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Tema 1. 
atomis aRnagoba da 

qimiuri bma

  am Temis Seswavlis Semdeg SeZlebT upasuxoT kiTxvebs:

•	 rogor viTardeboda warmodgenebi atomis aRnagobis Sesa
xeb?

•	 rogor ganvsazRvroT elementis Tvisebebi periodulobis 
cxrilSi misi mdebareobis mixedviT?

•	 rogor icvleba elementTa naerTebis Tvisebebi periodu-
lobis cxrilis jgufebsa da periodebSi?

•	 rogor adgenen namarxis asaks?

•	 rogor ukavSirdeba atomebi erTmaneTs?

•	 ra kavSirebi SeiZleba arsebobdes molekulebs Soris?

•	 ra gansazRvravs nivTierebis fizikur Tvisebebs?
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ganmavlobaSi icvleboda da viTardeboda. jer kidev 
Zv. w. aR.-is 500 wels berZeni filosofosebi gamoTq-
vamdnen mosazrebas, rom yvelaferi Sedgeboda umci-
resi nawilakebisagan, romlebsac uwodes atomebi, rac 
berZnulad „ganuyofels“ niSnavs. droTa ganmavlobaSi 
grovdeboda monacemebi nivTierebaTa Tvisebebsa da 
Sedgenilobaze, ris safuZvelzec 1808 wels j. dal-
tonma (nax. 1.1) Camoayaliba atomuri Teoria, romlis 
ZiriTadi debulebebi iyo:

•	 yvela nivTiereba Sedgeba umciresi nawilakebis-
gan, romlebsac atomebi ewodeba;

•	 erTi elementis yvela atomi erTmaneTis msgav-
sia zomiT, masiTa da sxva TvisebebiT da isini 
gansxvavdeba sxva elementis atomebisgan;

•	 sxvadasxva elementis atomebi uerTdeba erTma-
neTs gansazRvruli TanafardobiT da warmoiqm-
neba naerTebi;

•	 qimiur reaqciebSi atomebi arc warmoiqmneba da 
arc qreba, mxolod nivTierebebSi Semavali at-
omebi gadajgufdeba da warmoiqmneba sxva niv-
Tierebebi. 

daltonis atomurma Teoriam safuZveli Cauyara Tana
medrove atomur Teorias, miuxedavad imisa, rom misi 
zogierTi debuleba Seicvala. magaliTad, sadReisod 
cnobilia, rom erTi elementis atomebi identuri ar 
aris da SeiZleba masiT gansxvavdebodes. aseve gairkva, 
rom atomi Sedgeba kidev ufro mcire nawilakebisgan, 
romelTac subatomuri nawilakebi uwodes. esenia pro-
tonebi, neitronebi da eleqtronebi. 

1897 wels j. tomsonma (nax. 1.2) eqsperimentulad 
daadgina, rom atomSi aris eleqtronebi _ uaryofi-
Tad damuxtuli nawilakebi. amis safuZvelze man warmoadgina atomis modeli, 
romelic „qiSmiSiani pudingis“ saxelwodebiT aris cnobili (nax. 1.3). man CaT-
vala, rom atomi aris dadebiTad damuxtuli masa, romelSic ganawilebulia ele-
qtronebi, iseve, rogorc pudingSi qiSmiSis marcvlebi. 

1.1 	  warmodgenebi atomis Sesaxeb

nax. 1.1. jon 
daltoni  

(John Dalton 
1766-1844)

 nax. 1.2. jozef jon 
tomsoni 

(Joseph John Thomson, 
1856-1940)
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nax. 1.3. tomsonis „qiSmiSiani“ pudingis modeli.

1911 wels e. rezerfordma (nax. 1.4) Caatara eqs-
perimenti (nax. 1.5), romelSic man oqros Txel fir-
fitas daasxiva dadebiTad damuxtuli nawilakebis 
nakadi. aRmoCnda, rom nawilakTa umravlesobam fir-
fitaSi gavlisas traeqtoria ar Seicvala, mcire 
nawili mimarTulebidan gadaixara, Zalian mcire 
nawili ki firfitidan airekla. am eqsperimentis 
Sedegebi ase aixsna: atomebSi arsebobs dadebiTad 
damuxtuli birTvi, romelsac Zalian mcire mocu-
loba ukavia. amitom dasxivebuli nawilakebis umete-
soba firfitaSi dabrkolebis gareSe gadis; birTvTan 
axlos Cavlili nawilakebi birTvis dadebiTi muxtiT 
ganizideba da maTi mimarTuleba gadaixreba; amave 
mizeziT  uSualod birTvTan Sejaxebuli nawilakebi 
airekleba. birTvis mcire zomis gamo am ukanasknelTa 
raodenoba Zalian mcirea. eleqtronebs rac Seexeba, 
rezerfordma ivarauda, rom isini atombirTvis garSemo arsebul sivrceSi moZ-
raobs. 

amrigad, rezerfordma Camoayaliba atomis aRnagobis planeturi modeli, 
romelSic atombirTvis irgvliv moZravi eleqtronebi mzis garSemo moZrav plan-
etebs iyo Sedarebuli.

nawilakebis 
wyaro

nawilakebis 
nakadi

oqros Txeli 
firfita

fluorescentuli 
ekrani

oqros atomebi

areklili 
nawilakebi

dadebiTad damuxtuli 
atombirTvi

firfitaSi 
gavlili 

nawilakebi
tyviis 

konteineri

nax. 1.5. rezerfordis eqsperimenti.

nax. 1.4. ernest rezer-
fordi (Ernest Rutherford, 

1871-1937)
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rezerfordma aseve aRmoaCina, rom atombirTvSi dadebiT muxts qmnis pro-
tonebi _ iseTive nawilakebi, rogorebic wyalbadis atombirTvSia.  

SemdgomSi j. Cedvikma aRmoaCina, rom protonebis garda atombirTvSi arsebobs 
umuxto nawilakebic, romelTa raodenobis zrda, iwvevs atomis masis zrdas. am 
nawilaks neitroni ewoda da eqsperimentulad damtkicda, rom misi masa daaxloe-
biT protonis masis tolia. 

Sejamebuli saxiT subatomur nawilakTa Sesaxeb informacia mocemulia cxril-
Si 1.1.

cxrili 1.1. subatomuri nawilakebis muxti da masa.

nawilaki simbolo

muxti masa

kulonebSi
pirobiT 

erTeulebSi
gramebSi

masis atomur 
erTeulebSi

protoni p 1.6 · 10-19 +1 1.67 · 10-24 1.00728
neitroni n 0 0 1.67 · 10-24 1.00866
eleqtroni e- 1.6 · 10-19 -1 9.11 · 10-28 0.00055

qimiuri elementis Tvisebebs mis atombirTvSi protonebis ricxvi gansazRvravs. 
es ricxvi Z simboloTi aRiniSneba da mas atomuri, anu rigobrivi nomeri ewode-
ba. radgan atomi eleqtroneitraluria, masSi protonebis ricxvi eleqtronebis 
ricxvis tolia, amitom atomuri nomeri eleqtronebis raodenobasac gviCvenebs. 

cxrilidan 1.1 Cans, rom eleqtronis masa sxva nawilakTa masasTan SedarebiT 
Zalian mcirea. amitom atomis masa mxolod protonebisa da neitronebis raode-
nobazea damokidebuli. Sesabamisad, atomis masuri ricxvi (A) protonebisa (Np) da 
neitronebis (Nn) ricxvTa jamis tolia:

A = Np + Nn

radgan atomSi protonTa raodenoba (Np) atomur nomers (Z) Seesabameba, atomis 
masuri ricxvi asec SeiZleba gamoisaxos:

A = Z + Nn

protonsa da neitrons saerTo saxelwodeba aqvs –  nukloni („nukleus“ laTinu-
rad „birTvs“ niSnavs). atombirTvSi maTi erTobliobis gamosaxvisTvis iyeneben 
termins _ nuklidi. amrigad, elementi warmoadgens protonebis erTnairi ricx-
vis mqone nuklidebis saxesxvaobas, romelSic eleqtronTa raodenoba atomuri 
nomris tolia.

  kiTxvebi da davalebebi:

cxrili gadaixazeT samuSao rveulSi da SeavseT carieli ujrebi:

elementis simbolo saxelwodeba Z A Np Nn Ne

Ti titani 22 47 22 25 22
32 72 32

kaliumi 39 18
Ar 22
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1.2	        izotopebi da radioaqtiuroba
albaT SegimCneviaT nax. 1.6-ze mocemuli simbolo, romelic radiaciis ar-

sebobis maCvenebelia. ra aris radiacia, saidan Cndeba da ratom aris saSiSi? am 
kiTxvebze pasuxis gasacemad gavixsenoT, Tu ra aris izotopebi. izotopebi ewo-
deba atomebs, romlebsac protonebis erTnairi raodenoba, magram gansxvavebuli 
masuri ricxvi aqvs. 

nax. 1.6. radiaciis niSani

sxvanairad rom vTqvaT, izotopebi iseTi nuklidebia, romelTa Sedgeniloba-
Sic protonTa raodenoba erTnairia, neitronebisa ki _ gansxvavebuli. magali-
Tad, naxSirbadis izotopebi naCvenebia nax. 1.7-ze.

stabiluri

eleqtroni neitroni protoni

stabiluri radioaqtiuri

6

6

6

6

7

6

6

8

6

nax. 1.7. naxSirbadis izotopebi

nuklidebi iwereba Semdegnairad: elementis simbolos marcxena zeda indeqsad 
iwereba masuri ricxvi, xolo marcxena qveda indeqsad _ atomuri nomeri.

X
A

Z

masuri 
ricxvi

atomuri 
nomeri

elementis 
simbolo

magaliTad, element qlors aqvs ori izotopi, misi nuklidebi ase Caiwereba:
35
17Cl  da 37

17Cl ; an 
35Cl  da 37Cl
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teqstSi nuklidi SeiZleba movixsenioT saxelwo-
debiTa (an simboloTi) da masuri ricxvis miniSnebiT, 
magaliTad:

qlor-35 da qlor-37; an Cl-35 da Cl-37

bunebaSi mxolod zogierTi elementia warmodge-
nili TiTo nuklidis saxiT, magaliTad: beriliumi, 
fTori, alumini, fosfori da sxv. qimiur elementTa 
umravlesobas ramdenime bunebrivi nuklidi aqvs, ami-
tom elementis fardobiTi atomuri masa bunebrivi 
izotopebis saSualo masiT unda gamoisaxos.  misi 
gamoTvlisas saWiroa gaviTvaliswinoT, ra wiliTaa 
warmodgenili bunebaSi TiToeuli nuklidi.

magaliTad, magniumis bunebrivi izotopebia 24Mg 
(78.6%), 25Mg (10.1%) da 26Mg (11.3%). magniumis sa-
Sualo fardobiT masas Tu gamovTvliT, miviRebT:

( )r

24 78.6% 25 10.1% 26 11.3%
A Mg 24.3

100%
⋅ + ⋅ + ⋅

= ≈

zogierTi elementis izotopi radioaqtiuria, rac 
niSnavs, rom atoms SeuZlia TavisTavad gamoasxivos 
uxilavi nawilakebi. es movlena 1896 wels aRmoaCina 
a. bekerelma (nax. 1.8) da mas radioaqtiuroba ewoda. 
radioaqtiuri daSlis procesi SemdgomSi Seiswavla 
m. skladovska-kiurim (nax. 1.9), romelmac axali el-
ementebi _ poloniumi da radiumi aRmoaCina. 

radioaqtiur izotopebs radioizotopebi ewodeba. 
naxSirbadis erT-erTi izotopi C-14, radioaqtiuria 
da advilad iSleba. radioizotopebi sxvadasxva siCqariT iSleba. maTi sicocx-
lisunarianoba ganisazRvreba e. w. naxevrad daSlis periodiT. naxevrad daSlis 
periodi drois is monakveTia, romlis ganmavlobaSic radioizotopis raodeno-
ba orjer mcirdeba. naxevrad daSlis periodi SeiZleba meryeobdes ramdenime 
wamidan milionobiT wlamde (cxrili 1.2). magaliTad, naxSirbad-14-is naxevrad 
daSlis periodia 5730 weli, rac imas niSnavs, rom Tu gvaqvs naxSirbad-14-is 1000 
cali atomi, 5730 wlis Semdeg darCeba 500 atomi, 11460 wlis Semdeg _ 250 da a. S.

cxrili 1.2. zogierTi radioaqtiuri elementis naxevrad daSlis periodi.

elementi radioizotopi naxevrad daSlis periodi

radoni radon-220 55.5 wm

kobalti kobalt-60 5.26 weli

kaliumi kalium-40 1300 weli

radioaqtiuri gamosxiveba mavned zemoqmedebs organizmze. mas SeuZlia daar-
Rvios ujredebSi mimdinare cxovelqmedebis procesebi, gamoiwvios sxvadasxva 
paTologia da simsivnuri daavadebebi. Tumca unda aRiniSnos, rom aseTi sxivebi 
adamianis sasikeTodac gamoiyeneba, magaliTad, simsivnuri kerebis aRmosaCenad. 

nax. 1.8. antuan henri 
bekereli  

(Antoine Henri Becquerel, 
1852-1908)

nax. 1.9. maria 
skladovska-kiuri  

(Marie Skłodowska Curie, 
1867-1934)
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radioTerapiaSi sxivebi simsivnur daavade-
baTa samkurnalod gamoiyeneba (nax. 1.10). 
am SemTxvevaSi konkretulad dazianebuli 
ubans asxiveben, rac miznobrivad anadgurebs 
mxolod simsivnur ujredebs. erT-erTi 
izotopi, romelic am mizniT gamoiyeneba, 
aris kobalt-60. 

usafrTxoebis mizniT samedicino dawe-
sebulebebSi, sadac gamoiyeneba radioTera-
pia, SexvdebiT radiaciis niSans (nax. 1.6). 

radioaqtiuri izotopebis naxevrad 
daSlis periodis gamoyenebiT SesaZlebelia 
arqeologiuri naSTebis daTariReba (nax. 
1.11). atmosferoSi kosmosuri sxivebis azo-
tze moqmedebiT warmoiqmneba naxSirbad-14 
izotopi, romelic fotosinTezis dros 
naxSirorJangis saxiT SeiTviseba mcenareTa 
mier da organuli naerTebis Sedgeniloba-
Si xvdeba. mcenareebidan C-14 kvebiTi jaW-
viT sxva cocxal organizmebSic gadadis. am 
organizmTa sikvdilis Semdeg naxSirbad-14 
izotopi, cxadia, aRar SeiTviseba. orga-
nizmSi arsebuli radioizotopi radio-
aqtiur daSlas iwyebs da misi raodenoba 
mcirdeba. Sesabamisad, organizmTa naSTebSi icvleba naxSirbadis radioaqtiuri 
(C-14) da araradioaqtiuri (C-12 da C-13) izotopebis Tanafardoba. rac ufro 
naklebia radioizotopis Semcveloba, miT ufro metia naSTis asaki, romlis gamo-
saTvleladac C-14 izotopis naxevrad daSlis periodi gamoiyeneba. 

nax. 1.10. radioTerapiis procedura 
Tavis tvinis simsivnis samkurnalod.

nax. 1.11. egviptis piramidebSi napov-
ni mumiebis asaki radioizotopuri 
daTariRebis meTodiTaa dadgenili.

  kiTxvebi da davalebebi:

1.	 diagramaze mocemulia bromis izotopebis bunebaSi gavrceleba:

bu
ne

ba
Si

 g
av

r
c
el

eb
a,
 %

100

50.69

74   75   76   77   78   79   80   81   82   83   84   85   86
masuri ricxvi, A

49.31

gamoTvaleT bromis saSualo fardobiTi atomuri masa.
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2.	 nobelis premiis arsebobis istoriaSi kiurebis ojaxi erTaderTia, 
romelsac premiis sami laureati hyavs. moiZieT informacia maTi moR-
vaweobisa da aRmoCenebis Sesaxeb.  

3.	 I-131 gamoiyeneba farisebri jirkvlis simsivnis diagnostirebisa da 
mkurnalobisaTvis. cxrilSi mocemulia iod-131-is masis cvlileba dro-
Si. gadaxazeT cxrili samuSao rveulSi da SeavseT carieli ujrebi, Tu 
iod-131-is naxevrad daSlis periodia 8 dRe.

gavlili dro, dRe 0 8 16 128

I-131-is masa, g 1024 128 64 16

4.	 romeli nuklidis atombirTvSia protonebisa da neitronebis Tanabari 
raodenoba?

	  a) 19F;     b) 28Si;     g) 27Al;     d) 7Li.

5.	 romeli nuklidis atombirTvi Seicavs 26 protons?

	 a) S;     b) Cu;     g) Fe;     d) Ca.

6.	 ras udris neitronebis ricxvi  31
15P  nuklidSi?

	 a) 31;     b) 16;     g) 15;     d) 46.

7.	 nuklidis 24
12Mg  birTvis muxti da masuri ricxvi Sesabamisad aris:

	 a) +24; 12;     b) +12; 24;     g) +24; 24;     d) +12; 12.

8.	 elementis atomi Seicavs 17 protons, 20 neitronsa da 17 eleqtrons. am 
elementis masuri ricxvia:

	 a) 17;		  b) 20;		  g) 37;		  d) 54.

9.	 elementi argoni bunebaSi arsebobs sami izotopis saxiT. maTi masebia 36, 
38 da 40. 

	 a) dawereT elementis simbolo.

	 b) ra aqvs am izotopebs saerTo?

	 g) riT gansxvavdeba isini erTmaneTisgan?

	 d) ratom araa argonis fardobiTi atomuri masa mTeli ricxvi?

	 e) ivaraudeT, CamoTvlilTagan romeli izotopia yvelaze gavrcele-
buli bunebaSi.

10.	
14

7N   da  14
6C   aqvs erTnairi:

	 a) eleqtronebis ricxvi;	 b) protonebis ricxvi;

	 g) neitronebis ricxvi;	 d) masuri ricxvi.
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1.3	        eleqtronuli Sreebis aRnagoba

me-20 saukuneSi teqnologiurma progresma mecnierebs 
SesaZlebloba misca ganeviTarebinaT arsebuli warmod-
genebi atomis aRnagobis Sesaxeb. 1913 wels n. borma (nax. 
1.12) Camoayaliba debulebebi, romelTa mixedviTac ele-
qtronebi moZraobs birTvis garSemo garkveuli energiis 
Sreebze.  

sivrcis im nawils, sadac eleqtroni moZraobs birTvis 
garSemo, eleqtronuli garsi anu eleqtronuli Sre ewo-
deba. am Sreebze eleqtronis brunvas garkveuli energia 
sWirdeba, amitom maT energetikul doneebsac uwodeben 
(nax. 1.13). pirveli Sre yvelaze axlosaa atombirTvTan 
da yvelaze naklebi energiiT xasiaTdeba. rac ufro da-
Sorebulia energetikuli done atombirTvidan, miT ufro 
meti energiaa saWiro masze moZraobisaTvis. rac ufro 
daSorebulia Sre atombirTvidan, miT ufro meti eleqtroni SeiZleba masze moZ-
raobdes. energetikul doneze eleqtronebis maqsimaluri ricxvi (N) gamoiTv-
leba formuliT N = 2n2, sadac n aris energetikuli donis nomeri, romelzec es 
eleqtronebia ganlagebuli (cxrili 1.3). 

n=2
n=3

n=∞

n=1

nax. 1.13. eleqtronuli Sreebi anu energetikuli doneebi.

cxrili 1.3. eleqtronebis ricxvi energetikul doneebze.

energetikuli donis nomeri 1 2 3 4

eleqtronebis maqsimaluri ricxvi 2 8 18 32

Tanamedrove atomuri Teoria, romlis fuZemdeblebad e. Sredingeri, l. de 
broili da v. haizenbergi iTvlebian, 1920 wlidan Camoyalibda. amis Sedegad 
Seiqmna atomis Tanamedrove modeli (nax. 1.14), romlis Tanaxmadac eleqtroni 
zustad gansazRvruli traeqtoriiT ki ar moZraobs, aramed imyofeba atomis 

nax. 1.12. nils bori 
(Niels Bohr, 1885-1962)
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garSemo sivrcis garkveul nawilSi, romelsac eleqtronuli Rrubeli ewodeba. 
SeuZlebelia imis gansazRvra, Tu ra wertilSi imyofeba eleqtroni drois moce-
mul momentSi. sivrcis im nawils, romelSic eleqtroni yvelaze xSirad imyofeba, 
eleqtronuli orbitali ewodeba. 

sferuli 
modeli 

(daltoni, 1803)

qiSmiSiani 
pudingis modeli 
(tomsoni, 1897)

birTvuli modeli 
(rezerfordi, 1911)

planeturi 
modeli 

(bori, 1913)

kvanturi modeli 
(Sredingeri, 1926)

nax. 1.14. atomis aRnagobis Sesaxeb warmodgenebis ganviTareba.

aRmoCnda, rom eleqtronuli orbitali 4 sxvadasxva formis  SeiZleba iyos 
(nax. 1.15): 

•	 s orbitals sferos forma aqvs;
•	 p orbitals hanteliseburi (rvianis msgavsi) forma aqvs da sivrceSi sami 

sxvadasxva saxiT SeiZleba iyos orientirebuli (aRiniSneba: px, py pz);
•	 d da f orbitalebs gacilebiT rTuli forma aqvs. maT, Sesabamisad, 5 da 7 

gansxvavebuli sivrciTi orientacia axasiaTebs. 

p

d

f

z

z

z z z z z z z

z z z z

z

z

z
y

y

y y y y y y y

y y y y

y

y

y

xx

x

x x x x x x x

x x x x

x

x

x

s

nax. 1.15. eleqtronuli orbitalebis sivrculi aRnagoba. 
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x x xy y y

z z z

2s 2p 2p 2p

orbitalebi

energetikuli doneqvedone

nax. 1.16. me-2 energetikuli donis 2s da 2p qvedoneebi.

atomSi TiToeuli energetikuli done Sedgeba qvedoneebisgan, xolo qvedonee-
bi aerTianebs erTi da imave Sris erTnairi formis orbitalebs (nax. 1.16). mag-
aliTad, 1-li eleqtronuli Sre Sedgeba erTi qvedonisgan, romelsac mxolod 
erTi s orbitali Seesabameba _ 1s. meore energetikuli done iyofa or qvedoned: 
2s, romelic mxolod erT s orbitals moicavs da 2p, romelic sam p orbitals 
moicavs. me-3 Sridan qvedoneebs kidev xuTi d orbitali emateba, xolo me-4 Sri-
dan _ Svidi f orbitali (cxrili 1.4).

cxrili 1.4. energetikul doneebi da qvedoneebi. 

energe-
tikuli 
done

energetikuli 
qvedoneebi

eleqtronTa raodenoba 
TiToeul qvedoneze eleqtronTa saer-

To ricxvi energe-
tikul doneze

s p d f

1 1s 2 2

2 2s 2p 2 6 8

3 3s 3p 3d 2 6 10 18

4 4s 4p 4d 4f 2 6 10 14 32

  kiTxvebi da davalebebi:

nax. 1.14-is mixedviT SeadareT erTmaneTs atomTa modelebi, daasaxeleT 
TiToeuli maTganis nakli da ganixileT, Tu rogor Seuwyo xeli TiToeulma 
misi momdevno modelis ganviTarebas.
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yeleqtronebis energetikul doneebze ganawilebisas, pirvel rigSi, gasaTval-

iswinebelia, rom eleqtronebi jer minimaluri energiis mqone qvedones ikavebs, 
xolo Semdeg ufro maRali energiis mqone qvedoneebs avsebs. am wess umciresi 
energiis principi ewodeba. qvedoneebis energiebi gamosaxulia nax. 1.17-ze, said-
anac Cans, rom isini ivseba Semdegi TanmimdevrobiT:

1s – 2s – 2p – 3s – 3p – 4s – 3d – 4p ….

en
er

gi
a

7s

6s

5s

4s

3s

2s

1s

6p

5p

4p

3p

2p

6d

5d

4d

3d

5f

4f

nax. 1.17. energetikuli qvedoneebi.

orbitalze moZraobisas eleqtroni sakuTari RerZis garSemoc moZraobs. mas 
SeuZlia imoZraos rogorc saaTis isris mimarTulebiT (aRiniSneba zemoT mimar-
Tuli isriT), ise mis sawinaaRmdegod. isini, Sesabamisad, zemoT da qvemoT mimar-
Tuli isrebiT aRiniSneba (nax. 1.18).

e- e-

nax. 1.18. eleqtronTa moZraoba sakuTari RerZis garSemo. 

aRmoCnda, rom erTsa da imave orbitalze SeiZleba moZraobdes ori iseTi ele-
qtroni, romlebic sakuTari RerZis garSemo urTierTsapirispiro mimarTulebiT 
brunavs.

1.4	           eleqtronebis ganawileba 

                  energetikul doneebze
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TiToeuli elementis atomSi eleqtronebis ganawileba anu konfiguracia 
gamoisaxeba eleqtronuli da eleqtronul-grafikuli formulebis, anu orbita-
luri diagramebis saSualebiT.

magaliTad, wyalbadis erT energetikul doneze moZraobs erTi eleqtroni, 
romelic SeiZleba martivad Semdegnairad gamoisaxos (nax. 1.19):

+

-

nax. 1.19. wyalbadis atomis modeli.

qvedoneebze eleqtronebis ganawilebis saCveneblad gamoiyeneba eleqtronuli 
formula (nax. 1.19):

1s1
energetikuli 

done

orbitalis tipi

orbitalze 
eleqtronebis 

ricxvi

nax. 1.20. wyalbadis eleqtronuli formula.

eleqtronuli formulis Cawerisas TiToeuli qvedonisaTvis jer iwereba en-
ergetikuli donis nomeri, Semdeg ki qvedonis aRmniSvneli aso, romelsac xarisx-
is maCveneblad ewereba am qvedoneze arsebuli eleqtronebis raodenoba (nax. 
1.20). magaliTad, 1s2 niSnavs, rom pirveli energetikuli donis s qvedoneze 2 
eleqtronia; 3p4 _ me-3 energetikuli donis p qvedoneze 4 eleqtronia ganlage-
buli.

atomSi eleqtronebis mdgomareobis saCveneblad aseve gamoiyeneba eleqtro
nul-grafikuli formula, anu orbitaluri diagrama, romelic ujrebis saSu-
alebiT gamoisaxeba. aq TiToeul orbitals TiTo ujra Seesabameba, xolo eleq
tronebs _ isrebi, romlebic sakuTari RerZis garSemo moZraobis mimarTulebis 
Sesabamisia. magaliTad, wyalbadis atomSi erTi eleqtronia da is aRiniSneba ze-
viT mimarTuli isriT (nax. 1.21 da cxrili 1.5).

n = 1              
1s

nax. 1.21. wyalbadis eleqtronul-grafikuli formula, anu orbitaluri diagrama.

heliumis atomSi ukve gvaqvs meore eleqtronic, romelic sakuTari RerZis 
garSemo moZraobs saaTis isris sawinaaRmdego mimarTulebiT, amitom Caiwereba 
qveviT mimarTuli isriT (cxrili 1.5).



19

Tavi 1. atomis aRnagoba

D
on

’t 
C

op
y

cxrili 1.5. eleqtronebis ganawileba wyalbadisa da heliumis atomebSi.

eleqtronebis ganawileba 
energetikul doneebze

eleqtronul-grafikuli 
formula

(orbitaluri diagrama)

eleqtronuli
formula

1

1s
1s1 

2

en
er

ge
t
ik

u
l

i 
d
o
ne

1s

1s2 

p, d da f orbitalebi jer erTi mimarTulebis eleqtronebiT Seivseba (ze-
viT mimarTuli isari), xolo Semdeg gawyvildeba sapirispirod mimarTuli ele-
qtronebiT (qveviT mimarTuli isari).

6

en
er

ge
t
ik

u
l

i 
d
o
ne

1s

2s

2p 1s22s22p2

8

en
er

ge
t
ik

u
l

i 
d
o
ne

1s

2s

2p 1s22s22p4

me-11 elementidan iwyeba axali, me-3 donis orbitalebis Sevseba, rac me-2 do-
nis analogiurad xdeba, miuxedavad imisa, rom me-2 donisagan gansxvavebiT, aq 3s 
da 3p qvedoneebis garda, 3d qvedonecaa (cxrili 1.6).
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cxrili 1.6. eleqtronebis ganawileba natriumisa da argonis atomebSi.

11

en
er

ge
t
ik

u
l

i 
d
o
ne

1s

2s

3s

2p
1s22s22p63s1

18
en

er
ge

t
ik

u
l

i 
d
o
ne

1s

2s

3s

2p

3p

1s22s22p63s23p6

eleqtronuli formulebis Caweris gamartivebis mizniT gamoiyeneba keTilSo-
bili airebis simbolo. Sevsebuli eleqtronuli konfiguraciis magivrad iwereba 
misi Sesabamisi keTilSobili airis simbolo, romelic Casmulia kvadratul fr-
CxilSi. 

magaliTad, CavweroT aluminis atomis Semoklebuli eleqtronuli formula:
formula sruli saxiT aseTia:

1s22s22p63s23p1

me-2 dasrulebuli Sris konfiguracia (1s22s22p6) SevcvaloT Sesabamisi keTil-
Sobili airis, anu neonis simboloTi, xolo formulis danarCeni nawili davto-
voT ucvleli (nax. 1.22):

1s22s22p63s23p1

[Ne]

[Ne]3s23p1

nax. 1.22. aluminis atomis eleqtronuli konfiguraciis gamosaxva 
Semoklebuli eleqtronuli formulis saxiT.

IV periodis elementebSi TiTqos unda gagrZelebuliyo 3d orbitalis Sevseba, 
magram 3d orbitalze eleqtrons ufro maRali energia sWirdeba, vidre Semdegi 
Sris 4s orbitalze  (ix. nax. 1.17), amitom jer Seivseba 4s orbitali, Semdeg _ 3d 
orbitali, Semdeg ki _ 4p. aqedan gamomdinare, kaliumis eleqtronuli formulaa 
(nax. 1.23):
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19

1s22s22p63s23p64s1

nax. 1.23. kaliumis eleqtronuli konfiguracia.

21-e elementidan (skandiumi) iwyeba 3d orbitalis Sevseba (nax. 1.24). 

21
  
  
  
en

er
ge

t
ik

u
l

i 
d
o
ne

1s

2s

3s

4s

2p

3d

3p

1s22s22p63s23p64s23d1

nax. 1.24. skandiumis eleqtronuli konfiguracia.

am SemTxvevaSic qvedoneebze eleqtronebis ganawilebisas zemoT aRwerili we-
sebi ZiriTadad daculia, magram zogierT elementSi gvxvdeba gamonaklisi.

magaliTad, qromis atomis eleqtronuli formula aris [Ar]4s13d5, nacvlad 
[Ar]4s23d4-sa (nax. 1.25), rac aixsneba naxevrad Sevsebuli 3d orbitalis energeti-
kuli stabilurobiT.

24

  
  
  
en

er
ge

t
ik

u
l

i 
d
o
ne

1s

2s

3s

4s

2p

3d

3p

1s22s22p63s23p64s13d5

nax. 1.25. qromis eleqtronuli konfiguracia.
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30-e elementSi srulad ivseba 3d qvedone. xolo momdevno elementidan ki iw-
yeba 4p qvedonis Sevseba, romelic sruldeba kriptonSi. 

  kiTxvebi da davalebebi:

1.	 gadaxazeT cxrili samuSao rveulSi da SeavseT carieli ujrebi:

elementis simbolo atombirTvis muxti eleqtronuli formula

Si

+17

1s22s22p63s23p1

2.	 mocemuli eleqtronuli formulebidan, romeli Canaweria araswori? 

	 a) 3s2; b) 2s3; g) 2p6; d) 3p8;
 
 e) 3d4; v) 2d3

3.	 gadaixazeT cxrili samuSao rveulSi da SeavseT carieli ujrebi:

eleqtronebis ganawileba ener-
getikul doneebze

eleqtronul-grafiku-
li formula

(orbitaluri diagrama)

eleqtronuli
formula

3

en
er

ge
t
ik

u
l

i 
d
o
ne

1s

2s

5
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en
er

ge
t
ik

u
l

i 
d
o
ne

1s

2s

2p

1s22s22p6

20

4.	 periodulobis cxrilis me-4 periodSi, msgavsad qromisa, orbitalis 
Sevsebis wesis gamonakliss warmoadgens spilenZi. SeadgineT misi eleq
tronuli da eleqtronul-grafikuli formula. 

5.	 ivaraudeT, me-5 periodis elementebidan romeli iqneba gamonaklisi, 
spilenZisa da qromis msgavsad.

6.	 mocemulTagan romel nawilaks aqvs iseTive eleqtronuli konfigura-
cia, rogoric kaliumis ions (K+ )?

	 a) fToris ions	;		  b) natriumis ions;
	 g) neonis atoms;		  d) argonis atoms.
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 radioaqtiuri gamosxiveba

1899 wels ernest rezerfordma daadgina radioaqtiuri gamosxivebis buneba. 
amisaTvis man radioaqtiuri nivTiereba - radiumi moaTavsa or urTierTsawinaaR-
mdegod damuxtul firfitas Soris, Zlier eleqtromagnitur velSi (nax. 1). aR-
moCnda, rom radiumidan gamosuli sxivTa kona sam nawilad gaiyo: pirveli nawili 
gadaixara uaryofiTad damuxtuli firfitis mxares, meore nawili saerTod ar 
gadaixara, xolo mesame nawili - dadebiTad damuxtuli firfitis mxares. Sesa-
bamisad, uaryofiTi firfitisken gadaxril nawilakebs gaaCnda dadebiTi muxti, 
dadebiTisaken gadaxrils - uaryofiTi muxti, xolo gadauxreli iyo umuxto. 
rezerfordma dadebiTad damuxtul nawilakebs α gamosxiveba uwoda,  uaryofiT 
nawilakebs - β, xolo sxivis im nawils, romelic saerTod ar gadaixara da iyo 
umuxto - γ gamosxiveba. 

radiumi

+
nax. 1. radioaqtiuri gamosxivebis daSla α-, β- da γ-sxivebad. 

rezerfordma daadgina, rom α-sxivebi warmoadgens heliumis atombirTvebis 
nakads, β-sxivebi - swrafi eleqtronebis nakads, xolo γ-sxivebi - maRali ener-
giis mqone eleqtromagnitur talRebs.

α-sxivebis gamWolunarianoba Zalian mcirea - qaRaldSic ki ver gadis. β-sxivebis 
gamWolunarianoba daaxloebiT 100-jer ufro metia, vidre  α-sxivebis, xolo 
γ-sxivebisa kidev ufro maRalia - Tavisuflad gadis 30 sm-is sisqis rkinis fir-
fitaSi, maT mxolod tyviis sqeli fena akavebs (nax. 2).

qaRaldi rkina tyvia

nax. 2. radioaqtiuri sxivebis gansxvavebuli gamWolunarianoba. 
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 birTvuli reaqciebi

birTvuls uwodeben iseT reaqciebs, romlebic atomTa birTvebis an sub-
atomuri nawilakebis urTierTqmedebiT mimdinareobs. pirveli birTvuli reaq-
cia, romelic energiis misaRebad gamoiyenes, iyo U-235 atombirTvis daSla 
neitronebTan  SejaxebiT anu  dabombviT (nax. 3).  am dros gamoiyofa 2 axali, 
e. w. „meoradi“ neitroni da Tavisufldeba  kolosaluri energia _ magaliTad, 
1 g U-235-is daSlisas gamoiyofa 7,5 · 107 kj, rac 2 tona naxSiris dawvis dros 
gamoyofil energias aRemateba. meoradi neitronebi bombavs U-235-is sxva atoms 
da iwvevs mis daSlas axali neitronebis gamoyofiT, romlebic, Tavis mxriv, kidev 
sxva atomze moqmedebs da a. S. amitom procesi jaWvurad grZeldeba, ris gamoc 
mas jaWvuri reaqcia ewoda.

nax. 3. birTvuli jaWvuri reaqcia.

birTvuli reaqcia SeiZleba jaWvurad ar gagrZeldes da Sewydes, Tu masSi 
yvela meoradi neitroni ar miiRebs monawileobas.  es rom ar moxdes, uranis  
masa didi unda iyos, magram ar unda aRematebodes mis e. w. „kritikul masas“. 
kritikuli masa aris birTvul reaqciaSi monawile nivTierebis minimaluri masa, 
romelic saWiroa jaWvuri reaqciis dasawyebad. magaliTad, U-235-is kritikuli 
masa aris 50 kg.  
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 Semajamebeli savarjiSoebi

1.	 ras udris mocemuli elementis atombirTvis muxti?

+Z

	 a) +5;     b) +7;     g) + 14;     d) +8.

2.	 ramdeni protoni da neitronia 235
92U -is atombirTvSi?

	 a) 92 protoni da 235 neitroni;      b) 92 protoni da 143 neitroni;
	 g) 92 neitroni da 235 protoni;      d) 92 neitroni da 143 protoni.

3.	 ramdeni protoni(p), neitroni(n) da eleqtronia(e) 11
5B  nuklidSi?

	 a) p=5; n=5; e=11;	 b) p=5; n=6; e=11;

	 g) p=5; n=6; e=5;	 d) p=5; n=5; e=6.

4.	 elementis atomuri nomeri, romlis atombirTvic Seicavs 4 protons da 5 
neitrons, aris:

	 a) 9;		  b) 5;		  g) 4;		  d) 1.
5.	 Tu elementis atomi Seicavs 4 protons, 5 neitrons da 4 eleqtrons, es 

elementi aris:

	 a) Be ;		  b) N ;		  g) B ;		  d) C .  

6.	 mocemulia nuklidi 56
26Fe . ramden neitronia mocemul atomSi?

	 a) 26;		  b) 30;		  g) 56;		  d) 82.
7.	 ramden eleqtrons Seicavs 2Ca + ?

	 a) 18;		  b) 20;		  g) 22;		  d) 40.
8.	 ramden eleqtrons Seicavs 3N - ?

	 a) 7;		  b) 4;		  g) 10;		  d) 14.
9.	 ras aCvenebs elementis rigobrivi nomeri?

	 a) savalento eleqtronebis raodenobas;

	 b) energetikuli doneebis raodenobas;

	 g) protonebis raodenobas atombirTvSi;

	 d) neitronebis raodenobas atombirTvSi.

10.	 s- da p-blokis elementebisTvis jgufis nomeri gviCvenebs …
	 a) energetikuli doneebis raodenobas;

	 b) savalento eleqtronebis raodenobas;

	 g) neitronebis raodenobas atombirTvSi;

	 d) protonebis raodenobas atombirTvSi.
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11.	 mocemulia nuklidi 52
24Cr . ramden neitrons Seicavs mocemuli atomi?

	 a) 24;           b) 28;           g) 52;           d) 76.

12.	 mocemulia nuklidi 197
79 Au . ramden neitrons Seicavs mocemuli atomi?

	 a) 79;           b) 118;           g) 197;           d) 276.

13.	 ixelmZRvaneleT elementTa periodulobis cxriliT da SeavseT cxrilis 
carieli ujrebi:

elementis 
saxelwodeba

simbolo Z A NP Nn Ne

Al 27

12 12

kaliumi 20

16 15

56 26

14.	 elementi galiumi bunebaSi gavrcelebulia ori izotopis saxiT: 

69 71
31 31Ga  60%     Ga 40%- -da69 71

31 31Ga  60%     Ga 40%- -da

60%

40%

gamoTvaleT galiumis saSualo fardobiTi atomuri masa.

15.	 elementi spilenZi bunebaSi gavrcelebulia ori izotopis saxiT:  

63 65
29 29Cu  69.08%     Cu 30.92%- -da

63 65
29 29Cu  69.08%     Cu 30.92%- -da

gamoTvaleT spilenZis saSualo fardobiTi atomuri masa.
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16.	 protonebisa da eleqtronebis raodenobis mixedviT CawereT ionis sim-
bolo:

	 a) 3 protoni da 2 eleqtroni;	    b) 9 protoni da 10 eleqtroni;

	 g) 12 protoni da 10 eleqtroni;        d) 26 protoni da 23 eleqtroni;                                  

	 e) 8 protoni da 10 eleqtroni;              v) 19 protoni da 18 eleqtroni.

17.	 romeli keTilSobili airis eleqtronuli konfiguracia aqvs mocemul el-
ementTa ionebs? dawereT maTi eleqtronuli formulebi.

	 a) natriumi da fTori;     b) kaliumi da gogirdi;     g) kalciumi da qlori.

18.	  TiToeul models miawereT Sesabamisi nawilakis (atomis an ionis) formula:

15p+

16n

18e-

8p+

8n

8e-

30p+

35n

28e-

26p+

28n

23e-

19.	 TiToeul models  A, B, C, D, E  miawereT Sesabamisi nawilakis (atomis an 
ionis) formula.

3p+

4n

2e-

1p+

0e-

3p+

4n

3e-

7p+

8n

10e-

1p+

2n

1e-
A B

D

C

E

20.	 dawereT energetikul Sreebze eleqtronebis ganawileba mocemuli ionebi-
sTvis:

	 a) N3-;    b) Mg2+;    g)P3-;    d) Al3+;    e) Li+.
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21.	 qromi bunebaSi gavrcelebulia oTxi izotopis saxiT. 

izotopi gavrceleba bunebaSi %

	
50
24Cr 4.35

	
52
24Cr 83.79

	
53
24Cr 9.50

	
54
24Cr 2.36

	 gamoTvaleT qromis saSualo fardobiTi atomuri masa.

22.	 siliciumi bunebaSi gavrcelebulia sami izotopis saxiT. 

izotopi gavrceleba bunebaSi %

	
28
14Si 92.2

	
29
14Si 4.7

	
30
14Si 3.1

	 gamoTvaleT siliciumis saSualo fardobiTi atomuri masa.

23.	 indiumi bunebaSi gavrcelebulia ori izotopis saxiT: indium-113 da indi-
um-115. misi fardobiTi atomuri masaa 114.82. gamoTvaleT indiumis izot-
opTa gavrceleba bunebaSi (%).

24.	 stibiumi ori izotopis saxiTaa bunebaSi. stibium-121 da  stibium-123.  
gamoiyeneT periodulobis cxrili da ipoveT izotopTa gavrceleba bune-
baSi (%).

25.	 SeadgineT mocemul ionTa eleqtronuli konfiguraciebi:

	 a) Ca2+;     b) Cr3+;     g) Co2+;     d) Rb+.  

26.	 SeavseT cxrili:

  
16
8O

17
8O

18
8O

masuri ricxvi

protonebis raodenoba

neitronebis raodenoba

atombirTvis muxti

eleqtronebis raodenoba
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27.	 romeli elementis simboloa aRniSnuli E asoTi TiToeul SemTxvevaSi?

	 a) 37
17E ;     b) 38

18E ;     g) 40
20E ;     d) 44

20E .

28.	 gansazRvreT eleqtronTa ricxvi Semdeg ionebSi:

	 a) Na+;     b) Cl-;     g) Mg2+;     d) S2-;     e) F-;     v) Ca2+;     z) O2-;     T) Li+.

29.	 mocemulia atomTa eleqtronuli formulebi. SeusabameT maT atomis sim-
bolo.

	 a) 1s22s22p2;   b) 1s22s22p5;    g) 1s22s22p63s2;   

	 d) 1s22s22p63s23p3;  e) 1s22s22p63s23p63d34s2.

30.	 romel ionebs SeiZleba Seesabamebodes mocemuli eleqtronuli formulebi?

	 a) 1s2;    b) 1s22s22p6;    g) 1s22s22p63s23p6.
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2.1	           periodulobis kanoni

atomis aRnagobis Seswavlam periodulobis kanonsa da periodulobis cxrils 
axali Sinaarsi SesZina. aRmoCnda, rom elementis qimiuri Tvisebebi damokide-
bulia atomSi protonebis raodenobaze da ara atomis masaze. amitom Seicvala 
elementis ganmarteba _ qimiuri elementi ewodeba erTnairi atombirTvis muxtis 
anu erTnairi raodenobis protonebis mqone atomTa erTobliobas. Sesabamisad, 
Seicvala periodulobis kanonis formulirebac: elementebis da maTi naerTebis 
Tvisebebi periodul damokidebulebaSia atombirTvis muxtis sididesTan anu at-
omSi protonebis raodenobasTan. 

adrindel periodulobis cxrilSi elementebi atomuri masis zrdis mixed-
viT iyo dalagebuli, Tumca es principi zogierT SemTxvevaSi irRveoda. magali-
Tad, argoni, romlis atomuri masac metia kaliumis masaze (Ar(Ar)=40, Ar(K)=39), 
cxrilSi kaliumze winaa. atombirTvis Sedgenilobis Seswavlam aCvena, rom ar-
gonis birTvSi 18 protonia (Z=18), xolo kaliumis birTvSi _ 19 (Z=19), amitom 
kaliumi marTlac argonis Semdeg unda mdebareobdes. 

atomis aRnagobis Seswavlam axsna elementTa Tvisebebis perioduli cvlilebis 
mizezic:

periodebSi elementTa atomebis savalento Sreze eleqtronebis raodenobis 
perioduli cvlileba iwvevs elementTa da maT naerTTa Tvisebebis periodul cv-
lilebas.

es kanonzomiereba Semdegnairad vlindeba _ atomis gare Sreze eleqtronTa 
raodenobis zrdasTan erTad, yovel periodSi:

•	 elementTa metaluri Tvisebebi TandaTan sustdeba da arametalurSi ga-
dadis; 

•	 elementTa oqsidebSi valentoba I-dan VII-mde izrdeba;

•	 elementTa oqsidebis fuZe Tvisebebi sustdeba,  xolo mJavuri _ Zli-
erdeba; 

•	 elementTa mier warmoqmnili fuZeebis Tvisebebi sustdeba, xolo Jangbadi-
ani mJavebisa _ Zlierdeba. 

periodulobis cxrilSi erTi da imave jgufis elementebs msgavsi Tvisebebi 
aqvs, radganac maT gare savalento Sreze eleqtronebis erTnairi ricxvi aqvs. 
magaliTad, tute metalebs gare eleqtronul Sreze aqvs 1 eleqtroni, meore 
jgufis elementebs _ 2, me-13-18 jgufebis elementebs Sesabamisad 3-dan 8-mde. 
periodSi eleqtronebis ricxvis zrda ganapirobebs Tvisebebis periodul cvli-
lebas. 

magaliTisaTvis ganvixiloT me-3 periodis elementebisa da maTi naerTebis 
formebi da Tvisebebi (cxrili 2.1).
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cxrili 2.1. me-3 periodis elementebisa da maTi naerTebis (oqsidebi, Sesa-
bamisi fuZeebi da mJavebi) formebisa da Tvisebebis Sedareba.

me-3 periodis elementebi

elementi Na Mg Al Si P S Cl Ar

ele
mentis 
Tviseba

metali metali metali
metal-
oidi

aram-
etali

aram-
etali

aram-
etali

aram-
etali

umaRlesi 

oqsidi Na2O MgO Al2O3 SiO2 P2O5 SO3 Cl2O7 -

oqsidis 
buneba

fuZe 
oqsidi

fuZe 
oqsidi

amfot-
eruli 
oqsidi

mJava 
oqsidi

mJava 
oqsidi

mJava 
oqsidi

mJava 
oqsidi

-

fuZe NaOH Mg(OH)2 Al(OH)3 - - - - -

Jangbadi-
ani mJava

- - HAlO2 H2SiO3 H3PO4 H2SO4 HClO4 -

fuZe-
mJavuri 
buneba

Zlieri 
fuZe

fuZe
amfot-
eruli

susti 
mJava

sa-
Sualo 
mJava

Zlieri 
mJava

Zlieri 
mJava

-

1-li jgufis elementebi, romelTa gare eleqtronul Sreze TiTo eleqtro-
nia, Zalian aqtiuri metalebia da warmoqmnis fuZe bunebis oqsidebs, romelTa 
wyalTan urTierTqmedebisas Sesabamisi tuteebi miiReba. magaliTad:

2 2Na O H O 2NaOH+ →

me-2 jgufis elementebis, magniumisa da kalciumis qimiuri aqtiuroba nakle-
bia, vidre tute metalebisa. Sesustebulia maTi oqsidebis fuZe Tvisebebic _ 
MgO wyalTan mxolod maRal temperaturaze urTierTqmedebs da misi hidroq-
sidi uxsnadia:

t
2 2MgO H O Mg(OH)°+ →

xolo CaO wyalSi gaxsnisas mcired xsnad tutes warmoqmnis:

2 2CaO H O Ca(OH)+ →

me-3 jgufis elementebi _ alumini da galiumi amfoterul Tvisebebs avlens _ 
es metalebi, maTi oqsidebi da hidroqsidebi reaqciaSi Sedis rogorc mJavasTan, 
ise tutesTan:
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3 22Al 6HCl 2AlCl 3H+ → + 			  2 4 22Al 2NaOH 6H O 2NaAl(OH) 3H+ + → +

2 3 3 2Al O 6HCl 2AlCl 3H O+ → + 		  2 3 2 4Al O 2NaOH 3H O 2NaAl(OH)+ + →

3 3 2Al(OH) 3HCl AlCl 3H O+ → +        	 3 4Al(OH) NaOH NaAl(OH)+ →

analogiuri reaqciebi axasiaTebs galiumsa da mis naerTebs. 
me-14 jgufis elementebi _ siliciumi da germaniumi _ metaloidebia da maT 

Seesabameba oqsidebi SiO2 da GeO2. isini ukve mJava Tvisebebs avlens, rac tutes-
Tan urTierTqmedebisas marilis warmoqmnaSi gamoixateba:

2 2 3 22NaOH SiO Na SiO H O+ → +

siliciumisa da germaniumis oqsidebs Seesabameba susti mJavebi (H2SiO3 
da 

H2GeO3), romlebic wyalSi uxsnadia. 
rac Seexeba me-15 jgufis elementebs, fosfori arametalia, dariSxani ki _ 

metaloidi. isini erTnairi Sedgenilobis oqsidebs warmoqmnis _ P2O5, As2O5, rom-
lebsac msgavsi Sedgenilobis mJavebi Seesabameba: 

2 5 2 3 4P O 3H O 2H PO+ →                   2 5 2 3 4As O 3H O 2H AsO+ →

Semdegi jgufis elementi _ gogirdi arametalia, misi umaRlesi oqsidia _ SO3. 
is mJava oqsidia da misi wyalSi gaxsniT miiReba gogirdmJava:

3 2 2 4SO H O H SO+ →

analogiuria selenic, umaRlesi oqsidiT _ SeO3, romlis wyalSi gaxsniT mi-
iReba selenmJava.

me-17 jgufis elementebi, qlori da bromi, arametalebia, maTi umaRlesi oq-
sidebis formulebia Cl2O7 da Br2O7, romelTac Seesabameba mJavebi HClO4 da HBrO4.

periodSi, rigobrivi nomris zrdasTan erTad, arametaluri Tvisebebis ga-
Zliereba ganapiropebs Jangbadiani mJavebis siZlieris zrdas. es kanonzomiereba 
Cven mier ganxilul orive periodSi meordeba:

H2SiO3 < H3PO4 < H2SO4 < HClO4

H2GeO3 < H3AsO4 < H2SeO4 < HBrO4

mJavas siZliere izrdeba
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  kiTxvebi da davalebebi:

1.	 ratom aris periodulobis cxrilSi teluri iodis win, maSin rode-
sac teluris fardobiTi atomuri masa iodisaze metia? gaeciT das-
abuTebuli pasuxi. 

kidev romeli elementebis ganlagebaSia aseTive SemTxveva? 

2.	 SeadgineT kaliumis, liTiumisa da rubidiumis oqsidebis wyalTan 
urTieTqmedebis reaqciaTa tolobebi.

3.	 SeadgineT bariumisa da stronciumis oqsidebis wyalTan urTierTq-
medebis reaqciaTa tolobebi.

4.	 SeadgineT galiumis, misi oqsidisa da hidroqsidis urTierTqmedebis 
reaqciebi: 

a) natriumis tutesTan; 	
b) gogirdmJavasTan. 

5.	 SeadgineT Semdegi elementebis umaRlesi oqsidebisa da maTi Sesa-
bamisi mJavebis formulebi:

a) indiumi;    b) kala;    g) stibiumi;    d) teluri.

6.	 gadaxazeT cxrili samuSao rveulSi da SeavseT carieli ujrebi. 
cxrili 2.1-is mixedviT imsjeleT nivTierebaTa Tvisebebis cvlile-
bebis kanonzomierebaze. 

me-4 periodis elementebi

elementi K Ca Ga Ge As Se Br Kr

ele
mentis 
Tviseba

metali metali metali
meta
loidi

ara
metali

ara
metali

ara
metali

ara
metali

umaRlesi 
oqsidi

oqsidis 
buneba

fuZe

Jangbadi-
ani mJava

fuZe-
mJavuri 
buneba
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2.2	        elementTa ganawileba blokebSi

savalento eleqtronebis orbitalebze ganawilebis mixedviT elementebi iyo-
fa s-, p-, d- da f-blokis elementebad (nax. 2.1). blokis saxelwodeba im qvedonis 
saxelwodebidan gamomdinareobs, romelic bolos ivseba.

H He

Li Be B C N O F Ne

Na Mg Al Si P S Cl Ar

K Ca Sc Ti V Cr Mn Fe Co Ni Cu Zn Ga Ge As Se Br Kr

Rb Sr Y Zr Nb Mo Tc Ru Rh Pd Ag Cd In Sn Sb Te I Xe

Cs Ba Hf Ta W Re Os Ir Pt Au Hg Tl Pb Bi Po At Rn

Fr Ra Rf Db Sg Bh Hs Mt Ds Rg Cn Nh Fl Mc Lv Ts Og

pe
r

io
d

i

s-bloki d-bloki p-bloki

f-bloki

1

2

3

4

5

6

7

jgufi 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18

La Ce Pr Nd Pm Sm Eu Gd Tb Dy Ho Er Tm Yb Lu

Ac Th Pa U Np Pu Am Cm Bk Cf Es Fm Md No Lr

nax. 2.1. elementTa blokebi. 

s–bloki moicavs 1-l da me-2 jgufis elementebs. 1-li jgufis elementebs 
gare Sreze aqvs 1-eleqtroniani s orbitalebi; maTi eleqtronuli konfigura-
ciaa ns1, sadac n gviCvenebs periodis nomers. me-2 jgufis elementebis ele-
qtronuli konfiguraciaa ns2. vinaidan s orbitalebze ganlagdeba ara umetes 2 
eleqtronisa, s-bloki elementTa mxolod or jgufs moicavs. 

p–bloki warmodgenilia elementebiT me-13-dan me-18 jgufis CaTvliT. am el-
ementebisaTvis damaxasiaTebelia nawilobriv an mTlianad Sevsebuli p orbit-
alebi. p–blokis elementebi ar gvxvdeba 1-l periodSi, vinaidan pirveli en-
ergetikuli done (eleqtronuli Sre) p qvedones ar moicavs. amitom p–blokis 
elementebi me-2 periodidan iwyeba da maT Soris pirveli elementia bori. 

p orbitalze SeiZleba ganlagdes maqsimum 6 eleqtroni, Sesabamisad p–bloki 
elementTa eqvs jgufs moicavs. me-18 jgufis elementebi (keTilSobili airebi) 
p–blokis gansakuTrebuli wevrebia. maTi atomebi qimiurad Zalian stabiluria 
da isini naerTebs TiTqmis ar warmoqmnis _ dReisaTvis mxolod kriptonisa da 
qsenonis naerTebia miRebuli. heliums mxolod srulad Sevsebuli s qvedone aqvs, 
xolo danarCen keTilSobil airTa s  da p qvedoneebi srulad aris Sevsebuli, 
rac ganapirobebs am nivTierebaTa gansakuTrebul qimiur mdgradobas. 

d–bloki moicavs gardamaval metalebs da dReisaTvis yvelaze did bloks war-
moadgens. d–blokis elementTa atomebSi eleqtronebi nawilobriv an mTlianad 
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avsebs d orbitalebs. xuT d orbitalze SeiZleba ganTavsdes maqsimum 10 ele-
qtroni. Sesabamisad, d–bloki periodulobis cxrilis aT jgufs (me-3-dan me-12 
jgufis CaTvliT) moicavs.

f–bloki aseve gardamavali metalebisagan Sedgeba. am elementTa atomebSi ele-
qtronebi nawilobriv an srulad avsebs 4f da 5f qvedoneebs. f qvedoneze 7 or-
bitalia,  maTze SeiZleba ganlagdes maqsimum 14 eleqtroni, amitom am blokSi 
elementTa 14 jgufia gaerTianebuli.  periodulobis cxrilis kompaqturad 
gamosaxvisaTvis f–blokis elementebi gamotanilia cxrilis qveda nawilSi lan-
Tanoidebisa (La-Lu) da aqtinoidebis (Ac-Lr) saxiT (nax. 2.1).

rogorc nax. 2.1-dan Cans, pirvel periodSi mxolod s blokis 2 elementia, me-2 
da me-3 periodSi ki s- da p-blokis 8-8 elementi, am periodebs mcire periodebs 
uwodeben; me-4 da me-5 periodSi ganTavsebulia s-, p- da d-blokis elementebi, 
xolo me-6 da me-7 periodSi Sedis oTxive blokis elementebi, amitom me-4-me-7 
periodebs grZeli periodebi ewodeba. 

metalebis, metaloidebisa da arametalebis blokebSi ganawilebis mixedviT 
Tu vimsjelebT, davinaxavT, rom s–blokSi ori arametalia (H, He), danarCeni ki 
tute da tute miwaTa metalebia; p–bloki moicavs rogorc metalebs, aseve met-
aloidebsa da arametalebs. d–bloki da f–bloki ki metalebisagan Sedgeba. 

rogorc nax. 2.2-ze Cans, qimiur elementTa mxolod mcire nawili moicavs ar-
ametalebsa da metaloidebs, umravlesoba ki metalebs warmoadgens.

Li Be B C N O F Ne

Na Mg Al Si P S Cl Ar

K Ca Ga Ge As Se Br Kr

Rb Sr In Sn Sb Te I Xe

Cs Ba Tl Pb Bi Po At Rn

Fr Ra

metali

metaloidi

metaluri Tvisebebi mcirdeba

me
t
al

u
r
i 

T
vi

se
be

bi
 i

z
r
d
eb

a

arametali

d-blokisa da 

f-blokis 

elementebi

nax. 2.2. metalebis, metaloidebisa da arametalebis ganawileba elementTa blokebSi.
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  kiTxvebi da davalebebi:

1.	 rogor icvleba metaluri da arametaluri Tvisebebi periodebsa da 
jgufebSi? ganixileT romelime erTi jgufisa da periodis element-
ebis magaliTze.

2.	 qvemoT CamoTvlili elementebidan romeli avlens yvelaze metad 
arametalur Tvisebebs? pasuxi daasabuTeT.

	   a) B      b) Al ;     g) Ga ;     d) In .

3.	 CamoTvlilTagan romels aqvs yvelaze metad gamoxatuli metaluri 
Tvisebebi? pasuxi daasabuTeT.

		    a) Br;     b) Ge;     g) Ca;     d) Ga.

4.	 cxrilSi mocemulia informacia X, Y da Z qimiuri elementebis 
Sesaxeb:

X _ elementis rigobrivi nomeria 82

Y _ elementis eleqtronuli Sreebis aRnagobaa )2)8)6

Z _ elementis eleqtronuli formulaa [Ne]3s2

	 daadgineT romeli elementebia X, Y da Z da SeavseT cxrili:

X el-
ementis 
simbolo

X umaRlesi 
Jangbad-
naerTis 
formula

Y el-
ementis 
simbolo

Y elemen-
tis wyal-
badnaerTis 
formula

Z el-
ementis 
simbolo

Z elemen-
tis hidro-

qsidis 
formula
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2.3	        atomTa maxasiaTeblebi da maTi          

                       perioduli cvla

rogorc viciT, elementTa atomebi gansxvavdeba protonebis ricxviT, rac maT 
mravalferovan Tvisebebs ganapirobebs. kidev ra maxasiaTeblebiT SeiZleba gan-
vasxvavoT isini?

Tanamedrove SexedulebiT, atoms mkveTrad gamokveTili forma ar aqvs, ami-
tom atomuri radiusis uSualod gansazRvra SeuZlebelia, Tumca sxvadasxva 
fizikuri meTodis saSualebiT SesaZlebelia molekulaSi atomTa Soris manZilis 
dadgena. amdenad, atomur radiusad iTvleba or mezobel atombirTvs Soris manZi-
lis naxevari (nax. 2.3).

d

r = d/2

atomuri radiusi

manZili atombirTvebs 
Soris

atombirTvi

nax. 2.3. atomuri radiusis dadgena.

periodSi rigobrivi nomris zrdasTan erTad birTvis muxti izrdeba, xolo 
eleqtronuli Sreebis raodenoba ucvleli rCeba. amis gamo izrdeba miziduloba 
savalento eleqtronebsa da atombirTvs Soris. Sesabamisad, periodSi marcxni-
dan marjvniv atomuri radiusi mcirdeba.

jgufebSi zevidan qveviT eleqtronuli Sreebis raodenoba izrdeba. bunebriv-
ia, am mimarTulebiT izrdeba atomuri radiusic (nax. 2.4).

atomuri radiusi mcirdeba

at
o
mu

r
i 

r
ad

iu
si

 i
z
r
d
eb

a

nax. 2.4. atomuri radiusis cvlileba periodulobis cxrilSi.



40

Tavi 2. elementTa periodulobis cxrili

D
on

’t 
C

op
y

2.3.1. ionuri radiusi

ionuri radiusi yovelTvis gansxvavdeba Sesabamisi atomis radiusisagan. ka-
tionis (dadebiTi ionis) radiusi mcirea Sesabamisi atomis radiusTan SedarebiT 
(nax. 2.5). 

300

250

200

150

100

50

0

Li

Li+

Na

Na+

K

K+

Rb

Rb+

Cs

Cs+

1-li jgufis elementebi 

r
ad

iu
si

 /
 p

m

nax. 2.5. tute metalTa atomuri da ionuri radiusebi.

rogorc viciT, atomSi eleqtronebisa da protonebis ricxvi erTmaneTis to-
lia, xolo eleqtronebis dakargvis SemTxvevaSi protonTa ricxvi aWarbebs ele-
qtronTa ricxvs, amitom eleqtronebi ufro Zlier miizideba atombirTvis mier, 
ris gamoc atomis radiusi Sesabamisi kationis radiuss aRemateba (nax. 2.6).

Li+Li Na+Na K+K

nax. 2.6. atomebisa da kationebis radiusTa Sedareba.

rac metia muxtis mniSvneloba, miT ufro mcirea radiusi. cxrilSi 2.2 moce-
mulia me-3 periodis elementebi, maTi ionuri radiusi muxtis zrdasTan erTad 
mcirdeba, vinaidan periodSi marcxnidan marjvniv protonTa ricxvi izrdeba, 
xolo eleqtronebis raodenoba ucvleli rCeba, Sesabamisad, izrdeba mizidu-
lobis Zala atombirTvsa da gare Sris eleqtronebs Soris. amitom, rac metia 
muxtis mniSvneloba, ufro mcirea radiusi. cxrilSi 2.2 mocemul samive ions 
eleqtronebis erTi da igive raodenoba aqvs, isini eleqtronuli konfiguraciiT 
emsgavseba wina periodis bolos moTavsebul keTilSobil airs _ neons. atomebs 
an ionebs, romelTac eleqtronebis erTnairi, xolo protonebis gansxvavebuli 
ricxvi aqvs, izoeleqtronuli nawilakebi ewodeba. 
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cxrili 2.2. natriumis, magniumisa da aluminis atomTa da kationTa radi-
usebis Sedareba.

Na+Na Mg2+Mg Al3+Al

+11

Na+

+12

Mg2+

+13

Al3+

11p
10e-

12p
10e-

13p
10e-

ionuri radiusi mcirdeba

anionis radiusi yovelTvis metia Sesabamisi atomis radiusze  (nax. 2.7). amis 
mizezia gare Sreze arsebuli da mierTebuli eleqtronebis urTierTganzidva, 
rac zrdis radiuss. 

250

200

150

100

50

0

F

F
_

Cl

Cl
_

Br

Br
_

I

I
_

me-17 jgufis elementebi 

r
ad

iu
si

 /
 p

m

nax. 2.7. halogenebis atomuri da ionuri radiusebis Sedareba.
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anionebis SemTxvevaSic periodSi atombirTvis muxtis mniSvnelobis zrdasTan 
erTad ionuri radiusi mcirdeba (cxrili 2.3).

cxrili 2.3. fosforis, gogirdisa da qloris atomTa da anionTa radiusebis 
Sedareba.

P_P S2_S Cl_Cl

+15

P_

+16

S2_

+17

Cl_

15p
18e-

16p
18e-

17p
18e-

ionuri radiusi mcirdeba

amrigad, periodSi marcxnidan marjvniv ionuri radiusis cvlileba SeiZleba 
Semdegnairad gamoisaxos (nax. 2.8):

Na+

K+

Rb+
In3+ Sn4+ Sb5+

Li+ Be2+

Mg2+

Ca2+

Sr2+

Ga3+

Al3+

N3_ O2_

S2_

Se2_

Te2_

F_

Cl_

Br_

I_

78

98

133

148 127 92
211

198

184

140171

74
220

195

181

133

62

106 62

5778

34

nax. 2.8. ionuri radiusis cvlileba periodulobis cxrilSi. 
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qimiuri bmis warmoqmnisa da misi bunebis ukeT gaazrebisTvis mniSvnelovania 
vicodeT atomTa mier eleqtronis gacemisa da mierTebis unaris maxasiaTeblebi 
_ ionizacia da eleqtronisadmi swrafva. ganvixiloT TiToeuli maTgani.

2.3.2. ionizaciis energia

ionizaciis energia ewodeba im minimaluri raodenobis energias, romelic 
saWiroa airad mdgomareobaSi atomidan eleqtronis mosacileblad. ionizaciis 
toloba SeiZleba Semdegnairad gamovsaxoT:

( ) ( )X X e+ -→ +
a a

sadac atomi airad mdgomareobaSia. ionizaciis energiis erTeulad jouls 
(j) an eleqtronvolts (ev) iyeneben. erTi eleqtronis mosacileblad daxarjul 
energias ionizaciis pirveli potenciali (energia)  ewodeba. ionizaciis Semd-
gom (meore, mesame da a. S.) potencialebs ufro maRali mniSvneloba aqvs, vidre 
pirvel potencials, radganac eleqtronebis mocilebisas atombirTvis muxtsa 
da eleqtronebs Soris miziduloba imatebs. magaliTad, kaliums aqvs 19 ele-
qtroni, Sesabamisad, eqneba ionizaciis 19 energia, yoveli momdevno ionizaciis 
energia metia wina ionizaciis energiaze (nax. 2.9). 
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nax. 2.9. kaliumis ionizaciis energiebi.

periodebSi marcxnidan marjvniv ionizaciis energia imatebs atombirTvis mux-
tis zrdis gamo. yvelaze dabali ionizaciis energia aqvs tute metalebs, yvelaze 
maRali – keTilSobil airebs.

jgufebSi ki ionizaciis energia zevidan qveviT mcirdeba atomis radiusis 
zrdis gamo. 
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2.3.3. eleqtronisadmi swrafva 

eleqtronisadmi swrafva aris is energia, romelic gamoiyofa airad mdgo-
mareobaSi atomis mier eleqtronis mierTebis dros. eleqtronisadmi swrafva at-
omis mier eleqtronis mierTebis unaris sazomia. eleqtronis mierTebis toloba 
SeiZleba Semdegnairad gamovsaxoT:

( ) ( )X e X- -+ →
a a

eleqtronisadmi swrafvis erTeuli, iseve rogorc ionizaciis energiisa, aris 
jouli an eleqtronvolti. periodebSi eleqtronisadmi swrafva marcxnidan 
marjvniv izrdeba da maqsimalur mniSvnelobas halogenebSi aRwevs. keTilSobil 
airebs eleqtronisadmi swrafva ar axasiaTebs, radgan maTi eleqtronuli kon-
figuracia dasrulebulia.

jgufebSi eleqtronisadmi swrafva mcirdeba zevidan qveviT atomis radiusis 
zrdasTan erTad.

2.3.4. eleqtrouaryofiToba

eleqtrouaryofiToba aris elementis unari – miizidos qimiuri bmis warmomqm-
neli saziaro eleqtronuli wyvili. binarul kovalentur naerTSi saziaro ele-
qtronuli wyvilis miziduloba TiToeuli atomis mier gansxvavebulia. mizid-
ulobis siZliere ki damokidebulia atomis zomasa da atombirTvis muxtze. 
magaliTad, fTorwyalbadis molekulaSi saziaro eleqtronuli wyvili ufro 
metad miizideba fToris atomis mier, maSin roca fToris molekulaSi qimiur 
bmaSi monawile eleqtronuli wyvili atomebs Soris Tanabradaa ganawilebuli 
(nax. 2.10).

Fd-d+HFH
eleqtronebi gadaweu-
lia fToris mxares.

H F

FF
eleqtronebi simetriuladaa gadan-

awilebuli kovalentur bmaSi.

FF

nax. 2.10. saziaro eleqtronuli wyvilis gadanawileba fTorwyalbadisa da fToris 
molekulebSi.

eleqtrouaryofiToba ar aris fizikuri sidide, amdenad, mas erTeuli ar aqvs. 
eleqtrouaryofiTobis cneba pirvelad 1932 wels Semoitana l. polingma (nax. 
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2.12). man Seadgina elementTa eleqtrouaryofiTobis fardobiTi mniSvnelobebis 
cxrili (nax. 2.11).

1
H

2.2

3
Li
1.0

4
Be
1.6

5
B

2.0

6
C

2.6

7
N

3.0

8
O

3.4

9
F

4.0

11
Na
0.9

12
Mg
1.3

13
Al
1.6

14
Si
1.9

15
P

2.2

16
S

2.6

17
Cl
3.2

19
K

0.8

20
Ca
1.0

21
Sc
1.4

22
Ti
1.5

23
V

1.6

24
Cr
1.7

25
Mn
1.6

26
Fe
1.8

27
Co
1.9

28
Ni
1.9

29
Cu
1.9

30
Zn
1.7

31
Ga
1.8

32
Ge
2.0

33
As
2.2

34
Se
2.6

35
Br
3.0

37
Rb
0.8

38
Sr
1.0

39
Y

1.2

40
Zr
1.3

41
Nb
1.6

42
Mo
2.2

43
Tc
2.1

44
Ru
2.2

45
Rh
2.3

46
Pd
2.2

47
Ag
1.9

48
Cd
1.7

49
In
1.8

50
Sn
2.0

51
Sb
2.1

52
Te
2.1

53
I

2.7

55
Cs
0.8

56
Ba
0.9

57
La*
1.1

72
Hf
1.3

73
Ta
1.5

74
W
1.7

75
Re
1.9

76
Os
2.2

77
Ir

2.2

78
Pt
2.2

79
Au
2.4

80
Hg
1.9

81
Tl
1.8

82
Pb
1.8

83
Bi
1.9

84
Po
2.0

85
At
2.2

87
Fr
0.7

88
Ra
0.9

89
Ac**
1.1

 < 1.0

 1.0-1.4

 1.5-1.9

 < 1.0

 1.0-1.4

 1.5-1.9

nax. 2.11. elementTa eleqtrouaryofiTobis mniSvnelobebi.

rogorc cxrilidan Cans, periodebSi marcxnidan 
marjvniv eleqtrouaryofiToba izrdeba, vinaidan iz-
rdeba atombirTvis muxti da is ufro  metad izidavs 
saziaro eleqtronul wyvils (ix. nax. 2.10).

jgufebSi eleqtrouaryofiToba zevidan qveviT 
mcirdeba, radganac izrdeba eleqtronuli Sreebis 
ricxvi da saziaro eleqtronuli wyvilis mizidvis 
unari iklebs. amdenad,  yvelaze eleqtrouaryofi-
Ti elementia fTori, xolo yvelaze naklebad eleq-
trouaryofiTi _ franciumi. eleqtroauaryofiToba 
araa damaxasiaTebeli keTilSobili airebisTvis, vi-
naidan isini naerTebs ar warmoqmnis. 

qimiur elementTa Tvisebebis cvlileba periodulobis cxrilSi gaerTianebu-
lad SeiZleba ase warmovadginoT (nax. 2.13):

nax. 2.12. lainus polingi 
(Linus Pauling, 1901-1994)
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nax. 2.13. elementTa maxasiaTeblebis cvlileba periodulobis cxrilSi. isris mimar-
Tuleba gviCvenebs Tvisebebis gaZlierebas.

amrigad, SeiZleba davaskvnaT, rom elementis rigobrivi nomris zrdasTan er-
Tad, periodebSi: 
•	 metaluri Tvisebebi sustdeba, xolo arametaluri _ Zlierdeba; 
•	 atomis radiusi mcirdeba; 
•	 ionizaciis energia, eleqtronisadmi swrafva da eleqtrouaryofiToba _ iz-

rdeba; 
xolo jgufebSi, zevidan qveviT: 
•	 metaluri Tvisebebi Zlierdeba, xolo arametaluri _ sustdeba; 
•	 atomis radiusi izrdeba; 
•	 ionizaciis energia, eleqtronisadmi swrafva da eleqtrouaryofiToba mcir

deba. 

  kiTxvebi da davalebebi:

upasuxeT qvemoT CamoTvlil kiTxvebs da daasabuTeT Tqveni mosazreba:

1.	 daalageT mocemuli nawilakebi radiusis zrdis mixedviT:
    a) Sr,  Be,  Ca,  Ba ;    b) 3 2C ,l P S, - - - ;    g) P,  Si,  Na,  Cl ;    d) 2 3O , F N, - - - .
2.	 daalageT mocemuli elementebi eleqtrouaryofiTobis klebis mixedviT:

a) F, B, Li, C, O;			   b) P, N, Bi, As, Sb.	

3.	 daalageT mocemuli elementebi eleqtronisadmi swrafvis klebis mixedviT:
a) Na, S, Al, Cl, Si; 		  b) Br, F, Cl, At, I.

4.	 daalageT mocemuli elementebi ionizaciis energiis zrdis mixedviT:
a) K,  Li,  Na,  Rb ;  		  b) S,  Si,  Cl,  Mg.

5.	 franciumi radioaqtiuri elementia, romlis naxevrad daSlis periodi  
22 wT-ia. amis gamo, misi Tvisebebis Seswavla rTulia. nax. 2.5-is mixedviT, 
ivaraudeT misi atomuri da ionuri radiusebis SesaZlo mniSvnelobebi.



47

Tavi 2. elementTa periodulobis cxrili

D
on

’t 
C

op
y

  eqsperimenti

periodulobis cxrilSi qimiuri elementebi ganlagebulia garkveuli kanon-
zomierebiT, kerZod, periodebsa da jgufebSi periodulad icvleba elementTa 
rogorc fizikuri, aseve qimiuri Tvisebebi. CaatareT eqsperimenti da Sedegebis 
analizis safuZvelze upasuxeT kiTxvas: rogor icvleba metalTa fizikuri da 
qimiuri Tvisebebi periodsa da jgufebSi?

eqsperimentisTvis dagWirdebaT:
reaqtivebi:

•	 tute metalebi (liTiumi, natriumi)
•	 tutemiwa metalebi (magniumi, kalciumi)
•	 fenolfTaleini (1%-iani xsnaris saxiT)

qimiuri WurWeli da xelsawyoebi:

•	 petris jami
•	 filtris qaRaldi
•	 sakristalizacio jami
•	 sakancelario dana
•	 pinceti

usafrTxoeba:
tute metalebis wyalTan urTierTqmedebisas gamoiyofa wyalbadi - advilad 

aalebadi airi, amitom saSiSia cdebSi metalTa didi zomis naWrebis gamoyeneba. 
eqsperimentis Catarebisas CaicviT xelTaTmanebi da gaikeTeT saTvale. gaiTval-
iswineT, rom aucilebelia eqsperimentis narCenebis utilizacia saTanado we-
sebis dacviT. 

eqsperimentis msvleloba:
1.	 sakristalizacio jamSi CaasxiT daaxloebiT 400-500 ml wyali da daamateT 

ramdenime wveTi fenolfTaleinis xsnari. 
2.	 rogorc iciT, tute metalebi inaxeba navTSi, amitom frTxilad moxse-

niT Tavsaxuri WurWels, romelSic moTavsebulia liTiumi; amoiReT pincetis 
saSulebiT mcire zomis naWeri, moaTavseT filtris qaRaldze da SeamSraleT.

3.	 daakvirdiT zedapiris Seferilobas.  
4.	 sakancelario danis saSualebiT CamoWeriT daaxloebiT xorblis marcv-

lis  zomis naWeri. daakvirdiT CamoWrili metalis zedapirs.
5.	 pincetis saSualebiT CaagdeT wyalSi liTiumis naWeri da daakvirdiT reaq-

ciis mimdinareobas, airis gamoyofis intensivobas da xsnaris feris cvlilebas.  
6.	 CainiSneT dakvirvebis Sedegebi.
7.	 gaimeoreT safexurebi 1-6 natriumis, magniumis da kalciumis gamoyenebiT. 
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eqsperimentis analizi:
1.	 SeadareT erTmaneTs liTiumisa da natriumis aqtiuroba.
2.	 SeadareT erTmaneTs magniumisa da kalciumis aqtiuroba.
3.	 SeadareT erTmaneTs natriumisa da magniumis aqtiuroba.
4.	 romeli metali (liTiumi, natriumi, kalciumi Tu magniumi) iWreba daniT 

ufro advilad? yvelaze rbili metali SeafaseT 1-iT, yvelaze magari ki - 4-iT.
5.	 romeli tipis reaqcias miekuTvneba metalebis wyalTan urTierTqmedeba? 

SeadgineT Sesabamis reaqciaTa tolobebi.
6.	 ra daskvnas gamoitanT metalTa reaqciisunarianobaze maTi wyalTan urT-

ierTqmedebis mixedviT? SeadgineT Sesabamis reaqciaTa tolobebi. 

cxrili gadaxazeT samuSao rveulSi da Catarebuli eqsperimentis safuZvelze 
SeavseT carieli ujrebi:

feri sirbile reaqciisunarianoba wyalTan reaqciis toloba

liTiumi

natriumi

magniumi

kalciumi

gaaanalizeT Catarebuli eqsperimentis Sedegebi da ivaraudeT, rogori qimi-
uri aqtiuroba eqneba:

•	 kaliums, liTiumisa da natriumis Tvisebebis gaTvaliswinebiT?

•	 bariums, magniumisa da kalciumis Tvisebebis gaTvaliswinebiT?

•	 alumins, natriumisa da magniumis Tisebebis gaTvaliswinebiT?

daasabuTeT Tqveni mosazrebebi.
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 Semajamebeli savarjiSoebi

1.	 elementTa romeli mwkrivia dalagebuli atomTa ionizaciis energiis zrdis 
mixedviT? pasuxi daasabuTeT.

	 a) F, Cl, Br;     b) Na, Cl, Al;     g) Na, K, Cs;     d) As, Se, Br.

2.	 elementTa romeli mwkrivia dalagebuli atomuri radiusis Semcirebis 
mixedviT? pasuxi daasabuTeT.

	 a) Al, Si, Mg;     b) Cl, I, Br;     g) Sr, Sb, I;     d) P, Si, Na.

3.	 arametaluri Tvisebebi periodulobis cxrilSi Zlierdeba:

	 a) periodSi marcxnidan marjvniv da jgufSi qvevidan zeviT;
	 b) periodSi marjvnidan marcxvniv da jgufSi qvevidan zeviT;
	 g) periodSi marcxnidan marjvniv da jgufSi zevidan qveviT;
	 d) periodSi marjvnidan marcxniv da jgufSi zevidan qveviT.

4.	 metaluri Tvisebebi periodulobis cxrilSi:

a) sustdeba periodSi marcxnidan marjvniv da Zlierdeba jgufSi zevidan 
qveviT;

b) Zlierdeba periodSi marcxnidan marjvniv da sustdeba jgufSi zevidan 
qveviT;

g) sustdeba periodSi marjvnidan marcxniv da Zlierdeba jgufSi qvevidan 
zeviT;

d) Zlierdeba periodSi marjvnidan marcxniv da sustdeba jgufSi qvevidan 
zeviT.

5.	 mocemulia periodulobis cxrilis fragmenti:

WWW.CHEMISTRY.GE
WWW.CHEMCLUB.EDU.GE

საქართველოს პროფესიონალ
ქიმიკოსთა ასოციაცია

WWW.CHEMCLUB.EDU.GE

A
P Georgia
C

	 mocemulTagan romeli elemetis eleqtrouaryofiTobaa yvelaze meti?
	 a) azoti;     b) Jangbadi;     g) fosfori;     d) gogirdi.

6.	 mocemulia periodulobis cxrilis fragmenti:

WWW.CHEMISTRY.GE
WWW.CHEMCLUB.EDU.GE

საქართველოს პროფესიონალ
ქიმიკოსთა ასოციაცია

WWW.CHEMCLUB.EDU.GE

A
P Georgia
C
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	 mocemulTagan romeli elementis eleqtrouaryofiTobaa yvelaze naklebi?

	 a) naxSirbadi;     b) azoti;     g) siliciumi;     d) fosfori.

7.	 dawereT im elementis simbolo, romelic:

	 a) mdebareobs meore periodsa da me-14 jgufSi;

	 b) mdebareobs mesame periodsa da me-15 jgufSi;

	 g) pirvel periodSia da keTilSobil airs warmoadgens;

	 d) mesame periodSi mdebare tute metalia;

	 e) rigiT mecametea;

	 v) mexuTe periodSi mdebare halogenia.

8.	 mocemul wyvilebSi SearCieT ufro didi atomuri radiusis mqone elementi.

	 a) Na Tu Cl;     b) Na Tu Rb;     g) Na Tu Mg;     d) Rb Tu I.

	 TiToeul SemTxvevaSi daasabuTeT Tqveni pasuxi.

9.	 wyvilebSi SearCieT elementi, romlis atoms ionizaciis ufro didi ener-
gia aqvs:

	 a) Br  Tu I;     b) Mg Tu  Sr;     g) Si Tu  P;     d) I Tu  Xe.

	 TiToeul SemTxvevaSi daasabuTeT Tqveni pasuxi.

10.	 SeadareT erTmaneTs ori elementi: natriumi da siliciumi. romel maTgans 
aqvs ufro didi radiusi?  metad gamoxatuli metaluri Tvisebebi?

11.	 SeadareT erTmaneTs ori elementi: stronciumi da stibiumi. romel maT-
gans aqvs ufro didi radiusi?  metad gamoxatuli metaluri Tvisebebi?

12.	 CamoTvlili elementebis _ Na, Mg, Si, S, Cl da Ar  _ Sesaxeb upasuxeT kiTx-
vebs:             

	 a) romel maTgans aqvs udidesi atomuri radiusi?
	 b) romelia maT Soris halogeni?
	 g) romel maTgans aqvs eleqtronebis ganawileba energetikul Sreebze:
         2, 8, 4?
	 d) romel maTgans aqvs ionizaciis udidesi energia?
	 e) romeli maTgania me-16 jgufis elementi?
	 v) romelia maT Soris yvelaze Zlieri metali?
	 z) romel maTgans aqvs ori savalento eleqtroni?

13.	 mocemulia elementTa  atomebis eleqtronuli konfiguraciebi: 

	 I. 1s22s22p63s2      II. 1s22s22p63s1      III.  1s22s22p6   

	 IV. 1s22s22p4       V. 1s22s22p3         VI. 1s22s22p1

	 upasuxeT kiTxvebs:

	 a) romeli maTgani warmoqmnis uaryofiT ions?

	 b) romeli maTganis ionizaciis energiaa yvelaze dabali?
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	 g) romels aqvs yvelaze Zlierad gamoxatuli metaluri Tvisebebi?

	 d) romels aqvs yvelaze meti gauwyvilebeli eleqtroni?

	 e) romeli elementi SeuerTdeba Jangbads 1:1 raodenobrivi TanafardobiT?

	 v) ivaraudeT II da V elementTa atomebiT warmoqmnili naerTis formula.

	 z) ivaraudeT I da V elementTa atomebiT warmoqmnili naerTis formula.

	 T) daalageT es elementebi ionizaciis energiis zrdis mixedviT.

14.	 cxrilSi mocemulia nawilakebSi protonebis, neitronebisa da eleqtronebis 
raodenoba:

elementi protoni neitroni eleqtroni

A 27 30 25

B 17 18 18

C 35 44 35

D 20 20 20

E 35 46 36

	 daadgineT:
	 a) TiToeuli nawilakis simbolo da eleqtronuli formula.
	 b) romeli maTgania atomi?
	 g) romeli maTgania kationi da romeli anioni?
	 d) mocemlis elementebidan, romelTa Soris damyardeba ionuri bma?
	 e) romeli elementis/elementebis Sesabamisi martivi nivTiereba iqneba gam-

tari?

15.	 mocemuli mtkicebulebebidan romelia marTebuli? pasuxi daasabuTeT.

	 a) germaniumis atomuri radiusi naklebia siliciumisaze, magram siliciu-
mis ionizaciis energia metia.

	 b) selens aqvs meti ionizaciis energia da eleqtrouaryofiToba, vidre 
gogirds.

	 g) stibiumis ionizaciis energia da eleqtrouaryofiToba ufro metia, vi-
dre kalisa.

	 d) Cl-  ionis radiusi metia qloris atomur radiusze. 

	 e)  Se2- ionis radiusi naklebia selenis atomur radiusze.

16.	 X elementis ionizaciis energiaa 736 kj/moli, Y elementisa _ 1000 kj/moli.   
aRniSneT, romeli maTgani ufro metad avlens metalur Tvisebebs? 

17.	 X elementis atomuri radiusia 0.136 nm, Y elementisa _ 0.104 nm.  aRniS-
neT, romeli maTgani ufro metad avlens metalur Tvisebebs? 

18.	 X elementis eleqtrouaryofiTobaa 1.3, Y elementisa _ 2.6.  aRniSneT, 
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romeli maTgani ufro metad avlens metalur Tvisebebs?

19.	 cxrilSi mocemulia zogierTi atomisa da ionis radiusebi: 

elementi atomuri radiusi (pm) ionuri radiusi  (pm)

Na 186 98

Al 143 45

Cl 99 181

K 231 133

	 gaaanalizeT monacemebi da upasuxeT kiTxvebs:

	 a) ratomaa aluminis atomuri radiusi ufro naklebi, vidre kaliumisa?
	 b) ratom aris aluminis ionuri radiusi ufro mcire, vidre misive atomisa; 

xolo qloris ionuri radiusi meti, vidre qloris atomisa?
	 g) ratomaa kaliumis ionuri radiusi ufro naklebi, vidre qlorisa?
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_ azoti, Jangbadi da wyalbadi oratomiani molekulebia, xolo keTilSobili 
airebi erTatomiania. ra aris amis mizezi?  

elementTa umetesoba, garda keTilSobili airebisa, bunebaSi naerTebis saxiT 
gvxvdeba. keTilSobili airebis qimiuri stabiluroba ki ganpirobebulia maTi 
eleqtronuli konfiguraciiT _ gare Sreze 8 savalento eleqtronis arsebobiT 
(garda heliumisa, romelsac gare Sreze 2 eleqtroni aqvs). 8-eleqtronian gare 
Sres dasrulebuli Sre ewodeba.

atomis gare Sris konfiguraciis gamosaxvisaTvis iyeneben luisis eleqtronul 
formulebs, sadac savalento eleqtronebi gamosaxulia wertilebis saSualebiT 
(nax. 3.1).

nax. 3.1. pirveli oci elementis luisis eleqtronuli formula.

atomis gare Sreze eleqtronebis raodenoba Tu maqsimalurze naklebia, aseT 
Sres dausrulebeli Sre ewodeba. yoveli atomi, romelsac dausrulebeli gare 
Sre aqvs, miiswrafis gare Sris dasrulebis _ mdgradi eleqtronuli, 8-eleqtro-
niani Sris warmoqmnisaken (garda wyalbadatomisa, romelic cdilobs 2-eleqtro-
niani Sre warmoqmnas). dasrulebul, 8-eleqtronian Sres oqteti ewodeba. gare 
Sres, romelzec savalento eleqtronebia moTavsebuli, savalento Sre ewodeba.

gare Sris dasrulebis ori principuli gza arsebobs: 

1) gare Sris eleqtronebis gadatana erTi elementis atomidan meoreze; 

2) saziaro eleqtronuli wyvilebis warmoqmna or atoms Soris. 

pirveli gza ganapirobebs ionuri bmis damyarebas, meore ki _ kovalenturis. 

3.1	              qimiuri bmis tipebi
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3.2	                  ionuri bma

ionuri bma warmoiqmneba urTierTsawinaaRmdego muxtis mqone ionebs Soris ele-
qtrostatikuri mizidulobis Zalebis meSveobiT.

ionuri bma myardeba ZiriTadad metalisa da arametalis atomebs Soris. meta-
lis atomebi gadascems gare Sris eleqtronebs arametalis atomebs, ris Sede-
gadac metalis atoms rCeba mis win mdebare keTilSobili airis mdgradi ele-
qtronuli oqteti, xolo arametalis atomi iZens momdevno keTilSobili airis 
mdgrad eleqtronul oqtets.

magaliTisaTvis, ganvixiloT magniumis oqsidis warmoqmna. magniumi aris meta-
li, romelsac gare Sreze ori „zedmeti“ eleqtroni aqvs da imisaTvis, rom das-
rulebuli Sre hqondes, gascems am or eleqtrons da warmoqmnis kations muxtiT 
+2:

Mg → Mg2+ + 2e_

am dros magniumi iRebs iseTsave eleqtronul konfiguracias, rogoric aqvs 
periodulobis cxrilSi mis win mdgom keTilSobil airs _ neons (nax. 3.2):

2+

-2e
Mg Mg

1s22s22p63s2 → 1s22s22p6

nax. 3.2. magniumis ionis warmoqmnis sqema. 

Jangbads gare Sreze aqvs eqvsi eleqtroni, stabiluri eleqtronuli Sris mis-
aRebad Jangbadi iZens or eleqtrons da miiReba Jangbadis anioni muxtiT -2: 

 O + 2e_ → O2_

am dros Jangbadi iRebs iseTsave eleqtronul konfiguracias, rogorc aqvs 
periodulobis cxrilSi mis Semdgom mdgom keTilSobil airs _ neons (nax. 3.3):

2-

+2e
O O

1s22s22p4  → 1s22s22p6

nax. 3.3. Jangabadis ionis warmoqmnis sqema. 

rogorc vxedavT, magniumis ions, Jangbadis ionsa da neonis atoms erTnairi 
eleqtronuli konfiguracia aqvs anu isini izoleqtronuli nawilakebia. 

sxvadasxva niSniT damuxtuli ionebi erTmaneTs eleqtrostatikuri mizidu-
lobis ZalebiT izidavs da ionur naerTs warmoqmnis. Cven mier ganxilul SemTx-
vevaSi aseTi naerTia magniumis oqsidi _ MgO (nax. 3.4). 



56

Tavi 3. qimiuri bma

D
on

’t 
C

op
y2+ 2-
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Mg O

Mg O

nax. 3.4. magniumis oqsidis warmoqmnis sqema. 

ionuri naerTis warmoqmnis dros eleqtronebi gadadis erTi elementis atomi-
dan meoreze, ris Sedegadac warmoiqmneba dadebiTi da uaryofiTi ionebi, Sesa-
bamisad, gacemuli eleqtronebis saerTo raodenoba mierTebuli eleqtronebis 
saerTo raodenobis toli unda iyos. 

magaliTisaTvis ganvixiloT kalciumis fToridis warmoqmna. am dros kalciu-
mis mier gacemul or eleqtrons miierTebs fToris ori atomi. kalciumi mde-
bareobs me-2 jgufSi, gare Sreze aqvs ori eleqtroni. Sris dasrulebisaTvis is 
2 eleqtrons gascems da, Sesabamisad, +2 muxtis mqone ions warmoqmnis. fTori 
mdebareobs me-17 jgufSi, gare Sreze aqvs 7 eleqtroni da Sris dasasruleblad 
erT eleqtrons ierTebs. amrigad, kalciumis fToridis warmoqmnisas kalciu-
mis erTi atomis mier mier gacemul or eleqtrons fToris ori atomi ierTebs  
(nax. 3.5). 

- -

2+

F F

Ca

nax. 3.5. kalciumis fToridis warmoqmnis sqema. 
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gare Sris Sevsebis wesi, ZiriTadad, samarTliania periodulobis cxrilis 
pirveli 20 elementisTvis da gansxvavebulia gardamavali metalebisTvis, radgan 
maT SeuZlia erTze meti ionis warmoqmna. es ganpirobebulia imiT, rom es met-
alebi eleqtronebs gascems ara mxolod gare (s da p), aramed gares wina (d) qve-
donidan. magaliTad, Fe2+ ionis warmoqmnisas rkinis atomi gare Sridan, 4s orbit-
alidan, gascems 2 eleqtrons. Fe3+-is SemTxvevaSi atomi gascems 2 eleqtrons 4s 
orbitalidan, mesames ki _ 3d orbitalidan: 

Fe – 1s22s22p63s23p64s23d6   

 Fe3+ – 1s22s22p63s23p63d5

Fe2+ – 1s22s22p63s23p63d6
-2e

-3e

  kiTxvebi da davalebebi:

1.	 nax. 3.4 da 3.5 msgavsad warmoadgineT Semdegi naerTebis warmoqmnis 
sqemebi:

    a) Na2S       b) Li2O       g) Al2O3       d) Mg3N2

2.	 rogor icvleba eleqtronuli konfiguracia Semdegi gardaqmnebis 
mimdinareobisas? 

    a) Na → Na+            b) Br → Br-             g) P5+→ P
      d) Al → Al3+             e) Zn2+→ Zn 	      v) N3-→ N

3.	 ramdeni eleqtronis mierTeba an gacema sWirdeba mocemul elementTa 
atomebs, rom uaxloesi keTilSobili airis msgavsi eleqtronuli kon-
figuracia miiRos? 

	 a)  Li;       b)  Ca;       g) Cs;      d) Ba;    e) Al.

	 v) Cl;       z) Se;        T) N;       i) I;       k) S.
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3.3	          ionur naerTTa Tvisebebi

sufris marili (NaCl) Cveni yoveldRiuri racionis ganuyofeli nawilia. myar 
natriumis qlorids lRobis maRali temperatura aqvs, rac dakavSirebulia masSi 
ionuri bmis arsebobasTan.

ionis eleqtrostatikuri veli sivrceSi yvela mimarTulebiT Tanabrad vr-
celdeba, amitom erTi ioni yvela mis garSemo ganlagebul sapirispiro muxtis 
mqone ionebs izidavs. magaliTad, NaCl-is kristalur meserSi natriumis kationis 
(Na+) garSemo qloris eqvsi anionia (Cl-) da piriqiT. 

kristalur meserSi erTi ionis garSemo ganlagebuli sapirispiro ionebis 
ricxvs koordinaciuli ricxvi (kr) ewodeba. koordinaciuli ricxvi damokide-
bulia ionebis zomebze da igi meryeobs 2-dan 12-mde. NaCl-is kristalur meserSi 
natriumisa da qloris ionebis koordinaciuli ricxvia 6 (nax. 3.6). 

  kationi Na+                  anioni Cl-

nax. 3.6. natriumis qloridis kristaluri meseri.

ionuri naerTebis (fuZe oqsidebis, hidroqsidebisa da marilebis) kristalSi 
yvela kationi da anioni erTmaneTTanaa dakavSirebuli, xolo calkeul wyvi-
lebs Soris uSualo, gancalkevebuli qimiuri bma ar arsebobs. amis gamo, ionur 
kristalSi calkeuli molekulebi ar gvxvdeba. NaCl-is mTeli kristali gigantur 
molekulas warmoadgens, romlis Sedgenilobaa NanCln. ionuri naerTis umartives 
formulas adgenen kationebsa da anionebs Soris TanafardobiT. magaliTad, na-
triumis qloridis pirobiT molekulas Caweren ase: NaCl, rac naerTis umartives 
Sedgenilobas gamosaxavs. 

damuxtul nawilakebs Soris miziduloba maT Soris manZilsa da muxtis sidi-
dezea damokidebuli. mizidulobis Zala ganisazRvreba kulonis kanoniT, romlis 
mixedviTac Zala pirdapirproporciulia muxtebis (q) namravlisa da ukupropor-
ciulia maT Soris manZilis (r) kvadratisa: 

1 2
2

F K
q q

r
=

⋅

ionuri naerTebi, Cveulebriv, lRobisa da duRilis maRali temperaturebiT 
gamoirCeva. isini oTaxis temperaturaze myari nivTierebebia. magaliTad, natri-
umis qloridis lRobisa da duRilis temperaturebia, Sesabamisad, 801 °C da 
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1465 °C, xolo magniumis oqsidisa _ 2852 °C da 3600 °C. aseTi maRali lRobisa 
da duRilis temperaturebi ganpirobebulia sxvadasxva niSniT damuxtul ionebs 
Soris Zlieri eleqtrostatikuri mizidulobis ZalebiT. Sesabamisad, am Zalebis 
daZlevasa da mTeli kristaluri mesris daSlas didi energia esaWiroeba. 

magniumis oqsids aqvs bevrad maRali lRobis temperatura, vidre natriumis 
qlorids, radgan eleqtrostatikuri miziduloba magniumis oqsidSi arsebuli 
+2 da -2 niSniT damuxtul ionebs Soris bevrad metia, vidre natriumis qloridSi 
arsebul +1 da -1 ionebs Soris. garda amisa, Mg2+ da O2- ionTa zomebi naklebia 
Na+ da Cl- ionTa zomebze, amitom magniumsa da Jangbads Soris bma ufro mtkicea, 
vidre natriumsa da qlors Soris. Sesabamisad, magniumis oqsidSi ionebs Soris 
arsebuli Zalebis dasaZlevad bevrad meti energiaa saWiro. 

miuxedavad imisa, rom ionuri naerTebi damuxtul nawilakebs Seicavs, isi-
ni myar mdgomareobaSi dens ar atarebs. am mdgomareobaSi ionebi mtkiced aris 
erTmaneTTan dakavSirebuli da ar gadaadgildeba, mxolod irxeva. galRobisas 
ionebi Tavisuflad gadaadgildeba da, Sesabamisad, Txevad mdgomareobaSi ion-
uri naerTi dens atarebs. 

ionuri naerTebis umetesoba wyalSi kargad xsnadia. wyalSi gaxnisas ionebsa da 
wylis molekulebs Soris mizidulobis Zalebis arsebobis gamo, ionuri naerTi 
ionebad iSleba, ris Sedegadac miRebuli wyalxsnari dens atarebs. am sakiTxs 
ukve gavecaniT mecxre klasSi. 

  kiTxvebi da davalebebi:

grafikze warmodgenilia kalciumis halogenebTan naerTebis duRilis tem-
peraturebi. 

kulonis kanonis daxmarebiT axseniT, ra iwvevs mocemuli naerTebis duRi-
lis temperaturebs Soris gansxvavebas.
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3.4	              kovalenturi bma

kovalenturi bma myardeba, rodesac atomebi erTmaneTs uziarebs eleqtronebs.

atomebi iZens stabilurobas (mdgradobas), rodesac erTmaneTTan awyvilebs 
eleqtronebs da warmoqmnis kovalentur bmas. kovalenturi bmis warmoqmnis pro-
cesis ganmapirobebelia atomebis swrafva, Seqmnas keTilSobili airebis gare 
Sris msgavsi konfiguracia, romelsac minimaluri potenciuri energia da, Sesa-
bamisad, maqsimaluri stabiluroba aqvs.

ganvixiloT kovalenturi bmis warmoqmna wyalbadis atomebs Soris. wyalbadis 
TiToeul atoms erTi eleqtroni aqvs. rodesac wyalbadis ori atomi erTmaneTs 
miuaxlovdeba, TiToeuli atomis dadebiTad damuxtuli birTvi meore atomis 
uaryofiTad damuxtul eleqtrons izidavs. es mizidulobis Zala ufro metia, 
vidre eleqtronebs Soris ganzidva, rac wyalbadis atomebs erTmaneTTan iseT 
manZilze aaxloebs, rom maTi orbitalebi gadaifareba da warmoiqmneba saziaro 
eleqtronuli wyvili. amis Sedegad myardeba kovalenturi bma, romelSic ga-
ziarebuli eleqtronebiT wyalbadis TiToeuli atomi heliumis atomis msgavs 
stabilur eleqtronul Sres (1s2) iRebs (nax. 3.7).

HH

H H

H H

en
er

gi
is

 z
r
d
a manZili didia,

atomebi ar miizideba

manZili mcirea,
atomebi miizideba

H2 molekula

maRali energia

dabali energia

nax. 3.7. wyalbadis molekulis warmoqmnis sqema.

wyalbadis molekulis warmoqmna aseve SeiZleba gamovsaxoT luisis eleqtro-
nuli formulebis gamoyenebiT (nax. 3.8):

gauwyvilebeli 
eleqtronebi

+H H HH H H

H2 wyalbadis molekula
saziaro 
wyvili

erTmagi bma

nax. 3.8. wyalbadis molekulis warmoqmna.

fToris molekulis warmoqmnas Tu ganvixilavT, aq fToris atomTa savalento 
Sreze 7-7 eleqtronia da mdgradi eleqtronuli oqtetis misaRebad TiToeul 
atoms erTi eleqtroni aklia. amitom fToris atomebi erTmaneTs TiTo ele-
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qtrons gauziarebs. warmoqmnili saziaro eleqtronuli wyvilis CaTvliT yoveli 
atomis garSemo miiReba 8 eleqtroniani Sre _ eleqtronuli oqteti, anu keTil-
Sobili airis konfiguracia (nax. 3.9).

+

saziaro 
wyvili

gauwyvilebeli 
eleqtronebi

erTmagi bma

F F FF F F

F2 fToris molekula

nax. 3.9. fToris molekulis warmoqmna.

analogiurad, erTi saziaro wyvilis warmoqmniT miiReba sxva halogenTa mole-
kulebic.

rac Seexeba keTilSobil airebs, maTi gare Sre dasrulebulia, amitom am 
elementTa atomebi qimiur bmas ar amyarebs. Sesabamisad, keTilSobili airebi, 
sxva martivi airadi nivTierebebisgan gansxvavebiT, arsebobs erTatomiani mole-
kulebis saxiT.

3.4.1. ormagi da sammagi bmebi

zogierT SemTxvevaSi SesaZlebelia or atoms Soris eleqtronTa ori wyvili (4 
eleqtroni) an sami wyvili (6 eleqtroni) gaziardes, ris Sedegadac, Sesabamisad, 
ormagi an sammagi bma warmoiqmneba. 

ganvixiloT, kovalenturi bmis warmoqmna Jangbadis molekulaSi O2.
Jangbadis TiToeul atoms aqvs 6 savalento eleqtroni, amitom Sris dasas-

ruleblad sWirdeba ori eleqtroni. Jangbadis ori atomi uziarebs erTmaneTs 
or-or eleqtrons, ris Sedegadac maT eqnebaT saerTo ori wyvili anu oTxi ele-
qtroni (nax. 3.10).

Tavisufali 
wyvilebi

+O O OO O O

O2 Jangbadis molekula
ori saziaro 

wyvili
ormagi bma

nax. 3.10. Jangbadis molekulis warmoqmna.

azotis atomis savalento Sreze 5 eleqtronia da eleqtronuli oqtetis mis-
aRebad azotis TiToeuli atomi erTmaneTs uziarebs sam-sam eleqtrons, ris 
Sedegadac warmoiqmneba sami saziaro eleqtronuli wyvili, TiToeul atoms ki 
eqneba 8 eleqtroni (nax. 3.11).
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Tavisufali 
wyvilebi

+

sami saziaro 
wyvili

sammagi bma

N NN NN N

N2 azotis molekula

nax. 3.11. azotis molekulis warmoqmna.

3.4.2.  σ da π bmebi
ganvixiloT, rogor warmoiqmneba saziaro eleqtronuli wyvilebi. atomis ele-

qtronuli aRnagobis gacnobisas vnaxeT, rom atomSi eleqtronebi orbitalebze 
moZraobs. saziaro wyvilis warmoqmna am orbitalebis gadafarviT xdeba. radgan 
orbitalebs gansxvavebuli forma da sivrculi orientacia aqvs, Sesabamisad, 
gadafarvac SeiZleba sxvadasxvanairad ganxorcieldes: atombirTvebis SemaerTe-
beli pirobiTi (warmosaxviTi) RerZis gaswvriv, rasac σ (sigma) anu martivi bma 
ewodeba da am RerZis orive mxares, p Rrublebis gverdiTi gadafarviT, rasac π 
(pi)-bma ewodeba. 

ganvixiloT ramdenime magaliTi:
wyalbadis molekulaSi TiToeuli atomis erTi eleqtroni moZraobs sferos 

formis s orbitalze, Sesabamisad, saziaro wyvilis warmoqmnisas gadaifareba 
ori s  orbitali, ris Sedegadac miiReba kovalenturi bma (nax. 3.12).

H HH H+

H2 molekula1s 1s

nax. 3.12. σ-bma wyalbadis molekulaSi.

orbitalebi gadaifareba birTvebis SemaerTebeli xazis gaswvriv, amitom am 
tipis gadafarvis Sedegad σ-bma miiReba. 

sferul da hantelisebur (s da p) orbitalebze moZravi eleqtronebis urT-
ierTgadafarviT, magaliTad HCl-is molekulis warmoqmnis dros, aseve σ-bma war-
moiqmneba (nax. 3.13). 

H HCl Cl+

HCl molekula1s 3p

nax. 3.13. σ-bma qlorwyalbadis molekulaSi.

p orbitalebze moZravi eleqtronebiT kovalenturi bma warmoiqmneba ori sx-
vadasxva gziT _ RerZis gaswvriv an gverdiTi gadafarviT:

roca erTmagi bma warmoiqmneba p orbitalebis gadafarvis Sedegad (magali-
Tad, halogenebSi), maSin gadafarva aris mxolod RerZis gaswvriv da miiReba 
σ-bma (nax. 3.14).
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F F F

F2 molekula

+

3p 3p

F

nax. 3.14. σ-bma fToris molekulaSi.

xolo p orbitalebis gverdiTi gadafarvis Sedegad miiReba π-bma (nax. 3.15). 

nax. 3.15. π-bma.

amis magaliTia azotis molekula. sami bmidan erTi warmoqmnilia orbitalebis 
RerZis gaswvriv  gadafarviT (σ-bma), xolo ori bma _  p orbitalebis gverdiTi 
gadafarviT (π-bmebi) (nax. 3.16).

N N

π

π

s

nax. 3.16. σ- da π-bmebi azotis molekulaSi.

  kiTxvebi da davalebebi:

1.	 paragrafSi mocemuli magaliTis (nax. 3.9) mixedviT, SeadgineT bromis 
molekulis warmoqmnis sqema. miuTiTeT bmis warmomqmneli da Tavisu-
fali eleqtronebi. 

2.	 ramdeni σ da π bmaa Semdeg molekulebSi:

        a) O2       b) H2       g) H2O      d) CO2       e) B2O3       v) H2SO4
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3.5	 kovalenturi bmis tipebi da  

     molekulis formebi

3.5.1. kovalenturi bmis polaroba

rogorc CvenTvis ukve cnobilia, eleqtrouaryofiToba aris elementis unari, 
miizidos bmis warmomqmneli saziaro eleqtronebi. Sesabamisad, kovalenturi 
bmaSi monawile atomebs Soris eleqtronuli wyvili SeiZleba sxvadasxvanairad 
gadanawildes.

SevadaroT bmebi wyalbadisa da qlorwyalbadis molekulaSi:
wyalbadis molekulaSi orive atomis eleqtrouaryofiToba erTnairia, amitom 

isini Tanabrad izidavs saziaro eleqtronul wyvils. am SemTxvevaSi warmoqmnil 
kovalentur bmas arapolarul-kovalentur bmas uwodeben.

qlorwyalbadis molekulaSi kovalenturi bmis saziaro eleqtronuli wyvili 
araTanabradaa ganawilebuli bmis warmomqmnel atomTa Soris, anu bma polarize-
bulia  _ eleqtronuli wyvili gadaweulia ufro eleqtrouaryofiTi elementis, 
qloris, mxares. aseT bmas polarul-kovalenturi bma ewodeba. rac ufro didi 
sxvaobaa (∆X) elementebis eleqtrouaryofiTobebs Soris, miT metia bmis polar-
izacia. unda aRiniSnos, rom polarizaciis dros muxtis sidide ver iqneba mTe-
li ricxvi, radgan eleqtronebi saziaroa da, ionurisagan gansxvavebiT, ar aris 
gadasuli erTi atomidan meoreze. amitom Tvlian, rom polarul-kovalentur 
bmaSi monawile ufro eleqtrouaryofiTi elementis atomi imuxteba nawilobriv 
uaryofiTad (aRiniSneba, rogorc δ-), xolo naklebad eleqtrouaryofiTi el-
ementis atomi _ nawilobriv dadebiTad (δ+). 

kovalenturi bmis polarobas bmis warmomqmnel elementTa eleqtrouaryofiTo-
bebs Soris sxvaobiT (∆X) afaseben. (cxrili 3.1). kerZod, miiCneven, rom koval-
enturi bma arapolarul-kovalenturia, roca ∆X-is mniSvneloba 0-dan 0.4-mdea. 
roca ∆X 0.5-dan 1.8-mde SualedSia, maSin bma polarul-kovalenturad iTvleba, 
xolo Tu ∆X>1.8-ze, maSin bma ionuria. 

cxrili 3.1. eleqtruaryofiToba da bmis polaroba. 

 sxvaoba atomTa ele-
qtrouaryofiTobebs 

Soris
0                  0.4                        1.8		  3.3

saziaro ele-
qtronebis ganawileba 

atomTa Soris

Tanabaria

araTanabaria, 
gadaxrilia 
ufro eleq-

trouaryofiTi 
atomisaken

araTanabaria, 
mTlianad gadasu-
lia ufro ele-
qtrouaryofiT 

atomze

bmis tipi
arapolarul-
kovalenturi

polarul- 
kovalenturi

ionuri
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3.5.2. molekulis polaroba
kovalenturi bma SeiZleba iyos polaruli an arapolaruli, Sesabamisad, 

molekulac SeiZleba iyos polaruli an arapolaruli, rac damokidebulia masSi 
arsebuli bmebis polarobasa da molekulis formaze. molekulis polaruli an 
arapolaruli buneba gansazRvravs SemdgomSi nivTierebis Tvisebebs.

polarul-kovalenturi bmis Semcvel molekulebSi saziaro eleqtronuli 
wyvili gadaweulia metad eleqtrouaryofiTi elementisken, amitom masze Cndeba 
nawilobriv uaryofiTi muxti (δ-), xolo nakleb eleqtrouaryofiTze _ nawilo-
briv dadebiTi muxti (δ+).

ganvixiloT ramdenime magaliTi:
qlorwyalbadis molekulaSi saziaro eleqtronuli wyvili gadaweulia 

qlorisken, radgan X(H)=2.1, xolo X(Cl)=3.0.  amitom, wyalbadi imuxteba nawilo-
briv dadebiTad (Hδ+), xolo qlori _ nawilobriv uaryofiTad (Clδ-). saziaro wyvi-
lis gadawevis gamo, dadebiTi da uaryofiTi muxtebis centrebi erTmaneTs daS-
ordeba garkveuli manZiliT da warmoiqmneba orpolusiani molekula (nax. 3.17). 

H Cl

d-d+

nax. 3.17. qlorwyalbadis molekula polarulia.

binaruli naerTis SemTxvevaSi orpolusian molekulas ase martivad gamosax-
aven: 

+       -
mas dipoli ewodeba.
ganvixiloT wylis molekula:
wylis molekulaSi Jangbadis atoms aqvs eqvsi savalento eleqtroni (ori ele-

qtronuli wyvili da ori gauwyvilebeli). gare Sris dasasruleblad ki sWirdeba 
ori eleqtroni, romelsac gauziarebs wyalbadis TiToeuli atomi. Sedegad Jang-
bads SeuZlia warmoqmnas ori kovalenturi bma, anu wylis molekulaSi Jangbadi 
orvalentiania. Jangbadis centralur atoms rCeba ori Tavisufali eleqtro-
nuli wyvili, rac ganapirobebs wylis molekulis kuTxovan aRnagobas (nax. 3.18). 

O H
H

O H

H
nax. 3.18. wylis molekulis aRnagoba.

wyalbadsa da Jangbads Soris aris polarul-kovalenturi bma, romelic 
gadaweulia ufro eleqtrouaryofiTi atomis _ Jangbadisaken, rac bmis polar-
izacias iwvevs. Jangbadi imuxteba nawilobriv uaryofiTad, wyalbadi ki - nawilo-
briv dadebiTad. Sedegad molekula polarulia (nax. 3.19). 
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d-

nax. 3.19. wylis molekula polarulia.

analogiurad ganvixiloT amiakis molekulac: 
amiakis molekulaSi aris erTi atomi azoti da sami atomi wyalbadi. azotis 

atoms gare Sreze aqvs xuTi eleqtroni (erTi wyvili da sami gauwyvilebeli), 
xolo wyalbadis TiToeul atoms _ erTi eleqtroni. stabiluri eleqtronuli 
struqturis misaRebad azots sWirdeba sami eleqtroni, romlebsac  wyalbada-
tomebi gauziarebs. Sedegad miiReba molekula, sadac azotis atomi warmoqmnis 
sam kovalentur bmas (amiakis molekulaSi azoti samvalentiania) wyalbadis atom-
ebTan, xolo eleqtronuli wyvili rCeba Tavisufali. Sedegad molekula iRebs 
samkuTxa piramidis formas (nax.3.20).

d+

d+

d+

d-

107°

N HH
H

N HH

H
nax. 3.20. amiakis molekulis aRnagoba.

wyalbadsa da azots Soris aris polarul-kovalenturi bma, romelic gadaweu-
lia ufro eleqtrouaryofiTi atomis _ azotisken, rac bmis polarizacias iwvevs. 
Sedegad amiakis molekula polarulia.

ganvixiloT kidev erTi nivTierebis _ meTanis (CH4) molekulis warmoqmna:
naxSirbadis atoms gare Sreze oTxi savalento eleqtroni aqvs. ZiriTad mdgo-

mareobaSi misi eleqtronuli formulaa 1s22s22p2. gare Sris 2s qvedonidan ele-
qtrons advilad SeuZlia gadavides 2p qvedonis Tavisufal orbitalze da Sede-
gad miiReba oTxi gauwyvilebeli eleqtroni. naxSirbadis atomi am eleqtronebs 
iyenebs oTxi kovalenturi bmis dasamyareblad (nax. 3. 21). 

C C*
ZiriTadi mdgo-

mareoba

1s22s22p2

aRgznebuli mdgo-
mareoba

1s22s12p3

nax. 3.21. 
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meTanis molekulaSi centralur atoms warmoadgens naxSirbadi, romelic oTx 
savalento eleqtrons wyalbadatomebs uziarebs. Sesabamisad, meTanis struqtu-
ra Semdegnairad Caiwereba (nax. 3.22):

C HH
H

H
C HH

H

H 109.5°

nax. 3.22. meTanis molekulis aRnagoba.

Sedegad naxSirbadi iRebs eleqtronul oqtets (8 eleqtroni, anu 4 wyvili), 
xolo wyalbadis TiToeuli atomi isrulebs or-eleqtronian Sres. 

molekula iRebs wesieri samkuTxa piramidis - tetraedris formas, romelic 
sivrceSi Tanabrad aris ganawilebuli tetraedris wveroebis mimarTulebiT. vi-
naidan naxSirbadze, azotisa da Jangbadisgan gansxvavebiT, ar aris Tavisufali 
eleqtronuli wyvili da bmis polarizacia ar xdeba. Sedegad, meTanis molekula 
arapolarulia. 

ganvixiloT naxSirorJangis molekulis warmoqmna. rogorc ukve viciT, nax-
Sirbads aqvs 4 eleqtroni gare Sreze da Sris dasasruleblad sWirdeba kidev  
4 eleqtroni, xolo Jangbadis TiToeul atoms oqtetamde aklia ori eleqtroni. 
amitom naxSirbadi or-or eleqtrons gauziarebs Jangbadis TiToeul atoms, ris 
Sedegadac naxSirbadsa da Jangbadis TiToeul atoms Soris or-ori polarul-
kovalenturi bma warmoiqmneba. molekulaSi naxSirbadis atomze ar aris Tavi-
sufali eleqtronuli wyvili, rac molekulis wrfiv aRnagobas ganapirobebs  
(nax. 3.23). 

C OO

saziaro wyvilebi ormagi bmebi

C OO
naxSirorJangis 

molekula 
xazovani forma

180°

nax. 3.23. naxSirorJangis molekulis forma.

polarul-kovalenturi bmis Semcveli molekulac SeiZleba iyos arapolaru-
li. naxSirorJangis wrfiv molekulaSi arsebul bmebSi Jangbadi damuxtulia 
nawilobriv uaryofiTad, xolo naxSirbadi - nawilobriv dadebiTad. isini ganla-
gebulia erTi wrfis gaswvriv sapirispiro mimarTulebiT, amitom maTi polaruli 
buneba baTildeba da sabolood molekula arapolarulia (nax. 3.24):
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  kiTxvebi da davalebebi:

1. 	SeadgineT qvemoT CamoTvlil nivTierebaTa luisis eleqtronuli 
formulebi da SeqmeniT maTi modelebi:

 	 H2S; CF4; PH3; SiCl4.
	 a) mocemuli molekulebidan, romelia polaruli da romeli - arapo-

laruli? pasuxi daasabuTeT.

	 b) ivaraudeT bmis kuTxe TiToeul molekulaSi.

2. romeli bma ufro polarulia:

	 a) naxSirbadsa da azots  Tu  naxSirbadsa da Jangbads Soris?

	 b) azotsa da fTors Tu  azotsa da Jangbads Soris?

	 g) bromsa da fTors Tu bromsa da iods Soris?

	 d) naxSirbadis atomebs Tu naxSirbadsa da Jangbads Soris?

3. mocemulia A da B molekulebi:

	 a) A molekulaSi centralur atomTan dakavSirebulia sxva elementis 
sami atomi; centralur atoms aqvs  erTi Tavisufali eleqtronuli 
wyvili. 

	 b) B molekulaSi centralur atomTan dakavSirebulia sxva elementis 
ori atomi; centralur atoms aqvs ori Tavisufali  eleqtronuli 
wyvili. 

	 rogori forma da polaroba aqvs A da B molekulebs? 

4. naerTebSi Jangbadis atomi orvalentiania. imave jgufis elementi go-
girdi ki avlens rogorc or _ S(II), aseve oTx _ S(IV) da eqvs _ S(VI) 
valentobas. axseniT amis mizezi.

C OO

CO2

nax. 3.24. naxSirorJangis molekula gansxvavebuli eleqtrouaryofiTobis atomebs  

Seicavs, magram isini simetriuladaa ganlagebuli da polaruli molekula ar miiReba.  

es SeiZleba SevadaroT situacias, romelic naxazzea gamosaxuli: ori wiTelmaisuriani  

biWi erTnairi ZaliT aqeT-iqiT eqaCeba Toks, romlis kvanZic adgilze rCeba. 
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warmoqmnis xarjze myardeba. magaliTebSi, romlebsac gavecaniT, saziaro wyvili 
orive atomis gauwyvilebeli eleqtronebiT warmoiqmneboda. magram saziaro ele-
qtronuli wyvilis warmoqmna SesaZlebelia im SemTxvevaSic, Tu erT-erT atoms 
eqneba Tavisufali eleqtronuli wyvili, romelsac meore atoms gauziarebs. at-
oms, romelsac aqvs Tavisufali eleqtronuli wyvili, donori ewodeba, xolo 
atoms, romelic gaiziarebs donoris eleqtronul wyvils _ aqceptori. cxadia, 
aqceptoris rolis Sesruleba SeuZlia iseT atoms, romelsac Tavisufali anu 
vakanturi orbitali aqvs, sadac Tavisufali eleqtronuli wyvili `Cainergeba”. 
kovalenturi bmis warmoqmnis aseT meqanizms donorul-aqceptoruli meqanizmi 
ewodeba. donorul-aqceptoruli meqanizmiT damyarebuli kovalenturi bma Ta-
visi bunebiTa da TvisebebiT ar gansxvavdeba sxvadasxva elementis gauwyvilebeli 
eleqtronebiT warmoqmnili kovalenturi bmisagan. 

magaliTisTvis ganvixiloT amoniumis ionis warmoqmna. amiakis molekulis (NH3), 
azoti, romelsac Tavisufali eleqtronuli wyvili aqvs, donoria. wyalbadis 
kationi, romelsac aqvs vakanturi orbitali, aqceptoria da is donoris Tavisu-
fal eleqtronul wyvils miiRebs. amis Sedegad wyalbadis kationi daukavSirdeba 
azotis atoms, ris Sedegadac warmoiqmneba amoniumis kationi (nax. 3.25), sadac 
wyalbadis kationis dadebiTi muxti Tanabradaa gadanawilebuli mTel nawilakze. 

N

H

H

H+H +

donori

N

H

H

H H

+

N

H

H

H H

+

aqceptori

an

nax. 3.25. amoniumis ionis warmoqmna.

donorul-aqceptorul bmas zogjer isriTac gamosaxaven, romelic donori-
dan aqceptorisken aris mimarTuli. 

rogorc viciT, valentoba aris qimiuri elementis unari daikavSiros sxva 
elementis atomTa gansazRvruli ricxvi. sxva sityvebiT rom vTqvaT, valento-
ba aris elementis atomis mier damyarebuli qimiuri bmebis ricxvi kovalentur 
naerTebSi. amiakis molekulaSi azoti wyalbadis atomebTan warmoqmnis sam kova-
lentur bmas, Sesabamisad, is am molekulaSi aris samvalentiani, xolo amoniumis 

3.6	           kovalenturi bmis warmoqmna  

          donorul-aqceptoruli meqanizmiT



70

Tavi 3. qimiuri bma

D
on

’t 
C

op
y

kationSi ki azoti kovalenturad dakavSirebulia wyalbadis oTx atomTan, Sesa-
bamisad, aq is oTxvalentiania.

ganvixiloT amoniumis qloridis warmoqmna:

NH3 + HCl → NH4Cl

am reaqciaSi amiakis molekulam miiRo wyalbadis kationi qlorwyalbadis 
molekulidan, xolo warmoqmnili amoniumis kationi _ ionuri bmiT daukavSirda 
qlorid-ions. amoniumis qloridSi aris ionuri kristaluri meseri (nax. 3.26).  

NH4
+

Cl_

nax. 3.26. amoniumis qloridis ionuri kristaluri meseri.

  kiTxvebi da davalebebi:

1. SeadgineT amiakisgan Semdegi ionuri naerTebis miRebis reaqciaTa tolo-
bebi:

   a) amoniumis hidroqsidi	

   b) amoniumis nitrati

   g) amoniumis fosfati	  	

   d) amoniumis sulfati

2. amoniumis ionis warmoqmnis magaliTis mixedviT, SeadgineT wylis mole-
kulisgan hidroqsoniumis ionis (H3O

+) warmoqmnis sqema. 
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3.7	      kovalenturi bmis maxasiaTeblebi

kovalenturi bmis Semcveli martivi nivTiereba azoti gansakuTrebul qimiur 
stabilurobas amJRavnebs. ra SeiZleba iyos amis mizezi?

CvenTvis ukve cnobilia, rom kovalenturi bmaSi atomebi erTmaneTs ukavSird-
eba bmaSi monawile dadebiTad damuxtul atombirTvebsa da gaziarebul ele-
qtronebs Soris eleqtrostatikuri mizidulobis xarjze.

uaryofiTad damuxtuli saziaro eleqtronebi erTdroulad miizideba at-
omTa birTvebis mier, rac atomebs erTmaneTTan akavebs (nax. 3.27).

+ ++ +
-

-

-

-
Zlieri miziduloba susti miziduloba

nax. 3.27. saziaro eleqtronebis mizidva atombirTvebis mier. 

kovalenturi bma xasiaTdeba bmis energiiT. bmis energia aris energiis is raode-
noba, romelic saWiroa 1 moli kovalenturi bmis gasawyvetad airad mdgomareobaSi, 
standartul pirobebSi. 

bmis gasawyvetad saWiroa energiis daxarjva, amitom es procesi endoTermu-
lia, xolo bmis warmoqmna egzoTermulia da am dros imave raodenobiT energia 
gamoiyofa, rac mis gawyvetaze unda daixarjos. 

zogadad, sxvadasxva atomebs Soris erTmagi bmebis energiebis Sedarebisas 
Cans, rom rac ufro metia bmis sigrZe, miT ufro sustia bma, anu naklebia bmis 
energia (cxrili 3.2).

periodulobis cxrilis jgufebSi zevidan qveviT elementebs Soris bmis sig-
rZeebs Tu SevadarebT, davinaxavT, rom rac metia atomuri radiusi, miT metia 
bmis sigrZe, Sesabamisad, mcirdeba miziduloba saziaro eleqtronul wyvilsa da 
bmaSi monawile atomTa birTvebs Soris, rac bmis energias amcirebs.

cxrili 3.2. zogierTi bmis sigrZe da energia. 

bma sigrZe, nm energia, kj/moli

C-C 0.154 348

Si-Si 0.235 226

Ge-Ge 0.241 188

Cl-Cl 0.199 242

Br-Br 0.228 193

I-I 0.267 151
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molekulaSi jeradi bmebis arsebobis SemTxvevaSi, rac ufro meti saziaro 
eleqtroni monawileobs bmaSi, miT ufro Zlier miizideba isini atombirTvebis 
mier (nax 3.28). 

+ ++ +

-
-
-
-
-
-

-
-
-
-

+ +-
-

yvelaze Zlieri miziduloba yvelaze susti miziduloba

sammagi bma erTmagi bmaormagi bma

nax. 3.28. birTvebis mier bmis eleqtronebis mizidva jerad bmebSi.

amis Sedegad bmis jeradobis gazrdiT bmis sigrZe mcirdeba, xolo bmis ener-
gia _ izrdeba. cxrilidan 3.3 Cans, rom sammagi bmis energia ufro metia, vidre 
ormagi da erTmagi bmis energiebi. amavdroulad sammagi bmis sigrZe naklebia, 
vidre ormagi da erTmagi bmis sigrZeebi. 

cxrili 3.3. jeradi bmebis sigrZeebi da maTi energiebi.

bma sigrZe, nm energia, kj/moli

C_C 0.154 348

C=C 0.134 612

C≡C 0.12 837

C_O 0.143 360

C=O 0.122 743

azotis molekulaSi swored sammagi bmis arseboba ganapirobebs mis gansa-
kuTrebul mdgradobas, rac gamoixateba dabal reaqciisunarianobaSi.

  kiTxvebi da davalebebi:

1. daalageT mocemuli bmebi sigrZis zrdis mixedviT:

a) C-Cl; C-I; C-Br; C-F		
b) N=N; N-N; N ≡N
2. daalageT mocemuli bmebi energiis zrdis mixedviT: 

a) H-O; H-Se, H-S; H-Te
b) C ≡N; C-N; C=N  

3. halogenwyalbadmJavebSi (HF, HCl, HBr, HI) mJavaTa siZliere izrdeba 
jgufSi zevidan qveviT. axseniT amis mizezi. 
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3.8	      aramolekuluri aRnagobis mqone  

                        nivTierebebi

ionuri bmis Seswavlisas vnaxeT, rom ionuri naerTi myaria da aqvs kristaluri 
meseri, sadac mesris kvanZebSi ganlagebulia dadebiTad da uaryofiTad damux-
tuli ionebi. aseve gavixsenoT, rom kovalenturi naerTebi ZiriTadad mole-
kulebisgan Sedgeba, anu maTi aRnagoba molekuluria. ganvixiloT Sesabamisi mag-
aliTebi: 

ionuri naerTis _ natriumis qloridis kristaluri mesris kvanZebSi dadeb-
iT ionebsa da uaryofiT ionebs Soris Zlieri mizidulobis Zalebia (nax. 3.29), 
rac ganapirobebs naerTis simtkices, magaliTad, lRobis maRal temperaturas  
(801 °C). 

nax. 3.29. natriumis qloridis kristaluri struqtura.

wyali molekuluri aRnagobis kovalenturi naerTia, romelic myar mdgo-
mareobaSi _ yinulSi _ aseve kristals warmoqmnis, magram am SemTxvevaSi krista-
luri mesris kvanZebSi wylis molekulebia (nax. 3.30) da maT Soris kavSirebi 
sustia. amis gamo yinulis lRobis temperatura (0 °C) gacilebiT dabalia, vidre 
natriumis qloridis.

nax. 3.30. yinulis kristaluri struqtura.



74

Tavi 3. qimiuri bma

D
on

’t 
C

op
y

kovalenturi bmebis Semcveli zogierTi nivTierebis (mag., almasi da kvarci) 
lRobis temperatura Zalian maRalia, rac mianiSnebs, rom maT kristalebSi bmebi 
Zalian mtkicea. aseT nivTierebaTa aRnagoba aramolekuluria _ isini calkeuli 
molekulebis saxiT ar gvxvdeba. isini arsebobs makromolekulebis _ giganturi 
kovalenturi struqturebis saxiT, sadac kristaluri mesris kvanZebSi atomebia 
ganlagebuli.

aramolekuluri aRnagobis da giganturi kovalenturi struqturis mqone niv-
Tierebebis magaliTebia naxSirbadis alotropebi _ almasi da grafiti, romleb-
sac adre gavecaniT. 

almasi Sedgeba naxSirbadis atomebisgan, romlebic kristalSi erTmaneTTan 
mtkiced aris dakavSirebuli. TiToeuli naxSirbadatomi warmoqmnis kovalentur 
bmebs oTx sxva naxSirbadatomTan, ris Sedegadac miiReba tetraedruli wyoba. 
amrigad, almasSi erTmaneTTan dakavSirebulia uamravi naxSirbadatomi, rac gi-
gantur kovalentur struqturas qmnis (nax. 3.31). almasi aris Zalian mtkice, 
radgan masSi atomebi Zlieri kovalenturi bmebiTaa dakavSirebuli. amitomac is 
mineralTa Soris yvelaze meti simagriT gamoirCeva da Zalian maRali lRobis 
temperatura (3550 °C) aqvs. almasi ar atarebs dens, radgan masSi ar aris ionebi 
an Tavisuflad moZravi eleqtronebi.

nax. 3.31. almasis kristaluri struqtura.

grafitsac giganturi molekuluri struqtura aqvs, magram, almasisagan gan-
sxvavebiT, bunebaSi erT-erTi yvelaze rbili nivTierebaa. miuxedavad imisa, rom 
grafiti almasis msgavsad mxolod naxSirbadatomebisgan Sedgeba, atomTa wyo-
biT mniSvnelovnad gansxvavdeba. grafitSi naxSirbadatomebi kovalenturad uka-
vSirdeba sam mezobel atoms da isini eqvsi atomisagan Sedgenil rgolebs war-
moqmnis. es rgolebi gaerTianebulia giganturi struqturis brtyel fenebSi, 
romlebsac erTmaneTTan qimiuri bma ar akavSirebs (nax. 3.32). amis gamo grafi-
ti, almasisgan gansxvavebiT, rbili da srialaa. misi fenebi erTmaneTs advilad 
scildeba. amitom grafitis fanqari furcelze kvals tovebs. gansxvavebulia 
grafitis eleqtrogamtarobac. grafitSi TiToeuli naxSirbadatomi oTx sava-
lento eleqtronTagan bmebis warmosaqmnelad mxolod sams iyenebs, meoTxe ki 
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Tavisufali rCeba, romlis xarjzec grafiti eleqtrul dens atarebs.
naxSirbadis kidev erTi alotropia fulereni _ C60, romelSic, grafitis ms-

gavsad, TiToeuli naxSirbadatomi kovalenturi bmiT sam mezobel atoms ukav-
Sirdeba. oRond, grafitisagan gansxvavebiT, giganturi struqtura ar warmoiqm-
neba _ da miiReba burTis msgavsi wyobis molekulebi, romlebSic 60-60 atomi 
naxSirbadi Sedis (nax. 3.33). 

nax. 3.32. grafitis kristaluri 
struqtura.

nax. 3.33. fulerenis kristaluri 
struqtura.

giganturi kovalenturi struqturis naerTebis kidev erTi magaliTia silici-
umis dioqsidi (SiO2), romelic aseve atomuri aRnagobis nivTierebaa. es naer-
Ti bunebaSi kvarcis saxiT gvxvdeba da qviSis mTavari Semadgeneli komponentia. 
siliciumis dioqsidSi atomebis tetraedruli wyobaa. siliciumis TiToeuli 
atomi oTx JangbadatomTan kovalenturadaa dakavSirebuli. Tavis mxriv, yoveli 
Jangbadatomi  siliciumis or atomTanaa mierTebuli. amis Sedegad miiReba Za-
lian mtkice giganturi kovalenturi struqtura (nax. 3.34), romlis lRobis tem-
peraturac (1710 °C) maRalia. 

nax. 3.34. siliciumis dioqsidis kristaluri struqtura. 
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  kiTxvebi da davalebebi:

mocemulia boris nitridisa da siliciumis karbidis (karborundis) struq-
turebi. aRnagobidan gamomdinare imsjeleT da ivaraudeT, rogori Tvisebebi 
eqneba TiToeul maTgans.  

boris nitridi

siliciumis karbidi
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3.9	                  metaluri bma

metalebi, rogorc CvenTvis cnobilia, Taviseburi aRnagobiT gamoirCeva. 
metalis atomis gare Sreze mcire raodenobiT eleqtronebia, isini atomebs ad-
vilad tovebs, ris Sedegadac warmoiqmneba metalis kationebi da Tavisufali 
eleqtronebi. es eleqtronebi gadanawilebulia mTel struquraSi da qmnis e. w. 
„eleqtronebis zRvas“. metalur bmas aqvs eleqtrostatikuri buneba, romelic 
dadebiTad damuxtuli kationebsa da uaryofiTad damuxtul, Tavisufal ele-
qtronebs Soris urTierTmizidvis Sedegia (nax. 3.35). aseT bmas metaluri bma 
ewodeba. 

+

+

+

+

-

nax. 3.35. metalis kationebisa da Tavisufali eleqtronis urTierTmizidva.

TiToeuli eleqtroni miizideba yvela kationis mier, Sesabamisad, miiReba mt-
kice kristaluri meseri, sadac kvanZebSi ganlagebulia metalis kationebi da 
atomebi, xolo maT Soris Tavisufali eleqtronebia. 

metalTa Tvisebebi metaluri bmis arsebobiTaa ganpirobebuli. magaliTad, 
metalTa lRobis temperatura umravles SemTxvevaSi maRalia. es ganpirobebulia 
imiT, rom metaluri bma Zlieria da am bmis safuZvelze warmoqmnili kristalis 
daSlisaTvis didi energiaa saWiro. 

magaliTisaTvis SevadaroT metalebi _ natriumi da magniumi. maTi lRobis 
temperaturebia, Sesabamisad, 98 °C da 649 °C. es sxvaoba ramdenime faqtoriT 
SeiZleba aixsnas:

magniumi warmoqmnis +2 muxtis mqone kationebs, xolo natriumis kationTa 
muxtia +1. amis gamo eleqtrostatikuri miziduloba ionebsa da Tavisufal ele-
qtronebs Soris magniumSi ufro Zlieria (nax. 3.36). 

Mg

2+

2+

2+

2+

2+

2+

2+

2+

2+

2+

2+

2+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

Na
nax. 3.36. metaluri bma natriumsa da magniumSi. 
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magniumis ionis radiusi (65 pm) ufro mcirea, vidre natriumis ionis radiusi 
(98 pm), Sesabamisad, Tavisufali eleqtronebi ufro axlos aris dadebiT ionTa 
birTvebTan da, Sesabamisad, ufro Zlierad miizideba. 

metalebis sxva fizikuri Tvisebebi aseve ganpirobebulia metaluri bmis arse-
bobiT (cxrili 3.4).

cxrili 3.4. metalTa Tvisebebi da maTi gamomwvevi mizezebi.

Tviseba mizezi

bzinvareba Tavisufali eleqtronebis arseboba metalis zedapirTan.

plastikuroba
Tavisufali eleqtronebis xarjze metalis fenebs horizon-
talur sibrtyeSi Tavisuflad gadaadgileba SeuZlia.

Tbo da ele-
qtrogamtaroba

Tavisufali eleqtronebi advilad iRebs energias da siTbos 
mTel struqturas swrafad gadascems. Tu metalze modebu-
lia Sesabamisi Zabva, Tavisufal eleqtronebs muxtis ga-
datana SeuZlia. 

  kiTxvebi da davalebebi:

gadaxazeT cxrili samuSao rveulSi da SeavseT carieli ujrebi Tqven mier 
moZiebuli informaciiT:

metali formula
agregatu-
li mdgo-
mareoba

feri
simkvrive 

(g/sm3)

lRobis 
tempera-
tura, °C

natriumi

magniumi

alumini

rkina

vercxli 

spilenZi

oqro

tyvia

vercxliswyali

daukavSireT am metalTa fizikuri Tvisebebi maTi gamoyenebis sferoebs.
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3.10	            wyalbaduri bma

nawilakebs Soris arsebobs sxvadasxva tipis mizidulobis Zala. magaliTad, 
ionebi (ionur naerTebSi) an atomebi (kovalentur naerTebSi) erTmaneTs ukav-
Sirdeba eleqtrostatikuri mizidulobis ZalebiT, romlebic, Sesabamisad, ionur 
an kovalentur bmas warmoadgens. mizidulobis Zalebs, romlebic molekulaSi 
arsebul atomebs erTmaneTTan akavSirebs, Sidamolekuluri mizidulobis Zalebi 
ewodeba. arsebobs sxva tipis Zalebic, romlebic erTmaneTTan molekulebs akav-
Sirebs. aseTi tipis Zalebs molekulaTaSorisi mizidulobis Zalebi ewodeba da 
isini Sidamolekulur Zalebze (nax. 3.37) gacilebiT sustia. 

H HCl Cl

molekulaTSorisi 
urTierTqmedebis Zalebi

Sidamolekuluri 
urTierTqmedebis Zalebi

nax. 3.37. Sidamolekuluri da molekulaTaSorisi mizidulobis Zalebi.

molekulebs Soris mizidulobis Zalebi ganapirobebs maT fizikur Tvisebebs, 
rogorebicaa duRilisa da lRobis temperatura, aqroladoba, xsnadoba da a. S.

molekulaTaSorisi mizidulobis Zalebis erT-erTi tipi aris wyalbaduri bma, 
romelic warmoiqmneba polarul molekulebs Soris erTi molekulis Zlier ele-
qtrouaryofiT atomsa (N, O an F) da meore molekulis wyalbadatoms Soris.  
rodesac elementis eleqtrouaryofiToba didia, is iwvevs molekulis Zlier 
polarizacias, rac TavisTavad zrdis mizidulobis Zalebs molekulebs Soris. 
is siZlieriT imdenad aRemateba yvela danarCen molekulaTaSoris Zalas, rom 
calke ganixileba da wyalbaduri bmis saxelwodebiT moixsenieba. 

magaliTad, wyalbaduri bma myardeba wylis, amiakisa da fTorwyalbadis mole-
kulebs Soris (nax. 3.38).

H

O

H

d-

d+
d+

H

O

H

d-

d+
d+

H

O
H

d-

d+

d+

H

O
H

d-

d+

d+

d-

d-

d+

d+

d+

d+

d+

d+

H

H

H

H

H

H

N

N

d-

d-

d+

d+

H

H

F

F

nax. 3.38. molekulaTaSorisi wyalbaduri bmebis magaliTebi.
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molekulebs Soris wyalbaduri bmis arseboba nivTierebaTa fizikur Tvisebe-
bzec axdens gavlenas. wyalbaduri bmis Semcvel naerTebSi molekulaTaSorisi 
kavSirebi imdenad bevri da Zlieria, rom molekulebis erTmaneTisagan dasacile-
blad didi energiaa saWiro da, Sesabamisad, aseT naerTebi sxvebisagan duRilis 
ufro maRali temperaturiT gamoirCeva. 

magaliTisaTvis ganvixiloT periodulobis cxrilis me-14-17 jgufis element-
Ta wyalbadnaerTebis duRilis temperaturebis cvalebadoba (nax. 3.39). me-14 
jgufis elementTa wyalbadnaerTebi arapolaruli naerTebia da maT molekulebs 
Soris ar warmoiqmneba wyalbaduri bmebi. am naerTebis duRilis temperaturebi 
izrdeba molekuluri masis zrdasTan erTad. maSin, roca sxva jgufebis (me-15, 
me-16, me-17) yvelaze msubuqi wyalbadnaerTebis (amiaki, wyali, fTorwyalbadi) 
duRilis temperaturebi mkveTrad maRalia. amis mizezia wyalbaduri bmis arse-
boba am nivTierebebSi (nax. 3.39). magaliTad, wylis duRilis temperatura bevrad 
aRemateba gogirdwyalbadis duRilis temperaturas, maSin, roca gogirdwyalba-
dis molekuluri masa daaxloebiT 2-jer metia wylisaze. amave jgufSi duRilis 
temperaturebis Semdgomi zrda ganpirobebulia  molekuluri masis zrdiT.  

unda aRiniSnos, rom wyalbaduri bma mxolod molekulebs Soris ar warmoiqm-
neba. is SeiZleba iyos Sidamolekuluric _ damyardes erTi molekulis sxvadasxva 
nawils Soris. Sidamolekuluri wyalbaduri bmebis arseboba Zalian mniSvnelova-
nia cocxali organizmebisaTvis, magaliTad, ase ukavSirdeba erTmaneTs cilis 
molekulis nawilebi (nax. 3.40) da dnm-is ormagi spiralis calkeuli jaWvebi  
(nax. 3.41).

periodi

d
u
R
il

is
 t

em
pe

r
at

u
r
a 

°C

150

100

50

0

-50

-100

-150

-200

H2O

H2S
H2Se

H2Te
HF

HCl HBr

HINH3

PH3

SbH3

CH4

SH4

GeH4

SnH4

2                   3                 4                 5

AsH3

jgufis nomeri 17

jgufis nomeri 16

jgufis nomeri 15

jgufis nomeri 14

nax. 3.39. periodulobis cxrilis me-14-17 jgufebis elementTa aqrolad 

wyalbadnaerTTa duRilis temperaturebi. 
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dnm 
(dezoqsiribonukleinis 

mJava)

nax. 3.41. wyalbaduri bmebi dnm-is komple-
mentur wyvilebs Soris. 

nax. 3.40. Sidamolekuluri  
wyalbaduri bmebi cilis 

molekulis fragmentebs Soris.

  kiTxvebi da davalebebi:

1. romeli tipis bmebia aRniSnuli cifrebiT mocemul suraTze?

1

2

 

	 daasabuTeT Tqveni pasuxi.

  2. nax. 3.39 mixedviT axseniT duRilis temperaturebis cvlileba me-15 da 
me-17 jgufis wyalbadnaerTebSi.
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1910 wels samxreT polusisken mimaval robert skotsa da mis eqspedicias 
sawvavi metalis WurWliT mihqondaT. dabal temperaturaze bidonebi SeduRebis 
adgilas gaixsna, sawvavi daiRvara da eqspedicia energiis wyaros gareSe dar-
Ca. SeduRebis adgilas kala iyo gamoyenebuli. kalas 13.2°C-ze dabal temper-
aturaze kristaluri struqtura ecvleba, kerZod, TeTri kaladan gadadis - na-
crisferSi, anu erTi alotropidan - meoreSi. amas „kalas Wirs“ uwodeben. rac 
ufro dabalia temperatura, miT ufro swrafia es gadasvla. -30°C-ze gardaqmna 
SeiZleba myisierad moxdes da rbili, Wedadi metalis nacvlad nacrisferi fx-
vnili SegvrCes xelSi (nax. 1)

nax. 1. TeTri kalas gardaqmna nacrisferSi. 

miuxedavad imisa rom alotropebi erTi da igive elementis atomebisgan Sedge-
ba,  erTmaneTisgan sruliad gansxvavebuli Tvisebebi aqvs, rogorc es zemoxseneb-
uli kalis magaliTidan Cans.

kristaluri struqturis Seswavla SesaZlebelia e. w. „rentgenostruqturu-
li analizis“ saSualebiT (nax. 2). meTodis arsi mdgomareobs SemdegSi: sakvlev 
nimuSSi gatardeba rentgenis sxivebi. sxivebi, kristalur meserSi nawilakebis 
ganlagebis mixedviT, ekranze qmnis gamosaxulebas, romlis analizis safuZvelze 
dgindeba nivTierebis  aRanagoba - samganzomilebiani struqtura, atomebs Soris 
manZilebi da a. S.

rentgenis 
sxivebi

kristali

ekrani miRebuli 
gamosaxuleba

nivTierebis 
struqtura

nax. 2. rentgenostruqturuli analizis meTodi.

 rentgenostruqturuli analizi
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rentgenostruqturuli analizis saSualebiT araerTi nivTierebis Tvisebebi 
Seiswavles. 

doroTi hojkinma (nax. 3), 1935 wels pirvelma miiRo insulinis kristalebi, 
romelTa samganzomilebiani kristaluri struqturis dasadgenad kidev 34 weli 
dasWirda. man aseve erT-erTi mniSvnelovani antibiotikis, penicilinis, struq-
tura daadastura, xolo 1964 wels dajildovda nobelis premiiT qimiis dargSi 
vitamini B12-is kristaluri struqturis dadgenisTvis. 

nax. 3. doroTi hojkini (1910-1994).

1940-1953 wlebSi araerT mecniers surda gaeSifra 
dnm-is, genetikuri informaciis matarebeli moleku-
lis, struqtura. SeiZleba iTqvas, rom im droisTvis 
es yvelaze mniSvnelovani kvleva iyo biologiis isto-
riaSi. dnm-is struqturis gaSifvraSi didi wvlili mi-
uZRvis rozalind franklins (nax. 4), romelmac dnm-is 
molekulis rentgenostruqturuli analizi Caatara. 
am informaciis saSualebiT dadginda, rom dnm-s spi-
raluri struqtura aqvs. 

nax. 4. rozalind 
franklini (1920-1958).

penicilini

insulini

vitamini B12
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 Semajamebeli savarjiSoebi
1.	 SeusabameT erTmaneTs molekulis struqturuli (a-g) da burTul-Rerovani 

modelebi (1-3). TiToeul molekulas miuTiTeT forma da ivaraudeT, po-
larulia Tu arapolaruli? gaiTvaliswineT, rom X da Y elementebi aram-
etalebia da yvela bma polarulia. 

1.

a)

2.

b)

3.

g)Y

X X

X

Y X

X

Y XX

X

X
2.	 SeusabameT erTmaneTs nivTierebaTa molekuluri (a-g) da burTul-Rerovani 

modelebi (1-3). TiToeul molekulas miuTiTeT forma da ivaraudeT, po-
larulia Tu arapolaruli?

1. 2. 3.

	 a) PBr3       b) SiCl4       g) OF2

3.	 mocemulia ori elementis atomTa luisis eleqtronuli formulebi:

X Y
	 upasuxeT kiTxvebs:
	 a) romel jgufebSi mdebareobs es elementebi?
	 b) ra tipis bma warmoiqmneba maT Soris?
	 g) rogoria maT mier warmoqmnili ionebis formulebi?
	 d) rogoria X da Y elementTa atomebiT warmoqmnili naerTis formula?
	 e) rogoria X-isa da gogirdis atomebiT warmoqmnili naerTis formula?
	 v) rogoria Y-is magniumTan naerTis formula?
	 z) rogoria X da Y elementTa atomebiT warmoqmnili  naerTis moluri    
         masa, Tu isini mesame periodSi mdebareobs? 
	 T) ra masa aqvs am naerTis 1.5 mols?
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4.	 mocemulia ori elementis atomTa luisis eleqtronuli formulebi: 

X Y
	 upasuxeT kiTxvebs:
	 a) romeli jgufebSi mdebareobs isini?

	 b) ra tipis bma warmoiqmneba maT Soris?

	 g) rogoria maT mier warmoqmnili ionebis formula?

	 d) rogoria X da Y elementTa atomebiT warmoqmnili naerTis formula?

	 e) rogoria X-isa da gogirdis atomebiT warmoqmnili naerTis formula?

	 v) rogoria Y-is aluminTan naerTis formula?

	 z) rogoria X da Y elementTa atomebiT warmoqmnili  naerTis moluri   
         masa, Tu isini meore periodSi mdebareobs? 

	 T) ra masa aqvs am naerTis 0.5 mols?

5.	 iodis molekulaSi bmis tipia:

	 a) polarul-kovalenturi    b) arapolarul-kovalenturi

	 g) ionuri     			   d) metaluri

6.	 kaliumis iodidSi bmis tipia:

	 a) polarul-kovalenturi	 b) arapolarul-kovalenturi

	 g) ionuri			   d) metaluri

7.	 qvemoT moyvanil romel rigSia mxolod ionuri bmis Semcveli naerTebi:

	 a) 2 2NaCl,  Na S,  SO  	 b) 2 2KCl,  CaCl ,  Na S

	 g) 3RbCl,  HI,  HNO  	 d) 2 3NaCl,  KCl,  H CO

8.	 qvemoT moyvanil romel rigSia mxolod kovalenturi bmis Semcveli naerTe-
bi:

	 a) 2 2HCl,  Na S,  SO  	 b) 2 4 2Cl ,  CCl ,  CaCl

	 g) 2 2 3H , NO ,  AgNO 	 d) 2 2 4HCl,  F ,  H SO

9.	 oqros erT-erTi ioni III valentiania.

	 a)  dawereT am ionis simbolo.

	 b) ramdeni protoni da eleqtronia am ionSi?

	 g) dawereT oqro(III)-is oqsidis formula.

	 d) dawereT oqro(III)-is nitratis formula.

	 e) gamoTvaleT d punqtSi aRniSnuli nivTierebis 1 molis masa.

10.	 dawereT Semdegi ionuri naerTebis formulebi:

	 a) kala(II)-is sulfidi;  b) vercxl(I)-is qloridi;  g) spilenZ(I)-is fosfidi;

	 d) kalciumis nitridi;  e) qrom(III)-is bromidi;    v) nikel(II)-is oqsidi;

	 z) liTiumis nitridi;   T) rkina(III)-is sulfidi;  i) oqro(I)-is oqsidi.
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11.	 gaaanalizeT mocemuli sqemebi da ipoveT Sesabamisoba sqemas da bmis tips 
Soris

sqema

bmis tipi

ionuri

po-

larul-

kovalen-

turi

arapola

rul-ko

valen

turi

wyalba-

duri
metalu

ri

+H HH H

+Cl ClCl Cl

Me+

Me+

Me

Me

Me+

Me+

Me

Me

Me+

Me+

Me+

Me+

e-

e-

e-

e-

e- e-

e-

e-

+N N N N

+ H+H H HO O

1

+H HCl Cl
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12.	 daasaxeleT kovalenturi naerTebi:

	 a) NCl3   b) N2S3    g) N2O   d) PCl5   e) P2O5   v) SF6   z) SO2

13.	 dawereT Semdegi  naerTebis formulebi:

	 a) naxSirbadis monooqsidi;  b) difosforis pentaoqsidi;  g) gogirdis 
diqloridi;  d) siliciumis dioqsidi;  e) fosforis triodidi;  v) naxSir-
badis tetrabromidi;  z) diazotis monooqsidi.

14.	 daasaxeleT nivTierebebi da miuTiTeT, ionuria Tu kovalenturi:

	 a) FeCl3   b) Na2SO4   g) NO2   d) CF4   e) PF5   v) N2   z) Al2(SO4)3   T) ClF5 

15.	 savaraudod, rogori forma eqneba mocemul molekulebs?  romeli maT-
gania polaruli da romeli _ arapolaruli?

	 a)  SI2   b) PBr3   g) H2O   d) CF4

16.	 romeli jgufis elementia X mocemul ionur naerTebSi?

	 a) XCl3   b) Al2X3   g) XCO3   d) X2O3   e) X2SO3   v) Na3X

17.	 daasaxeleT mocemuli nivTierebebi da miuTiTeT, romeli maTgania ionuri 
da romeli _ kovalenturi:

	 a) Li2O   b) Cr(NO3)2   g) MgCO3   d) NF3   e) CaCl2   v) I2

18.	  cxrilis ujrebSi CawereT Sesabamisi marilebis formulebi:

NO2
- CO3

2- Cl - PO4
3-

Li+

Cu2+

Al3+

19.	  daasaxeleT naerTebi da miuwereT Semadgenel ionTa formulebi:

	 a) K3PO4
 ;    b) Na2CO3 ;    g) NH4Cl ;    d) FeSO3.

20.	 dawereT nivTierebaTa formulebi:

	 a) bariumis hidroqsidi,   b) natriumis sulfati,   g) rkina(II)-is nitrati, 
	 d) TuTiis fosfati,   e) rkina(III)-is karbonati.

21.	  daasaxeleT kovalenturi naerTebi:

	 a) PBr3 ;  b) CBr4 ;  g) SiO2 ;  d) HF ;  e) NI3 ;  v) CS2 ;  z) P2O5 ;  T) Cl2O .

22.	 dawereT kovalenturi naerTebis formulebi saxelwodebis mixedviT:

	 a) naxSirbadis tetraqloridi,  b) naxSirbadis monooqsidi,  g) fosforis 
triqloridi,  d) diazotis pentaoqsidi,  e) gogirdis dioqsidi,  

	 v) diazotis monooqsidi,  z) naxSirbadis disulfidi.
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23.	  daasaxeleT mocemuli qimiuri naerTebi. miuTiTeT romeli warmoadgens 
kovalentur naerTs da romeli _ ionurs.

	 a)  Al2(SO4)3;  b) N2O;  g) CaCO3;  d) Na3PO4;  e) (NH4)2SO4;  v) Fe2O3.

24.	  elementTa romel mwkrivSi mcirdeba eleqtrouaryofiToba?

	 a) Li, Na, K;    b) Na, Cl, P;    g) Se, Ca, O;    d) Cl, F, Br.

25.	 miuTiTeT, mocemuli bmebi ionuria, polarul-kovlenturi Tu arapo-
larul-kovalenturi?

	 a) iodis atomebs Soris;  b) siliciumsa da broms Soris;  g) liTiumsa da 
fTors Soris;  d) azotsa da fosfors Soris;  e) gogirdsa da fTors Soris;  
v) naxSirbadsa da Jangbads Soris;   z) siliciumsa da Jangbads Soris;  T) ka
liumsa da qlors Soris.

26.	 romeli elementis atoms aqvs nawilobriv dadebiTi δ+ da romels _ nawilo-
briv uaryofiTi δ- muxti mocemul kovalentur bmebSi?

	 a) P da F;  b) Si da Br;  g) C da O;  d) N da P;  
	 e) Se da F;  v) P da Cl;  z) N da H.  

27.	 mocemulia natriumis dihidrofosfatis struqturuli formula:

O P

O

O

O

H

HNa

 miuTiTeT molekulaSi arsebuli qimiuri bmis tipebi.

28.	 SeavseT cxrili:

nivTiereba bmis tipi

CaCl2

polarul-kovalenturi

Br2

molekulaTaSorisi wyalbaduri

29.	 ra aris ganlagebuli spilenZis kristaluri mesris kvanZebSi?

	 a) mxolod molekulebi; 		  b) mxolod atomebi; 

	 g) rogorc atomebi, aseve ionebi; 	 d) mxolod ionebi.
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30.	 CamoTvlilTagan romels aqvs molekuluri kristaluri meseri?

	 a) I2;     b) C;     g) Al2O3;     d) NaCl.

31.	 CamoTvlilTagan romel mwkrivSi gvxdeba mxolod ionuri bmis Semcveli niv-
Tierebebi?

	 a) KBr, O2, 
CO2;		  b) FeCl3, BaS, NaI;

	 g) H2O, H2S; KF;	 d) I2, KIO3, MgCl2.

32.	 CamoTvlilTagan romel nivTierebas aqvs atomuri kristaluri meseri?

	 a) natriumis qloridi;     b) almasi;     g) wyali;     d) azotmJava.

33.	 ra tipis qimiuri bmebia NH4NO3-Si? pasuxi daasabuTeT.

34.	 kaliumis atomma gasca erTi eleqtroni. am dros:

	 a) misi birTvis muxti izrdeba erTiT

	 b) misi birTvis muxti mcirdeba erTiT

	 g) atomi gardaiqmna +1 muxtis mqone ionad

	 d) atomi gardaiqmna -1 muxtis mqone ionad

35.	 qloris atomma miierTa erTi eleqtroni. am dros:

	 a) misi birTvis muxti izrdeba erTiT

	 b) misi birTvis muxti mcirdeba erTiT

	 g) atomi gardaiqmna +1 muxtis mqone ionad

	 d) atomi gardaiqmna -1 muxtis mqone ionad

36.	 me-15 jgufis elementebis umaRlesi JangbadnerTebis zogadi formulaa 

2 5R O , ra iqneba wyalbadnaerTis zogadi formula?

37.	 dawereT naerTis formula, romelsac warmoqmnis mocemul ionTa wyvilebi:

	 a) Na+  da O2- ;    b) Ba2+  da N3- ;   g) Al3+  da S2-; d) Cs+  da S2-.

38.	  daasaxeleT ionuri naerTebi:

	 a)  Al2O3 ;    b) Mg3P2 ;    g) CaCl2;    d) KI ;    e) Na2O;    v) BaF2. 

39.	 mocemulia X2+ ioni. upasuxeT kiTxvebs:

	 a) romel jgufSi SeiZleba mdebareobdes X?

	 b) SeadgineT X atomis eleqtronuli (luisis) formula.

	 g) romeli elementia X, Tu is mesame periodSi mdebareobs?

	 d) rogori iqneba mesame periodSi mdebare X elementis nitridis formula?

	 e) ramdenia d punqtSi aRniSnuli naerTis moluri masa?

	 v) ramdenia d punqtSi aRniSnuli naerTis 3 molis masa?

40.	 gamoiyeneT mocemuli eleqtronuli ganawileba da SeavseT cxrilis cari-
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eli ujrebi: 

atomis ele-
qtronTa 

ganawileba

Se-
sabamisi 
kationis 
simbolo

atomis 
eleqtronTa 
ganawileba

Sesabam-
isi  ani-

onis 
simbolo

naerTi

formula saxelwodeba

2, 8, 2
Mg2+ 2, 5 N3- Mg3N2

magniumis 
nitridi

2, 8, 8, 1 2, 6

2, 8, 3 2, 8, 7

41.	 gamoiyeneT mocemuli eleqtronuli ganawileba da SeavseT cxrilis cari-
eli ujrebi:

atomis ele-
qtronTa 

ganawileba

Se-
sabamisi  
kationis 
simbolo

atomis 
eleqtronTa 
ganawileba

Se-
sabamisi  
anionis 
simbolo

naerTi

formula saxelwodeba

2, 8, 1 2, 7

2, 8, 8, 2 2, 8, 6

2, 8, 3 2, 8, 5

42.	 kalas erT-erTi ioni IV valentiania. 

	 a) dawereT am ionis simbolo.

	 b) ramdeni protoni da eleqtronia am ionSi?

	 g) dawereT kala(IV)-is oqsidis formula.

	 d) dawereT kala(IV)-is sulfatis formula.

	 e) gamoTvaleT d punqtSi aRniSnuli nivTierebis 1 molis masa.
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torebSi tardeba. birTvulma reaqciam afeTqeba rom ar gamoiwvios, is marTvadi 
unda iyos, risTvisac saWiroa neitronebis siCqaris Seneleba. am funqcias at-
omur reaqtorebSi e. w. „Semaneleblebi“ - neitronebis STanTqmis unaris mqone 
nivTierebebi asrulebs. aseTebia mZime wyali (D2O), grafiti (C), kadmiumi (Cd) 
da sxv. Semaneleblis Reroebis reaqtorSi CaSvebiT reaqcia neldeba, xolo maT 
bolomde Tu CauSveben, birTvuli reaqcia wydeba. birTvuli reaqciis samarTavad 
reaqtorSi Reroebs im mdgomarebaSi afiqsireben, rom saWiro raodenobis energia 
gamoiyos.  

aes-is reaqtorSi eleqtroenergia Semdegi principiT gamomuSavdeba: birTvu-
li  reaqciis Sedegad gamoyofili siTbo acxelebs e. w. „pirveli konturis“ wyals 
320 °C-mde. wyali gamodis reaqtoridan da siTbos gadascems „meore konturis“ 
wyals, ise, rom masTan kontaqtSi ar Sedis. amitom reaqtoridan gareT radioaq-
tiuri nivTierebebis moxvedra gamoricxulia.“meore konturis“ wyali duRs da 
warmoqmnili orTqli abrunebs generatoris turbinebs, romlebic eleqtroener-
gias gamoimuSavebs (nax. 1). 

1 2
4 5

6

3

nax. 1. atomuri eleqtrosadguris sqema. 1 - birTvuli reaqtori; 2 – wylis pirveli 
konturi, 3 – wylis meore konturi; 4 - turbina; 5 - generatori; 6 - wylis gamacivebeli 

koSki. 

 atomuri eleqtrosadguris (aes) 

muSaobis principi
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 Temis Semajamebeli davalebebi
1. pirveli jgufis elementebis zogierTi Tviseba naCvenebia cxrilSi:

elementi
duRilis tem-
peratura, °C

atomuri ra-
diusi (pm)

fardobiTi 
Tbogamtaroba

reaqcia wyal
Tan

liTiumi 1342 152 6.0

natriumi 883 186 3.9

Sedis reaq-
ciaSi wyalTan 

swrafad, magram 
ar aaldeba

kaliumi 759 227
Zalian swrafad 
Sedis reaqciaSi 

da aaldeba

rubidiumi 688 1.6

ceziumi 671 265 1.0
wyalTan reaq-
ciis Sedegad 

feTqdeba

      cxrilis mixedviT upasuxeT qvemoT mocemul kiTxvebs:

1.1. ivaraudeT, ra garegnuli niSnebiT warimarTeba liTiumisa da rubidiumis 
wyalTan reaqciia?

1.2. romeli qimiuri tolobiT gamoisaxeba natriumis wyalTan urTierTqmedeba? 
usafrTxoebis romeli wesebis dacvaa saWiro natriumis wyalTan reaqciis 
Catarebisas?

1.3. dawereT natriumis qlorTan reaqciis toloba da sqematurad gamosaxeT 
miRebul naerTSi bmis warmoqmnis meqanizmi; miuTiTeT bmis tipi. 

1.4. kaliumis oqsidi fuZe oqsidia; romeli reaqciiT daasabuTebT mis fuZe bune-
bas? SeadgineT Sesabamisi reaqciis toloba.

1.5. daadgineT pirveli jgufis elementis oqsidis formula, Tu masSi metalis 
masuri wili aris 46.67%.

1.6. element ceziumis radioaqtiuri izotopi Cs-137 birTvul reaqtorebSi war-
moiqmneba. garemoSi moxvedris SemTxvevaSi is iwvevs garemos dabinZurebas. 
moiZieT informacia misi gamoyenebis Sesaxeb.

1.7. aageT grafiki an svetovani diagrama, romelic aCvenebs fardobiTi Tbo-
gamtarobis cvlilebas jgufSi zevidan qveviT; amis safuZvelze ivaraudeT 
kaliumis fardobiTi Tbogamtarobis mniSvneloba.
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1.8. aageT grafiki an svetovani diagrama, romelic aCvenebs atomuri radiusis 
cvlilebas jgufSi zevidan qveviT; amis safuZvelze ivaraudeT rubidiumis 
atomuri radiusis mniSvneloba.

2.    elementi fleroviumi - Fl, atomuri nomriT 114, birTvuli reaqciebis Sede-
gad miiRes 1998 wels.

2.1. periodulobis cxrilis romel periodsa da jgufSi mdebareobs elementi 
fleroviumi?

2.2. fleroviums aqvs  ori arastabiluri izotopi, romelTa naxevardaSlis peri-
odi aris 21 wami. erT izotopi Seicavs 172 neitrons, meore - 175-s. dawereT 
mocemuli izotopebis nuklidebi.

2.3. mcire naxevrad daSlis periodis gamo laboratoriaSi fleroviumi miReba 
Zalian Znelia, Sesabamisad misi Tvisebebi Seswavlili ar aris. periodulo-
bis cxrilSi fleroviumis mdebareobis mixedviT ivaraudeT misi ori fizi-
kuri Tviseba.

2.4. fleroviumis umaRlesi oqsidi, iSleba flerovium(II)-is oqsidisa da Jangba-
dis warmoqmniT. SeadgineT Sesabamisi reaqciis toloba.

3.   sqemaze mocemulia xuTi elementis A, B, C, D, E eleqtronuli struqturebi

A                             B                        C                         D                          E

     gaaanalizeT sqemebi da upasuxeT kiTxvebs:

3.1. romeli elementi mdebareobs periodulobis cxrilis me-2 jgufSi?
3.2. romeli elementis atomuri nomeria 13?
3.3. romeli elementi warmoqmnis -1 muxtis mqone ions?
3.4. romeli elementis Sesabamis martiv nivTierebas aqvs giganturi kovalenturi 

struqtura?
3.5. romeli elementis Sesabamisi martivi nivTiereba reagirebs wyalTan aale-

biT?
3.6. rogori tipis bma miiReba A da E elementebis Sesabamisi martivi nivTiere-

bebis urTierTqmedebis Sedegad? axseniT Tqveni pasuxi bmis warmoqmnis sqe-
mis CvenebiT.

3.7. dawereT C elementis Sesabamisi oqsidis formula. rogori buneba aqvs am 
oqsids? daasabuTeT Tqveni pasuxi Sesabamisi reaqciis tolobiT.

3.8. dawereT A elementis Sesabamisi martivi nivTierebis wyalTan urTierTq-
medebis reaqciis toloba. rogori pH eqneba miRebul xsnars?

3.9. romeli elementi warmoqmnis amfoterul oqsids? daasabuTeT Tqveni pasuxi 
Sesabamis reaqciaTa tolobebiT.
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3.10. SearCieT ori elementi, romlebic mdebareobs erTsa da imave periodSi da 
SeadareT maTi atomuri radiusebi. daasabuTeT Tqveni pasuxi.

4.   organizmSi kaliumis naklebobis samkurnalod sakvebis danamatad iyeneben 
kaliumis qlorids. is bunebaSi gavrcelebulia sxvadasxva mineralis Sedge-
nilobaSi, laboratoriaSi ki misi miRebis erT-erTi xerxia kaliumis urT-
ierTqmedeba qlorTan.

4.1. SeadgineT Sesabamisi reaqciis toloba.

4.2. qlori oratomiani martivi nivTierebaa. qvemoT mocemul diagramis gamoy-
enebiT warmoadgineT qloris molekulis luisis eleqtronuli formula 
(aCveneT mxolod gare Sris eleqtronebi).

Cl Cl

	 ra tipis bmaa qloris molekulaSi? pasuxi daasabuTeT.

4.3. kaliumis qloridi ionuri naerTia. qvemoT mocemul diagramebze aCveneT 
kaliumis da qloris ionebSi eleqtronebis ganawileba; miuTiTeT ionTa mux-
tebi.

ClK

4.4. organizmisTvis kidev erTi mniSvnelovani elementia kalciumi, romelic Zv-
lebisa da kbilebis SedgenilobaSi Sedis. kalciumis naklebobis Sesavsebad 
gamoiyeneba kalciumis qloridi. ivaraudeT ra tipis bmaa naerTSi kalciumsa 
da qlors Soris.

4.5. SeadareT kaliumisa da kalciumis qloridebis lRobis temperaturebi da 
daasabuTeT Tqveni pasuxi kulonis kanonis safuZvelze.

5. gogirds aqvs oTxi izotopi. bunebriv naerTebSi izotopebis procentuli Sem-
cveloba naCvenebia diagramaze.

94.99%S

S

S

S

32

16

36

16

34

16

33

160.75%

4.25%

0.01%
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5.1. gamoTvaleT gogirdis saSualo fardobiTi atomuri masa.

5.2. SeavseT cxrili 
33
16S

 izotopisTvis:

neitronebis ricxvi

protonebis ricxvi

eleqtronuli formula

5.3. element gogirds aqvs sami alotropi. erT-erTi alotropis molekuluri 
formulaa Sx. daadgineT molekuluri formula, Tu misi fardobiTi mole-
kuluri masaa 256. ivaraudeT, ra tipis bmebis arsebobaa SesaZlebeli atom-
ebs Soris gogirdis am molekulaSi.

5.4. dawereT gogirdis umaRlesi oqsidisa da aqroladi wyalbadnaerTis for-
mulebi.

5.5. SeadareT erTmaneTs Jangbadisa da gogirdis wyalbadnaerTebis duRilis 
temperaturebi da axseniT gansxvavebis mizezi.

5.6. wylis molekulaSi bmis kuTxe aris 104.5 °C. ivaraudeT rogori kuTxe Sei-
Zleba iyos gogirdwyalbadis molekulaSi?

5.7. gogirdi reagirebs magniumTan ionuri naerTis warmoqmniT. SeadgineT Se-
sabamisi reaqciis toloba, daasaxeleT miRebuli nivTiereba da dawereT 
naerTSi Semavali TiToeuli ionis eleqtronuli konfiguracia.

6. mocemuli gaqvT sxvadasxva elementis oqsidebi: naxSirbadis dioqsidi, 
spilenZ(II)-is oqsidi, siliciumis dioqsidi, natriumis oqsidi, gogirdis 
trioqsidi, TuTiis oqsidi.

6.1. romel oqsids aqvs giganturi kovalenturi struqtura? 
daasaxeleT am oqsidis erTi fizikuri Tviseba.

6.2. romeli oqsidia airadi oTaxis temperaturaze?
	 daasaxeleT am oqsidis kidev erTi fizikuri Tviseba.

6.3. romeli oqsidi reagirebs rogorc mJavasTan, aseve tutesTan?
	 SeadgineT Sesabamis reaqciaTa tolobebi.

6.4. romeli oqsidi warmoqmnis Zlier mJavas wyalTan urTierTqmedebisas?
	 SeadgineT Sesabamisi reaqciis toloba.

6.5. romeli oqsidis wyalTan urTierTqmdebis Sedegad miiReba xsnari, romlis 
pH > 7-ze?

	 SeadgineT Sesabamisi reaqciis toloba.

6.6. SeadareT natriumis oqsidsa da naxSirbadis dioqsidSi arsebuli bmis tipebi.

7.    kalciumis oqsidi ionuri naerTia, romelic aseve cnobilia Caumqrali kiris 
saxelwodebiT. am oqsidis wyalTan reaqciis Sedegad gamoiyofa didi raode-
nobiT siTbo da miiReba nivTiereba, romelsac Camqrali kiris saxelwodebiT 
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vicnobT. es nivTiereba gamoyeneba mJava wvimebiT dazianebuli niadagebis 
ganeitralebisTvis.

7.1. dawereT kalciumis oqsidSi Semavali ionebis eleqtronuli formulebi da 
aCveneT ionuri bmis warmoqmnis sqema.

7.2. dawereT kiris Caqrobis reaqciis  toloba da daasaxeleT miRebuli niv-
Tiereba saerTaSoriso nomenklaturiT.

7.3. gamoTvaleT Camqrali kiris masa, Tu reaqciisTvis aRebuli kalciumis oq-
sidi miiRes 80 grami kalciumis Warb JangbadTan urTierTqmedebiT.

8.   fosfori aris me-15 jgufSi mdebare arametali. es elementi mniSvnelovan 
rols asrulebs cocxal organizmebSi mimdinare biologiur procesebSi. 
fosfori Sedis kalciumis fosfatis SedgenilobaSi, romelic kbilebsa da 
ZvlebSi Semaval erT-erT mniSvnelovan nivTierebas warmoadgens. Tavisu-
fali saxiT fosfors aqvs sami alotropi: TeTri, wiTeli da Savi. TeTri 
fosfori molekuluri aRnagobis martivi nivTierebaa da misi formulaa P4. 
warmoebaSi fosfori miiReba qvemoT warmodgenili reaqciis Sedegad:

2Ca3(PO4)2 + 6SiO2 + 10C → 6CaSiO3+10CO+P4

8.1. gamoTvaleT miRebuli fosforis masa, Tu reaqciaSi srulad Sevida 62 g 
kalciumis fosfati.

8.2. kalciumis fosfats aqvs maRali lRobis temperatura. romeli tipis bma ga-
napirobebs am Tvisebas? axseniT Tqveni pasuxi.

8.3. savaraudod, ra tipis bma SeiZleba iyos fosforis molekulaSi (P4) fosfo-
ris atomebs Soris?

8.4. simartivis mizniT xSirad reaqciis tolobebSi fosfors weren erTatomiani 
saxiT. SeadgineT fosforisgan fosformJavas miRebis reaqciaTa tolobebi.

8.5. fosformJavas iyeneben gamagrilebel sasmelebSi da sakveb produqtebSi mJa-
vianobis regulirebisaTvis. gamoTvaleT, ramden mg fosfors miiRebT, Tu 
dalevT 200 ml (1 Wiqa) gamagrilebel sasmels, romelic 19.6 mg fosform-
Javas Seicavs.

8.6. gamoTvaleT ramdeni molekula fosformJavaa erT Wiqa am sasmelSi.

9. cxrilSi naCvenebia me-16 jgufis elementebis zogierTi Tviseba

elementi
simkvrive 

oTaxis temper-
aturaze, g/sm3

lRobis tem-
peratura, °C

duRilis tem-
peratura, °C

eleqtrogam-
taroba myar 

mdgomareobaSi

Jangbadi 0.0013 -219 -183 Zalian cudi

gogirdi 2.1 115 445 cudi

seleni 221 685 cudi

teluri 6.2 450 988 Zalian kargi

poloniumi 9.2 254 962 kargi
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9.1. aageT grafiki an svetovani diagrama, romelic aCvenebs simkvrivis cvlile-
bas jgufSi zevidan qveviT; amis safuZvelze ivaraudeT selenis simkvrivis 
mniSvneloba oTaxis temperaturaze.

9.2. cxrilSi mocemuli informaciis mixedviT gansazRvreT, rogor agregatul 
mdgomareobaSi iqneba Jangbadi -190 °C-ze. axseniT Tqveni pasuxi.

9.3.  axseniT eleqtrogamtarobis cvlileba periodulobis cxrilSi elementebis 
mdebareobis safuZvelze.

9.4.  romeli elementi warmoqmnis oratomian martiv nivTierebas da ra tipis 
bmiT ukavSirdeba atomebi erTmaneTs masSi?

9.5.  gogirdi JangbadTan urTierTqmedebisas warmoqmnis gogirdis dioqsids, ro-
melic atmosferos erT-erT damabinZurebels warmoadgens. gogirdis dio-
qsidi atmosferoSi wyalTan urTierTqmedebis Sedegad xels uwyobs mJava 
wvimebis formirebas. SeadgineT aRweril reaqciaTa tolobebi da daasax-
eleT miRebuli mJava.

9.6.  gogirdis wyalbadTan naerTi - gogirdwyalbadi ufero, laye kvercxis usia-
movno sunis mqone airia. is warmoiqmneba cilebis daSlis Sedegad.

	 laboratoriaSi gogirdwyalbadi miiReba rkina(II)-is sulfidze marilmJavas 
moqmedebiT. gogirdwyalbadis wyalxsnari (gogirdwyalbadmJava) urTierTq-
medebs natriumis tutesTan marilisa da wylis warmoqmniT. is advilad iwvis 
haerze gogirdis dioqsidisa da wylis warmoqmniT.

	 SeadgineT aRwerili reaqciebis tolobebi.

10. cxrilSi naCvenebia me-15 jgufis elementTa zogierTi Tviseba:

elementi
lRobis tem-
peratura, °C

duRilis tem-
peratura, °C

eleqtrogamtaroba 
myar mdgomareobaSi

azoti -210 -196 ar atarebs

fosfori 44 281 ar atarebs

dariSxani ar atarebs

stibiumi 631 1587 cudi 

bismuTi 271 1564 kargi

10.1. aageT grafikebi an svetovani diagrama, romelic aCvenebs lRobisa da du-
Rilis temperaturebis cvlilebas jgufSi zevidan qveviT; amis safuZvelze 
ivaraudeT dariSxanis lRobisa da duRilis temperaturebis mniSvnelobebi 
oTaxis temperaturaze?

10.2. cxrilSi mocemuli informaciis mixedviT gansazRvreT, rogor agregatul  
mdgomareobaSi iqneba azoti -200 °C-ze. axseniT Tqveni pasuxi.

10.3. SeadareT bmis tipi martiv nivTierebebSi - azotsa da bismuTSi.

10.4. azotis oqsidebi (NO da NO2) atmosferos erT-erT damabinZurebel wyaros 
warmoadgens. isini warmoiqmneba benzinze momuSave Sidawvis ZravebSi da 
gamonabolqvTan erTad haerSi gamoiyofa. dabinZurebis Semcirebis mizniT 
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xSirad avtomobilebSi iyeneben katalizur gardamqmnels, romelic gamoyo-
fil oqsidebs azotad da Jangbadad gardaqmnis. SeadgineT aRniSnul reaq-
ciaTa tolobebi.

10.5. azotis wyalbadTan urTierTqmedebiT miiReba amiaki, romelic gamoiyeneba 
nedleulad sasuqebis, medikamentebisa da sxva mniSvnelovani produqtebis 
warmoebaSi. amiakis urTierTqmedebiT azotmJavasTan miiReba amoniumis ni-
trati, romelic erT-erTi farTod gavrcelebuli sasuqia.

	 a) dawereT azotisgan amoniumis nitratis miRebis procesis Sesabamisi qimi-
uri reaqciebis tolobebi da gamoTvaleT, ramdeni grami amoniumis nitra-
tis miRebaa SesaZlebeli 89.6 l (n. p.) azotisgan?

	 b) ra tipis bmebia amoniumis nitratSi? pasuxi daasabuTeT.

11.   metalebis damaxasiaTebeli fizikuri Tvisebebia eleqtro- da Tbogamtaro-
ba.

11.1. daasaxeleT kidev ori fizikuri Tviseba, romlebic axasiaTebT metalebs; 
axseniT, ra ganapirobebs metalebis am Tvisebebs.

11.2. cxrilSi mocemulia zogierTi metalis wyalTan reaqciis aRwera.

metali Sedegis aRwera

ceriumi nela reagirebs civ wyalTan 

rkina
reagirebs wylis orTqlTan maRal tempt-

eraturaze 

magniumi nela reagirebs cxel wyalTan 

natriumi swrafad reagirebs civ wyalTan

	 am informaciis safuZvelze daalageT mocemuli metalebi maTi reaqciisuna-
rianobis mixedviT.

yvelaze naklebad 
aqtiuri

yvelaze aqtiuri

11.3. warmoebaSi wyalbadis misaRebad iyeneben rkinis wylis orTqlTan 
urTierTqmedebis reaqcias:

3Fe + 4H2O → Fe3O4 + 4H2

	 gamoTvaleT ra moculobas daikavebs miRebuli wyalbadi n. p.-Si, Tu warmoe-
baSi nedleulad gamoiyenes 6.22 t rkina, romelic 10% minarevebs Seicavda.
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 ganvlili masalis Sejameba

darwmundiT, rom iciT:

•	 atomi Sedgeba atombirTvisa da mis garSemo moZravi eleqtronebisgan.

•	 atombirTvi Sedgeba protonebisa da neitronebisgan.

•	 atomebs, romelTac protonebis erTnairi da neitronebis gansxvavebuli ricx-
vi aqvs, izotopebi ewodeba.

•	 zogierTi izotopi TavisTavad asxivebs, rasac radioaqtiuroba ewodeba.

•	 dros, romelic saWiroa radioizotopis raodenobis ganaxevrebisTvis, nax-
evrad daSlis periodi ewodeba.

•	 sivrcis im nawils, sadac eleqtroni moZraobs birTvis garSemo, eleqtronuli 
garsi anu eleqtronuli Sre ewodeba.

•	 sivrcis im nawils, romelSic eleqtroni yvelaze xSirad imyofeba, eleqtro-
nuli irbitali ewodeba.

•	 eleqtronuli doneebi moicavs qvedoneebs, romlebic, Tavis mxriv, Sedgeba 
orbitalebisgan.

•	 eleqtronebi orbitalebs ikavebs energiis zrdis mixedviT.

•	 erTsa da imave orbitalze SeiZleba moZraobdes mxolod ori eleqtroni, rom-
lebic sakuTari RerZis garSemo urTierTsapirispiro mimarTulebiT brunavs.

•	 p, d da f orbitalebi jer erTi mimarTulebis eleqtronebiT ivseba (zeviT 
mimarTuli), xolo Semdeg gawyvildeba sapirispirod mimarTuli isriT.

•	 elementebisa da maTi naerTebis Tvisebebi periodul damokidebulebaSia at-
ombirTvis muxtis sididesTan anu atomSi protonebis raodenobasTan. 

•	 periodebSi elementTa atomebis savalento Sreze eleqtronebis raodeno-
bis perioduli cvlileba iwvevs elementebisa da maTi naerTebis Tvisebebis 
periodul cvlilebas.

•	 atomur radiusad iTvleba or mezobel atombirTvs Soris manZilis naxevari.

•	 elementebs an ionebs, romlebsac eleqtronebis erTnairi da protonebis gan-
sxvavebuli ricxvi aqvs, izoeleqtronuli nawilakebi ewodeba. 

•	 minimalur energias, romelic saWiroa airad mdgomareobaSi atomidan ele-
qtronis mosacileblad, ionizaciis energia ewodeba. 

•	 energias, romelic gamoiyofa airad mdgomareobaSi atomis mier eleqtronis 
mierTebis dros, eleqtronisadmi swrafva ewodeba.

•	 eleqtrouaryofiToba aris elementis unari, miizidos qimiuri bmis warmomqm-
neli saziaro eleqtronuli wyvili.

•	 periodSi marcxnidan marjvniv: Zlierdeba arametaluri Tvisebebi, izrdeba 
ionizaciis energia, eleqtronisadmi swrafva da eleqtrouaryofiToba; sust-
deba metaluri Tvisebebi, mcirdeba atomuri radiusi.
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•	 jgufebSi zevidan qveviT: Zlierdeba metaluri Tvisebebi, izrdeba atomuri 
radiusi; sustdeba arametaluri Tvisebebi, mcirdeba ionizaciis energia, ele-
qtronisadmi swrafva da eleqtrouaryofiToba.

•	 kationis radiusi yovelTvis naklebia Sesabamisi atomis radiusze.

•	 anionis radiusi yovelTvis metia Sesabamisi atomis radiusze.

•	 8-eleqtronian gare Sres oqteti ewodeba. 

•	 eleqtrostatikur mizidulobas urTierTsawinaaRmdegod damuxtul ionebs 
Soris ionuri bma ewodeba.

•	 saziaro eleqtronuli wyvil(eb)-iT damyarebul bmas kovalenturi bma ewo-
deba.

•	 kovalenturi bma SeiZleba iyos polaruli an arapolaruli.

•	 atombirTvis SemaerTebeli RerZis gaswvriv orbitalebis gadafarviT war-
moiqmneba σ bma, xolo p orbitalebis gverdiTi gadafarviT - π bma.

•	 kovalenturi bma SeiZleba damyardes donorul - aqceptoruli meqanizmiTac.

•	 bmis energia aris energiis is raodenoba, romelic saWiroa 1 moli kovalen-
turi bmis gasawyvetad airad mdgomareobaSi, standartul pirobebSi.

•	 bmis jeradobis zrdasTan erTad mcirdeba bmis sigrZe da izrdeba energia.

•	 atomuri da ionuri nivTierebebis lRobisa da duRilis temperatura bevrad 
maRalia molekuluri aRnagobis nivTierebebisaze.

•	 eleqtrostatikur mizidulobas metalis kationebsa da Tavisufal ele-
qtronebs Soris metaluri  bma ewodeba.

•	 nivTierebebSi Semavali bmebi ganapirobebs maT Tvisebebs.

•	 mizidulobis Zalebs, romlebic molekulaSi arsebul atomebs erTmaneTTan 
akavSirebs, Sidamolekuluri Zalebi ewodeba.

•	 mizidulobis Zalebs, romlebic molekulebs erTmaneTTan akavSirebs, moleku-
laTaSorisi Zalebi ewodeba.
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saxelwodeba
laTinuri 

saxelwodeba
rogor wavikiTxoT 

formulaSi

H wyalbadi Hydrogenium haS

O Jangbadi Oxygenium  o      

C naxSirbadi Carboneum ce

N azoti Nitrogenium  en

S gogirdi Sulphur  es

P fosfori Phosphorus  pe

Si siliciumi Silicium  silicium

Cl qlori Chlorum qlor

F fTori Fluorum fTor

Br bromi Bromum brom

I iodi Iodium  iod

Fe rkina Ferrum  ferum

Al alumini Aluminium  alumin

Na natriumi Natrium  natrium

K kaliumi Kalium  kalium

Li liTiumi Lithium  liTium

Ca kalciumi Calcium  kalcium

Mg magniumi Magnesium  magnium

Ba bariumi Barium  barium

He heliumi Helium helium

Ne neoni Neon  neon

Kr kriptoni Kryptonum  kripton

Ar argoni Argon argon

Zn TuTia Zincum cinkum

Sn kala Stannum stanum

Pb tyvia Plumbum plumbum

Cr qromi Chromium  qrom

Mn manganumi Manganum  manganum

Co kobalti Cobaltum  kobalt

Ni nikeli Niccolum  nikel

As dariSxani Arsenicum arsenikum

Cu spilenZi Cuprum  kuprum

Ag vercxli Argentum  argentum

Au oqro Aurum  aurum

Hg vercxliswyali Hydrargyrum  hidrargirum

Pt platina Platinum  platinum

U urani Uranium  uranium

cxrili I.  rogor iwereba  da rogor ikiTxeba zogierTi 
qimiuri  elementis simbolo
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metalTa eleqtroqimiuri aqtiurobis mwkrivi

Li  K  Ba  Ca  Na  Mg  Al  Mn  Cr  Zn  Fe  Co  Ni  Sn  Pb   H   Cu  Hg  Ag  Pt  Au

aqtiuroba mcirdeba

mJavebidan wyalbads aZevebs mJavebidan wyalbads 
ver aZevebs

qimiaSi xSirad gamoyenebuli erTeulebi

prefiqsi piko (p) nano (n) mikro (mk) mili (m) santi (s) deci (d) kilo (k)

mniSvneloba 10-12 10-9 10-6 10-3 10-2 10-1 103

ganzomileba sigrZe dro masa moculoba raodenoba

erTeuli metri wami grami litri moli

aRniSvna m wm g l moli

sigrZe:

1 m = 1012 pm = 109 nm = 106 mkm = 103 mm = 102 sm = 10-3 km

dro:

1 wm = 109 nwm = 106 mkwm = 103 mwm 		

1 wT = 60 wm   	

1 sT = 60 wT = 3600 wm

masa:

1 g = 109 ng = 106 mkg = 103 mg = 10-3 kg

moculoba:

1 l = 106 mkl = 103 ml = 1 dm3 = 10-3 m3

raodenoba:

1 moli = 106 mkmoli = 103 mmoli = 10-3 kmoli
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elementTa fardobiTi eleqtrouaryofiTobebis cxrili

1
H

2.2

3
Li
1.0

4
Be
1.6

5
B

2.0

6
C

2.6

7
N

3.0

8
O

3.4

9
F

4.0

11
Na
0.9

12
Mg
1.3

13
Al
1.6

14
Si
1.9

15
P

2.2

16
S

2.6

17
Cl
3.2

19
K

0.8

20
Ca
1.0

21
Sc
1.4

22
Ti
1.5

23
V

1.6

24
Cr
1.7

25
Mn
1.6

26
Fe
1.8

27
Co
1.9

28
Ni
1.9

29
Cu
1.9

30
Zn
1.7

31
Ga
1.8

32
Ge
2.0

33
As
2.2

34
Se
2.6

35
Br
3.0

37
Rb
0.8

38
Sr
1.0

39
Y

1.2

40
Zr
1.3

41
Nb
1.6

42
Mo
2.2

43
Tc
2.1

44
Ru
2.2

45
Rh
2.3

46
Pd
2.2

47
Ag
1.9

48
Cd
1.7

49
In
1.8

50
Sn
2.0

51
Sb
2.1

52
Te
2.1

53
I

2.7

55
Cs
0.8

56
Ba
0.9

57
La*
1.1

72
Hf
1.3

73
Ta
1.5

74
W
1.7

75
Re
1.9

76
Os
2.2

77
Ir

2.2

78
Pt
2.2

79
Au
2.4

80
Hg
1.9

81
Tl
1.8

82
Pb
1.8

83
Bi
1.9

84
Po
2.0

85
At
2.2

87
Fr
0.7

88
Ra
0.9

89
Ac**
1.1

 < 1.0

 1.0-1.4

 1.5-1.9

 < 1.0

 1.0-1.4

 1.5-1.9
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marilebis, fuZeebisa da mJavebis wyalSi xsnadobis cxrili

ionebi H+
4NH+ K+ Na+ Ag+ 2Ba + 2Ca + +2Mg 2Zn + 2Cu + 2Hg + 2Pb + 2Fe + 3Fe + 3Al +

OH- xs* xs xs _ xs mx u u u _ u u u u

F- xs xs xs xs xs u u u mx mx xs u mx xs mx

Cl- xs xs xs xs u xs xs xs xs xs xs mx xs xs xs

Br- xs xs xs xs u xs xs xs xs xs mx mx xs xs xs

I- xs xs xs xs u xs xs xs xs xs u u xs _ xs

2S - xs** xs xs xs u _ _ _ u u u u u u _

3NO- xs xs xs xs xs xs xs xs xs xs xs xs xs xs xs

2
3SO - xs* xs xs xs mx mx mx mx mx _ _ u mx _ _

2
4SO - xs xs xs xs mx u mx xs xs xs xs u xs xs xs

2
3CO - xs* xs xs xs u u u u u _ _ u u _ _

2
3SiO - u _ xs xs u u u u u _ _ u u _ _

3
4PO - xs xs xs xs u u u u u u u u u u u

3CH COO- xs xs xs xs mx xs xs xs xs xs xs xs xs _ _

* _ naerTi advilad iSleba airis gamoyofiT: 

 4 3 2NH OH NH H O→ ↑ + ;        2 3 2 2H SO H O SO→ + ↑ ;      2 3 2 2H CO H O CO→ + ↑  

** - xsnaridan airis saxiT gamoiyofa:  2H S ↑  

xs - xsnadi;  mx - mcired xsnadi; u - uxsnadi; „–“ - naerTi ar arsebobs an wyliT 
iSleba.



105

damxmare masala

D
on

’t 
C

op
y

W
W

W
.C

H
E

M
IS

T
R

Y
.G

E
W

W
W

.C
H

E
M

C
LU

B
.E

D
U

.G
E

ს
ა
ქ
ა
რ

თ
ვ
ე
ლ

ო
ს
 პ

რ
ო

ფ
ე
ს
იო

ნ
ა
ლ

ქ
იმ

იკ
ო

ს
თ

ა
 ა

ს
ო

ც
ია

ც
ია

WW
W.

CH
EM

CL
UB

.E
DU

.G
E

A P
G
eo

rg
ia

C

qi
mi

u
r
i 

el
em

en
t
eb

is
 p

er
io

d
u
l

o
bi

s 
c
xr

il
i 

(g
r
Ze

l
i)



106

damxmare masala

D
on

’t 
C

op
y

qi
mi

u
r
i 

el
em

en
t
eb

is
 p

er
io

d
u
l

o
bi

s 
c
xr

il
i 

(m
o
kl

e)



107

damxmare masala

D
on

’t 
C

op
y

gamosaTvleli davalebebis pasuxebi

gv. 12, 1.2. 

1. 79.986. 

gv. 27-31, Semajamebeli savarjiSoebi - Tavi 1.

14. 69.8. 15. 63.6. 21. 52.05. 22. 28.09. 23. In-113 – 9%, In-115 – 91%. 24. Sb-121 – 
62.5%, Sb-123 – 37.5%.

gv. 85-91, Semajamebeli savarjiSoebi - Tavi 3.

3. T) 117 g. 4. T) 27.5 g. 10. e) 424 g. 39. e) 100 g/moli; v) 300 g. 42. e) 311 g. 

gv 93-99, Temis Semajamebeli savarjiSoebi.

5.1. 32.0641. 7.3. 148 g. 8.1. 12.4 g. 8.5. 6.2 mg. 8.6. 1.2·1023 molekula. 10.5. 640 g. 
11.3. 2985.6 m3
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gamoyenebuli resursebi:

1.	 https://el.ge
2.	 https://iupac.org

3.	 https://www.cas.org

4.	 https://www.britannica.com

5.	 https://chem.libretexts.org

6.	 https://www.acs.org

suraTebi:

https://www.shutterstock.com/  


