO

      
  + SiO2⏟ 

 t

 

 CaSiO3⏟    
      

      

CaСO3 ∙MgСO3⏟              + 2SiO2⏟  
 t

 CaSiO3 +MgSiO3⏟            + 2CO2 

 

  

CO N2

CO2

 
 

CH4

СО

H2  
 

                                                                           CO2   +  C 
 t  2CO 

 CH4 + 2O2  
 t  CO2   +  2H2O 

       H2O  +  C  
 t  CO + H2 
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C  S  P  Si
 

 

 
 

  

2C +  O2 
 t 2CO             2Mn + O2 

 t 2MnO            Si + O2 
 t SiO2 

4P + 5O2 
 t 2P2O5               S  + O2 

 t SO2                      2Fe + O2  
 t 2FeO 

 

CaCO3+SiO2 
 t  CaSiO3⏟    

 

 + CO2     3CaCO3 + P2O5  
 t

 Ca3(PO4)
2⏟      

  

 + 3CO2 

                                                                                                                 

SiO2

  

FeO + Mn MnO + Fe         MnO + SiO2  MnSiO3⏟    
    

  

 

C

C, S, P, Si
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Fe2O3   

 Fe2O3 FeO  Fe                    Fe2O3 Fe3O4 Fe       Fe2O3 Fe3O4 FeO  Fe          

 Fe2O3 FeO Fe3O4Fe      Fe2O3 Fe3O4 Fe2O3 FeO  Fe            
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Cu2O

Cu2S CuFeS2 (CuOH)2CO3

 

 

Cu2S

Cu2S-  

2Cu2S + 3O2 
 t 2Cu2O + 2SO2                 2Cu2O + Cu2S 

 t 6Cu + SO2 

 

10 

   

   

 
  

 

  
              

 
 

 

 

 

   

  Ç
ap üçün deyil



 

 49  •    3  •   • 

I 



t C   

 

Cu + Cl2 
 t CuCl2                   2Cu + O2 

 t 2CuO             Cu + S 
 t CuS 

Cu + 2H2SO4  
 t CuSO4 + SO2 + 2H2O 

Cu  + 4HNO3   Cu(NO3)2 + 2NO2 + 2H2O 

 
 

 
CuSO4·5H2O

 
 

 

 

 
 

: 1s22s22p63s23p63d104s2. 

ZnS ZnCO3  

       

   • 

(CuOH)2CO3  

                   2Cu + O2 + H2O + CO2  (CuOH)2CO3   

                                                            

 
 

NaOH
 

NaOH
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2ZnS + 3O2 
 t 2ZnO + 2SO2                ZnO + C 

 t Zn + CO 

t  = °C  =

C C
  

 

Zn + Cl2 
 t ZnCl2            Zn  +  S 

 t ZnS 

      2Zn + O2 
 t  2ZnO             Zn    +  H2O  

 t ZnO + H2 

H2S SO2   S  

3Zn +4H2SO4 
 t 3ZnSO4 + S + 4H2O 

NO  

3Zn +8HNO3 
 t 3Zn(NO3)2 + 2NO + 4H2O 

 

Zn + 2HCl 
С20

ZnCl2 + H2         Zn + 2NaOH   Na2ZnO2 + H2 
                                                                                                                                

Zn + 2NaOH + 2H2O 
С20

Na2[Zn(OH)4]  +  H2 
                                                            

 

ZnO
  

Zn2+

  
 

ZnCl2 + 2NaOH  Zn(OH)2 + 2NaCl;    Zn(OH)2 + 2NaOH  Na2[Zn(OH)4] 
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  1s22s22p63s23p63d54s1. 

FeO·Cr2O3 Fe(CrO2)2

 

 

FeO·Cr2O3 + 4C 
 t Fe + 2Cr⏟    
 

  + 4CO       Cr2O3 + 2Al 
 t Al2O3 + 2Cr 

 



t  = °C  

Cr2O3

 

2Cr + 6H2SO4  
 t Cr2(SO4)3 + 3SO2 + 6H2O 

Cr  + 4HNO3  
 t Cr(NO3)3 + NO + 2H2O 

   
  

 

-

-
 

    

 
 

 -
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Cr + H2SO4  CrSO4 + H2                 Cr + 2HCl  CrCl2 + H2 

  

4Cr + 3O2  
  С2000

2Cr2O3                            2Cr + 3Cl2 
 t 2CrCl3 

CrO Cr(OH)2 Cr2O3

Cr(OH)3 CrO3, H2CrO4 H2Cr2O7

  

     Cr(OH)3 + 3HCl  CrCl3 + 3H2O              Cr(OH)3 + 3NaOH  Na3[Cr(OH)6] 

      CrO3 + H2O  H2CrO4                                                    2CrO3 + H2O  H2Cr2O7 

CrO3

CrO3 Cr2O3  

 
 
 

 
 

 
 

 

 Cu2S              CuSO3               Cu2O            CuFeS2           (CuOH)2CO3 
 

            

       

 

1. Cu + Cl2 
 t

                                           2. 2Cu + O2 
 t                             3. Cu + S 

 t  

4. Cu + HNO3 
 t ... + ... + 2NO2      5. Cu + H2SO4  

 t .. + ... + 2SO2 

 

 

• • • • • 
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 (1-6) •  (7-12)  •   (13-18) 
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Cu 
 1

Cu(NO3)2 
 2

Cu(OH)2 
 3

CuO 
 4

Cu 
 5

CuCl2 

 

       

 Zn + S 
 t ZnS              Zn + Cl2 

 t
ZnCl2           2Zn + O2 

 t
2ZnO               

 Zn + 2H2O 
 t

Zn(OH)2+ H2                Zn + 2NaOH 
 t

Na2ZnO2  + H2 
 

 

1. Cu2S
2

2

СО

+О  

 Cu2O

2

2

SO

OCu




  Cu        2. Cu2S

2

2

СО

+О  

 Cu2O

HgO

Hg




 Cu 

3. ZnS 
2

2

СО

+О  

 ZnО

32
ОFe

 +Fe  

 Zn            4. ZnS

2

2

СО

+О  

 ZnО

CO

C




 Zn 

 

1. Zn + NaOH    С20
                        2. ZnO+ KOH + H2O   С20

 

3. Zn  + HCl   С20
                            4.  Zn(OH)2+ KOH   С20

 
 

 

1. Zn2+ 

 

              

 Zn 
1  ZnS 

2  ZnCl2 
3  ZnSO4 

4  Zn(OH)2 
5  Na2[Zn(OH)4] 

 

1. ZnCO3     2. ZnS   3. ZnCl2   4. Cr2O3   5. CrBr3     6. FeO·Cr2O3 

 
 

 

 
            

            
 

 

1. Cr + Cl2                    2. Cr + HCl          3. Cr  + H2SO4   
 t  

4. Cr + H2SO4   
 t

...  + SO2+ ...     5. Cr + HNO3   
 t

...  +  NO + ...              
 

 

1. CrO          2. Cr2O3     3.Cr(OH)3  

4. CrO3   

5.   
   

Cr2(SO4)3 
 1

Cr(OH)3 
 2

 Cr2O3 
 3

 Cr 
 4

 CrCl3 
 

Al2O3 Fe2O3 Cr2O3
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26Fe  …3s23p63d64s2  

 24Cr  …3s23p63d54s1  

 29Cu  …3s23p63d94s2. 

 

M  

  M + O2 
  

MO                                         M + CuSO4  MSO4 + Cu 

  M + HNO3   
C


20

           M + H2O  
 t M3O4+ H2 

  M + H2SO4   
C


20 M2(SO4)3 + SO2 + H2O  

Fe3+  

  
  

 
  

              

    1. Fe + H2O + O2                2. Fe + H2O  
 t        3. Fe + H2SO4  

 t  

    4. Zn + H2O  
 t         5. Zn + NaOH 

 t               6. Zn+NaOH+H2O 
С20

 
 

 
 

  
 

  

 

      1. Cr + H2SO4               2. Cr + HCl       3. Fe(OH)2 + H2O + O2  

      4. Fe2O3  
2CO

CO


 


  …    

2CO

CO


 


   …    

2CO

CO


 


 Fe  +  CO2 

 
            

C   
  

C  
 

 CrO3   

 

1. Na2Cr2O7                                                2. NaCrO2                         3. Na2CrO4    

 

1. H2O               2. HCl              3. KOH                 4. O2                5. МgSO4 

 Ar(Fe)=56, Ar(О)=16.    
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 12.1.  

 I  II  III  IV  V  VI  VII  VIII  

1 (H1s1)                  H  He 1s2 

                    ns2np1      ns2np2       ns2np3      ns2np4           ns2np5 ns2np6 

2  

 

B C N O F Ne 

3  Si P S Cl Ar 

4   As Se Br Kr 

5    Te I Xe 

6     At Rn 

7    

 

 
  

ns2np6 1s2 ns2np5

ns2np4  

 

  

О3

Р4 S8

S8

C C

C  

C Si B Cn Sin  Bn

C  
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                       –2·1е–                                                                                                  –2·3е– 
                                                                               –2                                                                                                                                  –1 

                 2Na +  S  Na2S                                        2Fe  + 3Cl2  2FeCl3 

                                                                                             

 

 
   

               – 4e–                                                                                                     – 2e–  
                                            +4                                                                                                                                            –2 

           S    +   O2    SO2                                      H2    +    S      H2S 
                                                                                  

 

  

 

F2,    O2,    Cl2,    N2,    S,    C,    P,    H2,    B,    Si 
 

 

R RHn

n = 8 – N N

R  

KCl, 

NaF  

PH3 H2S HCl
 

 

PH3 — H2S — HCl 
 

  

HF — HCl — HBr — HI 

                                     
 

SO2, 

SO3, P2O5  
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II 

 
 

 

 
 

 

 
 

 

RH4  

RH5   

 

1. ns2np1      2. ns2np 2                                                              .  VII       . VI 

3. ns2np 3      4. ns2np 4                                                             . V              . IV    

5. ns 2np 5                                                                                          . III 
 

  

 
 

  

1. HCl            2. HBr          3. HI            4. HF   

 

 

  

SF6, ClF3, SiF4 P2S5

 

s, p, d, f  

 

 

  

As
 

 

N2O5, P2O5 Аs2О5.  

N2O5, P2O5 Аs2О5

  

Аs2О5  P2O5  N2O5 

 HFHClHBrHI.  

• • 

 • 
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 fToris qvejgufis elementebis zogadi daxasiaTeba

perioduli sistemis VII jgufis mTavar qvejgufSi ganTavsebul elemen-
tebs: fTors F, qlors Cl, broms Br, iodsa I da astats At halogenebi 
ewodeba (laTinurad `halogeni~ marilmbads niSnavs).  

yovel periodSi halogenebs aqvs udidesi arametaluri Tvisebebi. maT 
gare energetikul doneze ganlagebulia 7 eleqtroni _ ns2np5. dones dam-
Tavrebamde aklia erTi eleqtroni. garda amisa, halogenebis atomebs, 
mocemuli periodis sxva atomebTan SedarebiT, aqvs birTvis udidesi 
muxti da umciresi radiusi. am mizezebis gamo halogenebi Zlieri 
mJangavebia: ierTebs ra erT eleqtrons, isini wyalbadTan da metalebTan 
naerTebSi amJRavnebs Jangvis ricxvs _1.

rigSi F→Cl→Br→I→At  halogenebis arametaluri Tvisebebi sustdeba. 
fTori, rogorc udidesi eleqtrouaryofiTobis mqone elementi, 

naerTebSi mxolod _1-is tol Jangvis ricxvs amJRavnebs. elementebi Cl da
Br, _1-Tan erTad, fTorTan da JangbadTan naerTebSi amJRavnebs agreTve
Jangvis ricxvs: +1, +3, +5 da +7. fTori, atomSi d-qvedonis ararsebobis
gamo, ar amJRavnebs III, V da VII-valentianobas.

Tavi fToris qvejgufis elementebi 4 

13 

ra aerTianebs sufris marils, iodis nayens, kbilis pastas, wyals, haers? 

gaiTvaliswineT gansxvavebuloba halogenTa atomebis gare energetikuli donis  
aRnagobaSi da upasuxeT kiTxvebs: 

 
 
 

_ raSi mdgomareobs gansxvaveba F, Cl, Br da I atomebis gare donis agebulebaSi? 
_ yvela halogenis atomSia SesaZlebeli gawyvilebuli  s- da  р-savalento 

eleqtronebis gancalkeveba? rasTanaa es dakavSirebuli?      
_ aisaxeba Tu ara F da Cl atomebis aRnagobas Soris gansxvaveba naerTebSi maT 

mier gamovlenil valentobaze? pasuxi daasabuTeT magaliTebiT. 

saqmianob a  halogenTa atomebis  valenturi SesaZleblobani 

 
 ↑↓

 
↑↓ ↑ 

↑↓ 
 
 

 ↑ 
 ↑↓ ↑ ↑ 

↑ ↓ 
 
 

 np 
R = Cl, Br, I  ns 

 2p 
2s 

о 
F… 

 

 ns 
 

 ↑ ↑ 
 ↑ ↑ ↑ 

 ↑↓  
 
 

 np 
 ns 

 nd 

 nd 

* R… 
 

* R…

* R…
 

 
 ↑↓ ↑↓ ↑ 

↑↓ 
 
 

 np 
ns

 nd 

о 
R… 

  ↑ ↑ ↑ 
 ↑ ↑ ↑ 

  ↑  
 
 

 np 
 nd 

+∆Е2

+∆Е3

+∆Е1

  Ç
ap üçün deyil



 

  61  •    4  •    • 

II 

 
 

HR

HFHClHBrHI

Н+ НR

НR   Н
+ + R–

HFHClHBrHI

HClO4 HClO3

HClO2 HClO
 

                                                +7                        +5                      +3                     +1 

HClO4         HClO3       HClO2      HClO  
 

 
 

HRO4

HClO4

F2Cl2Br2I2

HR

 

   •  13.1.           
 

 
  

 

 
 

  F  2s22p5 4,0    –1 

, Cl 3s23p5 3,0 –1, +1, +3, +5, +7 

, Br 4s24p5 2,8 –1, +1, +3, +5, +7 

,    I  5s25p5 2,5 –1, +1, +3, +5, +7 

 

HRO4   

KI

. Ar(Cl)=35,5, Ar(I)=127. 

            
x      

  

 

 
 

m

, %   
 

 

 

 

HClO4  HBrO4  HIO4. 

Cl2 + 2KI  2KCl +  I2 

 2·35,5  

7,1  

2·127  

x  
x = m =   

  Ç
ap üçün deyil



 

 62  

F2Cl2Br2I2

 

 
 

 

 
  

  
 

s2p6   
  

  

 
 

  

 

 HR; RO4         HR; R2O5           HR; R2O7         H2R; R2O5          HR; RO3 

 

 ...2s22p5          ...3s23p5               ...4s24p5            ...5s25p5             ... 6s26p5 
 

 

               –1                   +3                       –1                  +1         +7 

 CaCl2      KBrO3         SCl2        Cl2O         Cl2O7 
 

 

1. HCl , HBr , HI                           2. HClO4, HBrO4, HIO4 
 

 

  

 HFHClHBrHI   

 

1. HF                 2. HCl                     3. HBr                           4. HI 
 

 
  

 
 

          
 

• • •

•  • 
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II 

1s22s22p63s23p5
 

NaCl KCl NaClKCl KCl MgCl26H2O

 

MnO2, KMnO4, K2Cr2O7 KClO3  

4HCl + MnO2  Cl2 + MnCl2 + 2H2O   KClО3 + 6HCl  3Cl2 + KCl + 3H2O 

 

2NaCl   2Na + Cl2↑     

2NaCl + 2H2O   H2↑ + 2NaOH + Cl2↑ 
         

20°C

h Sb
 

H2 + Cl2 

11

ClH2



 
 h   t 

 

2Sb + 3Cl2   
C


20 2SbCl3 

2P + 3Cl2 
 t 2PCl3 

2P + 5Cl2 
 t 2PCl5 

2S   +  Cl2 
 t S2Cl2 

2Na +  Cl2  2NaCl 

2Fe + 3Cl2 
 t 2FeCl3 

Cu  +  Cl2 
 t CuCl2  

 

 

Cl2 + H2O   HCl + HClO 

 

  

PCl3 PCl5  

FeCl3 FeCl2  
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2HClO  2HCl + 2O  2HCl + O2 

  

KOH NaOH

 

2KOH + Cl2 KCl + KClO+H2O⏟            
 

    

Ca(OH)2 + 2Cl2 CaCl2 + Ca(ClO)2 + 2H2O⏟                
 

 

  

KClO + H2O + CO2  KHCO3 + HClO;           HClO  HCl + O 
 

 
 

 

Cl2 + 2HI  2HCl + I2                Cl2 + 2KBr  2KCl + Br2 

 

 
 

 

 

 

  
  

  
 

 
  

 

   • 

HClO3  

6KOH + 3Cl2  5KCl + 3H2O + KClO3   

• • • • 

•  • 
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II 

 

1. KOH+ Cl2           2. KBr + Cl2            3. KI + Cl2           4. H2O + Cl2  

 

 

1.  K + Cl2     2. H2 + Cl2   νh
    3. Al + Cl2 

 t
     4.  O2 + Cl2 

 t
     5. P + Cl2 

 t
 

 

1. Cl2 + H2O         2. Cl2 + KOH         3. Cl2 + KOH  
  C100

            4. Cl2 + Ca(OH)2  

 

 

 Ar(Cl) = 35,5; Mr  = 29. 

 

 

   

 

 
 

 

NaCl  +  H2SO4  
C


110 - 20 HCl + NaHSO4 

2NaCl  +  H2SO4  
Ct


110> 2HCl + Na2SO4 

 

H2  + Cl2 
 t 2HCl 

C
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Fe + 2HCl  FeCl2 + H2 

CaO + 2HCl  CaCl2 + H2O 

Fe(OH)3 + 3HCl  FeCl3 + 3H2O 

CaCO3 +2HCl  CaCl2 + H2O + CO2 

AgNO3 + HCl  AgCl + HNO3 

 

 

 NH3 + HCl  NH4Cl 

AgCl
  

 AgNO3 + HCl  AgCl + HNO3 

  

                                  K2Cr2О7 +14HCl  2KCl + 2CrCl3  + 3Cl2 + 7H2O 
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II 

 
 

Ag+ AgCl  

 

 
 

 
 

 

1. Cl2 + HBr                                            

2. NaCl    + HNO3        

3. H2  + Cl2  
 t

 

4. NaCl  + H2SO4  
 t

 

 

 

1. HCl + Mg                     

2. HCl + Cu(OH)2                

3. HCl + BaO    

4. HCl + MgCO3             

5. HCl  + AgNO3  

6. HCl + MnO2  

 

1. Fe2O3       2. Ag       3. SiO2       4. K2Cr2O7      5. SO2       6. NH3     7. BaSO4       8. CaCO3 
 

HCl + KMnO4  Cl2 + MnCl2 + KCl + H2O

 
 

 

 

 

Mr(HCl) = 36,5.  

   • NaCl

KCl

ZnCl2 

BaCl2 CaCl2

AlCl3   

• • •   • 
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16 

 
 

   
 

NaF, NaCl, NaBr, NaI, CaCl2 AgNO3

 

NaF , NaCl , 

NaBr NaI
 

NaF , NaCl , NaBr NaI
 

 

AgNO3

 
 

 

   
 

 • 

CaF2 Na3[AlF6]

3Ca3(PO4)2CaF2

NaBr, KBr MgBr2  

 

 

 
 
 
 
 
 
 

  

3 4  
d  

2  1  

   
1 –  (NaCl),  

2 –  (KCl),  

3 –  (CaF2),  

4 –  
   

  Ç
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II 

NaCl
 

 
 

2KF    2K + F2                       CаF2    Cа + F2 

 
MnO2, KMnO4, KClO3 

 

6HBr + KClO3  KCl + 3Br2 + 3H2O 

 

2NaBr + Cl2  2NaCl + Br2 

Fe3+, Cu2+ 
  

2FeCl3 + 2HI  2FеCl2 + 2HCl + I2 

 

2KI + Cl2  2KCl + I2 

 

 

F2Cl2Br2I2

 

 

 
 

  C  + 2F2 CF4  S + 3F2 SF6   2P + 5F2 2PF5             2Аl + 3F2 2АlF3 

 

 

 

 

 

I2  Cl2
 Br2 

 

F2
 

1 2 3 4 

   

1 – , 2 – , 

3 – , 4 – .  

  Ç
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H2  +  F2   2HF          H2 + Cl2 
  hν 2HCl     H2 + Х2 


t  2HХ   (Х=Br, I) 

 

 

HFHClHBrHI
  

4HF + SiO2  SiF4 + 2H2O 

             

 

FClBrI HX

MX X=F, Cl, Br, I
   

2KBr + Cl2 2KCl + Br2             2KI + Cl2 2KCl + I2           2HI + Br2 2HBr + I2 

 
 

 
 

HClO

HBrO  

H2O + Cl2   HCl + HClO                           H2O + Br2   HBr + HBrO 

F  Cl  Br  I.   

  

CF2Cl2  (–CF2–CF2–)n Na3[AlF6]

 

AgBr

NaBr, KBr   

NaI

   • HBr HI
  

 

CaF2 + H2SO4  2HF + CaSO4  

   • 
 

2H2O + 2F2  4HF + O2  

  Ç
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II 

 

 

 
 

 

 

F, Cl, Br  I  

F Cl  Br I 

Ag Cl 

AgCl Br

AgBr I

AgI AgF

Ag F   

 
Cl–,  Br–   I–    

 

F– Cl Br I Ca2+ Mg2+

CaF2

MgF2   
 

2F + Ca2  CaF2                                                2F + Mg2  MgF2  

                          

  

Na
+
 

 F
–
 Na+ 

 Cl– 

Na+ 

 Br‾ 
Na+ 

  I– 

 

Ag+ 

NO3
– 

Ag+ 

NO3
– 

Ag+ 

NO3
– 

Ag+ 

NO3
– 

Na
+ 

 F
–
 

Ag+ 

NO3
‾ 

Na
+ 

NO3
‾ 

 
AgCl 

Na
+ 

NO3
‾ 

 
AgBr 

AgI 

Na
+ 
NO3

‾ 

 

                             Cl+ AgAgCl       Br+AgAgBr         I+Ag AgI        
                                                                                                  
                                                                                       
 

1 

2 

3 

4 
4 

3 

2 

1 

   
 

( )    
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F2–Cl2–Br2–I2 ... 

 

 

HI 

HF 

R–H HF

HI 

HF  
 

1. CaF2     

2. C + Cl2   

3. C + F2     

4. S + F2        

5. P + 5Cl2  
 

Cl2O7  
 

 

1. NaCl                        2. KF  + Cl2          

3. KI  + Br2                             4. NaF  + MnO2  
     

KBr  Cl2  

BF3 HI  
 

 

K + NaCl                   F2 + NaCl   

  

CFCl3, CF2Cl2 

 

• • • 

 •  
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II 

 

 
 

1. ... 2s22p5          2. ... 2s22p6              3. ...3d64s1              4. ... 3s23p5            5. ...3s23p4 

 

 

 

  

  

  
 

      
 

  
  

 
 

 

     1. Cl2   + H2O                      2. Ca(OH)2  +  Cl2               3. KOH  +  Cl2       

     4. HCl + MnO2                    5. Fe  +  Cl2 
 t

                    6. HF  +  SiO2  

  

1. HСl                   

2. HF   

3. HF            

4. HI    

5. HBr   

 

      1. NaBr + Cl2                       2. Sb + Cl2   
  C20

             3. Al2O3 + HCl  

      4. K2Cr2О7 + HCl                5. KClО3 + HCl                 6. CaCO3 + HCl  

F –, Cl–, Br– I –    
1. F –               

2. I –    

3. F – H+       

4. I –                    

 Mr(MnO2) = 87. 
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O S Se

Te Po
   

 

 
 

ns2np4

 

d

 

H2R 

H2O, H2S, H2Se, H2Te. H2S, H2Se, H2Te 

H2SH2SeH2Te. 

H+ OH–  

5 

17 

  
  

  

 

  
 
 
 
 
 
 
 
 
 
 

О S Sе Те  

s p
  

O S
 

   

      nd 

  np       
ns    
 

 

      nd 

  np       
ns    
 

 

      nd 

  np       
ns    
 

 

+Е1 

+Е2 

R = S, Sе, Те 

 о 

О… 

 о 

R… 
 

  2p  
2s    
 

 

R… 
* 

R… 
* 

  Ç
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II 

 17.1 .  

 
   

  O 2s2 2p4 3,5  

  S 3s2 3p4 2,5 –2, –1, +2, +4, +6 

 

RO2 RO3

H2RO3 H2RO4 H2ТеO4·2H2О
  

R

R

H2RO3

R
 

  

 

O  S  Se  Te
 

 

 

 
 

 

                                    

s p       
 

  

 
                 

     

 

     ... 2s22p4                ... 4s24p4            ... 5s25p4            ... 3s23p4              ... 6s26p4  
 

 

                       –2                                              +6                                      +2                                                  +6                                                –2                         

      H2O2                           H2SO4                  S Cl2                  H2SeO4                H2Te 
 

 
 

 

     1. H2S  H2Se , H2Te                          2. H2SO4, H2SeO4, H2TeO4 

 

H2SH2Se H2Te   
  

H2SH2SeH2Te R–H

Н+ H2R  

R H2RO4 

 

• • •  •   
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1s22s22p63s23p4

FeS2 ZnS

HgS Cu2S CaSO4·2H2O

Na2SO4·10H2O H2S

 

 
 

 

 

 

FеS2  
C1000

 FеS + S                          2H2S + SО2  
. t,

2H2О + 3S 

18 

  
 

 

  
 
 

 

 

 

 

 

 

   
 

 

 

    

 

    

 

 

 Sn 

  Ç
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II 

 

C C

CS2   

 

S  

 

2Na  + S  Na2S               2Al  +  3S 
 t Al2S3                  H2 + S  

 t H2S 

  Hg  + S   HgS                     C   +  2S 
 t CS2                     Cu  + S 

 t CuS            

   Fe  + S 
 t FeS                   2P  +  5S 

 t P2S5 
 

 

  
          

       S + 3F2     SF6
                    2S + Cl2 

 t S2Cl2
                        S + O2 

 t SO2 
 
 

   • 

 

+1    –2 +1  –2 

   • 

 

 

            0           0                +6 –1                                                
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   6NaOH + 3S 
 t  Na2SO3 + 2Na2S + 3H2O                   

KNO3+S+C

 
 

 
 

 
 

 
 

  

1. H2S, S, PbS                                  2. ZnS, FeS2, Cu2S                        3. K2S, CaS, MgS 
 

 

 
                   

         
  

 
 

 

X Y Z K  

S  +  Al 
 t

X            S + O2 
 t

Y               S  + Cl2 
 t

Z              S + F2  K 
 

   1. Al2S3          2. Al2S        3. SO2          4. SO3             5. S2Cl2          6. SF6          7. SF 
 

S
 

1. NaOH +S                 2. Na2S + S           3. H2SO4  + S  

4. C   +  S                             5. HNO3  + S   

 
 

 

P2S5   

Ar(S) = 32, Ar(P) = 31.  

   •          6HNO3  + S H2SO4 + 6NO2 + 2H2O 

    2H2SO4  + S 3SO2 + 2H2O                Nа2SО3 + S Nа2S2О3 

                                                                                        

 

• •  •  

  

0                          +4                          –2 
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II 

  

 

  

 
 

H–S–H S–H

HSH92
  

  

 

    FeS + 2HCl  FeCl2 + H2S                FeS + H2SO4    FeSO4  + H2S        

 

C
 

 
 

H2S  
Ct


>350 H2 + S 

H2S 
 

 

 

     2H2S   +   3O2   2SO2 + 2H2O              2H2S  +   O2   2S +  2H2O  
                                                         
 

     2H2S     +   SO2   2H2O + 3S                     H2S  +  Br2  2HBr + S 
 

 

 
 

H2S   H  +  HS                    HS   H  + S2 

19 

 
 

 

 
   

  
 

  -1  
 

𝜹+ 

𝟐𝜹− 𝜹+ 

  Ç
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K2S, 

CuS NaHS, Ca(HS)2   
 

 
 

  

ZnS

PbS  CuS HgS CdS

 

Cu2+ Pb2+

 

Cu(NO3)2  +  H2S  CuS + 2HNO3 

 

 
 

 
 

 
                                                                      

NaOH Pb(NO3)2            
 

H2S
 

1. 2H2S + 3O2  ... + ...                                        2. H2S + SO2  ... + ...   

3. H2S + 2KOH  ... + ...                                    4. H2S + FeCl3  FeCl2  + HCl +  ...  
 

  

1. FeS + H2SO4      2. H2 + S 
 t

    3. Cu + H2SO4  
 t

   4. FeS + HCl  
 

 …  
  

Cu2+         
 

 Ar(S) = 32, Mr(H2S) = 34. 

KOH  Mr(КОH) = 56 

S  K2S  H2S  SO2  S 

-2  Pb2+ Cu2+   

  

H2S + Pb(NO3)2  PbS + 2HNO3            H2S + CuCl2  CuS + 2HCl 

H2S HNO3 HCl  

 

PbS CuS  

  

• • • 

 • 
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II 

 
   

 

  

 

 

 

 Cu +2H2SO4 
 t CuSO4+SO2+2H2O      S +2H2SO4 

 t 3SO2+2H2O 

FeS2

ZnS  PbS  Cu2S  

4FeS2 + 11O2 
 t 2Fe2O3 + 8SO2                       2ZnS + 3O2 

 t 2ZnO + 2SO2 

C SO2

 

 

H2О + SО2 
  H2SО3        CаО + SО2  CаSО3        NаОH + SО2  NаHSО3 

 

             2SO2  + O2 
. t,

 2SO3                                        2H2  +  SO2  2H2O + S 

 

 

  

20 

    

 

 

              

 

  

 

   

 +4                                              +6                   +4                                     0 
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2NaOH + H2SO3  Na2SO3 + 2H2O     NaOH + H2SO3  NaHSO3 + H2O  
        

Na2SO3

Na2SO3S Na2S2O3 NaHSO3

Ca(HSO3)2  
 

 
 

K2S2O7 
 t

 K2SO4 + SO3                Fe2(SO4)3 
 t Fe2O3 + 3SO3 

 

V2O5 NO  
 

2SO2  +  O2   52Ot,V
2SO3 

 

C C

 

 

SO3 + H2O  H2SO4           CаО + SО3  CаSO4            

2NаОH + SО3  Nа2SО4 + H2О 
 

  

5SO3  + 2P  P2O5 + 5SO2 

  

      C12H22O11  + nSO3  12C + nSO311H2O  
 

 
 

2SO3   
 


           

C600
 2SO2 + O2  
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II 

 
 

 
 

 

 4FeS2 + 11O2  
 t

 2Fe2O3 + 8SO2 

 2NaHSO3 + H2SO4  Na2SO4 + 2SO2+ 2H2O 

 Na2SO3 + H2SO4   Na2SO4 + SO2+ H2O 

 S + 2H2SO4    2H2O + 3SO2 

 Cu + 2H2SO4  
 t

CuSO4 + SO2 + 2H2O 
 

 

                               

                    

 

         

 
 

 

1. 2SO2 + O2  2SO3                                     

2. SO2 + Cl2  SO2Cl2                 

3. SO2 + H2O  H2SO3                                                

 4. SO2  + 2HNO3  H2SO4 + 2NO2            

5. SO2 + I2 + 2H2О  2HI + H2SО4 

 

 

1. 2H2S + SO2   2H2O + 3S                                         

2. 2H2   +  SO2   2H2O + S 

3. 8KOH + 4SO2 3K2SO4 + K2S + 4H2O                    

4. 2H2S + H2SO3 3H2O + 3S 

SO2

  

1.  SO2 + CaO                                                  

2. SO2 + H2O                                                        

3. SO2 + KOH                                               

4. SO2 + O2 
 . t,

                         
 

 
 

 Mr(H2SO4) = 98, Ar(Cu) = 64. 

  

 

• • • 

• •   • 
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S

H2S

FeS2

}   
 t, 2О

SO2  
  t,, 2О

SO3  
 OH2  H2SO4 

 


 

 

 
 

21 

   

 

 

 

 

 

 

 

 

 

 

   

H2SO4 

H2SO4 

H2O 

H2O 
 

 

 

 

 

 

C12H22O11 + 2H2SO4( ) 11C + 2SO2+X+13H2O 

 

 
  

 

Х  
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II 

 

 

 

H2SO4   H  +  4HSO


           4HSO
   H +  4SO

2

 
 

Н+

Cu, Hg, Ag, Au

 

 

Ba(NO3)2  +  H2SO4  BaSO4 + 2HNO3 

SO4
2–  

  
  

Au, Pt

H+

SO4
2–

 

Li, Na, K, Ca, Sr, Ba

H2S Cu, Hg, Ag

SO2

 
 

8Na + 5H2SO4   4Na2SO4 + 4H2O + H2S 

Cu + 2H2SO4  
 t CuSO4 + 2H2O + SO2 

SO2 S

H2S                                     

 

2Fe + 6H2SO4  
 t Fe2(SO4)3 + 6H2O + 3SO2 

SO2

Pb(HSO4)2     

   • 

SO3
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H2SO4 +  nH2O  H2SO4  nH2O + Q 

 
 

H2SO4 nSO3 n   

H2SO4   +  SO3  H2S2O7    

                                                                                                                      

 

2NaCl + H2SO4 
 t Na2SO4 + 2HCl      NaNO3 + H2SO4 

 t NaHSO4 + HNO3 
                                                                            

HCl, HF, H3PO4, CH3COOH

 

.  

 
(SO4)2–

BaSO4

 

 
S, ZnS, H2S  

4FeS2 + 11O2 
 t 2Fe2O3 + 8SO2  +  Q 

   

2SO2 + O2  
52 OV t,  2SO3 + Q 

   • 

  

HCOOH          CO       +     H2O  (H2SO4·H2O) 
                                 

 2Na
+
2Cl

–
  

   BaSO
4
 

       Cl– 
Ba2+  
      Cl– 

2Na
+
   

(SO4)2– 
  

  Ç
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II 

   

 SO3 + H2O   H2SO4 + Q 
 

 
 

 
 

 
 

 

                                     

; 

                      

 

              

 

 Ag,Cu,Hg   Zn,Fe,Hg   Au,Ca,Cu    Cu,Mg,Ca   Hg,Cr,Ag 

 

1. S                      2. H2S                3. SO2                    4. H2 

      

                        

Fe , Al  Cr   

 

Ba2+  

 

1. H2SO4 + CaO       ...   +  ...                  

2. H2SO4 + BaCl2    ...   +   ...                  

3. H2SO4 + 2KOH    ...  +  ...                  

4. H2SO4  +  Zn         ...  +   ...                

5. H2SO4 + CaCO3    ...  +  ...  +  ... 
 

 Mr(H2SO4)=98. 

 Mr(SO3) = 80, Mr(H2SO4) = 98.  

 

 

 

• •  • 
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1. CuFeS2               2. CS2                3. HgS                    4. K2S            5. CaSO42H2O 

      
 

                
 

 

      SО3 S- d   
       

Са2+   

 
 

     
                                     

       

 
 

                                        

 ;        

 

  

1. H2S  + CuCl2                                       2. H2S  + Hg(NO3)2        

3. Nа2S + КNO3                                           4.  H2S + Pb(NO3)2  
 

  
   
       

 
 

 

1. H2SO4    + BaCl2  BaSO4   + 2HCl 

2. 2H2SO4 + Zn       ZnSO4   + SO2  + 2H2O 

      3. H2SO4     + ZnO   ZnSO4    + H2O 

      4. 2H2SO4  + C12H22O11  11C  +  2SO2 + CO2 + 13H2O 
 

 

1. Fe + H2SO4           2. Cu + 2H2SO4 
 t

       3. 8Na + 5H2SO4    

 

  

Mr(H2SO4) = 98. 
 

 Mr(KNO3) = 101. 

KNO3 + S + C 
 t

K2S + CO2  + N2 

  

  Ç
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II 

 
 

 
     

  

 
 

 

N P As

Sb Bi   

 

ns2np3 р

d

s р

ns2

ns2np3

 
RH3

NH3 PH3 AsH3 SbH3 

HR  H2R

6 

22 

 
    

             
 

 

      
 

       
 

 
 
 

N, P, As, Sb Bi  

N, P, As, Sb Bi s
  

N P
 

  

О 
R… 

      nd 
  np       

ns    

 
 

* 
R… 

      nd 
  np       

ns    

 
 

+Е 
 

R = P, Аs, Sb, Bi 

   о 

7N… 

  2p  

2s    
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Н+ RH3 NH3

Н+  

 22.1.    

 
   

 
 

,    N  2s22p3 3,0 –3, +1, +2, +3, +4, +5 

, P  3s23p3 2,1 –3, +3, +5 

 

RH3

R2O3 R2O5

H3PO3

H3PO4 HNO2 HNO3  

R

HNO3

HNO2  

R
 

 

                                              +5                     +5                       +5                         +5 

HNO3  H3PO4  H3AsO4  H3SbO4 

                                            

 
 

 
 

 

N2

NaNO3 KNO3

Ca(NO3)2

 

 

     NH4NО2 
 t N2 + 2H2О                   (NH4)2Cr2О7 

 t Cr2О3 + N2 + 4H2О 

                                                                 3CuO + 2NH3 
 t 3Cu + N2 + 3H2О 

 

   • d

NH3, Ca3N2

N2O5, NO2, N2O  

  Ç
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II 

N2

C-

C
 

 
                                         

N2

NN N2

 
 

6Li + N2  
.  2Li3N                                  O2  + N2  

   2000°C    
→         2NO 

                                      
                                           

     3Ca + N2 
 t  Ca3N2                                  2B  + N2 

 t 2BN     
                                                                                          
                                                    

3H2 + N2
 

      
kat t,  

2NH3
                2C  + N2  

   2000°C    
→          (CN)2  

                                                                                                                                
 

 
 

 
 

                                        +1                              +2                          +3                            +4                                +5 

                         N2O            NO             N2O3          NO2                N2O5 
                           
                        

N2O NO  

NO

C  

N2O3

HNO2 N2O5

HNO3 NO2

HNO3 HNO2  

      2NO2 + H2O   HNO3 + HNO2  

      2NO2+ 2KOH  KNO3+ KNO2 + H2O 

NO2   

   • N2

N  N :N ⋮⋮  N:

- 

N2   

  • BN C
 

Ca3N2 + 6H2O  3Ca(OH)2 + 2NH3 

  Ç
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4NO2 + 2H2O + O2   4HNO3  
 

NO2

 

  

 
 

 

 

 
 

 

A) RH5; R2O5             B) RH5; R2O3          C) RH3; R2O3         D) RH3; RO3        E) RH3; R2O5 
 

 

1. NH3        2. PH3  3. AsH3 4. HNO3  5. H3PO4  6. H3AsO4 

       

 

1. 2NH3 + 3CuO 
 t X + 3Cu + 3H2O                             

2. NH4NO2 
 t  X + 2H2O 

3. 2NH4Cl + Ca(OH)2 
 t CaCl2 + 2H2O + 2X                    

4. (NH4)2Cr2O7 
 t Cr2O3 + 4H2O + X 

 

 
 

 
 

 
 

НСN  
 

 
 

  

• • •

 • 
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II 

   

 

 
 

 

 
 

sp3

 

             

 
  

 
  

2NH4Cl + Ca(OH)2 
 t CaCl2 + 2H2O + 2NH3 

 

 

N2( ) +  3H2( ) 

         kat, P, t       
→                     
←               2NH3( ) + Q 

C Al2O3 K2O
 

23 

 
  

 

( )  

   
 
 
 
 
 
 
 
 
 
 

 

 

NH3

 

 

   

   • 

( )  

( ) 
 

( ) 
 

 

  H    N:  +     H    H   N H        
                                 

H 

H 

 

+ 

H 

 

H 

 

 ( ) 

 • • 
 

+ 
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t C

C
  



4NH  OH– : 
 

             NH3 + H2O 
 NH4ОН    



4NH + OH– 

  
 

HNO3 + NH3  NH4NO3 
                                              
            

H3PO4 + NH3  NH4H2PO4 
                                                  

 

                H3PO4 + 2NH3  (NH4)2HPO4  
                                    

 

  HCl + NH3  NH4Cl                            
                                           

  

 
   

2NH3  
t

 
N2 + 3H2 

  

           4NH3 + 3O2  2N2 + 6H2O          4NH3 + 5O2 
   Pt/Rh, t 

  

→      4NO + 6H2O 

  • 

  

 

 

NH4Cl 

HCl 

NH3 

  Ç
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II 

  

CO(NH2)2  
 

2NH3  + CO2    
t, P  →     (NH2)2C=O + H2O            

 

 
 

 

  

            

 
 

 
 

 

 

 
  

                        

 

Х    NH3 + 3O2  X + 6H2O 

 

1. NH4NO3 
 t

                                   2. (NH4)2CO3 
 t

                          3. NH4Cl 
 t   

4. NH4Cl + Ca(OH)2                          5. N2 + 3H2 
 t,

 

 

 

 Mr(NH4Cl) = 53,5. 

 Mr[CO(NH2)2] = 60. 

   • 
 

3CuO + 2NH3 3Cu + N2 + 3H2O 
 

• • • 

  • • 
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      2NH3 + H2SO4 (NH4)2SO4              2NH4OH + H2SO4  (NH4 )2SO4 +2H2O 
    

  NH3 + H2SO4  NH4 HSO4                 NH4OH + H2SO4  NH4HSO4 + H2O                             
 

 

  

  

           (NH4)2CO3 + H2SO4  (NH4)2SO4 + H2O + CO2 

(NH4)2SO4 + BaCl2  BaSO4 + 2NH4Cl 

NH4Cl + AgNO3  AgCl + NH4NO3                    NH4Cl  NH4
+ + Cl– 

 

  

 

NH4Cl + NaOH 
NaCl

t      


   NH4OH  NH3 + H2O 

24 

 
 

  

 

 

  

NH4Cl

  
 

  

 
 

 

    

NH3
 

        H2O   Cl– 

Na+ 

Na+ 

    OH– 

Cl– 
NH4

+ 
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II 

HCl , HBr , H2CO3 , H2SO3

 

NH4Cl 
 t NH3 + HCl   NH4Cl 

NH4HCO3 
 t NH3 + H2O + CO2 

HNO3, HNO2, 

H2Cr2O7  

 (NH4)2Cr2O7 
 t

  N2 + Cr2O3 + 4H2O         NH4NO3 
 t

 N2O + 2H2O 

 

NH4Cl + HOH   NH4OH + H+ + Cl–  
 

 
 

4CuO + 2NH4Cl  3Cu + N2 + CuCl2 + 4H2O 
 

 
 

 

 

 
 

  

 

K2SO4 (NH4)2SO4  

BaCl2 HNO3

 

 

1. (NH4)2SO3 
 t       2. NH4Cl 

 t      3. CuO + NH4Cl         4. NH4Cl + KOH 
 t    

 

 NH4Cl, (NH4)2SO4  NH4Br
 

 Mr(NH4Cl) = 53,5. 

 

 

• •

 • 
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KNO3  +  H2SO4  
 t HNO3 + KHSO4 

 

 

NO  

4NH3 + 5O2  
Pt/Rh 4NO + 6H2O 

 

 

2NO + O2  2NO2 
 

 

4NO2 + 2H2O + O2   4HNO3 + Q 

 
 

25 

 
 

НNO3

. 
  

  

  

  

 

 
 

    

   • 
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II 

 
 

C

  

  

 

HNO3 
  H+ + NO3

-
 

CaO + 2HNO3 Ca(NO3)2 + H2O 

NH3 + HNO3  NH4NO3 

Al(OH)3 + 3HNO3Al(NO3)3 + 3H2O 

BaCO3 + 2HNO3 Ba(NO3)2+ CO2 + H2O 

ZnO + 2HNO3  Zn(NO3)2 + H2O 

 

 

NO2  
 

4HNO3  
 t

4NO2 + 2H2O + O2 
 

 
 

 

NO3
‾ Н+

  

            +4     +2   +1               0       –3                 –3 

        NO2;  NO;  N2O;   N2;  NH3 NH4NO3 ; 

 

   • 

2s22p3

s, px, py, pz

  

 

 

    • 

. 

H–О–N 
O 

O 

+5 
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25.1.   

 Nа, K, Ca       Mg, Al*, Zn, Cr*, Fe*, Ni*  Pb, Cu,  Hg,  Ag  Pt, Au** 

 HNO3 N2O NO NO2 

 

 HNO3  

 
 

 HNO3 

NH3 

 

 

    
  

                      

N2O 

N2  
NH3 

(NH4NO3) 

NO 

*  Al, Cr, Fe Ni

 

** Pt, Au

 

 

 
 

4Ca + 10HNO3   4Ca(NO3)2 + N2O + 5H2O 

3Mg + 8HNO3   3Mg(NO3)2 + 2NO + 4H2O      

Cu + 4HNO3  
 t Cu(NO3)2 + 2NO2 + 2H2O 

 

4Zn  + 10HNO3   4Zn(NO3)2 + N2O + 5H2O 

3Ag  + 4HNO3  
 t 3AgNO3 + NO + 2H2O       

4Mg + 10HNO3  4Mg(NO3)2 + NH4NO3 + 3H2O 
                    

 

S, P, C, B

 

 

-

 

 

HNO3 

 

  Ç
ap üçün deyil
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II 

-
   

 

 
 

NO3
– NO3

–

NO2  

 

 

NO2  

KNO3 + H2SO4    KHSO4 + HNO3  

                               4HNO3   + Cu 
 t Cu(NO3)2 + 2NO2 + 2H2O 

 

 
 

 

 

4HNO3  + Cu  Cu(NO3)2 + 2NO2+ 2H2O  

HNO
3
 

Cu 

NO
2
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NH3 NO NO2  
 22 O ОH HNO3

N2O5 + H2O 
                                           

 

 

 4Ca + 9HNO3  4Ca(NO3)2 + NH3 + 3H2O  

 3Cu + 8HNO3  3Cu(NO3)2 + 2NO + 4H2O 

 4Zn + 10HNO3  4Zn(NO3)2 + N2O + 5H2O  

 Hg + 4HNO3  Hg(NO3)2 + 2NO2 + 2H2O 

 4Mg + 10HNO3  4Mg(NO3)2 + NH4NO3 + 3H2O 
 

X, Y Z  

X + HNO3    N2O + …                

Y + HNO3    NO  + …              

Z + HNO3    NO2 + … 

 Z,Y,X                   Z,X,Y                   X,Y,Z             X,Z,Y                Y,X,Z 
 

X, Y Z
 

Ca + HNO3   X + Ca(NO3)2  + H2O 

Hg + HNO3   Y + Hg(NO3)2 + H2O 

Hg + HNO3   Z + Hg(NO3)2  + H2O 

 Y,Z,X                  Y,X,Z                  Z,X,Y             X,Z,Y              X,Y,Z 
 

 

NH3  NO  NO2  HNO3

  

 

 Ar(Cu) = 64. 

 Mr(HNO3) = 63. 

 

 

 

• •

 •  
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II 

   

 

 
 

 
 

 
 

 
 

 

NH4NO3  

М

 

  М Mg Li       
 

  М Mg Cu         

  М Cu     

      
 

 

          NH4NO3 
 t N2O+ 2H2O                4LiNO3 

 t 2Li2O + 4NO2 + O2 
 

KNO3+C+S
 

 

                    

26 

 
  

 

 
 

2KNО3  2KNО2  + О2       2Pb(NО3)2 2PbО + 4NО2+ О2 

2АgNО3  2Аg + 2NО2 + О2 
 

 

  

    

MNO3 
 

MNO2 + O2 (M=Nа,K,Ca) 

MO + NO2 + O2 

M + NO2 + O2 
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N2

                                 

 
  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

1. 

   

2. 

 

1. 
   

2. N2

    

3.   

1. 
   

2.  

3.  

4. 
 

1.  

2. N2

   

3. 

  (N2 → NO → NO2 → HNO3...) 

4. 
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II 

 

 
 

 
 

 

 

 KOH  + HNO3                

 Na2CO3 + HNO3                   

 Na2SO4 + HNO3    

 Na2CO3 + NO2                

 KOH + NO2  
      

 

 2NaNO3 
 t 2NaNO2 + O2                                              

 NH4NO3 
 t N2O + 2H2O 

 4AgNO3  
 t 2Ag2O+ 4NO2 + O2              

 2Mg(NO3)2 
 t 2MgO + 4NO2 + O2 

 2Cu(NO3)2 
 t 2CuO + 4NO2 + O2 

 

 

 H2SO4 ,  Cu              

 H2SO4 ,  Cu                 

 HNO3, Cu       

 H2SO4 ,  Al                

 KOH, Cu 
 

 

 Na2SO4 + HNO3                    Na2CO3 + NO2             . KOH + NO2   
 

 
 

 
 

 
 

 Mr(NaNO3) = 85. 
        

NH3:N2:H2

 
 

  

N2 
 1 NH3 

 2 NO 
 3  NO2 

 4  HNO3 
 5  NO2 

• • • •  • 
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1s22s22p63s23p3

Ca3(PO4)2 3Ca3(PO4)2CaX2 (X = F, Cl, OH)

  

Ca3(PO4)2

C  

2Ca3(PO4)2 + 6SiO2 + 10C  
 t

 6CaSiO3 + 10CO + P4 ( ) 
 

 

t = 44°C

 

P4  

Р–Р

 

27 
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II 

 
 

 

C

 

4P + 5O2   2P2O5         4P + 3O2  2P2O3               2P + 3S 
 t P2S3 

 

 

(1)  (1), 

 (2)  

 (3) 

 

(2) (3) 

   • 

C  

C  

2P + 5Cl2  2PCl5         2P + 3Cl2  2PCl3               2P + 3Ca Ca3 P2 

 

   • 

PH3

 

        Ca3P2 + 6H2O  3Ca(OH)2  + 2PH3                 2PH3 + 4O2  P2O5 + 3H2O 

        Ca3P2 + 6HCl  3CaCl2  + 2PH3 
 

 

 

 

( )   
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KClO3

 

5KClO3 + 6P  5KCl + 3P2O5 + Q             

 
 

 
 

 
 

 
 

 
    

 

2Ca3(PO4)2 + 10C + 6SiO2 
С1500   

 
 

 

 

1. 3Ca3(PO4)2·CaF2                 2. Na3AlF6                3. Ca3(PO4)2               4. Ca(H2PO4)2 

 1, 2                  3, 2                 3, 1                   1, 4                           2, 4 
 

 

1. Ca3P2 + H2O          2. P + Ca              3. Mg3P2 + HCl                 4. P + H2    
 

 
 

P   P        
 

6P + 5KClO3  5KCl + 3P2O5  
  

 
 

 

 Ar(P) = 31. 

   P  Mg3P2  PH3  P2O5  H3PO4  Ag3PO4 

 

• • • •  

•  • 
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II 

   

 

 
  

 
P2O5   

 

 
 

 

4P + 5O2 
 t 2P2O5 

 

                    

                                                                                                                    

         P2O5 + H2O       2HPO3                                                                                                                  

                                                                                                                                                                           

                                                                                                                           

         P2O5 + 2H2O        H4P2O7                           

                                                                                   

                                                                                       

         P2O5 + 3H2O    2H3PO4                    

                      
 

28 

   

  

 

Са

 

Са

 
 

  
 

 

 AgNO3

 

    

   • 

P2O5

P4O10  

 

 

 

орная кислота 

 

           O 
H–O–P 
           О 

H–O 

H–O – P=O   

H–O 
           О 

    O                   O  

 H–O–P–O–P–O–H     
H–O              О–H 

  Ç
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HNO3, CH3COOH
 

 
 

 H3PO4 

 

 

Ca3(PO4)2 + 3H2SO4 
 t 2H3PO4 + 3CaSO4 

                     P2O5 + 3H2O 
 t 2H3PO4 

 

 
 

 

H+

Cu, Hg, Ag, Pt, Au  

3Ca + 2H3PO4  Ca3(PO4)2 + 3H2 

3CaO + 2H3PO4  Ca3(PO4)2 +3H2O 

3Ca(OH)2 + 2H3PO4  Ca3(PO4)2 + 6H2O 

NH3 + H3PO4  NH4H2PO4 

3CaCO3 + 2H3PO4  Ca3(PO4)2 + 3H2O + 3CO2 

 

  

                      2H3PO4  OH

t

2

    


    H4P2O7   
 t

     2HPO3    +    H2O 

                                                     

 
 

3AgNO3 + Na3PO4   Ag3PO4 + 3NaNO3 

   • 
 

  P2O5 + 2HNO3   2HPO3 + N2O5         P2O5 + 2HClO4  2HPO3 + Cl2O7 

   • 
 

P + 5HNO3   H3PO4 + H2O + 5NO2 

3P + 5HNO3  + 2H2O  3H3PO4 + 5NO 

  Ç
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II 

 

 

 

3NaOH + H3PO4  Na3PO4     +     3H2O 
               

2NaOH + H3PO4  Na2HPO4     +     2H2O 
                     

NaOH + H3PO4  NaH2PO4     +     2H2O 
               

 

[Ca(H2PO4)2]  

 

Na3PO4

[(NH4)2HPO4]   

(PO4)
3–

 

 

 
  

   • 

  

    Ag+ 

    NO3 
– 

Na3PO4 + 3AgNO3  Ag3PO4 + 3NaNO3 

(PO4)
3– + 3Ag+ Ag3PO4 

( ) 

Na+   (PO4)3–     

     Na+     Na+ 
Na+      

Ag3PO4 

  Ç
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P2O5  

  

 

 PO4
3–  Ag+

 
 

 

1. P2O5 + H2O                       

2. P2O5 + 3H2O 
 t

              

3. P + 5HNO3 
 t   

4. P2O5 + 3CaO 
 t          

5. P2O5  + CaSiO3 
 t   

 

 

1.  KOH + H3PO4                   

2.  2KOH + H3PO4                

3.  3KOH + H3PO4   

 

 
 

X Y Z     

P2O5 + HNO3   HPO3  + X 

P2O5  + H2SO4  HPO3 + Y 

P2O5 + HClO4  HPO3 + Z 
 

 
 

 Mr(KOH) = 56. 
 

  

    Mr(P2O5) = 142, Mr(H3PO4) = 98. 
 

 

P 
1 Ca3P2 

2 PH3 
3 P2O5 

4 H3PO4 
5 Na3PO4 

6 Ca3(PO4)2 

 

 

• •   • 
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II 

 – 2.

  

 

 

 

 

29 

  

 

NH4Cl Ca(OH)2

 

 

 
  

 
 

 

 
 

  1  

  
   

 

 

  
 

2  

 

  H+  + OH– = H2O;              Ag+ + I– = AgI;                 Ca2+ + 2F– =  CaF2 
 

  
 

3  

 

 

  
 

4  
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30 

 – 

1   

– 2
 

– 

3  

– 4

 

NaOH
 

NaOH

  

 
 

 
 

 

KNO3  
 

    

   • C,O,H,N,P,K,Ca,Mg,Fe,S

 

B,Cu,Co,Mn,Zn,Mo 

   

1 

3 

2 

4 
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II 

 

 

KCl, NaNO3, Ca(H2PO4)2, NH4NO3

KNO3

  

KNO3

(NH4)2HPO4 

– [(NH4)2HPO4+NH4H2PO4+KCl]

[(NH4)2HPO4+NH4NO3+KCl]  

 
  

K2O
  

 

 

 
 

[NH4]
+ 

[NO3]
–  

 

 

 Mr[CO(NH2)2] = 60. 
 

ω(N),% = 
Ar(N)∙2

MrൣCО(NH2)
2
൧

 ∙ 100% = 
 28

60
∙100% = 46,7% 

 Mr(NH4NO3) = 80.    

   • 
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• 
 

NH4NO3

NaNO3 Ca(NO3)2

(NH4)2SO4 CO(NH2)2  

NH4H2PO4

(NH4)2HPO4 KNO3  

  
 

1. Na2CO3 + 2NO2  NaNO3 + CO2 + NaNO2    NaNO2 

                                                                                                       NaNO3                      

2. KCl   +  NаNO3  
               
C100

 NaCl + KNO3  
    
 

3. NH3 + HNO3  NH4NO3     

4. 2NH3 + H2SO4  (NH4)2SO4       

5. 2NH3 + CO2 
t P,  H2O   +  CO(NH2)2   

                                                  ( )  

 

CO(NH2)2 + 2H2O  (NH4)2CO3 
   

 
 

 

 
 

 
 

 

1. NH4NO3           2. NaNO3               3. KNO3                       4. Ca(H2PO4)2       5. NH4H2PO4 
 

 

1. NaNO3                     2. KNO3                           3. (NH4)2HPO4                  4. CO(NH2)2 
 

 

1. NH3  + HNO3                    2. NH4Cl + AgNO3                3. 2NH4Cl + Ag2SO4  

4. 2NH3+ H2SO4                    5. 3NH4OH + Fe(NO3)3         
 

 

Mr(NH4H2PO4) = 115. 

 

  
• • • 

•  • 
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II 

   

 

 

  

 
 

[H2PO4]
– [HPO4]

2–  
 

 

Ca3(PO4)2

NH4NO3  
. [Ca(H2PO4)2+2CaSO4]

 

Ca3(PO4)2 + 2H2SO4  Ca(H2PO4)2 + 2CaSO4  
 

Ca(H2PO4)2

CaSO4

 

Ca3(PO4)2 + 3H2SO43CaSO4+2H3PO4      Ca3(PO4)2 + 4H3PO43Ca(H2PO4)2 

31 

  

 

 

 

 
 

1. Ca3(PO4)2      2. Ca(H2PO4)2        3. CaHPO4      4. (NH4)2HPO4         5. NH4H2PO4 

 

  
  

  

      

 

    

1 4 
 

3 2 
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CaHPO42H2O

 CaHPO42H2O. 

    Ca(OH)2   +   H3PO4  CaHPO42H2O 

CaCO3 + H3PO4 + H2O  CaHPO42H2O + CO2 

 

 
 

NH4H2PO4 (NH4)2HPO4

 
 

         NH3 + H3PO4  NH4H2PO4                    2NH3 + H3PO4  (NH4)2HPO4 
 

N, P K  
 

 [(NH4)2HPO4 + NH4NO3 + KCl] 
 

      
Ca3(PO4)2     

 

  

KCl NaClKCl  KClMgSO43H2O KCl MgCl26H2O
  

K2CO3  

 

P2O5 K2O

  

 

 

 

P2O5

CaHPO4·2H2O  Mr(P2O5) = 142, Mr(CaHPO4·2H2O) = 172.  
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II 

 
 

 
 

 

 

 
 
 

  

 CaO + H3PO4                 

 Ca3(PO4)2 + 4H3PO4              

 Ca(OH)2 +H3PO4 

 CaCO3 + H3PO4            

 Ca3(PO4)2 + 2H2SO4  
 

 

 
 

  

1. N2       2. NH3     3. NO2      4. [NH4]
+     5. [NO3]

–        6. [PO4]
3–

         7. [H2PO4]
–         

 

 

1. K2CO3 + 2HNO3                    2. KOH + NO2                                                    3. K2O + N2O5             

4. K2SiO3 + 2HNO3             5. KCl  + NaNO3   
               
C100    

 

Ar(K) =39, Ar(N) =14,   Ar(Na) =23,   Ar(S) =32,   Ar(O) =16,   Ar(C) =12, Ar(H) =1. 

 NaNO3           KNO3         NH4NO3          CO(NH2)2             (NH4)2SO4 
 

  Mr(CaHPO42H2O) = 172;  Mr[Ca(H2PO4)2] = 234. 

  

P2O5

[Ca(H2PO4)2]
  

Mr(P2O5) = 142, Mr(Ca(H2PO4)2) = 234, Mr(CaHPO4·2H2O) = 172. 

о
б
р
а
з

е
ц

 

  

 K2O  

Mr(K2O)= 94,   Mr(KCl) = 74,5. 
 

 

K2O   

                  Mr (K2O) = 94,    Mr (K2CO3) = 138. 

• • •

•  • 
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1. N2  + O2    
C2000

                      2. N2  + Mg 
 t

       
3. N2  + O2     

4. N2  + H2              5. N2  +  Li     

 

1. NH3 


t

                                                   2. NH3 + O2                3. NH3 + H2O    

4. NH3 + HCl                         5. NH3 + O2  
 Pt/Rh  

  

C

 

  

sp3

 

 

1. Hg(NO3)2 
 t

         2. Ca(NO3)2 
 t

               3. NаNO3 
 t

      4. Zn(NO3)2 
 t  

 

Na2HPO4 + H3PO4 

Na3PO4   +  H3PO4 

P2O5  HPO3

H4P2O7

HPO3  

 

1. Ca(H2PO4)2                     2. Ca(H2PO4)2 + 2CaSO4                  3. Ca3(PO4)2         4. CaHPO4H2O 

 

Ar(K) =39, Ar(Cl) =35,5, Ar(Mg) =24, Ar(Na) =23, Ar(S) =32, Ar(O) =16, Ar(H) =1. 

 KClNaCl        KCl        K2SO4       MgCl2KCl6H2O       MgSO4KCl3H2O  

 Mr(NH4NO2) = 64. 
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II 

 
 

 
           

 

  
 

С Si Ge

Sn Pb   
 
 

 
 

ns2np2

SiO, CO, PbCl2, SnCl2    

C–Si–Ge–Sn–Pb

C Si  Ge, Sn 

Pb  
 

32.1.  

 
    

, C 2s22p2 0,077 2,5 –4    +4 

, Si 3s23p2 0,117 1,8 –4, +2,  +4 

 

 

СО

 

7 

32 

  
 

 

 

 
 
 

 
 

С, N, F   

F, O N 2s2 

2s2  

 

   

   о 

6C… 

  2p  

2s    

 

 

    * 
6C… 

 

  2p  

2s    

 

 

 

+E 

  Ç
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1s22s22p2

CaCO3 MgCO3 MgCO3CaCO3

FeCO3

  

C   

  

 
 

С sp3

С- C–C



   

С- sp2

С-

С-

  

(2) (1) 

(5) 

  

C
60

 (4) 

(3) 
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II 

  

 

 
.       

 

 

C + 2F2  CF4              C + O2 
   t,

CO2     2C + O2  
 t,

2CO 
 

C + CO2 
 t 2CO        2C + SiO2 

 t Si +2CO         C + 2CuO 
 t 2Cu + CO2  

 

C + 2S 
 t CS2           3C + SiO2 

 t SiC+2CO    C + H2O 
 t CO+H2 

                                                                                                                          
                                                                                                

 

  

2H2 + C 
 t CH4    Ca + 2C 

 t CaC2                           4Al + 3C 
 t Al4C3 

                                                                                  

                                                                       
 

 

CaO + 3C 
 t  CaC2 + CO 

 

   •

sp  

  …-CC–CC – …     (–CC–)n     … =C=C=C=C=…    (=C=C=)n 

                                    

C60, C70, C84

  
 

 –4 +1  –1 –4 

  Ç
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p

RH4

RO2

                                      
 

 

 
 

 

1. H2  + C 
 t

                      2. F2 + C                           3. Al + C 
 t

                 

4. 2CuO + C 
 t

                 5. SiO2 + 2C 
 t

   
 

  

1. CaO + 3C 
 t

                   2. SiO2 + 3C 
 t

                3.  CO2 + C 
 t

 

4.  H2O + C 
 t
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F O N Cl Br S C P H Si Al Ca Li Na K 

4,0 3,5 3,0 3,0 2,8 2,6 2,5 2,2 2,1 1,8 1,5 1,04 1.0 0,9 0,8 

n

Mr(CnH2n+2) = 14n + 2 

Mr(CnH2n) = 14n 

Mr(CnH2n) = 14n 

Mr(CnH2n–2) = 14n – 2 

Mr(CnH2n–2) =14n –2 

Mr(CnH2n+1OH) =14n + 18 

* Mr(CnH2n+1CHO) =14n + 30 

* Mr(CnH2n+1COOH) =14n + 46 

* –  n 

С- . 

CH4 H2C=CH2 HCCH H2C=CH–HC=CH2

-1,3 

C6H12 
 C6H6 

2
|

2
|

H

OH

C–H

OH

C 2
||

2
|

H

OH

C–H

OH

C–H

OH

C

CH3–CH2–OH CH3–CHO CH3–COOH C15H31–COOH 

C17H35–COOH C17H33–COOH C6H12O6 C12H22O11

(C6H10O5)n C17H35COOM 

; M = K 

; M = Na 

n
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CH 
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