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stoqastikuri procesi dinamikurad araerTgvarovan areSi  

 
vladimer ciciSvili 

 
dinamikurad araerTgvarovan areSi mimdinare stoqastikuri procesi ganxilulia 
heterodinamikuri modelis farglebSi, sadac sivrculi da dinamikuri araerTgvarovnebis 
gaTvaliswineba xdeba ganzogadoebul koordinataze damokidebuli pirobiTi albaTobis 
funqciis saSualebiT. naCvenebia, rom aRniSnuli funqcia zogadad ar Seesabameba “markovis 

jaWvis” pirobebs, misTvis mocemulia da dasabuTebulia gantolebebi wiladur diferencialur 
da integralur operatorebSi, romelTa sakuTari funqciebi warmodgenilia “wiladuri 
eqsponentebis” saxiT; ganxilulia am funqciebis Tvisebebi.  

 
makrosamyaros da nanozomebis mqone obieqtebis Tvisibrivi gansxvaveba [1] ganpirobebulia 

imiT, rom atomebisa an molekulebis SezRuduli raodenobiT “Seqmnili” nano-nawilakebis 

Tvisebebi sakmaod gansxvavdeba amave “masalis” Semcveli kontinuumis gasaSualoebuli, 
statistikuri maxasiaTeblebisagan. zusti midgomis farglebSi maTi Sedareba saerTod 

SeuZlebelia, vinaidan nano-nawilakebisaTvis miuRebelia statistikuri sidideebis 
(temperatura da sxv.) gamoyeneba, rac Cveulebrivia makroskopuli ansamblebis SemTxvevaSi. 

praqtikuli miznebisaTvis interess warmoadgens ara uSualod nano-nawilaki, aramed misi 

urTierTqmedeba “garemosTan”, TvalsaCino magaliTia – nano-katalizatori, romelic Tavis 
zedapirze iwvevs molekulebis qimiur gardaqmnebs. iTvleba, rom nano-katalizatorisa da 

misi garemos erTobliobis ganxilvisas molekuluri kontinuumisaTvis SesaZlebelia 

temperaturisa da sxva statistikuri maxasiaTeblis gansazRvra, Tumca zusti statistikuri 
meqanikidan gamomdinare, es koreqtulia mxolod wonasworobis pirobebSi da garkveuli 

SezRudviT misaRebia adiabatikuri procesisaTvis, rac Sors aris katalizatoris 

daniSnulebisagan uzrunvelyos efeqturi qimiuri gardaqmnebi.  

meore mxriv, kontinuumSi nano-nawilakebis arseboba isedac iwvevs mis araerTgvarovnebas, 

da es problema damaxasiaTebelia mravali araorganuli, organuli an biologiuri 

sistemisaTvis misi arsebobis Termodinamikuri pirobebisa da masSi mimdinare procesebisa da 

molekulaTaSorisi urTierTqmedebebis qimizmisa da meqanizmis miuxedavad. martivi magaliTia 

– adsorbirebuli an “imobilizirebuli” molekulebi, romelTaTvis ikargeba fazuri 

mdgomareobis cneba, vinaidan temperaturis zrdisas fazuri gadasvlebis (myari sxeuli – 

siTxe – airi) nacvlad adgili aqvs maRali mowesrigebis mqone struqturebis daSlas. 
analogiuri movlenebi damaxasiaTebelia polimeruli sistemebisaTvis, sadac erTdoulad 

arsebobs “kristaluri” da “amorfuli” fazebi, da segmenturi moZraoba grZel jaWvSi misi 

konformaciiT ganisazRvreba. movlenebis sxva klasi fenomenologiur enaze ukavSirdeba 
“mexsierebas”, romelic molekulur donexe aixsneba araerTgvarovani sivrciT.  

heterogenuli areebis klasikuri meqanika [2] ixilavs araerTgvarovnebebs rogorc calke 
“fazas”, rac SesaZlebelia ori postulatis safuZvelze araerTgvarovnebis zomebis R 

mimarT: 1) R mniSvnelovnad aRemateba molekulur-kinetikur parametrebs (molekulebisa da 

maTi “Tavisufali” gadaadgilebis zomebi), da 2) sistemis makroskopuli parametrebi 
mniSvnelovnad icvleba iseT manZilebze, romlebTan SedarebiT R Zalze mcirea. cxadia, rom 

nano-nawilakebis Semcveli sistemebis aRweris mizniT aRniSnuli meqanikis gamoyeneba saerTod 

SeuZlebelia, xolo maTSi nanonawilakebis calke “fazad” ganxilva sakmaod SezRudulia.  
naSromSi [3] nano-nawilakebis Semcveli statistikuri makroskopuli sistemis aRweris 

mizniT SemoTavazebulia heterodinamikuri modeli. am modelis ZiriTadi gansxvaveba 

klasikuri meqanikuri midgomisagan mdgomareobs imaSi, rom sivrculi araerTgvarovnebebis 

nacvlad ganixileba nawilakebis araerTgvarovani moZraoba.    

heterodinamikuri sistema ganixileba rogorc erTnairi nawilakebis (ioni, molekula, 

moqnil molekulaSi moZravi jgufi an fragmenti, polimeruli jaWvis segmenti da sxv.) 

ansambli, romelSic elementebis (nawilaki an maTi klasteri) reorientaciis xasiaTi 
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zogadad damokidebulia rogorc ansamblis konfiguraciaze, romelic realizebulia drois 

mocemul momentSi, ise ansamblis konfiguraciebze, romlebic realizebuli iyo adrindel 

momentebSi. 

heterodinamikuri sistemis modelis farglebSi SesaZlebelia sakmaod farTo speqtris 

obieqtebisa da movlenebis aRwera, maT Sorisaa molekuluri moZraoba araerTgvarovan areSi, 

mniSvelovnad gansxvavebuli zomebis mqone molekulebis urTierTqmedeba, konformaciuli 
gadasvlebis Sedegad mimdinare moZraoba polimerul jaWvebSi da mravali sxva. 

kinetikuri da relaqsaciuri movlenebis aRwera heterodinamikuri sistemis modelis 

safuZvelze zogadad iTvaliswinebs ganzogadebuli koordinatebis 3n-ganzomilebiani 

veqtoris q(t) ganxilvas, romelic gansazRvravs ansamblis n elementis mdgomareobas.  

heterodinamikuri ansamblis dinamikis zusti ganxilva emTxveva kacis [4] “ZiriTadi 

gantolebis” miRebis xerxs, rodesac ganxilvis sagania – Г-wertilis “xetiali” 

hipersferos zedapirze, oRond am SemTxvevaSi albaTobis ganawilebis funqcia damokidebulia 
mxolod impulsebze da ara koordinatebze, rogoc Cven amocanaSi. amocanebis gansxvavebaze 

TvalsaCinod miuTiTebs is garemoeba, rom Г-sivrceSi mudmivi energiis zedapirebi sferulia 

impulsebis mimarTulebiT, xolo koordinatebis mimarTulebiT maT cilindris forma gaaCnia, 
da hipersferos nacvlad hipercilindris gamoyeneba arsebiTad cvlis “ZiriTadi gantolebis” 

koordinatul analogs. aRniSnuli midgomis farglebSi koordinaciuli gantolebis miReba 

Sesaxlebelia airadi sistemebisaTvis, magram misi gavrceleba kondensirebul sistemebze 

saWiroebs mniSvnelovan, zog SemTxvevaSi miuRebel daSvebebs. pirvel rigSi es exeba 

molekulaTaSorisi Zalebis warmodgenas (viwro da sakmaod daSorebuli “xvrelebi” 

hiperzedapirze), agreTve sxvadasxva difuziuri da relaqsaciuri procesebis kinetikuri 

procesebas aRweraSi miuRebelia “ZiriTadi gantolebidan” bolcmanis kinetikur gantolebaze 

gadasvla mxolod “wyvili Sejaxebebis” gaTvaliswinebiT [5]. 

veqtoris q(t) stoqastikuri cvlilebebis ganxilva SesaZlebelia “SemTxveviTi 

traeqtoriebis” meTodiT [6], romelic warmatebiT gamoyenebuli iyo magnituri relaqsaciis 

TeoriaSi SedarebiT martivi albaTuri modelis, “markovis jaWvis” farglebSi.  

makroskopul ansamblSi elementebis stoqastikuri reorientaciebis – koordinatebisa q 
da impulsebis p SemTxveviTi cvlilebebis aRwera xorcieldeba erTi (q,p) konfiguraciidan 
sxvaSi gadasvlis pirobiTi albaTobis funqciebis saSualebiT. kerZod, Tu “adrindel” ti 

momentSi q(i) koordinatisa da p(i) impulsis mqone nawilaki ti+1 momentSi gadavida q(i+1) 

koordinatiTa da p(i+1) impulsiT maxasiaTebel mdgomareobaSi, am gadasvlis aRwera xdeba 

pirobiTi albaTobis G(q(i+1),p(i+1),ti+1;q(i),p(i),ti) funqciis meSveobiT.  
klasikuri konservatuli ansamblis (sistemebis) sruli funqcia PN[q,p] iTvaliswinebs 

drois intervalSi [t0, tN] yvela ganxorcielebul gadasvlas:  

 

   PN[q,p] = ρT(q(0),p(0)) G(q(1),p(1),t1;q(0),p(0),t0) G(q(2),p(2),t2;q(1),p(1),t1) ... G(q(N),p(N),tN;q(N-1),p(N-1),tN-1),   (1) 
 

sadac, ρT – jibsis ganawileba, romelic miRebulia “sawyisi” momentis t0 konfiguraciis 

gasaTvaliswineblad.  

“markovis jaWvi” niSnavs, rom Tu gadasvlebi (q0,p0,t0)→(q1,p1,t1)→(q2,p2,t2)→...→(qN,pN,tN) 
xasiaTdeba Sesabamisi G funqciebiT, integrireba tN momentisaTvis qN koordinatebisa da pN 

impulsebis mimarT ar cvlis sruli funqciis PN[q,p] maTematikur struqturas da PN-1[q,p] 
yvela mis Tvisebas inarCunebs. amgvarad, mTliani “jaWvis” (t0 →tN) ganxilva ar aris 

aucilebeli, sakmarisia erTi gadasvlis pirobiTi albaTobis ganaangariSeba Semdgomi 

gasaSualoebiT ansamblis mimarT. cxadia, rom “markovis jaWvis” Tvisebebis gamoyenebiT 

sagrZnoblad martivdeba maTematikuri procedurebi.  

magram, mxolod koordinatebze damokidebuli funqcia PN[q], romelic miiReba yvela 

impulsis (p(1), p(2), ... p(N)) mimarT integrirebis gziT: 
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                                                       PN[q] = ∫ dp(1) dp(2)... dp(N) PN[q,p] ,                                                   (2)     
 

kargavs sruli funqciis PN[q,p] maTematikur struqturas, da zogadad rogorc PN[q], ise  
pirobiTi albaTobis “Sekvecili” funqciebi G(q(i+1),ti+1;q(i),ti) “markovis jaWvis” pirobebs ar 
pasuxobs.   

amgvar “aramarkovisebr” procesebs zogadi xasiaTi gaaCnia, Tumca relaqsaciuri 

procesebis TeoriaSi [7] miRebulia, rom Tu SemTxveviTi procesi exeba izolirebuli 

nawilakis an nawilakebis mcire jgufis koordinatebs, mas SeuZlia miiRos “markovisebri” 
xasiaTi makroskopuli sistemis sxva nawilakebTan urTierTqmedebis xarjze, magram mxolod 

im SemTxvevaSi, rodesac am gziT uzrunvelyofili iqneba “momavalSi” nawilakis 

statistikuri Tvisebebis sruli damoukidebloba “adrindeli” mdgomareobebisagan. 

stacionarul SemTxvevaSi ganixileba ansamblis “sawyisi” konfiguracia q0(t0) da 

tardeba pirobiTi albaTobis funqciebis gancalkeveba: 

 

                                  ∫ dq1
 G(q,t;q1,t1) G(q1,t1;q0,t0) = G(q,t;q0,t0) =  Ψ(q,q0) g(t,t0) ,                                 (3) 

 
xolo stacionarobis pirobis g(t,t0) = g(t – t0) Tanaxmad miiReba martivi gantoleba: 

 
                                                                    g(t) = τ g(t – t`) g(t`) ,                                                              (4) 
 

sadac, t0=0 da τ = [Ψ(q,q0)]–1 ∫ dq’ Ψ(q,q’) Ψ(q’,q0). miRebuli gantolebis integrirebiT [0,t] 
intervalSi da Semdeg laplasis gardaqmnis gamoyenebiT miiReba rikatis arasruli 

diferencialuri gantoleba  
                                                                     F`(s) + τ F2(s) = 0 ,                                                                 (5) 
 

sadac, F(s) – pirobiTi albaTobis funqciis g(t) mamravlis laplas-gardaqmnaa, F`(s) – misi 
warmoebuli drois t laplas-gardaqmnis s mimarT. pirobiTi albaTobis sawyisi pirobebis 

gaTvaliswinebiT 

                        F(s) = τ g(0) / (1 + τs) , laplas-originalisTis:^g(t) = g(0) exp ( – 
|t|

/τ) .                    (6) 
 

aRsaniSnavia, rom stacionarul pirobebSic ki, g(t) mamravlisagan gansxvavebiT, pirobiTi 

albaTobis srul simkvrives SeiZleba hqondes araeqponencialuri xasiaTi, vinaidan sidedeebi 

τ ganisazRvreba koordinaciuli mamravlis Ψ(q,q0) sakuTari mniSvnelobebiT.  

amavdroulad, g(t) mamravlis eqponencialuri xasiaTi – “markovis jaWvis” universaluri 

Tvisebaa, romelic darRveuli iqneba “aramarkovisebri” procesisaTvis.  

kerZod, gantoleba f(t`)g(t)=τg(t–t`)g(t`) pirobiTad SeiZleba CaiTvalos “aramarkovisebri” 
procesis gansazRvris erTerT martiv xerxad. am SemTxvevaSi cvalebad koeficients f(t`) aqvs 
fleqtuaciuri xasiaTi, mwkrivSi misi daSliT da zemoT aRwerili procedurebis gameorebiT 

laplas-gardaqmnisTvis F(s) miiReba iseTi diferencialuri gantoleba, romelsac 
elementarul fuqciebSi (kvadraturebSi) axsna ar gaaCnia. es adasturebs “markovis jaWvis” 

gansakuTrebul mniSvnelobas da miuTiTebs garkveul maTematikur sirTuleebze 
“aramarkovisebri” procesis aRwerisaTvis koeficientis f(t`) gamoyenebis SemTxvevaSi. 

alternatiul gzas warmoadgens wiladuri operatorebis gamoyeneba. “markovis jaWviT” 

aRwerili stacionaruli stoqastikuri procesisaTvis pirobiTi albaTobis simkvrive G(q,t) 
pasuxobs gantolebas 

                                                                             D G = Lq G ,                                                                   (7) 

sadac, D = 
d
/dt – Cveulebrivi diferencirebis operatori, Lq – koordinatebze moqmedi 

operatori (sferuli da sxva SedarebiT martivi amocanebisaTvis misi struqtura mocemulia 
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literaturaSi [4-7]). “aramarkovisebri” xasiaTis gaTvaliswineba SesaZlebelia D 

operatoris SecvliT an ganzogadebiT, wiladuri operatorebis gamoyenebiT.  

zogadad wiladuri integrirebis operatoris D–β moqmedeba funqciaze f(t) gamoisaxeba 
Semdegnairad: 
                                                     D–βf(t) = [Г(β) τ1+β]–1 ∫ (t – t`)β–1 f(t`)dt` ,                                               (8) 

 

sadac, Г(β) – gama-funqcia, integrireba xdeba [0,t] intervalSi, wiladuri maCvenebeli β≤1 
(β=1: D–1f(t) = ∫ f(t`)dt). wiladuri diferencirebis operatori Dβ ganisazRvreba pirobiT Dβ D–β 
= D–β Dβ = 1, am ori operatoris gamoyeneba sakmaod martivia mwkrivSi gaSlili 

funqciebisaTvis, vinaidan n-xarisxis mqone Semadgenelze maTi moqmedebis Sedegia: 

 
                         D–β(t/τ)n = [Г(1+n)/ Г(1+n+β)] (t/τ)n+β, Dβ(t/τ)n = [Г(1+n)/ Г(1+n–β)] (t/τ)n–β ,                 (9) 
 
sadac, sidede τ asrulebs drois masStabis daniSnulebas da mas aqvs Sesabamisi ganzomileba.  

aRsaniSnavia, rom mudmiv sidedeze wiladuri diferencirebis operatoris Dβ moqmedebis 

Sedegi ar udris nuls, am SemTxvevaSi “warmoiqmneba” drois masStabze τ damokidebuli 

funqcia (t/τ)–β/Г(1–β), rac ganapirobebs ori gansxvavebuli operatoruli gantolebis 

SemoRebas pirobiTi albaTobis simkvrivisaTvis: 

 
                                                         Dβ G = Lq G ,   Dβ (G – G0) = Lq G ,                                               (10) 

 

sadac, G0 – sawyisi pirobebis (q0,t0) funqcionalia.  

wiladuri integrirebisa da diferencirebis operatorebis gamoyenebis mizanSewoniloba 

dasturdeba sxvadasxva xerxebiT.   

ganvixiloT pirobiTi albaTobis funqcia G(q,Q,t;q0,Q0,t0), sadac koordinatebis masivSi 
{q+Q} gamoyofilia koordinata Q, xolo danarCeni koordinatebis mimarT, sawyisi 

pirobebidan dawyebuli, SesaZlebelia “markovis jaWvis” ageba: (q0,t0)→(q1,t1)→ ... →(q,t). am 
SemTxvevaSi pirobiTi albaTobis funqciaSi SesaZlebelia koordinatTa mamravlis gamoyofa: 

 
                                                     G(q,Q,t;q0,Q0,t0) =  Ψ(q,q0) g(Q,t;Q0,t0) .                                             (11) 

 

orive cvalebadis (Q,t) mimarT stacionaruli procesis SemTxvevaSi g(Q,t;Q0,t0) = g(Q-Q0,t-t0), 
maSin (Q,t) laplas-gardaqnebisaTvis miiReba rikatis arasruli diferencialuri gantolebis 

analogi:  
                                                                   F`(p,s) + τ F2(p,s) = 0 ,                                                           (12) 
 

sadac, p – koordinatis Q laplas-gardaqmnaa. gantolebas aqvs axsna kvadraturebSi: 
 

                                                                  F(p,s) = τ [τs + B(p)]–1 ,                                                          (13) 
 

sadac, B(p) – funqcia, romelic ganisazRvreba “aramarkovisebri” koordinatis sawyisi 

ganawilebiT Q-sivrceSi. kerZod, Tu koordinatis Q Semcireba an gazrda mosalodnelia 

erTnairi albaTobiT (“izotropuli” ganawileba), B(p) funqciis originalis aproqsimacia 

SesaZlebelia dirakis δ+ funqciis luwi warmoebulebiT, da B(p) funqcias aqvs Semdegi 
mwkrivis saxe: 

 
                                                                   B(p) = Σk=0 b2k+1p2k+1 ,                                                            (14) 

 
laplas-gardaqmnebis argumentebs (s da p) Soris kavSiris dadgena SesaZlebelia 

slonimskis mier miRebuli [8] foker-plankis tipis gantolebis safuZvelze: 
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                                                                         s = Σn=1 D2np2n ,                                                                 (15) 
 

sadac, momenti D2n ganisazRvreba stoqastikuri procesis aRsawerad miRebuli albaTuri 
modeliT. kerZod, izotropul siTxeSi molekulis “brounisebri” moZraobis SemTxvevaSi D2 

– difuziis koeficientia, xolo D4=D6=...=0. sxva modelebis farglebSi gasaTvaliswinebelia 

maRali rangis momentebi, zog SemTxvevaSi dominirebs erTi maTgani [9], rac mniSvnelovnad 
amartivebs maTematikur gardaqmnebs.  

dominirebuli momentis (s=D2np2n) miaxloebaSi F(p,s)→F(s), pirobiTi albaTobis 

simkvrivis laplas-gardaqmnidan F(s) originalze dabrunebis Semdeg miiReba gantoleba 
 

                                                   g(0) – g(t) = [C1D–α(1) + C3D–α(3) + ...]g(t) ,                                             (16) 
 

sadac, koeficientebi Ci ganisazRvreba B(p) mwkrivis koeficientebiTa da dominirebuli 
momentiT, integraluri operatorebis wiladuri maCveneblebi α(1), α(3) ... – dominirebuli 

momentis rangiT.  
pirvel miaxloebaSi (B(p) = b1p) SesaZlebelia wiladur diferencialur operatorebze 

gadasvla: 

                                                                 Dβ [g(0) – g(t)] = C1 g(t) ,                                                         (17) 
 

sadac, C1 = b1D2n
α(1)–1, wiladuri maCvenebeli β = α(1) = 1 – 1/2n.  

dirakis δ+ funqciiT da misi kenti warmoebulebiT (“anizotropuli” ganawileba) B(p) 
funqciis originalis aproqsimaciis SemTxvevaSi pirvel miaxloebaSi miiReba gantoleba 
wiladur integralur operatorebSi, romelic Dβ operatoris moqmedebiT gadadis 

diferencialur formaSi: 

 
                                                  D–β g(t0) = g(0) –  g(t0)  → Dβ g(t0) = g(t0) ,                                            (18) 

sadac, t0 = 
t
/τ – uganzomilebo dro (t>0), τ – korelaciis dro, rogoc eqponentaSi (6). 

wiladuri diferencialuri da integraluri operatorebis sakuTari funqciebi, rogorc 
gantolebebis (17) da (18) axsnebi, warmodgenilia “wiladuri eqponentebis” saxiT: 

 
                                                      Eβ(t0) = Σn=0 (–1)n | t0|nβ / Г(nβ+1) ,                                                   (17.1) 
                                                       eβ(t0) = Σk=1 (–1)n | t0|kβ+1 / Г(kβ) ,                                                    (18.1) 
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romlebic erTmaneTTan dakavSirebulia martivi TanafardobiT: eβ(t0) = – D Eβ(t0). 
“wiladuri eqponentebis” sxva Tvisebebidan aRsaniSnavia:  

 Cveulebriv eqsponentasTan SedarebiT, sawyis periodSi (t0<1) aRiniSneba orive 
funqciis ufro swrafi vardna, gansakuTrebiT mcire wiladuri maCveneblebis da eβ(t0) 
SemTxvevaSi, romelic sawyis momentSi singularulia (eβ(t0→0)→∞), rac sawyisi 

pirobebis gausis ganawilebiT aproqsimaciidan gamomdinareobs; 

 piriqiT, garkveuli momentidan (Eβ(t0>1) da eβ(t0>3)) wiladur eqponentebs asiaTebs 

“gaWianurebuli” Semcireba, Tumca dalamberis niSnis mixedviT orive mwkrivi 
Sekrebadia da Eβ(t0→∞)→0, eβ(t0→∞)→0; 

 Cveulebriv eqsponentas axasiaTebs “kumulatiuri” Tviseba exp(t0
1)exp(t0

2) = exp(t0
1+t0

2), 
romelic “markovis jaWvis” SemTxvevaSi gamoricxavs “mexsierebis” gaTvaliswinebas, 

“wiladur eqponentebs” es SezRudva ar gaaCniaT.     

“aramarkovisebri” stoqastikuri procesis sixSireTa speqtri xasiaTdeba speqtruli 

simkvriveebis funqciebiT J(ω), romlebic mocemulia naSromSi [3] da calke ganxilvis sagans 

warmoadgens, rogorc sixSireze damokidebuli procesebisa da movlenebis sakiTxi.  
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STOCHASTIC PROCESS IN HETEROGENEOUS MEDIA 
Vladimer Tsitsishvili 

 
SUMMARY 

 
Stochastic process in heterogeneous media is considered generally on the basis of heterodynamic model, 
describing statictical macroscopical ansemble by probability function depending on coordinates only. It is 
shown, that said probability function has non-marcovian character, and equations for such function can be 
written in fractional differential and integral operators, having characteristic functions expressed by 
fractional exponents; properties of non-marcovian probability and characteristic functions are considered.  
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bunebrivi ceoliTebidan nanomasalebis miRebis gzebi 

 
giorgi ciciSvili, vladimer ciciSvili, nanuli dolaberiZe, nato mirZveli, manana niJaraZe, 

maia aleliSvili 
 

aRwerilia saqarTvelos bunebrivi ceoliTebidan nanomasalebis miRebis gzebi. SemuSavebulia maTi 
miRebis qimiuri xerxebi, rac uzrunvelyofs erTgvarovani ceoliTuri fazis Semcvelobis da   
fraqciuli Semadgenlobis nimuSebis Seqmnas, romelic pasuxobs dros da sargeblobs didi 
moTxovniT. 

 

dReisaTvis mikronizirebuli bunebrivi ceoliTi-klinoptiloliti farTod gamoiyeneba 
medicinaSi, rasac savaraudod ganapirobebs misi molekulur-sacruli Tvisebebi da katalizuri an 

inhibitoruli aqtivoba zogierTi fermentis mimarT. ceoliTis biologuri moqmedeba uSualod 
ganisazRvreba misi aqtiuri zedapiris farTis sididiT, amitom mizanSewonilia ceoliTis 

wvrildispersuli formis gamoyeneba. amJamad mikronizirebuli masala (nawilakebis diametri 0,1 

mikroni da naklebi) miiReba klinoptilolitis tribomeqanikuri damuSavebiT, rac mTeli rigi 
naklovanebebiT xasiaTdeba. amis gamo marTebulad migvaCnia wvrildispersuli ceoliTebis miRebis 
alternatiuli, kerZod, nanoganzomilebiani ceoliTuri masalebis qimiuri xerxebis damuSaveba. 

samuSao iTvaliswinebda nanoganzomilebiani ceoliTuri masalebis miRebas, rogorc bunebrivi 

ceoliTebis (klinoptiloliti, filipsiti, analcimi) gadakristalebiT, ise maTi pirdapiri 
qimiuri damuSavebis gziT. bunebrivi ceoliTebis gadakristaleba xdeboda hidroTermul 

pirobebSi, pirdapiri damuSaveba gulisxmobda mJavur, ionmimocvliT da Termul damuSavebas; 
miRebuli Sualeduri da miznobrivi produqtebis daxasiaTeba xorcieldeboda qimiuri analazis, 

rentgenografiis, adsorbciis  meTodebis gamoyenebiT. 
Sesrulebuli samuSaos Sedegebi gulisxmobda,saqarTvelos bunebrivi ceoliTebis safuZvelze 

samediciono preparatebis Seqmnas. aseve, nanoganzomilebiani ceoliTuri masalebis miRebis 
xerxebis dadgenas da ceoliTebis kristalizaciis procesebsa da miRebuli masalebis fizikur-

qimuiri Tvisebebis Sesaxeb axali informaciis mopovebas. komerciuli TvalsazrisiT interess 

warmoadgens, rogorc TviT axali xerxebi, romlebic samkurnalo preparatebis asortimentis 
gafarToebis saSualebas iZleva, ise qimuri gziT miRebuli axali nanoganzomilebiani masalebi, 

romlebic meqanikuri xerxiT mikronizirebul bunebriv ceoliTebTan SedarebiT ufro 
erTgvarovani iqneba ceoliTuri fazis Semcvelobisa da fraqciuli Semadgenlobis TvalsazrisiT. 

gasuli saukunis bolos daiwyo bunebrivi ceoliTebis, metwilad klinoptilolitis 
xvadasxva formebis farTo gamoyeneba medicinaSi (mimoxilva da literaturuli wyaroebis nusxa 

mocemelia naSromSi [1]). kargi praqtikuli Sedegebis gamo klinoptilolitis farTo gamoyenebas 
ar aferxebs ceoliTebis biologiuri moqmedebis meqanizmis Sesaxeb garkveuli warmodgenis ar 

arseboba: varaudoben rom aq didi mniSvneloba aqvs, rogorc maT adsorbciul da ionmimocvliT 
Tvisebebs, ise SesaZlebel katalizur an inhibitorul aqtivobas, gansakuTrebiT zogierTi 

fermentis mimarT [2]. M yovel SemTxvevaSi, cdebiT dadgenilia, ron ceoliTebis biologiuri 
moqmedeba uSualod dakavSirebulia mis gare zedapirTan, ris gamoc mizanSewonilia bunebrivi  an 

modificirebuli ceoliTebis wvrildispersuli formebis gamoyeneba. magaliTad, farTo 

gamoyenebis ceoliTuri samkurnalo  forma, “megamini_”s 1 gramiani tableti [3], Seicavs 750 mg 
klinoptilolits, romelic mikronizirebulia tribomeqanikuri damuSavebiT (nawilakebis zoma _ 

daaxloebiT 80 nanometri). unda aRiniSnos, rom wvrildispersuli ceoliTis miReba meqanikuri 
gziT zogierTi nakliT xasiaTdeba, kerZod, miRebuli masalis parametrebi mniSvnelovnadaa  

damokidebuli Sesabamisi agregatis konstruqciasa da misi muSaobis reJimze, sakmaod Znelia 
maRali aRwarmadobis miRweva minarevebis Sedgenilobisa da miznobrivi wvrildispersuli 

fraqciis gamosavlianobis TvalsazrisiT. Aaqedan gamomdinare, gamarTlebulia interesi 
wvrildispersuli, nanoganzomilebiani ceoliTebis miRebis alternatiuli meTodebisadmi. samuSao 

miznad isaxavda bunebrivi ceoliTebis wvrildispersuli nimuSebis miRebas alternatiuli gziT, 
kerZod, qimiuri damuSavebiT. Cven vixilavT ceoliTebis mikronizacias ara marto  rogorc maTi 

aqtiuri zedapiris gazrdis xerxs, aramed rogorc homogenizaciis saSualebas, romelic bunebriv 

da sinTezur ceoliTebs Soris gansxvavebas amcirebs. kargadaa cnobili ceoliTebis sinTezis 
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meTodebi [4], maT Soris bunebrivi ceoliTebis gadakristalebiT, Tumca am SemTxvevaSi mkvlevari 

cdilobs miiRos rac SeiZleba erTgvarovani da didi kristalebi _ gamoxatuli molekulur-
sacruli Tvisebebis mqone masala. Cveni mizani ki sawinaaRmdegoa gadakristalebiT miviRoT rac 

SeiZleba mcire zomis ceoliTuri kristalebi. Nnawilakebis zomis Semcireba agreTve  
SesaZlebelia bunebrivi nimuSebis  pirdapiri qimiuri (mJavuri da sxva) damuSavebis gziT, magram 

am SemTxvevaSi, rogorc wesi, arsebuli meTodebis ZiriTad miznebs warmoadgens zedapirze 
aqtiuri centrebis warmoqmna, da mJavuri aqtivobis gaumjobeseba, Termuli mdgradobis amaRleba 

an ceoliTis forianobis Secvla. Cven gamoviyeneT pirdapiri damuSavebis xerxebi (sinTezis 
meoradi meTodebi [5]), oRond sxva amocanebis gadasaWrelad, bunebrivi ceoliTebis meqanikuri 

dawvrilmanebis an gaumjobesebisaTvis. 

nanoganzomilebiani ceoliTuri kristalebis miRebis erT-erTi gza saqarTvelos bunebrivi 
ceoliTebis [6] gadakristalebaa hidroTermalur pirobebSi, rodesac warmoqmnili kristalebis 
zomebis (dispersulobis xarisxis) regulireba SesaZlebelia sxvadasxva xerxiT. Pprocesis 

pirveli etapi iTvaliswinebs aluminsilikaturi gelis miRebas bunebrivi ceoliTebis gamoyenebiT, 

meore etapi _ gelis damuSavebas  da “daberebas”, dabereba es aris aluminsilikaturi gelis 
dayovneba oTaxis temperaturaze. cnobilia, rom daberebuli aluminsilikaturi narevi ufro 

swrafad da didi gamosavliT kristaldeba, vidre dauberebeli [7], rac gelebis myar da Txevad 
fazebSi mimdinare qimiuri cvlilebebiT aixsneba. Mmkvlevarebis mier aseve naCvenebia, rom 

daberebis procesi ara marto aCqarebs kristalizaciis process, aramed did gavlenas axdens 

miRebuli kristalebis zomaze, amcirebs mas [8], procesis mesame etapi – iTvaliswinebs 
ceoliTuri fazis hidroTermul kristalizacias, rac ceoliTebis warmoqmnisas bunebaSi 
mimdinare procesis “‘imitacias” warmoadgens [9]. Cvens mier gadasaWreli problema iyo mesame 

etapze kristalizaciis Canasaxebis warmoqmnis intensifikacia da miznobrivi produqtis swrafi 

miReba, risTvisac saWiroa pirobebis optimizacia, rogorc kristalizaciis etapze (tutianoba, 
temperatura), ise gelis momzadeba-damuSavebis (temperatura, mJavianoba, qimiuri Sedgeniloba) da 
misi daberebis (temperatura, xangrZlivoba) dros [10,11]. Aam gziT, maRali aRwarmoebiT 

SesaZlebelia sufTa ceoliTuri masalis miReba, bunebriv ceoliTebSi Tanmdevi minarevebis 

gareSe, nanoganzomilebiani “viwro fraqciebis” saxiT. 
Nnanoganzomilebiani ceoliTuri kristalebis miRebis meore gza gulisxmobs bunebrivi 

ceoliTebis pirdapir mJavur damuSavebas, aluminsilikaturi gelebis miRebis xerxebTan 

SedarebiT gansxvavebul pirobebSi [12]. Seswavlili iqna aseve ionmimocvlis meTodiT da 

kompleqsuri midgomiT (mJavuri, ionmimocvliTi da Termuli damuSaveba) wvrildispersuli 

ceoliTuri masalebis miRebis SesaZlebloba [13]. 
ceoliTebis biologiuri aqtiurobis mkvlevarebis azriT, didi mniSvneloba eniWeba 

kristaluri mesris uaryofiT muxts (romelic kompensirebulia mimomcvleli da sxva 

kationebiT) da mis ganawilebas, rac ceoliTSi aluminis atomebis SemcvelobiTaa ganpirobebuli. 

Aam TvalsazrisiT samuSaoSi gaTvaliswinebulia, rogorc sxvadasxva adgilmdebareobis 
klinoptilolitis, ise aluminis ufro maRali Semcvelobis mqone ceoliTebis, kerZod 
filipsitis da analcimis gamoyeneba. kvlevaSi, rogorc sawyisi ceoliTebis, ise miRebuli  

Sualeduri da miznobrivi produqtebis dasaxasiaTeblad gamoyenebuli iyo qimiuri analizis 

Sedegebi, rentgenografiuli analizi (ceoliTuri struqturis tipis dadastureba), და 
adsorbciuli gazomvebi (forovani struqturis da gare zedapiris daxasiaTeba).  

Cvens mier SemuSavebuli meTodebiT nanoganzomilebiani ceoliTuri masalebis miReba 

moemsaxureba samedicino preparatebis Seqmna_warmoebas saqarTvelos bunebrivi ceoliTebis 

safuZvelze. 
nanoganzomilebiani ceoliTuri masalebis miReba qimiuri gziT iTvaliswinebda 

aluminsilikatebis, kerZod samganzomilebiani forovani sistemis mqone kristaluri molekuluri 

sacrebis, ceoliTebis miRebisa da damuSavebis kargad cnobili samecniero da teqnikuri 

midgomebis [14] gamoyenebas. Mmiznis misaRwevad gamoyenebuli iqna ceoliTebis sinTezisa [4] da 
modificirebis xerxebi [5]. 

nanoganzomilebiani ceoliTuri kristalebis miRebis pirveli xerxi gulisxmobs ceoliTebis 

gadakristalebas hidroTermalur pirobebSi. gadakristalebis procesis pirvel etapze 

xorcieldeba bunebrivi ceoliTis winaswar mJavuri damuSaveba misi reaqciisunarianobis 

amaRlebis mizniT.  am dros adgili aqvs sawyisi aluminsilikaturi struqturis deformirebas, 
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magram SenarCunebulia kristalebis fragmentuli naSTebi. procesis meore etapze cxeldeba 

wyliani tute aluminsilikatis suspenzia, ris Sedegadac  xdeba  gelismagvari foriani 
nivTierebis koloidur-qimiuri daleqva (gelis warmoqmna, misi gadasvla hidrogelSi da 

koagelSi, gauwyloeba qserogelis miRebamde). mesame etapi warmoadgens kristalizacias 
ceoliTuri masalis miRebiT, nawilakebis savaraudo diametri 100 nm-ze naklebi. 

gaTvaliswinebulia nimuSebis winaswari momzadebis meTodika (fraqcionireba, amorCevisa da 
garecxvis saWiroeba) agreTve procesis yvela etapis optimizirebuli pirobebi (temperatura, pH 
da sxva). suspendirebis, mJavuri damuSavebis da gelwarmoqmnis  procesebi mimdinareobs mudmivi 
morevis pirobebSi homogenizaciis mizniT, xolo TviT kristalizaciis procesSi moreva sruliad 

gamoiricxeba; xorcieldeboda kristaluri fazis miRebis kontroli (rentgenografia, 

adsorbciuli gazomvebi) sinjebis perioduli aRebiT. 
meore xerxi gulisxmobda nanoganzomilebiani ceoliTuri kristalebis miRebas bunebrivi 

ceoliTebis pirdapiri qimiuri damuSavebis gziT. pirvel rigSi gamoiyeneba mJavuri damuSaveba, 

rogorc aluminsilikaturi gelebis miRebis SemTxvevaSi, oRond gansxvavebul pirobebSi. garda 

amisa, gamoyenebeli iyo ionmimocvliTi da Termuli damuSaveba, agreTve samive xerxis kombinacia 
(kompleqsuri damuSaveba). SemuSavebulia optimaluri pirobebi, ramac SesaZlebeli gaxada 

nanoganzomilebiani (nawilakebis zoma savaraudod 100 nm-is farglebSi)  ceoliTuri  masalis 
miReba. bunebrivi  ceoliTebis winaswari Termuli damuSaveba mimdinareobda ceoliTis 

kristaluri mesris daSlis temperaturamde, damuSavebis xangrZlivoba – 1 wuTidan 10 sT-mde. 

Semdgomi mJavuri an ionmimocvliTi damuSaveba xorcieldeboda bunebrivi ceoliTis fxvnilis 
saxemde dawvrilmanebul (0,063-0,1 mm-is fraqcia) haer-mSral nimuSze, statikur pirobebSi; myari 
fazisa da mJavas/marilis sxvadasxva .koncentraciis wyalxsnarebis mravaljeradi kontaqtireba 

xdeboda wylis abazanaze da oTaxis temperaturazec mudmivi morevis pirobebSi. myari da       

Txevadi fazis Sefardeba SerCeuli iyo  1:6-dan  1:10-mde farglebSi, damuSavebis xangrZlivoba 
0,5-dan 3 sT-mde. miRebuli masalis myari fazis garecxvis Semdeg nimuSi Sreboda jer haerze, 
Semdeg TeremostatSi 95-100oC -is pirobebSi. 

orive gziT miRebuli nimuSebis dasaxasiaTeblad viyenebdiT qimiuri analizis, 

rentgenografiuli analizis da adsorbciis meTodebs. pirveli  meTodi gamoyenebulia  
ceoliTuri struqturis  tipis dasadastureblad, adsorbciuli gazomvebi ki forovani 
struqturisa da gare zedapiris dasaxasiaTeblad. 

Catarebuli kvlevis Sedegad dadgenilia nanoganzomilebiani ceoliTuri kristalebis miRebis 

xerxi bunebrivi ceoliTebis gadakristalebiT hidroTermul pirobebSi. procesis pirveli etapi - 

bunebrivi aluminsilikatis winaswari mJavuri damuSaveba misi reaqciisunarianobis amaRlebis 
mizniT,  meore etapi – wyliani tute aluminsilikatis suspenziis gacxeleba da gelismagvari 
foriani nivTierebis koloidur-qimiuri daleqva, mesame etapi - kristalizacia ceoliTuri 

masalis miRebiT, nawilakebis savaraudo diametri 100 nm-ze naklebi. 

meore meTodi nanoganzomilebiani ceoliTuri kristalebis miRebisa – qimiuri modificirebaa( 
zemoT aRwerili meTodis  pirveli etapi gansxvavebul pirobebSi). 

Cvens mier dadgenili qimiuri  xerxebiT miRebuli, nanoganzomilebiani ceoliTuri masalebis 

gamoyenebis sferos, faqrmakoqimiuri warmoeba warmoadgens. komerciuli TvalsazrisiT 

sainteresoa, rogorc TviT axali xerxebi, romlebic samkurnalo preparatebis asortimentis 

gafarToebis saSualebas iZleva, ise qimiuri gziT miRebuli axali nanoganzomilebiani 
ceoliTuri masalebi, romlebic ufro sufTa iqneba meqanikuri xerxiT mikronizirebul bunebriv 

ceoliTebTan SedarebiT. 

kvlevis Sedegebis unikalobas ganapirobebs is garemoeba, rom wvrildispersuli, 

nanoganzomilebiani ceoliTuri masalebis misaRebad, bunebrivi ceoliTebis meqanikuri 
dawvrilmanebis nacvlad pirvelad iqneba gamoyenebuli qimiuri damuSaveba, rac miznobrivi sufTa 
produqtis miRebis uzrunvelyofasTan erTad analogiuri samkurnalo preparatebis asortimentis 

gazrdis saSualebas iZleva. 
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WAYS TO PRODUCE NANOMATERIALS FROM NATURAL ZEOLITES 
Giorgi Tsitsishvili, Vladimer Tsitsishvili, Nanuli Dolaberidze, Nato Mirdzveli, Manana Nijaradze,  

Maia Alelishvili 
 

SUMMARY 
 
Ways to produce nanomaterials from Georgian natural zeolites have been described. Optimal conditions for 
hydrothermal re-crystallization and direct chemical treatment (acid or ion exchange) of natural zeolites are 
established supporting preparation of samples, characterized by homogeneous zeolite phase content and 
narrow fractional distribution.  
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BEA tipis ceoliTSi imobilizebuli nanodispersuli  

molibdenis karbidebis katalizuri Tvisebebi  
 

ciuri ramiSvili, vladimer ciciSvili, roin Wedia, giorgi cercvaZe*  
*saqarTvelos teqnikuri universiteti. struqturuli kvlevebis respublikuri centri 

 
Seswavlilia BEA tipis ceoliTSi sxvadasxva prekursorebidan dasinTezebuli molibdenis karbidisa 
da oqsikarbidis katalizuri Tvisebebi beta-fenileTilis spirtis fenilacetaldehidSi JangviTi 

dehidrirebis reaqciaSi; molibdenis heqsakarbonilidan miRebul BEA tipis ceoliTSi imobilizebul 
molibdenis karbids gaaCnia ufro maRali katalizuri aqtiuroba. 
 

Sesavali  
organul nivTierebaTa Jangvis katalizatorebi, ZiriTadad, VIII jgufis liTonebia, romlebic 

dafenilia didi zedapiris mqone oqsidur sarCulebze; magram aseTi katalizatorebis gamoyeneba 
ramdenadme SezRudulia keTilSobili liTonebis siZviris da maRal temperaturaze maTi 
oqsidebis aqroladobisa da dafenili fazis Secxobisken midrekilebis gamo. 

aseTi katalizuri sistemebis alternativaa kompoziciuri katalizatorebi, romlebsac Rebu-

loben mikro- da mezoforovani matricis arxebsa da RruebSi nanoganzomilebis aqtiuri komponen-
tebis e.w. matriculi izolaciis meTodiT, romelic gamoricxavs nanonawilakebis agregacias [1]. 
meTodis arsi mdgomareobs sinTezSi in situ anu uSualod matricis zedapirze; nanoreaqtorSi –    

inertul, forovan myar sxeulSi winaswar SeyavT winamorbedi naerTebi (prekursorebi), Semdeg 

axdenen maT qimiur da Termul gardaqmnas da matricis forebSi iReben samizne, nanozomebis 

produqtebs (liTonebs, oqsidebs, karbidebs, sulfidebs da sxv.); didi zedapiruli energiis gamo 
katalizSi isini gacilebiT efeqturia, vidre masiuri katalizatorebi [2]. 

ZviradRirebuli platinis jgufis elementebis Semcveli katalizatorebis Semcvlelebad 

ganixileba molibdenisa da volframis karbidebi [3-7]; katalizatorebad maT iyeneben rogorc 

Tavisufali saxiT, aseve sxvadasxva sarCulebze (AI2O3, ZrO2, ceoliTebi, naxSirbadis 
nanomilakebi) dafenili formiT; ZiriTadad, isini hidrireba-dehidrirebis, izomerizaciis da 
aromatizaciis reaqciis katalizatorebia [8-16].  

maTi upiratesobaa – siiafe, medegoba maRali temperaturisa da gogird- da azotSemcveli 

naerTebis mimarT. Mmagram maT misaRebad saWiroa maRali temperatura (700-900оС), garda amisa 
isini damJangvel garemoSi umdgradia 400оС zemoT, agreTve zedapiris danaxSirebis SemTxvevaSi 
garTulebulia maTi regeneracia.   

warmodgenili naSromis mizani iyo BEA tipis ceoliTis forebSi stabilizebuli 

nanodispersuli molibdenis karbidis miReba da misi gamocda beta-fenileTilis spirtis (fes)  

JangviTi dehidrirebis reaqciaSi fenilacetaldehidis (faa) miRebis mizniT.  
saparfiumerio mrewvelobaSi faa gamoiyeneba nedleulad sxva surnelovani nivTierebebis 

sinTezisTvis, mas iReben airad fazaSi stirolis oqsidis an stirolis glikolis katalizuri 

gadajgufebiT ceoliTur katalizatorebze (B-, Fe-, Al-pentasili, MFI, MOR, erioniti/Sabaziti 
da sxv.); 473-573 K temperaturebze gardaqmna srulia da SerCeviToba – maRali (>90%) [17-19]. 

faa aseve iReben β-fes-is katalizuri JangviT homogenur (qrommJava) da heterogenul (Cu, 
Ag, Zn da maTi oqsidebi) katalizatorebze [20]; katalizatorze ZnO/pemza 703 K-ze faa-is 
gamosavlianobaa 50%. Mmagram vercxlis 0,1-2,5 mm zomis kristalebze β-fes-is JangviTi 

dehidrirebisas haeris an Jangbadis Tanaobisas gardaqmnis xarisxi metia da is 78% tolia, faa-
is gamosavlianoba ki 67%-ia [21]. am katalizatoris sicocxlis xangrZlivoba didia, magram 

dabali SerCeviTobis gamo problemuria produqtebis dayofა. 
β-fes-is JangviTi dehidrireba faa-Si Seswavlili iyo Rrmaddealuminirebul ceoliTebze 

MFI, BEA, FAU(Y) da mezoforovan molekulur sacerze MCM(Si)-41, romlebzec dafenili iyo 
8,2-10,2% V2O5 [22]. naCvenebi iyo, rom β-fes-is gardaqmnis xarisxi korelaciaSia katalizatorSi 
reagentis molekulebisTvis misawvdomi JangviTi centrebis raodenobasTan, xolo faa 

SerCeviToba yvelaze maRalia farToforovan sarCulebze; 603 K-ze gardaqmnis xarisxis (68%) da 

SerCeviTobis (70%) maqsimaluri mniSvnelobebi miRebulia nimuSze V2O5/ MCM(Si)-41 [22]. 
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eqsperimentis meTodika 
BEA tipis ceoliTSi imobilizebuli molibdenis karbidis miReba 
sawyis matricad gamoyenebuli iyo BEA tipis ceoliTis amoniumis forma NH4BEA (Zeolyst 

International, bath CP 814C,  SiO2/AI2O3=38, Na2O-0,05%, xvedriTi zedapiri S=710 m2/g). HBEA-forma 
miRebulia NH4BEA-s mSrali da sufTa haeris nakadSi gacxelebiT programiT: 298 K-dan 773 K-
mde siCqariT 2,5 K·wT-1, Semdeg nimuSs 773 K-ze axurebdnen 6 sT ganmavlobaSi. 

Mo-Semcvel HBEA-prekursors iRebdnen ori gziT: 
1. molibdenis heqsakarbonilidan zotinis mier [23] aRwerili meTodiT; ampulaSi moTavsebuli 

HBEA-formis vakuumirebas axdendnen 673 K–ze 4 sT ganmavlobaSi; oTaxis temperaturamde 

gacivebis Semdeg haerTan Sexebis gareSe nimuSs argonis areSi urevdnen Mo(CO)6 (98%, 
Aldrich) saWiro raodenobas; narevi gadahqondaT Slenkis WurWelSi, gadaketavdnen mas da 

acxelebdnen 16 sT ganmavlobaSi 343 K-ze.  
2. amoniumis heptamolibdatidan (NH4)6[Mo7O24].4H2O gaJRenTvis meTodiT sarCulis tentevadobis 

Sesabamisad: amoniumis heptamolibdatis im raodenobas, rac sakmarisi iyo nimuSSi garkveuli 
raodenoba molibdenis SemcvelobisTvis, xsnidnen petris jamze amiakis wyalxsnaris im 

raodenobaSi, rac mTlianad absorbirdeba HBEA-formaze; nimuSs tovebdnen Tavdaxurul 

petris jamSi 12 sT, Semdeg mas haerze aSrobdnen, axurebdnen 4 sT ganmavlobaSi 723 K-ze da 
iRebdnen MoO3/HBEA  [9,14]. 
samizne nimuSis – molibdenis karbidi/HBEA misaRebad Mo-Semcveli HBEA-prekursoridan 

karbidizaciis wyarod iyenebdnen makarbidizebel narevebs: а) H2/n-pentani da b) H2/n-buTani.  
nareviT H2/n-pentani (moluri Tanafardoba 11/1, miwodebis saerTo siCqare 20 ml/wT) 

karbidizacias axdendnen Mo-Semcveli HBEA-prekursoris, romelic miRebuli iyo molibdenis 
heqsakarbonilidan; am SemTxvevaSi Mo-Semcveli HBEA-prekursoris temperaturas zrdidnen 300 
K-dan 843 K-mde siCqariT 3 K·wT-1,  843 K-ze tovebdnen 15 wT, Semdeg temperaturas swevdnen 
oTaxis temperaturamde, ris Sedegad miiReboda nimuSi 1 (cxrili 1). 

nareviT H2/n-buTani (moluri Tanafardoba 11/1, miwodebis saerTo siCqare 20 ml/wT) [14]-Si 
aRwerili meTodiT karbidizacias axdendnen molibdenis heqsakarbonilidan da amoniumis 

heptamolibdatidan miRebuli Mo-Semcveli HBEA-prekursoris. narevis H2/n-buTani nakadSi Mo-
Semcveli HBEA-prekursoris temperaturas zrdidnen 300 K-dan 623 K-mde siCqariT 15 K·wT-1, 

623 K-ze axurebdnen 24 sT, Semdeg temperaturas zrdidnen 823 K-mde 5 K·wT-1 siCqariT da 823 K 
miRwevisas airebis narevs cvlidnen meTaniT (10 ml/wT), Semdeg temperaturas zrdidnen 923 K-
mde siCqariT 5 K·wT-1, am pirobebSi nimuSs tovebdnen 15 wT, Semdeg mis temperaturas amci-

rebdnen oTaxis temperaturamde. am gziT miiReboda nimuSebi 2 da 3 Sesabamisad molibdenis 

heqsakarbonilidan da amoniumis heptamolibdatidan (cxrili 1). am meTodikiT ceoliTSi HZSM-5 
miRebulia [14] molibdenis karbidis α-modifikacia (α-MoC1-x/HZSM-5), romelsac gaaCnda ufro 
maRali katalizuri aqtiuroba meTanis araJangviT aromatizaciaSi, vidre igive ceoliTSi 

imobilizebul molibdenis karbidis β-modifikacias β-Mo2C/HZSM-5. 
Cvens mier dasinTezebuli ceoliTSi imobilizebuli molibdenis karbidebis Semcveli 

katalizatorebi Savi feris iyo maTSi karbidizaciis Tanamde produqtis – naxSiris Semcvelobis 
gamo; gamoyenebis win mas nawilobriv acilebdnen katalizatoris Jangbadis areSi gacxelebiT. 

 

fizikur-qimiuri Tvisebebis kvlevebi 
katalizatorebSi molibdenis Semcveloba gansazRvrulia lokalur zondur rentgenul 

mikroanalizatorze ”Kameca”. rentgenofazuri analizi Catarebulia difraqtometrze Дрон-3М 
2θ=10-50o kuTxeebis ubanSi. eleqtronul-mikroskopuli kvleva Catarebulia transmisiul (TEM) 
eleqtronul mikroskopze JEOL SX-100 (gadideba 120000).  

katalizuri gardaqmnis produqtebis Tvisebrivi analizi aldehiduri jgufis Semcvelobaze 

Catarebulia infrawiTel ubanSi (1720-1730 sm-1) speqtrometrze UR-20, reaqciis Txevadi produq-
tebis analizi – air-siTxur qromatografze ЛХМ-8МД (alur-ionizaciuri deteqtori, 3 m 

sigrZis svetze qromaton HMDS-ze dafenil Carbowaks 20M-ze, 401 K-ze, air-matarebeli – 

heliumi).  
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katalizuri Tvisebebis kvlevebi 
β-fes-is (Sigma-Aldric, ≥99%, GC) katalizuri JangviTi dehidrirebis reaqcia faa-Si Seswav-

lilia nakadur, ”kvarcis” minisagan damzadebul mikroreaqtorSi; temperaturuli intervali 523-
623 K,. katalizatoris masa 1,1 g, moluri Tanafardoba fes/haeri – 0,8, miwodebis masuri 

siCqare WHSV=1,1 g/g.sT, cdebis xangrZlivoba – 3 sT (cxrili 1). 

reaqciis produqtebi Seicavda nivTierebebs: toluoli, ucnobi naerTi, faa, benzomJava, 
gardauqmneli β-fes; agreTve CO, CO2, romlebsac Tvisebrivad sazRvravdnen qromatografiulad 

katarometriT. samizne produqtis – faa-s gansazRvra tardeboda absoluturi dakalibrebis 
meTodiT.  

cxrili 1. miRebuli katalizatorebis maxasiaTeblebi da Tvisebebi 
nimuSi 

# 
katalizatori katalizuri Tvisebebi 

 
prekursori / 

makarbidizebeli 
narevi 

tipi 

Мо 
Semcve-
loba, 

mas.% 

T, K 
β-fes 

konversia, 
% 

faa 
gamosavli-
anoba, % 

faa 
SerCevi-
Toba, % 

523 30, 7 12,6 41,0 
573 40,1 14,0 34,9 1 

Mo(CO)6 / 
H2, n-pentani МoOxCy/HBEA 10,3 

623 60,4 8,5 14,1 
523 50,3 30,2 60,0 
573 60,6 33,2 54,8 2 

Mo(CO)6 / 
H2, n-butani 

α-MoC1-x /HBEA 6,8 
623 80,2 27,1 33,8 
523 32,1 13,7 42,7 
573 42,5 15,0 35,3 3 

(NH4)6[Mo7O24].4H2O 
/ 

H2, n-butani 
α-MoC1-x /HBEA 6,1 

   623 55,3 14,2 25,7 
 

Sedegebis gansja 
rentgenografiulad dadginda, rom HBEA ceoliTis 

nimuSebis kristaluri struqtura maTi karbidizaciis 

Semdeg SenarCunebulia [24]. nimuSis 1 difraqtogramaze 

arsebuli refleqsi 2θ=38,5o miekuTvneba molibdenis 
oqsikarbids (МoOxCy) [14]; nimuSebis 2 da 3 difraqto-
gramebze ar aRiniSneba molibdenis karbidis ori 
gansxvavebuli modifikaciisTvis damaxasiaTebeli pikebi – 
α-MoC1-x (2θ=36,5 da 42o) da β-Mo2C (2θ=34,7; 37,8; 39,7o) 
[14]. savaraudod, BEA ceoliTis forebSi molibdenis 

karbidi ufro maRaldispersul mdgomareobaSia [25,26] da 
rentgenografiulad ar fiqsirdeba mcire Semcvelobebis 

gamo; HBEA ceoliTis forebSi molibdenis karbidis 25-40 
nm diametris nanonawilakebis arsebobas adasturebs 

eleqtronul-mikroskopuli suraTi (naxazi 1). 
 

nax. 1. katalizatoris – α-MoC1-x /HBEA TEM–suraTi  
 
monacemebi katalizuri aqtiurobis Sesaxeb miuTiTebs, 

rom molibdenis daaxloebiT erTnairi Semcvelobis mqone 
nimuSebze 2 da 3 (romlebic dasinTezebulia sxvadasxva 

prekursorebidan – molibdenis heqsakarbonilidan da amoniumis heptamolibdatidan), pirvelze 
metia β-fes-is konversia (50-80%, 523-623 K), faa-is gamosavlianoba (30-27%) da faa-is 

SerCeviToba 523-573 K-ze (60-34%), rac SeiZleba aixsnas katalizur aqtiurobaze bevri faqtoris 
zemoqmedebiT, da maT Soris, nimuSebSi 2 da 3 ceoliTis forebSi arsebuli karbidebis 
nanonawilakebis sxvadasxva zomiT. katalizuri aqtiuroba daaxloebiT erTnairia nimuSebisTvis 1 

                                                
 avtorebi madlobas moaxseneben fizika-maTematikis mecnierebaTa kandidats n. jalabaZes nimuSi 1-

is difraqtogramis gadaRebisTvis. 
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da 3, romlebic warmoadgens HBEA ceoliTSi imobilizebul molibdenis oqsikarbids 

(prekursori - molibdenis heqsakarbonili) da karbids (prekursori – amoniumis 
heptamolibdati); katalizuri aqtiurobebis Sedarebisas ar SeiZleba gamoiricxos naxSirbadis 

danaleqebis rolic [9]. β-fes-is gardaqmnis xarisxis daaxloebiT erTnairi - 50% toli 
mniSvnelobisTvis SerCeviToba fenilacetaldehidis mimarT aseve maRalia nimuSisTvis 2 da 

sakmarisad dabal temperaturaze (523 K) is Seadgens 60%-s. 
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CATALYTIC PROPERTIES OF NANOSIZED MOLYBDENUM CARBIDES  
IMMOBILIZED IN BEA TYPE ZEOLITE  

. 
Tsiuri Ramishvili, Vladimer Tsitsishvili, Roin Chedya, Giorgi Tsertsvadze* 

*Georgian Technical University, Republic Center of Structural Researches 
 

SUMMARY 
Nanosized molybdenum carbide and oxycarbide immobilized in the BEA type zeolite have been prepared from 
various precursors. Catalytic activity of prepared samples in oxydative dehydrogenation of beta-phenylethanol 
into phenylacetaldehyde has been studied. It is shown, that catalyst obtained by carburization of adsorbed 
molybdenum hexacarbonyl is characterized by high activity. 

. 
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bunebrivi ceoliTebis struqturis Seswavla infrawiTeli  

speqtroskopiis meTodiT 

 

giorgi winwkalaZe, vladimer ciciSvili, manana burjanaZe, TinaTin SaraSeniZe 

 
Seswavlilia sxvadasxva adgilmdebareobis zogierTi bunebrivi ceoliTis i.w. speqtrebi meseris 
rxevis ubanSi. dadgenilia TiToeuli ceoliTisaTvis damaxasiaTebeli rxevis zolebis sixSireebi. 
warmodgenilia iw-speqtrebis atlasi.  

 
yvelaze ufro gavrcelebuli SexedulebiT, sxvadasxva adgilmdebareobis bunebriv 

ceoliTebs or jgufad yofen, esenia: 

 

1. vulkanuri warmoSobiis ceoliTebi, romlebic ZiriTadad monokristalebs 
warmoadgenen da bazalturi da monoklinuri qanebis napralebsa da sicarieleebs 

avseben. 
2. vulkanur – danaleqi warmoSobis ceoliTebi.    

 

pirveli jgufis mineralebi, umaRlesi ceoliTuri fazis Semcvelobis miuxedavad, qanebSi 
maTi raodenobis simciris gamo warmoebaSi praqtikulad ar gamoiyenebian. isini mxolod 

mecnieruli TvalsazrisiT arian saintereso. meore jgufis ceoliTebis praqtikuli 

mniSvneloba, maragebis gansakuTrebuli raodenobis gamo didia. madnebSi am ceoliTebis 
fazuri Semcveloba 90%-dan 30%-mde icvleba [1].  

bunebrivi ceoliTebis struqturis Sesaswavlad ZiriTadad rentgenostruqturuli 

analizis meTods iyeneben. am meTodiT ceoliTebis saxeobis calsaxa diagnostika 

wvrildispersiul mono da polimineralur qanebSi xdeba. amave mizniT Cvens mier 

infrawiTeli(i.w.) spetqroskopiis meTodi iyo gamoyeneba. 

iw-speqtroskopiis meTodiT, kristaluri mesris rxevis ubnis kvlevisas, SeiZleba 

miviRoT informacia ceoliTuri meseris aRnagobis, aseve kristaluri meseris tipis, 

SiO2/AL203 Tanafardobis Sesaxeb. ceoliTebis kristaluri mesris daxasiaTebisaTvis iw-

speqtroskopia uaRresad mgrZnobiare meTods warmoadgens. TiToeuli ceoliTi  

aluminsilikatis mesris rxevis ubanSi (200-1300sm-1) gvaZlevs tipiur iw-speqtrs. amasTan 
erTad, erTi tipis struqturis mqone ceoliTebs, romlebic miekuTvnebian erT struqturul 

jgufs da Seiceven Seicaven erT da igive struqtrul elementebs, SeiZleba hqondeT 

gansakuTrebuli, mxolod maTTvis damaxasiaTebeli iw speqtri [2]. 
kvlevis obieqtebad aRebuli gvqonda sxvadasxva adgilmdebareobisa da genezisis 

bunebrivi ceoliTebi – klinoptilolitebi (Ct), saqarTvelodan (Zegvi), aSS-dan (kalifornia) 

da meqsikidan (arispe).  heilanditi (H) – saqarTvelodan (uraveli), erionitebi (E) – aSS-dan 
(kalifornia da meqsikidan (arispe), mordenitebi (M) – saqarTvelodan (bolnisi) da 

ruseTidan (cimbiris platforma), analcimebi (A) – saqarTvelodan (quTaisi, gelaTi), aSS-

dan (big-sendi), filifsiti (Ph) – saqarTvelodan (axalcixe, winubani), natroliti (N) -  
saqarTvelodan (quTaisi), skoleciti (Sc) – saqarTvelodan (quTaisi), tomsoniti (T0 – 
saqarTvelodan (quTaisi), lomontiti (Lom) -  saqarTvelodan (Tbilisi, botanikuri), 

Sabaziti (Sh) aSS-dan (buovi). 
zemoTaRwerili nimuSebidan heilanditi, cimbiris platformis mordeniti, natroliti, 

skoleciti da tomsoniti vulkanuri warmoSobis monokristalebi, xolo danarCeni 

ceolitebi danaleqi warmoSobisa iyo. 

pirvel cxrilSi mocemulia Seswavlili bunebRivi ceoliTebis iw-speqtrebis zolebis 
rxevebis mikuTvneba [2] samuSaos mixedviT. rogorc cxrilidan Cans Seswavlili bunebrivi 

ceoliTebis iw-speqtrebi kargad esadagebian literaturul monacemebs [2,3,4]. 
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cxrili 1. aluminsilikatis mesris rxevis ubanSi Seswavlili bunebrivi ceoliTebis i.w. 

speqtrebis STanTqmis zolebis sixSireebis mikuTvneba 

 
ceoliTi Vdef Vinter-def Vintra-sim Vinter-sim Vintra-as Vinter-as 
M1 450 560, 580,  

627 
720 800 1060 1183, 1225 

M2 464 577, 632 - 796 1069 1220 

Ct1 430, 465 526, 610,  

668 

730 787 1062 1210 

Ct2 443 525, 610,  

668 

730 787 1067 1210 

Ct3 462 530, 600 - 800 1052 1210 

H 435,454 522, 596,  

664 

725 780 1044 1200 

E1 420, 440,  

471 

552, 582,  

635 

724 780 1060 1140 

E2 420,442,  

469 

547, 580,  

627 

730 782 1052 1142 

Sh 421, 466 530, 650 725 767 1042 1120 

A1 448 630 739 772 1042 - 

A2 447 615 738 772 1027 1120 

A3 435, 470 525, 590 780 820 1045 - 

Ph 440 475, 530,  

615 

730 820 1040 1130 

L 440, 465 495, 530,  

565, 585,  

600 

- 775 - 960, 995,  

1040, 1090,  

1130 

S 415, 445 487, 517,  

545, 585, 605, 
635 

690 780 980 1070 

N 415, 430 515, 540,  
590, 630,  

665 

686 - 997 941, 997, 
1062 

T 421, 474 503, 550,  35, 
602 

762 782 1016 1100, 1127 

 
Vdef - deformaciuli rxeva; 

Vinter-def – tetraedrebsSorisi deformaciuli rxeva; 

Vintra-sim – Sigatetraedruli simetriuli valenturi rxeva; 

Vinter-sim    -    tetraedrebsSorisi    simetriuli valenturi rxeva; 

  Vintra-as - Sigatetraedruli asimetriuli valenturi rxeva; 
Vinter-as -  tetraedrebsSorisi    asimetriuli valenturi rxeva. 

 

aRsaniSnavia, rom rogorc yvela aluminsilikats, iSviaTi gamonaklisis garda, TiTqmis 

yvela ceolitis speqtrSi aRiniSneba Zlieri intensivobis mkveTrad gamoxatuli Siga 

tetraedruli, rogorc deformaciuli (440-470sm-1), aseve savalento (1050-1200sm-1) rxevis 
zolebi. garda zemoTaRniSnuli zolebisa garda mordenitebis speqtrSi SeiniSneba 

tetraedrebsSorisi deformaciuli rxevis sami zoli – orTava 565 da 582 sm-1 maqsimumebiT 

da 632sm-1-ze. aseve Siga tetraedruli simetriuli savalento rxevis zoli 735sm-1-ze da 
tetraedrebsSorisi savalento rxevis zoli 800sm-1-ze. aseve Zlieri intensivobis Siga 

tetreedruli antisimetriuli savalento rxevis zoli 1062sm-1-ze, ori mcire intensivobis 
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mxriT 1183 da 1225sm-1-ze, romlebic tetraedrebs Soris antisimetriul savalento rxevebs 

axasiaTebs. aRsaniSnavia, rom ori sxvadasxva adgilmdebareobis da sxvadasxva genezisis (e.w. 

"cimbiris platformis" mordeniti vulkanuri, xolo bolnisis – saqarTvelo, danaleqi 

warmosobisa iyo). ceoliTebs Soris gansxvaveba imaSi mdgomareobs, rom vulkanuri 

warmoSobis ceoliTSi ceoliTuri faza praqtikulad 100%-ia, roca bolnisis 

adgilmdebareobis ceoliTSemcvel tufSi mordenitis Semcveloba 50-60%-s Soris 
meryeobs[1]. garda amisa vulkanuri warmioSobis ceolitSi danaleqTan SedarebiT, struqtura 

yovelTvis mowesrigebulia. amitomaa, rom pirveli ceoliTis speqtrSi zolebi, romlebic 

ceoliTur strurturas axasiaTeben, bevrad ufro intensiuri da mkveTrad gamoxatulia 
vidre meoreSi. amitomac bolnisis mordenits ar aqvs erT-erTi Sigatetraedruli rxevis 

zoli, cudad eyofian erTmaneTs Siga da tetraedrebsSorisi simetriuli savalento da 

deformaciuli rxevis zolebi da saerTod ar aReniSneba tetraedrebsSorisi 
antisimetriuli savalento rxevis zoli.  

klinoptilolitisa da heilanditis i.w. speqtrebi identuria, Sigatetraedruli 

deformaciuli rxevis zoli ~465 sm-1-ze, aqvs mxari daaxl. 430 sm-1-ze, romelic Semavali 

“fanjris” rxevas warmoadgens. maT aqvT aseve sami sxvadasxva intensivobis 

tetraedrebsSorisi deformaciuli rxevis zoli daax. 527, 610 da 668 sm-1-ze. aseve 

asimetriuli Sigateraedruli da tetraedrebsSorisi savalento rxevis zolebi daaxl. 720 

da 787 sm-1-ze, agreTve Zlieri intensivobis Sigatetraedruli antisimetriuli savalento 

rxevis zoli daaxl. 1065 sm-1-ze tetraedrebsSorisi antisimetriuli savalento rxevis 
amsaxveli mxriT 1210 sm-1-ze. 

erionitis SemTxvevaSi gansxvavebuli suraTi gvaqvs. aq mkveTrad gansxvavebuli ori 

zolia 420 da 440 sm-1-ze, romlebic Semaval “fanjaras” axasiaTebs, sadac Semavali 

“fanjris” da Sigatetraedruli deformaciuli rxevis zolebis ~470 sm-1-ze gadafarva 

xdeba. aRsaniSnavia, rom sinTezur erionits, Semavali “fanjris” mxolod erTi zoli 

aReniSneba[5]. Eerionits sami ~560, 580 da 630 sm-1-ze, tetraedrebsSorisi deformaciuli 

rxevis zoli aqvs. aseve TiTo Sigatetraedruli da tetraedrebsSorisi simetriuli 
savalento rxevis zolebi, Sesabamisad 730 da 785 sm-1-ze, da Zlieri intensivobis 

Sigatetraedruli antisimetriuli savalento rxevis zoli 1060 sm-1-ze.  

rogorc bunebrivi erionitis SemTxvevaSi bunebrivi Sabazitis i.w. speqtrSic Semavali 
“fanjris” zoli daaxl.420 sm-1-ze, gadafaravs 455 sm-1-ze, Sigatetraedruli deformaciuli 

rxevis zols. Sabazits ori maRali intensivobis tetraedrebsSorisi deformaciuli rxevis 
zoli aqvs 530 da 650 sm-1-ze, danarCeni, isisve rogorc erionitSi 725 da 770 sm-1-ze 

Sigatetraedruli da tetraedrebsSorisi simetriuli savalento rxevis zolebia da 1042 

sm-1-ze Sigatetraedruli antisimetriuli savalento rxevis zoli. 
Seswavlili iyo agreTve sami sxvadasxva adgilmdebareobis analcimi. ori nimuSis iw-

speqtri praqtikulad identuria –Sigatetraedruli deformaciis zoli daaxl.447 sm-1-ze, 

aseve erTi tetraedrebsSorisi deformaciuli rxevis zoli 615-630 sm-1 SualedSi. gelaTis 
adgilmdebareobis analcimis SemTxvevaSi wina orisagan gansxvavebiT deformaciuli rxevis 

ubanSi SeimCneva damatebiTi rxevis zoli 435 sm-1-ze. Aseve zoli tetraedrebsSorisi 

rxevisa 525 sm-1-ze. am SemTxvevaSi an raime sxva ceoliTis minarevi gvaqvs, savaraudod 

mordenitis, an ceolitis kristalizacia gansakuTrebul pirobebSo moxda da gansxvavebul 

struqturasTan gvaqvs saqme. 

filifsits aqvs Sigatetraedruli deformaciuli rxevis zoli daaxl/440 sm-1-ze, 

tetraedrebsSorisi deformaciuli rxevis zolebi 475, 530 da 615 sm-1-ze, aseve 

Sigatetraedruli da tetraedrebsSorisi simetriuli savalento rxevis zolebi 720 da 820 

sm-1-ze da am tipis, oRond antisimetriuli rxevis zolebi 1040 da 1130 sm-1-ze.  

lomontitis iw-speqtrSi gvaqvs Sigatetraedruli rxevis zoli 465 sm-1-ze, Semavali 
“fanjris” zolebis ori mxriT 410 da 440 sm-1-ze. Aseve aRiniSneba ramdenime 

tetraedrebsSorisi rxevis zolebi 520, 560, 575 da 615 sm-1-ze, aseve Sigatetraedruli 
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rxevis zoli 700 sm-1-ze da gansxvavebiT yvela sxva ceoliTebisagan, ori, 

tetraedrebsSorisi simetriuli savalento rxevis zoli 780 da 800 sm-1-ze. 

lomontitis iw-speqtrebis gansakuTrebuloba imaSi mdgomareobs, rom misi 

Sigatetraedruli da tetraedrebsSorisi antisimtriuli savalento rxevis zolebi 

erTmaneTs faraven da warmoqmnian “savarcxlisebur” zolebis jgufa, romelTa maqsimumebi 

Sesabamisad 900, 990, 1040, 4080,1165 sm-1-ze aRiniSneba. 
natrolitis iw-speqtrSi gvaqvs Semavali “fanjris” rxevis zoli 415 sm-1-ze, aseve  

deformaciuli Sigatetraedruli rxevis zoli 430sm-1-ze da tetraedrebsSorisi rxevis 

zolebi 515, 540, 590, 632, 665 da 680 sm-1-ze. aq 665 da 680 sm-1-ze zolebi SesaZlebelia 
Sigatetraedruli da tetraedrebsSorisi simetriuli savalento rxevis zolebi iyo, oRond 

ufro dabal sixSireze gadaweuli. aqac isve rogorc lomintitSi Sigatetraedruli da 

tetraedrebsSorisi antisimetriuli valenturi rxevis zolebis gadafrva xdeba. aq am 
zolebis sami piki SeimCneva 941, 997 da 1065 sm-1-ze.  

skolecitis SemTxvevaSi ufro maRali intensivobis “farjris” zoli 415 sm-1-ze, 

Sigatetraedrul deformaciul rxevis zols 445 sm-1-ze gadafaravs. Aam SemTxvevaSic 

tetraedrebsSorisi deformaciuli rxevis zolebis farTo speqtri gvaqvs 487, 517, 545, 

585, 605 da 635 sm-1-ze. iseve, rogorc natrolitSi Sigatetraedrul da tetraedrebsSoris 

simetriul valentur rxevis zolebi ufro dabal sixSireebze 685 da 780 sm-1-ze 

aRiniSnebian. Yyvela sxva ceoliTisagan gansxvavebiT erTmaneTisagan gamoyofilia 

Sigatetraedruli da tetraedrebsSorisi antisimetriuli valentuli rxevis zolebi 

Sesabamisad 980 da 1070 sm-1-ze.G 

gansxvavebuli suraTi gvaqvs tomsonitis iw-speqtrSi. Aaqac 421 sm-1-ze gvaqvs Semavali 
“fanjris” zoli, xolo Sigatetraedrul deformaciul rxevis zols 474 sm-1-ze 

nawilobriv gadafaravs gansakuTrebulad Zlieri intensivobis tetraedrebSorisi rxevis 

zoli 503 sm-1-ze. Ggarda am zolebisa gvaqvs rxevis zolebi 535, 550, 602, 635 da 660 sm-1-
ze. Sigatetraedruli da tetraedrebsSorisi rxevis zolebic 762 da 790 sm-1-ze erTmaneTs 

gadafaraven. tomsonitSi Zlieri intensivobisaa Sigatetraed-ruli antisimetriuli rxevis 
zoli 1016 sm-1-ze mxrebiT 1100 da 1127 sm-1-ze, romlebic tetraedrebsSoris antisimetriul 

valentur rxevebs warmoadgenen. 

amrigad, bunebrivi ceoliTebis mesris rxevis ubanSi Cvens mier SemoTavazebulia iw-
speqtrebis atlasi, romelic SeiZleba gamoyenebuli iyos ceoliTebis identifikaciisaTvis. 
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STUDY OF NATURAL ZEOLITE STRUCTURE BY IR-SPESTROSCOPY 
Georgi Tsintskaladze, Vladimer Tsitsishvili, Manana Burdjanadze, Tinatin Sharashenidze 

 
SUMMARY 

IR spectra of some natural zeolites from different location are studied in the area of lattice vibration; 
frequencies of vibration stripes characterizing each zeolite are identified: Atlas of infrared spectra is 
presented given.  
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sxvadasxva zeTebiT damuSavebuli bunebrivi silikatebis iw-speqtrebi 

 
eTer saluqvaZe, leila jafariZe, ciala gabelia, nana osipova, Tamar kvernaZe,  

spartak urotaZe 
 
Seswavlilia teqnikur zeTebSi modificirebuli dispersuli mineralebis iw-speqtrebi. 
dadgenilia, rom organofilizaciis Sedegad mineralebis speqtrSi Cndeba axali STanTqmis 

zolebi, romlebic damaxasiaTebelia organuli radikalebisTvis. modificirebuli nimuSebis iw-
speqtrebSi ar SeiniSneba mineralis zedapirsa da organul naerTebs Soris Si–C da Si–O–C 
qimiuri kavSirebis Sesabamisi STanTqmis zolebi, rac metyvelebs organuli naerTebis fizikur 
adsorbciaze.  

 

mineraluri sorbentebis bunebrivi saxiT gamoyeneba yovelTvis ar iZleva Sesabamis 

efeqts, amitom maTi gamoyenebis sfero SedarebiT SezRudulia. sxvadasxva qimiuri naerTebiT 
mineralebis zedapirebis modificirebis saSualebiT SesaZlebelia sasurveli Tvisebebisa da 

gamoyenebis farTo perspeqtivis mqone modifikaciebis miReba. gansakuTrebul interess iwvevs 

gansxvavebuli bunebis mqone organuli naerTebiT silikatebis modificirebis Sede-gad 
miRebuli organomineraluri modifikaciebi, romlebic warmatebiT gamoiyeneba iaf da 

efeqtur Semavseblad polimeruli, keramikuli, hermetuli masalebis, rezinis nawarmis, 

saRebavebis, sacxebis da a.S. warmoebaSi [1-3].                                                                               
naSromSi ganxilulia saqarTvelos bentonituri Tixebis (askanTixa, gumbrini) da 

sxvadasxva teqnikuri zeTebis urTierTqmedebis xasiaTis kvlevis Sedegebi iw-speqtrebis 
farTo diapazonSi. nax.1 warmodgenilia transformatoris, solaris, silikonis, samanqano da 

saTiTistre zeTebis iw–speqtrebi 4000-400 sm-1 intervalSi. 

 

 
nax. 1. teqnikuri zeTebis iw-speqtrebi: 1 – transformatoris;  2 – solaris;  

3 – silikonis;  4 – samanqano;  5 – saTiTistre zeTi. 

 

rogorc naxazidan Cans, yvela zeTis speqtrSi fiqsirdeba meTilisa da meTilenis 

jgufebisaTvis damaxasiaTebeli STanTqmis zolebi 2975-2870 sm-1 ubanSi. STanTqmis zolebi  
maqsimumiT 1470 sm-1 ekuTvnis meTilisa da meTilenis jgufebis deformaciul rxevebs, xolo 

1380 sm-1 deformaciul meTilis jgufs [4]. STanTqmis zoli maqsimumiT 2740 sm-1 

transformatoris zeTis speqtrSi aril -CH3 jgufis arsebobis maCvenebelia. Kkarbonilis 

jgufebis (C = O)  valenturi rxevebi zeTebis speqtrebSi xasiaTdebian STanTqmis zolebiT 
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1860-1500 sm-1 ubanSi maqsimumiT 1720sm-1. STanTqmis zolebis intensivoba 1615 sm-1 SeiZleba 

miekuTvnos benzolis birTvebis (C=C kavSirebis) valentur rxevebs.Aaromatuli Camnacvleb-

lebis struqturebi zeTebSi xasiaTdebian STanTqmiT 900-700sm-1 ubanSi, xolo C–H 
aromatuli kavSirebis arabrtyeli deformaciuli rxevebi 880, 815 da 750 sm-1 cxadyofs 

zeTebSi aromatuli struqturebis policiklur xasiaTs. meTilenuri jgufebis (-CH2-) 
qanqariseburi rxevebis intensiuri zolebi 730 sm-1 benzoluri da hidroaromatuli 
rgolebis ZiriTad struqturebSi grZeljaWvian Canacvlebaze metyvelebs, amasTan Camnacv-

leblebis rols parafinul naxSirwyalbadebTan erTad asruleben mJavuri, eTerovani da 

fenoluri Sedgenilobis JangbadSemcveli jgufebi STanTqmis zolebiT 1740-1615 sm-1, 1250-
1110 sm-1 intervalSi. 705 sm-1 zolebi damaxasiaTebelia benzolis birTvisa da alifaturi 

jaWvisTvis, romelSiac naxSirbadis atomTa ricxvi ar unda iyos eqvsze naklebi. 1020 sm-1 

STanTqmis zoli da STanTqmis zolebi 625-415 sm-1 intervalSi zeTebis jgufSi gogirdis 

anionebis arsebobis maCvenebelia (-S=O) – 1020 sm-1; (-C-S-) – 625 sm-1. 
gamosavali nimuSis – askanTixis speqtrSi STanTqmis zoli maqsimumiT 1045sm-1 miekuTneba 

Si–O jgufis Sidatetraedrul arasimetrul valentur rxevebs. zolebi 530sm-1 da 470sm-1, 

rogorc Cans gamowveulia Si–O jgufebis deformaciuli rxevebiT, agreTve oqtaedruli 

kaTionis moZraobiT [6]. zolebis arseboba 435 sm-1 ubanSi askanTixis struqturaSi Fe3+ 

ionebis maRali Semcvelobis maCvenebelia. valenturi hidroqsilis jgufebis rxevebis ubanSi 

SeiniSneba erTi zoli maqsimumiT 3640 sm-1, romelic struqturuli hidroqsilis jgufebis 
valenturi rxevebiTaa ganpirobebuli, xolo zolebi 3430 sm-1 da 1650 sm-1 miekuTneba 

adsorbirebuli wylis molekulebs [7]. 

bentonituri Tixebis teqnikur zeTebTan urTierTqmedebis xasiaTi SeiZleba Sefasdes 
Tixebis zedapiruli tetraedruli hidroqsilis jgufebis STanTqmis zolebis intensivobis 

cvlilebiTa da axali zolebis warmoqmnis mixedviT, romlebic organul radikalebs 

Seesabameba. modificirebuli askanTixis speqtrSi (nax. 2) dafiqsirda STanTqmis zolebi, 
romlebic ar SeiniSneboda gamosavali Tixis nimuSis speqtrSi da dafiqsirebulia zeTis 

(solaris) speqtrSi, kerZod STanTqmis zolebi maqsimumebiT 2970-2940 sm-1 SeiZleba 
ekuTnodes CH3 da CH2  jgufebis valentur rxevebs da deformaciul rxevebs 1460 da 1380 

sm-1. zoli 1720sm-1 rogorc Cans, ganpirobebulia karbonilis jgufebis Sesabamisi valenturi 

rxevebiT, xolo STanTqmis zoli 1615sm-1 SeiZleba mikuTnebuli iqnas C–C kavSiris Sesabamis 
rxevas. aRsaniSnavia, rom ver moxerxda askanTixis tetraedruli, zedapiruli hidroqsilis 

jgufebis organul radikalebTan qimiuri urTierTqmedebis damadasturebeli  Si–C  da Si–O–
C kavSirebis Sesabamisi STanTqmis zolebis dafiqsireba 1160-1150 sm-1 ubanSi [2,7].  

 
nax. 2. iw-speqtrebi: 1 – solaris zeTi;  2 – askanTixa;  3 – modificirebuli askanTixa 

 
analogiuri Sedegebi iyo miRebuli gumbrinis modificirebuli nimuSebis iw-speqtraluri 

analizis Sedegad.  
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kaolinitis gamosavali nimuSis iw-speqtri SeiZleba daxasiaTdes Semdegnairad: STanTqmis 

zolebi 1120, 1035, 1015 sm-1 SeiZleba miekuTnos valentur Si–O (Si) da Si–O rxevebs. 
maqsimumebi 935 da 915 sm-1 damaxasiaTebelia mineralis oqtaedrul Al3+ kaTionebTan 

dakavSirebuli struqturuli hidroqsilis jgufebis deformaciuli rxevebisaTvis. zoli 

542 sm-1 erTdroulad ekuTnis deformaciul Si–O da valentur Al-O(H) rxevebs, xolo 

maqsimumebi 472 da 435sm-1 umTavresad Si–O rxeviTaa ganpirobebuli [6]. valenturi rxevebis 
uba-nSi struqturuli hiroqsilis jgufebis rxevebi xasiaTdeba sami STanTqmis zoliT 3705, 

3675 da 3630 sm-1. 3630sm-1 zoli kaolinitis paketis tetraedruli da oqtaedruli fenebis 

saerTo sibrtyeze ganTavsebul Sida hidroqsilis jgufebis valenturi rxevebiTaa 
ganpirobebuli; STanTqmis zolebi 3705 da 3675 sm-1 Sida zedapiruli struqturuli 

hidroqsilis jgufeb-is rxevebisTvisaa damaxasiaTebeli [7], xolo 400 sm-1 ekuTnis 

deformaciul Si–O–Al rxevebs. 
kaolinitis solaris zeTiT modificirebis Sedegad 795-645 sm-1 ubanSi SeiniSneba 

cvlilebebi, Cndeba STanTqmis zolebi 2965, 2935, 2865, 1470 da 1385 sm-1, romlebic 

miekuTneba C–H kavSiris valentur da deformaciul rxevebs [6]. 

analogiur cvlilebebs aqvs adgili kaolinitis samanqano zeTiT modificirebuli 

nimuSis speqtrSi. aucilebelia agreTve aRiniSnos, rom teqnikuri zeTebiT damuSavebis 

Sedegad SeiniSneba kaolinitis hidroqsilis safaris rRveva, rac gamoixateba hidroqsilis 

jgufebis STanTqmis zolis intensivobis mkveTr SemcirebaSi 3705-3630 sm-1 ubanSi. 
amrigad, modificirebis Sedegad, bentonituri Tixis da kaolinitis  nawilakebis 

zedapiri ifareba naxSirbadovani naerTebiT, rac ganapirobebs maT organofilizacias (rac 

ucileblad dasturdeba iw-speqtraluri analizis SedegebiT), amasTan speqtrebSi 
dafiqsirebuli ar iyo Tixebis zedapirsa da organul naerTebs Soris qimiuri 

urTierTqmedebis maCvenebeli Si–C da Si–O–C kavSirebis Sesabamisi STanTqmis zolebi. unda 
vivaraudoT, rom zeTebis molekulebi ver aRweven Tixis fenebsSua sivrceSi;  

rentgenografiuli kvlevebiT  dadginda,  rom Tixebis nimuSebis pirveli bazaluri efeqti 

mo-dificirebis Sedegad mniSvnelovnad ar icvleba, e.i. zeTebis adsorbcia bentonituri 

Tixebisa da kaolinitis  zedapirze fizikuri xasiaTisaa. 
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IR SPECTRA OF  NATURAL SILICATES TREATED BY VARIOUS OILS 

Eter Salukvadze, Leila Japaridze, Tsiala Gabelia, Nana Osipova, Tamar Kvernadze, Spartak Urotadze 
 

SUMMARY 
IR spectra of modified dispersed minerals in oils have been studied. It has been established that new 
absorption peaks characteristic for the organic radicals appear in the spectrum of minerals after their 
treatment. No absorption peaks corresponding to the chemical bonding between the surface of the mineral 
and organic compounds Si-C and  Si-O-C have been noticed in the IR spectrum of the modified samples  
that testifies physical adsorption of the organic compounds. 
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axali ceoliTuri nanomasalebis miReba da maTi fizikur-qimiuri 

maxasiaTeblebi 
 

vladimer ciciSvili, nanuli dolaberiZe, nato mirZveli, manana niJaraZe  

 
SemuSavebulia wvrildispersuli ceoliTuri masalis miRebis martivi meTodi, romelic bunebrivi 
filipsitis safuZvelze winaswar momzadebuli gelis hidroTermalur kristalizacias 

iTvaliswinebs mokle droSi (20 saaTi) da dabal temperaturaze (96-105C). wvrildispersuli 
hibriduli filipsit-klinoptilolitiani struqturis sinTezuri ceoliTis mikroforovani 
struqturis Camoyalibeba dadasturebulia adsorbciuli gazomvebiT, qimiuri analizisa da 

rentgenul-difraqtometruli analizis SedegebiT.  

 
dReisaTvis mniSvnelovania wvrildispersuli ceoliTebis miRebis meTodebis SemuSaveba, 

vinaidan am gziT miRebuli masalebi, samkurnal-wamlo preparatebis saxiT, farTod 
gamoiyeneba medicinis TiTqmis yvela dargSi,  maT Soris onkologiaSi avTvisebiani 

simsivneebis winaaRmdeg samkurnalod [1,2] 
cnobilia, rom ceoliTebis biologiuri moqmedeba uSualodaa dakavSirebuli mis gare 

zedapirTan. amitom mizanSewonilia ceoliTebis wvrildispersuli formebis saxiT miReba. 

meqanikuri gziT ceoliTebis mikronizeba sxva rig naklovanebebTan erTad aZnelebs 

miznobrivi produqtis minarevebis gareSe miRebas, bunebrivi ceoliTis aseTi 
arasrulfasovani saxiT medicinaSi gamoyeneba ki safrTxiloa; amitom, amJamad aqtualuria 

etalonuri bunebrivi ceoliTebis msgavsi sinTezuri ceoliTebis miRebis xerxebis SemuSaveba 

da ufro maRali sisufTavis wvrildispersuli ceoliTuri nawilakebis miReba misTvis 

maxasiaTebeli unikaluri ionmimocvlis, adsorbciis, katalizuri da  sxva TvisebebiT. 

samuSaos mizans Seadgenda wvrildispersuli ceoliTuri masalis miRebis meTodis 

SemuSaveba gamartivebuli teqnologiiT da minimaluri reagentebis gamoyenebiT. 

Cven mier SemuSavebuli meTodiT [3], winaswar sakristalizaciod, SuxuTis 

filipsitSemcveli qanis (PSH) safuZvelze momzadebuli, 7 dRis ganmavlobaSi daberebuli 

gelis hidroTermaluri kristalizacia mimdinareobda morevis gareSe, TermostatSi, 

gacilebiT dabal temperaturaze (95-100C) da mokle droSi (20sT) vidre es miRebuli 
meTodebiTaa SesaZlebeli [4-6]; kristalizaciis aRniSnuli temperatura Seesabameba optimums. 

95C-ze, sareaqcio narevis gacxelebis pirobebSi reaqcia arasrulad mimdinareobs, 
amavdroulad narevis aduRebac dauSvebelia, radgan is kristalis defeqtebsa da 

deformacias iwvevs. 

hidroTermaluri kristalizaciis damTavrebis Semdeg miRebuli masala Tavisufldeba 

Txevadi fazisgan da irecxeba dekantaciiT pH9-10-mde,  fxvnilis saxis produqti Sreba 

100-105C-ze TermostatSi.  
Catarebulia nimuSis rentgenul-difraqtometruli kvleva “Дрон–4”-is tipis 

difraqtometrze (CuK – gamosxivebiT, nikelis filtriT, Caweris dro-1/wT). literaturaSi 

cnobili Sesabamisi difraqtogramebis sibrtyeTSorisi manZilebisa da refleqsebis 

intensivobebis analizis Sedegad sinTezuri ceoliTuri masala identificirebulia, rogorc 
ceoliTi, hibriduli filipsit-klinoptilolitiani struqturiT (NaPCt), SefardebiT 2:1. 
[7]. aRsaniSnavia, rom kristalizaciis procesis Seswavlisas miRebulia ceoliTis 

wvrildispersuli nawilakebi, uxilavi rentgenul-difraqtometruli gazomvebisTvis. 
rentgenul-difraqtometrul analizTan erTad wvrildispersuli foriani kristaluri 

nivTierebis Sefasebis mniSvnelovan kriteriumad iTvleba adsorbciuli Tvisebebis 
daxasiaTeba. 

Cvens mier gamovlenilia, rom kristalizaciis dasawyisSi, 7 dRis ganmavlobaSi 

daberebuli gelis tentevadoba aris minimaluri; SemdgomSi, hidroTermaluri 
kristalizaciis mimdinareobisas wvrili kristalebis zrdasTan erTad, izrdeba 

adsorbciuli tevadoba Siga mikroforebis warmoqmnis xarjze (nax. 1).  



petre meliqiSvilis fizikuri da organuli qimiis institutis Sromebi                                 2011 
 

 29 

 

cxrili 1. refleqsebis intensivoba (I, fardobiTi erTeulebi) da sibrtyeTaSorisi manZilebi 

(d, Å) sinTezur da etalonur nimuSebSi 

 

rkonis klinoptiloliti NaPCt ESuxuTis filipsiti 

I d I d I d 
50 10.48 41 10,4 5 10,4 
75 8.84 46 8,84   
  35 7,08 30 7,12 

36 6.56   20 6,21 
25 5.22 21 5,37 7 5,30 
40 5.06 29 5,07 15 4.90 

42 4.67 45 
47 

4,44 
4,13   

100 3.95 52 3,96 30 4.05 

25 3.70 42 
37 

3,78 
3,63   

40 3.40 44 3,42   
22 3.302 50 3,34   
66 3.132 100 3,186 100 3.17 
75 
80 

3.03 
2.98 58 3,00 24 2.91 

  

34 
41 
48 
47 

2,76 
2,675 
2,56 
2,52 

18 
23 
10 

2.73 
2.67 
2.51 

  
Ddabali 

intensivobis 

pikebi 

2,127 
1,97 

1,774 
1,728 

  

 
 

 
 

nax. 1. gelis myari fazis tentevadobis 

cvlileba hidroTermuli  kristalizaciisas 
 

 

 
 

 
 

 

erTdroulad difraqtogramze izrdeba struqturuli xazebis ricxvi da intensivobebi. 
sinTezuri produqtis adsorbciuli Tvisebebis dasaxasiaTeblad SeviswavleT wylis 

orTqlis adsorbcia P/Ps–0,4 da 1 fardobiT wnevebze. aseve benzolis orTqlis adsorbcia 

P/Ps–1-ze. adsorbciuli gazomvebi ganxorcielda winaswar 450C-ze 2sT-is ganmavlobaSi 

gaxurebul nimuSebze, eqsikatoruli meTodiT (cxrili 2). 

rogorc cxrilidan Cans NNaPCt-is adsorbciis maxasiaTebeli wylisa da benzolis 

orTqlis mimarT sakmaod didia, rac aseve amarTlebs Hwvrildispersuli ceoliTuri masalis 

miRebisHSemuSavebul axal meTods  da am meTodiT miRebuli masalis gamoyenebas. 
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cxrili 2. wylisa da benzolis orTqlis adsorbcia  wvrildispersul hibridul filipsit-

klinoptilolitiani struqturis sinTezur ceoliTze  

Aadsorbcia 

H2O C6H6 ceoliTi 
fardobiTi 

wneva 
mmoli/g 1m3/g 1m3/sm3 mmoli/g 1m3/g 1m3/sm3 

P/ps=1 8,054 0,145 0,310 0,310 0,023 0,051 
NaPCt 

P/ps=0,4 7,45 0,134 0,289    

 

ceoliTis aluminsilikatur meserSi siliciumisa da aluminis Semcveloba ganisazRvra 
qimiuri analizis klasikuri meTodiT. Mmesris makompensirebeli natriumis, kaliumis, 

kalciumis da magniumis Semcveloba ki atomur-absorbciuli speqtrofotometriis meTodiT  
Perken-Elmer-300-is firmis xelsawyoze; rogorc analizis Sedegebma aCvena aluminsilikaturi 

mesris ZiriTadi makompensirebeli kationi natriumia. kvalis saxiT SeimCneva kaliumis, 

kalciumis, magniumis arseboba. 
sruli qimiuri analizis monacemebis mixedviT NAPCt-is elujredis qimiuri Sedgenloba 

Semdegnairia: 

Na7,5(Al7,2Si29,0O72).22.5H2O 

formulidan  Cans, rom miRebuli ceoliTuri masala monokationuria aqvs didi 
mimocvliTi tevadoba, rac metad mniSvnelovania misi mizanmimarTuli kationmodificirebis 

da medicinaSi miznobrivi gamoyenebis TvalsazrisiT. 
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PREPARATION AND CHARACTERIZATION OF NEW ZEOLITE NANOMATERIALS  
 

Vladimer Tsitsishvili, Nanuli Dolaberidze, Nato Mirdzveli, Manana Nijaradze 
S U M M A R Y 

 
Simple method for preparation of ultradispersed zeolite materials has been elaborated. The method is 
based on short-term (20 hrs) and low-temterature (96-105C) hydrothermal crystallization of gel prepared 
from natural phillispite. PHI-HEU microporous strusture of prepared material is testified by X-ray data.  
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struqturis warmoqmna ceoliTSemcvel cementebSi 

 

giorgi winwkalaZe, vladimer ciciSvili, raJden sxvitariZe, bela keSelava, manana burjanaZe, 

TinaTin SaraSeniZe 
 
ceoliTSemcvel cementebSi Seswavlilia struqturis warmoqmnis procesi wylis damatebidan 3 
da 12 saaTis dayovnebis Semdeg. kvlevisaTvis gamoyenebuli iyo rentgenodifraqtrometruli, 
infrawiTeli speqtroskopiisa da Termuli analizis meTodebi 

 
mdgradi ganviTarebis aucilebeli pirobaa epoqis Sesabamisi Senoba-nagebobebis,  

komunikaciebisa da mSeneblobis ganxorcieleba Sesabamisi teqnologiebiT warmoebuli saSeni 

masalebis – cementisa da betonis gamoyenebiT. 

adgilobrivi resursebisa da Tanamedrove teqnologiebis gamoyenebiT, bazarze 

konkurentunariani maRalteqnologiuri samSeneblo masalebisagan damzadebuli produqciis 
warmoeba, ekonomikis erT-erTi prioritetuli mimarTulebaa. qveynis aRmSeneblobasTan erTad 

aseTi tipis masalebze moTxovnileba izrdeba. 

kompoziciuri saSeni masalebis struqturis modificirebis erT-erTi yvelaze 
gavrcelebuli meTodi – maT SemadgenlobaSi maRalaqtiuri nanodanamatebis Seyvanaa. Cvens 

mier samSeneblo cementis danamatad gamoyenebuli iyo kaspis raionis zemo xandakis 

adgilmdebareobis ceoliTi klinoptiloliti. 
ceoliTi warmoadgens ganviTarebuli zedapiris mqone makromolekulur sistemas, misi 

reaqciis unarianoba ganpirobebulia mikroforebis molekulur-sacruli efeqtiT, difuziuri 

da sorbciuli procesebiT, rogorc zedapirze, aseve mikroforebsa da arxebSi 

ionmimocvliTi reaqciebiT sxvadasxva kationebisa da anionebis monawileobiT, 

makromolekulebisa da zemolekuluri struqturebis SekavebiT mezoforebis zedapirze, rac 

damaxasiaTebelia bunebrivi ceoliTebisaTvis [1]. 

samuSaos mizans warmoadgenda nanodoneze damuSavebuli ceoliTuri danamatebis gavlenis 

Seswavla ultramaRali Tvisebebis cementebze maTi gamyarebis procesSi. 

sakvlev obieqtad  aRebuli gvqonda cementi Cveulebrivi ceoliTuri danamatis gareSe 

(95% klinkeri, 5% TabaSiri) da cementi 20%-ani ceoliTuri danamatiT, romelic 
nanodoneze iyo damuSavebuli [2]. orive saxis cementis struqturis Seswavlis mizniT 

gamoyenebuli iyo rentgenodifraqtometruli, Termuli analizis da infrawiTeli 

speqtroskopiis meTodebi. Seswavlili iyo am nimuSebis struqturaSi mimdinare cvlilebebi 
maTi gamyarebis procesSi wyalTan Serevidan 3 da 24 saaTis Semdeg. 

miRebulma Sedegebma gviCvena, rom orive nimuSebSi fiqsirdeba klinkeris mTavari 

mineralebi: aliti – 3CaO.SiO2 da beliti 2CaO.SiO2. aseve orwyliani TabaSiri 

CaS04.2H2O[3].  garda amisa ceoliTSemcvel cementSi dafiqsirebuli iyo ceoliTisaTvis 

damaxasiaTebeli zolebi. 
nimuSebis wyalTan Serevisas, hidrataciis dawyebidan 3 saaTis Semdeg ZiriTadi 

mineralebis refleqsebis intensivoba klebulobs, rac hidrataciis procesis mimdinareobaze 

miuTiTebs. am dros iwyeba cementis produqtebis: portlanditis–Ca(OH)2 da etringitis  
3CaO.AL2O3.3CaSO4.31H2O warmoqmna.  axladwarmoqmnili hidratebis dabali kristalizaciis, 

e.i. rentgenoamorfulobis gamo, arc erT cementis nimuSSi, maTi refleqsebi ar fiqsirdeba.. 
amave mizeziT ar fiqsirdeba kalciumis hidrosulfatis refleqsebic. 

hidrataciis dawyebidan 24 saaTis Semdeg orive cementis nimuSis kvlevam gviCvena, rom 

warmoiqmneba ori axali faza portlanditi – Ca(OH)2 da etringiti –  
3CaO.AL2O3

.3CaSO4
.31H2O. aRsaniSnavia, rom ceoliT klinoptilolitis danamatian cementSi 

portlanditis raodenoba gacilebiT naklebia, vidre udanamato nimuSSi. es SesaZlebelia 

gamowveulia imiT, rom klinoptiloliti portlanditTan Sedis reaqciaSi kalciumis 

hidrosilikatis warmoqmniT. es ukanaskneli ki maTi amorfulobis gamo 

rentgenodifraqtogramaSi ar fiqsirdeba. igive efeqti ufro zustad dafiqsirda am 
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nimuSebis i.w. speqtroskopiis meTodiT Seswavlisas. 24 saaTis dayovnebis Semdeg, orive 

nimuSebis speqtrSi gamoCndeba karbonat ionebis υ3 da υ2 simetriis aRmniSvneli zolebi 

Sesabamisad 1480 da 880 sm-1-ze. im gansxvavabiT, rom ceoliTSemcvel nimuSSi am zolebis 

intensivoba naklebia, rac ceoliTis portlanditTan reaqciaSi Sesvlam da kalciumis 

hidrosulfatis miRebam gamoiwvia, aman ki karbonationebis warmoqmnas SeuSala xeli. 

aRsaniSnavia, rom rentgenodifraqtometruli analizisa da i.w. speqtroskopiis 
meTodebis  monacemebi erTmaneTTan  srul TanxvedraSi arian, rac kidev ufro ganamtkicebs 

Cvens warmodgenebs cementebis gamyarebis procesSSi struqturis warmoqmnis kinetikaze. 

diferenciuli Termuli analizis meTodiT, igive nimuSebze wyalTan Serevidan 3 da 24 
saaTis Semdeg Catarda   mimdinare hidrataciis procesebis kvleva.   

danamatis gareSe cementis nimuSis (nax. 1) DTA mrudze aRiniSneba endoTermuli efeqti 

1600C-ze da mcire endoTermuli efeqti 500 da 7200C–ze. pirveli orwyliani TabaSiris 

(CaSO4.2H2O) dehidratacias unda mivakuTvnoT, xolo danarCeni ori, rogorc SeiZleba 

vivaraudoT, cementis qvis mineralebidan (ZiriTadad Ca(OH)2-dan da kalciumis 
hidrosilikatebidan) wylis mocilebas ukavSirdeba. es efeqtebi sawyis cementSi SeiZleba 

gamowveuli iyos cementis mineralebis nawilobrivi hidrataciiT atmosferuli haeris 

gavleniT. 

 
nax. 1. udanamato (1), 20%-iani ceoliTuri danamatiani (2) cementebis Termografiuli mrudebi 
 
ceoliTur danamatiani cementis sawyis nimuSis DTA mrudze endoTermuli efeqti 1600C-

ze ufro intensiuria, vidre danamatis gareSe cementis sawyis formaSi gvqonda, rac 

savaraudod ceoliTuri danamatis mier damatebiT Setanili wylis dakargvas ukavSirdeba. 

mcire endoTermuli efeqtebi 520 da 7600C-ze igive xasiaTisaa, rogorc pirvel SemTxvevaSi. 

garda amisa nimuSSi aRiniSneba egzoTermuli piki 660-7000C-ze, rac SeiZleba gamowveuli 

iyos danamatSi mimdinare specifikuri gardaqmnebiT. 
hidrataciis dawyebidan sami saaTis Semdeg (nax. 2) udanamato cementis nimuSSi 

diferencialuri Termuli analizis   DTA  mrudze endoTermuli efeqti ufro intensiuri 

xdeba, vidre es sawyis cementSi fiqsirdeboda, rac imis Sedegia, rom cementis qvaSi sakmao 

raodenobiTaa Tavisufali wyali, romlis aorTqlebac mimdinareobs orwyliani TabaSiris 

dehidrataciasTan ertad. endoTermuli efeqti 5000C-ze Ca(OH)2-is da kalciumis 
hidrosilikatebis dehidrataciis Sedegia. 

endoTermuli efeqti 7500C-ze calciumis hidrisilikatebis, hidroaluminatebis da 
hidroalumoferitebis mier kristalizaciuri wylis srul dakargvas ukavSirdeba. 

igive pirobebSi gadaRebuli meore nimuSis DTA mrudze endoTermuli efeqti 1600C-ze 
ufro intensiuria, vidre pirveli nimuSis SemTxvevaSi, rac savaraudod ceoliTuri 
danamatis gavlenis Sedegia. aseve matulobs endoTermuli efeqtebi 7500C-ze cementis 

pirvel nimuSTan SedarebiT. samagierod ar fiqsirdeba endoTermuli efeqti 5000C-ze, rac 
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danamatisa da cementis mineralebis hidrataciis Sedegad gamoyofili Ca(OH)2-is  

urTerTqmedebas da am ukanasknelis raodenobis Semcirebas unda mivaweroT. 

 

 
nax. 2. udanamato (1), 20%-iani ceoliTuri danamatiani (2) cementebis Termografiuli 

kvlevis Sedegebi hidrataciis 3 saaTis Semdeg 

 

hidrataciis dawyebidan 24 saaTis Semdeg  (nax. 3) Catarebulma Termulma analizma  

gviCvena, rom pirveli nimuSis DTA mrudze aRinisneba endoTermuli efeqti 1800C-ze. es piki 
ufro intensiuri xdeba, vidre igive nimuSis samsaaTani hidrataciis SemTxvevaSi 

fiqsirdeboda. es miuTiTebs rogorc Tavisufali wylis dakargvaze, aseve orwyliani 

TabaSiris dehidrataciaze. endoTermuli efeqti 5100C-ze ufro Zlieria, vidre sami saaTis 

hidrataciis Semdeg gvqonda, rasac hidrataciis procesis gaRrmaveba iwvevs. Zlierdeba 

agreTve (3 saaTianTan SedarebiT) endoTermuli efeqti 7100C-ze, anu matulobs hidrataciis 

produqtebi. 

 
 
nax. 3. udanamato (1), 20%-iani ceoliTuri danamatiani (2) cementebis Termografiuli kvlevis 

Sedegebi hidrataciis 24 saaTis Semdeg 

 

egzoTermuli efeqtebi 450, 580-6000C-ze cementis mineralebis hidrataciis produqtebis 

(kalciumis hidrosilikatebis, hidroaluminatebisa da hidroalumoferitebis) geliseburi 

fazis arsebobas afiqsirebs. 
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24 saaTis hidrataciis Semdeg ceoliTur danamatiani cementis DTA mrudze 

endoTermuli efeqti 1600C-ze, naklebad intensiuria igive pirobebis udanamato cementTan 

SedarebiT. endoTermuli efeqti 5100C-zec naklebad intensiuria wina nimuSTan SedarebiT, 

rac savaraudod danamatis da cementis mineralebis hidrataciis Sedegad gamoyofili 

Ca(OH)2-is urTierTqmedebis Sedegia. aseve Zlierdeba  endoTermuli efeqti 7600C-ze.   
egzoTermuli efeqtebi 465, 610-6800C-ze cementis mineralebis hidrataciis produqtebis 
(kalciumis hidrosilikatebis, hidroaluminatebisa da hidroalumoferitebis) geliseburi 

fazis arsebobaze miuTiTebs. 

DTA mrudis analizi cxadyofs cementebSi hidrataciis procesis gaRrmavebas drois 
mixedviT, amave dros es procesi ufro aqtiurad ceoliTurdanamatian cementebSi 

mimidinareobs. 

hidrataciis kinetikis gansazRvris mizniT gaanalizebul iqna TG mrudebi 200-8000C-is 
intervalSi, sadac masis danakargi ZiriTadad hidrataciis produqtebidan, 

kristalhidratebidan qimiurad bmuli wylis dakargvas ukavSirdeba. 

TG mrudebis analizma gviCvena, rom masis danakargi 2000C-dan  8000C-is intervalSi 

udanamato cementebSi – 0,67%-ia, xolo cementebisaTvis ceoliTuri danamatiT 1,1%. masis 

danakargi sawyis cementebSi haeridan STanTqmuli wyliT gamowveuli cementis hidrataciis 

produqtebidan wylis mocilebis Sedegia. 

hidrataciis dawyebidan 3 saaTis Semdeg (nax. 2) nimuSebSi masis danakargi Sesabamisad 

0,88% da 1,4%-ia. xolo 24 saaTis (nax.3) Semdeg hidratirebul nimuSSi 1,7% da 2,12% 

Seadgens. 

rogorc   DTA, aseve TG mrudebis analizi aCvenebs, hidrataciis orive etapze (3 da 
24 saaTis Semdeg) danamatian cementSi masis danakargi ufro metia, vidre udanamato 

cementSi, rac imaze miuTiTebs, rom hidrataciis procesi danamatian cementSi ufro 

aqtiurad mimdinareobs, raSic udidesia ceoliTuri tufis aqtiurobiT gamowveuli 
hidrataciis damatebiTi nanoprocesebis wvlili. 

rogorc avRniSneT, ceoliTebi da gansakuTrebiT bunebrivi ceoliTebi gamoirCevian 
gansakuTrebuli struqturiT, sadac, rogorc mikro, aseve mezoforebia. ceoliTebis 

nanodoneze damuSavebiT mezoforebis moculoba izrdeba. aseTi tipis ceoliTuri danamati 

cementebSi, rogorc eqsperimentidan Cans garda imisa, rom aumjobesebs mis Tvisebebs 
(Zlierdeba cementebis simtkice Runvaze), maarmirebel funqciasac asrulebs.   
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INVESTIGATION OF STRUCTURE-FORMING IN ZEOLITE-CONTANING CEMENT 

Georgi Tsintskaladze, Vladimer Tsitsishvili, Rajden  Skhvitaridze, Bela Keshelava, Manana Burdjanadze,  
Tinatin Sharashenidze 

 
SUMMARY 

The paper deals with the investigation of the effect of zeolite admixtures processed at the nanolevel on the 
properties of high-strength cement. The kinetics of structure formation during hardening of the cement was 
studied by the methods of X-ray diffraction analysis, IR spectroscopy and thermal analysis. It is shown that the 
zeolite admixture not only improved the properties of the cement, but also acted as a rein forcer. 
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bunebrivi ceoliTebis gamoyenebis SesaZleblobis kvleva Tirkmlis mwvave 

ukmarisobisas 
 

koba amirxanaSvili, nana nadiraZe 

     
naCvenebia bunebrivi ceoliTebis safuZvelze damzadebuli preparatebis da sakvebi danamatebis 
gamoyenebis SesaZleblobebi medicinis sxvadasxva dargebSi, kerZod Tirkmlis mwvave ukmarisobisas. 
modelur xsnarebSi Sardovanas koncentraciis Semcirebis mizniT Seswavlilia klinoptilolitis 
ionmimocvliTi formebis gamoyenebis SesaZlebloba. naCvenebia, rom Sardovanas adsorbciisaTvis 
ukeTesia klinoptilolitis wyalbaduri formis gamoyeneba. 

 

ceoliTebi wyliani alumosilikatebia mikroforovani kristaluri struqturiT da 

empiriuli formuliT Men SixAlnO2(x+n)mH2O (Me= Na,K,…1/2 Ca, ½ Mg…). ceoliTebi 

warmoadgens ganviTarebuli zedapiris mqone makromolekulur sistemas, romlis 

reaqciisunarianobac ganpirobebulia mikroforebis molekulur-sacruli efeqtiT, difuziuri 
da sorbciuli procesebiT, rogorc zedapirze, ise mikroforebsa da arxebSi. maTTvis 

damaxasiaTebelia ion-mimocvliTi reaqciebi, rac SesaZleblobas iZleva miviRoT sxvadasxva 

kaTionSemcveli formebi da zrdis maTi praqtikuli gamoyenebis SesaZleblobebs 
[1,2].Aamerikeli mecnieris f. mamptonis azriT, ceoliTi aris 21-e saukunis civilizaciis 

produqti. farToa problemaTa wre, romelTa gadaWra SesaZlebelia ceoliTebis saSualebiT, 
dawyebuli mTvareze xelovnuri niadagis SeqmniT, damTavrebuli axali efeqturi moqmedebis 

wamlebis damzadebiT. ceoliTebi es momavalia. germaneli mecnierebis azriT, isini xSirad 

rCebian “sagnad Tavis-TavSi”.             
ceoliTebis sorbciuli Tvisebebi warmatebiT gamoiyeneba mrewvelobis sxvadasxva 

dargebSi, Camdinare wylebis gasawmendad, qaRaldisa da rezinis warmoebaSi, saamSeneblo 

saqmeSi, mecxoveleobasa da mefrinveleobaSi, rogorc sakvebi danamatebi [3,4]. mecxoveleobaSi 
miRebulma  dadebiTma efeqtma stimuli misca ceoliTebis gamoyenebis SesaZleblobis kvlevas 

medicinaSi. samedicino TvalsazrisiT sainteresoa ceoliTebis gamoyeneba cocxali 

organizmebidan mZime metalebis (Cd, Pb, Cs da a.S.) da organuli toqsinebis gamosayvanad. 

Bbolo wlebSi daiwyo intensiuri kvlevebi bunebrivi ceoliTebis, kerZod ki 

kliniptilolotis sxvadasxva formebis gamosayeneblad kontrastuli nivTierebis saxiT 

tomografiaSi, antibaqteriul, antidiareul da sokos sawinaaRmdego saSualebad, 

onkologiaSi, stomatologiaSi, nefrologiaSi [4,5].   

ukanasknel wlebSi sul ufro met aqtualobas iZens Tirkmlis mwvave ukmarisobisas 

(T.m.u.) mkurnalobis axali gzebis Ziebis sakiTxebi. saintereso kvlevebia Catarebuli 

bunebrivi ceoloTebis safuZvelze enterosorbentuli Tvisebebis mqone preparatebis 
Sesaqmnelad, romelTa saSualebiT SesaZlebelia sisxlSi Sardovanas koncentraciis 

kontroli [5]. mecnierTa jgufma Seiswavla bunebrivi ceoliTis, kerZod klinoplilolitis 

safuZvelze damzadebuli sakvebi danamatis gavlena daavadebuli virTxis sisxlis 
homeostatikur maCvenebelsa da Tirkmlis funqciaze. naCvenebia, rom ceoliTurma dietam 

cocxal organizmebSi gamoiwvia sisxlSi kreatininis da Sardovanas koncentraciis 

mniSvnelovani Semcireba, Tirkmlis hidrouretatiuli funqciis normalizacia.  
saqarTvelo mdidaria bunebrivi  ceoliTebiT, amitom saintereso iyo msgavsi kvlevebis 

Catareba adgilobrivi klinoptilolitis gamoyenebiT. 
bunebrivi ceoliTebi gamoirCevian sakmao meqanikuri simtkiciT agresiuli areebisadmi 

mdgradobiT, ionmimcvliTi da maRali adsorbciis unarianobiT. Mmeores mxriv cnobilia, rom 

Tirkmlis mwvave ukmarisobisas Sardovana TirkmlebSi grovdeba aminomJavebis dezaminirebis 
reaqciis Sedegad.  igi ufero, usuno, wyalSi kargad xsnadi kristaluri nivTierebaa, 

xasiaTdeba amidebisaTvis damaxasiaTebeli TvisebebiT da pirobebeis mixedviT avlens, rogorc 

mJava, ise fuZe Tvisebebs. Sardovana mcired toqsiuria, Tumca misi toqsiuroba izrdeba 

masze kaliumis ionebis dagrovebis Sedegad. aRniSnulidan gamomdinare modeluri xsnarebidan 
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Sardovanas adsorbciis Sesaswavlad damzadda klinoptilolitis wyalbaduri formebi 

cnobili meTodikiT [2]. saeqsperimentod aviReT fraqciebi zomiT 0-1 mm. modelur xsnarebSi 

Sardovanas koncentraciis Semcirebas vswavlobdiT dinamikur pirobebSi laboratoriuli 

ionmimocvliTi svetebis gamoyenebiT. sorbentis simaRle iyo 5 sm. damzadda Sardovanas 1, 2 

da 3%-iani modeluri xsnarebi, romelTac vatarebdiT svetSi 1 sm/wT xazovani siCqariT. 

filtratSi izomeboda narCeni koncentracia. Ffiltratis Semowmeba xdeboda xsnaris svetSi 
dayovnebis Semdegac. xsnari svetSi yovndeboda 1, 2, 3 saaTis ganmavlobaSi. Eeqsperimentebis 

analizma  aCvena, rom dinamiuri gatarebisas filtratSi Sardovanas raodenoba mcirdeboda 

daaxloebiT 40%-iT, xolo 3-sT-ianma dayovnebam Sardovanas raodenoba TiTqmis 70%-iT 
Seamcira. aRniSnulidan gamomdinare, SesaZlebelia klinoptilolitis wyalbaduri forma 

gamoyenebul iqnas Sardovanas adsorbciisaTvis  da  sainteresod migvaCnia kvlevebis  

Semdgomi gagrZeleba. 
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INFLUENCE OF NATURAL ZEOLITE ADSORBTION PROPERTIES ON RENAL FUNCTION 

DURING ACUTE  RENAL FAILORE 
 

Koba Amirkhanashvili, Nana Nadiradze 
 

S U M M A R Y 
Effect of natural zeolites as a food supplement and drug in medicine practics had been shown. Natural 
zeolite, clinoptilolite of Georgian origin and it’s hydrogen-modifite forms have been used to study uria 
concentration changes in model mixtures. 
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heterogenul katalizatorebze acilirebis reaqciiT  

rTuli eTerebis miReba 
 

avTandil doliZe, dali ioseliani, gulnara balarjiSvili, neli yalabegaSvili,  

liana samxaraZe, manana burjanaZe 
 

Seswavlilia buTilis, izobuTilis da izoamilis spirtebis pereeTerifikaciis da acilirebis 
reaqciebi eTilacetatiT da ZmarmJavas anhidridiT klinoptilolitis modificirebul formebze: 
Н+Кл, Fe(ClO4)/H3+Кл,  Fe3+Кл, Кл, stacionarul da gamWol sistemebSi. aRniSnul reaqciebSi Seda-

rebiT maRali aqtiurobiT gamoirCeoda Н+Кл da Fe(ClO4)/H3+Кл, romlebzec optimalur pirobebSi 
zemoT aRniSnuli spirtebis ZmarmJavaeTerebis gamosavali Sesabamisad Seadgenda: Н+Кл-ze 62,79 da 
20%, xolo Fe(ClO4)/H3+Кл-ze _ 76,80 da 45%. 

 

qimiuri mrewvelobisa da teqnologiuri procesebis intensiur ganviTarebasTan erTad 

garemos ekologiurma mdgomareobam gansakuTrebiT saSiS dones miaRwia. amdenad garemos 

dabinZurebisagan dacvis meTodebis SemuSaveba metad aqtualuria.  

cnobilia, rom ekosistemebis dabinZurebis erT-erT ZiriTad wyaros qimiuri naerTebis 

sinTezi warmoadgens. mravalsafexuriani sinTezis Sekveca, toqsikuri reagentebisa da 

gamxsnelebisagan Tavis arideba, miznobrivi produqtebis miRebis iseTi teqnologiebis 
SemuSaveba, romlis drosac gamoricxuli iqneba Sualeduri produqtebis warmoqmna da Sesa-

bamisad minimumamde iqneba dayvanili samrewvelo narCenebi, warmoadgens Tanamedrove qimiuri 

mrewvelobis umniSvnelovanes sakiTxs [1-3].  
samrewvelo narCenebis Tavidan acilebis gza martivia _ esaa `steqiometruli~ meTodebis 

Secvla alternatiuli, ufro sufTa katalizuri meTodebiT [1].  

rTuli eTerebi, romelTa miRebis erT-erT klasikur meTods acilirebisa da 
pereeTerifikaciis reaqciebi warmoadgens, farTo gamoyenebas pouloben mecnierebisa da 

mrewvelobis sxvadasxva dargebSi: kvebis mrewvelobaSi, parfiumeriaSi, medicinaSi da sxva. 
mocemul reaqciebSi katalizatorebad gamoiyeneba araorganuli mJavebi (H2SO4, H3PO4 da 

sxva), aseve luisis mJavebi (AlCl3, ZnCl2 da sxva). ramdenadac aRniSnuli mJavebis gamoyeneba 

mTel rig sirTuleebTanaa dakavSirebuli, aseve ekologiurad ufro saSiSni arian, bunebrivia 
tendencia maTi Secvlisa myari mJavebiT _ ceoliTebiT [4,5].  

mocemul samuSaoSi warmodgenilia bunebrivi ceoliTis – klinoptilolitis bazaze 

momzadebuli sxvadasxva formis katalizatorebis gamoyeneba buTilis, izobuTilis da 

izoamilis spirtebis acilirebis da pereeTerifikaciis reaqciebSi eTilacetatiT, ZmarmJaviT 

da ZmarmJava anhidridiT:  

 
СH3COOC2H5 + C4H5OH → CH3COO-(CH2)3–CH3 + C2H5OH    (1)  
СH3COOC2H5 + (CH3)2CHCH2OH → CH3COO-CH2CH(CH3)2 + C2H5OH  (2)  
СH3COOC2H5+(CH3)2CHCH2CH2OH → CH3COO-CH2CH2CH(CH3)2+C2H5OH  (3)  
(СH3CO)2O + (CH3)2CHCH2OH → CH3COO-CH2CH(CH3)2 + CH3COOH  (4) 

 

aRniSnul reaqciebSi gamoyenebuli iqna katalizatorebi: bunebrivi ceoliTi КлХ, misi 

wyalbaduri forma Н+Кл, samvalentiani rkinis klinoptilolitis formebi Fe3+Кл da 

Fe(ClO4)/H3+Кл,  da aseve AgNaХ da КУ-2.  
katalizuri gardaqmnebi tardeboda ZiriTadad gamWol da Sesadareblad stacionarul 

sistemebSi 120-200°C-is farglebSi 1,0-5,0 sT-1 moculobiTi siCqaris pirobebSi. katalizatorebis 

momzadebis wesi, cdebis Catarebis meTodika da reaqciis produqtebis analizi aRwerilia samuSao 

[6]-Si.  
Seswavlili iqna rTuli eTerebis gamosavlis damokidebuleba temperaturaze. gamokvlevebma 

gviCvenes, rom gamWol sistemaSi saukeTeso Sedegebi TiTqmis yvela spirtis da 
katalizatoris SemTxvevaSi miiRweva spirtis duRilis temperaturaze odnav (10-15°C) 
maRal temperaturaze. misi Semdgomi gazrdiT eTerebis gamosavali mcirdeboda (nax. 1).  
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nax. 1. izobuTilacetatis gamosavlis 

damokidebuleba temperaturaze,  

2 sT-1 moc. siCqaris pirobebSi  

 

nax. 2. izobuTilacetatis gamosavlis 

damokidebuleba eTilacetatis da 

izobuTilis spirtis narevis miwodebis 

siCqareze 115°C temperaturis pirobebSi 

1 – КлХ; 2 – Н+КлХ; 3 – Fe(ClO4)/H3+КлХ; 4 – AgNaX; 5 – КУ-2 
 

optimaluri moculobiTi siCqaris dasadgenad tardeboda gardaqmnebi 1,0-5,0 sT-1 
moculobiTi siCqaris intervalSi. gairkva, rom miznobrivi eTeris maqsimaluri gamosavali 

miiReboda 2 sT-1 moculobiTi siCqaris pirobebSi (nax. 2).  

Cvens mier momzadebuli da Seswavlili katalizatorebidan zemoT mocemuli TiTqmis 
yvela reaqciis SemTxvevaSi eTeris minimaluri gamosavali miiReboda bunebriv 

klinoptilolitze, maqsimaluri Sedegi ki aCvenes Н+Кл da Fe(ClO4)/H3+Кл-is 
katalizatorebma, rac naTlad Cans nax. 1-zec. cnobilia, rom klinoptilolitis mJavaTi 

modificireba iwvevs mis nawilobriv dekaTionirebas da dealuminirebas da Tanafardoba 

SiO2/Al2O3 8,26-dan 30,95-mde izrdeba. dekaTionirebis procesSi warmoqmnili OH- jgufebi 
ganapirobebs brenstedis mJavuri centrebis warmoqmnas, rac astimulirebs zemoT naxsenebi 

eTerebis miRebas [7].  
Fe(ClO4)/H3+Кл katalizatoris aqtiuroba ar iyo moulodneli, radgan mravali avtori 

Tavis SromebSi aRniSnavs rkinis perqloratis moqmedebis farTo speqtrs organul naerTebSi 

naxSirbad-Jangbadis kavSiris warmoqmnis da gaxleCvis reaqciebSi [8]. amdenad, SemTxveviTi ar 
iyo Cvens mier rkinis perqloratis gamoyeneba zemoT moyvanil reaqciebSi.  

Seswavlili iyo aseve spirtebis agebulebis damokidebuleba pereeTerifikaciis reaqciaSi 

miznobrivi eTerebis – buTilis acetatis da izobuTilis acetatis gamosavlianobaze. 
gamokvlevebma gviCvena, rom izobuTanolis da buTanolis SemTxvevaSi eTeris ufro maRal 

gamosavals (80%-mde) iZleva izomeruli naerTi, vidre normaluri agebulebis spirti(76%). 

kvlevebi grZeldeba izoamilis da amilis spirtis magaliTzec.  
cdebi Catarebuli iqna agreTve acilirebisa da pereeTerifikaciis reaqciebSi sxvadasxva 

maacilirebeli nivTierebebis gavlenis dasadgenad. am mizniT gamoyenebuli iyo eTilis 
acetati, ZmarmJava da ZmarmJavas anhidridi. miRebulma Sedegebma gviCvena, rom izobuTilis 

spirtis acilirebisas Sesabamisi eTeris yvelaze dabali gamosavali (40%) miRebuli iqna 

ZmarmJavas SemTxvevaSi, yvelaze maRali (82%) – ZmarmJavas anhidridis gamoyenebisas, rac 
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mosalodneli iyo imdenad, ramdenadac cnobilia, rom ZmramJavas anhidridi aris saukeTeso 

maacilirebeli saSualeba.  

gamWol da stacionarul sistemebSi Catarebuli cdebis Sedegebis Sedarebam aCvena, rom 

orive sistemaSi izobuTilis acetatis gamosavali TiTqmis erTnairia da Seadgens 78-80%-s.  

Cvens mier mowodebuli gamWoli sistemis upiratesobas, miznobrivi produqtis maRal 

gamosavalsa da seleqtiurobasTan erTad, warmoadgens procesis simartive, ekologiuri 
efeqturoba da unarCeno teqnologia.  
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DIFFERENT FORMS OF MODIFIED CLINOPTILOLITES IN REACTIONS  
OF ACETYLIZATION AND TRANSESTERIFICATION OF SOME SPIRITS  

 
Avtandil Dolidze, Dali Ioseliani, Gulnara Balarjishvili, Neli Kalabegashvili, Liana Samkharadze,  

Manana Burjanadze  
 

SUMMARY  
 
Acetylization and transesterification of butyl, isobutyl and isoamyl alcohols by ethyl acetate and acetic 
anhydride on the modified forms of clinoptilolite: Н+Кл, Fe(ClO4)/H3+Кл,  Fe3+Кл, Кл, is studied in the 
stationary and flowing systems. In the mentioned reactions Н+Кл and Fe(ClO4)/H3+Кл have been 
distinguished by relatively high activity, and under optimal conditions outcome of acetic esters of butyl, 
isobutyl and isoamyl alcohols on them was equal to 62,79 and 20% on Н+Кл, while on the 
Fe(ClO4)/H3+Кл – 76,80 and 45%. 
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tetrarenium-oqros klasteris Re4(AuPPh3)(µ4-C2)(µ3-C2Fc)(NCMe)(CO)13 sinTezi da 

kvleva 
 

roin Wedia, oliko lekaSvili*, ciala kakulia*, lili janiaSvili*, marina beroSvili*, 
aleqsei Seliumovi**,  fiodor dolguSini**, aleqsandre smoliakovi**, avTandil qoriZe*,** 
*iv. javaxiSvilis sax. Tbilisis saxelmwifo universiteti, metalorganuli qimiis instituti 
**a. nesmianovis sax. elementorganuli naerTebis instituti, ruseTis mecnierebaTa akademia,      

moskovi, ruseTis federacia  
 
sinTezirebulia Ooqro-reniumis klasterebi Re2(AuPPh3)(µ-C4Fc)(CO)8 (4) da Re4(AuPPh3)(µ4-
C2)(µ3-C2Fc)(NCMe)(CO)13 (5) Re2(CO)8(NCMe)2–is urTierTqmedebiT Au(PPh3)(C4Fc)-Tan. 5 
kompleqsis  warmoqmnas Tan sdevs butadiinilur ligandSi C-C bmis gaxleCa, ris Sedegadac 

molekulaSi Cndeba dikarbiduli µ4-C2 da alkiniluri µ3-C2Fc ligandebi. 5 kompleqsis 
warmoqmnisas butadiinilur ligandis gaxleCis siadvile aCvenebs, rom organul naerTTa qimia 
reniumis karboniluri klasterebis SemTxvevaSi iseTive mdidari da xSirad moulodneli SeiZleba 
iyos rogorc es damaxasiaTebelia ruTeniumisa da osmiumis klasterebisTvis. 
 

Sesavali.  
gardamavali metalebis karbonilebis alkinuri da alkiniluri (acetileniduri) 

nawarmebi metalorganuli naerTebis mniSvnelovan ojaxs warmoadgens [1,2]. isini sainteresoa 

araCveulebrivi struqturis kompleqsebis warmoqmnis, klasterul ConCxTan organuli 

ligandebis mravalnairi gziT koordinaciisa da ligandebis uCveulo transformaciebis gamo. 

es  transformaciebi moicavs ujeri ligandebis oligomerizacias, romelsac zogjer Tan 

axlavs CO–Tan Serwyma da rac gansakuTrebiT aRsaniSnavia, Zalian rbil pirobebSi C-C da 
C-H bmebis warmoqmna da gaxleCa. alkinuri/alkiniluri nawarmebis qimia yvelaze ufro 

kargadaa Seswavlili ruTeniumisa da osmiumis klasterebze [3]; gacilebiT naklebi 

publikaciebia miZRvnili reniumis Sesabamisi klasterebisadmi.  
ramdenime wlis win Re2(CO)8(NCMe)2–is oqros alkinilur kompleqsTan Au(PPh3)(C2Fc) 

(Fc=ferocenili) reaqciis Seswavlisas sinTezirebul iqna klasterebi Re2(AuPPh3)(µ-
C2Fc)(CO)8 (1) da Re4(AuPPh3)2(µ3-C2Fc)2(CO)12 (2) [4,5]. naerTis 2 rentgenostruqturulma 

analizma aCvena, rom klasters aqvs uCveulo aRnagoba; masSi oTxi reniumis atomi warmoSobs 
ConCxs “pepelas” konfiguraciiT (TiToeuli Re3 frTa  dafarulia Au(PPh3) fragmentebiT) 
da ori eqvivaleturi ferocenilalkinuri jgufi µ3-koordinirebulia Re3 frTebiT 
warmoqmnili Rrus SigniT [5]. 2 klasteris kidev erTi Tavisebureba mdgomareobs imaSi, rom 

is ganicdis or Seqcevad redoqs process fer-ocenuli birTvebis monawileobiT, romlebic 

gansxvavdebian 109 mV-iT. es miuTiTebs Zalian iSviaT eleqtronul komunikaciaze 
klasteruli ConCxis saSualebiT [5]. cnobilia, rom ferocens  axasiaTebs saukeTeso redoqs 

Tvisebebi da (+1/0) wyvilis mdgradobis gamo xSirad gamoiyeneba sxvadasxva tipis speiseris 

saSualebiT muxtis gadatanis Sesaswavlad. ukanasknel wlebSi intensiurad ikvleven 
eleqtronul komunikacias, romelic xorcieldeba sxvadasxva tipis ujeri xidebisa da 

metal-metal speiserebis meSveobiT [6,7,8]. magram qimiurad eqvivalenturi feroceniluri 

jgufebis Semcveli gardamavali metalebis klasterebi iSviaTobas warmoadgens;  aseve am 

klasterTaTvis  ar iyo naCvenebi mniSvelivani eleqtronuli komunikacia eqvivalentur 

redoqs centrebs Soris [9]. 2 da monaTesave sistemebSi eleqtronuli komuniaciis 

xelSemwyobi faqtorebis Seswavlis mizniT, sasurveli iyo kompleqsis  monaTesave klast-

erebis ricxvis  seriis gafarToeba. kerZod, saintereso iqneboda dagvedgina, ra gavlenas 

axdens redoqs-aqtiur  centrebs Soris komunikaciaze ujeri naxSirbadovani jaWvis sigrZis 

gazrda da saxeldobr, alkiniluri jgufebis butadiiniluriT Secvla. amis Sesabamisad, Cven 

miznad davisaxeT oqro-reniumis klasterebis ferocenilbutadiiniluri nawarmebis sinTezi 
da kvleva.  
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eqsperimentuli nawili.  

reaqciebi tardeboda argonis atmosferoSi; produqtebis gamoyofa ki xdeboda haerze. 

qromatografiuli dayofa xorcieldeboda silikagelze (100/250 “Chemapol“). gamxsnelebis 

gaSroba da degazireba tardeboda argonis atmosferoSi standartuli meTodebiT. deiter-

irebuli gamxsnelebi degazirdeboda argoniT. komerciulad misawvdomi reagentebi gamoiy-
eneboda uSualod miRebuli saxiT. kompleqsi Au(PPh3)(C4Fc) momzadebuli iyo, rogorc 

aRwerilia literaturaSi [10]. bmr 1H da 31P{1H} speqtrebi registrirdeboda (Sesabamisad 
400.13 da 161.8 mhc) speqtometr Bruker AMX-400  gamoyenebiT. bmr 1H qimiuri Zvradoba 
motanilia memilioned nawilebSi tetrametilsilanTan mimarTebaSi. bmr 1H qimiuri 

Zvradobebi gazomilia deiterirebuli  gamxsnelebis wyalbadis narCeni signalis mimarT. 
31P{1H}  bmr qimiuri Zvradobebi mocemulia H3PO4–is mimarT memilioned nawilebSi, da 
gazomilia fosformJavas 85% xsnaridan  D2O-Si. iw speqtrebi registrirebulia speqtometr  

FTIR  Magna 750 IR (Nicolet) gamoyenebiT.  
4 da 5 naerTebis cikluri voltametriis gazomvebi tardeboda potenciostatze IPC-P20 

M guldasmiT gasufTavebul  CH2Cl2–is 10-3 M xsnarSi, standartul sameleqtrodian 

ujraSi, romelic aRWurvili iyo mbrunavi mina-naxSirbadis samuSao eleqtrodiT (S=2 mm2), 
platinis firfitiT, rogorc sawinaaRmdego eleqtrodi da najeri kalomelis eleqtrodiT, 

rogorc standartuli eleqtrodi. skanirebis siCqare Seadgenda  200 mVs-1. xsnarebi 

Seicavda     0,1 M Bu4NPF6, rogorc Sida eleqtrolits, Sida standartis saxiT gamoiyeneboda 

ferocen-fericiniumis wyvili  (E0=0,47 V). 

 
Re2(AuPPh3)(µ-C4Fc)(CO)8 (4) sinTezi. Au(PPh3)(C4Fc) (103 mg, 0.151 mmoli) da    

Re2(CO)8(NCMe)2 (103 mg, 0.152 mmoli) narevs ureven mSral toluolSi (30 ml) 900 C 1 saaTis 
ganmavlobaSi. xsnaris Seferiloba TandaTan icvleba narinjisfridan yavisframde. reaqciis 

monitoringi xorcieldeba Tfq meTodiT silikagelze. gacivebis Semdeg gamxsnels aSoreben 

vakuumiT, xolo naSTs yofen svetze qromatografirebiT (silikageli, eluenti-heqsani : 

diqlormeTani, dasawyisSi 3:1, Semdeg 2:1 TanafardobiT). warmoiqmneba narinjisferi da 

wiTeli zolebi. naerTi, romelic wiTeli zolidanaa gamoyofili minimaluri gamosavliT, 

identificirebuli ar aris. ZiriTadi narinjisferi fraqciidan miRebulia 4 narinjisferi 

kristaluri fxvnilis saxiT (70 mg, 36 %). bmr   1H (CDCI3):  4.26 (t, JH-H =1.7 hc, C5H4), 4.27 
(s, 5H, C5H5), 4.56 (t, JH-H =1.7 hc , 2H, C5H4),  7.45-7.57 (m, 15H, C6H5). bmr 31P{1H} (CDCI3):  81.7 
(s, 1P). iw (CH2CI2): (CO) 2065 (saS.), 2007 (Z.Zl.), 1978 (saS. gafarT.), 1943 (saS.) sm-1. 
C40H24AuFe08PRe2 gamoTvlilia: C, 37.28; H, 1.88.  napovnia: C, 36,94;  H, 1.76%. 

 
Re4(AuPPh3)(µ4-C2)(µ3-C2Fc)(NCMe)(CO)13 (5) sinTezi. Au(PPh3)(C4Fc)(128 mg, 0.186 

mmoli) da  Re2(CO)8(NCMe)2 (126 mg, 0.186 mmoli) narevs mSral toluolSi (60Mml) 

urevdnen 920C 5 sT ganmavlobaSi. reaqciis monitorings atarebdnen Tfq meTodiT 

silikagelze (eluenti: heqsani-diqlormeTani 1:1). xsnaris Seferiloba icvleboda 

narinjisfridan yavisframde. gacivebis Semdeg toluols aSorebdnen vakuumze da narCenis 
qromatografirebas axdendnen svetze silikageliT. gamoyofili iqna 3 fraqcia: narinjisferi 

– eluirdeboda heqsani-diqlormeTani 3:1 nareviT da Seicavda kompleqss 4 (7 mg), wiTeli 

fraqcia (eluenti heqsani-diqlormeTani 2:1) Seicavda araidentificirebul naerTs (12 mg) da 
wiTel-narinjisferi (eluenti heqsani-diqlormeTani 1:1) Seicavda kompleqss 5, romelic 

gamoyofil iqna wiTel-narinjisfer kristaluri fxvnilis saxiT (63 mg, 13 %). bmr 1H 
(CDCI3):  2.17 ( s, 3H, NCCH3) , 4.09 (s, 5H, C5H5) , 4.30 (gafarT. t, 2H, C5H4), 4.73 (gafarT. 
2H, C5H4),  7.3-7.6 (m, 15H, C6H5).   bmr 31P{1H} (CDCI3):  72.46 (s, 1P).  iw (CH2CI2): (CO) 

2033 (saS.), 2019 (Z.Zl),2006 (Z.Zl), 1992 (Z.Zl), 1964 (saS., gafarT), 1945 (saS. gafarT), 

1920 (Z.Zl. gafarT)  sm-1. C47H27AuFeN013PRe4. gamoTvlilia: C, 30.64;  H , 1.47; N, 0.76. napo-
vnia: C, 30.39; H, 1.41;  N, 0.74 %. 
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rentgenostruqturuli kvleva.  

monokristalebis rentgenodifraqciuli eqsperimentebi tardeboda difraqtomerze 

BRUKER SMART APEX II (grafitis monoqromatori, Mo-K  gamosxiveba,  =0.71073 Å, -
skanirebis  teknika, T=100 (2)K). programa APEX II gamoyenebul iqna struqturuli  

monacemebis  dajamebis, arekvlis indeqsaciis, mesris konstantebis gansazRvris, arekvlis 

intensivobis integrirebis, STanTqmis masStabirebisa  da koreqciisaTvis [11]. programa 
SHEXTL ki sivrciTi jgufebisa da struqturis gansazRvris, dazustebis, grafikuli 

gamosaxulebis da struqturis aRwerisaTvis.Gstruqturebi dadgenili iyo pirdapiri 

meTodiT da dazustda umciresi kvadratebis sruli – matriculi teqnikiT F2 mimarT  
anizotropuli  Termuli parametrebiT yvela  arawyalbaduri atomis mimarT. wyalbadis  

yvela atomi geometriulad iqna ganlagebuli da Sevida struqturuli faqtorebis angariSSi  

mxedris moZraobis moaxloebisas[12]  .   

 

Sedegebi da gansja.  

kompleqsis 2 bis-ferocenilbutadiiniluri analogis, klasteris 3 sinTezis mizniT Cven 

CavatareT Re2(CO)8(NCMe)2-is reaqcia oqros kompleqsTan Au(PPh3)(C4Fc). Termuli reaqciiT 

(toluoli, 900C, 1 sT) miiReba sambirTviani oqro-reniumis kompleqsi Re2(AuPPh3)(µ-
C4Fc)(CO)8 (4) 36 % gamosavliT (sqema 1).  

Re2(CO)8(NCMe)2 + Au(PPh3)(C (OC)4Re Re (CO)4

Au

PPh3

C

C

Fc

C-C C-Fe)

C

C

 
 

aRsaniSnavia, rom adre Seswavlil msgavs reaqciaSi Re2(CO)8(NCMe)2 da Au(PPh3)(C2Fc) 
Soris Re2(AuPPh3)(µ-C2Fc)(CO)8 (1) kompleqsTan erTad miiReboda wiTeli kompleqsi  

Re4(AuPPh3)2(µ3-C2Fc)2(CO)12 (2) dabali gamosavliT [4]. mogvianebiT dadginda, rom kompleqsi 

2 SesaZlebelia momzaddes maRali gamosavliT kompleqsi 1 TermoliziT [5]. magram roca 

reaqcia Catarebul iqna 1 sqemis Sesabamisad, warmoqmnili produqtebis narevi ar Seicavda 

Re4(AuPPh3)2(µ3-C4Fc)(CO)12 (3) (araidentificirebuli wiTeli kompleqsis, romelic am 
narevSi Zalian mcire raodenobiT iyo, bmr speqtrSi 31P{1H} qimiuri Zvradoba mkveTrad 

gansxvavdeba 2 kompleqsis  aseTive monacemisagan).  

4 kompleqsis speqtroskopiuli monacemebi msgavsia ferocenilalkiniluri 1 kompleqsis  
monacemebisa, rac maTi struqturebis msgavsebaze miuTiTebs. 4 kompleqsis  bmr speqtrSi 
31P{1H} Cans singleti  81.7 m.n. (kompleqsSi fosforis birTvis signali SeimCneoda  82.1 
m.n.). kompleqsis 4  1H bmr speqtrSi feroceniluri jgufis protonuli signalebi SeimCneva 

 4.26 (t, JH-H=1.7 hc, 2H), 4.27 (c, 5H), da 4.56 (t, JH-H=1.7 hc, 2H); PPh3-is fenilis jgufis 
protonebi ki 7.52-7.57 m.n. ubanSi. 4 kompleqsi  daxasiaTebulia agreTve monokristalis  

rentgenostruqturuli kvleviT (nax. 1). am kvlevam ver gamoavlina raime SesamCnevi 

gansxvaveba Re(1) da Re(2) atomebTan organuli xiduri ligandebis SekavSirebisa feroceni-
lalkiniluri kompleqs 1-Tan SedarebiT [4].  
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nax. 1.KsambirTviani oqro-reniumis kompleqsis Re2(AuPPh3)(µ-C4Fc)(CO)8(4) molekuluri       

struqtura 

 

 

bis-butadiiniluri klasteris Re4(AuPPh3)2(µ3-C4Fc)(CO)12 (3) miRebis mcdelobisas Cven 

SevcvaleT reaqciis pirobebi Re2(CO)8(NCMe)2 da Au(PPh3)(C4Fc) Soris. reaqciis Catarebisas 
toluolSi 920C temperaturaze 5 sT-is ganmavlobaSi,  Re2(AuPPh3)(µ-C4Fc)(CO)8 (4) nari-

njisfer kompleqssa da dabali gamosavliT miRebul zemoTaRniSnul araidentificirebul 

wiTel kompleqsTan erTad, warmoiqmneba narinjisfer-wiTeli klasteri Re4(AuPPh3)(µ4-C2)(µ3-
C2Fc)(NCMe)(CO)13 (5), romelic Seswavlilia rentgenostruqturuli meTodiT. 

klasteri 5 iw speqtri Seicavs mxolod terminaluri CO jgufebis zolebs. 31P{1H} bmr 

speqtrSi aRiniSneba singleti  72.46 m.n. 1H bmr speqtrSi mdebareobs koordinirebuli 

acetonitrilis meTilis jgufis singleti  2.17 m.n. (3H); ferocenuli jgufis protonebi 

 4.09 (5H), 4.30 (gafarT. tripleti, 2H) da 4.73 m.n. (gafarT. singleti, 2H); PPh3-is 

fenilis jgufis protonebi SeiniSneba  7.3-7.6 (m, 15H). rogorc me-2 naxazidan Cans, 

molekula 5 Seicavs Re(1), Re(2) da Re(3) atomebisgan Sedgenil trireniumis ConCxs. 

manZilebi Re(1)-Re(2) da Re(1)-Re(3), 2.9823(5) da 2.8917(5) Å Sesabamisad, warmoadgens 
damakavSirebels (ufro daSorebuli atomebi Re(1)-Re(2) dakavSirebulia xiduri Au(PPh3) 
fragmentTan); manZili  Re(2)…Re(3) (3.5909(5) Å) ar aris damakavSirebeli. reniumis sami 

atomidan TiToeuli koordinirebs sam CO terminalur jgufs. klasteri 5 zogierTi 
atomebs Soris bmis sigrZis da kuTxeebis mniSvnelobebi mocemulia cxrilSi 1.  

kompleqs 5 struqturis yvelaze ufro SesamCnev Taviseburebas warmoadgens ori 

fragmentis, µ4-C2 da µ3-C2Fc, arseboba, romelic warmoqmnilia butadiiniluri ligandis  

erTmagi C-C bmis gaxleCis gziT. dikarbiduli ligandi warmoqmnis -bmas Re(1) da Re(4) 
atomebTan (ukanasknels aqvs oqtaedruli garemocva da fragmentSi Re(4)(CO)4(NCMe) C(29)-
Re(4) -bmasTan cis mdgomareobaSi ganlagebulia acetonitriluri ligandi), da π–
koordinacias Re(2) da Re(3)  atomebTan. manZili C(28)-C(29) dikarbidul ligandSi tolia 

1.273(13)Å  da axloa napovn aseTive monacemebTan multidakavSirebuli dikarbiduli 

ligandebis Semcvel klasterebSi [13,14]. ferocenil-alkiniluri ligandi C2Fc 
koordinirebulia metaluri ConCxis reniumis samive atomTan Cveulebrivi da  µ3-1: 2: 2 
meTodiT; rogorc karbiduli ligandi, is warmoqmnis  –bmas Re(1)Dda  π–bmas Re(2) da Re(3)  
atomebTan. amrigad, µ4-C2  da µ3-C2Fc ligandebi donireben Sesabamisad eqvs da xuT 
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eleqtrons.  

Tumca metalTa klasterebSi diinis C-C bmis gaxleCa adrec SeiniSneboda, kompleqs 5 

warmoqmna, rogorc Cans, unda iyos C-C bmis gaxleCis pirveli magaliTi reniumis 

karbonilur klasterze. Termuli dekarbonilirebiT mduRare oqtanSi diinuri jaWvis C-C 
bmis gaxleCis Sesaxeb adreve iyo cnobili osmiumis klasterebisaTvis Os3(µ3-RC2CCR)( µ-
CO)(CO)9 (R=Ph, tBu an SiMe3) [15] da Os3(µ3-RC2CCR)(µ-CO)(CO)9 (R=Fc) [16], ris Sedegadac 
warmoiqmneba nonakarboniluri klasterebi Os3(µ3-22-C2R)(µ-1-C2R)(CO)9. cnobilia agreTve 

PhCC-CCPh gaxleCa Ni(cod)2-isa (cod=ciklooqtadieni) da dppm (dppm=Ph2PCH2PPh2) 
urTierTqmedebisas, ris Sedegadac miRebulia NNi3(µ3-1-C2Ph)2(µ-dppm)3, sadac C2Ph 
fragmenti koordinirebulia µ3-1 meTodiT [17]. 

 
cxrili 1. 5 klasteris zogierTi atomebs Soris bmis sigrZis da kuTxis mniSvnelobebi 

 

       bma                  d/ Å         kuTxe                    ω/grad 
Re(1)-C(1)  1.956(10) 
Re(1)-C(2)  1.972(9) 
Re(1)-C(16)  2.082(8) 
Re(1)-C(28)  2.124(9) 
Re(1)-Au(1)  2.7597(5) 
Re(1)-Re(3)  2.8917(5) 
Re(1)-Re(2)  2.9823(5) 
Re(2)-C(6)  1.907(9) 
Re(2)-C(4)  1.910(9) 
Re(2)-C(5)  1.936(9) 
Re(2)-C(16)  2.295(8) 
Re(2)-C(28)  2.346(8) 
Re(2)-C(17)  2.479(9) 
Re(2)-C(29)  2.541(9) 
Re(2)-Au(1)  2.8704(5) 
Re(3)-C(7)  1.909(10) 
Re(3)-C(8)  1.911(10) 
Re(3)-C(9)  1.916(10) 
Re(3)-C(16)  2.273(9) 
Re(3)-C(28)  2.322(8) 
Re(3)-C(17)  2.434(9) 
Re(3)-C(29)  2.579(9) 
Re(4)-C(10)  1.921(11) 
Re(4)-C(11)  1.942(11) 
Re(4)-C(13)  1.998(12) 
Re(4)-C(12)  2.006(12) 

C(1)-Re(1)-C(2) 94.0(4) 
C(3)-Re(1)-C(16) 106.2(3) 
C(1)-Re(1)-C(16) 90.2(3) 
C(2)-Re(1)-C(16) 167.4(3) 
C(3)-Re(1)-C(28) 108.5(4) 
C(1)-Re(1)-C(28) 161.1(3) 
C(2)-Re(1)-C(28) 97.4(3) 
C(16)-Re(1)-C(28) 75.7(3) 
C(3)-Re(1)-Au(1) 151.3(3) 
C(1)-Re(1)-Au(1) 74.6(3) 
C(2)-Re(1)-Au(1) 73.5(3) 
C(16)-Re(1)-Au(1) 96.2(2) 
C(28)-Re(1)-Au(1) 94.1(2) 
C(3)-Re(1)-Re(3) 73.6(3) 
C(1)-Re(1)-Re(3) 126.7(3) 
C(2)-Re(1)-Re(3) 132.1(2) 
C(16)-Re(1)-Re(3) 51.3(2) 
C(28)-Re(1)-Re(3) 52.5(2) 
Au(1)-Re(1)-Re(3) 135.156(16) 
C(3)-Re(1)-Re(2) 148.9(3) 
C(1)-Re(1)-Re(2) 109.8(3) 
C(2)-Re(1)-Re(2) 117.3(2) 
C(16)-Re(1)-Re(2) 50.1(2) 
C(28)-Re(1)-Re(2) 51.4(2) 
Au(1)-Re(1)-Re(2) 59.838(11) 
C(3)-Re(1)-C(2) 85.9(4) 

                              

Co2(CO)8-is urTierTqmedebiT Ru(µ3-2-PhC2CCPh)(µ–dppm)(CO)8 (benzol/heqsani) 

warmoiqmneba kompleqsi Co2Ru3(µ4-C2Ph)(µ3-C2Ph)(µ-dppm)(µ-CO)2(CO)9 [18]. miiCneven, rom 

eleqtrodonoruli ligandis arseboba xels uwyobs diinis gaxleCas. triosmiumis klasteri 

Os3(CO)10[PhC4WCp*-(CO)3]  (Cp*=C5Me5), romelic miRebulia Os3(CO)10(NCMe)2–is 
Cp*W(CO)2(C4Ph)-Tan reaqciiT, Semdgomi gacxelebiT toluolSi (1100C,1 saaTi) iZleva 

acetilenid-dikarbidul kompleqss Cp*W Os3(µ4-C2)(µ3-C2Ph)(CO)9 [14]. rogorc vxedavT, Cvens 

mier miRebuli reniumis kompleqsi diinis bmas xleCavs SedarebiT rbil pirobebSi vidre 

osmiumis karboniluri klasterebi.   

Re2(AuPPh3)(µ-C4Fc)(CO)8   (4) kompleqsis Termolizisa da Re2(CO)8(NCMe)2 da 
Au(PPh3)(C4Fc) Soris reaqciis pirobebis varirebiT Cven miviReT sasurveli bis-diiniluri 

kompleqsis Re4(AuPPh3)2(µ3-C4Fc)(CO)12 (3) warmoqmnis mtkicebuleba. sareaqcio narevis 
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31P{1H} bmr speqtrSi daregistrirebulia signali  90.26 m.n., romelic praqtikulad 

emTxveva bis-alkeniluri kompleqsis 2 signals ( 90.40 m.n.) [5]. magram minarevebis mcired 
gansxvavebuli Rf abrkolebs individualuri saxiT kompleqs 3 gamoyofas.  

kompleqsebi 4 da 5 Seswavlil iqna cikluri voltametriiT. naCvenebia, rom 4 da 5 

kompleqsebis Seqcevadi erTeleqtroniani daJangva mimdinareobs ferocenis erTeulze. Kkomp-

leqsi 4 iJangeba ufro advilad, vidre Sesabamisi kompleqsi 1 (E0=0.28V). rogorc Cans, C2 
xididan C4 xidamde gadasvla iwvevs ferocenze elqtronuli simkvrivis SesamCnev zrdas. 

klasteri 5 daJangva ramdenadme gaZnelebulia 4 SedarebiT (E0=0.06V). kompleqsebis 4 da 5 

daJangvis potencialebis mcired gansxvavebuli mniSvnelobebi migvaniSnebs axlo eleqtronul 

simkvriveze Fc-fragmentebs Soris orive klasterSi. 5 klasterSi ligandis µ3-1: 2: 2-C2Fc 
ferocenis jgufis daJangva mimdinareobs 0.27 V, e.i. ramdenadme ufro Znelad, vidre adre 

Seswavlili klaster 2 pirveli µ3-1: 2: 2-C2Fc jgufis daJangva (0.156V) [5]. 

 
     

nax. 2. Re4(AuPPh3)(µ4-C2)(µ3-C2Fc)(NCMe)(CO)13 klasteris molekuluri struqtura 

 
daskvna.  

amrigad, oqro-reniumis kompleqsebi 4 da 5 sinTezirebulia Re2(CO)8(NCMe)2-is 

Au(PPh3)(C4Fc)-Tan urTierTqmedebiT. 5 kompleqsis  warmoqmnas Tan sdevs butadiinilur 

ligandSi C-C bmis gaxleCa, ris Sedegadac molekulaSi Cndeba dikarbiduli µ4-C2 da 

alkiniluri µ3-C2Fc ligandebi. 5 kompleqsis warmoqmnisas butadiinilur ligandis gaxleCis 

siadvile aCvenebs, rom organul naerTTa qimia reniumis karboniluri klasterebis 

SemTxvevaSi iseTive mdidari da xSirad moulodneli, SeiZleba iyos rogorc es 

damaxasiaTebelia ruTeniumisa da osmiumis klasterebisTvis. 
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SYNTHESIS AND INVESTIGATION OF TETRARHENIUM-GOLD  CLUSTER 
Re4(AuPPh3)(µ4-C2)(µ3-C2Fc)(NCMe)(CO)13 

 
Roin V. Chedia, Oliko I. Lekashvili*, Tsiala V. Kakulia*, Lili K. Janiashvili*, Marina Beroshvili*,  

Alexey M. Sheloumov**, Fedor M. Dolgushin**, Alexander F. Smol’yakov**, Avthandil A. Koridze*,**  
 

         *Institute of Organometallic Chemistry, I. Javakhishvili Tbilisi State University,   
**A.N. Nesmeyanov Institute of Organoelement Compounds, Russian Academy of Sciences, Moscow 

 
To summarize, gold-rhenium clusters Re2(AuPPh3)(µ-C4Fc)(CO)8 (4) and Re4(AuPPh3)(µ4-C2)(µ3-
C2Fc)(NCMe)(CO)13 (5)  were synthesized by the reaction of Au(PPh3)(C4Fc) with Re2(CO)8(NCMe)2. 
The formation of 5 is accompanied by the cleavage of the C–C bond of the parent butadiynyl ligand to 
form the dicarbide µ4-C2 and alkynyl µ3-C2Fc ligands. Easy cleavage of the butadiynyl ligand upon 
formation of 5 demonstrates that chemistry of unsaturated organicson rhenium carbonyl clusters can be as 
rich and often unexpecteas is typical of ruthenium and osmium clusters. 
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heteromoduluri metalokeramikebi  

ultradispersuli boris karbidis fuZeze 
 

arCil miqelaZe*, marina anTaZe*, oTar cagareiSvili*, arCil gaCeCilaZe*, domenti gabunia*, 

boris margievi*, tite wulaZe*, qeTevan sarajiSvili, roin Wedia 

          *ferdinand TavaZis metalurgiisa da masalaTmcodneobis instituti 
 

boris karbidi xasiaTdeba unikaluri fizikur-qimiuri da meqanikuri TvisebebiT, drekadobis 
maRali moduliT, simtkice/simkvrivis maRali TanafardobiT, gazrdili cveTadmedegobiT, maRali 

balistikuri winaaRmdegobiT da sxv. miuxedavad amisa, misi gamoyeneba manqanaTmSeneblobaSi 
SezRudulia  dabali Tbogamtareblobis, simyifis,  dabali dartymis siblantis da nakeTobebis 
maRali TviTRirebulebis gamo. amJamad didi yuradReba eTmoba boris karbidis fuZeze 
metalokeramikuli e.w. heteromoduluri kompoziciur masalebis miRebas, romelic Seicavs B4C  
da plastikur Semkvrels – metalur fazas. Sesabamisi metaluri fazis SerCevis SemTxvevaSi 
SenarCunebul iqneba boris karbidis unikaluri Tvisebebi, dartymiTi siblantisa da 
Tbogamtareblobis unaris SeZenis fonze. Eefeqturi heteromoduluri masalebis miReba 
SesaZlebeli iqneba Tu B4C fxvnili iqneba Uultradispersuli da metaluri Semkrels eqneba 
maRali adgezia da dabali reaqciisunarionoba mis mimarT. damuSavebulia boris karbidis fuZeze 

metalokermikuli kompoziciuri masalis miRebis teqnologia, romelic dafuZnebulia amorfuli 
boris, karbojaWvuri polimeris da metalTa marilebis Semcveli prekursorebis pirolizze 
(900-1100oC). miRebuli kompoziciuri fxvnilis Sedgeba boris karbidisa da Semkvreli metalis -
nanostruqturul nawilakebisagan. miRebuli kompoziciuri masalis dartymiTi siblantis,  
Runvaze simtkicis zRvaris da Termuli gafarToebis koeficientis SeswavliT  dadgenilia 

eqstremalur pirobebSi momuSave cveTamedegi nakeTbebis damzadebis perspeqtuloba. 

 
Sesavali. Tanamedrove manqanaTmSenebloba, atomuri energetika, aviakosmosuri teqnolo-

giebi moiTxovs axali Taobis sakonstruqcio masalebs, romlebSic Serwymulia iseTi 

Tvisebebi, rogoricaa simtkice, sisale, cveTamedegoba, qimiuri inertuloba, dartymis  
siblante, Tbogamtarebloba, radiaciuli mdgradoba.  boris karbidi xasiaTdeba unikaluri 

fizikur-qimiuri da meqanikuri TvisebebiT, magaliTad: drekadobis maRali moduliT, 

simtkice/simkvrivis maRali TanafardobiT, gazrdili cveTamedegobiT, maRali balistikuri 

winaaRmdegobiT da sxv. amave dros unda aRiniSos boris karbidis unikaluri radiaciuli 

mdgradoba, romelic mkveTrad icvleba izotopuri Sedgenilobis SecvliT. boris stabiluri 

izotopebi (10B da 11B) neitronis STanTqmiskveTiT Svidi rigiT gansxvavdebian erTmaneTisagan 
(10B-3840 barn, 11B-0.005 barn.). Sesabamisad, boris izotopuri Sedgenilobis cvlilebiT 

SesaZlebelia, rogorc neitrongamWirvale, aseve neitronmSTanTqmeli keramikuli masalebis 

miReba. miuxedavad boris karbidis unikaluri Tvisebebisa, misi gamoyeneba 

manqanaTmSeneblobaSi SezRudulia  dabali Tbogamtareblobis, simyifis,  dabali dartymis 
siblantis da nakeTobebis maRali TviTRirebulebis gamo [1-5].  

amJamad didi yuradReba eTmoba boris karbidis fuZeze metalokeramikuli e.w. 

heteromoduli kompoziciur masalebis miRebas, romelic Seicavs maRalmodulian B4C  da 
plastikur Semkvrels - metalur fazas. aseTi metalokeramikuli masalebi xasiaTdeba maRali 

mdgradobiT gare zemoqmedebis mimarT, radgan heteromoduliani struqtura xels uwyobs 
gamonTavisuflebuli drekadi energiis STanTqmas (gabnevas) bzarebis warmoqmnisas da misi 

gavrcelebis frontis Caqrobas. am masalebis samuSao zona Sedgeba boris karbidis 

nawilakebisagan, romelic Sekrulia metaluri faziT. metaluri fazis swori SerCevis 
SemTxvevaSi SenarCunebul iqneba boris karbidis unikaluri Tvisebebi, dartymiTi siblantisa 

da Tbogamtareblobis unaris SeZenis fonze. aqve aRvniSnavT, rom Txevadfazuri Secxobis 

gamo, mkveTrad Semcirdeba boris karbidis nawilakebis konsolidaciis temperatura 
(<12000C).  

heteromoduli masalebis teqnologiebis SemuSavebisa da srulyofisaTvis aucilebelia 

Txevad da myar fazebs Soris dasvelebis da difuziis procesebis marTva. Zalze problemuri 
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sakiTxia kompozitis nawilakebis gamyof sazRvarze arasasurveli fazebis warmoqmnis Tavidan 

acileba. perspeqtiuli metalokeramikis SeqmnisTvis aucilebelia boris karbidis da 

Semkvreli metalur komponentebs Soris maRali xarisxis adgezia, karbidis struqturis 

degradaciis gareSe. amJamad damuSavebulia iseTi metalokeramikuli kompoziciebis miRebis 

meTodebi, rogoricaa B4C-Al, B4C-Ti, B4C-Ni  da sxv. msoflios wamyvan samecniero 

centrebSi, msxvil korporaciebsa da firmebSi mimdinareobs intensiuri kvleviTi samuSaoebi 
boris karbidis fuZeze axali Taobis metalokeramikebis misaRebad. magram QjerjerobiT 

miRebuli masalebis gamoyenebis sfero sakmaod SezRudulia gamyof zadapirze gamoyofili 

myife boridebis arsebobis gamo. fazaTa Soris mimdinare procesebze didi gavlena aqvs B4C 
fxvnilis dispersiulobas. es ganpirobebulia zedapiruli Sreebis gazrdili aqtivaciiT. 

cnobilia, rom marcvlis zomis 1mkm-dan 2-nanometramde SemcirebiT nawilakTa zedapirze 

myofi atomebis moculobiTi wili 80-90%-mde izrdeba. amitom boris karbidis fxvnilis 
dispersiulobis xarisxi mniSvnelovani faqtoria da es  Tvisobrivad cvlis fazaTa Soris 

sazRvarze mimdinare procesebs [6-10].  

  winamdebare samuSaos mizania nanokristaluri boris karbidisa da Semkvreli fazebis 

fxvnilebis erT procesSi sinTezi da maT safuZvelze maRali dartymiTi siblantisa da 

siTbogamtareblobis heteromoduluri metalokeramikebis miRebis teqnologiis damuSaveba.  

  eqsperimentuli nawili. Nnanokristaluri boris karbidis misaRebad gamoyenebul iqna 

karboTermuli meTodi, romelic dafuZnebulia organul da araorganuli prekursorebis 

9000C-13000C pirolizze. prekursorebadD gamoyenebul iqna hidroqsilis jgufis Semcveli 

organuli dabal- da maRalmolekuluri naerTebi. Semkvreli fazis misaRebad gamoyenebul 

iqna  CuCl2
.2H2O, MnCl2

.4H2O da TiH2.  boris karbidis da Semkvreli fazis erT procesSi 
miReba ganxorcielda Semdegi meTodiT: 5-10% polivinilis wyalxsnars mudmivi morevis 

pirobebSi 85-900C umateben amorfuli boris fxvnils (5-10 mkm) da manganumisa da spilenZis 

qloridebis xsnarebs. Nnarevis homogenizacia grZeldeba 2 saaTs Semdeg ki 110-1500C 
aSoreben wyals. miRebul Sav firfitebs aqucmaceben da axureben inertul atmosferoSi 

4000C 3 saaTis ganmavlobaSi. warmoqmnil masas fqvaven burTulebian wisqvilSi da fxvnils 
axureben 12750C wyalbadis nakadSi 3 sT-s. miRebuli B4C-Cu-Mn fxvnilis konsolidacia 

xorcieldeba naperwklovani plazmuri sinTezis meTodiT (SPS). sinTezirebuli fxvnilebi da 

maTi konsolidaciiT miRebuli nimuSebi Seswavlilia rendgenuli difraqciis da 
maskanirebeli eleqtronuli mikroskopiis meTodebiT. miRebuli heteromoduluri 

metalokeramikuli masalebisagan damzadebuli nakeTobebis geometriuli zomebis 

stabilurobis Sefasebis mizniT Seswavlilia Termuli  gafarToebis koeficientis 
temperaturuli damokidebuleba 20-8000C intervalSi.   

 

 
 

nax. 1 boris karbidis ultradispersuli fxvnilis difraqtograma 
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Sedegebi da gansja. A Cvens mier Semkvrel fazad SerCeul iqna myari xsnarebi 

spilenZis fuZeze, maT Soris [Cu-67% (mas)  da Mn-33 % (mas)] da spilenZ-titanis Senadnobi 

[Cu-78(%mas), Ti-22% (mas)]. Ppolivinilis spirtisa da amorfuli boris urTierqmedebiT 

miRebuliF B4C fxvnilis da SPS meTodiT konsoldirebuli metalokeramikis difraqtograma 

mocemulia naxazebze 1 da 2. metalografiuli kvlevebiT dadgenilia, rom metalokeramikis 

komponentebi Tanabrad arian ganawilebuli da xasiaTdebian maRali dispersulobiT (100-300 
nm).  naxazze 2. warmodgenilia B4C-CuMn (Cu-67%, Mn-33%) kompoziciuri metalokeramikis 

difraqtograma. Ddifraqtogramaze daimzireba Cu-Mn-is difraqciuli maqsimumi, magram ar 

SeiniSneba B4C-is Sesabamisi maqsimumebi. rac aixsneba im garemoebiT, rom maRali 
eleqtronuli simkvrivis mqone Cu-Mn-is Senadnobis maqsimumebi faravs dabali eleqtronuli 

simkvrivis mqone msubuqi elementebisagan miRebul karbidis (B4C) maqsimumebs.  

 
nax. 2. B4C-CuMn (Cu-67%, Mn-33%) metalokeramikis difraqtograma 

 

 boris karbidsa da liTonuri SemakavSirebels Soris adgeziuri procesebi. mdgradi 
metalokeramikis miRebis erTerTi aucilebeli pirobaa sal araliTonur masalasa da 

liTonur Semkvrels Soris maRali adgeziis (W) uzrunvelyofa W = σLG(1+cosΘ), sadac, σLG 

– gamdnari liTonis zedapiruli energiaa, xolo Θ – dasvelebis kuTxe. dasvelebis kuTxis 

wonasworuli sidide samfaza – myari-siTxe-airi kapilarul sistemaSi ganisazRvreba 

laplasis formuliT: 

                               LG

SLSG







cos
                         

 

sadac, σLG, σSG, da σSl  – gamyofi zedapirebis kuTri zedapiruli energiebia. am sami sidid-

idan siTxis zedapiruli energia (σLG) SedarebiT martivad ganisazRvreba eqsperimentulad 

sxvadasxva meTodiT. maRaltemperaturuli obieqtebisaTvis ufro misaRebia “wolili” wveTis 

meTodi. maRaldnadi nalRobebis zedapiruli energiebi literaturaSi farTod aris cnobili 

da moyvanilia saTanado cxrilebSi.  

rac Seexeba or danarCen sidides: myari tanis-airTan (σSG) da myari tanis–siTxesTan 

fazaTaSoris zedapirul energiebs isini Znelad dasadgenia da saTanado monacemebic mwiria. 

amitom dasvelebis kuTxes (Θ) rogorc wesi eqsperimentalurad gansazRvraven. Seswavlili 
iqna boris karbidisa da CuMn da CuTi-is Senadnobebis dasvelebis kuTxis temperaturuli 

damokidebuleba. Oorive SemTxvevaSi Senadnobis gadnobis momentSi wveTi ar asvelebs boris 

karbidis zedapirs. Semdgom dnobis temperaturaze dayovnebiT, an temperaturis momatebiT 
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mcirdeba dasvelebis kuTxe. rogorc naxazidan 3 Cans, orive Senadnobi srulad asveleben 

boris karbids. B4C-CuMn da  B4C-CuTi-is sistemebis adgeziuri maxasiaTeblebis Seswavlam 

gviCvena, rom orive sistemaSi matricisa da SemakavSirebel Senadnobebs Soris dasvelebis 

kuTxe Θ 0, Tumca B4C-CuMn-is  SemTxvevaSi sruli dasveleba 100o-iT nakleb 

temperaturaze (1150oC) mimdinareobs.  
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nax. 3. dasvelebis kuTxis   temperaturuli damokidebuleba 

  

B4C-CuMn metalokeramikis kompaqtireba. Dkompaqturi metalokeramikuli masalebis 
maRali meqanikuri da saeqspluatacio maxasiaTeblebi  mniSvnelovanwilad ganpirobebulia 

konsolidaciis procesis TaviseburebebiT. tradiciuli meTodebiT fxvnilebis kompaqtirebis 

dros ZiriTadi problemaa narCeni forianobis maRali done da marcvlis zomis zrdis 

intensivoba.  

aratradiciuli swrafi konsolidaciis meTodebi saSualebas iZleva SevamciroT 

maRali temperaturis zemoqmedebis dro, rac Tavis mxriv ganapirobebs marcvlis zomebis 

zrdis SezRudvas da kompaqtirebuli nimuSebis maRal simkvrivesdawnexvis cnobili 

meTodebidan Cvens mier SerCeuli iqna naperwklur plazmuri sinTezis meTodi (SPS). SPS 
ganxorcielebisas winaswar dabal wnevebze kompaqtirebul fxvnilSi gamavali impulsuri 

deni nawilakebis gamyof zedapirze warmoqmnis maRali energiis plazmur ganmuxtvas. SPS-
isTvis damaxasiaTebelia: 1) gare parametrebis (wneva da eleqtruli deni)  kumuliatiuri 

zemoqmedeba fxvnilis kompaqtirebasa da fazaTa warmoqmnaze; 2) swrafi moculobiTi 

gaxureba, rac saSualebas iZleva Seamciros marcvlis zomis zrdis kinetika. SPS saSualebas 
iZleva ganxorcieldes procesi swrafi gaxurebiT da gacivebiT. B4C-CuMn metalokeramikis  

kompaqtirebis procesi mimdinareobs or etapad: pirvel etapze mimdinareobs nimuSis 

sastarto gaxureba  da kompaqtirebis procesis aqtivacia (parametrebia: Zabva - 10v, deni 
500a-mde, sawyisi wneva araumetes 2 mpa). meore etapze gamoiyeneba cvladi deni, romelis 

Zalac TandaTanobiT izrdeba 500-dan 1600a-mde; wneva izrdeba 2 mpa-dan 4 mpa-mde. sruli 
ciklis xangrZlivoba 2,5-3,5 wuTia. temperaturuli frontis gadaadgildeba puansonis 

zedapiridan nimuSis centramde da frontis gadaadgilebis siCqare ganpirobebulia 

dasakompaqtirebeli masalis siTbogamtareblobiT; B4C-CuMn  fxvnilovani masalis kompaqti-
rebisas nimuSis temperaturuli gradienti centridan mis zedapiramde ar aRemateba 100oC.  

   boris karbidis fuZeze metalokeramikis simtkicis zRvari Runvaze. cnobilia, rom 

SemakavSirebeli masalis Semcvelobisgan damokidebulebiT icvleba metalokeramikis  

fizikur-meqanikuri da teqnologiuri Tvisebebi. Nnax.4-ze warmodgenilia Runvaze simtkicis 

zRvris damokidebuleba  B4C-CuMn metalokeramikaSi CuMn-is moculobiTi Semcvelobaze 

oTaxis temperaturaze. kompozitSi SemakavSirebeli masalis Semcvelobis gazrdiT simtkice 
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izrdeba da aRwevs maqsimums 35 mas.%-isas. SemakavSirebeli liTonis raodenobis Semdgomi 

gazrda ki piriqiT, amcirebs simtkices. 

  simtkicis zRvris cvlilebis mrudze damzerili Taviseburebebi ganpirobebuli unda 

iyos masalaSi sxvadasxva tipis rRvevebiT, kerZod, adgili aqvs plastiurobidan myife 

mdgomareobaSi gadasvlas. rodesac kompozitSi boris karbidis Semcveloba 60%-mdea, maSin 

plastiuri matrica  didi raodenobiTaa da kompozitis simtkices gansazRvravs myife 
nawilakebis da agreTve gamyofi zedapirebis simtkice. rRveva xdeba matricis denadobis 

zRvarze meti, magram Sesabamisi simtkicis zRvrze naklebi datvirTvis pirobebSi. 

  SemakavSirebeli masalis maRali Semcvelobis mqone metalokeramikebis (67 mas.% B4C -
33 mas.% CuMn)  rRvevis zedapirebis fraqtografiulma kvlevebma gviCvenes blanti tipis 

rRvevebi, romlebic xasiaTdebodnen talRiseburi zedapiriT. rRveva ZiriTadad 

xorcieldeboda matricisa da SemakavSireblis gamyof an boris karbidis marcvalis 
sazRvrebze. SemakavSirebeli masalis mcire raodenobiT Semcvelobis SemTxvevaSi (85% B4C-
15% CuMn) adgili hqonda myife rRvevas. radganac kompoziti plastiur mdgenels mcire 

raodenobiT Seicavda, rRvevis procesi mimdinareobda bzarebis katastrofuli ganviTarebis 

gziT, Tumca SemakavSirebeli masalis maRali siblantis gamo adgili hqonda rRvevis 

procesis stabilizacias.   

  Termuli gafarToebis koeficientis temperaturuli damokidebuleba. miRebuli 

metalokeramikuli masalis gamoyenebis erT-erTi sfero aris eqstremalur pirobebSi 

momuSave cveTamedegi nakeTobebis damzadeba. amdenad samuSaoSi Seswavlili iqna Termuli 

gafarToebis koeficientis temperaturuli damokidebuleba, romelic ganapirobebs 

eqspluataciis pirobebSi nakeTobis geometriuli parametrebis SenarCuneba. Nnax.4-dan B4C-
CuMn da B4C-CuTi-is sistemebis adgeziuri maxasiaTeblebis Seswavlam gviCvena, rom orive 

sistemaSi matricisa da SemakavSirebel Senadnobebs Soris dasvelebis kuTxe  0, Tumca 
B4C-CuMn-is  SemTxvevaSi sruli dasveleba 100o-iT nakleb temperaturaze (1150oC) 
mimdinareobs. Cans, rom Termuli gafarToebs koeficienti farTo temperaturul intervalSi 

(300-800oC) ganicdis umniSvnelo cvlilebas. es warmoadgens winapirobas kompozitisgan  

damzadebuli nakeTobebis zomiTi mdgradobis SenarCunebisaTvis 
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nax. 4. B4C-CuMn keramikis Termuli gafarToebis koeficientis temperaturuli 
damokidebuleba 
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HETEROMODULUS  CERMETS BASED ON ULTRAFINE BORON CARBIDE  
 

Archil Mikeladze*, Marina Antadze*, Otar Tsagareishvili*, Archil Gacheciladze*, Domenti 
Gabunia*, Boris Margiev*, Tite Tsuladze*, Ketevan Sarajishvili, Roin Chedia 

                 

*Ferdinand Tavadze Institute of Metallurgy and Materials Science 
 

Boron carbide has unique physicochemical and mechanical properties such as: high modulus of elasticity, 
high value of a strength-to-density ratio, heightened wear-resistance in unfriendly environment, etc., 
however widespread use of the dense product of boron carbide in engineering is prevented by low impact 
strength, brittleness and low thermal conductivity of this material. Therefore recent efforts of the 
scientists working in this area of technology are focused on creating the so-called hetero-modulus metal-
ceramic composite materials comprised of high-modulus ceramic and a metallic phase as an elastic 
binder. Creation of effective boron carbide based hetero-modulus materials is possible when a) boron 
carbide has a high degree of dispersion; b) metallic binder has a high adhesion ability and low reactivity 
towards boron carbide. 
The developed technology for producing boron carbide based metal-ceramic materials provides pyrolysis 
(900-1100oC) of the precursors comprised of amorphous boron, carbon-chain polymers and appropriate 
metal salts. Each particle of the obtained powder contains of both - nanostructured components of boron 
carbide and of a binding metallic phase. The fabricated metal-ceramic product has heightened parameters 
of impact strength and thermal conductivity in parallel with the retained unique properties of boron 
carbide. 
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titanis karbidis fuZeze asali Senadnobebis miReba da kvleva 

 

roin Wedia,  nikoloz jalabaZe*, lili nadaraia*, irma jiniyaSvili, Tamar qorqia 

 

*saqarTvelos teqnkuri universiteti, struqturuli kvlevebis respublikur centri 

                                 
SemuSavebulia titanis karbidis fuZeze (Ti,W,Mo)C-Ni tipis sali Senadnobebis 
ultradispersiuli fxvnilebis miRebis teqnologia. titanis, volframis, molibdenis da 
kompleqsuri karbidebi miRebulia am metalTa araorganuli naerTebis (oqsidebis, 
karbonilebis, hidridebis, marilebis, kompleqsuri naerTebis da sxv.) urTierTqmedebiT 
organul naerTebTan, murTan da sxva makarbidizirebel naerTebTan. Kkarbidebis SemakavSirebel 

fazad gamoyenebulia kobalti da nikeli, romlebic miiRebian karbidizaciis procesSi maTi 
naerTebis aRdgeniT. Ddadgenilia, rom  (Ti,W,Mo)C-Ni  tipis sali Senadnobi advilad miiReba 
TiH2-WO3-MoO3-NiCl2

.6H2O-C sistemisagan 800-9500C-ze inertul atmosferoSi an wyalbadis 
areSi. Seswavlilia karbidizaciisas mimdinare procesebi Termuli (TG-DSC) da masspeqtrome-
truli analizis meTodebiT. dadgenilia, rom karbidizaciisas adgili aqvs wylis, naxSirbadis 

oqsidebis, naxSirwyalbadebis da sxva organuli naerTebis gamoyofas. Kkarbidebis fxvnilebi, 
aseve maTi konsolidaciiT miRebuli nakeTobebi Seswavlilia eleqtronuli maskanirebeli 
mikroskopiisa da rentgenofazuri analizis meTodebiT. 

 

salma Senadnobebma titanis karbidis fuZeze didi gamoyeneba hpoves mrewvelobaSi, rac 
ganpirobebulia maTi maRal saeqsploatacio TvisebebiT, rogoricaa maRali simtkice da 

sisale, eleqtro- da Tbogamtarebloba, dabali difuziis koeficienti, mxurvalmedegoba, 

radiaciuli mdgradoba da sxv [1-8]. maTi fizikur-meqanikuri Tvisebebis Semdgomi 
gaumjobeseba SeuZlebelia arsebuli tradiciuli samrewvelo meTodebiT.  sapatento da 

samecniero literaturis monacemebidan SeiZleba davaskvnaT,  rom karbidebis saeqsploatacio 

Tvisebebis mkveTri gaumjobeseba SesaZlebelia fxvnilebis nawilakebis zomis SemcirebiT (20-

100 nm), maTi konsolidaciis axali meTodebis damuSavebiT, matriculi karbidul FfazaSi 

sxvadasxva metalis SetaniT da sxv. amJamad cnobilia nanokristaluri karbidebis fxvnilebis 

miRebis ramodenime meTodi, maT Soris: meqano-qimiuri, plazmoqimiuri, naerTTa orTqlis 

daSlis, zol-gel, karbo- da alumoTermuli meTodebi [5-8]. 

adre Cvens mier damuSavebul iqna mTeli rigi metalTa karbidebis da SemakavSirebeli 

metaliis erdroulad miRebis meTodebi, romelic dafuZnebulia araorganuli da organuli 

naerTebis prekursorebis urTierTqmedebaze xsnarebSi an nalRobebSi 50-200oC  da miRebuli 
prekursorebis pirolizze 400-1000 oC inertul an wyalbadis atmosferoSi [9-17]. MmetalTa 

oqsidebis, marilebis, kompleqsuri da metalorganuli naerTebis urTierTqmedebiT iseT 

organul naerTebTan rogoricaa aminebi, rTuli eTerebi, halogennaxSirwyalbadebi, spirtebi 
da sxv, miiReba kazmebi, romelTa gaxurebiT warmoiqmneba TiC, WC, Mo2C, Ti-Ni, WC-Co, Mo2C-
Co da sxva karbidebi da sali Senadnobebi (nax. 1-4). 

rogorc avRniSneT, karbidebis saeqsploatacio Tvisebebis mkveTri gaumjobeseba 
SesaZlebelia matriculi karbiduli fazis meserSi sxvadasxva metalis atomis CanacvlebiT 

da rTuli karbidis miRebiT. amitom warmodgenili samuSaos mizans Seadgenda titanis 

karbidis fuZeze (Ti,Mo,W)C-Ni tipis rTuli karbidis fuZis mqone sali Senadnobis 

ultradispersuli  fxvnilebis miRebis meTodebis damuSaveba da karbidizaciisas mimdinare  

fizikur-qimiuri procesebis meqanizmebis kvleva Termuli da masspeqtrometruli analizis 

meTodebiT. 

titanis karbidis misaRebad ZiriTadad gamoiyeneba metaluri titanis, misi dioqsidisa da 

hidridebis fxvnilebi. DSeswavlilia TiH2-NiCl2
.6H2O-N4(CH2)6, TiH2-MoO3-NiCl2

.6H2O-
N4(CH2)6,   TiH2-WO3-NiCl2.6H2O-N4(CH2)6,  TiH2-MoO3-WO3-NiCl2.6H2O-N4(CH2)6,  Ti-MoO3-
WO3-NiCl2.6H2O-N4(CH2)6 sistemebis karbidizacia. Ddadgenilia, rom makarbidizirebel 

agentad urotropinis (N4(CH2)6) gamoyenebisas 800-900
oC- ze miiReba TiC-Ni, (Ti,Mo)C-Ni, 

(Ti,W)C-Ni da (Ti,Mo,W)C-Ni tipis sali Senadnobebi.  
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(Ti,Mo,W)C-Ni tipis sali Senadnobebis sinTezi SesaZlebelia metalebis fxvnilebis da 

naxSirbadis (pirolizuri muri, grafiti) narevis gaxurebiT inertul atmosferoSi an maTi 

karbidebis Txevad fazuri Secxobis meTodiT metaluri nikelis Tanaobisas. Cvens mier 

dadgenilia, rom zemoTaRniSnuli sali Senadnobebis miReba 

 

                     
nax. 1. titanis karbidis fuZis mqone 

nanokristaluri sali Senadnobis (Ti,Mo,W)C-Ni  
fxvnilis rentgenodifraqtograma 

nax. 2. amoniumis molibdatisa da volframatis 
anilinTan urTierTqmedebiT miRebuli prekur-
sorebis piroliziT sinTezirebuli nanokri-

staluri fxvnilebis rentgenodifraqtogramebi: a) 
Mo2C-Ni, b) WC-Co 

 

                 
nax. 3. (NH4)2TiF6-C6H5NH2 (anilini) da 

(NH4)2TiF6-C6H5NH2-NiCl2
.6H2O sistemebisagan 

miRebuli nanokristaluri karbidebis fxvnilebis 
rentgenodifraqtogramebi:  a) TiC  da b) TiC-Ni 

nax. 4. titanis hidridis da urotropinis 
urTierTqmedebiT miRebuli sxvadsxva tipis sali 

Senadnobebis rentgenodifraqtogramebi:  a) TiC-Ni, 
b) TiC-Ni-Mo, c) TiC-Ni-W, d) TiC-Ni-Mo-W; e) 

TiC-Ni-Mo-W – Secxobili 1450 оС, f) TiC-Ni-Mo-
W  miRebuli metaluri titanis gamoyenebiT 

 
SesaZlebelia iseTi xelmisawvdomi naerTebidan rogoricaa titanis hidridi, 

molibdenisa(VI) da volframis(VI) oqsidebi. karbidizaciis procesSi Mmetaluri titanis 

fxvnilis nacvlad titanis hidridis gamoyenebas mTeli rigi upiratesoba aqvs. titanis 

hidridi karbidizaciis procesSi iSleba aqtiuri metaluri titanisa da wyalbadis 
gamoyofiT. wyalbadi xels uwyobs metalTaAoqsidebis da nikelis qloridis aRdgenas 

metalamde da Sesabamisad  karbidizaciis procesis gaaqtivebas.  TiH2-MoO3-WO3-NiCl2
.6H2O-

C sistemaSi mimdinare fizikur-qimiuri procesebi Seswavlilia Termuli analizisa da 

masspetrometruli analizis meTodebiT.  Mmasis cvlileba da siTburi efeqtebi aRiricxeboda 
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NETZSCH model STA 449 Jupiter®  Termuli analizatoriT, xolo karbidizaciis procesSi 

gamoyofili gazebis analizi xdeboda Termul analizatorTan Sewyvilebuli  NETZSCH QMS 
403 Aeolos sistemis masspeqtrometriT (nax.5). 

  
 

N 
 

 
 

 

 
 

nax. 5. NETZSCH model STA 449 Jupiter®  
Termuli analizatoris da masTan 

Sewyvilebuli NETZSCH QMS 403 Aeolos 

sistemis masspeqtrometris sqema. 
 
 

200 400 600 800 1000 1200 1400
Temperature /°C

0
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4

6

8
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DSC /(mW/mg)
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80
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105

TG /%

-20

-15

-10

-5

0

DTG /(%/min)

Sample: S305
587.3 °C

559.6 °C
665.2 °C

756.8 °C 1042.8 °C

1055.5 °C
1162.0 °C

194.7 °C
369.5 °C

-5.84 %

-0.93 %

-3.10 %

-6.28 %

-0.38 %

1.01 %
1.64 %

-1.86 %

-1.65 %

-2.73 %
194.7 °C

556.9 °C

584.1 °C

674.2 °C

778.5 °C

1046.4 °C

1302.2 °C1152.9 °C

180 J/g
-55.1 J/g

88.5 J/g 631 J/g

-64.5 J/g -245 J/g

98.7 J/g

1074.9 °C

332 J/g

  exo

 
nax. 6. TiH2-MoO3-WO3-NiCl2

.6H2O-C nimuSis  masis cvlilebis (TG), masis cvlilebis siCqaris (DTG) 
da siTburi nakadis siCqaris (DSC) damokidebuleba temperaturaze. 
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rogorc naxazidan 6 sCans, TiH2-MoO3-WO3-NiCl2
.6H2O-C nimuSis gacxelebiT 700 oC-mde 

SeiniSneba masis Semcirebis xuTi safexuri, xolo masis gazrda xdeba 700-1050oC 
temperaturul intervalSi. Mmasis maqsimaluri da minimaluri cvlilebis siCqare 

dafiqsirebulia 195°C, 370°C, 560°C, 587°C, 665°C, 757°C, 1043°C, 1056°C da 1162°C-ze. nax.6-
ze aRiniSneba ramodenime endoTermuli da egzoTermuli efeqti, romelic korelaciaSia  
Mmasis cvlilebasTan. 

TiH2-MoO3-WO3-NiCl2
.6H2O-C kazmis nimuSis  karbidizaciisas masis cvlilebis yovel 

safexurs Tan axlavs garkveuli nivTierebebis gamoyofa(nax.7,8). Mmasspeqtrometruli 

analiziT dafiqsirebulia molekuluri ionebi m/e mniSvnelobiT 18, 32, 35, 36, 37, 38, 39, 41, 
42, 43, 44, 45, 48, 55, 56, 57 da 64.  masuri ricxvi 18, 32, 44 miuTiTebs gamoyofil gazebSi 

Sesabamisad wylis, Jangbadis da naxSirbadis (IV) oqsidis arsebobaze. Ees ukanaskneli 

maqsimaluri raodenoboT gamoiyofa 500-600°C da 1000-1200°C temperaturul intervalSi, 
rac aixsneba oqsidebis naxSirbadiT aRdgeniT da maRal temperaturaze naxSirbadis 

zedapirze arsebuli karboniluri CO jgufebis disproporcirebiT  2CO  C + CO2. 
gamoyofili CO2 Tavismxriv Jangavs 1000-1200°C-ze warmoqmnil karbidebs da Sesabamisad 

adgili aqvs masis zrdas da egzoTermul efeqts. nimuSis masis Semcireba 1100-1400°C-ze 
dakavSirebulia oqsidebis marcvlebis Sida nawilebis karbidizaciasTan, rac mtkicdeba CO2 

gamoyofiT. masspeqtrometrulad registrirebuli masuri ricxvebi 39, 41, 42, 43, 45, 55, 56 
da 57  ekuTvnis iseT molekulebs an maT fragmentebs, rogoricaa C3H3, C3H5, C3H6, C3H7, 
C2H5O, C4H7, C4H8 da C4H9.  aqroladi organuli naerTebi  miiReba titanis hidridis 

daSliT(400-800°C) da gamoyofili wyalbadis meSveobiT naxSirbadis hidrogenizaciiT. 

Sesabamisad  35, 36, 37 da 38 ekuTvnis qloris izotopebsa da HCl, xolo masuri ricxvebi   48 
da 64 ekuTvnis SO da  SO2.  kazmSi gogirdis wyaroa sulfaturi minarevebi, romlebic 

iSlebian 900°C zeviT SO2–is gamoyofiT, romelic CO2-is msgavsd Jangavs warmoqnil 
karbidebs. 
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0
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-0.93 %
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-0.38 %

1.01 %

1.64 %

-1.86 %

-1.65 %

-2.73 %

347.3 °C

538.0 °C

992.0 °C

1106.2 °C

1159.0 °C
192.5 °C

337.6 °C

540.9 °C

606.5 °C

 

 
nax. 7. TiH2-MoO3-WO3-NiCl2

.6H2O-C nimuSis  masis cvlilebis (TG) damokidebuleba 

temperaturaze da gamoyofili O2  da  CO2 masspeqtrometruli analizi. 
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amu 64
amu 48

-5.84 %

-0.93 %

-3.10 %

-6.28 %

-0.38 %

1.01 %
1.64 %

-1.86 %

-1.65 %

-2.73 %

1050.9 °C

 
 

nax. 8. TiH2-MoO3-WO3-NiCl2
.6H2O-C nimuSis  masis cvlilebis (TG) damokidebuleba 

temperaturaze da gamoyofili SO  da  SO2 masspeqtrometruli analizi. 

 
karbidebis Ffxvnilebis konsolidacia ganxorcielda naperwkaluri plazmuri sinTezis 

meTodiT [14-19]. maTi mikrostruqtura Seswavlilia eleqtronuli maskanirebeli 

mikroskopiT nanolab-7.  fxvnilebisa da konsolidirebuli nimuSebis fazuri analizi 

Catarebulia rentgenul difraqtometrze  XZG-4A.                                
 

 
literatura – REFFERENCES 

 
1. Г.В.Самсонов, Г.П.Упадхая, В.С.Нешпор. Физическое материаловедение карбидов. Киев: 

Наукова думка (1974). 
2. О.С.Кипарисов, Ю.В.Левинский, А.П.Петров. Карбид титана. Получение, свойства, 

применение. Москва: Металлургия (1987). 
4.  Т. Я. Косолапова. Карбиды. Металлургия (1968). 

5.   D.W.Lee, Ji-H. Yu, J.Y. Yun, F.R. Turaev, T.H. Lim T. Jang. J. Cer. Proces. Res., 2008, 9, 407-410.  
6.   J. Xie, X. Duan, G. Shao, Z. Yi, J. Li, R. Yuan, J. Guo. Rev. Adv. Mater. Sci. 2003, 5, 287-291. 
7.   X. Wang, J. Lu, P. Gou, Y. Xie. Chem. Let., 2002, 31, 820 
8.  S.Adachi, T. Wada, T. Mihara, Y. Miyamato, M. Koizumi, O. Yamada. J. Am. Cer. Soc., 2005, 72, 

805-809 
9. N. Jalabadze, A. Mikeladze, R. Chedia.  New Technology for the   Manufacturing of Nanocrystalline 

Materials, Proceedings Second IEEE Conference on Nanotechnology – IEEE-NANO’2002, Aug. 26-
28, 2002, Washington DC,USA, 273-276;  

10.  r.Wedia. q. kurcxalia, n. jalabaZe, a. miqelaZe, a. doliZe. saq. mec. Aakad. macne, qimiis 

seria, 2003, 29(1-2), 26-29. 
11. N. Jalabadze, A. Mikeladze and R. Chedia. Technology for the Manufacturing of Nanocrystalline 

Transition Metal Carbides and Hard Alloys. Materials Week 2002, ICM – International Congress, 30 
Sep. – 2 Oct., 2002, Munich, Germany. 

12.  jalabaZe n.v., miqelaZe a.g., Wedia r.v. saqarTvelos sainJinro siaxleni. 2003, 1, 76-80..  
13. Development of New Nanocrystalline Hard Metals. 3rd Korea Workshop on Material Science, 27 

June-2 July, 2004, Changwon, Republic of Korea 



petre meliqiSvilis fizikuri da organuli qimiis institutis Sromebi                                 2011 
 

 58 

14. N. Jalabadze, A. Mikeladze, R. Chedia, T. Kukava, L. Nadaraia and L. Khundadze. Development of 
New High Performance Nanocrystalline Hard Metals.  Nanotech., 2008. NSTI Nanotechnolgy 
Conference and Trade Show. June 1-5, 2008, Boston, MA,  

15.  N.Jalabadze, R.Chedia, T.Kukava, L.Nadaraia, L.Khundadze. Nanotech., 2008, 1, 213-216 
16.   N. Jalabadze, L. Nadaraia, A. Mikeladze, R. Chedia, T. Kukava, L. Khundadze.  Nanotech., 2009. 1, 

67-70; 
17. Mikeladze A.G., Gachechiladze A.A., Tsagareishvili O.A., Gabunia D.L., Chedia R.V.,  Antadze 

M.E. C 125. Preparacion and compaction of compozite nanopowders of metal carbides. Sixth Int. 
conf.  Materials and Coatings for Extreme Performansces: Investigations, Applications, Ecologically 
Safe Technologies for Their Production and Utilization. 20-24 september, 2010,  Big Yalta, Crimea, 
Ukraine.  

18. А.И. Райченко. Основы процесса спекания порошков пропусканием электрического тока. 
Москва: Металлургия (1987). 

19. А.Гачечиладзе, А. Микеладзе, Б. Маргиев, Р. Чедия, Т. Цуладзе, Р. Зеналашвили, О. 
Цагареишвили Д. Габуния. Nano Studies,  2010, 2, 23-29.   

 
 

      
OBTAINING OF HARD ALLOYS ON TITANIUM CARBIDE BASE  

AND THEIR INVESTIGATION 
 

Roin Chedia, Nikoloz Jalabadze*, Lili Nadaraia*, Irma Jinikashvili, Tamar Korkia  
 

*Republic Center for Structure Researches, Georgian Technical University 
 

SUMMARY 
 

Technology for obtaining of nano powders of (Ti,W,Mo)C-Ni-type hard alloys on titanium carbide base is 
elaborated. Titanium, tungsten, molybdenum and complex carbides are obtained by interaction of 
inorganic compounds of these metals (oxides, carbonyls, hydrides, salts, complex compounds, etc.) with 
organic compounds, carbon black and other carbonizing compounds. Cobalt and nickel obtained during 
carbonization process by reduction of their compounds are used as joining phase for carbides. It is 
ascertained that hard alloys of (Ti,W,Mo)C-Ni type can be easily obtained from TiH2-WO3-MoO3-
NiCl2

.6H2O-C system at 800-9000C in inert atmosphere or in hydrogen medium. 
Processes taking place during the course of carbonization are studied by thermal (TG-DSC) and 
mass-spectrometric methods. It is ascertained that during carbonization occurs liberation of water, carbon 
oxides, carbohydrates and other organic compounds. Carbide powders and articles obtained by their 
consolidation are studied by methods of Scanning Electron Microscopy and XRD analyses. 
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saqarTveloSi yurZnis zeTis warmoebis SesaZleblobis gamokvleva 
 

vladimer ciciSvili, mzia cicagi 
 

petre meliqiSvilis fizikuri da organuli qimiis institutSi, 2008_2010 wlebSi, 

mimdinareobda samuSaoebi proeqtze “qarTuli saRvine yurZnis wipwidan zeTisa da 

antioqsidantebis eqstraqcia superkritikuli fluidebis gamoyenebiT”, romelic 
dafinansebuli iyo saqarTvelos erovnili samecniero fondis mier da miznad isaxavda oTxi 

qarTuli saRvine jiSis yurZenis (saferavi, rqawiTeli, aladasturi, izabela) wipwidan 
superkritikuli eqstraqciiT zeTis gamoyofas, eqstraqciis optimaluri pirobebis (wneva, 

temperatura, nakadia siCqare), nedleulis damuSavebisa da Senaxvis pirobebis dadgenas, 

eqstahirebuli zeTis analizs da misi Tvisebebis Seswavlas.  
superkritikul fluidad gamoyenebuli iyo CO2, statikuri eqstraqciis optimaluri 

pirobebi: 1 saaTi 150 atm wnevaze, dinamiuri eqstraqciis – 2 sT, 300 atm, 60oC, nakadis 
siCqare 2 ml/wT. am pirobebSi superkritikuli eqstraqcia uzrunvelyofs zeTis 90%-ze 

metis miRebas, gamosavali damokidebulia yurZnis jiSze da sezonze, agreTve nedleulis 

momzadebis pirobebze. dadginda, rom zeTis yvelaze didi SemcvelobiT gamoirCeva “saferavi” 

da “rqawiTeli” [1-4].    

miRebuli Sedegebis safuZvelze Catarebulia saqarTveloSi yurZnis zeTis warmoebis 

SesaZleblobis gamokvleva, rac aris konkretuli biznes-gegmis Sedgenis aucilebeli 

pirveli safexuri da romelic iTvaliswinebs Semdeg ZiriTad sakiTxebs: 

 miznobrivi produqtis – yurZnis (wibwis) zeTis marketingul aRweras, rac moicavs 

zeTis fizikur-qimiur da samomxmareblo maxasiaTeblebs, mis adgils mcenareuli zeTebis 

bazarze, fasebsa da sarealizacio qselebs; 

 teqnologiur aRweras – yurZnis wipwidan zeTis miRebis dros mimdinare procesebsa da 

maTi ganxorcielebisaTvis saWiro danadgarebs, aseve nedleulsa da resursebebs 

warmoebis funqcionirebis uzrunvelsayofad. 
saqarTveloSi Sesabamisi warmoebis Seqmnisa da funqcionirebis pirobebTan dakavSirebuli 

sakiTxebi (nebarTvebi, SeTanxmebebi, licenziebi, import/eqsporti, gadasaxedebi da sxva) 
regulirdeba saqarTvelos kanonmdeblobiT da kargadaa cnobili biznes-samyaroSi. SeiZleba 

iTqvas, rom am TvalsazrisiT saqarTveloSi yurZnis zeTis warmoebis Seqmna-funqcionirebis 

xelSemSleli faqtorebi ar arsebobs rogorc rezidenti, ise ararezidenti (ucxoeli) 
invetorisaTvis, Sesabamisi RonisZiebebis ganxorciebisaTvis saWiro danaxarjebi 

gaTvaliswinebulia “SesaZleblobis gamokvlevis” finansur nawilSi. 

aseve, yurZnis zeTis warmoebis Seqmna-funqcionirebasTan dakavSirebuli garemos dacvis 
sakiTxebi ganxilulia da gaTvaliswinebulia msoflio bankis Sesabamisi rekomendaciebis 

2007 wels ganaxlebuli versiis [5] Tanaxmad. 

 

yurZnis zeTis maxasiaTeblebi 

yurZnis wipwidan miRebuli zeTi warmoadgens 

msubuq zeTs, mis qimiur SemadgenlobaSi Warbobs 

linoleinis da oleinis mJaveebi, najerebidan 

warmodgenilia palmitinis da stearinis mJaveebi, 

mcire raodenobiT aris ω-3 tipis α-linoleinis 

mJava da ω-7 tipis palmitoleinis mJava. zeTSi aris 
biologiurad aqtiuri nivTierebebi – 

tokoferolebi, steroidebi (kampesteroli, β-
sitosteroli, sigma-steroli), vitamini E. qarTuli 
saRvine yurZnis zeTis Semadgenloba Seswavlilia 

zemoT aRniSnuli proeqtis farglebSi, Sedegebi mowmobs, rom adgilobrivi nedleulidan 
miiReba zeTi, romelic am TvalsazrisiT yvela cnobil standarts pasuxobs.  
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yurZnis zeTs TiTqmis ara aqvs gemo da suni, zogierT nimuSs axasiaTebs sasiamovno 

“nigvzismagvari” aromati, sakvebi RirebulebiT yurZnis zeTi ar gansxvavdeba sxva mcenareuli 

zeTebisagan. zogierTi eqspertis azriT, franguli samzareulos “saidulmo” aixsneba 

kerZebSi yurZnis zeTis danamatebiT. yovel SemTxvevaSi, evropeli da amerikeli 

momxmareblebisaTvis yurZnis zeTi ukavSirdeba “jansaRi” kvebis da cxovrebis stils, Tumca 

am azris CamoyalibebaSi didia marketologebis damsaxureba. aRsaniSnavia, rom yurZnis zeTs 
aqvs sakmaod maRali bolis warmoqmnis temperatura (utoldeba gansakuTrebiT rafinirebuli 

zeiTunis da avokados zeTebis maCveneblebs), rac ganapirobebs kartofilis, xorcis, Tevzis 

da sxva produqtebis SewvisaTvis misi mravaljeradi gamoyenebis SesaZleblobas, rac 
kategoriulad dauSvebelia sxva zeTis SemTxvevaSi.  

yurZnis zeTis SemadgenlobaSi Semavali linoleinis mJava akontrolebs kanis sinotives 

da misi regeneraciisa da restruqturizaciis unarianobas, rac ganapirobebs kosmetikaSi 
yurZnis zeTis gamoiyenebas. 

 

yurZnis zeTis marketinguli maxasiaTeblebi 

mcenareuli zeTebis bazarze saerTo wliuri moculobiT 120 milioni tonis doneze 

yurZnis zeTs aqvs Zalze mcire niSa – dRes misi wliuri moxmareba odnav aRemateba 1 

milion tonas, Tumca 2004 wlidan aRiniSneba am zeTis moxmarebis zrda sakmaod maRali 

tempiT, rac ar SeiZleba iTqvas zeiTunis zeTis Sesaxeb – misi gacilebiT ufro maRali 

moxmareba praqtikulad stabiluri rCeba, xolo avokados zeTis moxmareba izrdeba 

gacilebiT ufro dabali tempiT. 

yurZnis zeTis asortimentis pirveladi klasifikacia ganisazRvreba produqtis miRebis 
xerxiT – “gamoxdili” zeTi da “eqstrahirebuli” zeTi. gamoxdili zeTi miiReba “cxeli” da 

“civi” gamowurviT. pirveli xerxi uzrunvelyofs maRal gamosavals, magram SedarebiT 

dabali xarisxis produqts – teqnikur zeTs, romelic gamoiyeneba sapnis da sxva 
produqtebis misaRebad, aseve sakveb zeTs. umaRlesi xarisxis sakvebi zeTi miiReba civi 

gamowurviT, Tumca am xerxiT miRebuli zeTis umetesi nawili gamoiyeneba kosmetikaSi. 
yurZnis wipwidan zeTis eqstrahirebisaTvis organuli gamxsnelebi ar gamoiyeneba, procesi 

mimdinareobs superkritikul garemoSi (detalebi – m.cicagis nawilSi), am gziT miRebuli 

zeTi gamoiyeneba rogorc sakvebi, kosmetikuri da samedicino. 
yurZnis zeTis warmoeba arde ZiriTadad xorvieldeboda meRvineobis tradiciebis mqone 

qveynebSi – italia, safrangeTi, espaneTi. kargad cnobilia ungruli Rvinoebi – tokai da 

sxva, magram ungreTSi yurZnis zeTis warmoebas aqvs sul 4-5 wlis istoria. dRes yurZnis 
zeTs awarmoebs a.S.S. (kalifornia), Cile, argentina da sxva qveynebi. evropuli da amerikuli 

yurZnis sakvebi zeTis sabiTumo (an warmoebis – ex works) fasebi – erT litrze 

gadaangariSebiT 6 evrodan (“fondius” zeTi Tunukis WurWelSi) 60 evromde (mcire 

moculobis minis boTlebSi). 

gacilebiT ufro iafia produqcia CineTidan, sadac muSaobs oTxi msxvili da 

ormocdaaTamde mcire da saSualo sawarmoo. garda amisa, evropeli mwarmoeblebisagan 

gansxvavebiT, Cinuri kompaniebis mier bazarze gamotanilia specialuri kosmetikuri zeTi da 

kafsulebSi dafasoebuli zeTi. SedarebiT iafia afrikaSi warmoebuli zeTi. 

evropis da amerikis hipermarketebsa da qselebSi yurZnis zeTi warmodgenilia farTo 

asortimentiT, Tumca produqtebis yvelaze didi raodenoba modis SedarebiT dabali fasis 
“cxeli gamowurvis” zeTze, romelic dafasoebulia 1 litrze meti moculobis Tunukis an 

plastmasis konteinerebSi, xolo maRali xarisxis “civi gamowurvis” yurZnis zeTis 

asortimenti SezRudulia, Tu ar CavTviT sakmaod maRali fasis zeTebs. 
 

yurZnis zeTis warmoeba 
rogorc sxva mcenareuli zeTebis, yurZnis zeTis warmoeba iTvaliswinebs nedleulis 

momzadebis, zeTis miRebis (gamowurva an eqstrahireba), nedli zeTis damuSavebisa da 

Camosxmis stadiebs. nedleulis momzadebis ZiriTadi mizania – wipwis gaSroba, 



petre meliqiSvilis fizikuri da organuli qimiis institutis Sromebi                                 2011 
 

 61 

energoresursebis moxmareba am SemTxvevaSi odnav aRemateba im xarjs, rac gaTvaliswinebulia 

mzesumziras Teslis gadamuSavebis teqnologiiT, igive SeiZleba iTqvas wipwis dapresvis, 

“cxeli gamowurviT” miRebuli nedli zeTis damuSavebisa da Camosxmis operaciebis Sesaxeb. 

aRsaniSnavia, rom gaSrobis Semdeg wipwa eqvemdebareba sakmaod xangrZliv Senaxvas, rac xsnis 

warmoebis sezonurobis problemebs. 

wipwis dapresva SesaZlebelia praqtikulad nebismier danadgarze, romelic Cveulebrivad 
gamoiyeneba mzesumziras, zeiTunis da sxva Txevadi mcenareuli zeTebis gamowurvisaTvis. 

msoflioSi aris mravali kompania, romelic awarmoebs rogorc presebs, ise kombinirebul 

xazebs, romlebic zeTis miRebis yvela stadias uzrunvelyofs. evropuli danadgarebi 
sakmaod Zviria, SedarebiT iafia Cinuri warmoebis danadgarebi, Tumca ufro racionaluri 

gvevlineba odnav ufro ZviradRirebuli, magram universaluri Turquli xazebi, romlebic 

damzadebulia evropuli teqnologiebis gamoyenebiT. xelmisawvdomia danadgarebi 
mwarmoeblurobiT 1,5 litridan aTas litramde saaTSi, eleqtroenergiis moxmareba erT 

litrze gadaangariSebiT – 0,25-dan 1,2-mde kvt.sT. 

 

saqarTvelos resursi yurZnis zeTis warmoebisaTvis 

saqarTvelos statistikis departamentis mier aRricxuli yurZnis mosavali 2008 da 

2009 wlebSi aRwevda 200 aTas tonas, aqedan qarxnebSi gadamuSavebuli iyo daaxloebiT 100 

aTasi tona da yovelwliurad grovdeboda 20 aTasi tona narCeni, saidanac SesaZlebeli iyo 

15 aTasi tona wipwis momzadeba zeTis gamosaxdelad, rac sakmarisia yurZnis zeTis 

daaxloebiT 2 milioni litris misaRebad. 

 
saqarTveloSi yurZnis zeTis warmoebis modeli 

yurZnis zeTis warmoebis amoqmedebisa da funqcionirebis finansuri analizi Catarda 

martivi modelis farglebSi, romelic iTvaliswinebs Semdeg parametrebs: nedleuli – 
Rvinis qarxnebSi dagrovili wipwa, 2 aTasi tona weliwadSi, rac mosavlian wlebSi 

nedleulis Sefasebuli maragis 10%-s Seesabameba; qarxnis konfiguracia iTvaliswinebs 
gamoxdis/eqstrahirebis standartuli avtomaturi danadgariT, nedleulis momzadeba, 

Camosxna da sxva operaciebi ganxorcieldeba naxevrad avtomatur reJimSi; sainvesticio 

danaxarjebSi gaTvaliswinebulia qarxnis daproeqteba, mSenebloba, aRWurva, danadgarebis 
SeZena, Camotana, gaSveba da pirveli sami Tvis operatiuli danaxarjebis dafarva; sawarmoo 

danaxarjebis Sefaseba – sapasporto da saangariSo monacemebis mixedviT moqmedi tarifebis 

farglebSi; realizacia – weliwadSi 250.000 litri pet-boTlebSi Camosxmuli zeTi; 
Semosavali – qarxnis fasidan (1.6 $/l) gamomdinare. 

miRebuli modelis farglebSi Sefasebilia sawarmoo danaxarjebi: zeTis 1 tonaze 

gadaangariSebiT gamoxdis SemTxvevaSi – $1250, xolo eqstrahirebis SemTxvevaSi – $1450, 
rac zeTis 1 litris TviTRirebulebas $0,94 (gamoxda) da $1,04 (eqstrahireba) Seesabameba. 

warmoebis SenarCunebasaTvis aucilebeli “mudmivi” danaxajebisa da produqciis 

moculobaze damokidebuli “cvalebadi” danaxajebis modeluri gansazRvris (cxrili 1) 

safuZvelze dadgenilia udanakargobis wertilebi – produqciis minimaluri moculoba, 

romlis realizaciis Sedegad miRebuli Semosavali faravs sawarmoo danaxarjebs mogebis 

gareSe ) wertilebi gansazRvrulia mudmivi da cvalebadi danaxarjebis   

analizi udanakargobis wertilebis mixedviT miuTiTebs, rom gamoxdis SemTxvevaSi 
qarxnis mwarmoebluroba unda aRematebodes 400 litrs weliwadSi, xolo eqstrahirebis 

SemTxvevaSi – 800 litrs weliwadSi. amgvarad, mcire sawarmoc SeiZleba iyos rentabeluri 

da momgebiani. 
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sainvesticio danaxarjebi Sefasebulia qarxnisTvis wliuri mwarmoeblurobiT 200 tona 

mza produqti, gamosaxdeli danagaris gamoyenebis SemTxvevaSi saWiroa daaxloebiT $290.000, 
eqstrahirebis danagaris gamoyenebis SemTxvevaSi – daaxloebiT $425.000. 

mogeba-zaralis prognozis mixedviT gaangariSebulia balansi (naxazi 1), zeTis gamoxdis 

SemTxvevaSi warmoeba dafaravs sainvesticio danaxarjebs funqcionirebis dasawyisidan 15 – 

18 Tvis, daaxlobiT weliwad naxevris Semdeg, eqstrahirebis SemTxvevaSi – 32 – 35 Tvis, 

daaxloebiT ori weliwad naxevris Semdeg. 

 

 
naxazi 1. prognozuli mogeba-zaralis balansi kvartlebis (I – IV) mixedviT zeTis 

gamoxdisa da eqstrahirebis teqnologiebisaTvis 

 

ganxilulia marketinguli TvalsazrisiT ufro sarisko modeli – warmoeba 

orientirebulia eqstrahirebis gziT miRebuli maRali xarisxis zeTis warmoebaze, romelic 

dafasoebuli iqneba specialuri dizainis SedarebiT mcire moculobis minis boTlebSi. am 
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variantSi sainvesticio danaxarjebi izrdeba daaxloebiT $500.000-mde Camosxmis, 

etiketirebisa da SefuTvis avtomaturi xazis SeZenis xarjze. erT litrze gadaangariSebiT 

$5 fasad produqciis realizaciis SemTxvevaSi sainvesticio danaxarjebis dafarva 

SesaZlebeli iqneba erT weliwadSi. 

 
yovel SemTxvevaSi, saqarTveloSi SesaZlebelia yurZnis zeTis momgebiani warmoebis 

amoqmedeba, xolo racionaluri variantis SerCeva – qarxnis mwarmoebluroba, zeTis miRebis 
xerxi (gamoxda an eqstrahireba) da sxva detalebi damokidebulia konkretul situaciaze, 

adgilmdebareobaze, dafinansebis wyaroze da sxv. 
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FEASIBILITY STUDY OF GRAPE SEED OIL PRODUCTION IN GEORGIA 

Vladimer Tsitsishvili, Mzia Tsitsagi  
SUMMARY 

Feasibility study of grape seed oil production in Georgia has been carryed out, including product 
marketing mix (product, price, promotion, place), consideration of required raw materials and resources, 
financial model of grape seed oil production SME (investment and operation costs, break-even point 
analyses, income, profit and loss statement, financial balance).   
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α-pinenis Semcveli mcenareuli nedleulis sxvadasxva sinTezisaTvis 
gamoyenebis SesaZleblobebi 

 
leila tatiaSvili, nino nonikaSvili, nana weroZe, irma miqaZe, nino qavTaraZe,  

liparit doliZe, Teimuraz uCaneiSvili, avTandil doliZe 

 
mcenareuli warmoSobis anarCenebidan praqtikulad sasargeblo naerTebis miReba aqtualuri 

problemaa. kerZod, mcenareuli anarCenebis gadamuSavebis Sedegad miRebuli zeTebis 
SemadgenlobaSi umetesad α-pinenia. mis safuZvelze SesaZlebelia miRebul iqnas samkurnalo, 
biologiurad aqtiuri, surnelovani da sxva daniSnulebis naerTebi. 

 

wiwvovani mcenareebis gadamuSavebis narCenebidan gamoyofili terpentinuli zeTis 

(skipidaris) Semadgeneli ZiriTadi nawili α-pinenia - [2,2,6-trimeTilbiciklo(3,1,1-hepten)-2], 

romlis Semdgomi gardaqmniT SesaZlebelia praqtikulad sasargeblo naerTebis miReba.  

aRniSnuli zeTi ufero an moyviTalo feris siTxea, damaxasiaTebeli, fiWvis suniT. igi 

iwarmoeba terpentinuli zeTebisagan, rac Tavis mxriv warmoadgens wiwvovani mcenareebisagan 

gamoyofil masas – Txevad fiss. es rTuli narevi kargad ixsneba organul gamxsnelebSi: 

dieTilis eTerSi, acetonsa da eTanolSi. wyalSi uxsnadia. igi warmoadgens  aqrolad 

naerTs da miekuTvneba eTerzeTebis im kategorias, romlebic advilad iJangebian haerze da 

Rebuloben yviTel Seferilobas. amasTan misi konsistencia xdeba ufro blanti. 
terpentinuli zeTi gamoiyeneba, rogorc laqebis, saRebavebisa da emalis gamxsneli. agreTve 

igi aris nedleuli, iseTi Zvirfasi produqtis misaRebad, rogoricaa: kamfara, fiWvis zeTi, 

inseqticidebi, surnelovani nivTierebebi, parfiumeruli kompoziciebi, kosmetikuri nawarmi 
da sxva [1-4]. 

terpentinuli zeTebi minarevebis saxiT Seicaven araaqrolad fisisebur mJavebs, 
kanifolsa da wyals. swored es zeTebia gamoyofili gamyarebuli saxiT wiwvovani 

mcenareebis qerqis dazianebul adgilebze, rac icavs xes mavne organizmebis SeRwevisagan. 

warmoebis meTodebis mixedviT ansxvaveben ramodenime saxis zeTs. terpentinuli miiReba 
eTerzeTidan aqroladi nawilis gamoxdiT – kanifolis warmoebisas. eqstraqciuli zeTi 

miiReba  fisovani nivTierebidan organuli gamxsnelebiT (benziniT) gamowvlilvis Sedegad. 

sulfaturi da sulfituri ki – wiwvovani mcenareebis naxerxis xarSvisas miRebuli 
orTqlis kondensaciiT. mSralad gamoxdili skipidari iwarmoeba nedleulis Termuli 

damuSavebiT, romlisaganac SemdgomSi miiReba eqstraqciuli skipidari [5,6]. 

terpentinuli zeTi reaqciisunariani nivTierebaa: advilad iJangeba haerze, gansakuTrebiT 

sinaTleze. sxvadasxva koncentrirebul damJangavebTan urTierTqmedebisas xSirad ganicdis 

TviTaalebas. reagirebs agreTve halogenebTan, halogenwyalbadebTan, azotis oqsidTan da 

sxva. 

terpentinuli zeTis SemadgenlobaSi Sedis: α- da β-pinenebi, 3-kareni, kamfeni, mirceni, 
dipenteni, limoneni, terpinoleni, cimoli da sxva. α-pineni bicikluri terpenia. 

saxelwodeba pineni warmodgeba sityva Pine-dan, rac naZvs niSnavs. pinenebi mwerebis qimiuri 
komunikaciis mniSvnelovani regulatorebi arian. pinenebs, aseve Seicavs sxva mravali 
mcenaris eTerzeTic, magram maTi miRebis ZiriTad wyaros warmoadgens zogierTi wiwvovanis, 

ZiriTadad ki naZvis merqani. terpenuli zeTis Semadgenloba ganpirobebulia im botanikuri 

saxeobiT, saidanac aris igi miRebuli. α-pineni umeteswilad (80%-mde) aris zeTSi, romelis 

miiReba xis anarCenebis gamoxdiT wylis orTqlis meSveobiT [7]. 

α-pineni warmoadgens iaf da xelmisawvdom nedleuls mTeli rigi Zvirfasi produqtebis 

misaRebad. sainteresoa α-pinenis JangbadSemcveli warmoebulebi, romlebic gamoiyenebian 

rogorc surnelovani nivTierebebi, agreTve arian Sualeduri produqtebi Semdgomi organuli 

sinTezebisaTvis. mag. verbenoli SesaZloa gamoyenebul iqnas citralisa da menTolis, xolo  

α-pinenis da kamfolenis aldehidi – sandalorisa da bramanolis sinTezSi. α-pinenis epoqsidi 
warmoadgens epoqsiduri fisebis erT-erT komponents [8]. 
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α-pinenis daJangva SesaZloa mimdinareobdes, rogorc naxSirbaduli ConCxis SenarCunebiT, 
aseve bicikluri sistemis daSliT. misi molekula Seicavs reaqciis unaris mqone ramodenime 

jgufs da reaqciis Catarebis pirobebidan gamomdinare SesaZloa daiJangos sxvadasxva 

mimarTulebiT. α-pinenidan surnelovani nivTierebebis miRebis erT-erT xerxs warmoadgens 

oTxwevriani pinanuri ciklis gaxsna, rac SeiZleba perspeqtiuli meTodi gaxdes, iseTi 

Zvirfasi nivTierebebis misaRebad, rogoric aris citrali da menToli.  

organuli mJavebi dabali, temperaturis pirobebSi Jangvisas, reagireben ormag bmaze, ris 

Sedegadac warmoiqmneba α-pinenis epoqsidi. qrommJava H2Cr2O7 yinulovan ZmarmJavasa an Zmris 

anhidridSi iwvevs meTilenuri jgufis daJangvas verbenonisa da verbenolis warmoqmniT.  α-

pinenis daJangva molekuluri JangbadiT warmoadgens TviTdaJangvis reaqcias da mimdinareobs 

zeJanguri radikalebis warmoqmniT, romlebic reaqciis mimdinareobisas gardaiqmnebian 

hidroperoqsidad, α-pinenis epoqsidad, karbonilur naerTebad, spirtebad da mJavebad. α-
pinenis Jangvis produqti warmoadgens nivTierebaTa narevs, romelTaganac gamoyofili da 

daxasiaTebul iqna: trans-verbenoli, verbenoni, mirtenoli, mirtenali, kamfolenis aldehidi 
da sxva [9]. 

α-pinenis Jangvis pirobebi da hidroperoqsidebis daSla arsebiT gavlenas axdens 

miRebuli produqtebis Semadgenlobaze. hidroperoqsidebis Termul daSlas mivyavarT 

upiratesad verbenonisa da verbenolis miRebamde. mJavebis Tanaobisas ZiriTadad miiReba 

ketonebi. hidroperoqsidebis tuteebiT damuSavebas mivyavarT spirtebamde. mag. verbenoli da 

verbenoni SesaZloa iyos miRebuli α-pinenis TviTdaJangviT da Semdgomi daSliT NaOH-is 
Tanaobisas.  

molekuluri JangbadiT an haeriT α-pinenis daJangvisas gamoiyeneba kobaltis 

katalizatorebi modificirebuli sxvadsxva danamatebiT PdCl2/CuCl2, Co/C, agreTve Pd/C, 
romelzec dafenilia Co, Mn, Bi, Cd, Zn, Co, Cr, Cu-is marilebi [10]. 

α-pinenis Jangvis produqtebs axasiaTebT sasiamovno suni. p-menTols da verbenons – 

pitnis, svetenalsa da citrals – limonis, xolo o-menTols mixakis suni, rac iZleva 
parfiumeriaSi maTi gamoyenebis saSualebas. 

α-pineni gamoiyeneba sxvadasxva biologiurad aqtiuri nivTierebebis misaRebad, magaliTad 

Planococcus citri–is feromonisaTvis. aseve  SesaZlebeblia α-pinenis Semdgomi gardaqmebiT 
miviRoT hemdimeTilciklobuTanis Semcveli bloksintonebi: pinononisa da norpinonis mJavebi, 

romlebic SesaZlebelia mJavuri fragmentebis saxiT gamoviyenoT sxvadsxva spirtul 

fragmentebTan kondensaciis reaqciebSi.  

Sedegad miRebul iqneba mTeli rigi savaraudod mniSvnelovani biologiuri aqtivobis 

mqone cikluri naerTebi. garda amisa α-pinenis winaswari gardaqmniT SesaZlebelia miRebul 

iqnas Ria jaWviani C10 meTilenuri nawarmi alocimeni, agreTve Seswavlilia α- da β-pinenis 
gardaqmnebi mJaviT modificirebul montmorilonitur Tixebsa da ceoliTebze [11,12]. 

am mimarTulebiT mimdinareobs samuSaoebi, romelSic gamoyenebuli iqneba adgilobrivi 

mcenareuli nedleuli: wiwvovani mcenareebis gadamuSavebis narCenidan gamoyofili α-pinenis 
gardaqmniT miRebuli hemdimeTilciklobutanis Semcveli bloksintonebi,aseve Ria-jaWviani C10 
meTilenuri nawarmi. 

moxdeba yvela miRebuli produqtis qromatografiul svetze dayofa-gasufTaveba, GS/MS 
analizi qimiuri identifikaciisaTvis. mcenareebidan gamoyofili TiToeuli blok-sintoni 
daxasiaTdeba fizikur-qimiuri maCveneblebisa da sisufTavis mixedviT. saWiroebis SemTxvevaSi 

moxdeba mravaljeradi gasufTaveba. miRebuli fragmentebis urTierTdakavSireba 

ganxorcieldeba sxvadasxva meTodis gamoyenebiT (rTuli eTeruli kondensacia, gadaeTereba 

da sxv.). SeirCeva optimaluri pirobebi TiToeuli aduqtis maqsimaluri gamosavaliT miRebis 

mizniT. gansakuTrebiT sainteresoa is garemoeba, rom sawyis nedleulad gamoyenebulia 

ganaxlebadi mcenareuli narCenebi, rac ekologiurad usafrTxoa da ekonomikurad 

xelmisawvdomi.                            
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POSSIBILITIES OF APPLICATION IN VARIOUS SYNTHESIS OF PLANT RAW MATERIALS  
CONTAINING α-PINENE  

Leila Tatiashvili, Nino Nonikashvili, Nana Tserodze, Irma Mikadze, Nino Kavtaradze, Liparit Dolidze, 
Teimuraz Uchaneishvili, Avtandil Dolidze 

 
SUMMARY 

Production of practically useful substances from plant raw materials is an actual problem. Particularly, 
oils produced as a result of recycling plant raw materials, mostly contain α-pinene. On its basis medical, 
biologically active, fragrant and substances for other purposes can be obtained. 
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aldehidebTan 4-hidroqsikumarinis kondensacia 

 
irma jiniyaSvili, qeTevan sarajiSvili, manana burjanaZe, Tamar qorqia,  

vladimer ciciSvili 

M  
qimiuri struqturisa da antikoagulanturi aqtivobis urTierTkavSiris Seswavlisas miRebuli 
iqna naerTebi, romlebic 3,3'-meTilen-bis-(4-hidroqsikumarini)-s meTilenis naxSirbadatomTan 
Seicaven Canacvlebul jgufebs, (romlebic Canacvlebulni arian meTilenis naxSirbadatomTan) 4–
hidroqsikumarinis kondensaciiT aldehidebTan. 

 

kumarinebi da maTi nawarmebi xasiaTdebian baqteriociduli, fungiciduri, 
antikoagulanturi da antikancerogenuli TvisebebiT[1-2]. kumarinebis aseTi farmakologiuri 

Tvisebebis gaTvaliswinebiT aris gamowveuli zrda axali nivTierebebis sinTezSi.  
4-hidroqsikumarinis OH-jgufi me-4 mdgomareobaSi da me-3 naxSirbadatomTan mdebare 

wyalbadi, qimiuri aqtivobiT gamoirCevian. amitom sainteresoa maTi monawileobiT mimdinare 

qimiuri gardaqmnebi. 
qimiuri struqturisa da antikoagulanturi aqtivobis urTierTkavSiris Seswavlisas 

miRebuli iqna naerTebi, romlebic 3,3'-meTilen-bis-(4-hidroqsikumarini)-is meTilenis 

naxSirbadatomTan Seicaven Canacvlebul jgufebs. 4-hidroqsikumarinis kondensacia 

aldehidebTan warimarTeba Semdegi sqemis mixedviT[3-4]. 

 

sqema 1 
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sinTezi ganxorcielebulia 4-hidroqsikumarinis kondensaciiT sam sxvadasxva 

aldehidTan (salicilaldehidi, p-nitrobenzaldehidi, p-dimeTilaminobenzaldehidi) ZmarmJava 
anhidridis an eTanolis areSi. 

4-hidroqsikumarinisa da salicilaldehidis eqvimolaruli narevis gacxelebiT 

eTanolSi miiReba 3-(o-hidroqsibenzal)-2,4-diketoqromani (IV). roca 4-hidroqsikumarinisa 
da salicilaldehidis moluri Sefardeba 2:1 tolia miRebuli produqti Seicavs or 

hidroqsikumarinis cikls. savaraudod warmoiqmneba 3-[6-oqso-(1)-benzopirano-(4,3-b)-(1)-
benzopiran-7-il]-4-hidroqsikumarini (VI). (IV) naerTisa da 4-hidroqsikumarinis narevis 
gacxelebiT miiReba igive (VI) produqti. amgvarad, SeiZleba CaiTvalos, rom 

salicilaldehidisa da 4-hidroqsikumarinis kondensacia mimdinareobs Semdegi sqemis 2 

mixedviT.  

IV-is kondensacia 4-hidroqsikumarinTan aris mixaelis tipis reaqcia[5-6]. Tumca 

katalizatoris damateba ar aris aucilebeli, maSin roca mixaelis reaqciis umravlesoba 

saWiroebs fuZe an mJava katalizatorebs.  
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sqema 2 
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eqsperimentuli nawili 
 

nivTierebebis infrawiTeli speqtrebi gadaRebulia speqtrometrze Thermo Nicolet 
AVATOR 370 FT-IR, bmr(1H) speqtrebi Varian Merkury-300VX. reaqciis produqtebis 

gasufTaveba da dayofa xorcieldeboda Txelfenovani qromatografiis meTodiT “Silufol UV-
254“-is firfitebze da sveturi qromatografiiT silikagelze. 

3,3'-(p-nitrofenilmeTilen)-4,4'-epoqsidikumarinis miReba. 1,62 g (0,01mol) 4-

hidroqsikumarinis, 0,75 g (0,005 mol) p-nitrobenzaldehidis, 20 ml Zmris anhidridis da 
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15 ml acetonitrilis narevs acxeleben 750С-mde 12 saaTis ganmavlobaSi. miRebul produqts 

filtraven, naleqs aSroben. mSral naerTs xsnian qloroformSi da daitanen silikagelian 

svetze. eluenti (heqsani-qloroformi-acetoni). gamosavali 1,4g (32%), lRobis t. 312-

3150С. iw –speqtri (vazelini)  sm-1  : 1720(-pironi), 1668(С=О), 1350(NO2), 1265, 1110, 1064, 
763. 1H-bmr (CCl4): 5,10(1H, c, CH); 7,44 (2H, m, CH); 7,51(2H, m, CH); 7,68(2H, m, CH); 7,72(2H, m, 
CH); 8.12 (2H, m, CH); 8.28(2H, gg, 3J8.0, 4J1.5). 

3,3'-(p-dimeTilaminofenilmeTilen)-4,4-epoqsidikumarinis miReba. 0,3g (0,002mol) 4-

hidroqsikumarinis, 0,149g (0,001mol) p-dimeTilaminobenzaldehidis, 20 ml Zmris anhidridis 

da 15 ml acetonitrilis narevs acxeleben 750С-mde 10 saaTis ganmavlobaSi. miRebul 

produqts filtraven, naleqs aSroben. mSral naerTs xsnian qloroformSi da daitanen 

silikagelian svetze. eluenti (heqsani-qloroformi-acetoni). gamosavali 0,2g (23%), 

lRobis t. 224-2250С. iw–speqtri (vazelini)  sm-1 : 1728(-pironi), 1660(С=О), 2800, 1180, 
1553, 756. 1H-bmr (CCl4): 7,72(2H, m, CH); 7,44 (2H, m, CH); 7,68(2H, m, CH); 8.12 (2H, m, CH); 
8.28(2H, gg, 3J8.0, 4J1.5); 5,10(1H, c, CH). 

3-[6-oqso-(1)-benzopirano-(4,3-6)-(1)-benzopiran-7-il]-4-hidroqsikumarinis miReba. 0,5g 

(0,0031mol) 4-hidroqsikumarinis, 0,23g (0,0019mol) salicilaldehidis, 25 ml eTanolis 

narevs acxeleben 750С-mde 10 saaTis ganmavlobaSi. miRebul produqts filtraven, naleqs 

aSroben. rekristalizacia-eTanoliT. gamosavali 0,28g (40%). lRobis t. 241-2430С. 
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CONDENSATION OF ALDEHYDES WITH 4-HYDROXYCUMARIN 
 

Irma Jinikashvili, Ketevan Sarajishvili,  Manana Burjanadze,  Tamar Korkia, Vladimer Tsitsishvili 
 

SUMMARY 
 
According to study of the relationship between chemical structure and anticoagulant activity, several 
compounds containing substituent groups on the methylene carbon atom of 3,3’-methylene-bis-4-
hydroxycumarin have been prepared by condensing 4- hydroxycumarin with aldehydes. 
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mikroelementebis Semcveli xelatebi da maTi kvleva 

 
iamze beSkenaZe, nana JorJoliani, maia gogalaZe, spartak urotaZe 

 
Cvens mier sinTezirebuli naerTebis fiziologiuri aqtivobis Seswavlis mizniT, momzadeb-uli 
iqna fitoregulatorebi. maTi gamocdis mizniT mosinjviTi samuSaoebi Catarda savele pirobebSi, 

saqarTvelos agraruli universitetis sacdel nakveTze.Eeqsperimenti tardeboda xaxvis 
kulturaze; xaxvis Tesli muSavdeboda fitoregulatoris 5%-iani muSa xsnariT. gan-sazRvruli 
drois Semdeg xaxvis Reroebi Sesxurebis meTodiT muSavdeboda fitoregulato-ris imave 
koncentraciis muSa xsnariT, dakvirvebebi tardeboda mosavlis aRebamde. sacdel nakveTze 
gamovlinda Cvens mier SemuSavebuli fitoregulatoris aSkara upiratesoba. fito-regulatoris 

maqsimaluri aqtivobis gamovlenis mizniT, mizanSewonilad migvaCnia savele eqsperimentis 
gagrZeleba 

 

dReisaTvis erT-erT aqtualur problemas warmoadgens mosaxleobis uzrunvel-yofa 

maRalxarisxiani, ekologiurad usafrTxo sasoflo-sameurneo produqtebiT. am problemis 
gadawyvetaSi umniSvnelovanes amocanas warmoadgens “sicocxlis el-ementad” wodebuli 

mikroelementebis (Ca, Mg, Mn, Zn, Fe, Co, Cu da sxva) da organuli nivTierebebis Semcveli 

fitoregulatorebis Seqmna. amasTan sasoflo-sameurneo kulturebis mosavlianobis 
xarisxobrivi da raodenobrivi maCvenebeli mniSvnelovnad aris damokidebuli fitoregula-

toris SemadgenlobaSi Semaval mikroelemente-bis saxeobaze, maT raodenobriv Tanafardobaze 

da imazec Tu ra formiT iqnebian isini Setanili fitoregulatoris SedgenilobaSi. 

AgansakuTrebuli yuradReba eniWeba mikroelementebis xelatururi tipis naerTebis Semcvel 

fitoregulator-ebs, ramdenadac es forma uzrunvelyofs mosavlianobis xarisxobrivi da 

raoden-obrivi maCveneblebis zrdas, mcenaris imunitetis gazrdas da temperaturis cvli-

lebisadmi mdgradobas [1-2].                                                           

grZeldeba ra kvlevebi [3-7] wyalSi kargad xsnadi, mdgradi, iafi da ekologiurad 

usafrTxo fitoregulatorebis Seqmnis mizniT, agraruli qimiis laboratoriaSi  

sinTezirebulia Semdegi tipis naerTebi: Me . HL . NH4 
. nH2O,  Гe(NTA)3 

. 3H2O da CoГK . 5H2O, 
sadac Me = Mg, Mn, Zn, Cu;  HL-2 – citrat-ioni,  n = 1 – 3;  NTA2-  - nitrilotriZmarmJavas  

anioni  da  ГK2- – glutaminis mJavas anioni.   

MeHL. NH4
. nH2O tipis naerTebis sinTezis mizniT cal-calke mzaddeboda Me(CH3COO)2 

. 

nH2O da limonis mJavas wya-lxsnarebi 1 : 1 moluri TanafardobiT, ifiltreboda da ereoda 

erTmaneTs. miRebul xsnarebs wveT-wveTobiT emateboda amiakis xsnari, sanam pH ar 
gautoldeboda 8-9. WeSmariti xsnarebi Tavsdeboda wylis abazanaze. xsnarebis 

koncentrirebasTan erTad xdeboda sxvadasxva feris naerTebis gamoyofa (Mg – TeTri, Mn – 
Ria vardis-feri,  Zn – TeTri, Cu – muqi lurji).    

Гl2(NTA)3
.3H2O-s sinTezis mizniT viRebdiT FFe(CH3COO)2

. 4H2O da NTA-s wonakebs cal-

calke 2 – 3 moluri TanafardobiT gacxelebisa da intensiuri morevis pirobebSi vxsnidiT 

orive maTgans wyalSi; miReb-uli xsnarebi ereoda erTmaneTs, emateboda amiaki (pH = 8),  
ifiltreboda da Tavsde-boda  wylis abazanaze. xsnaris koncentrirebasTan erTad xdeboda 

muqi Waobisfe-ri naerTis gamoyofa.  

CoГK.5H2O–s naerTis misaRebad mzaddeboda Co(CH3COO)2
. 4H2O da ГK–wyalxsnarebi 1 : 

1 moluri TanafardobiT cal-calke ereoda  erTmaneTs da miRebuli muqi vardisferi xsnari 

orTqldeboda bolomde wylis abazanaze, miiReboda muqi vardisferi webovani naerTi, 
romelic Sreboda eqsikatorSi.  

yvela sinTezuri  naerTi irecxeboda  wyliT, spirtiT da Sreboda oTaxis tempera-
turaze. maTi Sedgeniloba da individualoba isazRvreboda elementuri analizis meTodiT da 

lRobis temperaturis gazomviT (kapilaruli meTodi) cxrili 1, 2.  
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cxrili 1. naerTebis qimiuri analizis monacemebi 

 

napovnia,  % gamoTvlilia % 
# naerTi 

   M   C   H   N    M   C   H   N 
1 Mg HL NH4

.2H2O 8.28 26.74 4.31 4.94 8.94 26.84 4.49 5.22 
2 Mn HL. NH4 21.29 26.89 2.94 5.11 20.89 27.38 3.06 5.32 
3 Zn HL .  NH4 . H2O 21.63 24.28 3.02 5.04 22.31 24.70 3.42 4.81 
4 Cu HL (NH3)6 17.15 20.17 4.96 22.83 17.69 19.89 5.01 23.25 
5 Fe2(NTA)3

. 3H2O 15.09 29.16 3.97 5.36 15.19 29.41 4.11 5.72 
6 CoGК .  5H2O 20.28 15.87 6.02 4.43 20.03 16.33 5.82 4.76 
7 CaHLNH4

. 2H2O 13.75 25.72  - 4.71 14.07 25.33  - 4.93 
 

liTonebis Semcveloba naerTebSi dgindeboda woniTi meTodiT, xolo C, H, N elementebi 
CHN-analizatoris saSualebiT. Yvela naerTi mdgradia Hhaerze, iSleba 120-3150C  
temperaturul zRvrebSi. Seswavlilia naerTebis Tvisobrivi xsnadoba sxvadasxva gamxsnelSi 

(cxrili 2).                                 

                                   

cxrili 2. naerTebis fizikuri monacemebi 

 
          xsnadoba #  

naerTi 

moluri 
 masa 

duR. 
T0 C wyali spirti aceto

ni 

dimeTi

lform

amidi 

 
   feri 

1 Mg HL NH4 
.  2H2O 268.21 120   +   -    -   - TeTri 

2 Mn HL .  NH4 263.12 315   + mc. xsn. mc. xsn. mc. xsn. Ria 

vardisferi 

3 Zn HL .  NH4 . H2O 291.18 298   + mc. xsn. mc. xsn. mc. xsn. TeTri 

4 Cu HL (NH3)6 361.28 190   +   +   +  lurji 

5 Fe2(NTA)3
. 735.13 126   +   +   +  muqi Waobis 

feri 

6 CoGК .  5H2O 294.12 184   +   -   -  iasamnisferi 

7 CaHLNH4
. 2H2O 284.21 130   +   - mc. xsn. mc.xsn. TeTri 

 
sinTezirebuli naerTebis Termuli mdgradobis da Termolizis procesis Tanamim-

devrobis Seswavlis mizniT, Catarda Termografiuli kvleva paulik, paulik, erdeis tipis 

derivatografze. naerTebi MgHL. NH4
. 2H2O (1), MnHL. NH4

.H2O (2),  Fe2(NTA)3
.3H2O (3) da 

CoГK. 5H2O Seswavlilia Semdeg pirobebSi: TG = 200mg, T = 5000C, DTA = DTG =  1/5, nimuSis 
gaxurebis siCqare 10grad/wT–Si. Teremogramebis analizis Sedegad dadgenilia, rom naerTebis 
daSla mimdinareobs safexurebad: I – amoniumis ionis mowyveta (1-2) naerTebSi 90 – 1000C 
zRvrebSi;  II – wylis molekulebis mowyve-ta  110 – 1500C zRvrebSi;  III – organuli 
ligandis (limonis mJavis, nitrilotriZmarmJavas an glutaminis mJavis) daJangva 250 – 

4000C zRvrebSi; IV – yvela SemTxvevaSi Termolizis saboloo produqts warmoadgens 

liTonis oqsidi.                                  
sinTezirebuli naerTebis fiziologiuri aqtivobis Seswavlis mizniT momzadda 

fitoregulatori. savele eqsperimenti Catarda xaxvis kulturaze agraruli unive-rsitetis 

(miwaTmoqmedebis instituti) sacdel farTobze. Ffitoregulatoris 5%-iani xsnariT 

damuSavda xaxvis Tesli, xolo gansazRvruli drois Semdeg sacdel jgufze Sesxurda igive 

xsnari. DerTi wlis dakvirvebebis Sedegad aSkarad gamoik-veTa Cvens mier momzadebuli 

xsnaris dadebiTi moqmedeba xaxvis kulturis mosavl-ianobasa da xarisxze. mizanSewonilad 

migvaCnia gagrZeldes savele eqsperimenti xaxvis kulturaze. 
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MICROELEMENT-CONTAINING CHELATES AND THEIR INVESTIGATION 
 

Iamze Beshkenadze, Nana Zhorzholiani, Maia Gogaladze, Spartak Urotadze 
 

SUMMARY 
 

Coordination compounds containing water soluble microelements ((Mg, Mn, Zn, Fe, Co, Cu)  and citric acid have 
been synthesized and their physical-chemical properties have been studied.  On the basis of the obtained 
compounds, the phytoregulater has been made and its 5% solution has been used for onion crop in the field 
conditions. Positive results have been obtained in the qualitative and quantitative indices.  We consider it reasonable 
to continue the field experiment for three years.      
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karduli tipis meoreuli diolebis diizocianatTan urTierTmoqmedebis 

reaqciis zogierTi kanonzomierebebis Seswavla 
 

eTer gavaSeliZe, nunu maisuraZe, nora doxturiSvili, givi papava, nazi gelaSvili 

 
karduli diolebis bazaze poliureTanebis sinTezis optimaluri pirobebis dasadgenad, romlebic 

Seicaven meorad hidroqsilis jgufebs, dadgenili iqna sxvadasxva faqtorebis gavlena reaqciis 
mimdinareobaze, kerZod: temperaturis, reaqciis xangrZlivobis, gamosavali komponentebis 
koncentraciis sareaqcio areSi, katalizatoris, diolis da diizocianatis struqturis. 

 

warmodgenili naSromi eZRvneba karduli tipis meoreuli diolebis bazaze 

poliureTanebis warmoqmnis reaqciis zogierTi kanonzomierebis Seswavlas. 
adre Catarebul gamokvlevebSi sxvadasxva avtoris mier Seswavlilia alifaturi 

diolebis diizocianatebTan urTierTqmedebis reaqciebi [1]. dadgenilia es kanonzomierebani 

karduli tipis diolebis magaliTze, romlebic funqcionaluri jgufis saxiT Seicaven 
pirvelad hidroqsilis jgufebs [2] . 

ramdenadac meoreuli diolebi Tavisi bunebiT mkveTrad gansxvavdebian zemoT aRniSnuli 
diolebisagan, am kanonzomierebebis Seswavla saintereso da aucilebelia maT bazaze 

polureTanis sinTezis warmatebiT gansaxorcieleblad.                              

 
 

sur. 1. 3.3-bis (4--oqsipropoqsifenil) ftalidis 2.4-toluilendiizicianatTan 

urTierTmoqmedebis kinetikuri mrudebi sxvadasxva temperaturaze. 
 

aRniSnuli poliureTanebis sinTezis optimaluri pirobebis dasadgenad Cven SeviswavleT 

reaqciis mimdinareobaze temperaturis, reaqciis xangrZlivobis, sareaqcio areSi gamosavali 
komponentebis koncentraciis, katalizatoris, diolebis da diizocianatebis struqturis 

gavlena 
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sur. 2. 3.3-bis (4--oqsipropoqsifenil) ftalidis 2,4-toluilendiizocianatTan 
urTierTmoqmedebis kinetikuri mrudebi diizocianatis sawyisi koncentraciisagan 

damokidebulebiT: 1 – 1 moli/l, 2 – 0,5 moli/l, 3 – 0,1 moli/l. reaqciis temperatura 1100C 
      
am kanonzomierebis Sesaswavlad Cvens mier gamoyenebuli iyo Semdegi diolebi da 

diizocianatebi; 1,1-bis(4--oqsipripoqsifenil) cikloheqsani,  2,2-bis(4--oqsipropoqsi-
fenil)norbornilideni, 3,3-bis(4--oqsiperopoqsifenil) ftalidi, 9,9-bis(4--oqsipropoqsi-
fenil) fluoreni, 2,4-toluilendiizocianati da 1,6-heqsameTilendiizocianati. 

 

 
sur. 3. 3,3-bis(4--oqsipropoqsifenil)ftalidis 2,4-toluilendiizocianatTan urTierTqmedebis 

reaqciaze katalizatoris gavlena: 1 – katalizatoris gareSe, 2 _ trieTilaminis Tanaobisas 
(1mol. %), gamosavali komponentebis koncentracia 1 moli/l, reaqciis temperatura 1300C 
 

    reaqcias vatarebdiT  qlorbenzolis areSi. reaqciis mimdinareobaze kontrols 

vawarmoebdiT garkveuli drois monakveTSi, reaqciaSi Sesuli diizocianatis raodenobis 

gansazRvriT [3]. 

  winaswari cdebiT dadgenili iyo,rom meoreuli diolebis diizocianatebTan 

urTierTmoqmedeba 1000C-zec ki mimdinareobs bevrad ufro nela, vidre pirveladi 

hidroqsilis jgufis Semcveli diolebis SemTxvevaSi. amitom kanonzomierebebi Seswavlili 

iyo ufro maRal temperaturaze. 
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sur. 4. 2,4_toluilen diizocianatis sxvadasxva diolebTan urTierTqmedebis kinetikuri 

mrudebi:  1 _ 3,3bis(4--oqsieToqsifenil)ftalidTan, 2 _ 3,3bis(4-oqsipropoqsi-

fenil)ftalidTan, 3 _ 9,9bis(4--oqsipropoqsifenil) norbornilidenTan, reaqciis temperatura 

_ 1300C. gamosavali komponentebis koncentracia 1 moli/l. reaqciis temperatura 3,3bis(4--
oqsieToqsilfenil) ftalidisaTvis 1000C 

 

2,4-toluilendiizocianatis molekulaSi SedarebiT ufro aqtiuria 4-mdgomareobaSi 

arsebuli izocianatis jgufi. amitom, reaqciis mimdinareobis pirvel saaTebSi xdeba 
hidroqsilis jgufebis diizocianatis am jgufTan urTierTmoqmedeba. 

reaqciis siCqare am SemTxvevaSi procesis mimdinareobisas ar neldeba, rogorc amas 

adgili hqonda pirveladi hidroqsilis SemTxvevaSi. reaqciis gardaqmnis xarisxi 
TandaTanobiT izrdeba da 4 saaTis Semdeg aRwevs 50%-s. 

temperaturis gazrdiT 115-1200C-mde reaqciis siCqare da gardaqmnis xarisxi izrdeba. 
reaqciis mimdinareobis 8 saaTis Semdeg gardaqmnis xarisxi 1150C-ze tolia 81,9%-is. 

reaqciis mimdinareobaze szvadasxva faqtorebis gavlenis Seswavlisas aRmoCnda, rom 

sareaqcio areSi gamosavali komponentebis sawyisi koncentracia arsebiT gavlenas ar axdens 

(suraTi 2). 

katalizatoris gamoyeneba (trieTilamini) aCqarebs reaqciis siCqares da zrdis 

gardaqmnis xarisxs (suraTi 3). ase magaliTad, katalizatoris gareSe reaqciis mimdinareobis 

1 saaTis Semdeg gardaqmnis xarisxi 1300C-ze Seadgens  18%-s, 1moli % katalizatoris 

Tanaobisas ki 27%-s. 8 saaTis Semdeg gardaqmnis xarisxi katalizatoris gareSe 82%-ia, 
xolo katalizatoris Tanaobisas 89%. 

dioluri komponentis bunebis Seswavlisas aRmoCnda, rom masSi Semavali karduli 

jgufebis struqtura diolis reaqciis unarianobaze arsebiT gavlenas ar axdens (suraTi 4). 
reaqciis mimdinareobaze ar axdens arsebiT gavlenas agreTve diolis molekulaSi fenilis 

birTvSi Camnacvleblis arseboba  (suraTi 5). 

reaqciis siCqareze gansakuTrewbiT mniSvnelovan gablenas axdens diolis molekulaSi 

Semavali hidroqsilis jgufebis buneba. aRmoCnda, rom meoreuli hidroqsilis jgufebi 

pirvelad hidroqsilis jgufebTan SedarebiT xasiaTdeba mniSvnelobnad dabali 

reaqciisunarianobiT. ase magaliTad, reaqciis 1 saaTis mimdinareobis Semdeg, pirveladi 

diolis SemTxvevaSi gardaqmnis xarisxi 1300C-ze tolia 74%-is, maSin, roca meoreuli 

diolis gamoyenebisas igi 18.5%-ia. aseTive tendencia SeimCneva sxva temperaturazec. 

reaqciis mimdinareobaze gavlenas axdens diizocianatis struqtura. amasTan alifaturi 

diizocianatis gamoyenebisas reaqcia mimdinareobs mniSvnelovnad nela, vidre aromatuli 
diizocianatis SemTxvevaSi (suraTi 6). 
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Catarebuli gamokvlevidan gamomdinare, poliureTanis sinTezis optimaluri pirobebia; 

reaqciis Temperatura 1200C, reaqciis xangrZlivoba 8 saaTi, gamosavali komponentebis 

koncentracia 1 moli/l. 

 

   
 

sur. 5. 2,4_toluilendiizocianatis sxvadasxva 

diolebTan urTierTqmedebis kinetikuri mrudebi:  

1 – 2,2-bis(4--oqsipropoqsifenil)norborniliden-

Tan, 2 – 2,2-bis(3-meTil-4--oqsipropoqsifenil)nor-

bornilidenTan, 3 – 2,2-bis(3qlor-4--oqsipropoqsi-
fenil)norbornilidenTan.  

reaqciis temperatura 1300C 

sur. 6. 3,3-bis(4--oqsipropoqsi-
fenil)ftalidis sxvadasxva 

diizocianatebTan urTierTqmedebis 

kinetikuri mrudebi: 1 – 1,6-heqsameTilen-
diizocianatTan, 2 – 4,4/-difenilmeTandi-
izocianatTan, 3 – 2,4-toluilendiizo-

cianatTan,  reaqciis temperatura 1200C. 
diizocianatis gamosavali koncentracia 1 

moli/l 
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REGULARITIES OF POLYURETHANE FORMATION ON THE BASIS OF SECONDARY DIOLS 
AND DIISOCYANATES 

Eteri Gavashelidze, Nunu Maisuradze, Nora Dokhturishvili, Givi Papava, Nazi Gelashvili 
 

SUMMARY 
To find the optimum conditions for syntesis of polyurethanes on the basis of card type secondary diols with 
diisocyanate on the example of interaction of the following components: temperature and reaction time, 
concentration of initial components in the reaction medium the structure of diols and diisocyanates. 
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saqarTvelos atmosferuli haeris xarisxobrivi mdgomareoba  

da misi monitoringis meTodebi 

 
luba eprikaSvili, nino fircxalava, marine zautaSvili, maia Zagania,  

qeTevan korZaxia* 
*saqarTvelos sapatriarqos wm. andria pirvelwodebulis saxelobis qarTuli universiteti 

 
ganxilulia saqarTvelos atmosferuli haeris dabinZurebis wyaroebi da misi monitoringis 
meTodebi, maT Soris azotis oqsidebis raodenobrivi qromatografiuli analizi. 

 

bolo naxevari saukunis ganmavlobaSi e.w. industrializaciis epoqis dadgomasTan erTad 
aqtualuri gaxda atmosferos dabinZurebis problema. 

zogadad, atmosferuli haeris dabinZureba aris atmosferuli haeris Semadgenlobis 

cvlileba masSi dambinZurebel nivTierebaTa arsebobis Sedegad.  atmosferuli haeris 

dabinZurebas ganapirobebs rogorc teqnogenuri, aseve bunebrivi dabinZurebis wyaroebis 

funqcionireba, magram umTavresi dambinZurebeli anTropogenuri wyaroebia: transporti, 

samrewvelo sawarmoebi, energetikuli obieqtebi da soflis meurneoba. dedamiwis 

mosaxleobis raodenobis zrdam,  mecnierul-teqnikurma progresma, urbanizaciisa da 

industrializaciis procesebis swrafi tempebiT ganviTarebam  gazarda moTxovna energo, 

sakveb da sxva resursebze. izrdeba msoflios energetikuli simZlavreebis da warmoebuli 

produqciis raodenoba, rac mraval garemosdacviT problemas uqmnis msoflios urbanul 
centrebs [. 

miuxedavad sufTa teqnologiebis danergvisa samrewvelo, energetikul Tu satransporto 

seqtorebSi, haeris dabinZureba mTels msoflioSi kvlav seriozul problemad rCeba. 
saqarTveloSi atmosferuli haeri ZiriTadad binZurdeba avtotransportidan, 

energetikuli seqtoridan da samrewvelo obieqtebidan warmoebuli atmosferuli 

gafrqvevebiT. 

qveyanaSi gafrqveuli dambinZureblebis udidesi wili satransporto seqtorze modis: 

naxSirorJangis gafrqvevaTa 87%, azotis oqsidebis 70%, gogirdis dioqsidis 50%, 

aqroladi organuli naerTebis 40%. gansakuTrebiT sagangaSoa gogirdis orJangis 

gafrqvevebis swrafi zrda dizelis sawvavis moxmarebis zrdis Sesabamisad (nax. 1,2). 

 

  
nax.1. avtomanqanaTa raodenobis cvlileba 

wlebis mixedviT 

 nax.2. saavtomobilo sawvavis moxmarebis 

dinamika wlebis mixedviT 

avtotransportidan mavne nivTierebaTa gafrqvevebis raodenobrivi maxasiaTeblebi 

gaangariSebul iqna sawvavis moxmarebisa da avtomanqanidan mavne nivTierebis xvedriTi 

gafrqvevis koeficientis gamoyenebiT. am gafrqvevaTa raodenobrivi cvlilebis xasiaTi 
ganpirobebulia moxmarebuli sawvavis raodenobrivi cvlilebiT (nax. 3) [2]. 
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nax. 3. avtotransportidan mavne nivTierebaTa gafrqvevebi 

 

ReisaTvis haeris xarisxis saxelmwifo monitorings awarmoebs garemos dacvis 
saministros garemos erovnuli saagento.  saqarTveloSi haeris dabinZurebaze dakvirveba 

warmoebs xuT qalaqSi: TbilisSi, quTaisSi, baTumSi, zestafonsa da rusTavSi ganTavsebuli 7 

sadamkvirveblo jixuris saSualebiT. amaTgan 3 axali sadguri (2 - TbilisSi, 1 - rusTavSi) 

haeris xarisxis monitoringis qsels mxolod 2009 wlis bolos daemata. 

haeris xarisxis gazomva warmoebs dRe-RameSi samjer samuSao dReebSi (sinjis aReba ar 

arisa vtomatizirebuli). TbilisSi ganisazRvreba Semdegi dambinZurebeli nivTierebebi: 

mtveri, naxSirJangi, gogirdisa da azotis dioqsidebi, tyvia, xolo 2010 wlidan daiwyo 

miwispira ozonis koncentraciis gazomvac. 

airadi dambinZurebeli nivTierebebis koncentraciebi isazRvreba e. w. sveli qimiis 

meTodiT. mtvris koncentracia isazRvreba  woniTi (gravimetruli) meTodiT. Sewonili 
nawilakebis jamuri koncentraciis gansazRvris meTodi efuZneba specialur filtrze mis 

daleqvas 20 wuTis ganmavlobaSi da SemdgomSi mis gravimetrul analizs. haeris sinjebs 

iReben ФПП-15 tipis filtrebis saSualebiT. aRsaniSnavia, rom ar xdeba jamur Sewonil 

nawilakebze ufro mniSvnelovani informaciis matarebeli PM10-s da PM2,5-s 
koncentraciebis gazomva. SemdgomSi maTi koncentraciebis gazomvis organizeba monitoringis 
qselSi iqneba pirveli nabiji erovnuli monitoringis qselis harmonizaciisa evropul 

qselTan.  

naxSirJangis koncentracia isazRvreba eleqtroqimiuri meTodiT. gogirdis dioqsidis 
mSTanTqmelad gamoiyeneba wyalbadis zeJangis 0,3%-iani xsnari, xolo azotis dioqsidis 

mSTanTqmelad - kaliumis iodidi natriumis arsenidTan erTad. haerSi xsnadi sulfatebis 

koncentraciebis gansazRvrisas sinjis asaRebad gamoiyeneba ФПП tipis filtrebi, xolo 
analizebisTvis - bariumis qloridis xsnari [3]. 

aRniSnuli nivTierebebis koncentraciebi isazRvreba Sesabamisi reaqciebis Catarebis 

Semdeg. fotoeleqtrokolorimetri КФК-2-is gamoyenebiT. 
 

 
nax. 4. mtvris saSualo wliuri koncentracia q. TbilisSi 
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naxazze 4 warmodgenilia atmosferuli haeris mavne nivTierebebiT dabinZurebis 

cvlilebis dinamika bolo 5 wlis ganmavlobaSi q. TbilisSi ganTavsebuli sadamkvirveblo 

sadguris monacemebis safuZvelze. vinaidan qalaqSi haeris gamzomi mxolod erTi sadguri 

funqcionirebda, aq moyvanili monacemebi asaxavs ara mTlianad qalaqis, aramed misi erTi 

konkretuli ubnis (aRmaSeneblis gamziri) haeris xarisxs [4].   cxadia, rom miRebuli 
monacemebi ver asaxavs realur situacias, mimdinare tendenciebs da maTze dayrdnoba 

sariskoa. 

haeris dambinZurebeli rTuli narevebis (organuli naerTebi, toqsikuri araorganuli 
minarevebi) analizSi qromatografiul meTodebs wamyvani roli eniWebaT. 

bolo wlebis samuSaoTa [5,6] analizi aCvenebs, rom es tendencia SenarCunebulia da 

qromatografiuli meTodebi, gansakuTrebiT ki airadi qromatografia haerSi araorganuli 
airebis gansazRvrisaTvis gankuTvnil meTodebs Soris aSkarad dominirebs. am meTodis 

mniSvnelovan Rirsebas warmoadgens misi maRali mgrZnobiaroba, romelic zogierTi 

nivTierebis 10-10%-mde mikrokoncentraciis gansazRvris saSualebas iZleva. 

zusti raodenobiTi analizis Casatareblad garda saanalizo nivTierebebis mimarT 

gansazRvruli deteqtoris mgrZnobiarobisa, aucilebelia am naerTebis standartuli 

narevebis qona. amasTan gansakuTrebuli mniSvneloba aqvs mavne nivTierebebis 

mikrokoncentraciebis standartuli narevebis momzadebis sizustes. haeris erT-erT ZiriTad 

dambinZurebels warmoadgens azotis oqsidebi, romelTa koncentraciebis gansazRvra sakmaod 

rTulia, aqedan gamomdinare garkveul interess warmoadgenda am problemis gadaWra 

qromatografiuli meTodis saSualebiT [7]. 
laboratoriaSi Catarebul samuSaoSi [8] komponentis raodenobis gasazomad 

gamoyenebuli iyo pikis simaRle, imdenad ramdenadac umetesi deteqtoris signali wrfiv 

damokidebulebaSia gansasazRvravi nivTierebis koncentraciasTan. 
qromatografiuli piki, romelic Seesabameba sinjis individualur komponents, 

axasiaTebs air-matareblis nakadSi am komponentis koncentraciis cvlilebas droSi svetis 
gamosavalze. 

sxvadasxva koncentraciis airTa narevebi cal-calke Segvyavda qromatografSi da 

izomeboda pikis simaRleebi. miRebuli Sedegebis safuZvelze Cvens mier agebuli iyo mrudebi, 
romelic gamosaxavs narevSi Semavali komponentebis koncentraciis (C) damokidebulebas 

qromatografiuli pikis erT-erT parametrze – simaRleze (h). es damokidebuleba wrfivia. 

miRebuli grafiki warmodgenilia angariSSi (nax. 5). 

 

 
nax. 5. graduirebul narevSi Semavali komponentebis koncentraciis damokidebuleba 

qromatografiuli pikis simaRleze. 
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Cvens mier SemuSavebuli meTodi misaRebia mavne mikrominarevebis koncentraciis 

gansazRvrisaTvis.  

miuxedavad mavne nivTierebebis koncentraciebis gansazRvris calkeuli meTodis 

arsebobisa monitoringis arsebuli qseli ar Seesabameba saerTaSoriso moTxovnebs 

sadgurebis adgilmdebareobisa da ricxvis, monacemTa Segrovebis, maTi Senaxvisa da 
damuSavebis, angariSgebis da a.S. sakiTxebSi. dRevandeli ekonomikuri situacia moiTxovs 

cvlilebebs monitoringis qselis SeqmnaSi, mis TandaTanobiT avtomatizacias, raTa 

SesaZlebeli gaxdes atmosferuli haeris xarisxobrivi mdgomareobisa da uaryofiTi 
zegavlenis asaxva, resursebis yoveldRiuri marTva da mokle da grZelvadiani prognozebis 

formulireba. 
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QUALITATIVE STATE OF GEORGIAN ATMOSPHERIC AIR  
AND METHODS OF ITS MONITORING 

 
Luba Eprikashvili, Nino Pirtskhalava, Marine Zautashvili, Maia Dzagania, Qetevan Kordzakhia*  

*St. Andrew’s University of the Patriarchate of Georgia 
 

SUMMARY 
 
The sources of pollution of the atmospheric air of Georgia and methods of its monitoring have 
been discussed. Quantitative chromatographic analysis of the nitrogen oxides have been carried 
out.   
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atmosferuli daleqvis Sedegad radionuklidebiT dabinZurebuli adgilebis 

ekologiuri saxifaTobis Semcirebis SesaZleblobebi 
 

avTandil doliZe, irma miqaZe, qeTevan CxaiZe, nino qavTaraZe, liparit doliZe, naTia 

barbaqaZe, rusudan uridia 

 
saqarTvelos teritoriaze Savi zRvis mimdebare regionSi geografiuli mdebareobis, niadagur-

klimaturi Taviseburebebisa da subtropikuli mcenareuli safaris gamo aRiniSneba ceziumisa da 
stronciumis xangrZlivi sicocxlis mqone radionuklidebis dagrovebis SedarebiT maRali done. 
mcenareebze da niadagSi  daleqili radionuklidebi SesaZlebelia nivTierebaTa wrebrunvis gamo 
gadavidnen  nayofebSi, adamianis sakvebSi da mTel sasicocxlo ciklSi. aucilebelia 
radionuklidebis niadagSi SeboWvisa da fiqsaciis procesebis aqtivacia, raTa gamoiricxos maTi 

moxvedra sursaTSi. bunebrivi kompleqswarmomqmneli naerTebi, torfi an mura naxSiridan 
gamoyofili huminuri mJavebis nawarmebi, sxvadasxva bunebrivi sorbentebi, aseve niadagis 
mikroorganizmebi amuxruWeben radionuklidebis transfers da xels uwyoben maT dafiqsirebas. 

 

radionuklidebiT danagvianebis safrTxis Semcirebis problema Zalzed aqtualuria, vinaidan 
sadReisod mraval ekologiur muqaraTa Soris mniSvnelovani adgili ukavia radionuklidebis 

dagrovebas, maTi specifiuri moqmedebisa da maRali safrTxeebis gamo.                                                        
atmosferodan radionuklidebis maqsimaluri daleqva xdeba saqarTvelos subtropikul 

sakurorto zonaSi geografiuli mdebareobisa da specifikuri mcenareuli safaris gamo. es 

garemoeba dadasturebulia adre Sesrulebuli mravalwliani eqsperimentebis safuZvelze. 
Sedgenilia radionuklidebiT saqarTvelos teritoriis danagvianebis ruqa, gansazRvrulia 
danagvianebis xarisxi da zonebi [1]. yvelaze metad radionuklidebiT danagvianebulia aWaris da 

ozurgeTis raionis Savi zRvis sanapiro. gasaTvaliswinebelia is garemoeba, rom radionuklidebis 

koncentracia droSi cvalebadia da aucilebelia samuSaos dasawyisSi radionuklidebis 
koncentraciis sawyisi monacemebis gansazRvra Tanamedrove mowyobilobis gamoyenebiT.  

adamianis sakvebSi yvelaze xSirad gvxvdeba 137Cs da 90Sr, radgan mcenareebi advilad 

STanTqaven maT. atmosferodan radionuklidebi ileqebian niadagSi da mcenareTa fesvTa sistemidan 

gadadian mcenareSi, foTlebsa da nayofSi. amdenad, atmosferodan daleqili radionuklidebi 

aqtiurad monawileoben nivTierebaTa cvlis procesebSi da mcenareuli sakvebidan xvdebian 
cxovelebisa da adamianis sasicocxlo ciklSi. es ki realurad safrTxes uqmnis zogadad 
ekologiur mdgomareobas da kerZod ki adamianis janmrTelobas.  

atmosferodan radionuklidebis daleqvis dros xdeba maTi daWera merqniani da balaxeuli 

mcenareebiT da Sedegad,  izrdeba radionuklidebiT danagvianeba niadagis zeda fenaSi. amdenad, 
atmosferuli radionuklidebi grovdeba niadagSi, Tumca SesaZlebelia Semdeg kvlav mcenareSi 
moxvdes nivTierebaTa bunebrivi wrebrunvis gamo. vinaidan, teritoria ZiriTadad nagviandeba 

xangrZlivi sicocxlis mqone radionuklidebiT (stroncium-90 da cezium-137), aucilebeli xdeba 

danagvianebuli niadagis remediaciis racionaluri meTodis SemuSaveba garemosaTvis naklebad 
saxifaTo meTodebisa da bunebrivi nedleulis gamoyenebiT [2]. gasaTvaliswinebelia, rom 
zogierTi saxeobis umdablesi da umaRlesi mcenareebi zrda-ganviTarebis procesSi iyeneben 

radionuklidebis biosorbcias, rac xels uwyobs maT deponirebas da gamoTiSvas Semdgomi 

nivTierebaTa mimoqcevis procesebidan [3]. cnobilia, rom niadagis zedapiruli fenis da fesvTa 

sistemis (siRrme40 sm) remediacia pozitiurad imoqmedebs radionuklidebiT danagvianebis 

mniSvnelovan Semcirebaze. naCvenebia, rom mcenareuli nedleulidan, mura naxSiridan da torfidan 
gamoyofili huminuri mJavebis modificirebuli kompleqsi xels uwyobs radionuklidebis 

deponirebas danagvianebis maqsimaluri koncentraciis fenaSi. amave dros, SesaZlebelia efeqturi 

mcenareuli substratebis gamoyeneba adgilobrivi mikroskopuli sokoebis gasamravleblad, 
romlebic biomasis moculobis zrdis procesSi axdenen radionuklidebis biosorbcias, rac xels 
uwyobs maT deponirebas [4-6]. 

huminuri mJavebis preparatebi miRebulia adgilobrivi torfisa da qvanaxSiridan.  muSavdeba 

optimaluri pirobebi qsenobiotikebis akumulirebisaTvis SerCeuli adgilobrivi mikroskopuli 
sokoebis biostimulirebisaTvis. ganxorcieldeba niadagebis mJavianobis koreqcia Camqrali kiriT, 
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rac niadagis optimalur pH–Tan erTad gaaxangrZlivebs nayofierebas kalciums Tanaobisas. 

mikroskopuli sokos ganviTarebisaTvis gamoyenebulia  mcenareuli substratebi. aRsaniSnavia, rom 
dasavleT saqarTvelos subtropikuli zonis niadagur-klimaturi pirobebi mniSvnelovan gavlenas 
axdens niadagebSi radionuklidebis akumulaciaze. amis gaTvaliswineba aucilebelia 

radionuklidebiT dabinZurebuli niadagebis remediaciis meTodebis SemuSavebisas.  

Zlier kompleqswarmomqmneli bunebrivi naerTebis – huminuri mJavebis nawarmebis, adgilobrivi 
mcenareuli da mineraluri nedleulis  gamoyeneba, radionuklidebiT dabinZurebuli niadagebis 
biologiuri agentebis biostimulireba xels Seuwyobs dabinZurebuli niadagebis efeqtur 

remediacias ekologiurad usafrTxo da dabali TviTRirebulebis mqone teqnologiis safuZvelze.   

radionuklidebis STanTqmisaTvis maTi dafiqsirebis mizniT  sxvadasxva meTodebs Soris 
farTod Seiswavleba modificirebuli bunebrivi sorbentebi. maTi meSveobiT xdeba garemos dacva 
radionuklidebis arakontrolirebadi migraciisagan geoqimiuri barierebis meSveobiT. aseT 

SemTxvevaSi iyeneben rogorc bunebriv geoqimiur barierebs, asave miznobrivad Seqmnil teqnogenur 

barierebs. am barierebis komponentebis saxiT gamoiyeneba Tixovani mineralebi – 

montmorolinitebi da kaolinitebi. cnobilia, rom e.w. cximiani Tixebi xels uwyoben niadagSi 
moxvedrili qsenobiotikebis deponirebas da aferxeben dabinZurebis gadasvlas gruntis wylebSi. 
bunebaSi es mineralebi ganlagebulia fenebad da sakmaod efeqturad moqmedeben. modificirebuli 

bunebrivi sorbentebis misaRebad, romelTac eqnebaT radionuklidebis sorbciis meti unari, 

gamoiyeneba rogorc organuli komponentebi, aseve araorganuli. organuli komponentebis saxiT 
xdeba Tixebis damuSaveba torfidan gamoyofili huminuri mJavebis nawarmebiT, xolo sorbciuli 
moculobis gasazrdelad gamoiyeneba aseve araoganuli mJavebi da sxvadasxva marilebi.  

literaturaSi aRniSnulia, rom stronciumis mimarT yvelaze meti STanTqmis unari gaaCnia 

aminomodificirebul montmorolinits, aseve aRsaniSnavia rkinis Semcvelobis dadebiTi gavlena 

STanTqmis procesze. saerTod miRebulia, Tixovani mineralebis ionmimocvliTi Tvisebebis 
gasaZliereblad mineraluri mJavebis gamoyeneba. radionuklidebis SemTxevevaSi efeqturia 

zedapiris modificireba orTofosforuli mJaviT. es im garemoebiT aixsneba, rom fosfatSemcveli 

zedapirebi qmnian ufro mtkice kompleqsur naerTebs iSviaT miwaTa da transuranul 

elementebTan. amave dros, am kompleqsebis mdgradoba imdenad maRalia, rom isini ar iSlebian 

800C-mde. winaswari monacemebiT, fosformJaviT damuSavebuli Tixebi xasiaTdebian ufro maRali 

ionmimocvliTi tevadobiT, vidre bunebrivi fosfaturi mineralebi. gansakuTrebul interess 

iwvevs amoniumis kaTioni, romelic advilad gascems protons aluminsilikatur matricaSi 

Canergvis dros. winaswar amoniumis bikarbonatiT damuSavebuli Tixebi ukeTesad sorbireben 
elementebs, vidre sawyisi nimuSebi. amasTanave, kristaluri struqturis tevadobis gazrdisaTvis 

iyeneben meqanikuri aqtivaciis meTods, romelic xels uwyobs mezo- da mikrodefeqtebis 

warmoqmnas, ris Sedegadac SeiboWeba Camnacvlebeli ionebi. am dros warmoiqmneba sxvadasxva tipis 

centrebi, romlebic aqtiurad monawileoben sorbirebuli ionebis SeboWvaSi [7].  
saqarTveloSi arsebobs montmorolinituri Tixebis sabadoebi rogorc dasavleT,  aseve 

aRmosavleT nawilSi (gumbra, askana, qisaTibi das xv.). dadgenilia, rom bentonitis forovani 

wylebi qmnian aRdgeniT pirobebs da xels uwyoben radionuklidebis gadasvals daJangvis dabal 

xarisxSi, es naerTebi mcired xsnadebia da mocemul pirobebSi aqvT SezRuduli Zvradoba. yovel 
SemTxevevaSi, bentonituri Tixebis gamoyenebis efeqturoba radionuklidebis fiqsirebisaTvis 
dadasturebulia [8-10]. adgilobrivi Tixebis mravalferovneba, maTi modificirebis arsebuli 

gamocdileba SesaZleblobas iZleva SemuSavdes efeqturi sorbentebi radionuklidebis 

gavrcelebisaTvis geoqimiuri barierebis Sesaqmnelad. mniSvnelovani samuSaoebia Catarebuli 

bunebrivi ceoliTebis gamoyenebis mimarTulebiT ekologiuri safrTxeebis Sesamcireblad [11].  
aRsaniSnavia, rom warmodgenili remediaciuli meTodebi SedarebiT xangrZlivia, magram ar 

iwveven meorad dabinZurebas, gansxvavebiT radikaluri fizikur-qimiuri saSualebebisagan. amitom, 

Cveni azriT bunebrivi masalebisa da garemosdamzogavi teqnologebis gamoyeneba iqneba 

konkurentunariani, gansakuTrebiT Tanamedrove gamkacrebuli ekologiuri moTxovnebis pirobebSi.  
warmodgenili samuSaoebis Sesrulebis Sedegad miRebuli iqneba monacemebi radionuklidebis 

bunebrivi atmosferuli daleqviT danagvianebis remediaciis Sesaxeb. Cveni azriT, Mam modelis 

Semdgomi ganviTarebiT SesaZlebelia SemuSavdes racionaluri meTodi radionuklidebiT maRali 

donis teqnogenuri dabinZurebisaTvisac, kerZod iaponiis atomuri eleqtrosadgurebis dazianebis 
Sedegad radionuklidebiT danagvianebis pirobebSi.  
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POSSIBILITIES OF REDUCING OF ECOLOGICAL DANGER OF POLLUTED  SITES   
BY RADIONUCLIDES,  PRECIPITATED FROM ATMOSPHERE 

 
Avtandil Dolidze, Irma Mikadze, Ketevan Chkaidze, Nino Kavtaradze, Liparit Dolidze, 

Natia Barbakadze, Rusudan Uridia 
 

SUMMARY 
On the territory of Georgia, in the coastal Black Sea region due to geographical location, soil-climatic features 
and sub-tropical vegetation, relatively high level of accumulation of long-lived radionuclides cesium and 
strontium is marked. Radionuclides that are precipitated on plants and in soil as a result of circulation of 
substances can pass into fruits, in human food, also as a whole into life cycle. Activation of processes of 
capture and fixation of radionuclides in soil for exclusion their ingress in food supply is proposed. Natural 
complex-forming compounds isolated from turf and brown coal, derivatives of  humic acids, different natural 
sorbents, as well as soil microorganisms  inhibit  the transfer of radionuclides and promote their fixation. On 
the basis of partnering application of various natural means  new model of remediation technology is  
elaborated. 
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samxedro sasroleTebis teritoriaze dabinZurebis Semcirebisa da 

prevenciis Sesaxeb 
 

avTandil doliZe, irma miqaZe, nino qavTaraZe, liparit doliZe, rusudan uridia,  

naTia barbaqaZe 

 
sasroleTebis teritoriaze niadagidan mZime metalTa Zvradobisa da transportirebis 

Sesamcireblad gamoyenebulia sxvadasxva bunebrivi sorbentebi, aseve SemuSavebulia 
sxvadasxva danamatebi niadagebisaTvis, raTa moxdes myar mtverSi arsebuli tyviis, 
spilenZis, TuTiis, stibiumis, bismutis da sxv. SeboWva. xSir SemTxvevaSi sabrZolo 
masalebi Seicaven saxifaTo naerTebs da maTi daleqva xdeba rogorc sasroleTis, aseve 
mimdebare teritoriaze, rac safrTxes uqmnis adamianis janmrTelobas da garemos dacvas.  

 
arsebuli da yofili sasroleTebis teritoriis  dabinZurebis xarisxis (donis) 

gansazRvris Semdgom, unda Sefasdes ekologiuri riski da am riskis Semcirebis 
SesaZleblobebi. SemaSfoTebelia sasroleTebis teritoriaze niadagidan metalebis gamotutva 

da maTi moxvedra wyalSi, rac safrTxes Seuqmnis Tevzebs da wylis sxva organizmebs, aseve 

Sinaur cxovelebsa da adamianebs. aqedan gamomdinare unda SemuSavdes meTodebi metalTa 
Zvradobisa da transportirebis Sesamcireblad. am mizniT Cveulebriv gamoiyeneben sxvadasxva 

bunebriv sorbentebs, raTa Semcirdes metalebis gadasvla niadagidan wyalSi, aseve sxvadasxva 

danamatebs niadagebisaTvis, raTa moxdes tyviis, spilenZis, TuTiis, stibiumis da bismutis 

SeboWva. daWaobebuli adgilebisaTvis ki iyeneben mcenareul safars, raTa gaumjobesdes 

niadagis zerdapiris daculoba. feTqi masaliT aRWurvili mowyobilobis afeTqebis dros 

gamoityorcneba namwvi airebi rogorc gazuri mtvris, aseve myari mtvris saxiT. namwv 

airebSi Semavali gazuri komponentebidan yvelaze metad saxifaToa naxSirbadis monooqsidi, 

romelic Ria atmosferoSi arasaxifaTo koncentraciiT aris warmodgenili, xolo myari 

mtveri Seicavs mZime metalebs–tyvia, stibiumi, spilenZi, TuTia da sxv. romlebic grovdebian 

asafeTqebeli kamerebis kedlebze da sasroleTebis niadagSi. am ukanasknel SemTxvevaSi 
savaraudoa mZime metalebis transferi niadagidan wyalSi da Semdeg sakveb ciklSi, rac 

uaryofiTad moqmedebs adglobrivi mosaxleobis janmrTelobaze. sasroleTebze aseve 

aRiniSneba jariskacebis janmrTelobis gauaresebis sxvadasxva simptomebi, rac savaraudod 
dakavSirebulia afeTqebis dros gamoyofili saxifaTo narCenebis akumulaciasTan.  

am mavne zegavlenis minimizaciis mizniT SesaZlebelia iseTi sasrolo aRWurvilobis 

SeZena an damzadeba, romelic ar Seicavs tyvias, aseve SesaZlebelia tyviis Semcvelobis 
SezRudva sabrZolo masalebSi, kerZod ki foladis sxvadasxva Senadnobebis gamoyeneba tyviis 

magivrad. xangrZlivi periodis dabinZurebas iwvevs tyvia. igi mravali wlis ganmavlobaSi 
gansakuTrebiT didi raodenobiT gaityorcna atmosferoSi saavtomobilo tyviaSemcveli 

benzinebis dawvis gamo. garda amisa, istoriulad tyvia gamoiyeneboda Zalian bevr nakeTobaSi. 

sabrZolo masalebi Seicaven rTul naerTebs, sadac warmodgenilia tyvia, spilenZi, TuTia, 
stibiumi da bismuti. rigi gamokvlevebis mixedviT sasroleTis da mis mimdebare 

teritoriebze xdeba niadagisa da wylis intensiuri dabinZureba, rac azianebs teritoriaze 

SemTxveviT moxvedril frinvelebsac da cxovelebsac. rig SemTxvevaSi izrdeba mZime 
metalebis Semcveloba TevzebSic. tyvia gavlenas axdens nervul sistemaze, gul–

sisxlZarRvTa da kuW–nawlavis sistemaze da sxv. vinaidan tyvias gaaCnia gamoxatuli 

toqsikuri Tvisebebi da dagrovebis unari, umjobesia misi Secvla foladiT, romelsac aqvs 

mcire toqsikuroba, maRali simtkice da dabali fasi. tyviis gareSe sabrZolo masalebis 

SemuSaveba rTuli problemaa da aucilebelia saWiro komponentebis gonivruli SerCeva 

saxifaTo emisiebis Sesamcireblad, teqnikuri efeqturobis SenarCunebiT. 

gaTvaliswinebulia saqarTveloSi arsebuli feTqi masalebis gamocdis nagebobebis 

kedlebidan da sxva zedapiridan mravali wlis ganmavlobaSi dagrovili fenis analizi 

sxvadasxva adgilas da arsebuli dabinZurebis daxasiaTebis safuZvelze riskebis gansazRvra. 
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miRebuli Sedegebis gaTvaliswinebiT SemuSavdeba RonisZiebebi SemdgomSi dabinZurebis 

prevenciisa da  Semcirebis uzrunvelsayofad, kerZod gakeTdeba mZime metalebis SemboWavi 

cvladi forovani segmentebiani damcavi farebi, aseve damzaddeba zogierTi kompoziciuri 

danamatebi afeTqebis dros gamotyorcnili myari mtveris Sesamcireblad. SemuSavdeba 

rekomendaciebi feTqi masalebis gamocdis obieqtebis SesaZlo dabinZurebis prevenciisa da 

SemcirebisaTvis. igegmeba wvril da msxvilkalibriani yofili samxedro sasroleTebis 
(axalqalaqis r–ni, abuli da kvarSa), aseve aqtiuri samxedro sasroleTis (orfolos r–ni) 

monitoringi saxifaTo narCenebis Semcvelobaze, Sedgenili iqneba dabinZurebis 

koncentraciebis ganawilebis ruqa, SemuSavdeba RonisZiebebi dabinZurebis Semcirebisa da 
prevenciisaTvis.   

unda aRiniSnos, rom sasroleTebze garkveul problemas qmnis aufeTqebeli 

saartilerio Wurvebi. am dros SesaZlebelia dazianebuli Wurvidan didi raodenobiT feTqi 
nivTierebebis gamotutva garemoSi [1]. Cveulebrivi feTqi nivTierebebi TNT da RDX kargad 
aris Seswavlili maTi gamoyenebis da Semadgenlobis TvalsazrisiT, aseve garemoSi moqmedebis 

mxrivac. axali naklebad mgrZnobiare, kerZod polimeruli Semkvreliani (PBX) feTqi 
nivTierebebi, romlebic sul ufro metad poveben gamoyenebas, naklebad Seswavlilia 

garemoSi maTi potenciuri toqsikuroba. es ukanaskneli garemoeba moiTxovs 
damatebiT kvlevebs. sainteresoa, rom mTel rig sasroleTebze dabinZurebul 

adgilebSi TNT–sTan  erTad aRmoCenilia misi degradaciis produqti, rac adasturebs 

bunebrivi degradaciis mimdinareobas [2]. amis gamo yvelanairi feTqi masalebis Semcveli 

aRWurvilobis gamoyenebis dros niadagSi feTqi nivTierebebis koncentracia sakmaod dabalia. 

amasTan erTad aRiniSneba sabrZolo manqanebis moqmedebis gamo niadagSi navToburi sawvavis 

narCenebis normaze maRali Semcveloba. sasroleTebze feTqi nivTierebebis narCenebi 
araTanabrad aris ganawilebuli da saWiroa Zlieri dabinZurebis adgilebis SerCeva da maTi 

damatebiTi remediacia. saxifaTo dabinZurebis SemcirebisaTvis muSavdeba axali ufro metad 

garemosaTvis usafrTxo SeiaraReba da maTi zegavlena garemoze Semcirebulia [3]. am mxriv 
xdeba gamaWuWyianebeli komponentebis Secvla imave teqnikuri efeqturobis sxva 

komponentebiT, romlebic naklebad abinZureben garemos.  

didi mniSvneloba aqvs sasroleTebis geografiul ganlagebas, niadagur–klimatur 
pirobebs. niadagSi xdeba aseve metalTa SeboWva huminuri mJavebiT, Tumca am SemTxvevaSi didi 

mniSvneloba aqvs niadagis saerTo mJavianobas. yovel SemTxvevaSi mimdinareobs niadagSi 
adsorbcia, ionmimocvla da Jangva–aRdgeniTi reaqciebi. sorbentebis saxiT gamoiyeneben Zvlis 

naxSirs, aseve rkinis Jangis an hidroJangis sxvadasxva Semcvelobis bunebriv masalebs. 

aRniSnulia, rom rkinis Jangis meti Semcveloba dadebiTad moqmedebs metalTa Zvradobis 
Semcirebaze [4]. unda aRiniSnos, rom jariskacis janmrTelobis dacvisaTvis aucilebelia 

tyviis Semcvelobis Semcireba an utyvio aRWurvilobis SemuSaveba. axali „mwvane“ 

aRWurviloba ar Seicavs tyvias, Tumca amave dros gamoyenebisas gaizarda spilenZisa da 

bismutis mtveri, romelic aseve moqmedebs jariskacis janmrTelobaze. ramodenime naSromSi 

naCvenebia sasroleTebis negatiuri zegavlena garemoze (niadagze, frinvelebsa da 

cxovelebze) [5,6,7,8]. aseve aRniSnulia mZime metalebis koncentraciis gazrda wylis 

organizmebSi, magaliTad TevzSi [9,10]. tyviiT mowamvla zegavlenas axdens nervul, gul–

sisxlZarRvTa, momnelebel sistemebze da sxva [11].  Cveulebriv, energetikuli masalebi 

deponirdebian niadagis zedapirze rogorc nawilakebi anda boWko [12]. energetikul 

masalebSi igulisxmeba rogorc feTqi masalebi, aseve sawvavis Semadgeneli nivTierebebi. 
yvelaze metad gavrcelebulia 2,4,6–trinitrotoluoli (TNT), 1,3,5–heqsahidro–1,3,5 – 

trinitrotiazini (RDX) da 1,3,5,7–tetrahidro–1,3,5,7,–tetranitrotetrazocini (HMX), 
romlebic gamoiyenebian maRalenergetikul feTq masalebad, aseve nitroceluloza (NC), 2,4–
dinitrotoluoli (DNT), nitroglicerini (NG) da nitroguanidini (NQ), romlebic 

gamoiyenebian sawvavSi. es aris ZiriTadi nivTierebebi, romelTa Semcvelobac Seiswavleba 

sasroleTebze. afeTqebis Semdeg narCenebi ganibneva garemoSi 0.1 mm–ze naklebi an meti zomis 
nawilakebis saxiT.  



petre meliqiSvilis fizikuri da organuli qimiis institutis Sromebi                                 2011 
 

 86 

samxedro zegavlenis Semcirebis kvlevebi sul ufro intensiuri xdeba da dagrovilia 

didi masala, romelic moiTxovs ganxilvas da Sefasebas. samxedro sistemebis ganviTarebasTan 

erTad saWiro xdeba gamonTavisuflebuli yofili samxedro bazebis teritoriebis 

gasufTavebis ekologiurad usafrTxo teqnologiebis SemuSaveba.  

feTqi masalebis kompoziciebSi axali forovani danamatebis Setana Seamcirebs garemoze 

negatiur zemoqmedebas da uzrunvelyofs obieqtis usafrTxoebas. miRebuli Sedegebis 
safuZvelze SemuSavdeba axali modeli feTqi masalebis gamocdis obieqtebisa da 

sasroleTebis garemoze mavne zegavlenis prevenciisa da Semcirebis mizniT. axali modelis  

gamoyeneba SesaZlebelia sxva qveynebSic analogiuri obieqtebis usafrTxoebis asamaRleblad, 
adgilobriv pirobebTan adaptirebiT. aRniSnulis safuZvelze gaumjobesdeba obieqtebis 

ekologiuri mdgomareoba da Semcirdeba garemoze negatiuri zegavlena, uzrunvelyofili 

iqneba adgilobrivi mosaxleobis da garemos usafrTxoeba.  
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ABOUT POLLUTION REDUCTION AND PREVENTION ON THE TERRITORY OF 

MILITARY SHOOTING RANGES 
Avtandil Dolidze, Irma Mikadze, Nino Kavtaradze, Liparit Dolidze, Rusudan Uridia, Natia Barbakadze 

 
SUMMARY 

For the purpose of reduction of moving and transportation of heavy metals from soils in territories of 
shooting ranges various natural sorbents are used, various additives also are developed for soils to bind 
lead, cooper, zinc, antimony and bismuth, containing in a solid dust. Often fighting materials contain 
dangerous substances, and their sedimentation occurs as in territory of shooting range and vicinities that 
creates threat to the human health and protection of environment. 

 



petre meliqiSvilis fizikuri da organuli qimiis institutis Sromebi                                 2011 
 

 87 

 
samxedro aRWurvilobis demilitarizaciisa da narCenebis ganadgurebis 

garemoze zegavlenis Sesaxeb 
 

avTandil doliZe, daviT supataSvili, irma miqaZe, nino qavTaraZe, liparit doliZe,  

naTia barbaqaZe, rusudan uridia 
 

NATO-s kvlevebisa da teqnologiebis saagentos AVT simpoziumebze "Munition and Propellent 
Disposal and it’s Impact on the Environment" periodulad xdeba mniSvnelovani informaciis 
gacvla samxedro-teqnikuri miRwevebis   Sesaxeb samxedro ekologiis dargSi. aRiniSna, rom 
gamousadegari aRWurvilobis ganadgureba NATO-s erT-erT mTavari problemaa. bolo 

xanebSi, meti yuradReba eTmoba samxedro zegavleniT dabinZurebuli adgilebis 
gasufTavebasTan erTad mis reabilitacias momavalSi gamonTavisuflebuli teritoriebis 

samoqalaqo miznebisaTvis gamosayeneblad. wardgenil iqna Cveni kvleviTi samuSaoebis 
Sedegebi samxedro zegavleniT dabinZurebuli obieqtebis monitoringisa da remediaciis 
dargSi saqarTvelos magaliTze. SemuSavebulia saTanado rekomendaciebi da reabilitaciis 
inovaciuri modeli adgilobrivi bunebrivi masalebisa da saSualebebis gamoyenebiT.  

 

gasuli wlis bolos NATO-RTA AVT-177 simpoziumze (edinburgi, didi britaneTi, 16-20 
oqtomberi, 2011) ganixileboda samxedro aRWurvilobis demilitarizacisa da narCenebis garemoze 

zegavlenis sakiTxebi ekologiuri usafrTxoebis uzrunvelyofis mizniT. simpoziumis oficialur 

presrelizSi aRniSnuli iyo, rom simpoziumSi miiRo monawileoba 80-mde warmomadgenelma 14 

qveynidan, saqarTvelosa da ruseTis CaTvliT.  prezentaciaSi [1] aRniSnuli iyo samxedro 
ekologiis momavali ganviTarebis Semdegi amocana: “aRWurviloba, romelsac aqvs minimaluri 
saxifaTo zegavlena garemoze, misi damzadebis, Senaxvis, gamoyenebisa da gauvnebelyofis dros”. 

amdenad, unda ganviTardes meTodebi da teqnologiebi, romlebic xels Seuwyoben garemoze 

zegavlenis minimizacias samxedro aRWurvilobis sicocxlis mTeli ciklis periodSi. unda 
mieqces yuradReba e.w. “mwvane” aRWurvilobis Seqmnas da meores mxriv dabinZurebuli garemos 
remediaciis bunebadamzogavi meTodebis SemuSavebas. mniSvnelovani adgli daeTmo NATO-NAMSA 
rols msoflioSi mimdinare demilitarizaciis procesebSi da aRiniSna, rom xels uwyoben 

sxvadasxva qveynebs, raTa moxdes gauvargisebuli aRWurvilobis gauvnebelyofa da afeTqebis 

adgilebis gasufTaveba-remediacia [2].  simpoziumis prezentaciebis Semdgomi cikli daeTmo 
industriuli demilitarizaciis SesaZleblobebs, sadac wardgenili iyo “Demilitarization of 
obsolete munition and monitoring of polluted territories in Georgia”. aRiniSna, rom saerTaSoriso 

organizaciebis daxmarebiT saqarTveloSi mimdinareobs demilitarizaciis programa im mizniT, rom 

SemdgomSi SesaZlebeli iyos am samuSaoebis damoukidebeli ganxorcieleba. demilitarizaciis 
konkretul SedegebTan erTad moxsenebaSi gamoTqmuli iyo axlebuli midgoma yofili samxedro 
bazebis samoqalaqo gamoyenebis dargSi. kerZod, zogierTi specialistis mosazrebiT, samxedro 

zegavleniT gamowveuli dabinZureba 5 wlis Semdeg umniSvneloa da SesaZlebelia 

gamonTavisuflebuli teritoriis gadacema samoqalaqo gamoyenebisaTvis. kopitnaris da vazianis 
samxedro aerodromebis dabinZurebuli teritoriebis monitoringis Sedegad aRiniSna reaqtiuli 

sawvavis parafinuli nawilis bunerivi degradacia adgilobrivi mikroorganizmebiT, Tumca 
aromatuli nawili ganicdis atmosferul zegavlenas da dafiqsirebulia kancerogenuli 

naerTebis mniSvnelovani raodenoba. Cvens mier gamoiTqva mosazreba, rom yovel calkeul 

SemTxvevaSi unda Catardes yofili samxedro obieqtebis dabinZurebis monitoringi da mxolod 
usafrTxo Sedegebis miRebis Semdeg moxdes gadacema samoqalaqo miznebiT gamoyenebisaTvis. garda 
amisa, naCvenebia, rom samxedro zemoqmedebis adgilebSi faqtiurad aris mravalkomponentiani 

dabinZureba (feTqi masalebi, navToburi narCenebi, mZime metalebi, sxvadasxva qimikaliebi da sxv.). 

mecnierebi swavloben  biologiuri agentebis moqmedebas calkeuli  saxeobis dabinZurebis 
degradaciaze. Tumca mravalkomponentiani dabinZurebis Semcireba moiTxovs kompleqsur midgomas. 
Cvens moxsenebaSi rekomendacia mieca niadagebis “TviTgawmendis” procesebis stimulirebas 

adgilobrivi biologiuri agentebis ganviTarebisaTvis optimaluri pirobebis Seqmnis gziT. aseTi 

midgoma uzrunvelyofs savele pirobebSi samxedro zegavleniT mravalkomponentiani dabinZurebis 
remediacias [3,4]. saintereso iyo myari sawvavebis Ria dawvis dros ekologiurad saxifaTo 

zegavlenis minimizaciisaTvis ruseTis warmomadgenlis prezentacia [5]. samxedro raketebSi 
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gamoyenebuli gauvargisebuli myari sawvavis gasanadgureblad Ria dawvis meTodis gamoyenebis 

dros xdeba saxifaTo namwvi airebisa da myari narCenebis gamotyorcna. mkvlevarebis mier 
gamoyenebulia wylis damcavi safari da Sedegad gamavali airebis Semadgenlobis 55-60% ileqeba 

kontrolirebad areSi, xolo Ria atmosferoSi gasvla xdeba koncentraciiT, romelic ar 
aRemateba miRebul normebs. es monacemebi adastureben mkvlevarTa mcdelobas Seamciron garemoze 

demilitarizaciis saxifaTo zegavlena.  
samxedro aRWurvilobiT dabinZurebuli adgilebis marTvas mieZRvna gamosvlebis 

mniSvnelovani nawili. ganxiluli iyo raketuli motorebis segmentaciis teqnologia, aseve 
saxifaTobisa da riskis ruqebis Sedgena demilitarizaciis sxvadasxva teqnologiebis gamoyenebis 

ganviTareba da maTi ekologiuri efeqti. saintereso iyo skandinaviis qveynebis ramodenime 

warmomadgenlis gamosvlebi, romelic mieZRvna wvril- da msxvilkalibriani aRWurvilobis 
sasroleTebis dabinZurebis sakiTxebs da maTi Semcirebis RonisZiebebs. aq yuradReba gamaxvilda 
rogorc “mwvane” feTqi masalebis axali kompoziciebis SemuSavebas, aseve mZime metalebis 

narCenebis Zvradobis SeboWvis sxvadasxva meTodebs da saSualebebs [6,7].  

mTel msoflioSi yovelwliurad gamoiyeneba mniSvnelovani raodenoba sxvadasxva 
aRWurvilobisa, romlebic Seicaven feTq masalebs. iTvleba, rom maTi gamoyenebis Sedegad xdeba 

negatiuri zegavlena garemoze, amasTan erTad mcire procenti ar feTqdeba da rCeba poligonze. 
es iwvevs maRalkoncentrirebuli feTqi masalebis gamotutvas garemoSi. TNT da RDX 
Cveulebrivi feTqi masalebia da maTi zegavlena garemoze kargad aris Seswavlili. igives Tqma ar 

SeiZleba axali SedarebiT naklebad mgrZnobiare feTq masalebze, sadac Semkvrelad gamoyenebulia 
polimerebi (PBX), radganac maTi toqsikuroba jer kidev ar aris Seswavlili [8]. savaraudoa, 
rom PBX maRali mdgradobis gamo maTi narCenebi rCebian garemoSi ufro xangrZlivad, vidre 

feTqi masalebi. es sakiTxebi moiTxovs damatebiT Seswavlas. sasroleTebis niadagisa da wylis 

sinjebSi aRiniSneba feTqi masalis narCenebi, sadac dominireben TNT da misi degradaciis 
produqtebi. dabinZurebis yvelaze meti koncentracia aris Cveulebrivi niadagis zedapirze da 
amitom sinjebis aReba siRrmul fenaSi ar aris aucilebeli. TNT-Tan erTad Cveulebriv 

aRiniSneba misi degradaciis produqtebi, rac adasturebs maT bunebriv deegradacias. yvelaze 

meti koncentracia aris yumbarebis mier gakeTebuli ormoebis kraterebSi, ufro mcire 
xelyumbarebis gamoyenebis adgilebSi [9].  

“mwvane” aRWurvilobis SemuSavebisa da gamoyenebis sakiTxebs mieZRvna ramodenime gamosvla 

[10]. aRiniSa, rom kanadaSi 2008 wlidan mimdinareobs samuSaoebi, romlebic iTvaliswinebs 

SedarebiT naklebad mgrZnobiare “mwvane” aRWurvilobis gamoyenebas, gansakuTrebiT sabrZolo 

masalebSi. demilitarizaciis dros gauvargisebuli yumbarebidan iReben yvelaze Zvirfas 
konponentebs da xdeba xelaxali gamoyeneba axal formulaciebSi. maTi Sedegebis mixedviT axali 

formulaciis “mwvane” kompoziciebi gacilebiT nakleb zegavlenas axdenen garemoze.  

ukanaskneli 30-35 wlis ganmavlobaSi mTel msoflioSi da amerikis SeerTebul StatebSi 

dagrovda ekologiuri instruqciebi da qimiuri regulirebis monacemebi, rac moiTxovs 
programul uzrunvelyofas [11]. SemuSavevbulia programa MIDAS 1990 wlidan, romelic moicavs 

10.000-mde sxvadasxva sabrZolo maragnawilebis monacemebs, komponentebis daxasiaTebas da 

identifikacias, qimiur Semadgenlobasa da elementebs. amJamad, programaSia 75 mln. elementi 275 

aTasi qimikatisaTvis, 1 milionze meti produqti da 750 qimiuri regulirebis sia. amave dros, 
asaxulia sabrZolo masalebis afeTqebis unarianoba da emisiebi demilatarizaciis dros.  

didi mniSvneloba eniWeba maRalkoncentrirebuli energetikuli masalebis narCenebiT 

dabinZurebuli adgilebis dadgenas da remediacias. sabrZolo-energetikuli masalebis narCenebi 

aRmoCenilia rogorc niadagSi, aseve gruntis wylebSi [12]. samxedro Zalebi aseve gamoiyeneben 

kvamlis aRWurvilobas, raTa Semofarglon an daicvan jarebi, an masalebi moZraobis periodSi da 
saerTod jarebis moqmedebis miznebis dasafaravad [13]. Cveulebriv gamoyenebulia 

bolwarmomqmneli aRWurvilobisaTvis TeTri fosforis Semcveli kompoziciebi, romlebic 

efeqturad moqmedeben. amasTan erTad, TeTri fosfori maRaltoqsikuri da momwamvlelia 

cxovelebisaTvis, romlebic SeiZleba moxvdnen sasroleTis teritoriaze. garda amisa, iqmneba 
garkveuli problemebi TeTri fosforis Semcveli kompoziciebis demilitarizaciis dros. 

SemuSavebulia axali multispeqtraluri bolis warmomqmneli mowyobiloba, romelic iZleva 

toqsikuri naerTebis Zalze mcire emisias. samuSaoSi warmodgenilia ramodenime alternatiuli 

Semadgenloba da mocemulia Sefasebebi, raTa moxdes garemoze zegavlenis Semcireba. 
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rasakvirvelia aseTi axali kompoziciebis gamoyeneba gamoiwvevs axali moTxovnebis dadgenas 

bolwarmomqmneli naerTebisadmi ekologiuri usafrTxoebis TvalsazrisiT.  
NATO-RTO-AVT simpoziumebi dawyebuli 2001 wlidan saqarTvelos monawileobiT xels 

uwyobs sxvadasxva qveynebs miRwevebis gacnobas da momavali samuSaoebis ganviTarebas samxedro 
aRWurvilobis marTvis dargSi, aseve bolo xanebSi wina planze dadga “Tavdacva terorizmis 

winaaRmdeg”. misi teqnikuri mizani iyo garemos usafrTxoebis kritikuli doneebis dadgena feTqi 
masalebis, piroteqnikis, iniciatorebis, saraketo da denTis sawvavebis gauvnebelyofisaTvis, aseve 

rekomendaciebis SemuSaveba gauvnebelyofis momavali politikisaTvis, raTa ar moxdes maTi 
gamoyeneba teroristuli miznebisaTvis. rasakvirvelia, diskusia, mosazrebebis gacvla xels 

Seuwyobs sxvadasxva qveynebSi Sesabamisi teqnologiebis ganviTarebis gaTanabrebas, gansakuTrebiT 

dabinZurebuli teritoriebis remediaciis an/da gasufTavebis racionaluri meTodebis gamoyenebis 
dargSi.  
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ABOUT INFLUENCE ON ENVIRONMENT OF DEMILITARIZATION OF MILITARY MUNITION 
AND RESIDUES DESTRUCTION 

Avtandil Dolidze, David Supatashvili, Irma Mikadze, Nino Kavtaradze, Liparit Dolidze, 
Natia Barbakadze, Rusudan Uridia 

 
SUMMARY 

On NATO-RTA AVT symposiums "Munition and Propellant Disposal and it`s Impact on the Environment" 
periodically there is an exchange of the considerable information in the field of military ecology. It is noticed 
that destruction of unsuitable equipment is one of the main problems of NATO. Recently more attention it is 
given to clearing of the polluted places, and also rehabilitation of the liberated territories for the subsequent 
application in the civil purposes. Results of our research works in the field of monitoring of the objects 
polluted by military influence and remediation are presented. On an example of Georgia corresponding 
recommendations and innovative model of rehabilitation with application of local natural materials and means 
are developed. 
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ceoliTisa da mura naxSiris safuZvelze momzadebuli substratis 

gamoyenebis efeqturoba memcenareobaSi 
 

Teimuraz andronikaSvili, marine zautaSvili, luba eprikaSvili, Teimuraz korZaxia,  

nino fircxalava, maia Zagania 

 
amoniumisa da kaliumis ionebiT modificirebuli klinoptiloliTSemcveli tufisa da mura naxSiris 
safuZvelze momzadebuli iyo substrati, romlis bioproduqtiuloba daaxloebiT samjer aRemateba 

niadagze aRmocenebuli mcenareebis bioproduqtiulobas. testuri mcenaris aRmoceneba xorcieldeboda 
monokulturis variantSi (daZabul reJimSi), es substrati misi eqspluataciis procesSi 
xasiaTdeboda nayofierebis gamofitvisadmi meti mdgradobiT, vidre niadagi. dadgenilia, rom niadagTan 
SedarebiT, substratis nayofiereba misi eqspluataciis garkveul zRvramde izrdeba. 

 

dReisaTvis memcenareobaSi sxvadasxva sasoflo-sameurneo kulturis mosayvanad farTod 
gamoiyeneba sasaTbure gruntebi (substratebi), romlebic ZiriTadad sxvadasxva 

komponentisagan Sedgeba. gasuli saukunis meore naxevridan am mimarTulebiT kvlevebi 

Catarebuli iyo bulgareTSi, TurqeTSi, sasomxeTSi da azerbaijanSi [1-3]. aseTi 
komponentebis rangSi warmatebiT gamoiyeneba sedimentaciuri warmoSobis bunebrivi 

ceoliTebi, romelTa sabadoebi mravladaa mTels msoflioSi [4-10]. 

mocemuli kvlevis mizani iyo orkomponentiani efeqturi uniadago substratis Seqmna. es 

komponentebia: bunebrivi ceoliTi da mura naxSiri, romlis sabado saqarTveloSi 

q.axalcixesTan axlos mdebareobs [11]. igi humusur-saprolitur jgufs da mwiri mura 

naxSirebis klass ganekuTvneba. misi gamoyeneba saTbobis warmoebaSi SezRudulia, magram didi 

raodenobiT Seicavs organul nivTierebebs huminuri mJavebis saxiT, romlebic wyalSi 

uxsnadia da sakvebi elementebis rangSi mcenarisaTvis miuwvdomelia. amitom mura naxSiri 

uSualod sasuqis saxiT ar gamoiyeneba. 

Cvens mier mura naxSirisa da bunebrivi ceoliTis substratis SemadgenlobaSi 
Serwymulad gamoyeneba dafuZnebuli iyo varaudze, rom es ukanaskneli xels Seuwyobs mura 

naxSiris SemadgenlobaSi Semavali organuli nivTierebebis wyalSi xsnad formaSi gadasvlas. 

sxva samuSaoebisagan gansxvavebiT mocemul eqsperimentSi gamokvleuli iyo amoniumisa da 
kaliumis ionebiT modificirebuli klinoptiloliTSemcveli tufisa da daumuSaveli 

(sawyisi) mura naxSiris Serevis gziT damzadebuli substratis gamoyenebis efeqturoba.  

sawyis masalebad substratebis momzadebis dros gamoyenebuli iyo: sedimentaciuri 

warmoSobis bunebrivi ceoliTi – kaspis adgilmdebareobis (xandaki, saqarTvelo) 

klinoptiloliTSemcveli tufi [12]. amoniumis da kaliumis ionebiT ceoliTis modificireba 

mimdinareobda sawyisi ceoliTis (marcvlovnoba 1-2mm) 0.1N NH4Cl-isa da KCl-is 
wyalxsnariT mravaljeradi damuSavebiT. 

niadagi (q.Tbilisi. niadagis tipi – mdelos yavisferi wyalxsnaris tute reaqciiT 

pH=7.3-7.9) xasiaTdeba humusis dabali (1.93-2.96%) SemcvelobiT, granulometriuli 

SemadgenlobiT SeiZleba ganekuTvnos mZime Tixnars [13]. substratis ZiriTad sakvlev 
komponentad gamoyenebuli iyo axalcixis adgilmdebareobis 1-2mm marcvlovnobis mura 

naxSiri. 

eqsperimenti Catarda vegetaciur WurWlebSi sam variantad, TiToeuli samjeradi 
ganmeorebadobiT. I varianti – WurWelSi moTavsebuli iyo 1kg msubuqad SemSrali niadagi. es 

varianti warmoadgenda pirvel kontrols; II varianti – substrati momzadebuli iyo 
amoniumiT (wonis 25%) da kaliumiT (wonis 25%) modificirebuli tufisa da niadagis 

(wonis 50%) Serevis gziT. es varianti warmoadgenda meore kontrols; III varianti 

(ZiriTadi) – msgavsia II variantisa, mxolod substratis SemadgenlobaSi niadagis nacvlad 
gamoyenebuli iyo mura naxSiri (wonis 50%). 

testur mcenared gamoyenebuli iyo sagazafxulo qeri, adgilobrivi jiSi “axali 

Tesli”. daTesva mravaljeradad ganxorcielda anu monokulturis variantSi, rac niadagis 
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nayofierebaze gansakuTrebiT agresiulad moqmedebs da niadagis gamofitvas iwvevs [14]. 

eqsperimenti mimdinareobda 2010-2011 wlebSi. Catarebuli iyo rva daTesva miRebuli 

Sedegebis Sesabamisi damuSavebiT. Cvens mier momzadebuli substratis memcenareobaSi 

gamoyenebis mizanSewoniloba da xangrZlivoba gansazRvruli iyo niadagis gamofitvis 

kriteriumiT, bulgareli mecnierebis mier SemoTavazebuli meTodikis Sesabamisad [15]: 

pirveli daTesvis dros aRmocenebuli mcenaris mSrali biomasis SefardebiT Semdegi 
daTesvebisas (Sesabamisad meore, mesame da a.S.)  aRmocenebuli mcenareebis biomasasTan. am 

maCveneblis zrda miuTiTebs niadagis nayofierebis gamofitvaze, xolo kleba – piriqiT 

nayofierebis zrdaze. 
eqsperimentis gasaSualoebuli Sedegebi mocemulia 1 da 2 cxrilebSi. 1 cxrilidan Cans, 

rom I variantSi daTesvis mimdevrobaze damokidebulebiT mexuTe daTesvis CaTvliT mSrali 

biomasis wona monotonurad klebulobs. savaraudod es dakavSirebulia qeris monokulturis 
reJimSi aRmocenebasTan. meore da gansakuTrebiT ki mesame variantSi piriqiT, mexuTe 

daTesvamde mcenaris mSrali biomasis wona mkveTrad izrdeba. niadagze aRmocenebuli mcenaris 

jamuri biomasa gacilebiT dabalia meore da mesame variantebTan SedarebiT da Sesabamisad 

Seadgens: 27.25; 54.05 da 82.0 g/WurW. amrigad, mcenaris bioproduqtiuloba meore variantSi 

orjer, xolo mesame variantSi samjer metia pirvel variantSi aRmocenebul mcenaresTan 

SedarebiT. ceoliTisa da mura naxSirisgan Sedgenili substratis bioproduqtiuloba 1.5-

jer metia ceoliT-niadagi substratis bioproduqtiulobaze. meores mxriv napovnia, rom 

meore da mesame variantSi pirveli daTesvis bioproduqtiuloba gacilebiT dabalia 

pirvelze. savaraudod ceoliTisa da Cvens mier SemoTavazebuli substratis zemoqmedebis 

dadebiTi efeqti drois am SualedSi (30 dRe) ver aswrebs gamovlenas. Tumca 
ceoliTSemcvel substratebze meore da gansakuTrebiT mesame daTesvis dros mimdinareobs 

mcenaris bioproduqtiulobis mkveTri zrda, amasTan igi maqsimums aRwevs mexuTe daTesvis 

dros. meore variantSi bioproduqtiuloba TiTqmis 10-jer, xolo mesameSi – 13-jer metia 
niadagTan SedarebiT. 

 
cxrili 1. mcenaris mSrali biomasis cvlileba (mTlianobaSi) substratis tipisa da  

daTesvis mimdevrobisagan damokidebulebiT 

 Mmcenaris mSrali biomasa (g/qoTani) 
daTesvis Tanmimdevroba 

 

substratis 
tipi 
 pirveli meore mesame meoTxe mexuTe meeqvse meSvide merve 

1)niadagi 
(kontroli) 

9.0 8.0 5.0 3.0 2.25 3.3 2.6 3.2 

2)ceoliTi-
niadagi 

2.0 3.25 11.1 15.75 21.95 6.0 5.6 4.9 

3)ceoliTi-
mura naxSiri 

5.5 12.0 15.0 19.75 29.75 8.5 6.7 5.1 

 
cxrili 2. mcenaris fesvTa sistemis mSrali biomasis cvlileba substratis tipisa da 

daTesvis mimdevrobisagan damokidebulebiT 
 

 Mmcenaris mSrali biomasa (g/qoTani) 
daTesvis Tanmimdevroba 

substratis 
tipi 
 pirveli meore mesame meoTxe mexuTe meeqvse meSvide merve 

1)niadagi 
(kontroli) 

5.0 5.0 3.0 1.5 1.5 3.0 2.0 2.5 

2)ceoliTi-

niadagi 
1.25 2.0 9.6 13.75 19.5 5.5 5.0 3.9 

3)ceoliTi-
mura naxSiri 

4.0 10.0 13.0 17.0 26.75 6.0 5.7 4.2 
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cxrilSi 2 motanilia qeris fesvTa sistemis mSrali biomasis cvlileba substratis 

tipisa da daTesvis mimdevrobisagan damokidebulebiT. dadgenilia, rom am SemTxvevaSi qeris 

bioproduqtiulobis cvlileba igive kanonzomierebebs emorCileba, rogorc pirvel cxrilSi 

mocemul SedegebSi. 

pirvel da meore cxrilSi motanili Sedegebis Sedarebidan Cans, rom drois pirvel 

monakveTSi (30 dRe), rogorc mosalodneli iyo, mimdinareobs mcenaris fesvTa sistemis da 
ara miwiszeda nawilis, zrda da ganviTareba, anu bioproduqtiuloba (biomasa) izrdeba 

mcenaris miwisqveda nawilis xarjze. 

gasuli saukunis 80-ian wlebSi Sesrulebul samuSaoebSi [16] naCvenebia, rom ceoliTis 
SemadgenlobaSi Semaval kaTionebs unari aqvT ionmimocvliT reaqciaSi Sevidnen ara marto 

wyalxsnarebSi, aramed myar mdgomareobaSic, Tumca am variantSi mimocvlis reaqcia ufro 

metad Senelebulia. aqedan gamomdinare substratebSi savaraudod moqmedebs ionmimocvlis 
Semdegi meqanizmi: ceoliTidan NH4

+ da K+ kaTionebi mimocvlis reaqciaSi Sedian huminur da 

fulvomJavebTan da Sesabamisad warmoqmnian wyalSi xsnad marilebs. aseT mdgomareobaSi 

organuli nivTierebebi xels Seuwyoben substratis humifikacias, agreTve maT SeiTviseben 

mcenareebi. meores mxriv, SesaZlebelia am substratis maRali bioproduqtiuloba 

dakavSirebuli iyos mcenaris zrdisa da ganviTarebisaTvis xelsayreli mikrobuli peizaJis 

warmoqmnasTan, romelsac SeiZleba adgili hqondes sistemaSi ceoliTi-organika [17]. 

cxrilSi 3 mocemulia niadagisa da substratebis nayofierebis cvlilebis maCveneblebi 

daTesvis mimdevrobaze damokidebulebiT. cxrilis monacemebidan Cans, rom niadagze 

pirvelidan mexuTe daTesvis CaTvliT es maCveneblebi (indeqsi) izrdeba. mexuTe daTesvis 

dros nayofiereba daaxloebiT oTxjer metia pirvelTan SedarebiT, rac savaraudod mcenaris 
monokulturis reJimSi aRmocenebasTanaa dakavSirebuli, mimdinareobs niadagis gamofitva [14]. 

ceoliTSemcvel substratebSi es maCvenebeli mniSvnelovnad daweulia, rac maT maRal 

nayofierebaze metyvelebs. am substratebze pirvelidan mexuTe daTesvamde nayofierebis 
maCvenebeli mkveTrad klebulobs. es amtkicebs, rom substratis SemadgenlobaSi ceoliTis 

Setana zrdis mis mdgradobas gamofitvis efeqtis uaryofiTi zemoqmedebis mimarT [14]. 
 
cxrili 3. niadagisa da substratis nayofierebis cvlilebis maCveneblebi (indeqsi) daTesvis 

mimdevrobaze damokidebulebiT [15]. 

Ggamofitvis koeficienti, bioproduqtiulobis fardoba 

Ppirveli daTesvis qeris mSrali biomasis wonis fardoba Semdgomi daTesvis 
mSrali biomasis wonasTan: Sesabamisad meoresTan, mesamesTan da a.S. 

 
 

substratis tipi 
 

1/2 1/3 1/4 1/5 1/6 1/7 1/8 

1)niadagi 
(kontroli) 

1.13 1.80 3.0 4.0 2.7 3.5 2.8 

2)ceoliTi-niadagi 0.64 0.21 0.13 0.09 0.33 0.36 0.48 

3)ceoliTi-mura 

naxSiri 
0.60 0.37 0.31 0.11 0.65 0.82 1.08 

 

Tumca es situacia mkveTrad icvleba Semogdoma-zamTris periodis Semdeg, kerZod 

niadagis nayofiereba umniSvnelod izrdeba (meeqvse-merve daTesva), magram pirvel-mesame 
daTesvasTan SedarebiT dabali rCeba. nayofierebis es unmiSvnelo zrda, rogorc Cans, 

dakavSirebulia Semodgoma-zamTris periodSi mcire SesvenebasTan. rac Seexeba ceoliTSemcvel 

substratebs meeqvsedan merve daTesvis CaTvliT maTi nayofiereba ikargeba, rac savaraudod 

eqsperimentis daZabul reJimSi CatarebasTanaa dakavSirebuli [14]. unda aRiniSnos, rom am 

substratebis nayofiereba maTi SedarebiT dabali maCveneblebis miuxedavad, SesamCnevad 

maRalia, vidre niadagis identur pirobebSi eqspluataciis dros.     

daskvnebi 

1. momzadebulia da Seswavlilia axali uniadago substrati amoniumisa da kaliumis 

ionebiT modificirebuli klinoptiloliTSemcveli tufisa da mura naxSiris safuZvelze. 
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am substratze aRmocenebuli mcenareebi xasiaTdeba maRali bioproduqtiulobiT niadagze 

aRmocenebul mcenareebTan SedarebiT. 

2. dadgenilia, rom aseTi substratebi ufro metad mdgradebi arian mcenaris monokultu-

ris variantSi aRmocenebaze uaryofiTi zemoqmedebis efeqtis mimarT, vidre niadagi. 

3. am substratebis eqspluataciis vada SeiZleba gaizardos maTze mcenareebis cvlad 

brunvaSi aRmocenebis gziT. 
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THE EFFECTIVE APPLICATION OF THE SUBSTRATE ON THE BASIS OF 
NATURAL ZEOLITE AND BROWN COAL IN PLANT GROWING 

Teimuraz Andronikashvili, Marine Zautashvili, Luba Eprikashvili, Teimuraz Kordzakhia,  
Nino Pirtskhalava, Maia Dzagania 

 
SUMMARY 

On the basis clinoptilolitecontaining tuff modified by cations of ammonium and potassium and brown coal 
development of the substrate, which as a whole on bioproduction apporiximately a three times surpass bioproduction 
of plants growing on the soil. It has been found what in spite carrying out of the experiment in stressed (rigid) 
regime as cultivation (growing) test plant (barley) carried out in the variant of monoculture, this substrate 
characterized more stability to exhaustion of the fertilization the process its exploitation them the soil. It is 
established, what unlike from the soil until certain limit its exploitation of the fertility of the substrate increase. 
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bioliTonebisa da bunebrivi ceoliTebis Semcveli axali Taobis 

premiqsebis miRebis SesaZlebloba 
 

iamze beSkenaZe, nana JorJoliani, maia gogalaZe, spartak urotaZe, vladimer ciciSvili 

 
ganxilulia bioliTonebis (Mg, Mn, Zn, Fe, Co, Cu da sxv.), organuli naerTebisa (animomJavebi, 
oqsimJavebi da sxv.) da bunebrivi ceoliTebis (klinoptiloliti, lomontiti da sxv.) Semcveli 
axali Taobis aiafi da ekologiurad misaRebi premiqsebis miRebis SesaZlebloba.  

 

mefrinveleobis da mecxoveleobis daCqarebuli ganviTareba bunebriv_ekonomikuri zonebis 

gaTvaliswinebiT, erT-erTi mniSvnelovani problemaa mTel msoflioSi, romlis ZiriTadi 

damabrkolebeli faqtori yovelTvis iyo da aris sakvebi bazis dabali done, misi Seusabamoba 

frinvelTa da cxovelTa genetikur potencial-Tan. mefrinveleobisa da mecxoveleobis 
dargSi arsebuli monacemebis analizi cxadyofs, rom igi ar viTardeba sasurveli gziT. 

frinvelTa da cxovelTa mwiri, daubalansebeli sakvebiT kveba amcirebs produqciis 

warmoebas, zrdis sakvebis da-naxarjebs, zrdis TviTRirebulebas, uaryofiTad moqmedebs 
dargis rentabelobaze, produqtebis xarisxze. amitom im RonisZiebaTa Soris, romlebmac 

unda gadawyviton qveynis mefrinveleobisa da mecxoveleobis dargis ganviTarebis amocanebi, 
mniSvne-lovani adgili ukavia frinvelTa da cxovelTa srulfasovani kvebis organizacias, 

romlis erT_erTi elementia maTi sakvebis uzrunvelyofa mineraluri da organu-li 

nivTierebebiT (oqsimJvebi, aminomJavebi da a.S.). 
samwuxarod Cvens qveyanaSi dReisaTvis ar xdeba sakvebis dasabalansebeli mecnierulad 

dasabuTebuli optimaluri Semadgenlobis iafi, ekologiurad usafrTxo premiqsebis 

warmoeba. importirebuli, kombinirebuli sakvebis gamamdidrebeli saSualebebi (premiqsebi) ki 
mniSvnelovnad aZvirebs sakvebis TviTRirebelebas. amasTan, receptebSi, romlebic 

iTvaliswinebs maT gamoyenebas, ar aris gaTvaliswinebuli Cveni qveynis ama Tu im regionis 

da zonis niadagur_klimaturi pirobebi. 

mecnieruli gamokvlevebiT dadgenilia, rom frinvelTa da cxovelTa normaluri 

zrda_ganviTareba SeuZlebelia makro- da mikro elementebis (mineraluri nivTierebebis) da 

organu-li nivTierebebis (aminomJavebi, oqsimJavebi da a.S.) saWiro raodenobiT yoveldRiuri 

uzrunvelyofis gareSe. frinvelTa da cxovelTa organizmSi aRmoCenili 75_mde qimiuri 

elementidan 45 regularulad gvxvdeba da dadgenilia maTi miaxloebiTi Semcveloba 

qsovilSi. liTonebi _ Mg, Mn, Zn, Fe, Co da  Cu  miekuTvneba im kritikul da sasicocxlod 

aucilebel elementTa ricxvs, romlebic gvxvdeba frinvelTa da cxovelTa organizmSi da 
mniSvnelovan rols asruleben wylis da organuli nivTierebebis cvlaSi, sayuaTo 

nivTierebebis Sewovasa da SeTvisebaSi, qmnian normalur pirobebs gulis kunTisa da nervuli 

sistemis muSa-obisaTvis; gamokvlevebi [1-5] adastureben aRniSnuli nivTierebebis 
mniSvnelovan rols frinvelTa da cxovelTa organizmSi mimdinare fiziologiur da biolo-

giur procesebSi. amdenad isini mecxoveleobasa da mefrinveleobaSi gamoyenebuli sakvebis 

Seucvlel komponentebs warmoadgenen. amrigad, mecxoveleobis da mefrinveleobis ganviTare-
bis erT-erT aucilebel pirobas warmoadgens racionis yoveldRiuri Sedgenilobis 

mecnierulad dasabuTebuli uzrunvelyofa am Seucvleli komponentebiT, radganac maTi 
dabali Semcveloba racionSi iwvevs organizmis fiziologiuri procesebis moSlas, 

zrdaganviTarebis da cocxali masis matebis Seferxebas, nivTierebaTa cvlis darRvevas, 

xorcis xarisxis gauaresebas da rig daavadebebs (anemia, perozia da sxva).                  
cnobilia, rom mecxoveleobasa da mefrinveleobaSi kombinirebul sakvebSi gamoy-enebuli 

premiqsebis SemadgenlobaSi SeyavT Seucvleli bioliTonebis martivi marilebi (sulfatebi, 

qloridebi, karbonatebi, iodidebi) da organuli nivTiereb-ebi cal_calke an erTdroulad 

narevebis saxiT. am formiT maTi dabalefeqturoba ganpirobebulia maRali toqsikurobiT da 

cxovelTa da frinvelTa kuW_nawlavis traqtSi Znelad xsnadi da Znelad asaTvisebeli 

naerTebis warmoqmniT. amasTan dadgenilia, rom bioliTonebi TavianT funqciebs axorcieleben 
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organizmSi ara martivi marilebis, aramed biokoordinaciuli naerTebis saxiT (fermentebi, 

cilebi, hormonebi, vitaminebi). bioliTonebi koordinaciuli naerTebis saxiT sxvadasxva 

bioligandebTan Zlier amcireben maT toqsikurobas, rac ganpirobebulia imiT, rom bio-

liTonebis gamoTavisufleba da organizmis mier maTi Sewova xdeba Zalian nela. miuxedavad 

zemoT Tqmulisa bioliTonebis am saxiT gamoyenebis Sesaxeb literaturaSi monacemebi 

TiTqmis ar moipoveba; rogorc ukve avRniSneT ama Tu im nivTierebis biologiuri aqtiuroba 
mkveTrad izrdeba misi organizmSi koordinaciuli naerTis saxiT Seyvanisas. literaturuli 

monacemebis analizis Tanaxmad dadgenilia, bunebrivi ceoliTebis mizanmimarTuli gamoyenebis 

mniSvneloba mecxoveleobis da mefrinveleobis ganviTarebisaTvis. aSS, yofili sabWoTa 
kavSiris da evropis mowinave qveynebis gamocdileba gviCvenebs, rom kvebis racionSi 

ceoliTebis CarTva Tavidan gvacilebs dispesiis gamovlenas da mikroelementebis deficitiT 

gamowve-ul daavadebebs, uzrunvelyofs metabolizmis toqsikuri da mavne produqtebis 
organizmidan gamodevnas. dadgenilia, sakontrolosTan SedarebiT, sacdeli cxovelebis Zvlis 

maRali xvedriTi simkvrive. gansakuTrebiT dadebiT Sedegs iZleva bunebrivi ceoliTis 

gamoyeneba, rogorc samkurnalo saSualeba diareas dros [6-10]. rac Seexeba bunebrivi 

ceoliTebis da sxva tipis danamatebis kompoziciebis Sesaxeb literaturaSi monacemebi 

Zalze mwiria.  

yovelive zemoTTqmulidan gamomdinare problemis aqtualoba dakavSirebulia axali 

biokoordinaciuli naerTebis sinTezTan, maTi da bunebrivi ceoliTebis safuZvelze 

kompoziciebis momzadebasTan iafi, ekologiurad usafrTxo, unarCeno, antibaqteriuli da 

antiseptikuri premiqsebis Seqmnis mizniT, rac ganpirobebulia adamianTa da cxovelTa orga-

nizmSi fiziologiurad aqtiuri mikroelementebis da organuli nivTierebebis arsebobis 
aucileblobiT. 

proeqtis mizania deficituri mikroelementebis da organuli nivTierebebis safuZvelze 

axali biokoordinaciuli naerTebis sinTezi (ramdenadac bioliTonebi TavianT funqciebs 
biosistemebSi asruleben koordinaciuli naerTebis saxiT), maTi da bunebrivi ceoliTebisgan 

kompoziciebis momzadeba iafi, ekologiurad usafrTxo, unarCeno antibaqteriuli da 
antiseptikuri premiqsebis Seqmnis mizniT. 

proeqtis miznis ganxorcielebisaTvis dagegmilia Semdegi samuSaoebi: 

• biokoordinaciuli naerTebis sinTezis pirobebis dadgena da ori (pirobiTad  pirveli da 
meore) tipis Mg, Mn, Zn, Fe, Co, Cu-is naerTebis sinTezi zogadi formuliT MLx.yH2O, 
(sadac M _ bioliTonia, L _ bioligandi. pirveli da meore tipis naerTebi bioligandiT 

iqnebian gansxvavebuli; orive tipis biokoordinaciuli naerTebis Sedgenilobis, 

individualobis, wyalSi xsnadobisa da mdgradobis, metal_ligandis bmis tipis, Termuli 

mdgradobis Seswavla.                                                                      

 premiqsebisaTvis naerTebis safuZvelze sami sxvadasxva dozis (min, norm, maq) narevebis 

da maTi bunebriv ceoliTTan kompoziciebis momzadeba; 

 eqsperimentisaTvis SerCeuli zonis niadagis, wylis da sakvebis qimiuri Sedgenilobis 

kvleva da miRebuli Sedegebis safuZvelze am zonebis biogeoqimiuri maxasiaTeblebis dadgena. 
am monacemebis gaTvaliswinebiT pirveli tipis naerTebis safuZvelze premiqsis Sedgena 

frinvelTa kombinirebuli sakvebisaTvis da meore tipis naerTebis safuZvelze ki bocvrebis 

kombinirebuli sakvebisaTvis; 

 premiqsebis efeqturi dozebis dadgenis mizniT, rogorc frinvelze, ise bocverze 

mosinjviTi Catareba cdebis; 

 premiqsebis optimaluri Semadgenlobis dadgenis mizniT frinvelze da bocvrebze 

ZiriTadi eqsperimentis sam etapad Catareba; 

 frinvelis da bocvris fiziologiuri mdgomareobis Sesafaseblad monelebiTi cdebis 

Catareba, sisxlis bioqimiuri maCveneblis, morfologiuri Sedgenilobis, sisxlis cilovani 

fraqciebis gansazRvra, xorcis xarisxis Sesafaseblad sakontrolo dakvla da degustaciis 

Catareba; 
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 kvlevebis safuZvelze pirveli da meore tipis koordinaciuli naerTebis da maT 

safuZelze bunebriv ceoliTTan damzadebuli kompoziciebis Semadgenlobis, fizikur-_qimiur 

Tvisebebsa da frinvelisa da bocvrebis fiziologiur maCveneb-lebs Soris korelaciis 
dadgena; 

 Cvens mier Seqmnili da ucxouri warmoebis premiqsebis ekonomiuri maCveneblis Seda-
rebiTi daxasiaTeba da adgilobrivi premiqsis efeqturobis gansazRvra;  

 

mecnierulad dasabuTebuli efeqturi dozebis da optimaluri Semadgenlobis mqone 
premiqsebis receptebis Seqmna frinvelis da bocvris kombinirebuli sakveb-isaTvis 

adgilobrvi zonebis niadagur-klimaturi pirobebis gaTvaliswinebi; 

 proeqti ganxorcieldeba ivane javaxiSvilis saxelobis Tbilisis saxelmwifo 

universitetis petre meliqiSvilis fizikuri da organuli qimiis institutSi. 

 

mosalodneli Sedegebi:   

 sinTezirebuli, individualuri, wyalxsnarebSi mdgradi da kargad xsnadi 
biokoordinaciuli naerTebi. 

 sinTezirebuli naerTebis da bunebrivi ceoliTebis safuZvelze adgilobrivi zonebis 
niadagur_klimaturi pirobebis gaTvaliswinebiT frinvelis da bocvrebis 

kombinirebuli sakvebisaTvis optimaluri Semadgenlobis receptebis Sedgena. 

   receptebis mixedviT damzadebulma premiqsebis gamoyenebam kombinirebul sakvebze 

danamatis saxiT unda uzrunvelyos: 

 dacemis maqsimaluri Semcireba; 

 cocxali masis mateba - 10_15%; 

 xorcis xarisxis gaumjobeseba; 

 frinvelisa da bocvrebis fiziologiuri da bioqimiuri maCveneblebis SenarCuneba   
dasaSvebi normis zRvrebSi; 

 sxvadasxva infeqciuri daavadebebis Tavidan acileba; 

 sakvebis danaxarjis Semcireba sakvebis aTvisebis efeqturobis gazrdis xar-jze. 

 

samuSao ganxorcieldeba sam etapad: 

 I tipis kordinaciuli naerTebis sinTezi, kvleva, maTi kompoziciebi bunebriv  

ceoliTebTan; gamocda frinvelze;  

 II tipis biokordinaciuli naerTebis sinTezi da fizikur-qimiuri kvleva;  

 narevebis momzadeba; maTi kompoziciebi bunebriv ceoliTebTan; gamocda 

bocverebze;                                                                                       

 
samuSaos miznebis da amocanebis misaRwevad gamoiyeneba Semdegi meTodebi: mikroelementu-

ri analizi naerTebis Sedgenilobis dasadgenad, Termografiuli – Termuli mdgradobis 
Sesaswavlad, rentgenografiuli da qromatografiuli – sisufTavisa da individualobis 

dasadgenad, pH_potenciometruli titraciis – wyal-xsnarebSi naerTebis warmoqmnis 

meqanizmis Sesaswavlad, speqtrofotometruli – liTonsa da bioligands Soris qimiuri bmis 
bunebis dasadgenad. naerTebis sinTezisaTvis gamoviyenebT Cvens mier damuSavebul meTodebs. 

kvlevebis Casatareblad – CHN analizators, derivatografs, speqtrofotometrs, 

pH_potenciometrs, difraqtometrs, qromatografs.  
proeqtis Sedegebis unikalobas ganapirobebs adgilobrivi warmoebis, iafi, efeqturi 

dozis da optimaluri Semadgenlobis premiqsebis receptebis Seqmna.  
proeqtiT gaTvaliswinebuli kvlevebis Sedegad miRebuli axali naerTebis safuZvelze 

damzadebul premiqsebs eqnebaT dabali TviTRirebuleba Semdegi faqtorebis gaTvaliswinebiT: 

 sinTezis martivi meTodebi; 

 sinTezisaTvis saWiro iafi da xelmisawvdomi nivTierebebi; 
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 premiqsebis damzadeba da maTi danamatis saxiT kombinirebul sakvebSi Seyvana ar 

saWiroebs specialur aRWurvilobas. 

 
saqarTvelos mosaxleobis uzrunvelyofa iafi, ekologiurad usafrTxo sasoflo-

sameurneo produqtebiT erT-erTi umniSvnelovanesi problemaa respublikaSi, amitom 

aRniSnuli proeqtiT gaTvaliswinebuli samuSaoebis Sedegad Seqmnili premiqsebi 
daainteresebs rogorc fermerul meurneobebs, ise individualur pirebs. 

aRniSnuli proeqti 2011 wels wardgenili iyo ukrainis mecnierebisa da teqnologiebis 
centrSi (USTC) konkursze, moipova mxardaWera da dafinansebul iqna sami wlis vadiT.                    
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Possibility of  Obtaining the New Generation Premixes Containing Bio-Metals and Natural  Zeolites 

Iamze Beshkenadze, Nana Zhorzholia, Maja Gogaladze, Spartak Urotadze, Vladimer Tsitsishvili 
 

S U M M A R Y 
Possibility to produce inexpensive, ecologically safe additives used for animal and poultry  feeding and 
containing effective dozes and  optimal compositions of indispensable biometals (Mg, Mn, Zn, Fe, Co, 
Cu, etc.), organic compounds (aminoacids, oxyacids, etc.), and natural zeolites (clinoptilolite, laumontite, 
etc.) has been discussed.  
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eTerzeTebis gawmendisa da gakeTilSobilebis meTodis SemuSaveba maleinis 

anhidridTan fotokondensaciis reaqciis safuZvelze 
 

erna lekveiSvili, naTela xecuriani, nugzar baRaTuria, TinaTin gabunia 
 
SemuSavebulia naturaluri eTerzeTebis gawmendisa da gakeTilSobilebis meTodi maleinis 
anhidridTan fotokondensaciis reaqciis safuZvelze. meTodis maRali efeqturoba da 
seleqtiuroba saSualebas iZleva erTdroulad Catardes eTerzeTebis deterpenizacia da 
terpenebis oqsiwarmoebulebis Semcvelobis gazrda, rasac didi mniSvneloba aqvs eTerzeTebis 
xarisxis gaumjobesebisaTvis. 

 
naturaluri eTerovani zeTebi warmoadgenen Zalian mniSvnelovan da ZviradRirebul 

produqtebs. eTerovani zeTebi – mravalkomponentiani siTxeebia, romelTa SemadgenlobaSi 

ZiriTadad Sedian naxSirwyalbadebi (terpenebi) da maTi Jangbadwarmoebulebi (spirtebi, 
eTerebi da sxva). terpenuli naxSirwyalbadebis maRali Semcveloba uaryofiTad moqmedebs 

zeTis xarisxze. terpenuli naxSirwyalbadebi xels uwyoben eTerzeTebis daJangvas, ris 

Sedegad icvleba zeTis organoleptikuri Tvisebebi da mcirdeba misi xsnadoba saparfiumero-
kosmetikur da kvebiT produqtebSi. aqedan gamomdinare, maTi xelovnurad Semcireba 

(deterpenizacia) warmoadgens eTerzeTebis gawmendisa da maTi Tvisebebis gaumjobesebis 
ZiriTad mizans. 

eTerovani zeTebis deterpenizacias ZiriTadad awarmoeben metad rTuli da naklebad 

efeqturi proceduriT – mravaljeradi reqtifikaciiT, wylis orTqliT gamoxdiT, 
adsorbciiT da eqstraqciiT. magram unda aRiniSnos, rom aRniSnuli meTodebis gamoyenebis 

dros didia zeTis danakargebi, dabalia terpenebisa da maTi oqsiwarmoebulebis dacilebis 

seleqtiuroba, gamoxdis dros maRali  temperatura axdens uaryofiT gavlenas zeTebze [1-3]. 
Catarebuli kvlevebis safuZvelze SemuSavebul iqna eTerzeTebis deterpenizaciis axali 

fotoqimiuri meTodi, romelsac safuZvlad udevs terpenebis fotoqimiuri urTierTqmedeba 
maleinis anhidridTan, savaraudod, Semdegi sqemis Sesabamisad: 
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reaqciis Sedegad warmoiqmneba zeTSi da gamxsnelebSi uxsnadi myari aduqtebi maleinis 

anhidridTan, xolo terpenebis oqsiwarmoebulebi aRniSnul pirobebSi reaqciaSi maleinis 

anhidridTan praqtikulad ar Sedian. 
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kvlevebi Catarebuli iyo sxvadasxva eTerovan zeTebze – evkaliptis, keTilSobiluri 

dafnis, evgenoluri rehanis da citrusis zeTebze. eTerzeTebis deterpenizacia mimdinareobda 

5 g eTerzeTisa da 1 g maleinis anhidridis dasxivebiT 2-2,5 sT-is ganmavlobaSi 50 ml 

n.heqsanis xsnarSi kvarcis reaqtorSi wyalbadis atmosferoSi 15-250C-ze kvarcis naTuriT 
ПРК-2-iT. dasxivebis Semdeg n.heqsanis xsnari, romelic Seicavda eTerzeTis oqsigenirebuli 

nivTierebebiT gamdidrebul fraqcias, Sordeboda dekantaciiT, xolo terpenebis aduqtebi 
gamoileqeboda WurWlis fskersa da kedlebze. n.heqsanis aorTqlebis Semdeg eTerzeTi 

irecxeboda gamoxdili wyliT reaqciaSi Seusvleli maleinis anhidridis mocilebis mizniT. 

Seswavlili iyo dasxivebis xangrZlivobis gavlena deterpenizirebuli zeTis Sedgenilobaze. 
2-2,5 sT aRmoCnda dasxivebis optimaluri dro. dasxivebis xangrZlivobis gazrda xels 

uwyobda oqsigenirebuli komponentebis urTierTqmedebas maleinis anhidridTan da eTerzeTis 

gamosavlis Semcirebas, xolo 2 sT-ze naklebi xangrZlivobiT dasxivebis SemTxvevaSi 

terpenebis didi nawili rCeboda eTerzeTebSi. eTerzeTebis analizi dasxivebamde da 

dasxivebis Semdeg Catarebuli iyo air-Txevadi qromatografiis meTodiT qromatografze 

“qrom-4”. qromatografirebis pirobebi: qromatoni N-AW-BMC (0,160-0200 mm), gaJRenTili 

reopleqsiT-400. amaorTqleblis temperatura 2200C, Termostatis daprogramirebuli 

temperatura 80-1600C, air-matarebeli - heliumi, air-matareblis siCqare - 50/wT. miRebuli 

Sedegebi moyvanilia cxrilebSi 1-4. 

 
cxrili 1. evkaliptis eTerovani zeTis qimiuri Sedgeniloba maleinis anhidridiT 

fotoqimiur damuSavebamde da damuSavebis Semdeg 
 

ZiriTadi komponentebis Semcveloba zeTSi, mas. % 
dasxivebis 

xangrZlioba, 

sT 
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sawyisi zeTi 0,6 9,7 3,1 62,2 3,8 0,4 0,3 11,4 7,0 1,3 

1,5 1,4 2,4 1,7 60,7 - 1.6 0,8 20,7 10,7 - 

2,5 1,6 3,3 1,7 62,5 - 0,9 1,4 18,7 9,9 - 

7,0 6,3 5,9 2,9 14,5 - 2,6 0,9 44,9 21,7 - 

 
 

cxrili 2. dafnis eTerovani zeTis qimiuri Sedgeniloba maleinis anhidridTan fotoqimiur 

damuSavebamde da damuSavebis Semdeg 

 

ZiriTadi komponentebis Semcveloba zeTSi, mas. % 

terpenebis oqsiwarmoebulebi 
 

dasxivebis 

xangrZlivoba, 
sT 

 
terpenuli 

naxSirwyal-

badebi 
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sawyisi zeTi 19,7 36,7 6,1 5,0 17,9 7,1 2,1 1,1 
2,5 kvali 37,1 10,4 12,5 26,7 6,9 5,8 - 
4,5 2,1 19,7 11,1 - 30,6 10,6 6,8 11,6 
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cxrili 3. fotoqimiuri damuSavebis gavlena rehanis mZime eTerovani zeTis Sedgenilobaze 

 

ZiriTadi komponentebis Semcveloba 

zeTSi, mas. % 

 

produqtis dasaxeleba 
dasxivebis 

xangrZli-

voba, sT 
arafenoluri nawili 

(terpenebi) 
evgenoli 

0 1,8 1,2 1,5 2,3 93,2 

2 - - - - 99,0 

 
sawyisi zeTi (sakontrolo) 

2,5 0,6 1,4 - - 97,9 
rehanis eTerovani zeTidan miRebuli 

aduqtis fotoqimiuri daSlis 
produqti 

5 22,9 19,8 8,4 23,3 25,4 

 
 
cxrili 4. citrusis eTerovani zeTis qimiuri Sedgeniloba maleinis anhidridiT 

fotoqimiur damuSavebamde da damuSavebis Semdeg 

 

ZiriTadi komponentebis Semcveloba zeTSi, mas. % 

terpenuli 
naxSirwyalbadebi 

terpenebis oqsiwarmoebulebi 

 

dasxivebis 

xangrZlivoba, 
sT 1 2 3 4 5 6 7 8 9 10 

sawyisi zeTi 

(sakontrolo) 
0,8 3,0 3,4 88,2 1,7 0,4 2,5    

2,5 0,8 0,5 - 61,0 12,8 3,9 3,3 4,7 9,7 2,4 
 

rogorc cxrilis monacemebi gviCvenebs, optimalur pirobebSi (2-2,5 sT) adgili aqvs 
srul an nawilobriv deterpenizacias. magaliTad, dafnis eTerovani zeTis SemTxvevaSi 

(cxrili 2) adgili hqonda srul deterpenizacias. aseTi efeqtis miRweva SeuZlebelia 

maRalefeqtur sareqtifikacio danadgarzec ki zeTSi Semavali sabinenisa da cineolis 
duRilis temperaturis siaxlovis gamo. rehanis mZime eTerovani zeTis SemTxvevaSi (cxrili 

3) deterpenizaciis meTodi SeiZleba gamoyenebul iqnes sufTa evgenolis misaRebad. rehanis 

eTerzeTis magaliTze naCvenebi iyo terpenebis maleinis anhidridTan fotokondensaciis 
Seqcevadoba; aduqtebis fotoqimiuri daSliT miRebuli iyo zeTis sawyisi komponentebis - 

terpenebis narevi (cxrili 3). 
kvlevebis Semdgom etaps warmoadgenda dasxivebis dros gamxsnelis gamoricxva da 

inertuli airis Secvla haeriT, rasac safuZvlad daedo literaturaSi arsebuli monacemebi 

eTerzeTebSi oqsiterpenebis Semcvelobis gazrdis Sesaxeb ultraiisferi dasxivebis 
pirobebSi [4]. 

kvlevebi Catarebuli iyo evkaliptisa da dafnis eTerovan zeTebze. 100 g eTerzeTisa 

da 10 g maleinis anhidridis narevis dasxiveba mimdinareobda kvarcis reaqtorSi kvarcis 

naTuriT ПРК-2 400C-ze 4 saaTis ganmavlobaSi haeris areSi. dasxivebis Semdeg eTerzeTis 

mocileba terpenebis myari aduqtebisagan tardeboda dekantaciiT, irecxeboda gamoxdili 

wyliT gamyof ZabrSi Warbi maleinis anhidridis mosaSoreblad neitralur reaqciamde da 

xdeboda misi gaSroba. evkaliptisa da dafnis eTerovani zeTebis Sedgeniloba maleinis 

anhidridiT damuSavebamde da damuSavebis Semdeg moyvanilia cxrilebSi 5 da 6. 
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rogorc cxrilebidan Cans, evkaliptis eTerzeTis SemTxvevaSi terpenebis Semcveloba 

sawyis zeTTan SedarebiT mcirdeba 33,5 mas.%-iT, xolo dafnis zeTis SemTxvevaSi - 19,8 

mas.%-iT. rac Seexeba cineols, romelic aris eTerzeTis mniSvnelovani komponenti, misi 

Semcveloba izrdeba 8,5 mas.%-iT evkaliptis zeTSi da 14,9 mas.%-iT dafnis zeTSi. yvela 

SemTxvevaSi xdeba agreTve eTerzeTebis organoleptikuri Tvisebebis gaumjobeseba. 
deterpenizirebuli eTerovani zeTebis gamosavali Seadgens 65 mas.%-s evkaliptis zeTis da 

78 mas.%-s dafnis zeTis SemTxvevaSi. 
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ELABORATION OF METHOD FOR PURIFICATION AND ENHANCING OF QUALITY OF 
ESSENTIAL OILS ON THE BASIS OF PHOTOCONDENSATION REACTION WITH MALEIC 

ANHYDRIDE 
 

Erna Lekveishvili, Natela Khetsuriani, Nugzar Bagaturia, Tinatin Gabunia 
 

SUMMARY 
 

The method for deterpenization of essential oils by their photochemical treatment with maleic anhydride 
has been worked out. The method has many advantages over the existing methods and may be used for 
improvement of natural essential oils quality. 
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bunebrivi bitumebi rogorc navTobis alternatiuli wyaro 

 
esma uSarauli, naTela xecuriani, elza Tofuria, qeTevan goderZiSvili,  

irine mWedliSvili, Tamar SatakiSvili 
 
amJamad mTels msoflioSi didi yuradReba eqceva naxSirwyalbadovani nedleulis alternatiul 

wyaroebs, kerZod ki bunebriv bitumebs. maT mniSvnelovani adgili ukaviaT sawvavi wiaRiseulis 
saerTo balansSi da qimiuri da fraqciuli SedgenilobiT warmoadgenen kompleqsuri 
daniSnulebis nedleuls. garda Zravis sawvavisa, bunebrivi bitumebidan SeiZleba sxvadasxva 
zeTebis, bitumuri masalebis da mravali sxva navTobproduqtis, agreTve deficituri metalebis 

miReba. 

 
navTobis gamoyenebis mzardi tempebis gamo, tradiciuli navTobebis maragebis Semcirebis 

tendencia da maTze fasebis ganuwyveteli zrda kacobriobis winaSe naxSirwyalbadebis 

alternatiuli nedleulis Ziebis aucileblobas ayenebs. erT-erT aseT nedleuls 

warmoadgens navTobSemcveli qviSebi - bunebrivi bitumebi, romlebsac wvadi wiaRiseulis 

saerTo balansSi mniSvnelovani adgili ukavia.  bunebrivi bitumebisgan praqtikulad yvela 

navTobproduqtis miRebaa SesaZlebeli. isini, rogorc wesi, mravalkomponentiani sasargeblo 

wiaRiseulia, romelic naxSirwyalbadebTan erTad Seicavs iseT heteroorganul naerTebs, 

rogoricaa naftenuri  mJavebi, sulfomJavebi, martivi da rTuli eTerebi, iSviaTi 

miwaelementebi kondiciuri koncentraciebiT da sxva. principuli gansxvaveba navTobsa da 

bunebriv bitumebs Soris, bunebriv pirobebSi, am ukanasknelis Zalian maRal siblanteSi 
mdgomareobs. amitom maTi, rogorc navTobis analogebis, gamoyeneba moiTxovs mopovebis, 

transportirebis da gadamuSavebis sruliad sxva teqnologiebs. 

gaero-s SefasebiT bunebrivi bitumebis geologiuri resursebi msoflioSi 260 mlrd 
tonas Seadgens. aqedan amosaRebi nawili 70 mlrd tonaa, romlis - 70% (48 mlrd t) 

kanadaSia moTavsebuli. bitumebis sakmaod msxvili maragebia gamovlenili venesuelaSi, aSS-Si 
da CineTSi. yofil sabWoTa kavSirSi bitumebis SedarebiT bevri sabado ruseTSi (aqedan 

mesamedi tatarstanSi), yazaxeTSi da azerbaijanSi mdebareobs [1]. stratigrafiuli kvlevebis 

Tanaxmad, maTi gavrceleba danaleq qanebTanaa dakavSirebuli. isini aRmoCenilia rogorc 
uZveles, ise axalgazrda danaleq qanebSi da metwilad Tan axlavs navTobebis dagrovebebs, 

rac navTobebis da bitumebis genetikuri erTianobiTaa gapirobebuli [2]. daleqvis pirobebis 

mixedviT asxvaveben bunebrivi bitumebis sabadoebis oTx ZiriTad tips: plastur, linzur, 
ZarRvul da zedapiruls. maTi mopovebis teqnologia mWidrodaa dakavSirebuli geologiur 

agebulebasTan da maragebTan, plastebis ganlagebis pirobebTan, geografiul mdebareobasTan, 

fizikur-qimiur TvisebebTan, da a.S. magaliTad, bunebrivi bitumebis sabado SeiZleba 

SedarebiT patara siRrmeze iyos ganlagebuli, magram Znelad gamosatani iyos 

naxSirwyalbadovani nawilis maRali siblantisa da sabados dabali gajerebulobis gamo. 

bitumebis siblante gapirobebulia maTSi Semavali zeTebis koncentraciiT. bitumebis 

gansxvavebuli konsistenciebi dakavSirebulia maTSi Semavali zeTebis koncentraciebTan. 40-

65% zeTis Semcvel bitumebs uwodeben maltebs, 25-40% zeTis Semcvels – asfaltebs, 25%-

ze naklebi zeTis Semcvels – asfaltitebs. zemoaRniSnulidan gamomdinare, arsebobs 

bitumebis mopovebis sxvadasxva xerxebi: karieris, Saxtur-WaburRiluri da sxva [3]. 
qimiuri da fraqciuli Sedgenilobidan gamomdinare bunebrivi bitumebi 

mravalmiznobrivi, kompleqsuri daniSnulebis nedleulia, saidanac SesaZlebelia Zravis 

sawvavebis, siblantis maRali indeqsis da gayinvis dabali temperaturis mqone zeTebis, 
maRalxarisxovani sabitume masalebis, navToburi sulfomJavebis, gogirdis, zogierTi 

liTonis da sxvaTa miReba [3, 4]. garda amisa, TviTon bunebriv bitumebsac gamoyenebis farTo 

speqtri aqvT. maT, rogorc eleqtrosaizolacio masalas iyeneben eleqtroteqnikur 
mrewvelobaSi, hidroteqnikuri nagebobebisTvis, Senobebis fundamentebisTvis, sagzao da 

samSeneblo dargebSi, milgayvanilobebSi, saxuravebis masalebis mrewvelobaSi da a.S. mZime 
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navTobebisa da bunebrivi bitumebis mopovebisa da gadamuSavebis done msoflioSi jerjerobiT 

isev dabalia, rac mravali mizeziTaa gapirobebuli. maT Sorisaa mopovebisa da 

transportirebis didi xarjebi, arasrulyofili teqnikuri saSualebebi,  sabadoebis 

aTvisebis teqnologiuri  siZneleebi da a.S. da, rac mTavaria, msoflio bazarze SedarebiT 

iafi, tradiciuli navTobebis arseboba. Tumca, unda iTqvas, rom navTobebis arsebuli 

sabadoebis mosalodnel gamofitva-ganlevasTan dakavSirebiT, mZime navTobebisa da bunebrivi 
bitumebis mopovebis mimarT yuradReba mTel msoflioSi izrdeba. amJamad rogorc amerikis 

kontinentze, ise evropasa da aziaSi midis intensiuri muSaoba aRniSnuli nedleulis 

gadamuSavebis srulyofis da mopovebis teqnikuri saSualebebis Sesaqmnelad. amis magaliTia 
2003 wels amerikis analitikuri sammarTvelos mier msoflioSi navTobebis aTvisebuli 

maragebis Sesaxeb gamoqveynebuli masala, sadac aRniSnulia, rom kanadaSi dafiqsirda 

navTobis maragis uprecedento zrda – erT weliwadSi 4,9 mlrd barelidan 180 mlrd 
barelamde. es miRweva ukavSirdeba navTobSemcveli qviSebis aTvisebas. rogorc zemoT iyo 

aRniSnuli, kanadas msoflioSi pirveli adgili uWiravs bunebrivi bitumebis maragebis 

mixedviT da aqvs maTi mopovebis da gadamuSavebis 30-ze meti wlis gamocdileba. am 

nedleulidan kanadelebi iReben e.w. “sinTezur navTobs”, romelSic destruqciuli 

procesebis zegavleniT mTlianadaa daSlili bitumis struqtura. aSenebulia bitumis 

gadamamuSavebeli qarxnebi, romlebic yovelwliurad 60 mln tona bitums gadaamuSavebs 

“sinTezur navTobad”. am produqciis 80%-is transportireba xdeba aSS-s 

navTobgadamamuSavebel qarxnebSi Semdgomi gadamuSavebisaTvis. bitumuri qviSebidan miRebuli 

navTobi kanadam Seitana navTobis dadgenil maragebSi. amis gamoa, rom me-20-e adgilidan 

kanadam gadainacvla me-2-e adgilze saudis arabeTis Semdeg da gauswro erays, kuveits da 
sxva liderebs [5]. 

zemoTqmulidan cxadia, rom bunebrivi bitumebis mopovebis ekonomikuri efeqturoba 

TvalsaCino mxolod maSin iqneba, Tu Cveulebrivi da sinTezuri navTobebis TviTRirebulebis 
Sedareba iqneba SesaZlebeli, xolo gadamuSavebis procesSi ganxorcieldeba faseuli, Tanamde 

produqtebis miReba. marTlac, kanadis magaliTze aRmoCnda, rom Tu adre bitumebis amoRebis 
maRali Rirebuleba aferxebda farTomasStabian warmoebas, axali teqnologiebis danergvam 

Seamcira warmoebis xarjebi 24 dolaridan 12 dolarmde barelze. bunebrivia, aman 

rentabeluri gaxada bitumebis warmoeba bazarze navTobis sabazro Rirebulebis fonze. Tanac 
varaudoben bitumis warmoebis Rirebulebis Semdgom Semcirebas [6]. aqve unda aRiniSnos, rom 

bunebrivi bitumebis aTvisebis kanadis magaliTi ar gamodgeba iseTi qveynebisaTvis, sadac, 

kanadisagan gansxvavebiT, bunebrivi bitumebi araa erT adgilas lokalizebuli, gabneulia 
sxvadasxva adgilebSi da gansxvavebuli tipis sabadoebs warmoqmnis. aseTi sabadoebis 

aTvisebisaTvis saWiroa specialuri samecniero kvlevebi bitumebis fizikur-qimiuri 

Tvisebebis, mopovebisa da gadamuSavebis axali, Sesabamisi teqnologiebis SemuSavebis 

mimarTulebiT. magaliTad, am garemoebebis mxedvelobaSi miRebiT tatarstanis mecnierebma 

SeimuSaves axali teqnologia – bunebrivi bitumebis deasfaltizacia polaruli 

gamxsnelebiT. am dros miiReba asfaltis koncentrati (20-30%), romelic gamoiyeneba sagzao 

bitumebSi, da bitumuri Semsubuqebuli navTobi (~70%), romelic SeiZleba miewodos 

milebiT uaxloes navTobgadamamuSavebel qarxnebs. am xerxs safuZvlad udevs zeTebis da 

fisovan-asfaltenuri naerTebis gansxvavebuli xsnadoba gamxsnelebSi. es yvelaferi 

ekonomikurad xelsayreli rom iyos, polarul gamxsnelad gamoyenebuli iqneba yazanis 
qarxnis “orgsinTezis’ mier warmoebuli acetoni. aRniSnuli meTodis gamoyenebiT 

SesaZlebelia agreTve iSviaTmiwa elementebis iseTi koncentraciebis miReba, rogoric 

bunebriv madnebSia [7].  
miznobrivi amocanidan gamomdinare, aseTi teqnologiiT miRebuli Semsubuqebuli 

navTobi gadaideneba an Cveulebriv navTobTan erTad, an damoukideblad. misi gamoyeneba sabazo 
zeTebis misaReb nedleuladac SeiZleba. rac Seexeba gauxsnel fisebs, maTi gamoyeneba 

SeiZleba antioqsidantebad polimerebis warmoebaSi, rezinis damarbileblebad rezinteqnikuri 

nakeTobebis warmoebaSi da sxva. fisebis msgavsad, gauxsneli asfaltenebi gamoiyeneba 
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specialuri bitumebis da navToburi laqebis, kauCukis da plastmasis warmoebaSi, agreTve, 

rogorc zemoT iyo aRniSnuli, sagzao bitumebis misaRebad da navTobis burRvis xsnarebSi.  

metad mniSvnelovania is garemoebac, rom fisebi da asfaltenebi, romlebsac 

temperaturis zegavlena ar ganucdiaT, SeiZleba gamoyenebul iqnas rogorc biologiurad 

aqtiuri naerTebis wyaro simsivneebis samkurnalod. am Tvisebas ZiriTadad vanadiumis da 

nikelis Semcveli porfirinebi gansazRvraven, romlebic kibos ujredSi koncentrirdebian da 
xels uwyoben lazeris sxivebiT maT ganadgurebas. es e.w. fotodinamikuri meTodia, 

romelsac didi xania iyeneben amerikaSi. arsebobs am meTodis gaumjobesebuli variantic - 

varSavis patentis saxiT. am patentis receptura gvTavazobs nakrebs sxvadasxva porfirinebis 
narevis saxiT. is aRiares evropis oficialurma samedicino wreebma da iyeneben sxvadasxva 

saxis simsivneebis mkurnalobisaTvis. sagulisxmoa, rom temperaturis zegavleniT 

porfirinebi kargaven biologiur aqtiurobas, amdenad SesaZlebelia maTi miRebis wyaros 
mxolod iseTi fisovan-asfaltenuri naerTebi warmoadgendnen, romelTac temperaturis 

zemoqmedeba ar ganucdiaT [8]. 

navTobSi Semavali mikroelementebidan ZiriTadi mniSvneloba eniWeba vanadiums, nikels 

da rkinas, radgan maTi raodenoba navTobis asakis mixedviT icvleba. sagulisxmoa, rom 

vanadiumis Sefardeba sxva liTonebTan Zalian farTo intervalSi meryeobs, maSin rodesac 

V/Ni fardobis sidideebi mcired icvleba da Seadgens paleozouri navTobebisTvis 1,3-1,6 

g/t, mezozourisTvis – 0,08-4,4 g/t, mesameuli asakis navTobebisTvis - 0,04-3,4 g/t. 

sainteresoa am Tanafardobebis miaxloebiTi mudmivoba, romelic aRiniSneba erTmaneTisagan 

aTaseuli kilometriT dacilebul regionebSi, sxvadasxva geografiul da klimatur 

pirobebSi. mecnierebi am garemoebas imiT xsnian, rom mantiuri warmoSobis meTani da sxva 
naxSirwyalbadebi iq ganviTarebuli maRali wnevebis gamo siTxeebia, romlebsac 

metalorganuli naerTebi xsnarebis saxiT gadaaqvT. am liTonebis Sefardebis mudmivoba ki 

SeiZleba miuTiTebdes mantiuri siRrmiseuli wyaros qimiur erTgvarovnebaze da, saerTod, 
navTobis abiogenur warmoSobazec, razec jer kidev 140 wlis win mendeleevi miuTiTebda. am 

mosazrebas ufro sarwmunos xdis is faqti, rom aRmosavleT venesuelis auzis sazRvrebSi, 
ofisinis wyebaSi, navTobebi gamoirCevian liTonebis maRali SemcvelobiT, Tumca maT 

sabadoebs Tan ar axlavs navTobis da madnis adeqvaturi danaleqi qanebi. es faqti ki 

navTobis warmoSobis mantiur-endogenur versias ufro realurs xdis [8]. 
bunebrivi bitumebis sabadoebi saqarTveloSicaa gamovlenili, Tumca dRemde saTanadod 

araa Seswavlili. isini gavrcelebulia Cveni qveynis TiTqmis yvela regionSi. kaxeTSi: mware 

xevi, baida, karis gadasasvleli, polpoitebi, mirzaani, kila-kupra. guriaSi: natanebi, iakobi, 
sakupre. raWaSi: Cibrevi, korta sinaTle. 

Cveni kvlevis mizans saqarTvelos zogierTi sabados (natanebi, Cibrevi, baida 1, baida 2, 

polpoitebi, karis gadasasvleli, mirzaani da kila-kupra) bitumebis organuli nawilis 

fiziko-qimiuri Tvisebebis da maTSi mikroelementebis Semcvelobis Seswavla warmoadgenda. 

bitumebidan organuli nawilis gamotana xdeboda qloroformiT soqsletis aparatSi, 

xsnaris gauferulebamde, 52 saaTis ganmavlobaSi. gamoxdiT gamxsnelis mocilebis Semdeg 

sinjebi vakuum-karadaSi gamoSrobis gziT daiyvaneboda mudmiv wonamde. qloroformiT 

gamoyofili organuli eqstraqtebis daxasiaTeba motanilia cxrilebSi 1 da 2 [2].  

cxrilis monacemebidan Cans, rom sakvlev bitumebSi organuli nawilis Semcveloba 

meryeobs 31%-dan 41%-mde. gamonakliss karis gadasasvlelis bitumi warmoadgens, romelSic 
organuli nivTierebebis Semcveloba 14,2%-ia. sxvebTan SedarebiT, masSi Jangbadis 

Semcvelobac ufro metia, e.i. daJangulobis xarisxi ufro maRalia. aRniSnuli bitumis 

gardaqmnis maRal xarisxze miuTiTebs agreTve simkvrivis maCvenebeli, darbilebis 
temperatura, nacrianoba da C/H fardoba. sagulisxmoa, rom navTobebis msgavsad, 

saqarTvelos bitumebic gogirdis mcire SemcvelobiT xasiaTdebian. zeTebis Semcvelobis 
Sesabamisad, romelic 27%-dan 39%-mde meryeobs, sakvlevi bitumebi, kila-kupras gamoklebiT, 

warmoadgenen asfaltebs. kila-kupra ki 52% zeTis SemcvelobiT ganekuTvneba maltebs. 
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cxrili 1. saqarTvelos bitumebis organuli nawilis daxasiaTeba 

#  sabado 
gamosavali,   

mas.% 

simkvrive, 

g/sm3 

darbilebis 

temperatura, 
0C 

nacriano

ba, mas.% 
M 

1. natanebi 31,7 1,02 - - - 

2. Cibrevi 38,1 1,17 - - - 

3. baida 1 37,4 1,02 13 0,219 626 

4. baida 2 34,0 1,03 40,5 0.547 500 

5. polpoitebi 35,1 1,04 57,0 0,442 582 

6. 
karis 

gadasasvleli 
14,2 1,07 73,5 0,750 695 

7. mirzaani 32,5 1,00 11,8 0,739 500 

8. kila-kupra 41,0 0,972 - - - 

 

cxrili 2. saqarTvelos bitumebis organuli nawilis Sedgeniloba 

Sedgeniloba, mas.% elementuri Sedgeniloba,mas.% 
# 

 
sabado zeTebi fisebi asfaltenebi C H S N O 

1. natanebi 33,7 39,1 29,1 79,12 11,73 3,56 - - 

2. Cibrevi 27,2 51,2 25,2 85,2 9,4 0,5 - - 

3. baida 1 37,3 41,2 22,1 85,7 9,48 0,44 0,27 3,89 

4. baida 2 - - - 84,4 9,6 1,75 0,45 3,25 

5. polpoitebi 39,1 38,2 23,1 85,04 10,1 0,58 0,47 3,46 

6. 
karis 

gadasasvleli 
28,3 40,5 30,1 80,9 9,3 1,38 0,44 6,24 

7. mirzaani - - - 84,67 10,0 0,3 0,27 4,38 

8. kila-kupra 55,2 32,1 12,3 85,79 10,6 0,22 - - 

 

zemoT CamoTvlili bunebrivi bitumebidan praqtikuli gamoyeneba mxolod natanebis 
bitumma hpova. gasuli saukunis 40-iani wlebidan adgilobriv, mcire simZlavris sawarmoze 

drodadro xorcieldeboda misi gadamuSaveba sagzao bitumad.  

sakvlevi bitumebis mikroelementebis Seswavla xdeboda qloroformiT gamoyofili 
organuli nawilis danacrebiT pirdapiri dawvis meTodiT. nacrebis analizi tardeboda 

emisiur speqtrometrze. Sedegebi moyvanilia cxrilSi 3.  

rogorc cxrilidan Cans bunebriv bitumebSi Sedis yvela is elementi, romlebic 
damaxasiaTebelia navTobisaTvis, Tumca bitumebSi maTi raodenobrivi Semcveloba ufro 

maRalia, da Tanafardoba V/Ni erTze naklebia, iseve rogorc saqarTvelos mesameul 

navTobebSi, gamonaklisia Cibrevis da mirzaanis bitumebi. adgilobriv nedleulSi 

mikroelementebis mniSvnelovani koncentraciebi SesaZlebels xdis bunebrivi bitumebis 

gamoyenebis sferos gafarToebas – maTi gadamuSavebiT sxvadasxva navTobproduqtebTan erTad 

zogierTi deficituri liTonis miRebas. 

rogorc zemoT iyo aRniSnuli, bunebrivi bitumebi mravalkomponentiani da 

mravalmiznobrivi nedleulia da maTi Sefaseba kompleqsur geologiur da qimiur midgomas 

moiTxovs. saqarTvelos bunebrivi bitumebi dRemde saTanadod araa Seswavlili. kvlevis 

arsebuli Sedegebi arasakmarisia am nedleulis, rogorc navTobis alternatiuli wyaros, 
perspeqtivebis gansazRvrisaTvis. am problemis gadasawyvetad aucilebelia mecnierebis 

Tanamedrove doneze iseTi kompleqsuri kvlevebis Sesruleba, romelTa safuZvelze 

dadgenili iqneba adgilobrivi nedleulidan navTobproduqtebis da zogierTi liTonis 
miRebis SesaZlebloba, agreTve iseTi mecnieruli sakiTxebis gadaWra, rogoricaa maTi 

formirebisa da sabados tipis dadgena, kavSiri regionis sabadoebTan da talaxis 
vulkanebTan, migraciis gzebi da katagenuri gardaqmnis xarisxi, rac aucilebelia geoqimiuri 

sakiTxebis garkvevisaTvis. 
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cxrili 3. mikroelementebis raodenobrivi ganawileba bitumebis organul nawilSi 

elementebis Semcveloba 1t bitumze, g 
sabado 

Sr Ba V Cr Ni Ti Cu V/Ni 

baida 1 27,4 14,8 3,9 2,2 4,9 3,8 3,6 0,66 

baida 2 15,3 2,0 1,3 0,4 4,2 4,8 5,5 0,3 

polpoitebi 28,7 8,0 1,5 4,4 6,6 9,7 6,6 0,2 

karis 

gadasasvleli 
70,0 26,3 6,3 4,9 8,8 33,3 10,5 0,7 

Cibrevi 1,08 1,7 15,4 0,3 13,2 1,5 2,3 1,1 

mirzaani 2,1 2,7 1,9 3,4 1,5 7,2 1,5 1,2 

kila-kupra 57,5 57,5 0,8 0,5 4,0 5,2 1,8 0,18 
A 

elementebis Semcveloba 1t bitumze, g bituminozuri 

moedani Mn Co Pb Mo Zn Be Zr 
baida 1 27,4 0,08 0,08 0,016 - 0,027 0,055 

baida 2 7,5 0,08 0,02 0,066 - 0,004 0,022 

polpoitebi 8,0 0,18 0,07 0,013 - 0,013 0,133 

karis 
gadasasvleli 

70,0 - 0,17 0,053 - 0,053 0,35 

Cibrevi 4,6 0,15 2,5 0,031 0,31 0,008 - 

mirzaani 15,2 - 0,19 0,011 - 0,011 0,08 

kila-kupra 4,0 0,5 0,17 0,06 5,8 0,012 0,37 
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8. М. Салимов. Микроэлементы в нефтях и битумах. 2006, 15с. 
9. Н.Т. Хецуриани, Э.А. Ушараули, Э.Н. Топурия, К.Г Годердзишвили, Г.Г. Шавгулидзе. 

Исследование природных битумов Грузии. Известия Национальной Академии Наук Грузии, сер. 
хим. 2008, т.34, № 2, с.170-174. 
 

 
NATURAL BITUMEN AS ALTERNATIVE SOURCE OF PETROLEUM  

Esma Usharauli, Natela Khetsuriani, Elza Topuria, Ketevan Goderdzishvili, Irine Mchedlishvili,  
Tamar Shatakishvili 

 
SUMMARY 

Today the big attention all over the world is given to alternative sources of hydrocarbonic raw materials, 
namely to natural bitumen. They take a considerable part in the general balance of combustible fossil and by 
chemical and fractional structure are complex function raw materials. In addition to motor fuels, from natural 
bitumens it is possible to obtain various oils, bitumen materials and set of other oil products, as well as of 
valuable deficient metals. 
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navTobidan naxSirwyalbadovani gamxsnelebis miRebis perspeqtivebi 

 
naTela xecuriani, esma uSarauli, irine mWedliSvili, madlena CxaiZe, sofo Sengelia 

 
mrewvelobis sruliad gansxvavebul dargebSi gamoyenebuli naxSirwyalbadovani gamxsnelebi 
ZiriTadad navToburi warmoSobisaa. isini gamoyenebis farTo speqtriT xasiaTdebian, rac 
gapirobebulia maTi iseTi TvisebebiT, rogoricaa gaxsnis maRali unari, swrafi aqroladoba, 
dabali toqsikuroba da koroziuli aqtivobis uqonloba. garda navTobgadamuSavebis da 
navTobqimiuri gardaqmnis produqtebisa, navToburi gamxsnelebis miReba SesaZlebelia iseTi 

navTobebis pirdapiri gamoxdiTac, romlebic gogirdis da fisovan-asfaltenuri naerTebis dabali 
SemcvelobiT da msubuqi fraqciebis maRali gamosavliT xasiaTdebian. 

 
naxSirwyalbadovani gamxsnelebi farTod gamoiyeneba mrewvelobis sruliad gansxvavebul 

dargebSi:^ sxvadasxva daniSnulebis weboebis misaRebad, rezinis da laqsaRebavebis 
warmoebaSi, gamxsnelad xelovnuri tyavis  warmoebaSi, qsovilebis qimiuri wmendisaTvis, 

yofiTi preparate-bis (antiseptikebi, inseqticidebi, dezodorantebi da sxva) aerozolebis 

dasamzadeblad, remontis da sxva liTonebiT dafarvis win liTonis detalebis da 
nakeTobebis gasawmendad, sabeWdi saRebavebis warmoebaSi, gaucximovnebisTvis, mcenareuli da 

cxoveluri cximebis, surnelovani da samkurnalo nivTierebebis gamowvlilvisaTvis da a.S. 
[1]. aRniSnuli gamxsnelebis gamoyenebis vrceli areali ganisazRvreba iseTi Tvisebebis 

xelsayreli SexamebiT, rogoricaa uamravi, sxvadasxva saxis organuli naerTebis gaxsnis 

maRali xarisxi, SedarebiT dabali toqsikuroba da koroziuli aqtivobis uqonloba [2]. 
teqnikuri gamxsnelebi sxvadasxva individualuri naxSirwyalbadebis – parafinebis 

(alkanebi), olefinebis (alkenebi), naftenebis (cikloal-kanebi) da aromatuli 

naxSirwyalbadebis – narevebia. qimiuri arastabi-lurobis gamo olefinebis mocileba 
gamxsnelebidan aucilebelia. 

parafinebi arapolaruli naerTebia. sxva klasis naxSirwyalbade-bisgan isini 
gamoirCevian Zalian dabali toqsikurobiT, aqvT sasiamovno susti suni, Tumca 

maRalmolekuluri naerTebis gaxsnis unari sakmaod dabali aqvT. 

izoparafinebi qimiur aqtiurobasTan erTad gaxsnis maRali unariTac xasiaTdebian, rac 
gapirobebulia molekulaSi naxSirbadis mesameuli atomis arsebobiT. jaWvis ganStoebis 

zrdasTan erTad gaxnis xarisxic izrdeba. izoparafinebs suni TiTqmis ara aqvT, magram 

naxSirbadis mesameuli atomis maRali reaqciis unaris gamo advilad iJangebian haeris 
JangbadiT, gansakuTrebiT mzis sinaTlis zemoqmedebiT. am dros warmoiqmneba piroqsiduli 

naerTebi, romlebic mkveTri suniT xasiaTdebian. 
naxSirwyalbadovan gamxsnelebSi Semavali naftenebi ZiriTadad cikloheqsanis da 

ciklopentanis alkilwarmoebulebia da, aqedan gamomdinare, TiTqos ciklanebisa da alkanebis 

narevs warmoadgenen. molekuluri masis zrdasTan erTad birTvSi Semavali naxSirbadis 
atomebis wili mcirdeba, gverdiT jaWvSi ki izrdeba. am dros naxSirbadi TandaTan kargavs 

naftenur xasiaTs da parafinebis Tvisebebs uaxlovdeba. parafinebTan SedarebiT naftenebi da 

alkilnaftenebi xasiaTdebian gaxsnis gacilebiT ufro maRali unariT, ufro dabali 

aqroladobiT, Zlieri, damaxasiaTebeli suniT, romlis intensivobac Caunacvlebeli 

naftenebidan alkilCanacvlebulebze gadasvlisas mcirdeba. 

aromatuli naxSirwyalbadebi gamxsnelebSi benzoliT da alkilbenzolebiTaa 

warmodgenili. parafinebTan da naftenebTan SedarebiT alkilwarmoebulebi ufro maRali 

duRilis temperaturiT da simkriviT xasiaTdebian, siblantiT ki pirvel or klass Soris 

Sualeduri mdgomareoba ukaviaT. sxvadasxva klasis najer naxSirwyalbadebTan SedarebiT 

aromatul da alkilaromatul naxSirwyalbadebs iseTi reaqciebisadmi aqvT midrekileba, 
romlis drosac Seferili naerTebi warmoiqmneba. amave dros, najer naxSirwyalbadebTan 

SedarebiT aromatuli naxSirwyalbadebi organuli naerTebis gaxsnis ufro maRali unariTac 

gamoirCevian, Tumca maTi Semcveloba mTel rig gamxsnelebSi SezRudulia maRali toqsikuri 
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Tvisebebis gamo. alkilbenzolebi mkveTri suniT xasiaTdebian, ris gamoc naxSirwyalbadebSi 

maTi mcire minarevic ki sagrZnobi xdeba. 

naxSirwyalbadovani gamxsnelebis warmoebisaTvis sawyis nedleulad SeiZleba naxSirebis, 

fiqlebis da navTobis gadamuSavebiT miRebuli Txevadi produqtebis da organuli sinTezis 

produqtebis gamoyeneba. aqedan gamomdinare, arCeven koqsoqimiur, fiqlebis, navTobur da 

sinTezur gamxsnelebs. amaTgan gamxsnelebis yvelaze did jgufs navTobis gadamuSavebis 
produqtebidan miRebuli gamxsnelebi, e.w. navToburi gamxsnelebi warmoadgenen. 

naxSirwyalbadebis Semadgenlobis mixedviT navToburi gamxsnelebis Semdegi jgufebia 

warmodgenili: 

 parafinuli – n.parafinebis Semcveloba >50%-ze  

 izoparafinuli – izoparafinebis Semcveloba >50%-ze  

 naftenebi – aromatikis Semcveloba 50% 

 Sereuli – narevSi yvela klasis naxSirwyalbadis Semcveloba <50%-ze  

 

gamxsnelebad gamoiyeneba rogorc navTobis gadamuSavebiT, ise navTobqimiuri gardaqmniT 
miRebuli  naxSirwyalbadebi. fraqciuli Semadgenlobis mixedviT arCeven navToburi 

gamxsnelebis or jgufs: dabalmduRares (benzinebis) da maRalmduRares (navTis gamxsnelebi). 

praqtikam aCvena, rom navTobis pirdapiri gamoxdis benzinis fraqciis reqtifikaciiT 
SesaZlebelia mTeli rigi dabalmduRare navToburi gamxsnelebis miReba [1]. magaliTad, 

petroleinis eTeri  (30-700C) gamoiyeneba mcenareebidan eTerzeTebis gamosayofad, 
celulozis, zogierTi eTerebis, cximebisa da fisebis gamxsnelad; duRilis viwro 

intervalis mqone saeqstraqcio benzinebi:  (65-750C; 70-750C; 94-990C; 70-950C; 70-850C); 
benzinuri gamxsnelebi: (105-1250C; 110-1850C; 50-1700C). rogorc saeqstraqcio benzinebi, ise 
benzinuri gamxsnelebi, farTod gamoiyeneba mrewvelobis sxvadasxva dargebSi. pirdapiri 

gamoxdiT miRebuli fraqciebidan iReben uait-spirits (150-2000C), romelic rogorc sufTa 

saxiT, ise sxva gamxsnelebTan narevSi mniSvnelovan gamoyenebas poulobs laq-saRebavebis 

warmoebaSi da mrewvelobis sxva dargebSic. dabalmduRare gamxsnelebTan erTad gamoiyeneba 

agreTve pirdapiri gamoxdiT miRebuli ufro maRalmduRare gamxsnelebic: navTis fraqcia 

(240-2650C) gamoiyeneba sabeWdi saRebavebis gamxsnelad, agreTve laqebis da muSambis 

warmoebaSi, liTonis detalebis gawmendisaTvis da sxva. zogierTi navTobis dizelis fraqcia 

SeiZleba pesticidebis gamxsnelad iqnes gamoyenebuli da a.S.  

arsebobs kriteriumebi, romlebic unda iyos gaTvaliswinebuli gamxsnelebis Tvisebebis 

Sefasebis, gamoyenebis pirobebisa da sferoebis SerCevis dros. kerZod, isini unda 
akmayofilebdnen iseT moTxovnebs, rogoricaa gaxsnis kargi unari da SerCeviToba, 

Sedgenilobis erTgvaroba da duRilis dabali temperatura, wyalSi mcire xsnadoba da 

swrafi aqroladoba, sufTa saxiT da wylis orTqlTan narevSi koroziuli aqtivobis 
uqonloba da dabali toqsikuroba. aRsaniSnavia is garemoebac, rom navTobis 

naxSirwyalbadebisaTvis duRilis didi intervalia damaxasiaTebeli, rac, praqtikulad, 

navToburi gamxsnelebis farTo asortimentis miRebis saSualebas iZleva. 
specialuri kvlevebis Sedegad dadgenil iqna Sesabamisi Tvisebebis navTobebi, romelTa 

pirdapirnaxadi fraqciebis reqtifikaciiT maRal-xarisxiani navToburi gamxsnelebis miReba 
gaxda SesaZlebeli [3]. saqarTvelos navTobebis kvlevam aCvena, rom zogierTi navTobi 

(samgori, ninowminda, rusTavi, sacxenisi) akmayofilebs zemoT CamoTvlil moTxovnebs – 

ganekuTvneba mciregogirdian da fisovan-asfaltenuri naerTebis mcire Semcvelobis mqone 
navTobebs, msubuqi fraqciebis (duRilis dasawyisi - 2000C) maRali gamosavliT [4-7]. 

mxedvelobaSi isicaa misaRebi, rom dabali siblante da zedapirulad aqtiuri naerTebis 

mcire Semcveloba ganapirobebs aRniSnul navTobebSi wylisa da meqanikuri minarevebis mcire 

raodenobas, rac gamoricxavs maTi gauwyloebisa da meqanikuri minarevebisagan gawmendisaTvis 

gansakuTrebuli zomebis miRebis aucileblobas. es ki Tavis mxriv, gaamartivebs 

zemoxsenebuli navTobebidan navToburi gamxsnelebis miRebis teqnologias. cxrilSi 1 

moyvanilia samgoris, ninowmindis, sacxenisis da rusTavis navTobebis maxasiaTeblebi. 
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cxrili 1. saqarTvelos navTobebis daxasiaTeba 

navTobis sabadoebi maxasiaTeblebi 

samgori sacxenisi ninowminda rusTavi 

simkvrive, 200C, kg/m3 838, 2 760,5 830,8 826,4 

kinematikuri siblante, sst 4,60 0,9232 6,50 10,6 

temperatura, 0C  

afeTqebis daxurul tigelSi -12 - 3 26 

gayinvis +3 >-30 6,5 -3 

Semcveloba, %  

parafinebi 6,8 0,45 5,0 2,5 

fisebi 7,0 0,80 7,10 1,60 

asfaltenebi 0,95 0,024 1,85 0,74 

gogirdi 0,18 0,1 0,30 0,10 

mJavuri ricxvi, mg 1 g navTobze 0,03 0,032 0,06 0,20 

fraqciebis gamosavali  

2000C–mde 33,4 81,0 32,0 34,7 

3500C–mde 66,8 95,0 68,2 87,09 

 
cxrilSi motanili masalidan Cans, rom adgilobrivi parafinuli navTobebi 

warmoadgenen saukeTeso nedleuls standartuli navToburi gamxsnelebis misaRebad. es 

garemoeba uflebas gvaZlevs davaskvnaT, rom zemoaRniSnuli navTobebidan SesaZlebelia 

sxvadasxva saxis navToburi gamxsnelebis warmoebis ganviTareba, romlebic importul, 

ZviradRirebul gamxsnelebs Caanacvleben. 

Cvens mier Seswavlili iqna saqarTvelos navTobebis – samgori, ninowminda, rusTavi – 

msubuqi fraqciebis (40-2000C) fizikur-qimiuri maxasiaTeblebi. monacemebi moyvanilia  
cxrilSi 2. 

 
cxrili 2. saqarTvelos navTobebidan miRebuli msubuqi fraqciebis maxasiaTeblebi 

NnavTobebis dasaxeleba maxasiaTeblebi 

samgori ninowminda rusTavi 

40-2000C fraqciis gamosavali, % 38 34 70 

simkvrive 200C, kg/m3 728,0 725,0 720,0 

fraqciuli Sedgeniloba, 0C:    

duRilis dasawyisi  32 28 

50% ixdeba 92 95 92 

90% ixdeba 175 168 178 

duRilis dasasruli,  200 200 200 

naxSirwyalbadebis jgufuri Sedgeniloba, %:    

parafinuli 62,9 63,2 64,5 

naftenuri 30,2 26,7 22,3 

aromatuli 6,9 11,1 13,2 

najeri orTqlis wneva, mpa 0,05 0,052 0,053 

mJavuri ricxvi, mg/100 ml 0,13 0,12 0,15 

Semcveloba, % (mas):    

faqtiuri fisebi 0,8 0,8 0,7 

gogirdi 0,02 0,015 ar Seicavs 

iodis ricxvi, g/100 g 0,8 0,85 0,78 

 
cxrili 2-is monacemebidan cxadia, rom zemoaRniSnuli navTobebis msubuqi fraqciebi 

warmoadgens saukeTeso nedleuls dabalmduRare navToburi gamxsnelebis misaRebad.  
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Seswavlili iyo agreTve samgoris, ninowmindis, rusTavis da sacxenisis navTobebis 

msubuqi fraqciebidan zogierTi navToburi gamxsnelis gamosavlianoba. Sedegebi moyvanilia 

cxrilSi 3. 

cxrilis monacemebidan naTelia, rom aRniSnuli navTobebidan SesaZlebelia gamoyenebis 

farTo speqtris mqone iseTi navToburi gamxsnelebis miReba, rogoricaa petroleinis eTeri 

(30-800C), gamxsneli rezinis mrewvelobisTvis (80-1200C), uait-spiriti (150-2000C) da 
gamxsneli samrewvelo teqnikuri miznebisTvis(50-1800C). 

 
cxrili 3. navToburi gamxsnelebis gamosavali samgoris, ninowmindis, sacxenisis da rusTavis 

navTobebidan 

gamosavali, % 
navToburi gamxsnelebi 

samgori ninowminda rusTavi sacxenisi 

petroleinis eTeri 40-800C 6,5 8,5 15,0 40,0 

gamxsneli rezinis mrewvelobisTvis 
80-1200C 18,3 5,3 31,3 19,0 

uait-spiriti 150-2000C 13,0 15,3 10,2 10,0 

gamxsneli samrewvelo teqnikuri 
miznebisTvis 50-1800C 32,5 27,0 63,3 38,0 

 
amrigad, samgoris, ninowmindis, sacxenisis da rusTavis navTobebis nivTieri da 

fraqciuli Sedgeniloba – gogirdis da fisovan-asfaltenuri naerTebis mcire Semcveloba, 

msubuqi fraqciebis gamosavlebi da fizikur-qimiuri maxasiaTeblebi – safuZvels gvaZlevs 
davaskvnaT, rom SesaZlebeli da mizanSewonilia adgilobrivi nedleulis bazaze miRebuli 

fraqciebis reqtifikaciiT sxvadasxva saxis da gansxvavebuli daniSnulebis mqone xarisxiani 

navToburi gamxsnelebis miReba. Sesabamisi nedleulis arseboba da martivi teqnologia ki 

gansazRvravs momavalSi Cvens qveyanaSi navToburi gamxsnelebis warmoebis ganviTarebis 

perspeqtivas. 
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PERSPECTIVES FOR RECOVERY OF PETROLEUM SOLVENTS FROM CRUDE OIL 
Natela Khetsuriani, Esma Usharauli, Irine Mchedlishvili, Madlena Chkhaidze, Sofio Shengelia 

SUMMARY 
Petroleum solvents used in several areas of industry in general are of oil origin. They are characterized by wide 
spectrum of usage due to their properties like high solving ability, high volatility, low toxicity and absence of 
corrosion activity. Source of petroleum solvents in addition to products of petroleum processing and 
petrochemical conversion can be oils characterized by high yealds of light fractions and low content of sulfur 
and tar-asphaltene substances. 
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saqarTvelos navTobebis policikloalkanebis molekuluri 
Semadgenilobis Seswavla Tanamedrove fizikur-qimiuri da 

instrumentuli meTodebiT 
 

elza Tofuria, naTela xecuriani, qeTevan  goderZiSvili, madlena CxaiZe 
 
taribanisa da sacxenisis navTobebis 250-3500C najeri fraqciebidan gamoyofil naftenur 
koncentratebSi qromatomas-speqtrometriis meTodiT napovnia C10-C14 Semadgenlobis mqone tri- 
da tetracikluri kompaqturi agebulebis mqone karkasuli naxSirwyalbadebi. naftenur 

koncentratebs taribanis parafinul da sacxenisis nafteno-aromatuli tipis navTobebidan, 
miuxedavad maTi sapirispiro qimiuri bunebisa, gaaCniaT msgavsi komponenturi Semadgenloba, 
gansxvaveba mdgomareobs mxolod maT raodenobriv SemcvelobaSi. taribanis navTobSi navaraudevia 
didi albaTobiT axali, tetraciklo[7,3,1,02,7,17,11]tetradekanis, homologiuri rigis arseboba. 

 
nafTenebi rig SemTxvevaSi Seadgenen navTobis naxSirwyalbadebis umTavres masas da 

mniSvnelovnad gansazRvraven navTobproduqtebis qimiur da teqnologiur Rirebulebebs. am 

mxriv gansakuTrebuli adgili uWiravs C10-C14  Semadgenlobis mqone sam-, oTx- da 

xuTbirTvian, naftenebs (policikloalkanebs). es naerTebi maTi geometriuli da 
struqturuli izomerebis mravalricxovnobis gamo naklebadaa Seswavlili, gansakuTrebiT es 

exeba tetracikloalkanebs. aRniSnuli naerTebi agebulebis da Tvisebebis unikalobis gamo 

farTod gamoiyeneba bevr organul da navTobqimiur procesebSi, mrewvelobisa da saxalxo 
meurneobis mTel rig dargebSi. isini saintereso arian navTobis geoqimiuri istoriis 

TvalsazrisiTac: msgavsi naerTebis ararseboba bunebriv biomasaSi nebas gvaZlevs vivaraudoT, 

rom isini warmoadgenen ucxo agebulebis mqone naxSirwyalbadebis katageneturi gardaqmnebis 
produqtebs da miuTiTeben navTobis qimiuri evoluciis siRrmeze [1]. amitom yoveli axali 

informacia navTobSi am struqturebis Semcvelobis da agebulebis Sesaxeb mniSvnelovania 
rogorc navTobqimiis da geoqimiis, aseve organuli qimiis monacemTa bazis SevsebisaTvis da 

am dargebis Semdgomi ganviTarebisTvis.  

warmodgenili statia eZRvneba navTobis saSualo fraqciebis nafTenur koncentratebSi 
C10-C14  Semadgenlobis mqone ucnobi policikloalkanebis mas- da qromatomas-speqtraluri 

kvlevis Sedegebis ganxilvas. koncentratebSi Semavali individualuri naerTebis mas-

speqtrebis da qromatografiuli parametrebis dadgena SesaZlebelia, axali organuli 

naerTebis dasinTezebisa, an navTobSi maTi arsebobis dadasturebis safuZveli gaxdes, 

rogorc es moxda Tavis droze adamantanis, diamantanis, steranis da sxva aRmoCenebis 
SemTxvevebSi [2]. amave dros sainteresoa, ra gansxvavebiT SeiZleba xasiaTdebodes ori 

sapirispiro bunebis mqone navTobis nafTenuri naxSirwyalbadebi. 
 

kvlevis obieqtebi da meTodebi 

sakvlevi navTobebi (taribanis da sacxenisis) mkveTrad gansxvavdebian erTmaneTisagan 

rogorc geologiuri monacemebiT, aseve qimiuri SemadgenlobiT.: taribani, WaburRili 23, 

warmoadgens maRalparafinul A1 tipis navTobs a.petrovis klasifikaciis mixedviT. sacxenisi, 

WaburRili 3, nafteno-aromatul navTobia,  miekuTvneba taribanis sapirispiro Б2 qimiur 

tips – da xasiaTdeba msubuqi fraqciebis maRali SemcvelobiT(60%)[3,4].  

policikluri naerTebis individualuri Semadgenlobis Sesaswavlad gamoyenebuli iyo 
kvlevis meTodebis kompleqsuri meTodika, romliTac SesaZlebeli iqneboda rTuli 

naxSirwyalbadovani fraqciebis maqsimaluri diferenciacia molekulebis agebulebis tipis 

mixedviT da am gziT miRweuli yofiliyo analizis meTodis maRali efeqturoba. sakvlevi 
fraqciebis gansakuTrebulma sirTulem moiTxova damatebiTi dayofis, gamoyofis da 

gamdidrebis meTodebis gamoyeneba. kerZod kompleqsuri meTodika Seicavda: distilacias, 

dearomatizacias, samsafexurian Termodifuzias originalur svetebze da safexurebriv 
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eqstraqcias TioSardovaniT; am procesebis Sedegad miRebuli obieqtebis kvlevas analizis 

Tanamedrove instrumentuli meTodebis gamoyenebiT, rogoricaa kapilaruli air-Txevadi 

qromatografia, qromato-mas-speqtrometria da mas-speqtrometria [5-8]. 

nafTenuri koncentratebis molekuluri Semadgenlobis kvlevis, struqturis da 

individualuri naxSirwyalbadebis identifikaciis ZiriTad meTodad gamoyenebuli iyo 

qromatomas-speqtrometria. es aris rTuli organuli naerTebis analizis erT-erTi yvelze 
efeqturi Tanamedrove meTodi, romelic aerTianebs iseT maRalmgrZnobiare dayofis teqnikas, 

rogoricaa airTxevadi qromatografia da maRal informatuli meTods naerTTa struqturis 

dadgenisa - mas-spqtrometrias. es kombinirebuli meTodi, imis gamo, rom aris Zalian 
mgrZnobiare da ar moiTxovs individualuri nivTierebebis winaswar gamoyofas, farTod 

dainerga navTobqimiuri kvlevis praqtikaSi da SesaZlebeli gaxada kvlevebis Catareba 

molekulur doneze. am meTodis Rirseba praqtikulad gamoixateba imaSi, rom man bevrad 
Seamsubuqa menavTobe-qimikosebis Sromatevadi, preparatiuli muSaobis xangrZlivi procesi, 

da rac mTavaria, asjer gazarda kvlevis Sedegebis saimedooba, sizuste da informatiuloba. 

warmodgenil kvlevaSi aranaklebi mniSvnelobis roli hqonda miniWebuli mas-

speqtrometrias sinjis pirdapiri SeyvaniT ionur wyaroSi. es meTodi gamoyenebuli iyo 

fraqciebis nimuSebis struqturul-jgufuri Semadgenlobis gansazRvrisaTvis, romlebic 

etapobrivad miiReboda maTi dayofis kvaldakval. Aman SesaZlebeli gaxada migvedevnebina 

Tvali policikloalkanebis koncentrirebis xarisxis cvlilebisaTvis procesis yvela 

stadiaze. mas-speqtrebi, miRebulia ЛКБ-2091 tipis xelsawyoze Semdeg pirobebSi: 

maionizirebli eleqtronebis energia 70эВ, emisiuri deni 25мкA, ionuri wyaros temperatura 
2000C. nafTenuri koncentratebis jgufuri naxSirwyalbadovani Semadgenilobis analizis 
Sedegebi, romlebic miRebulia mas-speqtrometruli meTodiT, moyvanilia cxrilSi 1. 

 
cxrili 1. nafTenuri koncentratebis struqturul-jgufuri Semadgenloba (mas-   

spetrometruli meTodiT) 

 

mas.% nafTenur koncentratebSi 

taribanis navTobi sacxenisis navTobi policikluri nafTenebi 

200-2500C 250-3500C 200-2500C 250-3500C 

monocikluri 10 - 12 - 

bicikluri 34 3 36 8 

tricikluri, 40 18 41 42 

maT Soris:     

adamantanis rigis 18 9 21 20 

tetracikluri 14 50 11 31 

pentacikluri 2 24 - 18 

heqsacikluri - 5 - 1 
 
cxrilis monacemebidan Cans, rom saSualo najeri fraqciebidan gamoyofil iqna sakmaod 

viwro (~90%) maRali xarisxis mqone policikloalkanebis koncentratebi, kerZod: 200-2500C  
fraqciidan bi-, tri- da tetracikloalkanebisa - triciklo-alkanebis umetesi SemcvelobiT, 

xolo 250-3500C  fraqciebidan tri-, tetra-, da pentacikloalkanebisa ukve 
tetracikloalkanebis umetesi SemcvelobiT. Mmolekulur-masuri ganawilebis SeswavliT 

naCvenebi iqna, rom orive navTobis SemTxvevaSi tetra- da pentacikloalkanebis molekuluri 

masebi (CnH2n-6 da CnH2n-8) iyo mcire da Seesabamebodnen molekulaSi 13-18 da 15-19 

naxSirbadis atoms. aqedan gamomdinare isini ar miekuTvnebodnen katakondensirebuli tipis 

eqvswevrian ciklebis sistemebs, romlebic unda Seicavdnen, rogorc minimumi 18 da 22 

naxSirbadis atoms (Sesabamisad tetra- da pentaciklo-alkanebisTvis). es ki niSnavda, rom 

isini warmoadgendnen xiduri bmis mqone struqturebs, kondensaciis maRali xarisxiT, 
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e.w.karkasul, adamantanis tipis naxSirwyalbadebs, romlebic ZiriTad ar Seicavdnen grZel 

gverdiT jaWvebs. 

qromatomas-speqtrometruli analizis Catarebamde Termodifuzuri dayofis saboloo 

produqtebi-nafTenuri koncentratebi, Seswavlili iqna air-Txevadi qromatografiiT 

kapilarul svetebze (80, 60 da 40 m*0,25mm, apiezoni L, qromatografi cvet-2), 

temperaturis wrfivi programirebis pirobebSi. qromatogramebi gamoirCeoda rTuli 
SemadgenlobiT, faqtiurad igi warmoadgenda qromatografiul kuzs zogierTi pikebis 

wveroebiT. aseTi fraqciebis qromatrogramebis Tvisobrivi interpretacia da mas-speqtrebis 

analizi qromatomas-speqtrometriis meTodiT gaZnelebulia.  amitom miRebuli naftenuri 
koncentratebis gasamartiveblad gamoviyeneT qimiuri meTodebi, kerZod isini damuSavebul 

iqna TioSardovanasTan eqstraqciuli kristalizaciis safexurebrivi meTodiT[6-7]. miRebuli 

eqstraqtebis qromatogramebi bevrad gamartivrbuli da individualizirebuli iyo, xolo 
nafTenuri foni sagrZnoblad daweuli. suraTi 1-ze magaliTisaTvis moyvanilia taribanis 

navTobis nafTenuri koncentratidan gamoyofili Tiokarbamiduli eqstraqtis kapilaruli 

qromatograma da analizis pirobebi. 

 

 

 
 

naxazi 1. taribanis navTobis 250-3500C  fraqciis nafTenuri koncentratis  
Tiokarbamidis eqstraqtis qromatograma 

kapilaruli sveti 40m*0,25mm, apiezon L, temperaturis programa 1300C-dan, 30C/wT 
 

kvlevis Sedegebi 

taribanis da sacxenisis navTobebis saSualo fraqciebis (200-2500C da 250-3500C) 
nafTenur koncentratebSi da Tiokarbamidul eqstraqtebSi qroma-tomas-speqtrometruli 
kvlevis Sedegad aRmoCenil iqna 70 bi-, tri-, tetra- da pentacikluri nafTenebi C10 - C14 

SemadgenlobiT (policiklur birTvSi). Aaqedan 42 naxSirwyalbadi erTmniSvnelovnad iyo 
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identificirebuli, maT Soris aTamde naerTi ki, navTobSi pirvelad iqna gansazRvruli. es 

monacemebi dawvrilebiTaa aRwerili SromaSi [5]. 

sakvlev navTobebSi aRmoCenili iyo 29 ucnobi naxSirwyalbadi, romelTa struqturebi 

ver iqna damtkicebuli maTi sinTezuri analogebis ar arsebobis gamo [8]. Tumca 

fragmentaciis xasiaTis, masuri ricxvebis da molekuluri ionebis intensivobis safuZvelze, 

aseve qromatrografiuli rigiTobis da TioSardovanasTan kompleqswarmoqmnis unaris 
gaTvaliswinebiT, dadgenil iqna am naxSirwyalbadebis Semadgenloba da agebulebis tipi. es 

monacemebi mocemulia cxrilebSi 2 da 3.  

Catarebuli kvlevis Sedegad qromatomas-speqtrometriis, mas-speqtrometriis da 
qromatografiis monacemebis literaturul wyaroebis monacemebTan Sedarebam gviCvena, rom 

nafTenur koncentratebSi aRmoCenili yvela naxSirwyalbadi, rogorc identificirebuli, 

aseve araidentificirebuli, ganekuTvneba sam-, oTx- da xuT birTviani nafTenebis (C10-
C14) garkveul homologiur rigebs, naxSirbadis atomebis wyobis maRali simkvrivis mqone 

molekulebiT [5,8]. magaliTad, oTxi molekulis mqone tetracikloalkanebis karkasuli 
sistemis Seqmnaze daxarjulia sul 12-14 naxSirbadis atomi. aRniSnuli homologiuri 
rigebia: adamantanis (C10), tetraciklododekanis (C12), tetraciklotridekanis (C13), 
tetraciklotetradekanis (C14)  da protoadamantanebis: tricikloundekanebi (C11) da 

triciklododekanebi (C12). 
 
cxrili 2. taribanis navTobis 250-3500C najeri fraqciidan gamoyofili nafTenuri 

koncentratis qromatomas-speqtraluri analizis monacemebi 
naxSirwyalbadis 

dasaxeleba, bruto 

formula 

* naxSir 

wyalba-

dis, 
#  

maxasiaTebeli pikebi mas-
speqtrebSi m/z (fardobiTi 

intensivoba,%) 

Sekavebis 
fardobi-

Ti dro 

Semcvelob

a 

fraqciaSi 

 mas.% 

1 2 3 4 5 
triciklotridekani 
C13H22 14 

178(M+, 100), 163(24), 149(45), 
135(67),122(20), 21(20),107(20), 
94(25), 93(33), 92(45),81(54), 
80(20),79(41), 67(58) 

205 0,0025 

tetraciklotri-dekani 
C13H20 

16 

176(M+,92), 175(50), 148(20), 
147(20),134(70), 3(100),121(30), 
105(30), 95(30), 94(32),93(50), 
92(22),91(60), 81(65), 80(35), 
79(70),  67(60) 

215 0,003 

tetraciklotri-dekani 
C13H20 17 

176(M+100), 135(40), 134(21), 
133(41), 95(12), 94(15), 93(18), 
92(16), 91(40), 81(23), 80(27), 
79(41),  67(25) 

227 0,005 

tetraciklo[7,3,1,02,7,- 

17,11]tetradekani C14H22 

 

19 

190(М+;100),175(11),162(12),161
(9),148(45),147(19),134 
(42),133(23),132(40),117(11),105
(20),95(20),94(27),93(22),92(15),
91(49),81(22),80(20), 
79(44),78(7),77(20)  

255 0,08 

tetraciklotetra-

dekani C14H22 

21 

190(M+,100), 175(20), 163(9), 
162(18),161(19),149(27),148(25), 
147(27), 134(9), 133(34),121(19), 
120(17),119(18),109(24), 08(24), 
107(22), 105(23), 95(32), 94(60), 
93(31), 92(9), 91(40), 81(54), 
80(22), 79(73),  78(18), 77(31), 
67(20), 65(55) 

269 0,0039 
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meTiltetraciklo- 

/7,3,1,02,7,17,11/tetra-

dekani C15H24 
CH3

 

23 

204(М+;100),189(30),175(11), 
161(36),148(70),147(54),105(25),
95(43),94(38),93(42),92(23),91(7
7),81(40),80(31),79(46),78(14),77
(23),69(14),67(46)  

272 0,0036 

meTiltetraciklo- 
/7,3,1,02,7,17,11/tetra-

dekani C15H24 

CH3

 

24 

204(М+;100),189(10),175(10), 
162(20),161(12),149(45),148(5),1
47(20),135(12),134(17),133(21),1
23(22),121(25),109(21),108(29),9
5(25),94(30),93(31),92(5),91(65),
85(62),81(43),79(45),71(80),69(5
0),67(20),57(93),55(60)  

292 0,003 

meTiltetraciklo- 

/7,3,1,02,7,17,11/tetra-

dekani C15H24 

CH3

 

25 

204(М+;100),189(7),175(5),162(1
0),149(30),147(10),135(15),134(1
0),133(20),123(25),121(30),109(2
0),108(25),95(15),94(20),93(15),9
1(30),85(27),81(25),79(40) 
 

303 0,0013 

meTiltetraciklo 
/7,3,1,02,7,17,11/tetra-

dekani  C15H24 

CH3

 

26 

204(M+;100),189(10),175(14),162
(18),161(15),149(40),147(23),135
(15) 
 

308 0,0018 

dimeTiltetraci-

klotetradekani  
C16H26 

27 218(M+;40),175(100) 333 0,0017 

meTil-,eTiltetra- 

ciklotetradekani 
C17H28 

28 232(M+;30),217(50),189(100) 375 0,0014 

tetrameTiltetra- 

ciklotetradekani 
C18H30 

29 246(M+;60),231(100) 
 386 0,0012 

tetrameTil-, eTil- 

triciklotetradekani 
C20H36 

30 276(M+;40), 261(100), 246(80) 
 417 0,0014 

pentameTiltetra-

ciklotetradekani 
C19H32 

31 260(M+;40), 245(100) 
 418 0,0006 

pentameTiltetra-
ciklotetradekani 
C19H32 

32 260(M+;100), 245(100) 
 491 0,0014 

heqsameTiltri- 

ciklotetradekani 
C20H36 

33 276(M+;40), 261(100) 
 455 0,0012 

* naxSirwyalbadebis nomrebi Seesabamebian pikebs qrotogramaze (naxazi 1)  
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cxrili 3. sacxenisis navTobis 250-3500C najeri fraqciidan gamoyofili nafTenuri 

koncentratis qromatomas-speqtraluri analizis monacemebi 
 

naxSirwyalbadis 
dasaxeleba, bruto 

formula 

*naxSir 
wyalba-

dis,# 

maxasiaTebeli pikebi mas-
speqtrebSi m/z (fardobiTi 

intensivoba,%) 

Sekavebis 
fardobiTi 

dro 

Semcveloba 
fraqciaSi 

mas.% 

1 2 3 4 5 
meTiltriciklo- 

undekani C12H20 

3 164(M+,77), 149(100), 107 (49), 
94(39), 93(50), 91(24), 81(31), 
80(15), 79(38), 67(30) 

127 0,013 

meTiltriciklo- 

undekani C12H20 

4 164(M+,50), 149(100), 107(30), 
95(15), 94(25), 93(50), 91(20), 
67(44) 

130 0,008 

meTiltetraciklo- 
dodekani C13H20 

8 176(M+,20), 161(100), 133(9), 
107 (13), 105(20), 95(13), 94(14), 
93(34), 92(15), 91(23) 

170 0,04 

meTiltetraciklo- 

dodekani C13H20 

9 176(M+,100), 161(61), 147(8), 135(20), 134(23) 133(25), 121(20), 
119(20), 107 (23), 105(22), 95 
(30), 94(27), 93(37), 92(23), 91 
(45) 

178 0,038 

tetraciklotri- 

dekani C13H20 

11 177,176(M+,100),161(33), 148 
(20), 133(17), 120(10), 119(17), 
107 (9), 106(9), 95(15), 94(32), 
93(15),92(15), 91(17), 81(13), 
80(14), 79(35) 

198 0,004 

pentaciklotri- 

dekani C13H18 

12 174(M+,100), 175(13),  105(10), 
95(27), 94(23), 92(23), 92(20), 
91(29), 81(17), 80(36), 79(48) 

204 0,0005 

meTiltetraciklo- 

tridekani C14H22 

13 190(M+,25), 175(100), 161(15), 
133(22), 119(5), 107 (27), 
106(15), 105(22), 95(17), 94(10), 
93(35), 92(10), 91(25), 81(25), 
79(22), 77(15), 69(10), 67(12), 
55(15), 53(10) 

205 0,006 

meTiltetraciklo- 

tetradekani+tetra- 

ciklotetradekani 
C15H24 + C14H22 

14 204(M+,34), 189(100), 175(51), 
133(25),135(50),134(54), 21(50), 
119(30), 109(25), 108(38), 107 
(55),105(50),95(50),94(55),93(75
), 91(50), 81(40), 79(48), 67(33) 

210 0,017 

meTiltetraciklo- 
tridekani C14H22 

15 190(M+,100), 175(80), 162(50), 
161(40),149(53),148(35), 35(30), 
134(35),133(50),121(59), 19(57), 
107(90), 105(58), 95(57), 93(85), 
91(90), 81(65), 79(65), 77(41), 
67(58), 

219 0,02 

tetraciklotri-
dekani C13H20 

16 176(M+,100), 135(40), 134(21) 
133(41),  95(12), 94(15), 93(18), 
92(16), 91(40), 81(23), 80(27), 
79(41), 67(25) 

225 0,03 

meTiltetraciklo- 

tridekani C14H22 

18 190(M+,87), 175(100), 162(15), 
161(16),149(25),148(20), 47(32), 
135(33), 134(36) 133(35), 
123(33), 121(44), 109(45), 107 
(57), 105(542), 95(67), 93(76), 

238 0,01 
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91(72), 81(50), 79(78), 77(44), 
67(45) 

tetraciklotetra-

dekani C14H22 

21 190(M+,100),  269 0,008 

meTiltetraciklo- 

tetradekani C15H24 

23 204(M+,100), 189(25), 175(10)  275 0,003 

* naxSirwyalbadis nomeri Seesabameba qromatografiul piks qromatogramaze (naxazi 4 

SromaSi [5]) 

 

gansakuTrebiT sainteresoa taribanis navTobidan gamoyofili nafTenuri 
naxSirwyalbadebi, romlebic Seesabamebian 23-33 pikebs qromatogramaze(nax.1). eleqtronebiT 

ionizaciis xasiaTis mixedviT SesaZlebeli gaxda gvevarauda, rom oTxi maTgani  23, 24, 25 

da 26 (pikebis nomrebi) warmoadgenen tetraciklo [7,3,1,0,2,7,17,11] tetradekanis meTil-
warmoebulebs [cxrili 1, naxazi 1, piki 19].  

naxSirwyalbadebi, romlebic Seesabamebian qromatografiul pikebs 19, 24, 27, 28, 30, 

32, 33 aseve mivakuTvneT zemoaRniSnuli tetraciklodekanis  homologiur rigis wevrebs mis 
heqsameTil warmoebulamde. marTlac, masuri ricxvebi aRniSnuli pikebisaTvis Seadgenen 

Sesabamisad 190, 204, 218, 232, 246, 260, 276 da amasTan maqsimaluri intensivobiT 

xasiaTdeba [MM-15]+ ionebis pikebi. airTxevadi qromatografiis monacemebis safuZvelzec (mag. 

naxSirwyalbadebis eluirebis dro) cxadi gaxda, rom isini warmoadgenen axal homologiur 

rigs. vizualurad qromatogramaze naTlad Cans homologiuri rigis wevrebis eluirebis 

mowesrigebuli rigiToba. axali homologiuri rigis pirveli wevri C14H22 tetraciklo 

[7,3,1,02,7,17,11]tetradekani, Cvens mier iyo identificirebuli Seswavlil navTobebSi[5]. 
 

daskvna 

aRsaniSnavia, rom msgavsi struqturebis Seswavla mcire gamonaklisis miuxedavad 
sxvadasxva avtorebis mier winamorbed SromebSi tardeboda nafTenebis maRali da benzinebis 

mcire Semcvelobis mqone navTobebSi, radgan dadgenili iyo, rom msgavsi klasis 

naxSirwyalbadebs sagrZnobi raodenobiT SeiZleba Seicavdnen swored aRniSnuli kategoriis 
navTobebi[2,5]. Tumca Cvens mier Catarebuli kvlevebi gviCveneben, rom miuxedavad sapirispiro 

qimiuri tipisa, taribanis da sacxenisis navTobebis saSualo fraqciebi aRmoCenil karkasul 

naxSirwyalbadebs Seicaven sakmaod mravalferovan kompoziciaSi da rac mTavaria, orive 
navTobs aqvs saSualo fraqciebis nafTenuri koncentratebis msgavsi komponenturi agebuleba, 

isini Seicaven ZiriTadad C10-C14  Semadgenlobis kompaqturi agebulebis policikloalkanebis 
struqturulad erTgvarovan jgufebs; gansxvaveba mdgomareobs mxolod maT raodenobriv 

Tanafardobebi [3-5,8]. es monacemebi kargad eTanadeba f.rosinis daskvnebs, yvela navTobis 

naxSirwyalbadovani Semadgenlobis identurobis Sesaxeb romelic man gaakeTa naxevar 
saukuneze didi xniT adre rigi navTobebis benzinis fraqciebis Seswavlis safuZvelze. mas-

speqtraluri kvlevis safuZvelze Cvens mier miRebuli adamantanisa da protoadamantanuri 

tricikloalkanebis naftenur koncentratebSi ganawilebis Sedegebi  arsebuli geoqimiuri 

TvalsazrisiT uflebas gvaZlevs vivaraudoT, rom sakvlevi navTobebi xasiaTdebian erTnairi 

katagenuri gardaqmnis, anu qimiuri evoluciis msgavsi xarisxiT.  
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INVESTIGATION OF MOLECULAR CONTENT OF POLYCYCLOALCANES FROM 

GEORGIAN OILS BY MODERN PHYSICAL-CHEMICAL AND INSTRUMENTAL METHODS 
 

Elza Topuria, Natela Khetsuriani, Ketevan Goderdzishvili, Madlena Chkhaidze 
 

SUMMARY 
 

Chromatography-mass-spectrometric investigation of napthene concentrates isolated from saturated 
fractions 250-3500C of Taribani and Satskhenisi oils showed series of tri-and tetracyclic polyalcanes with 
compact structure and C12-C16 composition – the cage structures. In spite of their antipodal chemical type 
the napthene concentrates from Taribani paraffinic and Satskhenisi napthene-aromatic oils have the same 
component composition differing only by their quantitative content. The presence of new homologous 
series of tetracyclo[7,3,1,02,717,11]tetradecane is supposed with a high probability. 
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nedleulis da teqnologiis cvlilebiT  
luminescenturi komponentebis miReba 

 
guram xitiri, ioseb CikvaiZe*, raul kokilaSvili** 

 
*ivane javaxiSvilis saxelobis Tbilisis saxelmwifo universiteti 

**saqarTvelos teqnikuri universiteti 
 

naCvenebia, rom saTanado teqnologiis gamoyenebiT navTobis sxvadasxva narCenebidan miRebuli 
luminoforebi xasiaTdeba maRali luminescenturi TvisebebiT. 

 
rac dro gadis luminescenturi defeqtoskopia maRal ekonomikur efeqturobis gamo 

sul ufro farTod gamoiyeneba. 
defeqtoskopiis ubraloeba, sizuste, siiafe sxva meTodebTan SedarebiT, rogoricaa 

magnituri, rentgenis, neitronuli da eleqtronuli da amasTan misi SesaZlebloba 

gansazRvros mikrobzarebi metalis konstruqciebis, rogorc magnituri ise aramagnituri 

Senadnobebis, minis, keramikis, plastmasis, betonis konstruqciebis maTi daSlis gareSe, mis 

ZiriTadad upiratesobad iTvleba. igi agreTve gamoiyeneba analizur qimiaSi, biologiaSi, 

medicinaSi, kardiografiaSi da a.S.  

luminescenturi defeqtoskopia dafuZnebulia penetrantis (luminoforis xsnari 

Sesabamis organul gamxsnelSi) Tvisebaze SeaRwios nakeTobis mikro zedapirul defeqtebSi, 

romlebic sibneleSi ultraiisferi sxivebiT dasxivebisas anaTeben momwvano-moyviTalo feriT 

da miuTiTeben defeqtis adgilze da xasiTze. 
luminescenturi defeqtoskopiis ZiriTadi moTxovnaa, rom luminofori unda 

xasiaTdebodes Semdegi TvisebebiT:  

 
 intensiuri stabiluri naTebiT speqtris momwvano-moyviTalo ubanSi, romelic 

adamianis TvalisaTvis advilad aRsaqmelia; 

 naxSirwyalbadur gamxsnelebSi molekuluri xsnarebis warmoqmniT, romlebsac ar 
gaaCniaT toqsikuroba da gaaCniaT mikrobzarebSi maRali SeRwevadobis unari; 

 inertuloba nakeTobis mimarT; 
 adamianis janmrTelobis mimarT uvnebloba; 

 siiafe da nedleulis xelmisawvdomoba. 

 
dadgenilia, rom luminescirebadi komponentebia policikluri kondensirebul 

birTviani aromatuli naxSirwyalbadebi, maT Soris hibriduli agebulebis, romlebic 

ZiriTadad Tavmoyrilia maRalmolekulur nawilSi.  

sasurvelia, rom luminescentur narevSi naklebad iyos warmodgenili parafinuli da 

naftenuri naxSirwyalbadebi, radgan isini ar gamoirCevian intensiuri luminescenturi 

naTebiT. narevSi gansakuTrebiT ar unda iyos fisovan-asfaltenuri nawili, romlebic iwveven 

luminescenturi naTebis Caqrobas da naTebis arastabilurobas [1]. 

eqsperimentis pirobebSi, Cvens mier reqtifikacia Catarda naxazi 1–is  mixedviT, 

sadac gaTvaliswinebuli iyo krekingis movlena. process vatarebdiT Rrma vakuumis 

pirobebSi 0,1 mm vercxliswylis narCeni wnevis qveS, ris gamoc distilaturi fraqciebis 
dayofa xdeboda molelukur distilaciasTan miaxloebul garemoSi daSlis gareSe 

stabiluri aromatuli naxSirwyalbadebis narevis miRebis mizniT. 
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naxazi 1. aparatis “АРН” sqema 
1 - Rumeli, 2 - kubi, 3 - buferuli moculoba, 4 - mimRebi,  

5 - kondensatori, 6 - sveti, 7 - damWeri, 8,9 – vakuummetrebi,  

10 – difmanometri, 11 – vakuumtumbo 

 
 

Cvens mier miRebuli da gamokvleuli iqna: fr. 350-4500C, narCeni >4500C  
maRlamduRare, fr. 450-5000C da fr. 500-5200C. 

luminoforis Semadgeneli luminescirebadi komponentebi Seswavlili iqna misTvis 

damaxasiaTebeli maCveneblebis mixedviT [2], rogoricaa luminoforis intensivoba, feris 
faqtori, stabiluroba heteroqromul fotometrze etanolTan azotmJava-uranilTan 

SedarebiT. 
maxasiaTeblebis gansazRvris Sedegad gaerTianebuli iqna sxvadasxva luminescirebadi 

komponentebis Secveli aromatuli naxSirwyalbadebis narevi (cxrili 1).  

Sedegebi mniSvnelovania, Tema aqtualuria da iafi masalidan miiReba deficituri, 

ZviradRirebuli luminofori.  

siaxle mdgomareobs imaSi, rom luminoforebi ZiriTadad miiReba sinTezuri gziT da 

Zviria, Cvens SemTxvevaSi ki miiReba navTobebis sxvadasxva narCenebis gamoyenebiT garemos 

dabinZurebis Tavidan asacileblad. 
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cxrili 1. luminoforis fikur-qimiuri da luminescentruli daxasiaTeba 

 

maxasiaTeblebi monacemebi 

simkvrive 0.949 

molekuluri wona 540 

gogirdis Semcv., % 0.29 

nacrianoba, % 0.36 

feTqvis temp., 0C 330 

koqsi, % 3.8 

siblante, mm2/wm 69.5 

mJavuri ricxvi, mg KOH 1g 0.05 

luminescenciis intensivoba 400 

feris faqtori 1.2 

stabiloba, % 80 
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PRODUCTION OF FLUORESCENT COMPONENTS CHANGING RAW MATERIALS AND 
TECHNOLOGY 

 
Guram Khitiri, Ioseb Chikvaidze*, Raul Kokilashvili** 

 
*Ivane Javakhishvili Tbilisi State University 

**Georgian Technical University 
 

SUMMARY 
 

It has been shown that luminophore obtained from different oil residues is characterized by high 
luminestentific properties. 
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sxvadasxva narCenebidan mciregogirdiani eleqtroduli koqsis 

miRebis SesaZlebloba 

 

guram xitiri, TinaTin gabunia 
 

eleqtroduli koqsi farTod gamoiyeneba mrewvelobis sxvadasxva dargebSi. kerZod, igi 

gamoiyeneba rogorc saizolacio masala, rogorc eleqtruli abazanebis sateni (amosagebi), 
rogorc aRmdgeneli feromanganumis miRebisas, samSeneblo masala, amosagebi, reagenti 

gogirdnaxSirbadis, natriumis sulfidis, karbidebis misaRebad, myari Senadnobebis asalesad. 

gansakuTrebiT didi masStabiT igi gamoiyeneba rogorc eleqtroduli koqsi, romelic 
gamoiyeneba aluminis warmoebaSi. eleqtroduli koqsi gamoirCeva gogirdis umniSvnelo 

SemcvelobiT. aseve aRsaniSnavia misi mcire nacrianoba.  

eleqtroduli koqsis raodenoba, romelic esaWiroeba zestafonis feroSenadnobTa 

qarxanas Seadgens 1500 t weliwadSi, rac xels uwyobs mciredebitiani navTobebis 

racionaluri gadamuSavebis sqemas mciretonaJiani deficituri produqtebis misaRebad. 

eleqtroduli koqsis misaRebad nedleulis saxiT gamoiyeneba navTobis gadamuSavebis 

mZime narCenebi: mazuTi, gudroni, kreking-narCenebi, pirolizuri fisebi (vaksa). amave dros, 

SeiZleba miviRoT damatebiT warmoebisaTvis mniSvnelovani Txevadi da gazisebri produqtebi. 

bunebrivia, rom navTobis eleqtroduli koqsis xarisxi damokidebulia nedleulis 

qimiur Semadgenlobaze, anu mis xarisxze. amasTan dakavSirebiT Cvens mier Seswavlili iqna 
samgoris navTobis narCeni gudroni > 5000C misgan eleqtroduli koqsis miRebis 

SesaZleblobis garkvevis mizniT. 

gogirdis Semcvelobis mixedviT navTobis koqsi iyofa mciregogirdian – 1%-mde, saSualo 
gogirdian – 1,5%-mde, gogirdian – 4%-mde da maRalgogirdian – 4%-ze meti, xolo 

nacrianobis mixedviT mcirenacrian – 0,5%-mde, saSualo nacrian – 0,8%-mde, maRalnacrian – 
0,8%-ze meti nedleulad. 

navTobis koqsis gamosavali da xarisxi damokidebulia nedleulis Semadgenlobaze, 

karbonizaciis xarisxze, maTSi Semavali fisebis da kondensirebulbirTviani aromatuli 
naxSirwyalbadebis Semcvelobaze, iseT maxasiaTeblebze, rogoricaa koqsianoba, gogirdianoba, 

nacrianoba da sxva. 

praqtikulad dadgenilia, rom optimaluria iseTi nedleuli, romelsac koqsianoba aqvs 
aranakleb 10% da  dabali gogirdis Semcveloba (es aris xarisxis yvelaze mniSvnelovani 

maCvenebeli). amis gamo, koqsisTvis gamoiyeneba narCenebi gogirdis SemcvelobiT ara umetes 

0,8%, radgan koqsSi, rogorc wesi, gogirdis Semcveloba 1,5-jer metia, vidre sawyis 

nedleulSi. 

radgan ar arsebobs samrewvelo meTodi koqsis gaugogirdovnebisa, didi mniSvneloba 

eniWeba eleqtroduli koqsis misaRebad mciregogirdiani nedleulis SerCevas. 

yvelaze perspeqtiuli am mxriv aRmoCnda samgoris navTobis narCeni gudroni, romelic 

miRebulia reqtifikaciul danadgarze 5000C-ze maRali vakuumis pirobebSi da aris 

mciregogirdiani, xasiaTdeba dabali nacrianobiT da Seicavs meqanikuri minarevebis 

umniSvnelo raodenobas (maxasiaTeblebi motanilia cxrilSi).  
amgvarad, samgoris navTobis narCeni gudronis Seswavla gviCvenebs, rom igi warmoadgens 

maRalefeqtur nedleuls mciregogirdiani eleqtroduli koqsis misaRebad.  

gamokvlevidan Cans, rom ZiriTadi maxasiaTeblebiT, romlebic aucilebelia eleqtroduli 
koqsis misaRebad, rogorebicaa gogirdis mcire Semcveloba, dabali nacrianoba, optimaluri 

koqsianoba, mcire meqanikuri minarevebi, maRalefeqturia samgoris navTobis narCeni 
gudronisaTvis da rom misgan SesaZlebelia maRali xarisxis mcire gogirdiani eleqtroduli 

koqsis warmoeba. 
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samgoris naavTobis gudronis daxasiaTeba 

 

maCveneblebi maxasiaTeblebi 

simkvrive, 200C 0,991 

gogirdis Semcveloba, % 0,45 

koqsianoba, % 13,8 

nacrianoba, % 0,038 

fraqciuli Semadgenloba, 0C  

10% gamoixdeba t-ze 500 

20% gamoixdeba t-ze 536 

koqsis gamosavali, % 24 
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POSSIBILITY OF OBTAINING LOW-SULPHUR ELECTRODE COKE  
FROM SEVERAL REMAINS 

 
Guram Khitiri, Tinatin Gabunia 

 
SUMMARY 

The expediency and possibility of obtaining of low-sulphur electrode coke from residue of Samgori crude 
oil is shown. 
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cxovelTa parazituli tkipebis sawinaaRmdego gaxangrZlivebuli  

akariciduli moqmedebis preparati 
 

omar lomTaZe, givi CimakaZe*, qeTevan ebraliZe, nino lomTaZe 

 

*saqarTvelos agraruli universiteti 
 

sinTezuri piretroidebisa da maRalstabiluri wyalzeTovani emulsiis gamoyenebiT SemuSavebulia 
kompoziciuri preparati, romlis cxovelTa parazituli tkipebis mimarT akariciduli aqtioba 

TiTqmis orjer aRemateba arsebuli importuli akariciduli preparatebis aqtiobas.  

 
fexsaxsriani parazituli tkipebi mniSvnelovan zarals ayeneben mecxoveleobas. isini 

avrceleben transmisiuli, baqteorologiuri da virusuli etiologiis mqone infeqciur 

daavadebebs, rac xSir SemTxvevaSi saqonlis masiur  dacemas iwvevs. amave dros binadroben 
ra cxovelis kanis zedapirze iwveven tyavis da bewveulis xarisxis mniSvnelovan 

gauaresebas, sagrZnoblad qveiTdeba saqonlis wonaSi mateba da wveladoba. parazituli 
tkipebis Tavdasxmisagan dacvis mizniT xdeba cxovelTa sxeulis damuSaveba specialuri 

akariciduli vetpreparatebiT. akariciduli preparatebiT daumuSavebel cxovelebSi 

daavadebis albaToba 40-50%-ia, xolo daavadebuli cxovelebis dauyovnebeli 
ZviradRirebuli mkurnalobis Cautareblobis SemTxvevaSi sikvdilianoba 80-90%-ia [1-3].  

dReisaTvis moxmarebaSi arsebuli akariciduli vetpreparatebiT cxovelTa damuSaveba 

uzrunvelyofs tkipebis Tavdasxmisagan garantirebul dacvas 12-15 dRis ganmavlobaSi.  

cxovelebis sxeulis damuSavebis jeradoba damokidebulia tkipebis aqtiuri 

cxovelmyofelobis periodze. isini agresiulobas iCenen, rodesac haeris saSualo 

temperatura aRemateba 11oC, xolo niadagis – 9oC [4,5]. saqarTveloSi sasoflo sameurneo 

cxovelebze parazituli tkipebis Tavdasxma fiqsirdeba adre gazafxulidan gvian 

Semodgomamde, amdenad sezonis ganmavlobaSi, eqtoparazitebisgan garantirebulad dasacavad, 
cxoveli saWiroebs 10-jerad damuSavebas [6]. 

aRniSnulidan gamomdinare aqtualuria parazituli tkipebis Tavdasxmisagan damcavi iseTi 
preparatis SemuSaveba, romelsac eqneba  arsebul preparatebze ufro gaxangrZlivebuli 

moqmedeba. am SemTxvevaSi uzrunvelyofili iqneba cxovelebis aucilebeli damuSavebis nakleb 

jeradoba da Sesabamisad cxovelebis parazituli tkipebisgan dacvaze gaweuli danaxarjebis 
mniSvnelovani Semcireba.  

dReisaTvis bazarze warmodgenil sasoflo-sameurneo da Sinauri cxovelebis parazituli 

tkipebis Tavdasxmisagan damcav preparatebSi, romlebic mTlianad importirebulia, ZiriTadi 
momqmedi nivTiereba upiratesad sinTezuri piretroidebia. wyalSi xsnadi preparatebis erTi 

jgufi  damxmare komponentebad Seicaven zeTebs, organul gamxsnelebs da emulgatorebs, 

xolo meore jgufi – zeTebs da maRali siblantis an molekuluri masis organulnaerTebs. 

pirveli jgufis praparatebis wyalSi gaxsniT miiReba wyalemulsiuri samuSao xsnarebi, 

romelic iafi, efeqturi da usafrTxoa, magram aqvT tkipebis Tavdasxmisagan dacvis xanmokle 

periodi. meore jgufis preparatebi siZviris gamo naklebad moTxovnadia, moixmareba gazavebis 

gareSe, aqvs pirveli jgufis praparatebze ufro xangrZlivebuli tkipebis Tavdasxmisagan 

dacvis periodi, magram cecxlsaSiSia. amave dros am preparatebis gamoyenebisas adgili aqvs 

momqmedi nivTierebis koncentrirebas cxovelis kanis epidermisis zeda SreSi, ris Sedegadac 

irRveva kanis sasunTqi funqcia da garkveuli diskomfoeti eqmneba pirutyvs [7,8].  
axali gaxangrZlivebuli akariciduli Tvisebis mqone prepartis SemuSavebisas 

gaTvaliswinebuli iyo veterinariisTvis gankuTvnil akaricidul preparatebze arsebuli 

Tanamedrove standartebis ZiriTadi  moTxovnebi: mosamzadeblad martivi da mosaxmarad 
advili; cxovelisa da adamianis jamrTelobisaTvis usafrTxo; moqmedebis farTo speqtri; 

xangrZlivi akariciduli moqmedeba; ekologiuri usafrTxoeba. 
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cxovelTa parazituli tkipebis Tavdasxmisagan damcav preparatebis wyal-zeTovani 

emulsiuri samuSao xsnarebis akariciduli moqmedebis efeqturobis gaxangrZliveba 

SesaZlebelia preparatis recepturul SedgenilobaSi zeTi wilis gazrdiT. am SemTxvevaSi 

zeTovani fazis maRali Semcvelobis sistemis emulgirebisaTvis aucilebelia didi 

raodenobiT ZviradRirebuli zedapirulad aqtiur nivTierebebis gamoyeneba, rac ar aris 

sasurveli,  vinaidan SesamCnevad izrdeba produqciis TviTRirebuleba. garda amisa emulsiaSi 
zedapirulad aqtiur nivTierebebis Warbma raodenobam SeiZleba ganapirobos rogorc 

cxovelis, ise adamianis kanis gaRizianeba.  

laboratoriuli kvlevebiT dadginda, rom naxSirwyalbaduri fazis maRali Semcvelobis 
dros SesaZlebelia Termodinamikurad maRali stabilurobis emulsiis miReba wyalzeTis 

sistemaSi ori hidrofiluri da organofiluri zedapirulad aqtiuri nivTierebis 

damatebiT, ramdenadac am SemTxvevaSi minimalur mniSvnelobamde mcirdeba fazaTa Soris 
zedapiruli daWimuloba. zeTis fazis maRali (70-80%) Semcvelobis wyalzeTovani emulsiis 

koncentratis miRebis xerxi SemdegSi mdgomareobs: laboratoriul emulgatorSi itvirTeba 

mineraluri zeTi, romelSic gaxsnilia organofiluri zedapirulad aqtiuri nivTiereba da 

wyali, romelSic gaxsnilia hidrofiluri zedapirulad aqtiuri nivTiereba. miRebuli 

narevis emulgatorSi damuSavebis Semdeg miiReba araJnis konsistenciis maRali mdgradobis  

emulsiis koncentrati, romlis Semadgeneli komponentebis sferosmagvari agregatebi 

koloiduri zomisaa (ar aRemateba 0.1 mkm-s). es miuTiTebs mikroemulsiuri sistemis 

warmoqmnaze, romelic Cveulebrivi emulsiebisgan gansxvavebiT Termodinamikurad stabiluria 

[9]. 

SemuSavebul axal parazituli tkipebis Tavdasxmisagan damcav preparatSi ZiriTadi 
momqmedi nivTierebis – sinTezuri piretroidis damxmare komponentad gamoyenebuli iqna 

zemoTaRniSnuli zeTis fazis maRali Semcvelobis mikroemulsia. preparatSi ZiriTad momqmed 

nivTierebad aRebuli iyo cipermetrini. damxmare komponentis _ mikroemulsis dasamzadeblad 
gamoyenebuli iyo Semdegi komponentebi:  

- navToburi zeTi minarevebis gareSe (gost 20799-88 -is mixedviT); 

- wyali sasmeli (gost 2874-82-is mixedviT); 

- organofiluri zedapirulad aqtiuri nivTiereba – oqtadecilamini; 

- hidrofiluri  zedapirulad aqtiuri nivTiereba – sulfituri durdo.  

SemuSavebuli emulsiuri preparatis _G”giometrini”-s (pirobiTi saxelwodeba) wyalSi 

gaxsniT (1:30 TanafardobiT) miiReba rZismagvari samuSao siTxe, romelSic piretroidis 

Semcveloba aris 0.05-0.06 %.  

Catarebuli laboratoriuli da savele gamocdebiT dadasturda preparatis cxovelebze 

zemoqmedebis usafrTxoeba da dadginda, rom ”giometrini”-dan momzadebuli samuSao xsnarebiT 

cxovelis sxeulis damuSaveba uzrunvelyofs parazituli tkipebis Tavdasxmisagan 

garantirebul dacvas 22-25 dRis ganmavlobaSi. mineraluri zeTis maRali Semcveloba 

ganapirobebs samuSao siTxis saimedo fiqsacias cxovelis kanis safarvelze da damcavi 

akariciduli Tvisebebis didi xniT SenarCunebas wyalTan kontaqtis SemTxvevaSic [10-12]. 

”giometrini”-dan momzadebuli samuSao xsnarebiT erTjeradi damuSaveba uzrunvelyofs 
saqonelis 10 dRiT ufro xangrZliv dacvas parazituli tkipebis Tavdasxmisagan, vidre 

dReisaTvis bazarze arsebuli importuli akariciduli preparatebidan momzadebuli samuSao 

xsnarebi. amdenad ”giometrini”-s gamoyenebis SemTxvevaSi sezonos ganmavlobaSi sakmarisi 
iqneba saqonlis mxolod 6-jeradi damuSaveba. Sedegad mecxoveleobiT dakavebul fermerebs 

saqonlis eqtoparazitebisgan garantirebuli dacvasTvis 40%-i naklebi raodenobis 

preparatis gamoyeneba daWirdeba. Tu mxdvelobaSi miviRebT emulsiuri preparatis siiafes 
importul preparatebTan SedarebiT, mTlianobaSi  cxovelebis eqtoparazitebisgan dacvaze 

gaweuli danaxarjebi Semcirdeba orjer. 

amrigad SemuSavebulia ucxouri analogebis konkurentunariani, amave dros  iafi da 

efeqturi cxovelTa parazituli tkipebis  sawinaaRmdego samamulo preparati,  romlis 

gaxangZlivebuli akaricidul moqmedebas ganapirobebs kompoziciaSi ZiriTadi momqmedi 
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nivTierebis damxmare komponenti _ wyalzeTovani mikroemulsia zeTis fazis maRali (70-

80%) SemcvelobiT. aseTi preparatis saqarTveloSi warmoeba mniSvnelovnad gaaumjobesebs 

pirutyvis movla patronobas da xels Seuwyobs mecxoveleobis produqciis warmoebis 

gazrdas. 
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THE PREPARATION OF PROLONGED ACTION TO PROTECT ANIMALS  
FROM PARASITIC MITES  

Omar Lomtadze, Givi Chimakadze*, Ketevan Ebralidze, Nino Lomtadze 
* Georgian State Agrarian University 

 
SUMMARY 

Designed acaricidal composition, the use of synthetic pyrethroids, and highly stable water-oil emulsion, 
against parasitic mites, the received drug has the acaricidal activity two times higher than the existing 
import acaricidal drugs. 
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vazis mavnebel-daavadebebis sawinaaRmdego SedarebiT usafrTxo 
saSualebebis SemuSaveba-gamocda ekologiurad sufTa produqciis 

warmoebisaTvis 
 

omar lomTaZe, ludmila cxvedaZe*, avTandil doliZe, nino lomTaZe 

*saqarTvelos agraruli universitetis mebaReobis mevenaxeobis da meRvineobis instituti  
 

vazis mavnebel-daavadebebis sawinaaRmdegod SemuSavda da gamoicada realur pirobebSi: sinTezis axali 
sqemiT momzadebuli feromonuli sqesmWerebi yurZnis Wiis gavrcelebis prognozisaTvis; axali inseqto-
akariciduli preparati “antipesti” crufarianebis da tkipebis sawinaaRmdegod;  axali fungiciduri 
preparati “TuTiis dihidrofosfati” Wraqisa da sidampleebis sawinaaRmdegod; adgilobrivi bunebrivi 
nedleulis – torfis safuZvelze momzadebuli mikroelementebiT gamdidrebuli guminuri mkvebavi 
preparati, vazis zrda-ganviTarebis gaumjobesebisa da daavadebis mimarT imunitetis amaRlebis mizniT.  

 
dReisaTvis msoflioSi didi yuradReba eqceva ekologiurad sufTa produqtis warmoebas, 

ramdenadac adamianebis janmrTeloba mTlianad damokidebulia sasursaTo produqciis xarisxze da 
garemos sisufTaveze. aRniSnulidan gamomdinare saqarTvelosTvis erT-erTi mniSvnelovani 

produqtis - yurZnis xarisxobrivi maCveneblebis gaumjobeseba da ekologiurad sufTa mosavlis  

miReba (Tanamedrove ekologiuri moTxovnebis gaTvaliswinebiT) aqtualuria, rogorc samecniero, 
ise praqtikuli TvalsazrisiT. saqarTvelos erovnuli samecniero fondis mier dafinansebuli # 
GNSF/STO8/8-516 grantis Sesrulebis farglebSi SemuSavda da gamoicada (realur pirobebSi – 

venaxSi) vazis mavnebel-daavadebebis sawinaaRmdego usafrTxo da naklebad saxifaTo Semdegi 

saSualebebi:  

1. sinTezis axali sqemiT momzadebuli feromonuli sqesmWerebi yurZnis Wiis gavrcelebis 
prognozisaTvis;  

2. axali inseqto-akariciduli preparati “antipesti” crufarianebis da tkipebis 

sawinaaRmdegod;  

3. mavneblebis mozamTre fazis sawinaaRmdego axali recepturis zeTovan-emulsiuri 

preparati; 
4. axali fungiciduri preparati “TuTiis dihidrofosfati” Wraqisa da sidampleebis 

sawinaaRmdegod; 

5. adgilobrivi bunebrivi nedleulis – torfis safuZvelze momzadebuli mikroelementebiT 

gamdidrebuli guminuri mkvebavi preparati, vazis zrda-ganviTarebis gaumjobesebisa da daavadebis 
mimarT imunitetis amaRlebis mizniT.  

yurZnis Wiis gavcelebis keraSi (dedofliswyaros raionis sof. arboSiki, fermr vasil 

venaSvilis venaxi, jiSi rqawiTeli) feromonuli sqesmWerebis gamoyenebiT mavneblis gavrcelebis 

prognozirebiT ganisazRvra qimiuri preparatebiT  vazis wamlobis Catarebis zusti vadebi [1]. 

yurZnis Wiis masobrivad gavrcelebi gamo, mavnebelTan brZolis qimiuri saSualebebis 
(“talstari”, “lanati”, “deci”) gamoyenebis miuxedavad, nacrisferi sidampliT  gamowveulma 

dazianebam wina wels miaRwa 40%-s. Sedegad 1 haze miRebuli iyo – 15,0 tona mosavali.  

yurZnis Wiis pirveli, meore da mesame Taobis peplebis frenis prognozisaTvis igive venaxSi 

2 heqtar farTobze ganTavsebuli iqna feromonuli sqesmWerebi (heqtarze 20 cali). mavneblis 
sxvadasxva Taobis peplebis frenisa da maTi matlebis winaaRmded qimiuri meTodiT brZolis 
zusti vadebis dadgenam, sqesmWerebis saSualebiT, ganapiroba mavneblis populaciisa da 

Sesabamisad sidampleebis gavrcelebis Semcireba. 2010 wlis seqtemberSi Catarebuli aRricxvebiT 

sacdel nakveTze yurZnis Wiis mier gamowveuli dazianeba da Sesabamisad nacrisferi sidamplis 
gavrceleba iyo 10%-mde, xolo  1 haze miRebuli iqna 17,9 tona mosavali [2]. 

GWS-is venaxebis (Telavis raioni, sof. akura) sacdel nakveTSi, vazis ablabudiani tkipas 

winaaRmdeg, gamoicada gamkacrebuli ekologiuri moTxovnebis gaTvaliswinebiT SemuSavebuli 

mcire ekologiuri datvirTvis inseqto-akariciduli Tvisebis kompoziciuri preparati 

,,antipesti”. kompoziciaSi gamoyenebulia fiWvis fisidan miRebuli bunebrivi gamxsneli – 
terpentinebi, rac uzrunvelyofs preparatis efeqturobas ZiriTadi momqmedi nivTierebis 

xvedriTi wilis 30-40%-iT naklebi Semcvelobis SemTxvevaSic (komponenetebis sinergiuli 

moqmedebis Sedegad). Catarebulma gamocdebma aCvena, rom ,,antipesti” efeqturobiT ar 
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Camouvardeba aRniSnuli mavneblis winaaRmdeg tradiciulad gamoyenebul preparatebs (“masai”, 

“envidori”, “talstari”, “omaiti”). miRebuli monacemebis safuZvelze rekomendirebulia 
mavneblebTan brZolis wamlobebi Catardes: vazis yvavilobis periodSi da gamoxorbvlis fazaSi _ 

“antipesti”-s sxva qimiur saSualebebTan  monacvleobiT; sruli isrimobisa da yurZnis simwifis 
dasawyisSi (“SeTvalebis” fazaSi), saWiroebis mixedviT _ mxolod ekologiurad naklebad 

saxifaTo “antipesti”-s gamoyenebiT, rac gamoricxavs yurZnis SxamqimikatebiT gajereba-
dabinZurebas [3]. 

preparati ,,antipesti” gamoicada aseve fqvilisebri da imeruli baliSa crufarianebis 
winaaRmdeg jiSebze “cicqa” da “colikouri” (zestafonis raionis sof. vaWevis eqsperimentaluri 

baza). vazis vegetaciis periodSi crufarianebis  winaaRmdeg Catarda sami wamloba “antipesti”-s  

0,07%-ani xsnariT. etalonad aRebuli iyo 0,02%-ani “safagori”-s xsnari, sakontrolod – 
Seusxurebeli vazebi.  variantebis mixedviT Catarebuli aRricxvis monacemebiT “antipestis” 
SemTxvevaSi baliSa da fqvilisebri crufarianebis sikvdilianoba Sesabamisad aris 89,0% da 

92,0%, safagoris variantSi Sesabamisad 90,6% da 95,3%. sakontrolo variantSi sikvdilianoba 

ar dafiqsirda. mcenareze fitotoqsikuroba ar aRiniSna [4].  
adre gazafxulze, vegetaciis dawyebamde (kvirtebis dabervamde),  mavneblebis mozamTre fazis 

sawinaaRmdegod, Catarda vazis Sesxureba-gabanva axali recepturis zeTovan-emulsiuri 
preparatis 3%-iani xsnariT. etalonad aRebuli iyo warmoebaSi aprobirebuli preparatis 

“trinol 2”-is 1,5%iani xsnari. zeTovan-emulsiuri preparatis gamoyenebis SemTxvevaSi mozamTre 

faza ganadgurda 98-99%-iT da ar gamovlinda vazze preparatis fitotoqsikuroba. etalonis 
SemTxvevaSi crufarianas sikvdilianoba iyo 90-92%.  sakontrolo variantze dafiqsirda 
mavneblis Cveulebrivi 1-2% bunebrivi sikvdilianoba. 

zestafonis raionis sof. vaWevis eqsperimentalur bazaze, kraxunas nakveTSi, romelic 

cnobili iyo nacrisferi da Savi sidamplis kerad,  gamoicada axali fungicidieri preparati 
“TuTiis dihidrofosfati”. vazebi damuSavda preparatis 1%-ani xsnariT. etalonad aRebul 
vazebze Sesxurda “rovone”-s 0,1%-iani xsnari. sakontrolod aRebuli iyo  Seusxurebeli vazebi.  

samjeradad Catarebuli wamlobis Semdeg sacdel da etalonis variantebSi sidampleebis 

gavrceleba ar dafiqsirda. sakontrolo variantSi Savi da nacrisferi sidamplis gavrceleba 
Sesabamisad aris 22,8-38,5% da 17,4-20,6% . 

aRniSnul nakveTze mosavlianobaze Catarebuli aRricxvis monacemebiT: sacdel vazebze 

yurZnis saSualo mosavali Zirze iyo 3.8 kg, Saqrianoba _ 21.8%; etalonis variantSi saSualo 

mosavali Zirze – 2.5 kg, Saqrianoba – 20.8%; sakontrolo variantSi saSualo mosavali – 1.8kg, 

Saqrianoba – 20.3%. miRebuli monacemebiT sacdel da sakontrolo variantebs Soris SedarebiTi 
efeqturoba, mosavlis raodenobis TvalsazrisiT, aSkaraa. mosavlis mateba 1 Zirze etalonTan 
SedarebiT saSualod aris 1,3 kg, sakontrolosTan SedarebiT 2 kg; sacdel nakveTze Saqrianobis 

mateba sakontrolosTan SedarebiT Seadgens 1,5 %-s [5]. amrigad, preparat “TuTiis 

dihidrofosfati”-s efeqturoba sacdel variantSi, etalonTan SedarebiT, maRalia, rogorc 
mosavlis raodenobisa da xarisxis mixedviT, aseve Saqrianobis TvalsazrisiT. 

mavnebel-daavadebaTa erTdroulad gavrcelebis SemTxvevaSi, efeqturi iqneba (produqciis 

TviTRirebulebis Semcirebis TvalsazrisiT) wamlobis Catareba “TuTiis dihidrofosfati”-sa da 

“antipesti”-s kombinirebuli nazaviT. mocemuli fungicidisa da inseqto-akaricidis SeTavsebadoba 

damakmayofilebelia, ar iwvevs fitotoqsikurobas.  
GWS-is sacdel nakveTSi gamoicada foTis (malTayva) torfidan kaliumis hidroqsidiT 

eqstragirebuli guminebis safuZvelze momzadebuli preparati vazis zrda-ganviTarebis 

gaumjobesebasa da daavadebis mimarT imunitetis amaRlebaze zemoqmedebis dasadgenad. guminuri 

preparatSi mkvebav elementebad upiratesad gamoyenebuli iqna Fe da Mg. aRricxvebma da 
monitoringis monacemebma gviCvena, rom aRniSnuli elementebiT gamdidrebuli guminuri 
preparatis Sesxurebam da fesvTa sistemaSi Setanam TvalsaCinoa gavlena iqonia rogorc vazis 

zrda-ganviTarebaze, aseve daavadebebis mimarT (Wraqi, nacari) gamZleobaze. aRsaniSnavia, rom 

guminuri preparatiT  damuSavebis Semdeg gaizarda vazis gvalvagamZleobac. 2010 wlis zafxulis 
xangrZlivi gvalvisa da maRali temperaturis (38-400C) miuxedavad, sacdeli vazebi 
gamoiyurebodnen  ukeTesad sakontrolosan SedarebiT, ar aRiniSneboda foTlebis xmoba, 

marcvlebis dapataraveba da Wknoba [6].   
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garda aRniSnulisa, guminuri preparati gamoyenebuli iyo mavnebel-daavadebebis winaaRmdeg 

wamlobebSi kombinirebuli nazavebis (envidori + gum. preparati, antipesti + gum. preparati) 
mosamzadeblad. preparatebis urTierTTan SeTanawyobas, maTi urTierT SeTavsebadobis dazustebis 

Semdeg, ar gamouwvevia nazavebis gamoyenebis efeqturobis Semcireba da vazis mwvane organoebis 
fitotoqsikuroba. ar momxdara guminuri preparatisa da inseqto-akaricidebis erTmaneTisgan 

gancalkeveba, samuSao xsnaris aWra. kombinirebuli nazavebiს gamoyenebiT wamlobebis Catarebაm  
mniSvnelovnad Seamcira vazis mavnebel daavadebebisgan dacvis xarjebi. 

mebaReobis, mevenaxeobisa da meRvineobis inctitutis centralur laboratoriaSi Catarda 

sacdel nakveTidan aRebuli saferavi jiSis yurZnidan damzadebul yurZnis wvenSi TuTiisa  da 

cipermetrinis narCeni raodenobis gansazRvra etalonTan SedarebiT.  
Catarebul analizebma gviCvena, rom “antipesti”-T damuSavebuli yurZnidan miRebul wvenSi ar 

aRiniSna momqmedi nivTierebis - cipermetrinis naSTi. “TuTiis dihdrofosfatiT” damuSvebuli 
vazebidan mokrefili yurZnidan miRebul wvenSi TuTiis Semcvelobis 2-jer metia etalonTan 

SedarebiT (0,8 mg/l), magram mniSvnelovnad dabalia zRvrulad dasaSveb normaze (10 mg/l). 
analizis Sedegebis mixedviT, sacdeli preparatebiT damuSavebul vazebze mokrefili 

yurZnidan da  etalonur (warmoebaSi gamoyenebuli preparatebiT damuSavebul) vazebze 
mokrefili yurZnisgan miRebul Rvinomasalebis ZiriTadi parametrebis maCveneblebi erTmaneTisgan 

mniSvnelovnad ar gansxvavdeba. aRsaniSnavia sacdeli kraxunas RvinomasalaSi spirtis SedarebiT 

maRali Semcveloba da TuTiis Semcvelobis TiTqmis etalonTan gaTanabreba. 
miRebuli Sedegebi gviCvenebs, rom gamoyenebuli preperatebis dozebi da Sesxurebis vadebi 

swored iyo dadgenili. aRniSnuli saSualebebi uaryofiT gavlenas ar axdens rogorc yurZnis 

wvenis aseve Rvinomasalebis qimiur Semadgenlobaze da rac Zalze mniSvnelovania, mza 

produqciaSi ar aRiniSneba gamoyenebuli preparatebis naSTebi. 
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DEVELOPMENT-TESTING RELATIVELY SAFE AGENTS AGAINST PESTS AND DISEASE OF 

GRAPES TO PRODUCE ENVIRONMENTALLY FRIENDLY PRODUCTS 
Omar Lomtadze, Ludmila Tskvedadze*, Avtandil  Dolidze, Nino Lomtadze 

*Institute of Horticulture, Viticulture and Oenology of Georgian State Agrarian University 
 

SUMMARY 
Developed and tested in real conditions of the following remedies against pests and disease of grapes: pheromone 
traps (lobezia botrana) prepared according to a new synthesis scheme for predicting the spread of the pest; New 
insecto-acaricidal preparation "Antipest" against pests (Tetranychinae and  Diaspididae); A new fungicidal drug 
"dogidrofosfat zinc" against mildew and gray mold of grapes; Humic preparation containing trace elements 
(prepared on the basis of peat) to improve the immunity of plants (rubella grapes). 

 


