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Sesavali 

 
mineralogia miwis qerqis Semswavlel geologiur mecnierebaTa 

ricxvs ekuTvnis. romelic sityva-sityviT niSnavs swavlebas 
mineralebis Sesaxeb. termini minerali warmoSobilia franguli 
sityvidan `mineral~, rac madneul Stufs, madnis natexs niSnavs. 

mineralebad iwodebian kristaluri nivTierebebi, romlebic 
erTmaneTisagan gansxvavdebian qimiuri SedgenilobiT da fizikuri 
TvisebebiT, romlebic warmoiqmnebian dedamiwis qerqSi mimdinare 
fizikur-qimiuri procesebis Sedegad da qanebisa da madnebis ZiriTad 
Semadgenel nawils warmoadgenen. qimiuri TvalsazrisiT minerali 
TviTnabadi nivTierebaa, romelic garkveuli qimiuri SedgenilobiT 
gamoirCeva, fizikurad yoveli minerali xasiaTdeba maTTvis 
damaxasiaTebeli garkveuli TvisebebiT: simkvriviT, tkeCvadobiT, 
magniturobiT, optikuri TvisebebiT da a. S. 

sityva `mineralis~ xsenebisas aucilebelia Semdegi mniSvne-
lobis gaTvaliswineba. 

1. minerals miekuTvneba mineralebis samefos ara marto aSkarad 
kristaluri nivTiereba, aramed zogi farulkristaluri da amorfuli 
bunebrivi nivTierebebi (qalcedoni, aqati, opali da sxvani). isini 
aseve mkvrivi nivTierebani arian, bunebrivi procesebis Sedegi, qanebisa 
da madnebis Semadgeneli nawili; amasTan erTad Txevadi mineralebic 
arseboben. 

2. mineralTa bunebrivi qimiuri da struqturuli TviTnabadi 
warmonaqmnebi, gvxvdeba agreTve rogorc, kosmiuri sxeulebis 
Semadgeneli nawilebi da maT mTvaris, planetebis, meteoritebis 
mineralebi ewodebaT. 

3. sxvadasxva sinTetikuri produqti, romelic bunebrivi 
mineralis analogiuria Tavisi TvisebebiT, SedgenilobiT da struq-
turiT, xelovnur mineralebad iwodebian: aseTia laboratoriul 
pirobebSi xelovnurad miRebuli kvarci, korundi, zurmuxti, Spineli 
da sxva. 

bunebaSi mineralebi farTodaa gavrcelebuli. dedamiwis qerqi 
uamravi sxvadasxva formis, zomis da habitusis mineralisagan Sedgeba.  

mineralTa individebis zomebi SeiZleba iyos giganturidan, 
romelTa masa ramdenime tonas Seadgens (mindvris Spati, kvarci), 
umcires zomamde, romlebic mxolod mikroskopiT SeimCneba. mineralTa 
umravlesobas swored umciresi zomebi axasiaTebT. 

amJamad cnobilia daaxloebiT sami aTasamde minerali, xolo 
maTi saxesxvaobebi Svidi aTass aRwevs. bunebaSi farTodaa 
gavrcelebuli 450 mineralis saxeoba, danarCeni maTgani SedarebiT 
iSviaTad Ggvxvdeba. 

mineralTa SedgenilobaSi yvelaze farTodaa gavrcelebuli 
elementi Jangbadi. igi dedamiwis qerqis 1538 mineralis SedgenilobaSi 
Sedis. garda Jangbadisa miwis qerqSi didi raodenobiTaa wyalbadi 

 H , siliciumi  Si , alumini  Al , rkina (Fe) , kalciumi (Ca) , 
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magniumi (Mg) , natriumi (Na) , kaliumi (K) , titani (Ti) , naxSirbadi 

(C) , manganumi (Mn) , fosfori (P)  da gogirdi (S) . 

bunebaSi yvelaze gavrcelebuli mineralTa klasi silikatebia 
(75%), miwis qerqSi yvelaze gavrcelebuli mineralebia mindvris 
Spatebi (plagioklazi, orToklazi) da kvarci, romelTa wili 55% da 
12%.   

statistikurad mineralebis gavrceleba singoniebis mixedviT 
Semdegia: 

triklinuri . . . . . . . . . . . . . .88 (6.5%) 
monoklinuri. . . . . . . . . . . . . .393 (30.0%) 
rombuli. . . . . . . . . . . . . . . . .279 (21.0%) 
trigonuli. . . . . . . . . . . . . . . 143 (11.5%) 
tetragonuli. . . . . . . . . . . . . .131 (10.0%) 
heqsagonuri. . . . . . . . . . . . . . . 103 (8.0%) 
kuburi. . . . . . . . . . . . . . . . . . 171 (13.0%) 

1308 (100%) 
anu mineralebi dabali kategoriis. . .760 (57.5%) 
mineralebi saSualo kategoriis. . . 377 (29.5%) 
mineralebi maRali kategoriis. . . . 171 (13.0%) 
mineralogia Seiswavlis mineralebis morfologias (garegani 

saxe), Sedgenilobas, naerTebis Sinagan struqturas. ara naklebi 
mniSvneloba aqvs mineralebis fizikur Tvisebebs, rac saWiroa, 
rogorc diagnostikisaTvis, aseve praqtikuli TvalsazrisiT. 
sabolood, mineralogia Seiswavlis mineralebis warmoSobas 
(geneziss), maT bunebaSi gavrcelebis kanonzomierebebs da praqtikul 
mniSvnelobas. 

 
mineralebis formulebi da qimiuri 

Sedgeniloba. 
 
bunebaSi gavrcelebuli mineralebis didi umetesoba 

warmodgenilia qimiuri naerTebis saxiT. romelTa Soris gamoiyofa: a) 
stabiluri Sedgenilobis naerTebi, rogorc martivi ise rTuli da b) 
cvladi Sedgenilobis mqone, gansazRvruli Sedgenilobis qimiuri 
naerTi savsebiT emorCileba Sedgenilobis mudmivobis kanons, maT 

miekuTvnebian: Jangeulebi  (
2Cu O,  

2 3 2MgO,Fe O ,SiO da sxv.); sulfidebi 

(
2 2 3NiS, FeS , Sb S  da sxv.); haloidebi (

2NaCl,CaF  da sxv.) da a.S. 

cvladi Sedgenilobis naerTebis Sedgenilobis cvalebadoba 
aixsneba mocemul naerTSi Semadgenel komponentTa SezRuduli 
xsnadobiT. 

mineralis qimiuri Sedgenilobis dasadgenad saWiroa an qimiuri 
an sxvadasxva laboratoriuli meTodebiT kvleva, romelTa 
safuZvelzec dgindeba mineralis qimiuri formula. formulebi 
SeiZleba iyos rogorc, empiriuli, romelic gviCvenebs mxolod 
qimiur Sedgenilobas da struqturuli, romelic mineralSi atomebis 
sivrcul ganlagebas da maT urTierTkavSirze garkveul warmodgenas 
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iZleva. am sakiTxebs ganixilavs kristaloqimia. 
mineralSi aucilebelia kaTionebisa da anionebis kompleqsebis 

dadgena, romelic axasiaTeben kristalTa struqturul tips. 
mineralis formulis dawerisas kompleqs anioni kaTionisagan 

kvadratuli frCxiliT gamoiyofa, magaliTad bariti 
4Ba[SO ] , 

sideriti 
3Fe[CO ] , spodumeni 2 2 6Al [Si O ] , mikroklini 

3 8K[AlS O ] da a.S. 

Tanamedrove droSi empiriuli formulebi Secvlilia struq-
turuli formulebiT, mag. muskovitis empiriuli formula _ 

2 3 3 12H KAl Si O , xolo struqturuli _ 
2 3 10KAl [AlSi O ]  

2(OH,F)  es 

ukanaskneli gviCvenebs, rom muskovitis struqturas aqvs rTuli 

kompleqs anioni da rom wyali masSi imyofeba ara 
2H O -s saxiT, 

aramed hidriqsilis -(OH)  saxiT, romelic SeiZleba Canacvlebuli 

iyos -F . 
mineralogiaSi xSirad ansxvaveben wylovan da uwylo 

mineralebs (sulfatebi, fosfatebi, karbonatebi da a.S.). wylovania is 
mineralebi, romlebic mis SedgenilobaSi Seicaven wylis 
eleqtrulad neitralur molekulebs. mineralebSi wyali SeiZleba 
iyos bmuli da Tavisufali. bmuli anu kristalizaciuri wyali Sedis 
mineralis kristalur meserSi sadac is garkveul adgils ikavebs. 
magaliTebad SeiZleba moviyvanoT zogi wyliani karbonati da 

sulfati, mag. TabaSiri 
4 2Ca[SO ] 2H O . mineralis kristaluri mesris 

agebulebaSi Tavisufali wyali ar monawileobs, misi raodenoba 
sxvadasxva SeiZleba iyos, rac SeiZleba temperaturazec iyos 
damokidebuli. Tavisufali wylis Semcvelobis magaliTia ceoliTebis 
wylebi. aseve higroskopuli wyali, romelic Tavisufalia 

(ganTavsebulia mineralis uwvriles sicarieleebSi) da 110 °C  
gacxelebisas mTlianad qreba. 

 
izomorfizmi da polimorfizmi 

 
farTo xsnarebi anu egreTwodebuli izomorfuli narevebi. 

sxvadasxva Sedgenilobis kristaluri nivTierebebis unari, Seqmnan 
erTnairi kristaluri struqturis da ganuwyvetlad cvalebadi 
Sedgenilobis narevebi, ZiriTadad damyarebulia izomorfizmze. e.i. 
msgavsi Sedgenilobis qimiur naerTebSi elementTa 
urTierTCanacvlebis Tvisebaze. 

izomorfizmi _ atomis (an ionis) Tviseba erTi nivTiereba 
Caanacvlos atomis (an ionis) struqturaSi meoriT. volframitis 

formulaa 
4(Fe,Mn)[WO ]  is warmoadgens izomorful naerTs, sadac 

manganumis atomebi inacvlebs rkinis atomebs da piriqiT. formalurad 

es yvelaferi gamoisaxeba formuliT: 
4 4nFe[WO ]X(100-n)Mn[WO ] . am 

rigis kidura wevrebi atareben ferberitis 
4Fe[WO ]  da hiubneritis 

4Mn[WO ] saxels. minerali olivinic 
2 4(Mg,Fe) [SiO ]  aseve 
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izomorfuli naerTia, sadac magniumis atomebi struqturaSi 
inacvleben rkinis atomebs an-piriqiT. formalurad: 

2 4 2 4nMg [SiO ]X(100-n)Fe [SiO ] . aqedan 
2 4Mg [SiO ] aris forsteriti da 

2 4Fe [SiO ] aris faialiti. 

ganansxvaveben izomorfizmis or mTavar saxes: martivi, rodesac 
urTierTenacvlebian ionebi, romelTac aqvT erTnairi valentoba _ 
mas ewodeba izovalenturi izomorfizmi da rTuli, rodesac xdeba 
sxvadasxva valenturi ionebis Canacvleba, heterovalenturi 

izomorfizmi. izovalenturi izomorfizmis magaliTia 2+Mg  da 2+Fe  

Canacvleba olivinSi 
2 4(Mg,Fe) [SiO ] . heterovalenturis _ 

plagioklazebi, sadac 2+Ca  da 3+Al  inacvlebian +Na  da 4+Si -iT 

( CaAlNaSi ) 2 2 8Ca[Al Si O ] anorTiti, 
3 8Na[AlSi O ]  -albiti. aseve 

+ 2+2Na Ca  nefelini, ceoliTebi, 2+ 3+ +2Ca TR +Na apatitSi da a.S. 
srulyofilebis mixedviT izomorful CanacvlebaSi SeiZleba 

gamoiyos ori SemTxveva. pirveli, roca erTi elementis Canacvleba 
meoriT 100% sizustiT xdeba _ es aris srulyofili, anu sruli 

izomorfizmi (Mg, Fe) . meore _ Canacvleba SeiZleba iyos nawilobrivi 

meased da meaTed, ramdenime procentamde _ es aris arasrulyofili, 

an SezRuduli izomorfizmi (Na, Ka) . 

mecnierma v. goldSmitma miuTiTa, rom elementebs SeuZliaT 
Cainacvlon erTmaneTi im SemTxvevaSi, roca ionis (an atomis) 
radiusebi, zomebi msgavsia da maT Soris sxvaoba ar aWarbebs 15%. 
amis garda ionis polarizaciis unari erTnairi unda iyos. Tu ionis 
polarizaciis (anu deformaciis done) done gansxvavebulia, maSin 
toli radiusebis drosac ki ionebs Soris izomorfizmi ar moxdeba 

(mag. Cu da +Na ). Canacvlebuli da Casanacvlebeli ionebis 
savalento niSani unda iyos erTnari mxolod kaTioni enacvleba 
kaTions, anioni – anions. 

WeSmariti myari xsnarebi anu, rogorc maT sxvagvarad uwodeben, 
izomorfuli narevebi,  warmoadgenen kristaluri struqturis 
mixedviT sruliad erTgvarovan narevs, romlis Semadgeneli ori an 
ramodenime komponenti SeiZleba yovelgvari proporciiT 
monawileobdes, magram qimiur naerTebs ar iZlevian, magaliTad 
SeiZleba moviyvanoT oqrosi da vercxlis, manganumisa da rkinis 
volframitebis, plagioklazebis da sxva myari xsnarebi. 

myar xsnarebSi arCeven or tips: a) Canacvlebis myari xsnarebi 
(anu pirveli gvaris myari xsnarebi) da b) SeWris myari xsnarebi (anu 
meore gvaris myari xsnarebi). 

a) Canacvlebis myari xsnarebi gansakuTrebiT damaxasiaTebelia 
liTonebisaTvis da ionuri naerTebisaTvis. maTi arsi imaSi 
mdgomareobs, rom naerTebSi, romelTac analogiuri aRnagobis 
kristaluri forma aqvT, erT-erTi naerTis atomebi an ionebi 
anacvleben meoris atomebs an ionebs (e.i. sxvis adgilze dgebian). 
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aseTia, magaliTad, izomorfuli rigebi: 
3 3ZnCO -FeCO ,  

4 4 MnWO -FeWO  

da sxva. 
b) SeWris myari xsnarebi imiT xasiaTdebian, rom maTSi ucxo 

komponenti Sedis mxolod sicarieleebSi, e.i. ZiriTadi komponentis 
kristaluri mesris Semadgenel atomTa an ionTa SorisebSi. amgvari 
myari xsnarebi SeiZleba warmoiqmnan mxolod maSin, rodesac orive 
komponentis atomebi (ionebi) erTmaneTisgan mkveTrad gansxvavebuli 
sididis arian. aseTi myari xsnarebis metad damaxasiaTebel magaliTs 
warmoadgens naxSirbadis xsnari rkinaSi, romelic maRal 
temperaturaze advilad warmoiSoba da neli gacivebisas rkinad da 

rkinis karbidad 
3(Fe C)  iSleba. 

polimorfizmi berZnulad  polimorfizmi niSnavs mravalf-
ormianobas. qimiurad erTnairi Semadgenlobis nivTierebani qmnian 
sxvadasxva struqturebs, romelTac aqvT gansxvavebuli fizikuri 
Tvisebebi. 

polimorfulia elementebi da rTuli SenaerTebi. naxSirbadis 
polimorfizmis kargi magaliTia almasi da grafiti. maTi Tvisebebi 
sruliad gansxvavebulia: almasi yvelaze magari mineralia (simagre 
10), grafiti _ simagre 1. almasis simkvrive 3,5; grafitis 2,2. almasi 
kristaldeba kubur singoniaSi. grafiti heqsagonurSi. aRniSnuli 
mineralebis gansxvaveba ZiriTadad maTi struqturiT aixsneba e.i. 
naxSirbadis atomebis kavSiri ufro naklebad Zlieria, vidre almasSi. 
grafitis struqtura furclovania, brtyeli heqsagonuri badeebis 
saxiT. maT Soris didi manZilic xsnis mis Tvisebebs, advili tkeC-
vadoba, naklebi simkvrive da a.S. 

ganasxvaveben polimorfizmis or tips. pirveli _ enantiotropia 
_ xasiaTdeba polimorfuli modifikaciebis erTidan meoreSi 
gadasvliT garkveuli temperaturisa da wnevis pirobebSi. mag.: maRali 

temperaturis zegavleniT kvarci 
2SiO  gadadis _ tridimitSi, aseve 

almasi _ grafitSi. meore tipia _ monotropia _ erTi polimorfuli 
modifikacia (arastabiluri) SeiZleba gadavides sxvaSi (stabilurSi), 
magram piriqiT gadasvla ar moxerxdeba. monotropiis magaliTia mar-
kazitis gadasvla piritSi (piriqiT gadasvla ar arsebobs). 

 
mineralebis fizikuri 

Tvisebani 
 

mineralTa fizikur Tvisebebs didi praqtikuli mniSvneloba 
aqvs (radioaqtiuroba, magnituroba, simagre, optikuri Tvisebani da 
sxva) da aucilebelia maTi diagnostikisaTvis. es Tvisebebi 
damokidebuli aris qimiur Sedgenilobaze da kristaluri 
struqturis tipze. magaliTad, mineralebis radioaqtiuli Tviseba 
damokidebulia qimiur Sedgenilobaze – radioaqtiuri elementebis 
raodenobaze, mineralis tkeCvadoba damokidebulia maTi kristaluri 
struqturis Taviseburebebze, simkvrive – qimiur Sedgenilobaze da 
kristaluri struqturis tipze. 
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qvemoT SevCerdebiT mineralTa im umTavresi Tvisebebis 
garCevaze, romelTac udidesi diagnostikuri mniSvneloba aqvT. am 
Tvisebebs ekuTvnis: gamWvirvaloba, mineralTa feri, xazis feri, 
elvareba, optikuri Tvisebebi, mrCoblebi, meqanikuri Tvisebebi – 
tkeCvadoba, monatexi, simagre, msxvrevadoba, Wedadoba, morfologiuri 
Tvisebebi da sxva. 

simkvrive. rogorc cnobilia, mineralebis simkvrive upirveles 
yovlisa kristaluri nivTierebis Semadgeneli atomebisa an ionebis 
atomuri wonisagan aris damokidebuli.  Semdeg mniSvnelovani roli 
aqvT ionebis radiusebis zomebs. mineralis simkvrive (g/sm3) farTo 
zRvrebSi meryeobs. umetes mineralebs aqvT simkvrive 2.5-dan 3.5-mde, 
rac ayalibebs dedamiwis qerqis simkvrives, romelic 2.7-2.8 tolia. 
mineralebi simkvrivis mixedviT sam jgufad iyofa: msubuqi (3.0-mde), 
saSualo (3.0-4) da mZime (4-ze meti), maqsimaluri 23.0 

arsebobs mineralebi, romlebic advilad gamoicnoba didi 
simkvrivis gamo (bariti 4.6, cerusiti 6.5). mineralebi, romlebic mZime 
metalebs Seicaven didi simkvriviT gamoirCevian. yvelaze maRali 
simkvrive aqvT TviTnabad elementebs –(vercxli, oqro, platina). 

simkvrive gamoiTvleba Semdegi formuliT m/v  (g/sm3), sadac m  
– masaa, v  – moculoba. 

simkvrivis gansazRvris mravali meTodi arsebobs (awonviT, 
moculobiT, imersiuli, meqanikuri, refraqtometruli, analitikuri 
da sxv.) simkvrivis gansazRvris siswore damokidebulia gansazRvris 
meTodsa da gamoyenebul xelsawyoebze. erT-erTi martivi meTodia 
mineralis gawonasworeba mZime siTxeSi. magram zogierT SemTxvevaSi 
mZime siTxe mineralSi Sedis da mas fers ucvlis. 

simkvrivis ufro zusti gansazrRvra xorcieldeba 
hidrostatikuri awonviT da optikuri meTodiT. hidrostatikuri 
awonviT dgindeba mineralis masis sxvaobiT haersa da siTxeSi, da 
gamoiTvleba formuliT. 

optikuri meTodi damyarebulia simkvrivis korelaciasa da 
siTxis gardatexis maCvenebelze, rac SeiZleba ganisazRvros 
refraqtometris gamoyenebiT. 

meqanikuri Tvisebebi mineralisa vlindeba maTze meqanikuri 
zegavlenisas: SekumSviT, gaWimviT da dartymiT. meqanikur Tvisebebs 
miekuTvneba tkeCvadoba da simagre. 

tkeCvadoba – es aris Tviseba kristalisa gaixliCos 
gansazRvruli kristalografiuli mimarTulebiT, romelic qmnis 
priala zedapirs. tkeCvadoba SeiZleba gamoixatos erTi, ori, sami, 
oTxi da eqvsi kristalografiuli mimarTulebiT. 

qarsebis kristali SeiZleba gaixliCos uTxeles qerclebad – 
mas tkeCvadoba erTi mimarTulebiT aqvs da pinakoidis waxnagebis 
paraleluria {0001}. kalcitis romboedruli kristali advilad 
ixliCeba sami mimarTulebiT (romboedris waxnagebis swvrivad). 
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sur. 1. a. friad sruli tkeCvadoba qarsSi; b. sruli tkeCvadoba 

halitSi 

kristalebis erTi mimarTulebiT gaxleCva, xolo sxva 
mimarTulebiT ar gaxleCvis mizezia kristalis Semadgeneli atomebis 
an ionebis urTierT_SeWidebis Zala. tkeCvadobis sibrtyeebi parale-
luria sivrculi mesris sibrtyeebisa, romlebic gansxvavebul 
urTierT-dacilebuli mdebareobisaa. magaliTad, sibrtyul meserSi 

kristalis tkeCvadoba AB  mimarTulebiT ufro advili iqneba, vidre 

CD  an sxva romelime mimarTulebiT. 
tkeCvadobis Sesafaseblad arsebobs Semdegi skala.  
1. friad sruli tkeCvadoba – kristals unari aqvs gaixliCos 

uTxeles qerclebad sarkisebri zedapiriT (qarsi, TabaSiri). 
2. sruli tkeCvadoba – kristali nebismier adgilas, sxvadasxva 

mimarTulebiT ixliCeba, am drosac miiReba swori zedapiri: kalciti, 
haliti, galeniti (sur. 1). 

3. saSualo tkeCvadoba – monatexisas garkveviT Cans, rogorc 
swori, aseve araswori monatexis zedapiri (mindvris Spatebi, 
rqatyuara). 

4. arasruli tkeCvadoba – swori monatexiTi zedapiri iSviaTia, 
monatexisas araswori zedapiri rCeba (berili, apatiti). 

5. friad arasruli tkeCvadoba – praqtikulad ar arsebobs 
tkeCvadoba, kristals aqvs monatexis araswori zedapiri (kvarci, 
kasiteriti). 

monatexis zedapiris mixedviT mineralebi SeiZleba iyos 
araswori (TviTnabadi gogirdi, apatiti, kasiteriti), safexurisebri 
(mindvris Spati), xiWvovani (aqtinoliTi, tremoliti), niJarisebri 
(kvarci, qalcedoni, opali), kauWisebri (TviTnabadi elementebi – 
oqro, vercxli, platina) da sxv. (sur. 2). 
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sur. 2. niJarisebri monatexi obsidianze 

simagre. kristalis simagris qveS igulisxmeba gacilebiT ufro 
magari sxeulis meqanikuri zemoqmedebisas misi winaaRmdegobis gaweva. 
kristalis simagre umniSvnelovanesi niSania maTi diagnostikisas. 
mineralogiaSi miRebulia moosis skala, sadac yvela momdevno 
minerali winaze meti simagriT gamoirCeva: 

1. talki  
3 4 10 2

Mg [Si O ](OH)  

2. TabaSiri 
4 2Ca[SO ] 2H O   

3. kalciti 
3Ca[CO ]  

4. fluoriti 
2CaF   

5. apatiti 
5 4 3Ca [PO ] (F,Cl)                                

6. orToklazi 
3 8K[AlSi O ]  

7. kvarci 
2SiO  

8. topazi 
2 4 2Al [SiO ](F,OH)  

9. korundi 
2 3Al O  

10. almasi C  

mineralis SefardebiTi simagre ganisazRvreba gakawvris 
Sedegad. Tu apatiti (simagre 5) kawravs gamosacnob minerals, xolo 
fluoriti (simagre 4) ar kawravs mas maSin aRniSnuli mineralis 
simagre iqneba daaxloebiT 4.5. mineralebi, romelTa simagrec 2-is 
tolia advilad ikawrebian frCxiliT. 

simagris zusti gansazRvrisaTvis iyeneben specialur xelsawyo-
sklerometrs, sadac simagre ganisazRvra kvadratulad gadakveTili 
almasis piramidis dawolis Sedegad gamosakvlev obieqtze, rac 
mikroskopis qveS naTlad Cans, qvemoT moyvanilia sklerometris 
Sedegad dadgenili simagris absoluturi sidideebi: 

talki. . . . . . . . . . .2.4 
TabaSiri . . . . . . . .36 
kalciti . . . . . . . .109 
fluoriti . . . . . .189 
apatiti . . . . . . . .536 

orToklazi . . . . . . . . 795 
kvarci . . . . . . . . . . . .1120 
topazi . . . . . . . . . . . 1420 
korundi . . . . . . . . . . 2060 
almasi . . . . . . . . . . . 10060 

iseve, rogorc tkeCvadoba, simagrec anizotropulia e.i. 
kristalSi igi sxvadasxva mimarTulebiT sxvadasxvaa. almasis 
kristalSi, magaliTad oqtaedris waxnagze {111} SeiniSneba yvelaze 
didi simagre, SedarebiT naklebi rombododekaedris waxnagze {110} da 
ufro naklebi kubis waxnagze {100}. aqedan gamomdinare oqtaedris 
waxnagze simagre meti iqneba, vidre rombododekaedris, xolo kubis 
waxnagebs eqnebaT umciresi simagre. 

optikuri Tvisebebi. bunebriv sinaTleze eleqtruli da 
magnituri veqtorebis meryeoba yovel wuTs xdeba sxvadasxva 
mimarTulebiT, romelic yovelTvis perpendikularulia sinaTlis 
talRis gavrcelebis mimarTulebisa (e.i. perpendikularulia 
sinaTlis sxivis). aseTi sinaTle atarebs arapolarulis, an 
Cveulebrivis saxelwodebas. 

sinaTle optikurad anizotropuli fenis gavlisas xdeba 
polarizebuli. 

sinaTlis polarizacia xdeba yvela kristalSi gasvlis 
Sedegad, (kuburi singoniis kristalebis garda; es ukanaskneli opt-
ikurad izotropulia). kristalSi Semavali bunebrivi sinaTle 
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gardatydeba or sinaTlis talRad, romlebic sxvadasxva siCqariT 
vrceldeba. orive talRa polarizebuli xdeba, amave dros maTi 
rxeviTi sibrtyeebi urTierTperpendikularulia. am movlenas ewodeba 
ormagi gardatexa, an sinaTlis ormagi gardatexa. 

 
sur. 3. islanduri Spatis ormagi gardatexa 

gansakuTrebiT ormagi gardatexa gamoixateba islandiuri 
Spatis (sur. 3) kristalebSi (optikuri kalciti). Tu islandiuri 
Spatis gamWvirvale kristals davadebT nawer qaRalds, maSin zevidan 
naTlad gamoCndeba ori warwera, erTi ufro naTlad, xolo meore 
ufro sustad. rac ufro ganieria kristali, miT meti dacilebaa 
warwerebs Soris. 

trigonuli, tetragonuli da heqsagonuri singoniis 
kristalebSi gamoikveTeba mxolod erTi mimarTuleba, romelzedac ar 
xdeba ormagi sinaTlis gardatexa. es mimarTuleba iwodeba optikur 
RerZad, is emTxveva maRali rigis simetriis RerZs. amitom saSualo 
singoniis kristalebi iwodebian optikurad erTRerZianebad. 
triklinuri, monoklinuri da rombuli singoniis kristalebs aqvT 
ori mimarTuleba, sadac ar xdeba sinaTlis ormagi gardatexa; 
optikurad isini orRerZianebi arian. 

izotropul fenaSi da kuburi singoniis kristalebSi sinaTle 
vrceldeba yvela mimarTulebiT erTi da igive siCqariT. sinaTlis 
talRis zedapiri am SemTxvevaSi sferos formis iqneba.  

saSualo singoniis kristalebSi sinaTlis talRis gavrcelebis 
siCqare sxvadasxva mimarTulebiT sxvadasxvaa. sinaTlis talRas, 
romelic vrceldeba erTnairi siCqariT yvela mimarTulebiT, ewodeba 
Cveulebrivi, xolo sxvadasxva siCqarisas sxvadasxva mimarTulebiT 
gavrcelebas _ araCveulebrivi. pirveli sinaTlis talRis zedapirs 
warmoadgens sfero, xolo meorisas – elifsoidi. dabali singoniis 
kristalebs ar aqvT Cveulebrivi talRebi, yvela talRa vrceldeba 
sxvadasxva siCqariT, xolo sinaTlis talRis zedapiri rTulia. 

feri yoveli mineralis Seswavlisas, pirvel rigSi yuradRebas 
mis ferze vamaxvilebT. 

minerals SeiZleba hqondes sxvadasxva feri da Seferiloba. 
arsebobs iseTi mineralebi, romelTac aqvT garkveuli feri, ris 
mixedviTac isini Seucdomlad amoicnobian, magaliTad wiTeli 
singuri, oqrosferi piriti, mwvane malaqiti, lurji lazuriti. 
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turmalini, bivrili (berili), granati, fluoriti, kvarci, SeiZleba 
sxvadasxva feris iyos. turmalini arsebobs Savi, vardisferi, mwvane, 
ufero. gvxvdeba iseTi turmalini, sadac erTi bolo vardisferia, Sua 
kristalisa TeTri, xolo meore bolo mwvane. mas poliqromuli 
(mravalferiani) turmalini ewodeba. 

xSirad erTi da igive minerali ramdenime erTmaneTisgan 
mkveTrad gansxvavebuli ferisaa. magaliTad, berili momwvanoc aris, 
mwvanec, yviTelic, lurjic, TeTric, vardisferic, oqrosfer-
movardisfroc. cnobilia ufero, vardisferi, mtredisferi, yviTeli, 
lurji, iisferi topazi; yviTeli, mwvane, mura, wiTeli, lurji 
cirkoni. arsebobs sxvadasxva feris almasic: ufero, yviTeli, mura, 
nacrisferi, Savi, wiTeli, mwvane, movardisfro, momtredisfro. 

mineralis feri damokidebulia maT Sinagan struqturaze, 
meqanikur minarevebze da ZiriTad qromoforebis Semcvelobaze e.i. 
nivTiereba romelic saRebavis rols asrulebs. gamoirCeva Semdegi 

qromofori elementebi Cr, V, Ti, Mn, Fe, Ni, Co, Cu, U, Mo  da sxva 

mravali. 
bunebriv qimiur naerTebSi warmoSobis mixedviT arCeven mine-

ralebis sam fers: idioqromatuls, aloqromatuls da fsev-
doqromatuls. 

idioqromatuli sakuTar fers niSnavs. feri damokidebulia 
mineralis Tvisebebsa da mineralSi feris gamomwvevi qimiuri 
elementebis qromoforebis arsebobaze. qromoforebs miekuTvneba 

elementebi: Ti, V, Cr, Mn, Co, Ni, Cu  ufro naklebi xarisxiT: W, Mo . 

qromoforebs xatovnad mineraluri samefos mTavar mxatvrebs, 
fermwerebs uwodeben. Zvirfasi qvebisadmi qromoforebis mier 
micemuli feri iTvleba idioqromatulad, aseTia lalis wiTeli da 
zurmuxtis mwvane ferebi. idioqromatul fers iwvevs agreTve naerTis 
atomebisa da ionebis energetikuli mdgomareobis cvlilebebTan 
dakavSirebuli gamosxiveba – energoqromatizmi. magaliTad, radiumis 
sxivebis gavleniT uferuli topazi xdeba mkrTali, oqrosferi – 
yviTeli, vardisferi kvarci – kvamla kvarci. idioqromatuli feris 
mesame mizezia kristalTa agebulebis Tavisebureba – stereo-
qromatizmi, e.i. ionebis ganlageba mesris siRrmeSi. 

aloqromatul mineralebSi feri gamowveulia ara mineralis 
qimiuri bunebiT, aramed wvrilad gafantuli minareviT. 
fsevdoqromatuli anu cru feri dakavSirebulia sxvadasxva saxis 
sinaTlis efeqtTan, metwilad interferenciasTan (topazi), 
opalescenciasTan (opali), irizaciasTan (labradori) da a.S. 

Zvirfasi qvebis ferebis gamomwvevi qromoforebidan pirveli 

adgili ukavia rkinas, meore-qroms. 3+Fe -iT gamowveulia wiTeli, mura 

feri (granati, krovaviki), 2+Fe  (ufro susti qromoforia) gvaZlevs 
mwvane fers, romelic zogjer mura mwvane an yviTel-mura ferSi 

gadadis. Fe -zea damokidebuli qrizoliTis, epidotis, mwvane 
turmalinis ferebi. feri ufro intensiuria, rodesac orive ioni 

2+Fe da 3+Fe erTdroulad monawileobs. qromi aZlevs Zvirfas qvas 
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wiTel, mwvane da iisfers. 
Zvirfas qvebSi xSirad adgili aqvs ferTa anizotropias. am 

SemTxvevaSi feri damokidebulia kristalografiuli RerZis 
mimarTulebaze. es movlena cnobilia pleoqroizmis saxelwodebiT. 
pleoqroizmi yvela Zvirfas qvas ar gaaCnia. misi simkveTre 
damokidebulia mineralis qimiur Sedgenilobaze, ferze, gaxurebaze 
da sxva fizikur-qimiur mizezebze. optikurad erTRerZian kristalebs 
orferiani pleoqroizmi aqvT (rasac diqroizmi ewodeba), 
samRerZianebs-samferiani triqroizmi aqvT da a.S. pleoqroizmi kargad 
Cans turmalinisa da korundis kristalebSi, ufro sustad-berilSi, 
ameTvistoSi da a.S. Zlier pleoqroulia qrizoberili (mwvane, 
wiTeli, narinjisfer-yviTeli feris da a.S.). Zvirfas qvebSi 
pleoqroizms praqtikuli mniSvneloba aqvs: dawaxnagebisas 
SesaZlebelia gaZlierdes qvis lamazi tonebi. 

zogierT qvaSi gamaval sinaTleze kristalis SigniT Cans mcire 
sididis mravalsxiviani varskvlavi. am movlenas asterizmi ewodeba. 
rogorc Cans igi gamowveulia kristalSi meqanikuri minarevebis 
orientirebuli mikroskopuli CanarTebis arsebobiT. asterizmi 
kargad Cans safironSi, naklebad-aleqsandritSi, lalSi. varskvlavebi 
metwilad moTeTro an lurji ferisaa, margalitisebri cimcimiT. es 
movlena sinTezur Zvirfas qvebSi ar SeimCneva. 

xSirad qromofori elementi sivrcul meserSi Caenacvleba 
ZiriTad elements da ufero kristali kaSkaSa, Zvirfas qvad garda-
iqmneba. magaliTad, 0,3-0,2 procentiani qromis Jangi berils gardaqmnis 
Zvirfas zurmuxtad, ufro mcire manganumis umniSvnelo nawilaki – 
vardisfer vorobievitad. zogjer turmalinis kristalis erT bolos 
manganumi aZlevs vardisfers, meore bolos ki rkinis Jangi-mwvane 
fers. aseT SemTxvevaSi kristalis zrdis dros Secvlilia minarevis 
Sedgeniloba. qromi lals aZlevs wiTel fers, zurmuxts-mwvanes, rki-
na zog minerals aZlevs mwvane fers, zogs-lurjs an wiTels. erTi da 
igive qromofori Tu ra fers miscems Zvirfas qvas, es mineralis 
Sedgenilobasa da struqturazea damokidebuli. garegani zemoqmedeba 
(gaxureba, dasxiveba) mniSvnelovnad cvlis Zvirfasi qvis fers. 
gaxurebisas odnav icvleba yavisferi da mwvane almasis feri, lali 
gaxurebisas gaivlis ferTa mTel gamas, magram gacivebisas, rogorc 

wesi, pirvandeli feri aRsdgeba. aseve, wiTeli Spinelis feri 1300-mde 
gaxurebisas mniSvnelovnad icvleba, magram gacivebisas ubrundeba 
pirvandels. aqvamarini da yviTeli berili gaxurebiT uferuldeba, 
gacivebisas ki mtredisferi xdeba. yavisferi da yviTeli topazi 300-

400-mde gaxurebisas vardisferSi gadadis, wiTeli turmalini 

uferuldeba, ameTvisto da citrini – 500-600-ze gaxurebiT 
uferuldeba da a.S. 

Zvirfasi qvebis feri icvleba radiumis, rentgenis, 
ultraiisferi sxivebis an neitronebis moqmedebiTac. Zvirfasi qvebis 
fersa da tonze gavlenas axdens ganaTeba. magaliTad, Zvirfasi qva 
ufro mtredisferi xdeba mzis ultraiisferi sxivebis moqmedebiT. 
vardisferi turmalini xelovnur sinaTleze muqdeba, kargavs Tavis 
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fers. zurmuxti da lali yvelanairi ganaTebis dros inarCunebs fers, 
saRamoTi aqvamarini mkrTaldeba, safironis feri, piriqiT ufro 
muqdeba da a.S. 

ferTa TamaSi – zedapiris mWaxe an cisartyelisebri Sefe-
rilobaa. is aixsneba imiT, rom mineralis mJavianobis matebisas mis 
zedapirze Cndeba Txeli zedapiruli fena. moiasamnisfro da 

molurjo ferTa TamaSi axasiaTebs bornits 
5 4Cu FeS . ferTa TamaSi 

damaxasiaTebelia qalkopiritisaTvis 
2CuFeS , da  antimonitisaTvis 

2 3Sb S . 

irizacia da opalescencia (damaxasiaTebelia feradi 
gardamavali ferebi) tipiuria, magaliTad, labradorisa da 
opalisaTvis. 

xazis feri. am terminiT igulisxmeba mineralis wminda 
fxvnilis feri. amas advilad miviRebT, Tu mineralebs, romelTa 
simagrec arc Tu ise didia, gavatarebT faifuris firfitaze. es 
Tviseba mineralis ferTan, SedarebiT gacilebiT ufro mudmivia da 
maSasadame diagnostikisaTvis ufro saimedoc. rig SemTxvevaSi 
mineralis xazis feri Tanxvdeba mineralis fers. magaliTad singuris 
da misi xazis feri wiTelia, magnetitis – Savi, lazuritis – lurji 
da a.S. sxva mineralebSi SemCneulia mineralis fersa da xazis fers 
Soris sakmaod mkveTri gansxvaveba, magaliTad foladisebr – nacris-
feri an Savi hematiti iZleva wiTeli xazis fers. sxvadasxvafrad 
Seferili sfaleriti tovebs Sesabamisad moSindisfro wiTeli xazis 
fers, yviTel da muq yavisfer xazs. oqrosferi piriti da sxva ara 
Savi minerali iZleva Sav xazis fers da a.S. gamWvirvale da naxevrad 
gamWvirvale ferad mineralTa umravlesobas aqvs ufero an Ria xazis 
feri. amitom xazis fers didi mniSvneloba aqvs ZiriTadad 
aragamWvirvale da naxevradgamWvirvale muqi feris mineralebis diag-
nostikisaTvis. 

elvareba. mineralis elvareba damokidebulia zedapiridan 
sinaTlis sxivis arekvlasa da masze dacemuli sinaTlis sxivis 
gardatexis maCvenebelze. am niSnis mixedviT arCeven metalur, 
metalisebr da arametalur elvarebas. metaluri elvareba axasiaTebs 
bevr xalas elements, gogirdovan naerTebs (galeniti, qalkopiriti, 
molibdeniti, piriti, antimoniti da a.S.). metalisebri – zogierT 
Jangeuls (hematiti, kupriti da sxv.). arametaluri elvareba 
gamWvirvale mineralebisaTvis aris damaxasiaTebeli. 

arametaluri elvarebidan arCeven: almasisebri _ almasi, kasi-
teriti, rutili, cirkoni; minisebri – kvarci, fluoriti, korundi, 
Spineli, sfaleriti, disteni, granatebi, bevri sulfati da karbonati; 
sadafisebri – qalcedoni, haluaziti, garnieriti, firfitovani 
TabaSiri; cximovani – nefelini, Seeliti, gogirdi (monatexze); 
abreSumisebri – qrizoliti-azbesti, TabaSiri (seleniti), malaqiti, 
sericiti; fisisebri – uraniti, orTiti. 

eleqtruli Tvisebebi. didi praqtikuli mniSvneloba aqvs kris-
talis eleqtrul Tvisebebs (piro da piezoeleqtroba). 
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piroeleqtroba–eleqtroba, romelic kristalSi temperaturis 
cvalebadobisas aRiZvreba. roca, eleqtruli damtenebi aRiZvreba 
mxolod kristalis boloebSi – maT ewodebaT  dieleqtrikebi. 
piroeleqtruli Tviseba axasiaTebs im kristalebs, romelTac ar 
gaaCniaT simetriis centri. gansakuTrebiT Zlierad es Tviseba 
axasiaTebs turmalinis kristals. 

piezoeleqtroba–eleqtroba, romelic kristalis gaWimvis an 
Seviwroebisas aRiZvreba (pirdapiri piezoeleqtruli efeqti). Tu 
kristals SevaviwrovebT, mis boloebze aRiZreba eleqtruli impulsi, 
imave kristalis gaWimvisas imave boloebze aseve aRiZreba eleqtruli 
impulsebi, oRond sapirispiro niSniT. 

bunebrivi kristalebidan piezoeleqtroebisaTvis yvelaze metad 
gamoiyeneba mTis brolisa da piezokvarcis gamWvirvale kristalebi, 
xolo xelovnuridan – segneturi marilis kristalebi da sxva 
ramdenime SenaerTi. 

magnituroba. es Tviseba axasiaTebs arc Tu ise bevr minerals. 
gansakuTrebiT Zlieri magnituri Tviseba axasiaTebs magnetits, anu 

magnitur rkinas 
2 4FeFe O , susti – pirotins 

1-xFe S  es mineralebi 

izidaven magnitur isars, xolo magnetits SeuZlia garkveuli 
metaluri sagnebis daWerac. 

mineralebi, romelTac magnituri veli aqvT feromagniturs 
uwodeben, esenia ZiriTadad Jangeulebi. xolo rkinis Semcveli 
mravali minerali (ilmeniti, piroqseni da sxva.) xasiaTdeba susti 
magniturobiT, maT paramagnituri mineralebi ewodebaT. 

aseve arsebobs mineralebi, romlebic magnitisagan ganizidebian, 
moZraoben magnitis miaxloebisas sapirispiro mimarTulebiT, maT 
diamagnitebs uwodeben (kalciti, haliti, grafiti, TviTnabadi oqro, 
vercxli, bismutini). 

mineralebis umciresi nawilakebis magniturobas sinjaven mag-
nitis SexebiT. 

luminescencia. minerali SeiZleba anaTebdes sxvadasxva 
faqtorebis zegavleniT: gaxurebis Sedegad, wnevis zegavleniT, ult-
raiisferi, kaToduri da rentgenuli mokle talRiani sxivebiT 
dasxivebisas SeiZleba TviTon gamoasxivon Suqi. am movlenas 
luminescencia hqvia. ansxvaveben: fluorescencia–naTeba, romelic 
wydeba im wuTas, roca wydeba masze moqmedeba da fluorescencia-
naTeba, romelic gamaRizianebeli moqmedebis Sewyvetis Sedegad 
garkveuli droiT grZeldeba. arsebobs Termoluminescencia – naTeba 
gaxurebis Sedegad. 

erTi da igive minerali SeiZleba iyos luminescirebuli 
sxvadasxva ferebiT da SeiZleba aRmovaCinoT luminescencia sxvada-
sxvagvari. ultraiisfer sxivebSi fluoriti brwyinavs iisferi feriT, 
tuniti-mwvane, Seeliti-cisferi, korundi-Jolosebr-wiTeli, kalciti-
yviTeli da a.S. 

radioaqtiuroba. radioaqtiuroba ewodeba erTi qimiuri el-
ementis aramyari izotopebis gardaqmnas meoris izotopebad elemen-
taruli nawilakebis gamosxivebis Sedegad. radioaqtiuri elementebia: 
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urani, radiumi da Toriumi. 
radioaqtiurobis dadgena xdeba sxvadasxva eleqtroskopebis 

meSveobiT, ionizaciis kameriT da sxvadasxva danadgarebis daxmarebiT. 
siTbogamtaroba. es aris mineralis unari gaataros siTbo. 

kargi siTbogamtarebia keTilSobili liTonebi. siTbos yvelaze 
cudad atarebs qarsebi, grafiti. 

 
mineralebisa da maTi agregatebis morfologia. 

 
bunebaSi myar mineralTa umravlesoba gavrcelebulia usworo 

formis marcvlebis saxiT, romelTac ara aqvT kristaluri waxnagebi, 
magram miuxedavad amisa da maTi sididisa aqvT Sinagani kristaluri 
aRnagoba. kargad ganviTarebuli kristalebi gacilebiT ufro 
iSviaTad gvxvdeba. 

mineralTa garegani saxe mravalnairia. is ganisazRvreba maTi 
zomebiTa da morfologiiT. mineralTa morfologia, maTi ieri 
xasiaTdeba sivrceSi sami ganzomilebiT da gamoisaxeba sigrZis, 
siganis da sifarTis urTierT SerwymiT. sxvadasxvagvar mineralTa 
formebsa da kristalur marcvlebs Soris damokidebulebis mixedviT 
gamoyofilia tipebi da saxesxvaobebi. 

 
 
 
 
 
 
 

mineralTa morfologiuri niSnebi 

      
wagrZelebuli 

formebi 

      
boZisebri 

      
nemsisebri 

      
Zafisebri 

 
izometruli 

formebi 

    
ori 

mimarTulebiT 
wagrZelebuli 

    
firfitisebri 

    
furclisebri 

    
Txelqerclovani 

izometriul kristalebs an marcvlovan mineralebs yvela 
mimarTulebiT erTi zomebi aqvT. aseTebia, mag: granatis, magnetitis, 
almasis, sfaleritis, piritis kristalebi. wagrZelebuli tipis 
mineralebis sigrZe gacilebiT Warbobs mis siganes. maT Soris 
gvxvdeba svetiseburi, nemsisebri, Cxirisebri, Tmisebri saxesxvaobebi. 
wagrZelebuli mineralebis magaliTia turmalini, berili, natroliti, 
qrizoliti, azbesti, TabaSir-seleniti. gabrtyelebuli mineralebi 
ganirCevian TavianTi sisqiT, romelic siganes gacilebiT Warbobs. 
isini warmodgenilia firfitovani, Txelfirfitovani, furclovani da 
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Txelqerclovani saxe-sxvaobebiT. aseTi mineralebia ilmeniti, 
hematiti, biotiti, qloriti.  

wagrZelebul-gabrtyelebuli kristalebi _ kolumbiti, bariti, 
TabaSiri, kianiti, spodumeni, volastoniti. 

garda amisa cnobilia kristalTa rTuli formebi, mag: kris-
taluri dendritebi an saerTod usworo formis kristaluri 
warmonaqmnebi. 

kristalur individTa ieris garda arCeven agreTve kristalebis 
habituss, romelic mxolod kargad dawaxnagebul mineralebs 
miekuTvneba. habitusis daxasiaTeba emyareba mocemuli mineralis 
kristalebze ama Tu im gabatonebul kristalografiul formebs. mag: 
kuburi anu heqsaedris saxe aqvs pirits, galenits, halits; 
oqtaedruli _ almass, magnetits, fluorits; tetraedruli – 
sfalerits, tetraedrits; prizmuli – diopsids, bivrils; 
dipiramiduli – Seelits, cirkons da a.S. 

erTi da igive kristalizaciis da gamyarebis Sedegad 
warmoSobil mineralTa erTobliobas agregatebi ewodeba. qvemoT 
mocemulia mineraluri agregatebis mTavari tipebis aRwera. 
agregatebi arian monomineraluri e.i. erTi mineralis kristalebis 
marcvlebisagan Semdgari da polimineraluri – warmodgenili 
ramdenime sxvadasxva Sedgenilobisa da Tvisebebis mqone mineraliT. 

aRnagobisa da morfologiuri niSnebis mixedviT mineraluri 
agregatebi uaRresad sxvadasxvagvaria. mineralebi nivTierebis 
kristalurobis xarisxis mixedviT iyofa: naTladkristaluri da 
farulkristaluri. 

agregatebidan umniSvnelovanesia marcvlovani agregatebi, 
romlebic udidesi gavrcelebiT sargebloben miwis qerqSi, swored 
maTi saSvalebiTaa agebuli yvela kristaluri qani. marcvlovani 
agregatebi ganirCevian marcvlebis sididiT: msxvilmarcvlovani, 
saSualomarcvlovani, wvrilmarcvlovani; aseve ganasxvaveben 
Tanabarmarcvlovan da araTanabarmarcvlovan agregatebs. marcvlovani 
agregatebi Sedgeba izometruli formis marcvlebisagan. miwisebri 
agregatebi damaxasiaTebelia fxvnilisebri, dafSvnili 
mineralebisaTvis da danaleqi qanebisaTvis – Tixa, boqsiti da a. S. 

   
sur. 2. mineralTa kanonzomieri Senazardebi: a. fluoriti, 

b. TabaSiri, g. stavroliti 

mrCoblebi ewodeba erTi da igive mineralis ori kristalis 
kanonzomier Senazars (sur. 4), mrCoblSi individebi SeiZleba 

a b g 
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urTierT SeTavsebulni iyvnen an garkveuli RerZis irgvliv 180-iT 
SemobrunebiT an simetriis sibrtyis arekvliT (sur. 4,b) an inversiis 
gziT (sur. 4.g). 

zogi mineralisaTvis mrCoblebis arseboba tipiuria da xSirad 
aadvileben maT diagnostikas. aseTebia, magaliTad TabaSiris 
egreTwodebuli `mercxlis kudebi~, stavroliTis jvarisebri 
mrCoblebi da sxva. 

mineralis arsebobis forma uamravia bunebaSi, romelTagan 
gamovyofT: 

druzebi warmoadgens ama Tu im sicarielis kedlebze dazrdil 
kargad ganviTarebuli calkeuli kristalebis arakanonier 
Senazardebs, romelTa erTi bolo mimagrebulia saerTo fuZeze. 
gvxvdeba msxvili, Zalzed lamazi kvarcis, kalcitis, topazis, piritis 
da sxva mineralebis druzebi. 

druzebSi kristalebi zogjer erTmaneTs mWidrod exebian da 
savarcxlisebr an jagrisisebr agregats qmnian (nax. 5). 

 
sur. 5. kvarcis druza 

konkreciebi warmoadgens sferosebr an aramTlianad wesieri 
sferos formis (nax. ), zogjer sxivisebri agebulebis sxeuls. 
sxeulebis konkreciis zomebi farTo diapazonSi cvalebadobs. maTi 
zomebi ramdenime milimetridan aTeul santimetramde da zogjer 
metramdec aRwevs. konkreciebi xSirad, magram ara yovelTvis 
warmoiSvebian ucxo sxeulis irgvliv, romlebic bevr SemTxvevaSi 
organul naSTebs warmoadgenen. konkreciis Camoyalibeba 
dakavSirebulia nivTierebis periferiidan centrisaken moZraobiT, 
amasTanave kristalebis zrda sapirispirod centridan 
periferiiskenaa. konkreciebi gvxvdeba magaliTad TixebSi, qviSebSi da 
sxvagan. konkreciebis saxiT gvxvdeba minerali fosforiti, markaziti, 
piriti da sxvani. 
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sur. 6. danaleqi warmoSobis piritis konkreciebi 

sekrecia warmoiSoba kristaluri an koloiduri nivTierebebiT 
swori, magram Cveulebriv, momrgvalebuli sicarieleebis Sevsebis 
Sedegad. sadac mineraluri agregatebis zrda mimdinareobs 
periferiidan centrisken. maT radialur boWkovani forma aqvs. Tu 
sekrecia 1-2sm-ze didi zomisaa, mas Jeoda ewodeba (nax. 7). patara 
zomis sekreciebs ki nuSurebi ewodebaT, isini ZiriTadad zogierTi 
efuziuri warmoSobis qanSi gvxvdeba. 

 
sur. 7. Jeoda, Sevsebuli qalcedoniTa da kvarcis druziT 

patara sicarieleebi mineraluri nivTierebebiT, Cveulebriv 
mTlianad ivseba, didi sicarieleebis centrSi ki xSirad gvxvdeba 
sicariele,romlis kedlebi mofenilia kristalTa druzebiT an nadeni 
formebiT. 

dendritebi – anu mcenaris totismagvari formebi miiReba 
swrafi kristalizaciis dros wvril napralebSi an blant garemoSi, 
rodesac kristalebi erTmaneTs ezrdeba da qmnis totismagvar 
formebs. xSiria Savi feris dendritebi manganumis naerTebis (nax. ), 
TviTnabadi vercxlis da spilenZis. 

 
sur. 8. manganumis Jangis dendritebi 

ooliTebi patara sferosebri warmonaqmnebia, romelTa 
diametris zoma 0.05mm _ 2-3sm farglebSi cvalebadobs. maTi warmoSoba 
bevri konkreciebis warmoSobis analogiuria. WrilSi maT 
koncentruli agebuleba aqvT; centrSi SeiZleba davinaxoT niJaris 
natexi. ooliTebi damaxasiaTebelia aragonitis, boqsitis, 
limonitisaTvis. 

nadeni da Tirkmlisebri agregatebi (sur. 9) farTodaa gavrce-
lebuli zedapirul warmonaqmnebSi. naden formebs aqvT yinulis lo-
los forma, zevidan zrdis SemTxvevaSi maT stalaqtiti xolo 
qvevidan – stalagmiti ewodeba. kalcitis stalaqtitebi da 
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stalagmitebi xSiria karstul gamoqvabulebSi, kirqvebs Soris. 

 
sur. 9. hematitis Tirkmlisebri agregatebi 

nadeni (naRvenTi) da Tirkmliseburi agregatebi damaxasiaTe-
belia malaqitisTvis, hematitisTvis, qalcedonisTvis, aragonitisTvis 
(sur. 10) da sxva mineralebisaTvis. aseTi agregatebis Wrili gviC-
venebs zonalur agebulebas, rac aixsneba maT warmomqmnel xsnarebSi 
nivTieri Sedgenilobis cvalebadobiT. 

 
sur. 10. aragonitis Tirkmliseburi agregatebi 

arsebobs mineralebi misTvis ara maxasiaTebeli formiT. aseT 
warmonaqmnebs ewodebaT fsevdomorfuli (`fsevdo~ – ucxo, `morfos~ 
_ forma). magaliTad limonitis fsevdomorfoza piritis mimarT, am 
SemTxvevaSi limonits aqvs piritis kubis forma SenarCunebuli 
zogjer daStrixuli zedapiriTac (nax. 11). 

 
sur. 11 limonitis fsevdomorfoza (kuburi kristalebi) piritis 

mimarT 

im SemTxvevaSi, roca axlad warmoqmnil minerals aqvs igive 
qimiuri Sedgeniloba, rogorc im minerals, romlis safuZvelzec is 
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viTardeba, iwodebian paramorfozebad. aseTia magaliTad: 
maRaltemperaturuli heqsagonuri kvarcis gardaqmna 
dabaltemperaturul trigonul kvarcad. 

 
mineralwarmoqmnis geologiuri procesebi 

 
minerali – aris bunebrivi fizikur-qimiuri procesebis 

produqti. mineralwarmoqmnis procesebi iyofa or did jgufad: 
endogenur da egzogenur procesebad. 

endogenuri (hipogenuri, siRrmuli) procesebi mimdinareobs 
miwis qerqis siRrmeSi da ZiriTadad magmis moqmedebasTanaa 
dakavSirebuli. magmis gaciebis procesebs mivyavarT sxvadasxva 
magmuri qanis CamoyalibebasTan, xolo magmidan gancalkevebul airad 
da wylovan xsnarebs gadaaqvT sxvadasxva nivTiereba, romelic 
Sesaferis pirobebSi, magaliTad napralebSi, individizirebuli 
mineralebis saxiT gamoiyofian. 

egzogenuri (hipergenuli, zedapiruli) procesebi mimdinareobs 
miwis zedapirze an mis maxloblad, aseve atmosferoSi da 
hidrosferoSi. es procesebi dakavSirebulia qanebisa da mineralebis 
fizikur da qimiur ngrevasTan, ris Sedegadac yalibdeba axali qani 
da minerali, miwis zedapiris pirobebSi gamZle. aqve mimdinareobs 
biogenuri procesebi. 

qanebi da mineralebi fizikur-qimiuri pirobebis Secvlisas 
miwis qerqSi ganicdian gardaqmnas _ metamorfizms, ris Sedegadac 
warmoiqmnebian axali mineralebi da qanebi, romlebsac ewodebaT 
metamorfuli. 

 
mineralwarmoqmnis endogenuri procesebi 

 
endogenuri procesebi ase Tu ise yovelTvis magmasTanaa 

dakavSirebuli. maT Soris gamoiyofa magmuri, pegmatituri, pnev-
matoliTuri da hidroTermuli procesebi. 

magmuri procesi uSualod magmis kristalizaciasTanaa dakav-
Sirebuli. magaliTad graniti Sedgeba mindvris Spatis, kvarcisa da 
qarsebisagan. am mineralebis warmoSoba aRniSnul situaciaSi – 
magmuria. aseve magmuri warmoSobisaa apatiti, cirkoni, almasi, 
platina, qromis madnebi, nikeli, spilenZi, rkina da a.S. 

pegmatituri procesi. granituli magmis kristalizaciisas 
yalibdeba silikaturi mdnari, romelic gamdidrebulia iSviaTi 
elementebis SenaerTebiT da aqroladi nivTierebebiT – mine-
ralizatorebiT. es silikaturi mdnari iWreba Semcvel qanebSi, avsebs 
napralebs, qmnis msxvilkristalur ZarRvul sxeuls_pegmatits (nax. 
12). 
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sur. 12. pegmatituri procesis ganviTarebisa da pegmatituri tipebis 

urTierTqmedebis sqema 1. wvrilmarcvlovani graniti 
 2. msxvilmarcvlovani graniti; 3-4 weriTi graniti; 5. mikroklinis 

zona; 6. kvarcis zona; 7. albitis zona; 8. Li -s da Be -s mineralebi; 
9. muskovit-kvarc-albitiani zona; 10. Semcveli qanebi 

pegmatitebi mdidaria sxvadasxva mineralebiT. ZiriTadi 
qanmaSeni mineralebis garda (mikrokolini, plagioklazebi, kvarci, 
muskoviti da biotiti) xSirad gvxvdeba turmalini, zogierTi 
pegmatitisTvis damaxasiaTebelia bivrili, spodumeni, lepidoliti, 
tantaliti, kolumbiti, iSviaTi miwebis mineralebi, orTiti da sxva 
mravali. adrindeli periodis pegmatitebisaTvis tipiuria kvarcisa da 
mindvris Spatis Tanadrouli kristalizacia, rasac mivyavarT “weriTi 
granitis” (kvarcis da mindvris Spatis kanonzomieri Senazardis) Camo-
yalibebasTan (nax. 13). 

 
sur. 13. weriTi graniti 

pnevmatoliTuri procesi an pnevmatolizi. (pnevma-berZnulad 
`airi~). pnevmatolizi aris mineralis warmoqmnis procesi airadi 
fazidan. pnevmatolizis produqti – pnevmatoliTi – iyofa 
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vulkanurad da siRrmulad. 

hidroTermuli procesi. hidroTermebi_cxeli wylovani xsnari, 
romelic gamoiyofa magmidan an yalibdeba airebis SekumSviT. 
hidroTermebis moZraobis mizezia wnevis sxvaoba. roca xsnarebis 
Sinagani wneva ufro didia vidre zedapiruli, xsnarebi miemarTebian 
ufro mcire wnevisaken, ZiriTadad zeviT, zedapirisaken. Tavisi 
moZraobisas isini iyeneben teqtonikur rRvevebs, napralebs, kontaqtur 
zonebs. maTi forma xSirad ZarRvisebria. umTavresi ZarRvuli 
minerali kvarcia (nax. 14). 

 
sur. 14.  tipiuri hidroTermuli ZarRRvi, Sevsebuli kvarcisa da 

ankeritis kristalebiT 

hidroTermuli procesis gamovlinebisaTvis yvelaze ufro 
xelsayreli pirobebi iqmneba mcire da saSualo siRrmeebze 
(zedapiridan 3-5 kilometramde). hidroTermul warmonaqmnTa mTavari 
masa sivrcobrivad da geneturad ZiriTadad dakavSirebulia mJave 
qanebis intruzivebTan. 

hidroTermuli warmoSobisaa iSviaTi da radioaqtiuri 
metalebi, oqro, aseve arametaluri sasargeblo wiaRiseuli. 

mineralTa ama Tu im gabatonebuli asociaciis da Camoyalibebis 
temperaturis mixedviT am warmonaqmnebs sruliad pirobiTad hyofen 
maRal, saSualo da dabal temperaturulad. 

 
mineralwarmoqmnis egzogenuri procesebi 

 
miwis qerqis zedapirze xdeba mineralebisa da qanebis 

energiuli ngreva. qimiuri da fizikuri agentebis (Jangbadis, 
naxSiroJangis, wylis, temperaturis) erTobliv moqmedebis procesebs 
gamofitvis procesi ewodeba. 

gamofitvis procesebi gamoixateba umTavresad, qanebisa da 
madnebis meqanikur daSlaSi ZiriTadad temperaturis cvalebadobis 
Sedegad, rac iwvevs qanebis da madnebis Semadgenel mineralTa 
dezintegracias. gamofitvis agentebia agreTve qari da wyali, haeris 
Jangbadi da naxSirmJava, organizmebis cxovelmoqmedeba. 

procesis fizikuri moqmedebisas xdeba qanebisa da mineralebis 
meqanikuri daSla – maTi dezintegracia. natexi masala an adgilze 
rCeba, an gadaitaneba wylis meSveobiT. ris safuZvelzec warmoiqmneba 
naSali masala – saWiro wyaro axali mineralebisaTvis. 

zedapirze ganviTarebuli mcenareuli safari da masTan erTad 



 23 

advilad xsnadi sxvadasxva organuli naerTebi SesamCnevad aZliereben 
qanebisa da madnebis qimiuri daSlis procesebs. 

qimiuri moqmedebisas xdeba mineralebis qimiuri daSla da yali-
bdeba axali mineralebi, zedapiruli pirobebisaTvis ufro gamZle 
(nax. 15). 

 
sur. 15. hidroTermuli sulfiduri ZarRvis gamofitvis sqema a. rkinis 

qudi an ZarRvis gamosavali, SeRebili rkinis JangiT; 
b. gamotutvis zona; 

g. daJanguli gamdidrebuli zona (malaqiti, azuriti, kupriti, 
TviTnabadi spilenZi, qrizokola); 

d. meoradi sulfiduri gamdidrebis zona (qalkozini, kovelini, 
borniti da sxv). 

e. pirveladi sulfidebi (qalkopiriti, piriti da sxv.). 

qimiurad mdgradi mineralebi (iseTebi, rogoricaa kvarci, oqro, 
platina da sxva) da agreTve Znelad xsnadi axali warmonaqmnebi miwis 
zedapirze grovdebian. 

daleqvis procesi. gamofitvis agentebis zegavleniT 
warmoqmnili naSali masala qanebis natexebisa da mineralebis saxiT 
gadaitaneba wylis an qaris meSveobiT. am dros mimdinareobs masalis 
daxarisxeba. am gziT xvdeba namsxvrevi masala (xvinWa, roWki, qviSa da 
sxv.) zRvebSi da tbebSi, sadac yalibdeba e. w. meqanikuri naleqebi.  

mineralebis qimiuri daleqva xdeba rogorc WeSmariti, aseve 
koloiduri xsnarebidan. tbebsa da zRvebSi iseTi pirobebi 
yalibdeboda, roca gaxsnil nivTierebebs ar SeuZliaT xsnarSi yofna 
da naleqSi gadadian. ase warmoiSoba mravali marili: TabaSiri, 
haliti, karnaliti da sxva. es qimiuri naleqebia. 

marilebis dagroveba mSrali klimatis pirobebSi xdeba zRvis 
(iSviaTad kontinenturi) wylebis aorTqlebisas. 

mineralebis da qanebis daSlaSi didi roli ekuTvniT cocxal 
organizmebs, ZiriTadad baqteriebs. amitom gamoiyofa biogenuri an 
ufro zustad bioqimiuri procesi. dadgenilia organizmebis 
monawileoba fosforitebis, TviTnabadi gogirdis, rkinis da 
manganumis mineralebis CamoyalibebaSi. 

egzogenuri mineralebis CamoyalibebaSi did rols TamaSobs 
koloiduri xsnarebic. 

 
mineralwarmoqmnis metamorfuli procesebi 

 
danaleqi qanebi miwis qerqis moZraobisas SeiZleba moxvdnen 
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liTosferos ufro Rrma zonebSi, sadac gansxvavebuli Termo-
dinamikuri pirobebia, vidre zedapirze. aqedan gamomdinare isini 
ganicdian cvalebadobas- metamorfizms, romlis mTavari faqtorebia 
temperatura da wneva. magaliTad, kirqva metamorfizmisas gadadis 
kristalur marcvlovan qanSi- marmariloSi, qviSaqva- kvarcitSi, 
Tixovani qanebi- filitSi, xolo Semdeg kristalur fiqlebsa da 
gneisebSi. metamorfizmi SeiZleba ganicadon ara marto danaleqma, 
aramed magmurma qanebmac. gamoiyofa kontaqturi, dislokaciuri (anu 
dinamometamorfizmi) da regionuli metamorfizmi. 

kontaqturi  metamorfizmi mimdinareobs danaleqi da magmuri 

qanebis kontaqtisas. Tu magmur mdnars aqvs 1000 temperatura da 
mdidaria airebiT, igi saxes ucvlis Semcvel qanebs da viTardebian 
saxecvlili qanebi. 

kontaqturi metamorfizmis kargi magaliTia intruzivebis 
karbonatul qanebSi SeWra ris Sedegadac alumosilikaturi 
(granituli) magma da karbonatuli qani (kirqva) moqmedeben urTierT-
Soris. 

rogorc endogenur ise egzogenur warmonaqmnTa metad Zlieri 
cvlilebebi viTardeba egreT wodebuli regionaluri metamorfizmis 
dros, rodesac teqtonikuri gadaadgilebis gamo miwis qerqis zeda 
horizontebis mTeli ubnebi siRrmis pirobebSi maRali temperaturisa 
da wnevis pirobebSi moxvdebian. am pirobebSi arsebiTad icvleba 
qanebisa da madnebis mineraluri da qimiuri Sedgeniloba, agreTve 
maTi Tvisebebi da garegani ieri. mimdinareobs nivTierebis xelaxali 
gadakristaleba.  

regionuli metamorfizmi mimdinareobs did siRrmeSi da uzar-
mazar teritorias moicavs. regionuli metamorfizmis tipiuri 
minaralebia qarsebi, granati, disTeni, andaluziti da a.S. isini arian 
ZiriTadi qanmaSeni mineralebi. farTod gavrcelebuli metamorfuli 
qanebia – kristaluri fiqlebi, gneisebi, amfibolitebi da filitebi. 

 
mineralogiuri kvlevis meTodebi 

 
mineralogiuri kvlevis obieqtebs warmoadgenen mineralebi da 

qanebSi mineralTa asociaciebi. 
mineralogiuri kvlevis mizania: 

1. mineralebis da maTi mineraluri saxesxvaobebis diagnostika; 
2. mineralebis qimiuri Sedgenilobis garkveva, minare-

vielementebis CaTvliT, romlebic SeiZleba iyos (
-6 -7

1.10 -1.10 % -
mde); 
3. mineralebis kristaluri struqturis dadgena; 
4. mineralebis Camoyalibebis pirobebis aRdgena; 
5. mineralebis praqtikuli gamoyenebis Seswavla; 
mineralebis kvlevaSi udidesi roli uWiravT Semdeg umTavres 

meTodebs: 
1. qimiuri meTodi; 
2. emisiur-speqtruli analizi; 



 25 

3. alis fotometria; 
4. atomur-absorbciuli analizi; 
5. rentgenospeqtruli analizi; 
6. mikrorentgenospeqtruli analizi; 
7. radiometruli meTodebi; 
8. radioaqtiuri analizi; 
9. rentgenostruqturuli meTodi; 
10. eleqtronuli mikroskopia; 
11. Termuli meTodi; 
12. infrawiTeli speqtroskopia; 
13. luminescenturi analizi; 
14. Termobarometruli analizi; 
15. mas_speqtrometria. 

 
mineralebis klasifikacia 

 
mineralTa klasificireba mravali niSnis mixedviT SeiZleba. 

arsebobs genetikuri klasifikacia, sadac mineralebi gamoiyofa maTi 
warmoSobis mixedviT, mag: magmuri, pegmatituri, skarnuli da sxva 
gziT warmoSobili mineralebi. SesaZlebelia mineralTa klasifikacia 
kristalografiuli TvalsazrisiT, anu singoniebis mixedviT. 

yvelaze gavrcelebulia mineralTa klasifikacia qimiuri Sed-
genilobis mixedviT (qimiuri naerTebis tipis, qimiuri naerTis 
xasiaTis mixedviT), sadac gasaTvaliswinebelia mineralTa 
struqturuli maxasiaTeblebi. 

pirvel rigSi mineralTa samefoSi gamoiyofa elementaruli anu 
TviTnabadi nivTierebebi da maTi naerTebi. elementaruli 
nivTierebebidan ganvixilavT mineralTa erT klass, TviTnabad anu 
xalas elementebs. 

qimiur naerTebs Soris gamoiyofa Semdegi tipebi: 
I tipi. gogirdovani naerTebi an sulfidebi es metalebis 

gogirdTan naerTia an gogirdis analogebTan _ dariSxanTan, stibi-
umTan, telurTan, selenTan (arsenidi, antimonidi, teluridi, 
selenidi). 

II tipi. haloiduri naerTebi an halogenebi. aq gaerTianebulia 
is mineralebi, romlebic naerTebs halogenebTan qmnian: ftorTan, 
qlorTan an iSviaTad bromTan da iodTan (ftoridebi, qloridebi da 
a.S.). 

III tipi. JangbadTan naerTebi, sadac gamoiyofa Jangeulebi _ 
metalebis JangbadTan naerTebi da Jangbadiani marilebi _ metalebis 
naerTebi kompleqsuri Jangbadis anionebTan. es ukanaskneli farTodaa 
bunebaSi gavrcelebuli da warmoqmnian umTavres mineralebs, 
romlebic gavrcelebulia miwis qerqSi Semavali qanebis 
SemadgenilobaSi. 

qvemoT moyvanilia mineralTa klasifikaciis martivi sqema: 
1. TviTnabadi elementebi. 
2. gogirdovani naerTebi (sulfidebi). 
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3. haloiduri naerTebi (halogenebi). 
4. Jangeulebi da hidroJangeulebi. 
5. silikatebi. 
6. boratebi. 
7. karbonatebi. 
8. nitratebi. 
9. fosfatebi, arsenatebi, vanadatebi. 
10. sulfatebi, 
11. volframatebi da molibdatebi. 
 

TviTnabadi elementebi. 
 

bunebaSi TviTnabad mdgomareobaSi TiTqmis 40 qimiuri 
elementia, romelTa umravlesoba Tavisufali saxiT Zalzed iSviaTad 
gvxvdeba. 

qimiuri elementebis Tavisufal mdgomareobaSi yofna 
dakavSirebulia maTi atomebis agebulebaze, romelTac aqvT gamZle 
eleqtronuli sartyeli. qimiurad inertul elementebs ewodebaT 

keTilSobili, aseT elementebs miekuTvneba oqro Au , vercxli Ag , 

platina Pt  da platinoidebi: gvxvdeba naxSirbadis C  saxesxvaobebi, 

gogirdi S , spilenZi Cu  da sxva. 
 

metalebi. 
 

oqro Au . 
qimiurad idealurad sufTa oqro bunebaSi TiTqmis ar gvxvdeba. 

is yovelTvis Seicavs Ag -s, Cu -s, iSviaTad sxva metalebs, 

romlebTan erTadac is xSirad warmoqmnis myar xsnars. 
singonia kuburi. feri oqrosfer-yviTeli. elvareba metaluri. 

simagre 2,5-3. Zalzed kargad iglineba, 1gr oqrodan SeiZleba 
gaiwelos 3km sigrZis mavTuli an gabrtyeldes 27m2 farTis firfitad. 
Umonatexi kauWisebri. simkvrive sufTa oqrosi_19,3. misi dnobis 

temperatura - 1063 C . kristalebi ar ixsneba mJavebSi (garda `samefo 
wylisa~ – Tezafisa). 

saxesxvaoba. eleqtrumi_oqro, romelic Seicavs 20%-ze met 
vercxls. 

diagnostika: gamoirCeva sxva msgavsi mineralebisagan feriT, 
maRali simkvriviT, WedadobiT, gabrtyelebis unariT, dabali 
simagriT, mJavebis mimarT mdgradobiT. 

warmoSoba. oqro aris liTosferos gabneuli elementi. is 
TiTqmis yvela magmur qanSi da zRvis wyalSia. samrewvelo sabadoebi 
ZiriTadad dakavSirebulia kvarc-sulfiduri ZarRvebis hidroTermul 
warmonaqmnebTan. oqro, rogorc mdgradi minerali farTodaa 
gavrcelebuli qviSrobebSi. 

TviTnabadi oqro bunebaSi gvxvdeba sxvadasxva formis: kris-
talebis, firfitis, marcvlis, qerclis (sur. 16), dawyebuli ramdenime 

+ 
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miligramidan ramdenime kilogramamde. udidesi wonis oqros natexi 
napovni iyo avstraliaSi. misi wona Seadgens 119,9 kg-s. ruseTSi 
cnobilia TviTnabadi oqro `didi samkuTxedi~ woniT 36,22 kg, `aqlemi~ 
woniT 9,28 kg da sxv. saqarTveloSi nanaxi TviTnabadi oqro 
maqsimaluri woniT oras grams aRwevs. garda TviTnabadi saxis oqro 
gvxvdeba sxvadasxva tipis madnebSi. maT Soris mTavaria sulfiduri, 
kvarcituli, qviSrobuli da sxv. oqro qviSrobebSi, rogorc wesi 
ufro sufTaa, vidre Zireul sabadoebSi. 

 
sur. 16. TviTnabadi oqro 

oqros Tanamgzavrebi arian piriti, arsenopiriti, qalkopiriti, 
bismutini, romelTa SemadgenlobaSic is xSirad gvxvdeba. 

saqarTveloSi oqro odiTganvea cnobili. Cveni winaprebi mas 
iRebdnen, rogorc qviSrobi sabadoebidan, aseve Zireuli gamadnebidan. 
sabadoebi: enguris, cxeniswylis xeobebi, bolnisis raioni (kazreTi, 
saydrisi, wiTeli sofeli), raWa (zofxito), aWara da sxv. 

gamoyeneba. rogorc cnobilia, oqro warmoadgens savaluto da 
fulis liTons, iyeneben samkaulebis, fufunebis sagnebis, fizikuri 
da qimiuri xelsawyoebis dasamzadeblad, stomatologiaSi da sxva 
miznebisaTvis. 

vercxli Ag .  

vercxli xSirad Seicavs Au -s, Cu -s, Hg -s. singonia kuburi. 

xSiria dendritebis saxiT. feri movercxlisfro-TeTri. elvareba 
metaluri. simagre 2,5. simkvrive 10,5. monatexi kauWisebri. gamoirCeva 

maRali eleqtrogamtarobiT. dneba 960 C -ze, mokaSkaSe burTad, 

advilad ixsneba 
3HNO , paragenezisi Co  da Ni . 

 
sur. 17. TviTnabadi vercxli 

+ 
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warmoSoba. bunebaSi vercxli zogjer TviTnabadi saxiT (sur. 
17), xolo ufro xSirad Sedis spilenZisa da tyvia-TuTiis madnis 
SemadgenlobaSi. TviTnabadi vercxli hidroTermuli mineralis saxiT 
gvxvdeba sulfidur ZarRvebsa da naxevradmetaluri sabadoebis 

Jangvis zonebSi, sadac isini yalibdebian argentitis 
2(Ag S)  saxiT. 

sabadoebi. Crdilo-dasavleT ruseTSi, meqsikaSi, boliviaSi, 
kanadaSi, germaniaSi da norvegiaSi, saqarTveloSi _ bolnisis rai-
onSi. madnidan vercxls iReben ZiriTad liTonebTan erTad, umetes 
SemTxvevaSi spilenZis da tyviis gamodnobisas. 

vercxli gamoiyeneba saiuveliro saqmeSi, monetebis dasamza-
deblad, sxvadasxva SenadnobebSi, fotografiaSi, eleqtroteqnikaSi. 

 

spilenZi Cu .  
spilenZi gvxvdeba dendritebis, msxvili firfitebisa da toti-

sebri agregatebis saxiT. 
singonia kuburi. feri spilenZisebr wiTeli, xazis feri 

mbrWyvinavi wiTeli. elvareba metalisebri. monatexi kauWisebri. 
xasiaTdeba maRali eleqtrogamtarobiT. 

diagnostika. zedapiris wiTeli feriT, xazis wiTeli feriT, 
xSirad moSavo muqi lurji brkiT da spilenZis sxva meoradi 
mineralebis TanaarsebobiT. 

warmoSoba. egzogenuri, Tumca iSviaTad dabali temperaturisas 
_ hidroTermuli. 

sabadoebi. Jangvis zonebi, sadac uzarmazari TviTnabadi 
(ramdenime tona) spilenZi iqna mopovebuli, Zalian lamazi 
kristalebia cnobili uralidan. saqarTveloSi madneulis sabadoze 
moipoveba. 

gamoyeneba. ZiriTadad eleqtroteqnikaSi, manqanaTmSeneblobaSi 
da a.S. farTodaa gavrcelebuli sxvadasxva Senadnobebi spilenZTan 
erTad (TiTberi, melqiori). 

platina Pt .  
platina sufTa saxiT praqtikulad ar gvxvdeba. warmoqmnis myar 

xsnarebs rkinasTan, iridiumTan, rodiumTan, spilenZTan da sxva 

metalebTan. bunebaSi yvelaze gavrcelebulia poliqseni (Pt, Fe)  

rkinis 9-11% SemcvelobiT. 

 
sur. 18. TviTnabadi platina 

+ 

- 
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singonia kuburi. feri da xazis feri Ria nacrisferi. elvareba 
metalisebri. simagre 4-4,5. Wedvadi, iolad eqvemdebareba glinvas, 
simkvrive 21, monatexi kauWisebri. 

diagnostika. platinis ganmasxvavebeli Tvisebebia didi simk-

vrive, dnobis maRali temperatura 1771 C  da qimiuri inertuloba. 
platina ixsneba mxolod cxel samefo wyalSi (Tezafi). 

warmoSoba. magmuri _ genetikurad kavSirSia dunitebTan, 
peridotitebTan, piroqsenitebTan, platinis Tanamgzavri mineralebia 
olivini, piroqseni, qromiti, magnetiti. sabolood platina grovdeba 
naSal masalaSi, saidanac moipoveba garecxvis Sedegad. gvxvdeba 
sulfidur sabadoebSic. 

sabadoebi. platinis matarebelia uralis qviSrobi sabadoebi. aq 
napovnia msoflioSi erT-erTi udidesi platinis TviTnabadi masiT 
9,6kg. platinis raodenoba ZiriTad madnebSi ar unda iyos 0,1-0,5g/t 
naklebi, rom misi damuSaveba moxdes. 

gamoyeneba. misi gamoyenebiT mzaddeba qimiuri WurWeli. aseve 
gamoiyeneba saiuveliro saqmianobaSi da stomatologiaSi. 

 
arametalebi 

 
gogirdi S 

singonia rombuli aqvs sami polimorfuli modifikacia. 
kristalebs dipiramiduli saxe aqvT da warmoqmnian lamaz druzebs.  

feri yviTeli. xazis feri _ Ria yviTeli. kristalebi 
gamWvirvalea. waxnagebze SeimCneva minisebri elvareba. monatexi cxi-
movani, araswori, niJarisebri. Zalzed advilad iSleba. simagre 1,5-2. 
tkeCvadoba ara aqvs. simkvrive 2,07. 

diagnostika. advilad gamoicnoba yviTeli feriT, elvarebiT da 

advili dnobadobiT (27 C  lurji feriT anTia da gamoyofs 
2SO ). 

warmoSoba. 1. danaleqi, bioqimiuri; 2. TabaSiris Semcveli 
danaleqi wyebis daSliT; 3. sulfidebis Jangvis zonebSi; 4. vulkanis 
amofrqvevis Sedegad. 

sabado. Sua aziaSi: TurqmeneTSi (gaurdaki), fergnis zeganze 
(Sou-sou) da a.S.  

gamoyeneba. ZiriTadad gogirdmJavas misaRebad, qimiur warmo-
ebaSi, saRebavebis damzadebaSi, asafeTqebeli da saomari iara-
RebisaTvis. 

almasi C . 
almasis saxelwodeba modis berZnuli sityvidan `adamas~-

daumarcxebeli, uZleveli. 
almasis Sinagani agebuleba Zalzed myaria. yoveli naxSirbadis 

atomi dakavSirebulia oTx, mis irgvliv uaxloesi manZilebiT 
tetraedrulad ganlagebul sxva atomebTan. 

+ 

+ 
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sur. 19. almasis struqtura 

singonia kuburi. (sur. 19) kristalebs ZiriTadad aqvT 
oqtaedruli forma, zogjer _ rombododekaedrisa da kubis 
(iSviaTad). gverdebi xSirad momrgvalebulia, kristalebs aqvT 
erTgvari SemomRvali ieri (sur. 20, 21). 

     

     
sur. 20. almasis bunebrivi kristalebi 
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sur. 21. almasis kristalis formebi: a) kubi; b) dodekaedri; 

g) oqtaedri 

almass aqvs yvelaze maRali simagre 10. gamoirCeva Zlieri 
almasis elvarebiT. feri mravalnairia, ZiriTadad ufero, wylisebr-
gamWvirvale, iSviaTad aqvs moyavisfro, mowiTalo, moyviTalo, 
molurjo da sxva feris Seferiloba. e.w. feradi almasebi (sur. 22) 
tkeCvadoba oqtaedris mimarT _ saSualo, luminescirebs lurji 
ferebiT ultraiisfer sxivebSi. simkvrive 3,5. 

 
sur. 22. feradi almasi 

almasebi izomeba karatebSi. erTi metruli karati tolia 0,2g. 
100karatze meti almasebi iSviaTobaa da cnobilia garkveuli 
saxelwodebebiT. 

saxesxvaobebia. cnobilia almasis Semdegi saxesxvaobani: borti-
almasis marcvlovani, aragamWvirvale, nacrisferi an Savi feris 
arawesieri kristalebi, sferoebi da radialur-sxivosnuri agregatebi. 
balasi-bortis saxesxvaoba, sferosebri boWkovan-sxivosnuri 
agregatebi. karbonado almasis sxva saxeebisagan ganirCeva muqi feriT 
da wvrilmarcvlovani agebulebiT. afrikaSi cnobilia karbonados 
saxesxvaoba stiuartiti _ magnituri TvisebebiT. gamoyenebis mixedviT 
almasis or saxesxvaobas arCeven: saiuveliros da teqnikurs. 
saiuveliro almass miekuTvneba srulyofili formis umaRlesi 
xarisxis qvebi. aseTi qva gansakuTrebuli gamWvirvalobiT, silamaziT 
da ferTa TamaSiT unda gamoirCeodes, ar unda hqondes mniSvnelovani 
bzarebi da CanarTebi. 

teqnikur almasebs miekuTvneba borti, balasi, karbonado, 
agreTve almasis damuSavebisas narCeni fxvnili da zadis mqone kris-
talebi, romlebic ar gamoiyeneba saiuveliro saqmeSi. 

a 
b g 
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almasis sabadoebi genetikurad or tipad iyofa: magmuri (pirve-
ladi) da qviSrobebi (meoradi). 

msoflioSi yvelaze didi almasi `kulinani~ (3106 karati) ipoves 
1905 wels  samxreT afrikaSi. msoflioSi cnobili almasebia: 
`eqscelsiori~ _ 995,2 karati; `siera-leones varskvlavi~ _ 968,9 
karati; `didi mogoli~ _ 793 karati. 1934 wels samxreT afrikaSi 
ipoves 726 karati wonis almasi `jonkeri~, romlisganac or milion 
dolarad Rirebuli 12 brilianti daamzades. moskovis almasis 
fondSi daculia cnobili almasebi: `orlovi~, `Sahi~, `oqtiabrski~, 
`valentina tereSkova~ da sxv. (sur.23). 

 
sur. 23. istoriuli almasebi: 1. drezdenis almasi (41kar); 2. houpi 

(44,5kar); 3. kulinani I (530,2kar); 4. sansi (55kar); 5. tiffani (128,51kar); 
6. koxinori (108,93kar); 7. kulinani IV(636,6kar); 8. nassaki (43,38kar); 9. 

Saxi (88,7kar); 10. florencieli (137,27kar) 

diagnostika. maRali simagre, almasisebri elvareba, uxsnadoba 
mJavebSi, luminescenciis da paragenezisis mixedviT. 

warmoSoba da sabadoebi. warmoSoba magmuri. almasis Semcveli 
qanebisaTvis damaxasiaTebelia milismagvari sxeulebi e.w. kimberlitis 
milebi (afeTqebis milebi), romlebic Sedgeba kimberlitebisagan. 
kimberlitis milis diametrebi sxvadasxvaa, saSualod 30-100sm. masSi 
almasis Semcveloba 0,00004-0,00009%-ia. 

almasebis kristalizacia iwyeba ufro adre, vidre magmis amof-
rqveva, ris drosac saWiroa garkveuli pirobebi: maRali wneva, 
daaxloebiT 60-80 aTasi atm. da SedarebiT dabali tempera-

tura_1000 C . aseTi pirobebi arsebobs kimberlituri milebis 
Camoyalibebisas. sabolood airebis afeTqebiT yalibdeboda `arxi~, 
xolo TviTon qanebi breqCirdebian. 

amJamad bostonSi gaxsnilia almasebiT mdidari kimberlitebis 
mili. 

gamoyeneba. msoflioSi mopovebuli almasebis 75-80% teqnikur 
almasebs ekuTvnis. yvela teqnikuri almasis 15% almasur burRvaze 
modis. sufTa an Tanabrad Seferili almasebi warmoadgenen pirveli 
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klasis Zvirfas qvebs. dawaxnagebul almass brilianti ewodeba. 
almasebi miiReba xelovnuri gziTac, romelic mimdinareobs 

grafitsa da garkveul metalebs (rkina, nikeli, kobalti, qromi, 
platina) Soris urTierTqmedebiT maRali temperaturisa da wnevis 
pirobebSi.  

grafiti C .  
grafiti saxelwodeba momdinareobs berZnuli sityvidan `gra-

fo~-vwer, vxatav. (sur. 24) 

 
sur. 24 grafitis struqtura 

grafiti warmoadgens naxSirbadis heqsagonur modifikacias. 
brtyel heqsagonur badeebs Soris aqvs sruli tkeCvadoba. grafitis 
simkvrive 2.2, simagre 1. 

feri rkinisebr-Savi, xazis feri Savi, moelvare metalisebri 
elvareba, atarebs eleqtrobas, cecxlgamZlea da mJavagamZle. 

grafiti warmoqmnis wvril eqvskuTxa kristalebs kirqvebsa da 
fiqlebSi. grafiti Zalian gavs molibdenits, magram isini 
gansxvavdebian xazis feriT: grafits _ Savi xazis feri aqvs qaRa-
ldze, molibdenits mocisfro. 

saxesxvaoba. ansxvaveben kristalur, qerclisebr da amorful 
grafits (Sungiti). 

diagnostika: Savi feriT, qerclisebri agebulebiT, SexebiT 
cximovani, TiTebs svris. 

warmoSoba. 1. magmuri, karbonatuli qanebis intruzivTan kontaq-
tSi. 2. metamorfuli, marmariloSi, gneisebSi da kristalur fiqlebSi 

3CaCO -is da organuli nivTierebis metamorfizmis Sedegad. 

sabadoebi. dasavleT saiani – kristaluri grafiti, ukrainaSi – 
qerclisebri grafiti da sxva. 

gamoyeneba. grafiti gamoiyeneba metalurgiaSi, rogorc sapoxi 
saSualeba, saRebavebis, fanqrebis damzadebaSi, eleqtroobaSi. 

 
gogirdnaerTebi anu sulfidebi 

 
gogirdovani da misi analogi mineralebi 200 saxesxvaobaze 

metia da maTi Semcveloba miwis qerqSi ar aWarbebs 0.15%-s. 

qimiuri TvalsazrisiT isini 
2H S gogirdwyalbadnaerTebs war-

moadgenen (sulfidebi). iSviaTad mineralebSi gogirdis adgils Se  da 

+ 
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Te  (seleni da teluri) ikaveben. yvela am naerTSi farTodaa 
gavrcelebuli erTi elementis meoriT izomorfuli Canacvleba. 

Cven ganvixilavT mxolod gogirdnaerTebs. yvelaze didi 
gavrceleba aqvT rkinis (piriti da pirotini) disulfidebsa da 
sulfidebs, romelzec modis yvela sulfidebis 4/5. yvelaze gavr-
celebuli sulfidebia: spilenZis, TuTiis, tyviis, vercxlis, bismutis, 
nikelis, kobaltis, molibdenis da vercxliswylis. 

sulfidebs gaaCniaT metalisebri elvareba, maRali simkvrive da 
saSualo simagre. isini gvxvdebian kristalebis, druzebis, xSirad 
marcvlovani da Canawinwklisebri masebis saxiT. 

sulfidebis warmoSoba ZiriTadad hidroTermulia (maRali, 
saSualo da dabaltemperaturuli), magmuri, skarnuli da zogisac 
egzogenuri. 

Jangva-aRdgeniTi procesebis Sedegad sulfidebi gadadian meo-
rad mineralebSi: sulfatebSi, karbonatebSi, JangeulebSi da 
silikatebSi. 

sulfidebs didi praqtikuli mniSvneloba aqvT _ maTi umetesoba 
umniSvnelovanesi madnebia: TuTiis, tyviis, spilenZis, vercxlis, 
nikelis, kobaltis, molibdenis, dariSxanis, bismutis, stibiumis, 
vercxliswylis da sxva metalebis. 

qveviT mocemulia sulfidebis daxasiaTeba Semdegi sqemiT: 
1) martivi sulfidebi, romlebic warmoadgenen erTi liTonis 

naerTs (metalis) gogirdTan an gogirdis analogebTan; 
2) ormagi sulfidebi _ ori (an sami) gansxvavebuli kaTionis 

kavSiri gogirdTan an mis analogTan. 

3) disulfidebi _ kaTionis kavSiri 2-

2[S ]  jgufis anionTan. 

disulfidebSi, magaliTad piritSi, gogirdis atomebi Zalze 
uaxlovdebian erTmaneTs, ris Sedegadac ayalibeben anionis jgufebs 

2-

2[S ] . amitom aris rkina piritSi orvalentiani. gogirdi SeiZleba 

Cainacvlos analogebiT, magaliTad dariSxaniT 2-[AsS] . 

4) rTuli sulfidebi (sulfomarilebi). 
 

martivi sulfidebi 
 

qalkozini 
2Cu S . 

qalkozinis saxelwodeba momdinareobs berZnuli sityvidan 
`qalka~ spilenZi. sinonimi spilenZis almadani. (sur. 25)  

- 
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sur. 25. qalkozinis struqtura da kristaluri formebi 

singonia arsebobs oTxi polimorfuli modifikacia: 
monoklinuri, heqsagonuri, fsevdorombuli (sur. 25) da kuburi 
saxesxvaobebi. kristalebi iSviaTia, ZiriTadad gvxvdebian miwisebri 
masebis saxiT. 

feri da xazis feri nacrisferia. elvareba metalisebri. tkeC-
vadoba arasrulyofili. monatexi niJarisebri. simagre 2,5-3. simkvrive 
5,7. 

diagnostika. damaxasiaTebeli Tvisebaa dabali simagre, feri. 
warmoSoba. egzogenuri _ yalibdeba sulfidebis meoradi 

gamdidrebis (cementaciis) zonaSi spilenZis pirveladi sulfiduri 
madnebis Jangva-aRdgeniTi reaqciis xarjze. iSviaTad hidroTermuli 

warmoSobisaa. Jangvisas gadadis malaqitSi 
2 3 2Cu [CO ](OH) , kupritSi 

2Cu O  da a.S. 

sabadoebi. yazaxeTSi _ jezkazgani; koundari; uzbekeTSi _ al-
maliki; uralze _ turinis sabado; aSS _ miuti (montana), mingxemi 
(iuta), bisbi (arizona), iugoslavia _ biri. saqarTveloSi _ kazreTis 
madneulis sabado. 

gamoyeneba. qalkozini aris spilenZis umniSvnelovanesi madani. 

galeniti PbS .  

galeniti( Pb 86,6%). zogjer Seicavs Ag -s. 

singonia kuburi. kristalografiuli formebidan damaxasia-
Tebelia kubi, iSviaTia oqtaedri da rombododekaedri. warmoqmnis 
marcvlovan agregatebs, gvxvdeba druzebis saxiT (sur. 26). 

+ 
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sur. 26. galenitis struqtura da kristaluri formebi 

feri tyviisebr-nacrisferi. xazis feri monacrisfro-moSavo. 
elvareba metalisebri. srulyofili tkeCvadoba kubis waxnagebis 
gaswvriv. minerali sakmaod rbilia, simagre 2,5. simkvrive 7,5. 

diagnostoka. galeniti advilad gamoicnoba sruli tkeCvadobiT, 
arc Tu ise didi simagriT, maRali simkvriviT, xazis feriT da 
advilad lRobiT. 

warmoSoba. 1. hidroTermuli (saSualo da dabaltemperaturuli) 
_ gvxvdeba ZarRvebSi, metasomatur sxeulebSi, aseve skarnebSi. 
damaxasiaTebelia asociacia galenitTan, sfaleritTan da vercxlisa 
da spilenZis sulfidebTan _ e.w. polimetaluri madnebi. 2. danaleqi 
warmoSobis galeniti ZiriTadaT bituminizirebul karbonatul 
qanebSi Canawilakebis saxiT gvxvdeba. 

Jangvis zonebSi galeniti iSleba da warmoqmnis cerusits 

3Pb[CO ] , anglezits 
4Pb[SO ] , piromorfits 

5 4 3Pb [PO ] Cl  da sxva 

mineralebs. 
sabadoebi. skarnuli _ kansai, altin _ topkani, kurgaSinkani 

(Suaazia); hidroTermuli, ZarRvuli da metasomaturi _ Crdilo 
kavkasia, altai, qvaisa, afxazeTi da a.S. 

gamoyeneba. galeniti aris tyviis umniSvnelovanesi madani. 
 

singuri HgS .  

singuri ( Hg 86,2%) arabulad `kinobari~ _ drakonis sisxli. 

singonia trigonuli. gvxvdeba marcvlovani Canawinwklebis 
saxiT, ZiriTad masebSi. heqsagonuri singoniis saxis singurs 
metacinabariti ewodeba. feri _ muqi wiTeli. xazis feri wiTeli. 
Txel monatexSi gamWvirvale, elvareba almasisebri, simagre 2-2,5. 
simkvrive 8. tkeCvadoba sruli 1010 mimarTulebiT. 

diagnostika. gamoirCeva wiTeli feriTa da wiTeli xazis feriT. 
maRali simkvriviT, tkeCvadobiT da paragenezisiT. gacxelebisas 
gamoyofs vercxliswyals. 

warmoSoba. upiratesad dabaltemperaturuli hidroTermuli 

+ 
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procesis produqtia. is gvxvdeba antimonitTan, fluoritTan, 
baritTan da qalcedonTan. arsebobs karbonatul qanebSic, qviSebsa da 
fiqlebSic. 

sabadoebi. xairdakansSi da yirgizeTSi, donbasSi, altaiSi, 
almadenSi (espaneTi), monte – amiataSi (italia), aseve iugoslaviaSi, 
CineTsa da aSS-Si. saqarTveloSi gvxvdeba misi mcire madan-
gamovlinebebi afxazeTSi da zemo raWaSi. 

gamoyeneba singuri aris vercxliswylis erTaderTi madani. 
misgan mzaddeba bunebrivi saRebavi wiTeli feris. 

 

sfaleriti ZnS .  

sfaleriti ( Zn 67,1%) izomorfuli minarevebis saxiT Seicavs 
rkinas, kadmiums (0,5-1%), indiums (0,1%), galiums (0,1%-mde), germaniums 
(0,3%-mde). berZnulad `sfaleros~ – matyuara, rac gamowveulia misi 
mravalnairi feriTa da diagnostikis sirTuliT. 

singonia kuburi, kristalebs aqvT tetraedruli waxnagebi (sur. 
27), agregati _ marcvlovani, iSviaTad farulkristaluri da xSirad 
koncentrirebul–zonaluri agebuleba aqvs. 

 
sur. 27. sfaleritis tetraedruli formis kristalebi 

feri yavisferi _ Savamde da yviTeli-uferomde. xSirad 
gamWvirvalea. xazis feri Riadan – muq yavisframdea. sfalerits aqvs 
sruli tkeCvadoba rombododekaedris waxnagebis gaswvriv eqvsi 
mimarTulebiT. elvareba almasi. simagre 3,5-4. simkvrive 3,9-4,1. 

saxesxvaobebi rkinis Semcvel Savi feris maRaltemperaturul 
saxesxvaobas marmatiti ewodeba. dabaltemperaturul, an Ria yviTel 
sfalerits ewodeba kleofani. 

diagnostika axasiaTebs maRali almasisebri elvareba da sruli 
tkeCvadoba. izometruli marcvlebis Canawinwklebi. marmatits aqvs 
mowiTalo – moyavisfro xazis feri. 

warmoSoba 1. hidroTermuli – galenitTan, qalkopiritTan, 
piritTan da sxva mineralebTan, farTodaa gavrcelebuli madnebis 
metasomatur ZarRvebSi. 2. egzogenuri danaleq qanebSi, xandaxan 
naxSiris sabadoebTanac gvxvdeba. 

daJangvisas sfaleriti gadadis smitsonitSi 
3Zn[CO ] da 

hemimorfitSi 
4 2 7 2 2Zn [Si O ](OH) H O . 

sabadoebi. polimetaluri sabadoebi altaiSi, Sua aziaSi, 
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uralze aris almadanuri tipis sabado, aSS, aseve SvedeTSi, Cexos-
lovakiaSi, poloneTSi, espaneTSi, Crdilo kavkasiaSi _ sadoni, 
saqarTveloSi _ qvaisa, afxazeTi. 

gamoyeneba. sfaleriti _ TuTiis umniSvnelovanesi madania. 
 
pirotini FFe1-XSX 

pirotinis sinonimia magnituri almadani, Semcveloba cvale-

badobs 
6 7Fe S -dan 

11 12Fe S . xandaxan Seicavs Cu,Ni  da Co -s. saxel-

wodeba modis berZnuli sityvidan `piros~-cecxlisferi, mowiTalo. 
singonia heqsagonuri. kristalebi iSviaTia. ZiriTadad moipoveba 
wvrilmarcvlovan masebis saxiT. 

feri brinjaosebr-yviTeli, xandaxan cisartyelisebri. xazis 
feri monacrisfro-Savi. elvareba metalisebri. xSirad magnituria. 
simagre 4. simkvrive 4,5. 

diagnostika. damaxasiaTebeli niSnebia brinjaosebri feri da 
magnituroba. 

warmoSoba. 1. magmuri, 2. kontaqtur-metasomaturi an skarnuli 
polimetalur madnebTan, 3. hidroTermuli, 4. gvxvdeba metamorful da 
danaleq qanebSic. 

sabadoebi. Crdilo urali, yazaxeTi, devdoraki (yazbegis 
raioni). 

gavrcelebis mixedviT pirotini adgils uTmobs mxolod pirits. 
gamoiyeneba gogirdmJavas warmoebaSi.  

 

antimoniti 
2 3Sb S . 

singonia rombuli. kristalebs aqvT mogrZo prizmuli, sve-
tisebri forma (sur. 28), metwilad sxivosnurad ganlagebuli, 
wagrZelebis gaswvriv daStrixulia. sigrZeSi aqvs uxeSi daStrixva. 
xandaxan qmnis kargad dawaxnagebul druzebs.  

 
sur. 28. antimonitis kristalis formebi 

feri tyviisebr nacrisferi. xazis feric aseTivea. elvareba 
metaluri, xandaxan gadakravs molurjo feri. tkeCvadoba sruli {010}. 
simagre 2. simkvrive 4,6. 

diagnostika. kristalebis wagrZelebuli forma da ver-

- 
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tikaluri daStrixva, dabali simagre, tkeCvadobis sibrtyeze gver-
duli daStrixva da molurjo feris elvareba. 

warmoSoba. hidroTermuli (dabaltemperaturuli) kvarcitul 
ZarRvebSi. paragenezisi: singuri, piriti, fluoriti, kalciti, kvarci, 
bariti, qalcedoni. 

sabadoebi. yirgizeTSi da krasnoiarskSi. xunanSi (CineTi), iapo-
niaSi kunZul sikokuze, raWaSi. 

gamoyeneba. antimoniti umniSvnelovanesi madania stibiumis 
(anTimoniumis). 

auripigmenti 
2 3As S . 

auripigmenti laTinurad niSnavs `oqros saRebavs~. 
singonia monoklinuri (sur. 29), kristalebi iSviaTia, ZiriTadad 

gvxvdeba furclovani, radialur-sxivosnuri da marcvlovani saxiT. 

 
sur. 29. auripigmentis kristalis formebi 

feri limonisferi, yviTeli an mooqrosfro-yviTeli. xazis 
feric igive, oRond ufro Ria. elvareba sadafisebri. tkeCvadoba 
srulyofili{010} mimarT, furclebi Runvadia. simagre 1,5-2. simkvrive 
3,5. 

diagnostika. feriT, tkeCvadobiT, dabali simagriT da real-
garTan paragenezisiT. 

warmoSoba dabaltemperaturuli hidroTermuli daJangvisas 

gadadis arsenolitSi 
2 3As O . 

sabadoebi. luxumis (saqarTvelo), julfinis (naxiCevani) da iaku-
tiaSi. alxari (makedonia saberZneTi), merkuri (iuta, aSS) da a.S. 

gamoyeneba. rogorc dariSxanis madani. auripigmenti gamoiyeneba 
mxatvrobaSi yviTeli saRebavis dasamzadeblad. 

 

kovelini. CuS  
singonia heqsagonuri. warmoqmnis Txel prizmebs, fxvnilisebr 

da Wvartlisebr masebs. 
feri lurji, muqi lurji. xazis feri Savi. elvareba meta-

lisebri. simagre 1,5. simkvrive 4,6. tkeCvadoba (0001)-is swvrivad sruli. 
diagnostika. lurji feriT, arc Tu didi simagriT, parage-

nezisiT spilenZis sxva sulfidebTan: qalkopiriti, qalkozini, 
bosniti da sxv. 

+ 

- 
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warmoSoba. egzogenuri _ meoradi gamdidrebis sulfidur 
zonebSi warmoiqmneba. 

gamoyeneba. warmoadgens spilenZis madans. 

molibeniti  
2MoS .  

molibdenisebri kriala. 
singonia heqsagonuri. kristalebi iZleva Txel, xandaxan 

eqvskuTxa furclebs, sruli tkeCvadobiT. agregatebi furclovani, 
qerclovani. 

feri nacris feri, xazis feri qaRaldze mocisfro nacrisferi. 
elvareba Zlier metalis. simagre 1, qaRaldze stovebs kvals, Sexe-
bisas cximovani. simkvrive 4,7. tkeCvadoba sruli (0001)-is swvrivad. 

diagnostika. metalisebri elvareba, dabali simagre, sruli 
tkeCvadoba. SeiZleba Segvxvdes eqvskuTxa furclebis saxiT. Zalian 
gavs grafits, ganirCeva xazis mocisfro feriT qaRaldze da 
paragenezisiT. Tanmdevi mineralebi: kasiteriti, volframiti, 
fluoriti. 

warmoSoba. magmuri _ granitebsa da granitoidebSi gvxvdeba Ca-
nawinwklebis saxiT. gvxvdeba agreTve pegmatitur ZarRvebSi, xSirad 
greizenebSi.  

sabadoebi. skarnuli tipis sabadoebi gvxvdeba Crdilo 
kavkasiaSi, kvarculi ZarRvebi molibdenitis SemcvelobiT _ cimbirSi. 

molibdenis udidesi sabado msoflioSi cnobilia klaimeqsi 
(kolorado, aSS), sadac Secvlil granitebSi molibdeniti gvxvdeba 
kvarcis ZarRvebSi. 

gamoyeneba. molibdeniti _ molibdenis erTaderTi madania, 
TiTqmis 95% gamoiyeneba specialuri foladebis dasamzadeblad, sima-
gris gamo gamoiyeneba eleqtroteqnikaSi. 

 

realgari AsS . 
singonia monoklinuri. mokleprizmuli (sur. 30), mcire zomis 

kristalebi, warmoqmnis druzebs. aseve gvxvdeba marcvlovan agre-
gatebis da wanacxebebis saxiT. 

 
sur. 30. realgaris kristalis formebi 

feri narinjisebr-wiTeli, stafilosferi, wiTeli. xazis feri 
Ria stafilosferi. elvareba almasisebri. Zlier ganaTebaSi 

- 
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Seferiloba ikargeba, realgari iSleba da gadadis auripigmentSi. 
simagre 1,5-2. iWreba daniT. simkvrive 3,5. tkeCvadoba sruli (010)-is 
swvivad. 

diagnostika. wiTeli feri, xazis feriT, dabali simagriT da 
auripigmentTan paragenezisiT. 

warmoSoba hidroTermuli (dabaltemperaturuli). Tanmdevi 
mineralebi: auripigmenti, antimoniti, kinovari da sxv. 

sabadoebi. luxumis sabado saqarTveloSi. TurqeTSi, Cexoslo-
vakiaSi. 

 
ormagi sulfidebi 

 

qalkopiriti 
2CuFeS . 

qalkopiriti (Cu-34,6%; Fe-30,5%; S-34,9%)  (elementaruli ujre-

di 
4 4 8Cu Fe S ) saxelwodeba modis berZnuli sityvidan `qalkos~-

spilenZi da `pir~-cecxli. 
sinonimi spilenZis kolCedani. 
singonia tetragonuli. kristalebs aqvT tetraedruli saxe 

(sur. 31), magram iSviaTad gvxvdebian miwisebri agregatebis saxiT, 
zogjer didi danagrovebiT. 

 
sur. 31. qalkopiritis kristaluri meseri 

feri oqrosferi-yviTeli. xazis feri Savi an momwvano _ Savi. 
elvareba metalisebri. simagre 3,5-4. simkvrive 4,2. tkeCvadoba mkafio 
(201)-is swvrivad. 

saxesxvaoba. talnaxiti (qalkopiritis kuburi modifikacia). 
diagnostika. feriT, xazis feriT. 
piritisagan ganirCeva ufro muqi feriT, naklebi simagriT da 

kuburi kristalebis ar arsebobiT. 
warmoSoba. 1. magmuri _ pirotinTan da pentlanditTan 

asociaciaSi, 2. skarnuli _ andraditTan, magnetitTan, SeelitTan, 

pirotinTan, 3. hidroTermuli _ piritTan, pirotinTan, Pb, Zn, Cu -s 

sulfidebTan da a.S. 4. egzogenuri _ danaleq qanebSi. 
Jangvis zonebSi qalkopiritis daSlisas warmoiqmneba meoradi 

mineralebi: TviTnabadi spilenZi, qalkozini, kovelini, kupriti, 
malaqiti, azuriti, qrizokola da a.S. 

sabadoebi. norilis, talnaxis _ magmuri, uralze turinis 

+ 
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madnebi; koundarSi yazaxeTSi; somxeTSi; (alaverdi), azerbaijanSi; 
sodberi (kanada) magmuri; bingxemi (iuta, aSS), Cukikamata (Cili) tipi 
Canawinwkluli hidroTermuli madnisa; saqarTveloSi madneuli. 

gamoyeneba. spilenZis umniSvnelovanesi nedleulia. 
 

borniti 
5 4Cu FeS  

saxelwodeba mieca germaneli mineralogis i. bornis pativ-
sacemad. qalkopiritis jgufis mineralia. 

singonia kuburi, heqsaoqtaedris klasi, gvxvdeba mTliani 
masebis, nadenebis, qerqebis saxiT. 

feri saR monatexze cisartyeliseburi ferebi (mamali xoxbis 
yeli), gaumWvirvale, xazis feri monacisfro _ Savi, elvareba _ 
metalis, simagre 3, myife, monatexi niJarisebri. simkvrive 4.9-5.3, 
tkeCvadoba ara sruli (110)-is swvrivad. paragenetuli mineralebi: 
qalkozini, qalkopiriti, piriti, magnetiti. 

warmoSoba hidroTermuli ZarRvebSi, kontqatur-metamorful da 
metasomatur sabdoebSi, Cveulebriv spilenZis Semcveli mineralebis 
sabadoebSic gvxvdeba egzogenuri. borniti zogjer farTod aris 
gavrcelebuli meoradi sulfiduri gamdidrebis zonebSi. 

sabadoebi: jezkazgani (yazaxeTi), urali, saqarTelo (madneuli). 
 

disulfidebi da maTi analogebi 
 

piriti 
2FeS . 

piriti – saxelwodeba momdinareobs berZnuli sityvidan `piros~ 
_ cecxli. 

singonia kuburi. kristalebs aqvT kubis forma, xolo waxnagebi 
erTmaneTis perpendikularuli StrixebiTaa daserili (sur. 32). qmnis 
druzebs, Canawinwklebs, marcvlovan masebs. erT-erTi yvelaze 
gavrcelebuli mineralia, ris gamoc xumrobiT `quCis biWs~ eZaxian. 

  
sur. 32. piritis kristaluri struqtura da kristali, 

daStrixuli waxnagebiT a. Savi sferoebi Fe ; b. Ria 2-

2S  jgufi 

feri Calisfer-yviTeli. xazis feri Savi. elvareba metalis. 
tkeCvadoba ara aqvs. monatexi araswori. simagre 6-6,5. simkvrive 5. 
piriti sulfidebis jgufis yvelaze gavrcelebuli mineralia. 

diagnostika. feris mixedviT, didi simagriT. qalkopiritisagan 

- 
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ganirCeva kristalebis formiT; meti simagriT da ufro Ria feriT. 
markazitisagan _ kristalebis formiT.  

warmoSoba: sxvadasxva geologiuri procesis Sedegad: magmuri, 
hidroTermuli, danaleqi, metamorfuli da a.S. 

Jangvis zonebSi piriti gadadis limonitSi, gogirdSi. 
sabadoebi. piritis almadanuri sabadoebi, paleozouri asakis, 

gadaWimuli uralis qedis gaswvriv 300 km-ze. rio-tinto (espaneTi) 
hidroTermuli, sulitelma (norvegia) _ magmuri, madneuli _ 
saqarTveloSi, Ciragibori _ azerbaijanSi. 

gamoyeneba. warmoadgens gogirdmJavas miRebis umniSvnelovanes 
madans. gadamuSavebisas aseve miiReba minarevi elementebi _ 

Cu, Zn, Au, Se. 

 

markaziti 
2FeS . 

singonia rombuli. damaxasiaTebelia konkreciebi, Tirkm-
liseburi (sur. 33), Subis formis agregatebis saxiT. fizikuri 
Tvisebebi iseTivea, rogorc piritis, oRond ar gvxvdeba kuburi 
kristalebi. 

 
sur. 33. sferos formis markaziti 

feri TiTberisebr-yviTeli, zogjer gadahkravs momwvano 
elferi, xazis feri Savi, elvareba metalisebri, simagre 6-6.5, myife, 
monatexi usworo, simkvrive 4.8-4.9. tkeCvadoba arasruli (110)-is 
swvrivad. Tanmdevi mineralebi: piriti, qalkopiriti, galeniti, 
sfaleriti, kvarci, kalciti da sxv. 

warmoSoba. ZiriTadad egzogenuri. SesaZlebelia hidroTermuli 
warmoSobac (dabaltemperaturuli). 

damoukidebeli sabadoebi ar arsebobs. rogorc piriti warmo-
adgens saziano naerTs naxSirSi da cecxlgamZle TixaSi, igi amcirebs 
maT cecxlgamZleobas. 

 

arsenopiriti FeAsS . 

sinonimi dariSxanis almadani (Fe-34, 3%. As-46,0%.  S-19,7%) . 

singonia monoklinuri. wagrZelebuli prizmuli kristalebi; 
mWidro, marcvlovani agregatebi. 

feri foladisebr-TeTri. xazis feri monacrisfro-Savi. 
elvareba metalis. simagre 6. simkvrive 5,9-6,2. tkeCvadoba arasruli. 

+ 
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diagnostika. TeTri feriT, maRali simagriT, kristalis 
formiT. foladis dartymisas yris naperwklebs, warmoiqmneba 
molurjo kvamli da dariSxanis (nivris) suni. 

warmoSoba. hidroTermuli (maRali da saSualotemperaturuli). 

Tanamgzavrebia kasiteriti 
2SnO , volframiti (Fe,Mn)[WO4], sfaleriti 

ZnS , galeniti PbS , oqros, vercxlis da spilenZis madnebi. 
zedapirul pirobebSi: arsenopiriti gadadis miwisebr agregatebSi, 

mwvane feris skoroditSi 
4 2Fe[AsO ] 2H O  

sabadoebi. uralSi-koCkaris da jetigaris (oqroTi), Sua aziaSi-
uC-imCakis da a.S. aseve SvedeTSi da sxva qveynebSi. 

gamoyeneba. arsenopiriti aris dariSxanis umniSvnelovanesi 
madani. 

 
haloiduri naerTebi (halogenebi) 

 
am klasis mineralebs miekuTvneba ftoris, qloris da Zalzed 

iSviaTi bromisa da iodis naerTebi. ftoris naerTebi, an ftoridebi, 
genetikurad dakavSirebulia magmur moqmede-basTan, xandaxan 
warmoadgenen danaleqi warmoSobis naerTebs. qloris naerTebi, anu 

qloridebi Na -is, K -is da Mg -is warmoadgenen zRvebisa da tbebis 

qimiur naleqs, aseve mariliani wyebebisa da sabadoebis umTavres 
mineralebs. 

 

fluoriti 
2CaF . 

sinonimi malRobela Spati. saxelwodeba momdinareobs sityvidan 
`fluor~-wveTva, radganac minerali advilad dneba. 

singonia kuburi. heqsaedris simetriis klasi. kristalebs aqvT 
kubis forma. zogjer iZleva oqtaedrul da dodekaedrul 
kristalebs (sur. 34). warmoqmnis lamaz druzebs; aseve ZarRvul naden 
formebs. iSviaTad iZleva Canawinwklebs, mTlian an miwisebr masebs. 
feri iasamnisferi, mwvane, TeTri da wylisebr gamWvirvale. erTi da 
igive nimuSi sxvadasxva adgilas SeiZleba sxvadasxva feri iyos e.i. 
axasiaTebs poliqromizmi. tkeCvadoba oqtaedris {111} mimarT sruli. 
elvareba minisebri. simagre 4. simkvrive 3,18, msxvrevadia. 

 

 

+ 
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sur. 34. fluoritis struqtura da kristaluri formebi 

saxesxvaobebi. optikuri fluoriti _ gamWvirvale ufero 
fluoriti; ratovkiti _ miwiseburi agregatebi, Ria WuWyiani 
iasamnisferi fluoriti, gvxvdeba mergelsa da gadolomitebul 
kirqvebSi. 

diagnostika. kristalebis kuburi formiT, oqtaedris mimarT 
tkeCvadobiT, minisebri elvarebiT, dabali simagriT, lamazi 
SeferilobiT. 

warmoSoba. hidroTermuli. iSviaTad _ pnevmatoliTuri 
greizenebSi. ratovkiti _ danaleqi warmoSobis. kvarcis ZarRvebSi 

fluoritis Tanamgzavrebia bariti, kalciti, Pb -is, Zn -is, Sb -is 
sulfidebi  da sxva metalebi, greizenebSi _ muskoviti, topazi, tur-
malini, volframiti da kasiteriti. 

sabadoebi. Sua aziaSi _ auraxmati da sxv. arxangelskSi amde-
rminskis. berxi, borunduri da sxvani monRoleTSi, aSS (kentukis da 
ilinoisis Stati). 

gamoyeneba. gamoiyeneba advilad lRobadi widebis miRebis 
mizniT metalurgiaSi. aseve ftoris mJavis da sxvadasxva ftoruli 
naerTis nedleuli. Tixamiwidan eleqtroliziT metaluri aluminis 
misaRebad. gamWvirvale da ufero saxesxvaobebs iyeneben optikuri 
linzebis dasamzadeblad. 

 

haliti NaCl . 
berZnulad `halos~-zRva, marili. sinonimi: qvamarili da TviT-

naleqi marili. 
singonia kuburi. heqsaoqtaedris simetriis klasi. kristalebs 

aqvT kubis forma. xSirad qmnian marcvlovan masebs, iSviaTad 
naWuWebs, druzebs, miwisebr masebs da a.S. 
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sur. 35. halitis kristaluri struqtura da kristalebi 

feri. TeTri, nacrisferi, xSirad ufero, gamWvirvale. elvareba 
minisebri. tkeCvadoba sruli kubis waxnagis gaswvriv. simkvrive 2,1-2,2. 
simagre daaxloebiT 2. susti eleqtrogamtari da kargi siTbogamtari. 
wyalSi advilad ixsneba – 35%-mde oTaxis temperaturaze. gemo mlaSe. 

diagnostika. advilad ixsneba wyalSi, kristalebi kuburi for-
mis, tkeCvadobiT, dabali simagriT. sxva mineralebisagan gansxvavdeba 
gemoTi – haliti mlaSea. 

warmoSoba. haliti warmoadgens Caketil mariliani zRvebisa da 
tbebis tipiur qimiur naleqs cxeli da mSrali havis pirobebSi. 
warmoiqmnebian iseT tbebSi da lagunebSi, romlebSic wyali TiTqmis 
damSrali da Zalze mariliania. Tanamgzavrebia: TabaSiri, anhidriti, 
karnaliti da sxva halogenebi da sulfidebi. 

cnobilia halitis ori saxesxvaoba: qvamarili Camoyalibebuli 
Zvel geologiur pirobebSi. TviTnaleqi marili, romelic yalibdeba 
axlandel droSi, cxeli klimatis pirobebSi wyliani auzebis 
fskerze. 

sabadoebi. artemovskis (donbasi), solotvino (zakarpatie), 
nordveki (iakutia), solikamskis uralze – msoflioSi yvelaze didi; 
romelic halitis marilebis garda warmodgenilia kaliumiT da 
magniumiT. starobinskis sabado belorusiaSi (q. soligorski). 
starfurtski germaniaSi,   indoeTSi, egvipteSi da aSS samxreT 
StatebSi. 

gamoyeneba. haliti aris umniSvnelovanesi kvebis produqti da 
damakonservebeli saSualeba, is ZiriTadi wyaroa qimiur warmoebaSi 

marilmJavas (HCl) , sodis, qloris, NaOH  da sxva miRebaSi. garda 

amisa haliti warmoadgens sawyis nedleuls metaluri natriumis 
misaRebad. 

 

silvini KCl . 
singonia kuburi. heqsaoqtaedris simetriis klasi. kristalebs 

aqvT heqsaedris forma, gvxvdeba miwisebri da marcvlovani agregatis 
saxiT. 

feri rZisferi, iSviaTad ufero, zogjer mowiTalo an 
moyviTalo. gamWvirvale an gamWviri. xazis feri TeTri. elvareba 
cximovanidan minisebramde. simagre 2, myife. simkvrive 1.9-2.0. tkeCvadoba 
sruli (100)-is swvrivad. aqvs mlaSe gemo, advilad ixsneba wyalSi. 
Tanmdevi mineralebi: haliti, anhidriti, karnaliti da sxv. 

diagnostika. silvini momwaro-mlaSea. rkinis Jangis da sxva 
minarevebis gamo is mowiTalo an mocisfro Seferilobas iRebs. 

warmoSoba zRvebis da tbebis auzebSi, tipiuri qimiuri 
procesis Sedegad warmoiqmneba. 

gamoyeneba. kaliumis sasuqi nedleuli. 
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Jangeulebi (oqsidebi) 
 

Jangulebi aris sxvadasxva elementebis naerTi JangbadTan, 
hidroqsilTan an wyalTan. maTi Semcveloba miwis qerqSi 17%-ia, 

maTgan siliciumis Jangi 
2(SiO )  daaxloebiT 12,5%.  

am klasis yvelaze gavrcelebuli mineralebia siliciumis, 
aluminiumis, rkinis, magniumis da titanis Jangeulebi. 

mineralebis kristalur struqturebSi metalebis kaTionebi 

imyofebian Jangbadis ionebis garemocvaSi 2-[O]  (Jangeulebi) an 

hidroqsilis -(OH) . am klasSi gamoiyofa martivi da rTuli 

Jangeulebi da hidroJangeulebi. 

hidroJangeulebi Seicaven -(OH)  an wylis jgufs. 

Jangeulebis klasis mineralebs umTavresad SedarebiT martivi 

kristaluri mesrebi aqvT. ufro rTulia mxolod kvarcis 
2SiO  

gansakuTrebuli jgufis mineralTa kristaluri struqturebi. 
am mineralebSi kaTionebisa da Jangbadis anionebs Soris 

Tanafardoba 21(
2A X )-dan 12(

2AX )-mde meryeobs. garda amisa rTul 

JangeulebSi dadgenilia kaTionebis sxvadasxva Tanafardoba: 

Cveulebriv 11 da 12. 
 

martivi Jangeulebi 
 

kupriti 
2Cu O . 

 laTinurad `kuprum~ spilenZi. sinonimi spilenZis wiTeli 
madani. 

singonia kuburi. heqsaoqtaedris simetriis klasi, oqtaedruli 
formis mcire zomis kristalebi, iSviaTad kubebi (sur. 36). gvxvdeba 
ZiriTadad marcvlovani agregatebis saxiT, iSviaTad nemsisebri an 
Tmisebri individebi. 

 
sur. 36. kupritis struqtura da kristalis formebi 

feri wiTeli, sxvadasxva SeferilobiT. xazis feri 
momixakisfro wiTeli. kupritis kristalur-marcvlovani saxesxvaobani 
almasisebri elvarebiT gamoirCevian. simagre 3,4-5. simkvrive 6. 
msxvrevadi. tkeCvadoba {111}-is gaswvriv kargi. 

- 
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diagnostika: xazis feriTa da feriT, Zlieri elvarebiT, rkinis 
hidroJangeulebTan asocirebiT. 

warmoSoba. egzogenuri, spilenZis sabadoTa meoradi 
sulfiduri gamdidrebis zonaSi pirveladi spilenZis sulfidebis 
xarjze. kerZod qalkozinis da ufro iSviaTad, bornitis Semcvel 
madanTa daJangvis Sedegad. gvxvdeba TviTnabad spilenZTan, 
malaqitTan, azuritTan da sxva meorad mineralebTan. daSlisas 
kupriti gadadis malaqitSi, romelic qmnis mis mimarT 
fsevdomorfozebs. 

sabado. yofil ssrk-Si cnobilia uralis almadanuri sabadoebi. 
gamoyeneba. gamoiyeneba sxva mineralebTan erTad spilenZis 

misaRebad. 
 

korundi 
2 3Al O . 

singonia trigonuli. ditrigonuli skalenoedris simetriis 
klasi. kristalebs aqvT kargad ganviTarebuli svetiseburi, 
kasriseburi (sur. 37), piramiduli da firfitisebri kristalebi, ufro 
xSiria ditrigonuli prizmis kombinaciebi da ramdenime ditrigonuli 
dipiramidis, romboedris da pinakoidis waxnagebi. gvxvdeba, rogorc 
sxvadasxva zomis Canawinwkli kristalebi, aseve marcvlovani 
agregatebic. 

 
sur. 37. korundis kristalebi da kristalTa formebi 

feri lurji, monacrisfro, yavisferi, wiTeli. 
rC -is umniSv-

nelo minarevi apirobebs wiTel fers. 2+Fe -is mixakisfers ( Mn -Tan 

erTad) da vardisfers, Ti -is lurjs, 2+Fe da 3+Fe -is narevi ki Sav 
fers. elvareba minisebri. tkeCvadoba praqtikulad ara aqvs, zogjer 
romboedris gaswvriv aqvs mxolod ganwevreba, araswori monatexi. 
damaxasiaTebelia maRali simagre 9. simkvrive 4. gvxvdeba sxvadasxva 
feris gamWvirvale kristalebi. korundis gamWvirvale Zvirfasi saxes-
xvaobebia: ufero-leikosafironi, lurji feris gamWvirvale saxes-
xvaoba _ safironi, xolo wiTeli _ lali, naJdaki _ monacrisfro, 
Savi feris marcvlovani korundis saxesxvaobaa. 

diagnostika: simagriT, elvarebiT, kristalis formiT. 
warmoSoba. zogjer gvxvdeba siRrmul magmur qanebSi _ 

+ 
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sienitebSi, andezitebSi, cnobilia agreTve korundis Semcveli 
samrewvelo mniSvnelobis sienituri pegmatitebi. korundis kontaqtur-
metasomaturi, sabadoebi warmoiSoba magmuri qanebis kirqvebTan 
kontaqtSi. xSirad am qanebSi igi warmodgenilia Zvirfasi 
saxesxvaobebiT. rig SemTxvevaSi misi sabadoebi warmoiqmnebian 
TixamiwiT mdidar danaleq da magmur qanebze pnevmatoliTuri 
agentebis Zlier zemoqmedebasTan dakavSirebiT. 

korundi warmoadgens qimiurad Zlier mdgrad minerals da 
xSirad gvxvdeba qviSrobebSi. 

sabadoebi. semizbugus sabado Crdilo-aRmosavleT yazaxeTSi, 
ilmenis mTebze uralze; naJdaki-kosoi brodi sverdlovskSi, 
marcvlovani wiTeli korundi-iakutiis kontaqtur sabadoebSi. 
samxreT-aRmosavleT aziaSi. saukeTeso lali moipoveba zemo birmaSi 
(kopi mogoka da a.S.). tailandSi, indoeTSi. 

gamoyeneba korunds da naJdaks, maTi didi simagris gamo 
gamoiyeneben, rogorc abraziul masalas, lali da safironi _ Zvir-
fasi qvebia. Cvens droSi feradi korundebi xelovnuradac mzaddeba, 
romlebsac optikaSi gamoiyeneben. 

 

hematiti 
2 3Fe O . rkinis wiTeli madani. 

berZnulad `hema~ niSnavs sisxls. SedarebiT xSirad gvxvdeba 
sicarieleebSi firfitisebri, romboedruli da sqelfirfitovani 
kristalebis saxiT. Cveulebrivi formebia: romboedri, pinakoidi, 
dipiramida da a.S. gavrcelebulia agreTve mkvrivi farulkristaluri 
masebis, furclovani da qerclovani agregatebis saxiT (sur. 38). 

 
sur. 38. `rkinis vardi~ 

singonia trigonuli. bunebaSi cnobilia rkinis Jangis ori 

polimorfuli modifikacia. 
2 3α×Fe O  _ trigonuli mdgradi da 

2 3γ Fe O  - kuburi aramdgradi. feri wiTeli, muqi wiTeli – Savamde. 

xazis feri alublisebr-wiTeli. ara magnituri. elvareba 
metalisebri. simagre 5-6. simkvrive 5,2. tkeCvadoba ara aqvs, 
damaxasiaTebelia romboedris mimarT uxeSi ganwevreba. 

saxesxvaobebi. gamoyofis formiTa da agregatebis mixedviT 
arCeven: 1) rkinis almadani Savi feris Txelqerclisebri 

+ 
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warmonaqmnebi. maT miekuTvneba hematitis kristalic, aseve sxvadasxva 
naTelkristaluri agregatebi: rkinis vardi, rkinis qarsi da a.S. 2) 
wiTeli rkinaqva _ wiTeli feris mkvrivi agregatebi. maT miekuTvnebaT 
swori zedapiris CamonaRvenTi warmonaqmnebi _ wiTeli qudi. 3) oqras 
masebi da liTonebi. hematitis fsevdomorfoza magnetitis mimarT mar-
titi ewodeba. 

diagnostika. feriT, kristalis formiT da agregatebiT. 
warmoSoba. 1) kontaqtur-metasomaturi skarnul zonebSi. 2) 

hidroTermuli (rkinis almadani) ZarRvebSi _ lamazi kris-talebi da 
agregatebi. 3) danaleqi, gamofitvis qerqSi mSrali da cxeli havis 
pirobebSi. 4) metamorfuli _ danaleqi rkinis madnis metamorfizmisas. 

sabadoebi. hematitis udidesi sabadoebi miekuTvneba danaleq-
metamorful tips. kurskis magnituri anomaliebi (iakovlevskis, ko-
robkovis, stoilenskis, gostiSevskis, lebedinski, mixailovi) kamb-
riulamdeli asakis rkinis kvarcitebSi. yvelaze didi rkinis sabado _ 
kostomukSsko napovnia kareliaSi. aSS-Si zemo tbis raionSi, 
braziliaSi (belu-orizonti) karaJasi da indoeTSi (bixaris inrasas 
StatebSi), aseve CineTSi, saqarTveloSi _ CaTaxi. 

gamoyeneba. hematiti aris rkinis umniSvnelovanesi madani, rom-
lidanac sabolood Tujs da folads iReben. fxvnilisebri hematiti 
gamoiyeneba saRebavad da feradi fanqrebis dasamzadeblad. 

 

ilmeniti 
3FeTiO . 

ilmenitis saxelwodeba warmosdgeba ilmenis mTebidan (samxreT 
urali), sadac is pirvelad daadgines. sinonimi titaniani rkinaqva. 

izomorfuli minarevis saxiT Seicavs Mg -s, Mn -s. 

singonia trigonuli, romboedruli formebi, zogjer firfito-
vania. axasiaTebs mrCoblebi romboedris mimarT. Cveulebriv gvxvdeba 
uweso formis Canawinwkli marcvlebis da iSviaTad mWid-
romarcvlovani masebis saxiT. 

feri rkinisebr-Savi an foladisebr-nacrisferi. xazis feri 
metwilad Savi, zogjer ruxi an moruxo wiTeli (hematitis CanarTebis 
Semcveli saxesxvaobebi). elvareba naxevrad metalis, aragamWvirvale. 
simagre 5-6. simkvrive 4,7. tkeCvadoba friad arasruli, aqvs susti 
magnituri Tviseba. 

diagnostika. hgavs hematits, magram gansxvavdeba xazis feriT da 
susti magnituri TvisebiT. 

warmoSoba da sabadoebi. ilmeniti Canawinwklebis saxiT, xSirad 
magnetitTan asociaciaSi gvxvdeba fuZe da tute magmur qanebSi. 
zogjer mniSvnelovani raodenobiT gvxvdeba zogierTi tipis 
pegmatitebSi. sabadoebi samxreT uralSi, norvegiaSi da sxva. 

gamoyeneba. didi danagrovebis SemTxvevaSi gamoiyeneba titanis 
madnad. 

 

brauniti 
2+ 3+

3Mn Mn O . 

singonia tetragonuli, ditetragonuli bipiramidis simetriis 

- 

- 
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klasi. kristalebs aqvT oqtaedruli ieri, ufro xSirad gvxvdeba 
mWidro marcvlovani agregatebis saxiT. 

feri Savi. xazis feri moruxo-Savi. elvareba naxevrad metalis, 
aragamWvirvale. simagre 6. simkvrive 4,7-5,0. tkeCvadoba {111}-is gaswvriv. 
aramagnituri. 

diagnostika. hgavs manganumis Savi feris mraval minerals. 
gamoirCeva didi simagriT da moruxo-Savi xazis feriT. 

warmoSoba da sabadoebi. warmoSoba aRdgeniT pirobebSi, 
gvxvdeba zog kontaqtur-metasomatur warmonaqmnebSi da agreTve 
hidroTermul ZarRvebSi. 

gamoyeneba. brauniti madnebi miekuTvneba manganumis umniSv-
nelovanes madnebs, fero-manganumis misaRebad. 

 
rutilis jgufi 

 

rutili 
2TiO . 

laTinurad `rutilus~-mowiTalo.  

xSirad Seicavs Fe -s, Sn -s, Sz -s, V -s da sxva minarevebs. cno-

bilia 
2TiO -is sami polimorfuli modifikacia rutili, brukiti da 

anatazi. 
singonia tetragonuli. ditetragonul dipiramidis simetriis 

klasi. gvaZlevs prizmul (sur. 39), daStrixul, arc Tu iSviaTad 
nemsisebr kristalebs. damaxasiaTebelia muxlisebri mrCoblebi. 

 
sur. 39. rutilis kristalebi 

feri moyavisfro-wiTeli, ruxi an muqi wiTeli. xazis feri Ria 
yavisferi, yviTeli. elvareba metalis an almasisebri. simagre 6-6,5. 
simkvrive 4,2. msxvrevadi. tkeCvadobaU {110}-is gaswvriv sruli, {100}-is 
gaswvriv saSualo. monatexi niJarisebri. 

saxesxvaoba sageniti-rutili-nemsisebri agregatebi, romlebic 
gvxvdeba sxva mineralebSi Senazardebis saxiT. gansakuTrebiT xSiria 
rutilis Zafisebri kristalebi kvarcSi. rutilis rombul 
modifikacias brukiti, xolo tetragonuls anatazi ewodeba. maTi 
fizikuri Tvisebebi msgavsia (sur. 40). 

 

- 
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sur. 40. anatazis kristalebi 

diagnostika. ganirCeva Zlieri elvarebiT, kristalebis 
mrCoblebiT da moyavisfro-wiTeli feriT. kasiteritisagan ganirCeva 
naklebi simkvriviT. 

warmoSoba. magmuri, metamorfuli-gneisebSi da fiqlebSi. hid-
roTermuli _ kvarcis ZarRvebsa da alpuri tipis ZarRvebSi, sadac 
rutili warmoqmnis damoukidebel kristalebsa da druzebs. gvxvdeba 
qviSrobebSic. Tanmdevi mineralebi: kvarci, albiti, granati da sxv. 

sabadoebi. uralze sverdlovskSi, norvegiaSi, Sveicariis 
alpebsa da madagaskarze. 

gamoyeneba. warmoadgens titanis mniSvnelovan madans. 
gamoiyeneben radioteqnikaSi deteqtorad, ruxi saRebavis misaRebad. 

 

kasiteriti 
2SnO . 

kasiteriti Secavs Fe, Nb, Ta, W -s. berZnulad `kasiteros~-kala. 

sinonimi kalis qva. 
singonia tetragonuli. ditetragonuli dipiramidis simetriis 

klasi (sur. 41). kristalebi prizmuli, dipiramiduli, izometruli. 
damaxasiaTebelia mrCoblebi, kristalebi mcire zomisaa, magram 
xandaxan aRweven 5sm. aseve gvxvdeba Canawinwklebis, usworo formis 
marcvlebis, konkreciebisa da nadeni formebis saxiT. 

 

 
sur. 41. kasiteritis kristali 

feri ufero, muqi-yavisferi, muqi-muq-Savamde. gaumWvirvale. 

- 
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xazis feri Ria yavisferi. elvareba monatexze naxevrad metalis, 
xolo waxnagze almasisebri. simagre 6,5-7. simkvrive 6,8-7,0. diagnostika 
Znelia, gansakuTrebiT mcire zomis marcvlebSi. tkeCvadoba arasruli, 
zogjer kargad gamoxatuli {100}-is mimarT, monatexi niJarisebri. 
Zalian myifea. 

saxesxvaobebi. muqi feris mWidro formebs, romelic gavs xes, 
ewodeba `xisebri kasiteriti~. 

diagnostika. kristalebis saxis, didi simkvriviT Zlieri 
almasisebri elvarebis, Ria xazis feris mixedviT. 

warmoSoba. kasiteritis sabadoebi geneturad ZiriTadad mJave 
magmur qanebs, umTavresad granitebs ukavSirdebian. 1. pnevmatoliTuri 
_ genetikurad dakavSirebulia mJave amonTxeul qanebTan, gvxvdebian 
greizenizebul da albitizirebul pegmatitebSi. 2. hidroTermuli _ 
sadac ganirCeva ori formacia: kasiterit-kvarculi da kasiterit-
silikat-sulfiduri, romlebic warmodgenilia sxvadasxva formis 
ZarRvebiT. gvxvdebian paragenetul asiciaciaSi Semdeg mineralebTan: 
pegmatitebSi _ muskovitTan, kvarcTan, albitTan, kolumbitTan, grei-
zenebSi _ kvarcTan, topazTan, mindvris SpatTan, fluoritTan, tur-
malinTan; kvarcis ZarRvebSi _ volframitTan, molibdenitTan, 
pirotinTan, piritTan, qalkopiritTan, qloritTan. 

sabadoebi. kasiteriti cnobilia centralur-ianskis raionSi 
(iakutia), magadanis da Cukotkis avtonomiur olqSi (ege-xaia, valkumei 
da a.S.), aseve primorskis mxareSi da xabarovskSi. kasiteriti gvxvdeba 
yirgizeTSi (sari-jezskoe). boliviaSi (sulfiduri ZarRvebi); 
aluviuri da eluviuri sabado cnobilia naxevarkunZul malakaze 
(malaizia), aseve tailandSi, birmaSi, indoneziaSi. 

gamoyeneba. kasiteriti kalis umniSvnelovanesi madania. 
 

piroluziti 
2MnO . 

 berZnulad `piros~ niSnavs cecxls. 
singonia tetragonuli, ditetragonuli dipiramidis simetriis 

klasi. kristalebis saxiT iSviaTad gvxvdeba. maT nemsisebri an 
Cxirisebri ieri aqvT. piroluziti Cveulebriv gavrcelebulia 
mTliani kristaluri an farulkristaluri, xSirad fxvnilisebri, 
Wvartlisebri, Tirkmlisebri da ooliTuri agregatebis saxiT, 
zogjer qmnis koncentrul-zonaluri aRnagobis sferosebr 
konkreciebs (sur. 42). 

+ 



 54 

 
sur. 42. piroluzitis konkrecia 

feri da xazis feri Savi. elvareba metalisebri. simagre _ 
gansxvavebuli 2-dan miwisebr da fxvier agregatebSi 5-6 kristalurSi. 
simkvrive 4,7-5,0. tkeCvadoba {110}-is mimarT, msxvrevadi. 

diagnostika. feriT da xazis feriT, ZiriTadad dabali sima-
griT. Zneli gasarCevia manganumis hidroJangeulebisa da sxva 
Jangeulebisagan. 

warmoSoba. egzogenuri _ yalibdeba danaleq sabadoTa sanapiro 
faciesSi Jangvis zonaSi, sadac warmoqmnis manganumis e.w. qudebs. 
piroluziti warmoadgens yvelaze mdgrad manganumis Jangeuls. 
piroluziti gvxvdeba manganitTan, psilomelanTan, limonitTan erTad.  

sabadoebi. saqarTveloSi _ WiaTuris, ukrainaSi nikopolis-dana-
leqi sabadoebi. indoeTSi malxapradeSis StatSi, gabonSi da 
braziliaSi. 

gamoyeneba. manganumis umniSvnelovanesi madania. manganumi gamoi-
yeneba metalurgiaSi, rogorc foladis danamati, is aZlevs mas 
simagres, elastiurobas da Wedadobas. misgan amzadeben mSral 
eleqtrobatareebs, gamoiyeneba agreTve olifis zeTebis da cvilis 
warmoebaSi. minis warmoebaSi mwvane minis gasauferuleblad. 

 
 

kvarcis jgufi 
2SiO . 

singonia  kvarci trigonuli,  kvarci heqsagonuri. Cveuleb-
rivi wnevis pirobebSi cnobilia siliciumis orJangis ramdenime 
polimorfuli modifikacia. 

   
 
 
 
 
 
 
 
 

+ 
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cxrili 1. 
siliciumis orJangis 

polimorfuli modifikacia 
temperatura, C singonia 

dabaltemperaturuli  kvarci 

maRaltemperaturuli  kvarci 
tridimiti 

qristobaliti 
1710º maRla iwyeba dnoba 

(Txevadi 
2SiO )  

naklebi 575 
575_870 
870_1470 
1470_1710 

trigonuli 
heqsagonuri 
heqsagonuri 

kuburi 

am jgufSi Semaval mineralebs aqvT erTi da igive sakmaod 

martivi  Sedgeniloba 
2SiO . isini warmodgenili arian polimorfuli 

modifikaciebiT. 

2SiO -is am jgufSi Semaval polimorfuli modifikaciebidan sam 

mTavar formas sakuTari saxelwodeba aqvs: kvarci, tridimiti da 
qristobaliTi. maTi modifikaciebis aRniSvna miRebulia berZnuli 

asoebis  da  TavsarTebiT. garda cxril 1-Si mocemuli 
polimorfuli modifikaciebisa, cnobilia agreTve tridimitisa da 

qristobaliTis enantiomorfuli gardaqmnebi:  tridimiti  (130º)  

tridimiti;  qristobaliTi   (180-270º)  qristobaliTi. 

kvarcis struqturaSi 4+Si -is ions tetraedris centri ukavia, 

wveroebze ki 2-O -is ionebia moTavsebuli ise, rom silicium-
Jangbadovan tetraedrSi siliciumis ionis garSemo Jangbadis oTxi 
ionia ganlagebuli, daaxloebiT Tanabar manZilze. 

kvarci xSirad gvxvdeba lamazad Camoyalibebul kristalebad, 
xandaxan iZleva druzebs (sur. 43). kristalebs aqvT wagrZelebuli, 
prizmuli forma. Cveulebrivi formebidan damaxasiaTebelia prizmis, 
romboedris, trigonuli dipiramidisa da trigonuli trapecoedris 
waxnagebi. damaxasiaTebelia prizmis waxnagebze horizontaluri 
daStrixva. kristalebis zoma - wona gansxvavebulia, gvxvdeba 
kristalebi 10t-mdec. 

    
sur. 43. kvarcis kristalebi 

kvarcis jgufis mineralTa agregatuli mdgomareobebidan 
farTodaa gavrcelebuli druzebi, marcvlovani mTliani masebi, 
farulkristaluri, xSirad gvxvdeba qerqebis, nadeni Tirkmlisebri, 
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sferoliTebis, konkreciebis, zonalur-koncentriuli formebis saxiT. 
trapecoedris formis mixedviT ansxvaveben `marjvena~ da `mar-

cxena~ kvarcis kristalebs. 
mrCoblebi gvxvdeba Zalian xSirad da sxvadasxva kanonis mixed-

viTaa warmoqmnili: dofines, braziliis, iaponiis da sxva (sur. 44). 

 
sur. 44. kvarcis kristalis formebi da mrCoblebi  

a. marjvena da marcxena; b. dofines; g. braziliisa; da d. iaponiis 
kanoniT SemrCobelba 

kvarcis feri TeTri, ufero, monacrisfro an sxva Seferilobis. 
elvareba minisebri, qalcedons-cvilisebri mkrTalamde. tkeCvadoba 
ara aqvs. monatexi niJarisebri. simagre 7. simkvrive 2,65. axasiaTebs 
piezoeleqtruli Tvisebebi. atarebs ultraiisfer sxivebs. 

saxesxvaobebi feris mixedviT: mTis broli _ wylisfer-
gamWvirvale, ufero, kargad gamokveTili kristalebi, gvxvdeba alpuri 
da zogierTi pegmatituri tipis dabaltemperaturul ZarRvebSi. 
xSirad mTis brolis kristalebSi gvxvdeba rutilis uwvrilesi 
nemsisebri CanarTebi (sur. 45) ameTvisto _ iisferi, 
dabaltemperaturuli, hidroTermuli. citrini _ oqrosebr an 
limnisebr yviTeli, gamWvirvale kvarci; vardisferi kvarci _ Ria 
vardisferi feris, damaxasiaTebelia centraluri nawilis 
pegmatituri ZarRvebisaTvis; kvamla kvarci (rauxtopazi) _ 
nacrisferi, muqi feris, gamWvirvale, warmoiqmneba dabal-
temperaturul hidroTermul ZarRvebSi; morioni _ Savi feris kvarci 
pegmatitur ZarRvebsa da pnevmatoliTebSi. 

CamoTvlili gamWvirvale saxesxvaobebis garda gavrcelebulia 
ucxo mineralTa CanarTebiT naTlad aloqromatulad Sedgenili 
kvarcis kristalebi: prazemi _ momwvano kvarci, mwvane aqtinoliTis 
nemsebis CanarTebiT; avantiurini _ moyviTalo an moruxo-wiTeli 

kvarci mocimcime elferiT, rasac qarsis, rkinis qarsis 
2 3(Fe O )  da 

sxva. uwvrilesi CanarTebi apirobebs. 
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sur. 45. gamWvirvale kvarcis kristali rutilis nemsebis CanarTebiT 

diagnostika. minisebri elvarebiT, niJarisebri monatexiT, 
maRali simagriT da prizmis kristalebze mimarT horizontuli daS-
trixviT. 

warmoSoba. kvarci mravalnairia. magmuri kvarci granitebSi 
gamoiyofa araswori formis marcvlebis saxiT. pegmatitebSi mindvris 
SpatTan erTad. ZiriTadi qanmaSeni mineralia. hidroTermuli kvarci _ 
ZarRvuli minerali. kvarci SeiZleba iyos egzogenuric, magaliTad 
SeiZleba gamoiyos danaleq qanebSi druzebis saxiT. 

kvarci mdgradi mineralia. qimiurad is ar iSleba, meqanikuri 
daSlisas mivyavarT kvarculi qviSebis CamoyalibebasTan, rac 
metamorfizmis Sedegad gadadis kvarcitebSi.  

siliciumis Jangis farulkristaluri saxesxvaobani qalcedonis 
saxeliTaa cnobili. is ar aris gamWvirvale, magram gamWviria. mas 
ferebisa da elferis didi sxvadasxvaoba axasiaTebs. aRsaniSnavia 
rZisferi-TeTri, molurjo-Savi (safironi), yviTeli, wiTeli, 
narinjisferi (sardioni-serdoliki), mixakisferi, ruxi (sarderi), 
mwvane (plazma), vaSlisebr-mwvane (qrizoprazi), mwvane wiTeli laqebiT 
(heliotropi) da sxva. aqatebi da oniqsebi, Sedgebian qalcedonis sxva-
dasxva feris koncentrul-zonaluri Txeli fenebisagan, maT SeiZleba 
hqondeT sruliad sxvadasxvagvari Sexamebis ferebi: Savi TeTrTan 
(arabuli oniqsi), ruxi TeTrTan (sardoniqsi), wiTeli TeTrTan (kar-
neoloniqsi) da sxva. 

sabadoebi. mTis broli cnobilia volinis pegmatitebSi, samxreT 
uralis kvarcis ZarRvebSi, pamirze da aldanze; ameTvisto _ Crdilo 
uralze, angaroilimis da angaro-katis raionebSi; teqnikuri aqatis 
sabadoebi _ saqarTveloSi (axalcixe) da iakutiaSi; sufTa kvarcis 
qviSebi _ moskovis (lubereckis), vladimirskis da sxva mxareebSi. 
Sveicariis alpebSi, braziliaSi, madagaskarze; ameTvisto _ urugvaiSi. 

gamoyeneba. mTis broli _ radioteqnikasa da optikaSi. ameT-
visto, rauxtopazi, qalcedoni, agati, iaspisi da sxvani _ saiuveliro 
saqmeSi. sufTa kvarcis qviSebi _ minis warmoebaSi, qviSaqvebi da 
kvarcitebi _ rogorc saSeni masala. 
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rTuli Jangeulebi 
 

Spineli 
2 4MgAl O . 

magniumi Cainacvleba 2+ 2+Zn, Fe , Mn -iT, aluminiumi _ 3+Fe ,  
3+ 3+Mn ,Cr -iT. sxvadasxva feris lamaz Seferil gamWvirvale 

saxesxvaobebs keTilSobil Spinelebs uwodeben. 
singonia kuburi. gvxvdeba, rogorc kristalebis, aseve mar-

cvlebis saxiT. kristalebi _ Cveulebriv patara, oqtaedruli 
formebis saxiT. mrCoblebi xSiria _ oqtaedris mimarT Sezrdili 
(sur. 46). 

 
sur. 46. Spinelis kristalis formebi 

feri cisferi, lurji, vardisferi, wiTeli, mwvane, yavisferi 
Savamde. elvareba minisebri. simagre 8. simkvrive 3,6. tkeCvadoba 
arasruli (111)-is mimarT. monatexi niJarisebri. 

saxesxvaobebi. herciniti 
2 4FeAl O _ Savi feris, pleonasti _ 

2 4(Mg,Fe)Al O _ muqi an Savi feris. 

diagnostika. ganirCeva marcvlebis izometruli formiT, el-
varebiT, maRali simagriT (8) da paragenezisiT. 

warmoSoba. kontaqtur-metasomaturi _ gvxvdeba gamarmarilebul 
kirqvebsa da dolomitebSi. paragenezisi: magnetiti, granati, 
flogopiti, piroqseni, skapoliti. iSviaTad gvxvdeba pegmatitebSi da 
magmur qanebSi. dadgenilia, agreTve siRrmul Zlier metamorful 
qanebSi _ gneisebSi da kristalur fiqlebSi. zedapirul pirobebSi 
Spineli savsebiT mdgradia, amitom xSirad gvxvdeba qviSrobebSi. 

sabadoebi samxreT uralze SiSimis da nazamis mTebSi, samxreT 
baikalSi (cisferi Spineli), aldanis flogopitis sabadoebSi (Savi 
Spineli), pamirze cnobilia keTilSobili (wiTeli) Spineli. wiTeli 
da vardisferi Spinelis udidesi sabadoebi gvxvdeba Crdilo birmaSi, 
Srilankis kunZulze da tailandSi. 

gamoyeneba. praqtikuli mniSvneloba aqvT gamWvirvale lamazad 
Seferil kristalebs, romelic atarebs keTilSobili Spinelis 
saxelwodebas; gamoiyeneba, rogorc Zvirfasi qva. 

 

magnetiti 
2 4FeFe O . 

sinonimi magnituri rkina. magnetiti minarevebis saxiT Seicavs 

2TiO -s (ramdenime procentamde), 
2 3Cz O -s, iSviaTad Mg,Al -s da sxva 

elementebs. 

- 

+ 
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singonia kuburi. kristalebi gvxvdeba oqtaedris formebis 
saxiT (sur. 47); agregatebi _ marcvlovani. 

 
sur. 47. magnetitis oqtaedris formis kristali 

feri rkinisebr-Savi. xazis feri Savi. elvareba metalisebri. 
simagre 5,5-6. simkvrive 5,0-5,2. tkeCvadoba ara aqvs. magnetiti advilad 
gamoicnoba Zlieri magnituri TvisebiT. 

saxesxvaobebi. 1. titanmagnetiti 
2TiO -s SemcvelobiT; aseve 

Seicavs vanadiums. 2. magniummagnetiti 
2 4(Fe,Mg)Fe O  3. qrommag-

netiti
2 4(Fe,Cz)Fe O . 

diagnostika. Savi feriT, Zlieri magniturobiT, oqtaedruli 
formiTa da simagriT. 

warmoSoba. 1. magmuri; 2. skarnuli; 3. hidroTermuli; 4. metamor-
fuli. 

Jangvisas magnetiti gadadis jer martitSi, Semdeg rkinis sxva-
dasxva hidroJangeulebSi. 

sabadoebi. magmuri warmoSobisaa kaC-kanaris da gusevogorskis, 
kusinskis, qveda-tagilskis da pervouralskis. titanmagnetitis 
sabadoebi (urali), aseve Sveduri kiruna da gelivara. 

skarnuli sabadoebia _ magnituri mTa (q. magnitogorski), daS-
qesani (azerbaijani), taStagoli, abakanis da a.S. 

hidroTermuli sabadoebia korSunovis, rudnogorskis da sxva. 
metamorfuli sabadoebis magaliTia krivoi rogi da kurskis 
magnituri anomaliebi. analogiuri sabadoebi cnobilia aSS, 
braziliaSi da indoeTSi. 

gamoyeneba. rogorc hematiti, warmoadgens rkinis umniSvnelo-
vanes madans. titanmagnetiti vanadiumis madania. 

 

qrizoberili 
2 4BeAl O . 

berZnulad `qrizos~ oqro. saxesxvaoba: zurmuxtisebr-mwvane 

feris aleqsandriti, minarevis saxiT yovelTvis Seicavs 
2 3Fe O -s, 

zogjer 
2TiO -s da 

2 3Cz O -s, romelTanac dakavSirebulia aleq-

sandritis zurmuxtisebr-mwvane feri. 
singonia rombuli, dipiramidis simetriis klasi. kristalebs 

aqvT sqelfirfitovani, zogjer mokle an grZelprizmuli ieri, 
xSirad fsevdoheqsagonuri habitusi (sur. 48). 

- 
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sur. 48. qrizoberilis kristalebis formebi 

feri Cveulebriv yviTeli an momwvano-yviTeli, iSviaTad ufero, 
mxolod qromis Semcveli saxesxvaoba (aleqsandriti) zurmuxtisebr-
mwvanea, xolo xelovnur ganaTebaze moiisfro-wiTeli. elvareba minis, 
monatexze cximovani. simagre 8,5; msxvrevadia. tkeCvadoba {110} 
mimarTulebiT naTlad gamoxatuli {001} da {010}-is gaswvriv 
arasruli. monatexi naWuWisebri. simkvrive 3,5-3,8. 

diagnostika. gvxvdeba mxolod kristalebis saxiT, maRali 
simagriT da feriT gansxvavdeba berilisagan. 

warmoSoba da sabadoebi. Cveulebriv gavrcelebulia pegma-
titebSi an kontaqtur-pnevmatoliTur warmonaqmnebSi. Jangvis zonaSi 
mdgradia, ris gamoc gvxvdeba marcvlebis saxiT qviSrobebSi. 
sabadoebidan aRsaniSnavia minas-Jeraisis (brazilia) pegmatitebi da 
kunZul ceilinisa da madagaskaris qviSrobebi. 

gamoyeneba. gamWvirvale, lamazi Seferili gamoiyeneba saiuve-
liro qvad. 

 
hidroJangeulebi 

 

gibsiti 
3Al(OH) . 

gibsiti izomorfuli minarevis saxiT Seicavs 
2 3Fe O -s. sinonimi 

hidrargiliti. 
singonia monoklinuri. kristalebs aqvT firfitisebri forma. 

ZiriTadad gvxvdeba mkvrivi masebis, xSirad naRvenTi formebis saxiT, 
zogjer nadeni formebi anda marcvlisebri, sferosebri konkreciebi. 

feri TeTri, monacrisfro, momwvano an mowiTalo. tkeCvadoba 
sruli. elvareba tkeCvadobis sibrtyeze sadafisebri. simagre 2,5-3,5. 
simkvrive 2,35. diasporisagan ganirCeva simagriT. 

warmoSoba. egzogenuri-alumosilikatebis daSlis Sedegad. 
Sedis boqsitis SedgenilobaSi. 

gamoyeneba. gibsiti iseve, rogorc boqsitebis SedgenilobaSi 
Semavali diaspori da biomiti, warmoadgens Tixamiwis nedleuls. 
hidroTermuli warmoSobis gibsiti gvxvdeba SedarebiT iSviaTad. 

 

- 
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diaspori _ AlO(OH) . 

singonia rombuli. kristalebs aqvT firfitisebri, wagrZe-
lebuli forma, agregatebi furclisebri, qercliseburi. 

feri yavisferi, muqi, monacisfro-TeTri, moyviTalo-ruxi. tkeC-
vadoba sruli. elvareba minis, tkeCvadobis sibrtyeze sadafisebri. 
simagre 6,5-7. simkvrive 3,4. 

diagnostika. tkeCvadobiT, maRali simagriTa da firfitisebri 
formiT. gacxelebisas skdeba da gamoyofs wyals. 

warmoSoba. kontaqtur-metasomatur da hidroTermalur saba-
doebSi, xSirad korundTan, magram umravles SemTxvevaSi _ egzoge-
nuri, boqsitebisa da Tixis sabadoebSi. kontaqtur-metasomaturi 
diaspori gvxvdeba kosoi brodis sabadoze uralze. 

 

giotiti  FeO(OH) . [goeTiti] 

singonia rombuli. kristalebs aqvT mcire firfitisebri forma; 
stalaqtitisebri, Tirkmlisebri an nadeni formebi. 

feri muqi-yavisfridan muq-yviTlamde. xazis feri muqi-yviTeli. 
elvareba naxevrad metalis, simagre 5,5. simkvrive 3,3-4,3. 

diagnostika. xSiria mkvrivi priala zedapiriani CamonaRvenTi 
formebis saxiT. hematitisagan ganirCeva feriT da xazis feriT. Zneli 
gasarCevia rkinis sxva hidroJangebisagan. sabolood 
rentgenografiulad dgindeba. 

warmoSoba. danaleqi-biogenuri an qimiuri danaleqi. xSirad 
gvxvdeba piritis, sideritis, magnetitis da sxva mineralebis daSlis 
produqtis saxiT. Sedis limonitis SedgenilobaSi. 

 

limoniti. 
2HFeO  aq  an 

3Fe(OH)  

saxelwodeba momdinareobs berZnuli sityvidan `lemoni~- 
mdelo, riTac xazi esmeva mis egzogenur warmoSobas. limoniti ar 
warmoadgens mineralis romelime saxes, es aris farulkristaluri, 
miwisebri an amorfuli mineralebis naerTi _ giotitisa da lepido-
krokitis, aseve meqanikur naerTs _ Tixovani nivTierebis, siliciumis 
Jangis da a.S. 

limoniti qmnis muq yavisfer qerqs, sxvadasxva naRvenT formebs, 
miwisebr masebs, gvxvdeba konkreciebisa da ooliTebis saxiT. 

xandaxan limonits aqvs priala, swori zedapiri muqi yavisferi 
SeferilobiT. naRvenTi formebi cnobilia muqi minisTavis 
saxelwodebiT. 

fizikuri Tvisebebi meryeobs Semadgenlobis mixedviT. simagre 1-
5. simkvrive 2,7-4,3. gacxelebisas gamoyofs wyals. 

warmoSoba. tipiuri egzogenuri. limoniti warmoiSoba TiTqmis 
mxolod miwis zedapirze, Jangbadis arsebobisa da mniSvnelovani 
tenianobis pirobebSi. gansakuTrebiT axasiaTebs rkinis Semcveli 
sabadoebis gamofitvis quds. 

sabadoebi. yirimSi da Crdilo-kavkasiaSi (malkinis), limoniti 
tbasa da WaobSi warmoSobili cnobilia uralze, yazaxeTSi, 

+ 

- 

+ 
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lotaringiaSi (safrangeTi) da luqsemburgSi, aseve kubaSi. 
 
psilomelani. 

daaxloebiT Sedgeniloba aseTia 
2 2mMnO×nMnO ×pH O , Seicavs 

rkinas, bariums, kalciums da sxva elementebs. singonia rombuli. 
psilomelani gvxvdeba naRvenTi formis saxiT _ Tirkmliseburi, 
marcvlovani, aseve mkvrivi masebis, dendritebisa da ooliTebis saxiT 
(sur. 49). 

 
sur. 49. fsilomelanis kolomorfuli agregatebi 

feri Savi. xazis feri moyavisfro-Savi. elvareba metalisebri, 
simagre 4-6. simkvrive 4,0-4,7. 

saxesxvaobebi. vadi _ miwisebri. simagre daaxloebiT 1-2. feri da 
xazis feri Savia. simkvrive 2,8-4,4. asbolani Seicavs kobaltis naerTs. 

diagnostika. psilomelani ganirCeva simagriT, rkinis hidro-
Jangisagan da limonitisagan _ xazis Savi feriT. 

warmoSoba. egzogenuri _ manganumis sxvadasxva mineralebis 
Jangvis Sedegad warmoqmnili. 

wyliani psilomelani farTodaa gavrcelebuli manganumis 
sabadoebze, sadac xandaxan gvxvdeba SuaSreebis saxiT. maTi 
Tanamgzavrebia piroluziti, manganiti, rodoqroziti, limoniti, 
kalciti, dolomiti da bariti. 

sabadoebi. WiaTuris (saqarTvelo), nikopolis (ukraina), jez-
dinskis, uralze. 

gamoyeneba. psilomelani aris manganumis madani. saxesxvaoba, 
romelic Seicavs kobalts (asbolani), _ kobaltis madania. 

 

opali 
2 2SiO nH O . 

amorfuli minerali. gvxvdeba naRvenTi minis magvari an 
forovani miwisebri da mkvrivi warmonaqmnebis saxiT niJarisebri 
monatexiT. 

feri TeTri, nacrisferi, gaaCnia ferebis TamaSi (opalescencia). 
gamWvirvale, gamWviri da gaumWvirvale. elvareba minisebri, 
cvilisebri, cximisebri. simagre 5,5. simkvrive 1,9-2,3. 

diagnostika. damaxasiaTebelia minisebri elvareba, niJarisebri 
monatexi. qalcedonisagan ganirCeva naklebi simagriTa da simkvriviT. 

- 

- 
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gacxelebisas opali gamoyofs wyals. 
warmoSoba. tipiuri gamofitvis qerqis mineralia, SeiZleba iyos 

hidroTermuli warmoSobis. opalis uzarmazari masebi warmoiqmneba 
biogenuri gziT organizmebis ganamarxebis Sedegad, romelTac 
hqondaT siliciumis niJarebi (opoki, diatomiti, trepeli). 

sabado avstraliaSi, ungreTSi da CexoslovakiaSi. diatomiti _ 
saqarTveloSi, trepeli _ povolJieSi, aseve kurskSi. 

gamoyeneba. opali warmoadgens Zvirfas qvas. diatomiti da 
trepeli gamoiyeneba samSeneblo saqmeSi, Termoizolaciisa da sxva 
saqmisaTvis. 

 
karbonatebi 

 
karbonatebi _ mineralTa jgufia, romelTac bunebaSi SedarebiT 

farTo gavrceleba aqvT. es gansakuTrebiT Seexeba 
3CaCO -s romelic 

sakmaod xSirad qmnis danaleqi warmoSobis uzarmazar wyebebs. 
karbonatebi xSirad gvxvdeba mineralTa Tanamgzavrebis saxiT 
sabadoebSi, xolo rig SemTxvevaSi TviTon isini warmoadgenen 
samrewvelo interess. karbonatebi struqturulad warmoadgenen 

2-

3[CO ]  kompleqs anionis mqone warmonaqmnebs, romlis kompleqs anioni 

Tavis mxriv warmoadgens brtyeli samkuTxedis formis izolirebul 
radikals. 

anion 2-

3[CO ] -s unari aqvs warmoSvas metnaklebad mdgradi 

naerTebi saSualo da didi ionuri radiusebis mqone orvalentovan 

liTonTa kaTionebTan. maTgan umTavresia: Mg, Fe, Zn, Mn,  Ca, Sr, Pb, Ba,  

agreTve Cu  da sxv. 
am klasis mineralTa Soris gamoiyofa uwylo da wyliani 

karbonatebi. umTavresad karbonatebi martivi uwylo naerTebia. uwylo 
karbonatebSi ansxvaveben trigonuli (kalcitis jgufs sur. 50) da 
rombuli (aragonitis jgufs sur. 51) singoniebis warmomadgenlebs. 

   
sur. 50. kalcitis romboedris formis kristalebi 
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sur. 51. aragonitis prizmuli da nemsisebri kristalebi 

karbonatebs aqvT Ria Seferiloba: TeTri, vardisferi, nac-
risferi da a.S. simagre arasdros araa didi da Cveulebriv 3-dan 5-mde 

meryeobs. simkvrive arc Tu didia, garda Zn, Pb -s da Ba -s 

karbonatebisa. 

karbonatebis umTavres mineralTa mniSvnelovani diagnostikuri 

Tvisebaa maTze HCl -s da 
3HNO -s moqmedeba. maTi zemoqmedebiTac 

isini qafdebian da gamoyofen naxSirorJangs (
2CO ). 

karbonatebi warmoSobis mixedviT iyofian: danaleqi (bioqimiuri 
an qimiuri naleqebi) an danaleq-metamorfuli mineralebi. isini 
warmoiqmnebian agreTve dabaltemperaturuli hidroTermuli procesis 
Sedegad. 

karbonatebi _ umniSvnelovanesi arametaluri sasargeblo wiaRi-
seulia (kalciti, dolomiti, magneziti); aseve mniSvnelovani madania 

Fe, Zn, Pb, Cu -s da sxva metalebis karbonatebi. 

 
martivi uwylo karbonatebi 

 
uwylo karbonatebi iZlevian mraval mineralur saxeobas, 

warmodgenils Semdegi orvalentovani liTonebis karbonatebiT 

(ionuri radiusebis zrdis TanmimdevrobiT): 2+ 2+Mg, Zn, Fe ,  Mn ,  

Ca, Sr, Pb  da Ba . damaxasiaTebelia, rom Ca  da masze naklebi 

radiusis mqone ionebi warmoqmnian mineralTa farTo izomorful 
rigebs, romlebic trigonul singoniaSi kristaldebian, xolo TviTon 

Ca  da masze didi radiusiani ionebi ki rombuli singoniis 
karbonatebs. TviT kalciumis karbonati dimorfulia, gvaZlevs 
rogorc trigonul aseve rombul modifikaciebs. 

 
 

kalcitis jgufi 
 
kalcitis jgufis mineralebisTvis damaxasiaTebel Tvisebas 

warmoadgens izomorfuli narevebisa da ormagi marilebis warmoqmna, 
isini warmoqmnian izomorfuli narevebis uwyvet rigs. 
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kalciti 
3Ca[CO ] . 

kalcitis sinonimia kirSpati. izomorfuli minarevebis mixedviT 

cnobilia mravali saxesxvaoba. izomorfuli minarevebia: Mg, Fe, Mn  

da Zn . kristalebs ZiriTadad romboedris da skalenoedris forma 
aqvT. SedarebiT iSviaTad sqelfirfitovani an firfitovani, prizmuli 
an svetiseburi an marcvlovani (marmarilo), miwisebri (carci), xSiria 
stalaqtitebis da stalagmitebis nadeni formebic. xSirad warmoqmnian 
polisinTetur mrCoblebs. 

feri ufero an rZisebr TeTri. xandaxan gamWvirvalea, magram 
minarevis gamo zogjer SeRebilia sxvadasxva elferiT. simagre 3. 
simkvrive 2,7. elvareba minisebri. tkeCvadoba romboedris waxnagebis 
gaswvriv. Zlier reagirebs ganzavebul marilmJavazec ki SiSinebs da 

gamoyofs 
2CO . 

    
sur. 52. kalcitis kristaluri meseri 

saxesxvaobebi. gamWvirvale ufero kalcits ewodeba islandiuri 
Spati an optikuri kalciti. axasiaTebs sinaTlis Zlieri ormagi 
gardatexa. marcvlovan mkvriv agregatul mTlian masebs marmarilo 
ewodeba. foraminiferebis Semcvel wvrilmarcvlovan kirqvebs carci 
ewodeba. naxSirmJavakalciumian nasvretovan warmonaqmnebs travertini 
ewodeba. 

diagnostika. romboedris mimarT sruli tkeCvadoba. HCl -ze 
reagirebs SiSiniT. aragonitisagan gansxvavdeba naklebi simkvriviT da 

tkeCvadobiT. gacxelebiT 
3 2Co(NO )  xsnarTan _ kalcitis fxvnili 

fers ar icvlis aragonitis jgufis mineralebisagan gansxvavebiT, 
romlebic iasamnisferi xdeba. 

warmoSoba. farTodaa gavrcelebuli kirqvebis, marmarilos da 
carcis saxiT. kirqvebi aris zRvis auzebSi qimiuri an biologiuri 
gziT warmoqmnili. marmarilo _ gadakristalebuli kirqvaa, romelic 
yalibdeba regionuli metamorfizmis dros. 

farTodaa gavrcelebuli kalcitis hidroTermuli warmoSobis 
kristaluri warmonaqmnebi. mniSvnelovani raodenobiT warmoiSoba 

+ 



 66 

kontaqtur-metasomaturi gziT. 
gamofitvis procesis dros madneul sabadoTa daJangvis zonis 

da qanebis napralebsa da sicarieleebSi axali warmonaqmnebis saxiT 
sakmaod xSirad gvxvdeba kalcitis didi gamonayofebi. kirqvis 
gamoqvabulebSi gavrcelebulia stalaqtituri da stalagmituri 
warmonaqmnebi. 

sabadoebi. saqarTveloSi, somxeTSi, Sua aziaSi, uralze _ mar-
marilos sabadoebi; italiaSi _ marmarilo; islandiaSi _ bazaltis 
sicarieleebSi islandiuri Spati. 

gamoyeneba. kirqva gamoiyeneba samSeneblo saqmeSi, qimiur da 
metalurgiul mrewvelobaSi da poligrafiaSi. marmariloebs iyeneben 
mosapirkeTebeli masalis dasamzadeblad. 

islandiuri Spati maRali ormagi gardatexis gamo gamoiyeneba 
optikur polarizaciul xelsawyoebSi, umTavresad mikroskopebis 
nikolebis dasamzadeblad. carcs iyeneben sawer, maTeTrebel da 
gasakrialebel masalad. 

 

magneziti 
3Mg[CO ] . 

magnezitis sinonimia magniumis Spati. singonia trigonuli, 
ditrigonuli skalenoedris simetriis klasi. gvxvdeba kristalur-
marcvlovani agregatebis (romboedrebi) da faifurisebri, mkvrivi, 
farulkristaluri masis saxiT. 

feri TeTri, moyviTalo an monacrisfro elferiT. simagre 4-4,5. 
simkvrive 3, msxvrevadi. tkeCvadoba romboedris mimarT. 

diagnostika. TeTri masiuri saxesxvaoba siliciumis Jangs gavs, 
magram ganirCeva dabali simagriT. agregatebi msxvilmarcvlovania. 

HCl reagirebs gacxelebisas. yvelaze Znelad gasarCevia 
dolomitisagan da ankeritisgan. 

warmoSoba metasomaturi _ kirqvebis da dolomitebis xarjze 
hidroTermuli xsnarebis zemoqmedebiT. paragenezisi: talki, 
dolomiti, serpentini, opali. magnezitis farulkristaluri 
danagrovebi warmoiqmneba agreTve ultrafuZe qanebis gamofitvis 
Sedegad. 

sabadoebi. Crdilo-dasavleT uralSi da irkutskSi, CineTSi, 
avstriaSi da kanadaSi. 

gamoyeneba. magneziti gamoiyeneba cecxlgamZle aguris dasam-
zadeblad. SesaZlebelia magniumis miRebac.  

 

dolomiti 
3 2CaMg[CO ] . 

singonia trigonuli, romboedruli simetriis klasi. damaxa-
siaTebelia kristalur-marcvlovani agregatebi; Zalian gavs 
marmarilos. qmnis forovan da miwisebr masebs, iSviaTad Tir-
kmliseburia. 

feri TeTri, Ria-monacrisfro. simagre 3,5-4. simkvrive 2,9. elva-
reba minisebri. tkeCvadoba sruli, romboedris waxnagebis gaswvriv. 

diagnostika. marilmJavasTan reagirebs sustad, cxelSi duRs.  

- 

+ 
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warmoSoba. dolomiti kalcitTan erTad farTod gavrcelebul 
qanmaSen minerals warmoadgens. ZiriTadad danaleqi warmoSobisaa. 
hidroTermuli _ ZarRvul sabadoebSi. 

sabadoebi. uralis paleozour qanebSi, donbasSi, pavolJieSi, 
Sua aziaSi, cimbirSi. 

gamoyeneba. saSen masalad da metalurgiaSi. cecxlgamZle, masa-
lis da flusis saxiT qimiur da mrewvelobis sxva dargebSi. 

 

sideriti 
3Fe[CO ] . 

sideritis saxelwodeba momdinareobs berZnulidan `sideros~ _ 
rkina. sinonimi rkinis Spati. 

singonia trigonuli, ditrigonuli skalenoedris simetriis 
klasi. gvxvdeba kristalur-marcvlovan, miwisebr, mkvriv xandaxan 
radialursxivosnuri aRnagobis sferosebri konkreciebis saxiT, 
iSviaTad nadeni, ooliTuri da sxva formebis saxiT. 

feri yviTeli an monacrisfro moruxo elferiT. simagre 3,5-4,5. 
simkvrive 4. elvareba minisebri. tkeCvadoba sruli romboedris wax-
nagebis gaswvriv. 

diagnostika. didi simkvriviT. civ HCl -Si ixsneba cudad. sid-

eritze dacemuli HCl -is wveTi yviTldeba 
3FeCl  warmoqmnis Sedegad, 

momwvano-yviTel ferad iRebeba. 
warmoSoba. hidroTermuli _ gvxvdeba polimetalur sabadoebSi, 

rogorc ZarRvuli minerali. SeiZleba iyos danaleqi warmoSobis, 
aseve metamorfuli _ rkinis danaleqi sabadoebis metamorfizmis 
Sedegad. 

sabadoebi. samxreT uralze aris baikalis udidesi sabado, 
romelic Camoyalibebulia hidroTermuli gziT, dolomitis Canac-
vlebiT; avstriaSi, espaneTSi da a.S. 

gamoyeneba. sideriti warmoadgens rkinis mniSvnelovan madans. 
 

rodoqroziti 
3Mn[CO ] . 

berZnulad `rodon~ niSnavs vards, `qros~ fers. sinonimi man-
ganumis Spati. singonia trigonuli, ditrigonuli simetriis klasi. 
gvxvdeba Tirkmliseburi da sferosebri radialur-sxivosnuri an 
sferoliTuri, Cxirisebri da miwisebri masebis saxiT. agregatebi 
marcvlovani. 

feri vardisferi an Jolosferi. xazis feri TeTri. simagre 3,5-4. 
simkvrive 3,6. elvareba minisebri. tkeCvadoba romboedris waxnagebis 
gaswvriv. 

diagnostika. feriT da romboedruli tkeCvadobiT. HCl  nela 
moqmedebs, gacxelebisas _ swrafad. 

warmoSoba. hidroTermuli _ madneul ZarRvebSi, xSirad dana-
leqi _ manganumis sabadoebSi (WiaTura saqarTveloSi). 

gamoyeneba. gamoiyeneba manganumis madnad. 
 

- 

- 
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smitsoniti 
3Zn[CO ] . 

sinonimi TuTiis Spati. gvxvdeba naRvenTi formebis, qerqis da 
Tirkmlismagvari agregatebis saxiT. 

feri TeTri, momwvano an cisferi SeferilobiT. simagre 4-4,5. 
simkvrive 4,3. elvareba minisebri. tkeCvadoba romboedris waxnagebis 
gaswvriv. 

diagnostika. momwvano-mocisfro naRvenTi formiT, maRali 
simkvriviT da simagriT da Jangvis zonebSi tyvia-TuTiis sabadoebis 

paragenezisiT, HCl -Si advilad ixsneba. 
warmoSoba. egzogenuri _ polimetaluri sulfiduri sabadoebis 

Jangvis zonebis tipiuri mineralia. warmoiqmneba sfaleritis xarjze. 

2 4ZnS+2O =ZnSO  

4 3 2 3 4 2ZnSO +CaCO ×2H O=Zn[CO ]+Ca[SO ]×2H O  

                  smitsoniti  TabaSiri 
Tanamgzavrebia: cerusiti, limoniti, hemimorfiti, sfaleriti, 

galeniti, TabaSiri. 
sabadoebi. yara-Taus qedis polimetalur sabadoebSi (yazaxeTi), 

kliCkinis jgufis madnebSi (Citais mxare). 
gamoyeneba. smitsoniti aris TuTiis madani. 
 

aragonitis jgufi 
 

aragoniti 
3Ca[CO ] . 

saxelwodeba warmosdgeba adgilis aragonis (espaneTi) 
saxelwodebidan, sadac is pirvelad daadgines. gvxvdeba kalcitze 
iSviaTad. singonia rombuli, rombuli bipiramidis simetriis klasi. 
kristalTa ieri prizmuli (sur.53), nemsisebri; agregatebi radialur-
sxivosnuri da varsklavisebri Senazardebi. damaxasiaTebelia 
naRvenTi formebi, ooliTuri da totisebri (`rkinis yvavilebi~) 
TovliviT TeTri feris datotvili, erTmaneTTan gadaxlarTuli 
Reroebis saxiT. moluskebis umravlesobis niJarebSi sadafis Sida 
Sre agebulia aragonitis uTxelesi firfitebisagan. 

- 

+ 
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sur. 53. aragonitis prizmuli kristali 

feri TeTri. xazis feri moyviTalo-TeTri, iisferi, nacrisferi, 
zogjer baci mwvane. elvareba monatexze cximovani. tkeCvadoba mkafio 
(010) da (110). simagre 3,4-5. simkvrive 2,9. 

diagnostika. HCl -Si ucbad ixsneba, rogorc kalciti. misgan 
gansxvavdeba imiT, rom aragonitis fxvnili azotmJava kobaltis 

3 2CO(NO )  xsnarSi duRilisas iRebs iasamnisfer Seferilobas, xolo 

kalciti fers ar icvlis. 
warmoSoba. sakmaod xSirad warmoiqmneba hidroTermuli 

procesebis bolo stadiebze. magram aragonitis mTavari masa war-
moiSoba sxvadasxva egzogenuri procesebis dros, xSirad gaxsnili  
magnezialuri marilebis monawileobiT. farTodaa gavrcelebuli 
ultrafuZe magnezialuri magmuri qanebis gamofitvis qerqSi 
radialur-sxivosnuri da nadeni formebis saxiT. 

cerusiti 
3Pb[CO ] . 

laTinurad `cerusa~ niSnavs maTeTrs. sinonimi tyviis TeTri 
madani. 

singonia rombuli, rombuli bipiramidis simetriis klasi. kris-
talebi nemsisebri, firfitisebri (sur. 54) an sqelfirfitovani, fsev-
doheqsagonuri. xSiria mrCoblebi da sameulebi. agregatebi ZiriTadad 
warmodgenilia marcvlovani, naRvenTi da miwisebri masebis saxiT. 
gvxvdeba agreTve boWkovani da farulkristaluri saxesxvaobebi, 
zogjer Zalze fxvieria. 

 
sur. 54. cerusitis firfitisebri kristali 

feri ufero an TeTri, nacrisferi. elvareba almasisebri. 

- 
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simagre 3-3,5. simkvrive 6,5. tkeCvadoba zogjer SesamCnevi. 

diagnostika. elvarebiT, simkvriviT, paragenezisiT. 
3HNO  ixs-

neba SiSiniT da intensiurad gamoyofs naxSirorJangs. 
warmoSoba. gavrcelebulia tyvia-TuTiis sulfidur sabadoTa 

daJangvis zonebSi. yalibdeba galenitisa da anglezitis xarjze. 
sabadoebi. yara-Taus qedis polimetalur sabadoebSi (aCisais), 

altai da nerCinskis midamo (kadainskis). 
gamoyeneba. warmoadgens tyviis mniSvnelovan madans. 
 

stroncianiti 
3SzCO . 

singonia rombuli, rombuli bipiramidis simetriis klasi. 
aragonitis struqturis analogiuria. kristalebi iSviaTia. maT 
umTavresad wminda nemsebis an patara kasrisebri prizmuli formebi 
aqvT. xSiria mrCoblebi. Cveulebriv gvxvdeba mWidro marcvlovani, 
xSirad wvrilCxirisebri an boWkovani agregatebis saxiT. 

feri ufero an momwvano, moyviTalo da monacrisfro elferiT. 
elvareba minisebri, monatexze cximovani. simagre 3,5-4, msxvrevadia. 
simkvrive 3,6-3,8. tkeCvadoba {110}-is gaswvriv SesamCnevi. 

diagnostika. vizualurad Zneli gasarCevia aragonitisagan. 
warmoSoba. xSirad gvxvdeba hidroTermul warmonaqmnebSi 

celestinTan, baritTan, kalcitTan da sxva mineralebTan asociaciaSi. 
gamoyeneba. warmoadgens stronciumis miRebis meorexarisxovan 

wyaros. 
 

viteriti 
3BaCO . 

singonia rombuli, rombuli bipiramidis simetriis klasi. 
aragonitis struqturis analogiuria. xSirad kristalebs umTavresad 
aqvT fsevdoheqsagonuri dipiramidis ieri. gvxvdeba agreTve 
sferosebri da Tirkmlisebri formebi, zogjer ZarRvovani, boWkovani 
da furclovani agregatebis saxiT. 

feri ufero an TeTri, monacrisfro an moyviTalo elferiT. 
elvareba minisebri, simagre 3-3,5. tkeCvadoba {010} gaswvriv SesamCnevi. 
simkvrive 4,2-4,3. 

diagnostika. didi xvedriTi woniT. 
warmoSoba. Cveulebriv gvxvdeba hidroTermul sabadoebSi kal-

citTan, dolimitTan, Pb, Zn, Fe  sulfidebTan da xSirad baritTan 

paragenezisSi. 
cnobilia egzogenuri warmoSobis viteritic. 
gamoyeneba. aqvs meorexarisxovani mniSvneloba bariumis 

misaRebad. 
 

rTuli karbonatebi 
 
am jgufs miekuTvnebian spilenZis fuZe uwylo karbonatebi _ 

malaqiti da azuriti. 

- 

- 
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malaqiti 
3 2Cu[CO ](OH) . 

berZnulad `malaxe~ niSnavs balbas (mcenare). balaxis ferTan 
msgavsebis gamo. 

singonia monoklinuri. prizmuli simetriis klasi. Cveulebriv 
gvxvdeba radialur-sxivosnuri aRnagobis mqone naRvenTi formebis da 
msxvili Tirkmlisebri warmonaqmnebis saxiT, damaxasiaTebelia 
koncentriul-zonaluri (sur.55) aRnagoba gvxvdeba miwisebri masebis 
saxesxvaobebic. miwisebri malaqiti atarebs “spilenZis mwvanis” 
saxels. 

  
sur. 55. malaqitis Tirkmlisebri da koncentrul-zonaluri 

warmonaqmnebi 

feri mwvane, xazis feri Ria mwvane. elvareba minisebri. simagre 

3,5. simkvrive 4. tkeCvadoba { hKO }-is gaswvriv saSualo. 
diagnostika. Ria mwvane feriT, xazis feriT, naRvenTi formebiT, 

mineraluri asociaciiT. advilad ixsneba HCl -Si. 
warmoSoba. malaqiti warmoiSoba mxolod spilenZis sulfidur 

sabadoTa daJangvis zonebSi, gansakuTrebiT maSin, rodesac es 
sabadoebi Seicaven karbonatebs. paragenezisi: azuriti, qrizokola, 
TviTnabadi spilenZi, kupriti, limoniti, TabaSiri, spilenZis 
sxvadasxva sulfidebi. 

malaqiti xSirad warmoqmnis fsevdomorfozebs azuritis, kup-
ritis, xalasi spilenZis da zogjer qalkopiritis mimarT. 

sabadoebi. gumeSevis da mednorudnianskis sabadoze (tagilis 
raioni) uralSi. 

gamoyeneba. malaqitis mkvrivi nadeni formebi gamoiyeneba, 
rogorc maRali xarisxis mosapirkeTebeli sanaxelavo masala. sxva-
dasxva naxelavebis da mozaikuri nakeTobebis dasamzadeblad: 
larnakebis, magidebis, kolofebis da sxva. malaqitis fxvnils 
xmaroben saRebavebis dasamzadeblad. 

 

azuriti 
3 3 2 2Cu [CO ] (OH) . 

saxelwodeba warmosdgeba sparsuli sityvidan `lajvardi~ _ 
laJvardovani, cisferi. sinonimi spilenZis laJvardi. 

singonia monoklinuri. gvxvdeba mokle svetebis prizmebis an 
sqeli furclebis kristalebis saxiT. xSirad warmoqmnis patara 

+ 

+ 
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kristalur druzebs, qerqebsa da mTlian marcvlovan masebs. zogjer 
radialursxivosnur da miwisebr (“spilenZis lurja”) agregatebs. 

feri muqi lurji, miwisebr masebSi cisferi. xazis feri 
cisferi. elvareba minisebri. simagre 3,5-4. simkvrive 3,8. tkeCvadoba 
saSualo. mJaveebSi SiSiniT ixsneba. 

diagnostika. lurji feriT da spilenZis sxva Jangbadovan naer-
TebTan asociaciis mixedviT. 

warmoSoba. rogorc malaqiti. gvxvdeba masze iSviaTad. war-
moadgens spilenZis Zebnis karg niSans. 

gamoyeneba. lurji saRebavis dasamzadeblad. spilenZis sxva 
Jangbadovan naerTebTan erTad iyeneben spilenZis misaRebad. 

 
wyliani karbonatebi. 

 
karbonatebidan, romelTa SedgenilobaSi wylis molekula 

Sedis ganvixilavT mxolod aT molekula wylis Semcvel natriumis 
karbonats. 

 

soda 
2 3 2Na CO ×10H O. 

saxelwodeba `soda~ jer kidev XVII saukuneSi xmarobdnen, 
magram misi saxelis warmoSoba daudgenelia. sinonimebi natriti, 
natroni. 

singonia monoklinuri, prizmuli simetriis klasi. Cveulebriv 
gvxvdeba marcvlovani agregatebis saxiT. 

feri ufero, TeTri an nacrisferi. elvareba minisebri. simagre 
1-1,5. simkvrive 1,4-1,5. tkeCvadoba {100}-is gaswvriv sruli. 

diagnostika. wyalSi advilad ixsneba. HCl -is moqmedebis dros 
intensiurad gamoyofs naxSirorJangs. 

warmoSoba. tipiuri egzogenuri. warmoiSoba natriumiT mdidar 
marilian tbebSi. 

gamoyeneba. sapnis, minis da saRebavebis dasamzadeblad. agreTve 
qimiur da metalurgiul mrewvelobaSi. 

 
sulfatebis klasi 

 
mineralTa sulfatebis klasi cnobilia naerTTa sxvadas-

xvaobiT, magram miwis qerqSi mdgrad da farTod gavrcelebul 
sulfatTa raodenoba SedarebiT didi ar aris. 

iseT did kompleqsur anionTan, rogoricaa 2-

4[SO ] ,  mdgradi 

kristaluri mesris warmoqmna SesaZlebelia mxolod didi 
orvalentovani kaTionebis Tanaarsebobis SemTxvevaSi. yvelaze metad 

mdgradia Ba -is, -is da -is sulfatebi. naklebi ionuri radiusis mqone 
kaTionebi sulfatebis SedgenilobaSi Sedian, mxolod hidratirebul 
mdgomareobaSi. 

am klasis mineralTaTvis damaxasiaTebelia dabali simagre (3,5-
ze dabali). 

- 
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uwylo sulfatebi. 

 

mas miekuTvneba Ba -is, Sr -is, Pb -is da Ca -is gogirdmJava naer-
Tebi, romlebic bunebaSi wyliani sulfatebis saxiT ar gvxvdebian. 

 

bariti 
4Ba[SO ] . 

bariti (mZime Spati) berZnulad `baros~-mZime. singonia rombuli. 
rombuli bipiramidis simetriis klasi. kristalebs Cveulebriv aqvs 
sqel firfitovani ieri (sur. 56), iSviaTia prizmuli, svetisebri da 
izometruli kristalebi. mrCoblebi sakmaod iSviaTia. agregatebi 
ufro xSirad marcvlovani, iSviaTad mkvrivi farulkristaluri, 
miwisebri. gvxvdeba agreTve stalaqtitebisa da koncentriul-
zonaluri aRnagobis nadeni formebis saxiT. 

 
sur. 56. baritis struqtura da kristalis formebi 

feri ufero, wylisebr gamWvirvale, xSirad TeTri, nacrisferi, 
arc Tu iSviaTad SeRebilia wiTlad, lurjad da sxva SeferilobiT. 
xazis feri TeTri. tkeCvadoba sruli {001}. elvareba minisebri, 
xandaxan sadafisebri. simagre 3-3,5. simkvrive 4,5. 

diagnostika. simZimiT, tkeCvadobiT. 
warmoSoba. hidroTermuli _ ZarRvebSi galenitTan, 

sfaleritTan, piritTan, singurTan, fluoritTan, sideritTan erTad. 
cnobilia oqros Semcveli baritis ZarRvebi. egzogenuri bariti 
yalibdeba rkinis qudis zonaSi bariumis marilebis sulfatebTan an 

2 4H SO  gaxsnis reaqciis Sedegad. bariti, rogorc qimiurad mdgradi 

minerali, xSirad gvxvdeba aluvionSi. 
sabadoebi. bariti saqarTveloSi mravalricxovan sabadoebs 

qmnis. quTaisis, raWis, bolnisis da sxva raionebSi. 
gamoyeneba. barits didi gamoyeneba aqvs mrewvelobis sxvadasxva 

dargSi. gamoiyeneba sufTa saxiT warmoebaSi da bariumis preparatebis 
saxiT. gamoiyeneba WaburRilebis burRvisas Tixovani xsnarebis 
damZimebisaTvis. gamoiyeneba Spaleris, linoleumis, muSambis 

+ 
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warmoebaSi. bariumis marilebi gamoiyeneba sasoflo sameurneo saqmeSi 
mavneblebTan brZolisaTvis da samedicino saqmeSi. iyeneben rentgenis 
laboratoriaSi kedlebis baTqaSis mTavar Semadgenel nawilad. 
qimiur mrewvelobaSi iyeneben sxvadasxva marilebis, tyavis damzade-
baSi, Saqris warmoebaSi, fotoqaRaldis, keramikisTvis da a.S. 

 
 
 
 

wyliani sulfatebi 
 

TabaSiri (mCate Spati) Ca[SO ]×2H O
4 2

. 

sinonimi `gipsi~. Cveulebriv qimiurad sufTaa. meqanikuri mina-
revebis saxiT Seicavs Tixovan nivTierebas, organul nivTierebebs, 
qviSas, zogjer sulfidebs da sxva CanarTebs. 

singonia monoklinuri, prizmuli simetriis klasi. kristalebs 
aqvs sqeli an Txelfirfitovani, iSviaTad svetovani an prizmuli ieri 
(sur. 57). damaxasiaTebelia mrCoblebi _ `mercxlis kudi~ (sur. 58). 
marcvlovani, furclisebri, boWkovani (seleniti) agregatebi. 

 
sur. 57. TabaSiris struqtura da kristalis formebi 

feri TeTri, gamWvirvale, nacrisferi an vardisferi. xazis feri 
TeTri. elvareba minisebri. tkeCvadoba srulyofili {010}. simagre 2, 
ixazeba frCxiliT. simkvrive 2,3. 

diagnostika. dabali simagriT da srulyofili tkeCvadobiT. 
gacxelebisas TeTrdeba da gamoyofs wyals. 

+ 
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sur. 58. TabaSiris monokristali da mrCobli `mercxlis kudi~ 

 
warmoSoba. warmoSobis mixedviT TabaSiri mWidro kavSirSia 

anhidridTan. igi zRvebsa da tbebSi gamoiyofa qimiuri gziT. TabaSiri 
SeiZleba Camoyalibdes anhidridis hidrataciis Sedegad. yalibdeba 
igi qaris moqmedebis zonebSic, romlis drosac warmoiqmneba egreT 
wodebuli TabaSiris qudebi. 

TabaSiri SedarebiT iSviaTad gvxvdeba, rogorc tipiuri 
hidroTermuli minerali, dabali wnevisa da temperaturis pirobebSi 
warmoSobil sulfidur sabadoebSi. 

sabadoebi. arxangelskis, vologdis da vladimirskis midamoebSi, 
baSkireTSi da TaTreTSi, Crdilo kavkasiaSi, daRestanSi, Sua aziaSi, 
aSS, kanadaSi, italiaSi, germaniaSi da safrangeTSi, saqarTveloSi 
(xudoni, salminao, wyalTbila). 

gamoyeneba. gamoiyeneba rogorc bunebrivi aseve gamomwvari 

saxiT. 120-140 gacxelebisas gadadis 
4 2CaSO ×1/2H O  naxevar hidratSi 

(alebastri), ufro maRali temperaturisas miiReba gamomwvari 
TabaSiri (samSeneblo TabaSiri). gamomwvari TabaSiri gamoiyeneba 
ZerwvaSi, arqiteqturaSi, medicinaSi, cementisa da qaRaldis 
warmoebaSi. boWkovani TabaSiri _ seleniti _ gamoiyeneba sxvadasxva 
nakeTobebis gamosakveTad. 

 

mirabiliti 
2 4 2

Na SO 1OH O . sinonimi glauberis marili. 

singonia monoklinuri. kristalebs aqvs moklesvetovani 
habitusi, Cveulebriv gvxvdeba mTliani marcvlovani agregatebis an 
qerqebisa da brkeebis saxiT. 

feri ufero an gamWvirvale, zogjer mRvrie, moyviTalo an 
molurjo. elvareba minisebri. tkeCvadoba {100}-is gaswvriv sruli. 
simagre 1,5-2. simkvrive 1,48. 

diagnostika. mcire simkvriviT. 
warmoSoba: najer mlaSe tbebSi. 

- 
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gamoyeneba: iyeneben sodis dasamzadeblad. 
 

aluniti 
3 4 2 6KAl [SO ] (OH)  

sinonimi Sabis qva. 
singonia trigonuli. wvril kristalebs romboedruli an 

sqelfirfitovani ieri aqvT, Cveulebriv gvxvdeba wvrilmarcvlovani, 
miwisebri an boWkovani agregatebis saxiT. 

feri TeTri, nacrisferi, moyviTalo an mowiTalo elferiT. 
elvareba minis, zogjer sadafisebri. tkeCvadoba {0001}-is gasw-

vriv kargi. simagre 3,5-4. simkvrive 2,6-2,8. 
warmoSoba Canawinwklebis saxiT gvxvdeba tute mindvris 

Spatebis hidroTermuli  procesis Secvlis xarjze. gvxvdeba agreTve 
hidroTermul ZarRvebSi. iSviaTad gvxvdeba egzogenuri warmonaqmnebis 
saxiT boqsitebSi, TixebSi. 

 

anhidriti 
4CaSO . 

mineralis saxelwodeba uwylo TabaSirisagan gansxvavebiT masSi 
wylis ararsebobas gviCvenebs. 

singonia rombuli, rombuli bipiramidis simetriis klasi. 
kristalebs sqelfirfitovani (sur. 59) an prizmuli ieri aqvT. 
Cveulebriv gvxvdeba mTliani marcvlovani masebis da zogjer 
Cxirisebri agregatebis saxiT. 

    
sur. 59. anhidritis kristaluri meseri (a) da kristaluri 

struqturis modeli (b) 

feri TeTri, xSirad mocisfro, monacisfro, zogjer mowiTalo 
elferiT. elvareba minisebri, tkeCvadobis sibrtyeebze sadafisebri. 
simagre 3-3,5. tkeCvadoba {010}-is gaswvriv sruli, {100}-is da {001}-is 
gaswvriv saSualo. simkvrive 2,8-3,0. wylis arsebobis dros 
atmosferul wnevis pirobebSi TandaTanobiT gadadis TabaSirSi. 

diagnostika. dabali simkvrive, tkeCvadoba. 
warmoSoba. umTavresad gvxvdeba danaleq wyebebSi, SedarebiT 

iSviaTad zog ZarRvul hidroTermul sabadoebSi da Zlier iSviaTad 

 + 

a 

b 

- 

- 
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kontaqtur-metasomatur sabadoebSi. 
gamoyeneba. SemakavSirebeli nivTierebis (cementis) warmoebaSi, 

sanaxelavo masala. 
 

celestini 
4SzSO . 

laTinurad `celestin~ niSnavs ciurs. 
singonia rombuli, rombuli bipiramidis simetriis klasi. 

kristalebs aqvT sqelfirfitovani, svetisebri an prizmuli ieri. 
agregatebi xSirad marcvlovani, iSviaTad Cxirisebri, ZarRvovani an 
nadeni formebisaa. gvxvdeba uweso formis konkreciebis da 
sekreciebis saxiT, xolo sicarieleebSi kristalTa druzebis saxiT. 

feri mocisfro-TeTri an mocisfro-nacrisferi, zogjer mowi-
Talo an moyviTalo elferiT. elvareba minisebri. simagre 3-3,5. 
msxvrevadi. tkeCvadoba {101}-is gaswvriv sruli. simkvrive 3,9-4,0. 

diagnostikuri niSnebi. feri, tkeCvadobiT da didi xvedriTi 
woniT.  

warmoSoba da sabadoebi. celestinis mniSvnelovani masebi 
gvxvdeba danaleq qanebSi. cnobilia, agreTve, tipiuri hidroTermalur 
celestinis, galenitis, sfaleritis da sxva sulfidebis Semcvel 
ZarRvebSi. 

gamoyeneba celestini warmoadgens liTonuri stronciumis 
miRebis mTavar wyaros. gamoiyeneba agreTve qimiur mrewvelobaSi, 
Saqris, minis da keramikis warmoebaSi. 

 

angleziti 
4PbSO . 

minarevebs Cveulebriv ar Seicavs. 
singonia rombuli. rombuli bipiramidis simetriis klasi. 

anglezitis kristalebs Cveulebriv aqvT sqelfirfitovani ieri, ufro 
iSviaTad mokle svetovani an piramiduli.  agregatebi ufro xSirad 
gvxvdeba galenitze gadakruli kristaluri qerqebis, wvril 
kristalTa druzebis, mkvrivi marcvlovani an miwisebri masebis saxiT. 

feri ufero da xSirad wylisebr gamWvirvale, sakmaod xSirad 
nacrisferi, moyviTalo an ruxi feri. elvareba almasis. simagre 2,5-3 
Zlier msxvrevadi. tkeCvadoba {001}-is gaswvriv saSualo. simkvrive 6,1-
6,4. 

diagnostika. didi xvedriTi wona, almasis elvareba, daJangul 
madnebSi galenitTan  mWidro asociacia. 

warmoSoba da sabadoebi tyvia-TuTiis sulfiduri (galenitis 
da sxva sulfidebis) sabadoebis daJangvis zonaSi, cerusitTan 

3(PbCO )  asociaciaSi. angleziti SeiZleba hidroTermuli gziTac 

warmoiSvas, magram mxolod gansakuTrebul pirobebSi. 
gamoyeneba. warmoadgens tyviis madans. 
 

volframatebi da molibdatebi 
 
am klasis mcirericxvovan mineralTa Soris gamoiyofa ori 

- 

- 
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jgufi Fe, Mn, Zn -is volframatebi da Ca, Pb  molibdatebi da 

volframatebi. 
 

Seeliti 
4Ca[WO ] . 

izomorfuli naerTis saxiT SeelitSi xandaxan vlindeba 

molibdenis Jangis (24%-mde) arseboba (
3MoO ). Tu 

3MoO  10% metia, 

minerals SeiZleba ewodos molibdoSeeliti. cnobilia agreTve 
spilenZis Semcveli saxesxvaoba – kuproSeeliti – romelic 7%-mde 

CuO -s Seicavs. 
singonia tetragonuli. kristalebs aqvT tetragonuli 

dipiramidis (sur. 60) saxe, xSirad gvxvdeba araswori Canawinwklebis 
an mTliani masebis saxiT skarnebsa da kvarcis ZarRvebSi. 

 
sur. 60. Seelitis struqtura da kristalis formebi 

feri TeTri, nacrisferi, yviTeli. xazis feri TeTri. tkeCvadoba 
saSualo. araswori monatexi. elvareba cximovani, almasisebri. simagre 
4,5. simkvrive 6. 

diagnostika. elvarebiT, didi simkvriviT da kaTodur 

ultraiisfer sxivebSi cisferi naTebiT. HCl -sa da 
3HNO -Si ixsneba 

yviTeli naleqis 
3WO -s gamoyofiT; xsnari metalur kalasTan duRi-

lisas lurjdeba. 
warmoSoba. hidroTermuli. damaxasiaTebelia Seelitis araswori 

Canawinwklebi piroqsenul, piroqsen-granatul da granatul skarnebSi. 
Tanamgzavrebia: saliti, hedenbergiti, andraditi, kalciti, kvarci, 
molibdeniti. Seeliti cnobilia hidroTermuli warmoSobis kvarcis 
ZarRvebSi, xandaxan oqrosTan da sulfidebTan.  

sabadoebi. skarnuli, Sua aziaSi. samxreT kavkasiaSi, 
hidroTermuli _ uralze (gumbeika), a.S.S.-is dasavleT StatebSi. 
CineTSi, samxreT koreaSi (song-dongi) da avstraliaSi. 

gamoyeneba.  Seeliti _ volframis umniSvnelovanesi madania. 
 

volframiti 
4(Mn,Fe)WO . 

volframiti warmoadgens hiubneritis 
4(MnWO )  da ferberitis 

4(FeWO )  izomorful narevs.  

+ 

- 



 79 

singonia monoklinuri. kristalebs sqelfirfitovani an 
prizmuli (sur. 61), xandaxan gabrtyelebuli ieri aqvT. garda amisa, 
gvxvdeba agreTve mTliani marcvlovani agregatebis saxiT. 

  
sur. 61. volframitis kristali da misi formebi    

feri moruxo-Savi. xazis feri ruxi, moyviTalo-ruxamde. 
elvareba almasisebri, cximovani. simagre 4,5-5,5. tkeCvadoba {010} 
gaswvriv sruli. simkvrive 6,7-7,5. 

diagnostika. moruxo-Savi feri, maRali simkvrive. 
warmoSoba. umTavresad  gvxvdeba kvarcis hidroTermul 

ZarRvebSi. gvxvdeba agreTve greizenebSi da granituli qanebis 
pegmatitur ZarRvebSi. 

gamoyeneba volframiti volframis mTavari madania. 
 

vulfeniti 
4PbMoO  

vulfeniti zogjer Seicavs minarevebs Ca, Mg, W, Cz  da sxva. 

singonia. tetragonuli. gvxvdeba kvadratuli firfitebis saxiT. 
mTliani kristaluri agregatebis saxiT iSviaTia. 

feri. cvilisebri an Taflisebr-yviTeli, nacrisferi, zogjer 
narinjisferi. xazis feri TeTri an odnav Seferili. elvareba 
almasisebri, monatexze cximovani. simagre 3. tkeCvadoba kargi. 
simkvrive 6,3-7,0. 

diagnostika. Taflisebr-yviTeli feri, almasisebri elvareba, 
maRali simkvrive. 

warmoSoba. tipiuri tyvia-TuTiis sabadoebis Jangvis zonebSi, 
gamoricxuli araa dabaltemperaturuli hidroTermuli warmoSoba. 

gamoyeneba. tyviis da molibdenis madania. 
 

silikatebi 
 
silikatebis klass mineralTa didi raodenoba ekuTvnis. isini 

warmodgenilebi arian silikatebiT da alumosilikatebiT da bunebaSi 
cnobili mineraluri saxeobebis daaxloebiT erT mesameds Seadgenen. 
maTTvis damaxasiaTebelia rTuli qimiuri Sedgeniloba da erTi 
elementisa Tu kompleqsuri elementebis izomorfuli Canacvleba. 

silikatebSi ZiriTadi qimiuri elementebia: 2+ 3+O, Si, Al, Fe , Fe ,  

Mg, Ca, Na, K,  aseve Li, B,  Be, Ti, Zr,  iSviaTi miwebi, F, H
+(H -is, 

- 
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-[OH] -is da 
2H O -s saxiT). 

silikatebSi gaerTianebuli mineralebis saerTo ricxvi 800-mdea. 
gavrcelebis mixedviT, liTosferos yvela mineralidan silikatebze, 
daaxloebiT 75% modis. es imiT aixsneba, rom silikatebi da 
alumosilikatebi warmoadgenen umniSvnelovanes qanwarmomqmnel 
mineralebs, ara marto yvela magmur da metamorful qanebSi, 
pegmatitebSi, kontaqtur-metasomatur warmonaqmnebSi, umTavres 
hidroTermalurad Secvlil magmur da metamorful saxesxvaobebSi, 
aramed agreTve maTi gamofitvis produqtebSi, mraval danaleq qanSi. 
isini mniSvnelovan rols asruleben agreTve sasargeblo 
wiaRiseulTa TiTqmis yvela sabados mineralur SedgenilobaSi da 
xSirad, ara marto rogorc madneuli mineralebis Tanamgzavrebi, 
aramed, rig SemTxvevaSi, rogorc sasargeblo metalebis 

( Ni, Zn, Be, Li, Cs,  Zr, Rb, U, TR  da a.S.) Semcveli. sakmaod mravladaa 

cnobili arametaluri sasargeblo namarxebic, romlebic silikatebiT 
aris warmodgenili. maT ricxvs ekuTvnis azbesti, kaolini, qarsebi, 
maTeTrebeli Tixebi, mindvris Spatebi da sxva. 

silikatebi gamoiyeneba keramikis, cecxlgamZle masalis, gamw-
mendi masalis, Tbo - da eleqtroizolatorebis dasamzadeblad. zogi 
silikati: zurmuxti, akvamarini, granatebi, turmalini, topazi, 
rodoniti, nefriti, lazuriti da sxva, uZvelesi droidan 
gamoiyeneboda Zvirfasi da sanaxelao qvebis saxiT. 

bunebaSi yvelaze farTod gavrcelebulia mindvris Spatis 
jgufis mineralebi, Semdeg ki qarsebi, amfibolebi, piroqsenebi, 
olivini da a.S. 

yvela silikatis struqturuli agebuleba damokidebulia Jang-
badisa da siliciumis ionebis mWidro kavSirze, romelic 

kristaloqimiuri principidan momdinareobs, swored 4Si   ionis 

radiusis (0,39Å) da 2-O (1,32Å) kavSiriT. yoveli siliciumis atomi 
silikatebSi yovelTvis garSemortymulia tetraedrulad 
ganlagebuli Jangbadis oTxi ioniT, romlebic moTavsebulia mis 
irgvliv, tetraedris kuTxeebSi (sur. 62). Jangbadis ionebis kavSiri 
siliciumTan gacilebiT ufro Zlieria, vidre sxva metalebTan, 
romlebic silikatebis kristalur struqturebSi kaTionebis rols 
asruleben. am siliciumJangbadovani tetraedrebis zoma TiTqmis 
mudmivia. aqedan gamomdinare, yvela silikatis safuZvelia 

siliciumJangbadovani tetraedris saxis  
4

4SiO

 kompleqsanionebi. 

siliciumJangbadovani tetraedrebi silikatebis kristalur 
struqturebSi SeiZleba erTmaneTisagan izolirebuli iqnen 

struqturuli erTeulebis 
4SiO -is saxiT, an SesaZlebelia 

erTmaneTTan sxvadasxvagvarad SeerTdnen da Seqmnan rTuli 
kompleqsuri anionuri radikalebi. 
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sur. 62. silicium-Jangbadovani tetraedrebi 

amasTan, SekavSireba warmoebs mxolod tetraedrebis wveroebis 
saSualebiT, saerTo wveroebis SeqmniT da ara wiboebis an waxnagebis 
saSualebiT. imisda mixedviT, Tu rogor xdeba siliciumJangbadovani 
tetraedrebis SekavSireba, miiReba kompleqsur anionuri radikalebis 
sxvadasxva sivrcobrivi jgufebi. swored amis mixedviT xdeba 
silikatebis struqturuli klasifikacia. 

ansxvaveben silikatebis Semdeg struqturul tipebs: 
1. kompleqsuri anioni warmodgenilia, izolirebuli tet-

raedris  
4

4SiO

 mqone silikatebiT. aq gamoiyofa: 

a) sakuTriv izolirebuli siliciumJangbadovani tetraedrebi. 

maTi radikalia  
4

4SiO

, radgan yovel 4 Jangbads gaaCnia TiTo 

Tavisufali valentoba, amitom siliciumJangbadovani tetraedrebi 
erTmaneTs uSualod ar ukavSirdeba da kavSiri myardeba kaTionebis 
meSveobiT. 

b) silikatebi damatebiTi anionebiT. aq kompleqsanionis  
4

4SiO

 

garda monawileobs 2-O ,  - -(OH) ,  F  da a.S. 

g) silikatebi gaormagebuli (sur. 63) izolirebuli 

tetraedrebiT  
6-

2 7Si O . Jangbadis erTi atomi maT saerTo aqvT, 

danarCenebi dakavSirebulia kaTionebTan. aqve SeiZleba ganvixiloT 

`Sereuli~ struqturuli tipis    
4 6

4 2 7SiO Si O
 
  silikatebi. 

2. kompleqsuri anioni Sedgeba sami, oTxi da eqvsi 
siliciumJangbadovani tetraedrisagan, romlebic brtyel 
izolirebul Sekrul rgolebSi erTmaneTTan dakavSirebuli aris ori 

saerTo JangbadiT. maTi radikalebia 6- 8-

3 9 4 12[Si O ] ,  [Si O ] ,  
12- 18-

6 18 12 30[Si O ] ,  [Si O ]  (sur. 63). 
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sur. 63. silicium-Jangbadovani 
5- 6 8

2 7 3 9 4 12
[Si O ] , [Si O ] , [Si O ]

 

 da 
12

6 18
[Si O ]



 

tetraedrebis kompleqsanionebi 

3. Zewkvisebri silikatebi. aq tetraedrebi warmodgenilia 
erTmaneTTan dakavSirebuli siliciumJangbadovani tetraedrebis 

erTganzomilebiani uwyveti Zewkvis saxiT. maTi radikalebia 4-

2 6[Si O ]  

da 6

3 9[Si O ]  , 
12

5 15
[Si O ]


 da sxv. (sur. 64). 

 
sur. 64. martivi Zewkviseburi struqturebi 

4. silikatebi, romlebic Sedgeba siliciumJangbadovani 
tetraedrebis uwyveti ormagi Zewkvi an bafTebis saxiT. maT aqvT 
gaormagebuli Zewkvis saxe, amitom uwodeben bafTisebr silikatebs. 

struqturuli radikali 
6-

4 11
[Si O ]  (sur. 65). 
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sur. 65. ormagi Zewkvebi anu bafTisebri struqturebi 

5. Sreebrivi (fenisebri) silikatebi. fenisebri struqtura 
SeiZleba warmovidginoT, Tu bafTisebr struqturas davuwyvilebT 
ramdenime bafTas, ris Sedegadac yalibdeba uwyveti organzomilebiani 

furclebi an Sreebi. aseTi struqturis radikalia 
2

2 5
[Si O ]


. masTan 

sakmaod xSirad siliciumJangbadovan tetraedrebSi Si -is ionebis 

nawili Canacvlebulia Al -is ionebiT, koordinaciuli ricxviT 4.  
siliciumJangbadovani tetraedrebis fenebi erTmaneTs ukavSirdeba 
metalTa kaTionebis saSualebiT (sur. 66). 

 
     
 

sur. 66. Sreebrivi anu organzomilebian struqturis mqone silikatebi 

6. karkasuli silikatebi. silikatebi uwyveti samganzomilebiani 
karkasebiT alumo da siliciumJangbadovani tetraedrebiTaa 
Sedgenili. am SemTxvevaSi tetraedris yvela Jangbadi saerToa. aseT 

meserSi, 4+Si -is ionebis nawili Canacvlebulia 3+Al -is ionebiT. imave 
koordinaciuli ricxviT karkasuli aRnagobis kompleqsuri anionis 
qimiuri formula saerTo saxiT SeiZleba Semdegnairad gamoisaxos 

x-

n-x x 2n[(Si Al )O ]  (sur. 67). 

2 5[Si O ]

 

3 10[Si AlO ]

3 10[Si AlO ]
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sur. 67. karkasuli anu samganzomilebiani struqtura 

silikatebis Sinagani agebuleba gansazRvravs maT garegan saxes. 
magaliTad silikatebs, romelTa struqturac warmodgenilia 
izolirebuli siliciumJangbadovani tetraedriT, aqvT izometruli 
saxe (granatebi); heqsagonur bivrils aqvs siliciumJangbadovani 
tetraedris eqvskuTxa rgoli; Zewkviseburi an bafTiseburi 
struqturis silikatebs aqvT wagrZelebuli forma (amfibolebi, 
piroqsenebi). 

silikatebi umniSvnelovanesi arametaluri sasargeblo 
wiaRiseulia (azbesti, talki, qarsebi, kaolini, keramikuli da 
cecxlgamZle Tixebi, samSeneblo masala). silikatebi aseve war-
moadgenen beriliumis, liTiumis, cirkonis, nikelis, TuTiis da 
iSviaTi miwebis madans. aseve farTodaa cnobili, rogorc Zvirfasi 
qvebi (zurmuxti, akvamarini, topazi, nefriti, rodoniti da a.S.), 
romelTa gamoyeneba uZvelesi droidanaa cnobili. 

silikatebis warmoSoba endogenuria, ZiriTadad magmuri 
(piroqsenebi, mindvris Spatebi). isini damaxasiaTebelia pegmatite-
bisaTvis (qarsebi, turmalini, bivrili) da skarnebisaTvis (granatebi, 
volastoniti). silikatebi farTodaa gavrcelebuli metamorful 
qanebSi _ kristalur fiqlebsa da gneisebSi (granatebi, disteni, 
qloriti, qarsebi da sxva). 

silikatebis klasis mineralebSi didi mniSvneloba eniWeba Al -

is ionebs, kerZod 3+Al -is ionebi ormag rols TamaSoben: xan rogorc 

anionuri radikalebis komponentebi, romelic 4+Si -is msgavsad 
garemoculia Jangbadis ionebiT, xan ki calke kaTionis saxiT 
sxvadasxva koordinaciiT an erTdroulad asrulebs kaTionis rols 
da kompleqsanionis SeqmnaSic monawileobs. 

silikatebi aluminis Semcvelobis mixedviT iyofian: 

a) aluminiumis silikatebad, rodesac 3+Al  Sedis maTSi mxolod 
kaTionis saxiT eqvsmagi an xuTmagi koordinaciiT. mag: – 

3

2 4 2Al [SiO ] (OH, F)
 topazi. 

b) alumosilikatebad, rodesac 3+Al  Sedis mxolod silicium-
Jangbadovani kompleqsanionis SemadgenlobaSi oTxmag koordinaciiT 
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Jangbadis oTxi ioniT garSemortymuli. mag: _ 
3 8Na [AlSi O ]  albiti. 

g) aluminiumis alumosilikatebad, rodesac alumini Sedis 
silikatebis SemadgenlobaSi, rogorc kaTionis saxiT, aseve 
siliciumJangbadovani kompleqsanionis SemadgenlobaSi. mag: 

 3 5Al AlSi O  (sililaniti) 

mravali silikatis SemadgenlobaSi monawileobas Rebuloben 

egreT wodebuli damatebiTi anionebi: 
2- -

O , [OH] ,  
- - 2-

3F , Cl ,  [CO ] da 

sxva, romlebic aneitraleben kaTionebis Warb dadebiT muxts. 

rigi silikatebis SedgenilobaSi Sedis 
2

H O , romelic umete-

sad ceoliTuri xasiaTisaa. 
 

qveklasi a. silikatebi kristalur struqturebSi 

izolirebuli 
4SiO -is tetraedrebiT. 

 
aq Semavali silikatebis kristaluri struqturebis 

damaxasiaTebel niSans warmoadgens maTSi struqturuli erTeulis 

saxiT 
4

4[SiO ]

-is anionebis gancalkevebuli izolirebuli 

tetraedrebis arseboba. 
4+

Si -is ionis garemomcveli Jangbadis arc 
erTi ioni ar aris saerTo sxva mis mezobel siliciumJangbadovan 
tetraedrebTan. 

kristalTa formebi, rogorc wesi, izometrulia. mineralebs 
didi simagre da SedarebiT mometebuli simkvrive aqvT, rac 
gamowveulia ionTa mWidro wyobiT. 

 
olivinis jgufi 

 

am jgufs ekuTvnis 
4A [SiO ] -is tipis silikatebi, sadac 

A=Mg, Fe, Mn, Na, Co, Zn . isini anacvleben erTmaneTs. 

 

olivini 
2 4

(Mg, Fe)  [SiO ] . 

olivini warmoadgens forsteritis 
2 4

Mg [SiO ]  da faialitis 

2 4
Fe [SiO ]  izomorful narevs. saxelwodeba momdinareobs mineralis 

mwvane feridan. 
singonia rombuli. simetriis klasi rombobipiramiduli. gavr-

celebulia marcvlovani masebis saxiT, kargad ganviTarebuli 
kristalebi SedarebiT iSviaTad gvxvdeba (sur. 68). 

+ 
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sur. 68. olivinis struqturuli sqema da kristalis formebi 

feri moyviTalo mwvane, Tumca Sedgenilobis mixedviT SeiZleba 
Seicvalos. gvxvdeba Ria yviTelidan TiTqmis Savamde. elvareba 
minisebri. simagre 6,5-7. simkvrive 3,2-3,5. tkeCvadoba arasruli. olivini 
advilad ixsneba mJavaSi, Zmris mJavac ki xsnis. 

saxesxvaobebi. moyviTalo-mwvane gamWvirvale olivins 
qrizoliTi ewodeba. 

diagnostika. mwvane feriT, elvarebiT da marcvlovani agre-
gatebiT, aseve paragenezisiT. 

warmoSoba. magmuri magmis kristalizaciis Sedegad ultrafuZe 
qanebis – dunitebis ZiriTadi mineralia. 

gvxvdeba gabroebSi, bazaltebsa da kimberlitebSi. 
olivinis Tanamgzavrebia piroqsenebi, qromiti, magnetiti, pla-

tina, fuZe qanebSi – fuZe plagioklazebi. 
olivinis Semcveli qanebi gavrcelebulia uralze, kareliaSi 

da aRmosavleT saianSi. 
gamoyeneba. oliviniani qanebi, romlebic rkinis mcire Semcve-

lobiT xasiaTdeba, SeiZleba gamoyenebul iqnas, rogorc cecxlgamZle 
nedleuli. qrizoliTi Zvirfasi qvaa. 

 
granatebis jgufi 

 
granatebis jgufSi erTiandeba ori izomorfuli rigis 

mineralebi: 
2 3

3 2 4 3R Al [SiO ]
 

 da 
2 3

3 2 4 3Ca R [SiO ]
 

. saerTo formulaa 

2 3

3 2 4 3R R [SiO ]
 

, sadac 
2

3R Ca, Mg, Mn, Fe,  xolo 
3+

2R Al, Fe, Cr.  

laTinurad `granumi~ – marcvals niSnavs. swored aqedan mom-
dinareobs granatebis saxelwodebac, radgan maT aqvT marcvlovani 
forma. 

singonia kuburi. xSirad gvxvdeba kargad gamokveTili 
kristalebis saxiT – rombododekaedri da tetragontrioqtaedri an 
am formebis kombinaciebi (sur. 69). 

 

+ 
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sur. 69. granatis kristalis formebi 

feri sxvadasxvaa. elvareba minisebri. Zalze damaxasiaTebelia 
didi simagre (7-8) da tkeCvadobis ararseboba. simkvrive 3,4-4,3. 

ZiriTadi mineraluri saxeebia: 

grosulari 
3 2 4 3Ca Al [SiO ] . feri Ria mwvane an muqi mwvane. 

damaxasiaTebelia skarnuli procesisTvis. 

andraditi 
3 2 4 3Ca Fe [SiO ] . feri yviTeli, mura-wiTeli, Savi, 

momwvano. gvxvdeba skarnebSi, iSviaTad kristalur fiqlebsa da sxva 
qanebSi. demantoidi – andraditis gamWvirvale saxesxvaobaa mwvane 

feris (1,5% 
2 3Cr O ), warmoadgens Zvirfas qvas. melaniti – Savi feris 

Seicavs 
2TiO . 

uvaroviti 
3 2 4 3Ca Cr [SiO ] . feri zurmuxtisebri mwvane. qromitze 

warmoqmnis wvrilkristalur qerqebs. iSviaTia kargi nimuSebi. 
cnobilia saravanis sabadodan Crdilo uralze. 

almandini 
3 2 4 3Fe Al [SiO ] . wiTeli, yavisferi, iasamnisferi. 

yvelaze farTodgavrcelebuli mineralia granatebSi. gvxvdeba kris-
talur fiqlebsa da gneisebSi. 

spesartini 
3 2 4 3Mn Al [SiO ] . vardisferi, wiTeli, moyviTalo. 

gvxvdeba pegmatitebsa da kristalur fiqlebSi (aRmosavleT cimbiri, 
karelia). 

piropi 
3 2 4 3Mg Al [SiO ] . muqi wiTeli. gvxvdeba magniumiT mdidar 

ultrafuZe qanebSi. damaxasiaTebelia almasis matarebeli 
qanebisaTvis (kimberlitebisaTvis), samxreT afrikis respublika da 
iakutia. 

diagnostika. izometruli marcvlebiT da kristalTa formiT, 
simagriT, simkvriviT, tkeCvadobis ararsebobiT, feriT da 
paragenezisiT. 

warmoSoba. damaxasiaTebelia metamorfuli qanebisaTvis, 
kristaluri fiqlebis da gneisebisaTvis, romlebic cnobilia aRmosav-
leT cimbirSi, kareliaSi, asve uralze. 

meore umniSvnelovanesi genezisia kontaqturi (skarnuli) 
procesi. kirqvebTan kontaqtisas damaxasiaTebelia grosulari da 
andraditi. skarnebSi granatebi gvxvdeba salitTan, hedenbergitTan, 

+ 

+ 

+ 

+ 

+ 

+ 
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vezuvianTan, epidotTan, SeelitTan, magnetitTan da rkinis 
sulfidebTan. isini cnobilia samxreT aziaSi da yazaxeTSi. 

calkeuli kristalebisa da budisebri gamonayofebis saxiT 
gvxvdeba granati Zirulis masivis pegmatitur ZarRvebs Soris da 
Zirulis masivis aRmosavleT periferiazec filitebis wyebaSi. 
granatebi cnobilia md. kodoris Senakad xeckvarasa da CxalTis 
SenakadebSi. granatebi gvxvdeba agreTve xaSuris raionSi, md. saTerZes 
xeobaSi da lopanis xeobaSi kirqvebsa da diabazebis kontaqtur 
zonaSi. 

granatebi aseve gvxvdeba granitebsa da pegmatituri tipis ZarR-
vebSi. 

arsebobs xelovnuri granatebic. 
gamoyeneba. gamWvirvale, wiTeli da mwvane granatebi (almandini, 

piropi, andraditi, demantoidi) gamoiyeneba, rogorc Zvirfasi qvebi. 
gaumWvirvale saxesxvaobebi gamoiyeneba teqnikuri miznebisTvis, 
rogorc saabrazivo masala. 

 

cirkoni 
4Zr[SiO ] .  

izomorfuli minarevis saxiT Seicavs, Toriums (Th)  da iSviaT 

(Hf)  miwebs. iranulad saxelwodeba `oqros fers~ niSnavs. sinonimia 

hiacinti. 
singonia tetragonuli. gvxvdeba kargad dakristalebuli 

moklesvetovani, izometruli kristalebis saxiT. martivi formebidan 
gavrcelebulia tetragonuli prizmebi da bipiramidebi (sur. 70). 
mrCoblebi muxlisebri. 

 
sur. 70. cirkonis struqtura da kristalis formebi 

feri ufero, oqrosfer _ yviTeli, narinjisferi, iSviaTad-
mwvane. elvareba almasisebri, zogjer cximovani. simagre 7,5-8 da 
simkvrive 4,7. tkeCvadoba arasruli. 

diagnostika: kristalis formiT, feriT, elvarebiT, maRali 

- 
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simkvriviT da simagriT. 
warmoSoba. magmuri da pegmatituri, aqcesoruli mineralis 

saxiT gvxvdeba granitebsa da sienitebSi. didi kristalebi, 1sm da 
meti, damaxasiaTebelia tute pegmatitebisaTvis. gvxvdeba paragenezisSi 
mindvris SpatTan, apatitTan, nefelinTan, qarsebTan (lepidomelani), 
iSviaTi miwebis mineralebTan, tantalTan, niobiumTan da TuTiasTan. 
rogorc gamZle minerali, cirkoni gvxvdeba qviSrobebSi, saidanac 
moipoveba (xandaxan monacitTan erTad). 

sabadoebi. uralis tute pegmatitebSi, braziliaSi, aSS 
(florida), Srilankis kunZulze, norvegiisa da madagaskaris 
pegmatitebSi. 

gamoyeneba. cirkoni warmoadgens cirkoniumis madans, romelic 
gamoiyeneba warmoebaSi. cirkoni gamoiyeneba, Zlier cecxlgamZle da 
mJavagamZle masalis dasamzadeblad kvarcTan erTad. cirkonisagan 
SeiZleba miviRoT hafniumi. lamazi, gamWvirvale saxesxvaobebi 
saiuveliro saqmeSi gamoiyeneba TeTri minanqris da metad mdgradi 
saRebavebis dasamzadeblad. 

 
silikatebi damatebiTi anionebiT 

2- - -
O , OH , F  

topazi 
2 4 2Al [SiO ] (F,OH) . singonia rombuli. kristalebs aqvT 

kargad gamokveTili prizmuli formebi, romlebzedac gabatonebulia 
{120}, {021}, pinakoidebi {001}, dipiramidebi {111}, {223} da sxva formebi 
(sur. 71). gvxvdeba lamazi druzebisa da wvrilmarcvlovani masebis 
(topazis greizenebis) saxiT. damaxasiaTebelia uxeSi daStrixva 
kristalis vertikaluri RerZis gaswvriv. 

   
sur. 71. topazis struqtura da kristalis formebi 

kristalebis zomebi SeiZleba Zalian didi iyos: ukrainaSi 1966 
w. vladimir-volinis Zvirfasi qvebis sabadoze napovnia topazis 
kristali masiT 117kg., romlis simaRle 82sm-ia. 

feri yviTeli, cisferi, vardisferi, xSirad ufero. elvareba 
minisebri. tkeCvadoba sruli {001}-s gaswvriv. simagre 8. simkvrive 3,5. 
am niSnebiT, aseve vertikaluri StrixebiT, topazi ganirCeva 
kvarcisagan. 

diagnostika. gamoicnoba gamWvirvalobiT da Zlieri minisebri 

+ 
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elvarebiT. kristalebis vertikaluri daStrixviT da tkeCvadobiT 
{001}-s gaswvriv. aqvs didi simagre da simkvrive. 

warmoSoba. gvxvdeba pegmatitur ZarRvebSi, gansakuTrebulad 
kvarcTan, orToklazTan, albitTan, qarsebTan paragenezisSi. 
greizenebSi (pnevmatoliTuri warmoSoba) asocirdeba akvamarinTan, 
fluoritTan, kasiteritTan da volframitTan. 

sabadoebi. uralis pegmatitebSi, aRmosavleT cimbirSi, sanarkesa 
da kamerkis (uralze) vardisferi topazi. braziliaSi da 
madagaskarze. ukrainaSi _ volinis sabado. 

gamoyeneba. topazis gamWvirvale kargad Seferili kristalebi 
gamoiyeneba, rogorc Zvirfasi qvebi. 

 
disTenis jgufi 

 
am jgufSi gaerTianebulia struqturuli TaviseburebebiT gans-

xvavebuli, magram erTi da igive Sedgenilobis 
2 5

(Al SiO )  sami 

modifikacia, romlebic disTenis (an kianitis), andaluzitis da 
silimanitis saxels atarebs. 

 
disTeni (kianiti)  
berZnulad `di~-ori da `sTenos~-mowinaaRmdege. `kianes~- muqi 

lurji. 

singonia triklinuri. kristalebs 
2 4Al [SiO ]O.  aqvT b RerZis 

gaswvriv wagrZelebuli, svetovani, xSirad firfitisebri, xandaxan 
moxrili forma (sur. 72). 

 
sur. 72. disTenis kristalebi 

feri lurji, cisferi, xandaxan TeTri. elvareba minisebri. 
tkeCvadoba sruli. simagre sxvadasxva mimarTulebiT mixedviT 
sxvadasxvaa, {100}-is waxnagze kristalis wagrZelebis paralelurad 
4,5; gardigardmo mimarTulebiT 6; {010}-is da {110}-is waxnagebze 7. 
msxvrevadia. simkvrive 3,6. 

diagnostika. advilad gamoicnoba feriT, wagrZelebuli 
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kristalebiT, elvarebiT, gansxvavebuli simagriT sigrZeSi da 
siganeSi da maTi gavrcelebiT metamorful qanebSi. 

warmoSoba. metamorfuli – warmoadgens gneisebis tipiur qan-
maSen minerals. disTenis Tanamgzavrebia qarsebi, granati, korundi, 
andaluziti da a.S. 

sabadoebi. kolis naxevarkunZulze keivis raionSi, baikalis 
mTian raionebSi da uralze. 

gamoyeneba. disTenis Semcveli qanebi gamoiyeneba, rogorc cecx-
lgamZle, mJava da tute medegi masala. disTeni andaluzitTan da 
silimanitTan erTad warmoadgens aluminiumis nedleuls. 

 

andaluziti 
2 4Al [SiO ]O.  singonia rombuli. kristalebs aqvT 

prizmuli (sur. 73), svetovani ieri, romelTa kveTa kvadratulTanaa 
axlos. gvxvdeba agreTve sxivosnur-Cxirisebri. 

 
sur. 73. andaluzitis struqtura da kristalis forma 

feri vardisferi, nacrisferi, yviTeli, muqi mwvane, iSviaTad 
ufero. elvareba minisebri. simagre 7,5. simkvrive 3,2. tkeCvadoba {110}-
is mimarT kargi. monatexi araswori. 

saxesxvaobebi. andaluziti, romelSic kanonzomieri simetriuli 
SemcvelobiTaa TixanaxSirovani nivTiereba, atarebs qiastolitis 
saxelwodebas. kveTSi mas Savi jvris forma aqvs. 

diagnostika. prizmuli kristalebis kvadratuli kveTi, feri, 
didi simagre da Tixafiqlebsa da rqaulebSi gavrceleba. 

warmoSoba. metamorfuli – damaxasiaTebelia qarsian da 
TixanaxSirian fiqlebisaTvis. andaluzitTan erTad gvxvdeba qarsebi, 
granatebi, xandaxan korundi. gvxvdeba agreTve kontaqtur-
pnevmatoliTuri warmoSobis. 

sabadoebi. andaluzitiani fiqlebi cnobilia yazaxeTSi, 
aRmosavleT saianSi. andaluziti korundTan – semizbugus sabadoze. 
saqarTveloSi gvxvdeba kavkasionis kristalur fiqlebSi. 

gamoyeneba. gamoiyeneba faifuris warmoebaSi. 
 

silimaniti 
5

Al[AlSiO ]. singonia rombuli (sur. 74). kristalebs - 

- 
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aqvT nemsisebri an boWkovani forma. gvxvdeba sxivosnuri masebisa da 
boWkovani agregatebis saxiT. 

 
sur. 74. silimanitis struqtura 

feri nacrisferi, momwvano an mura SeferilobiT. elvareba 
minisebri. tkeCvadoba sruli. simagre 6,5-7. simkvrive 3,2-3,5. 

diagnostika. nemsiseburi, Txeli, Ria feris kristalebi, 
romlebic gvxvdebian metamorful qanebSi. 

warmoSoba. metamorfuli – damaxasiaTebelia maRaltempera-
turiani metamorfuli qanebisaTvis, romlebic mdidaria TixamiwiT 
(gneisebi, kristaluri fiqlebi). gvxvdeba kordieritTan, biotitTan, 
kvarcTan paragenezisSi. 

sabadoebi. silimanitiani gneisebi gvxvdeba aRmosavleT 
cimbirSi. isini monawileoben aRmosavleT – evropis baqnis fun-
damentis agebulebaSi. silimanitis didi sabadoebi cnobilia 
indoeTSi. 

gamoyeneba. silimanitiT mdidari qanebi warmoadgens keramikul 
nedleuls. 

 
stavroliTi 

 

stavroliTi 
4 4 2 2 2FeAl [SiO ] O (OH) . saxeli mieniWa jvrisebri 

mrCoblis mixedviT, berZnulad `stavros~ – jvari. 
singonia rombuli. kristalebs mokle da sqeli prizmebis saxe 

aqvT. axasiaTebs friad Taviseburi jvarismagvari mrCoblebi (sur. 75). 
iSviaTad gvxvdeba araswori marcvlebis saxiT. 

 
 
 
 

 
 

g 
b 

g 

a 
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sur. 75. stavroliTis kristalebi da maTi mrCoblebi 

feri mowiTalo-mura, mura-Savamde. iSviaTad gamWvirvale. xazis 
feri TeTri. elvareba minisebri. simagre 7-7,5. tkeCvadoba {010}-is 
mimarT. simkvrive 3,6-3,7. 

diagnostika. advilad gamoicnoba feris da kristalTa 
damaxasiaTebeli formis mixedviT. 

warmoSoba. regionaluri da kontaqtur-metamorfuli. gvxvdeba 
qviSrobebSi. 

 
sfeni 

 

sfeni 
4CaTi[SiO ]O.  sinonimi titaniti. saxelwodeba 

momdinareobs solisebri formis mixedviT. 
singonia monoklinuri. damaxasiaTebelia prizmis, solis da 

firfitisebri formebi (sur. 76). 
 

 
sur. 76. sfenis struqtura da kristalebis formebi 

feri yviTeli, mura, mwvane, nacrisferi, vardisferi an wiTeli. 
elvareba almasis, cximovani. simagre 5,6. tkeCvadoba {110}-is mimarT 
sruli. simkvrive 3,3-3,6. 

diagnostika. solisebri kristaluri formebi, feri. 
warmoSoba. magmuri, gvxvdeba rogorc aqcesoruli minerali. 

warmoiqmneba, agreTve, pegmatituri da metamorfuli procesebis dros. 
gamoyeneba. titanis Jangis misaRebad. 
 

silikatebi gaormagebuli tetraedrebiT 
6-

2 7[Si O ]  

da `Sereuli~ tipis struqturebiT 
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4- 6

4 2 7
[SiO ] [Si O ]


  

 

epidoti 
2 3 4 2 7Ca (Al,Fe)  [SiO ] [Si O ] O(OH).  singonia monoklinuri. 

wagrZelebuli _ prizmuli, zogjer aqvs Cxirisebri, gaorebuli 
kristalebi. damaxasiaTebelia uxeSi daStrixva kristalis 
wagrZelebis mimarT (sur. 77). 

 
sur. 77. epidotis kristali da formebi 

feri moyviTalo mwvane. elvareba minisebri. tkeCvadoba sruli. 
simagre 6,5. simkvrive 3,5. 

diagnostika. feriT, elvarebiT, sruli tkeCvadobiT {001}, 
wagrZelebuli, [010] daStrixuli kristalebiT. 

warmoSoba. skarnuli – gvxvdeba granatTan, kvarcTan, 
diopsidTan. epidoti gvxvdeba ZiriTadad efuziur qanebsa da meta-
morful qanebSi qloritTan da amfibolebTan erTad. kargad 
dakristalebuli kristalebi gvxvdeba alpuri tipis ZarRvebSi. 

 

coiziti 
2 3 4 2 7Ca Al [SiO ] [Si O ]O(OH). epidotisgan ganirCeva 

rkinis mcire an saerTod ararsebobiT. 
singonia rombuli. kristalTa ieri prizmuli (sur.78). Cveuleb-

riv waxnagebi Zlier daStrixulia. agregatebi Cveulebriv Cxirisebri 
an marcvlovani. 

 

+ 
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sur. 78. coizitis kristalis forma 

feri nacrisferi, momwvano. elvareba minisebri. simagre 6. tkeC-
vadoba sruli, simkvrive 3.5. coiziti sabolood ganirCeva mxolod 
mikroskopiT. 

saxesxvaobebi. sosuriti – wvrilmarcvlovani coiziti albit-
Tan an sericitTan, plagioklazebis daSlis produqti, gamoicnoba 
mikroskopiT. 

diagnostika. mxolod mikroskopis daxmarebiT. 
warmoSoba. metamorfuli – magmuri qanebis hidroTermuli 

Secvlis Sedegad, romlebic Seicaven ZiriTadad plagioklazebs. 
coiziti gavrcelebuli mineralia metamorful fiqlebSi, amfibo-
litebSi da amofrqveul qanebSi. 

 
rgolisebri silikatebi 

 
silikatebis kristaluri struqturebis es tipi kristalur 

meserSi 
4SiO -is tetraedrebis rgolisebr Sekrul izolirebul 

jgufebs Seicaven da xasiaTdebian kompleqsuri radikalebiT 
6- 8- 12-

3 9 4 12 6 18[Si O ] ,  [Si O ] ,  [Si O ]  da sxva. 

 

bivrili (berili) 
3 2 6 18Be Al [Si O ] (Be 5,1%). singonia heqsagonuri. 

svetiseburi, xSirad warmoqmnis heqsagonuri prizmisa da pinakoidis 
kombinacias. xandaxan kristalis prizmebi garTulebulia 
dipiramidebiT. axasiaTebs didi zomis kristalebi, romelTa masac 
ramdenime aTeul kilograms aRwevs. Cveulebriv gvxvdeba Cawinwkluli 
calkeuli kristalebis saxiT, romlebic zogjer druzebad 
erTdebian. iSviaTad gvxvdeba Cxirisebri masebis saxiT (sur. 79). 

 
sur. 79. bivrilis kristalis formebi da struqtura 

feri mwvane, moyviTalo-mwvane, cisferi, TeTri, vardisferi. 
elvareba minisebri. monatexi araswori. simagre 7,5-8. simkvrive 2,7. 

saxesxvaobebi. gamWvirvale mwvane feris bivrili atarebs 
zurmuxtis saxelwodebas; misi mwvane Seferiloba gamowveulia qromis 
SemcvelobiT. gamWvirvale cisferi bivrili (sur. 80) – akvamarini 
(laTinurad `akva~-wyali, `mare~-zRva); vardisferi – vorobieviti; 

gamWvirvale yviTeli – heliodori (sur. 61). 
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sur. 80. akvamarinis kristalebi 

diagnostika. damaxasiaTebelia heqsagonuri prizmuli 
kristalebi, Ria mwvane feri, didi simagre, pegmatitebSi arseboba. 

warmoSoba. pegmatituri – mindvris SpatTan, kvarcTan, 
muskovitTan, turmalinTan da sxva pegmatitur ZarRvis mineralebTan. 
aseve damaxasiaTebelia pnevmatoliTuri warmoSoba greizenebsa da 
maRaltemperaturul ZarRvebSi. aq bivrili paragenezisSia topazTan, 
volframitTan, kasiteritTan, molibdenitTan. 

sabadoebi. zurmuxti – uralze, akvamarini – imierbaikaleTSi. 
aSS pegmatitebSi (menis, niu-hempSiris StatSi), CrdiloeT afrikaSi da 
madagaskarze. zurmuxtis sabadoebi aris kolumbiaSi (kopi muso) – 
bituminizebul kirqvebsa da fiqlebSi, braziliaSi (santa-terazina, 
goasis Stati); akvamarini – braziliis pegmatitebSi (minas-Jerasi). 

gamoyeneba. bivrili gamoiyeneba erT-erTi msubuqi metalis 
beriliumis misaRebad, romelic gamoiyeneba magniumTan da 
aluminiumTan erTad mCate Senadnobebis misaRebad. 

zurmuxti – pirveli klasis Zvirfasi qva. akvamarini – aseve 
Zvirfasi qva. 

 

kordieriti 
2 3 5 18

(Mg, Fe)  Al [AlSi O ]. singonia rombuli. iZleva 

prizmul, fsevdoheqsagonur kristalebs, xSirad gvxvdeba mkvrivi 
masebis an Cawinwkluli usworo marcvlebis saxiT (sur. 81). 

   

- 
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sur. 81. kordieritis struqtura da kristalis formebi 

feri lurji sxvadasxva Seferilobis, iSviaTad iasamnisferi, 
ufero. elvareba minisebri. Zalian hgavs kvarcs. tkeCvadoba arasruli. 
simagre 7-7,5. simkvrive 2,6. 

warmoSoba. tipiuri metamorfuli mineralia – gneisebis, 
kristaluri fiqlebis da rqaulebis SemadgenlobaSi. gvxvdeba 
plagioklazebTan, rqatyuarasTan, silimanitTan, andaluzitTan, 
biotitTan. xandaxan magmuri warmoSobisaa, gvxvdeba efuziur qanebSi 
(traqitebi, andezitebi). 

 kordieritiT mdidari metamorfuli qanebi cnobilia uralze, 
aRmosavleT saianSi, imierbaikaleTSi. 

 
turmalini – rTuli borsilikati. warmoadgens krebiT saxeobas. 

Serli 
3 6 6 18 3 3 4 ;(Na, Ca)Fe (Al, Fe) [Si O ].[BO ] .(OH, F)  

draviti 
3 6 6 18 3 3 4 ;NaMg (Al, Fe) [Si O ].[BO ] .(OH, F)  

elbaiti 
3 6 6 18 3 3 4Na(Li, Al) Al [Si O ].[BO ] .(OH, F) ;  

singonia trigonuli. wagrZelebuli 
3L  RerZis gaswvriv sve-

tovani. gvxvdeba trigonuli da ditrigonuli prizmebisa da pira-
midebis saxiT, iSviaTad ganviTarebulia monoedri. damaxasiaTebelia 
vertikaluri daStrixva. kristalebis zoma aRwevs 30-40sm. Tumca 
saerTod patara kristalebi gvxvdeba. araiSviaTad gvxvdeba 
Cxirisebri, radialur-sxivosnuri, nemsiseburi da boWkovani 
agregatebi (sur. 82). 

  
sur. 82. turmalinis struqtura da kristalis formebi 

feri Savi, muqi, vardisferi, mwvane, TeTri, xSirad zonaluri 
(sur.83) elvareba minisebri. tkeCvadoba ar aqvs. simagre 7,5-8. simkvrive 
2,9-3,2. aqvs piroeleqtruli da piezoeleqtruli Tvisebebi. 

+ 
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sur. 83. zonaluri turmalini 

saxesxvaobebi. Serli – Savi turmalini. draviti – mura feris, 
magniumiani. indigoliti – muqi lurji, liTiumiani, rkiniani. 
rubeliti – vardisferi, liTiumiani, magniumiani. elbaiti – ufero, 
TeTri. gvxvdeba mwvane da poliqromuli turmalinebi. erTi bolo 
mwvanea, kristalis Sua nawili TeTri, meore bolo vardisferi. 

diagnostika. kristalebis wagrZelebuli formiT da daSt-
rixviT, damaxasiaTebeli kveTiT, romelsac sferuli samkuTxedis 
forma aqvs, didi simagriT, paragenezisiT, niJarisebri monatexiT. 

warmoSoba pegmatituri. gvxvdeba mindvris SpatTan, kvarcTan, 
muskovitTan, biotitTan. albitTan, lepidolitTan, bivrilTan, 
spodumenTan, kolumbitTan. gavrcelebulni arian greizenebSi 
topazTan da kasiteritTan erTad, zog metamorful kontaqtur 
qanebSi. feradi turmalini damaxasiaTebelia pegmatitebisaTvis. 

sabadoebi. Sua aziaSi, uralze, kareliaSi, yazaxeTSi, imier-
baikaleTSi – feradi turmalinebi. 

gamoyeneba. radioteqnikaSi; rubeliti – Zvirfasi qva; boris 

madani 
2 3(B O  8-12%).  

 

silikatebis 
4SiO -is tetraedrebis uwyveti Zewkvebis qveklasi 

 
am qveklasis mTavari warmomadgenlebia piroqsenebis da 

amfibolebis jgufebi, romlebSic kaTionebi warmodgenilia 

umTavresad Semdegi elementebiT: 
2+ 2+ 2+

Mg , Fe , Ca , Na ,


zogjer Li

 da 

agreTve 
3+ 3+

Al ,  Fe .  piroqsenebi da amfibolebi msgavsebasTan erTad 

zogierTi TaviseburebiT arsebiTad gansxvavdebian erTmaneTisagan. 
maTgan unda aRvniSnoT. a) piroqsenebSi siliciumJangbadovani 

tetraedrebi warmodgenilia martivi erTmagi ZewkviT 
2 6[Si O ],  xolo 

amfibolebis struqturebSi ormagi ZewkvebiT 
4 11[Si O ]. b) piroqsenebis 

da amfibolebis Zewkvis wagrZelebis paralelurad ganviTarebuli 

prizmuli tkeCvadobis mimarTulebebs Soris kuTxe piroqsenebSi 93-ia, 

xolo amfibolebSi 56. g) C kristalografiuli RerZis marTobi 
mimarTulebiT kveTi piroqsenebSi fsevdotetragonuli, xolo amfibo-
lebSi fsevdoheqsagonuria (sur. 84). 
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sur. 84. piroqsenis (a) da amfibolis (b) siliciumJangbadovani 

tetraedrebi da tkeCvadobis mimarTulebebi 

 

erTmagi anionuri Zewkviseburi silikatebi 

piroqsenebis jgufi 
 
am jgufSi Semavali piroqsenebi qimiurad warmoadgenen 

Ca, Mg, Fe,  xandaxan Al  da tuteebis (Na, Li)  _ silikatebs (sur. 85). 

 
sur. 85. piroqsenis gamosaxuleba mikroskopSi (C -RerZis marTobuli, 

paraleluri da 010 sibrtyis paraleluri) 

kristalebs aqvT mokleprizmuli forma. piroqsenebi 
kristaldebian rombul da monoklinur singoniebSi. 

monoklinuri piroqsenebi (klinopiroqsenebi) 

diopsidi 
2 6CaMg[Si O ];  

hedenbergiti 
2 6CaFe[Si O ]; 

avgiti 
2 6Ca(Mg, Fe, Al)[(Si, Al) O ]; 

Jadeiti 
2 6NaAl[Si O ];  

egirini 
2 6NaFe[Si O ] ; 

spodumeni 
2 6LiAl[Si O ];  

rombuli piroqsenebi (orTopiroqsenebi) 

enstatiti 
2 2 6Mg [Si O ];  



 100 

hipersteni 
2 2 6(Mg,Fe) [Si O ];  

 
rombuli piroqsenebi (orTopiroqsenebi) 

 
rombuli piroqsenebi warmoqmnian uwyvet izomorful rigs 

enstatitidan hiperstenamde. Sualeduri Sedgenilobis minerals 
axasiaTebs brinjaosebri elvareba, ris gamoc uwodeben bronzits. 

enstatiti 
2 2 6Mg [Si O ].  

kristalebs aqvT prizmuli, iSviaTad firfitovani ieri, xSirad 
gvxvdeba usworo formis marcvlebis saxiT (sur. 86). 

 
sur. 86. enstatitis struqturuli sqema da kristalis forma 

feri Ria nacrisferi, momwvano an moyviTalo-nacrisferi. 

Seicavs cota FeO -s. elvareba minisebri. tkeCvadoba saSualo. simagre 
5,5. simkvrive 3,1-3,3. 

diagnostika. mikroskopis saSualebiT. 
warmoSoba. magmuri qanebis tipiuri minerali, kerZod gvxvdeba 

fuZe da ultrafuZe qanebis SemadgenlobaSi, efuziur qanebSi. 

hipersteni 
2 2 6(Fe, Mg) [Si O ].  muqi yavisferi, muq-Savamde, 

moyavisfro mwvane. Seicavs 15%-ze met FeO -s. 
rogorc Cans rkinis Semcvelobis matebiT feric ufro muqdeba 

enstatitidan hiperstenisaken. aseve icvleba simkvrive (3,1-3,2 enst. 3,4-
3,5 hiperst.) da sxva Tvisebebi. simagre 5,5-6. elvareba minisebri, 
naxevrad metalisebri. 

warmoSoba. magmuri. Tanamgzavrebia olivini, serpentini, 
magnetiti, fuZe plagioklazebi. hidroTermuli xsnarebis zemoq-
medebisas advilad icvleba da gadadis serpentinSi (bastiti) da 
talkSi. gvxvdebian kristalur fiqlebSi, gneisebSi, aseve 
meteoritebSi. 

 
monoklinuri piroqsenebi (klinopiroqsenebi) 
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aq SeiZleba gamovyoT: 1) piroqsenebi, romlebic ar Seicaven Al -
s (izomorfuli rigi diopsidi-hedenbergiti); 2) piroqsenebi, romlebic 

Seicaven Al -s (avgiti); 3) tute piroqsenebi (egirini, spodumeni). 

diopsidi 
2 6CaMg[Si O ].  

diopsidi tipiuri ormagi naerTia da izomorfuli rigis 

2 6 2 6CaMg[Si O ] CaFe[Si O ]  (diopsid-hedenbergiti) ganapira wevrs 

warmoadgens. SedgenilobiT Sualeduri mineraluri saxe salitis 
saxelwodebas atarebs. 

diopsidis feri nacrisferi, mwvane, xandaxan ufero. 
singonia monoklinuri. elvareba minisebri. tkeCvadoba saSualo 

{110}-is mimarT 87 da 93 kuTxiT. simagre 5,5-6; simkvrive 3,27-3,55. 
kristalebs aqvT mokle prizmuli ieri. zogjer didi zomisaa 40sm. 
diopsidisaTvis damaxasiaTebelia druzebi. hedenbergitisaTvis – 
sxivosnuri agregatebi (sur. 87). 

 
sur. 87. diopsidis struqtura da kristalis formebi 

saxesxvaobebi. baikaliti – diopsidis didi kristalebi, 
xandaxan gamWvirvale, mwvane. lavroviti – Ria mwvane diopsidi. 
dovirenis masivsa da CrdiloeT imierbaikaleTSi cnobilia cisferi 

diopsidi – qromdiopsidi, romelic 3%-mde Seicavs 
2 3Cr O -s. gvxvdeba 

iakutiis kimberlitebsa da ultrafuZe qanebSi. manganhedenbergiti – 

7%-mde Seicavs MnO -s. 

saliti 
2 6Ca(Mg, Fe)[Si O ].  feri mwvane sxvadasxva elferis. 

 

hedenbergiti 
2 6CaFe[Si O ].  feri muqi mwvane Savamde. 

 
diagnostika. mokleprizmuli formiT, tkeCvadobis mimarTu-

lebebs Soris 87 da 93 kuTxiT da mwvane feriT (Savamde _ avgiti). 
warmoSoba. diopsidi, rogorc magmuri minerali, farTodaa 

gavrcelebuli fuZe da ultrafuZe qanebSi (piroqsenitebSi, 

+ 

- 
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peridotitebSi, gabroSi, doleritebSi da sxva). diopsidis 
izomorfuli rigis minerali – hedenbergiti damaxasiaTebelia magmuri 
qanebis kontaqtSi kirqvebTan (skarni). maTi Tanamgzavrebia kalciti, 
granati, vezuviani, tremoliti, skapoliti, flogopiti, 
(diopsidisaTvis), epidoti, volastoniti. diopsidi gvxvdeba 
metamorfuli warmoSobisac. kargad ganviTarebuli kristalebis 
saxiT gvxvdeba qloritian fiqlebSi granatTan, klinoqlorTan da 
sxv. _ erTad 

sabadoebi. skarnuli sabado Sua aziaSi, uralSi, CrdiloeT kav-
kasiaSi, imierbaikaleTSi da a.S. 

 

avgiti 
2+ 3+

2 6(Ca, Na) (Mg, Fe , Fe , Al) [(Si, Al) O ].  zogjer Seicavs 

Mn -s, Ti -s, Cr -s. 
kristalebi mokle prizmuli firfitovani (sur. 88). agregatebi 

marcvlovani. 

 
sur. 88. avgitis kristalebi da mrCobli 

feri Savi, muqi-mwvane. elvareba minisebri. tkeCvadoba saSualo 

{110}-is mimarT 87-iani kuTxiT. simagre 5-6,5. simkvrive 3,2-3,6. 
saxesxvaobebi. dialagi (furclisebri avgiti) – avgitis saxes-

xvaoba, ganirCeva sruli ganwevrebiT {100}. Cveulebrivi avgiti muqi 

mwvane Seferilobis, bazalturi avgiti Savi feris (Seicavs Ti  da 

Mn ). 
warmoSoba. magmuri – damaxasiaTebeli qanwarmomqmneli minerali 

ZiriTad intruziul da efuziur qanebSi. gabrosa da diabazebSi 
gvxvdeba muqi mwvane avgiti. bazaltebSi, andezitebSi, tufebSi, 
vulkanur ferflSi – kargad gamokveTili Savi feris avgitis 
kristalebi. 

cnobilia aseve kirqvebisa da magmuri qanebis kontaqtSi. 
avgitis meoradi Secvlis produqtia uraliti da qloriti. 

egirini 
3+

2 6NaFe [Si O ]. 

grZeli prizmuli, boZisebri kristalebi, xandaxan nemsisebri 
(sur. 89); agregatebi sxivosnuri. 

a b g 

- 

- 



 103 

 
sur. 89. a. egirinis da b. Jadeitis kristalis formebi 

feri momwvano Savi, muqi mwvane. xazis feri Ria mwvane. elvareba 
minisebri. simagre 6-6,5. simkvrive 3,5. 

saxesxvaobebi. akmiti egirinisagan ganirCeva maxvilkuTxa kris-

talebiT. Seicavs Ti -sa da Al -s. 
diagnostika. gamoirCeva mogrZo – prizmuli momwvano Savi feris 

kristalebiT. damaxasiaTebelia tute qanebisaTvis. gavs turmalins da 
hedenbergits, maTgan gansxvavdeba paragenezisiT. 

warmoSoba. gvxvdeba tute magmur qanebSi, aris nefeliniani 
sienitebis da maTTan dakavSirebuli pegmatitebis Semadgeneli nawili. 
Tanamgzavrebi – nefelini, mikroklini, tute amfibolebi da a.S. 

sabadoebi. egirinis didi zomis kristalebi cnobilia uralis 
alubdis mTebSi, aseve xibinis mTebis tute qanebSi. 

 

Jadeiti 
2 6NaAl[Si O ]. 

singonia monoklinuri. kristalebi iSviaTia, ufro xSiria 
mkvrivi marcvlovani agregatebi. 

feri vaSliviT-mwvane, momwvano-cisferi da TeTri feris. tkeC-
vadoba {110} prizmis gaswvriv saSualo. monatexi usworo, xiWvovani. 
simagre 6,5-7. simkvrive 3,3-3,4. 

gvxvdeba tute metamorful qanebSi. ufro iSviaTad kontaqtur-
metasomatur warmonaqmnebSi. 

 

spodumeni 
2 6LiAl[Si O ]. 

singonia monoklinuri. kristalebs aqvT prizmuli, zogjer 
wagrZelebuli firfitisebrieri, gvxvdeba didi kristalebis saxiT. 
gvxvdeba, agreTve, firfitovani, Cxirisebri da mkvrivi farul-
kristaluri agregatebi. 

feri TeTri, nacrisferi, momwvano, iasamnisferi (kunciti). el-
vareba minisebri. tkeCvadoba sruli. simagre 6-7. simkvrive 3,2. gavs 
mindvris Spats, romlisganac ganirCeva ufro farTo kristalebiT, 

- 

- 



 104 

monatexiT da paragenezisiT. 
diagnostika. gamoirCeva sruli tkeCvadobiTa da xorkliani 

monatexiT. 
warmoSoba. pegmatituri, paragenezisi: kvarci, mindvris Spati, 

muskoviti, lepidoliTi, poliqromuli da vardisferi turmalini, 
bivrili, kasiteriti, tantaliti. 

sabadoebi. Sua aziaSi; yazaxeTSi; aRmosavleT cimbirSi; aSS; 
madagaskarze; avRaneTSi. 

gamoyeneba. liTiumis umniSvnelovanesi madani. 
 

piroqsenoidebi 
 

volastoniti (ficruli Spati) 
3 9Ca[Si O ]. 

singonia triklinuri. firfitovani kristalebi sruli tkeC-
vadobiT erTi mimarTulebiT; radialur-sxivosnuri, Cxiri--sebri an 
boWkovani agregatebi (sur. 90); 

 
sur. 90. volastonitis struqtura da kristalis forma 

feri TeTri. elvareba minisebri. simagre 5. simkvrive 2,9. 

diagnostika. feriT, elvarebiT. iSleba HCl -Si da gamoyofs 
siliciums (ar warmoqmnis gels). 

warmoSoba. gvxvdeba mJave magmuri qanebis kontaqtSi kirq-vebTan, 
gamarmariloebul kirqvebSi an magmur qanebSi CarTul gadakris-
talebuli kirqvebis qsenoliTebSi. Zalian hgavs tremolits. 

minerali cnobilia uralsa da Sua aziis skarnul sabadoebSi. 
 
 

rodoniti 
5 5 15Mn [Si O ]. 

singonia triklinuri. kristalebs aqvT firfitovani, izomet-
riuli da iSviaTad prizmuli ieri, xolo agregatebi umTavresad 
mTliani da marcvlovania. 

feri vardisferi, monacrisfro-vardisferi. elvareba minisebri. 
tkeCvadoba {110}-is mimarT sruli. simagre 6. simkvrive 3,6. 

diagnostika. advilad gamoicnoba vardisferi feriT. damaxa-
siaTebelia Savi laqebis arseboba (manganumis hidroJangebi). 

- 

- 
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warmoSoba. 1. kontaqturi; 2. metamorfuli – manganumis danaleqi 
sabadoebis metamorfizmis dros. Tanamgzavrebia – psilomelani, 
granati. 

gamoyeneba. warmoadgens sanaxelavo qvas. gamoiyeneba manganumis 
misaRebad. 

 
ormag anionuri Zewkvebiani silikatebi. 

bafTisebri silikatebi 
 

bafTisebr silikatebs miekuTvneba feradi mineralebis didi 
jgufi _ amfibolebi. maTi Sedgeniloba da struqtura ufro rTulia, 
vidre piroqsenebis. maTgan gansxvavebiT amfibolebs ufro 
wagrZelebuli prizmuli formebi aqvT. tkeCvadoba ufro srulyofili 

{110} prizmis mimarT 124-iani kuTxiT, {010}-is mimarT arasruli. 

amfibolebi Seicaven wyals hidroqsiluri formiT 
-

[OH] , iSviaTad F -

s da Cl -s. amfibolebi struqturulad iyofian monoklinurad da 
rombulad. 

 
rombuli amfibolebi 
 

antofiliti 
7 4 11 2 2(Mg, Fe) [Si O ] (OH) .  

singonia rombuli. kristalebs prizmuli ieri aqvT, magram 
xSirad mTlian masebSi, sxivosnuri, Cxirisebri an boWkovani 
agregatebi aqvT (sur. 91). 

 
sur. 91. antofilitis struqtura 

feri mura an moyviTalo-nacrisferi, mura mwvane. elvareba 
minisebri. tkeCvadoba prizmis waxnagebis swvrivad. simagre 5,5-6. 
simkvrive 2,8-3,2. 

warmoSoba. metamorfuli, gvxvdeba kristalur fiqlebSi. 
monoklinuri amfibolebi 

tremoliti 
2 5 4 11 2 2Ca Mg [Si O ] [OH] . 

aqtinoliTi 
2 5 4 11 2 2Ca (Mg, Fe) [Si O ] [OH] . 

- 
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rqatyuara 
2 4 4 11 2 2Ca (Mg, Fe) (Al, Fe)[(Si, Al) O ] [OH] .  

glaukofani 
2 3 2 4 11 2 2Na (Mg, Fe)  Al  [Si O ] [OH, F] .  

tremoliti 
2 5 4 11 2 2Ca Mg [Si O ] [OH] . 

singonia monoklinuri (sur. 92). axasiaTebs grZelprizmuli, 

nemsisebri, zogjer bewvisebri, C  RerZis gaswvriv wagrZelebuli 
kristalebi; ufro xSirad gvxvdeba wvrilsxivosnuri, Cxirisebri an 
boWkovani agregatebi. ufro iSviaTia mkvrivi farulkristaluri 
xiWvovani monatexis mqone Ria feris masebi, romelsac nefriti 
ewodeba. 

 

 
sur. 92. tremolitis struqtura 

feri TeTri, Ria nacrisferi, Ria mwvane. elvareba minisebri. 
simagre 5,5-6. simkvrive 2,9-3,0. tkeCvadoba prizmis swvrivad sruli. 

diagnostika. damaxasiaTebelia nemsisebri grZeli kristalebi, 
minisebri elvareba, TeTri feri, sifxviere. xandaxan Zalian gavs 
volastonits, aqtinoliTisagan ganirCeva Ria SeferilobiT. 

warmoSoba. magmuri, skarnuli – kirqvebTan kontaqtSi, meta-
morfuli – kristalur fiqlebSi. Tanamgzavrebia: diopsidi, kalciti, 
dolomiti, talki. 

 

aqtinoliTi (sxivisebri qva) 
2 5 4 11 2 2Ca (Mg, Fe) [Si O ] [OH] . berZ-

nulad `aqtis~-sxivi da `liTos~-qva. 
fizikuri, optikuri da sxva Tvisebebi icvleba tremolitidan 

aqtinoliTisaken (rkinis Semcvelobis mixedviT). kristalebi iseTivea, 
rogorc tremolitis. damaxasiaTebelia sxivisebri agregatebi. 

feri mwvane. elvareba minisebri abreSumisebramde. simagre 5,5-6. 
simkvrive 3,3-mde. tkeCvadoba prizmis swvrivad sruli. 

saxesxvaobebi: Txeli rbili agregatebi atareben aqtinoliT-
azbestis saxelwodebas. mWidro farulkristaluri masebi – nefritis 
saxelwodebas. iSviaTad gvxvdeba azbestisa da nefritis 
tremolituri saxesxvaobebi. 

warmoSoba. iseTivea, rogorc termolitis. gavrcelebulia 
gansakuTrebiT talkian da qloritian fiqlebSi. nefriti warmoiqmneba 

+ 
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metasomaturad serpentinebisa da alumosilikatebis kontaqtis 
Sedegad. 

sabadoebi. CineTSi (xotanis maxloblad); aRmosavleT saianSi; 
kitois da birmis mdinaris maxloblad. 

gamoyeneba. nefriti kargad prialdeba da warmoadgens sanaxe-
lavo qvas. 

 

rqatyuara 
4 4 11 2 2(Ca, Na) (Mg, Fe) (Al, Fe)[(Si, Al) O ] [OH] . 

ZiriTadad prizmuli, wagrZelebuli kristalebi aqvs (sur. 93). 
feri Ria mwvane-Savamde, mwvane sxvadasxva Seferilobis. elvareba 
minisebri. simagre 5,5-6. simkvrive 3,0-3,5. tkeCvadoba prizmis swvrivad 
sruli. 

 
sur. 93. rqatyuaris kristalis formebi 

rqatyuara farTod gavrcelebuli mineralia. 
saxesxvaobebi. Cveulebriv rqatyuara muqi mwvanea, gvxvdeba 

intruziul, metamorful da kontaqtur warmonaqmnebSi. bazalturi 
rqatyuara muqi mwvane an Savi – bazaltebSi, tufebSi. tute qanebSi 
gvxvdeba rqatyuara Savi an lurji feris. meoradi rqatyuara, 
romelic yalibdeba piroqsenebis, gansakuTrebiT avgitis Secvlis 
Sedegad, hidroTermuli xsnarebis zegavleniT, atarebs uralitis 
saxelwodebas. am process uralitizacia ewodeba. 

diagnostika. piroqsenebisagan gansxvavdeba kristalebis formiT 
da tkeCvadobiT (sur. 94). 

 

+ 
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sur. 94. rqatyuaris kristalis C  RerZis marTobuli kveTi 

warmoSoba. saSualo da tute intruziul qanebSi (dioritebSi) 
rqatyuaras magmuri warmoSoba aqvs. 

igi qanwarmomqmneli mineralia metamorful qanebSic – kris-
talur fiqlebsa, gneisebsa da amfibolitebSi. iSviaTad gvxvdeba 
kontaqtur warmonaqmnebSi. 

 
 

glaukofani 
2 3 2 4 11 2 2Na (Mg, Fe)  Al  [Si O ] [OH, F] .  

singonia monoklinuri, iSviaTad axasiaTebs prizmuli kris-
talebi, xSirad wagrZelebuli marcvlebi, svetovani, sxivosnuri da 
boWkovani agregatebi. 

feri monacrisfro, lurji, Ria lurji an mocisfro, Savi. 
elvareba minisebri. tkeCvadoba {110}. simagre 6,0-6,5. simkvrive 3,1-3,2. 

warmoSoba. ZiriTadad metamorfuli. gavrcelebulia –Tixa-
fiqlebSi da fiqlebSi.  paragenezisi: albiti, qloriti, epidoti, 
kvarci, qarsebi. 

 

silikatebi kristalur struqturebSi 
4SiO -is tetraedrebis  

uwyveti SreebiT an organzomilebiani 
 
aq ganvixilavT furclovani (Sreebrivi) struqturis mqone 

silikatebs, romlebic xasiaTdebian heqsagonuri an fsevdoheqsagonuri 
aRnagobis Sreebrivi kristaluri mesriT. maTTvis damaxasiaTebelia 

hidroqsili OH,  araiSviaTad F -Tan erTad. kaTionebi warmodgenilia 

Mg -iT, Al -iT, Fe -iT, zogjer Li, Cr, Mn, xolo kompleqsionebi 
4SiO -

is 
4AlO -is tetraedrebiT. izomorful Canacvlebis SemTxvevaSi 

Sedian didi radiusis mqone kaTionebi Na, K  da Ca . 

siliciumJangbadovani tetraedrebis kompleqsanionis formulaa 

2 5[Si O ]  da amasTan zogierT mineralSi 
2 5[(SiAl) O ] . 

am jgufis mineralebisaTvis gansakuTrebul interess iwvevs 
izomorfuli Canacvlebebis sakiTxebi. 

talk-pirofilitis jgufi. 
es jgufi warmodgenilia fizikuri TvisebebiT friad identuri 

ori mineraliT, romlebic izomorfuli rigis ganapira wevrebs 

warmoadgenen. izomorfuli Canacvleba 
2+

Mg -is 
2+

Fe -iT da 
3+

Al -is 

3+
Fe -iT. am mineralebis fizikuri Tvisebebis msgavseba imdenad didia, 
rom xSirad garegani TvisebebiT maTi garCeva SeuZlebelia. 

 

talki 
3 4 10 2Mg [Si O ](OH) .  

sinonimebi: steatiti, Jiroviki, talkis qva. 

- 

+ 
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singonia monoklinuri. qmnis fenebriv masebs. furclebi elas-
tiuria, magram ar aris gamZle. feri mwvane, Ria mwvane, TeTri da 
monacrisfro-mwvane. elvareba sadafisebri. tkeCvadoba {001}. simagre 1. 
simkvrive 2,8. 

diagnostika. aqvs qarsisebri saxe, sruli tkeCvadoba, mwvane 
feri. talki advilad gamoicnoba dabali simagriT da xelis 
mokidebisas cximovani zedapiriT. 

warmoSoba. magniumiT mdidari ultrafuZe qanebis hidro-
Termuli Secvlis Sedegad, warmoadgens olivinisa da rombuli 
piroqsenis daSlis produqts. 

sabadoebi. uralze (Sabrovis da a.S.), aRmosavleT saianSi 
(onotis), CineTSi, kanadaSi, avstriaSi, samxreT afrikaSi. saqarTve-
loSi CorCanas sabado. 

gamoyeneba. wmindad dafquli saxiT talki gamoiyeneba qaRaldis, 
rezinis da tyavis warmoebaSi. maRalxarisxovan talks iyeneben 
parfiumeriaSi (pudris, sacxebis da pastis dasamzadeblad). talkis 
qva gamoiyeneba cecxlgamZle masalis dasamzadeblad. 

gamoiyeneba cecxlmridi da sinaTlisadmi gamZle saRebavebis 
dasamzadeblad, cximis laqebis gamosayvanad. 

 

pirofiliti 
2 4 10 2Al [Si O ](OH) . 

singonia monoklinuri (sur. 95). Cveulebriv gavrcelebulia 
firfitovan-sxivosnuri, agregatebis an farulqerclisebri mkvrivi 
masebis saxiT. feri TeTri, moyviTalo elferiT an Ria mwvane. zogjer 
naxevrad gamWvirvalea. elvareba minis, gadahkravs sadafisebri, 
zedapiri cximovani. tkeCvadoba sruli {001}-is swvrivad. simagre 1. 
simkvrive 2,7-2,9. 

 
sur. 95. pirofilitis struqtura 

diagnostika. dabali simagre, Ria Seferiloba, zedapiri SexebiT 

- 
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cximovani. 
warmoSoba. gvxvdeba zogierT hidroTermul ZarRvul saba-

doebSi, rogorc dabaltemperaturuli minerali kvarcTan, kar-
bonatebTan, hematitTan da sxva. gavrcelebulia agreTve TixamiwiT 
mdidar zogierT metamorful qanSi. Tanmdevi mineralebi: kvarci, 
kasiteriti. 

gamoyeneba. qaRaldis, keramikul, samSeneblo (cecxlgamZle), 
eleqtroteqnikur, rezinis da mrewvelobis sxva dargebSi. 

serpentini 
6 4 10 8Mg [Si O ](OH) .  

zogjer serpentinis agregatebs laqiani suraTis gamo `zmeeviks~ 
uwodeben, rac momdinareobs ferisagan, romelic gvelis tyavs gavs. 

singonia monoklinuri. qmnis farulkristalur moyviTalo 
mwvane an muqi mwvane feris masebs. Seferiloba xandaxan laqebrivia. 
elvareba minis, cximovani. tkeCvadoba aqvs mxolod furclovan 
saxesxvaobas antigorits. simagre 2,5-4. simkvrive 2,5-2,7. 

saxesxvaobebi. gamWvirvale moyviTalo mwvane serpentini, 
cvilisebri elvarebiT atarebs ofitis saxelwodebas. bastiti – 
enstatitis mimarT serpentinis fsevdomorfozaa. antigoriti – 
furclovani serpentini. revdinskiti da garnieriti – serpentinis 
farulkristaluri naerTi sxva Sreebriv silikatebTan, isini Seicaven 

11%-mde 
2 3Al O -s. 

warmoSoba. warmoiqmnebian ultrafuZe, gansakuTrebiT olivinis 
Semcveli qanebis (dunitebis, perioditebisa da sxva) hidroTermuli 
xsnarebiT Secvlis procesSi. serpentiniT Canacvlebas ufro advilad 
ganicdis olivini da enstatiti, Semdeg diopsidi, rqatyuara da sxva. 
am process ewodeba serpentinizacia: 

2 4 2 2(Mg, Fe) [SiO ] H O CO   

olivini 

6 4 10 8 3 4 3Mg [Si O ] (OH) Fe O (Mg, Fe) [CO] .    

serpentini 
serpentinis Tanamgzavrebia azbesti, magneziti, qromiti, mag-

netiti, talki da a.S. 
sabadoebi. serpentinuli qanebi – serpentinitebi – Sua da sam-

xreT uralze, Crd. kavkasiaSi, yazaxeTSi da aRmosavleT cimbirSi. 

qrizotil-azbesti 
6 4 10 8Mg [Si O ] (OH) . 

qrizotil-azbesti arsebiTad serpentinis wvril boWkovan saxes-
xvaobas warmoadgens. `qrizo~-oqros, `tilos~-boWkos niSnavs. igi gvx-
vdeba serpentinitebSi. 

feri Ria mwvane, xandaxan oqrosferi. elvareba abreSumisebri. 
simagre 2-3. simkvrive 2,2. boWkoebis sigrZe milimetridan 10-16sm-mdea. 
boWkoebi rbili, elastiuria. 

diagnostika. advilad gamoicnoba paralelurboWkovani agre-
gatebiT, oqrosferi feriT, abreSumisebri elvarebiT. 

warmoSoba. serpentinis analogiuri. 

- 
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sabadoebi. sverdlovskis Crdilo-aRmosavleTiT; labinski Cr-
dilo kavkasiaSi; saianSi; kanadaSi; samxreT afrikis sabadoebi. 

gamoyeneba. cecxlgamZle masalis, siTboizolaciis, avtomobi-
lis samuxruWe xundebis dasamzadeblad. qaRaldis da rezinis 
warmoebaSi. 

 
Tixa _ mineralebis jgufi 

 

kaoliniti 
4 4 10 8Al [Si O ] (OH) . 

Cinurad `kaJ-ling~ _ maRali mTa-adgili sadac pirvelad 
aRweres.  

singonia monoklinuri (sur. 96). kristalebi iSviaTia da masTan 
wvrildispersuli da mcirezomis agregatebi – fxvieri, qerclovani 
da wmindamarcvlovania. 

 
sur. 96. Tixa mineralebis struqtura 

feri ufero, TeTri, magram minarevebis gamo moyviTalo, 
mowiTalo, mura. simagre 1. simkvrive 2,6. elvareba mqrqali da sada-
fisebri. xelis SexebiT cximovani. higroskopulia, mSral 
mdgomareobaSi enaze ewebeba. aqvs Tixis suni. sveli warmoqmnis 
plastikur masas. tkeCvadoba (001)-is swvrivad. 

warmoSoba. mindvris Spatebis, qarsebis da alumosilikatebis 
daSlis Sedegad. Tanmdevi mineralebi: kvarci, qarsi. 

sabadoebi. ukrainaSi _ Casov-iarskoe; uralis aRmosavleTiT; 
cnobilia leningradis maxloblad; saqarTveloSi (gumbrini); 
aRmosavleT cimbirSi. 

gamoyeneba. samSeneblo saqmeSi, keramikaSi, qaRaldis misaRebad, 
linoliumis, saRebavis, WaburRilebis burRvis saqmeSi. 

SemadgenlobiT kaolinitTan axlosaa: 

halauaziti 
4 4 10 8 2Al [Si O ] (OH) . 4H O ; 

montmoriloniti 
2 3 4 10 2 2(Al Mg ).[Si O ] (OH ).nH O;  

+ 

+ 
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nontroniti 
2 4 10 2 2(Fe, Al )[Si O ] (OH) .nH O. 

saxeli mieca adgil montmorilone-dan (safrangeTi). 
singonia monoklinuri. Tixiseburi masebi, wyalSi ijirjveba. 

feri monacrisfro TeTri, moyavisfro, moyviTalo; gaumWvirvale. 
xazis feri Calisebr-yviTeli an momwvano yviTeli. elvareba mqrqali, 
SexebiT cximovania. simagre 1-2. simkvrive 1.7-2.7. tkeCvadoba frian 
kargi (001)-is swvrivad. 

warmoSoba vulkanur tufebSi, gamofitvis zonaSi. 
montmoriloniti da misi analogi mineralebi Seadgenen ben-

tonitur Tixebs, romelTac didi adsorbciis unari aqvT da navTobis 
produqtebis gasawmendad iyeneben. saqarTveloSi aseTi Tixebis 
sabadoebia sof. gumbrSi (quTaisis maxloblad) da maxaraZis raionSi 
sof. askanaSi. 

 
qarsebis jgufi 

 
qarsebis jgufis mineralebis qimiuri Sedgeniloba mniSv-

nelovnad cvalebadobs. maT farTo izomorfizmi axasiaTebT. es mine-
ralebi alumosilikatebs warmoadgenen. maTi kompleqsanionia 

3 10[AlSi O ] . miuxedavad qimiur SedgenilobaSi didi gansxvavebisa 

qarsebis fizikuri Tvisebebi bevr rameSi msgavsia, radganac maTi 
kristaluri struqturebi erT tips ekuTvnian. 

qarsebs miekuTvneba mniSvnelovani qanmaSeni mineralebis didi 
jgufi. maT aqvT Txelfurclovani, firfitovani agebuleba da 
idealuri tkeCvadoba {001}-s swvrivad. 

singonia monoklinuri (sur. 97). kristalebis zomebi sxvadasxvaa: 
mikroskopulidan ramdenime kvadratuli metris firfitebamde. 

 
sur. 97. qarsebis struqtura da kristalis formebi 

qarsebis furclebi gamZlea. zogi maTgani RamiT anaTebs. Tu 
SexedavT naTel sxeuls qarsis Txeli firfitidan, SeiZleba davi-
naxoT eqvsi an Tormetsxiviani varskvlavi. simagre 2. simkvrive 3,2-mde. 
urkino qarsebi xasiaTdebian dieleqtruli TvisebebiT da 
cecxlgamZleobiT. qarsebze modis miwis qerqis yvela mineralis 3,7%. 
maTi mTavari masa gvxvdeba metamorful (kristalur fiqlebSi) da 
intruziul qanebis SemadgenlobaSi. 
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didi furclebis saxiT qarsebi gvxvdebian pegmatitebSi, ara 
iSviaTad volframis, molibdenis da sxva mineralebis maRal da 
saSualotemperaturul hidroTermalur sabadoebSi. 

 

muskoviti 
2 3 10 2KAl [AlSi O ] (OH, F) . 

singonia monoklinuri. damaxasiaTebelia fsevdoheqsagonuri an 
rombuli kveTis firfitebi an qerclebi. zogjer gvxvdeba svetovan-
piramiduli habitusis individebi. muskoviti zogjer gvxvdeba 
furclovani-marcvlebis an qerclovani masebis saxiT.  

feri ufero an moyviTalo, Ria yavisferi, an momwvano, an 
mowiTalo Seferilobis. elvareba minis, tkeCvadobis sibrtyeze sada-
fisebri. simagre 2-3. furclebi elastiuri da drekadia.  tkeCvadoba 
sruli-idealuri {001}-is swvrivad. simkvrive 2,7-3,1. karg Tbo da 
eleqtroizolators warmoadgens. 

saxesxvaobebi. sericiti – wvrilqerclovani an farulkrista-
luri Ria feris muskoviti, romelic warmoadgens alumosilikatebis 
daSlis produqts. fuqsiti – muskovitis qromis Semcveli saxesxvaoba 
Ria mwvane feris. 

diagnostika. tkeCvadobiT da feriT. 
warmoSoba. magmuri – granitoidul qanebSi; metamorfuli – 

kristalur fiqlebSi. SedarebiT xSirad muskoviti gvxvdeba gra-
nituli pegmatitebis ZarRvebSi samrewvelo mniSvnelobis mqone didi 
kristalebis saxiT. 

hidroTermul madneul sabadoebSi farTodaa gavrcelebuli 
sericiticizaciis procesi. gamofitvis procesis dros muskoviti 
qimiurad SedarebiT mdgradia da xSirad qviSrobebSi gadadis. 

sabadoebi. irkutskis CrdiloeT nawilSi md. mamis da Cuis 
auzSi; kareliaSi; aRmosavleT cimbirSi; indoeTSi da braziliaSi. 
Zirulis granitul pegmatitebSi. 

gamoyeneba. mrewvelobaSi qarss iyeneben furclovani qarsis, 
qarsis fxvnilis da qarsis sxvadasxva fabrikatebis saxiT, maTi 
maRali eleqtroizolaciuri Tvisebebis gamo. muskovitis 90% midis 
eleqtrowarmoebaSi, radioteqnikasa da danadgarmSeneblobaSi, sadac 
gamoiyeneba dieleqtrikuli Tvisebis gamo. didi firfitebi Caidgmeba 
metalurgiuli da qimiuri qurebis fanjrebSi. ufro Zvirfasi 
furcliani qarsi umTavresad gamoiyeneba eleqtromrewvelobaSi. 
qarsis fxvnili gamoiyeneba cecxlgamZle, saSeni masalis, saweri 
qaRaldis, cecxlgamZle saRebavebis, avtomanqanis rezinis salteebis, 
sacxebi masalebis dasamzadeblad da sxva. 

 

flogopiti 
3 3 10 2KMg [AlSi O ](OH, F) .  

singonia monoklinuri. kristalebs aqvT firfitovani, moklep-
rizmuli, xSiria mrCoblebi, agregatebi furclovan-firfitovani, 
qerclisebri. feri Ria moyviTalo, mura an mowiTalo mura. elvareba 
minisebri, sadafisebri. tkeCvadoba sruli. simagre 2-3. simkvrive 2,7-
2,85. xSirad gamWvirvalea. 

+ 

- 
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diagnostika. tkeCvadobiT, yavisferi feriT da paragenezisiT. 
warmoSoba. kontaqtur-metasomaturi (skarnuli), gvxvdeba pegma-

titur ZarRvebSi. 
sabadoebi. baikalze; iakutiaSi; kolis naxevarkunZulze; kana-

daSi; samxreT afrikaSi; indoeTSi. 

gamoyeneba. igive rac muskovits.  
 

biotiti 
3 3 10 2K (Fe, Mg) [AlSi O ] (OH, F) . 

singonia monoklinuri. kristalebs aqvT firfitovani, fsev-
doheqsagonuri, sakmaod xSirad svetovani, piramiduli forma. 
axasiaTebs mrCoblebi. agregatebs aqvT mTlian firfitovani da 
qerclisebri, marcvlovani formebi.  

feri Savi, mura, zogjer narinjisebri, mowiTalo an sxva el-
feriT. aragamWvirvale an odnavgamWvirvale. elvareba minis, sada-
fisebri. tkeCvadoba sruli {001}-is swvrivad. simagre 2-3. simkvrive 
3,02-3,12. 

saxesxvaoba. lepidomelani – ar Seicavs magniums, Savi feris, 
damaxasiaTebelia tute qanebisaTvis (uralze). 

diagnostika. Savi feriT da tkeCvadobiT. 
warmoSoba. magmuri; rogorc qanmaSeni minerali Canawinwklebis 

saxiT biotiti mraval magmur qanSi gvxvdeba. 
didi zomis kristalebis saxiT biotits pegmatitur ZarRvebSi 

vxvdebiT. Canawinwklebis saxiT gvxvdeba kontaqtur zonebis 
SemadgenlobaSi. hidroTermul madneul ZarRvebSi biotiti metad 
iSviaTad gvxvdeba. 

farTod gavrcelebulia zogierT metamorful qanSi – kris-
talur fiqlebsa da gneisebSi. 

qimiuri gamofitvis procesSi – daSlas ganicdis. gadadis jer 
hidrobiotitSi, saboloo stadiaze ki rkinis hidroJangeulebSi da 
Tixovan nivTierebebSi. 

praqtikuli mniSvneloba TiTqmis ar aqvs. 
 
qloritebi sakmaod rTuli Sedgenilobis mineralebia, bevr 

rameSi qarsebs gvagoneben, kristaldebian monoklinur singoniaSi 
(sur. 98), aqvT qarsis magvari tkeCvadoba, dabali simagre, dabali 
simkvrive. umravlesobisaTvis damaxasiaTebelia boTlisebr-mwvane 

feri. isini qimiurad warmoadgenen umTavresad Mg -is, Fe -is da Al -is, 

nawilobriv Ni -is, Fe -is, Cr -is alumosilikatebs. Sedgenilobis 
mixedviT maT yofen magniumiT mdidar saxesxvaobad anu 
orToqloritebad da rkiniT mdidar saxesxvaobad – 
leptoqloritebad. orToqloritebi warmoadgenen antigoritis 

6 4 10 8(Ant) Mg [Si O ] (OH)  da amezitis (Am)  4 2Mg Al  
2 2 10 8[Al Si O ] (OH)  

izomorfuli narevs, romelTa Sorisac gamoyofen Semdeg mineralur 
saxeebs: 

+ 

+ 
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penini 
5 3 10 8(Mg, Fe)  Al [AlSi O ] (OH)  

klinoqlori 

proqloriti     (100-n) Ant.nAm  

korundofiliti 

ameziti 
4 2 2 3 10 8(Mg, Fe)  Al  [Al Si O ] (OH)  

 

penini 
5 3 10 8(Mg, Fe)  Al [AlSi O ] (OH)  

singonia monoklinuri. kristalebs axasiaTebT fsevdoheqsa-
gonur-furclovani, firfitovani, zogjer sqelprizmuli ieri. 
mrCoblebi xSiria. agregatebi qerclovani, firfitovani. axasiaTebs 
druzebi. 

 
sur. 98. qloritebis struqtura 

feri sxvadasxva elferis boTlisebr-mwvane, momwvano Savamde, 
zogjer iisferi, ufro iSviaTad vercxlisebr-TeTri. tkeCvadoba 
sruli {001}-is swvrivad. simagre 2-2,5, furclebi elastiuria. 
simkvrive 2,6-2,85. 

diagnostika. feriT, sruli tkeCvadobiT, dabali simagriT. 
warmoSoba. ufro metad gavrcelebulia metamorful qanebSi. 
 

silikatebi kristalur struqturebSi 
4(Si, Al)O -is tetraedrebisagan 

Semdgari uwyveti samganzomilebiani karkasebiT 
 

mravali silikatTagani, romelic 
4(Si, Al)O -is anionuri 

tetraedrebis samganzomilebiani kompleqsanioniTaa warmodgenili, 
ekuTvnis farTod gavrcelebuli da mniSvnelovani qanmaSeni 
mineralebis ricxvs. 

am qveklasis mineralebi TiTqmis mxolod alumosilikatebs 

warmoadgenen. amave dros Canacvlebuli 
3+

Al -is ionebiT Canacvlebuli 
4+

Si -is ionebis ricxvi naxevars ar aRemateba. rogorc wesi, 

dadgenilia steqiometruli Tanafardoba Si :Al , romelic an 3:1 an 1:1 
tolia, e.i. kompleqsuri anionebi ufro xSirad Semdeg gamosaxulebebs 

- 
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Seesabamebian: 
3 8Si AlO  an 

4 2 2 8SiAlO ; (Si Al O ) . 

anionur radikalebSi Sefardeba (Si Al):O  mudam 1:2 Seadgens. 

maSasadame, mocemuli qveklasis mineralebi gacilebiT ufro axlos 

dganan 
2SiO -is jgufis mineralebTan (kvarcTan, tridimitTan, 

qristobalitTan) vidre sxva silikatebi. 
4SiO -is da 

4AlO -is 

tetraedrebi, iseve rogorc 
4SiO -is tetraedrebi kvarcis jgufis 

mineralebSi, erTmaneTTan samganzomilebiani karkasebad (`ConCxebad~ 
`xveulebad~) arian SekavSirebuli, e.i. TiToeuli tetraedris yvela 
wvero saerTos warmoadgens meore, mezobel tetraedrisTvis, magram 
am pirobis dacvis miuxedavad sxvadasxva naerTebis sivrcobrivi kar-
kasebis forma da aRnagoba sxvadasxvanairia. 

friad damaxasiaTebelia, rom kaTionebis ricxvSi monawileobas 
Rebuloben mxolod didi radiusebis da Sesabamisad didi 

koordinaciuli ricxvis mqone ionebi: 
1 2+ 1+ 2+

Na ,  Ca , K , Ba ,


 iSviaTad 
1+

Cs  da 
1

Rb .


patara zomis kaTionebi maTTvis damaxasiaTebeli 

eqvsmagi koordinaciiT: 
2 2+ 2+

Mg , Fe , Mn ,
 3+

 Al , 
3+

Fe  da sxv., 

romlebic damaxasiaTebeli iyvnen zemoxsenebuli qveklasebisTvis, 
gansaxilveli qveklasis naerTebSi srulebiT ar monawileoben. 

gansakuTrebul interess warmoadgenen mineralebi egreT wo-
debuli SeWris struqturebiT, romlebSiac karkasuli aRnagobis 
samganzomilebiani anionebis garda monawileoben iseTi anoinebi, 

rogorc 
1- 1- 1- 2- 2-

4 3F , Cl , [OH] , [SO ] , [CO ]  da sxv. ukanasknelebs 

tetraedrebSi Semaval 
4+

Si -Tan an 
3+

Al -Tan uSualo kavSiri ar aqvT. 
isini damoukideblad arian dakavSirebuli tute an tutemiwa 

kaTionebTan : 
1 2+ 2

Na ,  Ca , Ba
 

 da sxv. 

kristalur struqturebSi samganzomilebiani anionuri radi-
kalebis mqone mineralebis fizikuri Tvisebebi zogierTi Tavi-
seburebiT xasiaTdebian. upirvelesad yovlisa SesamCnevia maTi Ria 
Seferiloba. 

mocemuli qveklasis mineralebis simagre ZiriTadad 5 da 6-s 

Soris meryeobs. e.i. naklebia mxolod 
4SiO -is izolirebuli 

tetraedrebis mqone silikatebis simagreze, rac Seexeba tkeCvadobas; 
aq araiSviaTad ramdenime mimarTulebiT SesamCnev da srul 
tkeCvadobasac aqvs adgili. 

ganvixilavT karkasuli anu samganzomilebiani struqturis 
alumosilikatebs Soris oTx jgufs: a) mindvris Spatebi; b) 

feldSptoidebi (Seicaven mindvris SpatebTan SedarebiT nakleb 
2SiO  

da met tutes); g) skapoliTebi; d) ceoliTebi. 
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mindvris Spatebis jgufi 
 
mindvris Spatebi silikatebs Soris miwis qerqSi yvelaze ufro 

metad gavrcelebuli mineralebia. 
am jgufis mineralebisTvis damaxasiaTebel Taviseburebas war-

moadgens izomorfuli, umTavresad binaruli rigebis warmoqmna. mag.: 

3 8 2 2 8Na [AlSi O ] - Ca [Al Si O ];  3 8 3 8Na [AlSi O ] - K [AlSi O ]  da 

3 8 2 2 8K [AlSi O ] - Ba [Al Si O ] izomorfuli rigebi. es mineralebi, monok-

linur da triklinur singoniebSi kristaldebian. yvela isini didi 
simagriT (6-6,5) xasiaTdebian. aqvT ori mimarTulebiT tkeCvadoba 

TiTqmis 90-iani kuTxiT. simkvrive SedarebiT dabali aqvT. damaxasia-
Tebelia mrCoblebi (sur.99). 

 
sur. 99. mindvris Spatebis kristalis formebi 

a) adulari; b) orToklazi; g) sanidani; d) anorTiti; e) karsbadis 
mrCoblebi; v) manebaxis mrCoblebi; z) bavenis mrCobli; T) periklazis 

mrCobli; i) albitis mrCobli; k) polisinTeturi mrCobli. 

mindvris Spatebi qimiuri Sedgenilobis mixedviT iyofian 
natriumian-kalciumian (plagioklazebi) da kaliumian (orToklazi da 

mikrolini), iSviaTad Ba -iani (hialofanebi) jgufebad. 

plagioklazebi warmoadgenen albitisa 
3 8Na [AlSi O ]  da anor-

Titis 
2 2 8Ca [Al Si O ] izomorful rigs. Na


 da 

4+
Si  Cainacvleba 

2+
Ca -iT da 

3+
Al -iT. plagioklazebi kristaldebian triklinur 

singoniaSi 
plagioklazebs didi mniSvneloba aqvT petrografiaSi magmuri 

qanebis klasifikaciisaTvis, ris gamoc isini kargadaa Seswavlili. am 
izomorfuli rigis mineralur saxeobaTa klasifikacia pirobiTad 
mocemulia Semdegi saxiT: 
 

e 

v z 

T i k 

a b g d 
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albiti ]8O3[AlSi Na (Ab)  

oligoklazi 
andezini 
labradori 
bitovniti 
anorTiti 

]8O2Si2(Ab)Ca[Al  

anorTitis molekulis 
Semcveloba %. 

                                     
albiti da                            

(Ab An)                             

anorTitis                           
izomorfuli                         
naerTebi                              

simkvrive 
 
0-10 2.62 
10-30 
30-50 
50 
70 
90-100 2.76 

plagioklazebi 
3 8 2 2 8(100-n) Na [AlSi O ] nCa[Al Si O ] , sadac n   O -

dan 100-mde icvleba. `plagioklazi~ - berZnulad niSnavs – 
iribadpobads. sxva mindvris SpatebTan SedarebiT, romlebsac (001) da 

(010) tkeCadobis sibrtyeebs Soris kuTxe 90 udris, an Zalian axloa 

am ricxvTan, plagioklazebSi igi naklebia _ 8624’ _ 8650’. `albiti~ 
warmodgeba laTinuri sityvidan `albus~, rac niSnavs `TeTrs~. 
`anorTosi~ berZnulad – iribi (mxedvelobaSi miRebulia 
kristalizacia triklinur singoniaSi). 

zogjer magmuri qanebis sistematikis dros zogadi 
mosazrebisTvis mosaxerxebelia plagioklazebis uxeSi dayofa maTi 
Sedgenilobis mixedviT, saxeldobr: 

 
mJave plagioklazebi 

saSualo   ` 

fuZe      ` 

# 0_30 

# 30_60 

# 60_100 

aq saxelwodebebi `mJave~, `saSualo~, `fuZe~ gamoyenebulia ara 

Cveulebrivi gagebiT: maT is apirobebs, rom 
2SiO -is (`siliciumis 

mJavis~) Semcveloba albitidan anorTitisaken TandaTan klebulobs, 
es naTlad Cans mocemuli izomorfuli rigis ganapira wevrTa qimiuri 
formulebis Sedarebidan. 

plagioklazebi xasiaTdebian araswori marcvlebiT, 
Canawinwklebi qmnis marcvlovan agregatebs, xandaxan druzebs 
(albiti). kargad Camoyalibebuli kristalebi iSviaTia, xSiria zona-
luri agebulebis (sur.100). axasiaTebs rTuli polisinTe-turi 
mrCoblebi. SemrCoblebis sibrtye {010}, jvaredin nikolebSi kargad 
gamoicnoba. erT individebs aqvT muqi xazebis forma, meores – Ria. 

+ 
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sur. 100. zonaluri plagioklazi. 

feri TeTri, nacrisferi. elvareba minisebri. tkeCvadoba sruli 
{001} da {010} mimarTulebiT. simagre 6-6,5. simkvrive albitidan (2,61) 
anorTitamde (2,76) uwyvetliv matulobs. 

saxesxvaobebi, romlebmac zogierT optikur efeqtebTan 
dakavSirebiT gansakuTrebuli saxelwodeba miiRes: 1) mTvaris qva – 
mJave plagioklazi (ufro xSirad kalium-natriumis mindvris Spati), 
romelsac Taviseburi nazi molurjo feris cim-cimi axasiaTebs da 
mTvaris Suqs gvagonebs; 2) labradori egreT wodebuli labradoris 
qvis mTavari minerali, romelic fuZe an saSualo plagioklazs 
warmoadgens, xSirad lamazi lurji da mwvane feri aqvs. 

diagnostika. plagioklazebi sakmaod didi kristalebis da 
marcvlebis SemTxvevaSi mis msgavs kalium-natriumis mindvris 
Spatebisagan SegviZlia ganvasxvavoT maTi tkeCvadobiT iribi kuTxiT, 
magram plagioklazebis rigis SigniT sxvadasxva mineraluri saxeebis 
erTmaneTisagan gansxvaveba vizualurad SeuZlebelia. 

warmoSoba. plagioklazebi warmoadgenen ra mindvris Spatebis 
jgufSi yvelaze ufro gavrcelebul mineralebs, Sedian umravlesi 
magmuri qanebis SedgenilobaSi. 

pegmatitebSi, romlebic genetikurad granitebTan da saerTod 
tute intruziul qanebTan arian dakavSirebuli, plagioklazebidan 
umTavresad albiti gvxvdeba. 

fuZe plagioklazebi cnobilia mxolod fuZe intruziuli 
qanebis (gabro) iSviaT pegmatitebSi. 

regionul metamorfizmis procesSi kristaluri fiqlebis da 
egreT wodebuli alpuri tipis ZarRvebis warmoSobis dros 
umTavresad viTardeba albiti. 

albiti gamoicnoba TeTri feriT da gamoyofis formiT. 
iSviaTmetalTa pegmatitebSi xSiria Saqrisebri marcvlovani albiti 
da firfitovani albiti. magmur qanebSi albits mikroskopis gareSe 
ver gavarCevT. 
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orToklazis (kalium-natriumis mindvris Spatebis) qvejgufi 
 
am jgufSi Semavali kalium-natriumis mindvris Spatebi 

temperaturasTan dakavSirebiT sxvadasxva modifikaciebSi kris-
taldebian (monoklinurSi da triklinurSi). 

bunebrivia, rom yovelive es apirobebs am jgufis mineraluri 
saxeebis Sedgenilobis da struqturis garTulebas. maTi saerTo 
sistematika, arsebuli monacemebis Sesabamisad SegviZlia Semdegi 
saxiT warmovidginoT. 

monoklinuri maRaltemperaturuli rigi 

sanidini 
3 8K[AlSi O ]   monoklinuri singonia; 

 

natronsanidini 
3 8(K, Na)[AlSi O ]   `    ` 

monoklinuri dabali temperaturuli rigi 

orToklazi 
3 8K[AlSi O ]   monoklinuri singonia; 

 

natronorToklazi 
3 8( Na, K)[AlSi O ]   `    ` 

 
triklinuri rigi 

mikroklini 
3 8K[AlSi O ]  triklinuri singonia; 

 

anorToklazi 
3 8( Na, K)[AlSi O ]  `    ` 

amrigad 
3 8K[AlSi O ]  naerTisTvis upirvelesad yovlisa arsebobs 

ori monoklinuri modifikacia (sanidini mdgradi 900-ze zeviT da 
orToklazi – mdgradi am temperaturis qveviT) da erTi triklinuri, 
magram monoklinuris msgavsi da mikrok-linad wodebuli. 

 

sanidini 
3 8K[AlSi O ]  

singonia monoklinuri. upiratesad axasiaTebs prizmuli 
habitusis kristalebi. elvareba tipiuri minisebri. gvxvdeba mr-
Coblebis saxiT (sur.101). feri ufero, Camohgavs minas, gamWvirvale. 
xazis feri TeTri. elvareba Zlier minisebri. simagre 6. simkvrive 2.56. 
tkeCvadoba sruli (001)-is swvrivad. warmoSoba upiratesad gvxvdeba 
axalgzarda efuziur qanebSi. 

- 

- 

- 

+ 

+ 

- 
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sur. 101. sanidinis mrCobli. karsbadis kanoniT 

orToklazi 
3 8K[AlSi O ]  

berZnulad niSnavs `sworadpobadi~ - miniSnebulia sruli tkeC-
vadobis mimarTuleba, romelic xorcieldeba swori kuTxiT. 

singonia monoklinuri. kristalebi kargadaa gamoxatuli. gvx-
vdeba mrCoblebic (sur. 102). 

 
sur. 102. orToklazis struqtura 

feri nacrisferi, Ria vardisferi, xorcisfer wiTlamde. 
elvareba minisebri. simagre 6-6,5. simkvrive 2,5-2,6. tkeCvadoba (001)-is 
da (010)-is swvrivad sruli. 

orToklazis gamWvirvale saxesxvaobas adulari ewodeba. 

gaxurebis procesSi, daaxloebiT 900 temperaturis dros gadadis 
sanidinSi. 

diagnostika. feriT, simagriT da tkeCvadobiT. granitebis mTa-
vari qanwarmomqmneli mineralia. 

warmoSoba. magmuri – mJave da saSualo magmur qanebSi, peg-
matitebSi. Tanmdevi mineralebi sxva mindvris Spatebi, kvarci, qarsebi. 

 

mikroklini 
3 8K[AlSi O ]  

berZnulad `umniSvnelod gadaxrili~, radgan, tkeCvadobis 
sibrtyeebs Soris kuTxe orToklazisagan gansxvavebiT sworidan 

gadaxrilia 20-iT. 
singonia triklinuri. mikroskopSi jvaredin nikolSi dama-

xasiaTebelia `polisinTeturi da batisebri~ mrCoblebi. kristalebi 

+ 

+ 
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xandaxan aRweven gigantur zomebs. pegmatitur ZarRvebSi arc Tu 
iSviaTia mikroklini aTeuli tonis woniT. 

feri TeTri, nacrisferi, vardisferi, yviTeli, wiTeli. 
elvareba minisebri, tkeCvadobis sibrtyeebze odnav sadafisebri. 
tkeCvadoba sruli {001} da {010} mimarTulebiT. simagre 6-6,5. simkvrive 
2,54-2,57. 

mikroklinis mwvane saxesxvaobas amazoniti, anu amazonis qva 
ewodeba. 

diagnostika. orToklazisagan ganirCeva mrCoblebis arsebobiT, 
anu polisinTeturi mrCobliT, romelic Cans mikroskopSi. feriT 
mwvane mindvris Spatebi – mikroklinia. 

warmoSoba. magmuri. didi kristalebi gvxvdeba pegmatitur Zar-
RvebSi. 

sabadoebi. kareliaSi. amazoniti cnobilia uralze ilmenis 
mTebSi; yazaxeTSi da kolis naxevarkunZulze. 

gamoyeneba. mikroklini warmoadgens keramikul da minis ned-
leuls. mTvaris qva gamoyenebulia saiuveliro saqmeSi, amazoniti – 
sanaxelavo saqmeSi. 

 

anorToklazi 
3 8( Na, K)[AlSi O ]  

singonia triklinuri. berZnulad `anorToklazi~ - ara 
orToklazi (e. i. analogiuria mxolod garegnulad) minarevis saxiT 

xSirad Sedis CaO  (zogjer ramdenime procentamde). saxelwodeba 
`anorToklazi~ miniWebulia im triklinur mindvris SpatebisaTvis, 

romlebSic 
2Na O -s Semcveloba 

2K O -s Semcvelobas Warbobs. 

fizikuri TvisebebiT mikroklinis msgavsia. ukanasknelisagan 
gansxvavdeba mxolod optikuri konstantebiT. simkvrive 2,56-2,60. 
gaxurebis dros advilad gadadis monoklinur modifikaciaSi, 
gaciebis Semdeg kvlav triklinuri xdeba. 

gvxvdeba natriumiT mdidar vulkanur qanebSi. pirvelad dad-
genili iyo pantelerias (italia) andezitur lavebSi. 

feldSpatoidebi 
 

feldSpatoidebi kaTionebis SemcvelobiT mindvris Spatebis 

analogiurebi arian. kaTionebi ZiriTadad Na,Ca  da K -ia. 

 

nefelini 
3 4 4KNa [AlSiO ]  kristalTa ieri prizmuli, mokles-

vetovani singonia heqsagonuri, maRaltemperaturuli nefelini kuburi 
modifikaciisaa, feri nacrisferi, momwvano, zogjer xorcisebr-
wiTeli da ufero. elvareba kristalTa waxnagebze minisebri 
monatexze cximovani, tkeCvadoba arasruli, monatexi araswori, 
simagre 5-6, simkvrive 2.6. 

warmoSoba: gavrcelebulia TiTqmis mxolod kaJmiwiT Rarib 
tute magmur qanebSi: nefelinian sienitebSi da pegmatitebSi. 

 

- 

+ 
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skapoliTis jgufi 

4 3 8 2 2 8 3 4 3(75-n)Na [AlSi O ]Cl×nCa[Al Si O ] [SO ,CO ] 

berZnulad `skapilos~ _ RerZi (kristalebis svetisebri formis 
gamo). singonia tetragonuli, dipiramidis klasi. gvxvdeba prizmuli 
kristalebis saxiT, agreTve mkvrivi agregatebis saxiT. 

feri TeTri, nacrisferi, muqi lurji da wiTeli. gamWviri. 
xazis feri TeTri. elvareba minisebri. simagre 5-6, myife. simkvrive 2.5-
2.7, tkeCvadoba (110)-is swvrivad sruli, cota naklebi (100)-is swvrivad. 
paragenetuli mineralebi granati, epidoti, avgiti, vezuvini. 

warmoSoba. ZiriTadad pnevmatoliTuri procesis Sedegad.  
sabadoebi. italiaSi, norvegiaSi, SvedeTSi, ruseTSi. 
 

leicitis jgufi 
 

leiciti 
2 6K[AlSi O ] 

singonia kuburi, heqsatetraedris klasi (gvxvdeba dabal-
temperaturuli tetragonuli). damaxasiaTebelia marcvlovani-
agregatebi, gvxvdeba agreTve idealuri kristalebis ikosaedrebis 
saxiT. 

feri TeTri, zogjer nacrisferi, xSirad mRvrie-gaumWvirvale, 
iSviaTad gamWvirvale. xazis feri TeTri. elvareba mqrqali, simagre 
5.5-6, monatexi niJarisebri, myife. simkvrive 2.46-2.5. tkeCvadoba 
arasruli (110)-is swvrivi. 

paragenetuli mineralebi egirini, sanidini, labradori, 
nefelini, olivini da sxv. arasdros ar gvxvdeba kvarcTan.  

warmoSoba. tipiuri maRaltemperaturuli tutebiT mdidari 
magmuri mineralia. 

 

analcimi 
2 6 2Na[AlSi O ]×H O  

singonia kuburi, heqsaoqtaedris klasi, kristalis formebi 
tetragon-trioqtaedri. 

feri ufero, zogjer TeTri-mowiTalo, momwvano, monacrisfro 
elferiT. xazis feri TeTri. elvareba minisebri. simagre 5.5, monatexi 
niJarisebri, uswormasworo. simkvrive 2.24-2.31, tkeCvadoba Zalze cudi. 

warmoSoba. magmuri procesis bolo stadiis dabaltempera-
turuli hidroTermuli procesis Sedegi vuklanur tufebSi, zogjer 
egzogenuri procesis dros. 

 

lazuriti 
8 4 6 2 4Na [AlSiO ] Ca [SO ]S . 

lazuriti anu laJvardi sanaxelavo qvaa, sinonimebia lila qva, 
ultramarini 

singonia kuburi, Zlier iSviaTia, heqsaedrebis da oqtaedrebis 
kristalebi, Cveulebriv gvxvdeba qanebSi CanarTebisa da 
wvrilmarcvlovani, mTliani, mkvrivi masebis saxiT. 

- 

- 

- 

- 
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feri sufTa laJvardisferi, iisfer-lurji, momwvano-cisferi; 
xazis feri baci cisferi; kideebSi gamWvirvale, monatexi niJarisebri; 
simagre 5.5; myife; simkvirve 2.4; tkeCvadoba (110)-is swvrivad arasruli; 

diagnostika _ upirveles yovlisa damaxasiaTebeli intensiuri 
feri kaSkaSa lurji an cisferi. 

Tanmdevi mineralebi: tute rqatyuara, fluoriti, kalciti da 
sxva. 

warmoSoba gvxvdeba kristalur kirqvebSi, rogorc metaso-
matitebis produqti tute magmur qanebTan, iSviTad tute lavebSi. 

sabadoebi. avRaneTSi (badaxSani), ruseTSi, aSS (kalifornia). 
gamoyeneba. sanaxelavo qva. 
 

ceoliTebis jgufi 
 

aq gaerTianebulia mineralTa didi jgufi, umTavresad Ca -s, 

nawilobriv Ba -is, K -is, Si -is wyliani alumosilikatebi: boWkovani 

ceoliTebi _ natroliTi 
2 2 3 10 2Na [Al Si O ] 2H O , Tomsoniti 

2 5 5 22 2Na,Ca [Al Si O ] 6H O , limontiti 
4 16 18Ca [AlSi O ]  

216H O , 

furclovani _ heilanditi 
2 7 18 2Ca[Al Si O ] 6H O , izometruli Sabaziti 

2 6 2Ca,Na[AlSi O ] 6H O , filifsiti 
2 3 5 16K Ca[Al Si O ] 26H O . 

natroliTi rombul singoniaSi kristaldeba, gvaZlevs svetovan 
formebs, xSirad radialur-sxivosnuri agregatebis an kristaluri 
qerqebis saxiT, iSviaTad sferoliTebisa da boWkovani masebis saxiT. 

feri ufero an TeTri moyviTalo, momwvano an mowiTalo 
elferiT. elvareba minisebri, boWkovan masebs _ abreSumisebri. 
simagre 5-5.5. msxvrevadia, tkeCvadoba 110-is mimarT saSualo. simkvrive 
2.2-2.5. 

warmoSoba. warmoiqmneba efuziuri qanebis nuSurebSi da Jeo-
debSi, nefelinian pegmatitebSi. 

Tomsoniti kristaldeba rombuli, dipiramidis klasSi. axa-
siaTebs radialur-sxivosnuri, kaniseburi boWkoseburi warmonaqmnebi. 

feri TeTri, zogjer moyviTalo wiTeli elferiT; gamWviri 
gamWvirvalemde; xazis feri TeTri. elvareba minisebridan 
sadafisebramde. simagre 5.5. myife, monatexi safexurisebri. simkvrive 
2.3-2.4. tkeCvadoba (010)-is swvrivad swori, (100)-is swvrivad saSualo. 

parageneturi mineralebi. kalciti, analcimi. 
warmoSoba. upiratesad gvxvdeba fuZe efuziuri qanebis 

sicarieleebSi. 
sabadoebi. germaniaSi (heseni), CexeTSi, aSS-Si, saqarTveloSi. 
 
heilanditi monoklinuri singoniis, prizmul klasSi iZleva 

izometriul an firfitisebur kristalebs. 
feri ufero, sxvadasxva elferis TeTri, xazis feri TeTri, 

elvareba sadafisebri minisebri. simagre 3.5-4, myife. simkvrive 2.1-2.2. 

- 
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tkeCvadoba friad sruli (010)-is swvrivad. 
Tanmdevi mineralebi. sxva ceoliTebi, granati, aqsiniti. 
warmoSoba. efuziuri qanebis sicarieleebSi. 
sabadoebi. germaniaSi (harci), norvegiaSi, indoeTSi, kanadaSi, 

ruseTSi da saqarTveloSi (axalcixe). 
 
filipsiti triklinuri singoniis, pinakoidis klasSi, gvxvdeba 

ZiriTadad mrCoblebis saxiT. 
feri TeTri, elvareba minisebri, simagre 4.5, myife, simkvive 2.2, 

tkeCvadoba kargi (010)-is da (100)-is swvrivad. 
warmoiqmneba hidroTermaluri, zogjer danaleqi gziT. 
sabadoebi germaniaSi (vaedeni, heseni), CexeTSi, italiaSi, 

irlandiaSi, aSS-Si, ruseTSi (kolis n.k.). 

sodaliTis jgufi 
2 4 6 2Na [AlSiO ] ×6Cl  

saxeli ewoda sodis (Na)  Semcvelobis gamo 

singonia kuburi, heqsaoqtaedris klasi. iSviaTad gvxvdeba 
rombo dodekaedris ieris kristalebis an mWidro marcvlovani 
agregatebis saxiT. 

feri Ria lurjidan molurjomde, mowiTalo-yavisferi 
gamWvirvale an gamWviri, xazis feri TeTri, elvareba cximovani, 
simagre 5-6. monatexi niJarisebri, simkvrive 2.27-2.33, tkeCvadoba mkafio 
(110)-is swvrivad. 

warmoSoba. umTavresad tute efuziur qanebSi, iSviaTad int-
ruziulSi. 

sabadoebi. germania (eifeli), italiaSi (vezuvze), rumineTi 
(transilvania), portugaliaSi, aSS-Si (Stmeni), kanadaSi (kvebeki), 
ruseTSi (uralze). 

- 

- 


