
 
 
 

 

m. cincaZe, a. mamulaSvili,  

T. giorgaZe, n. gegeSiZe, n. kilasonia 

 

 
 
 
 

araorganuli qimia 

 

II nawili 
 

(d- da f-elementebis qimia) 

 

 
 
 

 
 

 

 

 

 

 

@`teqnikuri universiteti”@ 



saqarTvelos teqnikuri universiteti 

 

 

 

m. cincaZe, a. mamulaSvili,  

T. giorgaZe, n. gegeSiZe, n. kilasonia 
 
 
 

 

araorganuli qimia 
 

II nawili 
 

(d- da f-elementebis qimia) 

 

 

 

 

damtkicebulia stu-s  

saredaqcio-sagamomcemlo  

sabWos mier 

 

 

 

 

 

Tbilisi 

2009 



 

saxelmZRvanelo “araorganuli qimia” (nawili II) gaTvaliswinebulia qimiuri 

teqnologiis da metalurgiis fakultetis rogorc bakalavriis aseve,  

umaRlesi profesiuli swavlebis studentebisTvis. misi gamoyeneba 

SeuZliaT agreTve sxvadsxva umaRlesi zogadteqnikuri fakultetis 

studentebs, inJinrebs, skolis pedagogebs da maRali klasebis moswavleebs. 

    saxelmZRvaneloSi ganxilulia d- da f-elementebis qimia.   I TavSi 

mocemulia d- da f-elementebis zogadi daxasiaTeba atomis aRnagobis 

TvalsazrisiT. Gganxilulia jgufebSi elementebis radiusis cvlilebasTan 

dakavSirebiT d- da f-Oeleqtronebis birTvTan SeRwevadoba da misi gavlena 

elementebis Tvisebebze. 
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S e s a v a l i 

gardamavali elementebis zogadi  

daxasiaTeba 

     gardamavali elementebia is elementebi, romelTa atomebs nawilobriv 

an srulad Sevsebuli aqvT (n – 1)d  an (n – 2) f  qvedoneebi. aqedan gamomdinare 

gardamavali elementebi SeiZleba davyoT or jgufad: d – elementebad da f 

– elementebad. f – elementebi Tavis mxriv iyofa or qvejgufad – 

lanTanidebad da aqtinidebad. 

     d.i.mendeleevis perioduli sistemis elementis eleqtronuli Rrubeli 

rigiTi nomriT mis winamdebare elementis eleqtronuli Rrublisagan 

gansxvavdeba imiT, rom gare eleqtronul doneze aqvs erTiT meti 

eleqtroni, Tumca es kanonzomiereba yovelTvis ar sruldeba. 

     kalciums (Z = 20) Sevsebuli aqvs yvela Siga qvedoneebi da ns  qvedone, 

mis momdevno elements Sc(21) ocdameerTe eleqtroni moTavsebuli aqvs ara 

np- qvedoneze, aramed (n – 1) d qvedoneze. d – qvedones Seesabameba xuTi 

orbitali, amitom momdevno elementebis eleqtronebi avseben am d – orbi-

talebs da warmoqmnian aT elementian mwkrivs (Sc ---- Zn) es mwkrivi 

cnobilia gardamavali elementebis (d-elementebis) saxelwodebiT. np – 

qvedonis Sevseba ki iwyeba galiumidan (31). 

     analogiur movlenas adgili aqvs Semdeg periodSic. stronciums (38) 

Sevsebuli aqvs ns – qvedone, xolo momdevno elementis YY (39) ocdamecxra-

mete eleqtroni moTavsebulia (n – 1)d qvedoneze. itriumis momdevno 

elementebi TandaTanobiT avseben (n – 1)d qvedones da warmoiqmneba 

gardamavali elementebis (d -  elementebis) meore aTelementiani mwkrivi (Y -

---Cd). 

     gardamavali elementebis mesame mwkrivi iwyeba lanTaniT (57), romelsac 

Sevsebuli aqvs (n – 1)s da (n – 1)p – qvedoneebi da ns qvedone. erTi ormocda-

meCvidmete eleqtroni moTavsebulia (n – 1)d  (5d)  qvedoneze. momdevno eleme-

ntis, ceziumis (58) damatebiTi eleqtroni, pirveli da meore gardamavali 

elementebisagan gansxvavebiT, avsebs ara (n – 1)d qvedones, aramed (n – 2)f 

qvedones. f qvedones aqvs Svidi orbitali, amitom momdevno ToTxmeti 

eleqtroni (rigiTi nomriT 58 –71) TandaTanobiT avsebs (n – 2)f (4f) orbita-
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lebs. samocdameTormete elementi (Hf) agrZelebs (n – 1)d (5d) qvedonis 

Sevsebas. momdevno elementebi TandaTanobiT avseben 5d qvedones. miiReba 

gardamavali elementebis mesame mwkrivi (La --------- Hg). 

     meoTxe gardamavali mwkrividan cnobilia aqtiniumi (89), rezerfo-

rdiumi (104), dubniumi (105), siborgoviumi (106), borniumi (107), hasiumi (108) 

da meitreniumi (109). 

     qvedoneebze aRniSnuli saxiT eleqtronebis ganlageba dadgenilia 

speqtroskopuli gamokvlevebiT. 

     gardamavali elementebis TiToeuli mwkrivisTvis arsebobs eleqtro-

nebis ganlagebis ori ufro mdgradi mdgomareoba: 

1. rodesac qvedonis yvela orbitali maqsimalurad aris Sevsebuli ele-

qtronebiT (Zn, Cd, Hg) 

2. rodesac d- qvedone naxevradaa Sevsebuli e.i. xuT orbitalze imyofeba 

TiTo eleqtroni (Mn, Mo, Re). 

     es aris imis mizezi, rom Cu, Ag, Au, Pd, Pt da aseve Cr, Mo-is SemTxvevaSi, 

erTi eleqtroni (Pd-isTvis ori) ns – orbitalidan gadadis (n – 1)d orbita-

lze, ris Sedegadac warmoiqmneba eleqtronebis ganlagebis energetikulad 

ufro mdgradi mdgomareoba. 

     gardamavali elementebi ar ierTeben eleqtronebs. isini mxolod 

gascemen eleqtronebs da warmoqmnian dadebiT ionebs. amitom yvela garda-

mavali elementi liTonia. 

     mesame jgufis d-elementebi gascemen eleqtronebs da warmoqmnian 

ionebs JangviTi ricxviT +3 (jgufis nomris Sesabamisi). IV – VII jgufis 

elementebisaTvis, garda jgufis nomris toli JangviTi ricxvisa, dama-

xasiaTebelia ufro dabali JangviTi ricxvic. magaliTad titani (IV 

jgufi) warmoqmnis naerTebs, sadac JangviTi ricxvi tolia +2, +3 da +4;   

vanadiumis (V) naerTebSi JangviTi ricxvi tolia +2, +3, +4 da +5 e.i. d – 

elementebis savalento eleqtronebia ns da (n – 1)d eleqtronebi. aRsani-

Snavia is faqti, rom d- eleqtronebi, mxolod maSin iwyeben monawileobas, 

rodesac yvela s - eleqtroni gacemulia. 

     VIII – jgufis d – elementebidan maqsimaluri JangviTi ricxvi rva 

damaxasiaTebelia mxolod ruTeniumis (RuO4) da osmiumisaTvis  (OsO4, OsF8). 
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danarCeni elementebisaTvis JangviTi ricxvi ar aRemateba +6, xolo koba-

ltis da nikelis +3 (Tu mxedvelobaSi ar miviRebT kompleqsnaerTebs). 

     pirveli jgufis d – elementebi Cu, Ag, Au arian is gamonaklisebi, 

romlebic warmoqmnian naerTebs, sadac JangviTi ricxvi maRalia jgufis 

nomerze. 

     meore jgufis d – elementebis (Zn, Cd, Hg) d qvedone srulad Sevsebulia 

(10 eleqtroni). am elementebisaTvis savalento eleqtronebia mxolod ns2 – 

eleqtronebi. amitom maTi JangviTi ricxvi tolia +2. 

     gardamavali elementebisaTvis damaxasiaTebelia kompleqsuri 

naerTebis warmoqmnis mkveTrad gamoxatuli Tvisebebi. 

     rogorc zemoT aRvniSneT, elementebs, romelTac eleqtronebi gaaCni-

aT (n – 2)f qvedoneze, f – elementebi ewodeba. vinaidan f – qvedones aqvs Svidi 

orbitali, amitom periodSi f – elementebis maqsimaluri raodenoba tolia 

ToTxmetis. 

     lanTans 6s orbitalze aqvs ori eleqtroni, xolo 5d orbitalze 

erTi. periodul sistemaSi lanTanis momdevno elementebs 6s da 5d orbi-

talebi Sevsebuli aqvT lanTanis analogiurad, xolo damatebiT eleqtro-

nebi TandaTan avseben f orbitalebs. e.i. lanTanis (57) momdevno elementebi 

(58 – 71) warmoadgenen f elementebs. am mwkrivis elementebi qimiuri Tvise-

bebiT Zalian hgvanan rogorc erTmaneTs, aseve skandiums, itriums da 

lanTans. es elementebi cnobilia iSviaTmiwa liTonebis saxelwodebiT. 

(58–71) lanTanis momdevno elementebia da qimiuri TvisebebiT Zalian 

hgvanan lanTans, amitom maT lanTanidebs uwodeben. 

     lanTanis analogiurad, lanTanidebs gare orbitalze (6s da 5d) aqvT 

erTi da igive eleqtronebis raodenoba, romelTa gacemis Semdeg warmo-

qmnian samvalentian (Э+3) – ionebs, amitom maTi naerTebis formebi da 

Tvisebebi msgavsia. 

     periodul sistemaSi ionebis radiusebi atomuri nomris zrdasTan 

erTad periodulad icvleba, magram lanTanidebisaTvis SeiniSneba ionebis 

radiusebis araperioduli xazovani Semcireba. es movlena cnobilia 

lanTaniduri kumSvis saxelwodebiT. lanTaniduri kumSva SeiZleba aixsnas 

Semdegnairad: 4f – qvedone, romelic TandaTanobiT ivseba eleqtronebiT, 
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imyofeba birTvTan axlos, amitom moculobis zrda, romelic Tan axlavs 

am qvedoneze eleqtronebis ricxvis zrdas, kompensirdeba birTvis mier 

eleqtronebis mizidviT, romlis dadebiTi muxti monotonurad izrdeba. 

     periodul sistemaSi aqtiniumis (89) Semdegi ToTxmeti elementi 

cnobilia aqtinidebis saxelwodebiT. es elementebi lanTanidTa analo-

giuria. aqtinidebi TandaTan avseben 5f qvedones. 

     rentgenostruqturuli meTodiT dadgenilia, rom aqtinidebis ionuri 

radiusebi mcirdeba atomuri nomris zrdasTan erTad. es movlena 

lanTaniduri kumSvis analogiuria da cnobilia aqtiniduri kumSvis 

saxelwodebiT. 
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Tavi I 

 

III jgufis Tanauri qvejgufis elementebi 

 

    perioduli sistemis III jgufis Tanauri qvejgufidan ”iwyeba” 

gardamavali d-elementebis rigi.  III jgufis Tanaur qvejgufSi Sedis 32 

elementi: 17 iSviaTmiwaTa elementi, aqtiniumi da 14 aqtinidi (rac 

warmoadgens element-liTonebis naxevars da perioduli sistemis yvela 

elementis mesameds). Aam TavSi ganxiluli iqneba III jgufis Tanauri 

qvejgufis  d-elementebi: skandiumi, itriumi, lanTani da aqtiniumi (III 

jgufis Tanauri qvejgufis  f-elementebi: lanTanidebi da aqtinidebi ix. 

Tavi X  da Tavi XI-Si). 

 

 

 

skandiumi 

 

    1871 w. d.i. mendeleevma didi sizustiT aRwera mesame jgufis, manamde 

ucnobi  elementis fizikuri da qimiuri Tvisebebi da uwoda “ekabori”, 

xolo 1879 w. nilsonma aRmoaCina axali elementi, romlis Tvisebebi, 

atomuri masa da simkvrive zustad daemTxva ekaboris Tvisebebs da Tavisi 

samSoblos sapativcemulod daarqva skandiumi. 

 

elemen

ti 

atomu

ri 

masa 

atomis eleqtronuli konfiguracia eleqtro

- 

uaryofi

Toba 

Jangvi

Ti 

ricxvi 

Sc 44,9559 1s22s22p63s23p63d14s2 1,20 +3 

Y 88,9059 1s22s22p63s23p63d104s24p64d15s2 1,11 +3 

La 138,905

5 

1s22s22p63s23p63d104s24p64d105s25p65d16s2 1,08 +3 

Ac 227,028 1s22s22p63s23p63d104s24p64d104f145s25p65d106s2

6p66d17s2 

1,00 +3 
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bunebaSi gavrceleba 

    skandiumi bunebaSi gavrcelebulia naerTebis saxiT polimetalur 

madnebSi.  skandiumiT SedarebiT mdidaria minerali  tortveititi _ 

Sc2Si2O7, romelic Tavis mxriv erT-erTi iSviaTi mineralia.  

 

izotopebi 

    bunebrivi skandiumi Sedgeba erTaderTi izotopisagan _ 45Sc. cnobilia 

aseve skandiumis xelovnurad miRebuli aTamde radioaqtiuri izotopi.  

maTgan praqtikuli gamoyeneba  aqvs radioaqtiur izotops _ 46Sc (naxevrad 

daSlis periodiT 83,83 dR-Rame). igi gamoiyeneba navTobgadamamuSavebel 

warmoebaSi, metalurgiuli procesebis kontrolisaTvis da medicinaSi 

avTvisebiani simsivneebis samkurnalod. izotopi _ 47Sc (naxevrad daSlis 

periodiT 3,35 dR-Rame) warmoadgens pozitronebis erT-erT saukeTeso 

wyaros. 

    

miRebis xerxebi 

    liTonuri skandiumis misaRebad mis halogenidebs aRadgenen 

liTonoTermuli gziT. skandiumis qloridis liTonoTermias atareben 

magniumiT,  ftoridisas _ kalciumiT: 

2ScCl3 + 3Mg → 2Sc + 3MgCl2 

2ScF3 + 3Ca → 2Sc + 3CaF2 

skandiumis miReba SesaZlebelia aseve, qloridebis nalRobis 

eleqtroliziT: 

2ScCl3 —el-zi→ 2Sc° +  3Cl2
° 

                           K        A 

K             2Sc+3+6e-→2Sc° 

A          6Clˉ - 6e- → 3Cl2
° 
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fizikur-qimiuri Tvisebebi 

   skandiumi movercxlisfro-TeTri feris ZneladlRobadi liTonia. sxva 

iSviaTmiwaTa liTonebis msgavsad sakmaod aqtiuria da advilad iJangeba. 

tenian haerze CO2–Tan da wyalTan urTierTqmedebis Sedegad swrafad 

warmoqmnis cvladi Sedgenilobis hidratirebul fuZe karbonats: 

xSc(OH)3·ySc2(CO3)3·zH2O. 

    skandiumi maRal temperaturaze uerTdeba ftors, qlors, broms, iods, 

gogirds, azots. skandiumi advilad urTierTqmedebs ganzavebul mJavebTan 

wyalbadis gamoyofiT: 

 

2Sc + 6HCl → 2ScCl3 + 3H2↑ 
2Sc + 3H2SO4 → Sc2(SO4)3 + 3H2↑ 

 

    skandiumis oqsidi _ Sc2O3 _ miiReba skandiumis  gacxelebiT haerze an 

hidroqsidis da karbonatis daSliT: 

 

4Sc + 3O2 → 2Sc2O3 

2Sc(OH)3 → Sc2O3 + 3H2O 

Sc2(CO3)3  → Sc2O3 + 3CO2 

 

    skandiumis hidroqsidi _ Sc(OH)3 _ labisebri TeTri naleqia, miiReba 

Sesabamis wyalSi xsnad marilze amoniumis hidroqsidis an tutis xsnaris 

moqmedebisas: 

ScCl3 + 3NH4OH → Sc(OH)3  + 3NH4OH 

    skandiumis marilebi TeTri ferisaa, advilad ganicdian hidrolizs.   

maTi Tvisebebi aluminis Sesabamisi naerTebis Tvisebebis msgavsia. wyalSi 

kargad xsnadia qloridi, bromidi, sulfati, nitrati da acetati, xolo 

sulfidi, ftoridi, fosfati, karbonati da oqsalati mcired xsnadia.  

    skandiumi advilad warmoqmnis koordinaciul naerTebs. mcired xsnadi 

skandiumis ftoridi tute liTonebis ftoridebTan warmoqmnis kargad 

xsnad kompleqsur ftormarilebs (acidomarilebs), romelTa Sedgeniloba 

gamoisaxeba zogadi formulebiT: ЭI[ScF4], Э2
I[ScF5],  Э3

I[ScF6] sadac ЭI=K, Na. 
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   skandiumi gamoiyeneba metalurgiaSi, sxvadasxva praqtikulad 

mniSvnelovani Senadnobebis Tvisebebis gasaumjobeseblad. Mmag.: alumin-

magniumis Senadnobze 0,4% skandiumis damateba zrdis droebiT winaRobas 

35%-iT, xolo denadobis zRvars 65-84% da amasTan, fardobiTi wagrZeleba 

rCeba 20-27% doneze. qromze 0,3-0,67% skandiumis damateba zrdis mis 

mdgradobas Jangvis mimarT 1290ºC temperaturamde da sxv. 

    skandiumi gamoiyeneba zemagari masalebis misaRebad. mag.: titanis 

karbidis skandiumis karbidiT legireba Zalze mkveTrad zrdis 

mdgradobas (2-jer). 

    skandiumis berilids (1 atomi skandiumi da 13 atomi beriliumi) gaaCnia 

simkvrivis, simtkicis da maRali lRobis temperaturis saukeTeso Sexameba, 

amitom warmoadgens saukeTeso masalas aerokosmosuri teqnikis 

mSeneblobisaTvis. 

    skandiumis oqsidi gamoiyeneba mikroeleqtronikaSi da maRali 

intensivobis gamanaTebeli elementebis warmoebaSi, medicinaSi 

(maRalxarisxovani kbilis proTezebis dasamzadeblad). 

    atomur mrewvelobaSi warmatebiT gamoiyeneba skandiumis hidridi da 

deiteridi.  

 

 

 

itriumi 

 

bunebaSi gavrceleba 

    itriumi gvxvdeba polimetalur madnebSi, romlebic Seicaven 

lanTanidebs, kalciums, skandiums, titans da sxv. itriumi moipoveba 

sxvadasxva mineralebSi:  

fergusoniti _ YNbO4,  

samarskiti _ Y(Fe,U)(Nb,Ta)2O8,  

gadoliniti _ Y2Fe[Be2Si3O10],  

evkseniti _ YNbTiO6,  

ittropariziti _ Y2Ca(CO3)3F2 da sxv. 
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izotopebi 

    itriumis erT stabilur izotopze  89Y modis TxuTmeti radioaqtiuri 

izotopi masuri ricxvebiT 82-dan 97-mde da naxevraddaSlis periodiT 

wuTidan 105 dRemde. zogierTi am izotopebidan warmoiqmneba uranis 

birTvebis spontanuri gaxleCvisas. SedarebiT metad Seswavlilia itriumis 

radioaqtiuri izotopi-91, warmoqmnili nawilobriv birTvuli afeTqebebis 

dros. 

 

miRebis xerxebi 

    liTonuri itriumi miiReba oqsididan an halogenididan 

liTonoTermuli aRdgeniT. aRmdgenelad iyeneben Mg an Ca: 

2YCl3 + 3Mg → 2Y + 3MgCl2 

2YF3 + 3Ca → 2Y + 3CaF2 

 

aseve itriumis qloridis nalRobis eleqtroliziT: 

2YCl3 —el-zi→ 2Y° +  3Cl2
° 

                           K        A 

K             2Y+3+6e-→2Y° 

A          6Clˉ - 6e- → 3Cl2
° 

 

garda itriumisa, eleqtrolizis produqtebia magniumi da kadmiumi, 

romelTa mocilebis mizniT nalRobs vakuumSi acxeleben 900-1200ºC-ze. 

 

 

fizikur-qimiuri Tvisebebi 

     itriumi movercxlisfro, rbili liTonia. Zalze aqtiuria da haerze 

advilad iJangeba.    

   itriumis fizikuri da qimiuri Tvisebebi msgavsia skandiumis Tvisebebis.  
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    itriumis oqsidi _ Y2O3 _ miiReba TeTri faSari fxvnilis saxiT 

hidroqsidis an karbonatis daSliT:   

 

2Y(OH)3  → Y2O3 + 3H2O 

Y2(CO3)3·3H2O  → Y2O3 + 3CO2 + 3H2O 

 

itriumis oqsidi mcired ixsneba wyalSi, kargad ixsneba mJavebSi. 

    itriumis hidroqsidi _ Y(OH)3 _ labisebri TeTri nivTierebaa, miiReba 

mis xsnad marilze tuteebis  moqmedebisas: 

 

Y(NO3)3 + 3NaOH → Y(OH)3 + 3NaNO3 

 

    itriumis marilebi. itriumi warmoqmnis samvalentian naerTebs,  amiT igi 

uaxlovdeba alumins, magram Tavisi naerTebis TvisebebiT emsgavseba 

tutemiwaTa liTonebis naerTebs. Mmisi marilebis wyalxsnarebi Seicaven 

ufero ionebs. 

    itriumis qloridi _ YCl3 _  miiReba qloris moqmedebiT liTonur 

itriumze, airadi qlorwyalbadiT sulfidis an karbonatis damuSavebisas. 

itriumis qloridi sxvadasxva qloridebTan warmoqmnis ormag marilebs, 

mag.: YCl3·3HgCl2·9H2O;  2YCl3·3PtCl2·4H2O da sxv.   

    itriumis karbidi _ YC _  miiReba itriumis oqsidis naxSirTan erTad 

eleqtroRumelSi gaxurebisas.  

 

    itriumis oqsidisa da Toriumis dioqsidis myari xsnari _ 

“ittraluqsi” xiluli sinaTlisaTvis gamWirvale masalaa, rogorc mina, 

magram amasTan igi kargad atarebs infrawiTel sxivebs. amitom gamoiyeneba 

infrawiTeli “fanjrebis” dasamzadeblad specialuri aparaturisaTvis da 

raketebisaTvis, aseve iyeneben saTvalTvalo xvrelebisaTvis 

maRaltemperaturul RumelebSi (“ittraluqsi” lRveba daaxloebiT 2207ºC-

ze). 

    itriumis oqsidi _ warmoadgens cecxlgamZle masalas, haerze mdgradia 

gacxelebis mimarT, gamoiyeneba rigi maRalaqtiuri masalebis 

galRobisaTvis (maT Soris Tavad itriumis, uranis da sxv.). 
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    itriumis mniSvnelovani naerTia misi teluridi, romelsac gaaCnia  

mcire simkvrive, maRali lRobis temperatura da simtkice. gamoiyeneba 

maRali margi qmedebis koeficientis mqone Termoeleqtrogeneratorebis 

warmoebaSi. 

    itriumis berilidi warmoadgens erT-erT saukeTeso konstruqciul 

masalas aerokosmosur teqnikaSi (lRveba 1020ºC –ze, haerze iwyebs 

daJangvas 1670ºC-ze). 

    aluminis itriumiT legireba misgan damzadebuli masalis 

eleqtrogamtarobas zrdis 7,5%-iT.  

    evropiumis ionebiT legirebuli itriumis oqsidi da vanadati 

gamoiyeneba feradi televizorebis kineskopebis warmoebaSi. evropiumiT 

gaaqtivirebuli  itriumis oqsosulfidi gamoiyeneba luminoforebis 

warmoebaSi feradi televizorebisaTvis, xolo terbiumiT aqtivirebuli _ 

Sav-TeTri televizorebisaTvis.  

    itriumis tetrabromidi gamoiyeneba atomuri reaqtorebis marTvis 

masalebis dasamzadeblad. 

    itriumis orTotantalati gamoiyeneba rentgenokontrastuli safaris 

warmoebisaTvis.  

    itriumis feriti gamoiyenebaa super egm-is warmoebaSi. 

 

 

 

 

lanTani 

 

bunebaSi gavrceleba 

    lanTani moipoveba fosfatis, ftorkarbonatis, silikatis da sxv. 

naerTebis saxiT. Mmas xSirad axlavs skandiumi, itriumi, cirkoniumi, 

Toriumi da urani. Mmisi mniSvnelovani mineralebia  

monaciti, romelic ZiriTadad Sedgeba ceriumis, itriumis, Toriumis 

fosfatebisagan _ (Ce, La...)PO4  da basneziti _ (Ce, La...)FCO3. 
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izotopebi 

    lanTani bunebaSi skandiumis da itriumis msgavsad, gavrcelebulia 

mxolod erTi stabiluri izotopis saxiT _ 139La. 

 

miRebis xerxebi 

    liTonuri lanTani miiReba misi qlorididan an oqsididan 

liTonoTermuli gziT, an halogenidebis nalRobis eleqtroliziT: 

 2LaCl3 —el-zi→ 2La° +  3Cl2
° 

                           K        A 

K             2La+3+6e-→2La° 

A          6Clˉ - 6e- → 3Cl2
° 

 

fizikur-qimiuri Tvisebebi 

    lanTani movercxlisfro-TeTri, mZime, ZneladlRobadi liTonia. 

sxvadasxva liTonebTan (Cu, Tl, Mg, Zn, Cd, Fe, Co, Ni da Hg) warmoqmnis 

Senadnobebs.  Zalze reaqciisunariani liTonia, Cveulebriv temperaturaze 

sakmarisia lanTanis ramdenime saaTiT haerze dayovneba, rom igi 

gardaiqmneba fxvnilad hidroqsokarbonatSi gadasvlis gamo.  

   Jangbadis areSi 450ºC-mde gacxelebisas lanTani iwvis mnaTi aliT (am 

dros gamoiyofa sakmaod didi raodenobis siTbo): 

 

  4La +3O2 → 2La2O3 + Q 

 

   azotis areSi gavarvarebis dros gamoiyofa Savi feris nitridi: 

2La +N2 → 2LaN 

 

   qlorTan lanTani moqmedebs oTaxis temperaturaze, xolo bromTan da 

iodTan reagirebs mxolod gacxelebisas: 

 

2La +3Cl2 → 2LaCl3 

2La +3Br2 -
tº→ 2LaBr3 
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2La +3I2 -
tº→ 2LaI3 

 

   lanTani aqtiuri liTonia, Slis wyals: 

 

2La +6H2O → 2La(OH)3+3H2 

      

    kargad ixsneba mineralur mJavebSi, tutis xsnarebTan ar reagirebs. 

    Y yvela naerTSi lanTani amJRavnebs +3 JangviT ricxvs. oTaxis 

temperaturaze lanTani advilad iJangeba, amitom mas inaxaven benzolSi. 

    lanTanis hidridi _ LaH3 _ miiReba liTonur lanTanze wyalbadis 

moqmedebiT. masze wylis moqmedebiT gamoiyofa wyalbadi da lanTanis 

hidroqsidi.  

    lanTanis oqsidi _ La2O3 _ advilad miiReba liTonuri lanTanis 

JangviT haerze, an hidroqsidis, karbonatis da nitratis Termuli 

disociaciiT:  

 

4La + 3O2 → 2La2O3 

2La(OH)3 → La2O3 + 3H2O 

 

La2O3  TeTri feris amorfuli fxvnilia; fuZe oqsidia, wyalTan ar 

urTierTqmedebs, magram ixsneba mJavebSi, amoniumis marilebidan aZevebs 

amiaks, haeridan advilad STanTqavs CO2–s da warmoqmnis karbonats. 

Aamitom lanTanis oqsids inaxaven hermetulad daxurul WurWelSi. 

    lanTanis  hidroqsidi _ La(OH)3 _ labisebri TeTri naleqia, miiReba  

mis xsnad marilze tutis xsnaris moqmedebiT: 

 

LaCl3 + 3NaOH → La(OH)3 + 3NaCl3 

 

 an karbidze wylis moqmedebiT: 

 

4LaC2+12H2O → 4La(OH)3+ 3C2H2+C2H6 

 



  

14 
 

iSviaTmiwaTa liTonebs Soris lanTanis hidroqsidi erT-erTi Zlieri 

fuZea. 

   lanTanis ftoridi _ LaF3 _ miiReba liTonur lanTanze ftoris 

moqmedebiT: 

2La + 3F2 → 2LaF3 

 

   lanTanis uwylo qloridi _ LaCl3 _ aseve miiReba qloris moqmedebiT 

liTonur lanTanze, xolo lanTanis bromidis (LaBr3) misaRebad mis 

qloridze an sulfatze moqmedeben bromwyalbadiT: 

 

LaCl3+3HBr → LaBr3+ 3HCl 

 

   lanTanis nitrati _ La(NO3)3 _ sxva liTonebis nitratebTan warmoqmnis 

ormag marilebs da koordinaciul naerTebs: 2La(NO3)3·3H2O·Э(NO3)2·24H2O, 

sadac Э=Mg, Zn, Mn2+, Cu2+  da sxv.  

 

    farTod gamoiyeneba lanTanis oqsidi La2O3. igi mniSvnelovani 

komponentia optikuri minebisaTvis (5-40%) linzebis, kino da 

fotoaparaturis prizmebis dasamzadeblad. lanTanis damatebiT 

SesaZlebeli gaxda obieqtivis zomebis Semcireba (igive SuqtexiT) da 

feradi suraTis xarisxis gaumjobeseba. lanTanis oqsidi aseve gamoiyeneba 

lanTanis, itriumis, bariumis, stronciumis, spilenZis da sxv. safuZvelze 

damzadebuli maRaltemperaturuli zegamtarebis sinTezisaTvis. 

    lanTanis qromiti, legirebuli kalciumiT, stronciumiT da magniumiT, 

gamoiyeneba maRaltemperaturuli Rumelebis gamacxeleblebis warmoebaSi 

(lR. temp. _2453ºC, muSa temp. daaxloebiT 1780ºC Jangbadis areSi). 

temperaturis gazrdiT lanTanis qromitis eleqtrowinaRoba mkveTrad 

mcirdeba. misi Termuli gafarToebis koeficienti Zalze mcirea, rac 

ganapirobebs misgan damzadebuli eleqtrogamacxeleblebis xangamZleobas. 

    lanTani iSviaTad, magram mainc gamoiyeneba liTonoTermuli gziT 

iSviaTmiwaTa elementebis aRdgenisaTvis.  
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    lanTanis naerTebis  safuZvelze awarmoeben safanjre minebis safars, 

romelic amcirebs Senobis temperaturas 5-7ºC-iT. 

    lanTan-nikeluri hidridi farTod gamoiyeneba rogorc wyalbadis 

tevadi akumulatori (wyalbadis liTonohidriduli Senaxva) 

avtomobilebisaTvis. 

    maRali sisufTavis liTonur lanTans gansakuTrebuli mniSvneloba 

aqvs atomur warmoebaSi, konkretulad, birTvuli saTbobis gadamuSavebis 

teqnologiaSi plutoniumis gamoyofis mizniT.  

   lanTanis molibdats gaaCnia Zalze maRali gamtaroba, ris gamoc bolo 

wlebSi gaizarda mis mimarT interesi. 

    lanTanis heqsaboridi gamoiyeneba avtoemisiuri kaTodebis 

warmoebisaTvis.  

 

 

 

 

aqtiniumi 

 

bunebaSi gavrceleba  

    aqtiniumi warmoadgens bunebaSi erT-erT yvelaze mcired gavrcelebul 

radioaqtiur elements. igi gvxvdeba uranis da Toriumis madnebSi, 

molibdenitebSi, qalkopiritSi, kasiteritSi, kvarcSi, piroluzitSi, sadac 

Semcvelobis simciris gamo misi gamoyofa rTulia.  

 

 

izotopebi 

    aqtiniumis yvela izotopi radioaqtiuria, mas ar gaaCnia stabiluri 

izotopebi. bunebaSi napovnia aqtiniumis sami izotopi 225Ac, 227Ac da 228Ac, 

cnobilia aseve xelovnurad miRebuli aqtiniumis 24 izotopi.   
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aqtiniumis zogierTi izotopis radioaqtiuri Tvisebebi 

Aaqtiniumis 

izotopi 

miRebis reaqcia daSlis tipi naxevraddaSlis 

periodi 

221Ac 232Th(d,9n)225Pa(α)→221Ac α <1 wm. 
222Ac 232Th(d,8n)226Pa(α)→222Ac α 4,2 wm. 
223Ac 232Th(d,7n)227Pa(α)→223Ac α 2,2 wT. 

224Ac 232Th(d,6n)228Pa(α)→224Ac α 2,9 sT. 

225Ac 

232Th(n,γ)233Th(β-)→233Pa(β-) 

→233U(α)→229Th(α)→225Ra(β-) 
225Ac 

α 10 dRe-Rame 

226Ac 226Ra(d,2n)226Ac 

α an β- an 

eleqtronuli 

wataceba 

29 sT. 

227Ac 
235U(α)→231Th(β-)→ 

→231Pa(α)→227Ac 
α an β- 21,7 weli 

228Ac 232Th(α)→228Ra(β-)→228Ac β- 6,13 sT. 
229Ac 228Ra(n,γ)229Ra(β-)→229Ac β- 66 wT. 
230Ac 232Th(d,α)230Ac β- 80 wm. 
231Ac 232Th(γ,p)231Ac β- 7,5 wT. 
232Ac 232Th(n,p)232Ac β- 35 wm. 

 

 

miRebis xerxebi 

    liTonuri aqtiniumi miiReba oqsididan liTonoTermiiT, an misi 

ftorididan vakuumSi, liTiumis orTqliT  aRdgenis gziT: 

 Ac2O3 + 3Ca → 2Ac + 3CaO 

AcF3+3Li(orTqli) → Ac + 3LiF 

 

    xelovnuri gziT aqtiniums Rebuloben birTvul reaqtorSi radiumis 

neitronebiT dabombviT. 
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fizikur-qimiuri Tvisebebi 

    aqtiniumi movercxlisfro-TeTri, ZneladlRobadi liTonia. 

radioaqtiuri gamosxivebis gamo sibneleSi anaTebs. aqtiniumi asxivebs α-

nawilakebs, Sedegad miiReba aqtinium-X  da misi nawarmebi. 

    qimiuri TvisebebiT aqtiniumi Zalze waagavs lanTans, naerTebSi 

amJRavnebs +3 JangviT ricxvs (Ac2O3, AcCl3, Ac(OH)3), magram igi xasiaTdeba 

gacilebiT maRali qimiuri aqtiurobiT da ufro Zlieri fuZe TvisebebiT. 

naerTebi 

    aqtiniumi aqtiuri liTonia. Mmisi naerTebidan mniSvnelovania 

aqtiniumis oqsidi _ Ac2O3 _ romelSic fuZe xasiaTi mkveTrad aris 

gamoxatuli.  

    aqtiniumis hidroqsidi _ Ac(OH)3 _ labisebri TeTri naleqia.  

    aqtiniumis qloridi _ AcCl3 _ advilad miiReba aqtiniumis hidroqsidis 

oTxqlormeTanTan urTierTqmedebiT: 

 

4Ac(OH)3+3CCl4 → 4AcCl3+ 6H2O+3CO2 

 

   Aaqtiniumis marilebidan wyalSi kargad xsnadia qloridi, bromidi, 

sulfati, nitrati. mcired xsnadia ftoridi, oqsalati da sxv. 

 

    laboratoriul praqtikaSi aqtiniumi gamoiyeneba radiaqtiniumis, 

aqtinium-X da sxva radioaqtiuri produqtebis misaRebad. 

     227Ac beriliumTan narevSi warmoadgens neitronebis wyaros. 

gamoiyeneba madnebSi Mn, Si, Al –is gansazRvrisaTvis. 

     225Ac gamoiyeneba 213Bi–is misaRebad, aseve radioimunoTerapiaSi. 

     227Ac SeiZleba gamoyenebul iqnas energiis radioizotopur wyarod. 

     228Ac gamoiyeneba qimiur kvlevebSi radioaqtiur indikatorad, misi 

maRalenergiuli β–gamosxivebis gamo.  
228Ac-22Ra izotopebis narevi gamoiyeneba medicinaSi rogorc γ–

gamosxivebis intensiuri wyaro. 
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iSviaTmiwaTa elementebis biologiuri roli 

  

    perioduli sistemis III jgufis Tanauri qvejgufis  elementebi ar 

miekuTvnebian sicocxlisaTvis aucilebel elementTa ricxvs. isini 

aRmoCenilia adamianTa da cxovelTa organizmSi. monacemebi maTi 

raodenobis Sesaxeb cnobili araa, xolo biologiuri roli jer kidev ar 

aris Seswavlili. miuxedavad amisa, amJamad muSavdeba iSviaTmiwaTa 

liTonebis kompleqsuri naerTebis safuZvelze damzadebuli sxvadasxva 

samkurnalo saSualebebi. 

    iSviaTmiwaTa liTonebi xasiaTdebian maRali sakoordinacio ricxviT, 

amitom makrociklur ligandebTan warmoqmnian kompleqsur naerTebs, 

romelTac umetes SemTxvevaSi aqvT amfofiluri Tvisebebi.Aam naerTebis 

toqsikuroba imdenad mcirea, rom maTi gamoyeneba SesaZlebelia 

samkurnalo preparatebad, Tu isini avlenen aucilebel bioaqtiur 

Tvisebebs. 
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Tavi II 

 

IV jgufis Tanauri qvejgufis elementebi 

 

     IV jgufis Tanauri qvejgufis elementebs warmoadgenen liTonebi _ 

titani, cirkoniumi, hafniumi da rezerfordiumi. 

 

 

 

titani 

 

bunebaSi gavrceleba  

    titani sakmaod gavrcelebuli liTonia. Mmisi umniSvnelovanesi 

mineralebia:  

ilmeniti (rkinis metatitanati, titanis rkinaqva) _ FeTiO3,  

rutili _ TiO2,   

perovskiti _ CaTiO3,  

titanomagnetiti _ FeTiO3·Fe3O4,  

titaniti _ CaTiOSiO4.  

 

izotopebi 

    bunebrivi titani Sedgeba xuTi stabiluri izotopisagan: 46Ti (7,95%), 47Ti 

(7,75%), 48Ti (73,45%), 49Ti (5,51%), 50Ti (5,34%). cnobilia aseve titanis xelovnuri, 

Eelemen

ti 

atomu

ri 

masa 

atomis eleqtronuli konfiguracia eleqtro- 

uaryofiT

oba 

JangviTi

ricxvi 

Ti 47,88 1s22s22p63s23p63d24s2 1,45 +2,+3,+4 

Zr 91,22 1s22s22p63s23p63d104s24p64d25s2 1,60 +2,+3,+4 

Hf 178,49 1s22s22p63s23p63d104s24p64d105s25p65d26s2 1,59 +2,+3,+4 

Rf 261,11 1s22s22p63s23p63d104s24p64d104f145s25p65d106s2

6p66d27s2 

 +2,+3,+4 
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radioaqtiuri izotopebi: 45Ti  (naxevraddaSlis periodiT 3,09 sT), 51Ti 

(naxevraddaSlis periodiT 5,79 wT) da sxv. 

    

miRebis xerxebi 

    titanis madnis koncentrats amuSaveben gogirdmJavaTi an 

pirometalurgiuli xerxiT. gogirdmJavaTi damuSavebis produqtia  

titanis dioqsidis TiO2 fxvnili. pirometalurgiuli meTodiT madans 

alRoben koqsTan, amuSaveben qloriT da iReben titanis tetraqloridis 

fxvnils: 

TiO2+2C+2Cl2 →TiCl4+2CO 

 

miRebul dioqsids an tetraqloridis orTqls (850°C -ze) aRadgenen 

magniumiT: 

TiCl4 + 2Mg → 2MgCl2+ Ti 

 

magniumis nacvlad xSirad iyeneben magniumisa da kalciumis Senadnobs. 

    titanis aRdgena ufro dabal temperaturaze (300-350ºC) SesaZlebelia 

natriumis hidridiT: 

 

TiCl4 + 2NaH → Ti + 2NaCl + 2HCl 

 

    titanis miReba SeiZleba tetraiodtitanis Termuli daSliT: 

 

TiI4  –tº→ Ti + 2I2 

 

    qimiurad sufTa titani miiReba van-arkelis da de-buris meTodiT 

tetraiodtitanidan, romelic qroldeba 400ºC-ze. daxurul WurWelSi misi 

orTqli SexebaSi modis gavarvarebul mavTulTan, romlis temperatura 

aRwevs 1200-1400ºC-s, iodidis orTqli mis zedapirze iSleba da liTonuri 

titani gamoileqeba varvarebis Zafze, xolo iodi SeuerTdeba titans, 

romelic WurWlis fskerzea. warmoqmnili TiI4 aorTqldeba, isev daiSleba 
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cxel mavTulze da a.S. sabolood WurWelSi Setanili titanis xarjze 

varvarebis Zafze qimiurad sufTa titani daileqeba. mavTulis sisqis 

matebasTan erTad misi varvarebisaTvis denis Zalas Sesabamisad adideben. 

    liTonuri titanis miReba SesaZlebelia aseve misi halogenidis 

nalRobis eleqtroliziT.  

    

fizikur-qimiuri Tvisebebi 

    titani arsebobs ori alotropiuli modifikaciis saxiT: 882,5ºC-is 

qveviT mdgradia α-forma (heqsagonaluri mWidrodCawyobili meseriT), 

xolo am temperaturis zemoT mdgradia β-forma (kuburi 

moculobacentrirebuli meseriT). igi warmoadgens plastikur, 

adviladglinvad liTons, mdgradia koroziis mimarT, mis zedapirze Txeli 

oqsiduri (TiO2) fenis arsebobis gamo. zRvis wyalSi ar iJangeba. oTaxis 

temperaturaze mineralur mJavebTan ar reagirebs, iJangeba mxolod maRal 

temperaturaze. 100-500ºC-is intervalSi misi simagre ar icvleba. amitom 

titani Tanamedrove teqnikis mniSvnelovan konstruqciul masalas 

warmoadgens, gamoiyeneba saaviacio da saraketo mSeneblobaSi, turbinebis 

detalebis dasamzadebladAda qimiur mrewvelobaSi. titani, mTel rig 

liTonebTan warmoqmnis Senadnobebs.  

    IV jgufis elementebi da maT Soris titani, gansakuTrebul 

mdgradobas iCenen kompaqtur mdgomareobaSi. maRal temperaturaze 

araliTonebTan warmoqmnian binarul naerTebs (hidridebs, halogenidebs, 

sulfidebs, nitridebs, karbidebs, silicidebs). sxva liTonebTan 

warmoqmnian myar xsnarebs. fxvnilisebur mdgomareobaSi isini 

piroforulebi arian.  

    titani haerze gacxelebisas 1200ºC-mde iwvis cvladi Sedgenilobis 

oqsiduri TiOx fazebis warmoqmniT. maRal temperaturaze urTierTqmedebs 

halogenebTan tetrahalogenidebis warmoqmniT. 400ºC-ze maRal 

temperaturaze urTierTqmedebs azotTan TiNx(x=0,58-1,00) Sedgenilobis 

nitridis warmoqmniT. naxSirbadTan warmoqmnis TiCx (x=0,49-1,00) 

Sedgenilobis karbids. gacxelebisas titani STanTqavs wyalbads cvladi 
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Sedgenilobis TiHх hidridebis warmoqmniT, romlebic gacxelebiT iSlebian 

wyalbadis gamoyofiT.     

    titani ixsneba cxel HCl-Si titan(III)-is qloridis warmoqmniT, aseve 

HF–Si TiF4 an  H2[TiF6]-is warmoqmniT: 

 

2Ti + 6HCl → 2TiCl3+3H2↑ 

Ti + 6HF → H2[TiF6]+2H2↑ 

     

    ftorid-ionis Tanaobisas titani (cirkoniumis da hafniumis msgavsad) 

TandaTan reagirebs sust mJavebTanac ki: 

 

 Ti + 4CH3COOH +6NH4F → (NH4)2[TiF6]+4NH4CH3COO+2H2↑ 

    titani ixsneba tuteebis koncentrirebul xsnarebSi: 

 

Ti + 2NaOH +H2O → Na2TiO3+2H2↑ 

 

    liTonuri titani wyals Slis duRilis dros: 

 

Ti + 3H2O –tº→ H2TiO3+2H2↑ 

    cxeli, koncentrirebuli azotmJava Jangavs titans, ris Sedegadac 

miiReba naklebad xsnadi β-titanmJava: 

 

Ti + 4HNO3 + (x-2)H2O → TiO2·xH2O↓+4NO2 

naerTebi  

    titan(II)-is naerTebi sakmaod iSviaTia, maTi miReba SeiZleba titanis 

(III) naerTebis aRdgeniT.   

    titan(II)-is oqsidi _ TiO _ warmoadgens oqrosfer naerTs. miiReba 

titanis dioqsidis da liTonuri titanis narevis 1700ºC-mde  gaxurebiT 

vakuumSi: 

 

TiO2 + Ti → 2TiO 
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    titanis dihidridi _ TiH2 _ myari, nacrisferi naerTia, gamoiyeneba 

sxvadasxva liTonebis fxvnilebSi danamatebis saxiT koroziuli 

mdgradobis misaniWeblad. miiReba titanis dioqsidis aRdgenisas 

kalciumis hidridiT: 

 

 TiO2 + 2CaH2 → TiH2 + 2CaO + H2 

    titanis dihalogenidebi _ Tihal2 _ titanis diqloridi (TiCl2), 

dibromidi (TiBr2)  da diiodidi (TiI2) Savi feris fxvnilebs warmoadgenen, 

romlebic gaxurebisas iSlebian. miiRebian titanis Sesabamisi 

trihalogenidis  disproporcirebiT: 

 

2TiCl3 → TiCl2 + TiCl4 

 

     miRebuli di- da trihalogenidebi sxvadasxva temperaturaze 

gamoixdebian. 

     

    titan(III)-is naerTebi aramdgradia, maT aqvT aRmdgeni unari, amitom 

azotis an CO areSi inaxaven. maT misaRebad titan(IV)-is naerTebs aRadgenen 

wyalbadiT, TuTiiT an eleqtroliziT (kaToduri aRdgena). titan(III)-is 

naerTebis xsnarebi Cveulebriv iisferia. 

    titan(III)-is  oqsidi _ Ti2O3 _ iisferia, mcired ixsneba wyalSi, miiReba 

titan(IV)-is  oqsidis aRdgeniT maRal temperaturaze: 

   

2TiO2 + Ca → Ti2O3 + CaO  

3TiO2 + TiCl4+ 2H2 → 2Ti2O3 + 4HCl 

    titan(III)-is  hidroqsidi _ Ti(OH)3 _ saSualo siZlieris fuZea, 

tuteebSi ar ixsneba. miiReba titan(III)-is  marilebze tutis moqmedebiT: 

TiCl3 + 3NaOH → Ti(OH)3 +3NaCl   

    titanis triqloridi _ TiCl3 _ iisferi kristaluri nivTierebaa, 

gacxelebisas misi disproporcirebiT miiReba titanis di- da 
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tetraqloridebi. miiReba tetraqloridis wyalbadiT, vercxliT an 

vercxliswyliT aRdgenisas: 

2TiCl4 + H2 →2TiCl3 + 2HCl 

TiCl4 + Ag → TiCl3 + AgCl 

2TiCl4 + Hg → 2TiCl3 +  HgCl2 

tenian haerze advilad iJangeba: 

 

2TiCl3 + 4H2O → 2TiO2 +  6HCl +H2↑ 

    titanis triftorididan _ TiF3 _ advilad miiReba kompleqsuri 

ftormarilebi: Э2
+1TiF5, da  Э3

+1TiF6. aseTive Sedgenilobis marilebi miiReba 

tribrom- da triiodtitanidan: Э2
+1TiBr5, Э2

+1TiBr6,  Э2
+1TiI5,  Э3

+1TiI6.  

    titan(III)-is  sulfati _ Ti2(SO4)3 _ mwvane fxvnilia, wyalSi mcired 

ixsneba. mis misaRebad mJava sulfats amuSaveben koncentrirebuli 

gogirdmJavaTi. cnobilia titanis Sabebi: wiTeli RbTi(SO4)2·12H2O, iisferi 

CsTi(SO4)2·12H2O da [NH4]2SO4·3Ti2(SO4)3·18H2O tipis ormagi marilebi. 

    titan(III)-is  nitridi _ TiN _ brinjaosferi nivTierebaa, xasiaTdeba 

didi mdgradobiT. miiReba titanis naerTebis aRdgeniT azotis areSi. 

 

titan(IV)-is  naerTebi 

    titanis naerTebidan yvelaze mravalricxovani da mdgradia titan(IV)-

is  naerTebi.  

    titanis dioqsidi (titanis TeTra) _ TiO2 _ TeTri fxvnilia, miiReba 

titanis dawviT Jangbadis areSi, an misi mJavebis wylis orTqliT 

damuSavebisas maRal temperaturaze: 

 

Ti + O2 → TiO2  
 H2TiO3 → TiO2 +  H2O 

titanis dioqsidi mcired ixsneba ganzavebul mJavebSi, tuteebSi da 

wyalSi. kargad ixsneba koncentrirebul gogirdmJavaSi da natriumis 

tutis nalRobSi: 
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TiO2 +2H2SO4 → Ti(SO4)2 + 2H2O  
 TiO2+2NaOH → Na2TiO3 +  H2O   (metatitanati) 

TiO2+4NaOH → Na4TiO4 + 2H2O  (orTotitanati) 

 

orTotitanmJava  _ H4TiO4 (TiO2·2H2O) _ miiReba  titanilis sulfatze 

(TiOSO4) tutis moqmedebiT: 

 

TiOSO4+2NaOH+ H2O → H4TiO4 + Na2SO4 

 

an titan(IV)-is qloridze (titanis tetraqloridi)  natriumis tutis 

moqmedebiT: 

TiCl4+4NaOH → H4TiO4 + 4NaCl 

wylis moqmedebiT TiCl4 hidrolizuri daSlis Sedegad  warmoqmnis TiO2–s 

da HCl-s: 

TiCl4+2H2O → TiO2 + 4HCl 

wylis naklebobis SemTxvevaSi miiReba titanilqloridi _ TiOCl2. 

    titanis tetraqloridisaTvis damaxasiaTebelia agreTve mierTebis 

reaqciebi, romlis drosac miiReba koordinaciuli naerTebi mag.: 

(NH4)2[TiCl6]·2H2O. msgavsi marilebi miiReba titanis tetraftoridze 

ftoridebis moqmedebiT Э2
I[TiF6], sadac ЭI=Na+,K+, NH4

+  da a.S. titanis 

tetraqloridi haerze mbolavi siTxea. titanis tetraqloridis 

hidrolizis dros 80ºC-ze miiReba metatitanmJava: 

 

TiCl4+3H2O –80ºC→ H2TiO3 + 4HCl 

msgavsi Tvisebebi axasiaTebs titanis tetrabromids _ TiBr4 da 

tetraiodids _ TiI4. maT misaRebad mimarTaven sinTezs martivi 

nivTierebebidan:  

Ti+2Br2 →TiBr4  

Ti+2I2 → TiI4  



  

26 
 

TiBr4 _ warmoadgens yviTeli feris kristalebs, TiI4 _ wiTeli kuburi 

kristalebia. 

 

   titanilsulfati _ TiOSO4 _warmoadgens TeTri feris fxvnils, ixsneba 

civ wyalsa da gogirdmJavaSi. miiReba titanis dioqsidze koncentrirebuli 

gogirdmJavas moqmedebiT: 

  

TiO2 +H2SO4(k)→ TiOSO4+H2O  

tute liTonebis sulfatebTan warmoqmnis M2
I[TiO(SO4)2]·nH2O tipis 

koordinaciul naerTebs. 

   titan(IV)-is karbidi _ TiC _  warmoadgens Savi feris kristalebs. misi 

lRobis temperaturaa 3137ºC. amitom man volframis karbidTan erTad 

farTo gamoyeneba hpova zemagari Senadnobebis misaRebad.  

     

    liTonuri titani gamoiyeneba qimiur warmoebaSi (reaqtorebi, 

milsadenebi, tumboebi), msubuq SenadnobebSi, osteoproTezebSi. 

warmoadgens mniSvnelovan konstruqciul masalas avia-, raket- da 

gemTmSeneblobaSi. titani warmoadgens malegirebel danamats zogierTi 

markis foladisaTvis. 

    Senadnobi niTinoli (nikeli-titani) gamoiyeneba medicinaSi da 

teqnikaSi. 

    titanis aluminidebi warmoadgenen Jangvis mimarT mdgrad da 

temperaturamedeg nivTierebas, ramac ganapiroba maTi gamoyeneba aviaciaSi 

da avtomobilTmSeneblobaSi, konstruqciuli masalis saxiT.  

   TeTri feris titanis dioqsidi (TiO2) gamoiyeneba saRebavebis, qaRaldis 

da plastikatis warmoebaSi. 

    titanorganuli naerTebi (mag. tetrabutoqsititani) gamoiyeneba 

katalizatorad da gamamyareblad qimiur da laqsaRebavebis warmoebaSi. 

    titanis araorganuli naerTebi gamoiyeneba eleqtroqimiis, boWkovani 

minis warmoebaSi danamatis saxiT. 

    titanis diboridi _ mniSvnelovani komponentia liTonebis 

dasamuSaveblad gamoyenebuli zemagari masalebisaTvis.              
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    titanis nitridi gamoiyeneba instrumentebis dasaferad.      

  

 

 

 

cirkoniumi 

 

bunebaSi gavrceleba  

    cirkoniumis Semcveli naerTebi bunebaSi iSviaTad gvxvdeba. misi 

umniSvnelovanesi mineralebia:  

cirkoni (giacinti, badeleiti) _ ZrO2  da  

cirkoniumis silikati _ ZrSiO4. 

yvela sabadoSi cirkoniumis mudmivi Tanamgzavria hafniumi. 

 

izotopebi 

    bunebaSi gavrcelebulia cirkoniumis xuTi izotopi (90Zr, 91Zr, 92Zr, 94Zr и 
96Zr), amasTan 96Zr sustad radioaqtiuria (ganicdis ormag β-daSlas 

naxevraddaSlis periodiT 2,4×1019 weli). 

    

miRebis xerxebi 

    liTonuri cirkoniumi miiReba kaliumis ftorcirkonatis liTonuri 

natriumiT aRdgenisas: 

К2[ZrF6] + 4Na → Zr + 2KF + 4NaF 

cirkoniumis tetraqloridze magniumis moqmedebiT: 

ZrCl4+2Mg → Zr +2MgCl2 

heliumis atmosferoSi cirkoniumis miRebisas magniumTermuli meTodiT, 

mas Rrublisebri saxe aqvs. MmiRebul cirkoniums amuSaveben marilmJavaTi 

da minarevebis mocilebis Semdeg inertuli airis areSi alRoben 

kompaqturi liTonis misaRebad. 
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    imisaTvis, rom romelime liToni miRebul iqnas misi marilis xsnaris 

eleqtroliziT, am liTonma unda warmoqmnas erTatomiani ionebi. 

cirkoniumi ki aseT ionebs ar warmoqmnis. magaliTad, cirkoniumis 

sulfati Zr(SO4)2 arsebobs mxolod koncentrirebul gogirdmJavaSi, xolo 

ganzavebisas iwyeba hidrolizis da kompleqswarmoqmnis  reaqciebi; 

sabolood miiReba: 

Zr(SO4)2 + Н2О → (ZrO)SO4 + H2SO4 

 

wyalxsnarSi hidrolizdeba cirkoniumis qloridic: 

ZrCl4 + Н2О → ZrOCl2 + 2HCl 

    zogierTi mkvlevari Tvlida, rom maT SeZles cirkoniumis miReba 

xsnarebis eleqtroliziT, magram isini cdebodnen kaTodze gamoyofili 

produqtis Sesaxedaobidan gamomdinare. erT SemTxvevaSi gamoiyofoda 

liToni, magram es iyo nikeli an spilenZi, romelTa minarevebs Seicavda 

cirkoniumis nedleuli. meore SemTxvevaSi _ cirkoniumis hidroqsidi, 

romelic garegnulad Zalian waagavs liTons. 

    mxolod meoce saukunis ocian wlebSi (cirkoniumis aRmoCenidan 100 

wlis Semdeg) iqna SemuSavebuli am liTonis miRebis pirveli samrewvelo 

xerxi. Ees aris holandieli mecnierebis van-arkelis da de-buris meTodi, 

romlis arsi mdgomareobs imaSi, rom aqroladi nivTiereba (am SemTxvevaSi 

cirkoniumis tetraiodidi ZrI4) ganicdis Termul daSlas vakuumSi da 

volframis gavarvarebul Zafze gamoiyofa sufTa liToni. 

 

fizikur_qimiuri Tvisebebi 

   cirkoniumi movercxlisfro-TeTri feris liTonia. Aadvilad warmoqmnis 

Senadnobebs sxvadasxva liTonebTan (magniumTan, aluminTan, spilenZTan, 

vercxlTan, rkinasTan, nikelTan da sxv.). igi xasiaTdeba didi simtkiciT, 

dabali TbogamtarobiT, amitom man didi gamoyeneba hpova konstruqciuli 

masalis saxiT TermobirTvuli reaqtorebisaTvis. cirkoniumis plastikuri 

Tviseba damokidebulia ZiriTadad masSi Jangbadis Semcvelobaze. Tu 

gamdnari cirkoniumi Seicavs 0,7%-ze met Jangbads, maSin liToni iqneba 
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myife, cirkoniumis JangbadTan myari xsnarebis warmoqmnis gamo, romelTa 

Tvisebebi mkveTrad gansxvavdeba sufTa liTonis Tvisebebisagan.  

    cirkoniumi qimiurad naklebad aqtiuri  elementia, iCens did 

koroziul mdgradobas. maRal temperaturaze avlens reaqciaSi Sesvlis 

unars, ierTebs Jangbads, halogenebs da warmoqmnis oTxvalentiani 

cirkoniumis naerTebs.  

    cirkoniumi urTierTqmedebs mJavebTan mxolod maSin, roca iqmneba 

piroba misi daJangvisa da anionuri kompleqsis warmoqmnisaTvis. mag., 

koncentrirebuli gogirdmJavas, samefo wylis, ftorwyalbadmJavas da 

azotmJavas narevis  moqmedebiT: 

 

Zr+5H2SO4 (k)→ H2[Zr(SO4)3] +2SO2↑+4H2O 

 

    cirkoniumi tuteTa xsnarebis moqmedebis mimarT mdgradia. 

 

naerTebi  

    cirkonium(II)-is  naerTebi sakmaod iSviaTia.  

    cirkoniumis  diqloridi _ ZrCl2 _ Savi feris nivTierebaa. miiReba 

triqloridis disproporcirebiT, vakuumSi gacxelebisas: 

 

2ZrCl3 → ZrCl2 + ZrCl4 

 

an cirkoniumis tetraqloridze  liTonuri cirkoniumis moqmedebiT maRal 

temperaturaze: 

   ZrCl4 + Zr → 2ZrCl2  

 

imave gziT miiReba cirkoniumis dibromidi _ ZrBr2  _, romelic warmoadgens 

Savi feris aramdgrad naerTs. Ggacxelebisas disproporcirdeba: 

 

2ZrBr2 → ZrBr4 + Zr 
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    cirkonium(III)-is  naerTebis raodenoba, cirkonium(II)-is  naerTebis 

msgavsad, SezRudulia.  

    cirkoniumis triqloridi _ ZrCl3 _Savi feris, aramdgradi, 

kristaluri naerTia. miiReba tetraqloridis wyalbadiT, liTonuri 

cirkoniumiT an aluminiT aRdgenisas:  

 

2TiCl4 + H2 → 2TiCl3 + 2HCl 

 

cirkonium(IV)-is  naerTebi  

    cirkoniumis dioqsidi _ ZrO2 _ TeTri feris, ZneladlRobadi, qimiuri 

reagentebis mimarT mdgradi fxvniliseburi nivTierebaa. igi cecxlgamZle, 

maRalxarisxovani masalaa Rumelebis amosagebad. miiReba liTonuri 

cirkoniumis gaxurebiT Jangbadis areSi: 

 

Zr + O2 → ZrO2  
    mlRobi mJavas moqmedebiT iSleba: 

 

ZrO2+4HF →ZrF4 + 2H2O 

 

    tuteebTan an tute liTonebis karbonatebTan SelRobisas warmoqmnis 

liTonocirkonatebs:O 

 

ZrO2+2NaOH →Na2ZrO3 +  H2O 

 

    cirkoniumis tetraftoridi _ ZrF4 _ miiReba liTonur cirkoniumze 

ftoris moqmedebisas an fxvnilisebr cirkoniumze mlRobi mJavas 

moqmedebiT: 

Zr+2F2 → ZrF4  

Zr+4HF → ZrF4 + 2H2 

 

cirkoniumis tetraftoridi sxvadasxva ftoridebTan warmoqmnis 

MI[ZrF5]·H2O, MI
2[ZrF6]·nH2O MI

3[ZrF7] da a.S. tipis koordinaciul naerTebs. 
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    cirkoniumis tetraqloridi _ ZrCl4 _ miiReba maRal temperaturaze 

liTonur cirkoniumze airadi qloris moqmedebiT:  

 

Zr+2Cl2 → ZrCl4  

 

cirkoniumis tetraqloridi wyalTan ganicdis hidrolizs. ixsneba 

spirtSi, marilmJavaSi, tute liTonebis qloridTa xsnarebSi. 

    cirkoniumis tetrabromidi _ TiBr4 _ TeTri mikrokristaluri fxvnilia. 

miiReba liTonuri cirkoniumis gacxelebisas bromis areSi:  

 

Zr + 2Br2 → ZrBr4  

 

wylis moqmedebiT iSleba da miiReba cirkonilis dibromidi: 

 

    ZrBr4 + H2O → ZrOBr2 + 2HBr 

    cirkonium(IV)-is  uwylo sulfati _ Zr(SO4)2 _ miiReba cirkoniumis 

tetraqloridze koncentrirebuli gogirdmJavas moqmedebiT: 

ZrCl4 + 2H2SO4 → Zr(SO4)2 + 4HCl 

cirkoniumis sulfati wyalxsnarSi warmoqmnis cirkonilgogirdmJavas, 

romelsac Seesabameba H2[ZrO(SO4)2] formula. 

 

    cirkonium(IV)-is  nitrati  _  Zr(NO3)4 _ ufero higroskopuli 

kristalebs warmoadgens. Kkargad ixsneba wyalSi. 

 

    liTonuri cirkoniumi, romelic ar Seicavs hafniums da misi 

Senadnobebi  gamoiyeneba atomur energetikaSi birTvuli reaqtorebis 

sxvadasxva konstruqciebis dasamzadeblad. G 

    cirkoniumi gamoiyeneba metalurgiaSi, warmoadgens karg mJangvels da 

deazotators, romelic efeqturobiT Mn, Si, Ti–ze ukeTesia. cirkoniumiT 

foladis legireba (0,8%-mde) zrdis mis meqanikur Tvisebebs, aseve zrdis 

spilenZis Senadnobebis Tbomedegobas da simtkices. 
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    cirkoniumi gamoiyeneba piroteqnikaSi, aqvs, ra unari haeris JangbadSi 

daiwvas (TviTaalebis temperatura _ 250ºC) maRali siCqariT, praqtikulad 

kvamlis gareSe. warmoqmnili cirkoniumis dioqsidi asxivebs sinaTlis 

mniSvnelovan raodenobas, rac ganapirobebs mis gamoyenebas piroteqnikaSi 

(feierverkebis warmoeba). 

    cirkoniumis koroziisadmi maRali mdgradoba saSualebas iZleva 

gamoyenebuli iqnes neiroqirurgiaSi. cirkoniumis Senadnobebisagan 

amzadeben sisxlSemaCerebel momWerebs, qirurgiul instrumentebs, zogjer 

Zafebsac ki, nakerebis dasadebad tvinze operaciebis dros. 

    cirkoniumis (25%) da niobiumis (75%) Senadnobi warmoadgens zegamtars. 

    cirkoniumi  gamoiyeneba sxvadasxva WurWlis dasamzadeblad, romelsac 

gaaCnia higienuri Tvisebebi maRali qimiuri mdgradobis wyalobiT. 

    cirkoniumis dioqsidi (lRobis temperatura 2700ºC) gamoiyeneba 

cecxlmedegi masalis dasamzadeblad, kerZod, Rumelebis amosagebad da 

sxv. 

    cirkoniumis dibromidi tantalis nitridTan da siliciumis karbidTan 

erTad warmoadgens masalas saWrisebis warmoebisaTvis. 

    cirkoniumis karbidi mniSvnelovani konstruqciuli masalaa 

myarfaziani birTvuli reaqtiuli ZravebisaTvis. 

    cirkoniumis berilidi mdgradia haerze daJangvis mimarT 1650ºC-mde, 

gamoiyeneba aviakosmosur teqnikaSi (Zravebi, reaqtorebi, radioizotopuri 

eleqtrogeneratorebi). 

     cirkoniumis hidridi gamoiyeneba saraketo sawvavis komponentad, 

atomur teqnikaSi rogorc Zalze efeqturi neitronebis Semnelebeli. 

     cirkoniumis nitridi gamoiyeneba rogorc keramikuli safari. rogorc 

safari gamoiyeneba aseve stomatologiaSi da saiuveliro saqmeSi.   

 

 

hafniumi 

 

bunebaSi gavrceleba 

    hafniumi gvxvdeba cirkoniumis mineralebSi, sadac misi Semcveloba 2-

2,5%-s Seadgens. 
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miRebis xerxebi 

    liTonuri hafniumi miiReba misi tetraqlorididan liTonoTermuli 

gziT, risTvisac iyeneben liTonur magniums da natriums: 

 

HfCl4 + 2Mg → Hf  + 2MgCl2 

HfCl4 + 4Na → Hf  + 4NaCl 

 

an  hafniumis tetraiodididan Termuli daSliT van-arkelis da de-buris 

meTodiT.  

     

fizikur-qimiuri Tvisebebi 

    hafniumi movercxlisfero-TeTri, plastikuri, rbili liTonia. Kkargi 

siTbo da eleqtrogamtaria. mraval sxvadasxva liTonTan SelRobisas 

warmoqmnis Senadnobebs.   

    qimiuri TvisebebiT hafniumi Zalian waagavs cirkoniums am elementebis 

ionebis TiTqmis erTnairi zomebis da eleqtronuli struqturis sruli 

msgavsebis gamo. Tumca hafniumis qimiuri aqtiuroba ramdenadme naklebia, 

vidre cirkoniumis. Mmisi ZiriTadi valentobaa IV,  arsebobs aseve III, II da 

I valentiani hafniumis naerTebi. 

    oTaxis temperaturaze hafniumi absoluturad mdgradia atmosferuli 

airebis mimarT. gacxelebiT 600ºC-ze maRla swrafad iJangeba da 

cirkoniumis msgavsad urTierTqmedebs azotTan da wyalbadTan. Hhafniumi 

gamoirCeva koroziisadmi mdgradobiT sufTa wyalSi da wylis orTqlSi 

400ºC-mde. fxvniliseburi hafniumi piroforulia.  

    gacxelebisas hafniumi reagirebs halogenebTan Hfhal4 tipis 

tetrahalogenidebis warmoqmniT: 

                     Hf + 2hal2 → Hfhal4   

sadac hal=F, Cl, Br, I. 

maRal temperaturaze hafniumi urTierTqmedebs naxSirbadTan, borTan, 

azotTan, siliciumTan liTonismsgavsi, ZneladlRobadi, qimiuri 
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reagentebis mimarT Zalze mdgradi naerTebis warmoqmniT:  HfB, HfB2 (tlR 3250 

°С), HfC (tlR 3887 °С), HfN (tlR 3310 °С), Hf2Si, HfSi, HfSi2. 

    hafniumi, cirkoniumis msgavsad urTierTqmedebs mJavebTan mxolod 

maSin, roca iqmneba piroba misi daJangvisa da anionuri kompleqsis 

warmoqmnisaTvis. mag., koncentrirebuli gogirdmJavas, samefo wylis, 

ftorwyalbadmJavas da azotmJavas narevis  moqmedebiT: 

 

3Hf+4HNO3+18Hhal → 3H2[Hfhal6] +4NO↑+8H2O 

sadac hal= F, Cl. 

 

    hafniumi iseve rogorc cirkoniumi, tuteebis xsnarebis moqmedebis 

mimarT mdgradia. 

 

 

    hafnium(II)-is  da hafnium(III)-is naerTebi aramdgradia da TvisebebiT 

cirkoniumis Sesabamisi naerTebis analogiuria. 

 

hafnium(II)-is  naerTebi     

    hafniumis  dibromidi _ HfBr2 _ Savi feris, haerze TviTaalebadi, myari 

nivTierebaa. iSleba 400ºC-ze hafniumad da hafniumis tetrabromidad. 

miiReba hafniumis tribromidis disproporcirebiT vakuumSi maRal 

temperaturaze. 

    hafnium(II)-is  hidrofosfati _ Hf(HPO4)2 _ TeTri naleqia, ixsneba 

gogird_ da ftorwyalbadmJavebSi. miiReba hafnium(II)-is  marilebis 

orTofosformJavaTi damuSavebisas. 

 

hafnium(III)-is  naerTebi    H    

    hafniumis  tribromidi _ HfBr3 _ moSavo-molurjo myari nivTierebaa. 

400ºC-ze disproporcirebs hafniumis dibromidad da tetrabromidad. 

miiReba hafniumis tetrabromidis aRdgeniT maRal temperaturaze 

wyalbadis an liTonuri aluminis atmosferoSi. 
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hafnium(IV)-is  naerTebi     

    hafniumis  dioqsidi _ HfO2 _ ufero, ZneladlRobadi nivTierebaa, 

gaaCnia maRali qimiuri mdgradoba. wyalSi Znelad xsnadia. Hhafnium(IV)-is  

oqsidi da misi Sesabamisi hidroqsidi (Hf(OH)4) amfoterul Tvisebebs 

amJRavneben, romelSic Warbobs fuZe Tvisebebi. tuteebTan da tutemiwaTa 

liTonebis oqsidebTan gacxelebiT HfO2 warmoqmnis hafnatebs, mag.: Э2НfO3, 

Э4НfО4. 

    hafnium(IV)-is hidroqsidi _ Hf(OH)4 _ TeTri feris naleqia, tutis da 

wyalbadis peroqsidis damatebiT warmoqmnis peroqsohafnatebs. miiReba 

oTxvalentiani hafniumis marilebis Rrma hidroliziT maRal 

temperaturaze an hafnium(IV)-is  marilebis tuteebiT damuSavebisas. 

    hafniumis tetraftoridi _ HfF4 _ ufero kristaluri nivTierebaa. 

miiReba (NH4)2[HfF6]-is Termuli daSliT 300ºC-ze.           

    hafniumis tetraqloridi _ HfCl4 _ TeTri feris fxvniliseburi 

nivTierebaa. sublimacias ganicdis 317 ºC-ze. miiReba maRal temperaturaze 

liTonuri hafniumis urTierTqmedebiT airad qlorTan:  

 

Hf + 2Cl2 →HfCl4  

 

    hafniumis tetrabromidi _ HfBr4 _ ufero kristaluri nivTierebaa. 

sublimacias ganicdis 322 ºC-ze. miiReba bromis orTqlis urTierTqmedebiT 

500 ºC-mde gacxelebul hafnium(II)-is  oqsidis da naxSiris narevTan. 

    hafniumis tetraiodidi _ TiI4 _ yviTeli feris kristaluri 

nivTierebaa. sublimacias ganicdis 322 ºC-ze. miiReba hafniumis 

urTierTqmedebiT iodTan 300 ºC-ze.  

 

    hafniumis naerTebi gamoiyeneba birTvul energetikaSi (reaqtorebis 

maregulirebeli Reroebi, neitronebis gamosxivebisagan damcavi ekrani), 

eleqtronul teqnikaSi (kaTodebi, eleqtrokontaqtebi). hafniumisgan 

damzadebuli detalebi gamoiyeneba turboreaqtiul ZravebSi, raketebSi, 
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xelovnur TanamgzavrebSi, maRalxarisxovani mravalfeniani rentgenis 

sarkeebis dasamzadeblad.  

    hafniumis da skandiumis Senadnobebi gamoiyeneba mikroeleqtronikaSi. 

    hafniumis karbidis (HfC, 20 %) da tantalis karbidis (TaC, 80 %) 

Senadnobi  warmoadgens yvelaze ZneladlRobad Senadnobs. 

    hafniumiT legirebuli tantalis Senadnobebi gamoiyeneba 

gemTmSeneblobaSi (gemis Zravebis detalebis warmoeba), xolo nikelis 

hafniumiT legireba ara marto zrdis mis simtkices da koroziisadmi 

medegobas, aramed mkveTrad aumjobesebs SeduRebis unars da SeduRebis 

nakerebis simtkices. 

 

 

 

IV jgufis Tanauri qvejgufis elementebis biologiuri roli 

 

    amJamad titanis, cirkoniumis da hafniumis biologiur rolze 

msjeloba Znelia. amasTan, titani miekuTvneba biogenur liTonTa ricxvs. 

Mmcire raodenobiT mas yovelTvis Seicavs adamianis da cxovelis 

organizmi naerTis saxiT. Tumca qimiuri inertulobis gamo liTonur Ti da 

Zr iyeneben medicinaSi (proTezireba stomatologiaSi da orTopediaSi). 

Toriumi, misi naerTis Sedgenilobis miuxedavad, Tavad Toriumis 

radiaqtiurobis da radioaqtiuri daSlis produqtebis gamo saSiSroebas 

warmoadgens.  
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Tavi III 

 

V jgufis Tanauri qvejgufis elementebi 

 

    V jgufis Tanauri qvejgufis elementebs warmoadgenen liTonebi _ 

vanadiumi, niobiumi, tantali da dubniumi. 

 

 

 

vanadiumi 

 

bunebaSi gavrceleba  

    vanadiumi bunebaSi gavrcelebulia naerTebis saxiT. misi 

umniSvnelovanesi mineralebia:  

patroniti _ VS2·V2S5,  

karnotiti _ K2(UO2)2(VO4)2·3H2O,  

vanadiniti _ 3Pb3(VO4)2·PbCl2, 

roskoeliti _ KV3[Al2Si3O10](OH)2 

 

 

elemen

ti 

atomu

ri 

masa 

atomis eleqtronuli konfiguracia eleqtro

- 

uaryofi

Toba 

JangviT

i 

ricxvi 

V 50,941

5 

1s22s22p63s23p63d34s2 1,45 +2,+3,+4,

+5 

Nb 92,906

4 

1s22s22p63s23p63d104s24p64d35s2 1,23 +3,+4,+5 

Ta 180,94

79 

1s22s22p63s23p63d104s24p64d105s25p65d36s2 1,33 +3,+4,+5 

Db 262,11 1s22s22p63s23p63d104s24p64d104f145s25p65d106s2

6p66d37s2 

 +3,+4,+5 



  

38 
 

izotopebi 

    bunebrivi vanadiumi Sedgeba ori izotopisagan: susti radioaqtiuri 50V 

(0,250%) da stabiluri 51V (99,750%). vanadium-50 naxevraddaSlis periodia 

1,5×1017 weli. cnobilia vanadiumis 24 xelovnuri radioaqtiuri izotopi, 

masuri ricxviT 40-dan 65-mde. maT Soris SedarebiT stabiluria 49V 

(naxevraddaSlis periodiT 330 dRe) da  48V (naxevraddaSlis periodiT 

15,974 dRe).    

 

miRebis xerxebi 

   warmoebaSi rkinis madnebidan vanadiumis miRebisas, Tavdapirvelad misi 

narevidan, romelSic vanadiumis Semcveloba aRwevs 8-16%-s, amzadeben 

koncentrats. Semdeg daJangviT vanadiumi gadahyavT umaRles JangviT 

ricxvSi +5 da aSoreben wyalSi advilad xsnad natriumis vanadats (NaVO3). 

xsnaris gogirgmJavaTi SemJavebisas gamoiyofa naleqi, romelic gaSrobis 

Semdeg Seicavs 90%-ze met vanadiums. 

    liTonuri vanadiumis miReba SesaZlebelia vanadiumis qloridis 

wyalbadiT aRdgeniT, vanadiumis oqsidebis (V2O5 an V2O3) kalciTermuli 

aRdgeniT, VI2 -is Termuli disociaciiT da sxv. meTodebiT.  

 

fizikur-qimiuri Tvisebebi 

    vanadiumi monacrisfro-TeTri, ZneladlRobadi, paramagnituri 

Tvisebebis liTonia. fizikurad Zalian hgavs folads, igi sakmaod magari, 

magram amasTan plastiuri liTonia.  mTel rig liTonebTan warmoqmnis 

Senadnobebs, zogierTma maTganma didi simtkicis gamo farTo gamoyeneba 

hpova.  

    vanadiumi arc mSral da arc tenian haerze ar iJangeba, qimiurad 

inertuli liTonia. JangbadTan warmoqmnis ramdenime oqsids: VO, V2O3, VO2, 

V2O5, Ggacxelebisas uerTdeba gogirds, halogenebs, naxSirbads, siliciums, 

bors da warmoqmnis binarul naerTebs:  

2V + 3S → V2S3 

2V + 5F2 → 2VF5 
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V + C → VC 

2V + Si → V2Si 
V + 2B → VB2 

 

    halogenebTan vanadiumi warmoqmnis (ftorTan urTierTqmedebs oTaxis 

temperaturaze) aqrolad halogenidebs, SedgenilobiT Vhal2 (hal = F, Cl, Br, I), 

Vhal3, Vhal4 (hal = F, Cl, Br), VF5 da oqsohalogenidebs (VOCl, VOCl2, VOF3 da sxv.) 
    liTonur vanadiumze moqmedebs koncentrirebuli mlRobi mJavas,HHNO3, 

H2SO4 da mJangavi mJavebis narevi HF+HNO3, HNO3+HClO4, samefo wyali da 

sxv.: 

 

2V + 12HF → 2H[VF6] +5H2↑ 

V + 6HNO3 → VO2NO3 +5NO2↑ +  3H2O 

2V + 6H2SO4 → (VO2)2SO4 +5SO2↑+6H2O 

3V + 5HNO3 + 3HCl → 3VO2Cl+5NO↑+4H2O 

an 

 

V + 2HNO3 + 4HCl → VOCl2 + Cl2↑+ 2NO↑+3H2O 

 

    mJangvelis Tanaobisas vanadiumi (aseve V jgufis Tanauri qvejgufis  

danarCeni elementebi Nb da Ta) urTierTqmedebs tuteebTan SelRobiT: 

 

 4V + 5O2 + 12KOH → 4K3VO4 + 6H2O 

                             (kaliumis vanadati) 

 

    vanadiumi, niobiumi da tantali warmoqmnian myar xsnarebs erTmaneTTan 

da liTonebTan, romlebic periodul sistemaSi axlosaa maTTan (IV,VI da 

VIII jgufis Tanauri qvejgufis elementebi). urTierTmoqmedi liTonebis 

eleqtronul aRnagobas Soris gansxvavebis gazrdiT myari xsnarebis 

warmoqmnis SesaZlebloba mcirdeba, xolo intermetaluri naerTebisa -  

izrdeba.  

 

    vanadium(II)-is  naerTebi.  vanadium(II)-is  ramdenime naerTia cnobili. 
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    vanadium(II)-is  oqsidi _ VO _ monacrisfro-Savi kristaluri 

nivTierebaa.  miiReba vanadiumis ufro maRali oqsidis liTonoTermuli 

aRdgeniT: 

 

2V2O3+4K  → 4VO + 2K2O  

 

VO vakuumSi gacxelebisas ganicdis disproporcirebas: 

 

3VO  → V2O3 + V  

 

    vanadium(II)-is  hidroqsidi _ V(OH)2 _ sust fuZes warmoadgens.   

    vanadiumis diftoridi _ VF2 _ iisferi kristaluri nivTierebaa.  

    vanadiumis diqloridi _ VCl2 _ miiReba VCl3 an VCl4–is wyalbadiT 

aRdgenisas:   

VCl4+H2  → VCl2 + 2HCl  

an VCl3–is disproporcirebiT: 

 

2VCl3  → VCl2 + VCl4  

VCl2 myaria xolo VCl4 aqroladi, amitom maTi dacileba siZneles ar 

warmoadgens. 

    vanadiumis dibromidi _ VBr2 da vanadiumis diiodidi _ VI2 _ miiReba 

VBr3 an VI3–is gacxelebiT vakuumSi. 

 

vanadium(III)-is naerTebi   

    vanadium(III)-is  oqsidi _ V2O3 _ Savi feris paramagnituri Tvisebebis 

mqone kristaluri nivTierebaa. miiReba V2O5–is wyalbadiT an CO–iT maRal 

temperaturaze aRdgenisas. 

    V2O3  haerze iJangeba VO2-mde, gacxelebiT ki miiReba V2O5.  sxvadasxva 

oqsidebTan SelRobisas warmoqmnis ormag oqsidebs, mag.: 

 

  V2O3+FeO  → Fe(V2O4)  Spineli 
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V2O3+ Al2O3 → 2AlVO3  perovskiti 

 

    V2O3  gamoiyeneba feradi minebis misaRebad da agreTve katalizatorad 

pirveladi spirtebis daSlisas. 

    vanadiumis triqloridi _ VCl3 _ vardisferi firfitebia, haerze 

advilad ganiTxeva. airad amiakTan VCl3  warmoqmnis nitrids: 

VCl3 + NH3→ VN + 3HCl  

 

tute liTonebis qloridebi VCl3–Tan warmoqmnian kompleqsur marilebs, 

mag.:  K[VCl4],   K2[VCl5] da sxv.   

    vanadiumis oqsiqloridi anu vanadilis monoqloridi  _ VOCl _ yviTeli 

feris, wyalSi mcired xsnadi fxvniliseburi nivTierebaa. miiReba 

vanadiumis triqloridis hidroliziT: 

 

 VCl3 + H2O → VOCl + 2HCl 

 

vanadium(IV)-is  naerTebi mravladaa cnobili. 

    vanadium(IV)-is  oqsidi _ VO2 _ lurji feris kristaluri nivTierebaa. 

miiReba V2O3  da V2O5–is narevis gacxelebiT vakuumSi: 

V2O3 + V2O5 → 4VO2 

 

VO2  Aaqvs amfoteruli Tvisebebi, ixsneba mJavebsa da tuteebSi vanadilis 

da vanaditis warmoqmniT. vanaditebi Э2
IV4O9 advilad iJangebian vanadilis 

marilebis warmoqmniT: 

 

Na2V4O9 + 10HCl → 4VOCl2 + 2NaCl + 5H2O 

 

    vanadium(IV)-is  hidroqsidi _ V(OH)4 _ Zalze susti fuZea, mJavas 

naSTebiT oTxive hidroqsilis ionis Canacvleba ar xerxdeba da misi 

mJavebiT damuSavebisas miiReba vanadilis (VO2
+2

  ) marilebi. 

    vanadiumis tetraqloridi _ VCl4 M_ muqi wiTeli feris siTxea. 

vanadiumis oTxvalentiani naerTebidan VCl4  yvelaze mdgradia. ixsneba 

organul gamxsnelebSi, wyalSi ganicdis hidrolizs: 
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VCl4 + H2O → VOCl2 +2HCl 

 

    vanadilis sulfati _ VOSO4 _MwyalSi ganicdis hidrolizs: 

 

VOSO4 + H2O → VO2 +H2SO4 

 

tute liTonebis sulfatebTan warmoqmnis kompleqsur marilebs: 

 

VOSO4 + K2SO4 → K2[VO(SO4)2]  
 

vanadium(V)-is  naerTebi 

    vanadium(V)-is  naerTebi yvelaze mdgradi da mravalricxovania 

vanadiumis naerTebs Soris. maT mkveTrad gamoxatuli mJavuri Tvisebebi 

aqvT. 

    vanadium(V)-is  oqsidi (vanadiumis pentaoqsidi, vanadiumis anhidridi) _ 

V2O5 _ amfoteruli Tvisebebis mqone, narinjisferi kristalebia. miiReba 

fxvniliseburi vanadiumis gaxurebiT Jangbadis areSi: 

4V +5O2 → 2V2O5  
an amoniumvanadatis gaxurebiT: 

 

2NH4VO3 → V2O5+2NH3+H2O  
 

       V2O5  wyalSi mcired ixsneba da  warmoqmnis koloidur xsnarebs. 

tuteebTan urTierTqmedebisas miiReba orTo- da pirovanadatebi: 

 

V2O5+ 6NaOH → 2Na3VO4 + 3H2O  
V2O5+ 4NaOH → Na4V2O7 + 2H2O  

     

    V2O5   warmoqmnis Sesabamis marilebs _ vanadatebs, tuteebTan 

warmoqmnis orTovanadatebs (Э+1
3VO4), neitraluri xsnarebidan miiReba 

metavanadatebi (Э+1VO3), xolo mJava xsnarebidan _ Seferili vanadatebi 

SedgenilobiT Э2
+1O·V2O5.  
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    vanadiumis pentaoqsidis da gogirdis narevis haeris miuwvdomlad 

gaxurebisas miiReba vanadiumis pentasulfidi V2S5.   

    vanadiumis pentaftoridi _ VF5 _MTeTri, wyalSi kargad xsnadi 

marilia. 

    vanadiumis oqsiqloridi _ VOCl3 _MyviTeli feris siTxea. miiReba V2O5   

da qloris urTierTqmedebiT. wyalSi gaxsnisas ganicdis hidrolizs. 

 

    warmoebuli vanadiumis 80% gamoiyeneba Senadnobebis, ZiriTadad ki 

uJangavi foladis warmoebaSi. vanadiumis specifiuri gavlena foladis 

struqturaze arsebiTad aumjobesebs Senadnobis teqnikisaTvis 

mniSvnelovan Tvisebebs, amitom farTod gamoiyeneben teqnikaSi 

Senadnobebis saxiT. vanadiumis Semcveli foladebi gamoiyeneba 

avtomanqanebis da saaviacio Zravebiis dasamzadeblad (aseTi Senadnobebis 

mosamzadeblad sakmarisia misi 0,1-0,2%-is Semcveloba foladSi), agreTve 

swrafmWreli saxarato saWrisebis da mudmivi magnitebis dasamzadeblad.  

    vanadiumis qloridi gamoiyeneba atomur-wyalbadur energetikaSi wylis 

Termoqimiuri daSlisaTvis.  

    vanadium(V)-is  oqsidi farTod gamoiyeneba dadebiT eleqtrodad 

(anodi) Zlier batareebSi da akumulatorebSi. 

    vercxlis vanadati gamoiyeneba sarezervo batareebSi uaryofiT 

eleqtrodad (kaTodi).  

 

 

 

niobiumi 

 

bunebaSi gavrceleba  

    niobiumi bunebaSi gavrcelebulia naerTebis saxiT romlebic Sedis 

zogierTi mineralis SedgenilobaSi. magaliTad,  

kolumbiti _ (Fe,Mn)[(Nb,Ta)O3]2,  

lopariti _ (K,Na,Ca,Ce,Sr )[(Nb,Ta,Ti)O3] da sxv. 
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miRebis xerxebi 

    liTonur niobiums Rebuloben misi oqsidis aRdgeniT an NbCl5–is 

Termuli disociaciiT (van-arkelis da de-buris meTodi). liTonis 

oqsididan aRdgenis mizniT Cveulebriv iyeneben wyalbads an 

liTonoTermias: 

 

Nb2O5 + 5H2 → 2Nb + 5H2O 

Nb2O5 + 5Ca → 2Nb + 5CaO 

an niobiumis kompleqsuri ftorididan natriTermuli meTodiT:  

 

K2[NbF7] + 5Na → 2KF + 5NaF +Nb 

 

liTonuri niobiumi eleqtrolizuri gziTac miiReba. 

 

fizikur-qimiuri Tvisebebi 

    niobiumi movercxlisfro-TeTri, ZneladlRobadi liTonia. sxvadasxva 

mZime liTonebTan warmoqmnis Senadnobebs, romelTagan bevrs mniSvnelovani 

teqnikuri gamoyeneba aqvs.  

    Cveulebriv temperaturaze niobiumi, aseve misi Senadnobebi, ar iCens 

did qimiur aqtiurobas da koroziulad mdgradia, rac gamowveulia mis 

zedapirze oqsidis Txeli, inertuli fenis arsebobiT. liTonuri niobiumi 

mlRob mJavaSi da koncentrirebuli HF da HNO3 narevSi ixsneba:  

 

2Nb + 12HF → 2H[NbF6] + 5H2↑ 

Nb + 5HNO3 + 7HF → H2[NbF7] + 5NO2↑ + 5H2O 

 

     temperaturis gazrdasTan erTad izrdeba niobiumis qimiuri 

aqtiuroba. igi urTierTqmedebs sxvadasxva nivTierebebTan. niobiumi 

aqtiurad urTierTqmedebs mraval araliTonTan, amasTan niobiums SeuZlia 

gamoavlinos sxvadasxva valentobebi _ oridan xuTamde, magram misi 

mTavari valentobaa xuTi.            

    niobiumis JangbadTan gavarvarebisas miiReba Nb2O5:  
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4Nb + 5O2 → 2Nb2O5 

 

am oqsidisaTvis damaxasiaTebelia 10-mde kristaluri modifikacia. 

Cveulebriv wnevaze stabiluria Nb2O5–is β–forma.        

    niobiumi warmoqmnis oqsidebis rigs NbО2, NbО Sualedurs NbО2,42  da 

NbО2,50  Soris da struqturiT Nb2O5–is β–formasTan axlos. 

    niobiumis naxSirTan urTierTqmedebisas warmoiqmneba karbidebi Nb2C da 

NbC, myari Termomedegi nivTierebebi. sistemaSi arsebobs gardamavali 

Sedgenilobis ramodenime faza da nitridebi Nb2N da NbN. Aanalogiurad 

iqceva niobiumi sistemaSi fosforTan da dariSxanTan. niobiumis 

gogirdTan urTierTqmedebisas miiReba sulfidebi: NbS, NbS2 da NbS3. 

sinTezirebulia niobiumis da kaliumis(natriumis) ormagi ftoridebi _ 

K2[NbF7].  

    gacxelebisas niobiumi reagirebs halogenebTan da warmoqmnis 

pentahalogenidebs Nbhal5, tetrahalogenidebs Nbhal4 da fazebs Nbhal2,67 - 

Nbhal3+x. 

 

niobium(I)-is  naerTebi. 

    niobium(I)-is oqsidi _ Nb2O _ qimiurad aqtiuri nivTierebaa, miiReba 

Nb2O5 –is xangrZlivi aRdgeniT maRal temperaturaze.  

     

niobium(II)-is  naerTebi 

     niobium(II)-is  ramodenime naerTia cnobili. 

     niobium(II)-is  oqsidi _ NbO _ miiReba niobiumis oqsiftoridis (NbOF3) 

an oqsiqloridis  (NbOCl3) aRdgenisas magniumiT, natriumiT an kaliumiT: 

 

NbOF3 + 3K  → NbO + 3KF  

2NbOCl3 + 3Mg  → 2NbO + 3MgCl2  

 

NbO ixsneba HF, aseve  mJangavi mJavebisa da HCl–is narevebSi. 
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niobium(III)-is  naerTebi  

    niobium(III)-is  oqsidi _ Nb2O3 _ Savi feris fxvniliseburi nivTierebaa, 

Znelad ixsneba mJavebSi (HF-is garda), samefo wyalSi iJangeba Nb2O5-mde. 

miiReba Nb2O5–is aRdgeniT. 

    niobiumis triqloridi _ NbCl3  da niobiumis tribromidi _ NbBr3 _ 

miiReba niobiumis pentaqloridis da pentabromidis aRdgeniT: 

NbCl5+ H2  → NbCl3 +2HCl 

NbBr5+ H2 → NbBr3 +2HBr 

 

niobium(IV)-is  naerTebi 

    niobium(IV)-is  oqsidi _ NbO2  _ Savi feris fxvnilia, mcired ixsneba 

mJavebsa da tuteebSi. Ggacxelebisas iJangeba da miiReba niobiumis 

pentaoqsidi (Nb2O5). 

    niobiumis tetraqloridis _ NbCl4 _ koncentrirebuli wyalxsnari 

lurji ferisaa. wyalSi kargad ixsneba, gacxelebisas disproporcirebis 

Sedegad miiReba: 

2NbCl4  → NbCl3 +NbCl5 

   

niobium(V)-is  naerTebi  

    niobium(V)-is  oqsidi _ Nb2O5 A_ amfoteruli oqsidia, miiReba 

niobiumis mJavas (Nb2O5·nH2O) gacxelebiT, romelic advilad kargavs wyals, 

romelsac Seicavs Cveulebriv temperaturaze da rCeba Nb2O5.  

    O Nb2O5 oqsidis SelRobiT sxvadasxva liTonis oqsidebTan miiReba meta-, 

orTo- da pironiobatebi.A 

    Nb2O5 praqtikulad ar urTierTqmedebs wyalTan da mJavebis da 

tuteebis wyalxsnarebTan. Nnatriumis karbonatTan SelRobisas miiReba 

orToniobati:   

 

Nb2O5+ 3Na2CO3 → 2Na3NbO4 + 3CO2  
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natriumis orToniobati wyalSi gaxsnisas warmoqmnis metaniobats 

NaNbO3·3H2O, romelic met mdgradobas iCens, vidre orToniobati.         

    niobiumis pentaftoridi _ NbF5 M_ miiReba liTonur niobiumze mlRobi 

mJavas moqmedebiT. 

    niobiumis pentaqloridi _ NbCl5 _MmiiReba qlorisa da niobiumis 

urTierTqmedebiT,  gacxelebisas:  

 

2Nb + 5Cl2 → 2NbCl5 

 

    niobiumis pentaftoridis da niobiumis pentaqloridis wyalbadiT 

aRdgenisas miiReba oqsinaerTebi: NbOF3  da  NbOCl3. 

       niobiumis pentaiodidi _ NbI5 _MmiiReba niobiumze iodis orTqlis 

moqmedebiT maRal temperaturaze. NbI5 gamoiyeneba sufTa niobiumis 

misaRebad. 

    niobiumis pentahalogenidebi mkveTri Seferilobis (NbCl5_yviTeli 

feris, NbBr5_mkveTri wiTeli feris) nemsiseburi kristaluri nivTierebebia. 

advilad ixsnebian organul gamxsnelebSi (qloroformi, spiriti, eTeri). 

magram wyalSi gaxsnisas es nivTierebebi mTlianad iSlebian niobatebis 

warmoqmniT: 

NbCl5 + 4Н2О → 5HCl + Н3NbO4 

 

hidrolizis Tavidan acileba SeiZleba wyalxsnarSi romelime mJavas 

damatebiT. aseT xsnarebSi niobiumis pentahalogenidebi ixsnebian 

dauSlelad. 

 

    liTonuri niobiumi did gamoyenebas poulobs vakuumur teqnikaSi, 

rentgenis aparaturaSi, ZneladlRobadi, mJavebisadmi medegi da zemagari 

Senadnobebis da magnituri Senadnobebis dasamzadeblad.  

    niobiumis Senadnobebi gamoiyeneba TviTmfrinavebis da Tanamgzavrebis 

mSeneblobaSi, reaqtiuli turbinebis asagebad.  

   sufTa niobiumisgan an misi Senadnobebisagan amzadeben safreni 

aparatebis detalebs; konteinerebs da milebs; eleqtronuli 
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kondesatorebis detalebs; koroziamedeg aparaturas qimiur warmoebaSi da 

sxv. 

    niobiumis stanidi (Nb3Sn)  da misi Senadnobebi titanTan da 

cirkoniumTan gamoiyeneba zegamtarebis dasamzadeblad. 

    niobiumi da misi Senadnobi tantalTan mraval SemTxvevaSi cvlis 

tantals, rac iZleva did ekonomiur efeqts (tantalTan SedarebiT 

niobiumis siiafisa da simsubuqis gamo). 

    feroniobati SeyavT uJangav qromonikelur foladSi, maTi 

kristalTSorisi koroziis da daSlis Tavidan asacileblad da sxva tipis 

foladebSi maTi Tvisebebis gasaumjobeseblad. 

    niobiumis pentaoqsidi warmoadgens katalizators da gamoiyeneba 

qimiur warmoebaSi. 

    niobiumis nitridi (NbN) gamoiyeneba wvrili da ultrawvrili 

zegamtarebis dasamzadeblad.  

 

 

 

 

 

 

tantali 

 

bunebaSi gavrceleba  

    tantali bunebaSi gvxvdeba mxolod naerTebis saxiT niobiumTan, 

titanTan, cirkoniumTan, kalasTan erTad. misi mniSvnelovani mineralebia:  

tantaliti _ (Fe,Mn)[(Ta,Nb)O3]2, 

lopariti _ (K,Na,Ca,Ce,Sr )[(Nb,Ta,Ti)O3].   

 

izotopebi 

    bunebaSi tantali gavrcelebulia ori izotopis saxiT: 181Та (99,9877 %) 

da 180Та (0,0123 %). 

     

miRebis xerxebi 
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    tantalis da misi Senadnobebis warmoebisaTvis ZiriTad nedleuls 

warmoadgens tantalituri da loparituli koncentratebi, romlebic 

Seicaven daaxloebiT 8% Та2О5-s da 60% da met Nb2O5-s. koncentratebs 

Slian mJavaTi an tutiT, loparitebs _ qlorirebiT. tantalis da 

niobiumis dacilebas awarmoeben eqstraqciis daxmarebiT.    

    liTonur tantals Rebuloben misi naerTebidan Ta2O5, TaCl5, K2[TaF7] 

liTonTermiiT, naxSirbadiT an wyalbadiT aRdgeniT mag:  

 

TaCl5 + 5Na →Ta + 5NaCl 

K2[TaF7] + 5Na → Ta + 5NaF + 2KF 

 

liTonur tantals Rebuloben aseve  oqsidis Ta2O5 nalRobidan 

eleqtroliziT. 

  

fizikur-qimiuri Tvisebebi 

    liTonuri tantali mZime, ruxi feris, ZneladlRobadi, koroziisadmi 

medegi liTonia. Mmisi simagris miuxedavad aqvs kargi Wedadobis unari. 

    tantali Cveulebriv temperaturaze qimiurad araaqtiuria, koroziis 

mimarT mdgradia. haerze iJangeba 280°C-ze maRal temperaturaze, ifareba 

oqsidis damcavi feniT. halogenebTan reagirebs 250°C-ze. gacxelebisas 

reagirebs С, В, Si, P, Se, Те, Н2О, СО, СО2, NO, HCI, H2S–Tan.  

    tantali absoluturad mdgradia marilmJavas mimarT, samefo wyalic ki 

ar moqmedebs masze.  moqmedebs mxolod mlRobi mJava da koncentrirebuli 

HF da HNO3-is narevi:  

 

2Ta + 12HF → 2H[TaF6] + 5H2↑ 

Ta + 5HNO3 + 7HF → H2[TaF7] + 5NO2↑ + 5H2O 

 

    liTonuri niobiumis da gansakuTrebiT tantalis praqtikulad 

mniSvnelovan Tvisebas warmoadgens maTi inertuloba tute reagentebis 

mimarT. Mmag., mxolod tantalis kilitisagan damzadebul tigelebSi aris 

SesaZlebeli iSviaTmiwaTa liTonebis (III) oqsidebis liTonoTermuli 
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aRdgena, gaaCniaT, ra unari ar daabinZuron miRebuli iSviaTmiwaTa 

liTonebi tigelis masaliT. Aam TvisebiT liTonuri tantali gacilebiT 

Zvirfas masalas warmoadgens vidre platina.  

 

tantal(I)-is  naerTebi 

    tantal(I)-is  oqsidi _ Ta2O _ Savi feris kristaluri nivTierebaa, 

miiReba ufro maRali JangviTi ricxvis mqone oqsidebis aRdgeniT.    

   

tantal(II)-is  naerTebi 

    tantal(II)-is   naerTebis raodenoba mcirea.           

    tantal(II)-is  oqsidi _ TaO _ miiReba Ta2O5–is aRdgeniT. 

    tantalis diqloridi _ TaCl2 _Maqroladi nivTierebaa. miiReba TaCl5–is 

aRdgeniT. 

 

tantal(III)-is  naerTebi   

    tantal(III)-is  hidroqsidi _ Ta(OH)3 _ mwvane feris labiseburi 

nivTierebaa. Aadvilad iJangeba haerze.   

    tantalis triftoridi _ TaF3 _ miiReba ftorwyalbadisa da da 

wyalbadis narevis moqmedebiT liTonur tantalze.  

    tantalis triqloridi _ TaCl3 _ mwvane feris kristaluri nivTierebaa, 

wyalSi gaxsnisas ganicdis hidrolizs. miiReba xuTqlorian tantalze 

aluminis moqmedebiT: 

3TaCl5+ 2Al → 3TaCl3 +2AlCl3 

     

tantal(IV)-is  naerTebi 

    tantal(IV)-is  oqsidi _ TaO2 _ miiReba Ta2O5–is nawilobrivi aRdgeniT.       

    tantalis tetraqloridi _ TaCl4 _ mwvane feris nivTierebaa. miiReba 

tantalis pentaqloridis da triqloridis urTierTqmedebiT: 

  

TaCl5  + TaCl3 → 2TaCl4  
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    tantalis disulfidi _ TaS2 _ miiReba Ta2O5–ze gogirdnaxSirbadis 

moqmedebiT. masze mJangavi mJavebis moqmedebiT miiReba tantalis 

pentaoqsidi Ta2O5. 

     

tantal(V)-is  naerTebi 

    tantalis naerTebidan tantal(V)-is  naerTebi yvelaze mdgradia. 

    tantal(V)-is  oqsidi _ Ta2O5 _ TeTri kristaluri nivTierebaa, miiReba 

tantalis Jangbadis areSi gaxurebiT.  

    Ta2O5 amfoterulia, misi mJavuri Tvisebebi ufro sustadaa gamoxatuli 

vidre fuZe Tvisebebi. wyalsa da mJavebSi ar ixsneba, garda mlRobi mJavisa. 

tuteebTan da liTonis oqsidebTan SelRobisas miiReba tantalatebi, 

natriumis karbonatTan SelRobiT miiReba natriumis tantalati: 

Ta2O5+ 3Na2CO3 → 2Na3TaO4 + 3CO2  
 

    tantalis pentaftoridi _ TaF5 _MmiiReba pentaqloridze Txevadi 

mlRobi mJavas moqmedebiT. 

 

    liTonurma tantalma, Tavisi Tvisebebidan gamomdinare, mraval 

SemTxvevaSi Secvala platina, oqro, vercxli. igi gamoiyeneba 

katalizatorad grafitidan almasis miRebis dros.  

    tantalisgan mzaddeba cecxlgamZle zemagari da uJangavi Senadnobebi, 

koroziamedegi aparatura, qimiuri warmoebisaTvis laboratoriuli 

WurWeli da tigelebi. 

    farTo gamoyeneba aqvs tantals eleqtronikasa da Tanamedrove 

teqnikaSi. 

    tantalisagan damzadebul firfitebs, kilitas da Zafebs qirurgiaSi 

iyeneben qsovilis, nervebis SesaerTeblad, nakerebis dasadebad, 

dazianebuli Zvlebis Semcvleli protezebis dasamzadeblad. 

    bolo wlebSi tantali gamoiyeneba rogorc saiuveliro liToni, rac 

gamowveulia misi unariT zedapirze warmoqmnas sxvadasxva Seferilobis, 

myari oqsiduri fena. 
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V jgufis Tanauri qvejgufis elementebis biologiuri roli 

 

    V jgufis Tanauri qvejgufis elementebis biologiuri roli jer 

kidev ar aris srulad Seswavlili. am elementebidan mxolod vanadiumi 

miekuTneba biogenur elements. mcenareebSi igi TamaSobs gansazRvrul 

rols azotis fiqsaciaSi. vanadiumi koncentrirdeba mravali cxovelis 

organizmSi, misi gansakuTrebiT maRali Semcveloba aRmoCenilia zogierT 

zRvis cxovelSi. adamianis organizmSi vanadiumis didi nawili 

(zrdasruli janmrTeli adamianis organizmi Seicavs 10-25 mg) Tavmoyrilia 

ZvlebSi, kbilebSi da cximovan qsovilSi.  

    vanadiumis mravali naerTi toqsikuria, radgan igi cilebTan uxsnad 

naerTebs warmoqmnis. 

    niobiumis da tantalis biologiuri roli ar aris gamokvleuli, 

magram cnobilia, rom cocxal organizmSi moxvedrisas isini ar iwveven 

kunTovani qsovilis gaRizianebas. es ki, saSualebas iZleva gamoyenebuli 

iqnas medicinaSi liTonuri niobiumi da tantali, rogorc Zvlis 

proTezirebis masala. 
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Tavi IV 

 

VI jgufis Tanauri qvejgufis elementebi 

 

 

    d.i. mendeleevis perioduli sistemis VI jgufis Tanauri qvejgufis 

elementebs warmoadgenen: qromi, molibdeni, volframi 

 

elementi Aatomuri 

masa 

Aatomis 

eleqtronuli 

konfiguracia 

eleqtro-

uaryofiTob

a 

JangviTi ricxvi 

Cr 51,9961 3s23p63d54s1 1,56 0,(+1),+2,+3,(+4), (+5), 

+6 

Mo 95,94 4s24p64d55s1 1,30 0, (+3), (+4), (+5), +6

W 183,84 4s24p64d104f145s25p65d46s2 1,40 0, (+3), (+4), (+5), +6

 

    aRniSnuli qvejgufis liTonebs axasiaTebT sakmaod maRali lRobis 

temperatura, maT Soris yvelaze maRalia volframis lRobis temperatura. 

    qromisTvis damaxasiaTebelia JangviTi ricxvi +3 da naklebad +6. 

molibdenisTvis da volframisTvis ufro metad damaxasiaTebelia JangviTi 

ricxvi +6. cnobilia naerTebi romlebSic qromi da misi analogebi 

amJRavneben 0,+1,+2,+4 da +5 JangviTi ricxvs. 

     samive elementisTvis damaxasiaTebelia sakoordinacio ricxvebi 6 da 

4. molibdeni da volframi warmoqmnian koordinaciul naerTebs, sadac 

maTi sakoordinacio ricxvi aRwevs 8. 

    rogorc sxva d-elementebi, qromi, molibdeni da volframi dabali 

JangviTi ricxvi. warmoqmnian kationur kompleqsebs, xolo maRali JangviTi 

ricxviT -  anionur kompleqsebs. 

    qimiuri Tvisebebis mixedviT molibdeni da volframi ufro axlos 

dganan erTmaneTTan, vidre qromTan. 
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qromi 

 

bunebaSi gavrceleba  

    qromi erT_erTi gavrcelebuli elementia bunebaSi, xSirad Tan axlavs 

rkinis mineralebs. qromis  yvelaze mniSvnelovani mineralebia: 

qromiti (Spinelis jgufis minerali) _ FeCr2O4   anu FeO•Cr2O3 

krokoiti (tyviis wiTeli madani) _ PbCrO4 

stixtiti  _ 2MgCO3•5Mg(OH)2•2Cr(OH)3   da sxva. 

miRebis xerxebi 

    qroms mrewvelobaSi ZiriTadad Rebuloben feroqromidan _ qromis  

Senadnobidan rkinasTan (60_70% Cr).  feroqroms Rebuloben ori sxvadasxva 

xerxiT _ qromitis FeO•Cr2O3 koqsiT an aluminiT aRdgenisas: 

 

FeO•Cr2O3  +  4C  →  Fe  +  2Cr  +  4CO 

3(FeO•Cr2O3)  +  8Al  →  3Fe  +  6Cr  +  4Al2O3 

 

SedarebiT sufTa qroms Rebuloben maRal temperaturaze qrom(III)-is  

oqsidis aluminiT (alumoTermia) an siliciumiT aRdgenisas: 

 

Cr2O3  +  2Al  →  2Cr  +  Al2O3 

2Cr2O3  +  3Si  +  3CaO  → 4Cr  +  3CaSiO3 

 

    sufTa qromi miiReba agreTve Cr (III) sulfatis wyalxsnaris 

eleqtroliziT.  qromi gamoiyofa aluminisgan an uJangavi foladisgan 

damzadebul kaTodze. miRebuli qromis sruli gasufTaveba minarevebisagan 

xdeba wyalbadis saSualebiT 1500-1700°C-ze. 

    sufTa qromis miReba SesaZlebelia agreTve qrom(III)-is  ftoridis an 

qloridis eleqtroliziT natriumis, kaliumis an kalciumis narevTan 

900°C-ze argonis areSi. 

 

     maRali qimiuri mdgradobis gamo qroms ZiriTadad iyeneben liTonebis 

eleqtrolituri dafarvisTvis. 
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qromis Senadnobebi 

    qroms didi raodenobiT iyenebs metalurgia, kerZod, qromiani 

foladis Sesaqmnelad, romelic gamoirCeva gansakuTrebuli mdgradobiT 

Jangvisadmi. Mmag., instrumentuli foladi Seicavs 3_4% Cr-s, 

burTulsakisris foladi _ 0,5-1,5% Cr-s, qromvolframis foladi _ 7,5% Cr-

s. liTonuri qromi advilad gadadis pasiur mdgomareobaSi, rac 

ganapirobebs mis gamoyenebas uJangavi foladebis warmoebaSi. 

    qromis Semcveli Senadnobebi farTod gamoiyeneba teqnikaSi, kerZod 

manqanaTmSeneblobaSi.  

   mTeli rigi Senadnobebi sxvadasxva liTonebTan farTod gamoiyeneba 

teqnikaSi 
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qromali 17-

30% 

  4-

6% 

64-

79% 

 

steliti 20-

25% 

 45-

60% 

 1-3% 5-

20% 

niqromi 10% 63%   25%  

 

 

eleqtroteqnikaSi 

Termowyvilebis, 

eleqtroRumelebis 

mosamzadeblad, 

manqanaTmSeneblobaSi, 

aviamSeneblobaSi 

E 

 

qromis safaris momzadeba eleqtroqimiuri gziT 

   eleqtroqimiuri procesis saSualebiT axdenen sxva liTonebis 

zedapiris damuSavebas _ moqromvas. Ggarda dekoratiulisa, am process 

didi praqtikuli daniSnuleba gaaCnia. Eeleqtroqimiuri gziT miRebuli 

qromis safari gamoirCeva maRali simagriT, mdgradia koroziisadmi da 

Sesabamisad qimiurad gamZlea. 

   eleqtrolizuri moqromvisas gamoiyeneba qrom(VI)-is  oqsidis (CrO3) 

25_30% xsnari, romelic mcire raodenobiT Seicavs gogirdmJavas. 
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 fizikur_qimiuri Tvisebebi 

   qromi TeTri feris liTonia, paramagnituri. 39°C-ze paramagnituri 

mdgomareobidan gadadis antiferomagniturSi. arsebobs ramodenime 

modifikaciis saxiT, romelTagan yvelaze mdgradia α_Cr modifikacia. 

sufTa qromi _ mZime (ρ=7,19 g/sm3), Zneldnobadi (1890°C), Wedadi liTonia,  

axasiaTebs didi simagre, ris gamoc Znelia misi meqanikuri damuSaveba. 

mcire minarevic ki qroms xdis myifes, amitom is naklebad gamoiyeneba 

rogorc konstruqciuli elementi. qromi mniSvnelovani malegirebeli 

elementia. Mmisi mciredi damatebiTac ki izrdeba foladis simagre da 

cveTamedegoba. 

   qromi _ Qqimiurad naklebad aqtiuri liTonia. Cveulebriv pirobebSi 

mdgardia Jangbadisa da tenisadmi,  urTierTqmedebs ftorTan qrom(III)-is  

ftoridis CrF3 warmoqmniT. 

   maRal temperaturaze reagirebs azotTan, naxSirbadTan, gogirdTan.  

gavarvarebuli qromi (600°C) urTierTqmedebs wylis orTqlTan: 

2Cr  +  3H2O →Cr2O3  +  3H2↑ 

 

     maRal temperaturaze reagirebs halogenebTan da halogenwyalbadebTan 

dihalogenidebis warmoqmniT: 

Cr  +  2HCl  →CrCl2  +  H2↑ 

uSualod qlorTan urTierTqmedebisas miiReba Jolosferi CrCl3: 

 

2Cr  +  3Cl2  →2CrCl3 

   qromi reagirebs azotTan da amiakTan. pirobebze damokidebulebiT 

miiReba CrN  an Cr2N: 

2Cr  +  N2  →2CrN 

 

    gogirdis orqlSi qromi iwvis  qrom(III)-is  sulfidis warmoqmniT: 

2Cr  +  3S  →Cr2S3 
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2000°C_ze iwvis Jangbadis areSi mwvane feris qrom(III)-is  oqsidis 

warmoqmniT: 

4Cr  +  3O2  →2Cr2O3 

   qromis wyalbadnaerTebi aramdgradebia. 

     haerze qromi mJavebTan reagirebs qrom(III)-is  naerTebis warmoqniT: 

 

2Cr  +  6HCl  +  O2  →2CrCl3  +  2H2O  +  H2↑ 

 

    ganzavebul gogirdmJavasTan qromi reagirebs wyalbadis gamoyofiT: 

 

Cr  +  H2SO4  →CrSO4  +  H2↑   

 

      xolo cxel koncentrirebul gogirdmJavasTan _ gogird(IV)-is  oqsidis 

warmoqmniT: 

2Cr  +  6H2SO4(konc.)  →Cr2(SO4)3  +  3SO2  +  6H2O 

 

      koncentrirebul azotmJavasTan da samefo wyalTan  

urTierTqmedebisas qromi gadadis pasiur mdgomareobaSi. maRal 

temperaturaze qromi ixsneba konc. azotmJavaSic azot(IV)-is  oqsidis 

warmoqmniT: 

Cr  +  6HNO3(konc.)  → Cr(NO3)3  +  3NO2  +  3H2O 

 

     qromisTvis da misi analogebisTvis damaxasiaTebelia 

heqsakarbonilebis warmoqmna zogadi formuliT Э(CO)6, sadac is amJRavnebs 

nulovan JangviT ricxvs. 

    qromis karbonili _ Cr(CO)6 _ ufero kristalebia, 90°C-ze iwyebs 

daSlas liTonuri qromis warmoqmniT, intensiurad iSleba 230°C-ze. sufTa 

Cr(CO)6 haersa da sinaTleze mdgradia. ar ixsneba wyalSi, mcired xsnadia 

organul gamxsnelebSi. nela reagirebs konc. gogirdmJavasTan, ar 

reagirebs marilmJavasTan, iSleba qlorTan urTierTqmedebisas. 
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    qromis heqsakarbonils Rebuloben qrom(III)-is  qloridis CO-Ti 

aRdgenisas maRali wnevis pirobebSi aluminis an aluminis qloridis 

Tanaobisas. 

   kidev erTi saintereso naerTi, romelSic qromis JangviTi ricxvi nulis 

tolia _ dibenzolqromi Cr(C6H6)2 _ miekuTvneba metalorganul naerTebs 

(Seicavs bmas liToni_naxSirbadi). pirvelad miRebul iqna qrom(III)-is  

qloridis urTierTqmedebiT griniaris reaqtivTan C6H5MgBr. am naerTis 

miReba agreTve SeiZleba uwylo qrom(III)-is  qloridis urTierTqmedebiT 

benzolTan aluminis fxvnilis Tanaobisas. katalizatorad gamoiyeneba 

uwylo aluminis qloridi. 

    dibenzolqroms gaaCnia ”sendviCis“ agebuleba. 

 

    qromis karbonils da dibenzolqroms gaaCniaT didi praqtikuli 

gamoyeneba, kerZod metalorganuli naerTebis qimiuri daleqvisas 

orTqlidan liTonuri safaris misaRebad. liTonuri nakeTobebis 

zedapiris amgvari dafarva qromis Txeli feniT aumjobesebs am 

nakeTobebis xarisxs. 

    qromis karbonili gamoiyeneba agreTve keramikis, minis, 

katalizatorebis warmoebaSi, organul sinTezSi. 

 

 

qrom(II)-is naerTebi 

   qrom(II)-is  oqsidi _ CrO _ piromorfuli Savi feris fxvnilia, 100°C-ze 

gardaiqmneba Cr2O3-ad. Tavisufal mdgomareobaSi misi gamoyofa 

garTulebulia. Qqimiurad inertuli nivTierebaa, vakuumSi gaxurebiT 700°C-

ze disproporcirebs: 

3CrO  →  Cr2O3  +  Cr 

 

wyalSi uxsnadia, amJRavnebs mxolod fuZe Tvisebebs, ixsneba ganzavebul 

qlorwyalbadmJavaSi, mcired xsnadia ganzavebul gogirdmJavasa da 

azotmJavaSi. 1000°C-ze wyalbadi aRadgens mas liTonur qromamde. miiReba 

qromis amalgamis CrHg3 an CrHg  daJangviT azotmJaviT an haeris JangbadiT. 
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qrom(II)-is  oqsidi miiReba agreTve qromis karbonilis Cr(CO)6 Termuli 

daSliT. 

    qrom(II)-is  hidroqsidi _ Cr(OH)2   _ yviTeli feris nivTierebaa. miReba 

Tavisufali saxiT garTulebulia, vinaidan Cr2+  tute areSi sakmaod 

Zlieri aRmdgenia. mcired ixsneba wyalsa da ganzavebul mJavebSi, ixsneba 

mxolod koncentrirebul mJavebSi. gaxurebisas iJangeba qrom(III)-is  

oqsidis warmoqmniT: 

 

2Cr(OH)2  →Cr2O3  +  H2O  +  H2↑ 

 

    qrom(II)-is  naerTebis miReba SesaZlebelia liTonuri qromis 

damuSavebiT aramJangavi mJavebiT an qrom(III)-is  naerTebis aRdgeniT. 

 

Cr  +  2HCl  →  CrCl2 (lurji xsnari)  +  H2↑ 

 

     qrom(II)-is  naerTebis miReba SesaZlebelia agreTve qrom(III)-is  

naerTbis aRdgeniT, mag., TuTiiT mJava areSi 

 

Cr2(SO4)3  +  Zn  →   2CrSO4  +  ZnSO4 

 

    qrom(II)-is  naerTebi aramdgradia, haerze advilad iJangebian qrom(III)-is  

naerTebis warmoqmniT: 

2Cr(OH)2  +  1/2O2  +  H2O  →  2Cr(OH)3 

 

   qrom(II)-is naerTebi ar amJRavneben amfoterul Tvisebebs, amitom Cr(OH)2   

ixsneba mxolod mJavebSi da Sesabamisad Cr (II) warmoqmnis marilebis rigs, 

romelSic qrom(II)-i  asrulebs kationis rols. 

   mag., qrom(II)-is   hidroqsidi urTierTqmedebs  mJavebTan: 

 

Cr(OH)2  +  2HCl  →  CrCl2  +  2H2O 

 

    sinamdvileSi reaqcia mimdinareobs ufro rTuli meqanizmiT: 
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Cr(OH)2  +  2OH3
+  +  2H2O  →  [Cr(H2O)6]2+ 

 

    warmoqmnili aqvakompleqsebi [Cr(H2O)6]2+
 lurji ferisaa. igive 

Seferiloba axasiaTebT qrom(II)-is  kristalhidratebs: Cr(ClO4)2•6H2O, 

CrSO4•5H2O, CrCl2•4H2O da sxva. Cr2+_ioni uferia, misi uwylo marilebi 

TeTria, maTi wyalxsnarebi ki _ cisferi. 

   qrom(II)-is   naerTebi Zlieri aRmdgenelebia: 

 

2CrCl2  +  2HCl  →  2CrCl3  +  H2↑ 

4Cr(OH)2  +  O2  +  2H2O  →  4Cr(OH)3 

 

     qrom(II)-is  qloridi _ CrCl2   anu Cr2Cl4  _ TeTri feris Zlier 

higroskopuli kristalebia, wyalSi gaxsnisas miiReba lurji feris 

xsnari, romelic gacxelebisas icvlis Seferilobas (gadadis mwvaneSi). 

miiReba gavarvarebul qromze marilmJavas moqmedebiT 

 

Cr  +  2HCl  →  CrCl2  +  H2↑ 

 

    agreTve qrom(III)-is qloridis 700°C-ze wyalbadiT aRdgenisas: 

 

2CrCl3  +  H2  →  2CrCl2  +  2HCl 

 

       CrCl2 _ Zlieri aRmdgenelia, rogorc       Cr (II) sxva danarCeni naerTebi, 

advilad iJangeba: 

 

2CrCl2  +  2HCl  →  2CrCl3  +  H2↑ 

 

      qrom(II)-is marilebis urTierTqmedebiT tuteebTan inertul 

atmosferoSi miiReba yviTeli feris naleqi _ qrom(II)-is  hidroqsidi _ 

Cr(OH)2: 

 

CrCl2  +  2KOH  →  Cr(OH)2↓+  2KCl 
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   Qqromis diqlorids Cr2Cl4 aqvs  Jangbadis STanTqmis unari, ris 

safuZvelzec xdeba misi gamoyeneba airadi analizisTvis. gamoiyeneba 

agreTve rogorc katalizatori organul sinTezSi. 

     

        qrom(II)-is   ftoridi _ CrF2 _ mwvane feris araaqroladi, wyalSi 

mcired xsnadi kristalebia. tenian haerze advilad iJangeba. ixsneba cxel 

qlorwyalbadmJavaSi. miiReba gaxurebul qromze mlRobi mJavas moqmedebiT. 

        qrom(II)-is  bromidi _ CrBr2 _ yviTeli feris kristalebia. Mixsneba 

wyalsa da spirtSi, mdgradia mSral haerze, xolo tenian haerze iJangeba. 

miiReba bromwyalbadis moqmedebiT wiTel varvarebamde gaxurebul qromze 

 

Cr  +  2HBr  →  CrBr2  +  H2↑ 

 

    qrom(II)-is   iodidi _ CrI2  _ Zlier higroskopuli mowiTalo-yavisferi 

nemsiseburi kristalebia. Kkargad ixsneba wyalSi. 600°C-ze disocirebs 

liTonuri qromis warmoqmniT. Ees reaqcia gamoiyeneba rkinis da foladis 

qromirebisas. miiReba iodis orTqlis gatarebiT fxvnilisebur qromze 700-

800°C-ze, agreTve qromis gaxsniT iodwyalbadmJavaSi. 

    qrom(II)-is sulfidi _ CrS _ paramagnituri Savi feris prizmiseburi 

kristalebia. iSleba 1350°C-ze, advilad iJangeba haerze gacxelebisas an 

gardaiqmneba CrCl3-ad qloris moqmedebiT. miiReba qromis da gogirdis 

steqiometruli raodenobebis gaxurebiT 1000°C-ze vakuumSi: 

 

Cr  +  S  →  CrS 

qrom(II)-is sulfidi gamoileqeba qrom(II)-is  marilebis urTierTqmedebiT 

amoniumis sulfidTan: 

CrCl2  +  (NH4)2S  →  2NH4Cl  +  CrS↓ 

Q  qrom(II)-is  sulfati  _  CrSO4  _ TeTri feris fxvniliseburi 

nivTierebaa. wyalxsnars axasiaTebs Zlieri aRmdgenis Tvisebebi, 

energiulad STanTqavs Jangbads. miiReba qrom(III)-is  sulfatis 

wyalxsnaris aRdgeniT, agreTve ganzavebuli gogirdmJavas moqmedebiT 
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liTonur qromze. cnobilia kristalhidratebi SedgenilobiT CrSO4•nH2O 

(n=1,5,7) 

 

CrSO4•H2O Uufero kristalebi 

CrSO4•5H2O Llurji kristalebi 

CrSO4•7H2O Llurji kristalebi 

 

 

qrom(III)-is   naerTebi 

     qrom(III)-is   oqsidi _ Cr2O3 _ mwvane feris fxvniliseburi nivTierebaa, 

kristalur mdgomareobaSi _ Savi ferisaa liTonuri brwyinvalebiT. Aaqvs 

maRali lRobis temperatura (TlR. 2435°C), qimiurad inertulia. ixsneba 

Txevad CS2-Si. miiReba qromis urTierTqmedebiT JangbadTan maRal 

temperaturaze: 

 

4Cr  +  3O2  →  2Cr2O3 

   laboratoriaSi qrom(III)-is  oqsidi miiReba amoniumis biqromatis 

daSliT:           

(NH4)2Cr2O7  →Cr2O3  +  N2  +  4H2O 

    teqnikuri miznebisTvis qrom(III)-is  oqsids Rebuloben kaliumis 

biqromatis aRdgeniT: 

K2Cr2O7  +  2C  →  Cr2O3  +  K2CO3   +  CO 

     Cr2O3  agreTve miiReba qrom(VI)-is naerTebis TermoliziT: 

4Na2Cr2O7  →  4Na2CrO4   +  2Cr2O3  +  3O2 

   Cr2O3 _ qimiurad inertuli nivTierebaa, igi ar ixsneba wyalSi. Cr2O3 

SelRobiT reagirebs nitratebTan tute liTonebis karbonatebis an 

hidroqsidebis Tanaobisas: 

 

Cr2O3  +  3NaNO3  +  2Na2CO3  →  2Na2CrO4  +  3NaNO2  +  2CO2 

Cr2O3  +  3NaNO3  +  4NaOH   →  2Na2CrO4  +  3NaNO2  +  2H2O 
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tute liTonebis hidrosulfatebTan da pirosulfatebTan SelRobisas 

qromis JangviTi ricxvi ar icvleba. Mmag., Cr2O3 –is kaliumis disulfatTan 

SelRobiT miiReba qrom(III)-is  sulfati: 

 

3K2S2O7  →3K2SO4  +  3SO3 

Cr2O3  +  3SO3  →Cr2(SO4)3 

Cr2O3  +  3K2S2O7  →Cr2(SO4)3  +  3K2SO4 

Cr2O3 + 6KHSO4 →Cr2(SO4)3 + 3K2SO4 + 3H2O 

 

 Cr2O3  amJRavnebs mkveTrad gamoxatul amfoterul Tvisebebs. 

 

Cr2O3  +  6HCl  →  2CrCl3  +  3H2O 

 

tuteebTan an karbonatebTan SelRobisas Cr2O3 warmoqmnis qromitebs: 

Cr2O3  +  2KOH  → 2KCrO2  +  H2O 

Cr2O3 + Na2CO3 → 2NaCrO2 + CO2 

 

    qromitebi wyalSi gaxsnisas gadadian hidroqsokompleqsebSi: 

Na[Cr(OH)4],  K3[Cr(OH)6]. 

 

    qrom(III)-is  naerTebi mdgradebia haerze, magram wyalxsnarSi ganicdian 

hidrolizs: 

 

Cr3+  +  HOH  ⇄  Cr(OH)2+  +  H+ 

 

      vinaidan Cr2O3_Si qroms Sualeduri JangviTi ricxvi aqvs, tute areSi 

Zlieri mJangavis Tanaobisas iJangeba qromatis warmoqmniT: 

 

Cr2O3 + 3KNO3 + 2Na2CO3 → 2Na2CrO4 + 3KNO2 + 2CO2↑ 

    xolo Zlieri aRmdgeni mas aRadgens: 

Cr2O3 + 2Al → Al2O3 + 2Cr 
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    tutis da mJangavis narevTan SelRobiT warmoiqmneba qromis naerTebi 

JangviTi ricxviT +6: 

2Cr2O3 + 4KOH + 2KClO3 → 2K2Cr2O7   + 2KCl + 2H2O  

    qrom(III)-is  oqsidi gamoiyeneba rogorc abraziuli masala, aseve  

saRebavebis warmoebaSi. saRebavebis SemadgenlobaSi Sedian agreTve tyviis 

da TuTiis qromatebi.  

    qrom(III)-is   oqsidi warmoadgens ZiriTad danamats alumin(III)-is   

oqsidisTvis xelovnuri lalis kristalebis miRebisas, romlebic 

gamoiyeneba lazerul danadgarebSi, saaTebis warmoebaSi. Ggamoiyeneba 

rogorc katalizatori organul an araorganul sawarmoo sinTezSi.  

     

   qrom(III)-is hidroqsidi _ Cr(OH)3 _ miiReba qrom(III)-is   qloridze 

amoniumis tutis mcire raodenobis damatebiT. gamoiyofa naleqis saxiT: 

CrCl3  +  3NH4OH  →  Cr(OH)3↓  +  3NH4Cl 

    miRebul hidroqsids _ mwvane feris nivTierebas miaweren formulas 

Cr(OH)3, magram mas  gaaCnia cvalebadi Sedgeniloba, romelic SegviZlia 

gamovsaxoT zogadi formuliT Cr2O3•nH2O. is warmoadgens mravalbirTvian 

polimers, romelSic ligandebis rols asruleben OH- da H2O, xolo 

OH_jgufebi _ xidur funqcias. polimeris struqtura da Sedgeniloba 

damokidebulia miRebis pirobebze. kerZod, dayovnebisas an gacxelebisas 

mimdinareobs bmebis Cr—OH—Cr Secvla Cr—O—Cr, ris Sedegadac is kargavs 

Tavis aqtiurobas. Aaxlad damzadebuli Cr(OH)3  kargad ixsneba mJavasa da 

tuteSi. 

        wyalxsnarSi kationi Cr3+ arsebobs mxolod hidratirebuli ionis saxiT 

[Cr(H2O)6]3+, romelic xsnars aniWebs iisfer Seferilobas (simartivisTvis 

weren Cr3+). 

      qrom(III)-is   hidroqsikompleqsebs axasiaTebT mwvane feri, ar 

gamoirCevian maRali mdgradobiT da iSlebian hidroqsidis [Cr(OH)3]n•H2O 

warmoqmniT. 
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    qrom(III)-is   hidroqsidis SelRobiT tuteebTan warmoiqmneba meta- da 

orToqromitebi: 

Cr(OH)3  +  NaOH  →   NaCrO2  +  2H2O 

Cr(OH)3  +  3NaOH  →   Na3CrO3  +  3H2O 

    tuteSi gaxsnisas  warmoiqmneba hidroqsoqromitebi: 

Cr(OH)3  +  NaOH  +  2H2O   →   Na[Cr(OH)4(H2O)2] 

Cr(OH)3  +  OH-  +  2H2O  →   [Cr(OH)4(H2O)2]2- 

Aan 

 Cr(OH)3  +  3KOH  →   K3[Cr(OH)6] 

Cr(OH)3  +  3OH-  →   [Cr(OH)6]3- 

     wyalxsnarSi arseboben mxolod qromis hidratirebuli ionebi: 

[Cr(OH)4(H2O)2]-, [Cr(OH)5H2O]2-, [Cr(OH)6]3-. isini xsnars aniWeben mwvane 

Seferilobas. 

     qrom(III)-is  hidroqsidis amfoterobidan gamomdinare SeiZleba 

davaskvnaT, rom wyalxsnarSi arsebobs wonasworoba: 

Cr3+  +  3OH-  ⇄  Cr(OH)3  ≡  Cr(OH)3  +  3H2O  ⇄  [Cr(OH)4(H2O)2]-  +  H+ 

        mJavas damatebiT xsnarSi wonasworoba gadaixreba marcxniv, xolo 

tutis damatebiT _ marjvniv.      

    qrom(III)-is  hidroqsidis gaxurebisas warmoiqmneba qrom(III)-is   oqsidi: 

2Cr(OH)3  →  Cr2O3  +  3H2O 

    tute liTonebis qromitebi ar arian mdgradebi. Tumca bunebaSi 

gvxvdeba mdgradi qromitebi.  

       KCrO2 tipis marilebi _ qromitebi _ SegviZlia ganvixiloT rogorc 

metaqromovanmJavas HCrO2  marilebi. es marilebi, agreTve isini, romelTa 

SemadgenlobaSic Sedis samvalentiani qromis kationi, ganicdian 

hidrolizs. Q qrom(III)-is   da susti mJavas marilebi ganicdian srul 

hidrolizs: 
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Cr2S3  +  6H2O  →  2Cr(OH)3  +  3H2S↑ 

     Qqrom(III)-is  marilis wyalxsnarisTvis sxva marilis damateba, 

romelic Seicavs susti mJavas anions, iwvevs qrom(III)-is   hidroqsidis 

gamoleqvas: 

2CrCl3  +  3H2O  +  3Na2CO3  →6NaCl  +  2Cr(OH)3↓+  3CO2 

    qrom(III)-is  ftoridi _ CrF3 _ paramagnituri mwvane feris kristalebia. 

ixsneba mlRob mJavaSi da naklebad xsnadia wyalSi. miiReba mlRobi mJavas 

moqmedebiT qrom(III)-is  oqsidze, ftorwyalbadis gatarebiT 500-1100°C-mde 

gaxurebul qrom(III)-is   qloridze.  

   wyalxsnarebi gamoiyeneba abreSumis warmoebaSi, Salis damuSavebisas, 

agreTve eTanis da propanis halogennawarmebis ftorirebisas. 

    qrom(III)-is  qloridi, qloriani qromi, qloris triqloridi _ CrCl3 _ 

moyviTalo iisferi kristalebia. uwylo qrom(III)-is   qloridis sinTezs 

axorcieleben gaxurebul qrom(III)-is   oqsidze qloris moqmedebiT 

naxSirbadis Tanaobisas: 

Cr2O3  +  3Cl2  +  3C   →  2CrCl3  +  3CO 

    an gavarvarebuli qromis urTierTqmedebiT mSral qlorTan: 

2Cr  +  3Cl2  →  2CrCl3 

   Ggaxurebisas  CrCl3  disocirdeba: 

2CrCl3  →  2CrCl2  +  Cl2 

   qrom(III)-is   bromidi _ CrBr3 _ mwvane feris kristalebia. 927°C-ze 

ganicdis sublimacias. Ggacxelebisas wyalbadi aRadgens CrBr2-mde. iSleba 

tutis moqmedebisas, wyalSi ixsneba qrom(II)-is marilebis Tanaobisas. 

miiReba bromis orTqlis moqmedebiT liTonur qromze azotis Tanaobisas. 

Q  qrom(III)-is iodidi  _ CrI3  _ muqi iisferi kristalebi, Cveulebriv 

pirobebSi haerze mdgradia. 200°C-ze reagirebs JangbadTan iodis 

gamoyofiT. wyalSi ixsneba qrom(II)-is   marilebis Tanaobisas. miiReba 

iodis orTqlis moqmedebiT wiTel varvarebamde gaxurebul qromze.                   
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    qrom(III)-is  sulfidi _ Cr2S3 _ Savi feris paramagnituri kristalebia. 

Aar reagirebs mJavebTan, magram iJangeba azotmJaviT.  

    hidrolizis gamo sulfidis miReba Hqrom(III)-is  marilebis 

wyalxsnarebidan SeuZlebelia. Mmisi sinTezi SesaZlebelia uwylo qrom(III)-

is  qloridze mSrali gogirdwyalbadis moqmedebiT 600-650°C-ze: 

 

2CrCl3  +  3H2S  →  Cr2S3  +  6HCl 

Q    

   Qqrom(III)-is  sulfati _ Cr2(SO4)3 _mowiTalo-yavisferi kristalebia, ar 

ixsneba civ wyalSi. >350°C-ze iSleba Cr2O(SO4)2-mde, xolo >640°C _ Cr2O3-

mde. cnobilia kristalhidratebi SedgenilobiT Cr2(SO4)3•nH2O 

(n=3,6,9,12,14,15,17,18) 

Cr2(SO4)3 (uwylo) mowiTalo_yavisferi 

Cr2(SO4)3•12H2O iisferi 

Cr2(SO4)3•15H2O mwvane 

    qrom(III)-is  sulfati miiReba qrom(III)-is hidratis an feroqromis 

urTierTqmedebiT gogirdmJavasTan, mwvane sulfati _ qrom(VI)-is oqsidis 

aRdgeniT. 

    gamoiyeneba rogorc pigmenti saRebavebis, keramikuli nakeTobebis, 

mwvane feris melnis dasamzadeblad,  rogorc fermWeri Rebvisas, 

mTrimlavad tyavis warmoebaSi. teqnikur literaturaSi xSirad gvxvdeba 

narevi Cr(OH)SO4,  Na2SO4 an K2SO4-Tan _ mwvane feris amorfuli wyalSi 

xsnadi fxvnilia. gamoiyeneba tyavis warmoebaSi. 

   Qqrom(III)-is   uwylo marilebi Tavisi TvisebebiT da struqturiT 

mniSvnelovnad gansxvavdebian Sesabamisi kristalhidratebisgan. Mmag., CrCl3 

gacilebiT nela ixsneba wyalSi, vidre Sesabamisi kristalhidrati 

CrCl3•6H2O. 

       analogiurad, vardisferi Cr2(SO4)3 cudad ixsneba wyalSi gansxvavebiT 

iasamnisferi Cr2(SO4)3•18H2O-gan. wyalxsnarSi qrom(III)-is marilebi ganicdian 
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hidrolizs. kerZod, hidroqsoakvokompleqsebis [Cr(OH)(H2O)5]2+, 

[Cr2(OH)2(H2O)8]4+ warmoqmna SegviZlia ganvixiloT rogorc qrom(III)-is  

sulfatis, nitratis da halogenidebis hidrolizis pirveli safexuri: 

Cr[H2O)6]3+  +  H2O  ⇄  [Cr(OH)( H2O)5]2+  +  H3O+ 

Cr3+  +  H2O  ⇄  CrOH2+  +  H+ 

2[Cr(H2O)6]3+  ⇄  [Cr2(OH)2(H2O)8]4+  +  2H3O+ 

2Cr3+  +  2H2O  ⇄  Cr2(OH)2
4+  +  2H+ 

   qrom(III)-is  sulfati warmoqmnis ormag marilebs _ Sabebs _ zogadi 

formuliT Me2
ISO4•Cr2(SO4)3•24H2O, sadac MeI – Na, K, Rb, Cs, Tl, NH4

+. 

      Sabis miReba SeiZleba mag., kaliumis biqromatis aRdgeniT gogirdovani 

anhidridiT: 

K2Cr2O7  +  H2SO4  +  3SO2  +  23H2O  →  K2SO4•Cr2(SO4)3•24H2O 

Mmuqi mowiTalo iisferi 

kristalebi 

wyalxsnari _ mowiTalo 

iisferi 

 

KCr(SO4)2•12H2O 

Aan 

K2SO4•Cr2(SO4)2•24H 2O 
70°C-ze mwvane feris 

qromis Sabebi farTod gamoiyeneba tyavis Trimlvisas. 

 

qrom(IV)-is   naerTebi 

    qromisTvis ar aris damaxasiaTebeli JangviTi ricxvi +4, magram 

cnobilia JangbadnaerTebi Cr(IV)  da Cr(V), zogierT maTgans praqtikuli 

mniSvnelobac gaaCnia, mag. CrO2. 

       qrom(IV)-is  oqsidi _ qromis dioqsidi _ CrO2 _ Savi feris nivTierebaa, 

gaaCnia maRali feromagnituri Tvisebebi. miiReba CrO3  gaxurebiT 400°C-ze. 

Ggamoiyeneba egm-is mexsierebis elementebis warmoebaSi. 

 

qrom(VI)-is   naerTebi 
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   qrom(VI)-is   oqsidi _ CrO3 _ muqi wiTeli feris kristaluri 

nivTierebaa. miiReba kaliumis biqromatis ∼10% xsnaris urTierTqmedebiT 

koncentrirebul gogirdmJavasTan: 

K2Cr2O7   +  2H2SO4  →    2CrO3↓ + 2KHSO4 + H2O 

 

Sualeduri produqtis saxiT warmoiqmneba qrommJava, romelic swrafad 

iSleba qrom(VI)-is  oqsidis warmoqmniT.  

   gaxurebisas (TlR=197°C) advilad iSleba: 

4CrO3  →   2Cr2O3  +  3O2 

   reagirebs fuZeebTan da fuZe oqsidebTan: 

CrO3 + BaO →   BaCrO4, 

CrO3 + 2NaOH →   Na2CrO4 + H2O 

Zlieri mJangavia: advilad Jangavs iods, gogirds, fosfors, naxSirbads, 

spirtebs, TviTon ki aRdgeba Cr2O3-mde. Bbevr maTganTan reagirebs 

afeTqebiT 

4CrO3 + 3C →  2Cr2O3 + 3CO2 

Jangavs spirtebs: 

4CrO3 + C2H5OH + 6H2SO4 → 2Cr2(SO4)3 + 2CO2 + 9H2O 

CrO3  momwamvlelia! 

Q  qrom(VI)-is   oqsids axasiaTebs mxolod mJava oqsidis Tvisebebi. 

advilad ixsneba wyalSi. wylis Warb raodenobaSi gaxsnisas warmoqmnis 

qrommJavas: 

CrO3  +  H2O  →    H2CrO4 

    qrommJava _ H2CrO4 _ Tavisufali saxiT ar aris gamoyofili. 

wyalxsnarSi _ Zlieri mJavaa. CrO4
2-_ioni yviTeli ferisaa. 

    qrom(VI)-is oqsidis maRali koncentraciis dros warmoiqmneba ufro 

Zlieri biqrommJava, romelic aseve arsebobs mxolod wyalxsnarSi: 
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2CrO3  +  H2O  →    H2Cr2O7 

 ganzavebisas is Tavis mxriv gadadis qrommJavaSi: 

H2Cr2O7  +  H2O  →  2H2CrO4 

    qromis mJavebi arseboben mxolod wyalxsnarSi, Tumca maTi marilebi 

mdgradia. Qqromis mJavebi warmoqmnian ori rigis marilebs: qromatebs _ 

qrommJavas marilebs da biqromatebs _ biqrommJavas marilebs. Qqromatebi 

Seferilia yviTlad (CrO42- _qromat_ionis feri), xolo biqromatebi _ 

narinjisferad (Cr2O7
2-_ biqromat_ionis feri). wyalxsnarSi qromat_ionebsa 

da biqromat_ionebs Soris arsebobs moZravi wonasworoba. wonasworobis 

Secvlas Tan axlavs xsnaris feris cvlilebac.        qromatebi mJavas 

damatebiT gardaiqmnebian biqromatebad _ xsnaris Seferiloba icvleba 

yviTelidan narinjisferamde: 

2K2CrO4  +  H2SO4  →  K2Cr2O7  +  K2SO4  +  H2O 

2CrO4
2-  +  2H+  →  Cr2O7

2-  +  H2O 

xsnaris Semdgomi SemJavebisas koncentrirebuli gogirdmJaviT SeimCneva 

qrom(III)-is   oqsidis muqi wiTeli kristalebis gamoyofa: 

K2CrO4  +  H2SO4  →    CrO3  +  K2SO4  +  H2O 

tute areSi biqromatebi gardaiqmnebian qromatebad, Sesabamisad icvleba 

xsnaris feric _ narinjisferidan yviTlamde: 

K2Cr2O7  +  2KOH  → 2K2CrO4  +  H2O 

Cr2O7
2-  +  2OH¯  →  2CrO4

2-  +  H2O 

   Qqromatebis da biqromatebis urTierTgardaqmna SeiZleba gamovsaxoT 

zogadi saxiT: 

2CrO4
2¯+  2H+  ⇄  2HCrO4

¯  ⇄  Cr2O7
2-  +  H2O 

aqedan Cans, rom xsnaris SemJavebisas wonasworoba gadaixreba marjvniv, 

anu biqromat_ionis warmoqmnisken, da piriqiT, tutis damatebiT 

wonasworoba gadaixreba marcxniv, anu qromat_ionis warmoqnisken. 

wonasworoba: qromati ⇄    biqromati (2CrO4
2-+2H+⇄Cr2O7

2-+H2O) gadaixreba 
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marcxniv aramxolod   pH cvlilebisas, aramed Ba2+, Pb2+  da Ag+ xsnadi 

marilebis damatebiTac, romlebic warmoqmnian biqromatebTan SedarebiT 

naklebad xsnad qromatebs: 

2K2Cr2O7  +  H2O  +  2BaCl2  →    2BaCrO4↓  +  4KCl  +  H2Cr2O7 

Cr2O7
2-  +  2Ba2+  +  H2O  →  2BaCrO4↓+  2H+ 

      qromatebi miiReba CrO3 –is SelRobiT fuZe oqsidebTan: 

CrO3 + ZnO → ZnCrO4 

agreTve Cr3+-is naerTebis daJangviT tute areSi: 

2KCrO2 + 3H2O2 + 2KOH → 2K2CrO4 + 4H2O, 

2K3[Cr(OH)6] + 3Br2 + 4KOH → 2K2CrO4 + 6KBr + 8H2O 

am dros xsnaris Seferiloba mwvanedan gadadis yviTelSi. 

    kaliumis qromati _ K2CrO4 _ yviTeli feris nivTierebaa, miiReba 

qromiani rkinaqvis SelRobiT kaliumis karbonatTan 1000_1300°C-ze: 

4Fe(CrO2)2  +  8K2CO3  +  7O 2  →   8K2CrO4  +  2Fe2O3  +  8CO2 

kaliumis qromati Zlieri mJangavia, CO2-Tan urTierTqmedebiT warmoqmnis 

biqromats: 

2K2CrO4  +  CO2  →   K2Cr2O7  +  K2CO3 

    natriumis qromati _ Na2CrO4 _ yviTeli feris nivTierebaa, sufTa 

natriumis qromati miiReba natriumis biqromatis urTierTqmedebiT 

natriumis tutesTan an natriumis karbonatTan: 

Na2Cr2O7  +  Na2CO3  →  2 Na2CrO4  +  CO2 

    qromatebi _ K2CrO4,  Na2CrO4,  BaCrO4, PbCrO4 _ gamoiyeneba rogorc 

mineraluri saRebavebi. Kkaliumis da natriumis qromatebi gamoiyeneba 

rogorc merqnis konservanti, qsovilebis fermWeri. zogierTi liTonis 

uxsnad qromats axasiaTebs mkveTri feri, amitom maT safuZvelze amzadeben 

saRebavebs: 

yviTeli kroni _ PbCrO4, ZnCrO4, SrCrO4 
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wiTeli tyvia-molibdenis kroni _ PbCrO4 da  MoCrO4 

vardisferi kroni _ SrCrO4 

     kaliumis biqromati _ K2Cr2O7 _ wiTeli  an narinjisferi  

kristaluri nivTierebaa, wyalSi kargad xsnadia. gaxurebisas iSleba: 

2K2Cr2O7  →   2K2CrO4  +  Cr2O3  + 1,5O2 

 

    natriumis biqromati _ Na2Cr2O7·2H2O _ yviTeli feris kristalebia, 

haerze ganiTxeva, wyalSi kargad xsnadia, wyalxsnarebidan gamoiyofa 

kristalhidratis saxiT.     

 

    natriumis da kaliumis biqromatebs uwodeben qrompikebs. isini rogorc 

Zlieri mJangvelebi, gamoiyenebian tyavis damuSavebisas, saRebavebis da  

safeiqro warmoebaSi, piroteqnikaSi, fotografiaSi. Qqromis narevi _ 

kaliumis biqromatis 3%-ani xsnari koncentrirebul gogirdmJavaSi _ 

gamoiyeneba qimiur laboratoriaSi WurWlis sarecxad. 

 

    Aamoniumis biqromati _ (NH4)2Cr2O7 _ narinjisferi-wiTeli kristalebia. 

miiReba amiakis da qrom(III)-is oqsidis urTierTqmedebiT. Ggaxurebisas 

advilad iSleba. Ggamoiyeneba laboratoriaSi qrom(III)-is oqsidis 

misaRebad.  

     qrom(VI)-is  naerTebi _ Zlieri mJangvelebia, Jangva-aRdgeniTi 

reaqciebisas warmoqmnian qrom(III)-is naerTebs. qromis mJavaze Zlieri 

aRmdgenelebis moqmedebiT (H2S, Na2S, SO2, Na2SO3, FeSO3, KI) warmoiqmneba Cr(III)-

is naerTebi. qrommJavasa da biqrommJavas marilebi aseve amJRavneben 

mJangavis Tvisebebs. mag., K2Cr2O7  reagirebs qlorwyalbadmJavasTan rogorc 

aRmdgenelTan: 

 

K2Cr2O7  +  14HCl  –t→  3Cl2↑  +  2CrCl3  +  7H2O  +  2KCl 

 

am reaqciis gamoyeneba SesaZlebelia molekuluri qloris misaRebad. 

magram, Tu marilmJavas SevcvliT romelime tute liTonis mariliT, mag., 
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natriumis qloridiT, reaqcia ar mimdinareobs. Qqloris gamoyofa 

mimdinareobs mxolod mJava areSi.     

    qrom(III)-is  naerTebi tute areSi Zlieri aRmdgenelebia. sxvadasxva 

mJangvelebis moqmedebiT, rogoricaa Cl2, Br2, H2O2, KMnO4 _ warmoiqmneba 

qrom(VI)-is naerTebi: 

2Na3[Cr(OH)6]  +  3H2O2 →   2Na2CrO4  +  8H2O  +  2NaOH 

2Na3[Cr(OH)6]  +  NaBrO3  →   2Na2CrO4  +  NaBr  +  2NaOH  +  5H2O 

    Zlier mJangvelebs (KMnO4, (NH4)3S2O8) mJava areSi qrom(III)-is  naerTebi 

gadahyavT biqromatebSi: 

Cr2(SO4)3  +  2KMnO4  +  5H2O  →   K2Cr2O7  +  2MnO(OH)2  +  3H2SO4 

    qrom(VI)-is  naerTebis  JangviTi Tvisebebi sakmaod maRalia. Amag., CrO3 

iwvis eTanolis areSi: 

4CrO3  +  C2H5OH  →  2Cr2O3  +  2CO2↑  +  3H2O 

      qimiur laboratoriebSi qimiuri WurWlis gasarecxad gamoiyeneba 

qromis narevi („qrompiki“). Nnarevi Sedgeba ori moculoba K2Cr2O7  najeri 

xsnarisa da erTi moculoba koncentrirebuli H2SO4-gan. Zlieri MmJangavis 

CrO3-is arsebobiT aixsneba is, rom narevs aqvs unari sinjaris minaze 

zedapirs moacilos organuli narCenebi, ris Sedegadac qimiuri WurWeli 

qrompikis xsnariT damuSavebis Semdeg aris idealurad sufTa. 

    ftoriani qromili _ CrO2F2 _ mowiTalo-yavisferi airadi nivTierebaa, 

29,6°C-mde gacivebisas warmoqmnis iisfer-wiTel kristalebs. wyalTan 

urTierTqmedebisas ganicdis hidrolizs. miiReba konc. gogirdmJavas 

moqmedebiT kalciumis ftoridis da tyviis qromatis narevze. 

    qloriani qromili _ CrO2Cl2 _ wiTeli feris diamagnituri siTxea, 

TduR=117°C. mdgradia sibneleSi, tenian haerze bolavs hidrolizis Sedegad. 

miiReba qromatis an biqromatis urTierTqmedebiT tute liTonebis 

qloridebTan mJava areSi: 

 

K2Cr2O7  +  4KCl  +  3H2SO4  →   2CrO2Cl2  +  3K2SO4  +  3H2O 
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an qrom(VI)-is oqsidis urTierTqmedebiT qlorwyalbadTan: 

 

CrO3  +  2HCl  →   CrO2Cl2  +  H2O 

     reaqciis Sedegad miiReba mowiTalo_yavisferi siTxe, romelsac 

gamoxdian minarevebisgan gasasufTaveblad. 

   qloriani qromili sibneleSi mdgradi nivTierebaa, Zlieri mJangvelia, 

wyalTan urTierTqmedebisas ganicdis hidrolizs ori mJavas _ qromis da 

marilmJavas warmoqmniT: 

 

CrO2Cl2  +  2H2O  →  H2CrO4  +  2HCl 

 

    di- da trihalogenidebi _ Seferili naerTebia maRali lRobis 

temperaturiT. Qqrom(III)-is halogenidebi, qrom(II)-is halogenidebisgan 

gansxvavebiT, aqroladi nivTierebebia. rac Seexeba Cr(VI)-s, is warmoqmnis 

ara heqsahalogenidebs, aramed  oqsohalogenidebs, romlebic warmoadgenen 

kristalur nivTierebebs SedarebiT dabali lRobis temperaturiT. 

 

zeqrommJava da perqromatebi 

   qromatebze an biqromatebze wyalbadis peroqsidis moqmedebiT mJava 

areSi miiReba sxvadasxva Sedgenilobis zeqrommJavebi an perqromatebi. 

perqromatebi warmoqmnian or rigs: 

perqromatebi 

lurji wiTeli 

M3 I[Cr2O12] M3 I[CrO8] 

Sesabamisi mJavebi Tavisufali saxiT gamoyofili ar aris. garda 

perqromatebisa, cnobilia qromis lurji peroqsidi CrO5, romelic miiReba 

xsnaris saxiT da Tavisufali saxiT cnobili ar aris. 

   lurji feris perqromatis xsnari miiReba wyalbadis peroqsidis 

moqmedebiT qrommJavaze dabal temperaturaze. wyalxsnaridan maTi 

gamoyofa xdeba eqstraqciiT _ perqromatis SenjRreviT eTerTan. 
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molibdeni da volframi 

 

bunebaSi gavrceleba  

    molibdeni da volframi miekuTvnebian gavrcelebul elementTa ricxvs. 

gvxvdebian mxolod naerTebis saxiT: 

molibdeniti _MoS2,   

Seeliti _CaWO4,  

volframiti _(Fe,Mn)WO4. 

 

miRebis xerxebi 

   warmoebaSi molibdenis da volframis misaRebad gamoiyeneba mineralebi 

molibdeniti MoS2   da Seeliti CaWO4. vinaidan maTi Semcveli madnebi 

mcire raodenobiT Seicaven molibdens da volframs, axdenen madnebis 

gamdidrebas, yvelaze xSirad flotaciiT. 

   Mmolibdenis misaRebad gamdidrebul molibdenis madans (70% MoS2) 

gamowvaven: 

2MoS2  +  7O2  –600-700°C→   2MoO3  +  4SO2 

miRebul MoO3-s asufTaveben aqrolebiT (900-1100°C) da Semdgomi 

gasufTavebis mizniT xsnian amiakis wyalxsnarSi (warmoiqmneba amoniumis 

paramolibdati): 

7MoO3  +  6NH3  +  3H2O  →     (NH4)6Mo7O24 

amoniumis paramolibdatis xsnars SeamJaveben da gamoyofen molibdenmJavas: 

(NH4)6Mo7O24  +  6HCl  +  4H2O  →  7H2MoO4↓   +  6NH4Cl 

molibdenmmJavas TermoliziT Jangbadis Tanaobisas miiReba maRali 

sisufTavis molibdenis anhidridi, misgan ki - liTonuri molibdeni: 

2(NH4)6Mo7O24  +  9O2  →  14MoO3  +  6N2  +  24H2O 

H2MoO4  →  MoO3  +  H2O 
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   volframis misaRebad gamoiyeneba msgavsi procedura Seelitis 

gamoyenebiT. 

   saboloo stadiaze liTonuri molibdenis da volframis misaRebad maT 

trioqsidebs aRadgenen wyalbadiT. 

   wyalbadiT aRdgenisas molibdeni da volframi miiReba fxvnilis saxiT. 

 

fizikur_qimiuri Tvisebebi 

      rigSi Cr-W SeimCneva lRobis da duRilis temperaturis zrda. izrdeba 

agreTve liTonebis simkvrive rigSi  Cr-W.  volframi  warmoadgens erT-erT 

yvelaze mZime liTons. 

   qromis qvejgufis liTonebi gamoirCevian simagriT. magram aRniSnuli 

liTonebis simagreze did gavlenas axdens minarevebi. 

   molibdeni _ vercxlisebr_TeTri liTonia (ρ=10,2 g/sm3), lRobis 

temperatura 2620°C. 

   volframi _ TeTri feris liTonia, mZime (ρ=19,3 g/sm3), misi lRobis 

temperatura (∼3400°C) aRemateba yvela sxva cnobili liTonis lRobis 

temperaturas. Hhaerze iJangeba varvarebis temperaturaze. 

   ZabvaTa mwkrivSi molibdeni da volframi dganan wyalbadis marcxniv, 

magram TiTqmis ar reagireben marilmJavasTan da gogirdmJavasTan. maTi 

inertuloba aixsneba damcavi oqsiduri SriT, romelic icavs maT mJavas 

Semdgomi moqmedebisgan. azotmJavas molibdeni gadahyavs pasiur 

mdgomareobaSi, Mxolo azotmJavas da ftorwyalbadmJavas (an marilmJavas) 

narevTan molibdeni da volframi SedarebiT advilad reagireben: 

W  +  8HF  +  2HNO3  →  H2WF8  +  2NO↑ +  4H2O 

    tuteebTan molibdeni da volframi reaqciaSi ar Sedian, magram 

natriumis tutis da kaliumis nitratis narevTan warmoqmnian molibdatebs 

da volframatebs: 

Э  +  3KNO3  +  2NaOH  →  Na2ЭO4  +  3KNO2  +  H2O 

sadac Э = Mo, W. 
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    JangbadTan molibdeni da volframi reagireben 600°C-ze oqsidebis MoO3  

da WO3  warmoqmniT. halogenebi da sxva araliTonebi Mo da W-Tan 

reagireben gacxelebiT. gogirdTan Mo da W warmoqmnian sulfidebs MoS2  

da WS2, naxSirbadTan _ karbidebs (MoC  da WC). 

 

     Mmolibdeni Ggamoiyeneba maRaltemperaturuli Rumelebis, vakuumuri 

Rumelebis Tbodamcavi ekranebis dasamzadeblad.  

    warmoebuli molibdenis 80% gamoiyeneba specialuri Senadnobebis 

misaRebad, Sedis uJangavi foladis SemadgenlobaSi. Mmolibdenis da 

tantalis Senadnobisgan amzadeben laboratoriul WurWels, romelic 

cvlis platinis WurWels.  

     volframis ZiriTadi momxmarebelia metalurgia. swrafmWreli 

instrumentuli foladi Seicavs 20% volframs da gaaCnia TviTwrTobis 

unari. aseTi foladi ar kargavs simtkices wiTel varvarebamde 

gaxurebisas. 

    farTod gamoiyeneba agreTve qromvolframis foladi (1_6% volframi 

da 2% qromi). rogorc yvelaze Zneldnobadi liToni, volframi gamoiyeneba 

Termomdgradi Senadnobebis warmoebaSi. kerZod, misi Senadnobebi 

kobaltTan da qromTan _ stelitebi _ gamoirCevian maRali 

TermomdgradobiT, cveTamedegobiT da simagriT. 

   halogenebi da sxva araliTonebi reagireben molibdenTan da 

volframTan gacxelebiT; gogirdTan warmoqmnian disulfidebs, 

naxSirbadTan _ karbidebs.  

 

molibden(II)-is da volfram(II)-is  naerTebi 

   orvalentiani molibdenis naerTebidan cnobilia mxolod molibden(II)-

is  qloridi _ MoCl2 _ yviTeli feris kristaluri, wyalSi uxsnadi 

nivTiereba. Kkargad ixsneba eTersa da spirtSi.  

   cnobilia orvalentiani volframis halogenidebi _ WCl2,  WBr2,   WJ2 _ 

Zlieri aRmdgenelebia, reagireben wyalTan wyalbadis gamoyofiT. 
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molibden(III)-is  da volfram(III)-is  naerTebi 

   molibden(III)-is  oqsidi _ Mo2O3 _ molibdenisTvis samvalentiani 

mdgomareoba ar aris damaxasiaTebeli da misi Sesabamisi naerTebi 

aramdgradia. Mmolibden(III)-is  oqsidi _ Savi feris wyalSi uxsnadi 

nivTiereba _ miiReba molibden(VI)-is  oqsidis aRdgeniT: 

2MoO3  +  3H2  →  Mo2O3  +  3H2O 

   molibden(III)-is hidroqsidi _ Mo(OH)3 _ moSavo_yavisferi amorfuli 

nivTierebaa, mcired xsnadia wyalsa da mineralur mJavebSi. tute areSi 

Slis wyals wyalbadis gamoyofiT. miiReba molibden(III)-is naerTebze 

tuteebis moqmedebiT an amoniumis molibdatis wyalbadiT aRdgenisas: 

MoCl3  +  3NaOH  →  Mo(OH)3  +  3NaCl 

     molibden(III)-is hidroqsidi amJRavnebs amfoterul Tvisebebs: 

 

Mo(OH)3  +  3HCl  →  MoCl3  +  3H2O 

Mo(OH)3  +  KOH  →  K[Mo(OH)4] 

     gaxurebisas iSleba molibden(III)-is  oqsidis warmoqmniT: 

2Mo(OH)3  →  Mo2O3  +  3H2O 

    Mmolibden(III)-is  ftoridi _ MoF3 _ vardisferi myari nivTiereba, 

mdgradia Cveulebriv pirobebSi. tenian haerze gacxelebisas gardaiqmneba 

MoO3  da HF. Ggacxelebisas wyalbadi aRadgens liTonur molibdenamde. 

miiReba molibden(III)-is  bromidis gacxelebiT mSral ftorwyalbadTan. 

   Mmolibden(III)-is qloridi _ MoCl3 _ agurisferi-wiTeli nemsisebri 

kristalebia. Mmcired xsnadia wyalSi, ixsneba gogirdmJavaSi; 

paramagnituria. Hhaerze TandaTanobiT warmoqmnis oqsiqlorids MoOCl. 

   samvalentiani volframis qloridebi Tavisufali saxiT gamoyofili ar 

aris. cnobilia misi ormagi marilebi mag., 2WCl3•3KCl. Oormagi marilebi 

damaxasiaTebelia agreTve molibden(III)-isTvisac _  MoCl3·3KCl (wiTeli) da  

MoF3·KF·H2O (iisferi). 
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molibden(IV)-is  da volfram(IV)-is  naerTebi 

   molibdenis da volframis dioqsidebi MoO2  da WO2  _ miiRebian MoO3 da  

WO3  wyalbadiT aRdgenisas 

MoO3  +  H2  → MoO2  +  H2O  (450-470°C) 

WO3  +  H2  → WO2  +  H2O  (575-600°C) 

an maTi da Sesabamisi liTonis narevis gacxelebiT vakuumSi: 

2MoO3  +  Mo  →  3MoO2 

    molibdenis da volframis dioqsidebi sakmaod mdgradebia.  MoO2 

mxolod 1000°C-ze disproporcirebs, iSleba MoO3  da  Mo, xolo WO2  lRveba 

daSlis gareSe 1270°C-ze. 

      molibden(IV)-is oqsidi _ MoO2 _ ruxi amorfuli fxvnilia an iisferi 

paramagnituri kristalebia. Hhaerze mdgradia, vakuumSi 1100°C-ze ganicdis 

sublimacias. axasiaTebs naxevargamtaris Tvisebebi. miiReba molibden(VI)-is 

oqsidis aRdgenisas. wyalSi ar ixsneba, Znelad reagirebs mJavebTan, 

amJRavnebs sust fuZe Tvisebebs. Ggacxelebisas iJangeba MoO3_mde. 

    maRal temperaturaze (800°C) molibdeni reagirebs wylis orTqlTan 

molibden(IV)-is oqsidis warmoqmniT 

Mo  +  2H2O  →  MoO2  +  2H2 

romelic Semdgomi gaxurebiT gardaiqmneba molibden(VI)-is  oqsidad: 

MoO2  +  H2O  →  MoO3  +  H2 

 

    volfram(IV)-is oqsidi _ WO2 _ wvrili tetragonaluri yavisferi 

kristalebia. Mmdgradia haerze. mcired xsnadia wyalSi, gacxelebiT 

ixsneba mineralur mJavebsa da tuteebSi. miiReba volfram(VI)-is oqsidis 

liTonuri volframiT 1000°C-ze aRdgenisas.  
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molibden(IV)-is da volfram(IV)-is halogenidebi 

   Mmolibden(IV)-is qloridi _  MoCl4 - yavisferi fxvniliseburi 

nivTierebaa. haerze ganiTxeva, advilad ganicdis sublimacias. mgrZnobiarea 

haeris, Suqis da tenis mimarT. miiReba molibden(IV)-is oqsidis 

urTierTqmedebiT qlorTan. 

   volfram(IV)-is ftoridi _ WF4 _ higroskopuli mowiTalo-yavisferi 

myari nivTierebaa. wyalxsnarSi ganicdis hidrolizs, mJava areSi iJangeba 

volfram (VI)-is oqsidis warmoqmniT. 800°C-ze vakuumSi iSleba. 

   volfram(IV)-is qloridi _ WCl4 _ higroskopuli, ZnelRobadi 

araaqroladi, ruxi feris kristaluri nivTierebaa. wyalTan 

urTierTqmedebisas ganicdis hidrolizs. miiReba CCl4-is  urTierTqmedebiT 

volfram (VI)-is oqsidze 250°C-ze. 

 

molibden(V)-is da volfram(V)-is naerTebi 

   molibden(V)-is oqsidi _ Mo2O5 _ muqi-iisferi fxvniliseburi 

nivTierebaa. miiReba molibden(V)-is hidroqsidis dehidrataciiT CO2-is 

Tanaobisas. 

M  molibden(V)-is qloridi _ MoCl5 _ Savi feris kristalebia, haerze 

ganiTxeva. Pparamgnituria. ixsneba organul gamxsnelebSi, wyalTan 

Sexebisas ganicdis hidrolizs da gardaiqmneba molibdenis oqsiqloridad 

MoOCl3:  

MoCl5  +  H2O  →  MoOCl3  +  2HCl 

azotmJavis da konc. gogirdmJavis moqmedebisas molibdenmJavamde iJangeba. 

   molibdenis oqsiqloridi tute liTonebis halogenebTan warmoqmnis 

ormag marilebs _ MoOCl3·2KCl. 

     volfram(V)-is qloridi _ WCl5 - muqi mwvane feris nemsiseburi Zlier 

higroskopuli kristalebia. miiReba mSrali qloris moqmedebiT liTonur 

molbdenze 650-700°C. 

     volfram(V)-is bromidi _ WBr5 - Savi feris nemsiseburi higroskopuli 

kristalebia. tenian haerze an civ wyalTan urTierTqmedebisas ganicdis 
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hidrolizs. Zlieri gacxelebisas wyalbadi aRadgens mas liTonur 

volframamde. 

 

 

molibden(VI)-is da volfram(VI)-is naerTebi 

   molibdenis da volframis anhidridebi miiReba liTonis gacxelebiT 

haerze an Jangbadis areSi 600°C-ze: 

2Mo  +  3O2  →  2MoO3 

laboratoriaSi maTi miReba SesaZlebelia amoniumis molibdatis an 

volframatis gacxelebiT Jangbadis areSi: 

(NH4)2MoO4  →  2NH3  +  MoO3  +  H2O 

   Jangbadis gareSe xorcieldeba MoO3-is nawilobrivi aRdgena: 

3(NH4)2MoO4  →  3MoO2  +  N2  +  6H2O  +  4NH3 

   molibdenis da volframis trioqsidebis aRdgena SeiZleba mxolod 

iseTi Zlieri aRmdgeneliT, rogoricaa wyalbadi. temperaturaze 

damokidebulebiT warmoiqmneba Sesabamisi liTonebis sxvadasxva oqsidebi 

an liToni Tavisufal mdgomareobaSi. 

   molibden(VI)-is oqsidi _ MoO3 _ yviTeli feris fxvniliseburi 

nivTierebaa, lRobis temperaturaa 791°C, mdgradia. miiReba molibdenis, 

misi sulfidis an sxva naerTebis gaxurebiT haerze. 

   mcired ixsneba wyalSi uxsnadi molibdenmJavas warmoqniT: 

MoO3  +  H2O  →  H2MoO4 

   advilad ixsneba tuteebSi, amiakSi, romlebTanac warmoqmnis 

molibdatebs. maTi zogadi formulaa Me2
IMoO4: 

MoO3  +  2NaOH  →  Na2MoO4  +  H2O 

    molibden(VI)-is oqsidi SegviZlia warmovidginoT, rogorc 

molibdenmJavas H2MoO4 anhidridi. molibdenmJavas gacxelebiT advilad 
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miiReba MoO3, magram molibdenmJavas miReba SeuZlebelia MoO3 da H2O 

urTierTqmedebiT. 

    molibdatebis azotmJavaTi damuSavebisas miiReba naklebad xsnadi 

molibdenmJava H2MoO4·H2O _ yviTeli feris kristaluri nivTiereba. 

gaxurebisas is kargavs wyals da warmoiqmneba uwylo molibdenmJava 

H2MoO4 _ TeTri feris kristaluri nivTiereba. 

   molibdenmJava ixsneba mlRob mJavaSi, konc. gogirdmJavaSi da 

marilmJavaSi. mcired xsnadia sxva mineralur mJavebSi. savaraudod, 

marilmJavaSi xsnadoba aixsneba koloiduri xsnaris warmoqmniT, rasac Tan 

axlavs hidratacia. ramodenime dRiT dayovnebis Semdeg xsnaridan 

gamoiyofa yviTeli feris naleqi H2MoO4 _ mimdinareobs koloidis 

koagulacia: 

Na2MoO4  +  2HCl  → H2MoO4↓  +  2NaCl 

   volfram(VI)-is oqsidi _ WO3 _ Ria yviTeli feris fxvniliseburi 

nivTierebaa. miiReba liTonuri volframis gaxurebiT haerze. umniSvnelod 

ixsneba wyalSi, mineraluri mJavebidan ixsneba mxolod mlRob mJavaSi. 

kargad ixsneba tuteebSi volframmJavas marilebis _ volframatebis _ 

warmoqmniT: 

WO3  +  2NaOH  →  Na2WO4  +  H2O 

volframatebis zogadi formulaa Me2
IO·WO3  an Me2

IWO4, metavolframatebis 

_  Me2O·4WO2, paravolframatebis _  5Me2O·12WO3. 

molibdenmJava da volframmJava miekuTvnebian sust mJavebs. 
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molibdenmJava volframmJava 

H2MoO4·H2o 

 

yviTeli 

kristalebi 

H2MoO4 

 

nemsisebri 

TeTri 

kristalebi 

 

H2WO4 

 

 

yviTeli feris 

naleqi 

molibdatebi volframatebi 

Me2
IO•WO3  an Me2

IWO4  

Me2
IMoO4: 

 

Mmetavolframatebi 

Me2O·4WO2 

Pparavolframa

tebi 

5Me2O·12WO3 

     

   volframis naerTebis aRdgeniT miiReba cvalebadi Sedgenilobis 

naerTebi zogadi formuliT M2O•W2O5·nWO3,  sadac n= 2_6. Tavisi lamazi 

feris gamo maT amsgavseben brinjaos, amitom uwodeben volframis 

brinjaos. Mmasze ar moqmedeben Zlieri mJavebi da tuteebi, ris gamoc 

volframis brinjao farTod gamoiyeneba liTonebis dasafarad saRebavis 

saxiT. 

 

   rogorc zemoT aRvniSneT, molibdenis da volframis trioqsidebi 

ixsnebian tuteSi molibdatebis da volframatebis warmoqmniT. 

molibdenmJava da volframmJava susti mJavebia, raSic SeiZleba 

davrwmundeT imiT, rom maTi marilebi advilad ganicdian hidrolizs  

ЭO4
2-  +  2H2O  ⇄  H2ЭO4  +  2OH-               (Э=Mo,W) 

imisTvis, rom hidrolizi wavides bolomde, saWiroa volframatis an 

molibdatis xsnarebs davumatoT Zlieri mineraluri mJava: 

Na2WO4  +  2HCl  +  H2O  →  H2WO4•H2O↓  +  2NaCl 

natriumis volframatis xsnaridan xdeba naleqis gamoyofa _ 

volframmJavas TeTri hidrati H2WO4•H2O. Ggacxelebisas an dayovnebisas 

naleqi kargavs hidratul wyals yviTeli feris uwylo volframmJavas 
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warmoqmniT H2WO4.  mineraluri mJavas Warb raodenobaSi  H2WO4 ar ixsneba, 

xsnarSi gadadis tutis moqmedebiT.  

   Tavisufali saxiT molibdenmJava da volframmJava ar arseboben, isini 

warmoadgenen hidratebs MoO3·H2O da  WO3·H2O. 

   Mmolibdatebis najer xsnarze 3%-ani wyalbadis peroqsidis moqmedebiT 

miiReba permolibdati Me2
I[MoO8], romelic oTaxis temperaturaze 

wyalxsnarSi iSleba. 

     Nnatriumis volframati _ Na2WO4 - ufero kristalebia, ixsneba wyalSi. 

110°C-ze wyalbadi aRadgens liTonur volframamde. 

    Kkaliumis volframati _ K2WO4 - ufero kristalebia, haerze ganiTxeva. 

ixsneba wyalSi. miiReba volfram(VI)-is oqsidis SelRobiT kaliumis 

karbonatTan. 

 

molibden(VI)-is da volfram(VI)-is halogenidebi 

      Эhal6 _ tipis halogenidebs molibdeni, volframisgan gansxvavebiT 

warmoqmnis mxolod ftorTan _   MoF6 (Э=Mo,W). 

    molibdenis da volframis sxva uwylo halogenidebi tenian haerze 

ganicdian hidrolizs sxvadasxva oqsihalogenidebis warmoqmniT: 

MoCl5  +  H2O  →  MoOCl3  +  2HCl 

 

     gaxurebisas ganicdian sublimacias. 

   molibdenis oqsihalogenidebis wyalxsnarebis miReba SeiZleba mxolod 

Zlier mJava areSi 

H2MoO4  +  2HCl(konc)  →  MoO2Cl2  +  2H2O 

      H2WO4 marilmJavaSi ar ixsneba, amitom analogiuri oqsihalogenidi 

miiReba airadi HCl –is moqmedebiT volfram(VI)-is oqsidze: 

WO3  +  2HCl  →  WO2Cl2  +  H2O 

     molibden(VI)-is ftoridi _ MoF6 _ ufero kristalebia, lRobis 

temperatura 17,5°C. ixsneba tuteSi da amiakSi. wyalTan urTierTqmedebisas 

ganicdis hidrolizs oqsiftoridis warmoqmniT: 
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MoF6  +  H2O  →  MoF4  +  2HF 

miiReba ftoris uSualo urTierTqmedebiT liTonur molibdenTan 60°C-ze. 

      volfram(VI)-is ftoridi _ WF6  _ ufero airia, haerze bolavs. 

Gganicdis hidrolizs, ixsneba tuteebSi. Slis minas, xsnis liTonebs, 

garda oqrosi da platinisa. 

     volfram(VI)-is qloridi _ WCl6  _ iisferi kristalebia, ixsneba organul 

gamxsnelebSi. tenian haerze ganicdis hidrolizs. miiReba mSrali qloris 

gatarebiT fxvnilisebur volframze. 

     volfram(VI)-is oqsitetraqloridi _ WOCl4  _ wiTeli feris nemsisebri 

kristalebia, ixsneba gogirdnaxSirbadSi. ganicdis hidrolizs. wyalbadi 

aRadgens Tavisufal mdgomareobamde. miiReba qloris moqmedebiT 

volframze Jangbadis an wylis Tanaobisas. 

     volfram(VI)-is dioqsidiqloridi _ WO2Cl2  _ yviTeli feris kristalebia, 

mcired xsnadia spirtSi. ganicdis hidrolizs, ixsneba tuteebSi. wyalbadi 

gacxelebiT aRadgens. miiReba qloris gatarebiT gaxurebul volfram(VI)-

is oqsidze. 

       volfram(VI)-is bromidi _ WBr6 _ Savi feris nemsiseburi kristalebia, 

ixsneba organul gamxsnelebSi. iSleba wlis moqmedebiT an 400°C-ze 

gacxelebiT. miiReba bromis gatarebiT fxvnilisebur volframze 600°C. 

 

molibdenis  da volframis  sulfidebi 

   molibden(III)-is  sulfidi _  Mo2S3   _ miiReba molibdenis disulfidis 

gaxurebiT daxSul areSi.   

   molibden(IV)-is da volfram(IV)-is sulfidebi ЭS2 (Э=Mo,W) _ 

disulfidebi miiReba martivi nivTierebebis steqiometriuli raodenobebis 

gaxurebiT inertul atmosferoSi an ЭO3-is SelRobiT gogirdis Warb 

raodenobasTan potaSis Tanaobisas: 

2ЭO3  +  7S  →  2ЭS2  +  3SO2 

    sulfidebidan molibdenis disulfidi Termulad yvelaze mdgradia; 

sxva Sedgenilobis sulfidebi gadadian disulfidSi vakuumSi 
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gacxelebisas. molibdeni bunebaSi gvxvdeba ZiriTadad mineral 

molibdenitis saxiT MoS2. 

    M molibdenis disulfidi qimiurad inertulia da ixsneba mxolod 

gacxelebiT mJavebSi, romlebic warmoadgenen Zlier mJangavs (samefo 

wyali, H2SO4konc). Jangbadis an qloris areSi dawvisas warmoiqmneba 

Sesabamisad MoO3  da MoCl5.   

    molibden(VI)-is sulfidi MoS3  miiReba molibdatis (Mе2
I[MoO4] ) xsnarze 

gogirdwyalbadis moqmedebiT. 

 

       molibdenis disulfids Sreovani struqtura gaaCnia _ Sreebi Sedgeba 

gogirdisa da molibdenisgan warmoqmnili eqvswevriani ciklebisgan. 

kavSiri fenebs Soris sustia,  riTac molibdenis dioqsidi emsgavseba 

grafits da tyvias. es Tviseba udevs safuZvlad mis gamoyenebas. 

molibdenis disulfidi gamoiyeneba, rogorc sapoxi masalis komponenti 

sakisrebSi misi xaxunis dabali koeficientis gamo. 

 

    volfram(IV)-is sulfidi _ WS2 _ paramagnituri muqi-ruxi feris 

kristaluri nivTiereba. 1200°C-ze vakuumSi ganicdis disociacias. wyalSi 

mcired xsnadia. ixsneba azotmJavasa da ftorwyalbadmJavas narevSi. 

miiReba volframis da gogirdis uSualo urTierTqmedebiT 800-900°C-ze. 

   molibden(VI)-is da volfram(VI)-is sulfidebi _  MoS3    da WS3 _ miiReba 

hidratirebul mdgomareobaSi Tiomolibdatebis an Tiovolframatebis 

Me2ЭS4 (sadac Э-Mo an W,  Me-tute liTonia) urTierTqmedebiT 

marilmJavasTan. Tavis mxriv Tiomarili miiReba Sesabamis molibdatze an 

volframatze Me2ЭO4 kaliumis an amoniumis sulfatis moqmedebiT: 

 

Me2ЭS4   +  2HCl  →  H2S↑  +  ЭS3↓  +  2MeCl 

G 

gamoiyofa yavisferi naleqi (molibden(VI)-is an volfram(VI)-is  sulfidi) 

da gogirdwyalbadi. Aaxlad gamoleqili trisulfidebi advilad ixsnebian 

amoniumis sulfidis Warb raodenobaSi Tiomarilebis warmoqmniT: 
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ЭS3   +  (NH4)2S  →  (NH4)2 ЭS4 

 

    molibden(VI)-is sulfidi _ MoS3 _ ruxi feris nemsisebri kristalebia. 

Zlieri gacxelebisas iSleba gogirdis da molibdenis warmoqmniT. ar 

ixsneba wyalsa da ganzavebul mJavebSi, magram iJangeba konc. azotmJaviT. 

advilad ixsneba tuteebSi, amiaksa da karbonatebis wyalxsnarebSi 

molibdatebis warmoqmniT. miiReba molibdenis da gogirdis 

urTierTqmedebiT 1100°C-ze. 

volframis karbidebi  

   volframi naxSirbadTan urTierTqmedebisas warmoqmnis or karbids: W2C  

da WC. isini gamoirCevian maRali meqanikuri simagriT, riTac 

Camouvardebian mxolod almass. Qqimiurad mdgradebia. WC miiReba 

volframis fxvnilis da Wvartlis gaxurebiT 1500°C eleqtroRumelebSi. 

2600°C-ze gaxurebisas iSleba: 

2WC  ⇄  W2C  +  C 

 

 

perioduli sistemis VI jgufis d-elementebis biologiuri roli 

    qromi miekuTvneba minarev mikroelementebs, romlebsac mudmivad 

Seicaven cocxali organizmebi, molibdeni _ sasicocxlod aucilebeli 

elementia, rac Seexeba volframs _ minarevi mikroelementia, cocxali 

organizmebi Seicaven mas umniSvnelo raodenobiT. 

    qromi. Qqromis dasaSvebi Semcveloba adamianis organizmSi 6 mg-ia, meti 

raodenobiT organizmisTvis saSiSia. 

    qromi xels uwyobs naxSirbadis mimocvlis process. Mmisi deficitis 

SemTxvevaSi izrdeba qolesterinis da Saqris Semcveloba organizmSi. 

sakvebi produqtebidan qroms yvelaze didi raodenobiT Seicavs RviZli, 

safuari, bostneuli. 

    samrewvelo raionebSi qromis momatebuli Semcveloba haerSi 

adamianebSi iwvevs asTmas da filtvis kibos. 

    molibdeni. Mmolibdeni miekuTvneba mZime elementebs (liTonebs), 

sicocxlisTvis aTidan erT_erTi aucilebeli da Seucvleli 
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mikroelementia. molibdens gaaCnia unari miiRos monawileoba bioqimiur 

procesSi sxvadasxva JangviTi ricxviT, warmoqmnas mdgradi 

oqsokompleqsebi, rac ganapirobebs mis unikalurobas. 

    biologiur sistemebSi molibdeni bmebs ZiriTadad warmoqmnis 

Tirozinis da serinis naSTis karboqsilur an hidroqsilur jgufebSi. 

    cnobilia molibdenis Semcveli Svidi fermenti, romlebic xels 

uwyoben organizmSi aldehidebis daJangvas, sulfitebis gadasvlas 

sulfatebSi.  

    mcenareebSi molibdenSemcveli fermentebi molekulur azots 

katalizurad  Jangaven amiakamde. 

    volframi. cocxali organizmebi volframs Seicaven umniSvnelo 

raodenobiT, magram misi biologiuri roli dadgenili ar aris. 
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P Tavi V 

 

VII jgufis Tanauri qvejgufis elementebi 

 

     

    perioduli sistemis VII jgufis d-elementebia manganumi, teqneciumi da 

reniumi. 

 

elementi Aatomuri 

masa 

Aatomis 

eleqtronuli 

konfiguracia 

Eleqtro-

uaryofiTo

ba 

JangviTi ricxvi 

Mn 54,93805 3s23p63d54s2 1,60 0,+2,+3,+4,(+5),+6,+7 

Tc 97,9072 4s24p64d55s2 1,36 0,(+3),+4,(+5),+6,+7 

Re 186,207 4s24p64d104f145s25p65d56s2 1,46 0,+2,(+3),+4,(+5),+6,+

7 

    manganumisTvis ufro damaxasiaTebelia JangviTi ricxvi +2, +4 da +7. 

Tumca cnobilia naerTebi, sadac manganumi amJRavnebs JangviT ricxvs 0, +3, 

+5 da +6. teqneciumisTvis da reniumisTvis ufro metad damaxasiaTebelia 

JangviTi ricxvi +7. teqneciumis da reniumis atomuri da ionuri 

radiusebis sidideebi, lanTaniduri kumSvis gamo, axlosaa erTmaneTTan. 

Aamitom isini TvisebebiT erTmaneTs ufro emsgavsebian, vidre manganums. 

   manganumisTvis tipiuria koordinaciuli naerTebi sakoordinacio 

ricxviT 6 da 4, xolo teqneciumisTvis da reniumisTvis damaxasiaTebelia 

agreTve sakoordinacio ricxvi 7, 8, da 9.  

 

 

 

Mmanganumi 

bunebaSi gavrceleba  

   manganumi erT_erTi gavrcelebuli elementia. Mmanganumis Semcveli 

bunebrivi naerTebidan yvelaze xSirad gvxvdeba: 
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piroluziti _MnO2,   

hausmaniti _ Mn3O4,    

brauniti _ Mn2O3,    

manganumis Spati _ MnCO3,    

manganumis almadani _MnS2,    

manganumis kriala _ MnS. 

 

miRebis xerxebi 

    liTonuri manganumis ZiriTadi momxmarebelia metalurgia. 

mravaltonaJiani foladis legirebisTvis gamoiyeneba manganumis iafi 

Senadnobi rkinasTan _ feromanganumi, romelic miiReba reaqciiT: 

MnO2  +  Fe2O3  +  5C  →  Mn  +  2Fe  +  5CO 

 

    sufTa liTonuri manganumi rkinis minarevebis gareSe miiReba 

piroluzitidan aluminTermiis gziT. Tavdapirvelad piroluzits 

aRadgenen gaxurebiT: 

  

3MnO2 •nH2O  →  Mn3O4  +  O2  +  3nH2O 

 

Semdeg ki Mn3O4-dan  aluminTermiiT aRadgenen manganums: 

 

3Mn3O4  +  8Al  →  9Mn  +  4Al2O3 

 

       qimiurad sufTa manganumi miiReba manganumis (II) sulfatis 

eleqtroliziT an aRadgenen misi oqsididan siliciumiT: 

 

MnO2  +  Si  →  Mn  +  SiO2 

 

fizikur_qimiuri Tvisebebi 

   manganumi _ vercxlisebr TeTri, rbili liTonia, haerze advilad 

ifareba oqsiduri afskiT, romelic icavs mas Semdgomi daJangvisgan. 

ρ=7,44g/sm3, tlR=1245°C. cnobilia manganumis oTxi kristaluri modifikacia. 
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yoveli maTgani mdgradia garkveul temperaturul intervalSi. 707°C-ze 

nakleb temperaturaze mdgradia α_manganumi. 

     manganumis maRali reaqciis unarianoba gamoiyeneba sxvadasxva 

liTonebTan misi Senadnobebis misaRebad. Mmag., aluminTan manganumi iZleva 

feromagnitur Senadnobebs, xolo spilenZis damateba aZlierebs am 

Senadnobis magnitur Tvisebebs.  

    rogorc aqtiuri liToni, manganumi advilad ixsneba ganzavebul 

mJavebSi manganum(II)-is marilebis warmoqmniT: 

 

Mn  +  2HCl  →  MnCl2  +  H2 

Mn  +  H2SO4  →  MnSO4  +  H2 

   civ koncentrirebul azotmJavas manganumi gadahyavs pasiur 

mdgomareobaSi. wvrilad gafxvierebuli manganumi gamoaZevebs wyalbads 

wylidan: 

Mn  +  2H2O  →  Mn(OH)2  +  H2↑ 

     tuteebTan manganumi ar reagirebs. Mmanganumi haerze mdgradia, mis 

zedapirze warmoqmnili oqsiduri fenis gamo.     

   araliTonebTan manganumi aqtiurad reagirebs maRal temperaturaze. mag., 

manganumi reagirebs gogirdTan da fosforTan, iwvis qloris areSi MnCl2-

is warmoqmniT, igive pirobebSi reagirebs ftorTan diftoridis MnF2 da 

triftoridis MnF3    warmoqmniT, >1200°C-ze reagirebs azotTan nitridis 

Mn3N2, xolo JangbadTan _ Mn3O4 warmoqmniT. molekuluri wyalbadi ar 

reagirebs manganumTan, Tumca wyalbadi kargad ixsneba manganumSi. 

   cnobilia manganumis mravali intermetaluri naerTi MnAl4, Mn2Al3, Mn3Cr, 

Mn4Sn. 

   manganumi ZiriTadad gamoiyeneba Sav da ferad metalurgiaSi (rogorc 

malegirebeli liToni da gamJangavi). manganumis teqnikurad mniSvnelovan 

SenadnobebSi misi Semcveloba sakmaod maRalia: 

feromanganumi _ 60-90% manganumi da 40-10% rkina 

manganini _ 84% spilenZi, 12% manganumi, 4% nikeli 

   manganumis damatebiT foladi iZens  simagres. 
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   manganumisTvis da misi analogebisTvis cnobilia naerTebi, sadac is 

amJRavnebs nulovan JangviT ricxvs, kerZod Э2(CO)10  Sedgenilobis 

karbonilebi. 

   maT axasiaTebT Canacvlebis da Jangva_aRdgeniTi reaqciebi: 

 

[Mn0(CO)5]2  +  2Na  →  2Na[Mn1-(CO)5] 

[Mn0(CO)5]2  +  Br2  →  2Mn1+(CO)5Br 

pirvel reaqciaSi manganumis karbonili gvevlineba mJangavis, xolo meore 

reaqciaSi _ aRmdgenis rolSi. 

manganumis oqsidebi da hidroqsidebi 

MnO Mn2O3 MnO2 MnO3 Mn2O7 

minerali 

manganoziti 

minerali 

brauniti 

minerali 

piroluziti

Tavisufali saxiT 

cnobili ar aris 

 

Mn(OH)2 MnO(OH)  H2MnO4 HMnO4 

minerali 

piroxroiti 

minerali 

manganiti 

   

   manganumis hidroqsidebidan steqiometruli naerTebia mxolod Mn(OH)2, 

MnO(OH)   da HMnO4, sxvebi warmoadgenen cvalebadi Sedgenilobis 

hidratirebul oqsidebs, romlebic Tavisi TvisebebiT Sesabamis oqsidebs 

emsgavsebian. 

 

 

manganum(II)-is naerTebi 

   manganum(II)-is oqsidi _ MnO _ nacrisfer_mwvane nivTierebaa (ΤlR=1780°C). 

amJRavnebs naxevargamtaris Tvisebebs. miiReba manganumis karbonatis 

Termuli disociaciiT: 

MnCO3  →  MnO  +  CO2 

   agreTve  manganum(IV)-is oqsidis an Mn3O4-is   wyalbadiT aRdgenisas 

t∼1200°C-ze 

MnO2  +  H2  →  MnO  +  H2O 
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Mn3O4  +  H2  →  3MnO  +  H2O 

MnO _ tipiuri fuZe oqsidia, ar reagirebs wyalTan. reagirebs mxolod 

mJavebTan: 

MnO  +  2HCl  →  MnCl2  +  H2O  

M   manganum(II)-is hidroqsidi _ Mn(OH)2 _ miiReba manganum(II)-is marilebze 

tutis moqmedebiT: 

MnSO4  +  2NaOH  →  Mn(OH)2↓  + Na2SO4 

    manganum(II)-is hidroqsidi gamoiyofa TeTri feris naleqis saxiT, 

haerze advilad iJangeba manganum(III)-is hidroqsidis warmoqmniT (iZens muq 

Seferilobas), Semdeg ki gadadis manganum(IV)-is hidratSi MnO2•nH2O: 

 

4Mn(OH)2  +  O2  →  4MnO(OH)↓  +  2H2O 

4MnO(OH)  +  O2  →  4MnO2↓  +  2H2O 

 

    warmoadgens sust fuZes 

 

Mn(OH)2  + 2HCl  →   MnCl2  +  2H2O 

 

M  manganum(II)-is marilebi, rogorc wesi, wyalSi kargad xsnadebia, kargi 

aRmdgenelebia. 

   manganum(II)-is koordinaciuli naerTebisTvis damaxasiaTebelia 

sakoordinacio ricxvi 6. manganum(II)-is naerTebi paramagnituria, xolo 

marilebis umravlesoba wyalSi xsnadia. wyalSi gaxsnisas disocirdeba 

[Mn(H2O)6]2+ akvakompleqsebis warmoqmniT.  

    Zlier mJangavs, mag., PbO2 mJava areSi manganum(II)-is ioni gadahyavs 

oqsomanganatSi (VII) 

 

2Mn+2SO4   +  5Pb+4O2   +  6HNO3  →  2HMn+7O4  +  3Pb+2(NO3)2  +  2Pb+2SO4  +  + 2H2O 

 

   es reaqcia gamoiyeneba analizur qimiaSi, rogorc TvisebiTi reaqcia 

manganumis naerTebze. 
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    Mn2+-is ioni yovelTvis asrulebs kationur funqcias. Sesabamisi 

marilebi _ MnCl2·4H2O, MnSO4·5H2O, Mn(NO3)2·6H2O _ kristaluri vardisferi 

nivTierebebia, xolo maTi wyalxsnarebi – ufero.   

     Mmanganum(II)-is qloridi _ MnCl2  - Ria vardisferi kristaluri 

nivTiereba, kargad ixsneba wyalSi, Zlier higroskopulia, haerze ganiTxeva. 

     Mmanganum(II)-is sulfidi _ MnSO4 – TeTri feris kristaluri 

nivTierebaa, wyalxsnaridan kristaldeba Ria vardisferi kristalhidratis 

saxiT MnSO4•7H2O. miiReba manganum(II)-is naerTebis urTierTqmedebiT 

gogirdmJavasTan. teqnikuri miznebisTvis manganum(II)-is sulfati miiReba 

piroluzitis urTierTqmedebiT gogirdmJavasTan: 

 

4MnO2  +  4FeSO4  →  4MnSO4  +  2Fe2O3  +  O2 

 

    manganum(II)-is karbonati _ MnCO3 – bunebaSi gvxvdeba mineral 

rodoqrozitis saxiT (manganumis Spati). warmoadgens vardisfer rombisebr 

kristalebs, wyalSi mcired xsnadia. miiReba natriumis karbonatis an 

bikarbonatis xsnaris gacxelebiT manganum(II)-is qloridTan. 

    Mmanganum(II)-is nitrati _ Mn(NO3)2 _ movardisfro_TeTri 

wvrilkristaluri nivTierebaa. ixsneba wyalsa da amiakSi. 195°C-ze 

gaxurebisas iSleba. cnobilia kristalhidratebi Mn(NO3)2•nH2O (n=1,2,3,4,6). 

miiReba manganum(IV)-is oqsidis gaxurebiT amoniumis nitratTan. 

     manganum(II)-is sulfidi _ MnS _ arsebobs sami kristaluri 

modifikaciis saxiT. Yyvelaze mdgradia α-modifikacia, romelic bunebaSi 

gvxvdeba mineral alabandinis saxiT. warmoadgens mwvane feris kristalur 

nivTierebas. Gganzavebuli mJavebisa da wylis orTqlis moqmedebiT iSleba 

gogirdwyalbadis gamoyofiT. 

   manganumisTvis cnobilia Sereuli valentobis oqsidebi, romlebic 

Seicaven MnII
:  Mn3O4  da Mn5O8. 

       Mn3O4 _ Sereuli oqsidia, Sedgenilobis moxedviT SegviZlia 

warmovidginoT rogorc manganovanmJavas marili _ manganumis manganiti 

Mn2
II[MnVIO4]. 



  

95 
 

       bunebaSi Mn3O4  gvxvdeba mineral hausmanitis saxiT _ muqi yavisferi, 

Zneldnobadi nivTierebaa (ΤlR=1705°C). miiReba Mn2O3-is gaxurebiT (>900°C): 

6Mn2O3  →   4Mn3O4  +  O2 

     Mn3O4-is realur Sedgenilobas agreTve gamoxatavs formula 

MnIIO⋅Mn2
IIIO3.  

 

 

manganum(III)-is naerTebi 

    manganum(III)-is oqsidi _ Mn2O3 _ Savi feris kristaluri nivTierebaa, 

bunebaSi gvxvdeba mineral braunitis saxiT. manganumis JangviTi ricxvi +3. 

Mn2O3-is agebuleba gamartivebulad SegviZlia warmovidginoT, rogorc 

O=Mn⎯O⎯Mn=O. Mmanganum(III)-is oqsidis miReba SeiZleba MnO2 –is 

gaxurebiT 950°C-ze: 

 

4MnO2  →  2Mn2O3  +  O2 

 

an Mn3O4 –is gaxurebiT 500°C-ze: 

 

4Mn3O4  +  O2  →  6Mn2O3 

 

agreTve MnO(OH)-is gauwylovebiT vakuumSi 250°C-ze. 

    manganum(III)-is hidroqsidi Mn2O3·nH2O  anu MnO(OH) _ metahidroqsidi 

_mura wiTeli feris nivTierebaa, miiReba Mn(OH)2  daJangviT 100°C-ze. susti 

fuZea, marilebi Seicaven Mn(III)-s kaTionis saxiT _ Mn3+. wyalxsnarSi 

marilebi ganicdian hidrolizs. 

    manganum(III)-is naerTebisTvis cnobilia anionuri formac _ sxvadasxva 

Sedgenilobis manganatebi (III) _    Ca3[Mn(OH)6]2, Na5[MnO4], K6[Mn2O6]. 

      mJava areSi manganum(III)-is naerTebi Zlieri mJangavebia: 

2Mn(CH3COO)3  +  2HCl  →  2Mn(CH3COO)2  +  Cl2↑  +  2CH3COOH 
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         manganum(III)-is qloridi _ MnCl3 – yavisferi kristaluri nivTierebaa. 

ixsneba organul gamxsnelebSi. 40°C-ze iSleba manganum(II)-is qloridis da 

qloris warmoqmniT. 

    manganum(III)-is sulfati _ Mn2(SO4)3 – muqi-mwvane feris higroskopuli 

kristalebia. Mmcired ixsneba gogirdmJavaSi. miiReba manganum(IV)-is 

oqsidis urTierTqmedebiT gogirdmJavasTan maRal temperaturaze. 

 

 

manganum(IV)-is naerTebi 

   manganum(IV)-is oqsidi (dioqsidi) _ MnO2 _ bunebaSi gvxvdeba mineral 

piroluzitis saxiT da warmoadgens manganumis mniSvnelovan madans. 

rogorc wesi, manganumis naerTebs Rebuloben manganum(IV)-is oqsididan.     

manganumis dioqsidis erT-erTi miRebis xerxia Mn(II) –is naerTebis daJangva 

kaliumis permanganatiT neitralur an sust mJava areSi: 

 

3MnSO4  +  2KMnO4  +  2H2O  →  5MnO2  +  2KHSO4  +  H2SO4 

 

laboratoriaSi misi miReba SeiZleba manganumis nitratis gacxelebiT (150-

160°C): 

Mn(NO3)2  →  MnO2  +  2NO2 

   axasiaTebs dabali xsnadoba, Cveulebriv pirobebSi qimiurad inertuli 

nivTierebaa. Ggacxelebisas amJRavnebs mJangavis Tvisebebs. 

   qimiuri Tvisebebis mixedviT manganum(IV)-is oqsidi warmoadgens 

amfoterul oqsids. reagirebs marilmJavasTan. reaqcia mimdinareobs or 

safexurad. Ppirvel safexurze warmoiqmneba manganum(IV)-is qloridi, 

romelic aramdgradia da iSleba manganum(II)-is qloridis warmoqmniT: 

MnO2  +  4HCl  →  MnCl4  +  2H2O 

MnCl4  →  MnCl2  +  Cl2 

  Mmanganum(IV)-is oqsidze aramJangavi mJavebis moqmedebiT SeuZlebelia 

miviRoT manganum(IV)-is marilebi. gogirdmJavasac ki MMn4+ gadayavs Mn2+-Si.  
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civ koncentrirebul gogirdmJavasTan manganum(IV)-is oqsidi ar 

urTierTqmedebs. reaqcia mimdinareobs 110°C-ze: 

2MnO2  +  2H2SO4  →  2MnSO4  +  O2  +  2H2O 

   manganum(IV)-is oqsidze azotmJava ar moqmedebs. 

      manganum(IV)-is oqsidi Zlieri mJangavia. Mmag., wyalbadis peroqsidTan 

urTierTqmedebisas mJava areSi aRdgeba manganum (II)-is sulfatamde: 

MnO2  +  H2O2  +  H2SO4  →  MnSO4  +  O2  +  2H2O 

   tute areSi Zlieri mJangavebis moqmedebiT manganum(IV)-is oqsidi 

amJRavnebs aRmdgenelis Tvisebebs manganatebis(VI) warmoqmniT: 

3MnO2  +  KClO3  +  3K2CO3  →  3K2MnO4  +  KCl  +  3CO2 

MnO2  +  KNO3  +  K2CO3  →  K2MnO4  +  KNO2  +  CO2 

MnO2  +  Na2O2  →   Na2MnO4 

 

M  manganum(IV)-is oqsidi amJRavnebs sust amfoterul Tvisebebs, warmoqmnis 

ori rigis marilebs, sadac Mn(IV) asrulebs rogorc kationur, aseve 

anionur funqcias.    

    piroluziti ZiriTadad gamoiyeneba manganumis misaRebad, minis, 

galvanuri elementebis, saRebavebis  warmoebaSi. 

      manganum(IV)-is oqsidi reagirebs tuteebTan manganitebis warmoqmniT. 

Mmanganitebi warmoadgenen orTomanganovanmJavas  H4MnO4 an 

metamanganovanmJavas  H2MnO3   marilebs: 

 

MnO2 +  Ca(OH)2  →  CaMnO3  +  H2O 

      manganum(IV)-is sulfidi _ MnS2 _ bunebaSi gvxvdeba mineral gaueritis 

saxiT. moyavisfro-wiTeli an Savi paramagnituri kristalebia. Mmdgradia 

mSral haerze, nela iSleba tenian haerze. miiReba manganum(II)-is sulfidis 

narevis gacxelebiT tute liTonebis polisulfidebTan. 

    manganum(IV)-is qloridi _ MnCl4 _ Zalzed aramdgradia, amitom misi 

gamoyofa Tavisufali saxiT ar xerxdeba. gaxurebiT iSleba. gamoiyeneba 

laboratoriaSi qloris misaRebad. 
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        manganum(IV)-is sulfati _ Mn(SO4)2 _ Savi feris kristalebia, 

wyalxsnarSi ganicdis hidrolizs. miiReba manganum(II)-is sulfatze 

kaliumis permanganatis moqmedebiT mJava areSi: 

3MnSO4  +  2KMnO4  +  8H2SO4  →  5Mn(SO4)2  +  K2SO4  +  8H2O 

manganum(VI)-is naerTebi 

    manganum(VI)-is naerTebidan cnobilia mxolod iseTi marilebi, 

romlebic Seicaven oqsoanionebs MnO4
2- (manganat_ioni). manganumisTvis (VI) 

ar aris miRebuli Sesabamisi oqsidi, hidroqsidi da qvemanganummJava, ar 

aris cnobili naerTebi, sadac manganumi(VI) gamodis kationis rolSi. 

    Tavisufal mdgomareobaSi gamoyofilia Semdegi Sedgenilobis 

manganatebi Na2MnO4·4H2O, Na2MnO4·6H2O, Na2MnO4·10H2O, K2MnO4 _ muqi-mwvane 

feris kristaluri nivTierebebi. 

    manganatebi gaxurebisas kargaven Jangbads: 

2K2MnO4  →  2K2MnO3  +  O2 

     manganatis tute xsnaris (mwvane feris) ganzavebisas wyliT an  masSi 

CO2-is Wavlis gatarebisas, xsnaris Seferiloba xdeba Jolosferi, 

permanganatis da manganum(IV)-is oqsidis erTdrouli warmoqmnis gamo: 

3K2MnO4  +  2H2O  →  2KMnO4  +  MnO2↓  +  4KOH 

3K2MnO4  +  4CO2  +  2H2O  →  2KMnO4  +  MnO2↓ +  4KHCO3 

   rogorc permanganati, aseve manganati Jangavs eTanols: 

K2MnO4  +  C2H5OH  →  MnO2↓  +  CH3C(O)H  +  2KOH 

   manganatebi miiReba MnO2-is SelRobiT mJangavebTan tute areSi: 

3MnO2  +  KClO3  +  6KOH  →  3K2MnO4  +  KCl  +  3H2O 

kaliumis manganatis miReba SesaZlebelia agreTve kaliumis permanganatis 

urTierTqmedebiT tutesTan gaxurebisas: 

4KMnO4  +  4KOH  →  4K2MnO4  +  O2  +  2H2O 
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   kaliumis manganati ZiriTadad gamoiyeneba rogorc Sualeduri 

produqti kaliumis permanganatis sinTezisas. 

 

manganum(VII)-is naerTebi  

   manganum(VII)-is oqsidi _ Mn2O7  _  zeTisebri siTxea, gacivebisas 

warmoqmnis muqi-mwvane feris kristalebs. AZlieri mJangavia, eTerTan da 

spirtTan Sexebisas aaldeba. aramdgradia da 55°C-ze iSleba Jangbadis 

gamoyofiT da MnO2-is warmoqmniT: 

 

2Mn2O7  →  4MnO2  +  3O2↑ 

 

95°C-ze manganum(VII)-is oqsidi iSleba afeTqebiT: 

 

Mn2O7  →  Mn2O3  +  2O2 

 

   Mmanganum(VII)-is oqsidis miReba SesaZlebelia kristalur kaliumis 

permanganatze koncentrirebuli gogirdmJavas damatebiT: 

2KMnO4  +  2H2SO4  →  Mn2O7  +  2KHSO4  +  H2O 

 

    manganummJava _ HMnO4 _ Termulad nakleb mdgradi nivTierebaa (iSleba 

>3°C-ze). Aarsebobs mxolod  xsnarebSi (araumetes 20% koncentraciis). 

Uufro maRal koncentraciaze iSleba: 

 

4HMnO4  →  4MnO2  +  3 O2↑  +  2H2O 

 

dabal temperaturaze SesaZlebelia manganummJavas gamoyofa iisferi myari 

nivTierebis saxiT. 

    manganummJava warmoqmnis Sesabamis marilebs _ permanganatebs _ iisfer 

kristalur nivTierebebs. Ggaxurebisas permanganatebi iSlebian Jangbadis 

gamoyofiT: 

 

2KMnO4  →  K2MnO4  +  MnO2  +  O2↑ 
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5KMnO4  →  K2MnO4  +  K3MnO4  +  3MnO2  +  3 O2↑ 

 

   manganum(VII)-is marilebis mniSvnelovani Tvisebaa _ maTi unari daJangon 

sxvadasxva araorganuli da organuli naerTebi. permanganatebis es Tviseba 

farTod gamoiyeneba laboratoriul praqtikaSi. sareaqcio areze 

damokidebulebiT SesaZlebelia  MnO4
-_is ionis sxvadasxvanairi aRdgena: 

1. mJava areSi: 

2KMn7+O4  +  5Na2S4+O3  +  3H2SO4  →  2Mn2+SO4    +  5Na2S6+O4  +  K2SO4  +  + 3H2O 

2. tute areSi: 

2KMn7+O4  +  Na2S4+O3  +  2KOH  →  2K2Mn6+O4  +  Na2S6+O4   +  H2O 

3. neitralur areSi: 

2KMn7+O4  +  3Na2S4+O4  +  H2O  →  2Mn4+O2↓  +  3Na2S6+O4  +  2KOH 

pH<7 

(mJava are) 

Mn2+ Uufero xsnari 

pH=7 

(neitraluri are) 

MnO2 Yyavisferi naleqi 

 

 

MnO4
- 

iisferi 

pH>7 

(tute are) 

MnO4
2- Mmwvane feris xsnari 

       sainteresoa rom, tute areSi kaliumis permanganati gadadis manganatSi 

(VI) Jangbadis gamoyofiT: 

4KMnO4  +  4KOH  →  4K2MnO4  +  O2↑ +  2H2O 

kaliumis permanganatis tute xsnaris gamoyeneba xdeba laboratoriuli 

WurWlis gasasufTaveblad cximebisa da organuli naerTebisgan. 

    manganum(II)-is marilebTan urTierTqmedebisas kaliumis permanganati 

warmoqmnis manganum(IV)-is oqsids: 

3MnSO4  +  2KMnO4  +  2H2O  →  5MnO2↓  +  K2SO4  +  2H2SO4 

kaliumis permanganati Jangavs sxvadasxva organul nivTierebebs. mag., tute 

areSi glukoza aRadgens mas manganatamde (VI), TviTon ki gadadis kaliumis 

glukonatSi: 
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2KMnO4  +  C6H12O6  +  3KOH  →  2K2MnO4  +  C6H11O7K  +  2H2O 

   tute da tutemiwa liTonebis permanganatebidan yvelaze advilia 

kaliumis permanganatis miReba. Mmis misaRebad sawyis nivTierebad 

gamoiyeneba bunebrivi minerali piroluziti, romlisganac mzaddeba 

kaliumis manganati. K2MnO4 gadayavT xsnarSi da Jangaven: 

2K2MnO4  +  Cl2  →  2KMnO4  +  2KCl 

2K2MnO4  +  O3  +  H2O  →  2KMnO4  +  O2  + 2KOH 

   Mn(VII)–is naerTebis miReba SesaZlebelia manganumis dabali JangviTi 

ricxvis mqone naerTebis daJangviT iseTi Zlieri mJangavebiT, rogoricaa 

PbO2,  (NH4)2S2O8,  KBiO3 da sxva: 

2MnSO4  +  5PbO2  +  3H2SO4  →  2HMnO4 +  5PbSO4↓  +  2H2O 

2Mn(NO3)2  +  5KBiO3  +  16HNO3  →  2HMnO4  +  5Bi(NO3)3  +  5KNO3  +   

+ 7H2O 

   kaliumis permanganati gamoiyeneba rogorc Zlieri mJangavi organul da 

araorganul sinTezSi, rogorc madezinficirebeli saSualeba medicinaSi 

da soflis meurneobaSi, KMnO4 xsnari gamoiyeneba rogorc mtitravi 

analizur qimiaSi. 

 

teqneciumi da reniumi 

bunebaSi gavrceleba 

   reniumi bunebaSi gvxvdeba mxolod naerTebis saxiT, rogorc minarevi 

zogierT sulfidur madnebTan. Mmas gamoacalkaveben molibdenitis MoS2 

gamowvisas gamoyofili airebidan, rac warmoadgens  reniumis 

koncentrirebis erT-erT xerxs. reniumis mineralebis  raodenoba bunebaSi 

imdenad mcirea, rom isini warmoadgenen ufro samecniero, vidre 

samrewvelo interess. 

   sufTa liTonuri reniumi miiReba perrenatebis (mag., amoniumis 

perrenatis) wyalbadiT aRdgenisas 1000°C-ze: 

2NH4ReO4  +  4H2  →  2Re  +  N2  +  8H2O 
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   teqneciumi bunebaSi ar gvxvdeba. Tavisi qimiuri TvisebebiT is ufro 

axlos dgas reniumTan, vidre manganumTan. 

   teqneciumi warmoiqmneba Toriumis da uranis izotopebis spontanuri 

gayofisas. Aatomur reaqtorebSi is erTi wlis ganmavlobaSi  grovdeba 

kilogramobiT. liTonis fxvnils presaven da alRoben eleqtronul 

sxivSi. SesaZlebeli gaxda liTonuri teqneciumis naglinis miReba _ 

vercxlisferi furclebis an folgis saxiT. 

 

fizikur_qimiuri Tvisebebi 

   teqneciumi _ vercxlisferi liTonia, erT-erTi msubuqi elementia, ar 

gaaCnia stabiluri izotopi. Qqimiuri TvalsazrisiT teqneciumi da misi 

naerTebi naklebtoqsikurebia. teqneciumi saSiSia misi radiotoqsikurobis 

gamo. masTan muSaoba unda xdebodes hermetul boqsebSi an gamwov karadaSi,  

β_gamosxivebis damcaviT.  

   reniumi _ Zneldnobadi mZime liTonia, garegnulad hgavs folads. 

mTeli rigi fizikuri TvisebebiT emsgavseba iseT Zneldnobad liTonebs, 

rogoricaa molibdeni da volframi. Mmisi lRobis temperatura 

Camouvardeba mxolod volframisas. liTonuri reniumi qimiurad nakleb 

aqtiuria, vidre manganumi. uSualod ar reagirebs azotTan, JangbadTan, 

gogirdTan halogenebTan reagirebs mxolod gacxelebisas. 

   teqneciumi da reniumi ar ixsneba ganzavebul marilmJavaSi da 

gogirdmJavaSi, magram reagirebs mJangvel mJavebTan, Me7+  naerTebis 

warmoqmniT: 

3Me  +  7HNO3  →  3HMeO4  +  7NO↑  +  2H2O 

   reniumi ixsneba agreTve cxel konc gogirdmJavaSi da wyalbadis 

peroqsidSi: 

2Re  +  7H2SO4  →  2HReO4  +  7SO2↑  +  6H2O 

2Re  +  7H2O2  →  2HReO4  +  6H2O 

reniumze mJangvelebis Tanaobisas moqmedeben agreTve tuteebi: 

4Re  +  4KOH  +  7O2  →  4KReO4  +  2H2O 
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    teqneciumi araliTonebTan reagirebs mxolod gaxurebisas, iwvis 

JangbadSi (>400°C), warmoqmnis aqrolad oqsids Tc2O7. teqneciumi 

gansakuTrebulad mdgradia koroziisadmi. teqneciumi da reniumi 

indiferentulebi arian wyalbadisadmi, rac saSualebas iZleva wyalbadi 

gamoyenebuli iqnas liTonuri teqneciumis da reniumis misaRebad. 

    reniumi mdgradia 300°C-mde Jangbadisa  da azotis mimarT, qlorTan ki 

reagirebs mcired gaxurebisasac ki. 

    liTonuri reniumis gamoyeneba ganpirobebulia misi ZneldnobadobiT 

(3180°C), maRali duRilis temperaturiT (5900°C), meqanikuri simtkiciT, 

qimiuri inertulobiT zogierTi airis mimarT. Ees Tvisebebi reniums 

Seucvlel masalad xdis eleqtronikasa da eleqtroteqnikaSi. 

   wvrildispersiuli reniumi gamoiyeneba, rogorc katalizatori 

organul sinTezSi. 

   liTonebis (Pt, Pd, Rh, Ir, Mo, Ta, W, Co) Senadnobebi reniumTan gamoirCevian 

mJavagamZleobiT, TermomdgradobiT da gamoiyenebian maRaltemperaturuli 

Termowyvilebis dasamzadeblad (2000°C-mde). 

   teqneciumi gamoiyeneba, rogorc neitronebis efeqturi mSTanmTqmeli. 

izotopi  99Tc (β_gamomsxivebeli) gamoiyeneba radiaciul diagnostikaSi. 

 

teqnecium(II)-is da renium(II)-is naerTebi 

   teqnecium(II)-is da renium(II)-is JangbadnaerTebi cnobili ar aris. 

   renium(II)-is sulfidi _ ReS _ Savi feris amorfuli fxvnilia. 

gogirdTan gaxurebisas 300-500°C-ze gardaiqmneba ReS2-ad. miiReba wyalbadis 

da gogirdwyalbadis narevis moqmedebiT renium(III)-is oqsidze 90°C-ze. 

 

 

teqnecium(III)-is da renium(III)-is naerTebi 

     teqnecium(III)-is da renium(III)-is naerTebi ar aris mravalricxovani, 

radgan +3 JangviTi ricxvis SemTxvevaSi teqneciumi da reniumi amJRavneben 
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Zlieri aRmdgeniT Tvisebebs, swrafad iJangebian da gadadian ufro mdgrad 

mdgomareobaSi Me(VII). 

     renium(III)-is oqsidi _ Re2O3 _ Savi feris myari nivTierebaa, wyalSi 

mcired xsnadia. miiReba renium(III)-is qloridis vakuumSi  tutiT 

damuSavebisas. 

   renium(III)-is qloridi _ ReCl3 _ wiTeli heqsogonaluri kristalebia, 

paramagnituria. Mmdgradia mSral haerze, ixsneba wyalSi, acetonSi, 

spirtSi da sxv. Nnakleb xsnadia mlRob mJavaSi. wyalbadis moqmedebiT 

aRdgeba liTonur reniumamde. miiReba SO2Cl2-is moqmedebiT liTonur 

reniumze an renium(V)-is qloridis daSliT. 

 

teqnecium(IV)-is da renium(IV)-is naerTebi 

    renium(IV)-is oqsidis _ ReO2 _ araaqroladi, moyavisfro-Savi 

kristaluri fxvnilia. paramagnituria. gacxelebiT gardaiqmneba 

renium(VII)-is oqsidad. mJangavis moqmedebiT warmoqmnis metareniummJavas 

HReO4. masSi mJava Tvisebebi Warbobs fuZe Tvisebebs. miiReba reniumis 

urTierTqmedebiT JangbadTan. 

    renium(IV)-is sulfidi _ ReS2 _ Savi feris heqsagonaluri kristalebia. 

mdgradia haerze oTaxis temperaturaze. wyalbadi aRadgens mas liTonur 

reniumamde. miiReba liTonuri reniumis Zlieri gaxurebiT gogirdis Warb 

raodenobasTan gogirdwyalbadis areSi. Ggamoiyeneba rogorc 

katalizatori spirtebis dehidrirebisas. 

 

teqnecium(V)-is da renium(V)-is naerTebi 

    renium(V)-is oqsidi _ Re2O5 _ lurji feris nivTierebaa, wyalSi 

mcired xsnadia. iSleba 200°C-ze. 

    renium(V)-is qloridi _ ReCl5 _ Savi feris myari nivTierebaa. ixsneba 

konc. marilmJavaSi, iSleba wylis moqmedebiT. miiReba renium(VII)-is 

oqsidze CCl4-is moqmedebiT. 
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teqnecium(VI)-is da renium(VI)-is naerTebi   

    teqnecium(VI)-is da renium(VI)-is naerTebi  ufro stabilurebi arian, 

vidre manganum(VI)-is analogiuri naerTebi. ase magaliTad, manganum(VI)-is 

oqsidi ucnobia, xolo trioqsidebi TcO3  da ReO3  miRebulia da kargadaa 

Seswavlili. 

    teqnecium(VI)-is da renium(VI)-is oqsidebi _ wiTeli feris, wyalSi 

uxsnadi nivTierebebia. 

    maRal temperaturaze ReO3 iJangeba Re2O7 : 

4ReO3  +  O2  →  2Re2O7 

koncentrirebul azotmJavas ReO3 gadahyavs HReO4: 

ReO3  +  HNO3  →  HReO4  +  NO2 

<300°C-ze vakuumSi ReO3 disproporcirebs: 

3ReO3  →  ReO2  +  Re2O7 

renium(VI)-is da teqnecium(VI)-is oqsidebs Rebuloben Re2O7-ze liTonuri 

reniumiT (an Sesabamisad Tc2O7) an naxSirbadis monooqsidis moqmedebisas: 

3Re2O7  +  Re  ⎯220°C→ 7ReO3 

Re2O7  +  CO  ⎯225°C→  2ReO3  +  CO2 

teqneciumisTvis da reniumisTvis H2MeO4-is Sedgenilobis mJavebi 

gamoyofili ar aris, magram cnobilia maTi marilebi _ bariumis teqnecati 

(VI), natriumis, kaliumis da bariumis renatebi (VI). 

    wyalxsnarSi renatebi (VI), iseve rogorc manganatebi, ganicdian 

disproporcirebas: 

3Na2ReO4  +  4H2O  →  Re(OH)4  +  2NaReO4  +  4NaOH 

renatebis (VI) sinTezs axorcieleben ReO2-is SelRobiT MmJangavTan tute 

garemoSi: 

ReO2  +  NaNO3  +  2NaOH  →  Na2ReO4  +  NaNO2  +  H2O 
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    renium(VI)-is ftoridi _ ReF6 _ Ria-yviTeli feris kristalebia, 

lRveba 19°C-ze. reagirebs wyalTan, silicium(IV)-is oqsidTan, cximebTan. 

miiReba ftoris moqmedebiT liTonur reniumze 125°C. 

    renium(VI)-is qloridi _ ReCl6 _ muqi-mwvane kristalebia. lRveba 22°C-

ze muqi-yavisferi siTxis warmoqmniT. Gganicdis hidrolizs. miiReba 

qloris gatarebiT liTonur reniumze 600°C-ze. 

    renium(VI)-is oqsitetraftoridi _ ReOF4 _ lurji feris 

fxvniliseburi nivTierebaa. miiReba ftoris da Jangbadis narevis 

moqmedebiT gaxurebul reniumze. 

    renium(VI)-is oqsitetraqloridi _ ReOCl4 _ muqi-mwvane myari 

nivTierebaa. ixsneba konc. marilmJavaSi. miiReba renium(V)-is qloridis da 

renium(III)-is qloridis narevis urTierTqmedebiT Jangbadis areSi. 

 

teqnecium(VII)-is da renium(VII)-is naerTebi 

   teqneciumis da reniumis anhidridebi _ Tc2O7 da Re2O7 _ aqroladi 

kristaluri nivTierebebia, lRvebian daSlis gareSe. 

T ,°C T lR,°C TduR,°C Seferiloba 

Mn2O7 

Tc2O7 

Re2O7 

6 

120 

301 

iSleba 

55°C-ze 

311 

362 

muqi_mwvane 

yviTeli 

yviTeli 

oqsidebisA Me(VII)  mJangavi Tvisebebi rigSi manganumidan teqneciumisa da 

reniumisken mcirdeba. Amag., manganum (VII)-is anhidridi teqneciumis da 

reniumis anhidridebTan gansxvavebiT Zlieri mJangavia. 

   teqnecium(VII)-is da renium(VII)-is oqsidebi ar Jangaven eTers da spirts, 

magram gacxelebisas reagireben Zlier aRmdgenelebTan: 

Tc2O7  +  7CCl4  →  2TcCl4  +  7COCl2↑  +  3Cl2↑ 

wyalbadis moqmedebiT renium(VII)-is oqsidi 300°C-ze SegviZlia aRvadginoT 

renium(IV)-is oqsidamde ReO2: 

Re2O7  +  3H2  →  2ReO2  +  3H2O 
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ufro Zlieri gacxelebisas wyalbadi teqnecium(VII)-is  da renium(VII)-is 

oqsidebs aRadgens LSesabamis liTonamde: 

Re2O7  +  7H2   →  2Re  +  7H2O 

Tc2O7  da Re2O7  Rebuloben fxvniliseburi teqneciumis an reniumis 

urTierTqmedebiT sagangebod gamomSral JangbadTan gacxelebiT: 

4Tc  +  7 O2  →  2Tc2O7 

Tc2O7  da Re2O7 _ Zlier higroskopuli nivTierebebia. urTierTqmedeben 

wyalTan HMeO4-is Sedgenilobis hidratebis warmoqmniT, romlebic 

amJRavnebn mJavur Tvisebebs: 

Tc2O7  +  H2O  →  2HTcO4 

   teqneciummJava  HTcO4  da reniummJava HReO4 Termulad nakleb mdgradebi 

arian, vidre manganummJava. Sesabamisi marilebi perteqnatebi da 

perrenatebi _ ufero nivTierebebia, lRvebian daSlis gareSe.  

    

Pperioduli sistemis VII jgufis d-elementebis biologiuri roli 

 

       manganumi. Mmanganumi mniSvnelovani biologiuri elementia, romelic 

aucilebelia cocxali organizmebis normaluri funqcionirebisTvis. is 

erT_erTi e.w. “sicocxlis liTonia”. 

    manganumi aucilebelia biologiuri qsovilebis ujredebis 

ganviTarebisTvis da funqcionirebisTvis, vitamin B1, rkinis, spilenZis 

asaTviseblad. 

    manganumis koordinaciuli naerTebi cilebTan, nukleinmJavebTan, 

aminomJavebTan mravali liTonofermentis Semadgeneli nawilia. 

manganumSemcvel fermentebs gaaCniaT Zalzed mniSvnelovani biologiuri 

funqcia: α-aminomJavebis gaxleCa, monawileoba sisxlis Sededebis 

procesSi. 

    manganumi monawileobas iRebs  C da B vitaminebis sinTezSi, igi 

qlorofilis da hemoglobinis erT-erTi Semadgeneli nawilia. Seswavlis 
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procesSia manganumis koordinaciuli naerTebis monawileoba 

fotosinTezis procesSi. 

    biologiuri sistemebi ar Seicaven manganum(VII)-is naerTebs, xolo 

permanganatebi organizmisTvis warmoadgenen sawamlavs. magram kaliumis 

permanganati gamoiyeneba samedicino praqtikaSi. misi wyalxsnari 

gamoiyeneba toqsikuri organuli naerTebis dasaJangad. Mmag., morfini 

kaliumis permanganatiT iJangeba nakleb toqsikur oqsimorfinamde. 

kaliumis permanganats gaaCnia agreTve baqteriociduli da antiseptikuri 

Tvisebebi. 

    manganum(II)-is naerTebi gamoiyeneba sasuqebis warmoebaSi rogorc 

danamati. 

    teqneciumis da reniumis biologiur rolze cnobebi ar aris. 

 

 

Tavi VI 

 

VIII jgufis Tanauri qvejgufis elementebi 

 

 

    d.i. mendeleevis perioduli sistemebis merve jgufis d-elementebi 

gaerTianebulia sam triadSi (sameulSi). pirveli triadis sami d-elementi 

– rkina, kobalti da nikeli xasiaTdebian mkveTrad gamoxatuli msgavsi 

qimiuri TvisebebiT. isini amJRavneben agreTve msgavsebas danarCen eqvs d-

elementTan, romlebic bunebaSi TiTqmis yovelTvis gvxvdeba erTad. es 

elementebi gaerTianebulia meore triadaSi – ruTeniumi, rodiumi, 

paladiumi, xolo mesameSi – osmiumi, iridiumi da platina. meore da mesame 

triadis elementebs qimiuri Tvisebebis gansakuTrebuli siaxlovis gamo 

aerTianeben platinis jgufis liTonebSi.  

     vinaidan rkinis triadis elementebi fizikuri da qimiuri TvisebebiT 

ramdenadme gansxvavdebian platinis jgufis elementebisagan, amitom merve 

jgufis d-elementebis daxasiaTebisas ufro mosaxerxebelia rkinis jgufis 

liTonebis gamoyofa platinis jgufis liTonebisagan. platinis jgufis 

elementebSi SeiniSneba erTi da igive vertikalur svetSi arsebuli 
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elementebis qimiur Tvisebebs Soris didi msgavseba. (mag. ruTeniumi da 

osmiumi; rodiumi da iridiumi; paladiumi da platina). 

     rogorc cnobilia, d-elementebis savalento eleqtronebi ganlage-

bulia ns da (n-1)d - qvedoneze, magram sxva d-elementebisagan gansxvavebiT, 

merve jgufis d-elementebis (n-1)d - qvedonis yvela eleqtroni yovelTvis ar 

monawileobs qimiuri bmebis warmoqmnaSi. amitom maqsimaluri JangviTi 

ricxvi +8 damaxasiaTebelia mxolod ruTeniumis da osmiumisaTvis. 

     merve jgufis d-elementebi moruxo TeTri feris liTonebia. xasia-

Tdebian maRali lRobis da duRilis temperaturiT. platinis jgufis 

elementebisaTvis damaxasiaTebelia maRali simkvrive da Sesabamisad mcire 

atomuri radiusebi. 

     merve jgufis d-elementebi xasiaTdebian mkveTrad gamoxatuli 

kompleqswarmoqmnis unariT. 

 

rkinis qvejgufi 

 

     rkinis qvejgufSi gaerTianebulia: rkina, kobalti da nikeli. mocemu-

li elementebis atomebis eleqtronuli formulebi da ZiriTadi fizikuri 

maxasiaTeblebi mocemulia cxrilSi.  

                                                       

elementi atomur

i 

masa 

Aatomis 

eleqtronuli 

konfiguracia 

eleqtro-

uaryofiTo

ba 

JangviTi 

ricxvi 

26Fe 55,847 3s23p63d64s2 1,64 +2, +3, (+4), (+5), +6, 

(+8) 

27Co 58,933 3s23p63d74s2 1,70 +2, +3, (+4) 

28Ni 58,34 3s23p63d84s2 1,75 +2, (+3), (+4) 

 

    rkinis qvejgufis elementebi Tavisufal mdgomareobaSi TeTri feris 

liTonebia. xasiaTdebian maRali lRobis da duRilis temperaturiT. 

     qimiuri Tvisebebis TvalsazrisiT mocemuli elementebidan rkina 

yvelaze aqtiuri liTonia. amJRavneben mdgradobas koroziisadmi. gaxure-

bisas urTierTqmedeben TiTqmis yvela araliTonTan. 
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     qimiur naerTebSi JangviTi ricxvi ZiriTadad tolia +2 da +3. iSvi-

aTad warmoqmnian naerTebs sadac JangviTi ricxvia: rkinis +6, kobaltis +5, 

xolo nikelis +4. 

     rkinis qvejgufis elementebi warmoqmnian kompleqsur naerTebs, sadac 

sakoordinacio ricxvi tolia 6 an 4. 

 

 

 

rkina 

bunebaSi gavrceleba  

      mZime liTonebidan rkina bunebaSi yvelaze gavrcelebuli liTonia. 

rkina bunebaSi ZiriTadad Jangbadovani da gogirdovani naerTebis saxiT 

gvxvdeba:  

magnituri rkinaqva (magnetiti) – Fe3O4,  

mura rkinaqva (limoniti) –  Fe2O3 . H2O,  

rkinis almadani (piriti) – FeS2,  

rkinis kriala – FeS, agreTve gvxvdeba karbonatebis da sulfatebis saxiT. 

    mcire raodenobiT rkina gvxvdeba Tavisufali saxiT dedamiwaze 

Camovardnili meteoritebis namsxvrevebSi. 

 

miRebis xerxebi 

     laboratoriul pirobebSi rkina SeiZleba miviRoT rkinis 

pentakarbonilis Termuli daSliT (uhaero areSi) 

 

Fe(CO)5 → Fe + 5CO 

 

an Jangbadovani naerTebidan aRmdgenelebis moqmedebiT: 

 

Fe2O3  + 3H2 →2Fe + 3H2O 

Fe2O3  + 2Al→Al2O3 + 2Fe 

3 Fe3O4  + 8Al →4Al2O3 + 9Fe 
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       madnebidan rkinis miReba xdeba agreTve qarxnuli wesiT. Tujis fo-

ladis an rbili rkinis misaRebad iyeneben oqsidur madans, magaliTad – 

hematits, magnitur rkinaqvas an limonits. 

    qarxnuli wesiT rkinis miRebis meTodi moicavs Semdeg sam safexurs: 

1. madnidan rkinis aRdgena (Tujis warmoeba). Tujis warmoebas brZmedSi 

safuZvlad udevs rkinis Jangbadovani naerTebidan rkinis aRdgena CO-Ti. 

CO-miiReba gavarvarebul koqsze haeris moqmedebiT. 

    rkinis aRdgenisas Fe2O3-dan jer warmoiqmneba Fe3O4,  Semdeg FeO, bolos 

ki rkina 

    es procesi SeiZleba gamoisaxos Semdegi qimiuri tolobebiT: 

 

Fe2O3  → Fe3O4  → FeO → Fe  

 

rkinis oqsidis aRdgenis Sedegad miiReba  Fe3O4: 

 

3Fe2O3 + CO →2 Fe3O4 + CO2 

 

CO-s moqmedebiT Fe3O4 (6000C-ze)  FeO-d aRdgeba: 

 

 Fe3O4 + CO → 3FeO + CO2 

 

xolo Semdeg CO-s areSi (7000C-ze) FeO-dan rkina miiReba 

 

FeO + CO → Fe + CO2 

 

    brZmedSi rkinasTan erTad aRdgeba Si, P, Mn, romelsac madani minareve-

bis saxiT Seicavs: 

 

SiO2 + 2C → 2 CO + Si 

MnO + C → Mn + CO 

Ca3(PO4)2 + 5C → 2P + 3CaO + 5CO 
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     gamdnari rkina dabla Camoedineba da koqsTan Sexebisas warmoqmnis 

rkinis karbids – Fe3C (cementiti). Fe3C ixsneba galRobil rkinaSi da naxSi-

rTan erTad warmoqmnis Tujs. 

2. daJangviT mavne minarevebis mocileba. 

3. saWiro minarevebis damateba foladis an Wedadi rkinis misaRebad. 

 

fizikur-qimiuri Tvisebebi  

     liTonuri rkina _ Tavisufal mdgomareobaSi moruxo TeTri feris, 

rbili liTonia. kargad muSavdeba. lRveba 15360C-ze. 

     sxvadasxva temperaturaze cnobilia rkinis sami modifikacia α, γ da δ. 

9060C temperaturaze α-rkina gadadis γ-rkinaSi, xolo 14010C-ze γ-rkina 

gardaiqmneba δ-rkinad. 7690C-mde (kiuris wertili) α-rkinas axasiaTebs 

feromagnituri Tvisebebi. 769 – 9060C temperaturul SualedSi warmoiqmne-

ba β - modifikacia, Tumca misi kristaluri aRnagoba iseTivea rogorc α-

rkinis. β, γ da δ rkina paramagnituria. 

     rkinis qvejgufis liTonebidan rkina yvelaze aqtiuri liTonia. rkina 

mSral haerze ar icvleba, magram tenian garemoSi advilad iJangeba da 

warmoqmnis rkinis hidroqsidis faSar fenas, romelic ver icavs rkinas 

Semdgomi daJangvisagan. wiTel varvarebamde gaxurebisas rkina iJangeba da 

warmoqmnis rkinis xenjs  Fe3O4 (FeO . Fe2O3): 

 

3Fe + 2O2 → Fe3O4 

advilad Sedis reaqciaSi qlorTan. warmoiqmneba Fe+3–is qloridi: 

2Fe + 3Cl2 → 2FeCl3 

    dawvrilmanebuli rkina maRal temperaturaze reagirebs TiTqmis yvela 

araliTonTan mag. gogirdTan: 

Fe + S → FeS 

    gavarvarebul rkinaze wylis orTqlis gatarebiT warmoiqmneba Fe3O4: 

3Fe + 4H2O → Fe 3O4 + 4H2 

     maRali wnevis pirobebSi gaxurebisas rkina uerTdeba CO-s da 

warmoqmnis yviTel siTxes – rkinis pentakarbonils: 
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Fe + 5CO → Fe(CO)5 

     rkina advilad ixsneba ganzavebul mJavebSi orvalentiani rkinis 

Sesabamisi naerTebis warmoqmniT: 

 

Fe + 2HCl → FeCl2 + H2 

Fe + H2SO4 → FeSO4 + H2 

 

     koncentrirebul azotmJavasTan da gogirdmJavasTan Cveulebriv 

pirobebSi pasiurdeba. rkina tuteebSi ar ixsneba. 

 

rkina(II)-is  naerTebi  

     rkina(II)-is oqsidi anu qveJangi _ FeO _ Savi feris myari nivTierebaa. 

igi miiReba samvalentiani rkinis oqsidis aRdgeniT: 

 

Fe2O3 + CO → 2FeO + CO 

     FeO-s miReba SeiZleba agreTve rkinis oqsalatis gaxurebiT uhaero 

areSi: 

COO

Fe FeO + CO + CO2

COO  
    Fe(II)  marilebis daSliT maRal temperaturaze: 

FeCO3 → FeO + CO2 

     FeO – aris tipiuri fuZe oqsidi. ar ixsneba wyalSi da tuteebSi, ixsneba 

mxolod mJavebSi: 

 

FeO + 2HCl → FeCl2 + H2O 

     rkina(II)-is hidroqsidi _ Fe(OH)2 _ wyalSi uxsnadi TeTri feris 

nivTierebaa. miiReba rkina(II)-is wyalSi xsnad marilebze tuteebis 

moqmedebiT: 

 

FeSO4 + 2NaOH → Fe(OH)2 + Na2SO4 
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       Fe(OH)2 –xasiaTdeba fuZe TvisebebiT. ar ixsneba tuteebSi. ixsneba 

mJavebSi da warmoqmnis Sesabamis rkina(II)-is marilebs: 

 

Fe(OH)2 + 2HCl → FeCl2 + 2H2O 

       Fe(OH)2 – haerze Rebulobs mura fers. am dros is iJangeba da gardai-

qmneba rkina(III)-is hidroqsidad: 

 

4Fe(OH)2 + O2 + 2H2O → 4Fe(OH)3 

   orvalentiani rkinis marilebis miReba SeiZleba agreTve liTonuri 

rkinis gaxsniT ganzavebul mJavebSi: 

 

Fe + 2HCl → FeCl2 + H2 

Fe + H2SO4 → FeSO4 + H2 

 

     orvalentiani rkinis naerTebi aramdgradebia da sxvadasxva 

mJangavebis moqmedebiT gadadian samvalentian rkinis naerTebSi: 

 

4FeCl2 + O2 + 4HCl → 4FeCl3 + 2H2O 

6FeSO4 + 2HNO3 + 3H2SO4 → 3Fe2(SO4)3 + 2NO + 4H2O 

 

orvalentiani rkinis marilebze kaliumis cianidis moqmedebiT miiReba 

Fe(CN)2: 

FeCl2 + 2KCN → Fe(CN)2 +2KCl 

       Fe(CN)2  ar ixsneba wyalSi, magram kargad ixsneba Warb kaliumis 

cianidSi, ris Sedegadac miiReba kompleqsuri marili K4[Fe(CN)6] – kaliumis 

ferocianidi, sisxlis yviTeli marili. 

        FeCl2 oTaxis temperaturaze energiulad ierTebs amiaks da warmoqmnis 

kompleqsur marils: 

 

FeCl2 + 6NH3 → [Fe(NH3)6]Cl2 

     cnobilia rkina(II)-is kompleqsuri marilebi agreTve organul liga-

ndebTan, romlebSic rkina(II)-is sakoordinacio ricxvi tolia 6. 
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     rkinis orvalentiani ionebis aRmoCena SeiZleba samvalentiani rkinis 

kompleqsuri marilis K3[Fe(CN)6] – kaliumis fericianidis  anu  sisxlis 

wiTeli marilis xsnaris damatebiT: 

 

3FeSO4 + 2K3[Fe(CN)6] → Fe3[Fe(CN)6]2 + 3K2SO4 

Fe3[Fe(CN)6]2 -  turbulis lurji (muqi lurji). 

 

rkina(III)-is naerTebi 

    rkina(III)-is oqsidi _ Fe2O3 – rkinis oqsidi miiReba rkina(III)-is hidro-

qsidis an marilebis daSliT: 

 

2Fe(OH)3 → Fe2O3 + 3H2O 

Fe2(SO4)3 → Fe2O3 + 3SO3 

 

      Fe2O3 – rkinis oqsidi wyalSi uxsnadi mura  feris nivTierebaa. rkinis 

oqsidi (oxra, mumia) gamoiyeneba zeTis saRebavebis mosamzadeblad. 

   Fe2O3 kargad  ixsneba mJavebSi: 

 

Fe2O3 + 6HCl → 2FeCl3 + 3H2O 

    igi amJRavnebs sust amfoterul Tvisebebs. tuteebTan SelRobiT 

warmoqmnis metarkinovani mJavas HFeO2-is marilebs – feritebs: 

 

Fe2O3 + 2NaOH  → 2NaFeO2 + H2O 

 

        rkina(III)-is hidroqsidi _ Fe(OH)3 – wyalSi mciredxsnadi moyavisfro – 

wiTeli nivTierebaa. miiReba Sesabamisi marilebis xsnarebze tuteebis 

moqmedebiT: 

 

FeCl3 + 3NaOH → Fe(OH)3 + 3NaCl 

 

     Fe(OH)3 – susti fuZea, sustad gamoxatuli amfoteruli TvisebebiT, 

ixsneba mJavebsa da tuteebSi: 
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2Fe(OH)3 + 3H2SO4 → Fe2(SO4)3 + 6H2O 

Fe(OH)3 + 3KOH → K3[Fe(OH)6] 

 

    samvalentiani rkinis marilebi miiReba, rogorc aRvniSneT, orvale-

ntiani rkinis marilebis JangviT an samvalentiani rkinis oqsidze an 

hidroqsidze mJavebis moqmedebiT. 

      Fe3O4 – (FeO . Fe2O3) – SeiZleba ganvixiloT rogorc HFeO2-is 

metarkinovani mJavas marili FFe+2(FeO2)2 – rkinis metaferiti. 

      Fe(III) – warmoqmnis kompleqsur marilebs, romlebSic rkinis sakoordi-

nacio ricxvia 6: 

 

FeCl3 + 6KCN → K3[Fe(CN)6] + 3KCl 

 

     sadac K3[Fe(CN)6] - kaliumis fericianidi, sisxlis wiTeli marilia. 

       Fe(III) warmoqmnis rogorc anionuri, ise kationuri tipis kompleqsur 

marilebs. 

    Fe(III) – ionebisaTvis damaxasiaTebelia TvisebiTi reaqcia NCS- rodano 

(Tiocianat) ionebTan. Fe+3 – ionebi rodano ionebTan warmoqmnis sisxlisfer 

wiTel Fe(III)  rodanids -Fe(NCS)3: 

 

FeCl3 + 3KNCS → Fe(NCS)3 + 3KCl 

       Fe3+ - ionebisTvis damaxasiaTebelia agreTve TvisebiTi reaqcia, sisxlis 

yviTel marilTan: 

 

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

   Fe4[Fe(CN)6]3 – berlinis laJvardi, lurji feris naleqi. 

 

rkina(VI)-is naerTebi  

     rkina(VI)-is oqsidi FeO3 da misi Sesabamisi mJava H2FeO4 Tavisufali 

saxiT cnobili ar aris. cnobilia misi Sesabamisi marilebi – feratebi. 

feratebi miiReba Fe2O3 –ze an Fe(OH)3-ze Zlieri mJangavebis moqmedebiT: 

 

Fe2O3 + 3KNO3 + 4KOH → 2K2FeO4 + 3KNO2 + 2H2O 
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2Fe(OH)3 + 3Cl2 + 10KOH → 2K2FeO4 + 6KCl + 8H2O 

 

     miiReba wiTeli feris K2FeO4 – kaliumis ferati. feratebi Zlieri 

mJangavebia. wyalSi gaxsnisas advilad iSlebian: 

 

4K2FeO4 + 10H2O → 4Fe(OH)3 + 8KOH + 3O2  

 

    rkina biologiurad aqtiuri liTonia. rkina Sedis sisxlis 

SemadgenlobaSi da aqtiur monawileobas Rebulobs sasicocxlo 

procesebSi. rkinis naerTebs iyeneben medicinaSi, soflis meurneobaSi. rkina 

da misi Senadnobebi gamoiyeneba mrewvelobis da teqnikis TiTqmis yvela 

dargSi. 

Kkobalti 

 

bunebaSi gavrceleba 

    kobalti bunebaSi gvxvdeba mcire raodenobiT. igi bunebaSi 

gavrcelebulia ZiriTadad naerTebis saxiT. misi bunebrivi naerTebidan 

mniSvnelovania:  

kobaltini –  CoAsS,  

smaltini – CoAs2, kobaltis naerTebi minarevebis saxiT gvxvdeba sxva 

liTonebis madnebSi. mxolod kobaltis mineralebi iSviaTad gvxvdeba. 

 

miRebis xerxebi 

    bunebriv madnebSi kobaltis mcire Semcvelobis gamo liTonuri 

kobaltis miReba sakmarisad rTuli procesia. am mizniT axdenen kobaltis 

madnebis koncentrirebas da Semdeg gamowviT kobaltis oqsidebis miRebas. 

kobaltis oqsidebidan kobalts Rebuloben aRmdgenelebis moqmedebiT: 

 

CoO + H2 → Co + H2O 

Co2O3 + 3CO → 2Co + 3CO2 

 

  liTonur kobalts Rebuloben agreTve kobaltis Jangbadovani 

naerTebidan aluminoTermuli aRdgeniT: 
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3Co3O4 + 8Al → 9Co + 4Al2O3 

    zesufTa liTonur kobalts Rebuloben misi marilebis xsnarebis 

eleqtroliziT da Semdgomi eleqtrolituri gasufTavebiT. 

 

Ffizikur-qimiuri Tvisebebi 

    kobalti rkinis msgavsad moruxo TeTri feris, bzinvare liTonia. 

Kkobalti, rogorc fizikuri ise qimiuri TvisebebiT Zalian hgavs rkinas. 

rkinis msgavsad kobalti feromagnituria, mxolod maRal temperaturaze 

gadadis paramagnitur modifikaciaSi. 

    kobalti rkinasTan SedarebiT nakleb aqtiuri liTonia. kobalti 

warmoqmnis naerTebs – sadac JangviTi ricxvia +2, +3 iSviaTad +4. mSral 

haerze Cveulebriv pirobebSi TiTqmis ar icvleba. JangbadTan Sedis 

reaqciaSi mxolod maRal temperaturaze (3000) da warmoqmnis oqsidebs CoO, 

Co2O3, Co3O4. 

   maRal temperaturaze kobalti ixsneba ganzavebul mJavebSi, magram ufro 

Znelad vidre rkina:  

Co + 2HCl → CoCl2 + H2 

Co + H2SO4 → CoSO4 + H2 

 

    civ koncentrirebul azotmJavaSi da gogirdmJavaSi pasiurdeba. ixsneba 

cxel koncentrirebul azotmJavaSi da gogirdmJavaSi. 

   kobalti ixsneba agreTve mlRob mJavaSi da `samefo wyalSi~. 

   kobalti maRal temperaturaze urTierTqmedebs TiTqmis yvela arali-

TonTan: 

Co + Cl2 → CoCl2 

 

       analogiur naerTebs warmoqmnis sxva halogenebTanac. kobalti uerTdeba 

gogirds: 

 

Co + S → CoS 

 

kobalt(II)-is  naerTebi 
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   kobalt(II)-is oqsidi _ CoO – kobaltis qveJangi, (qveoqsidi) ruxi – 

mwvane feris myari nivTierebaa. miiReba maRal temperaturaze Jangbadis an 

wylis orTqlis moqmedebiT: 

 

2Co + O2 → 2CoO 

Co + H2O → CoO + H2 

 

   CoO – miiReba agreTve Sesabamisi hidroqsidis an marilebis daSliT: 

Co(OH)2 → CoO + H2O 

CoCO3 → CoO + CO2 

 

   CoO  ar ixsneba wyalSi. xasiaTdeba fuZe oqsidis TvisebebiT. ixsneba 

mJavebSi: 

CoO + 2HCl → CoCl2 + H2O 

CoO + H2SO4 → CoSO4 + H2O 

 

         CoO – ar ixsneba tuteebSi. tuteebTan urTierTqmedebs maRal tempera-

turaze SelRobisas: 

 

CoO  + 2NaOH → Na2CoO2 + H2O 

miiReba lurji feris natriumis kobaltiti – Na2CoO2. 

K  kobalt(II)-is  hidroqsidi _ Co(OH)2 _ vardisferi, wyalSi uxsnadi fuZea. 

igi miiReba Sesabamis marilebze tuteebis moqmedebiT: 

 

CoCl2 + 2NaOH → Co(OH)2 + 2NaCl 

Co(OH)2 haerze TandaTanobiT iJangeba da gadadis mura feris samvalentian 

hidroqsidSi. Zlieri mJangvelebis moqmedebiT Jangvis reaqcia mimdinareobs 

swrafad: 

 

2Co(OH)2 + NaClO + H2O → 2Co(OH)3 + NaCl 

 

Co(OH)2  advilad ixsneba mJavebSi: 
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Co(OH)2 + H2SO4 → CoSO4 + 2H2O 

 

tuteebis cxel xsnarebSi gaxsnisas warmoiqmneba kaSkaSa lurji feris 

hidroqsokobaltitebi: 

Co(OH)2 + 2NaOH → Na2[Co(OH)4] 

 

      Co(II)  warmoqmnis, rogorc kationuri [Co(NH3)6]Cl2, ise anionuri 

Na2[CoCl4], K4[CoBr6] tipis kompleqsur marilebs. Co(II) –is kompleqsuri 

marilebi aramdgradebia da mJangvelebis moqmedebiT advilad gadadian 

Co(III)-is kompleqsur marilebSi. 

    Co(III) –is binaluri naerTebi da marilebi aramdgradebia. Co(OH)3 –ze 

mJavebis moqmedebiT miiReba ara Sesabamisi marilebi,  aramed Co(II)-is mari-

lebi da gamoiyofa Jangbadi: 

 

4Co(OH)3 + 4H2SO4 → 4CoSO4 + 10H2O + O2 

 

   xolo marilmJavasTan moqmedebisas gamoiyofa qlori: 

 

2Co(OH)3 + 6HCl → 2CoCl2 + 6H2O + Cl2 

 

     samvalentiani kobaltis naerTebidan SedarebiT mdgradia Co2O3  da 

Co3O4.  

       Kkobalt(III)-is oqsidi _ Co2O3 – Savi feris wvrili kristaluri 

nivTierebaa. miiReba Co(II)  nitratis daSliT: 

 

4Co(NO3)2 → 2Co2O3 + 8NO2 + O2 

 

gaxurebiT gardaiqmneba Co3O4-ad: 

 

6Co2O3 → 4Co3O4 + O2 

 

       Co3O4 SeiZleba ganvixiloT rogorc CoO . Co2O3, an rogorc Co(CoO2)2 . 

Co3O4-s.  aqvs Fe3O4- is analogiuri kristaluri meseri. 
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     cnobilia kobalt(IV)-is  oqsidi _ CoO2 - Savi feris myari nivTierebaa. 

analogiuri oqsidi rkinisTvis ar aris cnobili. 

     Co(III) warmoqmnis, rogorc kationuri ise anionuri tipis kompleqsur 

naerTebs. cnobilia Co(III)-is mravali mdgradi kordinaciuli naerTi: mag. 

[Co(NH3)6]Cl3, [Co(NH3)4(H2O)2]Cl3, K3[CoCl6] da sxv. 

      

     CoO da Co2O3  gamoiyeneba lurji feris minanqaris dasamzadeblad. 

kobaltis fxvnili gamoiyeneba katalizatorad. 

     didi gamoyeneba aqvs kobaltis Senadnobebs. kobalti mraval liTo-

nTan warmoqmnis Senadnobebs da aumjobesebs maT teqnikur Tvisebebs. 

kobaltis Senadnobebisagan amzadeben mudmiv magnitebs, mWrel instru-

mentebs. kobaltis Senadnobebi gamoiyeneba agreTve avtomSeneblobaSi da 

raketul teqnikaSi. kobaltis naerTebi gamoiyeneba medicinaSi da soflis 

meurneobaSi. 

 

 

nikeli 

 

bunebaSi gavrceleba 

     nikeli kobaltTan SedarebiT ufro meti raodenobiT gvxvdeba 

bunebaSi. gavrcelebulia rogorc TviTnabadi ise naerTebis saxiT. nikelis 

bunebrivi mineralebidan mniSvnelovania:  

mileriti – NiS,  

nikelini – NiAs ,  

xloanciti – NiAs2,  

gersdorfiti – NiAsS,  

ulmaniti – NiAsSb da sxv. nikelis sulfiduri madnebi xSirad Seicaven 

kobalts, platinis jgufis liTonebs, oqros da sxv. nikels Seicaven 

agreTve liTonuri meteoritebi. 

miRebis xerxebi 
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     nikelis madnebi nikels Seicaven mcire raodenobiT. amitom madnebidan 

nikelis misaRebad aucilebelia maTi gamdidreba. Semdeg madans amuSaveben 

da Rebuloben NiO, saidanac nikels aRadgenen aRmdgenelis moqmedebiT: 

 

NiO + C → CO + Ni 

NiO + H2 → H2O + Ni 

 

nikels Rebuloben agreTve aluminoTermuli meTodiT: 

 

3NiO + 2Al → Al2O3 + 3Ni 

an maRal temperaturaze NiCl2-is wyalbadiT aRdgenisas: 

 

NiCl2 + H2 → Ni + 2HCl 

 

fizikur-qimiuri Tvisebebi 

     liTonuri nikeli  _ moruxo–TeTri feris, kobaltTan SedarebiT 

ufro rbili liTonia. nikeli advilad iweleba, mdgradia haerisa da tenis 

mimarT, rkinasTan SedarebiT naklebad feromagnituria. 

     qimiurad nikeli araaqtiuri liTonia. dabal temperaturaze haeris da 

tenis mimarT ufro mdgradia, vidre rkina, magram maRal temperaturaze 

Slis wyals: 

 

Ni + H2O → NiO + H2 

 

maRal temperaturaze nikeli uerTdeba Jangbads: 

 

2Ni + O2 → 2NiO 

 

miiReba mwvane feris NiO. 

     wvrilad dawiladebuli myari da galRobili nikeli ufro kargad 

STaqnTqavs wyalbads vidre rkina da kobalti. 
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     maRal temperaturaze nikeli energiulad moqmedebs halogenebTan, 

gogirdTan da sxv.: 

 

Ni + Cl2 → NiCl2 

Ni + S → NiS 

 

     daaxloebiT 10000C-ze nikeli didi raodenobis siTbos gamoyofiT 

uerTdeba alumins da warmoqmnis NiAl, NiAl2 da NiAl3.  rkinasTan, kobaltTan, 

spilenZTan da qromTan nikeli warmoqmnis myar xsnarebs. 

     mJavebis mimarT nikeli ufro mdgradia, vidre rkina. ganzavebuli 

mJavebi nikelze Znelad moqmedeben: 

  

Ni + 2HCl → NiCl2 + H2 

Ni + H2SO4 → NiSO4 + H2 

3Ni + 8HNO3 → 3Ni(NO3)2 + 2NO + 4H2O 

 

rkinis da kobaltis msgavsad civ koncentrirebul azotmJavaSi pasiurdeba. 

kargad ixsneba cxel koncentrirebul azotmJavaSi: 

 

Ni + 4HNO3 → Ni(NO3)2 +2NO2 + 2H2O 

 

     nikelis JangviTi ricxvi naerTebSi tolia +2 an +3. 

 

nikel(II)-is  naerTebi 

     nikel(II)-is oqsidi _  NiO _ mwvane feris fxvnilia. bunebaSi gvxvdeba 

mcire raodenobiT. miiReba maRal temperaturaze nikelis wviT JangbadSi: 

 

2Ni + O2 → 2NiO 

 

an karbonatis, sulfatis, nitratis daSliT: 

 

NiCO3 → NiO + CO2 
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NiO – wyalSi uxsnadia. xasiaTdeba fuZe TvisebebiT. ixsneba mJavebSi: 

 

NiO + 2HCl → NiCl2 + H2O 

NiO + 2HNO3 → Ni(NO3)2 + H2O 

 

    warmoqmnis orvalentiani nikelis Sesabamis marilebs. 

NI(II) marilebis xsnarebze tuteebis moqmedebiT miiReba nikel (II)-is 

hidroqsidi _ Ni(OH)2: 

 

NiCl2 + 2NaOH → Ni(OH)2 + 2NaCl 

 

    gamoiyofa mwvane feris naleqis saxiT. xsnarSi didxans datovebisas 

naleqi gadadis wvrilkristalur mdgomareobaSi. 

Ni(OH)2 – xasiaTdeba fuZe TvisebebiT, ixsneba mJavebSi: 

 

Ni(OH)2 + H2SO4 → NiSO4 + 2H2O 

 

ixsneba agreTve amiakSi an amoniumis marilebSi: 

 

Ni(OH)2 + 6NH4OH → [Ni(NH3)6](OH)2 + 6H2O 

Ni(OH)2 + 2NH4Cl + 4NH4OH → [Ni(NH3)6]Cl2 + 6H2O 

 

    warmoiqmneba Ni(II) kompleqsuri marilebi. 

     Ni(OH)2 orvalentiani rkinis da kobaltis hidroqsidisagan gansxvavebiT 

ufro mdgradia da iJangeba mxolod Zlieri mJangavebis moqmedebiT: 

 

4Ni(OH)2 + O2 + 2H2O → 4Ni(OH)3 

 

     cnobilia nikel(II)-is, rogorc kationuri, ise anionuri kompleqsuri 

naerTebi, sadac nikelis sakoordinacio ricxvi tolia 4 an 6. mag. 

[Ni(NH3)4]I2, [Ni(NH3)6]Cl2, K2[Ni(CN)4]  da sxv. 
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     nikelisaTvis damaxasiaTebelia agreTve Sidakompleqsuri naerTebis 

warmoqmna. nikeli dimeTilglioqsimTan (Cugaevis reaqtivi) warmoqmnis 

wiTeli feris, wyalSi uxsnad nikelis dimeTilglioqsimats: 

Ni+2 + 2
CH3 - C = N - OH

CH3 - C = N - OH
|

H3C - C = N
|
O

H3C - C = N
|

OH

| Ni
N = C - CH3

N = C - CH3

|

|

|

OH

O

+2H+

 

     nikel(II)-is dimeTilglioqsimatis warmoqmna gamoiyeneba analizur 

qimiaSi nikelis aRmosaCenad. 

      

nikel(III)-is naerTebi 

    nikelis naerTebi sadac JangviTi ricxvi +3 aramdgradia, amitom maTi 

raodenoba metad mcirea. 

    nikel(III)-is oqsidi _ Ni2O3 _  miiReba Ni(II)-is karbonatis an nitratis 

daSliT haeris Tanaobisas (3000C): 

4Ni(NO3)2 → 2Ni2O3 + 8NO2 + O2 

     gamoiyofa Savi feris fxvnilis saxiT. Ni2O3 - Zlieri mJangavia. ixsneba 

marilmJavaSi: 

 

Ni2O3 + 6HCl → 2NiCl2 + Cl2 + 3H2O 

    xolo H2SO4-Si gaxsnisas gamoiyofa O2: 

2Ni2O3 + 4H2SO4 → 4NiSO4 + O2 + 4H2O 

N  nikel(III)-is hidroqsidi _ Ni(OH)3 _ miiReba Ni(OH)2-ze Zlieri 

mJangavebis moqmedebiT tute garemoSi: 

 

2Ni(OH)2 + Cl2 + 2NaOH → 2Ni(OH)3 + 2NaCl 

Ni(OH)3 – aramdgradia, sustad gamoxatuli fuZe TvisebebiT. ixsneba mJavebSi 

am dros warmoiqmneba Ni (II)-is  marilebi. 

         Ni(III)--is naerTebidan Ni2O3-s didi praqtikuli mniSvneloba aqvs. is 

gamoiyeneba tute akumulatorebSi. 
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     rkina - nikelis (edisonis) akumulatoris erTi firfita-anodi 

warmoadgens Ni2O3, xolo meore – kaTodi wvrilad daqucmacebul rkinas. 

     akumulatoris ganmuxtvisas rkina kargavs eleqtronebs da warmoqmnis 

Fe+2  ionebs. isini ukavSirdebian OH- ionebs da warmoiqmneba Fe(OH)2. rkinis 

mier gacemuli eleqtronebi aRadgenen Ni2O3-s da warmoiqmneba  Ni(OH)2: 

 

                  kaTodze:                           anodze: 

   Fe – 2e + 2OH- → Fe(OH)2                 Ni2O3 + 2e + 3H2O → 2Ni(OH)2 + 2OH- 

Sejamebulad es procesi gamoisaxeba Semdegi reaqciiT: 

Fe + Ni2O3 + 3H2O → Fe(OH)2 + 2Ni(OH)2 

    akumulatoris damuxtvisas reaqcia mimdinareobs sapirispirod. aqedan 

gamomdinare akumulatoris damuxtvis da ganmuxtvis qimiuri procesi 

gamoixateba Semdegi reaqciis tolobiT: 

     damuxtva 

                             Fe(OH)2 + 2Ni(OH)2                   Fe + Ni2O3 + 3H2O 

      ganmuxtva 

     nikelis saerTo raodenobis daaxloebiT 10% ixmareba liTonebis 

dasafaravad koroziis sawinaaRmdegod. 

     didi raodenobiT nikeli gamoiyeneba sxvadasxva liTonebTan Sena-

dnobebis dasamzadeblad. nikelis damateba folads aniWebs meqanikur 

mdgradobas. 

     nikelis Senadnobebi spilenZTan, romelic nikels Seicavs didi 

raodenobiT, korozias TiTqmis ar ganicdis da gamoiyeneba qimiur mrewve-

lobaSi, gemTmSeneblobasa da TviTmfrinavmSeneblobaSi. 

     wvrilad dawiladebuli nikeli gamoiyeneba katalizatorad, mraval 

qimiur procesSi. nikelis zogierTi naerTi gamoiyeneba pigmentis saxiT 

saRebavebis warmoebaSi. 

 

 

VIII jgufis Tanauri qvejgufis elementebis biologiuri roli 

 

rkina. rkina sasicocxlo procesebisTvis aucilebeli elementia. 

cxovelebis da mcenareebis TiTqmis yvela ujredi Seicavs rkinas, rogorc 
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organul nivTierebebTan dakavSirebul, ise Tavisufali ionebis saxiT. 

hemoglobini Sedgeba didi molekuluri masis mqone cilisgan, romelsac 

globini ewodeba. globini uSualodaa dakavSirebuli sisxlis mRebav 

nivTierebasTan _ gemasTan, romelic Seicavs koordinaciulad 

dakavSirebul erT atom rkinis (II) ions. rkinis atomi susti peroqsiduli 

bmiT dakavSirebulia erT molekula JangbadTan. es nivTiereba 

(oqsihemoglobini) warmoadgens Jangbadis gadamtans filtvebidan 

qsovilebSi.  

    ujredebi Seicaven rkinis sxva naerTebsac cilebTan, romlebic 

msgavsebia hemoglobinis, magram asruleben mJangveli da aRmdgeneli 

fermentebis funqcias. es nivTierebebia citoqromebi da sasunTqi fermenti, 

romlebic Seicaven rkinas (II) aRdgenil mdgomareobaSi, xolo rkinas (III) _ 

daJangul mdgomareobaSi. erTi JangviTi ricxvidan meoreSi gadasvlis 

proceszea dafuZnebuli am nivTierebebis katalizuri moqmedeba 

organizmSi sakvebi nivTerebebis JangviT procesebze. 

    organizmSi rkinis nakleboba iwvevs sisxlnaklulobas (anemias), 

sisxlis daavadebebs, saerTo sisustes, sigamxdres da sxv. 

kobalti. kobalti, iseve rogorc rkina, organizmisTvis aucilebeli 

mikroelementia. mas didi mniSvneloba aqvs rogorc mcenareebis, aseve 

cxovelebis sacicocxlo procesebisaTvis. organizmSi kobalti ZiriTadad 

arsebobs vitamin BB12-is saxiT. 

    kobalti monawileobs sisxlis warmoqmnaSi, agreTve naxSirwylebis, 

mineralebis, cilebis, cximebis mimocvlaSi. 

    yvela saxis sisxlnaklulobis (infeqciuri, toqsikuri, avTvisebiani) 

ZiriTadi mizezia kobaltis ukmarisoba. amitom sisxlnaklulobis dros 

eqimebi pacients aZleven kobaltis Semcvel preparatebs. im adgilebSi, 

sadac niadagi Seicavs mcire raodenobiT kobalts, adamianebi da 

cxovelebi avaddebian anemiiT.  

    kobalts didi mniSvneloba aqvs diabetiT daavadebuli adamianebis 

mkurnalobisaTvis, radganac igi xels uwyobs kuWqveSa jirkvlis 

normalur muSaobs.  

    kvebis produqtebidan kobalts Seicavs marcvleuli da wiwibura.  
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nikeli. nikels rkinasTan da kobaltTn SedarebiT, naklebi mniSvneloba 

aqvs organizmis sasicocxlo procesebisaTvis, rac gamowveulia misi 

qimiuri inertulobiT. miuxedavad amisa, nikeli kobaltis msgavsad 

monawileobs sisxlisa da naxSirwylebis warmoqmnaSi. amasTanave igi 

toqsikur elements warmoadgens. organizmSi nikelis didi raodenobiT 

arseboba iwvevs mowamvlas.  

   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Tavi VII 

 

platinis jgufis liTonebi 

 

     platinis jgufis yvela elementi – ruTeniumi, rodiumi, paladiumi, 

osmiumi, iridiumi da platina bunebaSi gvxvdeba Tavisufali liTonebis 

saxiT, rkinasTan, spilenZTan da oqrosTan erTad. isini gvxvdebian granu-

lebis an TviTnabadi madnebis saxiT. madnebi ZiriTadad Seicaven platinas 

77 – 80% da rkinas 7 – 10%. platinis jgufis danarCeni liTonebis 

raodenoba daaxloebiT 1,5 – 2,8%. madnebi yvelaze mcire raodenobiT 

Seicaven ruTeniums. madnebidan platinis jgufis liTonebis miReba 

sakmarisad rTuli procesia. 
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elemen

ti 

atomu

ri 

 masa 

Aatomis 

eleqtronuli 

konfiguracia 

Eeleqtro-

uaryofiTo

ba 

JangviTi 

ricxvi 

44Ru 101,07 4s24p64d75s1 1,42 (+1), (+2), +3, +4, +6, +8 

45Rh 102,905 4s24p64d85s1 1,45 +3, +4, (+6) 

46Pd 106,42 4s24p64d105s0 1,35 +2, +4 

76Os 190,23 4s24p64d10 

4f145s25p65d66s2 

1,52 +6, +8 

77Ir 192,22 4s24p64d10 

4f145s25p65d76s2 

1,55 +2, +3, +4, (+6) 

Pt 195,08 4Ss24p64d10 

4f145Ss25p65d96s1 

1,44 +2, +4, (+6) 

 

     laboratoriuli gziT maTi miReba SeiZleba Sesabamisi marilebis 

wyalxsnarebidan iseTi aRmdgenelebis moqmedebiT, rogoricaa hidrazini, 

hidroqsilamini, formaldehidi da sxv. 

     platinis jgufis yvela liToni Tavisufal mdgomareobaSi moruxo 

TeTri feris bzinvare liTonebia. xasiaTdebian rkinasTan SedarebiT 

maRali lRobis temperaturebiT. zogierTi maTgani gansakuTrebiT Znelad 

lRobadia. ruTeniumi da osmiumi gansakuTrebiT sali liTonebia, magram 

amave dros myife liTonebia, ris gamoc advilad SeiZleba maTi gadayvana 

fxvnilis mdgomareobaSi. rodiumi, paladiumi da platina naklebad salia 

da Zalian wevadebia, amitom maTgan SeiZleba uwvrilesi mavTulebis miReba. 

miuxedavad imisa, rom iridiumi Zalian salia, mainc SeiZleba misi advilad 

damuSaveba. 

     qimiurad platinis jgufis liTonebi araaqtiuri liTonebia. mdgradia 

qimiuri reagentebis, gansakuTrebiT mJavebis mimarT. ruTeniumi, osmiumi da 

iridiumi ar ixsnebian mJavebSi da `samefo wyalSi~. paladiumi da platina 

ixsnebian `samefo wyalSi~. miuxedavad imisa, rom ruTeniumi, osmiumi, 

rodiumi da iridiumi miekuTvnebian keTilSobil liTonebs, maRal 

temperaturaze uerTdebian Jangbads da warmoqmnian Sesabamis oqsidebs. 

paladiumi Zalian Znelad uerTdeba Jangbads, xolo platinaze Jangbadi 

praqtikulad ar moqmedebs. 
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     platinis jgufis liTonebi warmoqmnian sxvadasxva JangviTi ricxvis 

Sesabamis naerTebs. jgufis nomris toli (VIII) JangviTi ricxvi axasiaTebs 

mxolod ruTeniums da osmiums, platinis da iridiumis maqsimaluri 

JangviTi ricxvia +6. mocemuli liTonebisTvis yvelaze metad 

damaxasiaTebelia JangviTi ricxvi +4. 

    platinis jgufis yvela liToni warmoqmnis mdgrad kompleqsur 

naerTebs. 

 

 

 

ruTeniumi  

bunebaSi gavrceleba 

     bunebaSi ruTeniumi gvxvdeba poliliTonuri madnebSi platinasTan da 

paladiumTan erTad. ruTeniumi gvxvdeba agreTve iridiumTan, rodiumTan da 

platinasTan erTad SelRobil TviTnabad mdgomareobaSi. iSviaTad 

gvxvdeba sulfiduri madnebis saxiT. 

 

miRebis xerxebi 

    platinis jgufis liTonebis Semcveli madnebis damuSavebis Sedegad 

Rebuloben RuO4-s, romlidanac liTonur ruTeniums aRadgenen sxvadasxva 

aRmdgenlebis moqmedebiT: 

 

RuO4 + 4H2  → 4H2O + Ru 

 

fizikur-qimiuri Tvisebebi 

     ruTeniumi _ moruxo–TeTri feris bzinvare liTonia. xasiaTdeba 

gansakuTrebiT didi sisaliT da maRali lRobis temperaturiT. 

     ruTeniumi Cveulebriv pirobebSi Jangbadisa da tenis mimarT sa-

kmarisad mdgradia. ar ixsneba mJavebSi da `samefo wyalSi~. 

     maRal temperaturaze ruTeniumi uSualod uerTdeba Jangbads: 

 

Ru + O2 → RuO2 
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     warmoiqmneba molurjo Savi feris RuO2. ufro maRal temperaturaze 

(10000C) RuO2 iJangeba da warmoiqmneba RuO4: 

 

RuO2 + O2 → RuO4 

     gaxurebisas ruTeniumi uerTdeba halogenebs, gogirds: 

Ru + 2F2 → RuF4 

Ru + 2Cl2 → RuCl4 

Ru + 2S → RuS2 

 

     ruTeniumis fxvnilis SelRobiT tuteebTan mJangavebis Tanaobisas 

warmoiqmneba ruTenatebi: 

 

Ru  + 3KClO + 2KOH → K2RuO4 + 3KCl + H2O 

         kaliumis ruTenati _ K2RuO4 _ mwvane feris kristaluri nivTierebaa. 

wyalSi gaxsnisas xsnari Rebulobs wiTel Seferilobas. Tu am xsnarSi 

gavatarebT qlors, warmoiqmneba Savi feris kaliumis perruTenati: 

 

2K2RuO4 + Cl2 →2KRuO4 + 2KCl 

 

     kaliumis ruTenati – K2RuO4  da kaliumis perruTenati – KRuO4  did 

msgavsebas iCenen kaliumis manganatTan da permanganatTan. 

 

ruTenium(II)-is naerTebi 

     ruTenium(II)-is naerTebidan cnoilia RuCl2, RuBr2, Ru(OH)2, RuS  da sxv. 

     ruTenium(II)-is qloridi _ RuCl2 _  miiReba maRal temperaturaze, 

ruTeniumis moqmedebiT qlorTan: 

 

Ru + Cl2 → RuCl2 

     ruTenium(II)-is hidroqidi _ Ru(OH)2  _ RuCl2 –is xsnarze tuteebis 

moqmedebiT miiReba yavisferi naleqis saxiT: 

 

RuCl2 + 2KOH → Ru(OH)2 + 2KCl 
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        Ru(OH)2  aramdgradia igi advilad iJangeba Savi feris Ru(OH)3 

warmoiqmniT: 

 

4Ru(OH)2 + O2 + 2H2O → 4Ru(OH)3 

    ruTenium(II) warmoqmnis kompleqsur marilebs magaliTad K4[RuCl6], 

K4[Ru(CN)6]. 3H2O da sxv. 

       

ruTenium(III)-is naerTebi 

   ruTeniumis gaxurebiT (4500C- mde) qloris areSi warmoiqmneba RuCl3: 

 

2Ru + 3Cl2 → 2RuCl3 

        ruTenium(III)-is qloridi _ RuCl3 _ wyalSi mcired ixsneba. tute 

liTonebis halogenidebTan gaxurebisas warmoqmnis kompleqsur marilebs. 

mag. Na2[RuCl5), K2[RuBr5] da sxv. 

    ruTenium(III)-is marilebze tuteebis moqmedebiT miiReba Ru(OH)3 Savi 

feris naleqis saxiT: 

 

RuCl3 + 3NaOH → Ru(OH)3 + 3NaCl 

 

ruTenium(IV)-is naerTebi 

    ruTenium(IV)-is oqsidi _  RuO2 _ miiReba ruTeniumis gaxurebiT (6000C) 

Jangbadis areSi: 

 

Ru + O2 → RuO2 

        RuO2 – lurji feris kristaluri nivTierebaa. mcired ixsneba wyalSi. 

        ruTenium(IV)-is hidroqsidi _ Ru(OH)4 _ Savi feris nivTierebaa. mcired 

ixsneba wyalSi. 

        ruTenium(IV)-is qloridi _ RuCl4 _ miiReba RuO4-is  marilmJavaTi 

aRdgenisas: 

 

RuO4 + 8HCl → RuCl4 + 2Cl2 + 4H2O 

RuCl4-ze tute liTonebis qloridebis moqmedebiT miiReba kompleqsuri 

marilebi: Na2[RuCl6], K2[RuCl6]. 
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     ruTenium(V)-is naerTebi aramdgradebia amitom maTi raodenoba Zalian 

mcirea. 

 

 

 

ruTenium(VI)-is naerTebi 

    eqvsvalentiani ruTeniumis naerTebidan aRsaniSnavia K2RuO4, romelic 

miiReba ruTeniumze tute areSi mJangavebis moqmedebiT:Y 

 

Ru + 2KOH + KClO3 → K2RuO4 + KCl + H2O 

K2RuO4 – mwvane feris kristaluri nivTierebaa. 

 

ruTenium(VII)-is naerTebi 

    ruTenium(VII)-is naerTebidan mdgradia KRuO4. misi miReba SeiZleba 

K2RuO4-is daJangviT: 

 

2K2RuO4 + Cl2 → 2KRuO4 + 2KCl 

Warbi raodenobis qloris moqmedebiT sabolood miiReba RuO4: 

2KRuO4 + Cl2 → 2KCl + 2RuO4 

ruTenium(VIII)-is naerTebi 

     ruTenium(VIII)-is oqsidi _ RuO4 _ miiReba 10000C-ze gaxurebul ruTeni-

umze Jangbadis moqmedebiT: 

 

Ru + 2O2 → RuO4 

RuO4_ oqrosferi nivTierebaa. warmoadgens Zlier mJangvels; 

RuO4 + 8HCl → RuCl4 + 2Cl2 + 4H2O 

RuO4 – ixsneba wyalSi.  

     Rrubliseburi ruTeniumi gamoiyeneba katalizatorad mraval qimiur 

procesSi. 

     ruTeniumi ZiriTadad gamoiyeneba Senadnobebis saxiT. ruTeniumi 

warmoqmnis Senadnobebs platinis jgufis TiTqmis yvela liTonTan. 

ruTeniumis Senadnobebi gamoiyeneba warmoebaSi da teqnikis mraval 

sferoSi. 
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osmiumi  

 

bunebaSi gavrceleba 

     bunebaSi osmiumi gvxvdeba platinis jgufis liTonebTan erTad 

poliliTonur madnebSi. osmiumi iridiumTan erTad gvxvdeba mineral 

osmiridiumSi. 

 

miRebis xerxebi 

     platinis jgufis liTonebis Semcveli madnebis damuSavebis Sedegad 

Rebuloben OsO4, romelic aqroladia da advilad gamoixdeba. OsO4-idan 

liTonur osmiums Rebuloben aRmdgenlebis moqmedebiT: 

 

OsO4 + 4H2 → Os + 4H2O 

     osmiums Rebuloben agreTve maRal temperaturaze kaliumis 

heqsaqlorosmatze TuTiis moqmedebiT: 

 

K2[OsCl6] + 2Zn → Os + 2ZnCl2 + 2KCl 

 

fizikur-qimiuri Tvisebebi 

     osmiumi vercxlisferi TeTri, bzinvare liTonia. gamoirCeva didi 

sisaliT da lRobis maRali temperaturiT. platinis jgufis liTonebidan 

osmiumi yvelaze salia. osmiumi myife da Znelad dasamuSavebeli liTonia. 

     osmiumi ruTeniumis msgavsad mdgradia garemosa da qimiuri rea-

gentebis mimarT. oTaxis temperaturaze osmiumi Znelad iJangeba, xolo 

maRal temperaturaze fxvnilisebri osmiumi swrafad reagirebs JangbadTan 

da warmoqmnis OsO4. 

     maRal temperaturaze liTonuri osmiumi moqmedebs halogenebTan, 

gogirdTan, fosforTan, ris Sedegadac miiReba sxvadasxva Sedgenilobis 

halogenidebi, sulfidi, fosfidi da sxv. 

     liTonuri osmiumi mJavebSi da tuteebSi ar ixsneba. 

     qimiur naerTebSi osmiumis JangviTi ricxvi icvleba +2-dan +8-mde. 

amasTan yvelaze mdgradia naerTebi, sadac JangviTi rixvi +4 an +6. 
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osmium(II)-is naerTebi 

     osmium(II)–is naerTebi aramdgradebia. amitom maTi ricxvi mcirea. 

cnobilia OsO-s Savi feris fxvnili. ar ixsneba wyalSi da mJavebSi. 

miiReba osmiumis sulfitis OsSO3 da Na2CO3 narevis gacxelebiT CO2-is 

atmosferoSi. 

     cnobilia osmium(II)-is naerTi qlorTan OsCl2, romelic miiReba dabal 

wnevaze OsCl3 gacxelebiT: 

 

2OsCl3 → 2OsCl2 + Cl2 

osmiumi (II) warmoqmnis kompleqsur naerTebs: K4[Os(CN)6], K4[OsCl6] da sxv. 

   osmium(III)-is Sesabamisi naerTebi Zalian mcirea. cnobilia Os2O3, OsCl3, 

K3[OsCl6]. 

   osmium(III)-is oqsidi _ Os2O3 _ yavisferi, wyalSi uxsnadi fxvnilia. 

   osmium(III)-is qloridi _ OsCl3 _ arsebobs polimeris saxiT (OsCl3)n – 

yavisferi kristaluri nivTierebaa. OsCl3 – ixsneba wyalSi, gaxurebisas 

iSleba Tavisufali qloris gamoyofiT. 

 

 

osmium(IV)-is naerTebi 

     osmiumis naerTebi, sadac JangviTi ricxvia +4, SedarebiT mdgradia, 

amitom maTi raodenoba didia. 

     osmium(IV)-is oqsidi _ OsO2 – miiReba maRal temperaturaze OsO4-is 

orTqlis moqmedebiT liTonur osmiumTan: 

 

OsO4 + Os → 2OsO2 

OsO2 – yavisferi, wyalSi mcired xsnadi fxvnilia. gaxurebisas iSleba. 

    osmium(IV)-is ftoridi _ OsF4 _ miiReba 2800C-ze gaxurebul liTonur 

osmiumze ftoris moqmedebiT: 

 

Os + 2F2 → OsF4 

am dros garda OsF4,  warmoiqmneba sxva Sedgenilobis ftoridebic. 
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     osmium(IV)-is qloridi _ OsCl4 _ miiReba OsO2-ze Zlier 

koncentrirebuli marilmJavas moqmedebiT: 

 

OsO2 + 4HCl → OsCl4 + 2H2O 

OsCl4 wylis moqmedebiT iSleba da kvlav miiReba OsO2 . 2H2O. 

osmium(IV)–is halogenidebi, tute liTonebis halogenidebTan warmoqmnian 

kompleqsur naerTebs: Na2[OsCl6], K2[OsCl6], K2(OsF6) da sxv. 

     analogiurad miiRebian naerTebi bromTan da iodTan. 

     osmium(V)-is naerTebi TiTqmis ar aris cnobili, Tu ar CavTvliT OsF5 

da Na[OsF6],  romlebic aramdgradebia. 

 

osmium(VI)-is naerTebi 

     osmium(VI)-is naerTebidan yvelaze mdgradia osmatebi, 

qloroqsiosmatebi, qlornitroosmatebi. 

     osmatebi miiRebian OsO4-ze aRmdgenelebis moqmedebiT tuteebis Tanao-

bisas: 

OsO4 + 2KOH + KNO2 → K2OsO4 + KNO3 + H2O 

   miRebulia agreTve Semdegi tipis osmatebi: K2[OsO2Cl4], K2[OsO3Cl2] da sxv. 

binaluri naerTebidan cnobilia mxolod OsF6 – moyviTalo-mwvane feris 

aramdgradi nivTiereba, romelic advilad iSleba Tavisufal ftorisa da 

ufro dabali JangviTi ricxvis Sesabamisi osmiumis ftoridebis 

warmoqmniT. 

 

osmium(VIII)-is naerTebi 

     platinis jgufis liTonebidan naerTebi, romlebSic JangviTi ricxvi 

+8, yvelaze metad damaxasiaTebelia osmiumisaTvis. 

     cnobilia osmium(VIII)-is naerTebi, romlebic warmoadgenen Zlier 

mJangvelebs. 

    osmiun(VIII)-is oqsidi _ OsO4 – osmiumis yvelaze mdgradi naerTia. 

miiReba osmiumis fxvnilis wiTel varvarebamde gaxurebiT: 

Os + 2O2 → OsO4 
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O   OsO4-is miReba SeiZleba agreTve osmiumis an misi naerTebis 

azotmJavaTi daJangvisas. 

    OsO4 – yviTeli feris kristaluri nivTierebaa. igi advilad aqroladia. 

qroldeba oTaxis temperaturazec da aqvs damaxasiaTebeli qloris suni. 

OsO4-is orTqli Zlier aRizianebs sasunTq organoebs da Tvalis 

lorwovan garss. 

     OsO4 – ixsneba wyalSi, spirtSi da eTerSi. misi wyalxsnari cnobilia 

osmiumis mJavas saxelwodebiT. tuteebTan warmoqmnis marilebs: 

 

OsO4 + 2KOH → K2[OsO4(OH)2] 

OsO4 – Zlieri mJangavia, magaliTad: 

OsO4 + 8HCl → OsCl4 + 2Cl2 +4H2O 

     liTonuri osmiumis fxvnilis gaxurebiT (2500C) ftoris areSi miiReba 

OsF8, romelSic osmiumi amJRavnebs maqsimalur valentobas: 

Os + 4F2 → OsF8 

        osmium(VIII)-is  ftoridi _ OsF8 – yviTeli feris kristaluri 

nivTierebaa. wyalTan moqmedebisas iSleba 

 

OsF8 + 4H2O → OsO4 + 8HF 

     osmiumis naerTebidan yvelaze didi gamoyeneba aqvs OsO4. mas iyeneben 

rogorc katalizators organul sinTezSi. 

     osmiumis Senadnobebs platinis jgufis liTonebTan iyeneben avto-

kalmebis dasamzadeblad agreTve katalizatorebad. 

 

 

rodiumi 

 

bunebaSi gavrceleba 

     rodiumi bunebaSi gvxvdeba TviTnabadi platinisa da oqros madnebSi 

minarevis saxiT. rodiumi gvxvdeba agreTve poliliTonur madnebSi. 

 

miRebis xerxebi 
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     TviTnabadi platinis madans xsnian `samefo wyalSi~. miRebul xsnars 

aorTqleben, miRebuli myari naSTis gadamuSavebis Sedegad daleqaven 

(NH4)2[Rh(NO3)6]. miRebuli kompleqsuri marilis aRdgeniT Rebuloben 

liTonur rodiums. 

     liTonur rodiums Rebuloben agreTve Rh2O3-is wyalbadiT aRdgenisas: 

Rh2O3 + 3H2 → 3H2 + 2Rh 

 

 

fizikur-qimiuri Tvisebebi 

     liTonuri rodiumi moruxo-TeTri feris bzinvare liTonia. wvrilad 

daqucmacebuli rodiumi moSavo ferisaa. xasiaTdeba maRali sisalis da 

lRobis temperaturiT. 

     qimiurad rodiumi mdgradia Jangbadisa da tenis mimarT. ar ixsneba 

mJavebSi da tuteebSi. 

     maRal temperaturaze (10000C) mJangavebis moqmedebiT warmoqmnis oqsi-

debs Rh2O3 da aramdgrad RhO2. 

     maRal temperaturaze moqmedebs halogenebTan, gogirdTan, fosforTan. 

rodiumi ixsneba `samefo wyalSi~, xolo Jangbadis Tanaobisas H2SO4 da HCl-

Si. 

 

rodiumis naerTebi 

     rodiumi warmoqmnis naerTebs sxvadasxva JangviTi ricxviT, 

romelTagan yvelaze mdgradia rodium(III)-is Sesabamisi naerTebi. 

     cnobilia rodium(II)-is Sesabamisi ramdenime naerTi magaliTad: RhO, 

RhF2, RhCl2, RhBr2, RhI2, RhS. yvela aRniSnuli nivTiereba aramdgradia. 

 

rodium(III)-is naerTebi 

     Rh2O3 miiReba haerze rodiumis gaxurebiT wiTel varvarebamde: 

2Rh + 3O2 → Rh2O3 

    rodium(III)-is oqsidi _ Rh2O3  –   moruxo–Savi feris fxvnilia. wyalSi 

da mJavebSi ar ixsneba. 

Rh (OH)3 – miiReba rodium(III)-is marilebze tuteebis moqmedebiT: 
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RhCl3 + 3NaOH → Rh(OH)3 + 3NaCl 

    rodium(III)-is hidroqsidi _ Rh(OH)3 – yviTeli feris labiseburi 

naleqia. ar ixsneba wyalSi, magram kargad ixsneba mJavebSi: 

 

 2Rh(OH)3 + 3H2SO4 → Rh2 (SO4)3 + 6H2O 

     rodium(III)-is naerTebi halogenebTan miiReba maRal temperaturaze. 

fxvnilisebri rodiumis moqmedebiT halogenebTan: 

 

2Rh + 3F2 → 2RhF3 

2Rh + 3Cl2 → 2RhCl3 

 

analogiurad miiReba naerTebi bromTan da iodTan. 

     rodium(III) warmoqmnis kationuri da anionuri tipis kompleqsur 

naerTebs mag.: Na3[RhCl6]; [Rh(NH3)6]Cl3,  [Rh(NH3)6]Br3 da sxv. 

     rodium(IV)–is naerTebidan cnobilia RhO2.  miiReba rodiumis 

SelRobiT sodasTan da natriumis nitratTan. RhO2 – mura feris fxvnilia. 

ar ixsneba wyalSi da mJavebSi. 

      

     Rrublisebri rodiumi gamoiyeneba katalizatorad. rodiums didi 

amreklavi Tvisebebis gamo iyeneben refleqtorebSi. gamoiyeneba 

kontaqtorebis da saiuveliro sagnebis warmoebaSi, Termowyvilebis da 

avtokalmebis wvetis gasakeTeblad. 

 

 

 

iridiumi 

 

bunebaSi gavrceleba 

      iridiumi  bunebaSi gvxvdeba, rogorc TviTnabadi ise platinis 

jgufis liTonebTan erTad poliliTonur madnebSi. 

 

miRebis xerxebi 
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      iridiumis Semcveli madnebis damuSavebis Sedegad Rebuloben 

Na2[IrCl6], romlis Termuli daSlisas miiReba liTonuri iridiumi: 

 

Na2[IrCl6] →  Ir  +  2Cl2  +  2NaCl 

 

fizikur-qimiuri Tvisebebi 

     liTonuri iridiumi _ moruxo-TeTri feris liTonia, xasiaTdeba didi 

sisaliTa da lRobis maRali temperaturiT. iridiumi myife liTonia, 

amitom advilia misi fxvnilisebur mdgomareobaSi gadayvana. 

     Cveulebriv pirobebSi iridiumi qimiurad Zlier mdgradi loTonia. 

JangbadTan da sxva araliTonebTan urTierTqmedebs mxolod wiTeli 

varvarebis pirobebSi: 

Ir  +  O2 →  IrO2 

     iridiumi ar ixsneba mJavebSi, tuteebSi da arc `samefo wyalSi~. 

Ffxvniliseburi iridiumi STanTqavs wyalbads. 

 

iridiumis naerTebi 

     iridiumi warmoqmnis naerTebs sxvadasxva JangviTi ricxviT, 

romelTagan mdgradia naerTebi, sadac JangviTi ricxvi tolia +3 da +4. 

     iridium(II)-is naerTebidan cnobilia halogenidebi, ramdenime komple-

qsuri  marili. 

    iridium(II)-is qloridi _ IrCl2 – miiReba iridiumis fxvnilis qloris 

areSi gaxurebisas: 

Ir  +  Cl2  →  IrCl2 

misi miReba SeiZleba agreTve IrCl3 6000C-ze ufro maRal temperaturaze 

gaxurebiT: 

 

2IrCl3  →  2IrCl2  +  Cl2 

   IrCl2 – mwvane feris kristaluri nivTierebaa. ufro maRal temperaturaze 

gaxurebisas iSleba martiv nivTierebebad: 

 

IrCl2  →  Ir  +  Cl2 

cnobilia  iridium(II)-is  kompleqsuri marilebi, magaliTad: 
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K4[Ir(CN)6], K4[IrCl6] da sxva. 

 

iridium(III)-is naerTebi 

    iridium(III)-is naerTebi  SedarebiT mdgradia. 

    iridium(III)-is oqsidi _ Ir2O3 _ miiReba  iridium(III)-is sulfidis 

dawviT: 

2Ir2S3   +  9O2  →  2Ir2O3  +  6SO2 

misi miReba SeiZleba agreTve K3[IrCl6]-ze tuteebis an tute liTonebis 

karbonatebis moqmedebiT: 

 

2K3[IrCl6 ]  +  6KOH   →  Ir2O3   +  12KCl  +  3H2O 

am dros warmoiqmneba  Ir2O3–is hidratirebuli forma. TuDdaleqva xdeba 

ganzavebuli  KOH-is moqmedebiT,  Ir2O3 aris mwvane feris, xolo Tu konce-

ntrirebuli KOH-iT Savi feris. 

     iridium(III)-is qloridi _ IrCl3 - miiReba 6000C –mde gaxurebul 

fxvnilisebr iridiumze qloris moqmedebiT: 

 

2Ir   +  3Cl2   →   2IrCl3 

IrCl3 –mwvane ferisaa. oTaxis temperaturazec ki aqroladia. wyalsa da 

mJavebSi mcired xsnadia. 

     iridium(III)-is bromidi _  IrBr3  - miiReba  Ir2O3 –ze bromwyalbadmJavas 

moqmedebiT: 

 

                                                     Ir2O3  +  6HBr   →  2IrBr3 +  3H2O 

IrCl3 –is xsnarSi H2S –is gatarebiT miiReba Ir2S3                

2IrCl3 + 3H2S  →  Ir2S3  +  6HCl 

   iridium(III)-is sulfidi _ Ir2S3 –yavisferi, myari nivTierebaa. 10000C-ze 

gaxurebisas iSleba martiv nivTierebebad 

 

Ir2S3 →  2Ir  +  3S 

iridium(IV)-is naerTebi 
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    iridiumis fxvnilis gaxurebiT wiTel varvarebamde haeris an Jangbadis 

areSi warmoiqmneba IrO2 

Ir  + O2  →  IrO2 

an K2[IrCl6] da Na2CO3-is narevis gaxurebiT 

 

K2[IrCl6]  +   2Na2CO3 → IrO2 +  2KCl  +  4NaCl   + 2CO2 

    iridium(IV)-is oqsidi _  IrO2 – Savi feris kristaluri nivTierebaa. 

Zlieri gaxurebisas iSleba martiv nivTierebebad 

 

IrO2  →  Ir  +  O2  

        iridium(IV)-is hidroqsidi _ Ir(OH)4 _ miiReba natriumis 

heqsaqloriridatis (III). Na3[IrCl6] xsnarze natriumis tutis moqmedebiT 

Jangbadis Tanaobisas 

    iridium(IV)-is ftoridi _  IrF4 – miiReba, IrF6 da iridiumis fxvnilis 

gaxurebiT  

2IrF6  +  Ir →  3IrF4 

IrF4 wyalxsnarSi ganicdis hidrolizs 

IrF4 + 4H2O  →  Ir(OH)4  + 4HF 

    iridium(IV)-is qloridi _  IrCl4 – miiReba iridiumze qloris moqmedebiT 

6000C maRali wnevis qveS  

Ir  + 2Cl2 →  IrCl4 

    iridium(IV)-is bromidi _ IrBr4 – miiReba IrO2-ze bromwyalbadmJavas 

moqmedebiT 

IrO2 +  4HBr  →  IrBr4  +  2H2O 

IrBr4 wyalSi IrF4-is analogiurad ganicdis hidrolizs. 

     iridium(IV)-is sulfidi _ IrS2 – miiReba gogirdisa da fxvniliseburi 

iridiumis gaxurebiT 

Ir  +  2S  →   IrS2 

     iridium(IV) warmoqmnis kompleqsur naerTebs, magaliTad NaCl an KCl da 

iridiumis fxvnilis qloris areSi gaxurebisas miiReba Na2[IrCl6] 
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Ir  + 2NaCl +  2Cl2  →  Na2[IrCl6] 

 

iridium(VI)-is naerTebi 

     eqvsvalentiani iridiumis naerTebi Zalian mcire raodenobiT aris 

cnobili. cnobilia IrF6, romelic miiReba ftoris areSi iridiumis 

fxvnilis gaxurebiT fluoritis milSi 

Ir  +  3F2  →  IrF6 

     warmoiqmneba muqi feris masa, romelic lRveba +440C-ze. ufro maRal 

temperaturaze. gaxurebisas iSleba IrF4 da F2 

 

IrF6   →  IrF4   +  F2 

      iridium(VI)-is ftoridi _ IrF6 – yviTeli feris kristaluri nivTierebaa. 

     cnobilia iridiumis Senadnobebi platinis jgufis liTonebTan, 

romlebic did gamoyenebas pouloben teqnikasa da mrewvelobis mraval 

dargSi. gamoiyeneba qimiuri aparaturis da sazomi etalonebis 

dasamzadeblad. 

     fxvnilisebri iridiumi gamoiyeneba katalizatorad. 

 

paladiumi 

 

bunebaSi  gavrceleba 

     paladiumi bunebaSi gvxvdeba platinis jgufis liTonebTan erTad 

poliliTonur madnebSi.  

     igi gvxvdeba agreTve TviTnabadi paladiumis saxiT. 

 

miRebis xerxebi 

 

      madnebidan liTonuri paladiumis miReba sakmarisad rTuli procesia. 

paladiumis Semcveli madnebis damuSavebis Sedegad miRebuli naerTebidan 

liTonur paladiums Rebuloben maTi Termuli daSliT an aRmdgenlebis 

moqmedebiT. 

 

fizikur-qimiuri Tvisebebi 
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      liTonuri paladiumi moruxo-TeTri bzinvare liTonia. wvrilad 

dawiladebuli paladiumi monacrisfro Savi ferisaa. xasiaTdeba maRali 

lRobis temperaturiT da sisaliT. paladiumis jgufis sxva liTonebTan 

SedarebiT paladiumis meqanikuri damuSaveba ufro advilia. 

     liTonuri paladiumisaTvis damaxasiaTebelia wyalbadis (da sxva 

airebis – CO, O2) gansakuTrebiT didi raodenobiT STanTqmis unari. 

     platinis jgufis sxva liTonebTan SedarebiT paladiumi qimiurad 

ufro aqtiuri liTonia, magram reaqciaSi isic mxolod maRal tempe-

raturaze Sedis. 

     maRal temperaturaze paladiumi reaqciaSi Sedis halogenebTan 

 

Pd  +  F2  →   PdF2 

Pd   +   Cl2   →   PdCl2 

 

analogiurad urTierTqmedebs bromTan, iodTan. 

     maRal temperaturaze warmoqmnis naerTs gogirdTan 

 

Pd   +   S   →   PdS 

 

     galRobil paladiumze moqmedeben tute liTonebis mJangavi naerTebi 

 

Pd   +   Na2O2 →   PdO   +   Na2O 

3Pd   +   6K2S2O7   →  3PdSO4   +   6K2SO4   +   3SO2 

 

     paladiumisaTvis damaxasiaTebelia qimiuri naerTebi sadac, misi 

JangviTi ricxvi tolia +2 an +4. amaTgan ufro mdgradia naerTebi, sadac 

JangviTi ricxvi tolia +2. 

 

paladium(II)-is naerTebi 

 

     paladium(II)-is oqsidi – PdO _ miiReba gavarvarebul paladiumze 

Jangbadis an haeris moqmedebiT  
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2Pd   +   O2  →  2PdO 

 

     ufro maRal temperaturaze gaxurebisas PdO iSleba martiv nivTiere-

bebad 

 

2PdO  →  2Pd  +   O2  

 

igi miiReba agreTve paladium(II)-is nitratis gaxurebiT 

 

2Pd(NO3)2   →   2PdO   +   4NO2   +   O2 

 

PdO-Savi feris fxvnilisebri nivTierebaa. ar ixsneba Zlier mJavebSi da 

`samefo wyalSi~. 

     paladium(II)-is hidroqsidi _ Pd(OH)2 _ miiReba paladium(II)-is 

nitratis hidroliziT an orvalentiani paladiumis marilebis tuteebiT 

damuSavebisas 

 

PdCl2   +   2NaOH   →   Pd(OH)2   +   2NaCl 

 

Pd(OH)2 – mura feris nivTierebaa, ixsneba mJavebSi. 

Pd(OH)2 – arsebobs hidratirebuli formiT. gaxurebisas xdeba misi 

TandaTanobiT gauwyloveba. am dros igi Rebulobs Sav Seferilobas da 

xdeba mJavebSi uxsnadi. 

     Pd(II)-is Sesabamisi marilebi miiReba maRal temperaturaze liTonur 

paladiumze araliTonebis moqmedebiT 

 

Pd  +   Cl2  →  PdCl2 

 

 an paladiumis gaxsniT koncentrirebul mJavebSi  

 

Pd   +   4HNO3  →   Pd(NO3)2   +  2NO2   +   2H2O 

 



  

146 
 

paladiumis gaxsniT cxel koncentrirebul gogirdmJavaSi  

 

Pd   +   2H2SO4   →   PdSO4   +   SO2   +   2H2O 

 

paladiumze marilmJavas moqmedebiT, qloris Tanaobisas warmoiqmneba 

H2[PdCl4] – tetraqlorpaladiummJava. 

     paladiumi (II) warmoqmnis, rogorc kationuri, ise anionuri tipis 

kompleqsur naerTebs: K2[Pd(CN)4],   K2[PdCl4], [Pd(NH3)4]Cl2, [Pd(NH3)4](NO3)2 da 

sxva. 

 

    paladium(III)-is naerTebidan cnobilia PdF3, Pd2O3, H2[ PdCl5], Cs2[PdCl5]. 

       paladium(III)-is ftoridi _ PdF3 _ miiReba PdF2-ze ftoris moqmedebiT 

2000C 

2PdF2   +   F2   →   2PdF3 

 

     PdF3 – Savi feris fxvnilia. PdF3 ufro mdgradia vidre PdF2. 

   

paladium(IV)-is naerTebi 

    oTxvalentiani paladiumis martivi marilebi Tavisufali saxiT 

cnobili ar aris. Ppaladium(IV)-is naerTebidan cnobilia PdO2 . 2H2O  da 

kompleqsuri marilebi. 

    PdO2 . 2H2O  miiReba K4[PdCl6]-ze tuteebis moqmedebiT 

 

K2[PdCl6]   +   4KOH   →   PdO2 . 2H2O   +   6KCl 

 

        PdO2 . 2H2O – wyalSi uxsnadi wiTeli feris nivTierebaa. ixsneba 

ganzavebul mJavebSi da tuteTa koncentrirebul xsnarebSi. 

     paladium(IV) warmoqmnis mxolod anionuri tipis kompleqsebs, 

magaliTad: K2[PdCl6], romelic miiReba liTonuri paladiumis gaxsniT 

`samefo wyalSi~ KCl-is Tanaobisas an K2[PdCl4]-ze qloris moqmedebiT 

 

K2[PdCl4]   +   Cl2   →   K2[PdCl6] 
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K2[PdCl6] wyalxsnarSi iSleba qloris gamoyofiT 

 

K2[PdCl6]   →   K2[PdCl4]   +   Cl2 

     paladiumi mraval liTonTan warmoqmnis Senadnobebs. paladiumi da 

misi Senadnobebi gamoiyeneba eleqtrokontaqtorebis, Termoelementebis 

dasamzadeblad. paladiumis Senadnobebi gamoiyeneba liTonebis 

dekoratiuli dafarvisaTvis, stomatologiaSi, qirurgiuli xelsawyoebis 

da saiuveliro nakeTobebis warmoebaSi. 

    fxvniliseburi an Rrubliseburi paladiumi gamoiyeneba kataliza-

torad. 

 

 

platina  

 

bunebaSi gavrceleba 

 

     platina bunebaSi gvxvdeba oqros msgavsad granulebis an TviTnabadi 

platinis saxiT. platina gvxvdeba agreTve poliliTonur madnebSi. 

 

miRebis xerxebi 

 

      platinas Rebuloben madnebis hidrometalurgiuli damuSavebiT. 

gasufTavebis mizniT nedl platinas gaxsnian `samefo wyalSi~. miRebuli 

xsnaridan amoniumis qloridis moqmedebiT Rebuloben (NH4)2[PtCl6],  xolo 

miRebuli marilis Termuli daSliTYRebuloben 99%-is Semcvel liTonur 

platinas. 

 

 

fizikur-qimiuri Tvisebebi 

 

      platina Tavisufal mdgomareobaSi moruxo TeTri liTonia. 

fxvnilisebur mdgomareobaSi Rebulobs Sav fers, xolo koloiduri 

platina wiTeli ferisaa. 
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     platina ZneladlRobadi, sakmarisad sali liTonia. platina, gansaku-

TrebiT Rrublisebr mdgomareobaSi, STanTqavs didi raodenobiT wyalbads.  

qimiuri TvisebebiT platina, misi jgufis liTonebidan yvelaze nakleb 

aqtiuri liTonia. mdgradia garemos da mTeli rigi aqtiuri qimiuri 

reagentebis mimarT. 

     platina warmoqmnis naerTebs, sadac JangviTi ricxvi ZiriTadad 

tolia +2 an +4. cnobilia erTvalentiani platinis naerTi (PtCl),  

samvalentiani (kompleqsuri) da eqvsvalentiani (PtF6, PtO3); yvela es 

naerTebi aramdgradebi da naklebad mniSvnelovania. platinas aqvs 

mkveTrad gamoxatuli kompleqswarmoqmnis unari. xsnarebSi platinis 

naerTebi arseboben ZiriTadad kompleqsuri naerTebis saxiT. 

 

platina(II)-is naerTebi 

 

     cnobilia platinis mravali naerTi, sadac misi JangviTi ricxvia +2. 

     platina(II)-is oqsidi _ PtO _ miiReba wvrilad dawiladebuli an 

Rrubliseburi platinis gaxurebiT (4500C) Jangbadis areSi 

 

2Pt  +  O2  →  2PtO 

 

  misi miReba SeiZleba agreTve maRal temperaturaze Pt(OH)2-is daSliT 

 

Pt(OH)2  →  PtO  +  H2O 

 

PtO – Savi feris fxvnilia. gaxurebisas advilad iJangeba da gadadis  PtO2 

 

2PtO  →   PtO2   +   Pt 

 

ufro maRal temperaturaze gaxurebisas (5000C) iSleba martiv nivTiere-

bebad 

 

2PtO   →   2Pt   +  O2 
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    platina(II)-is hidroqsidi _ Pt(OH)2 – miiReba, platina(II)-is marilebis 

tuteebiT damuSavebisas 

 

PtCl2   +  2NaOH   →   Pt(OH)2  +  2NaCl 

an                      

K2[PtCl4]   +   2KOH   →   Pt(OH)2   + 4KCl 

 

        Pt(OH)2 –wyalSi mcired xsnadi Savi feris fxvnilia, ixsneba koncentri-

rebul mJavebSi 

 

Pt(OH)2   +   4HCl   →   H2[PtCl4]   +   2H2O 

 

warmoiqmneba –  H2[PtCl4] tetraqlorplatinis mJava. 

     platina(II) halogenebTan warmoqmnis naerTebs: PtF2, PtCl2, PtBr2 da PtI2. 

          PtF2 da PtCl2 miiReba platinis mavTulis gaxurebiT (6000C) ftoris an 

qloris areSi: 

Pt  +  F2 →   PtF2 

        Pt   + Cl2  →  PtCl2→  

P 

PtF2 da PrCl2 ufro maRal temperaturaze gaxurebiT iSlebian martiv 

nivTierebebad. 

     PtCl2 – miiReba agreTve H2[PtCl4]-is gacxelebiT 2400-mde: 

 

H2[PtCl4]   →  PtCl2   +   2HCl 

 

        platina(II)-is qloridi _ PtCl2 – muqi mwvane feris nivTierebaa, mcired 

ixsneba wyalSi. ganzavebul marilmJavaSi gaxsniT kvlav warmoiqmneba 

tetraqlorplatinmJava 

 

PtCl2   +   2HCl  →   H2[ PtCl4] 

 

   platina(II)-is bromidi _ PtBr2 – miiReba PtBr4-is gaxurebiT (2000C)-mde 
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PtBr4  →   PtBr2   +   Br2 

 

       platina(II)-is bromidi  PtCl2-is analogiurad ixsneba HBr-Si 

 

PtBr2   +  2HBr  →   H2[PtBr4] 

 

    platina(II)-is sulfidi _ PtS – miiReba fxvnilisebr platinaze 

galRobili gogirdis moqmedebiT an kaliumis  tetraqlorplatinatis 

xsnarSi gogirdwyalbadis gatarebiT 

 

K2[PtCl4]   +   H2S   →   PtS  +  2KCl   +   2HCl 

 

        PtS – muqi mwvane feris kristalebia. ar ixsneba wyalSi da mJavebSi. 

    platina (II) warmoqmnis mTel rig kompleqsur naerTebs, sadac platina 

Sedis rogorc anionis, ise kationis SemadgenlobaSi. 

     platina(II)-is kompleqsuri naerTebi SeiZleba ganvixiloT, rogorc 

H2[PtCl4]–is marilebi. platina(II)-is kompleqsuri naerTebidan cnobilia: 

K2[PtCl4], (NH4)2 [PtCl4], K2[Pt(CN)4], [Pt(NH3)4]Cl2, [Pt(NH3)2Cl2] da sxva. 

     platina (III)-is naerTebi cnobilia Zalian mcire raodenobiT. mag.  

Pt2O3 . nH2O, PtCl3, PtBr3, Pt2S3. am tipis yvela naerTi aramdgradia. 

 

platina(IV)-is naerTebi 

     platinis Jangbadovani naerTebidan yvelaze mdgradia platina(IV)-is 

oqsidi PtO2 . 3H2O. 

         platina(IV)-is oqsidi _ PtO2 . 3H2O – wyalSi mcired xsnadi yviTeli 

fxvnilia. miiReba PtCl4-is wyalxsnaris tuteebTan duRiliT 

 

PtCl4  +   4NaOH  →   PtO2   +   4NaCl  +   2H2O 

 

an heqsaqlorplatina (IV) mJavis SelRobiT kaliumis nitratTan. 

     PtO2–is gaxsniT marilmJavaSi warmoiqmneba H4[PtCl6] – heqsaqlorplatin 

mJava 
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PtO2   +   6HCl   →   H2[PtCl6]   +   2H2O 

 

gamoiyofa – H2[PtCl6] . 6H2O  saxiT. 

         PtO2-s axasiaTebs susti amfoteruli, Tvisebebi moqmedebs tuteebTan. 

kaliumis tutesTan SelRobisas warmoqmnis K2[Pt(OH)6] 

        H2[PtCl6] miiReba agreTve liTonuri platinis gaxsniT `samefo wyalSi~ 

 

3Pt  +  4HNO3  +  18HCl  → 3H2[PtCl6]  +  4NO  +  8H2O 

 

     cnobilia platina(IV)-is naerTebi halogenebTan.  

     platina(IV)-is ftoridi _  PtF4 – miiReba gavarvarebul platinaze 

ftoris moqmedebiT, wiTeli feris kristalebis sa-xiT: 

 

Pt   +   2F2   →   PtF4 

 

        platina(IV)-is qloridi _  PtCl4 - miiReba PtF4-is analogiurad an 

heqsaqlorplatina (IV) mJavas gacxelebiT: 

 

H2[PtCl6]   →   PtCl4   +  2HCl 

 

        PtCl4 – wyalSi xsnadi mowiTalo-mura feris kristaluri nivTierebaa. 

wyalxsnarSi arsebobs kompleqsuri mJavas saxiT – H2[PtCl4(OH)2]. PtCl4 – 

ixsneba marilmJavaSi da warmoqmnis heqsaqlorplatina (IV) mJavas 

 

PtCl4   +   2HCl   →   H2[PtCl6] . 6H2O 

 

H2[PtCl6] . 6H2O – mowiTalo mura feris kristalebia. cnobilia PtBr4, 

romelic miiReba heqsabromplatina (IV) – mJavas gacxelebiT 

 

H2[PtBr6]   →   PtBr4   +   2HBr 

 

    platina(IV)-is bromidi _  PrBr4 – yavisferi nivTierebaa. 
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     platina(IV)-is iodidi _  PtI4 – miiReba maRal temperaturaze platinis 

fxvnilis moqmedebiT iodTan 

 

Pt  +  2I2  →  PtI4 

 

an H2[PtCl6]-ze kaliumis iodidis cxeli xsnaris moqmedebiT. 

        PtI4 – ixsneba KI-is xsnarSi da warmoqmnis  K2[PtI6] 

 

PtI4   +   2KI  →   K2[PtI6] 

 

          platina(IV)-is sulfidi _ PtS2  _ miiReba PtCl4-is an heqsaqlorplatin 

(IV) mJavas xsnarSi gogirdwyalbadis gatarebiT 

 

PtCl4   +   2H2S →   PtS2   +   4HCl 

 

     platina (IV) warmoqmnis mravalricxovan kompleqsebs. magaliTad: 

K2[PtCl6]. 6H2O, (NH4)2[PtCl6], [Pt(NH3)6]Cl4 da sxva. 

     platina(VI)-is naerTebi mcire raodenobiTaa cnobili. am tipis naerTe-

bidan cnobilia 3PtO3 . H2O da PtF6. 

 

     platina da misi Senadnobebi gamoiyeneba qimiuri aparaturis, 

eleqtroRumelebis gamTbobi elementebis, temperaturis gamzomi 

xelsawyoebis, eleqtrokontaqtorebis, rentgenis milakebis da saiuveliro 

nakeTobebis warmoebaSi. 

     platina gamoiyeneba katalizatorad mraval qimiur procesSi. 

P  

 

platinis jgufis elementebis biologiuri roli 

 

    rkinis triadis da platinis jgufis elementebi biologiuri 

aqtiuriobiT mkveTrad gansxvavdebian erTmaneTisagan. Tu rkina 

biologiurad aqtiuri elementia, platinis jgufis elementebis 

biologiur aqtiurobaze msjeloba SedarebiT Znelia, radgan am 
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mimarTulebiT mxolod mcire monacemebi arsebobs. ukanasknel xanebSi 

Catarebulma mravalricxovanma gamokvlevebma gviCvenes erTis mxriv, 

platinis jgufis elementebis toqsikuroba da meores mxriv, maTi 

koordinaciuli naerTebis onkologiur daavadebTa samkurnalod 

gamoyenebis perspeqtiuloba.  

    ruTeniumi da osmiumi, aseve rodiumi da iridiumi, ar warmoadgenen 

biologiurad aqtiur elementebs, rac gamowveulia maTi qimiuri 

pasiurobiT.  

    paladiumis da platinis homo- da heterogenuli naerTebis inertuloba 

aseve ganapirobebs maT biologiur pasiurobas.  

    1969 wels aRmoCenil iqna platinis zogierTi koordinaciuli naerTis 

simsivnis samkurnalo Tvisebebi. maRali simsivnis samkurnalo TvisebebiT 

xasiaTdeba cis_diqlorodiaminoplatina(II), maSin rodesac trans-

diqlorodiaminoplatinas (II) samkurnalo Tvisebebi saerTod ar gaaCnia. am 

preparatis samkurnalod farTo masStabiT gamoyenebas xels uSlis misi 

toqsikuroba, amitom mecnierebi cdiloben samkurnalod platinis iseTi 

naerTebis gamoyenebas, romlebic naklebad toqsikurebia. am mxriv yvelaze 

saukeTesoa cikloplatami. igi warmoadgens s-maltoamin(ciklopentinamil) 

platina(II)-s. cikloplatami gamoiyeneba filtvis, kuWis, saSvilosnos da 

saSvilosnos yelis kibos samkurnalod. cikloplatami ar aris toqsikuri 

da xasiaTdeba efeqturi samkurnalo TvisebebiT. 

  paladiumis naerTebsac aqvT samkurnalo gamoyenebis perspeqtiva. ukve 

miRebulia paladiumis samkurnalo preparati, romelic gamoiyeneba 

onkologiaSi da radiologiaSi. miRebulia paladiumis  kompleqsuri 

naerTi turinTan (β-aminosulfomJava), romelsac aqvs antiariTmiuli 

Tvisebebi da amave dros toqsikuri ar aris.  
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Tavi VIII 

 

 

I jgufis Tanauri qvejgufis elementebi 

 

     d.i.mendeleevis elementTa perioduli sistemis pirveli jgufis 

d_elementebia: spilenZi, vercxli da oqro. 

 

elementi Aatomuri 

masa 

Aatomis 

eleqtronuli 

konfiguracia 

Eeleqtro-

uaryofiToba 

JangviTi 

ricxvi 

Cu 65,546 3s23p63d10 4s1 1,75 +1, +2, (+3) 

Ag 107,8682 4s24p64d10 5s1 1,42 +1, +2, (+3) 

Au 196,96654 4s24p64d104f145s25p65d10 

6s1 

1,42 +1, +3, (+5) 

 

     rogorc eleqtronuli formulebidan Cans, maT gare savalento ns-

qvedoneze aqvT TiTo eleqtroni, riTac isini emsgavsebian Sesabamisi 

jgufis s-elementebs. Ppirveli jgufis s-elementebisgan gansxvavebiT 

spilenZis qvejgufis elementebs aqvT eleqtronebi (n-1)d_qvedoneze. 

atomuri nomris Sesabamisad mocemuli elementis atomebs (n-1)d 

mdgomareobaSi unda hqondeT cxra_cxra eleqtroni, magram d10-

konfiguraciis mdgradobis gamo energetikulad ufro xelsayrelia ns-

eleqtronis gadasvla (n-1) mdgomareobaSi. Aaqedan gamomdinare, spilenZs, 

vercxlsa da oqros ns-qvedoneze aqvT TiTo eleqtroni, xolo (n-1)d-

qvedoneze aT_aTi eleqtroni. miuxedavad imisa, rom (n-1)d qvedoneze 

spilenZis, vercxlis da oqros atomebs aqvT dasrulebuli d10-qvedone, igi 

mainc ar aris stabiluri, radgan (n-1)d qvedonis Sevseba xdeba ns-

eleqtronis gadasvliT, romelic ar aris myarad lokalizebuli mocemul 

qvedoneze. Aamitom garkveul pirobebSi maT SeiZleba mowydes eleqtroni 

gare Sris s- eleqtronTan erTad. aqedan gamomdinare, mocemul elementebs 
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SeuZlia gamoamJRavnon JangviTi ricxvi +1 dan +3-mde. spilenZisaTvis ufro 

metad damaxasiaTebelia JangviTi ricxvi +2, vercxlisaTvis +1, xolo 

oqrosTvis +3. 

   atomebis gansxvavebuli aRnagobidan gamomdinare pirveli jgufis 

d_elementebis qimiuri Tvisebebi mkveTrad gansxvavdebian amave jgufis s- 

elementebisgan. spilenZi, vercxli da oqro Znelad warmoqmnian dadebiT 

ionebs, maSin rodesac tute liTonebi advilad gascemen eleqtronebs da 

imuxtebian dadebiTad. aRniSnuli d_elementebi Znelad an Zalian Znelad 

ierTeben Jangbads, maSin rodesac tute liTonebi advilad ierTeben 

Jangbads da iJangebian. 

    pirveli jgufis s da d elementebs Soris mkveTri gansxvaveba SeiZleba 

aixsnas imiT, rom d elementebis atomebis da ionebis radiusebi ufro 

mcirea, vidre s  elementebis. amis gamo spilenZi, vercxli da oqro 

xasiaTdebian didi simkvriviT, maRali duRilis da dnobis temperaturaT. 

spilenZis qvejgufis elementebs aqvT unari warmoqmnan rogorc kaTionuri, 

ise anionuri tipis koordinaciuli naerTebi, maSin rodesac tute 

liTonebi koordinaciul naerTebs TiTqmis ar warmoqmnian. 

 

 

spilenZi    
 

bunebaSi gavrceleba  

 

   spilenZi bunebaSi gvxvdeba rogorc Tavisufali, ise naerTebis saxiT. 

   Tavisufali spilenZi ZiriTadad polimetalur madnebSi gvxvdeba. 

saqarTveloaSi aseTi sabadoa _ madneulis sabado, romelic 0,2_1,2% 

spilenZs Seicavs. 

    spilenZis bunebrivi naerTebidan mniSvnelovania:  

qalkozini _Cu2S,  

qalkopiriti _ CuFeS2,  

kupriti _ Cu2O,  

malaqiti _ CuCO3·Cu(OH)2,  

azuriti _ 2CuCO3·Cu(OH)2    da sxva. 
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miRebis xerxebi 

 

   JangbadSemcveli madnebidan spilenZs Rebuloben Cveulebrivi xerxiT, 

kerZod Jangbadovan naerTebs aRadgenen naxSiriT (koqsiT): 

 

2Cu2O  +  C  →  4Cu  +  CO2 

 

     madnebidan spilenZs Rebuloben konversiuli meTodiT. Rarib madnebs 

jer amdidreben ZiriTadad flotaciuri xerxiT. Semdeg damuSavebas 

axdenen konvertorSi. konvertorSi galRobil madans amateben kvarcis 

qviSas da gverdidan Caberen haers, madanSi arsebuli FeS iJangeba da 

warmoqmnis FeO, romelic silikaturi widis saxiT scildeba madans 

 

2FeS  +  3O2  →  2FeO  +  2SO2 

2FeO  +  2SiO2  →  2FeSiO3 

 

spilenZi aRdgeba Tavisufali saxiT 

 

2Cu2S  +  3O2  → 2Cu2O  +  2SO2 

2Cu2S  +  Cu2O →  6Cu  +  2SO2 

 

   galRobili spilenZi grovdeba konvertoris qveda nawilSi. Aam dros 

miiReba e.w. „Savi spilenZi“ romlis rafinirebiT Rebuloben 99,5_99,8% 

spilenZs. 

   spilenZis miReba SeiZleba agreTve galRobili spilenZis marilebis an 

wyalxsnarebis eleqtroliziT. 

 

fizikur_qimiuri Tvisebebi 

 

   liTonuri spilenZi damaxasiaTebeli mowiTalo feris mZime liTonia, 

plastikuria, advilad iweleba. xasiaTdeba maRali siTbo da 
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eleqtrogamtarobiT. spilenZi qimiurad araaqtiuri liTonia amitom 

koroziis mimarT mdgradia. 

   spilenZi oTaxis temperaturaze Jangbads ar uerTdeba, magram tenian 

garemoSi urTierTqmedebs CO2 –Tan da warmoqmnis momwvano feris fuZe 

karbonats CuCO3•Cu(OH)2. 

          haerze an JangbadTan gaxurebisas spilenZi iJangeba: 

 

2Cu  +  O2  →  2CuO 

 

da warmoqmnis Savi feris CuO-s, xolo ufro maRal temperaturaze 

mowiTalo agurisfer Cu2O. 

     spilenZi dabal temperaturazec ki uerTdeba qlors (tenis Tanaobisas) 

da sxva halogenebs 

 

Cu  +  Cl2  →  CuCl2 

 

   maRal temperaturaze igi advilad urTierTqmedebs gogirdTan, 

selenTan. uSualod ar urTierTqmedebs azotTan, wyalbadTan, 

naxSirbadTan, magram arapirdapiri gziT maTTan warmoqmnis naerTebs. 

   liTonTa aqtivobis mwkrivSi spilenZi aris wyalbadis Semdeg. amitom 

igi mJavebidan wyalbads ver gamoaZevebs. maRal temperaturaze spilenZi 

moqmedebs halogenwyalbadmJavebTan Jangbadis Tanaobisas 

 

2Cu  +  4HCl  +  O2  →  2CuCl2  +  2H2O 

 

   spilenZi ixsneba koncentrirebul gogirdmJavaSi 

 

Cu  +  2H2SO4 (konc)  →  CuSO4  +  SO2  +  2H2O 

 

igi ixsneba rogorc ganzavebul, ise koncentrirebul azotmJavaSi 

 

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

Cu  +  4HNO3 (konc)  →  Cu(NO3)2  +  2NO2  +  2H2O 
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spilenZis naerTebi 

 

   cnobilia naerTebi, romlebSic spilenZis JangviTi ricxvi SeiZleba 

iyos +1, +2 da +3. spilenZis naerTebidan ufro mdgradia naerTebi 

romelSic spilenZis JangviTi ricxvi tolia +2. 

 

spilenZ(I)-is naerTebi 

 

   spilenZ(I)-is oqsidi (spilenZis qveoqsidi) _ Cu2O _ mowiTalo 

agurisferi myari nivTierebaa. miiReba spilenZ(II)-is marilze tuteebis 

moqmedebiT aRmdgenelebis (hidroqsilamini, hidrazini, glukoza) 

Tanaobisas. Aam dros jer warmoiqmneba yviTeli feris CuOH,  romelic 

advilad iSleba da gamoiyofa agurisferi naleqi _ Cu2O. 

      Cu2O _ wyalSi uxsnadia, magram ixsneba amiakis wyalxsnarSi da 

warmoqmnis mdgrad kompleqsebs: 

 

Cu2O  +  4NH3  +  H2O  →  2[Cu(NH3)4](OH) 

 

     igi urTierTqmedebs koncentrirebul marilmJavasTan da warmoqmnis 

kompleqss H[CuCl2]. Oorive kompleqsuri nivTiereba uferoa. 

   maRal temperaturaze aRmdgenelebis moqmedebiT advilad aRdgeba 

Tavisufal spilenZamde 

 

Cu2O  +  H2  →  2Cu  +  H2O 

 

    1025°C-ze Cu2O iJangeba da warmoqmnis CuO, xolo ufro maRal 

temperaturaze iSleba 

 

2Cu2O  +  O2  →  4CuO 

2Cu2O  →  4Cu  +  O2 

 

   spilenZ(I)-is hidroqsidi _ CuOH _ yviTeli feris wyalSi uxsnadi myari 

nivTierebaa. 
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   cnobilia spilenZ(I)-is Sesabamisi marilebi. mag., CuCl, CuBr, CuCN, Cu2S, 

Cu2SO4. spilenZ(I)-is marilebi wyalSi uxsnadia, aramdgradebia 

gansakuTrebiT Jangbadovani mJavas marilebi. SedarebiT mdgradia maTi 

Sesabamisi kompleqsuri marilebi. mag., Na[CuCl2], K3[Cu(CN)4], [Cu(NH3)2]2SO4 da 

sxva. 

 

 

spilenZ(II)-is naerTebi 

 

   spilenZ(II)-is oqsidi _ CuO _ Savi feris wyalSi uxsnadi nivTierebaa. 

gvxvdeba bunebaSi.  

   laboratoriaSi miiReba liTonuri spilenZis gaxurebiT an 800°C-ze 

Cu(OH)2 daSliT 

 

2Cu  +  O2  →  2CuO 

Cu(OH)2  →  CuO  +  H2O 

 

aRmdgenelebis moqmedebiT   CuO  advilad aRdgeba liTonur spilenZamde 

 

CuO  +  H2  →  Cu  +  H2O 

 

spilenZ(II)-is marilebze tuteebis moqmedebiT miiReba Cu(OH)2  - labiseburi 

lurji feris naleqis saxiT: 

 

CuSO4  +  2NaOH  →  Cu(OH)2  +  Na2SO4 

 

Cu(OH)2  xasiaTdeba susti amfoteruli TvisebebiT, ixsneba mJavebSi: 

 

Cu(OH)2  +  H2SO4  →  CuSO4  +  2H2O 

 

 

Znelad ixsneba tuteebSi kompleqsuri marilebis warmoqmniT: 
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Cu(OH)2  +  2NaOH  →  Na2[Cu(OH)4] 

 

   miRebul kompleqsur marilebs _ kupritebs aqvT lurji Seferiloba. 

   spilenZi (II) TiTqmis yvela mJavasTan warmoqmnis Sesabamis marilebs _ 

cnobilia CuCl2, CuBr2, CuSO4, Cu(NO3)2 da sxva. CuI2 _ Tavisufali saxiT 

cnobili ar aris. CuSO4 warmoqmnis kristalhidrats CuSO4•5H2O, romelic 

Sabiamnis saxelwodebiTaa cnobili. 

   Oorvalentiani spilenZi warmoqmnis rogorc anionuri, ise kationuri 

tipis kompleqsur marilebs, romlebSic spilenZis sakoordinacio ricxvi 

tolia ZiriTadad 4, xolo iSviaTad _ 6. 

    cnobilia naerTebi, romelSic spilenZis JangviTi ricxvi tolia +3. Tu 

damJangavis Tanaobisas Cu(OH)2-ze vimoqmedebT tuteebiT, miiReba hidroqso- 

da oqsokupratebi KCuO2  da K[Cu(OH)4]. 

 

    spilenZis yvela xsnadi marili sawamlavia! 

 

    spilenZs, mis naerTebs da Senadnobebs didi gamoyeneba aqvs 

Tanamedrove teqnikis TiTqmis yvela dargSi. spilenZisgan amzadeben 

eleqtrosadenebs, kargi siTbogamtarobis gamo mas iyeneben mravali saxis 

TbodanadgarebSi. 

    gansakuTrebiT didi gamoyeneba aqvs spilenZis Senadnobebs 

manqanaTmSeneblobasa da eleqtroteqnikur mrewvelobaSi. misi 

Senadnobebidan mniSvnelovania TiTberi (spilenZis Senadnobi TuTiasTan), 

brinjao (spilenZis Senadnobi kalasTan), manganini (spilenZis Senadnobi 

manganumTan da nikelTan), melqiori (spilenZis Senadnobi nikelTan) da 

sxva. 

    spilenZis Senadnobi oqrosTan gamoiyeneba saiuveliro nakeTobebis 

dasamzadeblad. 

    spilenZis zogierTi naerTi _ magaliTad, CuSO4•5H2O gamoiyeneba 

soflis meurneobaSi. 
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vercxli    
 

bunebaSi gavrceleba 

 

    vercxli iSviaTad, magram mainc gvxvdeba Tavisufali saxiT. igi 

ZiriTadad gavrcelebulia naerTebis saxiT. vercxlis bunebrivi 

naerTebidan aRsaniSnavia: 

argentiti (vercxlis kriala) _  Ag2S,  

prustiti _  Ag3AsS3,  

pirargiriti _   Ag3SbS3.   

ufro iSviaTad  kerargiriti (rqa vercxli) _ AgCl, 

 bromargiriti _ AgBr   da sxva. 

   vercxli minarevis saxiT xSirad Tan axlavs tyviis da TuTiis madnebs. 

 

 

miRebis xerxebi 

 

   liTonuri vercxli uZvelesi droidan aris cnobili. adre vercxls 

Rebulobdnen misi madnebidan tyviis da TuTiis damatebiT. vercxls 

ZiriTadad Rebuloben mZime liTonebis madnebis narevidan, sadac is Ag2S 

saxiT imyofeba. Mmadans xsnian natriumis cianidSi da amateben TuTias 

 

2Na[Ag(CN)2]  +  Zn  →  2Ag  +  Na2[Zn(CN)4] 

 

   laboratoriaSi liTonur vercxls Rebuloben AgNO3 –is xsnarze 

TuTiis moqmedebiT: 

 

2AgNO3  +  Zn  →  Zn(NO3)2  +  2Ag 

 

 

fiziko_qimiuri Tvisebebi 
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   vercxli _ TeTri feris bzinvare liTonia. liTonebidan oqros Semdeg 

yvelaze metad wevadi liTonia. vercxli spilenZze ufro rbilia, magram 

oqroze magari. qvejgufSi vercxls aqvs yvelaze maRali Tbo- da 

eleqtrogamtaroba. 

   vercxli qimiurad araaqtiuri liTonia, Tumca sinaTlisa da tenis 

pirobebSi igi advilad ierTebs halogenebs. vercxlis JangviTi ricxvi 

tolia +1 

 

2Ag  +  Cl2  →  2AgCl 

 

   analogiurad miiReba sxva halogenidebi. vercxli mSral haerze ar 

iJangeba, magram maRal temperaturaze tenian garemoSi igi iJangeba 

 

4Ag  +  O2  →  2Ag2O 

 

   radgan vercxli liTonTa aqtivobis mwkrivSi moTavsebulia wyalbadis 

Semdeg, halogenwyalbadmJavebidan da ganzavebul gogirdmJavidan wyalbads 

ver aZevebs. vercxli kargad ixsneba azotmJavasa da konc. gogirdmJavaSi: 

 

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

2Ag  +  2H2SO4  →  Ag2SO4  +  SO2  +  2H2O 

 

   liTonur vercxlze oTaxis temperaturaze moqmedebs gogirdwyalbadi – 

H2S  (JangbadTan erTad): 

 

2Ag  +  H2S  +  1/2O2  →  Ag2S  +  H2O 

 

Ag2O–s Sesabamisi hidroqsidi _ AgOH  _ TeTri feris aramdgradi 

nivTierebaa. is SeiZleba miviRoT vercxlis nitratze kaliumis tutis 

spirtxsnaris moqmedebiT: 

 

AgNO3  +  KOH  →  AgOH  +  KNO3 
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       vercxli(I)-is hidroqsidi _ AgOH _ aramdgradia da gansakuTrebiT 

sinaTlis moqmedebiT advilad iSleba: 

 

2AgOH  →  Ag2O    +  H2O 

 

AgOH  xasiaTdeba susti amfoteruli TvisebebiT, ixsneba mJavebSi: 

 

AAgOH  +  HNO3  →  AgNO3  +  H2O 

 

AgOH  kargad ixsneba amoniumis hidroqsidis xsnarSi kompleqsuri naerTis 

warmoqmniT; 

 

AgOH  +  2NH4OH  →  [Ag(NH3)2]OH  +  2H2O 

 

     AgNO3–is wyalxsnarze aRmdgenelebis (formaldehidi, glukoza) 

moqmedebiT miiReba liTonuri vercxli. Aam gziT mzaddeba sarkeebi. 

vercxlis qloridi da bromidi Zalian mgrZnobiarea sinaTlis mimarT. 

amitom isini gamoiyeneba fotografiaSi. 

 

   vercxli advilad warmoqmnis koordinaciul naerTebs, romelTac didi 

praqtikuli mniSvneloba aqvs.  

   vercxlis koordinaciuli naerTebi ZiriTadad wyalSi kargad xsnadia, 

amitom koordinaciuli naerTebis warmoqmniT SesaZlebelia misi uxsnadi 

marilebis xsnad mdgomareobaSi gadayvana. magaliTad, AgCl, AgOH, Ag2CO3, 

AgCl-ze amiakis wyalxsnaris moqmedebiT miiReba xsnadi koordinaciuli 

naerTi: 

  

AgCl  +  2NH4OH  →  [Ag(NH3)2]Cl  +  2H2O 

 

K koordinaciuli naerTebi miiReba aseve vercxlis halogenidebze tute 

liTonebis halogenidebis moqmedebiT: 

 

AgCl  +  KCl  →  K[AgCl2] 
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orvalentiani vercxlis naerTebidan cnobilia AgF2  da AgO.  

 

      vercxli(II)-is ftoridi _ AgF2 _ Savi feris nivTierebaa. miiReba 

wvrilad dafxvnil liTonur vercxlze ftoris gatarebiT. 

      vercxli(II)-is oqsidi _ AgO _ DSavi feris fxvnilia. Mmas Rebuloben 

vercxlis marilis anoduri JangviT, Ag2O-s ozoniT Jangvisas. cnobilia 

orvalentiani vercxlis kompleqsuri marilebic organul ligandebTan. 

   samvalentiani vercxlis naerTi cnobilia mxolod kompleqsuri 

marilebis saxiT, magaliTad K[AgF4]. 

 

   liTonuri vercxli Tavisufali saxiT TiTqmis ar gamoiyeneba. 

praqtikaSi ZiriTadad iyeneben mis Senadnobebs. vercxlis Senadnobi 

spilenZTan gamoiyeneba samkaulebis, monetebis, saojaxo da 

laboratoriuli WurWlis dasamzadeblad. Kkoroziisgan dasacavad 

vercxliT faraven zogierT liTons. radioteqnikaSi vercxls iyeneben 

rogorc saukeTeso eleqtrogamtars. 

 

Ooqro   

bunebaSi gavrceleba  

 

    oqro bunebaSi gvxvdeba ZiriTadad TviTnabadi saxiT. iSviaTad 

gvxvdeba naerTebi teluridebis (magaliTad, AuAgTe4, AuTe2) saxiT, 

romlebic Tan axlavs TviTnabadi oqros sabadoebs. Mmcire raodenobiT 

oqro gvxvdeba rkinis, tyviis da spilenZis sulfidur madnebSi. 

   oqros uZvelesi droidan Rebulobdnen meqanikuri saSualebiT. 

TviTnabadi oqros madans recxaven Camdinare wyliT. qviSis nawilakebi 

mihqonda wyals, xolo oqro, rogorc ufro mZime, rCeboda Tavisufali 

saxiT. Ooqros Rebuloben agreTve qimiuri saSualebiT, kerZod 

amalgamirebiT _ oqro advilad uerTdeba vercxliswyals da warmoqmnis 

Txevad nalRobs, romlidanac vercxliswyals acileben gamoxdiT. 

dReisaTvis yvelaze metad gavrcelebulia oqros miReba cianiduri 

meTodiT. Ooqros madans amuSaveben natriumis cianidis ganzavebuli 

xsnariT haeris Tanaobisas, romelic Jangavs oqros erTvalentovnamde: 
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2Au  +  1/2O2  +  4NaCN  →  2Na[Au(CN)2]  +  2NaOH 

 

warmoqmnil kompleqsur naerTs _ natriumis dicianoaurits (I) Slian 

eleqtrodeniT an umateben liTonur TuTias 

 

2Na[Au(CN)2]  +  Zn  →  Na2[Zn(CN)4]  +  2Au 

 

miRebul oqros Carecxaven gogirdmJavaTi da wyliT. 

 

fizikur_qimiuri Tvisebebi 

 

   oqro _ Tavisufali saxiT yviTeli feris, rbili liTonia, Zalian 

Wedadi da wevadi. glinviT SeiZleba Zalze Txeli firfitebis, xolo 

gaWimviT uwvrilesi mavTulis miReba. Ooqro siTbos da eleqtroobis kargi 

gamtaria. 

   oqro qimiuri bunebiT araaqtiuri liTonia, ris gamoc mas keTilSobil 

liTonsac uwodeben. Ooqro Jangbadis da tenis garemoSi maRal 

temperaturazec ki ar icvleba. mSral atmosferoSi halogenebi oqroze 

TiTqmis ar moqmedeben. Ooqroze calkeuli mJavebi ar moqmnedeben, magram 

oqro kargad ixsneba azotmJavasa da marilmJavas narevSi („samefo wyali“), 

sadac damJangvels warmoadgens qloris atomi: 

 

Au  +  HNO3  +  4HCl  →  H[AuCl4]  +  NO  +  2H2O 

 

oqrosaTvis damaxasiaTebelia naerTebi, romelSic misi JangviTi ricxvi 

tolia +1 da +3, magram ufro mdgradi naerTebia +3 JangviTi ricxviT. 

    

oqro(I)-is naerTebi 

  oqro warmoqmnis or oqsids Au2O   da Au2O3.  

    oqro(I)-is oqsidi _ Au2O  _ miiReba oqro(I)-is marilebze tuteebis 

moqmedebiT 
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2AuCl  +  2KOH  →  Au2O  +  2KCl  +  H2O 

 

    TviTJangva-TviTaRdgenis Sedegad igi advilad iSleba Tavisufali 

oqros gamoyofiT: 

 

3Au2O  →  4Au  +  Au2O3 

 

      AuCl –s Rebuloben AuCl3 –is gaxurebiT daaxloebiT 185°C-ze 

 

AuCl3  →  AuCl  +  Cl2 

 

     oqro(I)-is qloridi _AuCl_ yviTeli feris nivTierebaa.igi wyalSi 

Znelad ixsneba, magram wyali mas Cveulebriv temperaturaze mainc Slis 

oqros gamoyofiT 

 

3AuCl  →  AuCl3  +  2Au 

 

AuCl advilad ixsneba tute liTonebis qloridebSi 

 

AuCl  +  NaCl  →  Na[AuCl2] 

 

da warmoqmnis kompleqsur marils. 

 

oqro(III)-is naerTebi 

    200°C-ze maRal temperaturaze oqro moqmedebs halogenebTan 

 

2Au  +  3Cl2  →  2AuCl3 

 

    oqro(III)-is qloridi _ AuCl3 _ wiTeli feris nemsiseburi kristalebia. 

   AuCl3 ganicdis hidrolizs da warmoqmnis anionur kompleqsebs 

 

AuCl3   +  H2O  ⇄  H [Au(OH)Cl3] 
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AuCl3  +  H2O  ⇄  H2[AuOCl3] 

 

      oqro(III)-is oqsidi _ Au2O3  _ momwvano mura feris nivTierebaa, mcired 

mdgradia. 

   oqro(III)-is hidroqsidi _ HAuO2 _ wiTeli-yavisferi fxvnilia. Uuhaerod 

gaxurebisas gardaiqmneba Au2O3. 

     oqro(III)-is halogenidebi, oqsidi  da hidroqsidi _ amfoteruli 

nivTierebebia, romlebSic Warbobs mJavuri Tvisebebi: 

 

HAuO2  +  4HCl  →  H[AuCl4]  +  2H2O 

HAuO2  +  KOH  +  H2O  →  K[Au(OH)4] 

 

     qloroqros mJava _ H[AuCl4]  _ yviTeli feris kristaluri nivTierebaa. 

qloroqros mJava Au(III) –is naerTebidan yvelaze mdgradia. cnobilia misi 

Sesabamisi kompleqsuri marilebi Na[AuCl4], Na[Au(SO4)2] da sxva. 

   oqros Zalian didi gamoyeneba aqvs, rogorc savaluto liTons. 

vercxlTan da spilenZTan erTad oqros Senadnobebisgan amzadeben 

samkaulebs da fizikur_qimiur xelsawyoebs. Kkoloidur oqros iyeneben 

medicinaSi. 

 

 

 

I jgufis Tanauri qvejgufis elementebis biologiuri roli 

 

   spilenZi. spilenZi adamianis organizmSi ZiriTadad koncentrirdeba 

RviZlSi, Tavis tvinSi da  sisixlSi. dadgenilia, rom daaxloebiT 70 kg 

wonis adamianSi spilenZis Semcveloba aRwevs 1,1 mmols. mniSvnelovan 

rols asruleben spilenZSemcveli fermentebi da cilebi. dReisaTvis 

cnobilia 25 aseTi cila da fermenti, romelic Seadgenen oqsigenazebis da 

hidroqsilazebis jgufs. spilenZSemcvel fermentebSi  spilenZis JangviTi 

ricxvia +1 da Jangbadi advilad Jangavs mas +2-mde.  

  Aarsebobs cilaTa jgufi (oqsidazebi), romelic katalizurad moqmedebs 

daJanguli nivTierebidan uSualod molekulur Jangbadze protonis an 
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eleqtronis gadataniT mimdinare Jangva-aRdgeniT reaqciebze. Oqsidazebis 

umniSvnelovanesi warmomadgenelia sasunTqi fermenti citoqromoqsidaza. 

es E fermenti axdens sunTqvis saboloo etapis katalizirebas. Aam 

procesSi spilenZis JangviTi ricxvi Seqcevadad icvleba: Cu2++e=Cu+. Cu2+  

ionebi iZenen eleqtrons da gadadian Cu+  ionSi, romelic molekuluri 

JangbadiT iJangeba. aseTi gziT aRdgenili Jangbadi iZens protonebs gare 

sferodan da gardaiqmneba wylad. Ee.w. “cisferi” oqsidaza 

(ceruloplazmini) Seicavs 8 atom spilenZs cilis yovel 1 molekulaze. 

ceruloplazmini asrulebs gadamtanis funqcias, aregulirebs spilenZis 

balanss da uzrunvelyofs Warbi spilenZis gamotanas organizmidan.  

   spilenZis deficiti iwvevs WaRaris gaCenas. muqTmian adamianebSi 

spilenZi ufro metia, vidre Ria feris TmianebSi. amitom gerontologebis 

rCeviT saWiroa iseTi sakvebis gamoyeneba, romelic didi raodenobiT 

Seicavs spilenZs. aseTia: Txili, kvercxis guli, Wvavis puri, RviZli. 

JenSenis foTlebi spilenZis gansakuTrebiT did raodenobiT Seicavs.  

 M miuxedavad spilenZis didi mniSvnelobisa adamianis organizmisTvis, is 

SeiZleba toqsikuri iyos. spilenZis naerTebi, gansakuTrebiT 

gogirdnaerTebi, momwamvlelebia. A  adamianis organizmSi spilenZis 

siWarbem SeiZleba RviZlis daavadeba da sasunTqi gzebis funqciis moSla 

gamoiwvios. 

   xalxuri medicina didi xnis ganmavlobaSi iyenebda liTonur spilenZs 

sxvadasxva daavadebaTa samkurnalod. cnobilia, rom spilenZis maRaroebSi 

momuSave adamianebi ar avaddebian radikulitiT, hipertoniiT, avTvisebiani 

simsivniT. spilenZis Semcveli preparatebi gamoiyeneba kuWis wylulis 

samkurnalod, romelic aspirinis Warbi dozis miRebiTaa gamowveuli. 

   spilenZis xsnadi marilebi didi koncenteraciiT toqsikurebia. 

spilenZis ajaspis 2g iwvevs Zlier mowamvlas, rac xSir SemTxvevaSi 

sikvdiliT mTavrdeba. 

   vercxli. spilenZTan SedarebiT vercxlis biologiuri mniSvneloba 

mcirea. vercxli miekuTvneba minarevebian mikroelementebs. miaxloebiT 7,3 

mmoli vercxli, romelsac adamianis organizmi Seicavs, upiratesad 

grovdeba RviZlSi, hipofizSi, eriTrocitebsa da Tvalis pigmentur garsSi. 
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organizmSi moxvedrisas vercxli, iseve, rogorc sxva mZime liTonebi, 

toqsikur zemoqmedebas iwvevs. Aam dros, rogorc wesi, is ukavSirdeba 

cilis molekulaSi Semaval gogirdis atomebs. Sedegad xdeba Sesabamisi 

fermentebis inaqtivacia. 

   wyali, romelsac Seicavs 10-8 mmoli/l vercxlis ionebs, baqtericiduli 

TvisebebiT xasiaTdeba, rac uxsnadi albuminatebis warmoqmnasTanaa 

dakavSirebuli. vercxlis baqtericiduli efeqti ufro maRalia, vidre 

qloris, qloriani kiris da karbolmJavisa. 

   vercxlis nitrati, romelic praqtikaSi “liapisis” saxelwodebiTaa 

cnobili, farTod gamoiyeneba, rogorc garegani moqmedebis preparati. Ee.w. 

“vercxlian wyals” iyeneben Wrilobebis, wylulebis, Sardis buStis 

samkurnalod, Aaseve samkurnalo preparatebis sterilizaciisa da 

vargisianobis vadis gazrdis mizniT. vercxlis Semcvel preparatebs Soris 

farTodaa cnobili protargoli (vercxlis kompleqsi cilasTan) da 

kolargoli (koloiduri vercxli). koniuqtivitis, lorwovani garsebis 

daavadebisas, kanis, urologiuri da veneriuli daavadebebis dros xSirad 

iyeneben vercxlis naerTebis koloidur xsnarebs. 

   stomatologiur praqtikaSi vercxli gamoiyeneba sxvadasxva 

Senadnobebis saxiT( spilenZi, vercxli, kala) 

   vercxlis xsnadi marilebi organiznSi didi doziT moxvedrisas 

mowamvlas iwveven, rasac Tan axlavs kuW-nawlavis traqtis lorwovani 

garsis kvdoma. Oorganizmidan vercxlis gamosadevnad saWiroa misi uxsnad 

qloridSi gadayvana, risTvisac natriumis qlorids iyeneben. 

 Ooqro. oqro miekuTvneba im mikroelementebs, romlebic mudmivad 

arseboboben adamianTa da cxovelTa organizmebSi. is ar asrulebs iseT 

mniSvnelovan rols, rogorc vercxli da spilenZi, Tumca, miuxedavad 

amisa, oqros naerTebma gamoyeneba hpoves samedicino praqtikaSi. Mmag. 

Ooqros (I) naerTebi gamoiyeneba infeqciuri poliarTritis samkurnalod. 

Kkbilis protezirebisas gamoiyeneba oqros Senadnobi vercxlTan da 

spilenZTan. 

   avTvisebiani simsivneebis samkurnalod gamoiyeneba  198Au izotopi 

koloiduri xsnarebis saxiT. Aam izotops iyeneben agreTve indikatorad 

bioqimiur procesebSi. 
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 Yyvelaze farTod gavrcelebuli  oqrosSemcveli preparatebia 

krizanoli da sanokrizini. iseve, rogorc vercxlis naerTebs, oqros 

naerTebsac axasiaTebs baqtericiduli Tvisebebi.  

      

 

 

 

 

Tavi IX 

 

 

II  jgufis Tanauri qvejgufis elementebi 

 

 

P perioduli sistemis II jgufis d_elementebia: TuTia, kadmiumi da 

vercxliswyali. 

elementi Aatomuri 

masa 

Aatomis 

eleqtronuli 

konfiguracia 

Eeleqtro-

uaryofiToba 

JangviTi 

ricxvi 

Zn 65,39 3s23p63d10 4s2 1,66  +2 

Cd 112,411 4s24p64d10 5s2 1,46  +2 

Hg 200,59 4s24p64d104f145s25p65d106s
2 

1,44 +1, +2 

 

    maT gare savalento eleqtronul doneze aqvs ns2 _eleqtronebi. 

aRsaniSnavia is faqti, rom am elementTa SemTxvevaSi qimiuri bmebis 

warmoqmnaSi monawileoben mxolod ns2
  eleqtronebi da maTi maqsimaluri 

valentoba oris tolia. (n-1)d qvedonis eleqtronebi qimiuri bmebis 

warmoqmnaSi ar monawileoben, radgan (n-1)d10  eleqtronuli qvedone 

stabiluria ar gascemen eleqtronebs. amiT es elementebi emsgavsebian II 

jgufis s_elementebs da gansxvavdebian d_elementebisgan. 

   eleqtronuli konfiguraciis Sesabamisad II jgufis d_elementebs 

axasiaTebT dabali lRobis da duRilis temperatura, romelic mcirdeba 
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qvejgufSi atomuri masis zdrasTan erTad. Yyvelaze dabali lRobis da 

duRilis temperatura Seesabameba vercxliswyals. 

   Jangbadis mierTebis unari ufro mkveTrad aqvT gamoxatuli II jgufis 

d_elementebs, vidre Sesabamis I jgufis d_elementebs, magram ufro 

naklebad, vidre III jgufis d_elementebs. 

   II jgufis d_elementebi warmoqmnian kompleqsur marilebs, sadac 

koordinaciuli ricxvi tolia 3 da 4. 

 

 

 

TuTia   
    

bunebaSi gavrceleba 

 

   TuTia bunebaSi gavrcelebulia mxolod naerTebis saxiT. TuTiis 

bunebrivi naerTebidan mniSvnelovania:  

sfaleriti _   ZnS,  

smitroniti (TuTiis Spati) _  ZnCO3,  

halsei (kalamini) _  Zn2SiO4·H2O. 

   TuTias Seicavs agreTve tyviis da vercxlis Semcveli madnebi. 

 

miRebis xerxebi 

 

   bunebrivi madnebi TuTias Seicaven mcire raodenobiT, amitom liTonuri 

TuTiis misaRebad madans gadaamuSaveben, axdenen mis gamdidrebas da 

Rebuloben TuTiis koncentrats. miRebul koncentrats gamowvaven. Aam 

dros TuTiis sulfidi gardaiqmneba TuTiis oqsidad 

 

2ZnS  +  3O 2  →  2ZnO  +  2SO2 

 

  TuTiis oqsids Semdeg aRadgenen naxSirbadis, CO an wyalbadis 

saSualebiT: 

ZnO  +  C  →  Zn  +  CO 
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TuTiis miReba SeiZleba agreTve TuTiis marilebis wyalxsnarebis 

eleqtroliziT. 

 

fizikur_qimiuri Tvisebebi 

 

   TuTia _ TeTri (molurjo) feris, mZime liTonia. Hhaerze swrafad 

kargavs liTonur bzinvarebas, radgan ifareba oqsidis Txeli feniT, 

romelic icavs mas haeris Semdgomi moqmedebisgan. Cveulebriv 

temperturaze TuTia myifea, daaxloebiT 100_150°C–ze  igi wevadia da 

kargad iglineba, xolo 200°C-ze ufro maRal temperaturaze kvlav myife 

xdeba. 

   haerze gaxurebisas TuTia iwvis momwvano_molurjo aliT: 

 

2Zn  +  O2  →  2ZnO 

 

   urTierTqmedebs halogenebTan, gogirdTan. 

   miuxedavad imisa, rom TuTia liTonTa aqtivobis mwkrivSi moTavsebulia 

wyalbadis win, wyalTan ar urTierTqmedebs, radgan dafarulia oqsidis 

feniT, romelic wyalSi ar ixsneba. maRal temperaturaze gavarvarebuli 

TuTia Slis wylis orTqls da CO2-s, ris Sedegadac warmoqmneba ZnO. 

   TuTia ixsneba rogorc ganzavebul, ise konc. mJavebSi. Gganzavebuli 

mJavebidan TuTia aRadgens wyalbads: 

 

Zn  +  2HCl  →  ZnCl2  +  H2 

 

   koncentrirebul mJavebTan urTierTqmedebisas xdeba mJavas 

warmomqmneli elementis aRdgena 

 

Zn  +  2H2SO4  →  ZnSO4  +  SO2  +  2H2O 

4Zn  +  10HNO3  →  4Zn(NO3)2 + NH4NO3  +  3H2O 
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   TuTia amfoteruli liTonia, amitom igi ixsneba tuteebSic. tuteebis 

wyalxsnarebTan urTierTqmedebisas warmoqmnis kompleqsur naerTebs _ 

hidroqsomarilebs: 

 

Zn  +  2NaOH  +  2H2O  →  Na2[Zn(OH)4]  +  H2 

 

Na2[Zn(OH)4]  _ natriumis tetrahidroqso cinkati. 

 

   TuTia naerTebSi amJRavnebs mxolod orvalentovnebas. 

   TuTiis oqsidi _ ZnO _ rogorc ukve aRvniSneT miiReba TuTiis haerze 

gaxurebisas. Mmisi miReba SeiZleba TuTiis hidroqsidis an Sesabamisi 

marilebis daSliT. 

   ZnO _ TeTri feris myari nivTierebaa. Ggaxurebisas is Rebulobs 

intensiur yviTel Seferilobas, xolo gacivebisas kvlav TeTri feris 

xdeba. 

   ZnO _ wyalSi ar ixsneba. Kkargad ixsneba, rogorc mJavaSi ise fuZeSi 

(amfoterulia) 

ZnO  +  H2SO4  →  ZnSO4  +  H2O 

 

   cxel koncentrirebul tuteebTan (an myar mdgomareobaSi SelRobisas) 

warmoqmnis marilebs 

ZnO  +  2NaOH  →  Na2ZnO2  +  H2 

 

Cveulebriv temperaturaze tuteebis wyalxsnarebTan urTierTqmedebisas 

warmoqmnis hidroqsimarilebs 

 

ZnO  +  2NaOH  +  H2O  →  Na2[Zn(OH)4] 

 

ZnO _ gamoiyeneba praqtikaSi TeTri feris (TuTiis TeTras) saRebavis 

saxiT. 

  

    TuTiis hidroqsidi _ Zn(OH)2 _ TeTri feris myari, wyalSi uxsnadi 

nivTiereba. miiReba TuTiis marilebze tuteebis moqmedebiT: 
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ZnCl2  +  2NaOH  →  Zn(OH)2  +  2NaCl 

 

Zn(OH)2 _ amfoterulia, ixsneba rogorc mJavebSi, ise tuteebSi marilebis 

warmoqmniT: 

Zn(OH)2  +  H2SO4  →  ZnSO4  +  2H2O 

Zn(OH)2  +  2NaOH  →  Na2ZnO2  +  2H2O 

 

xolo tuteebis wyalxsnarebTan warmoqmnis hidroqsimarilebs: 

 

Zn(OH)2  +  2NaOH  →  Na2[Zn(OH)4] 

 

igi ixsneba agreTve NH3_is xsnarSi da warmoqmnis amino kompleqsebs: 

 

Zn(OH)2  +  4NH3  →  [Zn(NH3)4](OH)2 

 

   TuTiis marilebis xsnarebSi NH3-is gatarebisas jer ileqeba Zn(OH)2, 

romelic Semdeg ixsneba Warb amiakSi da warmoqmnis hidroqsomarils. 

   TuTia TiTqmis yvela mJavasTan warmoqmnis Sesabamis marilebs.  

   TuTia warmoqmnis kompleqsur marilebs, Tumca kompleqswarmoqmnis 

unari spilenZTan SedarebiT naklebad aqvs gamoxatuli. TuTiis qloridi 

tute liTonebis qloridebTan an amiakTan moqmedebisas warmoqmnis 

tetraqlorocinkatebs _ Na2[ZnCl4] da (NH4)2[ZnCl4]. TuTiis marilebi amiakTan 

moqmedebisas warmoqmnian or an oTx molekula amiakis Semcvel, wyalSi 

xsnad marilebs _ [ZnCl2(NH3)2] da [Zn(NH3)4]Cl2. 

 

   TuTiis sulfidisa da bariumis sulfatis narevs (liTofoni), romelic 

miiReba bariumis sulfidis ZnSO4 –is xsnariT damuSavebisas: 

BaS  +  ZnSO4  →  ZnS  +  BaSO4 

TeTri feris pigmentis saxiT iyeneben saRebavis dasamateblad. 

   TuTiis oqsidi _ TuTiis TeTra gamoiyeneba zeTis saRebavebis da 

zogierTi samkurnalo preparatis misaRebad, rezinis da keramikul 

warmoebaSi, katalizatorad organuli naerTebis misaRebad. 
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   didi raodenobiT TuTia gamoiyeneba liTonebis dasafaravad, romelic 

maT icavs koroziisagan. Ddidi mniSvneloba aqvs TuTiis Senadnobebs 

aluminTan, spilenZTan, manganumTan da sxva liTonebTan. 

 

 

 

Kkadmiumi   
   

bunebaSi gavrceleba 

 

   kadmiumi bunebaSi Tavisufali saxiT ar gvxvdeba. gvxvdeba mxolod 

naerTebis saxiT: sulfidis - CdS, oqsidis – CdO an karbonatis CdCO3 

saxiT. CdS _ minerali grinokiti Ggvxvdeba TuTiis da tyviis madnebTan 

erTad. kadmiumi bunebaSi, TuTiasTan SedarebiT ufro mcire raodenobiT 

arsebobs. 

     

miRebis xerxebi 

 

   liTonur kadmiums ZiriTadad Rebuloben  TuTiis madnebis damuSavebis 

Sedegad miRebuli narCenebidan. narCenebs xsnian gogirdmJavaSi, xolo 

kadmiums daleqaven TuTiis moqmedebiT 

 

CdSO4  +  Zn  →  ZnSO4  +  Cd 

 

    gasufTavebis mizniT miRebul produqts amuSaveben gogirdmJavaTi da 

axdenen mis eleqtrolizs. 

   kadmiumis miReba SeiZleba kadmiumis oqsidze aRmdgenelis moqmedebiT 

 

CdO  +  H2  →  Cd  +  H2O 

 

fizikur_qimiuri Tvisebebi 
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   LliTonuri kadmiumi vercxlisferi bzinvare liTonia. Tavisi 

TvisebebiT kadmiumi Zalian hgavs TuTias, aq ganvixilavT mxolod am ori 

elementis Tvisebebs Soris arsebul gansxvavebas. 

    TuTiasTan SedarebiT kadmiumi xasiaTdeba ufro dabali lRobis da 

duRilis temperaturiT. TuTia ufro aqtiuri liTonia vidre kadmiumi, 

amitom igi aZevebs kadmiums naerTebidan. Kkadmiumi TuTiis analogiurad 

ixsneba mJavebSi, magram misgan gansxvavebiT ar ixsneba tuteebSi. 

    liTonTa aqtivobis mwkrivSi kadmiumi moTavsebulia wyalbadamde. 

miuxedavad amisa, oTaxis temperaturaze wyals ar Slis. maRal 

temperaturaze moqmedebs wylis orTqlTan da gamoyofs wyalbads 

 

Cd  +  2H2O  →  Cd(OH)2  +  H2 

 

    kadmiumis JangviTi ricxvi naerTebSi tolia +2. TuTiis analogiurad 

kadmiumi moqmedebs maRal temperaturaze halogenebTan, JangbadTan, 

gogirdTan, selenTan, telurTan, fosforTan da sxva. 

   Kkadmiumis oqsidi _ CdO  _ kadmiumi maRal temperaturaze JangbadSi 

iwvis da warmoqmnis mura feris CdO-s: 

 

2Cd  +  O2  →  2CdO 

 

igi miiReba agreTve Cd(OH)2  an CdCO3-is daSliT. 

   700°C-ze gaxurebisas iwyeba CdO-s gamoxda, xolo ufro maRal 

temperaturaze xdeba misi daSla 

 

2CdO  →  2Cd  +  O2 

 

amiT igi gansxvavdeba TuTiis oqsidisgan. CdO wyalSi Znelad ixsneba, 

magram ixsneba mJavebSi 

 

CdO  +  2HCl  →  CdCl2  +  H2O 

CdO  +  2HNO3  →  Cd(NO3)2  +  H2O 
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   TuTiis oqsidisgan gansxvavebiT CdO –s axasiaTebs fuZe oqsidis 

Tvisebebi, amitom ar ixsneba tuteebSi. 

    kadmiumis hidroqsidi _ Cd(OH)2  _ TeTri feris fxvniliseburi 

nivTierebaa. igi miiReba kadmiumis marilebis tuteebiT damuSavebisas 

 

CdCl2  +  2NaOH  →  Cd(OH)2  +  2NaCl 

 

Cd(OH)2  ixsneba mJaveebSi 

 

Cd(OH)2  +  H2SO4  →  CdSO4  +  2H2O 

 

      Zn(OH)2 –sgan gansxvavebiT Cd(OH)2  ar ixsneba tuteebSi. igi ixsneba 

amiakSi da warmoqmnis kompleqsur naerTs [Cd(NH3)4](OH)2 _ 

tetraaminokadmiumis hidroqsids. 

   maRal temperaturaze gaxurebisas Cd(OH)2  iSleba CdO-s warmoqmniT 

 

Cd(OH)2  →  CdO  +  H2O 

 

   kadmiumi halogenebTan maRal temperaturaze warmoqmnis marilebs: 

 

Cd  +  Cl2  →  CdCl2 

 

      kadmiumi analogiur naerTebs warmoqmnis sxva halogenebTan. Kkadmiumis 

halogenidebi CdF2-is garda (mcired ixsneba) kargad ixsnebian wyalSi. 

kadmiumis halogenidebi wyalxsnarebSi warmoqmnian avtokompleqsebs, mag.,  

sami molekula CdI2  warmoqmnis wyalSi xsnad kompleqsur marils Cd[CdI3]2. 

   kadmiumis halogenidebi tute liTonebis halogenidebTan warmoqmnian 

Me[CdX3]   an Me2[CdX4] Sedgenilobis kompleqsur marilebs. Aanalogiuri 

Sedgeniloba aqvT cianidur kompleqsebs. 

   kadmiumis (II) marilebi TuTiis (II) marilebis analogiurad amiakTan 

moqmedebisas ar warmoqmnis Sesabamis wyalSi uxsnad fuZeebs aramed 

warmoqmnian wyalSi xsnad ufero [Cd(NH3)4]2+-kaTionis Semcvel kompleqsur 

marilebs. 
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   kadmiumis marilebidan gansakuTrebuli mniSvnelba aqvs CdS, romelic 

bunebaSic gvxvdeba mcire raodenobiT. Mmisi miReba SeiZleba kadmiumze 

gogirdis an kadmiumis marilebze gogirdwyalbadis moqmedebiT: 

 

Cd  +  S  →  CdS 

CdCl2  +  H2S  →  CdS  +  2HCl 

 

gamoiyofa yviTeli naleqis saxiT. Ggamoiyeneba yviTeli feris zeTis 

saRebavis dasamzadeblad. 

   kadmiumis naerTebi TuTiis naerTebTan SedarebiT toqsikuria. 

 

    liTonur kadmiums aqvs neitronebis STanTqmis unari, amitom mas 

iyeneben fizikaSi. liTonuri kadmiumisgan an misi Senadnobebisgan 

amzadeben reaqtoris mmarTvel Reroebs, romlebic aregulireben 

reaqtorSi mimdinare procesebs. Kkadmiumi gamoiyeneba liTonebTan 

advilRobadi Senadnobebis dasamzadeblad. Uukanasknel xanebSi kadmiums 

iyeneben foladis an rkinis nakeTobebis dasafaravad. Kkadmiums iyeneben 

stomatologiaSi. Kkadmiumis naerTebi gamoiyeneba saRebavebis warmoebaSi. 

 

 

vercxliswyali             
  

bunebaSi gavrceleba 

 

   vercxliswyali bunebaSi gvxvdeba mcire raodenobiT. Ggavrcelebulia 

ZiriTadad naerTebis saxiT _ sulfidebis, selenidebis, oqsidis da sxva. 

am mineralebidan gansakuTrebiT mniSvnelovania minerali kinovari _ HgS. 

iSviaTad gvxvdeba Tavisufali vercxliswyali sxvadasxva madnebSi 

wveTebis saxiT. vercxliswyali Zalian mcire raodenobiT gvxvdeba zRvis 

wyalSic. 
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miRebis xerxebi 

 

    liTonur vercxliswyals Rebuloben ZiriTadad HgS-dan.am mizniT 

axdenen mis gamowvas specialur RumelebSi(600-700°C-ze). gogirdi iwvis da 

gadadis SO2-Si, xolo warmoqmnili HgO iSleba da miiReba vercxliswyali 

orTqlis saxiT, romelic kondensirdeba mimRebSi 

 

HgS  +  O2  →  Hg  +  SO2 

 

miRebuli vercxliswylis Semdgomi gasufTaveba xdeba fizikuri,  

zogierTi qimiuri, an eleqtroqimiuri meTodebis gamoyenebiT. 

 

 

 

 

fizikur_qimiuri Tvisebebi 

 

    liTonuri vercxliswyali oTaxis temperaturazec ki Txevadia, 

myardeba _ 38,89°C-ze. vercxlis wyali vercxlisferi mbzinavi liTonia. 

mSral haerze Cveulebriv pirobebSi ar iJangeba. tenian garemoSi ifareba 

Hg2O-is moSavo feris Txeli feniT. 

   vercxliswyals aqvs liTonebis gaxsnis unari, ris Sedegadac 

warmoqmneba amalgamebi. vercxliswyali amalgamebs warmoqmnis Semdeg 

liTonebTan _  Au, Na, K, Cd, Sn, Pb, Cu, Zn da sxva. imis mixedviT, Tu ra 

raodenobis Hg-s Seicavs amalgamebi SeiZleba iyos _ Txevadi, 

naxevradTxevadi an myari. 

    TuTiis qvejgufis liTonebidan (Zn, Cd, Hg) vercxliswyali yvelaze 

naklebaqtiuri liTonia. vercxliswyali warmoqmnis naerTebs, romlebSic 

valentoba tolia I da II. dReisaTvis ucnobia erTvalentiani 

vercxliswylis naerTebi martivi formuliT HgЭ; yvela maTgani 

gamoisaxeba formuliT Hg 2Э2.  am molekulebSi ori atomi vercxliswyali 

erTmaneTTan dakavSirebulia kovalenturi bmiT _  Э⎯Hg⎯Hg⎯Э. 
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       maRal temperaturaze (350°C) vercxliswyali uerTdeba Jangbads da 

warmoqmnis wiTeli feris  HgO. 

    liTonTa aqtivobis mwkrivSi vercxliswyali moTavsebulia wyalbadis 

Semdeg. amitom igi ar ixsneba marilmJavaSi da ganzavebul gogirdmJavaSi. 

Hg – ixsneba ganzavebul da koncentrirebul azotmJavaSi 

 

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

3Hg  +  8HNO3  →  3Hg(NO3)2  +  2NO  +  4H2O 

 

   ixsneba cxel koncentrirebul gogirdmJavaSi; 

 

Hg  +  2H2SO4  →  HgSO4  +  SO2  +  2H2O 

 

 

vercxliswyali(I)-is naerTebi 

   erTvalentiani vercxliswylis naerTebi ZiriTadad miiReba Hg(II) 

naerTebis aRdgeniT. 

   vercxliswyali(I)-is oqsidi _ Hg2O _ Savi feris, wyalSi uxsnadi myari 

nivTiereba miiReba HgO-s SelRobiT Hg-Tan 

 

HgO  +  Hg  →  Hg2O 

 

an Hg(I) marilebze tuteebis moqmedebiT 

 

Hg2Cl2  +  2NaOH  →  Hg2O  +  2NaCl  +  H2O 

 

Hg2O _ aramdgradia da siTbos an sinaTlis moqmedebiT advilad iSleba 

 

Hg2O  →  HgO  +  Hg 

 

Hg2O –s Sesabamisi hidroqsidi HgOH cnobili ar aris. 

   vercxliswyali(I)-is qloridi _ Hg2Cl2  _ kalomeli miiReba HgCl2  da Hg-

is narevis gaxurebiT 
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HgCl2  +  Hg  →  Hg2Cl2 

 

 

vercxliswyali(II)-is naerTebi 

   vercxliswyali(II)-is oqsidi _ HgO _ wiTeli feris fxvnilia. 

warmoiqmneba vercxliswylis wviT (350°C) JangbadSi 

 

2Hg  +  O2  →  2HgO 

 

 an Hg (I)-is  da Hg (II)-is nitratebis gaxurebiT 

 

Hg2(NO3)2  →  2HgO  +  2NO2 

2Hg(NO3)2  →  2HgO  +  4NO2  +  O2 

 

HgO–s yviTeli modifikacia miiReba Hg (II) marilebze tuteebis moqmedebiT 

 

HgCl2  +  2NaOH  →  HgO  +  2NaCl  +  H2O 

 

Hg (II)-is oqsidis orive modifikacias aqvs erTnairi kristaluri 

struqtura. gansxvavdebian mxolod nawilakebis zomiT. HgO _ wyalSi 

mciredxsnadia. 

   vercxliswyali(II)-is qloridi _ HgCl2 – sulema miiReba vercxliswylis 

uSualo moqmedebiT qlorTan 

Hg  +  Cl2  →  HgCl2 

 

   HgCl2-is miReba SeiZleba agreTve HgSO4-is da NaCl-is narevis gaxurebiT 

 

HgSO4  +  2NaCl  →  HgCl2  +  Na2SO4 

 

warmoqmnil HgCl2 – gamoxdian. 

   vercxliswyali naerTebs warmoqmnis sxva halogenebTan. 

   Hg (II) warmqomnis marilebs sxvadasxva mJavebTan. cnobilia Hg(NO3)2 _ 

vercxliswylis nitrati, HgSO4 _ vercxliswylis sulfati da sxva. 



  

182 
 

   Hg (II) warmoqmnis kompleqsur marilebs, sadac Hg-is koordinaciuli 

ricxvi ZiriTadad tolia 4-is, iSviaTad 3-is. cnobilia Semdegi 

Sedgenilobis kompleqsuri marilebi Me[HgCl3], Me2[HgCl4], Me[Hg(CN)3], 

Me2[Hg(CN)4]   (Me – Na, K da sxva). 

 

   vercxliswyali da misi naerTebi Zlieri momwamvleli nivTierebebia, 

amitom maTTan muSaoba moiTxovs did sifrTxiles! 

 

   vercxliswyali gamoiyeneba gamzom xelsawyoebSi (TermometrebSi, 

manometrebSi, barometrebSi da sxva). Kkalas, vercxlis da sxva liTonebis 

amalgamebi gamoiyeneba stomatologiaSi. Ddidi raodenobiT vercxliswyali 

gamoiyeneba e.w. „mgrgvinavi vercxliswylis“ da sxva feTqebadi 

nivTierebebis dasamzadeblad. vercxliswylis marilebi gamoiyeneba 

medicinaSi da soflis meurneobaSi. 

 

 

 

 

II jgufis Tanauri qvejgufis elementebis biologiuri roli 

 

   II jgufis Tanauri qvejgufis elementebi: TuTia, kadmiumi da 

vercxliswyali miekuTvnebian mikroelementebs. TuTia warmoadgens 

sasicocxlo procesebisTvis aucilebel mikroelements, xolo kadmiumi da 

vercxliswyali minarev mikroelementebs. mocemuli elementebi TiTqmis 

yovelTvis imyofebian cxovelebis da adamianebis organizmSi. 

   TuTia. TuTiis naerTebi uxsovari droidan gamoiyeneba metalurgiaSi. 

jer kidev 5000 wlis win egviptelebi iyenebdnen TuTiis malamos, romelic 

xels uwyobs Wrilobebis swrafad Sexorcebas. TuTiis da misi naerTebis 

aucilebloba dadgenili iqna TiTqmis 700 wlis winaT. organizmSi TuTiis 

ukmarisoba iwvevs aTerosklerozs, artrits, revmatizms da sxv. 

    mozardebSi TuTiis ukmarisoba iwvevs umadobas, simaRleSi zrdis 

Senelebas. bavSvebs uCndeba midrekileba liTonis naWrebis gadaylapvisa. 
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    SemCneulia, rom arsebobs garkveuli kavSiri adamianis gonebriv da 

fizikur SesaZleblobebsa da organizmSi TuTiis Semcvelobas Soris. 

    TuTiis Semcveli fermentebidan aRsaniSnavia _ karboangidraza, 

romelic xels uwyobs sunTqvis da organizmSi airmimocvlis procesebs. 

    meore fermenti _ karboqsopentolaza, monawileobs peptiduri bmebis 

hidrolizis reaqciebSi. mocemul fermentSi Semavali TuTia xels uwyobs 

karbonilis jgufis gardaqmnas ⎯COOH karboqsilis jgufSi. 

    TuTiis Semcveli hormoni monawileobs organizmSi naxSirwylebis 

mimocvlaSi. gavlenas axdens sisxlSi Saqris Semcvelobaze da 

warmoadgens diabetis samkurnalo preparats. 

    organizmSi TuTiis deficiti samkurnalo preparatebTan erTad 

SeiZleba Seivsos sakvebi produqtebiTac. TuTias didi raodenobiT Seicavs 

xorci, RviZli, rZe, kvercxi, vaSli, forToxali, limoni da sxv. 

    kadmiumi. kadmiumi ZiriTadad grovdeba TirkmelebSi, RviZlSi da 

SedarebiT mcire raodenobiT sisxlSi. TirkmelebSi kadmiumis dagroveba 

xdeba cilebTan kompleqsuri naerTis saxiT. kadmiumi axdens mTeli rigi 

fermentebis inhibirebas da iwvevs organizmSi mimdinare zogierTi 

procesebis damuxruWebas. 

    liTonuri kadmiumi Zlier toqsikuria da organizmSi misi didi 

raodenobiT (50-60 mg) dagroveba iwvevs sikvdils. toqsikurebia agreTve 

kadmiumis oqsidi da misi xsnadi marilebi. 

    kadmiumiT mowamvlas iwvevs iseTi marcvlovani da bostneuli sakvebis 

miReba, romelic moyvanilia navTobgadamamuSavebeli da metalurgiuli 

qarxnebis axlos. nikotinis kancerogenuli moqmedeba faqtiurad 

dakavSirebulia Tambaqos kvamlSi kadmiumis SemcvelobasTan. 

    vercxliswyali. vercxliswyali ise, rogorc kadmiumi warmoadgens 

minarev mikroelements. vercxliswyali ufro toqsikuria, vidre kadmiumi. 

bunabaSi vercxliswylis dasaSvebi norma tolia 0,01 mg/m3 , xolo kadmiumis 

0,1 mg/m3 . 

    miuxedavad toqsikurobisa, vercxliswyali TiTqmis yovelTvis 

arsebobs organizmSi. vercxliswyali ZiriTadad grovdeba TirkmelebSi. 
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    vercxliswyliT mowamvlisas adgili aqvs piris RruSi liTonis gemos 

SegrZnebas, saerTo sisustes, Zlier Tavis tkivils, Tmebis, kbilebis 

cvenas, xolo didi xnis moqmedebisas SeiZleba gamoiwvios sikvdili. 

 

 

 

 

 

 

 

 

 

 

 

Tavi X 

 

F f - elementebi 

 

 

      f-elementebi gardamaval elementebs miekuTvnebian. isini ganlagebuli 

arian perioduli sistemis VI da VII periodebSi. VI periodis elementebi 

gaerTianebulia lanTanidebis ojaxSi, xolo VII periodis _ aqtinidebis 

ojaxSi. 

   

 

lanTanidebi 

     

  lanTanidebis zogadi daxasiaTeba 

lanTanidebis ojaxs miekuTvneba elementebi: ceriumi Ce, prazeodimi Pr, 

neodimi Nd, promeTiumi Pm, samariumi Sm, evropiumi Eu, gadoliniumi Gd, 

terbiumi Tb, disproziumi Dy, holimiumi Ho, erbiumi Er, Tuliumi Tm, 

iterbiumi Yb, luteciumi Lu. 
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eleme

nti 

atomuri 

masa 

Aatomis eleqtronuli 

konfiguracia 

eleqtrouar

yofiToba 

atomu

ri 

nomeri 

Ce 140,12 5s25p64f25d06s2 1,08 58 

Pr 140,907 5s25p64f35d06s2 1,07 59 

Nd 144,24 5s25p64f45d06s2 1,07 60 

Pm 145,0 5s25p64f55d06s2 1,07 61 

Sm 150,40 5s25p64f65d06s2 1,07 62 

Eu 151,96 5s25p64f75d06s2 1,01 63 

Gd 157,25 5s25p64f75d16s2 1,11 64 

Tb 153,925 5s25p64f95d06s2 1,10 65 

Dy 162,50 5s25p64f105d06s2 1,10 66 

Ho 164,930 5s25p64f115d06s2 1,10 67 

Er 167,26 5s25p64f125d06s2 1,11 68 

Tm 168,934 5s25p64f135d06s2 1,11 69 

Yb 173,04 5s25p64f145d06s2 1,06 70 

Lu 174,97 5s25p64f145d16s2 1,14 71 

 

      lanTanidebis atomTa eleqtronuli konfiguracia SeiZleba aseTi 

zogadi formuliT gamovsaxoT: 4f 2-145s 25p65d 0-16s 2 .maT eleqtronebiT evsebaT 

4f  qvedone. 5d  qvedoneze TiTo eleqtroni aqvT lanTans, gadoliniums da 

luteciums. yvela danarCenTan ki aRniSnuli eleqtroni gadadis  4f 

qvedoneze. rogorc Cans, es ukanaskneli lanTanidebisTvis ufro metadaa 

xelsayreli, vidre  5d qvedone. 

     4f orbitalebis Sevsebis xasiaTis mixedviT lanTanidebi iyofa 

qvejgufebad. pirveli Svidi elementi (Ce- Gd) Seadgens ceriumis qvejgufs, 

danarCeni Svidi ki (Tb- Lu) _ terbiumis qvejgufs.  

 

ceriumis qvejgufi terbiumis qvejgufi 

Ce        4f 2 Tb         4f 7+2 

Pr         4f 3 Dy         4f 7+3 

Nd         4f 4 Ho          4f 7+4 



  

186 
 

Pm         4f 5 Er           4f 7+5 

Sm         4f 6 Tm          4f 7+6 

Eu          4f 7 Yb           4f 7+7 

      Gd          4f 75d 1     Lu          4f 145d 1 

 

   rogorc cxrilidan Cans, am elementebis qvejgufebad dayofa 

ganisazRvreba 4f  - orbitalebis Sevsebis xasiaTiT. damatebiTi eleqtroni 

gadoliniums da luteciums aqvT 5d mdgomareobaSi.  

   umniSvnelo aRgznebisas erTerTi 4f  eleqtronebidan (iSviaTad ori) 

gadadis 5d qvedoneze. danarCeni ki mniSvnelovan gavlenas lanTanidebis 

qimiur Tvisebebze ar axdens. amitom, SeiZleba iTqvas, rom lanTanidebis 

Tvisebebs gansazRvraven 5d16s2 eleqtronebi. amiTaa ganpirobebuli maTi 

msgavseba skandiumTan da mis analogebTan.  

   lanTanidebi TvisebebiT Zalian emsgavsebian erTmaneTs. amis gamo maT 

lanTanTan, itriumTan da skandiumTan erTad aerTianeben e.w. iSviaTmiwaTa 

elementebis ojaxSi. Tumca, zogierTi Tviseba rigSi Ce-Lu monotonurad 

icvleba. amave dros, Tvisebebis cvlileba periodulad xdeba. TvisebaTa 

monotonuri cvlileba aixsneba lanTaniduri kumSviT. lanTaniduri kumSva 

_ es aris rigSi Ce-Lu atomuri da ionuri radiusebis TandaTanobiTi 

Semcireba.  

   lanTanidebisTvis damaxasiaTebeli JangviTi ricxvebi mocemulia 

cxrilSi 

 

ceriumis 

qvejgufi 

Ce Pr Nd Pm Sm Eu Gd 

JangviTi 

ricxvi 

+3, +4 +3, +4 +3 +3 +3 +3,+2 +3 

terbiumis 

qvejgufi 

Tb Dy Ho Er Tm Yb Lu 

JangviTi 

ricxvi 

+3, +4 +3, (+4) +3 +3 +3, (+2) +3, +2 +3 
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   lanTanidebis umetesoba paramagnituria; gadoliniumi, disproziumi da 

holmiumi ki feromagniturebia. didi msgavsebis gamo Znelad xdeba 

lanTanidebis dacileba da sufTa saxiT miReba. 

  lanTanidebs kenti atomuri nomriT mxolod erTi bunebrivi izotopi 

aqvT, danarCenebs ki _ Svidi. yvela maTganisTvis miRebulia xelovnuri 

izotopebi, romlebic birTvul reaqtorebSi imyofebian.  

 
iSviaTmiwaTa liTonebis atomuri moculobebis mrudi. Mmaqsimumi Seesabameba elementebs,romlebic 

avlenen valentobas-2. xolo mini-mumi _ im elementebs, romlebic avlenen valentobas 4 

bunebaSi gavrceleba 

 

    lanTanidebi gvxvdebian lanTanTan da itriumTan erTad. dedamiwis 

qerqSi iSviaTmiwaTa elementebis Semcveloba 0,016℅ Seadgens. yvelaze 

metad gavrcelebulia ceriumi (4,5⋅10ˉ3 ℅), neodimi (2,5⋅10ˉ3℅), 

gadoliniumi(1,0⋅10ˉ3℅). SedarebiT iSviaTia holmiumi, Tuliumi, luteciumi.  

 

 
lanTanidTa fardobiTi Semcveloba dedamiwis qerqSi 
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lanTanidebis miReba 

 

   lanTanidebis miRebis ZiriTadi wyaroa mineralebi: monociti, 

fosforitebi da apatitebi. fosfaturi nedleulidan maT misaRebad 

sxvadasxva meTodebs iyeneben, maT Soris eqstraqcias.  

   Tavisufal mdgomareobaSi lanTanidebs iReben ЭF3  an   ЭCl3  

liTonTermuli aRdgeniT. aRmdgenelad iyeneben kalciums an magniums. 

Эhal3-is urTierTqmedeba kalciumTan ufro srulad da intensiurad 

mimdinareobs, vidre magniumTan. am ukanasknelis gamoyenebisas warmoiqmneba 

Senadnobi Mg _ Э. Tumca, magniumi ufro metad aqroladia, vidre kalciumi 

da misi mocileba SeiZleba liTonis Zlieri gaxurebiT vakuumSi. msubuqi 

lanTanidebis misaRebad (La- Gd) axdenen ЭCl3- is aRdgenas, mZimeTa (Tb, Lu) 

misaRebad ЭF3 – is. gamonakliss am SemTxvevaSi warmoadgens samariumi, 

evropiumi da iterbiumi. am SemTxvevaSi miiReba ara liToni, aramed ЭCl2. 

aRniSnuli liTonebis miReba SeiZleba reaqciiT: 

Э2O3 + 2La → La2O3 + 2Э 

 

   lanTanidebs miiReben agreTve ЭCl3 – is nalRobis eleqtroliziT. 

danamatebad iyeneben NaCl, KCl  an  CaCl2-s. am xerxiT mxolod 

adviladdnobadi lanTanidebis miRebaa SesaZlebeli. yvela lanTanidis 

miReba SeiZleba eleqtroliziT TuTiis an kadmiumis Txevadi kaTodis 

gamoyenebisas. miRebuli Senadnobidan advilad aqrolad TuTias da 

kadmiums aSoreben vakuumSi gadadeniT. 

 

 

fizikur-qimiuri Tvisebebi 

 

    lanTanidebi Zneladdnobadi movercxlisfro-TeTri liTonebia, Wedadi, 

advilad iWrebian daniT; maTi simagre atomuri nomris gazrdasTan erTad 

matulobs. amave mimarTulebiT xdeba kuTri wonis momateba. haerze 

brwyinvalebas kargaven da ifarebian Э2O3 –is qerqiT. 

   qimiuri aqtiurobiT lanTanidebi, iseve, rogorc lanTani, CamorCebian 

mxolod tute da tutemiwaTa liTonebs. mSral haerze mdgradni arian; 
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gaxurebisas haerze aaldebian (200-400°) da warmoqmnian oqsidebisa da 

nitridebis narevs. ceriumi piroforulia _ Cveulebriv pirobebSi haerze 

TviTaalebas ganicdis. misi es Tviseba gamoiyeneba piroforuli 

Senadnobebis misaRebad. 

   tenian haerze lanTanidebi advilad iJangebian. warmoiqmneba Э2O3, 

ceriumis SemTxvevaSi ki _ ЭO2.  

   lanTanidebi swrafad Slian cxel wyals, civs ki _ SedarebiT nela. 

ceriumi naxSirbads aRadgens misi oqsidebidan.  

   lanTanidebi urTierTqmedeben halogenebTan. gaxurebiT ki _ azotTan, 

gogirdTan, naxSirbadTan, siliciumTan, fosforTan, wyalbadTan. am dros 

xSirad warmoiqmneba intermetaluri naerTebi. Zlieri gaxurebisas 

lanTanidebi zogierT liTons aZeveben maTi halogen- da 

JangbadnaerTebidan.  

   lanTanidebi aqtiurad urTierTqmedeben mJavebTan.  

naerTebi  

   lanTanidebi urTierTqmedeben wyalbadTan (300-400°) da warmoqmnian 

hidridebs ЭH2   da  ЭH3 (garda Eu   da   Yb) . aRniSnul hidridebs CaF2-is 

struqtura aqvT, marilismsgavsni arian. reagireben wyalTan, JangbadTan, 

halogenebTan. gansakuTrebiT reaqciisunariania ЭH3 tipis naerTebi.  

   aRniSnuli hidridebi ganicdian hidrolizs, ixsnebian mineralur 

mJavebSi: 

 

2ЭH3 + 6H2O → 2Э(OH)3↓ + 6H2↑ 

2ЭH3 + 6HCl →  2ЭCl3 + 6H2↑ 

 

   evropiumis da iterbiumis hidridebi EuH2   da YbH2  marilismagvari 

hidridebia. maTi miReba SeiZleba reaqciiT: 

 

Eu + H2 → EuH2 

 

es reaqcia mimdinareobs oTaxis temperaturaze. 

   rac Seexeba ЭH3  tipis hidridebis sinTezs, reaqciis 
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2Э + 3 H2 →2 ЭH3 

 

ganxorcieleba mTel rig siZneleebTanaa dakavSirebuli, radgan liTonis 

zedapirze warmoiqmneba ЭH3-is mkvrivi afski, romelic xels uSlis 

Semdgomi hidrirebis process. amitom, am dros saWiroa maRali wnevis 

gamoyeneba.  

 

   

 

Э(III) naerTebi. oqsidebi da hidroqsidebi 

 

   samvalentiani mdgomareoba damaxasiaTebelia yvela lanTanidisTvis. 

isini warmoqmnian Э2O3 tipis oqsidebs, romlebic TvisebebiT kalciumis, 

stronciumis, bariumis oqsidebs emsgavsebian. am oqsidebs sxvadasxva 

meTodebiT miiReben. magaliTad, liTonis gaxurebiT Jangbadis areSi an 

haerze: 

4Э + 3O2  →  2Э2O3 

 

an maTi marilebis Termuli daSliT: 

 

4 Э(NO3)3 →  2 Э2O3 + 12NO2 ↑ + 3O2↑ 

2 Э(CH3COO)3 + 12O2  → Э2O3 +12CO2↑ + 9H2O 

2Э(OH)3 → Э2O3 + 3H2O 

 

yvelaze mosaxerxebeli da gavrcelebuli xerxia oqsalatebis gaxureba: 

 

 Э2(C2O4)3 · xH2O → Э2O3 + 3CO↑ + 3CO2↑ + xH2O 

 

   es oqsidebi haeridan advilad STanTqaven naxSirorJangs, wyals da 

warmoqmnian Sesabamis hidroqsidebs da karbonatebs: 

 

 Э2O3 + 3H2O → 2Э(OH)3 
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Э2O3 + 3CO2 → Э2(CO3)3 

 

   ceriumis, gadoliniumis, iterbiumis da luteciumis oqsidebi uferoa, 

danarCeni ki Seferili. Eu, Tb, Er- is oqsidebi _ vardisferia; Sm, Dy, Ho _ 

yviTeli, Pr, Tm _ mwvane; Nd _ mowiTalo-iisferi. es oqsidebi advilad 

miiReba nitratTa gaxurebiT. isini reagireben mJavebTan da warmoqmnian 

marilebs. urTierTqmedebis intensivoba mcirdeba Ce2O3 –dan Lu2O3 _ze 

gadasvlisas.  

 

elementi oqsidi feri 

Ce Ce2O3 uferuli 

Gd GGd2O3 uferuli 

Yb Yb2O3 uferuli 

Lu Lu2O3 uferuli 

Eu EEu2O3 vardisferi 

Tb Tb2O3 vardisferi 

Er EEr2O3 vardisferi 

Sm Sm2O3 yviTeli 

Dy Dy2O3 yviTeli 

Ho Ho2O3 yviTeli 

Pr Pr2O3 mwvane 

Tm Tm2O3 mwvane 

Nd Nd2O3 mowiTalo-

iisferi 

 

   Э3+ ionebi wyalxsnarebSi warmoqmnian hidratul kompleqsebs Э(H2O)n n~8. 

hidratuli ionebi Seferilia: Ce3+ _ uferuli, Pr3+ _ moyviTalo-mwvane, 

Nd3+ _ mowiTalo-iisferi, Eu3+ _ vardisferi, Pm3+ _ vardisferi, Sm3+ _ 

yviTeli, Yb3+ Er3+ Gd3+ Tb3+ _ uferuli, Dy3+ _ mkrTali moyviTalo-mwvane, 

Ho3+ _ moyavisfro-yviTeli, Tm3+ _ Ria mwvane; Ce4+  ions aqvs muqi yviTeli 

Seferiloba.  
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   tutis wyalxsnarebTan lanTanidTa(III) oqsidebi ar reagireben, magram 

miRebulia LiЭO2, NaЭO2  tipis kristaluri  naerTebi, rac Э2O3 – is 

amfoterobaze miuTiTebs.  

   Э2O3 kargad ixsnebian mJavebSi marilebis warmoqmniT; urTierTqmedeben 

natriumis karbonatTan: 

 

Yb2O3 + Na2CO3 → 2NaYbO2 + CO2↑ 

   

natriumis iterbiti NaYbO2 natriumis aluminatis  NaAlO2  

izostruqturulia. rogorc Cans, maRaltemperaturul pirobebSi Э2O3  

oqsidebi amfoteruli bunebisaa. 

   hidroqsidebi  Э(OH)3. yvela maTgani wyalSi uxsnadi, labisebri 

nivTierebaa. maTi fuZe Tvisebebi mcirdeba atomuri nomris gazrdasTan 

erTad. hidroqsidTa miReba SeiZleba  Sesabamis marilebze amiakis an 

tutis xsnaris moqmedebiT. miiReba labisebri naleqi: 

 

ЭCl3 + 3NaOH → Э(OH)3↓ + 3NaCl 

 

Э(OH)3 praqtikulad  amfoterulebi ar arian, magram rigSi Ce(III) _ Lu(III) 

ionuri radiusis Semcirebis Sesabamisad fuZeTa Tviseba garkveulwilad 

mcirdeba da Cndeba amfoterobis niSnebi. imave rigSi mcirdeba Termuli 

mdgradoba da xsnadoba.  

   Э(OH)3 –is naleqze ganzavebuli NaOH   da      HCl –is moqmedebiT reaqcia 

midis mxolod      HCl  -Tan. Tumca, Zlieri tuteebis koncentrirebul 

xsnarebSi SesaZlebelia hidroqsokompleqsebis miRebac, rogoricaa, 

magaliTad Na3[Lu(OH)6]. 

     nitratebi. Э(NO3)3 miiReba Sesabamis oqsidebze azotmJavas moqmedebiT: 

 

Э2O3  + 6HNO3 → 2Э(NO3)3 + 3H2O 

Э(OH)3 + 3HNO3 → Э(NO3)3 + 3H2O 

 

uwylo nitratebis miReba SesaZlebelia mxolod arawyalxsnarebSi. 



  

193 
 

   sulfatebi. Э2(SO4)3 zomierad ixsnebian civ wyalSi, magram temperaturis 

gazrdasTan erTad maTi xsnadoba mcirdeba. tute liTonebis sulfatebis 

Tanaobisas wyalxsnarebSi miiReba ormagi sulfatebi: 

 

Э2(SO4)3 + Na2SO4 + xH2O → 2Na[Э(SO4)2] · xH2O 

 

   ceriumis qvejgufis ormagi sulfatebi Znelad xsnadebia, maT am 

Tvisebas iyeneben teqnologiaSi.  

   karbonatebi. Э2(CO3)3 praqtikulad ar ixsnebian wyalSi. miiRebian 

iSviaTmiwaTa liTonebis marilebze tute liTonebis karbonatebis 

moqmedebiT: 

 

2 Э(NO3)3 + 3Na2CO3 → Э2(CO3)3↓ + 6NaNO3 

 

     Na2CO3-is siWarbisas miiReba kompleqsuri naerTebi, magaliTad 

Na2[Э(CO3)2] · 6H2O. 

     Э(III)  halogenidebidan yvelaze mniSvnelovania ftoridebi, maTi dabali 

xsnadobis gamo. qloridebi ixsnebian wyalSi, saidanac gamokristaldebian 

hidratebis saxiT. am hidratebidan SeuZlebelia uwylo marilebis miReba, 

radgan gacxelebisas isini ufro advilad kargaven HCl-s, vidre wyals. am 

dros warmoiqmneba oqsiqloridebi ЭOCl2. 

     uwylo qloridebi advilad miiReba oqsidTa gaxurebiT amoniumis 

qloridTan: 

Э2O3 + 6NH4Cl →  2 ЭCl3 + 3H2O + 6NH3↑ 

 

   didi sisufTavis uwylo ftoridebis misaRebad Tavdapirvelad miiReben 

ftoramoniumis kompleqsebs, ris Semdegac xdeba maTi Termuli daSla(400-

450°C): 

 

(NH4)3ЭF6 →3NH3↑ + 3HF↑ + ЭF3 

 

uwylo halogenidebis miReba pirdapiri sinTezis gziTacaa SesaZlebeli: 
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2 Э + 3hal2 → 2 Эhal3 

sadac hal = F, Cl, Br, I.  

 

  mrewvelobaSi uwylo halogenidebs Rebuloben oqsidebis halogenirebiT 

naxSirbadis (koqsi, grafiti, gaaqtivebuli naxSiri) Tanaobisas. 

  bromidebi da iodidebi TvisebebiT emsgavsebian qloridebs. 

  wyalxsnarebSi halogenidebis misaRebad xSirad gamoiyeneba oqsidebis, 

hidroqsidebis da uSualod liTonebis urTierTqmedeba 

halogenwyalbadmJavebTan (Hhal): 

 

Э(OH)3 + 3Hhal → Эhal3 + 3H2O 

Э2O3 + 6Hhal → 2 Эhal3 + 3H2O 

2 Э + 6Hhal →2 Эhal3 + 3H2↑ 

sadac hal = F, Cl, Br, I.  

 

   lanTanidebi advilad warmoqmnian ormag marilebs: sulfatebs da 

nitratebs, rogoricaa 2 Э(NO3)3 · 3Mg(NO3)2 · 24H2O, Э2(SO4)3 · 3 Na2SO4 · 12H2O da 

sxv. 

   lanTanidebi(III) warmoqmnian mudmivi Sedgenilobis naerTebs ara 

mxolod JangbadTan da halogenebTan, aramed sxva araliTonebTanac: 

gogirdTan, selenTan, azotTan, fosforTan da sxv. 

   Э(IV)  naerTebi. erTaderTi lanTanidi, romelic oTxvalentian 

mdgomareobaSi mdgrad naerTebs warmoqmnis, aris ceriumi. Ce(IV)-is 

binarul myar naerTebs miekuTvneba CeO2. igi miiReba liTonuri ceriumis an 

misi marilebis gaxurebiT haerze. Seesabameba hidrati _ Ce(OH)4, romelic 

yviTeli labisebri nivTierebaa. igi ar ixsneba tuteebSi, ixsneba mJavebSi 

da iZleva Sesabamis marilebs. misi marilebi advilad ganicdian 

hidrolizs. 

   ceratebi miiReba CeO2-is SelRobiT tutesTan: 

 

CeO2 + 2NaOH –tº→ Na2CeO3 + H2O 
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Ce(OH)4 amfoterul bunebas amJRavnebs. 

   Ce 4+ warmoqmnis kompleqsur naerTebs kaliumis ftoridTan SelRobiT: 

2KF + CeF4 → K2CeF6 

 

Ce(IV) naerTebi mJava garemoSi Zlieri damJangvelebia: 

 

2Ce(OH)4 + 8HCl → 2CeCl3 + Cl2 + 8H2O 

 

Ce(IV)  warmoqmnis ormag marilebs, Ce(NO3)4 · 2NH4NO3. Ce4+ ionis 

stabiluroba imiT aixsneba, rom mas qsenonis atomis Sesabamisi 

eleqtronuli konfiguracia aqvs. 

   prazeodimi, terbiumi aseve warmoqmnian oTxvalentian naerTebs, 

romlebic ceriumis naerTebisgan gansxvavebiT naklebad mdgradebia. Pr da  

Tb haerze gaxurebiT miiReba Savi feris oqsidebi, romlebsac Seesabameba 

formulebi: Pr2O3 · 2PrO2      da Tb2O3 · 2TbO2. amiT sargebloben prazeodimis da 

terbiumis dacilebisas danarCeni lanTanidebisgan. 

  

lanTanidTa tipiuri naerTebi 

naerTi naerTis formula elementi 

oqsidebi Э2O3 

ЭO2 

Э 

Ce, Pr, Tb 

hidroqsidebi Э(OH)3 

Э(OH)4 

Э 

Ce, Tb 

xsnadi marilebi ЭX3 

Э(NO3)3 

Э2(SO4)3 

Э(CH3COO)3 

 

 

Э 

 

uxsnadi marilebi Э(OH)X2 

ЭF3·nH2O 

Э2(CO3)3 

 

Э 
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         Э(II) naerTebi.  Sm(II), Eu(II), Yb(II) naerTebi Zlieri aRmdgenelebia. maTi 

Sesabamisi naerTebi, magaliTad, halogenidebi, miiReba Sesabamisi 

samvalentiani halogenidebis wyalbadiT aRdgenisas. 

   +2 JangviTi ricxvi yvelaze mdgradia evropiumisTvis, aseve 

iterbiumisTvisac. es stabiluroba aixsneba imiT, rom Eu2+ da Yb2+ ionebs 

SeesabamebaT konfiguracia 4f 7 da 4f 14. 

     hidroqsidebi Eu(OH)2 da  Yb(OH)2  Zlieri fuZeebia. isini wyalSi kargad 

ixsnebian. amasTan, unda aRiniSnos, rom Eu(OH)2  ufro Zlieri fuZea, vidre 

Yb(OH)2.  

   wyalxsnarebSi Э2+
 ionebi advilad iJangebian, amitom maT 

stabilizirebas axdenen mcired xsnad naerTebSi gadayvanis gziT. 

magaliTad, Tu EuCl2-is wyalxsnars davamatebT gogirdmJavas, gamoiyofa 

evropium(II)-is sulfatis mowiTalo-yavisferi naleqi: 

 

EuCl2 + H2SO4 → EuSO4↓  + 2HCl 

  

     Э(II) naerTebis miReba SeiZleba agreTve liTonTermuli gziTac: 

   

2ЭCl3 + Ca →  2ЭCl2 + CaCl2 

 

   sadac Э= Eu, Yb, Sm. 

danarCeni liTonebis aRdgena mimdinareobs srulad: 

 

2ЭCl3 + 3Ca → 2Э + 3CaCl2 

 

 

lanTanidebis dacileba 

  

   lanTanidebi qimiuri TvisebebiT Zalze emsgavsebian erTmaneTs, rac maTi 

eleqtronuli struqturis TaviseburebiT aixsneba. amitomaa, rom am 

elementTa miReba Tavisufal mdgomareobaSi sakmaod rTul amocanas 

warmoadgens. lanTanidebis dasacileblad mravali meTodia SemuSavebuli, 

magram arc erTi ar aris srulyofili. 
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   dacilebis erT-erTi meTodi agebulia lanTanidebis marilTa wyalSi 

xsnadobaze, romelic ramdenadme gansxvavdeba erTmaneTisgan. swored 

amazea agebuli wiladuri gadakristalebis meTodi. aRniSnuli meTodis 

gamoyenebisas lanTanidebis marilebidan Tavdapirvelad gamoyofen 

ceriums, risTvisac igi gadahyavT oTxvalentian mdgomareobaSi. darCenil  

xsnars aorTqleben manamde, sanam erTi amoRebuli wveTis gacivebisas ar 

gamoiyofa kristalebi. Semdeg xsnars nel-nela aciveben. Sedegad 

gamokristaldeba naklebad xsnadi marilebi, romelTa mocilebisas 

xsnaris koncentrirebas axdenen da isev gamoakristaleben naklebad xsnad 

marilebs. miiReba kristalebis ori fraqcia da ori deda xsnari. es 

procesi grZeleba, ris Sedegadac fraqciebis ricxvi izrdeba. 

   wiladuri daleqvis meTodi  dafuZnebulia imaze, rom lanTanidTa 

mwkrivSi fuZeTa Zala erTnairi ar aris. xsnars amateben amiaks, ris 

Sedegadac pirvelad gamoileqeba naklebi siZlieris fuZe, Semdeg ufro 

meti siZlierisa da a.S.  

   aRniSnuli meTodebi did dros saWiroebs, amitom ukanasknel xans 

lanTanidTa dasacileblad ionmimocvliTi qromatografia gamoiyeneba. 

 

   lanTanidebi gamoiyeneba, rogorc danamatebi sxvadasxva Senadnobebis 

miRebisas. ceriumis damateba foladSi aumjobesebs am ukanasknelis 

Tvisebebs, radgan masSi gaxsnil gogirdTan warmoqmnis naerTs da 

gadahyavs igi widaSi.  

   ceriumis(6%) Semcveli foladisagan amzadeben qirurgiul 

instrumentebs. cerium(IV)-is oqsidi gamoiyeneba, rogorc katalizatori. 

   neodimis da prazeodimis Semcveli minebi gamoiyeneba ultraiisferi 

sxivebisgan damcavi saTvaleebis dasamzadeblad. astronomiuli da 

speqtroskopiuli xelsawyoebisTvis gamoyenebuli optikuri mina Seicavs 

neodimis da vanadiumis oqsidebs. 

   lanTanidebs didi gamoyeneba aqvT cecxlgamZle keramikis warmoebaSi. 

   didi gamoyeneba aqvT lanTanidTa xelovnuri gziT miRebul izotopebs. 

magaliTad, Tm 178 γ-gamosxivebis unaris gamo did gamoyenebas hpovebs 

medicinaSi adamianis sxeulis gasaSuqeblad. garda amisa, am elementTa 



  

198 
 

radiaqtiuri izotopebi gamoiyeneba rogorc indikatorebi sxvadasxva 

qimiuri reaqciebis Seswavlisas. 

   lanTanidTa gamoyenebis mniSvnelovani sferoa wyalbadis 

akumulatorebis warmoeba intermetalidebis safuZvelze, romelTa 

SedgenilobaSi Sedis agreTve gardamavali 3d elementebi. aseTi 

Senadnobebis unikaluri Tvisebaa maTi unari Cveulebriv pirobebSi 

urTierTqmedebaSi Sevidnen wyalbadTan, xolo umniSvnelod gaxurebisas 

isev mogvcen igi Tavisufali saxiT. 

 

lanTanidTa biologiuri roli 

 

   lanTanidTa Semcveloba biosferoSi imdenad mcirea, rom advilad 

SeiZleba maTi biologiuri gavlenis ugulebelyofa, magram adamianis mier 

mrewvelobaSi axali saxis masalebis gamoyenebisas izrdeba narCenebSi 

iSviaTmiwaTa elementebis Semcveloba, rac garemos dabinZurebas iwvevs. 

amis Sedegad izrdeba am elementebis cocxal organizmebSi moxvedris 

albaToba. 

   minarevi elementebis biologiuri roli damokidebulia imaze, Tu 

rogori formiT arseboben isini biosferoSi, romel araorganul da 

organul ligandebTan arian dakavSirebuli, romeli ligandebi uwyoben 

xels maT moxvedras cocxal organizmebSi. 

   iSviaTmiwaTa elementebi(III) qimiuri TvisebebiT emsgavsebian tutemiwaTa 

liTonebs. Ca2+ ionis da La3+ ionis radiusebi praqtikulad erTnairia. 

msgavsia maTi polarizaciuli maxasiaTeblebic, radgan tutemiwaTa 

liTonebis ormuxtian kaTionebs da iSviaTmiwaTa elementebis sammuxtian 

kaTionebs inertuli airis msgavsi gare eleqtronuli garsi aqvT. amasTan 

erTad, dadebiTi muxtis simkvrive iSviaTmiwaTa elementebis ionebs ufro 

maRali aqvT, vidre tutemiwaTa liTonebs. es ki tutemiwaTa  elementebis 

ionebis Canacvlebis saSualebas iZleva cxovelur da mcenareul 

organizmebSi. 

   iSviaTmiwaTa elementebis am Tvisebis gamo dRes isini medicinaSi 

gamoiyeneba. mag. Eu3+ Zlier luminescencirebadi ionis Seyvana cocxal 

organizmSi niSnulis saxiT, saSualebas iZleva Tvali miedevnos 
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medikamentis an sisxlis calkeuli komponentis gzas metabolizmis 

procesSi. 

   Seqmnilia iSviaTmiwaTa elementebis Semcveli samkurnalo preparatebi, 

romlebic aregulireben Ca2+  ionis mimocvlas da simsivnuri ujredebis 

zrdis inhibirebas axdenen. gadoliniumis naerTebi, romelic metnaklebad 

gamoxatuli paramagnituri TvisebebiT xasiaTdeba, gamoiyeneba 

tomografiaSi paramagnituri niSnulis saxiT.  iSviaTmiwaTa elementebis 

zogierTi marili gamoiyeneba, rogorc sisxlis antikoagulanti 

Trombozis samkurnalod. 

   yvela iSviaTmiwaTa elementi xasiaTdeba atomuri da ionuri radiusebis, 

ionizaciis energiis, sakoordinacio ricxvis msgavsi mniSvnelobebiT, rac 

ganapirobebs bmis warmoqmnas bioligandebis molekulebis erTi da igive 

funqcionalur jgufebTan. amgvarad,  iSviaTmiwaTa elementebis 

biologiuri aqtiuroba miaxloebiT erTnairia. 

   iSviaTmiwaTa elementebi xasiaTdebian maRali sakoordinacio ricxviT, 

amitom makrociklur ligandebTan warmoqmnian sandviCismagvar da 

“mravaliarusian” kompleqsnaerTebs, romlebsac zogierT SemTxvevaSi 

amfofiluri Tvisebebi aqvT. maTi toqsikuroba imdenad mcirea, rom 

SeiZleba gamoyeneba samkurnalo preparatebis saxiT, Tuki isini amJRavneben 

saWiro bioaqtiur Tvisebebs. bolo xanebSi dadgenilia, rom iSviaTmiwaTa 

elementebis zogierTi kraunCanacvlebuli ftalocianatebi seleqtiurad 

grovdebian simsivnur qsovilebSi da sakmarisad advilad gamoidevnebian 

organizmidan wiTeli sinaTliT dasxivebisas. dasxivebis procesSi es 

naerTebi singleturi Jangbadis generirebas axdenen, rac iwvevs simsivnuri 

warmonaqmnebis seleqtiur ganadgurebas. am principebis gaTvaliswinebiT 

ukanasknel xans viTardeba fotodinamiuri diagnostika simsivnis 

mkurnalobaSi. araa gasakviri, rom am perspeqtiul meTodze did imedebs 

amyareben mkvlevarebi onkologiuri daavadebebis mkurnalobisas.          
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Tavi XI 

 

aqtinidebi 

 

 

    aqtinidebis ojaxSi Sedis Toriumi Th, protaqtiniumi Pa, urani U, 

neptuniumi Np, plutoniumi Pu, americiumi Am, kiuriumi Cm, berkliumi Bk, 

kaliforniumi Cf, einSteiniumi Es, fermiumi Fm, mendeleeviumi Md, 

nobeliumi No, da lourensiumi  Lr. am elementTa eleqtronuli garsebis 

aRnagoba mocemulia cxrilSi  

 

  

eleme

nti 

atomuri 

masa 

Aatomis eleqtronuli 

konfiguracia 

eleqtrouar

yofiToba 

atomu

ri 

nomeri 

Th 232,0381 5f06s26p66d27s2 1,11 90 

Pa 231,03588 5f16s26p66d27s2 an 5f26s26p66d17s2 1,14 91 

U 238,0289 5f46s26p66d07s2 an 5f36s26p66d17s2 1,22 92 

Np 237,048 5f46s26p66d17s2 an 5f56s26p66d07s2 1,22 93 

Pu 244,064 5f66s26p66d07s2 1,22 94 

Am 243,061 5f76s26p66d07s2 1,20 95 

Cm 247,079 5f76s26p66d17s2 1,20 96 

Bk 247,070 5f86s26p66d17s2 an 5f96s26p66d07s2 1,20 97 

Cf 251,088 5f106s26p66d07s2 an 5f96s26p66d17s2 1,20 98 

Es 252,083 5f116s26p66d07s2 1,20 99 

Fm 257,095 5f126s26p66d07s2 1,20 100 

Md 258,099 5f136s26p66d07s2 1,20 101 

No 259,101 5f146s26p66d07s2 1,20 102 

Lr 260,105 5f146s26p66d17s2 an 5f96s26p66d07s27p1 1,20 103 

 

   rogorc cxrilidan Cans, protaqtiniums 5f qvedoneze aqvs erTi 

eleqtroni, xolo momdevno elementTa atomebSi grZeldeba 5f qvedonis 
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Sevseba. atomuri nomris zrdasTan erTad 5f eleqtronebis birTvTan bmis 

energia TandaTan izrdeba, xolo 6d  eleqtronebisa ki mcirdeba. amitom, 

xelsayreli xdeba eleqtronis gadasvla 6d-dan 5f  qvedoneze. 

   5f eleqtronebi monawileobas iReben qimiuri bmis warmoqmnaSi, rasac 

adasturebs aqtinidebis maRali JangviTi ricxvi _ +6, +7. amiT isini 

arsebiTad gansxvavdebian lanTanidebisgan, romelTa 4f eleqtronebi 

qimiuri bmis warmoqmnaSi monawileobas ar iReben. swored amitomaa, rom 

lanTanidebis umaRlesi JangviTi ricxvia +4. 

   qimiur reaqciebSi 5f eleqtronebi gardamaval d –elementTa d –

eleqtronebis analogiur rols asruleben. Sedegad protaqtiniumi, urani, 

neptuniumi, plutoniumi, americiumi, kiuriumi qimiuri TvisebebiT 

emsgavsebian 5d  elementebs: tantals, volframs, reniums da sxv. es 

gansakuTrebiT Seexeba Toriums, romlis atoms izolirebul 

mdgomareobaSic ki ar aqvs   5f eleqtroni. igi TvisebebiT Zalzed waagavs 

cirkoniums da hafniums. 

   iseve, rogorc lanTanidebs, aqtinidebsac axasiaTebT atomTa 

moculobis Semcireba, rasac aqtiniduri kumSva ewodeba. 

   aqtinidebi amJRavneben cvlad JangviT ricxvs. 5f  orbitalebis 

Sevsebisas atomTa eleqtronuli konfiguraciebi stabiluri xdeba da 6d –

eleqtronebis gadasvla 5f mdgomareobaSi ufro da ufro Zneldeba. amitom, 

berkliumis qvejgufis elementebi tipiuri f- elementebia da TvisebebiT 

emsgavsebian lanTanidebs. amis mixedviT aqtinidebi SeiZleba or qvejgufad 

davyoT: Toriumis qvejgufi da berkliumis qvejgufi. 

 aqtinidebisTvis damaxasiaTebeli JangviTi ricxvebi mocemulia cxrilSi 

Toriumis 

qvejgufi 

Th Pa U Np Pu Am Cm 

JangviTi 

ricxvi 

(+2,+3),+4 (+3,+4),+5 +3, +4, 

+5, +6 

+3, +4, 

+5, +6, 

+7 

+3, +4, 

+5, +6, 

+7 

(+2), +3, 

+4, +5, +6, 

+7 

+3, +4 

berkliumis 

qvejgufi 

Bk Cf Es Fm Md No Lr 

JangviTi 

ricxvi 

(+3), +4 +3, (+2) (+2), +3 +3 +2, +3,  +3, +2 +3 
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+2 JangviTi ricxvis mdgradoba izrdeba rigSi Cf _ No. 

 

 

bunebaSi gavrceleba, izotopuri Sedgeniloba 

   14 aqtinididan mxolod sami – Toriumi, protaqtiniumi da urani 

gvxvdeba bunebaSi. danarCeni elementebi sinTezirebulia laboratoriul 

pirobebSi birTvuli reaqciebiT. mxolod ramdenime maTganis aRmoCena 

gaxda SesaZlebeli uranis madnebSi. Toriumis, protaqtiniumis da uranis 

gavrceleba bunebaSi mocemulia cxrilSi: 

 

elementi Th Pa UU 

ZiriTadi 

mineralebi 

[Ce(Th,Ca)]PO4 

monociti 

uranis da Toriumis 

madnebi 

(U,Th)O2 

uraniti 

gavrceleba, % 

(woniTi) 

     6 · 10 -10 8 · 10 -4 2,5 · 10 -4 

 

  uranis madnebidan yvelaze metad cnobilia U3O8 _ nasturani, 

K2O·2UO3·U2O5·2H2O _ karnotiti da sxv. uranisa da Toriumis gavrceleba 

danarCen elementebTan SedarebiT ufro farToa imis gamo, rom maTi 

izotopebis naxevraddaSlis periodi Zalian didia. 

   bunebrivi radiaqtiuri izotopebidan yvelaze sicocxlisunarianebia  

232Th,    235U  daU 238U. amisda mixedviT Seqmnilia sami dajgufeba Toriumis 

ojaxi, uran-radiumis ojaxi da “aqtiniuranis” ojaxi. 

   

 aqtinidTa miReba  

   aqtinidTa sinTezisTvis gamoiyeneba reaqciebi, romlebSic monawileobas 

iReben neitronebi, deitronebi, α-nawilakebi da zogierTi ionebi (10B3+, 

12C4+, 14N5+, 16O6+, 22Ne10+) 

   pirvelad miRebuli iqna neptuniumi. misi sinTezisTvis liTonur urans 

asxiveben neitronebiT: 

         
238U92(n,γ) - β-→ 239Np93 
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SemdgomSi miiRes plutoniumi: 

           

238U92(d,2n) - β-→  238Pu94 

  

analogiurad iqna miRebuli danarCeni aqtinidebi. 

   xelovnuri radiaqtiuri elementebis sinTezi, gansakuTrebiT ki mZime  

aqtinidebisa, mraval eqsperimentul siZnelesTanaa dakavSirebuli. 

sinTezis produqtebi mcirea, xolo qimiuri meTodebiT identifikacia _ 

xSirad SeuZlebeli. mxolod fizikuri meTodebi ki qimiuri Tvisebebis 

Seswavlis saSualebas ar iZleva.  

   liTonur mdgomareobaSi aqtinidebis misaRebad iyeneben liTonoTermul 

meTodebs. magaliTad: 

 

ThO2 + 2Ca → Th + 2CaO 

AcF3 + 3Li(orTqli) → Ac + 3LiF 

UF4 + 2Mg → U + 2MgF2 

2AmF3 + 3Ba  → 2Am + 3BaF2 

 

   garda amisa, maTi miReba SeiZleba halogenidTa nalRobis 

eleqtroliziT da zogierTi naerTis Termuli daSliTac (vakuumSi, maRal 

temperaturaze): 

2PaCl5 → 2Pa + 5Cl2 

 

fizikur-qimiuri Tvisebebi 

 

   yvela aqtinidi TeTri feris Zneladdnobadi liTonia. xasiaTdebian 

maRali simkvriviT da duRilis temperaturiT. yvelaze dabali lRobis 

temperatura aqvs plutoniums da neptuniums.  

   Toriumis eleqtrogamtaroba 5-jer aRemateba vercxliswylisas, uranisa 

ki _ 6-jer. aqtinidTa umetesoba da TviT aqtiniumic sibneleSi anaTeben; 

xasiaTdebian piroforuli TvisebiT. mag. urani fxvnilis mdgomareobaSi 

haerze TviTaalebas ganicdis. 
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   aqtinidebi didi toqsikurobiT xasiaTdebian. mag. plutoniumis 

naerTebis toqsikuroba 100000-jer aRemateba cianwyalbadmJavisas. amitom, 

aqtinidebTan muSaoba sxvadasxva distanciuri danadgarebiT warmoebs. 

   aqtinidebi aqtiuri liTonebia. isini daZabulobis mwkrivSi wyalbadis 

marcxniv dganan. advilad Sedian reaqciaSi wyalbadTan, azotTan, 

gogirdTan, halogenebTan da sxv. es reaqciebi maRal temperaturaze 

mimdinareobs. 

    haerze aqtinidTa umetesoba iJangeba JangbadiT da azotiT. Jangbadis 

areSi wvisas warmoiqmneba naerTebi, sadac es liTonebi mdgrad JangviT 

xarisxs avlenen: 

 

Th + O2 → ThO2 

3U + 4O2 → U3O8(UO2 · 2UO3) 

4Pa + 5O2 → 2Pa2O5 

Pu + O2 → PuO2 

 

    Toriumi, urani da zogierTi sxva aqtinidi aqtiurad uerTdebian 

wyalbads da warmoqmnian cvladi Sedgenilobis hidridebs  ЭH3-sa da       

ЭH4-s Soris. liTonebTan aqtinidebi warmoqmnian Senadnobebs. isini 

aqtiurad Sedian reaqciaSi wyalTan da mJavebTan, xolo tuteebTan 

Cveulebriv pirobebSi ar reagireben. 

   liTonuri urani reagirebs wyalbadTan 250-300°C temperaturaze. miiReba 

Savi feris fxvnili. reaqcia Seqcevadia: 

 

2U + 3H2 ⇆ 2UH3 

 

   SedarebiT maRal temperaturaze es hidridi iSleba uaRresad 

reaqciisunariani wvrildispersuli liTonis warmoqmniT. 

   Bk, Cf, Es, Fm, Md, No  da   Lr  Tvisebebi jerjerobiT naklebadaa 

Seswavlili. savaraudod, maTi fizikuri da qimiuri Tvisebebi msgavsia 

lanTanidebisa. 
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   aqtinidebi arseboben Semdegi kationebis saxiT: Э3+, Э4+, ЭO2
+  da  ЭO2

2+    

romlebic Seesabameba valentobebs III-dan VI-mde. ЭO2
+  da  ЭO2

2+    

oqsoionebia, romlebic sakmaod mdgrad Э _  O bmebs Seicaven. zogierTi 

elementis oqsoionebisgan gansxvavebiT isini ucvleli rCebian qimiuri 

reaqciebis msvlelobisas. 

    aqtinidebs da maT naerTebs strategiuli mniSvneloba aqvT birTvul 

energetikaSi. Toriumi gamoiyeneba, rogorc malegirebeli danamati 

cecxlgamZle Senadnobebis warmoebaSi. 

  

aqtinidTa naerTebi 

 

aqtinidTa tipiuri naerTebi 

 

naerTi formula elementi 

oqsidebi Э2O3 

ЭO2 

ЭO3 

Э3O8 

Bk _ Lr 

Th, U, Np, Pu, Am_Lr 

U 

U 

oqsidTa hidratebi Э(OH)3 

Э(OH)4 

Am_Lr 

Th, U_Pu 

marilebi ЭIII Эhal3 

Э(NO3)3 

Э2(SO4)3 

Э2(C2O4)3 

Th _ Lr 

marilebi ЭIV Эhal4 

Эhal4 · nH2O 

Th, U, Np, Pu 

peroqsidTa hidratebi ЭO4· nH2O 

 

UU, Np, Pu 

marilebi  ЭVI ЭO2(NO3)3 

ЭO2(SO4)3 

ЭO2hal2 

UU, Np, Pu 
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Э(III)  naerTebi  

 

   JangviT ricxvs +3 amJRavnebs yvela aqtinidi, Tumca elementebisTvis Th_ 

Pu  igi damaxasiaTebeli ar aris. es liTonebi samvalentian mdgomareobaSi 

Zlier aRmdgenelebs warmoadgenen. berkliumidan lourensiumis CaTvliT 

ki ZiriTadi valentobaa Э(III). maTi naerTebi ЭX3, Э2O3, Э(OH)3 aRmdgenelis 

Tvisebas ar amJRavneben. samvalentiani aqtinidebisTvis damaxasiaTebelia 

maRali sakoordinacio ricxvi (12-mde). 

 

hidroqsidebi Э(OH)3 

    lanTanidTa hidroqsidebis msgavsad mcired ixsnebian wyalSi da Zlier 

fuZe Tvisebebs amJRavneben. isini advilad urTierTqmedeben mJavebTan da 

warmoqmnian wyalSi xsnad marilebs Э(NO3)3, ЭCl3,ЭBr3, ЭI3, Э2(SO4)3. Znelad 

xsnadi marilebia ЭF3, ЭPO4 da sxv. 

  Th(III), Pa(III), U(III), Np(III) Zlieri aRmdgenelebia: 

 

2UCl3 + 4H2O → 2U(OH)2Cl2 + H2 + 2HCl 

2U + 6HCl → 2UCl3 + 3H2↑ 

2UCl4 + H2 → 2UCl3 + 2HCl 

 

  aqtinidebis(III) naerTebi gamoiyeneba birTvuli sawvavis teqnologiaSi da 

aqtinidTa nawarmebis sinTezisTvis. 

Э(IV) naerTebi 

    JangviTi ricxvi +4 tipiuria Toriumisa da plutoniumisTvis, aseve 

protaqtiniumi, urani, neptuniumi da americiumic amJRavneben aRniSnul 

JangviT ricvxs. am valentobisTvis cnobilia izomorfuli kristaluri 

oqsidebi: ThO2, PaO2, UO2, NpO2, AmO2 
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ThO2 TeTri 

PaO2, moyavisfro-Savi 

UO2 yavisferi 

NpO2 yviTeli 

AmO2 Savi 

 

   es oqsidebi wyalSi praqtikulad ar ixsnebian. tuteebTan ar reagireben 

SelRobiTac ki.  

   hidroqsidebi Э(OH)4 mcired gamoxatul fuZe Tvisebas amJRavneben. maTi 

miReba SeiZleba mimocvlis reaqciebiT. ixsnebian mJavebSi da warmoqmnian 

marilebs 

   Э4+ warmoqmnian halogenidebs: ThH4, PaF4, NpF4, PuF4, AmF4, CmF4, CfF4, EsF4. 

U4+ naerTebi aRmdgenelis TvisebebiT xasiaTdebian: 

 

5U(SO4)2  + 2KMnO4 + 2H2O → 5UO2SO4 + K2SO4 + 2MnSO4 + 2H2SO4 

 

U4+ naerTebs laboratoriul pirobebSi miiReben U6+
   naerTebis aRdgeniT: 

 

UO2(NO3)2 + Zn + 2H2SO4 → U(SO4)2 + Zn(NO3)2 + 2H2O 

 

Am(IV)   da  Cm(IV)  naerTebi damJangvelebia: 

 

2Am + 8HCl → 2AmCl3 + Cl2 + 4H2O 

 

  Toriumi warmoqmnis erTaderT oqsids ThO2, romelic miiReba misi 

marilebis an hidroqsidis gaxurebiT. Torium(IV)-is halogenidebi miiReba 

reaqciebiT(600°C): 

 

ThO2 + 4HF → ThF4 + 2H2O 

ThO2 + CCl4 → ThCl4 + CO2 

 

orive maTgani TeTri kristaluri nivTierebaa. 
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Э(V) naerTebi 

 

     Э5+  mdgomareoba damaxasiaTebelia protaqtiniumisTvis, aseve 

neptuniumisTvisac; iSviaTad amJRavnebs plutoniumi.  

   Pa2O5 protaqtinium(V)-is oqsidi miiReba protaqtinium(IV)-is hidroqsidis 

haerze gaxurebiT (800°C). igi ZiriTadad fuZe Tvisebebs amJRavnebs. ixsneba 

cxel gogirdmJavaSi: 

 

Pa2O5 + H2SO4 → (PaO2)2SO4 + H2O 

    

   igive SeiZleba iTqvas protaqtinium(V)-is hidroqsidze SedgenilobiT 

HPaO3, romelic wyalSi ar ixsneba da qimiuri bunebiT warmoadgens sust 

fuZes _ PaO2(OH). 

     PaO2
+ aris protaqtinilis radikali. analogiur radikalebs warmoqmnian 

neptuniumi   NpO2
+, urani UO2

+   da plutoniumi PuO2
+ 

    protaqtinium(V)-is  naerTebidan aRsaniSnavia PaCl5, romelic miiReba 

gavarvarebuli Pa2O5 –is zedapirze fosgenis gatarebiT: 

 

Pa2O5 + 5COCl2 → 2PaCl5 + 5CO2 

 

Am(V)   da    Pu(V) naerTebi mJangvelis Tvisebas avlenen: 

 

2AmO2F + 2H2O2 + 3H2SO4 → Am2(SO4)3 + 2O2 + 2HF + 4H2O 

 

    uranilis nitratze wyalbadis peroqsidis moqmedebiT miiReba yviTeli 

feris uranis peroqsidi: 

 

UO2(NO3)2 + H2O2 + 2H2O → UO4·2H2O↓ + 2HNO3 
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Э(VI) naerTebi 

     +6 JangviTi ricxvi yvelaze metad damaxasiaTebelia uranisTvis. uranisa 

da sxva danarCeni aqtinidebis naerTebSi, sadac isini +5, +6 JangviT ricxvs 

amJRavneben, gvxvdeba ЭO2
 +     ЭO2

 2+   ionebi: neptunili   NpO2 
2+, uranili UO2 

2+ 

, protaqtinili  PaO2 
 2+ da sxv. rigSi U  _ Np _  Pu _ Am  eqvsvalentiani 

naerTebis mdgradoba mcirdeba. mag. uranisTvis miRebulia mdgradi oqsidi 

UO3  (narinjisferi), neptuniumisTvis mxolod Sereuli oqsidi Np2O3, xolo 

plutonium(VI)-is oqsidi saerTod araa miRebuli. aseve icvleba mdgradoba 

ftoridTa rigSi. UF6   da   NpF6 metnaklebad mdgradi naerTebia, xolo PuF6 

_ aramdgradi. sxva halogenidebidan mdgradia mxolod UCl6. 

    maRali sisufTavis uran(VI)is oqsidis miReba SeiZleba 350°C 

temperaturaze amoniumis diuranilis daSliT: 

 

(NH4)2U2O7 → 2UO3 + H2O + 2NH3 

 

 uran(VI)-is oqsidi iSleba:  

6UO3 → 2U3O8  + O2 

UO3 miiReba agreTve uranilis nitratis TermoliziT(350°C): 

 

2UO2(NO3)2  → 2UO3 + 4NO + 3O2 

 

     wyalxsnarebSi urani (VI) uranil-ionis saxiT arsebobs. uranilis 

marilebs Rebuloben oqsidebis UO3 an U3O8 mJavebSi gaxsniT: 

 

UO3 + 2H+  → UO2
2+ + H2O 

UO3 + 2HCl → UO2Cl2 + H2O 

 

     ЭO3 –is Sesabamisi hidratebi SeiZleba ganvixiloT, rogorc fuZeebi 

SedgenilobiT ЭO2(OH)2 . isini advilad urTierTqmedeben mJavebTan da 

warmoqmnian marilebs: 

ЭO2(OH)2 + 2HNO3 → ЭO2(NO3)2 + 2H2O 
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uran(VI)-is oqsidi urTierTqmedebs wyalTan da warmoqmnis uranilis 

hidroqsids: 

UO3 + H2O → ЭO2(OH)2 

   praqtikaSi didi gamoyeneba aqvs uran(VI)-is azotmJava marils UO2(NO3)2 

·6H2O  _ uranilis nitratis heqsahidrats. 

   gansakuTrebiT sainteresoa uranis heqsaftoridis UF6 Tvisebebi. es aris 

kristaluri nivTiereba, romelic mcired gaxurebisas advilad 

aorTqldeba. igi miiReba uranis tetraftoridis ftorirebiT uwylo 

garemoSi. UF6  gamoiyeneba  235U  da 238U izotopebis dacilebisas 

Termodifuziis meTodiT. garda amisa, mas iyeneben maRali JangviTi 

ricxvis mqone elementTa ftoridebis misaRebad. 

  Np   da  Pu naerTebi JangviTi ricxviT +6 naklebad mdgradebia. isini 

damJangvelebs warmoadgenen, TviTon ki advilad aRdgebian +3 an +4 

mdgomareobamde: 

2NpO2Cl2 +  SnCl2 → 2NpO2Cl + SnCl4 

    plutoniumis Tviseba _ uranTan SedarebiT advilad aRdges Э+4
 –mde, 

gamoiyeneba birTvuli sawvavis teqnologiaSi uranisa da plutoniumis 

dasacileblad. 

   uranatebi. uranis oqsidebis SelRobisas tute an tutemiwaTa 

liTonebis karbonatebTan, miiReba yviTeli an narinjisferi Seferilobis 

nivTierebebi, e.w. uranatebi: 

 

2UO3 + Li2CO3 → Li2U2O7 + CO2 

Li2U2O7 + Li2CO3    →  2Li2UO4 + CO2 

Li2UO4 + Li2CO3  →  Li4UO5 + CO2 

 

Э(VII) naerTebi 

 

    plutoniumi da neptuniumi Svidvalentian mdgomareobaSi miRebuli iqna 

Pu(VI)  da   Np(VI) ozoniT JangviT tute garemoSi. ozonis zemoqmedebiT 

neptunilis NpO2
2+ da plutonilis PuO2

2+  xsnarebis Seferiloba icvleba. 

mag. neptunilis SemTxvevaSi mwvane feris xsnari xdeba Savi.  
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  kaliumis neptunati K3NpO5   Zlieri mJangavia. 

  miRebulia agreTve oqsoneptunatebi, oqsoplutonatebi:  Ba3(NpO5)2·nH2O, 

Ba3(PuO5)2·nH2O, [Co(NH3)6]NpO5· 3H2O da sxv. NpO5
3-  nawarmebi Seferilia 

mwvaned, xolo PuO5
3-  moyavisfro-Savad. 

  mJava xsnarebSi Np(VII) naerTebi advilad gadadian  Np(VI) –Si. miRebulia 

americium(VII)-is naerTebic. 

 

aqtinidTa kompleqsuri naerTebi 

 

  aqtinidebi warmoqmnian kopleqsur naerTebs rogorc mono-, aseve 

polidentatur ligandebTan. 

  Э3+  kaTionTa kompleqsebi emsgavsebian lanTanidTa(III) kompleqsebs. unda 

aRiniSnos, rom atomuri nomris gazrdasTan erTad aqtinidTa(III) mwkrivSi 

aqtiniduri kumSvis gamo kompleqsuri naerTebis mdgradoba izrdeba. 

samwuxarod, dReisaTvis am varaudis damadasturebeli eqsperimentuli 

monacemebi araa sakmarisi. 

  rigSi Th4+  _   Cm4+   Э3+-is analogiurad, aseve izrdeba kompleqsuri 

naerTebis mdgradoba. 

  miuxedavad naklebad mdgradobisa, U(VI)  da U(IV) kompleqsebi 

mniSvnelovan rols asruleben teqnologiaSi. uranilsulfatebi da 

uranilnitratebi gamoiyeneba madnis gadamuSavebis procesSi uranis 

koncentrirebisTvis.  

     uranisa da Toriumis dasacileblad U(VI)  gadahyavT xsnarSi 

karbonatuli kompleqsis saxiT: 

 

UO2(NO3)2 + 2(NH4)2CO3 → (NH4)2[UO2(CO3)2]  + 2NH4NO3 

 

  uranis karbonatuli kompleqsi aramdgradia, magram misi warmoqmna 

iZleva UO2
2+-is xsnad mdgomareobaSi SenarCunebis saSualebas. 

   Toriumi igive pirobebSi warmoqmnis hidroqsids  Th(OH)4, romelic 

wyalSi uxsnadia. es ki aadvilebs Toriumis dacilebas uranisgan. 
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   miuxedavad aqtinidTa miRebis siZnelisa da maTi toqsikurobisa, 

zogierT maTgans didi praqtikuli gamoyeneba aqvs. magaliTad, 

plutoniumis izotopi  239Pu birTvuli sawvavia. igi gamoiyeneba atomur 

eleqtrosadgurebSi, sxvadasxva tipis reaqtorebSi. 

   plutoniumis izotopi 238Pu (naxevraddaSlis periodi T=86 weli) 

farTod gamoiyeneba kosmosur TanamgzavrebSi denis wyaroebad, medicinaSi 

_ energiis wyarod gulis stimulatorSi. 

   kaliforniumis izotopi 252Cf  neitronebis wyaroa. misi naxevraddaSlis 

periodia 2,6 weli. 

   Toriumi gamoiyeneba uran-Toriumis reaqtorebSi. reaqtoris moqmedebis 

procesSi Toriumi gardaiqmneba uranis msubuq izotopad 233U, romelic 

birTvul sawvavs warmoadgens. urani gamoiyeneba aseve birTvul 

reaqtorebSi da atomur yumbarebSi. misi gardaqmnis gziT miiReba 

birTvuli sawvavi _ 239Pu. 

 

 

aqtiniumisa da aqtinidebis biologiuri roli 

 

    aqtinidebis moqmedeba cocxal organizmebze pirvel rigSi 

dakavSirebulia maT radiaqtiurobasTan. aqtinidebi zogierTi TvisebiT 

emsgavsebian lanTanidebs. mag. plutoniumi adamianis organizmSi 

moxvedrisas koncentrirdeba ZvlebSi, iseve, rogorc iSviaT miwaTa 

elementebi, Tumca aqtinidebi gacilebiT ufro saSiSia maRali 

radiaqtiurobis gamo. mag. plutoniumi, ganicdis ra α-daSlas, iwvevs 

sisxlmbadi organoebis (Zvlis tvini) muSaobis darRvevas. amitom 

plutoniumTan muSaobisas saWiroa maqsimaluri sifrTxilis dacva. 

    atomuri energiis gamoyenebisas, atomuri iaraRis gamocdisas da 

birTvuli sawvavis gadamuSavebisas radionuklidebiT  garemos 

dabinZurebis Tavidan asacileblad,  aucilebelia radiaqtiuri 

narCenebidan, niadagidan,  adamianis organizmidan maTi seleqtiuri 

gamotana. rogorc iSviaTmiwa liTonTa ionebis SemTxvevaSi, am drosac 

gamoiyeneba ligandebi, romlebic aqtinidebTan da sxva radionuklidebTan 

warmoqmnian mdgrad kompleqsebs. 
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leqsikoni 

 

absorbcia _  Txevadi an myari sxeulebiT mTel maT moculobaSi airadi 

an gaxsnili nivTierebebis STanTqma 

 

adsorbcia   _  airis an siTxis STanTqma myari nivTierebis zedapiris 

mier 

 

aluminoTermia _   liTonebis da araliTonebis miRebis meTodi    maTi  

JangbadnaerTebidan liTonuri aluminiT aRdgeniT 

 

amalgama _ liTonuri sistema, romlis Semadgenel nawilswarmoadgens 

vercxliswyali 

 

amorfuli mdgomareoba _ myari sxeulis mdgomareoba, romelic 

xasiaTdeba mTeli rigi TvisebebiT, rogoricaa mkafiod gamoxatuli 

lRobis temperaturuli wertilis  arseboba da sxv. 

 

amfofiluroba _ nivTierebis Tviseba, gaixsnas rogorc wyalSi, aseve 

organul gamxsnelebSi   

 

anioni  _   uaryofiTad damuxtuli atomi an atomTa jgufi 

 

anionuri kompleqsi  _   kompleqsuri naerTi, romelic Seicavs 

kompleqsur anions 

 

antiferomagnetizmi _ nivTierebis magniturad mowesrigebuli 

mdgomareoba, romlis drosac kristaluri gisosis mezobel kvanZebSi 

atomebis an ionebis magnituri momentebi antiparaleluradaa 

orientirebuli 

 

birTvuli energia   _   energia, romelic gamoiyofa atombirTvis 

warmoqmnisas protonebidan da neitronebidan 
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birTvuli reaqciebi _  Sesabamisi nawilakebis _ neitronebis, protonebis, 

α-nawilakebis da sxv.    urTierTqmedeba qimiur elementTa birTvebTan 

 

birTvuli reaqtori  _    danadgari, romelSic xorcieldeba 

atombirTvis gayofis jaWvuri reaqcia 

 

gadakristaleba     _    nivTierebis gasufTavebis meTodi misi xsnaridan 

gamokristalebis gziT 

 

galvanuri elementi _    xelsawyo, romelSic qimiuri reaqciis Sedegad 

miiReba eleqtruli deni 

 

deitroni  _  wyalbadis izotopis, deiteriumis atomis birTvi, romelic 

aRiniSneba  D+ da Sedgeba erTi protonisgan da erTi neitronisgan 

 

dentatoba _ ligandis koordinaciuli donoruli centrebis raodenoba, 

romlis mixedviTac gvaqvs mono- da polidentaturi ligandebi. 

 

diamagnituri  _ nivTiereba, romelic ganizideba magnitis polusebisgan 

 

disociaciis mudmiva _  xsnarSi ionebis koncentraciebis namravlis 

fardoba eleqtrolitis koncentraciasTan 

 

 

disociaciis xarisxi  _   eleqtrolitis ionebad daSlis xarisxi 

 

disproporcireba  _   TviTJangva-TviTaRdgenis procesi 

 

duRilis temperatura _   temperatura, romelzec siTxis orTqlis wneva 

utoldeba garemos wnevas 
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eleqtrogamtaroba _  nivTierebaTa Tviseba gadaitanon eleqtruli deni 

eleqtruli Zabvis gavleniT. arsebobs sami tipis: eleqtronuli, ionuri da 

Sereuli 

 

eleqtrodi  _  gamtari (firfita, Rero da sxv.), romlis saSualebiTac 

eleqtruli deni Sedis siTxeSi an airSi 

 

eleqtrolizi  _    eleqtruli denis moqmedebiT nivTierebaTa daSlisa 

da axali nivTierebebis  eleqtrodebze gamoyofis procesi 

 

eleqtroliti _   nivTiereba, romlis wyalxsnari an nalRobi atarebs 

eleqtrul dens 

 

eleqtrolituri disociacia  _  eleqtrolitis daSla wyalxsnarSi an 

nalRobSi dadebiT da uaryofiT ionebad 

 

eleqtronuli Rrubeli _    ix. orbitali 

 

eleqtrouaryofiToba _   elementis unari miizidos qimiuri bmis 

warmomqmneli eleqtronebi 

 

eqstraqcia _ narevidan raime nivTierebis gamoyofa, gamocalkeveba 

gamxsnelebis saSualebiT 

 

vakuumi _ WurWelSi arsebuli airis iseTi mdgomareoba, roca misi wneva 

10-3 atmosferoze naklebia 

 

izomorfuloba _   atomebis, ionebis an molekulebis Tviseba Caanacvlon 

erTmaneTi kristalebSi 

 

izotopebi _   atomebi, romlebsac aqvT protonebis toli ricxvi, magram 

masuri ricxvebi gansxvavdebian erTmaneTisgan 
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indikatori  _   nivTiereba, romlis feris cvlileba gamoiyeneba 

romelime qimiuri procesis gamosamJRavneblad 

 

inhibitori _ qimiuri procesis Semnelebeli nivTiereba 

 

ionitebi  _ myari, wyalSi da organul gamxsnelebSi praqtikulad 

uxsnadi masalebi, romlebsac aqvT ionuri mimocvlis unari 

 

ionizaciis potenciali  _   umciresi, minimaluri energia, romelic 

saWiroa atomuri sistemisgan (atomi, ioni, molekula, radikali) 

eleqtronebis mosacileblad. izomeba eleqtronvoltebSi 

 

ionuri radiusi _ sferoseburi ionebis zomebis aRniSvnisTvis 

Semotanili cneba, romelic eyrdnoba im varauds, rom ionTa zomebi araa 

damokidebuli im molekulaTa da   kristalTa Sedgenilobaze, romlebic 

am ionebs Seicaven 

 

kationi _  dadebiTad damuxtuli atomi an atomTa jgufi 

 

kationuri kompleqsi _   kompleqsuri naerTi, romelic Seicavs 

kompleqsur kations 

 

koagulacia _ nawilakebis Sewebeba dispersiul, gansakuTrebiT ki 

koloidur sistemebSi, ris Sedegadac warmoiqmneba metad an naklebad 

msxvili agregatebi 

 

koloiduri xsnari, koloiduri sistema _   maRali dispersivobis mqone 

sisitema 

 

koordinaciuli naerTi _ naerTi, romelic arsebobs rogorc kristalur 

mdgomareobaSi, aseve xsnarSi da romlis Taviseburebaa centraluri 

atomisa da mis garSemo koordinirebuli ligandebis arseboba 
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korozia _  liTonTa daSla (daJangva) garemoSi mimdinare fizikur-

qimiuri procesebis Sedegad 

 

kristalhidrati _ kristalebi, romlebic Seicaven wylis molekulebs 

 

ligandi, ligandebi _  molekulebi da ionebi, dakavSirebuli, centralur 

atomTan koordinaciul naerTebSi 

 

liTonTermia _ liTonebis aRdgena maTi naerTebidan sxva, qimiurad ufro 

aqtiuri liTonebiT maRal temperaturaze 

 

legireba _ mocemuli qimiuri Sedgenilobis, struqturis, fizikuri, 

qimiuri da meqanikuri Tvisebebis misaRebad liTonebsa da SenadnobebSi 

malegirebeli elementebis Setana 

 

luminescencia _ mocemul temperaturaze sxeulis Warbi gamosxiveba 

(naTeba) Tavis siTbur gamosxivebasTan SedarebiT, romlis xangrZlivoba 

sxivuri rxevis periods aWarbebs 

 

luminofori _ nivTierebebi, romlebsac STanTqmuli energiis sxivur 

gamosxivebad gardaqmnis unari aqvT 

 

madani _ mineraluri warmonaqmni liTonebis an sasargeblo mineralebis 

SedgenilobiT. 

                             

mlRobi mJava _  ftorwyalbadmJava 

 

monodentaturi _ ix. dentatoba 

 

naxevraddaSlis periodi _  dro, romlis ganmavlobaSic iSleba 

mocemuli elementis birTvebis raodenobis  naxevari 
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ozoni _ Jangbadis alotropiuli saxesxvaoba, damaxasiaTebeli sunis 

mqone airi, romelic warmoiqmneba eleqtruli ganmuxtviT da mzis 

ultraiisferi sxivebis moqmedebiT 

 

orbitali _ sivrcis is nawili atombirTvis eleqtromagnitur velSi, 

sadac maqsimaluria eleqtronis arsebobis albaToba 

 

paramagnituroba _ nivTierebis sustad gamoxatuli magnituri Tviseba 

 

pigmenti  _  saRebavi nivTiereba, romelic fers aZlevs cocxali 

organizmebis qsovilebs 

 

pirometalurgia _ maRal temperaturebze mimdinare liTonebisa da 

Senadnobebis miRebisa da gawmendis procesebi   

 

piroforuloba  _  TviTaalebis unari, rac dakavSirebulia herze 

daJangvis egzoTermul reaqciebTan  

 

plazma _ ionizirebuli airi, romelSic dadebiTi da uaryofiTi 

eleqtruli muxtebis moculobiTi simkvriveebi tolia  

 

polidentaturi _   ix. dentatoba 

 

polimerebi  _  nivTierebebi, romlebsac qimiuri Sedgeniloba erTnairi 

aqvT, magram gansxvavdebian molekulaSi atomTa sxvadasxva raodenobiT 

 

potaSi  _  kaliumis karbonati 

 

radiaqtivoba _ qimiuri elementis atombirTvis TviTneburi an xelovnuri 

daSla, rasac Tan sdevs elementaruli nawilakebis gamosxiveba 

 

sakoordinacio ricxvi _ centraluri atomis garSemo koordinirebuli 

ligandebis raodenoba 
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samefo wyali _ erTi moculoba HNO3  da sami moculoba    HCl    narevi, 

romelic uZlieresi mJangvelia 

 

sublimacia _  myari nivTierebis gadasvla airadSi Txevadi mdgomareobis 

gamotovebiT 

 

feromagnituri  _  Zlieri magnituri Tvisebebis mqone 

 

flotacia _  liTonis madnis gamdidrebis erT-erTi wesi 

 

fosgeni _    ufero, momwamlavi airi 

 

wida _ mravalkomponentiani araliTonuri nadnobi, romelic dnobis 

procesebSi Txevadi liTonis zedapirs faravs 

 

hidrolizi _ nivTierebasa da wyals Soris mimdinare mimocvliT-daSliTi 

reaqcia 

 

hidrometalurgia  _  liTonTa miReba madnebidan da narCenebidan 

sxvadasxva qimiur nivTierebaTa wyalxsnarebis saSualebiT  
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