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Preface 
The research is dedicated to the relationship of magmatism and metallogeny at the 

background of Eurasian active margin geodynamic development during subduction and collision 

of Tethys Ocean. Volcanism and ore formation of various stages of subduction and on post-

collision setting are controlled by geodynamics. The volcanism and metallogeny of various 

stages are characterized by geochemical, volcanological, petrological and metallogenic 

indicators. These indicators controlled the rates of participation sialic, basaltic crusts and mantle 

during geodynamic development, which are shown in detail in the following publications 

Gugushvili, 2015; Gugushvili et al., 2016; Gugushvili, 2017; Gugushvili, Topchishvili, 2017. In 

the presented work are analyzed the results of conducted investigation of mentioned publications 

and supplemented by recently obtained data. The special chapter is dedicated to geological 

development and synvolcanic and postvolcanic blocking exemplified on the Bolnisi ore district. 

The Cretaceous geological development of Bolnisi ore district took place in the shallow sea 

conditions, above the Paleozoic hard substrate. The cretaceous granitoid stocks tumescence the 

shallow sea bottom (uplifted blocking) with island emerging. On the islands in subaeral 

condition occurred ignimbrite explosion and cauldron subsidence (submerged blocking). So, here 

temporally and spatially occurred uplifting and submerging of blocks. The tumescence preceded 

the cauldron subsidence. The mineralization preceded ignimbrite ejection and cauldron 

subsidence as well. So cauldron subsidence was stipulated location sites of mineralization. At the 

ore manifestations the proper sulfide porphyry and low sulfidation epithermal ores characterized 

of zonality. During blocking the blocks with porphyry mineralization contacted along fault with 

low sulfidation ores. The study of interrelation of blocking with various types of mineralization 

is a useful tool for planning exploration in the Bolnisi ore district. Determination of synvolcanic 

blocking would be supported by paloevolcanological investigations. 

The synvolcanic block faulting in the Bolnisi ore district is related to steady state of 

subduction and at incipient stage of deformation of subducting slab and diapir incursion. The 

steady state subduction is controlled by island arc setting and calc-alkaline Cenomanian-

Santonian volcanism, whereas mantle diapir incursion, rifting and subalkaline and shoshonite 

alkaline basalt volcanism are Campanian. In Maastrichtian volcanic activity was terminated, but 

break of and detachment of subducting slab revealed in regional fault divided Bolnisi ore district 

in two "giant" postvolcanic blocks uplifted and submerged. From the uplifted block Campanian 

volcanic series were eroded, whereas they were preserved in submerged block, which along the 

fault bordered with Turonian-Santonian series of the uplifted block. So, the "giant" blocking in 

the Bolnisi ore district is postvolcanic and post mineralization.   
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 1. The role of subduction and its relation with volcanism and mineralization exemplified on the Tethys-Eurasian metallogenic belt.  Abstract The Tethys-Eurasian metallogenic belt formation was related to subduction of the Tethys ocean slab beneath the Eurasian active margin. The investigations of western and central segments of the belt are revealed in the interrelation of subduction with geodynamic settings, volcanism, hydrothermal activity and mineralization. The steady state of subduction proceeds without steepening of subducting slab and incursion of mantle diapir revealed in the following indicators: island arc setting, calc-alkaline, basalt-andesite-dacite- rhyolite volcanic activity, zeolite and chlorite-albite background propylization, pre-ore silicification, gold-copper polymetallic (Au, Pb, Zn, Cu) mineralization with syn-ore sericite-chlorite-carbonate alteration. The next stage of steepening of subducting slab and incursion of mantle diapir occurred in two stages. The first occured at incipient stage of steepening. It is chacterized by incursion of mantle diapir and rifting revealed at the beginning in subalkaline and alkaline volcanism of trachy-rhyodacite and trachyandesite series; with goldbearing K-feldspathization, later transferred in alkali olivine basaltic and trachybasaltic volcanic activity, gold-copperpolymetallic mineralization with synore epidote-zoisite propylization as volcanologic, hydrothermal alteration and metallogenic indicators. At this stage proper-sulfide ores are characterized by high grade of gold. The gold enrichment here is related to participation of sialic crust and high temperature of gold leaching fluids, related to mantle diapir invasion. The strenghten of rifting and incursion of mantle diapir at higher level revealed in spreading out the sialic curst from zone of ore formation and volcanic activity and transfering incipient stage into backarc rifting. The volcanic activity here was presented by olivine-basalt and tholeiite explosions. The distinct volcanologic indicator of this stage is the tholeiite, the indicator of alteration - epidote-zoisite backgroung propylization, whereas indicator of mineralization is copper-zinc-pyrite ore lack of sourced in sialic crust Au and Pb. The further intensification of spreading revealed in the incursion of mantle diapir at highest levels and spreading out the basaltic crust from of zone of ore formation and volcanic activity and transferring of backarc rifting into the minor ocean setting. Here occured the ophiolite volcanism and ultramaphic dunite-peridodite magmatism, the latter is petrological indicator of minor ocean and oceanic settings. Indicator of hydrothermal alteration here is serpentinization superimposed on dunite-peridotites, whereas the indicator of mineralization is Cu and copper-pyrite ore lack of Au, Pb as well as Zn sourced in sialic and basaltic crusts ores which are entirely spreaded out from zone of ore formation and volcanic activity. The only source of Cu here was the mantle.  Key words: island arc, backarc, minor ocean settings, gold-copperpolymetallic mineralization, volcanological and petrological indicators, indicator of mineralization.    
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 The formation of Tethys-Eurasian metallogenic belt was related to subduction of the Tethys ocean slab beneath Eurasian active margin during the Phanerozoic convergence of Eurasian and Gondvana continents. The Precambrian origin of lithosphere, differentiation of basaltic and sialic crusts and granite cratonization was related to plume tectonics (Goldfarb et al., 2000, 2001 Groves et al., 2005). In the Phanerozoic occured the redistribution of gold and base metals (Au, Pb, Zn and Cu). The gold and lead are concentrated in sialic crust, the zinc in basaltic and copper mainly in the upper mantle (Gugushvili et al., 2010, Gugushvili, 2015, 2017). The Phanerozoic mineralization is stipulated by participation of sialic, basaltic crusts and mantle. The subduction of Tethys oceanic slab began in the late Proterozoic and terminated by ocean collision in the Oligocene-Miocene. In the studied region of Central and Western Segments of Tethys-Eurasian metallogenic belt ( Fig. 1) occured the several stages of subduction. The stages were controlled by volcanism, hydrothermal alteration, mineralization and by petrological, volcanogical, metallogenic, as well as petrochemical and geochemical indicators. The presented work are based on the above mentioned data. The subduction stages from Paleozoic till Neogene are related with the various periods. At the same time the alternation of subduction stages are fixed spatially and temporally. (Gugushvili et al., 2016). The suduction process could be subdivided into the stages, which are controlled by character of volcanism, hydrothermal alteration and mineralization. Namely, the steady state subduction is related with island arc setting, calc-alkaline volcanism, background zeolite and chlorite-albite propylization, gold-copper-polymetallic mineralization with syn-ore sericite-chlorite-carbonate alteration, preceded by acid leaching process revealed in silicification. (secondary quartzite) (Gugushvili, 2015). The next stage the steepening of subducting slab began with incursion of mantle diapir which provoked incipient stage of rifting. At this stage the subalkali and alkaline trachy-rhyodacite, trachyandesite-shoshonite volcanic activity commenced, transferring into the alkali-olivine basalt-trachybasalt explosions. At this stage occurred the nonsulfide epigenetic gold, lately transferred into gold-copperporphyry-polymetallic mineralization. The nonsulfide gold mineralization related to K-feldspathization, whereas the proper sulfide Au-Pb-Zn-Cu mineralization coincides with epidote-zoisite syn-ore propylization. Noteworthy, that at incipient stage of slab steepening gold-copperpolymetallic mineralization is characterized by significantly high gold grades comparatively with proper sulfide ores of the steady state subduction. The further reinforcement of the steepening of slab conditioned incursion of the mantle diapir at highest levels, which stipulated the intensive backarc-interarc rifting with spreading out the sialic crust from zone of ore formation. The volcanic activity at this stage is represented by explosions of alkali-olivine basalts and tholeiites. The tholeiites are distinct volcanological indicator of this stage interarc-backarc rifting, so as the copper-zinc-pyrite mineralization coincides with high temperature epidote-zoisite, sometimes with actinolite propylitization. Noteworthy, that after incipient stage, the transmission stage of rifting occurred. At this stage the sialic crust is not yet entirely spread out from zone of 
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 mineralization and its remnant rests on the basaltic crust. It would be the reason of participation the subordinate gold and galena in the mainly copper-zinc-pyrite ores (Gugushvili, 2015). The further intensification of spreading and incursion of mantle diapir at highest level, stipulated the spreading of basaltic crust from zone of mineralization, conditioned the transferring of backarc to minor ocean setting. The volcanic activity at this stage, occurred in mantle related ophiolites, tholeiite-basalt lava and gabbro-diabasic stocks, as well as here participates ultramafic intrusive dunite-peridotite stocks coincided with high temperature propylization and serpentinization. The petrological indicator of minor ocean setting is the ophiolites and dunite-peridotite intrusions. The mineralization is represented by copper-pyrite Cyprus type deposits. The source of copper here is the mantle, whereas Au, Pb and Zn revealed only at trace level, or are not participate at all. At the same time the transmissing stage from backarc to oceanic setting was fixed. Here in the mineralization occurred the remnant (relics) of basaltic crust stipulated zinc participation in the copper-pyrite ores. (Hutchinson, 1973). The everything is shown in the idealized scheme of northvergent subduction of Tethys Ocean (Fig. 1). On the scheme we tried to show the role and relation of volcanism and mineralization at various stages of subduction related with steady state setting, rifting and spreading. Below the attempt is made to analyze the relation of volcanism and ore formation with subduction process exemplified on the deposits of Tethys-Eurasian metallogenic belt. The island arc volcanism and mineralization related to steady state subduction exemplified on the Madneuli deposit of Bolnisi ore district. The Madneuli deposit hosts gold-copperpolymetallic porphyry and Kuroko type mineralization. The deposit is localized in Turonian-Santonian, calc-alkaline rhyodacitic series (Mashavera suite). The mineralization was preceded by acid leaching and alteration forming the secondary quartzites. The synore alteration is introduced by the sericite-chlorite-carbonate association. The porphyry and epigenetic mineralization is characterized by zonality. The lower gold-copperpolymetalic porphyry zone upward transferred in the nonsulfide gold mineralization related with quartz-barite and quartz-chalcedony veins and stockworks. So, here proper sulfide porphyry as well as nonsulfide epithermal mineralization are the synchronous process revealed in zonality. It is noteworthy, that nonsulfide epithermal gold mineralization as at the Madneuli, so at Sakdrisi deposits occurred in quartz-chalcedony and in quartz-barite veins and stockworks. The temperature of gas-fluid inclusions is quartz-chalcedony veins in 210-2400C, whereas the temperature of gas-fluid inclusions in quartz-barites-100-1400C. The proper sulfide gold-copper polymetallic mineralization occurred at 300-3500C and are related to decay of goldbearing hydrosulfide complexes in low acid fluids. The such relation are confirms by chemical modeling of fluid rock interaction of transport and precipitation of gold according Mernagh and Bierlein (2008). The island arcal calc-alkaline volcanic activity related with steady state subduction confirmed by geochemical criteria (87Sr/86Sr=0.705-0.710, 208Pb=38, high contents of Cs, Ba, Th, U, Pb and low Nb and Ta) and by association Au, Pb, Zn, Cu – metallogenic indicator 
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 (Gugushvili, 2015, 2017). These indicators confirm the sialic, basaltic crust and mantle participation in volcanism and mineralization. The volcanism and mineralization here confirm the steady state subduction without steepening of subducting slab and mantle diapir incursion. The idealized scheme of the island arc setting is shown on Fig. 1 (I). The incipient stage steepening of subducting slab and incursion of mantle diapir in the Bolnisi ore district exemplified on Beqtakari deposit located in the trachy-rhyodacite volcanic series of the Gasandami suite imbricated by alkali olivine basalt and trachybasalt series of the Shosholeti suite (Gugushvili, 2015). The trachyodacite series are sourced of gold-copperpolymetallic mineralization, which are characterized by high grade of gold comparatively with gold-copper-polymetallic mineralization of the Madneuli deposit related to steady state subduction. In the Madneuli ores the average gold grade is 0.8 ppm, whereas in Beqtakari ores average gold grade is 5 ppm, sometimes gold content is the 20 ppm and even 189 ppm. Here, the subalkaline character of trachy-rhyodacite series and alkaline K-feldspar alteration are conditioned by alkaline fluids activity related to mantle diapir incursion. The reinforcement of invasion of mantle material causes alkali olivine basalts and trachybasalt explosion and emplacement of gabbro-diabase intrusive stocks. The gold-copper polymetallic mineralization and syn-ore high temperature propylization are related with hydrosulfide fluids activity at the incipient stage of backarc setting. It is confirmed by geochemical and petrochemical criteria of alkali olivine basalts, particularly as by high grades of TiO2 content with high grade of K2O in basic and average volcanics, so as high contents of LREE and HFSE and depleted HREE (La/Sm)n=289, (La/Yb)n=7.35 (Nadareishvili, 1999, Gugushvili, 2015). At the same time participation of gold and lead in the mineralization of incipient stage confirms the sialic crust participation in the ore formation process. The mantle diapir incursion at this stage revealed in increasing temperature of fluids, confirms by high temperature syn-ore propylization of 35-400C stipulated intensive leaching of gold from sialic crust. The syn-ore alteration related with calc-alkaline volcanic activity of steady state subduction revealed in the lower temperature of sericite-chlorite-carbonate association in the Madneuli deposit. In distinction from Madneuli, at Beqtakari deposit is not determined zonality of the porphyry and nonsulfide and low sulfidation gold bearing epigenetic ores. Here brecciated goldbearing quartz-K-feldspar metasomatites are superimposed by proper sulfide mineralization. The chemical modeling of fluid-rock interaction of transport and precipitation of gold (Mernagh & Bierlein, 2008) shown that gold transportation was beginning by alkali-carbonate fluids. Later, it is continuing by high temperature hydrosulfide solutions and gold and base metals precipitation is related by decay at hydrosulfide complexes. The alkali-carbonate fluids temperature at the Beqtakari deposit is 220-250C, whereas the temperature of syn-ore epidote-zoisite propylization – 350-400C (Gugushvili, 2015). It is noteworthy, that at the incipient stage of backarc rifting the sialic crust participates in the ore formation process which is source of gold and lead and their intensive leaching is stipulated by increasing temperature of fluids caused by mantle diapir incursion. 
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 The idealized schematic illustration of volcanism and mineralization of incipient stage of steepening of subducting slab is shown on Fig. 1 (II). The further reinforcement steepening of subducting slab revealed in incursion of mantle diapir at higher level and strengthening of rifting with spreading out the sialic crust from the zone of ore formation. So at this stage the sialic crust was not participating in ore forming and ores are represented by copper-zinc-pyrite mineralization without participation of gold and galena. The distinct example of this setting is the Khudes group of deposits (Khudes Urup and Daud) of the Forrange of Caucasus. The mineralization is represented by VHMS copper-zinc-pyrite ores (Buadze, Kaviladze, 1977) related to tholeiites of the interarc rifting. The geochemical criteria of the tholeiites are characterized for interarc setting (Shavishvili, 1993) the gold and lead are not fixed in the ores, so here excluded sialic crust participation in ore forming process. The source of zinc here is basaltic crust, the source of copper is mantle diapir stipulated of rifting. The idealized scheme of the Forerange setting is shown on Fig. 1 (III).  Another example of intensive rifting is the backarc setting of marginal sea of the Southern Slope of Great Caucasus. Here the tholeiite series located in carbonate flysch occurred the VMS type, stratiform group of deposits (Filiz-chai, Katsdag, Kizildere and Adange) with copper-zinc-pyrrhotite mineralization. There only at the Filiz-chai deposit occurred galena and subordinate gold mineralization. It is probably depends with the remnants of sialic crust on the basaltic bottom of marginal sea (Lomize, Panov, 2002). However during formation of the marginal sea the sialic crust mainly was spread out from ore forming zone.  
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  Fig. 1'. Idealized scheme of interrelation of volcanism and mineralization at various stages of subduction of the Tethys ocean slab. I Steady state subduction and island arc setting, II Incipient stage of steepening of subducting slab, III Reinforcement steepening and backarc-interarc setting, IV Intensive spreading and minor ocean setting. 1. granodiorite stocks, 2. calc-alkaline rhyodacite volcanics, 3. trachy-rhyodacite and alkali olivine basalt and trachybasalt volcanics, 4. olivine basalt and tholeiite volcanics, 5. ophiolite volcanics and dunite-peridotite intrusive bodies, 6. sialic crust, 7. basaltic crust, 8. mantle diapir, 9. Au-Pb-Zn-Cu mineralization, 10. Au-Pb-Zn-Cu mineralization with high grade of gold, 11. Zn-Cu VHMS ores, 12. Cu-pyrite Cyprus type ores.   The further reinforcement of spreading stipulated the transferring of backarc into minor ocean setting evidenced in the Late Pleozoic-Early Jurassic Küre Complex of Central Pontides, consists of ophiolite volcanics and dunite- peridotite intrusives (Ustaömer, Robertson, 1993). The mineralization here in deposits of Ashikoy and Bakibaba represented by copper-pyrite Cyprus type ores, without participation of Au, Pb and Zn. The Küre Complex consist of tholeiite-olivine basalt volcanites and cut by stockworks of diabase veins. The intrusive bodies are dunite-peridotite stocks, the petrological indicators of ocean setting. The syn-ore alteration here revealed in actinolite-epidote-zoisite propylization and serpentinization. The latter is the indicator of hydrothermal alteration of the ocean setting, as well. Another example of ocean setting is the oceanic ophiolitic suture in Anatolides devided Border Field and Taurides. It is the Eastern flank of the Cyprus ophiolites of Trodos Belt. In distinction from Minor Ocean of the Küre Complex, which is result of transferring the backarc into minor ocean setting, it is the suture of the Tethys Ocean. The ophiolites here content of hartsburgite and dunites, imbricated the gabbro-dunites, pyroxenites, verlites, pillow lavas and cut by diabasic dike complex. The mineralization of related deposits Maden (Elazig) and Madenkoy (Siirt) theirs VHMS type stratiform copper-pyrite mineralization is not consists of gold, galena and zinc. Here, the only source of mineralization was the mantle, which controlled copper mineralization. The syn-ore alteration here, also, is high temperature propylization and sepentinization (Engin, 1994). The idealized scheme of minor ocean setting is shown on the Fig. 1 (IV) exemplified on the minor ocean development of Küre Complex.  Conclusions The subduction of the Tethys ocean slab beneath the Eurasian active margin was revealed in four stages of geodynamic development within the borders of Tethys-Eurasian metallogenic belt. These are the following: steady stage subduction, steepening of subduction slab and incipient stage of backarc-interarc rifting, the developed stage of backarc-interarc setting and minor ocean setting. Each of them revealed in the corresponding geodynamic situations, controlled by volcanism, hydrothermal alteration and metallogeny stipulated by participation of the sialic, basaltic crusts and mantle in various geodynamic settings. Each 
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 stage are characterized by distinct volcanological-petrochemical, geochemical, hydrothermal activity and metallogenical indicators. Thus, the stage of steady state subduction revealed in island arc setting, calc-alkaline basalt-andesite-acite-rhyolite volcanic activity, zeolite and chlorite-albite background proylization, gold-copper base metal mineralization of Au, Pb, Zn, Cu indicators, syn-ore (ore wall rock) sericite-chlorite-carbonate alteration and with preceded of ore forming acid leaching manifested in the secondary quartzites. The volcanism and mineralization of this stage are controlled by participation of sialic, basaltic crusts and mantle. The incipient stage of steepening of subducting slab revealed in two substages. The first is manifested in the alkaline and sub-alkaline trachy-rhyodacite and trachyandesite volcanism, K-feldspathization and epigenetic nonsulfide gold mineralization. The reinforcement of rifting related to alkali olivine basalt and trachybasalt volcanic activity, synore epidote-zoisite propylitization, gold-copper-base metal mineralization with indicators of Au, Pb, Zn, Cu, with high grade of gold. In mineralization are participated siailc and basaltic crusts and mantle. At the incipient stage of rifting and mineralization participated the sialic crust which was not spread yet from the zone of volcanism and mineralization. The sialic crust here is the source of gold and galena. At the next stage of strengthen steepening slab and rifting, the sialic crust are spreaded entirely from zone of volcanism and mineralization. The backarc setting here revealed in copper-zinc mineralization lack of gold and galena. The volcanism here mainly tholeiitic and the tholeiites are the volcanolological indicators of this stage. The syn-ore alteration here is the epidote-zoisite-actinolite propylitization. The volcanic activity and ore formation are stipulated by basaltic crust and mantle. The most reinforcement of steepening and incursion of mantle diapir at highest level and spreading stipulated backarc transferring into minor ocean setting. The basaltic crust at this stage was not participated in zone of volcanism and mineralization. Here occurred the ophiolite volcanism and ultramafic dacite-peridotite magmatism coincide with serpentinization. The ultramafic magmatism is the distinct petrological indicator of ocean setting. The mineralization here is copper-pyrite lack of Au, Pb and Zn and its metallogenic indicator is only copper. The basaltic crust is entirely spread out from zone of volcanic activity and ore formation. The mantle is the only source of volcanism and mineralization. 
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2. Au, Pb, Zn, Cu pre-collision and trace metals association (Sb, W, Mo, Hg) 

post-collision metallogenic indicators of geodynamic development 

 

Abstract 

Au, Pb, Zn, Cu and trace metals (Sb, W, Mo, Hg) revealed as Phanerozoic metallogenic 

indicators of geodynamic development of Eurasian active margin within the borders of 

Caucasus, Iran, Turkey and Carpathian-Balkan region. At the pre-collision stage steady state 

subduction and steepening of subducting slab were controlled by volcanism and petrochemical 

and geochemical criteria. The subduction settings are confirmed by metallogenic indicators. So 

the steady state subduction and incipient stage steepening of subducting slab, where in 

mineralization parcitipate sialic, basaltic crusts and mantle, Au, Pb, Zn and Cu, revealed as 

metallogenic indicators. During the strengthening of backarc rifting sialic crust is spread out and 

metallogenic indicators are represented by Zn and Cu and lack of Au and Pb. The further 

spreading occurred, in minor ocean and oceanic setting, whereas sialic as well as basaltic crust 

entirely are spread out and metallogenic indicator of the setting is solely Cu (lacking Au, Pb and 

Zn). Thus in the Phanerozoic precollision geodynamic development sialic crust is the source of 

Au and Pb, basaltic crust – Zn, whereas mantle is source of Cu.  

At the post-collision stage, when subduction is terminated, however at the process syn-and 

post-orogenic mineralization participates the sialic, basaltic crusts and astenospheric material 

penetrated along fault zones in subducted slab. The heat flux and protracted high temperature 

fluids leaching from thick sialic crust of orogens Au and trace metals (Sb,W, Mo and Hg) and 

precipitated them as gold-trace metal mineralization. The latter are not common for pre-collision 

stage and they are metallogenic indicators of post-collision development. 

 

Key words: metallogenic indicator, pre-collision and post-collision development, backarc 

rifting, island arc setting. 

 

The metallogeny of Tethys-Eurasian metallogenic belt of Eurasian active margin within the 

borders of Iran, Caucasus, Turkey and Balkan-Carpathian region ( Fig. 1) give us possibility to 

suppose Au, Pb, Zn, Cu and trace metals (Sb, W, Mo, Hg) as indicators of the stages pre-

collision and post-collison development of Tethys ocean during Phanerozoic convergence of 

Afro-Arabian and Eurasian continents. 

The Phanerozoic geodynamics occurs in the nonbuoyant lithosphere and controlled by 

modern plate-tectonic, whereas Precambrian development took place in buoyant oceanic 

lithosphere during formation of juvenile continental crust (Goldfarb et al., 2000). It was 

influenced by plume tectonics and characterized by high thermal flux and produced highly 

endowed Archean and Paleoproterozoic VHMS provinces and orogenic gold mineralization 

depended by redistribution of gold and base metals from mantle to granitic cratons in process of 

their formation (Goldfarb et al.,2001; Groves et al.,2003). So, in Phanerozoic the redistribution 

of Au, Pb, Zn and Cu from the mantle to lithosphere of sialic, basaltic crust and hard upper 

mantle was completed. The Au and Pb are concentrated in sialic crust, Zn in basaltic and Cu 

mainly rest in upper mantle (Gugusvili et al., 2010; Gugushvili 2015, 2017). 

Redistribution of gold-copper-base metal mineralization is related with magmatic-volcanic 

activity at the various stages of geodynamic development controlled by steady state subduction 

and steepening of subducted slab at the synvolccanic and post-volcanic pre-collision stages and 

at the post-collision stage after closure of the Tethys ocean, when subducted slab was steepening 

at the stressing the Afro-Arabian on the margin of Eurasian continent, caused the orogenesis, 
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strike-slip faulting and penetration of mantle material in the thick orogenic sialic crust across the 

transformed subducted slab (Gugushvili 2015, 2017). 

The investigation of geological and geodynamical development of studied region shown the 

total spectrum stages of geodynamic setting from island arc, interarc-backarc to oceanic setting. 

Every of them revealed in the specific magmatism, volcanism, metallogeny, hydrothermal 

alteration and metallogeny.  

The island arc setting is characterized by calc-alkaline volcanism with formation of basalt-

andesite-dacite-rhyolite series. The interarc-backarc settings revealed in tholeiite-alkali olivine 

basalt volcanic activity at the intensive rifting, alkali-olivine basalt and thrachybasalt volcanism 

at intermediate stage of rifting and shoshonite-thrachyandesite and thrachydacite at as the 

incipient rifting and so at slackening of rifting process. The further intensification of spreading 

occurs in oceanic setting with ophiolite volcanism and dunite-peridotite magmatism. The latter is 

the distinguished feature of ocean setting. All of them could be seen in the studied region of 

Eurasian active margin. The post-collision development revealed in the granitoid orogenic 

magmatism at the first stage and in calc-alkaline and alkalibasalt and thrachybasalt volcanic 

activity at the second stage (Gugushvili, 2017; Dilek et al., 2010).  

The various settings of geodynamic development are controlled by different participation of 

sialic, basaltic crusts and mantle material. 

Island arc development and volcanism are determined by sialic, basaltic crusts and mantle 

material participation, as well as at incipient and slackening stages of inter-and back arc. The 

intensive backarc rifting was controlled mainly by basaltic crust and mantle. The intensive rifting 

occurred without participation of sialic crust and its characteristic feature is tholeiite volcanic 

activity. As to oceanic setting, it is controlled only by mantle material. The spreading at this 

stage and the high level of mantle diapir incursion exclude basaltic crust participation, which is 

spreaded entirely. Only at incipient stage of oceanic development, minor participation of basaltic 

crust is evident (Hutchinson, 1973). 

The source of Au and Pb, so as trace metals Sb, W, Mo and Hg is the sialic crust, source of 

Zn–basaltic crust and source of Cu is mainly mantle (Gugushvili et al., 2015, 2017). It is clearly 

confirmed in the studied region of Eurasian active margin, so in the various regions of world 

(Mair et al.,2006; Moritz et al.,2004; Rona, Scott, 1993; Goldfarb et al., 2001; Moritz et al., 

2016; Yakubchuk et al., 2002). 

The metallogeny of Au, Pb, Zn and Cu, so as trace metals (Sb, W, Mo, Hg) of studied region 

similarly would be indicators of geodynamic development. They are distincted in the various 

geodynamic settings. So, in island arc setting gold-copper-base metal porphyry and 

mineralization of high and low sulfidation occurred, as well as Kuroko type stratiform gold-

copper-lead-zinc mineralization. They are controlled by steady state subduction and consist of 

Au, Pb, Zn, Cu whereas here during mineralization participate sialic, basaltic crust, and rigid 

upper mantle and deepen in the astenosphere slab. The same situation is continuing in the 

incipient stage of interarc-backarc rifting, controlled by first stage of steepening of subducting 

slab.  

At this stage of rifting participates the sialic crust, but incursion of mantle diapir influence, the 

higher temperature and alkalinity of fluids stipulated intensive leaching gold and lead from sialic 

crust. So at this stage the polymetallic ores are enriched by gold comparatively with goldbearing 

ores of steady state subduction characterized by lower temperature of fluids. It is examplified in 

the Bolnisi ore district mineralization of Madneuli cluster related to steady state subduction, 

whereas the Beqtakari cluster is controlled by steepening of subducting slab with incursion of 

mantle diapir. The average gold content in Madneuli polymetallic ores is 0.8 ppm, whereas in 

Beqtakari it is 5 ppm and in some places 20 ppm and 189 ppm (Gugusvili, 2015, 2017). 
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The similar situation occurs in Panaguirishte ore district (Bulgaria), where the high sulfidation 

epithermal and porphyry mineralization controlled by incipient stage steepening of subducting 

slab the gold grade is 2.07ppm. (Moritz et al., 2004; von Quadt et al., 2006). The significant 

gold-base metal porphyry and epithermal deposits Bor and Majdanpek of Timok ore district 

(Serbia) are controlled by steady state subduction and characterized by gold-copper-base metal 

mineralization. So, the deposits of Eastern Pontides presented by gold-copper-base metal 

mineralization of porphyry and epithermal type and Kuroko type VMS deposits. However the 

gold grades here are higher in the ores of Kuroko type. Chaeli (Madenkoy) and Lahanos deposits 

represented by Cu,Zn,Pb,Au and Ag- bearing ores occurred in the Cretaceous , dacite-rhyolite 

volcanics, so as hybride VMS deposit of Cerattepe hosted in Late Cretaceous Artvin volcanic 

complex, comprises a basal zone of high grade Cu sulfide and overlying and flanking Au-Ag-Pb-

Ba bearing zone (O`Brien,1997). As well the steady state subduction related gold-copper-base 

metal deposits are widespread in the Lesser Caucasus. The most significant among them are 

gold-copper-base metal deposits of Locki-Garabakh zone - Shamlug, Alaverdi, Tekhut, Gedabek, 

Karadag and Chovdar. They are represented porphyry, epithermal and VMS systems (Baba-Zade 

et al., 2016; Kekelia et al., 1993). The grade of Au here 2.7 ppm, Pb 0.3 %, Zn 0.98%, Cu 2 %. 

Thus, at the steady state subduction and incipient stage of steepening of subduting slab the Au 

and Pb coincide with Zn and Cu occurred in mineralization. At the stage of intensive steepening 

slab and incursion of mantle diapir and backarc-interarc rifting the sialic crust spreaded out and 

mainly was not participate in the process of mineralization. The gold example of such setting is 

the interarc rift of Forrange of the Great Caucasus. Here, tholeiite volcanism coincides with 

VMS copper-zinc mineralization without Au and Pb in the mineralization of Houdes group of 

deposit (Houdes, Daud, Urup), detaily studied by Buadze and Kaviladze (1977). In the copper-

zinc-pyrite ores source of Zn here is the spread and subducted basaltic crust and source of Cu is 

the mantle (Gugushvili, 2015, 2017). 

The another example of intensive backarc rifting is the marginal of the Southern Slope of 

Great Caucasus with VMS mainly copper-zinc-pyrrhotite mineralization (Katsdag, Kizildere, 

Adange deposits) and at one case (Filiz-Chai) consists, also, Au and Pb related by occurrence of 

remnants of sialic crust on the basaltic (Gugushvili, 2015). However intensive backarc rifting 

and caused tholeiite–alkalibasalt volcanism is not always related with VMS copper-zinc 

mineralization. It is exemplified by Middle Eocene Adjara-Thrialeti rift. Here tholeiites consist 

copper 200 ppm, ten times enriched clark. So, copper here concentrated in tholeiites and did not 

transfer in fluids. The other example is known in the South Ural region where riftogenic 

tholeeites enriched of copper and zinc, which was not transferred in fluids (Frolova, Barikova, 

1978) and here also is not known the VMS mineralization. 

The further intensive spreading and incursion of mantle diapir on the highest level, caused 

minor ocean and oceanic setting. In the studied region it is exemplified by Late Paleozoic–Early 

Mesozoic Küre complex (Turkey) evolved as a result transferring the backarc into minor ocean 
setting represented by MORB ophiolite volcanism and serpentinized peridotite (Ustaömer, 
Robertson, 1993) consists of Cyprus type copper-pyrite mineralization–Ashikoy and Bakibaba 

deposits, where Zn and Pb occur only on trace level (Guner, 1980). The other group of Cyprus 

type cupriferrous deposits Maden (Elazig) and Madenkoy (Siirt) occurred in the ophyolite belt of 

ocean setting in Turkey between the Border Fold and Taurids. The ophiolite consist the 

hurtsburgite and dunites, gabro-dunites, pyroxenetes, verlites, pillow lavas, cut by diabase dike 

complex (Engin, 1994). Mineralization, as in Kure complex, here is also represented by pyrite 

and chalcopyrite VHMS ores lacking Pb and Zn. 

Thus Au, Pb, Zn and Cu distribution in the various stages of pre-collision development are the 

following: At the steady state and at the incipient stage of steepening of subducting slab Au, Pb, 
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Zn and Cu entirely participate in the mineralization of the both settings. However the distinct 

prevalence of gold occurs in the incipient stage of backarc-interarc rifting, because of sialic 

(granitic) crust yet is not spreading out on this stage and temperature of fluids is higher than at 

the setting of steady stage subduction. It would be reason of more intensive leaching of gold 

from sialic crust and its precipitation in the proper sulfide ores during mineralization. At the 

intensification of rifting sialic crust was spreading out and the copper-zincpyrite mineralization 

occurs without Au and Pb, they consist only at trace levels. The source of Zn and Cu is basaltic 

crust and mantle. At the further spreading backarc-interarc rifting transferred in the Minor Ocean 

and ocean setting with spread out as sialic, so basaltic crust. Mineralization here represented by 

cupriferous copper-pyrite ores. It is confirmed that copper source is the mantle. 

The collision of Tethys Ocean and pressing the Gondvana continent on Eurasia caused the 

post-collision setting in the Eurasian continental margin (Adamia et al., 2016). 

The post-collision metallogeny in studied region occur in Southern Slope of Great Caucasus, 

Lesser Caucasus, Iran and Turkey. The mineralization is controlled by post-subduction 

steepening of subducted slab, orogenesis, brittle tectonics and melting of granitoid magma of 

intrusive bodies from orogenic thick sialic crust. The mineralization here is represented by gold-

copper base metal porphyry and epithermal and nonsulfide goldbearing mineralization, enriched 

of gold coincide with complexes of trace metals (Sb, W, Mo, Hg), which are not known in pre-

collision deposits, except of Mo, participates subordinately in pre-collision mineralization 

(Gugushvili, 2015, 2017). The age of post-collision mineralization is Miocene-Oligocene. In the 

Southern Slope of Caucasus the post-collision most significant deposits are Zopkhito, Lukhum, 

Okrila-Achapara, Avadkhara, Akhey, Notsarula in Lesser Caucasus - Kajaran, Zod, Mehradzor. 

The post-collision mineralization is widespread in Iran. The most significant deposits here are 

Harvana group of deposits Miverud, Astargan, Ganarech, Khalfian. The deposits occur also in 

the Sanandaj-Sirjan zone, Albortz and in East Iranian magmatic belt. Among them the most 

significant are Zarshuran and Dashkesan deposits and Aq-Darreh gold prospect. All of them are 

controlled by Oligocene-Miocene granitoid stocks and brittle tectonics. They are related to post-

collision orogenesis and coincide with Sb, W, Mo and Hg trace metal association. The 

association substituted the pre-collision host rocks and is geochemical indicator of post-collision 

setting (Gugushvili, 2017). 

The genesis of post-collision mineralization is related with incursion of mantle material along 

faults in the steepen subducted slab caused increases of heat flux and leaching by protracted high 

temperature fluids gold and trace metals from thick sialic crust of orogens and precipitated them 

as porphyry and nonsulfide godbearing deposits (Gugushvili, 2015, 2017). 

The postcollision mineralization is especially enriched by gold and above mentioned trace 

metals. Here widespread goldbearing–trace metal veins and stockworks. The deposits such as 

Zopkhito consist of gold-copperpolymetallic and quartz–antimonite veins and stockworks with 

34 t. gold reserves, 41223 t antimonite and 39 t. silver. Here gold grade in the veins 4.39 ppm, 

silver-4.5ppm, whereas in the altered ore wall rock zone gold grade is 3.43ppm, silver-4.15ppm. 

So as in the neighbour Lukhumi deposit consist of quartz-antimony and quartz-antimony-realgar-

orpiment-arsenopyrite veins and quartz-antimony-carbonate and quartz-sheelite stockwork, with 

gold grade 5.10ppm and Sb-6.37%. The Au reserve here 14.04 t., Sb-2580 t. As well as in the 

Okrila-Achapara gold prospect of the Main Range of Great Caucasus the gold associated with Sb 

and W occurring in the quartz-scheelite, quartz-antimony, quartz-polymetallic and goldbearing 

quartz lode mineralization. Gold grade in the ores here 3-4 ppm associated with Sb and W. 

The Harvana groups of deposits (Iran) are characterized by high gold grade of gold-copper 

base metal and lowsulfidation epithermal lode and stockworks associated with Sb, W, Mo and 
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Hg. The geochemical background of host rocks is Cu-200-253ppm, Au 88-121ppb, Mo-3.0-

5.7ppm, W-63-71ppm, Pb -120-517ppm, Zn121-160ppm, Sb-7.4-10ppm. 

In the Alborz magmatic belt, Central Iran block and in Sanandaj-Sirjan zone the gold-copper 

porphyry, gold-base metal lodes and stockwork mineralization is associated with Sb, Mo, Hg and 

W as well as in the East Iranian magmatic belt Carlin type Zursharan deposit, Aldareh prospect, 

Dashkesan and Binalud goldbearing lead-zinc deposits and the Hash-Zadehan base metal gold-

antimony ore field are controlled by Oligo-Miocene hypabisal granitoid stocks and are coincided 

by association of trace metals Sb, W, Mo and Hg (Moritz et al., 2006; The Report of Geological 

Survey of Iran, 2007). The post-collision setting is continuing from Iran to the Lesser Caucasus 

in the Meghri-Ordubad Cenozoic magmatic province, where Oligocene-Miocene granitoid stocks 

controlled significant gold-molibdenum mineralization associated with Sb, W and Hg. 

Significant gold deposits Zod and Merhadzor of goldbearing quartz-antimonate mineralization 

associated with Sb and W (Melikian, 1977), controlled by granodiorite-porphyry Cenozoic 

intrusive stocks occur in the Sevan-Akera zone. 

The post-collision gold mineralization associated with Sb, W and Hg is known at the 

Menderes Paleozoic Massive (West Anatolides), presented of Cungurlu, Emerly and Halicoy 

deposits (Yigit, 2009), controlled by Cenozoic fault and shear zones. So, as fault controlled zone 

of gold mineralization is known in the Eastern Rhodopean Ada-Tepe deposit (Marchev et al., 

2004). 

The similar character of post-collision mineralization is widespread worldwide. The most 

significant mineralizing events of gold associated with trace metals (W, Sb, Mo) are known in 

Tethyan-Eurasian metallogenic belt related to Late Paleozoic final collision in the Altaid 

orogenic system (Yakubchuk et al., 2002). Here the giant gold deposits Muruntau, 

Kumtor,Cholboi etc) was formed during the final amalgamation of the collage in Tian Shan 

province. The gold mineralization here is associated with trace metals Sb, W, Mo and Hg . The 

gold reserves of Muruntau deposit is 175Moz of gold, Kumtor (Au 19 Moz), Zarmitan (Au 

112Moz). The similar association of gold with trace metals occurs in the Tombstone gold belt 

Yukon (Canada) post-collision deposits controlled by syn-orogenic intrusion. Here gold 

mineralization goes with Te, Bi, As,W and Sb association and is related quartz veins stockworks 

(Mair et al., 2006). So as in the Western Lachlan orogeny of Southern Australia, syncollision 

orogenic gold mineralization is followed by the Bi, Te, As, W, Mo, Sn and Sb association 

(Bierlein, Mcnight, 2005). 

 

Conclusions 

Thus geodynamic development in the studied regions was related with subduction and 

steepening of subducted slab, revealed in volcanism, magmatism and metallogeny. The 

mineralization is controlled by Au, Pb, Zn and Cu indicators at pre-collision stage and by trace 

metals Sb, W, Mo and Hg association at post-collision setting. 

At the steady state subduction and incipient stage of steepening of subducting slab the sialic, 

basaltic crust and mantle participated in mineralization occurred in the Au, Pb, Zn and Cu full 

spectrum of association. The strengthening of rifting and incursion of mantle diapir the sialic 

crust was spread out from zone of mineralization indicated by Zn and Cu.The further 

intensification of spreading and incursion of mantle diapir at the highest level stipulated spread 

out entirely of sialic and basaltic crust and oceanic setting contains copper-pyrite mineralization 

where only indicator is Cu, the other indicators participates only at the trace level. 

The subduction was terminated at the post-collision stage, however steepening of subducted 

slab was continuing caused by convergence and stressing of Gondvana and Eurasian continents. 

At the post-collision the incursion of mantle material is continuing above the steepen slab and 
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high flux and protracted high temperature fluid activity with leaching the gold and trace metals 

(Sb, W, Mo and Hg) from the orogenic sialic crust and gold-trace metal mineralization. This 

association of trace metals is not characterized for pre-collision setting, so they are indicators of 

post-collision mineralization and for post-collision setting in general. 

 3. The synvolcanic and postvolcanic block faulting in the Bolnisi ore district during Upper Cretaceous subduction at the background of pre-collision development of Eurasian active margin.  Abstract The Bolnisi ore district hosts gold-copper-base metal and nonsulfide and low sulfidation epigenetic gold deposits placed in the Upper Cretaceous volcanic series. The district is the part of Tethys-Eurasian metallogenic belt developed during the Tethys ocean subduction. The geodynamic development and associated magmatic, volcanic, hydrothermal activity and mineralization revealed in the Bolnisi ore district. The first stage occurred in stable (steady state) subduction with related island arc (VAG) calc-alkaline volcanism. The next stage revealed in transformation (steepening) of subducting slab coincides with mantle diapir incursion revealed in the subalkaline trachyrhyodacitic and trachybasalt - alkali olivine basaltic volcanic activity. Various types of mineralization are related to the definite stages of subduction. The steady state subduction coincides with zoning of proper sulfide and nonsulfide mineralization, whereas steepening of subducting slab manifested in substitution of nonsulfide goldbearing mineralization by proper sulfide gold-copper base metal ores. In the Upper Cretaceous shallow-marine conditions the synvolcanic and postvolcanic block faulting occurred. The synvolcanic block faulting revealed in two stages. The first was related to invasion of intrusive stocks with tumescence of shallow sea bottom and island elevation (uplifted blocking). The second stage revealed in the subaerial ignimbrite volcanic explosions on the island terminated by cauldron subsidence (subsided blocking). The mineralization in of island setting in the Bolnisi district took place in the islands (uplifted block) and precedes ignimbrite explosions and cauldron subsidence. It was controlled by invasion of intrusive stocks. The synvolcanic blocking is controlled by distribution of proper sulfide and nonsulfide ores and their position within the bordered blocks. The mineralized blocks are distributed in the caldera structures and their faulting is controlled by cauldron subsidence. At the termination of Upper Cretaceous volcanism the detachment of subducting slab 
revealed in the regional fault, which divided the Bolnisi ore district in two “giant” blocks. One of them was uplifted on 1200 m. From uplifted block Upper-Santonian-Campanian volcanic series were entirely eroded. It is occurred in the subsided block and bordered along regional fault with Cenoman-Santonian volcanic series of uplifted block. The block faulting here would be postvolcanic in contrast to synvolcanic block faulting, controlled by magmatic and volcanic activity and mineralization. The uplifting of synvolcanic blocks does not exceed 200m and their spreading is hundreds m2, whereas the “giant” blocks are spread entirely over the Bolnisi ore district area (thousandths km2). The interrelation of synvolcanic blocks and their uplifting are determined by the levels of distribution of proper sulfide and nonsulfide mineralization. 
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  Key Words: stable subduction, steepening of subducting slab, gold-copper base metal mineralizaion, synvolcanic block faulting,.    Introduction Bolnisi ore district is the part of Western Segment of Tethys-Eurasian metallogenic belt (Fig. 1). It consists of gold-copper base metal and low sulfidation and nonsulfide gold mineralization, located in the Upper Cretaceous Cenomanian-Campanian volcanic series (Fig. 2) and represented of two – Madneuli and Beqtakari ore clusters (Fig. 3). Madneuli cluster (88-90Ma) located in Turonian-Santonian Mashavera suite consists of andesite-dacite-rhyolite volcanics. The deposits of Beqtakari cluster (79-81Ma) are distributed in Campanian trachyrhyodacite volcanic series, imbricated by trachybasalt–alkali olivine basalts of Shorsholeti suite (Fig. 2). The clusters are divided by regional strike-slip fault and localized in two “giant” blocks (Fig. 4). The nonsulfide mineralization in the Beqtakari cluster related to quartz-K-feldspath metasomatites, which are substituted by gold-copper base metal ores. As distinct from Beqtakari in Madneuli cluster deposits occurs zonality of mineralization. The gold-copper base metal ores upstears transferre in epigenetic nonsulfide zone consists of goldbearing quartz-chalcedony and quartz-barite stockworks (Gugushvili et al., 2014, Gugushvili, 2015). The Cretaceous geological and geodynamic development, volcanism and mineralization of the Eurasian active margin were stupulated by Tethys ocean northvergent subduction. In the Bolnisi ore district two stages of subduction are fixed: the stable(steady state) subduction, when the subducting slab sinking in mantle without transformation (roll back, break off, detachment, delamination) revealed in volcanic arc (VAG) setting related with calc-alkaline volcanic activity and gold, copper, base metal (Au, Pb, Zn, Cu) mineralization. At the second stage the steepening of subducted slab was beginning, accompanied with mantle diapir incursion and transition of island arc into backarc setting. The transition in the Eurasian active margin revealed in rifting shoshonite-alkali basalt-tholeiite volcanic activity, VMS zinc-copper-pyrite mineralization at the developed stage of backarc setting, without participation lead and gold or with their minimal grades related to level of participation of sialic crust in the mineralization (Gugushvili, 2015, 2016, 2017).  The geodynamic criteria of volcanic series are controlled by petrochemical and geochemical indicators, which indicated the level of mantle influence at steepening of subducting slab or process of steady state subduction and calc-alkaline volcanic activity. The relation of volcanism and metallogeny exemplified on the Bolnisi ore district observed in the following publications (Gugushvili et.al., 2001, 2014; Gugushvili, 2015, 2016, 2017). The Madneuli ore cluster and goldbearing volcanics are controlled by island arc setting, whereas the Beqtakari cluster is developed at the incipient stage of backarc. Here at the first stage of Campanian volcanic activity of the trachyrhyodacite volcanic series quartz-K-feldspar alteration and related nonsulfide mineralization are controlled by incipient stage of backarc. Here mantle influence revealed in the subalkaline volcanism and alkaline metasomatism. The mantle influence increased in the Late Campanian at the sulfide phase of 
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 mineralization controlled by gabro-diabase stocks intruded in quartz-K-feldspar metasomatites. It represented by gold-copper-base metal mineralization and synore epidote-zoisite propylitization (Gugushvili et.al., 2014, Gugushvili 2015, 2016, 2017). The above mentioned gabro-diabasic stocks and veins would be apophysis (offsets) of volcanic chambers exploded trachy-basalts and alkali-olivine basalts of the Shorsholeti suite. They fixed the incipient stage of back arc rifting and incursion of mantle diapir (Gugushvili, 2015, 2016). At the same time the high grades of gold and lead occurred in the deposits of Beqtakari cluster would be explained by significant participation of sialic crust in mineralization process and high temperature of fluids at the incipient stage of backarc development related to mantle incursion. It was the reason of the intensive gold leaching from sialic crust. The high temperature fluids shown by synore epidote-zoisite propylitization conducted at 350-4000 C. In the porphyry ores of Beqtakari deposit the average gold grade is 5ppm, whereas in Madneuli deposit it is averagely 0.8ppm, where syn-ore-mineralization alteration presented of lower temperature of sericite-chlorite-carbonate association.  3.1. Block faulting in the Bolnisi ore district.  In the Bolnisi ore district two stages of subduction related block faulting revealed. The first is synvolcanic and the second is postvolcanic, related to detachment of subducted slab. Synvolcanic blocking is controlled by invasion of granodiorite intrusion stocks, tumescence of sea bottom and island emergence (elevation) – (uplifted blocks) and by cauldron 
subsidence (subsided blocks)). It is the stages of “small” block faulting. The postvolcanic block faulting is controlled by detachment of slab revealed in the regional strike-slip fault divided ore district in two “giant” blocks. The mineralization was related to uplifted small synvolcanic blocking, whereas the subsided synvolcanic blocking after cauldron subsidence 
as well as formation of “giant” block were postvolcanic and postmineralization (post ore) processes. The mineralization process is synchronal with synvolcanic uplifting block faulting, whereas it was not revealed during the “giant” block faulting.  3.2. Postvolcanic block faulting The mineralization in the Bolnisi ore district is located in the two “giant” blocks divided by regional fault (Fig. 3.4) and represents of two ore clusters – Madneuli and Beqtakari. In the both ore clusters the calc-alkaline rhyodacitic in the Madneuli and subalkaline trachyrhyodacitic volcanic activity in Beqtakari are terminated by ignimbrite explosions (ejections) and cauldron subsidence, determined by rhyolite dome invasion in Madneuli and trachyrhyolite extrusions in Beqtakari. The mineralization and ore deposits in the both clusters are localized within caldera structures (Fig. 5). In the deposits of Madneuli cluster as the nonsulfide gold mineralization, so gold-copper base metal porphyry precedes of the ignimbrite ejections and cauldron subsidence. In the Beqtakari cluster the nonsulfide gold mineralization predates ignimbrite explosion, whereas the gold-copper base metal mineralization, controlled by gabbro-diabasic, stocks occurred after ignimbrite ejections 
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 (Gugushvili, 2015, 2017). The deposits in Madneuli cluster are hosted by the Mashavera (Turonian-Santonian) suite (Fig. 6).The Madneuli cluster is located in the uplifted “giant” block, whereas Beqtakari cluster occurrs in the bordered subsided block built up by the Campanian Gasandami and Shorsholeti suites (Fig. 4). From the uplifted block of Madneuli cluster the Campanian Gasandami and Shorsholeti suites, as well as Upper Santonian Tandzia suite are eroded. The thickness of eroded volcanic series evidenced that Madneuli block was uplifted at 1200m. Regional fault and giant blocking would be related to Upper Campanian-Maastrichtian detachment of subducted slab, so the age of the regional fault which caused the giant blocking is the Late Campanian-Maastrichian and block faulting would be the postvolcanic process. The similar development is described in the Panaguirishte ore district of Bulgarian Srednegorie. Here also the first stage of volcanic activity presented by calc-alkaline volcanic series consists of gold-copperporphyry (Elatsite deposit) and highsulfidation (Chelopech deposit) mineralization dated of 91.3-92.4Ma. Their genesis is controlled by stable subduction and calc-alkaline volcanic activity. The steepening of subducting slab here occurred in the block faulting and gold-base metal mineralization dated by 86.1- 86.6Ma (Motitz et. al., 2004; von Quadt et al., 2005). Here transforming of subducted slab also revealed in transmissing of island arc setting into incipient stage of backarc and block faulting.  3.3. Synvolcanic block faulting. In the Bolnisi ore district occurs two stages of synvolcanic block faulting. The first is related to steady state subduction and calc-alkaline volcanism and the second to steepening of subducting slab and subalkaly thrachyrhyodacitic volcanic activity and later at trachybasalt and alkali olivine basalt volcanism at the incipient stage of back arc setting. The both of them are characterized with nonsulfide epithermal gold mineralization and gold-copper base metal proper sulfide ores. At the same time the first is dated by Coniacian-Santonian and presents synchronal proper sulfide and nonsulfide mineralization revealed in zonality, whereas the second is Campanian, characterized of substituting of nonsulfide goldbearing quartz-K-feldspar metasomatites by proper sulfide gold-copper base metal mineralization related to gabbro-diabasic intrusive stocks.  3.3.1. Synvolcanic block faulting at the steady state subduction stage.  The synvolcanic block faulting of the stable subducting stage was related to invasion of granodioritic stocks, tumescence of sea bottom and island elevation (uplifted blocking). At the island took place ignimbrite ejection terminated by cauldron subsidence (subsided blocking). The formation of uplifted and subsided blocks alternated spatially and temporally. However at the some emerged islands, the ignimbrite or was not exploded or they are not subsided and they are remained as uplifted blocks in Cretaceous sea (Gugushvili et al., 2014; Gugushvili, 2015). At the area of Madneuli deposit granodioritic stock occurred at the 500m depth. The age of the stock is 88 Ma. This stock served as a pathway for fluids. The fluids activity at the first 
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 stage revealed in silicification of dacitic tephra and the dense silicified screen occurred above the intrusive bodies. The fluids gathered beneath the screen stipulated series of hydrothermal explosions and brecciation of the silicified rocks (secondary quartzites). The brecciated zones were cemented by gold-copper base metal mineralization. The orebearing fluids were penetrated in the secondary quartzites forming disseminated porphyry mineralization. Upstairs the proper sulfide ores transmitted in the zone of nonsulfide gold mineralization in the quartz-chalcedony and quartz-barite stockworks (Fig. 6, 7). Thus on the Madneuli deposit occurred the zonallity of proper sulfide and nonsulfide ores. At the same time on the Madneuli deposit occurred minor lenses of stratiform barite-base metal ores (Fig. 8) – Migineisvili, 2004; Gialli, 2013). They are related to the early stage of sea bottom tumescence and denudation of island surface revealed in origin of intraformation layers of breccia-conglomerates. Above the breccia conglomerates in tephra were developed syngenetic barite-base metal and pyrite-melnicovite–ochre-red barite mineralization. The xenoliths of ochre-red barite occur also in the mineralized hydrothermal breccia pathways of epigenetic ore fluids of the next stage of epithermal-porphyry minersalization. Therefore the syngenetic mineralization in Madneuli deposit precedes the epigenetic ore formation. At the next stage of tumescence occurred the propersulfide porphyry and epithermal gold mineralization. The process here continued in ingnimbrite explosion and terminated with cauldron subsidence (Gugushvili et al., 2002; Gugushvili, 2015). On the western flank of the open pit ignimbrites laterally, along the fault bordered with tephroids, which in open pit underlain the ignimbrites (Fig. 6, 7). It is evidenced the cauldron subsidence. The cauldron subsidence is fixed as well by extrusive domes of rhyolites surrounding the caldera structure, which would be relics of ring dikes (Fig. 6). In the Madneuli deposit proper sulfide and nonsulfide mineralization are located in the single subsided block. In other deposits of Madneuli cluster the sulfide and nonsulfide mineralization are distributed in the bordered blocks. In uplifted block occurs proper sulfide mineralization, here nonsulfide mineralization partly or entirely are eroded and in subsided block proper sulfide is bordering with nonsulfide mineralization. It gives us possibility of determination of block faulting on the deposits. It distinctly exemplified on the Tsiteli Sopeli deposit, which is located in single caldera structure (Fig. 9) with other deposits and ore manifestations forming the single ore field. Here at different deposits according to distribution of proper and nonsulfide mineralization uplifted and subsided bordered blocks are determined. On the Tsiteli Sopeli deposit (Fig. 10) on the its eastern block divided by fault from the central the mineralization is located above the groundwater level, whereas in the central block mineralization is entirely located below this level. Therefore the gold-copper base metal mineralization of uplifted eastern block is located above the nonsulfide gold mineralization of the central block with upward transition into the nonsulfied goldbearing quartz-chalcedony stockworks (Fig. 10). The similar situation occurs at the Lower Bolnisi deposit, which is divided by fault on two blocks (I.Vashakidze, report of 1:10000 scale mapping). In the eastern block proper sulfide gold-copper base metal mineralization is cementing hydrothermal breccias of silicificated 
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 rocks, whereas in the western block nonsulfide epigenetic gold mineralization occurs in the quartz-barite and quartz chalcedony stockworks (Fig. 11). At the same time here, on the depth of 240-314 m (well 631) occurs chalcopyrite-pyrite goldbearing stockwork with 3 ppm of gold (Fig. 12). On the Tsiteli Sopeli ore field block faulting structure occurs at the Tamarisi prospect. Here gold-copper base metal mineralization of uplifted block bordered along the fault silverbearing quartz-barite stockkwork. Here the zone of nonsulfide ores might be eroded from the uplifted block as well. The similar situation was determined at the other deposits of the Madneuli cluster. On the Balichi deposit the gold-copprporphyry mineralization of uplifted block bordering along fault with nonsulfide gold mineralization in silicificated rocks of subsided block (Gugushvili, 2015). The block faulting structure occurs at the David-Garedji and Catarkaya prospects located nearby Madneuli deposit. Here gold-copper base metal and nonsulfide silverbearing quartz-barite and goldbearing quartz-chalcedony stockworks at Catarkaya prospect, whereas in the bordering David-Garedji subsided block fixed different levels of above mentioned mineralization (Fig. 13). It is confirmed that Catarkaya′s block uplifted and here quartz-barite level is mainly eroded.  3.3.2. Synvolcanic block faulting at the stage of steepening of subducting slab  The synvolcanic block faulting is continuing during steepening of subductive slab, it is 
revealed within the border of NE “giant” block. The steepening here began at the Campanian. At the first stage it was revealed in granodiorite stock invasions and subalkaline trachyrhyodacitic volcanic activity (Gasandami suite) and nonsulfide gold mineralization in the quartz-K-feldspar metasomatites. The second stage revealed in gabbro-diabasic magmatism and trachybasalt-alkali olivine basaltic volcanism (Shorsholeti suite). The gold-copper-base metal mineralization was controlled by gabbro-diabase stocks coincided with epidote-zoisite propylitization. The mineralization and deposit here, also, is localized in the caldera structures (Fig. 5). The block faulting here, also, is determined by the distribution of nonsulfide and proper sulfide mineralization in the neighbouring block. It is distinctly exemplified at Beqtakari cluster deposits: Imedi, Darbazi and Beqtakari. The area of Imedi deposit consists of three blocks (Fig. 14). In the second and third blocks here mainly nonsulfide gold mineralization occurs related to quartz-K-feldspath metasomatites. At the depth somewhere occur the offsets of base metal ores. At the same time in the first, SW block the proper sulfide mineralization prevailed coincides with synore epidote-zoisite-actinolite propylitization. The grades of gold in the ore here is 5ppm, copper – 0.5%, whereas in the second and third blocks in the nonsulfide ores grade of gold is 0.9-1.2ppm and background of base metals is not prevailed the hundredths of percent. Noteworthy, that in the second block well IMDH-001 at the depth at 151-174 m cut the proper sulfide zone with 5ppm grade of gold and 0.12-1.15% copper. The occurrence of proper sulfide ores in the second block at the depth under the nonsulfide mineralization confirm here setting of block faulting. The similar of block 
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 faulting occurs also in the neighboring Darbazi prospect (Gugushvili et al., 2014; Gugushvili, 2015). Thus, here the distribution between bordering blocks of nonsulfide and propersulfide mineralization at the different levels and erosion of the upper part of the uplifted block gives us a possibility to determine specific block faulting, though here temporally synchronal zonality was not established. The block faulting structure is distinctly seen at Beqtakari deposit (Fig. 15). It is located in the Lower Gasandami suite imbricated on the Tanzia Upper Santonian series, consists of andesite-basaltic volcanics. The Lower Gasandami suite is represented by trachyrhyodacitic tuffs and overlain by breccia-conglomerate intraformation layer (Fig. 15).The formation of the layer was related with invasion of granodioritic stock tumescence of sea bottom and emerging of island (uplifted block). The trachyrhyodacitic tuffs were altered by alkaly-carbonate fluids in quartz-K-feldspar metasomatites. Denudation of the island surface was revealed in the formation of breccia-conglomerate layers. The breccia-conglomerates and hydrothermal explosion brecciated zones, the pathways of orebearing fluids beneath the layer are cemented by gold-copper-base metal ores (Fig. 5). The breccia-conglomerate layer is overlain by Upper Gasandami suite, and consists of unaltered trachyrhyodacitic tuffs. The area of Beqtakari deposit is divided by fault in two blocks (Fig. 15).The described geological situation occurs in the eastern block, whereas at the western block occurs only Lower Gasandamy suite, substituted by quartz-K-feldspath metasomatites, overlain on the Upper Santonian Tandzia suite. The breccia conglomerate layer and Upper Gasandami suite here are eroded. The western block was uplifted towards the eastern. In the western block drilling cut at depth the gabbro-diabasic stocks and veins. To the latters is related the propersulfide gold-copper–base metal mineralization coincided with synore epidote-zoisite propylitization. The mineralization and propylitic alteration superimposed on the gabbro-diabase and quartz-K-feldspar metasomatites. The gabbro-diabase stock and veins would be the apophyses (offsets) of volcanic chambers exploded the alkali olivine basalts of Shorsholety suite (Gugushvili, 2015). Here occurs also the alkali olivine basaltic veins supposed the volcanic vents of the Shorsholety suite basalts (Gogoladze, 1999).  The gabbro-diabasic and alkali olivine basalt stocks were pathways of high temperature hydrosulfide fluids provoking the proper sulfide mineralzation of Beqtakari deposit. On the Beqtakari deposit two stages of fluid activity occurred. The first was related to granodiorite stocks invasion, quartz-K-feldspath alteration and nonsulfide gold mineralization, the second 
– to gabbro-diabase stocks, hydrosulfide fluids activity and propersulfide mineralization. These stages were temporally divided and gold-copper-base metal mineralization substituted the nonsulfide goldbearing metasomatites. The gabbro-diabase stocks cut the trachyrhyodacite of Lower Gasandamy suite, whereas at the Madneuli cluster deposit gold-copper-base metal mineralization is synchronal with nonsulfide epigenetic goldbearing ores and there are fixed zonality of propersulfide and nonsulfide mineralization. Thus, at Beqtakari deposit occur two stages of block faulting. The first is revealed to invasion of granodioritic stocks, tumescence sea bottom and island emergence, the second to the blocking after nonsulfide mineralization and dividing area on the westren and eastern blocks. From uplifted western block into the terphra of Upper Gasandami unaltered suite, 
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 strewed the xenoliths of denuded quartz-K-feldspath metasomatites. From the western uplifted block were eroded as breccia-conglomerate layer, so entirely Upper Gasandami suite (Fig. 15). Here rest only Lower Gasandami suite overlain on the Tanzia Upper Santonian volcanics. The block faulting occurs, also in the Sakdrisi deposit (Fig. 16). The deposit disposed in the bordered zone of regional fault in the NE giant block. In difference from other deposits of Beqtakari cluster here revealed tendency of zonation proper sulfide and nonsulfide mineralization. The nonsulfide mineralization is represented by silverbearing quartz-barite stockworks and goldbearing quartz-chalcedony veins. The gold-copper-base metal mineralization coincided with synore epidote-zoisite propylitization. Here revealed temperature zonation. The temperature of the quartz-barite veins were forming on the 100-1400C, the quartz-chalcedony stockworks at the temperature 240-2500C, whereas the temperature of the gold-copper-base metal ores coincided with epidote-zoisite propylitization is within the borders of 350-4000C (Gugushvili et al., 2014; Gugushvili, 2015). The temperature was determined by homogenization and decrepitation of gas-fluid inclusions (R. Akhvlediani). The nonsulfide gold mineralization spreads, also, in the ore wall altered rocks of quartz-chalcedony stockworks, consists of illite-hydrobiotite-siderite association. Here the propersulfide ores coincided with high temperature epidote-zoisite propylitization, whereas at neighbour of Madneuli deposit they are coincided by chlorite-sericite-carbonate association. The synore high temperature ptopylitization at the Sacdrisi deposit sometimes substituted the hydromica-siderite ore wall altered rocks of the quartz-chalcedony stockworks. The proper sulfide ores of Beqtakari cluster are characterized by high grade of gold (averagely 5ppm), whereas at the Madneuli deposit the average gold grade is not prevailed 0.8ppm. In the Sacrdisi deposit located at the border of regional fault gold grade of gold copper base metal ores is the 4-5ppm and sometimes increased till 20ppm. So, probable that at Sacdrisi deposits gold-copper base metal mineralization, as at Beqtakari deposit would be controlled by gabbroid intrusive stocks. The controlling propersulfide mineralization (with high grades of gold) gabbroid stocks are known at the neighboring of Sacdrisi, Darbazi deposits (Gugushvili et al., 2014). However, the further comprehensive studies are necessary for verify this. On the deposits of Beqtakari cluster the nonsulfide gold mineralization is stipulated by alkali-carbonate (CO2, CH3) fluids activity, whereas the formation of gold-copper base metal ores were related with low acid hydrosulfide fluids (Gugushvili, 2015). The gold transporting by alkali-carbonate and hydrosulfide fluids and physical-chemical conditions of the gold precipitation are based on the chemical modeling of interrelation of fluids and ore host rocks (Mernagh, Bierlein, 2008), which are confirmed at the various goldbearing deposits and among them in the Bolnisi ore district, as well.   Discussion and conclusions In the Bolnisi ore district distinctly revealed the pre-collision stage of development characterized for Eurasian active margin. The stages of stable subduction and steepening of 
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 subducting slab are controlled by different types of volcanic and hydrothermal activity and metallogeny. At the same time, the geology of the region is characterized by block-faulting 
tectonics. The two “giant” blocks here divided by regional strike-slip fault was resulted by post-volcanic detachment of subducted slab, whereas the minor block faulting in Cretaceous volcanic series is the synvolcanic process. The first stage blocking was related to invasions of granodioritic stocks, tumescence of shallow Cretaceous sea bottom and islands emerging (uplifted blocks). On the island, in subaerial conditions, intensive ignimbrite ejections occurred terminated by cauldron subsidence stipulating submerged blocking. Thus, synvolcanic block faulting is controlled spacially and temporally. The stocks invasions, tumescence and emergence of islands preceded ignimbrite explosions and cauldron subsidence. In the Bolnisi ore district the steady state (stable) subduction and related volcanic arc (VAG) magmatism, volcanism, hydrothermal activity and mineralization is the Cenomanian-Santonian, whereas steepening of subducting slab began in Campanian. At the stage of steepening volcanic, magmatic activity and hydrothermal alteration are controlled by the scale of mantle influence related to incipient stage of backarc setting and also characterized of tumescence, island elevation, ignimbrite volcanism and cauldron subsidence. As distinct from calc-alkaline volcanism of stable subduction, here occurred subalkaline volcanic activity with nonsulfide mineralization related to quartz-potassium feldspar metasomatites, substituted by gold-copper base metal ores related with gabbro-diabasic intrusive stocks. At the same time at the stage related to stable subduction proper sulfide and nonsulfide mineralization is revealed in synchronal zonality (Gugushvili, 2015, 2016, 2017). The Turonian-Santonian and Campanian deposits in the Bolnisi ore district are distributed within structures of cauldrons subsidence. They are characterized by postmineralization block faulting. In the some deposits related to stable subduction stage proper sulfide and nonsulfide mineralization are separated within bordered blocks. The uplifted and submerged block-faulting are distinctly seen in the Turonian-Santonian Tsiteli Sopeli and Kvemo Bolnisi deposits, in the David-Garedji, Catarkaya, Balichi and Tamarisi prospects (ore manifestations). There proper sulfide ores of uplifted blocks are bordering with nonsulfide mineralization of submerged ones. The latter at depth transferred again in proper sulfide mineralization. As well as in Campanian deposits, related to slab steepening, distribution of nonsulfide and proper sulfide mineralization occurred in the bordered blocks and their distribution is informative for determination of uplifting and submerged blocks exemplified in the Campanian Beqtakari, Darbazi and Imedi deposits. So, determination of the levels of mineralization in the bordering blocks would be significant for planning drilling and exploration in the Bolnisi ore district. Let us return to spatially and temporally developed processes and their relation to steepening of subducting slab and mantle influence. The steepening began in the Early Campanian and continuing at two stages. The first stage revealed in the subalkaline and alkaline volcanism, quartz-K-feldspar metasomatism and nonsulfide gold mineralization. The next, Late Campanian stage is distinguished by trachybasalt and alkali olivine basalt volcanic activity, gold-copper-base metal mineralization and high temperature epidote-zoisite 
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 propylitization, controlled by gabbro-diabase stocks invasion. The proper sulfide mineralization juxtaposed on the quartz-K-feldspath metasomatites. It is cemented as breccia-conglomerates in intraformation series, so explosive hydrothermal breccias path ways of orebearing fluids in the K-feldspath metasomatites (Beqtakari deposit). In contrast to latter, at Madneuli deposit, related to stable subducting, proper sulfide and nonsulfide mineralization, is the synchronal process revealed in zonation, whereas at Beqtakari deposit proper sulfide mineralization substituted nonsulfide quartz-K-feldspar metasomatite. The mineralization here revealed at two stages: the first related to alkali-carbonate fluids activity and formation of K-feldspar metasomatites, the second – low acid high temperature hydrosulfide fluids. The decay of goldbearing hydrosulfide complexes stipulated gold-copper-base metal mineralization, coincided with high temperature propylitization. The steepening of subducting slab continues till Late Campanian by formation of alkali olivine basalt volcanic series, however it was not revealed in intensive rifting and related VMS type mineralization. Presumably steepening here stopped at incipient stage of backarc setting. The detachment of subducting slab later revealed in regional fault and dividing Bolnisi ore 
district in two postvolcanic and postmineralization “giant” blocks. Along the fault occurred uplifting of SE block up to 1200m and denudation of Upper Santonian Tanzia and Campanian Gasandami and Shorsholeti suites. Their total thickness is more than 1200m. In this block was not eroded only Turonian-Santonian Mashavera suite. At the same time in the NW giant block the Upper Cretaceous cross section consists of Tanzia, Gasandami and Shorsholeti suites. Whereas in synvolcanic block faulting the altitudes of uplifting and submerging is not prevailed 200 m and area of these blocks spread only on hundredths m2 , whereas the giant blocks are spread on the thousand square km-s. Thus, magmatic and volcanic activity metallogeny and block faulting in the Bolnisi ore district was stipulated by subduction. At the stages of stable subduction and steepening of subducting slab in the island arc and backarc settings temporally and spatially took place blocking of the region. At the first stage of subduction invasion of intrusive stocks revealed in the tumescence of sea bottom and island elevation (uplifted blocking). On the island in subaerial condition ignimbrite explosions occurred, terminated by cauldron subsidence (submerged blocking). The mineralization was related to stock, which served as pathways of deep ore fluids. The ignimbrite explosions and cauldron subsidence are the postmineralization (postore) processes. However during cauldron subsidence minor orebearing blocking was continuing. At the late Cretaceous, coincides with terminating of volcanic activity the postvolcanic blocking occurs. It was related to detachment of subducting slab and revealed in the regional fault divided Bolnisi ore district into two "giant" blocks. The mineralization related to the first stage of synvolcanic blocking are distributed in "giant" blocks and presented of Madneuli and Beqtakari clusters. Madneuli cluster (88-90Ma) disposed in the Turonian-Santonian volcanic series of uplifted giant block, whereas Beqtakari cluster (79-81Ma) in the Campanian volcanic series of submerged block. Campanian volcanites and mineralization are eroded from giant block of Madneuli cluster. Analyses of postore synvolcanic and postvolcanic blocking and disposition of mineralization in the 
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  1. ʹʻʩʫʻʽ˂ʰʰʹ ʸʵʲʰ ʭʻʲʱʨʴʰʮʳʰʹʨ ʫʨ ʵʽʸʵ- ʹʶʰʲʬʴ˃-ʶʵʲʰʳʬʺʨʲʻʸʰ 
ʳʨʫʨʴ˄ʨʸʳʵˀʵʩʰʹ ʶʸʵ˂ʬʹˀʰ ʺʬʯʰʹ-ʬʭʸʨʮʰʻʲʰ ʳʬʺʨʲʵʪʬʴʻʸʰ ʹʨʸʺʿʲʰʹ 
ʼʵʸʳʰʸʬʩʰʹ ʳʨʪʨʲʰʯʮʬ  y

ʬʮʰʻʳʬ 
ʺʬʯʰʹ-ʬʭʸʨʮʰʻʲʰ ʹʨʸʺʿʲʰʹ ʼʵʸʳʰʸʬʩʨ ʻʱʨʭˀʰʸʫʬʩʨ ʬʭʸʨʮʰʰʹ ʨʽʺʰʻʸʰ 

ʱʰʫʰʹ ʽʭʬˀ ʺʬʯʰʹʰʹ ʵʱʬʨʴʰʹ ʼʰʲʰʹ ʹʻʩʫʻʽ˂ʰʨʹ. ʹʨʸʺʿʲʰʹ ʫʨʹʨʭʲʻʸʰ ʫʨ 
˂ʬʴʺʸʨʲʻʸʰ ʹʬʪʳʬʴʺʰʹ ʱʭʲʬʭʨʳ ʪʨʳʵʨʭʲʰʴʨ ʹʻʩʫʻʽ˂ʰʰʹ ʱʨʭˀʰʸʰ ʪʬʵʫʰʴʨʳʰʱʻʸ 
ʭʰʯʨʸʬʩʨʹʯʨʴ, ʭʻʲʱʨʴʰʮʳʯʨʴ, ˈʰʫʸʵʯʬʳʻʲ ʶʸʵ˂ʬʹʬʩʯʨʴ ʫʨ ʪʨʳʨʫʴʬʩʨʹʯʨʴ. 
ʹʻʩʫʻʽ˂ʰʰʹ ʹʺʨʩʰʲʻʸ ʬʺʨʶʮʬ, ʨʸ ˆʫʬʩʵʫʨ ʼʰʲʰʹ ʺʸʨʴʹʼʵʸʳʨ˂ʰʨ ʫʨ ʳʨʴʺʰʻʸʰ 
ʫʰʨʶʰʸʰʹ ˀʬʳʵ˅ʸʨ. ʰʪʰ ˆʨʹʰʨʯʫʬʩʨ ˀʬʳʫʬʪʰ ʰʴʫʰʱʨʺʵʸʬʩʰʯ: ʱʻʴ˃ʻʲʯʨ 
ʸʱʨʲʻʸʰ ʭʰʯʨʸʬʩʰʯ, ʱʰʸ-ʺʻʺʬ ʩʨʮʨʲʺ-ʨʴʫʬʮʰʺ-ʸʰʵʲʰʯʻʸʰ ʭʻʲʱʨʴʻʸʰ 
ʨʽʺʰʭʵʩʰʯ, ˂ʬʵʲʰʯʻʸʰ ʫʨ ʽʲʵʸʰʺ-ʨʲʩʰʺʻʸʰ ʼʵʴʻʸʰ ʶʸʵʶʰʲʰʺʰʮʨ˂ʰʰʯ, 
ʪʨʳʨʫʴʬʩʰʹ ˄ʰʴʨʳʵʸʩʬʫʰ ʳʬʵʸʨʫʰ ʱʭʨʸ˂ʰʺʬʩʰʹ ʼʵʸʳʰʸʬʩʰʯ ʫʨ ʵʽʸʵ- ʹʶʰʲʬʴ˃-
ʶʵʲʰʳʬʺʨʲʻʸʰ (Au, Pb, Zn, Cu) ʳʰʴʬʸʨʲʰʮʨ˂ʰʰʯʨ ʫʨ ʹʰʴʳʨʫʴʻʸʰ ʹʬʸʰ˂ʰʺ-
ʽʲʵʸʰʺ-ʱʨʸʩʵʴʨʺʻʲʰ ʳʬʺʨʹʵʳʨʺʵʮʰʯ. 

ˀʬʳʫʬʪʰ ʹʺʨʫʰʨ ʻʱʨʭˀʰʸʫʬʩʨ ʹʻʩʫʻ˂ʰʸʬʩʻʲʰ ʼʰʲʰʹ ʺʸʨʴʼʵʸʳʨ˂ʰʨʹʨ ʫʨ 
ʳʨʴʺʰʻʸʰ ʫʰʨʶʰʸʰʹ ˀʬʳʵ˅ʸʨʹ. ʰʪʰ ʵʸ ʬʺʨʶʨʫ ʳʰʳʫʰʴʨʸʬʵʩʹ. ʶʰʸʭʬʲʰ 
ˆʨʹʰʨʯʫʬʩʨ ʼʰʲʰʹ ʺʸʨʴʹʼʵʸʳʨ˂ʰʰʹ ʹʨ˄ʿʰʹʰ ʬʺʨʶʰʯ, ʳʨʴʺʰʻʸʰ ʫʰʨʶʰʸʰʹ 
ˀʬʳʵ˅ʸʰʯ, ʸʰʼʺʰʴʪʰʯ, ʺʻʺʬ ʫʨ ʹʻʩʺʻʺʬ ʺʸʨʽʰ-ʸʰʵʲʰʯʻʸʰ ʫʨ 
ʺʸʨʽʰʨʴʫʬʮʰʺʻʸʰ ʹʬʸʰʬʩʰʹ ʼʵʸʳʰʸʬʩʰʯ ʫʨ ʵʽʸʵʹ ˀʬʳ˂ʭʬʲʰ ʱʭʨʸ˂-
ʱʨʲʰˀʶʨʺʻʸʰ ʳʬʺʨʹʵʳʨʺʵʮʰʯ. ʳʬʵʸʬ ʬʺʨʶʰ ʪʨʳʵʰˆʨʺʨ ʺʻʺʬ-ʵʲʰʭʰʴʰʨʴʰ 
ʩʨʮʨʲʺʬʩʰʹ ʫʨ ʺʸʨʽʰʩʨʮʨʲʺʬʩʰʹ ʨʳʵʼʽʭʬʭʰʯ, ʵʽʸʵ- ʹʶʰʲʬʴ˃-ʶʵʲʰʳʬʺʨʲʻʸʰ 
ʪʨʳʨʫʴʬʩʰʯ, ʹʰʴʳʨʫʴʻʸʰ ʬʶʰʫʵʺ-˂ʵʰʮʰʺʻʸʰ ʶʸʵʶʰʲʰʺʰʮʨ˂ʰʰʯ. 
ʱʨʲʰˀʶʨʺʰʮʨ˂ʰʰʹ ʶʸʵ˂ʬʹʯʨʴ ʫʨʱʨʭˀʰʸʬʩʻʲʰʨ ʻʹʻʲʼʰʫʵ ʵʽʸʵʹ 
ʳʰʴʬʸʨʲʰʮʨ˂ʰʨ, ˆʵʲʵ ʵʽʸʵ-ʹʶʰʲʬʴ˃-ʶʵʲʰʳʬʺʨʲʻʸʰ ʳʰʴʬʸʨʲʰʮʨ˂ʰʨʹ ʬʶʰʫʵʺ-
˂ʵʰʮʰʺʻʸʰ ʶʸʵʶʰʲʰʺʰʮʨ˂ʰʨ ʨˆʲʨʭʹ. ʨʳ ʹʺʨʫʰʰʹ ʰʴʫʰʱʨʺʵʸʬʩʹ ˄ʨʸʳʵʨʫʪʬʴʬʴ 
ʹʨʱʻʯʸʰʭ ʹʻʲʼʰʫʻʸʰ ʪʨʳʨʫʴʬʩʨ, ʸʵʳʬʲʰ˂ ˆʨʹʰʨʯʫʬʩʨ ʵʽʸʵʹ ʳʨʾʨʲʰ 
ˀʬʳ˂ʭʬʲʵʩʰʯ. ʵʽʸʵʹ ʳʨʾʨʲʰ ˀʬʳ˂ʭʬʲʵʩʨ ʪʨʴʶʰʸʵʩʬʩʻʲʰʨ ʹʰʨʲʻʸʰ ʽʬʸʽʰʹ 
ʸʰʼʺʰʴʪʰʹ ʶʸʵ˂ʬʹˀʰ ʳʵʴʨ˄ʰʲʬʵʩʰʯ ʫʨ ʳʨʴʺʰʻʸʰ ʫʰʨʶʰʸʰʹ ˀʬʳʵ˅ʸʨʹʯʨʴ 
ʫʨʱʨʭˀʰʸʬʩʻʲʰ ʼʲʻʰʫʬʩʰʹ ʳʨʾʨʲʰ ʺʬʳʶʬʸʨʺʻʸʰʯ. 

ʸʰʼʺʰʴʪʰʹ ʪʨ˃ʲʰʬʸʬʩʨʳ ʫʨ ʳʨʴʺʰʻʸʰ ʫʰʨʶʰʸʰʹ ʻʼʸʵ ʳʨʾʨʲ ʫʵʴʬʮʬ 
ˀʬʳʵ˅ʸʨʳ ʪʨʴʨʶʰʸʵʩʨ ʹʰʨʲʻʸʰ ʽʬʸʽʰʹ ʹʸʻʲʰ ʹʶʸʬʫʰʴʪʰ ʭʻʲʱʨʴʰʮʳʰʹʨ ʫʨ 
ʳʨʫʨʴ˄ʨʸʳʵˀʵʩʰʹ ʮʵʴʰʫʨʴ ʫʨ ʸʰʼʺʰʴʪʰʹ ʹʨ˄ʿʰʹʰ ʹʺʨʫʰʰʹ ʺʸʨʴʹʼʵʸʳʨ˂ʰʨ 
ʩʬʱʨʸʱʻʲˀʰ. ʭʻʲʱʨʴʻʸʰ ʨʽʺʰʭʵʩʨ ʨʳ ʹʺʨʫʰʨʮʬ ʵʲʰʭʰʴʰʨʴʰ ʩʨʮʨʲʺʬʩʰʹʨ ʫʨ 
ʺʵʲʬʰʺʬʩʰʹ ʨʳʵʼʽʭʬʭʰʯ ˆʨʹʰʨʯʫʬʩʨ. ʹ˄ʵʸʬʫ ʺʵʲʬʰʺʬʩʰ ˄ʨʸʳʵʨʫʪʬʴʬʴ ʨʳ 
ʹʺʨʫʰʰʹ ʭʻʲʱʨʴʵʪʬʴʻʸ ʰʴʫʰʱʨʺʵʸʹ, ʼʵʴʻʸ ʬʶʰʫʵʺ-˂ʵʰʮʰʺʻʸ 
ʶʸʵʶʵʲʰʺʰʮʨ˂ʰʨʹʯʨʴ ʬʸʯʨʫ, ˆʵʲʵ ʹʶʰʲʬʴ˃-ʯʻʯʰʰʹ ʳʰʴʬʸʨʲʰʮʨ˂ʰʨ ʵʽʸʵʹʨ 
ʫʨ ʺʿʭʰʰʹ ʳʵʴʨ˄ʰʲʬʵʩʰʹ ʪʨʸʬˀʬ ʳʬʺʨʲʵʪʬʴʻʸ ʰʴʫʰʱʨʺʵʸʹ ˄ʨʸʳʵʨʫʪʬʴʹ. 
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ʹʶʸʬʫʰʴʪʰʹ ˀʬʳʫʪʵʳʳʨ ʪʨ˃ʲʰʬʸʬʩʨʳ, ʳʨʴʺʰʻʸʰ ʫʰʨʶʰʸʰʹ ʻʳʨʾʲʬʹ ʫʵʴʬʮʬ 
ˀʬʳʵ˅ʸʨʳ ʫʨ ʩʨʮʨʲʺʻʸʰ ʽʬʸʽʰʹ ʹʶʸʬʫʰʴʪʳʨ ʭʻʲʱʨʴʰʮʳʰʹʨ ʫʨ ʳʨʫʨʴ˄ʨʸʳʵˀʵʩʰʹ 
ʮʵʴʰʫʨʴ, ʩʬʱʨʸʱʻʲʰ ʸʰʼʺʰʴʪʰʹ ʳ˂ʰʸʬ ʵʱʬʨʴʻʸ ʭʰʯʨʸʬʩʨˀʰ ʪʨʫʨʹʭʲʨ, 
ʵʼʰʵʲʰʺʻʸʰ ʭʻʲʱʨʴʰʮʳʰ ʫʨ ʫʻʴʰʺ-ʶʬʸʰʫʵʺʰʺʻʲʰ ʳʨʪʳʨʺʰʮʳʰ ʪʨʴʨʶʰʸʵʩʨ. 
ʬʹ ʻʱʨʴʨʹʱʴʬʲʰ ʳ˂ʰʸʬ ʵʱʬʨʴʻʸʰ ʫʨ ʵʱʬʨʴʻʸʰ ʭʰʯʨʸʬʩʰʹ ʰʴʫʰʱʨʺʵʸʹ 
˄ʨʸʳʵʨʫʪʬʴʹ. ˈʰʫʸʵʯʬʸʳʻʲʰ ˀʬ˂ʭʲʰʹ ʶʸʵ˂ʬʹʰʹ ʰʴʫʰʱʨʺʵʸʰ ʱʰ ʨʽ ʫʻʴʰʺ-
ʶʬʸʰʫʵʺʰʺʬʩʮʬ ʮʬʫʫʨʫʬʩʻʲʰ ʹʬʸʶʬʴʺʰʴʰʮʨ˂ʰʨʨ. ʳʬʺʨʲʵʪʬʴʻʸʰ ʰʴʫʰʱʨʺʵʸʰ 
ʨʽ ʹʶʰʲʬʴ˃-ʱʵʲˁʬʫʨʴʻʸʰ ʪʨʳʨʫʴʬʩʰʹ ʹʶʰʲʬʴ˃ʰʨ. ʪʨʳʨʫʴʬʩʨˀʰ ʨʸ ʳʵʴʨ˄ʰʲʬʵʩʹ Au, Pb ʫʨ Zn, ʸʵʳʬʲʯʨ ˄ʿʨʸʵʹ ʹʰʨʲʻʸʰ ʫʨ ʩʨʮʨʲʺʻʸʰ ʽʬʸʽʰ ˄ʨʸʳʵʨʫʪʬʴʹ. ʵʸʰʭʬ 
ʳʯʲʰʨʴʨʫ ʪʨʺʨʴʰʲʰʨ ʹʶʸʬʫʰʴʪʰʯ ʳʨʫʨʴ˄ʨʸʳʵˀʵʩʰʹʨ ʫʨ ʭʻʲʱʨʴʰʮʳʰʹ ʮʵʴʰʫʨʴ. 
ʨʳʪʭʨʸʨʫ, ʹʶʰʲʬʴ˃ʰʹ ʬʸʯʨʫʬʸʯ ˄ʿʨʸʵʹ ʨʽ ʳʨʴʺʰʻʸʰ ʳʨʹʨʲʨ ˄ʨʸʳʵʨʫʪʬʴʹ.  ́

ʨʱʭʨʴ˃ʵ ʹʰʿʭʬʩʰ: ʱʻʴ˃ʻʲʯʨ ʸʱʨʲʰ, ʩʬʱʨʸʱʰ, ʳ˂ʰʸʬ ʵʱʬʨʴʻʸʰ ʭʰʯʨʸʬʩʨ, 
ʵʽʸʵ-ʹʶʰʲʬʴ˃-ʶʵʲʰʳʬʺʨʲʻʸʰ ʪʨʳʨʫʴʬʩʨ, ʭʻʲʱʨʴʵʪʬʴʻʸʰ ʫʨ ʶʬʺʸʵʲʵʪʰʻʸʰ 
ʰʴʫʰʱʨʺʵʸʬʩʰ, ʳʬʺʨʲʵʪʬʴʻʸʰ ʰʴʫʰʱʨʺʵʸʰ.  ̋

ʬʯʰʹ-ʬʭʸʨʮʰʻʲʰ ʳʬʺʨʲʵʪʬʴʻʸʰ ʹʨʸʺʿʲʰʹ ʼʵʸʳʰʸʬʩʨ ʬʭʸʨʮʰʰʹ 
ʱʵʴʺʰʴʬʴʺʻʸʰ ʨʽʺʰʻʸʰ ʱʰʫʰʹ ʽʭʬˀ ʺʬʯʰʹʰʹ ʵʱʬʨʴʰʹ ʼʰʲʰʹ ʹʻʩʫʻʽ˂ʰʨʹ 
ʻʱʨʭˀʰʸʫʬʩʨ ʬʭʸʨʮʰʰʹʨ ʫʨ ʪʵʴʫʭʨʴʰʹ ʱʵʴʺʰʴʬʴʺʬʩʰʹ ʼʨʴʬʸʵʮʵʻʲʰ 
ʱʵʴʭʬʸʪʬʴ˂ʰʰʹ ʶʸʵ˂ʬʹˀʰ. ʲʰʯʵʹʼʬʸʵʹ ʼʵʸʳʰʸʬʩʨ ʩʨʮʨʲʺʻʸʰ ʫʨ ʹʰʨʲʻʸʰ 
ʽʬʸʽʰʹ ʫʰʼʬʸʬʴ˂ʰʸʬʩʨ ʫʨ ʪʸʨʴʰʺʻʲʰ ʱʸʨʺʵʴʰʮʨ˂ʰʨ, ʶʸʬʱʨʳʩʸʰʻʲʰʯ 
ʯʨʸʰʾʫʬʩʨ ʫʨ ʶʲʻʳʻʸ ʺʬʽʺʵʴʰʱʨʹ ʻʱʨʭˀʰʸʫʬʩʨ (Goldfard et, al., 2000, 2001; Groves et al., 2005), ˆʵʲʵ ʼʨʴʬʸʵʮʵʻʲʰʫʨʴ ʰ˄ʿʬʩʨ ʯʨʴʨʳʬʫʸʵʭʬ ʶʲʬʰʺʬʽʺʵʴʰʱʻʸʰ 
ʪʨʴʭʰʯʨʸʬʩʨ. ʴʬʵʶʸʵʺʬʸʵʮʵʻʲˀʰ ʫʨʹʸʻʲʫʨ ʳʨʴʺʰʰʫʨʴ ʲʰʯʵʹʼʬʸʵˀʰ ʵʽʸʵʹʨ 
ʫʨ ʶʵʲʰʳʬʺʨʲʬʩʰʹ ʸʬʫʰʹʺʸʰʩʻ˂ʰʨ. ʵʽʸʵʹʨ ʫʨ ʺʿʭʰʰʹ ʱʵʴ˂ʬʴʺʸʨ˂ʰʨ ʹʰʨʲʻʸ 
ʽʬʸʽˀʰ ʪʨʴˆʵʸ˂ʰʬʲʫʨ, ʯʻʯʰʰʹʨ ʩʨʮʨʲʺʻʸˀʰ, ˆʵʲʵ ʹʶʰʲʬʴ˃ʰʹ, ˃ʰʸʰʯʨʫʨʫ 
ʮʬʫʨ ʳʨʴʺʰʨˀʰ (Gugushvili et al., 2010; Gugushvili, 2015, 2017). ʼʨʴʬʸʵʮʵʻʲʰ 
ʪʨʳʨʫʴʬʩʰʹ ˆʨʹʰʨʯʰ ʹ˄ʵʸʬʫ ʹʰʨʲʻʸʰ, ʩʨʮʨʲʺʻʸʰ ʽʬʸʽʰʹʨ ʫʨ ʳʨʴʺʰʰʹ 
ʳʵʴʨ˄ʰʲʬʵʩʰʯʨʨ ʪʨʴʶʰʸʵʩʬʩʻʲʰ. 

ʺʬʯʰʹʰʹ ʵʱʬʨʴʰʹ ʹʻʩʫʻʽ˂ʰʰʹ ʶʸʵ˂ʬʹʰ ʪʭʰʨʴ ʶʸʵʺʬʸʵʮʵʻʲˀʰ ʫʨʰ˄ʿʵ ʫʨ 
ʵʲʰʪʵ˂ʬʴ-ʳʰʵ˂ʬʴˀʰ ʵʱʬʨʴʰʹ ʱʵʲʰʮʰʰʯ ʫʨʹʸʻʲʫʨ. ʹʨʱʭʲʬʭ ʸʬʪʰʵʴˀʰ, ʸʵʳʬʲʰ˂ 
ʺʬʯʰʹ-ʬʭʸʨʮʰʻʲʰ ʹʨʸʺʿʲʰʹ ˂ʬʴʺʸʨʲʻʸ ʫʨ ʫʨʹʨʭʲʻʸ ʴʨ˄ʰʲʹ ʳʵʰ˂ʨʭʹ, 
ʹʻʩʫʻʽ˂ʰʰʹ ʸʨʳʫʬʴʰʳʬ ʬʺʨʶʰ ʰʹʨˆʬʩʨ (ʴʨˆ. 1). ʬʹ ʬʺʨʶʬʩʰ ʱʵʴʺʸʵʲʫʬʩʨ 
ʭʻʲʱʨʴʰʮʳʰʯ, ˈʰʫʸʵʯʬʸʳʻʲʰ ʶʸʵ˂ʬʹʰʯ ʫʨ ʳʰʴʬʸʨʲʰʮʨ˂ʰʰʯ ʫʨ ʫʨʹʺʻʸʫʬʩʨ 
ʶʬʺʸʵʲʵʪʰʻʸ-ʭʻʲʱʨʴʵʲʵʪʰʻʸʰ, ʳʬʺʨʲʵʪʬʴʰʻʸʰ ʰʴʫʰʱʨʺʵʸʬʩʰʯ, ʸʵʳʬʲʯʨ˂ 
˄ʨʸʳʵʫʪʬʴʰʲʰ ʴʨˀʸʵʳʰ ʬʼʻ˃ʴʬʩʨ. ʹʻʩʫʻʽ˂ʰʰʹ ʬʺʨʶʬʩʰ ʶʨʲʬʵʮʵʻʸʰʫʨʴ 
ʴʬʵʪʬʴʻʸʨʳʫʬ ʫʸʵʰʹ ʹˆʭʨʫʨʹˆʨ ʳʵʴʨʱʭʬʯʹ ʻʱʨʭˀʰʸʫʬʩʨ. ʨʳʨʭʬ ʫʸʵʹ, ʫʸʵʰʹ 
ʪʨʸʱʭʬʻʲ ʳʵʴʨʱʭʬʯˀʰ, ʹʻʩʫʻʽ˂ʰʻʸʰ ʬʺʨʶʬʩʰʹ ʯʨʴʳʰʳʫʬʭʸʻʲʰ ʳʵʴʨ˂ʭʲʬʵʩʨ˂ 
ʼʰʽʹʰʸʫʬʩʨ (Gugushvili et al., 2016). ʹʻʩʫʻʽ˂ʰʰʹ ʶʸʵ˂ʬʹʰ ˀʬʳʫʬʪ ˃ʰʸʰʯʨʫ 
ʬʺʨʶʬʩˀʰʨ ʪʨʳʵˆʨʺʻʲʰ, ʸʵʳʲʬʩʰ˂ ʭʻʲʱʨʴʰʮʳʰʹ, ˈʰʫʸʵʯʬʸʳʻʲʰ ʶʸʵ˂ʬʹʰʹ ʫʨ 
ʳʰʴʬʸʨʲʰʮʨ˂ʰʰʹ ʳʱʨʼʰʵʫ ʼʰʽʹʰʸʬʩʻʲ ˆʨʹʰʨʯˀʰ ʪʨʳʵʭʲʰʴʫʨ. ʱʬʸ˃ʵʫ, 
ʹʺʨʩʰʲʻʸʰ ʹʻʩʫʻʽ˂ʰʰʹ ʬʺʨʶʹ ʱʻʴ˃ʻʲʯʨ ʸʱʨʲʻʸʰ ʭʰʯʨʸʬʩʨ, ʱʰʸ-ʺʻʺʬ 
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ʭʻʲʱʨʴʻʸʰ ʨʽʺʰʭʵʩʨ, ʼʵʴʻʸʰ ˂ʬʵʲʰʯʻʸʰ ʫʨ ʽʲʵʸʰʺ-ʨʲʩʰʺʻʸʰ 
ʶʸʵʶʰʲʰʺʰʮʨ˂ʰʨ, ʵʽʸʵ-ʹʶʰʲʬʴ˃-ʶʵʲʰʳʬʺʨʲʻʸʰ ʪʨʳʨʫʴʬʩʨ (Au, Pb, Zn, Cu) 
ʻʱʨʭˀʰʸʫʬʩʨ, ʹʰʴʳʨʫʴʻʸʰ ʳʨʫʨʴʳʵʳʰˇʴʬ ʹʬʸʰ˂ʰʺ-ʽʲʵʸʰʺ-ʱʨʸʩʵʴʨʺʻʲʰ 
ʳʬʺʨʹʵʳʨʺʵʮʰʯ, ʸʵʳʬʲʹʨ˂ ˄ʰʴ ʻ˃ʾʵʫʨ ʳʷʨʭʬ ʪʨʳʵʺʻʺʭʰʹ ʶʸʵ˂ʬʹˀʰ ʳʬʵʸʨʫʰ 
ʱʭʨʸ˂ʰʺʬʩʰʹ ʼʵʸʳʰʸʬʩʨ (Gugushvili, 2015). 

ˀʬʳʫʪʵʳ ʬʺʨʶʮʬ ʰ˄ʿʬʩʨ ʹʻʩʫʻ˂ʰʸʬʩʻʲʰ ʼʰʲʰʹ ʺʸʨʴʹʼʵʸʳʨ˂ʰʨ (ʪʨʾʻʴʭʨ, 
ʪʨˆʲʬˁʭʨ, ʫʬʲʨʳʰʴʨ˂ʰʨ, ʫʬʺʨˁʳʬʴʺʰ), ʳʨʹ ʳʨʴʺʰʻʸʰ ʫʰʨʶʰʸʰʹ ˀʬʳʵ˅ʸʨ ʨˆʲʨʭʹ, 
ʸʵʳʬʲʰ˂ ʸʰʼʺʰʴʪʰʹ ʹʨ˄ʿʰʹ ʹʺʨʫʰʨʹ ʨʱʵʴʺʸʵʲʬʩʹ. ʸʰʼʺʰʴʪʰʹ ʨʳ ʬʺʨʶʮʬ 
ʭʻʲʱʨʴʻʸʰ ʨʽʺʰʭʵʩʨ ʺʻʺʬ ʫʨ ʹʻʩʺʻʺʬ ʺʸʨʽʰ-ʸʰʵʫʨ˂ʰʺʻʸ-ˀʵˀʵʴʰʺʻʸʰ 
ʭʻʲʱʨʴʰʮʳʰʯ ʰ˄ʿʬʩʨ ʫʨ ʺʻʺʬʩʨʮʨʲʺʻʸ-ʺʸʨʽʰʩʨʮʨʲʺʻʸ ʨʳʵʼʽʭʬʭʰʯ 
ʹʸʻʲʫʬʩʨ. ʪʨʳʨʫʴʬʩʨ ʨʳ ʬʺʨʶʮʬ ʻʹʻʲʼʰʫʵ ʬʶʰʪʬʴʬʺʻʸʰ ʵʽʸʵʹ 
ʳʰʴʬʸʨʲʰʮʨ˂ʰʰʯʨ ʫʨ ʵʽʸʵ-ʹʶʰʲʬʴ˃ʶʰʸʼʰʸʻʲʰ ʳʨʫʴʰʯ ʨʸʰʹ ˄ʨʸʳʵʫʪʬʴʰʲʰ. 
ʻʹʻʲʼʰʫʵ ʪʨʳʨʫʴʬʩʨ ʱʨʲʰˀʶʨʺʰʮʨ˂ʰʨʹ ʻʱʨʭˀʰʸʫʬʩʨ, ˆʵʲʵ ʹʨʱʻʯʸʰʭ 
ʹʻʲʼʰʫʻʸ ʪʨʳʨʫʴʬʩʨʹ, ʸʵʳʬʲʰ˂ Au, Pb, Zn, Cu ʳʰʴʬʸʨʲʰʮʨ˂ʰʰʯʨʨ 
˄ʨʸʳʵʫʪʬʴʰʲʰ, ʬʶʰʫʵʺ-˂ʵʰʮʰʺʻʸʰ ʹʰʴʳʨʫʴʻʸʰ ʶʸʵʶʰʲʰʺʰʮʨ˂ʰʨ ʨˆʲʨʭʹ. 
ʨʾʹʨʴʰˀʴʨʭʰʨ, ʸʵʳ ʼʰʲʰʹ ʺʸʨʴʹʼʵʸʳʨ˂ʰʰʹ ʹʨ˄ʿʰʹ ʹʺʨʫʰʨʮʬ ʵʽʸʵ-ʹʶʰʲʬʴ˃-
ʶʵʲʰʳʬʺʨʲʻʸʰ ʪʨʳʨʫʴʬʩʨ ʵʽʸʵʹ ʻʼʸʵ ʳʨʾʨʲʰ ˀʬʳ˂ʭʬʲʵʩʰʯ ˆʨʹʰʨʯʫʬʩʨ 
ˀʬʫʨʸʬʩʰʯ ʹʺʨʩʰʲʻʸʰ ʹʻʩʫʻʽ˂ʰʰʹ ʬʺʨʶʯʨʴ ʫʨʱʨʭˀʰʸʬʩʻʲ ʹʨʱʻʯʸʰʭ 
ʹʻʲʼʰʫʻʸ ʪʨʳʨʫʴʬʩʨʹʯʨʴ. ʹʻʩʫʻ˂ʰʸʬʩʻʲʰ ʼʰʲʰʹ ʺʸʨʴʹʼʵʸʳʨ˂ʰʰʹ 
ʪʨ˃ʲʰʬʸʬʩʨʹʯʨʴ ʬʸʯʨʫ ʳʨʴʺʰʻʸʰ ʫʰʨʶʰʸʰʹ ʻʼʸʵ ʳʨʾʨʲ ʫʵʴʬʮʬ ʫʨ ʻʼʸʵ 
ʰʴʺʬʴʹʰʻʸʰ ˀʬʳʵ˅ʸʨʨ ʫʨʱʨʭˀʰʸʬʩʻʲʰ, ʸʵʳʬʲʳʨ˂ ʰʴʺʬʴʹʰʻʸʰ ʩʬʱʨʸʱ-
ʰʴʺʬʸʨʸʱʻʲʰ ʸʰʼʺʰʴʪʰ ʫʨ ʹʰʨʲʻʸʰ ʽʬʸʽʰʹ ʪʨʳʨʫʴʬʩʰʹ ʮʵʴʰʫʨʴ ʹʸʻʲʰ ʪʨʺʨʴʨ (ʹʶʸʬʫʰʴʪʰ) ʪʨʴʨʶʰʸʵʩʨ. ʭʻʲʱʨʴʻʸʰ ʨʽʺʰʭʵʩʨ ʨʳ ʬʺʨʶʮʬ ʺʻʺʬʵʲʰʭʰʴʰʨʴʰ 
ʩʨʮʨʲʺʬʩʰʯʨ ʫʨ ʺʵʲʬʰʺʬʩʰʯ ʨʸʰʹ ˄ʨʸʳʵʫʪʬʴʰʲʰ, ʹ˄ʵʸʬʫ ʺʵʲʬʰʺʬʩʰ 
˄ʨʸʳʵʨʫʪʬʴʬʴ ʨʳ ʬʺʨʶʰʹ ʩʬʱʨʸʱʻʲ-ʰʴʺʬʸʨʸʱʻʲ ʸʰʼʺʰʴʪʰʹ ʭʻʲʱʨʴʵʲʵʪʰʻʸ 
ʰʴʫʰʱʨʺʵʸʹ. ʸʰʼʺʰʴʪʰʹ ʨʳ ʬʺʨʶʮʬ ʪʨʳʨʫʴʬʩʨ ʹʶʰʲʬʴ˃-ʯʻʯʰʰʹ ʱʵʲˁʬʫʨʴʻʸʰ 
ʳʰʴʬʸʨʲʰʮʨ˂ʰʰʯʨʨ ˄ʨʸʳʵʫʪʬʴʰʲʰ, ʸʵʳʬʲʹʨ˂ ʨˆʲʨʭʹ ʳʨʾʨʲʺʬʳʶʬʸʨʺʻʸʻʲʰ 
ʬʶʰʫʵʺ-˂ʵʰʮʰʺʻʸʰ ʫʨ ʮʵʪˇʬʸ ʨʽʺʰʴʵʲʰʯʻʸʰ ʶʸʵʶʵʲʰʺʰʮʨ˂ʰʨ. 
ʨʾʹʨʴʰˀʴʨʭʰʨ, ʸʵʳ ʸʰʼʺʰʴʪʰʹ ʹʨ˄ʿʰʹ ʹʺʨʫʰʰʹʨ ʫʨ ʹʸʻʲʿʵʼʰʲ ʸʰʼʺʰʴʪʹ ˀʵʸʰʹ, 
ʪʨʸʫʨʳʨʭʨʲʰ ʬʺʨʶʰʹ ʸʰʼʺʰʴʪʰ˂ ʼʰʽʹʰʸʫʬʩʨ, ʹʨʫʨ˂ ʹʰʨʲʻʸʰ ʽʬʸʽʰ ʹʸʻʲʨʫ ˇʬʸ 
ʱʰʫʬʭ ʨʸ ʨʸʰʹ ʪʨʺʨʴʰʲʰ ʳʨʫʨʴ˄ʨʸʳʵˀʵʩʰʹ ʮʵʴʰʫʨʴ ʫʨ ʩʨʮʨʲʺʻʸ ʽʬʸʽʮʬ ʳʰʹʰ 
ʸʬʲʰʽʺʬʩʰʨ ˀʬʳʵʸˁʬʴʰʲʰ, ʸʨ˂ ʳʨʫʨʴˀʰ Au ʫʨ Pb ʫʨʳʵʸˁʰʲʬʩʻʲʰ ʸʨʵʫʬʴʵʩʰʯ 
ʳʵʴʨ˄ʰʲʬʵʩʨˀʰ ʨʰʹʨˆʨ (Gugushvili, 2015). 

ʹʶʸʬʫʰʴʪʰʹ ˀʬʳʫʪʵʳʳʨ ʪʨ˃ʲʰʬʸʬʩʨʳ ʫʨ ʳʨʴʺʰʻʸʰ ʳʨʹʨʲʰʹ ʻʳʨʾʲʬʹ ʫʵʴʬʮʬ 
ˀʬʳʵ˅ʸʨʳ ʳʨʫʨʴ˄ʨʸʳʵˀʵʩʰʹ ʮʵʴʰʫʨʴ ʩʨʮʨʲʺʻʸʰ ʽʬʸʽʰʹ ʹʶʸʬʫʰʴʪʰ˂ (ʪʨʺʨʴʨ) 
ʪʨʴʨʶʰʸʵʩʨ, ʸʨʳʨ˂ ʪʨʳʵʰ˄ʭʰʨ ʩʬʱʨʸʱʻʲʰʹ ʳ˂ʰʸʬ ʵʱʬʨʴʻʸ ʭʰʯʨʸʬʩʨˀʰ ʪʨʫʨʹʭʲʨ. 
ʭʻʲʱʨʴʰʮʳʰ ʨʽ ʳʨʴʺʰʻʸʰ ʵʼʰʵʲʰʺʬʩʰʯ, ʺʵʲʬʰʺ-ʩʨʮʨʲʺʻʸʰ ʲʨʭʬʩʰʯ ʫʨ 
ʪʨʩʸʵ-ʫʰʨʩʨʮʻʸʰ ˀʺʵʱʭʬʸʱʬʩʰʯʨʨ ˄ʨʸʳʵʫʪʬʴʰʲʰ. ʨʽ ʳʵʴʨ˄ʰʲʬʵʩʹ ʻʲʺʨʼʻ˃ʬ 
ʫʻʴʰʺ-ʶʬʸʰʫʵʺʰʺʻʲʰ ˀʺʵʱʬʩʰ˂, ˆʵʲʵ ˈʰʫʸʵʯʬʳʻʲʰ ʨʽʺʰʭʵʩʨ 
ʳʨʾʨʲʺʬʳʶʬʸʨʺʻʸʻʲʰ ʶʸʵʶʰʲʰʺʰʮʨ˂ʰʰʯʨ ʫʨ ʹʬʸʶʬʴʺʰʴʰʮʨ˂ʰʰʯʨʨ 
˄ʨʸʳʵʫʪʬʴʰʲʰ. ʳ˂ʰʸʬ ʵʱʬʨʴʻʸʰ ʭʻʲʱʨʴʰʮʳʰʹʨ ʫʨ ʳʨʪʳʨʺʰʮʳʰʹ ʶʬʺʸʵʲʵʪʰʻʸʰ 
ʰʴʫʰʱʨʺʵʸʹ ʵʼʰʵʲʰʺʻʸʰ ʫʨ ʫʻʴʰʺ-ʶʬʸʰʫʵʺʰʺʻʲʰ ʳʨʪʳʨʺʰʺʬʩʰ 
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˄ʨʸʳʵʨʫʪʬʴʬʴ, ˆʵʲʵ ʪʨʳʨʫʴʬʩʨ ˄ʨʸʳʵʫʪʬʴʰʲʰʨ ʹʶʰʲʬʴ˃-ʱʵʲˁʬʫʨʴʻʸʰ, 
ʱʭʰʶʸʵʹʰʹ ʺʰʶʰʹ ʳʰʴʬʸʨʲʰʮʨ˂ʰʰʯ. Cu-ʰʹ ˄ʿʨʸʵʹ ʨʽ ʳʨʴʺʰʨ ˄ʨʸʳʵʨʫʪʬʴʹ, ˆʵʲʵ Au, Pb ʫʨ Zn ʨʴ ʹʨʬʸʯʵʫ ʨʸ ʳʵʴʨ˄ʰʲʬʵʩʹ, ʨʴ ʳˆʵʲʵʫ ʱʭʨʲʰʹ ʫʵʴʬʮʬ 
ʼʰʽʹʰʸʫʬʩʨ. ʨʳʨʭʬ ʫʸʵʹ, ʨʾʹʨʴʰˀʴʨʭʰʨ, ʸʵʳ ʩʬʱʨʸʱʻʲʰʫʨʴ ʵʱʬʨʴʻʸ ʭʰʯʨʸʬʩʨˀʰ 
ʪʨʸʫʨʳʨʭʨʲʰ ʬʺʨʶʰ˂ ʼʰʽʹʰʸʫʬʩʨ, ʹʨʫʨ˂ ʪʨʳʨʫʴʬʩʰʹ ʮʵʴʨˀʰ ʳʵʴʨ˄ʰʲʬʵʩʹ 
ʩʨʮʨʲʻʸʰ ʽʬʸʽʰʹ ʸʬʲʰʽʺʬʩʰ (Hutchinson, 1973), ʸʵʳʬʲʳʨ˂ ʹʶʰʲʬʴ˃-ʱʵʲˁʬʫʨʴʻʸ 
ʪʨʳʨʫʴʬʩʨˀʰ ʯʻʯʰʰʹ ʳʵʴʨ˄ʰʲʬʵʩʨ ʪʨʴʨʶʰʸʵʩʨ. 

ʿʵʭʬʲʰʭʬ ʮʬʳʵʯʽʳʻʲʰ ʨʹʨˆʻʲʰʨ ʺʬʯʰʹʰʹ ʵʱʬʨʴʰʹ ˁʸʫʰʲʵʭʬʸʪʬʴʺʻʲʰ 
ʹʻʩʫʻʽ˂ʰʰʹ ʰʫʬʨʲʰʮʰʸʬʩʻʲ ʹʽʬʳʨˀʰ (ʴʨˆ. 1), ʸʵʳʬʲʮʬʫʨ˂ ʭ˂ʨʫʬʯ ʪʭʬˁʭʬʴʬʩʰʴʨ 
ʪʬʵʫʰʴʨʳʰʻʸʰ ʪʨʴʭʰʯʨʸʬʩʰʹ ʶʸʵ˂ʬʹˀʰ ʭʻʲʱʨʴʰʮʳʰʹ ʫʨ ʳʰʴʬʸʨʲʰʮʨ˂ʰʰʹ ʱʨʭˀʰʸʰ 
ʹʻʩʫʻʽ˂ʰʰʹ ʫʨ ʹʻʩʫʻ˂ʰʸʬʩʻʲʰ ʼʰʲʰʹ ʺʸʨʴʹʼʸʵʳʨ˂ʰʨʹʯʨʴ ʫʨʱʨʭˀʰʸʬʩʻʲʰ 
ʸʰʼʺʰʴʪʰʹ ʫʨ ʹʶʸʬʫʰʴʪʰʹ ʹˆʭʨʫʨʹˆʭʨ ʬʺʨʶʮʬ. 

ʽʭʬʳʵʯ ʪʨʴʭʰˆʰʲʨʭʯ ʹʻʩʫʻʽ˂ʰʰʹ ʻʸʯʰʬʸʯʵʩʨʹ ʭʻʲʱʨʴʰʮʳʯʨʴ ʫʨ 
ʳʨʫʨʴ˄ʨʸʳʵˀʵʩʨʹʯʨʴ ʺʬʯʰʹ-ʬʭʸʨʮʰʻʲʰ ʳʬʺʨʲʵʪʬʴʻʸʰ ʹʨʸʺʿʲʰʹ ʼʵʸʳʰʸʬʩʰʹ 
ʱʵʴʱʸʬʺʻʲ ʳʨʪʨʲʰʯʬʩʮʬ. 

ʱʻʴ˃ʻʲʯʨ ʸʱʨʲʬʩʰʹ ʭʻʲʱʨʴʰʮʳʹʨ ʫʨ ʳʨʫʨʴ˄ʨʸʳʵˀʵʩʨʹ ʪʨʴʭʰˆʰʲʨʭʯ 
ʩʵʲʴʰʹʰʹ ʳʨʫʴʰʨʴʰ ʸʨʰʵʴʰʹ ʳʨʫʴʬʻʲʰʹ ʹʨʩʨʫʵʹ ʳʨʪʨʲʰʯʮʬ. ʳʨʫʴʬʻʲʰʹ ʹʨʩʨʫʵ 
˄ʨʸʳʵʫʪʬʴʰʲʰʨ ʵʽʸʵ-ʹʶʰʲʬʴ˃-ʶʵʲʰʳʬʺʨʲʻʸʰ ʶʵʸʼʰʸʻʲʰ ʫʨ ʱʻʸʵʱʵʹ ʺʰʶʰʹ 
ʪʨʳʨʫʴʬʩʰʯ, ʸʵʳʬʲʰ˂ ʲʵʱʨʲʰʮʬʩʻʲʰʨ ʺʻʸʵʴ-ʹʨʴʺʵʴʻʸʰ ʨʹʨʱʰʹ ʱʰʸ-ʺʻʺʬ 
ʸʰʵʫʨ˂ʰʺʻʸ ʭʻʲʱʨʴʻʸ ʹʬʸʰʨˀʰ (ʳʨˀʨʭʬʸʨʹ ˄ʿʬʩʨ). ʪʨʳʨʫʴʬʩʨʹ ʹʨʩʨʫʵʹ 
ʺʬʸʰʺʵʸʰʨʮʬ ˄ʰʴ ʻ˃ʾʵʫʨ ʳʷʨʭʬ ʪʨʳʵʺʻʺʭʰʹ ʶʸʵ˂ʬʹʰ ʳʬʵʸʨʫʰ ʱʭʨʸ˂ʰʺʬʩʰʹ 
ʼʵʸʳʰʸʬʩʰʯ, ʪʨʳʨʫʴʬʩʨ ʮʬʫʫʨʫʬʩʻʲʰʨ ʳʬʵʸʨʫ ʱʭʨʸ˂ʰʺʬʩʮʬ. ʳʨʫʨʴʳʵʳʰˇʴʬ 
ʹʰʴʳʨʫʴʻʸʰ ʶʸʵ˂ʬʹʰ ˄ʨʸʳʵʫʪʬʴʰʲʰʨ ʹʬʸʰ˂ʰʺ-ʽʲʵʸʰʺ-ʱʨʸʩʵʴʨʺʻʲʰ 
ʨʹʵ˂ʰʨ˂ʰʰʯ. ʶʵʸʼʰʸʻʲʰ ʫʨ ʬʶʰʪʬʴʬʺʻʸʰ ʪʨʳʨʫʴʬʩʨ ʮʵʴʨʲʵʩʰʯ ˆʨʹʰʨʯʫʬʩʨ. 
ʽʭʬʫʨ ʵʽʸʵ-ʹʶʰʲʬʴ˃-ʶʵʲʰʳʬʺʨʲʻʸʰ ʶʵʸʼʰʸʻʲʰ ʮʵʴʨ ʨʾʳʨʭʨʲ ˅ʸʰʲˀʰ 
ʪʨʫʨʫʰʹ ʵʽʸʵʹ ʻʹʻʲʼʰʫʵ ʪʨʳʨʫʴʬʩʨˀʰ, ʸʵʳʬʲʰ˂ ʱʭʨʸ˂-ʽʨʲ˂ʬʫʵʴʻʸ ʫʨ ʱʭʨʸ˂-
ʩʨʸʰʺʻʲ ˃ʨʸʾʭʬʩʹʨ ʫʨ ˀʺʵʱʭʬʸʱʬʩʹ ʻʱʨʭˀʰʸʫʬʩʨ, ʸʵʪʵʸ˂ ʹʨʱʻʯʸʰʭ 
ʹʻʲʼʰʫʻʸʰ ʶʵʸʼʰʸʻʲʰ, ʰʹʬ ʬʶʰʯʬʸʳʻʲʰ ʻʹʻʲʼʰʫʵ ʪʨʳʨʫʴʬʩʰʹ ʼʵʸʳʰʸʬʩʨ 
ʨʽ ʹʰʴʽʸʵʴʻʲ ʮʵʴʨʲʵʩʨˀʰ ʪʨʳʵˆʨʺʻʲʰ ʶʸʵ˂ʬʹʰʨ. ʱʻʴ˃ʻʲʯʨ ʸʱʨʲʻʸʰ ʱʰʸ-
ʺʻʺʬ ʭʻʲʱʨʴʻʸʰ ʨʽʺʰʭʵʩʨ ʹʺʨʩʰʲʻʸ ʹʻʩʫʻʽ˂ʰʨʹ ʻʱʨʭˀʰʸʫʬʩʨ, ʸʨ˂ 
ʫʨʹʺʻʸʫʬʩʨ ʸʰʵʫʨ˂ʰʺʻʸʰ ʱʰʸ-ʺʻʺʬ ʭʻʲʱʨʴʰʺʬʩʰʹ ʪʬʵʽʰʳʰʻʸʰ 
ʱʸʰʺʬʸʰʻʳʬʩʰʯ (87Sr/86Sr=0.705-0.710, 208Pb/204Pb=38, Cs, Ba, Th, U, Pb ʳʨʾʨʲʰ 
ˀʬʳ˂ʭʬʲʵʩʰʯ, Nb ʫʨ Ta ʫʨʩʨʲʰ ˀʬʳ˂ʭʬʲʵʩʰʯ). ʳʬʺʨʲʵʪʬʴʻʸʰ ʰʴʫʰʱʨʺʵʸʬʩʰ 
˄ʨʸʳʵʫʪʬʴʰʲʰʨ Au, Pb, Zn ʫʨ Pb ʨʹʵ˂ʰʨ˂ʰʰʯ  (Gugushvili, 2015, 2017). ʬʹ 
ʰʴʫʰʱʨʺʵʸʬʩʰ ʭʻʲʱʨʴʰʮʳʰʹʨ ʫʨ ʪʨʳʨʫʴʬʩʰʹ ʶʸʵ˂ʬʹˀʰ ʹʰʨʲʻʸʰ, ʩʨʮʨʲʺʻʸʰ 
ʽʬʸʽʰʹʨ ʫʨ ʳʨʴʺʰʰʹ ʳʵʴʨ˄ʰʲʬʵʩʰʹ ʳʨʹˀʺʨʩʹʨ ʫʨ ʫʵʴʬʮʬ ʳʰʪʭʨʴʰˀʴʬʩʹ. 
ʭʻʲʱʨʴʰʮʳʰ ʫʨ ʳʨʫʴʨ˄ʨʸʳʵˀʵʩʨ ʨʽ ʹʺʨʩʰʲʻʸʰ ʹʻʩʫʻʽ˂ʰʰʹ ʶʸʵ˂ʬʹʹ 
ʻʱʨʭˀʰʸʫʬʩʨ ʫʨ ʳʰʳʫʰʴʨʸʬʵʩʫʨ ʹʻʩʫʻ˂ʰʸʬʩʻʲʰ ʼʰʲʰʹ ʺʸʨʴʹʼʵʸʳʨ˂ʰʰʹ 
ʪʨʸʬˀʬ, ʸʵʳʲʰʹ ʫʸʵʹʨ˂ ʳʨʴʺʰʻʸʰ ʫʰʨʶʰʸʰʹ ˀʬʳʵ˅ʸʨ ʨʸ ˆʫʬʩʵʫʨ. ʨʳ ʭʰʯʨʸʬʩʰʹ 
ʰʫʰʨʲʰʮʰʸʬʩʻʲʰ (ʹʽʬʳʨʺʻʸʰ) ʰʲʻʹʺʸʨ˂ʰʨ ʴʨˆ. 1 (I)-ʮʬʨ ˄ʨʸʳʵʫʪʬʴʰʲʰ. 

ʹʻʩʫʻ˂ʰʸʬʩʻʲʰ ʼʰʲʰʹ ʺʸʨʴʹʼʵʸʳʨ˂ʰʰʹ ʹʨ˄ʿʰʹʰ ʬʺʨʶʰʹ ʳʨʪʨʲʰʯʹ 
ʩʵʲʴʰʹʰʹ ʳʨʫʴʰʨʴ ʸʨʰʵʴˀʰ, ˄ʨʸʳʵʨʫʪʬʴʹ ʩʬʽʯʨʱʨʸʰʹ ʹʨʩʨʫʵʮʬ ʨʸʹʬʩʻʲʰ 
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ʭʰʯʨʸʬʩʨ. ʰʪʰ ʳʨʴʺʰʻʸʰ ʫʰʨʶʰʸʰʹ ˀʬʳʵ˅ʸʰʹ ʹʨ˄ʿʰʹ ʬʺʨʶʹ ˀʬʬʹʨʩʨʳʬʩʨ. ʨʽ 
ʱʨʳʶʨʴʻʸʰ ʨʹʨʱʰʹ ʭʻʲʱʨʴʻʸʰ ʹʬʸʰʨ ʺʸʨʽʰʸʰʵʫʨ˂ʰʺʻʸʰ ʪʨʹʨʴʫʨʳʰʹ ˄ʿʬʩʰʯʨʨ 
˄ʨʸʳʵʫʪʬʴʰʲʰ, ʸʵʳʬʲʹʨ˂ ʯʨʭʮʬ ʨʫʬʭʹ ʺʻʺʬʵʲʰʭʰʴʰʨʴʰ ʩʨʮʨʲʺʰʯ ʫʨ 
ʺʸʨʽʰʩʨʮʨʲʺʬʩʰʯ ʨʪʬʩʻʲʰ ˀʵʸˀʵʲʬʯʰʹ ˄ʿʬʩʨ. ʺʸʨʽʰʸʰʵʫʨ˂ʰʺʻʸʰ 
ʭʻʲʱʨʴʰʺʬʩʰ ʱʨʲʰˀʶʨʺʰʮʰʸʬʩʻʲʰʨ ʫʨ ʱʭʨʸ˂-ʱʨʲʰˀʶʨʺʻʸʰ ʳʬʺʨʹʵʳʨʺʰʺʬʩʰʯʨʨ 
ˁʨʴʨ˂ʭʲʬʩʻʲʰ, ʸʵʳʬʲʹʨ˂ ʻʹʻʲʼʰʫʵ ʬʶʰʪʬʴʬʺʻʸʰ ʵʽʸʵʹ ʳʰʴʬʸʨʲʰʮʨ˂ʰʨ 
ʨˆʲʨʭʹ. ʱʨʲʰˀʶʨʺʰʮʰʸʬʩʻʲ ʺʸʨʽʰ-ʫʨ˂ʰʺʻʸ ʺʻʼʬʩʹ ˈʱʭʬʯʬʴ ʪʨʩʸʵ-ʫʰʨʩʨʮʻʸʰ 
ʰʴʺʸʻʮʻʲʰ ˀʺʵʱʬʩʰ, ʳʨʯ ʻʱʨʭˀʰʸʫʬʩʨ ʵʽʸʵ-ʹʶʰʲʬʴ˃-ʶʵʲʰʳʬʺʨʲʻʸʰ 
ʪʨʳʨʫʴʬʩʨ, ʸʵʳʬʲʰ˂ ʳʨʫʴʬʻʲʰʹ ʨʳ ʺʰʶʰʹ ʪʨʳʨʫʴʬʩʰʹʪʨʴ ʪʨʴʹˆʭʨʭʬʩʰʯ 
ʳʴʰˀʭʴʬʲʵʭʴʨʫ ʪʨʳʫʰʫʸʬʩʻʲʰʨ ʵʽʸʵʯʰ. ʹʺʨʩʰʲʻʸ ʹʻʩʫʻʽ˂ʰʨʹʯʨʴ 
ʫʨʱʨʭˀʰʸʬʩʻʲ ʳʨʫʴʬʻʲʰʹ ʵʽʸʵ-ʹʶʰʲʬʴ˃-ʶʵʲʰʳʬʺʨʲʻʸ ʪʨʳʨʫʴʬʩʨˀʰ ʵʽʸʵʹ 
ˀʬʳ˂ʭʬʲʵʩʨ ʹʨˀʻʨʲʵʫ 0.8 ʪ/ʺʵʴʨʹ ʻʫʸʰʹ, ˆʵʲʵ ʩʬʽʯʨʱʨʸʰʹ ʳʨʫʨʴˀʰ ʰʪʰ 5 
ʪ/ʺʵʴʨʹ ˀʬʨʫʪʬʴʹ, ʮʵʪˇʬʸ ʱʰ 20 ʪ/ʺʵʴʨʹ ʨʾʬʳʨʺʬʩʨ ʫʨ 189 ʪ/ʺʵʴʨʹʨ˂ ʨʾ˄ʬʭʹ. ʨʽ 
ʺʸʨʽʰʸʰʵʫʨ˂ʰʺʬʩʰʹ ʹʻʩʺʻʺʬ ʩʻʴʬʩʨ ʫʨ ʺʻʺʬ ʱʨʲʰˀʶʨʺʻʸʰ ʳʬʺʨʹʵʳʨʺʵʮʰ 
ʳʨʴʺʰʻʸʰ ʫʰʨʶʰʸʰʹ ˀʬʳʵ˅ʸʨʹʯʨʴ ʫʨʱʨʭˀʰʸʬʩʻʲʰ ʺʻʺʬ ʼʲʻʰʫʬʩʰʹ ʨʽʺʰʭʵʩʰʹ 
ˀʬʫʬʪʰ ʻʴʫʨ ʰʿʵʹ. ʳʨʴʺʰʻʸʰ ʪʨʭʲʬʴʰʹ ʰʴʺʬʴʹʰʼʰʱʨ˂ʰʨ ʺʻʺʬ-ʵʲʰʭʰʴʰʨʴʰ 
ʩʨʮʨʲʺʬʩʰʹʨ ʫʨ ʺʸʨʽʰʩʨʮʨʲʺʬʩʰʹ ʨʳʵʼʸʽʭʬʭʨʹʨ ʫʨ ʪʨʩʸʵ-ʫʰʨʩʨʮʻʸʰ 
˃ʨʸʾʭʬʩʰʹʨ ʫʨ ˀʺʵʱʬʩʰʹ ˀʬʳʵ˅ʸʨˀʰ ʪʨʳʵʰˆʨʺʨ  
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ʴʨˆ.1. ʭʻʲʱʨʴʰʮʳʰʹʨ ʫʨ ʪʨʳʨʫʴʬʩʰʹ ʻʸʯʰʬʸʯʵʩʰʹ ʰʫʬʨʲʰʮʰʸʬʩʻʲʰ ʹʽʬʳʨ ʺʬʯʰʹʰʹ 
ʵʱʬʨʴʻʸʰ ʼʰʲʰʹ ʹʻʩʫʻʽ˂ʰʰʹ ʹˆʭʨʫʨʹˆʭʨ ʬʺʨʶʮʬ. I ʹʺʨʩʰʲʻʸʰ ʹʻʩʫʻʽ˂ʰʨ ʫʨ ʱʻʴ˃ʻʲʯʨ ʸʱʨʲʻʸʰ ʭʰʯʨʸʬʩʨ; II ʹʻʩʫʻ˂ʰʸʬʩʻʲʰ ʼʰʲʰʹ 
ʺʸʨʴʹʼʵʸʳʨ˂ʰʰʹ ʹʨ˄ʿʰʹʰ ʬʺʨʶʰ; III ʺʸʨʴʹʼʵʸʳʨ˂ʰʰʹ ʪʨ˃ʲʰʬʸʬʩʨ ʫʨ ʩʬʱʨʸʱ-ʰʴʺʬʸʨʸʱʻʲʰ 
ʸʰʼʺʰʴʪʰ; IV ʰʴʺʬʴʹʰʻʸʰ ʹʶʸʬʫʰʴʪʰ ʫʨ ʳ˂ʰʸʬ ʵʱʬʨʴʻʸʰ ʭʰʯʨʸʬʩʨ. 1. ʪʸʨʴʵʫʰʵʸʰʺʻʲʰ ˀʺʵʱʬʩʰ, 2. ʱʰʸ-ʺʻʺʬ ʸʰʵʫʨ˂ʰʺʻʸʰ ʭʻʲʱʨʴʰʺʬʩʰ, 3. 
ʺʸʨʽʰʸʰʵʫʨ˂ʰʺʻʸʰ, ʺʻʺʬ ʵʲʰʭʰʴʰʨʴ ʩʨʮʨʲʺʻʸʰ ʫʨ ʺʸʨʽʰʩʨʮʨʲʺʻʸʰ ʭʻʲʱʨʴʰʺʬʩʰ, 4. ʵʲʰʭʰʴʰʨʴ ʩʨʮʨʲʺʻʸʰ ʫʨ ʺʵʲʬʰʺʻʸʰ ʭʻʲʱʨʴʰʺʬʩʰ, 5. ʵʼʰʵʲʰʺʻʸʰ ʭʻʲʱʨʴʰʺʬʩʰ 
ʫʨ ʫʻʴʰʺ-ʶʬʸʰʫʵʺʰʺʻʲʰ ʰʴʺʸʻʮʻʲʰ ʹˆʬʻʲʬʩʰ, 6. ʹʰʨʲʻʸʰ ʽʬʸʽʰ, 7. ʩʨʮʨʲʺʻʸʰ 
ʽʬʸʽʰ, 8. ʳʨʴʺʰʻʸʰ ʫʰʨʶʰʸʰ, 9. Au-Pb-Zn-Cu ʪʨʳʨʫʴʬʩʨ, 10. Au-Pb-Zn-Cu ʪʨʳʨʫʴʬʩʨ ʵʽʸʵʹ 
ʳʨʾʨʲʰ ˀʬʳ˂ʭʬʲʵʩʰʯ, 11. Cu-Zn VHMS ʪʨʳʨʫʬʴʩʨ, 12. Cu ʱʵʲˁʬʫʨʴʻʸʰ, ʱʭʰʶʸʵʹʰʹ ʺʰʶʰʹ 
ʳʨʫʨʴʰ. 

ʪʨʩʸʵ-ʫʰʨʩʨʮʻʸ ˀʺʵʱʬʩʯʨʴ ʵʽʸʵ-ʹʶʰʲʬʴ˃-ʶʵʲʰʳʬʺʨʲʻʸʰ ʪʨʳʨʫʴʬʩʨ ʫʨ 
ʹʰʴʳʨʫʴʻʸʰ ʳʨʾʨʲʺʬʳʶʬʸʨʺʻʸʻʲʰ ʶʸʵʶʰʲʰʺʰʮʨ˂ʰʨʨ ʫʨʱʨʭˀʰʸʬʩʻʲʰ, 
ʪʨʳʨʫʴʬʩʨ ʫʰʨʶʰʸʰʹ ˀʬʳʵ˅ʸʨʹʯʨʴ ʫʨʱʨʭˀʰʸʬʩʻʲʰ ˈʰʫʸʵʹʻʲʼʰʫʬʩʰʹ ˀʬʳ˂ʭʬʲʰ 
ʳʨʾʨʲʺʬʳʶʬʸʨʺʻʸʻʲʰ ʼʲʻʰʫʬʩʰʹ ʨʽʺʰʭʵʩʰʹ ˀʬʫʬʪʰʨ ʫʨ ʩʬʱʨʸʱʰʹ ʹʨ˄ʿʰʹʰ 
ʹʺʨʫʰʰʯʨʨ ʪʨʴʶʰʸʵʩʬʩʻʲʰ, ʸʨ˂ ʺʻʺʬ ʵʲʰʭʰʴʰʨʴʰ ʩʨʮʨʲʺʬʩʰʹ ʶʬʺʸʵʽʰʳʰʻʸʰ 
ʫʨ ʪʬʵʽʰʳʰʻʸʰ ʱʸʰʺʬʸʰʻʳʬʩʰʯʨ˂ ʫʨʹʺʻʸʫʬʩʨ, ʱʬʸ˃ʵʫ TiO2, P2O5 ʳʨʾʨʲʰ 
ˀʬʳ˂ʭʬʲʵʩʰʯ (TO2=2.07%, P2O5=1.2%) ʫʨ TiO2 ʱʵʸʬʲʨ˂ʰʰʯ K2O ʳʨʾʨʲʰ 
ˀʬʳ˂ʭʬʲʵʩʨʹʯʨʴ, ʼʻ˃ʬ ʫʨ ʹʨˀʻʨʲʵ ʽʨʴʬʩˀʰ (TiO2=2.18%, K2O=3.3%) (Nadareishvili, 1999, Gugushvili, 2015). ʨʳʨʭʬ ʫʸʵʹ, ʹʻʲʼʰʫʻʸ ʳʨʫʨʴˀʰ ʵʽʸʵʹʨ ʫʨ ʺʿʭʰʰʹ 
ʳʵʴʨ˄ʰʲʬʵʩʨ ʳʨʫʨʴ˄ʨʸʳʵˀʵʩʰʹ ʶʸʵ˂ʬʹˀʰ ʹʰʨʲʻʸʰ ʽʬʸʽʰʹ ʳʵʴʨ˄ʰʲʬʵʩʨʮʬ 
ʳʰʪʭʨʴʰˀʴʬʩʹ. ʩʬʱʨʸʱʰʹ ʹʨ˄ʿʰʹ ʹʺʨʫʰʨʮʬ ʳʨʴʺʰʻʸ ʫʰʨʶʰʸʯʨʴ ʫʨʱʨʭˀʰʸʬʩʻʲʰ 
ʼʲʻʰʫʬʩʰʹ ʳʨʾʨʲʰ ʺʬʳʶʬʸʨʺʻʸʨ, ʸʨʮʬʫʨ˂ ʹʰʴʳʨʫʴʻʸʰ ʬʶʰʫʵʺ-˂ʵʰʮʰʺʻʸʰ 
ʶʸʵʶʰʲʰʺʰʮʨ˂ʰʨ ʳʰʪʭʨʴʰˀʴʬʩʹ, ʸʵʳʲʰʹ ʺʬʳʶʬʸʨʺʻʸʨ 3500-4000C ʼʨʸʪʲʬʩˀʰ 
ʳʬʸʿʬʵʩʹ. ʰʪʰ ʹʰʨʲʻʸʰ ʽʬʸʽʰʫʨʴ ʵʽʸʵʹ ʰʴʺʬʴʹʰʻʸ ʪʨʳʵʺʻʺʭʨʹ ʪʨʴʨʶʰʸʵʩʬʩʹ. 
ʹʺʨʩʰʲʻʸ ʹʻʩʫʻʽ˂ʰʨʹʯʨʴ ʫʨʱʨʭˀʰʸʬʩʻʲ ʱʻʴ˃ʻʲʯʨ ʸʱʨʲʻʸ ʭʰʯʨʸʬʩʨˀʰ, 
ʹʻʲʼʰʫʻʸʰ ʪʨʳʨʫʴʬʩʰʹ ʹʰʴʳʨʫʴʻʸʰ ʳʨʫʨʴʳʵʳʰˇʴʬ ˀʬ˂ʭʲʰʹ ʶʸʵ˂ʬʹʰ ʱʰ ʻʼʸʵ 
ʫʨʩʨʲʺʬʳʶʬʸʨʺʻʸʻʲ ʹʬʸʰ˂ʰʺ-ʽʲʵʸʰʺ-ʱʨʸʩʵʴʨʺʻʲʰ ʨʹʵ˂ʰʨ˂ʰʰʯʨʨ 
˄ʨʸʳʵʫʪʬʴʰʲʰ. ʳʨʫʴʬʻʲʰʹ ʹʨʩʨʫʵʹʪʨʴ ʪʨʴʹˆʭʨʭʬʩʰʯ ʨʽ ʶʵʸʼʰʸʻʲʰ ʫʨ 
ʻʹʻʲʼʰʫʵ ʫʨ ʳ˂ʰʸʬʹʻʲʼʰʫʻʸʰ ʵʽʸʵʹ ʪʨʳʨʫʴʬʩʰʹ ʮʵʴʨʲʵʩʨ ʨʸ ʫʨʹʺʻʸʫʬʩʨ 
ʫʨ ʹʨʱʻʯʸʰʭ ʹʻʲʼʰʫʻʸʰ ʪʨʳʨʫʴʬʩʨ ʩʸʬʽˁʰʸʬʩʻʲ ʱʭʨʸ˂-ʱʨʲʰˀʶʨʺʻʸ 
ʳʬʺʨʹʵʳʨʺʰʺʬʩʹ ʨʴʨ˂ʭʲʬʩʹ, ʶʸʵ˂ʬʹʰ ʨʽ ʵʽʸʵʹ ˀʬʳ˂ʭʬʲʰ ʱʭʨʸ˂-ʱʨʲʰˀʶʨʺʻʸʰ 
ʳʬʺʨʹʵʳʨʺʵʮʰʯ ʰ˄ʿʬʩʨ ʫʨ ʳʨʾʨʲʺʬʳʶʬʸʨʺʻʸʻʲʰ ʶʸʵʶʰʲʰʺʰʮʨ˂ʰʰʯ 
ʹʸʻʲʫʬʩʨ. ˂ʴʵʩʰʲʰʨ, ʸʵʳ ʵʽʸʵʹ ʺʸʨʴʹʶʵʸʺʰʸʬʩʨ ʺʻʺʬ-ʱʨʸʩʵʴʨʺʻʲʰ 
ˆʹʴʨʸʬʩʰʯ ˆʫʬʩʨ ʫʨ ʵʽʸʵʹ ʪʨʳʵʲʬʽʭʨ ʱʨʲʰˀʶʨʺʰʮʨ˂ʰʨʹ ʻʱʨʭˀʰʸʫʬʩʨ, ˆʵʲʵ 
ʻʼʸʵ ʳʨʾʨʲʺʬʳʶʬʸʨʺʻʸʻʲʰ ʵʽʸʵʹ ʺʸʨʴʹʶʵʸʺʹ ʹʻʹʺʨʫ ʳʷʨʭʬ 
ˈʰʫʸʵʹʻʲʼʰʫʻʸʰ ˆʹʴʨʸʬʩʰ ʪʨʴʨʶʰʸʵʩʬʩʹ ʫʨ ʵʽʸʵʹ ʪʨʳʵʲʬʽʭʨ ʨʳ 
ˈʰʫʸʵʹʻʲʼʰʫʬʩʰʹ ʫʨˀʲʰʯ ʨʸʰʹ ʪʨʴʶʰʸʵʩʬʩʻʲʰ ʶʵʲʰʳʬʺʨʲʬʩʰʹ 
ʪʨʳʨʫʴʬʩʨʹʯʨʴ ʬʸʯʨʫ. (Mernagh, Bierlain, 2008). ʩʬʽʯʨʱʨʸʰʹ ʹʨʩʨʫʵʮʬ ʺʻʺʬ-
ʱʨʸʩʵʴʨʺʻʲʰ ˆʹʴʨʸʬʩʰʹ ʺʬʳʶʬʸʨʺʻʸʨ 2500 C ˀʬʬʹʨʩʨʳʬʩʨ, ˆʵʲʵ ʹʰʴʳʨʫʴʻʸʰ 
ʬʶʰʫʵʺ-˂ʵʰʮʰʺʻʸʰ ʶʸʵʶʰʲʰʺʰʮʨ˂ʰʰʹ ʺʬʳʶʬʸʨʺʻʸʨ 3500 -4000C ʻʫʸʰʹ. 
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 (Gugushvili, 2015). ʨʳʨʭʬ ʫʸʵʹ ʨʾʹʨʴʰˀʴʨʭʰʨ ʩʬʱʨʸʱʻʲʰ ʸʰʼʺʰʴʪʰʹ ʹʨ˄ʿʰʹ 
ʹʺʨʫʰʨʮʬ, ʳʨʫʨʴ˄ʨʸʳʵˀʵʩʰʹ ʶʸʵ˂ʬʹˀʰ ˇʬʸ ʱʰʫʬʭ ʳʵʴʨ˄ʰʲʬʵʩʹ ʹʰʨʲʻʸʰ ʽʬʸʽʰ, 
ʸʵʳʬʲʰ˂ ʨʳ ʬʺʨʶʮʬ ʵʽʸʵʹʨ ʫʨ ʺʿʭʰʰʹ ˄ʿʨʸʵʹ ˄ʨʸʳʵʨʫʪʬʴʹ, ʸʵʳʬʲʯʨ ʰʴʺʬʴʹʰʻʸ 
ʪʨʳʵʺʻʺʭʨʹ ʳʨʴʺʰʻʸʰ ʫʰʨʶʰʸʰʹ ˀʬʳʵ˅ʸʨʹʯʨʴ ʫʨʱʨʭˀʰʸʬʩʻʲʰ ʼʲʻʰʫʬʩʰʹ 
ʺʬʳʶʬʸʨʺʻʸʰʹ ʨ˄ʬʭʨ ʪʨʴʨʶʰʸʵʩʬʩʹ. ʩʬʱʨʸʱʰʹ ʹʨ˄ʿʰʹ ʹʺʨʫʰʨʹʯʨʴ ʫʨʱʨʭˀʰʸʬʩʻʲʰ 
ʭʻʲʱʨʴʰʮʳʰʹʨ ʫʨ ʳʨʫʨʴ˄ʨʸʳʵˀʵʩʰʹ ʰʫʰʨʲʰʮʰʸʬʩʻʲʰ ʹʽʬʳʨʺʻʸʰ ʰʲʻʹʺʸʨ˂ʰʨ 
ʴʨˆ.1. (II)-ˀʰʨ ʨʹʨˆʻʲʰ. 

ʹʻʩʫʻ˂ʰʸʬʩʻʲʰ ʼʰʲʰʹ ʻʼʸʵ ʰʴʺʬʴʹʰʻʸʰ ʺʸʨʴʹʼʵʸʳʨ˂ʰʨʹ ʳʨʴʺʰʻʸʰ 
ʫʰʨʶʰʸʰʹ ʻʼʸʵ ʳʨʾʨʲ ʫʵʴʬʮʬ ˀʬʳʵ˅ʸʨ ʫʨ ʻʼʸʵ ʰʴʺʬʴʹʰʻʸʰ ʸʰʼʺʰʴʪʰ ʨˆʲʨʭʹ, 
ʸʵʳʬʲʳʨ˂ ʳʨʫʨʴ˄ʨʸʳʵˀʵʩʰʹ ʮʵʴʰʫʨʴ ʹʰʨʲʻʸʰ ʽʬʸʽʰʹ ʹʸʻʲʰ ʹʶʸʬʫʰʴʪʰ 
ʪʨʳʵʰ˄ʭʰʨ. ʨʳʫʬʴʨʫ, ʨʳ ʬʺʨʶʮʬ ʳʨʫʨʴ˄ʨʸʳʵˀʵʩʰʹ ʶʸʵ˂ʬʹˀʰ ʹʰʨʲʻʸʰ ʽʬʸʽʰ ʨʾʨʸ 
ʳʵʴʨ˄ʰʲʬʵʩʹ ʫʨ ʪʨʳʨʫʴʬʩʨ ʯʻʯʰʨ-ʹʶʰʲʬʴ˃ʰʹ ʱʵʲˁʬʫʨʴʻʸʰ ʳʨʫʴʰʯʨʨ 
˄ʨʸʳʵʫʪʬʴʰʲʰ, ʵʽʸʵʹʨ ʫʨ ʺʿʭʰʰʹ ʳʵʴʨ˄ʰʲʬʵʩʰʹ ʪʨʸʬˀʬ. ʨʳ ʭʰʯʨʸʬʩʰʹ ʳʱʨʼʰʵ 
ʳʨʪʨʲʰʯʹ ʱʨʭʱʨʹʰʰʹ ˄ʰʴʨ ʽʬʫʰʹ ˆʻʫʬʹʰʹ ʹʨʩʨʫʵʯʨ ˇʪʻʼʰ (ˆʻʫʬʹʰ, ʻʸʻʶʰ, 
ʫʨʻʫʰ) ˄ʨʸʳʵʨʫʪʬʴʹ, ʸʵʳʬʲʰ˂ ʮʬʫʨ ʶʨʲʬʵʮʵʻʸ ʺʵʲʬʰʺʻʸ ʭʻʲʱʨʴʻʸ 
ʹʬʸʰʨˀʰ, VHMS ʺʰʶʰʹ ʹʶʰʲʬʴ˃-ʯʻʯʰʰʹ ʱʵʲˁʬʫʨʴʻʸʰ ʳʨʫʴʰʹ ʹʨˆʰʯʨʨ 
˄ʨʸʳʵʫʪʬʴʰʲʰ (Buadze, Kaviladze, 1977). ʺʵʲʬʰʺʻʸʰ ʭʻʲʱʨʴʰʮʳʰ ʰʴʺʬʸʨʸʱʻʲ 
ʰʴʺʬʴʹʰʻʸ ʸʰʼʺʰʴʪʹ ʻʱʨʭˀʰʸʫʬʩʨ. ʰʪʰ ʪʬʵʽʰʳʰʻʸʰ ʱʸʰʺʬʸʰʻʳʬʩʰʯ 
ʰʴʺʬʸʨʸʱʻʲ ʭʰʯʨʸʬʩʨʹ ʨʹʨˆʨʭʹ (Shavishvili, 1993). ʳʨʫʨʴˀʰ ʨʸ ʳʵʴʨ˄ʰʲʬʵʩʹ ʨʸ˂ 
ʺʿʭʰʨ ʫʨ ʨʸ˂ ʵʽʸʵ, ʸʨ˂ ʪʨʳʨʫʴʬʩʰʹ ʮʵʴʨˀʰ ʹʰʨʲʻʸʰ ʽʬʸʽʰʹ ʳʵʴʨ˄ʰʲʬʵʩʨʹ 
ʪʨʳʵʸʰ˂ˆʨʭʹ. ʯʻʯʰʰʹ ˄ʿʨʸʵ ʨʽ ʩʨʮʨʲʺʻʸʰ ʽʬʸʽʰʨ, ˆʵʲʵ ʹʶʰʲʬʴ˃ʰʹʨ ʳʨʴʺʰʻʸʰ 
ʫʰʨʶʰʸʰ, ʸʵʳʬʲʳʨ˂ ʰʴʺʬʴʹʰʻʸʰ ʸʰʼʺʰʴʪʰ ʪʨʴʨʶʰʸʵʩʨ. 

ʰʴʺʬʸʨʸʱʻʲʰ ʭʰʯʨʸʬʩʰʹ ʰʲʻʹʺʸʨ˂ʰʰʹ ʰʫʬʨʲʰʮʰʸʬʩʻʲʰ ʹʽʬʳʨ ʱʨʭʱʨʹʰʰʹ 
˄ʰʴʨʽʬʫʰʹ ʳʨʪʨʲʰʯʮʬ ʨʹʨˆʻʲʰʨ ʴʨˆ. 1 (III). 

ʩʬʱʨʸʱʰʹ ʭʰʯʨʸʬʩʰʹ ʫʨ ʰʴʺʬʴʹʰʻʸʰ ʸʰʼʺʰʴʪʰʹ ʳʬʵʸʬ ʳʨʪʨʲʰʯʹ ʱʨʭʱʨʹʰʰʹ 
ʹʨʳˆʸʬʯ ʼʬʸʫʮʬ ʰʻʸʻʲʰ ʪʨʴʨʶʰʸʨ ʮʾʭʨ ˄ʨʸʳʵʨʫʪʬʴʹ. ʨʽ ʺʵʲʬʰʺʻʸ ʭʻʲʨʴʻʸ 
ʹʬʸʰʨˀʰ, ʸʵʳʬʲʰ˂ ʱʨʸʩʵʴʨʺʻʲ ʼʲʰˀˀʰʨ ʳʵʽ˂ʬʻʲʰ ʹʺʸʨʺʰʳʵʸʼʻʲʰ   VMS 
ʺʰʶʰʹ ʹʨʩʨʫʵʯʨ ˇʪʻʼʰ ʻʱʨʭˀʰʸʫʬʩʨ (ʼʰʲʰʮˁʨʰ, ʱʨ˂ʫʨʪʰ, ʱʰʮʰʲʫʬʸʬ, ʨʫʨʴʪʬ). 
ʪʨʳʨʫʴʬʩʨ ˃ʰʸʰʯʨʫʨʫ ˄ʨʸʳʵʫʪʬʴʰʲʰʨ ʹʶʰʲʬʴ˃-ʯʻʯʰʨ-ʶʰʸʵʺʰʴʻʲʰ ʳʨʫʴʰʯ. 
ʳˆʵʲʵʫ ʼʰʲʰʮˁʨʰʹ ʹʨʩʨʫʵʮʬ ʺʿʭʰʨ ʫʨ ʵʽʸʵʹ ʻʳʴʰˀʭʴʬʲʵ ʳʰʴʬʸʨʲʰʮʨ˂ʰʨ 
ʳʵʴʨ˄ʰʲʬʵʩʹ, ʸʨ˂ ʪʨʳʵ˄ʭʬʻʲʰ ʻʴʫʨ ʰʿʵʹ ʸʰʼʺʰʴʪʰʹ ʶʸʵ˂ʬʹˀʰ ʹʰʨʲʻʸʰ ʽʬʸʽʰʹ 
ʸʬʲʰʽʺʬʩʰʹ ʳʵʴʨ˄ʰʲʬʵʩʰʯ. ʰʻʸʻʲʰ ʪʨʴʨʶʰʸʨ ʮʾʭʰʹ ʩʨʮʨʲʺʻʸ ʼʹʱʬʸʮʬ ʳ. 
ʲʵʳʰʮʬʹʨ ʫʨ ʫ. ʶʨʴʵʭʰʹ ʳʰʬʸ ʹʰʨʲʻʸʰ ʽʬʸʽʰʹ ʸʬʲʰʽʺʬʩʰʹ ʨʸʹʬʩʵʩʨʨ 
ʫʨʫʪʬʴʰʲʰ (Lomize, Panov, 2002). ʪʨʴʨʶʰʸʨ ʮʾʭʰʹ ʼʵʸʳʰʸʬʩʰʹ ʶʸʵ˂ʬʹˀʰ ʹʰʨʲʻʸʰ 
ʽʬʸʽʰ ʹʶʸʬʫʰʴʪʰʯ ˃ʰʸʰʯʨʫʨʫ ʪʨʺʨʴʰʲʰ ʰʿʵ ʳʨʫʨʴ˄ʨʸʳʵˀʵʩʰʹ ʮʵʴʰʫʨʴ. 

ʹʶʸʬʫʰʴʪʰʹ ˀʬʳʫʪʵʳʳʨ ʪʨ˃ʲʰʬʸʬʩʨʳ ʩʬʱʨʸʱʻʲʰ ʸʰʼʺʰʹ ʳ˂ʰʸʬ ʵʱʬʨʴʻʸ 
ʭʰʯʨʸʬʩʨˀʰ ʪʨʫʨʹʭʲʨ ʪʨʴʨʶʰʸʵʩʨ, ʸʨ˂ ˂ʬʴʺʸʨʲʻʸ ʶʵʴʫʰʺʬʩˀʰ ʱʰʻʸʬʹ ʪʭʰʨʴ 
ʶʨʲʬʵʮʵʻʸ-ʨʫʸʬ ʰʻʸʻʲʰ ʵʼʰʵʲʰʺʻʸʰ ʭʻʲʱʨʴʰʺʬʩʰʹ ʱʵʳʶʲʬʽʹʰʹ 
ʳʨʪʨʲʰʯʮʬ ʫʨʹʺʻʸʫʬʩʨ (Ustaömer, Robertson, 1997), ʪʨʳʨʫʴʬʩʨ ʨʽ ʱʭʰʶʸʵʹʰʹ ʺʰʶʰʹ 
ʹʶʰʲʬʴ˃-ʱʵʲˁʬʫʨʴʻʸʰ ʳʨʫʴʰʯʨʨ ʨʪʬʩʻʲʰ, Au, Pb ʫʨ Zn ʳʵʴʨ˄ʰʲʬʵʩʰʹ ʪʨʸʬˀʬ (ʹʨʩʨʫʵʬʩʰ ʨˀʰʱʵʰ ʫʨ ʩʨʱʰʩʨʩʨ). ʱʵʳʶʲʬʽʹʰ ʨʪʬʩʻʲʰʨ ʺʵʲʬʰʺ-ʵʲʰʭʰʴʰʨʴ 
ʩʨʮʨʲʺʻʸʰ ʭʻʲʱʨʴʰʺʬʩʰʯ, ʪʨʱʭʬʯʰʲʰʨ ʫʰʨʩʨʮʰʹ ˃ʨʸʾʭʯʨ ˀʺʵʱʭʬʸʱʰʯ, 
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ʰʴʺʸʻʮʻʲʰ ʼʨʮʨ ˄ʨʸʳʵʫʪʬʴʰʲʰʨ ʫʻʴʰʺ-ʶʬʸʰʫʵʺʰʺʻʲʰ ˀʺʵʱʬʩʰʯ, 
ʸʵʳʲʬʩʰ˂ ʵʱʬʨʴʻʸʰ ʭʰʯʨʸʬʩʰʹ ʶʬʺʸʵʲʵʪʰʻʸ ʰʴʫʰʱʨʺʵʸʹ ˄ʨʸʳʵʨʫʪʬʴʬʴ. 
ʹʰʴʳʨʫʴʻʸʰ ˀʬ˂ʭʲʰʹ ʶʸʵ˂ʬʹʰ ʳʨʾʨʲʺʬʳʶʬʸʨʺʻʸʻʲʰ ʨʽʺʰʴʵʲʰʯ-ʬʶʰʫʵʺ-
˂ʵʰʮʰʺʻʸʰ ʶʸʵʶʵʲʰʺʰʮʨ˂ʰʨʨ ʹʬʸʶʬʴʺʰʴʰʮʨ˂ʰʨʹʯʨʴ ʬʸʯʨʫ. ʬʹ ʻʱʨʴʨʹʱʴʬʲʰ˂ 
ʵʱʬʨʴʻʸʰ ʭʰʯʨʸʬʩʨʹʯʨʴ ʫʨʱʨʭˀʰʸʬʩʻʲʰ ˈʰʫʸʵʯʬʳʻʲʰ ʶʸʵ˂ʬʹʰʹ ʰʴʫʰʱʨʺʵʸʹ 
˄ʨʸʳʵʨʫʪʬʴʹ.  

ʵʱʬʨʴʻʸʰ ʭʰʯʨʸʬʩʰʹ ʳʬʵʸʬ ʳʨʪʨʲʰʯʹ ʨʴʨʺʵʲʰʨˀʰ ʩʵʸʫʬʸ ʼʵʲʫʹʨ ʫʨ 
ʺʨʭʸʰʫʬʩʹ ˀʵʸʰʹ ʨʸʹʬʩʻʲʰ ʵʼʰʵʲʰʺʬʩʰʹ ʵʱʬʨʴʻʸʰ ʹʻʺʻʸʨ ˄ʨʸʳʵʨʫʪʬʴʹ. ʰʪʰ 
ʺʸʵʫʵʹʰʹ ʹʨʸʺʿʲʰʹ ʵʼʰʵʲʰʺʬʩʰʹ ʨʾʳʵʹʨʭʲʬʯʰ ʼʲʨʴʪʰʨ ʫʨ ʪʨʴʹˆʭʨʭʬʩʰʯ 
ʱʰʻʸʬʹ ʱʵʳʶʲʬʽʹʰʹ ʳ˂ʰʸʬ ʵʱʬʨʴʰʹʪʨʴ, ʸʵʳʲʰʹ ʼʵʸʳʰʸʬʩʨ ʩʬʱʨʸʱʰʹ ʳ˂ʰʸʬ 
ʵʱʬʨʴʻʸ ʭʰʯʨʸʬʩʨˀʰ ʺʸʨʴʹʼʵʸʳʰʸʬʩʰʹ ˀʬʫʬʪʰʨ, ʰʪʰ ʺʬʯʰʹʰʹ ʵʱʬʨʴʰʹ 
ʸʬʲʰʽʺʻʸ-ʹʻʺʻʸʨʹ ˄ʨʸʳʵʨʫʪʬʴʹ. ʵʼʰʵʲʰʺʬʩʰ ʨʽ ˈʨʸ˂ʩʻʸʪʰʺʬʩʹʨ ʫʨ 
ʫʻʴʰʺʬʩʹ ˀʬʰ˂ʨʭʹ, ʸʵʳʲʬʩʰ˂ ʪʨʫʨʼʨʸʻʲʰʨ ʪʨʩʸʵ-ʫʻʴʰʺʬʩʰʯ, 
ʶʰʸʵʽʹʬʴʰʺʬʩʰʯ, ʭʬʸʲʰʺʬʩʰʯ, ʫʰʨʩʨʮʻʸʰ ʱʵʳʶʲʬʽʹʰʯʨ ʫʨ ʩʨʲʰˀʨ ʲʨʭʬʩʰʯ. 
ʪʨʳʨʫʴʬʩʨ ʱʭʰʶʸʵʹʰʹ ʺʰʶʰʹ ʹʶʰʲʬʴ˃-ʱʵʲʬˁʬʫʨʴʻʸʰʨ ʫʨ ˄ʨʸʳʵʫʪʬʴʰʲʰʨ ʳʨʫʬʴ (ʬʲʨʮʰʪʰʹʨ) ʫʨ ʳʨʫʬʴʱʵ (ʹʰʰʸʺʰʹ) ʹʨʩʨʫʵʬʩʰʯ, ʸʵʳʬʲʯʨ ʶʰʸʰʺ-
ʽʨʲʽʵʶʰʸʰʺʻʲʰ VHMS ʺʰʶʰʹ ʹʺʸʨʺʰʳʵʸʼʻʲʰ ʪʨʳʨʫʴʬʩʨ ʨʸ ˀʬʰ˂ʨʭʹ ʯʻʯʰʨʹʨ 
ʫʨ ʺʿʭʰʨʹ. ʨʽʨ˂ ʳʨʫʴʰʹ ʬʸʯʨʫʬʸʯ ˄ʿʨʸʵʹ ʳʨʴʺʰʨ ˄ʨʸʳʵʨʫʪʬʴʹ, ʸʵʳʬʲʹʨ˂ 
ʹʶʰʲʬʴ˃ʰʹ ʳʰʴʬʸʨʲʰʮʨ˂ʰʨ ʻʱʨʭˀʰʸʫʬʩʨ. ʹʰʴʳʨʫʴʻʸʰ ˀʬ˂ʭʲʰʹ ʶʸʵ˂ʬʹʰ 
ʳʨʾʨʲʺʬʳʶʬʸʨʺʻʸʻʲ ʶʸʵʶʰʲʰʺʰʮʨ˂ʰʰʯʨ ʫʨ ʹʬʸʶʬʴʺʰʴʰʮʨ˂ʰʰʯʨʨ  
˄ʨʸʳʵʫʪʬʴʰʲʰ (Engin, 1994). 

ʳ˂ʰʸʬ ʵʱʬʴʻʸʰ ʭʰʯʨʸʬʩʰʹ ʰʫʬʨʲʰʮʰʸʬʩʻʲʰ ʹʽʬʳʨ ʰˆʰʲʬʯ ʴʨˆ.1 (IV) ʱʰʻʸʬʹ 
ʳ˂ʰʸʬ ʵʱʬʨʴʻʸʰ ʱʵʳʶʲʬʽʹʰʹ ʳʨʪʨʲʰʯʮʬ.  ˃

ʰʸʰʯʨʫʰ ʫʨʹʱʭʴʬʩʰ 
ʬʭʸʨʮʰʻʲʰ ʨʽʺʰʻʸʰ ʱʰʫʰʹ ʽʭʬˀ ʳʨʴʺʰʨˀʰ ʺʬʯʰʹʰʹ ʵʱʬʨʴʰʹ ʼʰʲʰʹ 

ʹʻʩʫʻʽ˂ʰʰʹ ˀʬʫʬʪʨʫ ʺʬʯʰʹ-ʬʭʸʨʮʰʻʲʰ ʳʬʺʨʲʵʪʬʴʻʸʰ ʹʨʸʺʿʲʰʹ ʼʨʸʪʲʬʩˀʰ, 
ʪʨʳʵʰʱʭʬʯʨ ʪʬʵʫʰʴʨʳʰʱʻʸʰ ʪʨʴʭʰʯʨʸʬʩʰʹ ʵʯˆʰ ˃ʰʸʰʯʨʫʰ ʬʺʨʶʰ: ʹʺʨʩʰʲʻʸʰ 
ʹʻʩʫʻʽ˂ʰʰʹ, ʹʻʩʫʻ˂ʰʸʬʩʻʲʰ ʼʰʲʰʹ ʺʸʨʴʹʼʵʸʳʨ˂ʰʰʹʨ ʫʨ ʩʬʱʨʸʱ-
ʰʴʺʬʸʨʸʱʻʲʰ ʸʰʼʺʰʴʪʰʹ ʹʨ˄ʿʰʹʰ ʹʺʨʫʰʨ, ʩʬʱʨʸʱ-ʰʴʺʬʸʨʸʱʻʲʰ ʸʰʼʺʰʴʪʰʹ 
ʪʨʴʭʰʯʨʸʬʩʻʲʰ ʬʺʨʶʰ ʫʨ ʳ˂ʰʸʬ ʵʱʬʨʴʻʸʰ ʭʰʯʨʸʬʩʨ. ʯʰʯʵʬʻʲʰ ʳʨʯʪʨʴʰ 
ʨʹʨˆʻʲʰʨ ʱʵʴʱʸʬʺʻʲ ʪʬʵʫʰʴʨʳʰʱʻʸ ʭʰʯʨʸʬʩʨˀʰ, ʸʵʳʬʲʰ˂ ʱʵʴʺʸʵʲʫʬʩʨ 
ʭʻʲʱʨʴʰʮʳʰʹ, ˈʰʫʸʵʯʬʸʳʻʲʰ ʨʽʺʰʭʵʩʰʹ ʫʨ ʳʨʫʨʴ˄ʨʸʳʵˀʵʩʰʹ ˆʨʹʰʨʯʰʯ ʫʨ 
ʪʨʴʶʰʸʵʩʬʩʻʲʰʨ ʭʻʲʱʨʴʰʮʳʰʹʨ ʫʨ ʪʨʳʨʫʴʬʩʰʹ ʶʸʵ˂ʬʹˀʰ ʹˆʭʨʫʨʹˆʭʨ 
ʪʬʵʫʰʴʨʳʰʱʻʸ ʭʰʯʨʸʬʩʨˀʰ, ʹʰʨʲʻʸʰ, ʩʨʮʨʲʺʻʸʰ ʽʬʸʽʰʹʨ ʫʨ ʳʨʴʺʰʰʹ 
ʳʵʴʨ˄ʰʲʬʵʩʰʯ. ʯʰʯʵʬʻʲʰ ʬʺʨʶʰ ˆʨʹʰʨʯʫʬʩʨ ʳʱʨʼʰʵ ʭʻʲʱʨʴʵʲʵʪʻʸ-
ʶʬʺʸʵʲʵʪʰʻʸʰ, ʶʬʺʸʵʽʰʳʰʻʸʰ, ʪʬʵʽʰʳʰʻʸʰ, ˈʰʫʸʵʯʬʸʳʻʲʰ ʨʽʺʰʭʵʩʰʹʨ ʫʨ 
ʳʬʺʨʲʵʪʬʴʻʸʰ ʰʴʫʰʱʨʺʵʸʬʩʰʯ.  

ʹʺʨʩʰʲʻʸʰ ʹʻʩʫʻʽ˂ʰʰʹ ʬʺʨʶʹ ʻʱʨʭˀʰʸʫʬʩʨ ʱʻʴ˃ʻʲʯʨ ʸʱʨʲʻʸʰ ʭʰʯʨʸʬʩʨ, 
ʱʰʸ-ʺʻʺʬ ʩʨʮʨʲʺ-ʨʴʫʬʮʰʺ-ʸʰʵʫʨ˂ʰʺʻʸʰ ʭʻʲʱʨʴʰʮʳʰ, ʼʵʴʻʸʰ ˂ʬʵʲʰʯʻʸʰ 
ʫʨ ʽʲʵʸʰʺ-ʨʲʩʰʺʻʸʰ ʶʸʵʶʰʲʰʺʰʮʨ˂ʰʨ, ʵʽʸʵ-ʹʶʰʲʬʴ˃-ʶʵʲʰʳʬʺʨʲʻʸʰ 
ʪʨʳʨʫʴʬʩʨ Au, Pb, Zn, Cu-ʰʹ ʰʴʫʰʱʨʺʵʸʬʩʰʯ, ʳʨʫʨʴʳʵʳʰˇʴʬ ʹʬʸʰ˂ʰʺ-ʽʲʵʸʰʺ-
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ʱʨʸʩʵʴʨʺʻʲʰ ˀʬ˂ʭʲʰʹ ʶʸʵ˂ʬʹʰ ʫʨ ʪʨʳʨʫʴʬʩʰʹ ˄ʰʴʳʹ˄ʸʬʩʰ ʳʷʨʭʬ ʪʨʳʵʺʻʺʭʨ 
ʳʬʵʸʨʫʰ ʱʭʨʸ˂ʰʺʬʩʰʹ ʼʵʸʳʰʸʬʩʰʯ. ʪʨʳʨʫʴʬʩʨ ʫʨ ʭʻʲʱʨʴʰʮʳʰ ʨʳ ʬʺʨʶʮʬ 
ʱʵʴʺʸʵʲʫʬʩʨ ʹʰʨʲʻʸʰ, ʩʨʮʨʲʺʻʸʰ ʽʬʸʽʰʹ ʫʨ ʳʨʴʺʰʰʹ ʳʵʳʨ˄ʰʲʬʵʩʰʯ. 

ʹʻʩʫʻ˂ʰʸʬʩʻʲʰ ʼʰʲʰʹ ʹʨ˄ʿʰʹʰ ʺʸʨʴʹʼʵʸʳʨ˂ʰʰʹ ʹʺʨʫʰʨ ʵʸ ʬʺʨʶʨʫ 
ˆʵʸ˂ʰʬʲʫʬʩʨ. ʶʰʸʭʬʲʮʬ ʰʪʰ ˄ʨʸʳʵʫʪʬʴʰʲʰʨ ʺʻʺʬ ʫʨ ʹʻʩʺʻʺʬ ʺʸʨʽʰ-
ʸʰʵʫʨ˂ʰʺʻʸʰ ʫʨ ʺʸʨʽʰʨʴʫʬʮʰʺʻʸʰ ʭʻʲʱʨʴʰʮʳʰʯ, ʱʨʲʰˀʶʨʺʰʮʨ˂ʰʰʯ ʫʨ 
ʵʽʸʵʹ ʻʹʻʲʼʰʫʵ ʬʶʰʪʬʴʬʺʻʸʰ ʪʨʳʨʫʴʬʩʰʯ. ʸʰʼʺʰʴʪʰʹ ʪʨ˃ʲʰʬʸʬʩʨʹ 
ʻʱʨʭˀʰʸʫʬʩʨ ʺʻʺʬ-ʵʲʰʭʰʴʰʨʴ ʩʨʮʨʲʺʻʸʰ ʫʨ ʺʸʨʽʰʩʨʮʨʲʺʻʸʰ (ˀʵˀʵʴʰʺʻʸʰ) 
ʭʻʲʱʨʴʰʮʳʰ, ʹʰʴʳʨʫʴʻʸʰ ʬʶʰʫʵʺ-˂ʵʰʮʰʺʻʸʰ ʶʸʵʶʰʲʰʺʰʮʨ˂ʰʨ, ʵʽʸʵ-
ʹʶʰʲʬʴ˃-ʶʵʲʰʳʬʺʨʲʻʸʰ (Au, Pb, Zn, Cu) ʪʨʳʨʫʴʬʩʨ ʵʽʸʵʹ ʳʨʾʨʲʰ ˀʬʳ˂ʭʬʲʵʩʰʯ. 
ʪʨʳʨʫʴʬʩʰʹ ʶʸʵ˂ʬʹˀʰ ʳʵʴʨ˄ʰʲʬʵʩʹ ʩʨʮʨʲʺʻʸʰ ʽʬʸʽʰ, ʳʨʴʺʰʨ ʫʨ ʹʰʨʲʻʸʰ ʽʬʸʽʰ, 
ʸʵʳʬʲʰ˂ ʨʳ ʬʺʨʶʮʬ ˇʬʸ ʱʰʫʬʭ ʳʵʴʨ˄ʰʲʬʵʩʹ ʸʰʼʺʰʴʪʰʹ ʶʸʵ˂ʬʹʹʨ ʫʨ 
ʳʨʫʨʴ˄ʨʸʳʵˀʵʩʰʹ ʮʵʴʨˀʰ ʫʨ ʵʽʸʵʹ ʫʨ ʺʿʭʰʰʹ ˄ʿʨʸʵʹ ˄ʨʸʳʵʨʫʪʬʴʹ. 

ʹʻʩʫʻ˂ʰʸʬʩʻʲʰ ʼʰʲʰʹ ʺʸʨʴʹʼʵʸʳʨ˂ʰʰʹʨ ʫʨ ʸʰʼʺʰʴʪʰʹ ʪʨ˃ʲʰʬʸʬʩʰʹ 
ˀʬʳʫʪʵʳ ʬʺʨʶʮʬ, ʹʰʨʲʻʸʰ ʽʬʸʽʰ ʳʯʲʰʨʴʨʫ ʪʨʺʨʴʰʲʰʨ ʭʻʲʱʨʴʻʸʰ ʱʬʸʬʩʰʹ 
ʼʵʸʳʰʸʬʩʰʹʨ ʫʨ ʳʨʫʴ˄ʨʸʳʵˀʵʩʰʹ ʮʵʴʰʫʨʴ. ʩʬʱʨʸʱʻʲ ʭʰʯʨʸʬʩʨʹ ʨʽ ʹʶʰʲʬʴ˃-
ʯʻʯʰʰʹ ʳʰʴʬʸʨʲʰʮʨ˂ʰʨ ʻʱʨʭˀʰʸʫʬʩʨ, ʵʽʸʵʹ ʫʨ ʺʿʭʰʰʹ ʳʵʴʨ˄ʰʲʬʵʩʰʹ ʪʨʸʬˀʬ. 
ʭʻʲʱʨʴʰʮʳʰ ˃ʰʸʰʯʨʫʨʫ ʺʵʲʬʰʺʻʸʰʨ ʫʨ ʺʵʲʬʰʺʰ ʨʳ ʬʺʨʶʰʹ ʭʻʲʱʨʴʵʲʵʪʰʻʸ 
ʰʴʫʰʱʨʺʵʸʹ ˄ʨʸʳʵʨʫʪʬʴʹ. ʹʰʴʳʨʫʴʻʸʰ ˀʬ˂ʭʲʰʹ ʶʸʵ˂ʬʹʰ ʬʶʰʫʵʺ-˂ʵʰʮʰʺ-
ʨʽʺʰʴʵʲʰʯʻʸʰ ʶʸʵʶʰʲʰʺʰʮʨ˂ʰʨʨ. ʭʻʲʱʨʴʰʮʳʰ ʫʨ ʳʨʫʨʴ˄ʨʸʳʵˀʵʩʨ ʨʽ 
ʩʨʮʨʲʺʻʸʰ ʽʬʸʽʰʹʨ ʫʨ ʳʨʴʺʰʰʹ ʳʵʴʨ˄ʰʲʬʵʩʰʯʨʨ ʪʨʴʶʰʸʵʩʬʩʻʲʰ. 

ʹʻʩʫʻ˂ʰʸʬʩʻʲʰ ʼʰʲʰʹ ʺʸʨʴʹʼʵʸʳʨ˂ʰʰʹ ˀʬʳʫʪʵʳʳʨ ʪʨ˃ʲʰʬʸʬʩʨʳ 
ʰʴʺʬʴʹʰʻʸʰ ʹʶʸʬʫʰʴʪʰ ʫʨ ʩʬʱʨʸʱʰʹ ʵʱʬʨʴʻʸ ʭʰʯʨʸʬʩʨˀʰ ʪʨʫʨʹʭʲʨ ʪʨʴʨʶʰʸʵʩʨ. ʨʽ 
ʩʨʮʨʲʺʻʸʰ ʽʬʸʽʰ˂ ʨʾʨʸ ʳʵʴʨ˄ʰʲʬʵʩʹ ʪʨʳʨʫʴʬʩʰʹ ʶʸʵ˂ʬʹˀʰ ʫʨ ʪʨʺʨʴʰʲʰʨ 
ʹʶʸʬʫʰʴʪʰʯ ʳʨʫʨʴ˄ʨʸʳʵˀʵʩʰʹʨ ʫʨ ʭʻʲʱʨʴʰʮʳʰʹ ʮʵʴʰʫʨʴ. ʭʻʲʱʨʴʰʮʳʰ 
ʵʼʰʵʲʰʺʻʸʰʨ, ʻʲʺʸʨʼʻ˃ʬ ʫʻʴʰʺ-ʶʬʸʰʫʵʺʰʺʻʲʰ ʳʨʪʳʨʺʰʮʳʰʹ 
ʳʵʴʨ˄ʰʲʬʵʩʰʯ ʫʨ ʯʨʴʳʫʬʭʰ ʹʬʸʶʬʴʺʰʴʰʮʨ˂ʰʰʯ. ʹ˄ʵʸʬʫ ʻʲʺʸʨʼʻ˃ʬ 
ʳʨʪʳʨʺʰʮʳʰ ˄ʨʸʳʵʨʫʪʬʴʹ ʵʱʬʨʴʻʸʰ ʭʰʯʨʸʬʩʰʹ ʳʱʨʼʰʵ ʶʬʺʸʵʲʵʪʰʻʸ 
ʰʴʫʰʱʨʺʵʸʹ. ʪʨʳʨʫʴʬʩʨ ʽʨʲʱʵʶʰʸʰʺ-ʱʵʲˁʬʫʨʴʻʸʰʨ, Au, Pb, Zn-ʰʹ ʳʵʴʨ˄ʰʲʬʵʩʰʹ 
ʪʨʸʬˀʬ ʫʨ ʳʰʹʰ ʬʸʯʨʫʬʸʯʰ ʳʬʺʨʲʵʪʬʴʻʸʰ ʰʴʫʰʱʨʺʵʸʰ Cu-ʰʨ ʭʻʲʱʨʴʰʮʳʰʹʨ ʫʨ 
ʳʨʫʨʴ˄ʨʸʳʵˀʵʩʰʹ ʮʵʴʰʫʨʴ ʩʨʮʨʲʺʻʸʰ ʽʬʸʽʰʹ ʹʸʻʲʰ ʹʶʸʬʫʰʴʪʰʹ ʶʰʸʵʩʬʩˀʰ. 
ʨʳʪʭʨʸʨʫ, ʨʽ ʭʻʲʱʨʴʰʮʳʰʹʨ ʫʨ ʪʨʳʨʫʴʬʩʰʹ ˃ʰʸʰʯʨʫ ˄ʿʨʸʵʹ ʳʨʴʺʰʨ ˄ʨʸʳʵʨʫʪʬʴʹ.    
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 2. Au, Pb, Zn, Cu ʫʨ ʰˀʭʰʨʯ ʳʬʺʨʲʯʨ ʱʵʳʶʲʬʽʹʰ (Sb, W, Mo, Hg)  
ʪʬʵʫʰʴʨʳʰʱʻʸʰ ʪʨʴʭʰʯʨʸʬʩʰʹ ʰʴʫʰʱʨʺʵʸʬʩʰ  y

ʬʮʰʻʳʬ 
ʬʭʸʨʮʰʰʹ ʨʽʺʰʻʸʰ ʱʰʫʰʹ ʱʨʭʱʨʹʰʰʹ, ʰʸʨʴʰʹ, ʯʻʸʽʬʯʰʹ ʫʨ ʱʨʸʶʨʺ-

ʩʨʲʱʨʴʬʩʰʹ ʸʬʪʰʵʴʬʩˀʰ ˁʨʺʨʸʬʩʻʲʰ ʱʭʲʬʭʬʩʰʹ ˀʬʫʬʪʨʫ ʫʨʫʪʰʴʫʨ, ʸʵʳ Au, Pb, Zn, Cu ʫʨ ʰˀʭʰʨʯʰ ʳʬʺʨʲʬʩʰ (Sb, W, Mo, Hg) ʪʭʬʭʲʰʴʬʩʰʨʴ ʪʬʵʫʰʴʨʳʰʱʻʸʰ 
ʪʨʴʭʰʯʨʸʬʩʰʹ ʶʸʵ˂ʬʹʰʹ ʳʬʺʨʲʵʪʬʴʻʸ ʰʴʫʰʱʨʺʵʸʬʩʨʫ. ʶʸʬʱʵʲʰʮʰʻʸʰ ʹʺʨʫʰʰʹ 
ʹʺʨʩʰʲʻʸʰ ʹʻʩʫʻʽ˂ʰʰʹ ʫʨ ʹʻʩʫʻ˂ʰʸʬʩʻʲʰ ʼʰʲʰʹ ʺʸʨʴʹʼʵʸʳʨ˂ʰʰʹ ʬʺʨʶʮʬ 
ʪʬʵʫʰʴʨʳʰʱʻʸʰ ʪʨʴʭʰʯʨʸʬʩʰʹ ʶʸʵ˂ʬʹʰ ʱʵʴʺʸʵʲʫʬʩʨ ʭʻʲʱʨʴʰʮʳʰʯ, 
ʶʬʺʸʵʽʰʳʰʻʸʰ ʫʨ ʪʬʵʽʰʳʰʻʸʰ ʱʸʰʺʬʸʰʻʳʬʩʰʯ ʫʨ ʳʬʺʨʲʵʪʬʴʻʸʰ 
ʰʴʫʰʱʨʺʵʸʬʩʰʯ. ʹʺʨʩʰʲʻʸʰ ʹʻʩʫʻʽ˂ʰʰʹ ʶʸʵ˂ʬʹˀʰ ʫʨ ʹʻʩʫʻ˂ʰʸʬʩʻʲʰ ʼʰʲʰʹ 
ʺʸʨʴʹʼʵʸʳʨ˂ʰʰʹ ʹʨ˄ʿʰʹ ʬʺʨʶʮʬ, ʸʵʫʬʹʨ˂ ʪʨʳʨʫʴʬʩʰʹ ʶʸʵ˂ʬʹˀʰ ʳʵʴʨ˄ʰʲʬʵʩʫʨ 
ʹʰʨʲʻʸʰ, ʩʨʮʨʲʺʻʸʰ ʽʬʸʽʰ ʫʨ ʳʨʴʺʰʨ ʳʬʺʨʲʵʪʬʴʻʸ ʰʴʫʰʱʨʺʵʸʬʩʹ Au, Pb, Zn, Cu ˄ʨʸʳʵʨʫʪʬʴʬʴ. ʸʰʼʺʰʴʪʰʹ ʪʨ˃ʲʰʬʸʬʩʨʳ ʹʰʨʲʻʸʰ ʽʬʸʽʰʹ ʹʸʻʲʰ ʹʶʸʬʫʰʴʪʰ 
ʪʨʴʨʶʰʸʵʩʨ. ʨʳ ʬʺʨʶʮʬ ʳʬʺʨʲʵʪʬʴʻʸ ʰʴʫʰʱʨʺʵʸʬʩʨʫ ʳˆʵʲʵʫ Zn ʫʨ Cu 
ʪʭʬʭʲʰʴʬʩʨ, ʪʨʳʨʫʴʬʩʰʹ ʶʸʵ˂ʬʹˀʰ Au ʫʨ Pb-ʹ ʳʵʴʨ˄ʰʲʬʵʩʰʹ ʪʨʸʬˀʬ. ʹʶʸʬʫʰʴʪʰʹ 
ˀʬʳʫʪʵʳʰ ʪʨ˃ʲʰʬʸʬʩʨ ʳ˂ʰʸʬ ʵʱʬʨʴʻʸ ʫʨ ʵʱʬʨʴʻʸ ʭʰʯʨʸʬʩʨˀʰ ʨʰʹʨˆʨ. ʨʳ ʫʸʵʹ 
ʹʰʨʲʻʸʰ ʫʨ ʩʨʮʨʲʺʻʸʰ ʽʬʸʽʰ ʪʨʺʨʴʰʲʰʨ ʹʶʸʬʫʰʴʪʰʯ ʫʨ ʨʾʨʸ ʳʵʴʨ˄ʰʲʬʵʩʹ 
ʪʨʳʨʫʴʬʩʰʹ ʶʸʵ˂ʬʹˀʰ ʫʨ Cu  ʬʸʯʨʫʬʸʯ ʳʬʺʨʲʵʪʬʴʻʸ ʰʴʫʰʱʨʺʵʸʹ ˄ʨʸʳʵʨʫʪʬʴʹ. 
ʨʳʪʭʨʸʨʫ, ʼʨʴʬʸʵʮʵʻʲʰ ʪʬʵʫʰʴʨʳʰʱʻʸʰ ʪʨʴʭʰʯʨʸʬʩʰʹ ʶʸʵ˂ʬʹˀʰ Au ʫʨ Pb-ʹ 
˄ʿʨʸʵ ʹʰʨʲʻʸʰ ʽʬʸʽʰʨ, Zn-ʰʹ ˄ʿʨʸʵ - ʩʨʮʨʲʺʻʸʰ ʽʬʸʽʰ, ˆʵʲʵ Cu-ʹ ˄ʿʨʸʵ ʱʰ 
ʳʨʴʺʰʨʨ. 

ʶʵʹʺʱʵʲʰʮʰʻʸʰ ʪʨʴʭʰʯʨʸʬʩʰʹ ʬʺʨʶʮʬ, ʸʵ˂ʨ ʹʻʩʫʻʽ˂ʰʰʹ ʶʸʵ˂ʬʹʰ 
ʫʨʹʸʻʲʫʨ, ʳʨʪʸʨʳ ʵʸʵʪʬʴʻʲʰ ʹʰʴ - ʫʨ ʶʵʹʺʳʨʪʳʻʸʰ ʪʨʳʨʫʴʬʩʰʹ ʶʸʵ˂ʬʹˀʰ 
ʳʵʴʨ˄ʰʲʬʵʩʹ ʹʰʨʲʻʸʰ, ʩʨʮʨʲʺʻʸʰ ʽʬʸʽʰ ʫʨ ʨʹʺʬʴʵʹʼʬʸʵʹ ʳʨʹʨʲʨ, ʸʵʳʬʲʳʨ˂ 
ˀʬʨʾ˄ʰʨ ʪʨʳʨʫʴʬʩʰʹ ʮʵʴʨˀʰ ʹʻʩʫʻ˂ʰʸʬʩʻʲʰ ʼʰʲʰʹ ʶʵʹʺʹʻʩʫʻʽ˂ʰʻʸʰ 
ʺʸʨʴʹʼʵʸʳʨ˂ʰʰʹ ˀʬʫʬʪʨʫ, ʹʺʸʬʹʰʹ ˀʬʫʬʪʨʫ ʫʨʳʹˆʭʸʬʻʲ ʹʻʩʫʻ˂ʰʸʬʩʻʲ 
ʼʰʲʨˀʰ ʪʨˁʬʴʰʲʰ ʸʾʭʬʭʬʩʰʹ ʪʨʹ˄ʭʸʰʭ, ʳʨʾʨʲʰ ʹʰʯʩʻʸʰ ʴʨʱʨʫʰʹ ʫʨ ˆʨʴʪʸ˃ʲʰʭʨʫ 
ʳʵʽʳʬʫʰ ʳʨʾʨʲʺʬʳʶʬʸʨʺʻʸʻʲʰ ʼʲʻʰʫʬʩʰʹ ʮʬʳʵʽʳʬʫʬʩʰʯ ʵʸʵʪʬʴʬʮʰʹ 
ʳ˃ʲʨʭʸʰ ʹʰʨʲʻʸʰ ʽʬʸʽʰʫʨʴ ˆʫʬʩʵʫʨ ʵʽʸʵʹʨ ʫʨ ʰˀʭʰʨʯ ʳʬʺʨʲʯʨ (Sb, W, Mo, Hg) 
ʪʨʳʵʺʻʺʭʨ ʫʨ ʳʨʯʰ ʪʨʳʵʲʬʽʭʨ ʵʽʸʵ-ʰˀʭʰʨʯ ʳʬʺʨʲʯʨ ʪʨʳʨʫʴʬʩʰʹ ʹʨˆʰʯ. ʰˀʭʰʨʯ 
ʳʬʺʨʲʯʨ ʬʹ ʨʹʵ˂ʰʨ˂ʰʨ ʨʸ ʨʸʰʹ ʫʨʳʨˆʨʹʰʨʯʬʩʬʲʰ ʶʸʬʱʵʲʰʮʰʻʸʰ 
ʪʨʴʭʰʯʨʸʬʩʰʹʯʭʰʹ ʫʨ ʰʹʰʴʰ ʶʵʹʺʱʵʲʰʮʰʻʸʰ ʶʸʵ˂ʬʹʰʹ ʳʬʺʨʲʵʪʬʴʻʸ ʫʨ 
ʪʬʵʽʰʳʰʻʸ ʰʴʫʰʱʨʺʵʸʬʩʹ ˄ʨʸʳʵʨʫʪʬʴʬʴ. 

ʹʨʱʭʨʴ˃ʵ ʹʰʺʿʭʬʩʰ: ʳʬʺʨʲʵʪʬʴʻʸʰ ʰʴʫʰʱʨʺʵʸʰ, ʶʸʬʱʵʲʰʮʰʻʸʰ ʫʨ 
ʶʵʹʺʱʵʲʰʮʰʻʸʰ ʪʨʴʭʰʯʨʸʬʩʨ, ʸʰʼʺʰʴʪʰ ʫʨ ʱʻʴ˃ʻʲʯʨ ʸʱʨʲʻʸʰ ʭʰʯʨʸʬʩʨ.  

ʬʭʸʨʮʰʰʹ ʳʬʺʨʲʵʪʬʴʻʸʰ ʹʨʸʺʿʲʰʹ ʼʨʸʪʲʬʩˀʰ ˁʨʺʨʸʬʩʻʲʰ ʱʭʲʬʭʬʩʰʹ 
ʹʨʼʻ˃ʭʬʲʮʬ ʰʸʨʴʰʹ, ʱʨʭʱʨʹʰʰʹ, ʯʻʸʽʬʯʰʹ ʫʨ ʩʨʲʱʨʴ-ʱʨʸʶʨʺʬʩʰʹ ʸʬʪʰʵʴˀʰ (ʴʨˆ. 1'), ʭʭʨʸʨʻʫʵʩʯ, ʸʵʳ ʵʽʸʵʹʨ ʫʨ ʼʬʸʨʫʰ ʲʰʯʵʴʬʩʰʹ (Au, Pb, Zn, Cu) ʫʨ ʰˀʭʰʨʯ 
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ʳʬʺʨʲʯʨ ʱʵʳʶʲʬʽʹʰ (Sb, W, Mo, Hg) ʬʭʸʨʮʰʰʹʨ ʫʨ ʨʼʸʵ-ʨʸʨʩʬʯʰʹ ʱʵʴʺʰʴʬʴʺʬʩʰʹ 
ʱʵʴʭʬʸʪʬʴ˂ʰʰʹ ʫʨ ʺʬʯʰʹʰʹ ʵʱʬʨʴʰʹ ʹʻʩʫʻʽ˂ʰʰʹʨ ʫʨ ʱʵʲʰʮʰʰʹ ʶʸʵ˂ʬʹˀʰ, 
˄ʨʸʳʵʨʫʪʬʴʬʴ ʪʬʵʫʰʴʨʳʰʱʻʸʰ ʹʺʨʫʰʬʩʰʹ ʳʬʺʨʲʵʪʬʴʻʸ ʰʴʫʰʱʨʺʵʸʬʩʹ. 

ʼʨʴʬʸʵʮʵʻʲʰ ʪʬʵʫʰʴʨʳʰʱʨ ʳʿʨʸʰ ʲʰʯʵʹʼʬʸʵʹ ʶʰʸʵʩʬʩˀʰ ʯʨʴʨʳʬʫʸʵʭʬ 
ʶʲʬʰʺʬʽʺʵʴʰʱʰʯ ʱʵʴʺʸʵʲʫʬʩʨ, ˆʵʲʵ ʶʸʬʱʨʳʩʸʰʻʲʰ ʪʬʵʫʰʴʨʳʰʱʨ ʶʲʨʹʺʰʻʸʰ 
ʵʱʬʴʨʻʸʰ ʲʰʯʵʹʼʬʸʵʹ ʶʰʸʵʩʬʩˀʰ, ʰʻʭʬʴʰʲʻʸʰ ʱʵʴʺʰʴʬʴʺʻʸʰ ʽʬʸʽʰʹ 
ʼʵʸʳʰʸʬʩʰʹ ʶʸʵ˂ʬʹˀʰ ʪʨʴʶʰʸʵʩʬʩʻʲʰʨ ʶʲʻʳʬʩʰʹ ʺʬʽʺʵʴʰʱʰʯ, ˆʨʹʰʨʯʫʬʩʨ 
ʳʨʾʨʲʰ ʹʰʯʩʻʸʰ ʴʨʱʨʫʰʯ, ʸʵʳʬʲʹʨ˂ ʻʱʨʭˀʰʸʫʬʩʨ ʨʸʽʬʻʲʰ ʫʨ ʶʸʵʺʬʸʵʮʵʻʲʰ 
ʵʽʸʵ-ʶʵʲʰʳʬʺʨʲʻʸʰ VHMS ʶʸʵʭʰʴ˂ʰʬʩʰʹʨ ʫʨ ʵʸʵʪʬʴʻʲʰ ʵʽʸʵʹ ʪʨʳʨʫʴʬʩʰʹ 
ʼʵʸʳʰʸʬʩʨ, ʵʽʸʵʹʨ ʫʨ ʶʵʲʰʳʬʺʨʲʬʩʰʹ ʫʰʹʺʸʰʩʻ˂ʰʨ ʳʨʴʺʰʰʫʨʴ ʪʸʨʴʰʺʵʰʫʻʲ 
ʱʸʨʺʵʴʬʩˀʰ (Goldfarb et. al., 2000, 2001; Groves et. al., 2005). ʴʬʵʶʸʵʺʬʸʵʮʵʻʲˀʰ 
ʫʨʹʸʻʲʫʨ ʳʨʴʺʰʰʫʨʴ ʲʰʯʵʹʼʬʸʵˀʰ (ʹʰʨʲʻʸʰ, ʩʨʮʨʲʺʻʸʰ ʽʬʸʽʰ ʫʨ ʳʿʨʸʰ 
ʮʬʫʨ ʳʨʴʺʰʨ) Au, Pb, Zn ʫʨ Cu ʸʬʫʰʹʺʸʰʩʻ˂ʰʨ. ʵʽʸʵʹʨ ʫʨ ʺʿʭʰʰʹ ʱʵʴ˂ʬʴʺʸʨ˂ʰʨ 
ʪʨʴˆʵʸ˂ʰʬʲʫʨ ʹʰʨʲʻʸʰ ʽʬʸʽˀʰ, ʯʻʯʰʰʹʨ - ʩʨʮʨʲʺʻʸˀʰ, ˆʵʲʵ ʹʶʰʲʬʴ˃ʰ, 
˃ʰʸʰʯʨʫʨʫ, ʫʨʪʸʵʭʫʨ ʮʬʫʨ ʳʨʴʺʰʨˀʰ (Gugushvili et al., 2010; Gugushvili, 2015, 2017). 

ʵʽʸʵʹ ʫʨ ʹʶʰʲʬʴ˃-ʶʵʲʰʳʬʺʨʲʻʸʰ ʳʰʴʬʸʨʲʰʮʨ˂ʰʰʹ ʪʨʫʨʴʨ˄ʰʲʬʩʨ ʳʨʪʳʻʸ-
ʭʻʲʱʨʴʻʸ ʨʽʺʰʭʵʩʨʹ ʻʱʨʭˀʰʸʫʬʩʨ, ʪʬʵʫʰʴʨʳʰʱʻʸʰ ʪʨʴʭʰʯʨʸʬʩʰʹ ʹˆʭʨʫʨʹˆʭʨ 
ʬʺʨʶʮʬ ʫʨ ʱʵʴʺʸʵʲʫʬʩʨ ʹʺʨʩʰʲʻʸʰ ʹʻʩʫʻʽ˂ʰʰʯʨ ʫʨ ʹʻʩʫʻ˂ʰʸʬʩʻʲʰ ʼʰʲʰʹ 
ʺʸʨʴʹʼʵʸʳʨ˂ʰʰʯ ʶʸʬʱʵʲʰʮʰʻʸʰ ʬʺʨʶʰʹ ʹʰʴʭʻʲʱʨʴʻʸ ʫʨ ʶʵʹʺʭʻʲʱʨʴʻʸ 
ʹʺʨʫʰʨʮʬ ʫʨ ʶʵʹʺʱʵʲʰʮʰʻʸʰ ʪʨʴʭʰʯʨʸʬʩʰʹ ʬʺʨʶʮʬ, ʺʬʯʰʹʰʹ ʵʱʬʨʴʰʹ ʫʨˆʻʸʭʰʹ 
ˀʬʫʬʪʨʫ, ʸʵʫʬʹʨ˂ ʹʻʩʫʻʽ˂ʰʰʹ ʶʸʵ˂ʬʹʰ ʫʨʹʸʻʲʫʨ, ʯʻʳ˂ʨ ʨʼʸʵ-ʨʸʨʩʬʯʰʹ 
ʱʵʴʺʰʴʬʴʺʰʹ ʹʺʸʬʹʰʹ ˀʬʫʬʪʨʫ, ʬʭʸʨʮʰʰʹ ʨʽʺʰʻʸ ʱʰʫʬʮʬ ʹʻʩʫʻ˂ʰʸʬʩʻʲʰ 
ʼʰʲʰʹ ʺʸʨʴʹʼʵʸʳʨ˂ʰʨ ʪʸ˃ʬʲʫʬʩʨ, ʸʵʳʬʲʳʨ˂ ʪʨʴʨʶʰʸʵʩʨ ʵʸʵʪʬʴʬʮʰʹʰ, ʸʾʭʬʭʨ-
ʹˆʲʬʺʭʰʯʰ ʺʬʽʺʵʴʰʱʨ ʫʨ ʨʹʺʬʴʵʹʼʬʸʻʲʰ ʳʨʹʨʲʰʹ ˀʬʳʵ˅ʸʨ ʫʨʳʹˆʭʸʬʻʲʰ (ʺʸʨʴʹʼʵʸʳʰʸʬʩʻʲʰ) ʹʻʩʫʻ˂ʰʸʬʩʻʲʰ ʼʰʲʰʹ ʪʨʭʲʰʯ ʵʸʵʪʬʴʻʲ ʳ˃ʲʨʭʸ 
ʹʰʨʲʻʸ ʽʬʸʽˀʰ (Gugushvili, 2015, 2017).  

ʹʨʱʭʲʬʭ ʸʨʰʵʴˀʰ ʪʬʵʲʵʪʰʻʸʰ ʫʨ ʪʬʵʫʰʴʨʳʰʱʻʸʰ ʪʨʴʭʰʯʨʸʬʩʬʩʰʹ ʱʭʲʬʭʰʹ 
ˀʬʫʬʪʨʫ, ʫʨʫʪʬʴʰʲʰ ʰʽʴʨ ʪʬʵʫʰʴʨʳʰʱʻʸʰ ʪʨʴʭʰʯʨʸʬʩʰʹ ʬʺʨʶʬʩʰʹ ʹʸʻʲʰ 
ʹʶʬʽʺʸʰ: ʱʻʴ˃ʻʲʯʨ ʸʱʨʲʻʸʰ, ʩʬʱʨʸʱ-ʰʴʺʬʸʨʸʱʻʲʰ ʫʨ ʵʱʬʨʴʻʸʰ. ʿʵʭʬʲʰ 
ʳʨʯʪʨʴʰ ˆʨʹʰʨʯʫʬʩʨ ʹʶʬ˂ʰʼʰʱʻʸʰ ʳʨʪʳʨʺʰʮʳʰʯ, ʭʻʲʱʨʴʻʸʰ ʨʽʺʰʭʵʩʰʯ, 
ˈʰʫʸʵʯʬʸʳʻʲʰ ʶʸʵ˂ʬʹʰʯʨ ʫʨ ʳʬʺʨʲʵʪʬʴʰʰʯ. 

ʱʻʴ˃ʻʲʯʨ ʸʱʨʲʻʸʰ ʭʰʯʨʸʬʩʨ ˆʨʹʰʨʯʫʬʩʨ ʱʰʸ-ʺʻʺʬ ʩʨʮʨʲʺ-ʨʴʫʬʮʰʺ 
ʫʨ˂ʰʺ-ʸʰʵʲʰʯʻʸʰ ʭʻʲʱʨʴʰʮʳʰʯ. ʰʴʺʬʸʨʸʱ-ʩʬʱʨʸʱʻʲʰ ʭʰʯʨʸʬʩʨ ˆʨʹʰʨʯʫʬʩʨ 
ʺʵʲʬʰʺ-ʵʲʰʭʰʴʩʨʮʨʲʺʻʸʰ ʭʻʲʱʨʴʰʮʳʰʯ ʰʴʺʬʴʹʰʻʸʰ ʸʰʼʺʰʴʪʰʹ ʬʺʨʶʮʬ, 
ʺʻʺʬ ʵʲʰʭʰʴʩʨʮʨʲʺʻʸʰ ʫʨ ʺʸʨʽʰʩʨʮʨʲʺʻʸʰ ʭʻʲʱʨʴʻʸʰ ʨʽʺʰʭʵʩʰʯ 
ʸʰʼʺʰʴʪʰʹ ʪʨʸʫʨʳʨʭʨʲ ʬʺʨʶʮʬ ʫʨ ˀʵˀʵʴʰʺ-ʺʸʨʽʰʨʴʫʬʮʰʺʻʸʰ ʫʨ 
ʺʸʨʽʰʸʰʵʫʨ˂ʰʺʻʸʰ ʭʻʲʱʨʴʰʮʳʰʯ ʸʰʼʺʰʴʪʰʹ ʹʨ˄ʿʰʹ ʬʺʨʶʮʬ ʫʨ ʳʰʹʰ ˀʬʹʻʹʺʬʩʰʹ 
ʶʸʵ˂ʬʹˀʰ. ʸʰʼʺʰʴʪʰʹ ˀʬʳʫʪʵʳʰ ʪʨ˃ʲʰʬʸʬʩʨ ʹʶʸʬʫʰʴʪʹʨ ʫʨ ʵʱʬʴʨʻʸ ʭʰʯʨʸʬʩʨˀʰ 
ʪʨʳʵʭʲʰʴʫʨ ʫʨ ˆʨʹʰʨʯʫʬʩʨ ʵʼʰʵʲʰʺʻʸʰ ʭʻʲʱʨʴʰʮʳʰʯ ʫʨ ʫʻʴʰʺ-
ʶʬʸʰʫʵʺʰʺʻʲʰ ʳʨʪʳʨʺʰʮʳʰʯ, ʸʵʳʬʲʰ˂ ʵʱʬʨʴʻʸʰ ʭʰʯʨʸʬʩʰʹ ʰʴʫʰʱʨʺʵʸʹ 
˄ʨʸʳʵʨʫʪʬʴʹ. ʿʭʬʲʨ ʬʹ ʭʰʯʨʸʬʩʨ ʫʨʫʪʬʴʰʲʰʨ ʬʭʸʨʮʰʰʹ ʨʽʺʰʻʸʰ ʱʰʫʰʹ ʹʨʱʭʲʬʭ 
ʸʬʪʰʵʴˀʰ. 
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ʶʵʹʺʱʵʲʰʮʰʻʸʰ ʪʨʴʭʰʯʨʸʬʩʰʹ ʶʰʸʭʬʲʰ ʬʺʨʶʰ ʪʨʳʵʭʲʰʴʫʨ ʵʸʵʪʬʴʻʲ 
ʪʸʨʴʰʺʵʰʫʻʲ ʳʨʪʳʨʺʰʮʳˀʰ, ˆʵʲʵ ʳʬʵʸʬ ʬʺʨʶʰ - ʱʰʸ-ʺʻʺʬ ʫʨ ʺʻʺʬ-ʩʨʮʨʲʺ-
ʺʸʨʽʰʩʨʮʨʲʺʻʸ ʭʻʲʱʨʴʻʸ ʨʽʺʰʭʵʩʨˀʰ (Gugushvili, 2017; Dilek et al., 2010). 

ʪʬʵʫʰʴʨʳʰʱʻʸʰ ʪʨʴʭʰʯʨʸʬʩʰʹ ʬʺʨʶʬʩʰ ʱʵʴʺʸʵʲʫʬʩʨ ʹʰʨʲʻʸʰ, ʩʨʮʨʲʺʻʸʰ 
ʽʬʸʽʰʹʨ ʫʨ ʳʨʴʺʰʰʹ ʳʵʴʨ˄ʰʲʬʵʩʰʹ ʹˆʭʨʫʨʹˆʭʨ ʫʵʴʰʯ. ʱʻʴ˃ʻʲʯʨ ʸʱʨʲʻʸʰ 
ʭʻʲʱʨʴʰʮʳʰ ʪʨʴʶʰʸʵʩʬʩʻʲʰʨ ʹʰʨʲʻʸʰ, ʩʨʮʨʲʺʻʸʰ ʽʬʸʽʰʹ ʫʨ ʳʨʴʺʰʰʹ 
ʳʵʴʨ˄ʰʲʬʵʩʰʯ, ʰʹʬʭʬ, ʸʵʪʵʸ˂ ʰʴʺʬʸʨʸʱ-ʩʬʱʨʸʱʻʲʰ ʭʰʯʨʸʬʩʰʹ ʹʨ˄ʿʰʹʰ ʫʨ 
ˀʬʹʻʹʺʬʩʰʹʨ ʫʨ ˁʨʽʸʵʩʰʹ ʹʺʨʫʰʬʩʰ. ʩʬʱʨʸʱʻʲʰ ʰʴʺʬʴʹʰʻʸʰ ʸʰʼʺʰʴʪʰ, 
˃ʰʸʰʯʨʫʨʫ, ʱʵʴʺʸʵʲʫʬʩʨ ʩʨʮʨʲʺʻʸʰ ʽʬʸʽʰʯʨ ʫʨ ʳʨʴʺʰʰʯ. ʳʨʹ ʨʸ ʨˆʨʹʰʨʯʬʩʹ 
ʹʰʨʲʻʸʰ ʽʬʸʽʰʹ ʳʵʴʨ˄ʰʲʬʵʩʨ ʫʨ ʳʰʹ ʰʴʫʰʱʨʺʵʸʹ (ʳʨˆʨʹʰʨʯʬʩʬʲʹ) ʺʵʲʬʰʺʻʸʰ 
ʭʻʲʱʨʴʻʸʰ ʨʽʺʰʭʵʩʨ ˄ʨʸʳʵʨʫʪʬʴʹ. ʸʨ˂ ˀʬʬˆʬʩʨ ʵʱʬʨʴʻʸ ʭʰʯʨʸʬʩʨʹ, ʰʪʰ 
ʱʵʴʺʸʵʲʫʬʩʨ ʳˆʵʲʵʫ ʳʨʴʺʰʻʸʰ ʳʨʹʨʲʰʹ ʳʵʴʨ˄ʰʲʬʵʩʰʯ. ʨʳ ʬʺʨʶʰʹ ʹʶʸʬʫʰʴʪʳʨ 
ʫʨ ʳʨʴʺʰʻʸʰ ʫʰʨʶʰʸʰʹ ʳʨʾʨʲ ʫʵʴʬʮʬ ˀʬʳʵ˅ʸʨʳ ʪʨʳʵʸʰ˂ˆʨ ʩʨʮʨʲʺʻʸʰ ʽʬʸʽʰʹ 
ʳʵʴʨ˄ʰʲʬʵʩʨ, ʸʵʳʬʲʰ˂ ʳʯʲʰʨʴʨʫ ʹʶʸʬʫʰʴʪʳʨ ʪʨʰʺʨʴʨ. ʳˆʵʲʵʫ ʵʱʬʨʴʻʸʰ 
ʭʰʯʨʸʬʩʰʹ ʹʨ˄ʿʰʹ ʹʺʨʫʰʨʮʬʨ ʫʨʫʪʬʴʰʲʰ ʩʨʮʨʲʺʻʸʰ ʽʬʸʽʰʹ ʸʬʲʰʽʺʬʩʰʹ 
ʳʵʴʨ˄ʰʲʬʵʩʨ (Hutchinson, 1973). Au, Pb, Zn ʫʨ Cu-ʹ ˄ʿʨʸʵ ʹʰʨʲʻʸ, ʩʨʮʨʲʺʻʸ ʽʬʸʽˀʰ ʫʨ ʳʨʴʺʰʨˀʰ, 
ˀʬʳʫʬʪʴʨʰʸʨʫ ʴʨ˄ʰʲʫʬʩʨ: Au ʫʨ Pb ˄ʿʨʸʵ, ʰʹʬʭʬ ʸʵʪʵʸ˂ ʰˀʭʰʨʯʰ ʳʬʺʨʲʬʩʰʹ - Sb, W, Mo, Hg, ʨʸʰʹ ʹʰʨʲʻʸʰ ʽʬʸʽʰ, Zn-ʰʹ ˄ʿʨʸʵ ʩʨʮʨʲʺʻʸʰ ʽʬʸʽʰʨ, ˆʵʲʵ Cu-ʹʨ 
˃ʰʸʰʯʨʫʨʫ ʳʨʴʺʰʨʨ (Gugushvili et al., 2010; Gugushvili, 2015, 2017), ʸʨ˂ ʳʱʨʼʰʵʫ 
ʫʨʹʺʻʸʫʬʩʨ ʸʵʪʵʸ˂ ʹʨʱʭʲʬʭʰ ʸʬʪʰʵʴʰʹ ʳʨʪʨʲʰʯʮʬ, ʰʹʬ ʳʹʵʼʲʰʵʹ ʹˆʭʨ 
ʸʬʪʰʵʴʬʩˀʰ (Mair et al., 2006; Moritz et al., 2004; Rona, Scott, 1993; Goldfarb et al., 2001; Moritz et al., 2016; Yakubchuk et al., 2002). Au, Pb, Zn ʫʨ Cu ʫʨ ʰˀʭʰʨʯʰ ʳʬʺʨʲʬʩʰʹ ʳʬʺʨʲʵʪʬʴʰʨ ʹʨʱʭʲʬʭ ʸʬʪʰʵʴˀʰ 
ʪʬʵʫʰʴʨʳʰʱʻʸʰ ʪʨʴʭʰʯʨʸʬʩʰʹ ʳʱʨʼʰʵ ʰʴʫʰʱʨʺʵʸʹ ˄ʨʸʳʵʨʫʪʬʴʹ. ʳʨʯʰ ʪʨʴʨ˄ʰʲʬʩʨ 
ʹˆʭʨʫʨʹˆʭʨ ʪʬʵʫʰʴʨʳʰʱʻʸ ʭʰʯʨʸʬʩʨˀʰ ʪʨʴʹˆʭʨʭʬʩʻʲʰʨ. 

ʱʻʴ˃ʻʲʯʨ ʸʱʨʲʬʩˀʰ ʵʽʸʵ-ʹʶʰʲʬʴ˃-ʶʵʲʰʳʬʺʨʲʻʸʰ ʶʵʸʼʰʸʻʲʰ ʫʨ ʳ˂ʰʸʬ 
ʫʨ ʳʨʾʨʲʹʻʲʼʰʫʻʸʰ ʵʽʸʵʹ ʳʰʴʬʸʨʲʰʮʨ˂ʰʨ ʫʨ ʱʻʸʵʱʵʹ ʺʰʶʰʹ 
ʹʺʸʨʺʰʳʵʸʼʻʲʰ ʵʽʸʵ-ʹʶʰʲʬʴ˃-ʺʿʭʰʨ-ʯʻʯʰʰʹ ʪʨʳʨʫʴʬʩʨʨ ʫʨʫʪʬʴʰʲʰ. 
ʪʨʳʨʫʴʬʩʨ ʨʽ ʹʺʨʩʰʲʻʸʰ ʹʻʩʫʻʽ˂ʰʰʹ ʬʺʨʶʰʯ ʱʵʴʺʸʵʲʫʬʩʨ ʫʨ ˀʬʰ˂ʨʭʹ Au, Pb, Zn ʫʨ Cu-ʹ. ʨʽ ʪʨʳʨʫʴʬʩʰʹ ʶʸʵ˂ʬʹˀʰ ʳʵʴʨ˄ʰʲʬʵʩʹ ʹʰʨʲʻʸʰ ʩʨʮʨʲʺʻʸʰ ʽʬʸʽʰ ʫʨ 
ʳʿʨʸʰ ʮʬʫʨ ʳʨʴʺʰʨ. ʰʪʰʭʬ ʭʰʯʨʸʬʩʨ ʪʸ˃ʬʲʫʬʩʨ ʰʴʺʬʸʨʸʱ-ʩʬʱʨʸʱʻʲʰ ʸʰʼʺʰʴʪʰʹ 
ʹʨ˄ʿʰʹ ʹʺʨʫʰʨʮʬ, ʸʵʳʬʲʰ˂ ʹʻʩʫʻ˂ʰʸʬʩʻʲʰ ʼʰʲʰʹ ʺʸʨʴʹʼʵʸʳʨ˂ʰʰʹ ʶʰʸʭʬʲʰ, 
ʹʨ˄ʿʰʹʰ ʬʺʨʶʰʯ ʱʵʴʺʸʵʲʫʬʩʨ. ʨʳ ʬʺʨʶʮʬ ʸʰʼʺʰʴʪˀʰ ˇʬʸ ʱʰʫʬʭ ʳʵʴʨ˄ʰʲʬʵʩʹ 
ʹʰʨʲʻʸʰ ʽʬʸʽʰ. ʳʨʴʺʰʻʸʰ ʫʰʨʶʰʸʰʹ ˀʬʳʵ˅ʸʰʹ ʪʨʭʲʬʴʰʯ ʨʽ ʰʮʸʫʬʩʨ ʼʲʻʰʫʬʩʰʹ 
ʺʻʺʰʨʴʵʩʨ ʫʨ ʺʬʳʶʬʸʨʺʻʸʨ, ʸʨʳʨ˂ ʪʨʴʨʶʰʸʵʩʨ ʹʰʨʲʻʸʰ ʽʬʸʽʰʫʨʴ ʵʽʸʵʹ ʫʨ 
ʺʿʭʰʰʹ ʰʴʺʬʴʹʰʻʸʰ ʪʨʳʵʺʻʺʭʨ. ʨʳ ʬʺʨʶʮʬ ʶʵʲʰʳʬʺʨʲʻʸ ʳʨʫʨʴˀʰ ʵʽʸʵʹʨ ʫʨ 
ʺʿʭʰʰʹ ʳʵʴʨ˄ʰʲʬʵʩʨ ʳʴʰˀʭʴʬʲʵʭʴʨʫ ʰʮʸʫʬʩʨ ʹʺʨʩʰʲʻʸʰ ʹʻʩʫʻʽ˂ʰʰʹ 
ʶʸʵ˂ʬʹʯʨʴ ʫʨʱʨʭˀʰʸʬʩʻʲ ʪʨʳʨʫʴʬʩʨʹʯʨʴ ˀʬʫʨʸʬʩʰʯ, ʸʵʳʬʲʰ˂ ˆʨʹʰʨʯʫʬʩʨ 
ʼʲʻʰʫʬʩʰʹ ʻʼʸʵ ʫʨʩʨʲʰ ʺʬʳʶʬʸʨʺʻʸʰʯ. ʬʹ ʱʨʸʪʨʫ ʫʨʹʺʻʸʫʬʩʨ ʩʵʲʴʰʹʰʹ 
ʳʨʫʴʰʨʴʰ ʸʨʰʵʴʰʹ ʳʨʪʨʲʰʯʮʬ, ʹʨʫʨ˂ ʳʨʫʴʬʻʲʰʹ ʱʭʨʴ˃ˀʰ, ʸʵʳʲʰʹ ʼʵʸʳʰʸʬʩʨ 
ʹʺʨʩʰʲʻʸʰ ʹʻʩʫʻʽ˂ʰʰʹ ʶʸʵ˂ʬʹʹ ʻʱʨʭˀʰʸʫʬʩʨ, ʩʬʽʯʨʱʨʸʰʹ ʱʭʨʴ˃ʯʨʴ ˀʬʫʨʸʬʩʰʯ, 
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ʹʨʫʨ˂ ʳʰʴʬʸʨʲʰʮʨ˂ʰʨ (ʪʨʳʨʫʴʬʩʨ) ʹʻʩʫʻ˂ʰʸʬʩʻʲʰ ʼʰʲʰʹ ʺʸʨʴʹʼʸʵʳʨ˂ʰʰʯ ʫʨ 
ʳʨʴʺʰʻʸʰ ʫʰʨʶʰʸʰʹ ˀʬʳʵ˅ʸʰʯ ʱʵʴʺʸʵʲʫʬʩʨ. ʵʽʸʵʹ ʹʨˀʻʨʲʵ ˀʬʳ˂ʭʬʲʵʩʨ 
ʳʨʫʴʬʻʲʰʹ ʶʵʲʰʳʬʺʨʲʻʸ ʳʨʫʨʴˀʰ ʹʨˀʻʨʲʵʫ 0,8 ʪ/ʺ-ʹ ʨʸ ʨʾʬʳʨʺʬʩʨ, ʰʳ ʫʸʵʹ, 
ʸʵʫʬʹʨ˂ ʩʬʽʯʨʱʨʸʰʹ ʱʭʨʴ˃ˀʰ ʰʪʰ ʹʨˀʻʨʲʵʫ 5 ʪ/ʺ-ʹ ʻʫʸʰʹ ʫʨ ʸʰʪ ˀʬʳʯˆʭʬʭʬʩˀʰ 20 ʪ/ʺ-ʹ ʫʨ ʮʵʪˇʬʸ 189 ʪ/ʺ-ʹʨ˂ ʨʾ˄ʬʭʹ (Gugushvili, 2015, 2017). 

ʳʹʪʨʭʹʰ ʭʰʯʨʸʬʩʨ ʰʹʨˆʬʩʨ ʱʨʸʶʨʺ-ʩʨʲʱʨʴʬʯʰʹ ʸʬʪʰʵʴˀʰ. ʶʨʴʨʪʰʻʸʰˀʺʬʹ 
ʳʨʫʴʰʨʴ ʸʨʰʵʴˀʰ˂ (ʩʻʲʪʨʸʬʯʰ), ʹʨʫʨ˂ ʳʨʾʨʲʹʻʲʼʰʫʻʸʰ ʬʶʰʯʬʸʳʻʲʰ ʫʨ 
ʶʵʸʼʰʸʻʲʰ ʪʨʳʨʫʴʬʩʨ ʹʺʨʩʰʲʻʸʰ ʹʻʩʫʻʽ˂ʰʰʯ ʫʨ ʹʻʩʫʻ˂ʰʸʬʩʻʲʰ ʼʰʲʰʹ 
ʺʸʨʴʹʼʵʸʳʨ˂ʰʰʯ (ʪʨʾʻʴʭʰʯ) ʱʵʴʺʸʵʲʫʬʩʨ. ʵʽʸʵʹ ˀʬʳ˂ʭʬʲʵʩʨ 2.07 ʪ/ʺ-ʹ 
ʻʫʸʰʹ (Moritz et al., 2004; von Quadt et al., 2005). ʹʬʸʩʬʯˀʰ˂ ʳʬʺʨʫ ʳʴʰˀʭʴʬʲʵʭʨʴʰ 
ʵʽʸʵ-ʶʵʲʰʳʬʺʨʲʻʸʰ ʶʵʸʼʰʸʻʲʰ ʫʨ ʬʶʰʯʬʸʳʻʲʰ ʹʨʩʨʫʵʬʩʰ ʩʵʸʰ ʫʨ 
ʳʨʰʫʨʴʶʬʱʰʨ ˂ʴʵʩʰʲʰ (ʺʰʳʵʱʰʹ ʳʨʫʴʰʨʴʰ ʸʨʰʵʴʰ), ʰʹʰʴʰ ʹʺʨʩʰʲʻʸʰ 
ʹʻʩʫʻʽ˂ʰʰʯ ʱʵʴʺʸʵʲʫʬʩʨ ʫʨ ˄ʨʸʳʵʫʪʬʴʰʲʰʨ ʵʽʸʵ-ʹʶʰʲʬʴ˃-ʶʵʲʰʳʬʺʨʲʻʸʰ 
ʪʨʳʨʫʴʬʩʰʯ. ʯʻʸʽʬʯʰʹ ʨʾʳʵʹʨʭʲʬʯ ʶʵʴʺʰʫʬʩˀʰ˂ ˂ʴʵʩʰʲʰʨ  ʹʺʨʩʰʲʻʸ 
ʹʻʩʫʻʽ˂ʰʨʹʯʨʴ ʫʨ ʱʰʸ-ʺʻʺʬ ʭʻʲʱʨʴʰʮʳʯʨʴ ʫʨʱʨʭˀʰʸʬʩʻʲʰ ʵʽʸʵ-ʹʶʰʲʬʴ˃-
ʶʵʲʰʳʬʺʨʲʻʸʰ ʶʵʸʼʰʸʻʲʰ, ʬʶʰʯʬʸʳʻʲʰ ʫʨ ʱʻʸʵʱʵʹ ʺʰʶʰʹ VMS ʹʨʩʨʫʵʬʩʰ. 
ʵʽʸʵʹ ˀʬʳ˂ʭʬʲʵʩʨ ʨʽ ʻʼʸʵ ʳʨʾʨʲʰʨ ʱʻʸʵʱʵʹ ʺʰʶʰʹ ʪʨʳʨʫʴʬʩʨˀʰ ˁʨʬʲʰ (ʳʨʫʬʴʱʵʰ) ʫʨ ʲʨˈʨʴʵʹʰʹ ʹʨʩʨʫʵʬʩˀʰ, ʹʨʫʨ˂ Pb, Zn, Cu, Au ʫʨ Ag-ʹ ˀʬʳ˂ʭʬʲʰ 
ʳʨʫʨʴʰ ˂ʨʸ˂ʻʲ ʫʨ˂ʰʺ-ʸʰʵʲʰʯʻʸ ʭʻʲʱʨʴʻʸ ʹʬʸʰʨʹ ʻʱʨʭˀʰʸʫʬʩʨ. ʨʸʯʭʰʴʰʹ 
ʸʬʪʰʵʴˀʰ ʪʭʰʨʴ ˂ʨʸ˂ʻʲ ʭʻʲʱʨʴʻʸ ʱʵʳʶʲʬʽʹˀʰ ˂ʴʵʩʰʲʰʨ ˁʬʸʨʺʬʶʬʹ ˈʰʩʸʰʫʻʲʰ 
ʹʨʩʨʫʵ, ʸʵʳʬʲʰ˂ ˀʬʫʪʬʩʨ ʹʶʰʲʬʴ˃-ʹʻʲʼʰʫʻʸʰ ˂ʬʴʺʸʨʲʻʸʰ ʮʵʴʰʫʨʴ ʫʨ Au, Ag, Pb-Ba ˀʬʳ˂ʭʬʲʰ ʼʲʨʴʪʬʩʰʫʨʴ (O'Brien, 1997). 

ʹʺʨʩʰʲʻʸ ʹʻʩʫʻʽ˂ʰʨʹʯʨʴ ʫʨʱʨʭˀʰʸʬʩʻʲʰ ʵʽʸʵ-ʹʶʰʲʬʴ˃-ʶʵʲʰʳʬʺʨʲʻʸʰ 
ʹʨʩʨʫʵʬʩʰ ʼʨʸʯʵʫ ʨʸʰʹ ʪʨʭʸ˂ʬʲʬʩʻʲʰ ʳ˂ʰʸʬ ʱʨʭʱʨʹʰʵʴʰʹ ʼʨʸʪʲʬʩˀʰ˂. ʳʨʯʪʨʴ 
ʳʴʰˀʭʴʬʲʵʭʨʴʰʨ ʲʵʽʰ-ʿʨʸʨʩʨˆʰʹ ʮʵʴʰʹ ʹʨʩʨʫʵʯʨ ˇʪʻʼʰ ˀʨʳʲʻʾʰ, ʨʲʨʭʬʸʫʰ, 
ʺʬˆʻʺʰ, ʪʬʫʨʩʬʱʰ, ʿʨʸʨʫʨʾʰ ʫʨ ˁʵʭʫʨʸʰ. ʰʹʰʴʰ ˄ʨʸʳʵʫʬʴʰʲʴʰ ʨʸʰʨʴ 
ʶʵʸʼʰʸʻʲʰ, ʬʶʰʯʬʸʳʻʲʰ ʫʨ VMS ʱʻʸʵʱʵʹ ʺʰʶʰʹ ʳʰʴʬʸʨʲʰʮʨ˂ʰʰʯ (Baba-Zade et al., 2015; Kekelia et al., 1993). ʵʽʸʵʹ ˀʬʳ˂ʭʬʲʵʩʨ ʳʨʫʴʬʩˀʰ ʨʽ 2,7 ʪ/ʺ, Pb–0.3%, Zn–0.98%, Cu–2%-ʹ ʨʾ˄ʬʭʹ. 

ʨʳʪʭʨʸʨʫ, ʹʺʨʩʰʲʻʸʰ ʹʻʩʫʻʽ˂ʰʰʹ ʶʸʵ˂ʬʹˀʰ ʫʨ ʹʻʩʫʻ˂ʰʸʬʩʻʲʰ ʼʰʲʰʹ 
ʺʸʨʴʹʼʵʸʳʨ˂ʰʰʹ ʹʨ˄ʿʰʹ ʬʺʨʶʮʬ ʪʨʳʨʫʴʬʩʨˀʰ Au ʫʨ Pb ʳʵʴʨ˄ʰʲʬʵʩʹ Zn ʫʨ Cu-ʯʨʴ 
ʬʸʯʨʫ. ʹʻʩʫʻ˂ʰʸʬʩʻʲʰ ʼʰʲʰʹ ʰʴʺʬʴʹʰʻʸʰ ʺʸʨʴʹʼʵʸʳʨ˂ʰʰʹ ʬʺʨʶʮʬ, ʳʨʴʺʰʻʸʰ 
ʫʰʨʶʰʸʰʹ ʻʼʸʵ ʰʴʺʬʴʹʰʻʸʳʨ ˀʬʳʵ˅ʸʨʳ ʸʰʼʺʰʴʪʰʹ ʶʸʵ˂ʬʹˀʰ ʹʰʨʲʻʸʰ ʽʬʸʽʰʹ 
ʹʸʻʲʰ ʹʶʸʬʫʰʴʪʰ ʪʨʴʨʶʰʸʵʩʨ ʫʨ ʰʪʰ ʨʾʨʸ ʳʵʴʨ˄ʰʲʬʵʩʹ ʪʨʳʨʫʴʬʩʰʹ ʶʸʵ˂ʬʹˀʰ. 
ʨʳʪʭʨʸʰ ʭʰʯʨʸʬʩʰʹ ʱʨʸʪ ʳʨʪʨʲʰʯʹ ˄ʨʸʳʵʨʫʪʬʴʹ ʱʨʭʱʨʹʰʰʹ ˄ʰʴʨ ʽʬʫʰʹ 
ʰʴʺʬʸʨʸʱʻʲʰ ʸʰʼʺʰ. ʨʽ ʺʵʲʬʰʺʻʸ ʭʻʲʱʨʴʰʮʳʹ ʨˆʲʨʭʹ VMS ʺʰʶʰʹ ʹʶʰʲʬʴ˃-
ʯʻʯʰʰʹ ʳʰʴʬʸʨʲʰʮʨ˂ʰʨ, ʸʵʳʬʲˀʰ˂ ʨʸ˂  Au ʫʨ ʨʸ˂ Pb ʨʸ ʳʵʴʨ˄ʰʲʬʵʩʹ. ʬʹ 
ʫʨʹʺʻʸʫʬʩʨ ˆʻʫʬʹʰʹ ʹʨʩʨʫʵʯʨ ˇʪʻʼʰʹ ʳʨʪʨʲʰʯʮʬ (ˆʻʫʬʹʰ, ʫʨʻʫʰ, ʻʸʻʶʰ) (Buadze, Kaviladze, 1977). ʨʽ ʹʶʰʲʬʴ˃-ʯʻʯʰʰʹ ʱʵʲˁʬʫʨʴʻʸ ʪʨʳʨʫʴʬʩʨˀʰ ʯʻʯʰʰʹ 
˄ʿʨʸʵʹ ʸʰʼʺʰʴʪʰʹ ʶʸʵ˂ʬʹˀʰ ʩʨʮʨʲʺʻʸʰ ʽʬʸʽʰ ˄ʨʸʳʵʨʫʪʬʴʹ, ˆʵʲʵ ʹʶʰʲʬʴ˃ʰʹ 
˄ʿʨʸʵ ʸʰʼʺʰʴʪʰʹ ʪʨʳʵʳ˄ʭʬʭʰ ʳʨʴʺʰʻʸʰ ʫʰʨʶʰʸʰʨ. 
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ʰʴʺʬʴʹʰʻʸʰ ʩʬʱʨʸʱʻʲʰ ʸʰʼʺʰʴʪʰʹ ʳʨʪʨʲʰʯʰ ʱʨʭʱʨʹʰʵʴʰʹ ʹʨʳˆʸʬʯʰ ʼʬʸʫʰʹ 
ʪʨʴʨʶʰʸʨ ʮʾʭʨʨ. ʳʨʹ ʻʱʨʭˀʰʸʫʬʩʨ ʹʶʰʲʬʴ˃-ʯʻʯʰʨ ʶʰʸʵʺʰʴʰʹ ʪʨʳʨʫʴʬʩʨ (ʱʨ˂ʫʨʪʰ, 
ʱʰʮʰʲʫʬʸʬ, ʨʫʨʴʪʬ). ʪʨʸʫʨ ʨʳʰʹʨ, ʨʽ ʪʭʨʽʭʹ ʼʰʲʰʮˁʨʰʹ ʹʨʩʨʫʵ, ʸʵʳʬʲʰ˂ 
ʹʶʰʲʬʴ˃ʹʨ ʫʨ ʯʻʯʰʨʹʯʨʴ ʬʸʯʨʫ, Au-ʹ ʫʨ Pb-ʹʨ˂ ˀʬʰ˂ʨʭʹ. ʳʨʯʰ ʳʵʴʨ˄ʰʲʬʵʩʨ 
ʫʨʱʨʭˀʰʸʬʩʻʲʰʨ ʹʰʨʲʻʸʰ ʽʬʸʽʰʹ ʸʬʲʰʽʺʬʩʯʨʴ ʩʨʮʨʲʺʻʸ ʽʬʸʽʮʬ, ʸʵʳʬʲʰ˂ 
ʳʵʴʨ˄ʰʲʬʵʩʫʨ ʪʨʴʨʶʰʸʨ ʮʾʭʰʹ ʸʰʼʺʰʴʪʰʹ ʶʸʵ˂ʬʹˀʰ (Gugushvili, 2015). ʨʳʨʭʬ ʫʸʵʹ 
ʨʾʹʨʴʰˀʴʨʭʰʨ, ʸʵʳ ʰʴʺʬʴʹʰʻʸʰ ʩʬʱʨʸʱ-ʰʴʺʬʸʨʸʱʻʲ ʸʰʼʺʰʴʪʹ ʫʨ ʺʵʲʬʰʺʻʸ 
ʭʻʱʨʴʰʮʳʹ ʿʵʭʬʲʯʭʰʹ ʨʸ ʻʱʨʭˀʰʸʫʬʩʨ VHMS ʹʶʰʲʬʴ˃-ʯʻʯʰʰʹ ʪʨʳʨʫʴʬʩʨ. ʨʳʰʹ 
ʴʨʯʬʲ ʳʨʪʨʲʰʯʹ ˀʻʨʬʵ˂ʬʴʻʸʰ ʨʹʨʱʰʹ ʨ˅ʨʸʨ-ʯʸʰʨʲʬʯʰʹ ʸʰʼʺʰ ˄ʨʸʳʵʨʫʪʬʴʹ, 
ʹʨʫʨ˂ ʺʵʲʬʰʺʬʩʰ ˀʬʰ˂ʨʭʬʴ 200ppm Cu-ʹ, ʸʵʳʲʰʹ ˀʬʳ˂ʭʬʲʵʩʨ ʱʲʨʸʱʻʲʹ ʨʯˇʬʸ 
ʨʸʬʳʨʺʬʩʨ, ʸʵʪʵʸ˂ ˁʨʴʹ, ʨʽ ʹʶʰʲʬʴ˃ʰ ˃ʰʸʰʯʨʫʨʫ ʺʵʲʬʰʺʬʩˀʰ ʪʸʵʭʫʬʩʵʫʨ ʫʨ 
ʨʸ ʪʨʫʨʫʰʵʫʨ ʼʲʻʰʫʬʩˀʰ, ʳʬʵʸʬ, ʳʹʪʨʭʹʰ ʳʨʪʨʲʰʯʰ ˂ʴʵʩʰʲʰʨ ʹʨʳˆʸʬʯ ʻʸʨʲʰʹ 
ʸʬʪʰʵʴˀʰ, ʹʨʫʨ˂ ʸʰʼʺʵʪʬʴʻʸʰ ʺʵʲʬʰʺʬʩʰ ʪʨʳʫʰʫʸʬʩʻʲʰʨ Cu ʫʨ Zn, 
ʸʵʳʲʬʩʰ˂ ʨʸ ʪʨʫʨʫʰʵʫʴʬʴ ʼʲʻʰʫˀʰ ʫʨ ʨʽʨ˂ ʨʸ ʨʸʰʹ ˂ʴʵʩʰʲʰ VMS ʺʰʶʰʹ 
ʳʰʴʬʸʨʲʰʮʨ˂ʰʨ (Frolova, Burikova, 1977). 

ʹʶʸʬʫʰʴʪʰʹ ˀʬʳʫʪʵʳ ʰʴʺʬʴʹʰʼʰʱʨ˂ʰʨʹ ʫʨ ʳʨʴʺʰʻʸʰ ʫʰʨʶʰʸʰʹ ʳʨʾʨʲ 
ʫʵʴʬʬʩʮʬ ˀʬʳʵ˅ʸʨʹ, ʳ˂ʰʸʬ ʵʱʬʨʴʻʸ ʫʨ ʵʱʬʨʴʻʸ ʭʰʯʨʸʬʩʨʳʫʬ ʳʰʭʿʨʭʨʸʯ. ʹʨʱʭʲʬʭ 
ʸʬʪʰʵʴˀʰ ʨʳ ʭʰʯʨʸʬʩʰʹ ʳʨʪʨʲʰʯʹ ʯʻʸʽʬʯˀʰ ʪʭʰʨʴ ʶʨʲʬʵʮʵʻʸʰ - ʨʫʸʬ 
ʳʬʮʵʮʵʻʸʰ „ʱʰʻʸʬʹ ʱʵʳʶʲʬʽʹʰ“ ˄ʨʸʳʵʨʫʪʬʴʹ. ʨʳ ʱʵʳʶʲʬʽʹʰʹ ˄ʨʸʳʵˀʵʩʨ 
ʻʱʨʭˀʰʸʫʬʩʨ ʩʬʱʨʸʱʰʹ ʳ˂ʰʸʬ ʵʱʬʨʴʻʸ ʭʰʯʨʸʬʩʨˀʰ ʪʨʫʨʹʭʲʨʹ, ʸʵʳʬʲʰ˂ 
˄ʨʸʳʵʫʪʴʬʰʲʰʨ ʵʼʰʵʲʰʺʬʩʰʯ, MORB ʺʰʶʰʹ ʩʨʮʨʲʺʰʯ ʫʨ 
ʹʬʸʶʬʴʺʰʴʰʮʰʸʬʩʻʲʰ ʶʬʸʰʫʵʺʰʺʬʩʰʯ (Ustaömer, Robertson, 1993), ʸʵʳʬʲʰ˂ 
ˀʬʰ˂ʨʭʹ ʱʭʰʶʸʵʹʰʹ ʺʰʶʰʹ ʹʶʰʲʬʴ˃-ʱʵʲˁʬʫʨʴʻʸ ʪʨʳʨʫʴʬʩʨʹ ʨˀʰʱʵʰʹ ʫʨ ʩʨʱʰʩʨʩʨʹ 
ʹʨʩʨʫʵʬʩˀʰ. ʨʽ Zn ʫʨ Pb ʳʨʫʨʴˀʰ ʳˆʵʲʵʫ ʱʭʨʲʰʹ ʫʵʴʬʮʬ ʳʵʴʨ˄ʰʲʬʵʩʹ (Güner, 1980). ʱʭʰʶʸʵʹʰʹ ʺʰʶʰʹ ʹʶʰʲʬʴ˃ʰʹ ʹʨʩʨʫʵʬʩʰ ʳʨʫʬʴ (ʬʲʨʮʰʪʰ) ʫʨ ʳʨʫʬʴʱʵʰ (ʹʰʰʸʺʰ) ˂ʴʵʩʰʲʰʨ ʩʵʸʫʬʸ ʼʰʲʫʰʹʨ ʫʨ ʺʨʻʸʰʫʬʩʰʹ ʹʨʮʾʭʨʸʮʬ (ʯʻʸʽʬʯʰ). 
ʵʼʰʵʲʰʺʬʩʰ ʨʽ ˀʬʰ˂ʨʭʬʴ ˈʨʸ˂ʩʻʸʪʰʺʬʩʹʨ ʫʨ ʫʻʴʰʺʬʩʹ, ʪʨʩʸʵ-ʫʻʴʰʺʬʩʹ, 
ʶʰʸʵʽʹʬʴʰʺʬʩʹ, ʭʬʸʲʰʺʬʩʹ ʫʨ ʶʰʲʵʻ ʲʨʭʬʩʹ, ʸʵʳʲʬʩʰ˂ ʫʰʨʩʨʮʻʸʰ ʫʨʰʱʬʩʰʹ 
ʱʵʳʶʲʬʽʹʰʯ ʨʸʰʹ ʪʨʱʭʬʯʰʲʰ (Engin, 1994). ʪʨʳʨʫʴʬʩʨ ʨʽʨ˂ ʱʰʻʸʬʹ ʱʵʳʶʲʬʽʹʰʹ 
ʳʹʪʨʭʹʨʫ, ˄ʨʸʳʵʨʫʪʬʴʰʲʰʨ ʽʨʲʱʵʶʰʸʰʺ-ʱʵʲˁʬʫʨʴʻʸʰ VHMS ʺʰʶʰʹ ʪʨʳʨʫʴʬʩʰʯ, 
ʸʵʳʬʲʰ˂ ʨʸ ˀʬʰ˂ʨʭʹ Pb-ʹ ʫʨ Zn-ʹ. 

ʨʳʪʭʨʸʨʫ, Au, Pb, Zn ʫʨ Cu ʶʸʬʱʵʲʰʮʰʻʸʰ ʪʨʴʭʰʯʨʸʬʩʰʹ ʹˆʭʨʫʨʹˆʭʨ ʬʺʨʶʮʬ 
ˀʬʳʫʬʪʴʨʰʸʨʫ ʴʨ˄ʰʲʫʬʩʨ: ʹʺʨʩʰʲʻʸʰ ʹʻʩʫʻʽ˂ʰʰʹ ʫʨ ʹʻʩʫʻ˂ʰʸʬʩʻʲʰ ʼʰʲʰʹ 
ʹʨ˄ʿʰʹʰ ʺʸʨʴʹʼʸʵʳʨ˂ʰʰʹ ʬʺʨʶʬʩʮʬ Au, Pb, Zn ʫʨ Cu ʹʸʻʲʨʫ ʳʵʴʨ˄ʰʲʬʵʩʹ 
ʪʨʳʨʫʴʬʩʰʹ ʵʸʰʭʬ ʬʺʨʶʮʬ. ʯʻʳ˂ʨ, ʵʽʸʵʹ ˀʬʳ˂ʭʬʲʵʩʨ ʼʰʲʰʹ ʹʨ˄ʿʰʹʰ 
ʺʸʨʴʹʼʵʸʳʨ˂ʰʰʹ ʬʺʨʶʮʬ ʳʴʰˀʭʴʬʲʵʭʴʨʫ ʨʾʬʳʨʺʬʩʨ ʵʽʸʵʹ ˀʬʳ˂ʭʬʲʵʩʨʹ 
ʹʺʨʩʰʲʻʸʰ ʹʻʩʫʻʽ˂ʰʰʹ ʬʺʨʶʮʬ. ʬʹ ʪʨʳʵ˄ʭʬʻʲʰʨ ʹʰʨʲʻʸʰ ʽʬʸʽʰʫʨʴ ʵʽʸʵʹ 
ʪʨʳʵʺʻʺʭʰʹ ʰʴʺʬʴʹʰʭʵʩʰʯ ʹʻʩʫʻ˂ʰʸʬʩʻʲʰ ʼʰʲʰʹ ʹʨ˄ʿʰʹʰ ʺʸʨʴʹʼʵʸʳʨ˂ʰʰʹ 
ʶʸʵ˂ʬʹˀʰ. ʸʰʼʺʰʴʪʰʹ ˀʬʳʫʪʵʳʰ ʰʴʺʬʴʹʰʼʰʱʨ˂ʰʰʹ ˀʬʫʬʪʨʫ, ʹʰʨʲʻʸʰ ʽʬʸʽʰ ʨʾʨʸ 
ʳʵʴʨ˄ʰʲʬʵʩʹ ʸʰʼʺʰʴʪˀʰ ʫʨ ʨʳʰʹ ˀʬʫʬʪʨʫ, ʹʶʰʲʬʴ˃-ʯʻʯʰʰʹ ʪʨʳʨʫʴʬʩʨˀʰ Au ʫʨ Pb-ʹ ʳʵʴʨ˄ʰʲʬʵʩʨ ʳˆʵʲʵʫ ʱʭʨʲʰʹ ʫʵʴʬʮʬ ʼʰʽʹʰʸʫʬʩʨ. Zn ʫʨ Cu-ʹ ˄ʿʨʸʵʹ 
ʩʨʮʨʲʺʻʸʰ ʽʬʸʽʰ ʫʨ ʳʨʴʺʰʨ ˄ʨʸʳʵʨʫʪʬʴʹ. ˀʬʳʫʪʵʳʳʨ ʹʶʸʬʫʰʴʪʳʨ ʪʨʴʨʶʰʸʵʩʨ 
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ʩʬʱʨʸʱ-ʰʴʺʬʸʨʸʱʻʲʰ ʸʰʼʺʰʴʪʰʹ ʳ˂ʰʸʬ ʵʱʬʨʴʻʸ ʭʰʯʨʸʬʩʨˀʰ ʺʸʨʴʹʼʸʵʳʨ˂ʰʨ. ʨʽ 
ʳʰʴʬʸʨʲʰʮʨ˂ʰʰʹ ʶʸʵ˂ʬʹʰʹ ʨʸʬʨʲʰʫʨʴ ʪʨʹʻʲʰʨ ʹʰʨʲʻʸʰ ʫʨ ʩʨʮʨʲʺʻʸʰ ʽʬʸʽʰ 
ʫʨ ʪʨʳʨʫʴʬʩʨ ˄ʨʸʳʵʫʪʬʴʰʲʰʨ ʹʶʰʲʬʴ˃ʰʹ ʱʵʲˁʬʫʨʴʻʸʰ ʳʰʴʬʸʨʲʰʮʨ˂ʰʰʯ, ʸʨ˂ 
ʹʶʰʲʬʴ˃ʰʹ ʳʨʴʺʰʻʸ ˄ʿʨʸʵʹ ʨʫʨʹʺʻʸʬʩʹ. 

ʹʨʱʭʲʬʭ ʸʬʪʰʵʴˀʰ ʶʵʹʺʱʵʲʰʮʰʻʸʰ ʳʰʴʬʸʨʲʰʮʨ˂ʰʨ ʭʸ˂ʬʲʫʬʩʨ ʱʨʭʱʨʹʰʰʹ 
ʹʨʳˆʸʬʯʰ ʼʬʸʫʰʹ, ʳ˂ʰʸʬ ʱʨʭʱʨʹʰʵʴʰʹ, ʰʸʨʴʰʹʨ ʫʨ ʯʻʸʽʬʯʰʹ ʺʬʸʰʺʵʸʰʨʮʬ. 
ʪʨʳʨʫʴʬʩʨ ʵʸʵʪʬʴʬʩʰʹ ʼʨʸʪʲʬʩˀʰ ʱʵʴʺʸʵʲʫʬʩʨ ʹʻʩʫʻ˂ʰʸʬʩʻʲʰ ʼʰʲʰʹ 
ʶʵʹʺʹʻʩʫʻʽ˂ʰʻʸʰ ʺʸʨʴʹʼʵʸʳʨ˂ʰʰʯ, ʰʪʰ ʻʱʨʭˀʰʸʫʬʩʨ ʸʾʭʬʭʰʯ ʺʬʽʺʵʴʰʱʨʹ ʫʨ 
ʵʸʵʪʬʴʬʩʰʹ ʳ˃ʲʨʭʸʰ ʹʰʨʲʻʸʰ ʽʬʸʽʰʫʨʴ ʪʨʳʵʳʾʭʨʸʰ ʪʸʨʴʰʺʵʰʫʻʸʰ ʳʨʪʳʰʹ 
ʰʴʺʸʻʮʻʲ ʹˆʬʻʲʬʩʹ. ʪʨʳʨʫʴʬʩʨ ʨʽ ˄ʨʸʳʵʫʪʬʴʰʲʰʨ ʵʽʸʵ-ʹʶʰʲʬʴ˃-
ʶʵʲʰʳʬʺʨʲʻʸʰ ʶʵʸʼʰʸʻʲʰ ʫʨ ʬʶʰʯʬʸʳʻʲʰ ʳʰʴʬʸʨʲʰʮʨ˂ʰʰʯ ʫʨ ʻʹʻʲʼʰʫʵ 
ʫʨ ʳ˂ʰʸʬ ʹʻʲʼʰʫʻʸʰ ʵʽʸʵʹ ʪʨʳʨʫʴʬʩʰʯ. ʵʸʰʭʬ ʺʰʶʰʹ ʳʨʫʨʴʰ ʳʫʰʫʨʸʰʨ 
ʵʽʸʵʯʰ ʫʨ ˀʬʰ˂ʨʭʹ ʰˀʭʰʨʯ ʳʬʺʨʲʯʨ (Sb, W, Mo, Hg) ʱʵʳʶʲʬʽʹʹ. ʰˀʭʰʨʯ ʳʬʺʨʲʯʨ 
ʬʹ ʨʹʵ˂ʰʨ˂ʰʨ ʨʸ ʨʸʰʹ ʫʨʳʨˆʨʹʰʨʯʬʩʬʲʰ ʶʸʬʱʵʲʰʮʰʻʸʰ ʪʨʳʨʫʴʬʩʰʹʨʯʭʰʹ. 
ʪʨʳʵʴʨʱʲʰʹʹ ʳˆʵʲʵʫ Mo ˄ʨʸʳʵʨʫʪʬʴʹ, ʸʵʳʬʲʰ˂ ʳʵʴʨ˄ʰʲʬʵʩʹ ʶʸʬʱʵʲʰʮʰʻʸ 
ʳʨʫʴʬʩˀʰ˂, ʯʻʳ˂ʨ, ˀʬʫʨʸʬʩʰʯ ʫʨʳʵʸˁʰʲʬʩʻʲʰ ʸʨʵʫʬʴʵʩʰʯ (Gugushvili, 2015, 2017). ʶʵʹʺʱʵʲʰʮʰʻʸʰ ʪʨʳʨʫʴʬʩʰʹ ʨʹʨʱʰ ʹʨʱʭʲʬʭ ʸʬʪʰʵʴˀʰ ʵʲʰʪʵ˂ʬʴ-ʳʰʵ˂ʬʴʰʯ 
ʯʨʸʰʾʫʬʩʨ. ʱʨʭʱʨʹʰʵʴʰʹ ʹʨʳˆʸʬʯ ʼʬʸʫʮʬ ʫʨ ʽʬʫʰʹ ʼʨʸʪʲʬʩˀʰ ʳʴʰˀʭʴʬʲʵʭʨʴ 
ʶʵʹʺʱʵʲʰʮʰʻʸ ʹʨʩʨʫʵʬʩʹ ˄ʨʸʳʵʨʫʪʬʴʬʴ ʮʵʼˆʰʯʵ, ʲʻˆʻʳʰ, ˈʵʱʸʰʲʨ-ʨˁʨʶʨʸʨ, 
ʨʭʨʫˆʨʸʨ, ʨˆʬʰ ʫʨ ʴʵ˂ʨʸʻʲʨ, ʳ˂ʰʸʬ ʱʨʭʱʨʹʰʨˀʰ - ʱʨˇʨʸʨʴʰ, ʨʪʨʸʨʱʰ, ʮʵʫʰ ʫʨ 
ʳʬˈʴʨʫʮʵʸʰ. ʶʵʹʺʱʵʲʰʮʰʻʸʰ ʪʨʳʨʫʴʬʩʨ ʼʨʸʯʵʫ ʨʸʰʹ ʪʨʭʸ˂ʬʲʬʩʻʲʰ ʰʸʨʴˀʰ. 
ʰʪʰ ˄ʨʸʳʵʫʪʬʴʰʲʰʨ ˈʨʸʭʨʴʨʹ ʹʨʩʨʫʵʯʨ ˇʪʻʼʰʯ (ʳʰʭʬʸʻʫʰ, ʨʹʺʨʸʪʨʴʰ, 
ʨʴʫʬʸʰʨʴʰ, ʪʨʴʨʸʬˆʰ ʫʨ ˈʨʲʼʰʨʴʰ). ʨʳ ʺʰʶʰʹ ʪʨʳʨʫʴʬʩʨ ˂ʴʵʩʰʲʰʨ ʹʨʴʨʴʫʨˇ-
ʹʰʸˇʨʴʰʹ ʮʵʴʨˀʰ˂, ʨʲʩʵʸ˂ˀʰ ʫʨ ʨʾʳʵʹʨʭʲʬʯ ʰʸʨʴʰʹ ʳʨʪʳʻʸ ʹʨʸʺʿʬʲˀʰ - 
ʳʰʻʺʬˆʰʹ, ʮʨʸˀʬʸʨʴʰʹ, ʫʨˀʽʬʹʨʴʰʹ ʫʨ ʨˆ-ʫʨʸʬˆʰʹ ʹʨʩʨʫʬʵʩʮʬ. ʿʭʬʲʨ ʬʹ ʹʨʩʨʫʵ 
ʵʲʰʪʵ˂ʬʴ-ʳʰʵ˂ʬʴʻʸʰ ʨʹʨʱʰʹ ʪʸʨʴʰʺʵʰʫʻʲʰ ˀʺʵʱʬʩʰʯ ʫʨ ʸʾʭʬʭʰʯʰ 
ʺʬʽʺʵʴʰʱʰʯ ʱʵʴʺʸʵʲʫʬʩʨ. ʰʹʰʴʰ ʶʵʹʺʱʵʲʰʮʰʻʸ ʵʸʵʪʬʴʬʮʰʹʹ ʻʱʨʭˀʰʸʫʬʩʨ 
ʫʨ ʪʨʳʨʫʴʬʩʨʹ ʨˆʲʨʭʹ Sb, W, Mo, Hg ʰˀʭʰʨʯ ʳʬʺʨʲʯʨ ʨʹʵ˂ʰʨ˂ʰʨ. ʬʹ ʨʹʵ˂ʰʨ˂ʰʨ 
ʮʬʫʫʨʫʬʩʻʲʰʨ ʶʸʬʱʵʲʰʮʰʻʸʰ ˄ʨʸʳʵˀʵʩʰʹ ˀʬʳ˂ʭʬʲ ʽʨʴʬʩʮʬ ʫʨ ˄ʨʸʳʵʨʫʪʬʴʹ 
ʶʵʹʺʱʵʲʰʮʰʻʸʰ ʭʰʯʨʸʬʩʰʹ ʪʬʵʽʰʳʰʻʸ ʰʴʫʰʱʨʺʵʸʹ (Gugushvili, 2015, 2017).  

ʶʵʹʺʱʵʲʰʮʰʻʸʰ ʪʨʳʨʫʴʬʩʰʹ ʪʬʴʬʮʰʹʰ ʪʨʴʶʰʸʵʩʬʩʻʲʰʨ ʳʨʴʺʰʻʸʰ ʳʨʹʨʲʰʹ  
ʸʾʭʬʭʰʹ ʫʨ ʳʹˆʭʸʬʭʰʹ ʮʵʴʬʩʰʹ ʪʨʹ˄ʭʸʰʭ ˀʬʳʵ˅ʸʰʯ ʹʻʩʫʻ˂ʰʸʬʩʻʲʰ ʼʰʲʰʹ 
ʺʸʨʴʹʼʵʸʳʨ˂ʰʰʹ ʶʸʵ˂ʬʹˀʰ. ʳʨʴʺʰʻʸʰ ʳʨʹʨʲʰʹ ˀʬʳʵ˅ʸʰʹ ʪʨʭʲʬʴʰʯ ˆʫʬʩʵʫʨ 
ʳʨʾʨʲʰ ʺʬʳʶʬʸʨʺʻʸʻʲʰ ʹʰʯʩʻʸʰ ʴʨʱʨʫʰʹ ˄ʨʸʳʵˀʵʩʨ ʫʨ ˆʨʴʪʸ˃ʲʰʭ ʳʵʽʳʬʫʰ 
ʳʨʾʨʲʺʬʳʶʬʸʨʺʻʸʻʲʰ ʼʲʻʰʫʬʩʰʯ, ʵʽʸʵʹ ʫʨ ʰʴʫʰʱʨʺʵʸ ʰˀʭʰʨʯ ʳʬʺʨʲʯʨ 
ʪʨʳʵʺʻʺʭʨ ʵʸʵʪʬʴʬʩʰʹ ʳ˃ʲʨʭʸʰ ʹʰʨʲʻʸʰ ʽʬʸʽʰʫʨʴ ʫʨ ʶʵʸʼʰʸʻʲʰ ʫʨ 
ʬʶʰʯʬʸʳʻʲʰ ʻʹʻʲʼʰʫʵ ʫʨ ʳ˂ʰʸʬ ʹʻʲʼʰʫʻʸʰ ʵʽʸʵʹ ʫʨ ʨʳ ʰˀʭʰʨʯ ʳʬʺʨʲʯʨ 
ʹʨʩʨʫʵʬʩʰʹ ʼʵʸʳʰʸʬʩʨ (Gugushvili, 2015, 2017). 

ʶʵʹʺʱʵʲʰʮʰʻʸʰ ʪʨʳʨʫʴʬʩʨ ʪʨʴʹʨʱʻʯʸʬʩʰʯ ʳʫʰʫʨʸʰʨ ʵʽʸʵʯʰ, ʸʵʳʬʲʹʨ˂ 
ʨˆʲʨʭʹ ʰʴʫʰʱʨʺʵʸ ʰˀʭʰʨʯ ʳʬʺʨʲʯʨ ʨʹʵ˂ʰʨ˂ʰʨ. ʰʪʰ ˄ʨʸʳʵʫʪʬʴʰʲʰʨ ʵʽʸʵ - 
ʰˀʭʰʨʯ ʳʬʺʨʲʯʨ ˃ʨʸʾʭʻʲ ˀʺʵʱʭʬʸʱʻʲʰ ʹʨʩʨʫʵʬʩʰʯ, ʳʨʯ ˀʵʸʰʹ ʱʨʭʱʨʹʰʨˀʰ, 
ʳʬʺʨʫ ʳʴʰˀʭʴʬʲʵʭʨʴʰʨ ʮʵʼˆʰʯʵʹ ʹʨʩʨʫʵ, ˄ʨʸʳʵʫʪʬʴʰʲʰ ʵʽʸʵ-ʹʶʰʲʬʴ˃-
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ʶʵʲʰʳʬʺʨʲʻʸʰ ʫʨ ʱʭʨʸ˂-ʨʴʯʰʳʵʴʰʺʻʸʰ ʵʽʸʵʹ ˀʬʳ˂ʭʬʲʰ ˃ʨʸʾʭʬʩʰʯʨ ʫʨ 
ˀʺʵʱʭʬʸʱʬʩʰʯ, ʸʵʳʬʲʰ˂ ˀʬʰ˂ʨʭʹ 34 ʺ ʵʽʸʵʹ, 41223 ʺ ʨʴʯʰʳʵʴʰʺʹ ʫʨ 39 ʺ 
ʭʬʸ˂ˆʲʹ. ʨʽ ʵʽʸʵʹ ˀʬʳ˂ʭʬʲʵʩʨ ˃ʨʸʾʭʬʩˀʰ 4,39 ʪ/ʺ-ʹ ʻʫʸʰʹ, ʭʬʸ˂ˆʲʰʹʨ - 4,51 ʪ/ʺ-
ʹ, ˆʵʲʵ ʳʨʫʨʴʳʵʳʰˇʴʬ ʮʵʴʨˀʰ ʵʽʸʵʹ ˀʬʳ˂ʭʬʲʵʩʨ 3,43 ʪ/ʺʵʴʨʨ, ʭʬʸ˂ˆʲʰʹ 4,15 ʪ/ʺ. 
ʳʵʳʰˇʴʬ ʲʻˆʻʳʰʹ ʹʨʩʨʫʵ˂ ʱʭʨʸ˂ - ʨʴʯʰʳʵʴʰʺʰʹ, ʱʭʨʸ˂-ʨʴʯʰʳʵʴʰʺ-ʸʬʨʲʪʨʸ-
ʨʻʸʰʶʰʪʳʬʴʺ-ʨʸʹʬʴʵʶʰʸʰʺʰʹ ʵʽʸʵʹ ˀʬʳ˂ʭʬʲʰ ˃ʨʸʾʭʬʩʰʯ ʨʸʰʹ ʨʪʬʩʻʲʰ ʫʨ 
ʱʭʨʸ˂-ʨʴʯʰʳʵʴʰʺ-ʱʨʸʩʵʴʨʺʻʲʰ ʫʨ ʱʭʨʸ˂-ˀʬʬʲʰʺʻʸʰ ˀʺʵʱʭʬʸʱʬʩʰʯ ʨʸʰʹ 
˄ʨʸʳʵʫʪʬʴʰʲʰ. ʵʽʸʵʹ ˀʬʳ˂ʭʬʲʵʩʨ ʳʨʫʨʴˀʰ ʨʽ 5,10 ʪ/ʺ-ʹ, ˆʵʲʵ Sb–6,37%-ʹ ʻʫʸʰʹ. 
ʵʽʸʵʹ ʳʨʸʨʪʰ 14,04 ʺʵʴʨʨ, ʨʴʯʰʳʵʴʰʺʰʹʨ - 2580 ʺ. ʨʹʬʭʬ, ˈʵʱʸʰʲʨ ʨˁʨʶʨʸʨʹ ʵʽʸʵʹ 
ʳʨʫʨʴʪʨʳʵʭʲʰʴʬʩʨʮʬ, ʸʵʳʬʲʰ˂ ʱʨʭʱʨʹʰʵʴʰʹ ʳʯʨʭʨʸ ʽʬʫʮʬʨ ʲʵʱʨʲʰʮʰʸʬʩʻʲʰ, 
ʵʽʸʵ ʨʹʵ˂ʰʸʬʩʻʲʰʨ Sb ʫʨ W-ʹʯʨʴ ʱʭʨʸ˂-ˀʬʬʲʰʺʻʸ, ʱʭʨʸ˂-ʨʴʯʰʳʵʴʰʺʻʸ, ʱʭʨʸ˂-
ʶʵʲʰʳʬʺʨʲʻʸ ʫʨ ʵʽʸʵʹˀʬʳ˂ʭʬʲ ʱʭʨʸ˂ʰʹ ˃ʨʸʾʭʬʩˀʰ. ʵʽʸʵʹ ˀʬʳ˂ʭʬʲʵʩʨ ʨʽ 3-4 
ʪ/ʺ-ʹ ʻʫʸʰʹ. 

ˈʨʸʭʨʴʨʹ ʹʨʩʨʫʵʯʨ ˇʪʻʼʰʹ ʹʨʩʨʫʵʬʩʰ (ʰʸʨʴʰ) ˆʨʹʰʨʯʫʬʩʨ ʵʽʸʵʹ ʳʨʾʨʲʰ 
ˀʬʳ˂ʭʬʲʵʩʰʯ ʵʽʸʵ-ʹʶʰʲʬʴ˃-ʶʵʲʰʳʬʺʨʲʻʸ ʫʨ ʳ˂ʰʸʬ ʹʻʲʼʰʫʻʸ ʬʶʰʯʬʸʳʻʲ 
˃ʨʸʾʭʬʩʰʯʨ ʫʨ ˀʺʵʱʭʬʸʱʬʩʰʯ ʨʪʬʩʻʲ ʪʨʳʨʫʴʬʩʨˀʰ. ʵʽʸʵ ʨʹʵ˂ʰʸʬʩʻʲʰʨ 
ʰʴʫʰʱʨʺʵʸ ʰˀʭʰʨʯ ʳʬʺʨʲʬʩʯʨʴ Sb, W, Mo, Hg. ʳʨʫʨʴˀʬʳ˂ʭʬʲ ʽʨʴʯʨ ʪʬʵʽʰʳʰʻʸʰ 
ʼʵʴʰ ˀʬʰ˂ʨʭʹ 200-253ppm Cu, 88-121ppb Au, 3.0-5.7ppm Mo, 63-71ppm W, 120-517ppm Pb, 121-160ppm Zn, 7.4-10ppm Sb. 

ʨʲʩʵʸ˂ʰʹ ʳʨʪʳʻʸ ʹʨʸʺʿʬʲˀʰ, ˂ʬʴʺʸʨʲʻʸʰ ʰʸʨʴʰʹ ʩʲʵʱˀʰ ʫʨ ʹʨʴʨʴʫʨˇ-
ʹʰʸˇʨʴʰʹ ʮʵʴʨˀʰ ʵʽʸʵ-ʹʶʰʲʬʴ˃-ʶʵʲʰʳʬʺʨʲʻʸʰ, ʵʽʸʵ-ʶʵʲʰʳʬʺʨʲʻʸʰ 
˃ʨʸʾʭʻʲʰ ʫʨ ˀʺʵʱʭʬʸʱʻʲʰ ʪʨʳʨʫʴʬʩʨ ʨʹʵ˂ʰʸʬʩʻʲʰʨ Sb, W, Mo, Hg-ʹʯʨʴ, ʰʹʬʭʬ, 
ʸʵʪʵʸ˂ ʨʾʳʵʹʨʭʲʬʯ ʰʸʨʴʰʹ ʳʨʪʳʻʸʰ ʹʨʸʺʿʲʰʹ ʱʨʸʲʰʴʰʹ ʺʰʶʰʹ ʺʿʭʰʨ-ʯʻʯʰʰʹ 
ʹʨʩʨʫʵʬʩʰ - ʮʨʸˀʻʸʨʴʰ, ʨʲʫʨʸʬˆʰ, ʫʨˀʽʬʹʨʴʰ ʫʨ ʩʰʴʨʲʻʫʰ ʫʨ ˈʨˀ-ʮʨʫʬˆʨʴʰʹ 
ʵʽʸʵ-ʨʴʯʰʳʵʴʰʺʻʸʰ ʶʵʲʰʳʬʺʨʲʻʸʰ ʳʨʫʴʰʨʴʰ ʭʬʲʰ. ʬʹ ʹʨʩʨʫʵʬʩʰ 
ʱʵʴʺʸʵʲʫʬʩʨ ʵʲʰʪʵ˂ʬʴ-ʳʰʵ˂ʬʴʻʸʰ ˈʰʶʨʩʰʹʻʸʰ ʪʸʨʴʰʺʵʰʫʻʲʰ ˀʺʵʱʬʩʰʯ ʫʨ 
ʨʹʵ˂ʰʸʬʩʻʲʰʨ  Sb, W, Mo, Hg-ʹʯʨʴ (Moritz et al., 2006; Report of Geological Survey of Iran, 2007). 

ʶʵʹʺʱʵʲʰʮʰʻʸʰ ʭʰʯʨʸʬʩʨ ʰʸʨʴʰʫʨʴ ʳ˂ʰʸʬ ʱʨʭʱʨʹʰʰʹ ʳʬʪʸʰ-ʵʸʫʻʩʨʫʰʹ 
ʱʨʰʴʵʮʵʻʸ ʳʨʪʳʻʸ ʶʸʵʭʰʴ˂ʰʨˀʰ ʪʸ˃ʬʲʫʬʩʨ. ʨʽʨ˂ ʵʲʰʪʵ˂ʬʴ-ʳʰʵ˂ʬʴʻʸʰ 
ʪʸʨʴʰʺʵʰʫʻʲʰ ˀʺʵʱʬʩʰ ʨʱʵʴʺʸʵʲʬʩʹ ʳʴʰˀʭʴʬʲʵʭʨʴ ʵʽʸʵ-ʳʵʲʰʩʫʬʴʻʸ 
ʪʨʳʨʫʴʬʩʨʹ (ʱʨˇʨʸʨʴʰ ʫʨ ʨʪʨʸʨʱʰ), ʨʹʵ˂ʰʸʬʩʻʲʹ  Sb, W ʫʨ Hg-ʹʯʨʴ. ʵʽʸʵʹ 
ʳʴʰˀʭʴʬʲʵʭʨʴʰ ʹʨʩʨʫʵʬʩʰ ʮʵʫʰ ʫʨ ʳʬˈʸʨʫʮʵʸʰ, ʵʽʸʵ-ʱʭʨʸ˂-ʨʴʯʰʳʵʴʰʺʻʸʰ 
ʪʨʳʨʫʴʬʩʰʯ ʨʸʰʹ ʨʪʬʩʻʲʰ ʫʨ ʨʹʵ˂ʰʸʬʩʻʲʰʨ Sb ʫʨ W-ʹʯʨʴ (Melikian, 1977). ʰʪʰ 
ʱʵʴʺʸʵʲʫʬʩʨ ʪʸʨʴʵʫʰʵʸʰʺʶʵʸʼʰʸʻʲʰ ʱʨʰʴʵʮʵʻʸʰ ʰʴʺʸʻʮʻʲʰ ˀʺʵʱʬʩʰʯ 
ʹʬʭʨʴʵ-ʨʱʬʸʰʹ ʮʵʴʨˀʰ. 

ʶʵʹʺʱʵʲʰʮʰʻʸʰ ʵʽʸʵʹ ʳʰʴʬʸʨʲʰʮʨ˂ʰʨ Sb, W ʫʨ Hg-ʹʯʨʴ ʨʹʵ˂ʰʨ˂ʰʨˀʰ 
ʳʬʴʫʬʸʬʹʰʹ ʶʨʲʬʵʮʵʻʸʰ ʨʹʨʱʰʹ ʳʨʹʰʭˀʰʨ ˂ʴʵʩʰʲʰ (ʫʨʹʨʭʲʬʯʰ ʨʴʨʺʵʲʰʫʬʩʰ). 
ʰʪʰ ˄ʨʸʳʵʫʪʬʴʰʲʰʨ ʱʻʴʪʻʸʲʻʹ, ˈʨʲʰʱʵʰʹ ʫʨ ʬʳʬʸʲʰʹ ʹʨʩʨʫʵʬʩʰʯ (Yigit, 2009). 
ʪʨʳʨʫʴʬʩʨʹ ʨʱʵʴʺʸʵʲʬʩʹ ʱʨʰʴʵʮʵʻʸʰ ʸʾʭʬʭʰʹʨ ʫʨ ʳʹˆʭʸʬʭʰʹ ʮʵʴʬʩʰ. 
ʱʨʰʴʵʮʵʻʸʰ ʸʾʭʬʭʬʩʰʯ ʱʵʴʺʸʵʲʫʬʩʨ ʵʽʸʵʹ ʳʰʴʬʸʨʲʰʮʨ˂ʰʨ ʨʾʳʵʹʨʭʲʬʯ 
ʸʵʫʵʶʬʩʰʹ, ʨʫʨ-ʺʬʶʰʹ ʹʨʩʨʫʵʮʬ˂ (Marchev et al., 2004). 
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ʶʵʹʺʱʵʲʰʮʰʻʸʰ ʪʨʳʨʫʴʬʩʰʹ ʨʴʨʲʵʪʰʻʸʰ ʶʸʵ˂ʬʹʰ ʼʨʸʯʵʫ ʨʸʰʹ 
ʪʨʭʸ˂ʬʲʬʩʻʲʰ ʳʹʵʼʲʰʵˀʰ. ʵʽʸʵʹ ʫʨ ʰˀʭʰʨʯ ʳʬʺʨʲʯʨ ʪʨʴʹʨʱʻʯʸʬʩʰʯ 
ʳʴʰˀʭʴʬʲʵʭʨʴʰ ʳʰʴʬʸʨʲʰʮʨ˂ʰʨ ˂ʴʵʩʰʲʰʨ ʺʬʯʰʹ-ʬʭʸʨʮʰʻʲʰ ʳʬʺʨʲʵʪʬʴʻʸʰ 
ʹʨʸʺʿʲʰʹ ʼʵʸʳʰʸʬʩʰʹ ʼʰʴʨʲʻʸʰ ʱʵʲʰʮʰʰʹ ʪʭʰʨʴ ʶʨʲʬʵʮʵʻʸ ʬʺʨʶʮʬ, 
ʨʲʺʨʰʫʬʩʰʹ ʵʸʵʪʬʴʻʲ ʹʰʹʺʬʳʨˀʰ (Yakubchuk et al., 2002). ʨʽ ʺʰʨʴˀʨʴʰʹ 
ʶʸʵʭʰʴ˂ʰʨˀʰ, ʼʰʴʨʲʻʸʰ ʱʵʲʨʷʰʹ ʬʺʨʶʮʬ ʳʰʳʫʰʴʨʸʬʵʩʫʨ ʵʽʸʵʹ ʪʰʪʨʴʺʻʸʰ 
ʹʨʩʨʫʵʬʩʰʹ ʼʵʸʳʰʸʬʩʨ - ʳʻʸʻʴʺʨʻʹ, ʱʻʳʺʵʸʰʹ, ˁʵʲʩʵʰʹ ʫʨ ʹˆʭʨʯʨ. ʵʽʸʵ ʨʽʨ˂ 
ʨʹʵ˂ʰʸʬʩʻʲʰʨ ʰˀʭʰʨʯ ʳʬʺʨʲʬʩʯʨʴ (Sb, W, Mo, Hg). ʳʻʸʻʴʺʨʵʹ ʹʨʩʨʫʵʮʬ ʵʽʸʵʹ 
ʳʨʸʨʪʰ 175 Moz (ʳʰʲʰʵʴ ʻʴ˂ʰʨʹ) ʻʫʸʰʹ, ʱʻʳʺʵʸʮʬ - Au-19 Moz, ʮʨʸʳʰʺʨʴʰʹ 
ʹʨʩʨʫʵʮʬ - Au-11,2 Moz. ʵʽʸʵʹʨ ʫʨ ʰˀʭʰʨʯ ʳʬʺʨʲʯʨ ʨʴʨʲʵʪʰʻʸʰ ʨʹʵ˂ʰʨ˂ʰʨ 
ʼʰʽʹʰʸʬʩʻʲʰʨ ʰʻʱʵʴˀʰ, ʺʵʳʩʹʵʴʰʹ ʵʽʸʵʹ ʹʨʸʺʿʬʲˀʰ (ʱʨʴʨʫʨ) (Mair et al., 2000), 
ʹʨʫʨ˂ ʶʵʹʺʱʵʲʰʮʰʻʸʰ ʪʨʳʨʫʴʬʩʨ ʹʰʴʵʸʵʪʬʴʻʲʰ ʰʴʺʸʻʮʻʲʰ ˀʺʵʱʬʩʰʯ 
ʱʵʴʺʸʵʲʫʬʩʨ. ʰʪʰ Ie, Bi, As, W ʫʨ Sb-ʹʯʨʴ ʨʸʰʹ ʨʹʵ˂ʰʸʬʩʻʲʰ ʫʨ ʱʭʨʸ˂ʰʹ 
˃ʨʸʾʭʬʩʰʹ ˀʺʵʱʭʬʸʱʬʩʰʯʨʨ ˄ʨʸʳʵʫʪʬʴʰʲʰ. ʹʰʴʱʵʲʰʮʰʻʸʰ ʵʸʵʪʬʴʻʲʰ ʵʽʸʵʹ 
ʪʨʳʨʫʴʬʩʨ Bi, Te, W, Mo, Sn  ʫʨ Sb-ʹʯʨʴ ʨʹʵ˂ʰʨ˂ʰʨˀʰ ʹʨʳˆʸʬʯ ʨʭʹʺʸʨʲʰʰʹ 
ʫʨʹʨʭʲʬʯ ʲʨˁʲʨʴʰʹ ʵʸʵʪʬʴˀʰ˂ʨʨ ˂ʴʵʩʰʲʰ (Bierlein, McKnight, 2005).  
˃ʰʸʰʯʨʫʰ ʫʨʹʱʭʴʬʩʰ 

ʨʳʪʭʨʸʨʫ, ʹʨʱʭʲʬʭ ʸʬʪʰʵʴˀʰ ʪʬʵʫʰʴʨʳʰʱʻʸʰ ʶʸʬʱʵʲʰʮʰʻʸʰ ʫʨ 
ʶʵʹʺʱʵʲʰʮʰʻʸʰ ʪʨʴʭʰʯʨʸʬʩʨ, ʹʻʩʫʻʽ˂ʰʰʹ ʶʸʵ˂ʬʹʯʨʴ ʫʨ ʹʻʩʫʻ˂ʰʸʬʩʻʲʰ 
ʼʰʲʰʹ ʺʸʨʴʹʼʵʸʳʨ˂ʰʨʹʯʨʴ ʨʸʰʹ ʫʨʱʨʭˀʰʸʬʩʻʲʰ. ʰʪʰ ʰʹʨˆʬʩʨ ʭʻʲʱʨʴʰʮʳˀʰ, 
ʳʨʪʳʨʺʰʮʳʹʨ ʫʨ ʳʬʺʨʲʵʪʬʴʰʨˀʰ, ʸʵʳʬʲʰ˂ Au, Pb, Zn ʫʨ Cu ʰʴʫʰʱʨ˂ʰʰʯ 
ʱʵʴʺʸʵʲʫʬʩʨ ʶʸʬʱʵʲʰʮʰʻʸ ʬʺʨʶʮʬ ʫʨ ʰˀʭʰʨʯ ʳʬʺʨʲʯʨ Sb, W, Mo ʫʨ Hg 
ʨʹʵ˂ʰʨ˂ʰʰʯ - ʶʵʹʺʱʵʲʰʮʰʻʸ ʭʰʯʨʸʬʩʨˀʰ. 

ʹʺʨʩʰʲʻʸʰ ʹʻʩʫʻʽ˂ʰʰʹ ʫʨ ʹʻʩʫʻ˂ʰʸʬʩʻʲʰ ʼʰʲʰʹ ʺʸʨʴʹʼʵʸʳʨ˂ʰʰʹ 
ʹʨ˄ʿʰʹ ʬʺʨʶʮʬ ʪʨʳʨʫʴʬʩʨˀʰ ʹʰʨʲʻʸʰ, ʩʨʮʨʲʺʻʸʰ ʽʬʸʽʰ ʫʨ ʳʨʴʺʰʨ  ʫʨ Au, Pb, Zn 
ʫʨ Cu ʹʸʻʲʰ ʹʶʬʽʺʸʰ ʳʵʴʨ˄ʰʲʬʵʩʹ. ʳʨʴʺʰʻʸʰ ʫʰʨʶʰʸʰʹ ˀʬʳʵ˅ʸʰʹʨ ʫʨ 
ʸʰʼʺʰʴʪʰʹ ʪʨ˃ʲʰʬʸʬʩʨʹʯʨʴ ʬʸʯʨʫ, ʪʨʳʨʫʴʬʩʰʹ ʮʵʴʰʫʨʴ ʹʰʨʲʻʸʰ ʽʬʸʽʰʹ ʪʨʺʨʴʨ (ʹʶʸʬʫʰʴʪʰ) ˆʫʬʩʨ ʫʨ ʳʰʴʬʸʨʲʰʮʨ˂ʰʨ Zn ʫʨ Cu ʰʴʫʰʱʨʺʵʸʬʩʰʯʨʨ 
˄ʨʸʳʵʫʪʬʴʰʲʰ. ʹʶʸʬʫʰʴʪʰʹ ˀʬʳʫʪʵʳʳʨ ʪʨ˃ʲʰʬʸʬʩʨʳ ʫʨ ʳʨʴʺʰʻʸʰ ʫʰʨʶʰʸʰʹ ʮʬʫʨ 
ʫʵʴʬʬʩʮʬ ˀʬʳʵ˅ʸʨʳ, ʪʨʳʨʫʴʬʩʰʹ ʮʵʴʰʫʨʴ ʹʰʨʲʻʸʰ ʫʨ ʩʨʮʨʲʺʻʸʰ ʽʬʸʽʰʹ ʹʸʻʲʰ 
ʹʶʸʬʫʰʴʪʰ ʫʨ ʳ˂ʰʸʬ ʵʱʬʨʴʻʸʰ ʫʨ ʵʱʬʨʴʻʸʰ ʭʰʯʨʸʬʩʨ ʪʨʴʨʶʰʸʵʩʨ. ʪʨʳʨʫʴʬʩʨ ʨʽ 
ʹʶʰʲʬʴ˃-ʱʵʲˁʬʫʨʴʻʸʰʨ ʫʨ Cu ʰʴʫʰʱʨʺʵʸʰʯ ˆʨʹʰʨʯʫʬʩʨ. 

ʶʵʹʺʱʵʲʰʮʰʻʸ ʬʺʨʶʮʬ ʹʻʩʫʻʽ˂ʰʰʹ ʶʸʵ˂ʬʹʰ ʫʨʹʸʻʲʬʩʻʲʰʨ, ʯʻʳ˂ʨ, 
ʹʻʩʫʻ˂ʰʸʬʩʻʲʰ ʼʰʲʰʹ ʺʸʨʴʹʼʵʸʳʨ˂ʰʨ ʵʱʬʨʴʻʸʰ ʱʵʲʰʮʰʰʹ ʫʨʹʸʻʲʬʩʨʹʯʨʴ 
ʵʸʵʪʬʴʻʲ ʫʨ ʶʵʹʺʵʸʵʪʬʴʻʲ ʬʺʨʶʮʬ ʪʸ˃ʬʲʫʬʩʨ, ʳʨʴʺʰʻʸʰ ʳʨʹʨʲʰʹ 
ˀʬʳʵ˅ʸʨʹʯʨʴ ʬʸʯʨʫ, ʸʨʳʨ˂ ʳʨʾʨʲʰ ʹʰʯʩʻʸʰ ʴʨʱʨʫʰʹ ˄ʨʸʳʵˀʵʩʨ ʫʨ ˆʨʴʪʸ˃ʲʰʭʨʫ 
ʳʵʽʳʬʫʰ ʳʨʾʨʲʺʬʳʶʬʸʨʺʻʸʻʲʰ ʼʲʻʰʫʬʩʰʹ ʨʽʺʰʭʵʩʨ ʫʨ ʳ˃ʲʨʭʸʰ ʵʸʵʪʬʴʻʲʰ 
ʹʰʨʲʻʸʰ ʽʬʸʽʰʫʨʴ ʵʽʸʵʹʨ ʫʨ ʰˀʭʰʨʯ ʳʬʺʨʲʯʨ (Sb, W, Mo, Hg) ʪʨʳʵʺʻʺʭʨ ʫʨ 
ʵʽʸʵ-ʰˀʭʰʨʯ ʳʬʺʨʲʯʨ ʪʨʳʨʫʴʬʩʨ ʪʨʴʨʶʰʸʵʩʨ. ʰˀʭʰʨʯ ʳʬʺʨʲʯʨ ʬʹ ʱʵʳʶʲʬʽʹʰ ʨʸ 
ʨʸʰʹ ʫʨʳʨˆʨʹʰʯʬʩʬʲʰ ʶʸʬʱʵʲʰʮʰʻʸʰ ʭʰʯʨʸʬʩʰʹʨʯʭʰʹ ʫʨ ʰʪʰ ʶʵʹʺʱʵʲʰʮʰʻʸʰ 
ʪʨʳʨʫʴʬʩʰʹʨ ʫʨ ʮʵʪʨʫʨʫ, ʶʵʹʺʱʵʲʰʮʰʻʸʰ ʭʰʯʨʸʬʩʰʹ ʰʴʫʰʱʨʺʵʸʹ ˄ʨʸʳʵʨʫʪʬʴʹ. 
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 3. ʹʰʴʭʻʲʱʨʴʻʸʰ ʫʨ ʶʵʹʺʭʻʲʱʨʴʻʸʰ ʩʲʵʱʰʸʬʩʨ ʩʵʲʴʰʹʰʹ ʳʨʫʴʰʨʴ 
ʸʨʰʵʴˀʰ ʺʬʯʰʹʰʹ ʵʱʬʨʴʰʹ ʮʬʫʨ˂ʨʸ˂ʻʲʰ ʹʻʩʫʻʽ˂ʰʰʹ ʶʸʵ˂ʬʹˀʰ, ʬʭʸʨʮʰʰʹ 
ʨʽʺʰʻʸʰ ʱʰʫʰʹ ʶʸʬʱʵʲʰʮʰʻʸʰ ʪʨʴʭʰʯʨʸʬʩʰʹ ʼʵʴʮʬ  y

ʬʮʰʻʳʬ 
ʩʵʲʴʰʹʰʹ ʳʨʫʴʰʨʴʰ ʸʨʰʵʴʰ ʮʬʫʨ ˂ʨʸ˂ʻʲ ʭʻʲʱʨʴʻʸ ʹʬʸʰʨˀʰ ʪʨʴʲʨʪʬʩʻʲʰ  

ʹʶʰʲʬʴ˃-ʶʵʲʰʳʬʺʨʲʻʸʰ ʫʨ ʻʹʻʲʼʰʫʵ ʫʨ ʳ˂ʰʸʬ ʹʻʲʼʰʫʻʸʰ ʵʽʸʵʹ 
ʬʶʰʪʬʴʬʺʻʸʰ ʹʨʩʨʫʵʬʩʰʯʨʨ ˄ʨʸʳʵʫʪʬʴʰʲʰ.ʰʪʰ ʺʬʯʰʹ-ʬʭʸʨʮʰʻʲʰ 
ʳʬʺʨʲʵʪʬʴʻʸʰ ʹʨʸʺʿʲʰʹ ˀʬʳʨʫʪʬʴʲʵʩʨˀʰ ˀʬʫʰʹ, ʸʵʳʲʰʹ ʪʬʵʲʵʪʰʻʸʰ ʫʨ 
ʪʬʵʫʰʴʨʳʰʱʻʸʰ ʪʨʴʭʰʯʨʸʬʩʨ ʺʬʯʰʹʰʹ ʵʱʬʨʴʰʹ ʹʻʩʫʻʽ˂ʰʰʹ ʶʸʵ˂ʬʹʹ ʻʱʨʭˀʰʸʫʬʩʨ. 
ʬʹ ʶʸʵ˂ʬʹʰ ʭʻʲʱʨʴʰʮʳʰʯ, ʳʨʪʳʨʺʰʮʳʰʯ, ˈʰʫʸʵʯʬʸʳʻʲʰ ʨʽʺʰʭʵʩʰʯ ʫʨ 
ʳʨʫʨʴ˄ʨʸʳʵˀʵʩʰʯ ʩʵʲʴʰʹʰʹ ʳʨʫʴʰʨʴ ʸʨʰʵʴˀʰ˂ ʨʰʹʨˆʨ. ʹʻʩʫʻʽ˂ʰʰʹ ʶʰʸʭʬʲʰ 
ʬʺʨʶʰ ʹʺʨʩʰʲʻʸ ʹʻʩʫʻʽ˂ʰʨˀʰ ʫʨ ʱʻʴ˃ʻʲʯʨ ʸʱʨʲʬʩʰʹ ʱʰʸ-ʺʻʺʬ ʭʻʲʱʨʴʻʸ 
ʨʽʺʰʭʵʩʨˀʰ ʪʨʳʵʭʲʰʴʫʨ. ˀʬʳʫʬʪ ʬʺʨʶʮʬ ʹʻʩʫʻ˂ʰʸʬʩʻʲʰ ʼʰʲʰʹ 
ʺʸʨʴʹʼʵʸʳʨ˂ʰʨʹ (ʪʨʾʻʴʭʨ, ʪʨʹʱʫʵʳʨ) ʫʨ ʳʨʴʺʰʻʸʰ ʫʰʨʶʰʸʰʹ ˀʬʳʵ˅ʸʨʹ ʹʻʩʺʻʺʬ 
ʺʸʨʽʰʸʰʵʫʨ˂ʰʺʻʸʰ ʫʨ ʺʸʨʽʰʩʨʮʨʲʺ-ʺʻʺʬ ʵʲʰʭʰʴʰʨʴ ʩʨʮʨʲʺʻʸʰ 
ʭʻʲʱʨʴʰʮʳʰ ʨˆʲʨʭʹ. ʹʻʩʫʻʽ˂ʰʰʹ ʪʨʴʭʰʯʨʸʬʩʰʹ ʹˆʭʨʫʨʹˆʭʨ ʬʺʨʶʹ ʹˆʭʨʫʨʹˆʭʨ 
ˆʨʹʰʨʯʰʹ ʪʨʳʨʫʴʬʩʨ ʻʱʨʭˀʰʸʫʬʩʨ. ʹʺʨʩʰʲʻʸʰ ʹʻʩʫʻʽ˂ʰʰʹ ʶʸʵ˂ʬʹˀʰ 
ʹʻʲʼʰʫʻʸʰ ʫʨ ʻʹʻʲʼʰʫʵ ʪʨʳʨʫʴʬʩʨ ʹʰʴʽʸʵʴʻʲʰʨ ʫʨ ʮʵʴʨʲʵʩʨˀʰʨ 
ʪʨʳʵʭʲʬʴʰʲʰ, ˆʵʲʵ ʹʻʩʫʻ˂ʰʸʬʩʻʲʰ ʼʰʲʰʹ ʫʬʼʵʸʳʨ˂ʰʰʹ ʬʺʨʶʮʬ, ʻʹʻʲʼʰʫʵ 
ʪʨʳʨʫʴʬʩʰʹ ʵʽʸʵ-ʹʶʰʲʬʴ˃-ʶʵʲʰʳʬʺʨʲʻʸʰ ʳʰʴʬʸʨʲʰʮʨ˂ʰʰʯ ˁʨʴʨ˂ʭʲʬʩʨ 
ʨˆʨʹʰʨʯʬʩʹ. ʹʻʩʫʽʻ˂ʰʰʹ ʶʸʵ˂ʬʹʰ ˂ʨʸ˂ʻʲʰ ʯˆʬʲʰ ʮʾʭʰʹ ʶʰʸʵʩʬʩˀʰ, 
ʩʲʵʱʰʸʬʩʨʹ ʪʨʴʨʶʰʸʵʩʬʩʹ. ʨʽ ʵʸʰ ʹʨˆʬʵʩʰʹ ʩʲʵʱʰʸʬʩʨ ʭʲʰʴʫʬʩʨ: ʹʰʴʭʻʲʱʨʴʻʸʰ 
ʫʨ ʶʵʹʺʭʻʲʱʨʴʻʸʰ. ʹʰʴʭʻʲʱʨʴʻʸʰ ʩʲʵʱʰʸʬʩʨ ʫʸʵʹʨ ʫʨ ʹʰʭʸ˂ʬˀʰ ʵʸ ʬʺʨʶʨʫ 
ˆʵʸ˂ʰʬʲʫʬʩʨ. ʶʰʸʭʬʲʰ, ʰʴʺʸʻʮʻʲʰ ˀʺʵʱʬʩʰʹ ˀʬʳʵ˅ʸʨʹ ʯˆʬʲʰ ʮʾʭʰʹ ʼʹʱʬʸʰʹ 
ʨʮʬʭʬʩʨʹ (ʺʰʻʳʰʹʬʴʹʰ) ʫʨ ʱʻʴ˃ʻʲʬʩʰʹ ʼʵʸʳʰʸʬʩʨʹ (ʨʮʬʭʬʩʻʲʰ ʩʲʵʱʬʩʰ) 
ʻʱʨʭˀʰʸʫʬʩʨ. ʳʬʵʸʬ ʬʺʨʶʰ ʱʻʴ˃ʻʲʬʩʮʬ ʹʻʩʨʬʸʻʲʰʪʴʰʳʩʸʰʺʻʲ ʨʽʺʰʭʵʩʨʹ, 
ʸʵʳʬʲʰ˂ ʱʨʲʫʬʸʻʲʰ ˁʨʽ˂ʬʭʬʩʰʯ ʹʸʻʲʫʬʩʨ (ʫʨ˃ʰʸʻʲʰ ʩʲʵʱʬʩʰ). ʪʨʳʨʫʴʬʩʰʹ 
ʶʸʵ˂ʬʹʰ ʨʽ ˃ʰʸʰʯʨʫʨʫ ʱʻʴ˃ʻʲʬʩʮʬ ʳʰʳʫʰʴʨʸʬʵʩʹ. ʰʪʰ ʰʪʴʰʳʩʸʰʺʻʲʰ 
ʨʳʵʼʽʭʬʭʬʩʰʹʨ ʫʨ ʱʨʲʫʬʸʻʲʰ ˁʨʽ˂ʬʭʬʩʰʹ ˄ʰʴʳʹ˄ʸʬʩʰ ʶʸʵ˂ʬʹʰʨ ʫʨ ʰʴʺʸʻʮʻʲʰ 
ˀʺʵʱʬʩʰʹ ˀʬʳʵ˅ʸʰʯ ʱʵʴʺʸʵʲʫʬʩʨ. ʹʰʴʭʻʲʱʨʴʻʸʰ ʩʲʵʱʰʸʬʩʰʹ ʪʨʴʹʨʮʾʭʸʨ 
˃ʰʸʰʯʨʫʨʫ ʻʹʻʲʼʰʫʵ ʫʨ ʹʨʱʻʯʸʰʭ ʹʻʲʼʰʫʻʸʰ ʪʨʳʨʫʴʬʩʰʹ ʳʵʳʰˇʴʬ 
ʩʲʵʱʬʩˀʰ ʪʨʴʨ˄ʰʲʬʩʰʹ ʹʨʼʻ˃ʭʬʲʮʬ ˆʬʸˆʫʬʩʨ. ʪʨʳʨʫʴʬʩʻʲʰ ʩʲʵʱʬʩʰʹ 
ʻʸʯʰʬʸʯʰʹ ʫʨʳʵʱʰʫʬʩʻʲʬʩʨ ʱʨʲʫʬʸʻʲʰ  ˁʨʽ˂ʬʭʬʩʰʯ ʱʵʴʺʸʵʲʫʬʩʨ. 

ʮʬʫʨ ˂ʨʸ˂ʻʲʰ ʭʻʲʱʨʴʰʮʳʰʹ ʫʨʹʨʹʸʻʲʹ ʹʻʩʫʻ˂ʰʸʬʩʻʲʳʨ ʼʰʲʨʳ 
ʫʬʺʨˁʳʬʴʺʰ (ʪʨʹʱʫʵʳʨ ʫʨ ˁʨʽ˂ʬʭʨ) ʪʨʴʰ˂ʨʫʨ, ʸʨ˂ ʸʬʪʰʵʴʨʲʻʸ ʸʾʭʬʭʨˀʰ 
ʪʨʳʵʰˆʨʺʨ, ʸʵʳʬʲʳʨ˂ ʩʵʲʴʰʹʰʹ ʳʨʫʴʰʨʴʰ ʸʨʰʵʴʰ ʵʸ "ʪʰʪʨʴʺʻʸ" ʩʲʵʱʨʫ ʪʨˈʿʵ. 
ʬʸʯʰ ʩʲʵʱʰ ʳʬʵʸʰʹ ʳʰʳʨʸʯ 1200 ʳ-ʮʬʨ ʨʮʬʭʬʩʻʲʰ. ʨʮʬʭʬʩʻʲʰ ʩʲʵʱʰʫʨʴ ʮʬʫʨ 
ʹʨʴʺʵʴʻʸʰ-ʱʨʳʶʨʴʻʸʰ ʹʬʸʰʨ ʬʸʵʮʰʰʯʨʨ ʳʵˆʹʴʰʲʰ. ʰʪʰ ʫʨ˃ʰʸʻʲ ʩʲʵʱˀʰ 
ˀʬʳʵʸˁʨ ʫʨ ʸʾʭʬʭʰʯ ʬʳʰˇʴʬʩʨ ʨʮʬʭʬʩʻʲʰ ʩʲʵʱʰʹ ʺʻʸʵʴ-ʹʨʴʺʵʴʻʸʰ ʭʻʲʱʨʴʻʸ 
˄ʿʬʩʨʹ. ʨʳ ʺʰʶʰʹ ʩʲʵʱʰʸʬʩʨ ʶʵʹʺʭʻʲʱʨʴʻʸʨʫ ʳʰʭʰˁʴʰʬʯ, ʹʰʴʭʻʲʱʨʴʻʸʰ 
ʩʲʵʱʬʩʰʹʨʪʨʴ ʪʨʴʹˆʭʨʭʬʩʰʯ, ʸʵʳʬʲʰ˂ ʪʭʰʨʴ ˂ʨʸ˂ʻʲʰ ʳʨʪʳʻʸ-ʭʻʲʱʨʴʻʸʶʸʵ˂ʬʹʹ 
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ʻʱʨʭˀʰʸʫʬʩʨ ʫʨ ʸʵʳʬʲʯʨʴʨ˂ ʪʨʳʨʫʴʬʩʰʹ ʶʸʵ˂ʬʹʰʨ ʫʨʱʨʭˀʰʸʬʩʻʲʰ. ʪʨʴʹˆʭʨʭʬʩʰʯ 
ʶʵʹʺʭʻʲʱʨʴʻʸ ʩʲʵʱʬʩʰʹʨʪʨʴ, ʹʰʴʭʻʲʱʨʴʻʸʰ ʩʲʵʱʬʩʰʹ ʫʰʨʶʨʮʵʴʰʹ ʹʰʳʨʾʲʬʯʨ 
ʹˆʭʨʵʩʨ 200 ʳ-ʹ ʨʸ ʨʾʬʳʨʺʬʩʨ, ʳʨʯʰ ʼʨʸʯʰ ʨʹʬʻʲʰ ʱʭʨʫʸʨʺʻʲʰ ʳʬʺʸʵʩʰʯ 
ʰʮʵʳʬʩʨ ʫʨ ʹʰʴʭʻʲʱʨʴʻʸʰ ʩʲʵʱʰʹ ʻʸʯʰʬʸʯʫʨʳʵʱʰʫʬʩʻʲʬʩʨ ʫʨ ʳʨʯʰ 
ʹʰʳʨʾʲʬʯʨ ʹˆʭʨʵʩʨ ʹʨʱʻʯʸʰʭ ʹʻʲʼʰʫʻʸʰ ʫʨ ʻʹʻʲʼʰʫʵ ʪʨʳʨʫʴʬʩʰʹ ʫʵʴʬʯʨ 
ʹˆʭʨʵʩʰʹ ʹʨʼʻ˃ʭʬʲʮʬ ʪʨʴʰʹʨʮʾʭʸʬʩʨ.  ́

ʨʱʭʨʴ˃ʵ ʹʰʺʿʭʬʩʰ: ʹʺʨʩʰʲʻʸʰ ʹʻʩʫʻʽ˂ʰʨ, ʹʻʩʫʻ˂ʰʸʬʩʻʲʰ ʼʰʲʰʹ 
ʺʸʨʴʹʼʵʸʳʨ˂ʰʨ, ʵʽʸʵ-ʹʶʰʲʬʴ˃-ʶʵʲʰʳʬʺʨʲʻʸʰ ʪʨʳʨʫʴʬʩʨ, ʹʰʴʭʻʲʱʨʴʻʸʰ 
ʩʲʵʱʰʸʬʩʨ, ʶʵʹʺʭʻʲʱʨʴʻʸʰ ʩʲʵʱʰʸʬʩʨ.  
ˀʬʹʨʭʨʲʰ 

ʩʵʲʴʰʹʰʹ ʳʨʫʴʰʨʴʰ ʸʨʰʵʴʰʺʬʯʰʹ-ʬʭʸʨʮʰʻʲʰ ʳʬʺʨʲʵʪʬʴʻʸʰ ʹʨʸʺʿʲʰʹ 
˂ʬʴʺʸʨʲʻʸʰ ʹʬʪʳʬʴʺʰʹ (ʴʨˆ. 1) ˀʬʳʨʫʪʬʴʬʲʰ ʴʨ˄ʰʲʰʨ. ʰʪʰ ʵʽʸʵ-ʹʶʰʲʬʴ˃-
ʶʵʲʰʳʬʺʨʲʻʸʰ ʫʨ ʵʽʸʵʹ ʻʹʻʲʼʰʫʵ ʫʨ ʳ˂ʰʸʬ ʹʻʲʼʰʫʻʸʰ ʪʨʳʨʫʴʬʩʰʯʨʨ 
˄ʨʸʳʵʫʪʬʴʰʲʰ. ʰʪʰ ʽʨʲʨʽ ʯʩʰʲʰʹʰʫʨʴ ʹʨʳˆʸʬʯ-ʫʨʹʨʭʲʬʯʰʯ 50 ʱʳ-ˀʰ 
ʳʫʬʩʨʸʬʵʩʹ ʫʨ ˂ʨʸ˂ʻʲʰ ʨʹʨʱʰʹ ʭʻʲʱʨʴʻʸ ʹʬʸʰʨˀʰʨ ʲʵʱʨʲʰʮʬʩʻʲʰ ʫʨ ʹʬʴʵʳʨʴ-
ʱʨʳʶʨʴʻʸʰ ʭʻʲʱʨʴʻʸʰ ˄ʿʬʩʬʩʰʯʨʨ ʨʪʬʩʻʲʰ (ʴʨˆ. 2). ʳʨʫʴʰʨʴʰ ʸʨʰʵʴʰ ʵʸʰ 
ʳʨʫʴʰʨʴʰ ʱʭʨʴ˃ʰʯʨʨ ˄ʨʸʳʵʫʪʬʴʰʲʰ - ʳʨʫʴʬʻʲʰʹʨ ʫʨ ʩʬʽʯʨʱʨʸʰʹ (ʴʨˆ. 3). ʬʹ ʵʸʰ 
ʱʭʨʴ˃ʰ ʸʬʪʰʵʴʨʲʻʸʰ ʸʾʭʬʭʰʯʨʨ ʪʨʿʵʼʰʲʰ ʫʨ ʵʸ "ʪʰʪʨʴʺʻʸ" ʩʲʵʱˀʰʨ 
ʪʨʴʯʨʭʹʬʩʻʲʰ (ʴʨˆ. 4) ʳʨʫʴʬʻʲʰʹ ʱʭʨʴ˃ʰʹ ʪʨʳʨʫʴʬʩʰʹ ʨʹʨʱʰ 88-90 ʳʲʴ.˄ʬʲʰʨ, 
ʩʬʽʯʨʱʨʸʰʹ - 79-81ʳʲʴ.˄ʬʲʰ. ʳʨʫʴʬʻʲʰʹ ʱʭʨʴ˃ʰ ʺʻʸʵʴ-ʹʨʴʺʵʴʻʸ ʳʨˀʨʭʬʸʨʹ 
˄ʿʬʩʨˀʰʨ ʪʨʴʲʨʪʬʩʻʲʰ, ʸʵʳʬʲʰ˂  ʨʴʫʬʮʰʺ-ʫʨ˂ʰʺ-ʸʰʵʲʰʯʻʸʰ 
ʭʻʲʱʨʴʰʺʬʩʰʯʨʨ ʨʪʬʩʻʲʰ. ʩʬʽʯʨʱʨʸʰʹ ʱʭʨʴ˃ʰʹ ʹʨʩʨʫʵʬʩʰ ʱʰ ˃ʰʸʰʯʨʫʨʫ 
ʪʨʹʨʴʫʨʳʰʹ ʱʨʳʶʨʴʻʸ ʺʸʨʽʰʸʰʵʲʰʯ-ʫʨ˂ʰʺʻʸ ʭʻʲʱʨʴʻʸ ʹʬʸʰʨʹ ʻʱʨʭˀʰʸʫʬʩʨ, 
ʸʵʳʬʲʰ˂ ˀʵʸˀʵʲʬʯʰʹ ʺʻʺʬ-ʵʲʰʭʰʴʰʨʴ ʩʨʮʨʲʺʻʸʰ ʫʨ ʺʸʨʽʰʩʨʮʨʲʺʻʸʰ 
˄ʿʬʩʰʯʨʨ ʪʨʫʨʼʨʸʻʲʰ (ʴʨˆ. 2-4). ʩʬʽʯʨʱʨʸʰʹ ʱʭʨʴ˃ˀʰ ʪʨʳʨʫʴʬʩʨ ˄ʨʸʳʵʫʪʬʴʰʲʰʨ 
ʬʶʰʪʬʴʬʺʻʸʰ, ʻʹʻʲʼʰʫʵ ʫʨ ʳ˂ʰʸʬ ʹʻʲʼʰʫʻʸʰ ʵʽʸʵʹ ʳʰʴʬʸʨʲʰʮʨ˂ʰʰʯ ʱʭʨʸ˂-
ʱʨʲʰˀʶʨʺʻʸ ʳʬʺʨʹʵʳʨʺʰʺʬʩˀʰ. ʰʪʰ ˁʨʴʨ˂ʭʲʬʩʻʲʰʨ ʵʽʸʵ-ʹʶʰʲʬʴ˃-
ʶʵʲʰʳʬʺʨʲʻʸʰ ʳʰʴʬʸʨʲʰʮʨ˂ʰʰʯ. ʩʬʽʯʨʱʨʸʰʹʪʨʴ ʪʨʴʹˆʭʨʭʬʩʰʯ ʳʨʫʴʬʻʲʰʹ 
ʱʭʨʴ˃ʰʹ ʹʨʩʨʫʵʬʩˀʰ, ʪʨʳʨʫʴʬʩʰʹ ʮʵʴʨʲʵʩʨ ʼʰʽʹʰʸʫʬʩʨ. ʹʨʱʻʯʸʰʭ, ʹʻʲʼʰʫʻʸʰ 
ʵʽʸʵ-ʹʶʰʲʬʴ˃-ʶʵʲʰʳʬʺʨʲʻʸʰʪʨʳʨʫʴʬʩʨ ʨʾʳʨʭʨʲ ˅ʸʰʲˀʰ ʻʹʻʲʼʰʫʵ 
ʬʶʰʪʬʴʬʺʻʸʰ ʵʽʸʵʹ ʪʨʳʨʫʴʬʩʰʹ ʮʵʴʨˀʰ ʪʨʫʨʫʰʹ, ʸʵʳʬʲʰ˂ ʱʭʨʸ˂-ʽʨʲ˂ʬʫʵʴʻʸ 
ʫʨ ʱʭʨʸ˂-ʩʨʸʰʺʻʲ ˃ʨʸʾʭʬʩʹʨ ʫʨ ˀʺʵʱʭʬʸʱʬʩʹ ʻʱʨʭˀʰʸʫʬʩʨ (Gugushvili, 2014, 2015). 

ʬʭʸʨʮʰʰʹ ʨʽʺʰʻʸʰ ʱʰʫʰʹ ʪʬʵʲʵʪʰʻʸʰ ʫʨ ʪʬʵʫʰʴʨʳʰʱʻʸʰ ʪʨʴʭʰʯʨʸʬʩʨ, 
ʭʻʲʱʨʴʰʮʳʰ ʫʨ ʳʨʫʨʴ˄ʨʸʳʵˀʵʩʨ ˂ʨʸ˂ˀʰ ʼʨʴʬʸʵʮʵʻʲʰ ʬʺʨʶʰʹ ʹʻʩʫʻʽ˂ʰʰʹ 
ʶʸʵ˂ʬʹʰʯʨʨ ʪʨʴʶʰʸʵʩʬʩʻʲʰ. ʩʵʲʴʰʹʰʹ ʳʨʫʴʰʨʴ ʸʨʰʵʴˀʰ ʹʻʩʫʻʽ˂ʰʰʹ ʶʸʵ˂ʬʹʰʹ 
ʵʸʰ ʹʺʨʫʰʨ ʼʰʽʹʰʸʫʬʩʨ. ʱʬʸ˃ʵʫ, ʴʵʸʳʻʲʰ (ʹʺʨʩʰʲʻʸʰ) ʹʻʩʫʻʽ˂ʰʨ, ʸʵʳʲʰʹ 
ʫʸʵʹʨ˂ ʹʻʩʫʻ˂ʰʸʬʩʻʲʰ ʼʰʲʨ ʳʨʴʺʰʨˀʰ ʰ˃ʰʸʬʩʨ ʺʸʨʴʹʼʵʸʳʨ˂ʰʰʹ (ʪʨʾʻʴʭʨ, 
ʪʨʹʱʫʵʳʨ, ʫʬʺʨˁʳʬʴʺʰ ʫʨ ʫʬʲʨʳʰʴʨ˂ʰʨ) ʪʨʸʬˀʬ. ʹʻʩʫʻʽ˂ʰʰʹ ʨʳʬʺʨʶʹ ʭʻʲʱʨʴʻʸʰ 
ʸʱʨʲʬʩʰʹ (VAG) ʼʵʸʳʰʸʬʩʰʹ ʶʸʵ˂ʬʹˀʰ ʻʱʨʭˀʰʸʫʬʩʨ ʱʰʸʺʻʺʬ ʭʻʲʱʨʴʰʮʳʰ ʫʨ 
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ʵʽʸʵ-ʹʶʰʲʬʴ˃-ʶʵʲʰʳʬʺʨʲʻʸʰ (Au, Pb, Zn, Cu)ʳʰʴʬʸʨʲʰʮʨ˂ʰʨ. ˀʬʳʫʪʵʳ ʰ˄ʿʬʩʨ 
ʹʻʩʫʻ˂ʰʸʬʩʻʲʰ ʼʰʲʰʹ ʺʸʨʴʹʼʵʸʳʨ˂ʰʨ, ʸʵʳʬʲʹʨ˂ ʳʨʴʺʰʻʸʰ ʫʰʨʶʰʸʰʹ ˀʬʳʵ˅ʸʨ 
ʻʱʨʭˀʰʸʫʬʩʨ. ʨʳ ʬʺʨʶʮʬ ʱʻʴ˃ʻʲʯʨ ʸʱʨʲʻʸʰ (VAG) ʭʰʯʨʸʬʩʨ ʩʬʱʨʸʱʰʯ ʰ˂ʭʲʬʩʨ, 
ʸʵʳʬʲʰ˂ ʬʭʸʨʮʰʰʹ ʨʽʺʰʻʸ ʱʰʫʬʮʬ  ʸʰʼʺʰʴʪˀʰ ʫʨ ˀʵˀʵʴʰʺ-ʺʻʺʬʩʨʮʨʲʺʻʸ-
ʺʵʲʬʰʺʻʸ ʭʻʲʱʨʴʰʮʳˀʰʨ ʪʨʳʵˆʨʺʻʲʰ.VMS ʺʰʶʰʹ ʯʻʯʰʨ-ʹʶʰʲʬʴ˃ʱʵʲˁʬʫʨʴʻʸ 
ʪʨʳʨʫʴʬʩʨʹʯʨʴ ʬʸʯʨʫ ʩʬʱʨʸʱʰʹ ʪʨʴʭʰʯʨʸʬʩʻʲ ʹʺʨʫʰʨʮʬ, ʵʽʸʵʹʨ ʫʨ ʺʿʭʰʰʹ 
ʳʵʴʨ˄ʰʲʬʵʩʰʹ ʪʨʸʬˀʬ ʨʴ  ʳʨʯʰ ʳʰʴʰʳʨʲʻʸʰ ʳʵʴʨ˄ʰʲʬʵʩʰʯ ʹʰʨʲʻʸʰ ʽʬʸʽʰʹ 
ʪʨʳʨʫʴʬʩʰʹ ʶʸʵ˂ʬʹˀʰ ʳʵʴʨ˄ʰʲʬʵʩʰʹ  ʳʨʹˀʺʨʩʯʨʴ ʱʨʭˀʰʸˀʰ (Gugushvili, 2015, 2016, 2017). 

ʭʻʲʱʨʴʰʮʳʰʹ ʪʬʵʫʰʴʨʳʰʱʻʸʰ ʱʸʰʺʬʸʰʻʳʬʩʰ ʭʻʲʱʨʴʻʸʰ ʹʬʸʰʬʩʰʹ 
ʶʬʺʸʵʽʰʳʰʻʸʰ ʫʨ ʪʬʵʽʰʳʰʻʸʰ ʰʴʫʰʱʨʺʵʸʬʩʰʯ ʪʨʴʰʹʨʮʾʭʸʨ, ʸʵʳʬʲʰ˂ ʨʹʨˆʨʭʹ 
ʹʻʩʫʻ˂ʰʸʬʩʻʲʰ ʼʰʲʰʹ ʺʸʨʴʹʼʵʸʳʨ˂ʰʨʹʨ ʫʨ ʳʨʹʯʨʴ ʫʨʱʨʭˀʰʸʬʩʻʲ ʳʨʴʺʰʻʸʰ 
ʪʨʭʲʬʴʰʹ ʫʵʴʬʹ ʨʴ ʹʺʨʩʰʲʻʸʰ ʹʻʩʫʻʽ˂ʰʰʹ ʶʸʵ˂ʬʹʹ ʫʨ ʱʰʸ-ʺʻʺʬ ʭʻʲʱʨʴʻʸ 
ʨʽʺʰʭʵʩʨʹ. ʭʻʲʱʨʴʻʸʰ ʨʽʺʰʭʵʩʰʹ ʫʨ ʳʬʺʨʲʵʪʬʴʰʰʹ ʻʸʯʰʬʸʯʫʨʳʵʱʰʫʬʩʻʲʬʩʨ 
ʹʻʩʫʻʽ˂ʰʰʹ ʶʸʵ˂ʬʹʯʨʴ ʩʵʲʴʰʹʰʹ ʳʨʫʴʰʨʴʰ ʸʨʰʵʴʰʹ ʳʨʪʨʲʰʯʮʬ ʪʨʴˆʰʲʻʲʰʨ 
ˀʬʳʫʬʪ ˀʸʵʳʬʩˀʰ (Gugushvili et al., 2002, 2014; Gugushvili, 2015, 2016, 2017). 

ʩʵʲʴʰʹʰʹ ʳʨʫʴʰʨʴ ʸʨʰʵʴʰʹ ʳʨʫʴʬʻʲʰʹ ʱʭʨʴ˃ʰ ʫʨ ʳʨʫʨʴˀʬʳ˂ʭʬʲʰ 
ʭʻʲʱʨʴʰʺʬʩʰ ʱʻʴ˃ʻʲʯʨ ʸʱʨʲʻʸʰ ʭʰʯʨʸʬʩʰʯ ʱʵʴʺʸʵʲʫʬʩʨ, ʳʨˀʰʴ ʸʵʫʬʹʨ˂ 
ʩʬʽʯʨʱʨʸʰʹ ʱʭʨʴ˃ʰʹ ʼʵʸʳʰʸʬʩʨ ʩʬʱʨʸʱʰʹ ʹʨ˄ʿʰʹ ʹʺʨʫʰʨʹ ʻʱʨʭˀʰʸʫʬʩʨ. ʨʽ 
ʪʨʹʨʴʫʨʳʰʹ ˄ʿʬʩʰʹ ʼʵʸʳʰʸʬʩʰʹ ʫʨ ʱʨʳʶʨʴʻʸʰ ʭʻʲʱʨʴʻʸʰ ʨʽʺʰʭʵʩʰʹ ʶʰʸʭʬʲ 
ʹʺʨʫʰʨʮʬ ʺʸʨʽʰʸʰʵʫʨ˂ʰʺʻʸʰ ʭʻʲʱʨʴʰʮʳʰ, ʱʭʨʸ˂-ʱʨʲʰˀʶʨʺʻʸʰ ʳʬʺʨʹʵʳʨʺʵʮʰ 
ʫʨ ʳʨʹʯʨʴ ʫʨʱʨʭˀʰʸʬʩʻʲʰ ʻʹʻʲʼʰʫʵ ʵʽʸʵʹ ʳʰʴʬʸʨʲʰʮʨ˂ʰʨ ʩʬʱʨʸʱʰʹ ʹʨ˄ʿʰʹʰ 
ʹʺʨʫʰʰʯ ʱʵʴʺʸʵʲʫʬʩʨ. ʨʽ ʳʨʴʺʰʻʸʰ ʪʨʭʲʬʴʨ ʹʻʩʺʻʺʬ ʭʻʲʱʨʴʰʮʳˀʰ ʫʨ ʺʻʺʬ 
ʳʬʺʨʹʵʳʨʺʵʮˀʰ ʪʨʳʵʭʲʰʴʫʨ. ʳʨʴʺʰʻʸʰ ʪʨʭʲʬʴʨ ʰʮʸʫʬʩʨ ʪʭʰʨʴ ʱʨʳʶʨʴʻʸʰ 
ˀʵʸˀʵʲʬʯʰʹ ˄ʿʬʩʰʹ ʼʵʸʳʰʸʬʩʰʹ ʶʸʵ˂ʬʹˀʰ, ʸʵʳʬʲʰ˂ ʺʸʨʽʰʩʨʮʨʲʺ-ʺʻʺʬ-
ʵʲʰʭʰʴʰʨʴʰ ʩʨʮʨʲʺʻʸʰ ʹʬʸʰʰʯʨʨ ˄ʨʸʳʵʫʪʬʴʰʲʰ. ʪʨʳʨʫʴʬʩʰʹ ʳʬʵʸʬ - ʹʨʱʻʯʸʰʭ 
ʹʻʲʼʰʫʻʸʰ ʼʨʮʨ, ʸʵʳʬʲʰ˂ ʱʭʨʸ˂-ʱʨʲʰˀʶʨʺʻʸʰ ʳʬʺʨʹʵʳʨʺʰʺʬʩʮʬʨ 
ʮʬʫʫʨʫʬʩʻʲʰ ʪʨʩʸʵ-ʫʰʨʩʨʮʻʸʰ ˀʺʵʱʬʩʰʯ ʱʵʴʺʸʵʲʫʬʩʨ. ʰʪʰ ʵʽʸʵ-ʹʶʰʲʬʴ˃-
ʶʵʲʰʳʬʺʨʲʻʸʰ ʳʰʴʬʸʨʲʰʮʨ˂ʰʰʯʨ ʫʨ ʹʰʴʳʨʫʴʻʸʰ ʬʶʰʫʵʺ-˂ʵʰʮʰʺʻʸʰ 
ʶʸʵʶʰʲʰʺʰʮʨ˂ʰʰʯʨʨ ˄ʨʸʳʵʫʪʬʴʰʲʰ (Gugushvili et al., 2014; Gugushvili, 2015, 2016, 2017). ʮʬʳʵˆʹʬʴʬʩʻʲʰ ʪʨʩʸʵ-ʫʰʨʩʨʮʻʸʰ ˀʺʵʱʬʩʰ ʫʨ ˃ʨʸʾʭʬʩʰ ˄ʨʸʳʵʨʫʪʬʴʬʴ ʰʳ 
ʭʻʲʱʨʴʻʸʰ ʱʬʸʰʹ ʨʶʵʼʰʮʬʩʹ, ʹʨʰʫʨʴʨ˂ ʮʬʫʨ ʱʨʳʶʨʴʻʸˀʰ ʺʻʺʬ ʵʲʰʭʰʴʰʨʴʰ ʫʨ 
ʺʸʨʽʰʩʨʮʨʲʺʬʩʰʹ ʨʳʵʼʽʭʬʭʨ ʫʨ ˀʵʸˀʵʲʬʯʰʹ ˄ʿʬʩʰʹ ʼʵʸʳʰʸʬʩʨ ˆʫʬʩʵʫʨ. ʰʹʰʴʰ 
ʨʫʨʹʺʻʸʬʩʬʴ ʩʬʱʨʸʱʻʲʰ ʸʰʼʺʰʴʪʰʹ ʫʨ ʳʨʴʺʰʻʸʰ ʫʰʨʶʰʸʰʹ ˀʬʳʵ˅ʸʰʹ ʨʫʸʬʻʲ 
ʬʺʨʶʹ. (Gugushvili, 2015, 2016). ʨʳʨʭʬ ʫʸʵʹ ʨʾʹʨʴʰˀʴʨʭʰʨ, ʸʵʳ ʩʬʽʯʨʱʨʸʰʹʱʭʨʴ˃ʰʹ 
ʹʨʩʨʫʵʬʩʮʬ ʹʨʱʻʯʸʰʭ ʹʻʲʼʰʫʻʸ ʳʨʫʨʴˀʰ ʵʽʸʵʹ ʫʨ ʺʿʭʰʰʹ ʳʨʾʨʲʰ 
ˀʬʳ˂ʭʬʲʵʩʬʩʰ ʼʰʽʹʰʸʫʬʩʨ, ʸʨ˂ ˀʬʰ˃ʲʬʩʨ ʨʰˆʹʴʨʹ ʹʰʨʲʻʸʰ ʽʬʸʽʰʹ ʳʴʰˀʭʴʬʲʵʭʨʴʰ 
ʳʵʴʨ˄ʰʲʬʵʩʰʯ ʳʨʫʨʴ˄ʨʸʳʵˀʵʩʰʹ ʶʸʵ˂ʬʹˀʰ ʫʨ ʼʲʻʰʫʬʩʰʹ ʳʨʾʨʲʰ 
ʺʬʳʶʬʸʨʺʻʸʰʯ ʳʨʴʺʰʻʸʰ ʪʨʭʲʬʴʰʹ ˀʬʫʬʪʨʫ ʩʬʱʨʸʱʰʹ ʼʵʸʳʰʸʬʩʰʹ ʹʨ˄ʿʰʹ 
ʹʺʨʫʰʨʮʬ. ʨʳʨʴ ʨʳ ʬʺʨʶʮʬ ʹʰʨʲʻʸʰ ʽʬʸʽʰʫʨʴ ʵʽʸʵʹ ʰʴʺʬʴʹʰʻʸʰ ʪʨʳʵʺʻʺʭʨ 
ʪʨʴʨʶʰʸʵʩʨ. ʼʲʻʰʫʬʩʰʹ ʳʨʾʨʲ ʺʬʳʶʬʸʨʺʻʸʨʮʬ, ʨʽ ʳʨʫʨʴʳʵʳʰˇʴʬ ʮʵʴʨˀʰ 
ʹʰʴʳʨʫʴʻʸʰ ʬʶʰʫʵʺ-˂ʵʰʮʰʺʻʸʰ ʶʸʵʶʰʲʰʺʰʮʨ˂ʰʨ˂ ʳʰʪʭʨʴʰˀʴʬʩʹ, ʸʵʳʲʰʹ 
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ʺʬʳʶʬʸʨʺʻʸʨ 350-4000C ʼʨʸʪʲʬʩˀʰ ʳʬʸʿʬʵʩʹ. ʩʬʽʯʨʱʨʸʰʹ ʹʨʩʨʫʵʹ ʶʵʸʼʰʸʻʲ 
ʳʨʫʨʴˀʰ ʵʽʸʵʹ ˀʬʳ˂ʭʬʲʵʩʨ ʹʨˀʻʨʲʵʫ 5 ʪ/ʺ ʻʫʸʰʹ, ˆʵʲʵ ʳʨʫʴʬʻʲʰʹ ʹʨʩʨʫʵʮʬ 
ʰʪʰ ʹʨˀʻʨʲʵʫ 0.8 ʪ/ʺʵʴʨʨ, ʨʽ ʹʰʴʳʨʫʴʻʸʰ ˀʬ˂ʭʲʰʹ ʶʸʵ˂ʬʹʰ ʻʼʸʵ 
ʫʨʩʨʲʺʬʳʶʬʸʨʺʻʸʻʲ ʹʬʸʰ˂ʰʺ-ʽʲʵʸʰʺ-ʱʨʸʩʵʴʨʺʻʲ ʨʹʵ˂ʰʨ˂ʰʨˀʰ ʪʨʳʵʭʲʰʴʫʨ.  3.1. ʩʲʵʱʰʸʬʩʰʹ ʶʸʵ˂ʬʹʰ ʩʵʲʴʰʹʰʹ ʳʨʫʴʰʨʴ ʸʨʰʵʴˀʰ 

ʩʵʲʴʰʹʰʹ ʳʨʫʴʰʨʴ ʸʨʰʵʴˀʰ ʹʻʩʫʻʽ˂ʰʨʹʯʨʴ ʫʨʱʨʭˀʰʸʬʩʻʲʰ ʩʲʵʱʰʸʬʩʰʹ 
ʵʸʰ ʬʺʨʶʰ ʪʨʳʵʭʲʰʴʫʨ: ʹʰʴʭʻʲʱʨʴʻʸʰ ʫʨ ʶʵʹʺʭʻʲʱʨʴʻʸʰ. ʹʰʴʭʻʲʱʨʴʻʸʰ 
ʩʲʵʱʰʸʬʩʰʹ ʬʺʨʶʰ ʪʸʨʴʵʫʰʵʸʰʺʻʲʰ ʰʴʺʸʻʮʻʲʰ ˀʺʵʱʬʩʰʹ ˀʬʳʵ˅ʸʰʯ, 
ʺʰʻʳʰʹʬʴʹʰʯ ʫʨ ʱʻʴ˃ʻʲʯʨ ʨʮʬʭʬʩʰʯ (ʨʮʬʭʬʩʻʲʰ ʩʲʵʱʬʩʰ) ʫʨ ʱʨʲʫʬʸʻʲʰ 
ˁʨʽ˂ʬʭʬʩʰʯ (ʫʨ˃ʰʸʻʲʰ ʩʲʵʱʬʩʰ) ʱʵʴʺʸʵʲʫʬʩʨ. ʬʹ ʬʺʨʶʰ "ʳ˂ʰʸʬ" ʩʲʵʱʬʩʰʹ 
ʼʵʸʳʰʸʬʩʨˀʰʨ ʨʹʨˆʻʲʰ. ʶʵʹʺʭʻʲʱʨʴʻʸʰ ʩʲʵʱʬʩʰʹ ʬʺʨʶʰ ʹʻʩʫʻ˂ʰʸʬʩʻʲʰ 
ʼʰʲʰʹ ʫʬʺʨˁʳʬʴʺʰʯ ʱʵʴʺʸʵʲʫʬʩʨ, ʸʵʳʬʲʰ˂ ʸʬʪʰʵʴʨʲʻʸ ʸʾʭʬʭʨˀʰʨ 
ʪʨʳʵʭʲʬʴʰʲʰ, ʨʳ ʸʾʭʬʭʰʯ ʩʵʲʴʰʹʰʹ ʳʨʫʴʰʨʴʰ ʸʨʰʵʴʰ ʵʸ "ʪʰʪʨʴʺʻʸ" ʩʲʵʱʨʫ 
ʰʿʵʼʨ. 

ʪʨʳʨʫʴʬʩʰʹ ʶʸʵ˂ʬʹʰ ʹʰʴʭʻʲʱʨʴʻʸʰ ʩʲʵʱʬʩʰʹ ʨʮʬʭʬʩʰʹ ʬʺʨʶʹ ʻʱʨʭˀʰʸʫʬʩʨ. 
ʳʨʫʨʴ˄ʨʸʳʵˀʵʩʨ ʨʸ ʭʲʰʴʫʬʩʨ ʱʨʲʫʬʸʻʲʰ ˁʨʽ˂ʬʭʬʩʰʹ ˀʬʳʫʬʪ ʫʨ ʨʸ˂ "ʪʰʪʨʴʺʻʸʰ" 
ʩʲʵʱʬʩʰʹ ʼʵʸʳʰʸʬʩʰʹ ʹʺʨʫʰʨʮʬ.  3.2. ʶʵʹʺʭʻʲʱʨʴʻʸʰ ʩʲʵʱʰʸʬʩʨ 

ʩʵʲʴʰʹʰʹ ʳʨʫʴʰʨʴ ʸʨʰʵʴˀʰ ʪʨʳʨʫʴʬʩʨ ʸʬʪʰʵʴʻʲʰ ʸʾʭʬʭʰʯ ʪʨʿʵʼʰʲ ʵʸʰʭʬ "ʪʰʪʨʴʺʻʸ" ʩʲʵʱˀʰʨ ʲʵʱʨʲʰʮʬʩʻʲʰ ʫʨ ʵʸʰ ʳʨʫʴʰʨʴʰ ʱʭʨʴ˃ʰʯʨʨ ˄ʨʸʳʵʫʪʬʴʰʲʰ - ʳʨʫʴʬʻʲʰʹʨ ʫʨ ʩʬʽʯʨʱʨʸʰʹ. 
ʩʵʲʴʰʹʰʹ ʳʨʫʴʰʨʴʰ ʸʨʰʵʴʰʹ ʵʸʰʭʬ ʱʭʨʴ˃ˀʰ, ʸʵʪʵʸ˂ ʱʰʸ-ʺʻʺʬ 

ʸʰʵʫʨ˂ʰʺʻʸʰ, ʰʹʬ ʹʻʩʺʻʺʬ ʺʸʨʽʰʸʰʵʫʨ˂ʰʺʻʸʰ ʭʻʲʱʨʴʻʸʰ ʨʽʺʰʭʵʩʨ 
ʰʪʴʰʳʩʸʰʺʬʩʰʹ ʨʳʵʼʽʭʬʭʰʯ ʫʨ ʱʨʲʫʬʸʻʲʰ ˁʨʽ˂ʬʭʰʯ ʹʸʻʲʫʬʩʨ, ʸʵʳʬʲʰ˂ 
ʳʨʫʴʬʻʲʰʹ ʱʭʨʴ˃ʰʹ ʩʲʵʱˀʰ ʸʰʵʲʰʯʻʸʰ ʬʽʹʺʸʻʮʰʬʩʰʹ ˀʬʳʵ˅ʸʰʯ, ˆʵʲʵ 
ʩʬʽʯʨʱʨʸʰʹ ʱʭʨʴ˃ʰʹ ʩʲʵʱˀʰ ʺʸʨʽʰʸʰʵʲʰʯʻʸʰ ʬʽʹʺʸʻʮʰʰʯ ʯʨʭʫʬʩʨ. ʪʨʳʨʫʴʬʩʨ 
ʫʨ ʹʨʩʨʫʵʬʩʰ ʵʸʰʭʬ ʱʭʨʴ˃ˀʰ ʱʨʲʫʬʸʬʩˀʰʨ ʳʵʽ˂ʬʻʲʰ (ʴʨˆ. 5.). ʳʨʫʴʬʻʲʰʹʱʭʨʴ˃ʰʹ 
ʹʨʩʨʫʵʬʩʮʬ ʪʨʳʨʫʴʬʩʰʹ ʶʸʵ˂ʬʹˀʰ, ʸʵʪʵʸ˂ ʵʽʸʵ-ʹʶʰʲʬʴ˃ʶʵʸʼʰʸʻʲʰ, ʰʹʬ 
ʬʶʰʪʬʴʬʺʻʸʰ ʵʽʸʵʹ ʻʹʻʲʼʰʫʵ ʫʨ ʳ˂ʰʸʬ ʹʻʲʼʰʫʻʸʰ ʪʨʳʨʫʴʬʩʨ ˄ʰʴ ʻʹ˄ʸʬʩʹ 
ʰʪʴʰʳʩʸʰʺʬʩʰʹ ʨʳʵʼʽʭʬʭʨʹ ʫʨ ʱʨʲʫʬʸʻʲ ˁʨʽ˂ʬʭʬʩʹ. ʩʬʽʯʨʱʨʸʰʹ ʱʭʨʴ˃ʰʹ 
ʹʨʩʨʫʵʬʩʮʬ ʻʹʻʲʼʰʫʵ ʵʽʸʵʹ ʪʨʳʨʫʴʬʩʨ ʰʪʴʰʳʩʸʰʺʬʩʰʹ ʨʳʵʼʽʭʬʭʰʹ ˄ʰʴʳʹ˄ʸʬʩʰ 
ʶʸʵ˂ʬʹʰʨ, ˆʵʲʵ ʵʽʸʵ-ʹʶʰʲʬʴ˃-ʶʵʲʰʳʬʺʨʲʻʸʰ ʳʰʴʬʸʨʲʰʮʨ˂ʰʨ, ʸʵʳʬʲʹʨ˂ 
ʪʨʩʸʵ-ʫʰʨʩʨʮʻʸʰ ˀʺʵʱʬʩʰ ʨʱʵʴʺʸʵʲʬʩʹ, ʰʪʴʰʳʩʸʰʺʻʲʰ ʨʳʵʼʽʭʬʭʰʹ ˀʬʳʫʪʵʳʨʫ 
ʪʭʬʹʨˆʬʩʨ (Gugushvili, 2015, 2017). 

ʳʨʫʴʬʻʲʰʹʨ ʫʨ ʩʬʽʯʨʱʨʸʰʹ ʳʨʫʴʰʨʴʰ ʱʭʨʴ˃ʬʩʰ ʵʸ ʳʵʳʰˇʴʬ "ʪʰʪʨʴʺʻʸ" 
ʩʲʵʱˀʰʨ ʳʵʽ˂ʬʻʲʰ, ʸʵʳʲʬʩʰ˂ ʳʫ. ʳʨˀʨʭʬʸʨʹ ˆʬʵʩʰʹ ʪʨʹ˄ʭʸʰʭ ʸʬʪʰʵʴʨʲʻʸʰ 
ʸʾʭʬʭʰʯʨʨ ʪʨʿʵʼʰʲʰ (ʴʨˆ. 3,4). ʳʨʫʴʬʻʲʰʹ ʱʭʨʴ˃ʰʹʹʨʩʨʫʵʬʩʰ ʺʻʸʵʴ-ʹʨʴʺʵʴʻʸ 
ʳʨˀʨʭʬʸʨʹ ˄ʿʬʩʨˀʰʨ ʪʨʴʯʨʭʹʬʩʻʲʰ. ʳʨʫʴʬʻʲʰʹ ʱʭʨʴ˃ʰ ʨʮʰʫʻʲ ʩʲʵʱˀʰʨ 
ʳʵʽ˂ʬʻʲʰ, ˆʵʲʵ ʩʬʽʯʨʱʨʸʰʹ ʱʭʨʴ˃ʰ, ʳʵʳʰˇʴʬ ʩʲʵʱʰʹ ʱʨʳʶʨʴʻʸʰ ʨʹʨʱʰʹ 
ʪʨʹʨʴʫʨʳʰʹ ˄ʿʬʩʨˀʰʨ ʪʨʴʯʨʭʹʬʩʻʲʰ, ʸʵʳʬʲʰ˂ ʮʬʫʨ ʱʨʳʶʨʴʻʸʰ ˀʵʸˀʵʲʬʯʰʹ 
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˄ʿʬʩʰʯ ʨʸʰʹ ʪʨʫʨʼʨʸʻʲʰ. ʳʨʫʴʬʻʲʰʹ ʱʭʨʴ˃ʰʹ ˀʬʳ˂ʭʬʲʰ ʩʲʵʱʰ, ʨʮʰʫʻʲ ʩʲʵʱʹ 
˄ʨʸʳʵʨʫʪʬʴʹ ʩʬʽʯʨʱʨʸʰʹ ʩʲʵʱʰʹ ʳʰʳʨʸʯ. ʱʨʳʶʨʴʻʸʰ ʪʨʹʨʴʫʨʳʰʹʨ ʫʨ ˀʵʸˀʵʲʬʯʰʹ 
˄ʿʬʩʬʩʰ ʨʽ ʬʸʵʮʰʰʯ ʨʸʰʹ ʳʵˆʹʴʰʲʰ, ʮʬʫʨ ʹʨʴʺʵʴʻʸʰ ʺʨʴ˃ʰʰʹ ˄ʿʬʩʰʹ ˁʨʯʭʲʰʯ. 
ʬʸʵʫʰʸʬʩʻʲʰ ʭʻʲʱʨʴʻʸʰ ʹʬʸʰʰʹ ʹʰʳ˃ʲʨʭʸʰʹ ʪʨʯʭʨʲʰʹ˄ʰʴʬʩʰʯ, ʳʨʫʴʬʻʲʰʹ 
ʩʲʵʱʰ ʸʬʪʰʵʴʨʲʻʸʰ ʸʾʭʬʭʰʹ ʪʨʹ˄ʭʸʰʭ 1200 ʳ-ʰʯ ʨʸʰʹ ʨʮʰʫʻʲʰ. ʸʬʪʰʵʴʻʲʰ 
ʸʾʭʬʭʨ ʫʨ „ʪʰʪʨʴʺʻʸʰ“ ʩʲʵʱʬʩʰʹ ʼʵʸʳʰʸʬʩʨ, ʹʻʩʫʻ˂ʰʸʬʩʻʲʰ ʼʰʲʰʹ 
ʮʬʫʨʱʨʳʶʨʴʻʸ-ʳʨʨʹʺʸʰˆʺʻʲ ʫʬʺʨˁʳʬʴʺʯʨʴ ʻʴʫʨ ʰʿʵʹ ʫʨʱʨʭˀʰʸʬʩʻʲʰ. ʨʽʬʫʨʴ 
ʪʨʳʵʳʫʰʴʨʸʬ, ʸʬʪʰʵʴʻʲʰ ʸʾʭʬʭʰʹʨ ʫʨ „ʪʰʪʨʴʺʻʸʰ“ ʩʲʵʱʬʩʰʹ ˄ʨʸʳʵˀʵʩʰʹ ʨʹʨʱʰ˂ 
ʮʬʫʨʱʨʳʶʨʴʻʸ-ʳʨʨʹʺʸʰˆʺʻʲʰʨ ʫʨ ʩʲʵʱʰʸʬʩʨ˂ ʶʵʹʺʭʻʲʱʨʴʻʸʰ ʶʸʵ˂ʬʹʰʨ. 

ʳʹʪʨʭʹʰ ʪʨʴʭʰʯʨʸʬʩʨ ʨʾ˄ʬʸʰʲʰʨ ʩʻʲʪʨʸʬʯʰʹ ʹʸʬʫʴʵʪʵʸʰʬʹ ʶʨʴʨʪʰʻʸʰˀʺʬʹ 
ʳʨʫʴʰʨʴ ʸʨʰʵʴˀʰ. ʨʽʨ˂ ʭʻʲʱʨʴʰʮʳʰʹ ʶʰʸʭʬʲʰ ʬʺʨʶʰ ʱʰʸ-ʺʻʺʬ ʭʻʲʱʨʴʻʸʰ 
ʹʬʸʰʰʯ ʨʸʰʹ ˄ʨʸʳʵʫʪʬʴʰʲʰ. ʳʨʹ ʵʽʸʵ-ʹʶʰʲʬʴ˃ʶʵʸʼʰʸʻʲʰ (ʬʲʨʺʹʰʺʬ) ʫʨ 
ʵʽʸʵʹ ʳʨʾʨʲʹʻʲʼʰʫʻʸʰ (ˁʬʲʵʶʬˁʰ) ʹʨʩʨʫʵʬʩʰ ʻʱʨʭˀʰʸʫʬʩʨ, ʸʵʳʬʲʯʨ 
ʼʵʸʳʰʸʬʩʰʹ ʨʹʨʱʰ 91.3-92.4ʳʲʴ.˄ʬʲʹ ˀʬʬʹʨʩʨʳʬʩʨ. ʰʪʰ ʱʰʸ-ʺʻʺʬ ʭʻʲʱʨʴʰʮʳʰʯ ʫʨ 
ʱʻʴ˃ʻʲʯʨ ʸʱʨʲʻʸʰ ʭʰʯʨʸʬʩʰʯ ʱʵʴʺʸʵʲʫʬʩʨ ʫʨ ʹʺʨʩʰʲʻʸʰ ʹʻʩʫʻʽ˂ʰʰʯ 
ʨʸʰʹ ʪʨʴʶʰʸʵʩʬʩʻʲʰ. ʹʻʩʫʻ˂ʰʸʬʩʻʲʰ ʼʰʲʰʹ ʺʸʨʴʹʼʵʸʳʨ˂ʰʰʹ ˀʬʫʬʪʨʫ, ʨʽʨ˂ 
ʩʲʵʱʻʸʰ ʫʨʴʨ˄ʬʭʸʬʩʨ ʼʰʽʹʰʸʫʬʩʨ, ʶʵʸʼʰʸʻʲ ʫʨ ʬʶʰʯʬʸʳʻʲ ʵʽʸʵ-
ʶʵʲʰʳʬʺʨʲʻʸ ʪʨʳʨʫʴʬʩʨʹʯʨʴ ʬʸʯʨʫ, ʸʵʳʬʲʯʨ ʨʹʨʱʰ 86.1-86.6ʳʲʴ.˄ʬʲʰʨ (Moritz et al., 2004; Von Quadt et. al., 2005). ʨʳʪʭʨʸʨʫ, ʹʻʩʫʻ˂ʰʸʬʩʻʲʰ ʼʰʲʰʹ 
ʺʸʨʴʹʼʵʸʳʨ˂ʰʨʳ ʨʽʨ˂ ʪʨʳʵʰ˄ʭʰʨ ʱʻʴ˃ʻʲʯʨ ʸʱʨʲʻʸʰ ʭʰʯʨʸʬʩʰʹ ʩʬʱʨʸʱʰʹ ʹʨ˄ʿʰʹ 
ʹʺʨʫʰʨˀʰ ʪʨʫʨʹʭʲʨ ʫʨ  „ʪʰʪʨʴʺʻʸʰ“ ʩʲʵʱʬʩʰʹ ʼʵʸʳʰʸʬʩʨ.  3.3. ʹʰʴʭʻʲʱʨʴʻʸʰ ʩʲʵʱʰʸʬʩʨ. 

ʩʵʲʴʰʹʰʹ ʳʨʫʴʰʨʴ ʸʨʰʵʴˀʰ ʶʵʹʺʭʻʲʱʨʴʻʸ „ʪʰʪʨʴʺʻʸ“ ʩʲʵʱʰʸʬʩʨʹ, ˄ʰʴ 
ʻ˃ʾʵʫʨ ʹʰʴʭʻʲʱʨʴʻʸʰ ʩʲʵʱʰʸʬʩʨ, ʸʵʪʵʸ˂ ʴʵʸʳʻʲʰ (ʹʺʨʩʰʲʻʸʰ) 
ʹʻʩʫʻʽ˂ʰʰʹ, ʰʹʬ ʹʻʩʫʻ˂ʰʸʬʩʻʲʰ ʼʰʲʰʹ ʺʸʨʴʹʼʵʸʳʨ˂ʰʰʹ ʶʸʵ˂ʬʹˀʰ. 
ʹʰʴʭʻʲʱʨʴʻʸʰ ʩʲʵʱʰʸʬʩʨ ʪʨʳʵ˄ʭʬʻʲʰʨ ʹʺʨʩʰʲʻʸʰ ʹʻʩʫʻʽ˂ʰʰʹ ʬʺʨʶʮʬ 
ʪʸʨʴʵʫʰʵʸʰʺʻʲʰ ʰʴʺʸʻʮʰʭʬʩʰʹ ˀʬʳʵ˅ʸʰʯ, ʮʾʭʰʹ ʼʹʱʬʸʰʹ ʺʰʻʳʰʹʬʴʹʰʯ ʫʨ 
ʯˆʬʲ ʮʾʭʨˀʰ ʱʻʴ˃ʻʲʬʩʰʹ ʼʵʸʳʰʸʬʩʰʯ (ʨʮʬʭʬʩʻʲʰ ʩʲʵʱʬʩʰ). ʨʳ ʱʻʴ˃ʻʲʬʩʮʬ 
ʰʪʴʰʳʩʸʰʺʻʲʰ ʨʳʵʼʸʽʭʬʭʬʩʰ ˆʫʬʩʵʫʨ, ʸʵʳʲʬʩʰ˂ ʱʨʲʫʬʸʻʲʰ ˁʨʽ˂ʬʭʰʯ 
ʹʸʻʲʫʬʩʵʫʨ (ʫʨ˃ʰʸʻʲʰ ʩʲʵʱʬʩʰ). ʳʹʪʨʭʹʰ ʭʰʯʨʸʬʩʨ ʹʻʩʫʻ˂ʰʸʬʩʻʲʰ ʼʰʲʰʹ 
ʺʸʨʴʹʼʵʸʳʨ˂ʰʰʹ ʬʺʨʶʮʬ˂ ʼʰʽʹʰʸʫʬʩʨ.  3.3.1. ʹʰʴʭʻʲʱʨʴʻʸʰ ʩʲʵʱʰʸʬʩʨ ʹʺʨʩʰʲʻʸʰ ʹʻʩʫʻʽ˂ʰʰʹ ʬʺʨʶʮʬ. 

ʺʰʻʳʰʹʬʴʹʯʨʴ  ʫʨ ʱʨʲʫʬʸʻʲ ˁʨʽ˂ʬʭʬʩʯʨʴ ʫʨʱʨʭˀʰʸʬʩʻʲʰ ʨʮʬʭʬʩʻʲʰ ʫʨ 
ʫʨ˃ʰʸʻʲʰ ʩʲʵʱʬʩʰʹ ʼʵʸʳʰʸʬʩʨ, ʫʸʵʹʨ ʫʨ ʹʰʭʸ˂ʬˀʰ ʳʵʴʨ˂ʭʲʬʵʩʹ. ʯʻʳ˂ʨ, 
ʨʾʹʨʴʰˀʴʨʭʰʨ, ʸʵʳ ʨʮʬʭʬʩʻʲ ʱʰʴ˃ʻʲʬʩʮʬ ʰʪʴʰʳʩʸʰʺʻʲʰ ʨʳʵʼʸʽʭʬʭʬʩʰ ʫʨ 
ʱʨʲʫʬʸʻʲʰ ˁʨʽ˂ʬʭʬʩʰ ʿʭʬʲʪʨʴ ʫʨ ʿʵʭʬʲʯʭʰʹ ʨʸ ˆʫʬʩʵʫʨ ʫʨ ʬʹ ʱʻʴ˃ʻʲʬʩʰ 
˂ʨʸ˂ʻʲ, ʮʾʭʨˀʰ ʨʮʬʭʬʩʻʲ ʩʲʵʱʬʩʨʫ ʸˁʬʩʵʫʴʬʴ (Gugushvili et al., 2014; Gugushvili, 2015). r

ʨʫʴʬʻʲʰʹ ʹʨʩʨʫʵʹ ʺʬʸʰʺʵʸʰʨʮʬ ʺʰʻʳʰʹʬʴʹʰ ʫʨ ʱʻʴ˃ʻʲʬʩʰʹ ˄ʨʸʳʵˀʵʩʨ 
ʪʸʨʴʵʫʰʵʸʰʺʻʲʰ ˀʺʵʱʰʹ ˀʬʳʵ˅ʸʰʯ ʨʸʰʹ ʪʨʴʶʰʸʵʩʬʩʻʲʰ, ʸʵʳʬʲʰ˂ ʨʽ 500 ʳ-ʰʹ 
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ʹʰʾʸʳʬʮʬ ʩʻʸʾʭʰʯ ʼʰʽʹʰʸʫʬʩʨ. ʳʰʹʰ K-Ar ʨʹʨʱʰ88 ʳʲʴ. ˄ʬʲʰʨ. ʬʹ ˀʺʵʱʰ 
ʹʰʾʸʳʬʻʲʰ ʼʲʻʰʫʬʩʰʹ ʪʨʳʺʨʸʬʩʬʲʰʨ ʫʨ ʳʨʯʯʨʴ, ʶʰʸʭʬʲ ʬʺʨʶʮʬ, ʰʴʺʬʴʹʰʻʸʰ 
ʪʨʱʭʨʸ˂ʬʩʨ ʨʸʰʹ ʫʨʱʨʭˀʰʸʬʩʻʲʰ, ʸʵʳʬʲʳʨ˂ ˀʺʵʱʰʹ ʯʨʭʮʬ ʳ˃ʲʨʭʸʰ, 
ʪʨʱʭʨʸ˂ʬʩʻʲʰ, ʳʱʭʸʰʭʰ ʬʱʸʨʴʰ ˄ʨʸʳʵˀʭʨ. ʳʰʹ ʽʭʬˀ ʫʨʪʸʵʭʰʲʳʨ ʼʲʻʰʫʬʩʳʨ 
ˈʰʫʸʵʯʬʸʳʻʲʰ ʨʼʬʯʽʬʩʬʩʰʹ ʹʬʸʰʨ ʫʨ ʩʸʬʽˁʰʬʩʰʹ ʼʵʸʳʰʸʬʩʨ ʪʨʴʨʶʰʸʵʩʬʹ. 
ʨʼʬʯʽʬʩʰʹ ʩʸʬʽˁʰʬʩʰ ʵʽʸʵ-ʹʶʰʲʬʴ˃-ʶʵʲʰʳʬʺʨʲʻʸʰ ʳʨʫʴʰʯ ˂ʬʳʬʴʺʫʬʩʨ. 
ʶʵʸʼʰʸʻʲʰ ʪʨʳʨʫʴʬʩʨ ˀʬʳ˂ʭʬʲ ʱʭʨʸ˂ʰʺʬʩˀʰ, ˁʨʴʨ˄ʰʴ˄ʲʰ ʳʨʫʴʰʹ ʹʨˆʰʯ, ʫʰʫ 
ʼʨʸʯʮʬ˂ ʭʸ˂ʬʲʫʬʩʨ. ʨʾʳʨʭʨʲ ˅ʸʰʲˀʰ, ʹʨʱʻʯʸʰʭ ʹʻʲʼʰʫʻʸʰ ʳʨʫʴʰʹ ʮʵʴʨʹ, 
ʯʨʭʮʬ ʬʶʰʪʬʴʬʺʻʸʰ ʻʹʻʲʼʰʫʵ ʵʽʸʵʹ ˀʬʳ˂ʭʬʲʰ ʱʭʨʸ˂-ʽʨʲ˂ʬʫʵʴʻʸʰ 
ˀʺʵʱʭʬʸʱʬʩʰʹ ʮʵʴʨ ʳʵʹʫʬʭʹ. ʨʳʪʭʨʸʨʫ, ʳʨʫʴʬʻʲʰʹ ʹʨʩʨʫʵʮʬ ʹʨʱʻʯʸʰʭ 
ʹʻʲʼʰʫʻʸʰ ʫʨ ʻʹʻʲʼʰʫʵ ʵʽʸʵʹ ˀʬʳ˂ʭʬʲʰ ʳʨʫʴʬʩʰʹ ʮʵʴʨʲʵʩʨ ʼʰʽʹʰʸʫʬʩʨ (ʴʨˆ. 6, 7).    ʨʳʨʭʬ ʫʸʵʹ, ʳʨʫʴʬʻʲʰʹ ʹʨʩʨʫʵʮʬ ʳ˂ʰʸʬ ʹʰʳ˃ʲʨʭʸʰʹ ʩʨʸʰʺ-
ʶʵʲʰʳʬʺʨʲʻʸʰ ʳʨʫʴʰʹ ʹʺʸʨʺʰʳʵʸʼʻʲʰ ʲʰʴʮʬʩʰ˂ ʨʸʰʹ ʫʨʫʪʬʴʰʲʰ (ʴʨˆ. 8.) (Migineishvili, 2005; Gialli, 2013). ʰʹʰʴʰ ʺʰʻʳʰʹʬʴʹʰʹ ʶʰʸʭʬʲ ʬʺʨʶʹ ʻʱʨʭˀʰʸʫʬʩʨ, 
ʸʵʳʬʲʹʨ˂ ʫʬʴʻʫʨ˂ʰʨ ʫʨ ʩʸʬʽˁʰʨ-ʱʵʴʪʲʵʳʬʸʨʺʬʩʰʹ ʼʵʸʳʰʸʬʩʨ ʳʵˈʿʭʨ. ʩʸʬʽˁʰʨ-
ʱʵʴʪʲʵʳʬʸʨʺʬʩʰ ʱʭʲʨʭ ʮʾʭʰʯ ʰʼʨʸʬʩʨ ʫʨ ʺʬʼʸʨˀʰ ʹʰʴʹʬʫʰʳʬʴʺʨ˂ʰʻʸʰ ʶʰʸʰʺ-
ʳʬʲʴʰʱʵʭʰʺ-ʩʨʸʰʺʻʲʰ ʫʨ ʩʨʸʰʺ-ʶʵʲʰʳʬʺʨʲʻʸʰ ʪʨʳʨʫʴʬʩʨ ʼʰʽʹʰʸʫʬʩʨ.  
ʩʨʸʰʺ-ʳʬʲʴʰʱʵʭʰʺ-ʩʨʸʰʺʻʲ ʳʨʫʨʴˀʰ ʵˆʸʰʹʼʬʸʰ ʩʨʸʰʺʰ ʳʵʴʨ˄ʰʲʬʵʩʹ, ʸʵʳʲʰʹ 
ʴʨʺʬˆʬʩʰ (ʽʹʬʴʵʲʰʯʬʩʰ),ˈʰʫʸʵʯʬʸʳʻʲʰ ʨʼʬʯʽʬʩʰʹ ʩʸʬʽˁʰʬʩˀʰ ʪʭˆʭʫʬʩʨ, 
ʸʵʳʬʲʰ˂ ʶʵʸʼʰʸʻʲ-ʬʶʰʯʬʸʳʻʲʰ ʪʨʳʨʫʴʬʩʰʯ ʨʸʰʹ ˄ʨʸʳʵʫʪʬʴʰʲʰ. ʵˆʸʰʹʼʬʸʰ 
ʩʨʸʰʺʰʹ ʽʹʬʴʵʲʰʯʬʩʰʹ ʳʵʴʨ˄ʰʲʬʵʩʨ ʨʫʨʹʺʻʸʬʩʹ, ʸʵʳ ʳʨʫʴʬʻʲʰʹ ʹʨʩʨʫʵʮʬ 
ʹʰʴʹʬʫʰʳʬʴʺʨ˂ʰʻʸʰ ʪʨʳʨʫʴʬʩʨ ˄ʰʴ ʻʹ˄ʸʬʩʫʨ ʶʵʸʼʰʸʻʲ ʫʨ ʬʶʰʯʬʸʳʻʲ 
ʳʰʴʬʸʨʲʰʮʨ˂ʰʨʹ, ʸʵʳʬʲʹʨ˂ ʰʪʴʰʳʩʸʰʺʬʩʰʹ ʬʽʹʶʲʵʮʰʨ ʫʨ ʱʨʲʫʬʸʻʲʰ ˁʨʽ˂ʬʭʨ 
ʳʵʹʫʬʭʹ (Gugushvili et al., 2001, 2002; Gugushvili, 2015). 

ʳʨʫʴʬʻʲʰʹ ʹʨʩʨʫʵʹ ʱʨʸʰʬʸʰʹ ʫʨʹʨʭʲʻʸ ʼʲʨʴʪʮʬ, ʰʪʴʰʳʩʸʰʺʬʩʰ 
ʲʨʺʬʸʨʲʻʸʨʫ ʬʳʰˇʴʬʩʨ ʳʨʯ ʽʭʬˀ ʪʨʴʲʨʪʬʩʻʲ ʺʬʼʸʵʰʫʬʩʹ (ʴʨˆ. 6, 7), ʸʨ˂ 
ʱʨʲʫʬʸʻʲ ˁʨʽ˂ʬʭʨʹ ʨʫʨʹʺʻʸʬʩʹ. ʱʨʲʫʬʸʻʲʰ ˁʨʽ˂ʬʭʨ ʨʽ ʸʰʵʲʰʯʬʩʰʹ 
ʬʽʹʺʸʻʮʰʬʩʰʹ ˀʬʳʵ˅ʸʰʯʨ˂ ʼʰʽʹʰʸʫʬʩʨ, ʸʵʳʲʬʩʰ˂ ʱʨʲʫʬʸʻʲʰ ʱʵʲʨʼʹʰʹ 
ʳʰʳʴʰˀʴʬʩʬʲ ʸʪʵʲʻʸʰ ʫʨʰʱʰʹ ʸʬʲʰʽʺʬʩʹ ˄ʨʸʳʵʨʫʪʬʴʬʴ (ʴʨˆ. 6). 

ʨʳʪʭʨʸʨʫ, ʳʨʫʴʬʻʲʰʹ ʹʨʩʨʫʵʮʬ ʩʲʵʱʬʩʰʹ ʨʮʬʭʬʩʰʹ ʵʸʰ ʬʺʨʶʰ ʼʰʽʹʰʸʫʬʩʨ. 
ʶʰʸʭʬʲʰ ʬʺʨʶʰ ʩʸʬʽˁʰʨ-ʱʵʴʪʲʵʳʬʸʨʺʬʩʰʹ ʼʵʸʳʰʸʬʩʰʯ, ˆʵʲʵ ʺʰʻʳʬʴʹʬʴʹʰʹ  
ʳʬʵʸʬ ʬʺʨʶʰ, ʰʪʴʰʳʩʸʰʺʻʲʰ ʭʻʲʱʨʴʻʸʰ ʨʽʺʰʭʵʩʰʯ ʫʨʹʺʻʸʫʬʩʨ. 
ʰʪʴʰʳʩʸʰʺʻʲʰ ʭʻʲʱʨʴʰʮʳʰ ʱʰ, ʱʨʲʫʬʸʻʲʰ ˁʨʽ˂ʬʭʰʯ ʹʸʻʲʫʬʩʨ (ʫʨ˃ʰʸʻʲʰ 
ʩʲʵʱʬʩʰ). 

ʳʨʫʴʬʻʲʰʹ ʹʨʩʨʫʵʮʬ ʹʨʱʻʯʸʰʭ ʹʻʲʼʰʫʻʸʰ ʫʨ ʻʹʻʲʼʰʫʵ ʵʽʸʵʹ 
ˀʬʳ˂ʭʬʲʰ ʪʨʳʨʫʴʬʩʨ ʬʸʯ ʫʨ˃ʰʸʻʲ ʩʲʵʱˀʰ ʨʸʰʹ ʳʵʽ˂ʬʻʲʰ. ʳʨʫʴʬʻʲʰʹ ʱʭʨʴ˃ʰʹ 
ʹˆʭʨ ʹʨʩʨʫʵʬʩʮʬ ʩʲʵʱʬʩʰʹ ʫʨʴʨ˄ʬʭʸʬʩʨ ʰʹʨˆʬʩʨ, ʸʵʳʬʲʰ˂ ʳʵʳʰˇʴʬ ʩʲʵʱʬʩˀʰ 
ʪʨʳʨʫʴʬʩʰʹ ʮʵʴʨʲʵʩʰʹ ʫʵʴʬʯʨ ʹʨʼʻ˃ʭʬʲʮʬ ʫʨʹʺʻʸʫʬʩʨ. ʨʳʰʹ ʳʱʨʼʰʵ ʳʨʪʨʲʰʯʹ 
˄ʰʯʬʲʰ ʹʵʼʲʰʹ ʹʨʩʨʫʵ ˄ʨʸʳʵʨʫʪʬʴʹ, ʸʵʳʬʲʰ˂ ʹˆʭʨ ʹʨʩʨʫʵʬʩʯʨʴ ʫʨ 
ʳʨʫʨʴʪʨʳʵʭʲʰʴʬʩʬʩʯʨʴ ʬʸʯʨʫ, ʱʨʲʫʬʸʻʲ ʹʺʸʻʽʺʻʸʨˀʰʨ ʳʵʽ˂ʬʻʲʰ (ʴʨˆ. 9). 
ʬʸʯʨʫ ʰʹʰʴʰ ˄ʰʯʬʲʰ ʹʵʼʲʰʹ ʳʨʫʴʰʨʴ ʭʬʲʹ ˄ʨʸʳʵʨʫʪʬʴʬʴ. ʨʽ ʨʸʹʬʩʻʲ 
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ʹˆʭʨʫʨʹˆʭʨ ʵʩʰʬʽʺʮʬ, ʹʨʱʻʯʸʰʭ ʹʻʲʼʰʫʻʸʰ ʫʨ ʻʹʻʲʼʰʫʵ ʳʨʫʴʬʩʰʹ 
ʮʵʴʨʲʵʩʰʹ ʹʨʼʻ˃ʭʬʲʮʬ, ʨʮʰʫʻʲʰ ʫʨ ʫʨ˃ʰʸʻʲʰ ʩʲʵʱʬʩʰʹ ʨʸʹʬʩʵʩʨ 
ʫʨʹʺʻʸʫʬʩʨ. ˄ʰʯʬʲʰ ʹʵʼʲʰʹ ʹʨʩʨʫʵʮʬ (ʴʨˆ. 10) ʨʾʳʵʹʨʭʲʬʯ ʩʲʵʱˀʰ, ʸʵʳʬʲʰ˂ 
˂ʬʴʺʸʨʲʻʸʰ ʩʲʵʱʰʫʨʴ ʸʾʭʭʬʰʯ ʨʸʰʹ ʪʨʿʵʼʰʲʰ, ʪʨʳʨʫʴʬʩʨ ʪʸʻʴʺʰʹ ˄ʿʲʬʩʰʹ 
ʫʵʴʬʮʬ ʳʨʾʲʨ ʼʰʽʹʰʸʫʬʩʨ, ˆʵʲʵ ˂ʬʴʺʸʨʲʻʸ ʩʲʵʱˀʰ, ʪʨʳʨʫʴʬʩʨ ʳʯʲʰʨʴʨʫ 
ʪʸʻʴʺʰʹ ˄ʿʲʬʩʰʹ ʫʵʴʰʹ ʽʭʬˀ ʨʸʰʹ ʳʵʽ˂ʬʻʲʰ. ʹʨʯʨʴʨʫʵʫ, ʨʾʳʵʹʨʭʲʻʸʰ ʩʲʵʱʰʹ 
ʵʽʸʵ-ʶʵʲʰʳʬʺʨʲʻʸʰ ʪʨʳʨʫʴʬʩʨ, ʸʵʳʬʲʰ˂ ʨʮʰʫʻʲʰʨ ˂ʬʴʺʸʨʲʻʸʰ ʩʲʵʱʰʹ 
ʳʰʳʨʸʯ, ˂ʬʴʺʸʨʲʻʸʰ ʩʲʵʱʰʹ ʻʹʻʲʼʰʫʵ ʵʽʸʵʹ ʪʨʳʨʫʴʬʩʰʹ ˀʺʵʱʭʬʸʱʮʬ ʳʨʾʲʨʨ 
ʪʨʴʲʨʪʬʩʻʲʰ ʫʨ ʳʨʹ ʨʾʳʨʭʨʲ ˅ʸʰʲˀʰ, ʻʹʻʲʼʰʫʵ ʵʽʸʵʹ ʳʨʫʴʰʹ ˀʺʵʱʭʬʸʱʰ 
ʳʵʹʫʬʭʹ. 

ʨʴʨʲʵʪʰʻʸʰ ʹʻʸʨʯʰ ʼʰʽʹʰʸʫʬʩʨ ʽʭʬʳʵ ʩʵʲʴʰʹʰʹ ʹʨʩʨʫʵʮʬ˂, ʸʵʳʬʲʰ˂ 
ʸʾʭʬʭʰʯ ʨʸʰʹ ʵʸ ʩʲʵʱʨʫ  ʪʨʿʵʼʰʲʰ (ʰ.ʭʨˀʨʱʰ˃ʬ 1:1000 ʨʪʬʪʳʭʰʹ ʨʴʪʨʸʰˀʰ). 
ʨʾʳʵʹʨʭʲʬʯ ʩʲʵʱˀʰ ʹʨʱʻʯʸʰʭ ʹʻʲʼʰʫʻʸʰ ʪʨʳʨʫʴʬʩʨʨ ˂ʴʵʩʰʲʰ, 
˄ʨʸʳʵʫʪʬʴʰʲʰ ʵʽʸʵ-ʹʶʰʲʬʴ˃-ʶʵʲʰʳʬʺʨʲʻʸʰ ʳʰʴʬʸʨʲʰʮʨ˂ʰʰʯ, ʸʵʳʬʲʰ˂ 
ʱʭʨʸ˂ʰʺʬʩʰʹ ˈʰʫʸʵʯʬʸʳʻʲ ʩʸʬʽˁʰʨʹ ʨ˂ʬʳʬʴʺʬʩʹ, ˆʵʲʵ ʫʨʹʨʭʲʻʸ ʩʲʵʱˀʰ, 
ʻʹʻʲʼʰʫʵ ʵʽʸʵʹ ʬʶʰʪʬʴʬʺʻʸʰ ʪʨʳʨʫʴʬʩʨ, ʱʭʨʸ˂-ʩʨʸʰʺʻʲ ʫʨ ʱʭʨʸ˂-
ʽʨʲ˂ʬʫʵʴʻʸ ˀʺʵʱʭʬʸʱʬʩʹ ʻʱʨʭˀʰʸʫʬʩʨ (ʴʨˆ. 11). ʨʳʨʭʬ ʫʸʵʹ, ʨʽ 240-341 ʳ-ʰʹ 
ʹʰʾʸʳʬʮʬ (ʩʻʸʾʰʲʰ 631) ʶʰʸʰʺ-ʽʨʲʱʵʶʰʸʰʺʻʲʰ ˀʺʵʱʭʬʸʱʰ ʼʰʽʹʰʸʫʬʩʨ, 
ʸʵʳʬʲʰ˂ 3 ʪ/ʺ ʵʽʸʵʹ ˀʬʰ˂ʨʭʹ (ʴʨˆ. 12). 

˄ʰʯʬʲʰ ʹʵʼʲʰʹ ʳʨʫʴʰʨʴ ʭʬʲʮʬ ʩʲʵʱʻʸʰ ʹʺʸʻʽʺʻʸʨ ʯʨʳʨʸʰʹʰʹ 
ʳʨʫʨʴʪʨʳʵʭʲʰʴʬʩʨʮʬ˂ ʫʪʰʴʫʬʩʨ, ʹʨʫʨ˂ ʨʮʰʫʻʲ ʩʲʵʱˀʰ ʵʽʸʵ-ʹʶʰʲʬʴ˃-
ʶʵʲʰʳʬʺʨʲʻʸ ʪʨʳʨʫʴʬʩʨʹ, ʸʾʭʬʭʰʯ ʬʳʰˇʴʬʩʨ ʩʲʵʱʰ, ʭʬʸ˂ˆʲʰʹ ˀʬʳ˂ʭʬʲʰ ʱʭʨʸ˂-
ʩʨʸʰʺʻʲʰ ˀʺʵʱʭʬʸʱʰʯ. ʨʽʨ˂, ʸʵʪʵʸ˂ ˁʨʴʹ, ʨʮʰʫʻʲʰ ʩʲʵʱʰʫʨʴ ʻʹʻʲʼʰʫʵ 
ʳʨʫʴʰʹ ʮʵʴʨʨ ʳʵʸʬ˂ˆʰʲʰ. ʨʴʨʲʵʪʰʻʸʰ ʭʰʯʨʸʬʩʨ ʳʨʫʴʬʻʲʰʹ ʱʭʨʴ˃ʰʹ ʹˆʭʨ 
ʹʨʩʨʫʵʬʩʮʬ˂ ʨʸʰʹ ʫʨʫʪʬʴʰʲʰ. ʩʨʲʰ˅ʰʹ ʹʨʩʨʫʵʮʬ, ʨʮʰʫʻʲʰ ʩʲʵʱʰ ʵʽʸʵ-
ʹʶʰʲʬʴ˃ʶʵʸʼʰʸʻʲʰ ʪʨʳʨʫʴʬʩʰʯ, ʸʾʭʬʭʰʯ ʬʳʰˇʴʬʩʨ ʻʹʻʲʼʰʫʵ ʵʽʸʵʹ 
ʪʨʳʨʫʴʬʩʰʹ ˀʬʳ˂ʭʬʲ, ʳʬʵʸʨʫʰ ʱʭʨʸ˂ʰʺʬʩʰʯ ʨʪʬʩʻʲ ʩʲʵʱʹ.  ʩʲʵʱʻʸʰ ʹʺʸʻʽʺʻʸʨ ʳʱʨʼʰʵʫ ʼʰʽʹʰʸʫʬʩʨ ʳʨʫʴʬʻʲʰʹ ʹʨʩʨʫʵʹ (Gugushvili, 2015) ʳʵʹʨʮʾʭʸʬ ʫʨʭʰʯ-ʪʨʸʬˇʰʹʨ ʫʨ ʱʨʺʨʸʱʨʰʨʹ ʳʨʫʨʴʪʨʳʵʭʲʰʴʬʩʬʩʮʬ (ʴʨˆ. 13). ʨʽ 
ʱʨʺʨʸʱʨʰʨʹ ʵʽʸʵ-ʹʶʰʲʬʴ˃-ʶʵʲʰʳʬʺʨʲʻʸ ʪʨʳʨʫʴʬʩʨʹ ʫʨ ʻʹʻʲʼʰʫʵ ʭʬʸ˂ˆʲʰʹ 
ˀʬʳ˂ʭʬʲ ʱʭʨʸ˂-ʩʨʸʰʺʻʲ ʫʨ ʵʽʸʵʹ ˀʬʳ˂ʭʬʲ ʱʭʨʸ˂-ʽʨʲ˂ʬʫʵʴʻʸ ˀʺʵʱʭʬʸʱʬʩʹ, 
ʳʵʳʰˇʴʬ, ʫʨʭʰʯ-ʪʨʸʬˇʰʹ ʩʲʵʱˀʰ ʨʸʹʬʩʻʲ ʪʨʳʨʫʴʬʩʨʹʯʨʴ ˀʬʫʨʸʬʩʰʯ, 
ʪʨʴʹˆʭʨʭʬʩʻʲʰ ʫʵʴʬ ʻ˅ʰʸʨʭʯ, ʸʰʯʨ˂ ʫʨʹʺʻʸʫʬʩʨ, ʸʵʳ ʱʨʺʨʸʱʨʰʨʹ ʩʲʵʱʰ 
ʨʮʰʫʻʲʰʨ ʫʨʭʰʯ-ʪʨʸʬˇʰʹ ʩʲʵʱʰʹ ʳʰʳʨʸʯ ʫʨ ʱʭʨʸ˂-ʩʨʸʰʺʻʲʰ ʫʵʴʬ ʳʵˆʹʴʰʲʰʨ 
ʬʸʵʮʰʰʯ.  3.3.2. ʹʰʴʭʻʲʱʨʴʻʸʰ ʩʲʵʱʰʸʬʩʨ ʹʻʩʫʻ˂ʰʸʬʩʻʲʰ ʼʰʲʰʹ ʺʸʨʴʹʼʵʸʳʨ˂ʰʰʹ 
ʬʺʨʶʮʬ. 

ʹʰʴʭʻʲʱʨʴʻʸʰ ʩʲʵʱʰʸʬʩʨ ʪʸ˃ʬʲʫʬʩʨ ʹʻʩʫʻ˂ʰʸʬʩʻʲʰ ʼʰʲʰʹ 
ʺʸʨʴʹʼʸʳʨ˂ʰʰʹ ʶʸʵ˂ʬʹˀʰ ʫʨ ʳʱʨʼʰʵʫ ʪʨʳʵʭʲʰʴʫʨ ˁʸʫʰʲʵ-ʨʾʳʵʹʨʭʲʻʸʰ 
„ʪʰʪʨʴʺʻʸʰ“ ʩʲʵʱʰʹ ʼʸʨʪʲʬʩˀʰ. ʨʽ ʼʰʲʰʹ ʺʸʨʴʹʼʵʸʳʨ˂ʰʨ ʱʨʳʶʨʴʻʸˀʰ ʰ˄ʿʬʩʨ. 
ʶʰʸʭʬʲ ʬʺʨʶʮʬ ʰʪʰ ʪʸʨʴʵ-ʫʰʵʸʰʺʻʲ ʳʨʪʳʨʺʰʮʳˀʰ, ʺʸʨʽʰʸʰʵʫʨ˂ʰʺʻʸ 
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ʭʻʲʱʨʴʰʮʳˀʰ ʪʨʳʵʭʲʰʴʫʨ (ʪʨʹʨʴʫʨʳʰʹ ˄ʿʬʩʨ), ˆʵʲʵ ʳʬʵʸʬ ʬʺʨʶʮʬ, ʪʨʩʸʵ-
ʫʰʨʩʨʮʻʸ ʳʨʪʳʨʺʰʮʳˀʰ, ʺʸʨʽʰʩʨʮʨʲʺʻʸ ʫʨ ʺʻʺʬ ʵʲʰʭʰʴʰʨʴ ʩʨʮʨʲʺʻʸ 
ʭʻʲʱʨʴʰʮʳˀʰ (ˀʵʸˀʵʲʬʯʰʹ ˄ʿʬʩʨ). ʺʸʨʴʹʼʸʵʳʨ˂ʰʰʹ ʶʰʸʭʬʲ ʬʺʨʶʯʨʴ, ʱʭʨʸ˂-
ʱʨʲʰˀʶʨʺʻʸ ʳʬʺʨʹʵʳʨʺʰʮʳʯʨʴ ʵʽʸʵʹ ʻʹʻʲʼʰʫʵ ʫʨ ʳ˂ʰʸʬ ʹʻʲʼʰʫʻʸʰ 
ʳʰʴʬʸʨʲʰʮʨ˂ʰʨ ʨʸʰʹ ʫʨʱʨʭˀʰʸʬʩʻʲʰ, ˆʵʲʵ ʳʬʵʸʬ ʬʺʨʶʮʬ, ʪʨʩʸʵ-ʫʰʨʩʨʮʻʸʰ 
ʳʨʪʳʨʺʰʮʳʰ ʳʨʾʨʲʺʬʳʶʬʸʨʺʻʸʻʲʰ ʹʰʴʳʨʫʴʻʸʰ ʬʶʰʫʵʺ-˂ʵʰʮʰʺʻʸ 
ʶʸʵʶʰʲʰʺʰʮʨ˂ʰʨʹ ʫʨ ʵʽʸʵ-ʹʶʰʲʬʴ˃-ʶʵʲʰʳʬʺʨʲʻʸ ʳʰʴʬʸʨʲʰʮʨ˂ʰʨʹ 
ʨʱʵʴʺʸʵʲʬʩʹ. ʪʨʳʨʫʴʬʩʨ, ʨʽʨ˂, ʱʨʲʫʬʸʻʲ ʹʺʸʻʽʺʻʸʬʩˀʰ ʨʸʰʹ ʲʵʱʨʲʰʮʬʩʻʲʰ (ʴʨˆ. 5). 

ʩʲʵʱʻʸʰ ʺʬʽʺʵʴʰʱʨ ʨʽʨ˂ ʻʹʻʲʼʰʫʵ ʫʨ ʹʨʱʻʯʸʰʭ ʹʻʲʼʰʫʻʸʰ ʪʨʳʨʫʴʬʩʰʹ 
ʩʲʵʱʬʩˀʰ ʪʨʴʨ˄ʰʲʬʩʰʹ ʹʨʼʻ˃ʭʬʲʮʬ ʰʱʰʯˆʬʩʨ. ʨʳ ʳˆʸʰʭ ʯʭʨʲʹʨˁʰʴʵ ʳʨʪʨʲʰʯʹ 
˄ʨʸʳʵʨʫʪʬʴʹ ʩʬʽʯʨʱʨʸʰʹ ʱʭʨʴ˃ʰʹ ʹʨʩʨʫʵʬʩʰ: ʰʳʬʫʰ, ʫʨʸʩʨʮʰ ʫʨ ʩʬʽʯʨʱʨʸʰ. 
ʰʳʬʫʰʹ ʹʨʩʨʫʵʹ ʺʬʸʰʺʵʸʰʨ ʹʨʳ ʩʲʵʱʨʫ ʨʸʰʹ ʫʨʴʨ˄ʬʭʸʬʩʻʲʰ (ʴʨˆ. 14). ʳʬʵʸʬ ʫʨ 
ʳʬʹʨʳʬ ʩʲʵʱˀʰ, ˃ʰʸʰʯʨʫʨʫ, ʻʹʻʲʼʰʫʵ ʵʽʸʵʹ ʳʰʴʬʸʨʲʰʮʨ˂ʰʨ ʨʸʰʹ 
˄ʨʸʳʵʫʪʬʴʰʲʰ, ʸʵʳʬʲʰ˂ ʱʭʨʸ˂-ʱʨʲʰˀʶʨʺ-ʹʬʸʰ˂ʰʺʻʲ ʳʬʺʨʹʵʳʨʺʰʺʬʩʹ 
ʻʱʨʭˀʰʸʫʬʩʨ. ʨʽ, ʽʭʬʫʨ ʫʵʴʬʮʬ,  ʱʭʨʸ˂-ʱʨʲʰˀʶʨʺʻʸ ʳʬʺʨʹʵʳʨʺʰʺʬʩˀʰ, ʻʩʨʴ-ʻʩʨʴ 
ʶʵʲʰʳʬʺʨʲʻʸʰ ʳʨʫʴʰʹ ʨʶʵʼʰʮʬʩʰ ʼʰʽʹʰʸʫʬʩʨ. ʨʳʨʭʬ ʫʸʵʹ, ʶʰʸʭʬʲ, ʹʨʳˆʸʬʯ-
ʫʨʹʨʭʲʬʯ ʩʲʵʱˀʰ, ʹʨʱʻʯʸʰʭ ʹʻʲʼʰʫʻʸʰ ʳʰʴʬʸʨʲʰʮʨ˂ʰʨ ˅ʨʸʩʵʩʹ, ʯʨʴʳʫʬʭʰ 
ʬʶʰʫʵʺ-˂ʵʰʮʰʺ-ʨʽʺʰʴʵʲʰʯʻʸʰ ʶʸʵʶʰʲʰʺʰʮʨ˂ʰʰʯ. ʵʽʸʵʹ 
ˀʬʳ˂ʭʬʲʵʩʨʳʨʫʨʴˀʰ ʨʽ 5 ʪ/ʺ-ʹ ʨʾ˄ʬʭʹ, ʹʶʰʲʬʴ˃ʰʹ 0.5% ˀʬʳ˂ʭʬʲʵʩʰʹ ʼʵʴʮʬ. ʨʳʨʭʬ 
ʫʸʵʹ ʳʬʵʸʬ ʫʨ ʳʬʹʨʳʬ ʩʲʵʱˀʰ ʻʹʻʲʼʰʫʵ ʵʽʸʵʹ ˀʬʳ˂ʭʬʲʵʩʨ 0.9-1.2 ʪ/ʺ-ʹ 
ʻʫʸʰʹ, ˆʵʲʵ ʶʵʲʰʳʬʺʨʲʬʩʰʹ ʼʵʴʰ ʨʽ ʶʸʵ˂ʬʴʺʰʹ ʳʬʨʹʬʫʹ ʨʸ ʨʾʬʳʨʺʬʩʨ. 
ʨʾʹʨʴʰˀʴʨʭʰʨ, ʸʵʳ ʳʬʵʸʬ ʩʲʵʱˀʰ ʩʻʸʾʰʲʳʨ (JMDH-001) ʹʰʾʸʳʬˀʰ 151-174 ʳ-ʰʹ 
ʰʴʺʬʸʭʨʲˀʰ ʪʨʫʨʱʭʬʯʨ ʹʨʱʻʯʸʰʭ ʹʻʲʼʰʫʻʸʰ ʪʨʳʨʫʴʬʩʰʹ ʮʵʴʨ, ʸʵʳʬʲʰ˂  
ˀʬʰ˂ʨʭʹ 5 ʪ/ʺ ʵʽʸʵʹʨ ʫʨ 0.12-1.15% ʹʶʰʲʬʴ˃ʹ. ʨʹʬʯʰ ʮʵʴʰʹ ʻʹʻʲʼʰʫʵ ʳʨʫʴʰʹ 
ˀʬʳ˂ʭʬʲʰ ʳʬʵʸʬ ʮʵʴʰʹ ʹʰʾʸʳʬʮʬ ʨʸʹʬʩʵʩʨ ʩʲʵʱʻʸʰ ʫʨʴʨ˄ʬʭʸʬʩʰʹ ʹʻʸʨʯʹ 
ʨʫʨʹʺʻʸʬʩʹ ʫʨ ʳʰʹ ʹʨʹʨʸʪʬʩʲʵʫ ˄ʨʸʳʵʫʪʬʴʰʲ ʨʸʪʻʳʬʴʺʬʩʹ ʨʳʨʪʸʬʩʹ. ʩʲʵʱʻʸʰ 
ʫʨʴʨ˄ʬʭʸʬʩʰʹ ʳʹʪʨʭʹʰ ʭʰʯʨʸʬʩʨ ʫʨʹʺʻʸʫʬʩʨ ʫʨʸʩʨʮʰʹ ʳʬʵʸʬ ʳʨʫʨʴʪʨʳʵʭʲʰʴʬʩʰʹ 
ʳʨʪʨʲʰʯʮʬ˂ (Gugushvili et al., 2014, Gugushvili, 2015). 

ʪʨʴʹʨʱʻʯʸʬʩʰʯ ʳʱʨʼʰʵʫ ʰʱʰʯˆʬʩʨ ʩʲʵʱʻʸʰ ʫʨʴʨ˄ʬʭʸʬʩʨ ʩʬʽʯʨʱʨʸʰʹ 
ʹʨʩʨʫʵʹ ʳʨʪʨʲʰʯʮʬ (ʴʨˆ. 15). ʰʪʰ ʱʨʳʶʨʴʻʸʰ ʨʹʨʱʰʹ ʪʨʹʨʴʫʨʳʰʹ ʽʭʬʫʨ ˄ʿʬʩʨˀʰʨ 
ʲʵʱʨʲʰʮʬʩʻʲʰ, ʸʵʳʬʲʰ˂ ʯʨʭʮʬ ʨʫʬʭʹ ʺʨʴ˃ʰʰʹ ʨʴʫʬʮʰʺ-ʩʨʮʨʲʺʻʸ ʮʬʫʨ 
ʹʨʴʺʵʴʻʸ ˄ʿʬʩʨʹ. ʪʨʹʨʴʫʨʳʰʹ ʽʭʬʫʨ ˄ʿʬʩʨ ʺʸʨʽʰʸʰʵʫʨ˂ʰʺʻʸʰ ʺʻʼʬʩʰʯʨʨ 
ʨʪʬʩʻʲʰ. ʪʨʹʨʴʫʨʳʰʹ ʽʭʬʫʨ ˄ʿʬʩʨ ʩʸʬʽˁʰʨ-ʱʵʴʪʲʵʳʬʸʨʺʬʩʰʹ ʫʨʹʺʰʯ ʹʸʻʲʫʬʩʨ (ʴʨˆ. 15). ʨʳ ʫʨʹʺʰʹ ʼʵʸʳʰʸʬʩʨʳ ʱʨʳʶʨʴʻʸ ʮʾʭʨˀʰ, ʪʸʨʴʵʫʰʵʸʰʺʻʲʰ 
ʰʴʺʸʻʮʰʭʰʹ ˀʬʳʵ˅ʸʰʹ ˀʬʫʬʪʨʫ , ʸʵʳʬʲʰ˂ ʹʰʾʸʳʬˀʰ ʩʻʸʾʰʲʰʯ ʼʰʽʹʰʸʫʬʩʨ, 
ʱʻʴ˃ʻʲʰʹ (ʩʲʵʱʰʹ) ʨʮʬʭʬʩʨ ʪʨʴʨʶʰʸʵʩʨ, ˆʵʲʵ ʺʻʺʬ-ʱʨʸʩʵʴʨʺʻʲʰ ʼʲʻʰʫʬʩʰʹ 
ʮʬʳʵʽʳʬʫʬʩʨʹ ʺʸʨʽʰʸʰʵʫʨ˂ʰʺʻʸ ʺʻʼʬʩʮʬ ʱʭʨʸ˂-ʱʨʲʰˀʶʨʺʻʸʰ 
ʳʬʺʨʹʵʳʨʺʰʺʬʩʰʹ ʼʵʸʳʰʸʬʩʨ ʻʱʨʭˀʰʸʫʬʩʨ, ʱʻʴ˃ʻʲʰʹ ʮʬʫʨʶʰʸʰʹ ʫʬʴʻʫʨ˂ʰʨʳ 
ʩʸʬʽˁʰʨ-ʱʵʴʪʲʰʳʬʸʨʺʬʩʰʹ ʫʨʹʺʰʹ ʼʵʸʳʰʸʬʩʨ ʪʨʳʵʰ˄ʭʰʨ. ʩʸʬʽˁʰʨ-
ʱʵʴʪʲʵʳʬʸʨʺʬʩʰ ˀʬ˂ʬʳʬʴʺʬʩʻʲʰʨ ʵʽʸʵ-ʹʶʰʲʬʴ˃-ʶʵʲʰʳʬʺʨʲʻʸʰ ʳʨʫʴʰʯ. ʬʹ 
ʳʨʫʨʴʰ ʨ˂ʬʳʬʴʺʬʩʹ ʨʪʸʬʯʭʬ, ˈʰʫʸʵʯʬʳʻʲʰ ʨʼʬʯʽʬʩʰʹ ʩʸʬʽˁʰʬʩʹʨ˂ ʽʭʬʫʨ 
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ʪʨʹʨʴʫʨʳʰʹ ˄ʿʬʩʨˀʰ (ʴʨˆ. 15), ʸʵʳʬʲʯʨ ʪʨʹ˄ʭʸʰʭ ʳʨʫʨʴʳʨʺʨʸʬʩʬʲʰ ʼʲʻʰʫʬʩʰ 
ʨʳʵʬʫʰʴʬʩʨ ʫʨ ʩʸʬʽˁʰʨ-ʱʵʴʪʲʵʳʬʸʨʺʬʩʰʹ ʫʨʹʺʨˀʰ ʭʸ˂ʬʲʫʬʩʨ. ʩʸʬʽˁʰʨ 
ʱʵʴʪʲʵʳʬʸʨʺʬʩʰʹ ʫʨʹʺʨʹ ʯʨʭʮʬ ʨʫʬʭʹ ʪʨʹʨʴʫʨʳʰʹ ʮʬʫʨ ˄ʿʬʩʨ, ʸʵʳʬʲʰ˂ ʺʸʨʽʰ-
ʫʨ˂ʰʺʻʸʰ ʺʻʼʬʩʰʯʨʨ ʨʪʬʩʻʲʰ ʫʨ ʨʸ ˀʬʰ˂ʨʭʹ ʪʨʳʨʫʴʬʩʨʹ. 

ʩʬʽʯʨʱʨʸʰʹ ʹʨʩʨʫʵʹ ʺʬʸʰʺʵʸʰʨ ʸʾʭʬʭʰʯ ʵʸ ʩʲʵʱʨʫʨʨ ʪʨʿʵʼʰʲʰ. 
ʮʬʳʵʨʾ˄ʬʸʰʲʰ ʪʬʵʲʵʪʰʻʸʰ ʭʰʯʨʸʬʩʨ ʨʾʳʵʹʨʭʲʻʸ ʩʲʵʱˀʰ ʼʰʽʹʰʸʫʬʩʨ (ʴʨˆ. 15), ˆʵʲʵ ʫʨʹʨʭʲʻʸʰ ʩʲʵʱʰ ˄ʨʸʳʵʫʪʬʴʰʲʰʨ ʺʨʴ˃ʰʰʹ ˄ʿʬʩʨʮʬ ʪʨʫʨʼʨʸʻʲʰ, 
ʱʭʨʸ˂-ʱʨʲʰˀʶʨʺʻʸʰ ʳʬʺʨʹʵʳʨʺʰʺʬʩʰʯ ˁʨʴʨ˂ʭʲʬʩʻʲʰ, ʽʭʬʫʨ ʪʨʹʨʴʫʨʳʰʹ ˄ʿʬʩʰʯ. 
ʩʸʬʽˁʰʨ-ʱʵʴʪʲʵʳʬʸʨʺʬʩʰʹ ʫʨʹʺʨ ʫʨ ʪʨʹʨʴʫʨʳʰʹ ʮʬʫʨ ˄ʿʬʩʨ ʨʽ ʳʵˆʹʴʰʲʰʨ 
ʬʸʵʮʰʰʯ. ʰʪʰ ʫʨ˄ʬʻʲ ʩʲʵʱʹ ˄ʨʸʳʵʨʫʪʬʴʹ ʨʮʬʭʬʩʻʲʰ ʨʾʳʵʹʨʭʲʻʸʰ ʩʲʵʱʰʹ 
ʳʰʳʨʸʯ. ʨʳʨʭʬ ʫʸʵʹ, ʫʨʹʨʭʲʻʸ ʩʲʵʱˀʰ ʩʻʸʾʭʰʯ ʹʰʾʸʳʬˀʰ ʪʨʱʭʬʯʰʲʰʨ ʪʨʩʸʵ-
ʫʰʨʩʨʮʻʸʰ ˀʺʵʱʬʩʰ ʫʨ ˃ʨʸʾʭʬʩʰ, ʸʵʳʲʬʩʹʨ˂ ʹʨʱʻʯʸʰʭ, ʹʻʲʼʰʫʻʸʰ ʵʽʸʵ-
ʹʶʰʲʬʴ˃-ʶʵʲʰʳʬʺʨʲʻʸʰ ʳʰʴʬʸʨʲʰʮʨ˂ʰʨ ʻʱʨʭˀʰʸʫʬʩʨ, ʹʰʴʳʨʫʴʻʸ ʬʶʰʫʵʺ-
˂ʵʰʮʰʺʻʸ ʶʸʵʶʰʲʰʺʰʮʨ˂ʰʨʹʯʨʴ ʬʸʯʨʫ. ʶʸʵʶʰʲʰʺʰʮʨ˂ʰʨ ʫʨ ʪʨʳʨʫʴʬʩʨ ʪʨʩʸʵ-
ʫʰʨʩʨʮʻʸ ʹˆʬʻʲʮʬ ʫʨ ʱʭʨʸ˂-ʱʨʲʰˀʶʨʺʻʸ ʳʬʺʨʹʵʳʨʺʰʺʬʩʮʬʨ ʮʬʫʫʨʫʬʩʻʲʰ. 
ʪʨʩʸʵ-ʫʰʨʩʨʮʻʸʰ ʹˆʬʻʲʬʩʰ ʰʳ ʭʻʲʱʨʴʻʸʰ ʱʬʸʬʩʰʹ ʨʶʵʼʰʮʬʩʹ ˄ʨʸʳʵʨʫʪʬʴʬʴ, 
ʹʨʰʫʨʴʨ˂ ˀʵʸˀʵʲʬʯʰʹ ˄ʿʬʩʰʹ ʺʻʺʬ-ʵʲʰʭʰʴʰʨʴʰ ʩʨʮʨʲʺʬʩʰʹ ʨʳʵʼʽʭʬʭʨ 
ˆʫʬʩʵʫʨ. ʪʨʸʫʨ ʨʳʰʹʨ, ʩʬʽʯʨʱʨʸʰʹ ʹʨʩʨʫʵʹ ʺʬʸʰʺʵʸʰʨʮʬ ˂ʴʵʩʰʲʰʨ 
ˀʵʸˀʵʲʬʯʰʹ ˄ʿʬʩʰʹ ʨʴʨʲʵʪʰʻʸʰ ʺʻʺʬ ʵʲʰʭʰʴʰʨʴʰ ʩʨʮʨʲʺʬʩʰʹ ˀʺʵʱʬʩʰ ʫʨ 
˃ʨʸʾʭʬʩʰ, ʸʵʳʲʬʩʰ˂ ʳʰˁʴʬʻʲʰʨ ˀʵˀʵʲʬʯʰʹ ˄ʿʬʩʰʹ ʩʨʮʨʲʺʬʩʰʹ ʨʳʵʳʿʭʨʴ 
ʭʻʲʱʨʴʻʸ ʿʬʲʬʩʨʫ (Gogoladze, 1999). ʪʨʩʸʵ-ʫʰʨʩʨʮʬʩʰʹʨ ʫʨ ʺʻʺʬ ʵʲʰʭʰʴʰʨʴʰ 
ʩʨʮʨʲʺʰʹ ˀʺʵʱʬʩʰ ʳʨʾʨʲʺʬʳʶʬʸʨʺʻʸʻʲʰ ˈʰʫʸʵʹʻʲʼʰʫʻʸʰ ʼʲʻʰʫʬʩʰʹ 
ʪʨʳʺʨʸʬʩʲʬʩʹ ˄ʨʸʳʵʨʫʪʬʴʹ, ʸʵʳʲʬʩʯʨʴʨ˂ ʩʬʽʯʨʱʨʸʰʹ ʹʨʱʻʯʸʰʭ ʹʻʲʼʰʫʻʸʰ 
ʳʨʫʨʴ˄ʨʸʳʵˀʵʩʨʨ ʫʨʱʨʭˀʰʸʬʩʻʲʰ. ʩʬʽʯʨʱʨʸʰʹ ʹʨʩʨʫʵʮʬ ʼʲʻʰʫʻʸʰ ʨʽʺʰʭʵʩʰʹ 
ʵʸʰ ʬʺʨʶʰ ʫʨʹʺʻʸʫʬʩʨ. ʶʰʸʭʬʲʰ ʪʸʨʴʵʫʰʵʸʰʺʻʲ ˀʺʵʱʬʩʹ, ʱʭʨʸ˂-ʱʨʲʰˀʶʨʺʻʸ 
ʳʬʺʨʹʵʳʨʺʵʮʹʨ ʫʨ ʻʹʻʲʼʰʫʵ ʵʽʸʵʹ ʳʰʴʬʸʨʲʰʮʨ˂ʰʨʹ ʻʱʨʭˀʰʸʫʬʩʨ, ˆʵʲʵ 
ʳʬʵʸʬ - ʪʨʩʸʵ-ʫʰʨʩʨʮʻʸ ˀʺʵʱʬʩʹ, ˈʰʫʸʵʹʻʲʼʰʫʻʸʰ ʼʲʻʰʫʬʩʰʹ ʨʽʺʰʭʵʩʨʹʨ 
ʫʨ ʹʨʱʻʯʸʰʭ ʹʻʲʼʰʫʻʸ ʳʰʴʬʸʨʲʰʮʨ˂ʰʨʹ. ʬʹ ʵʸʰ ʬʺʨʶʰ ʫʸʵˀʰʨ ʪʨʯʰˀʻʲʰ ʫʨ 
ʹʨʱʻʯʸʰʭ ʹʻʲʼʰʫʻʸʰ ʪʨʳʨʫʴʬʩʨ ʬʶʰʪʬʴʬʺʻʸʰ ʵʽʸʵʹ ˀʬʳ˂ʭʬʲ 
ʳʬʺʨʹʵʳʨʺʰʺʬʩʮʬʨ ʮʬʫʫʨʫʬʩʻʲʰ. ʪʨʩʸʵ-ʫʰʨʩʨʮʻʸʰ ʳʨʪʳʨʺʰʮʳʰ ʫʨ ʺʻʺʬ 
ʵʲʰʭʰʴʰʨʴʰ ʩʨʮʨʲʺʻʸʰ ʭʻʲʱʨʴʻʸʰ ʨʽʺʰʭʵʩʨ, ʺʸʨʽʰʸʰʵʫʨ˂ʰʺʻʸʰ ʭʻʲʱʨʴʻʸʰ 
ʨʽʺʰʭʵʩʰʹ ʬʺʨʶʰʹ ˀʬʳʫʪʵʳʰʨ. ʪʨʴʹˆʭʨʭʬʩʰʯ, ʳʨʫʴʬʻʲʰʹ ʱʭʨʴ˃ʰʹ ʹʨʩʨʫʵʬʩʮʬ 
ʵʽʸʵ-ʹʶʰʲʬʴ˃-ʶʵʲʰʳʬʺʨʲʻʸʰ ʳʰʴʬʸʨʲʰʮʨ˂ʰʰʹ ʶʸʵ˂ʬʹʰ, ʻʹʻʲʼʰʫʵ ʵʽʸʵʹ 
ʬʶʰʪʬʴʬʺʻʸʰ ʪʨʳʨʫʴʬʩʰʹ ʯʨʴʨʫʸʵʻʲʰʨ ʫʨ ʨʽ ʹʨʱʻʯʸʰʭ, ʹʻʲʼʰʫʻʸ ʳʨʫʴʬʩʰʹʨ 
ʫʨ ʻʹʻʲʼʰʫʵ ʵʽʸʵʹ ʪʨʳʨʫʴʬʩʰʹ ʮʵʴʨʲʵʩʨ ʼʰʽʹʰʸʫʬʩʨ. 

ʨʳʪʭʨʸʨʫ, ʩʬʽʯʨʱʨʸʰʹ ʹʨʩʨʫʵʮʬ ʩʲʵʱʰʸʬʩʰʹ ʵʸʰ ʬʺʨʶʰ ʰʹʨˆʬʩʨ. ʶʰʸʭʬʲʰ 
ʪʸʨʴʵʫʰʵʸʰʺʻʲʰ ʰʴʺʸʻʮʰʰʹ ˀʬʳʵ˅ʸʰʹ ˀʬʫʬʪʨʫ ʺʰʻʳʰʹʬʴʹʨ ʫʨ ʱʻʴ˃ʻʲʰʹ (ʩʲʵʱʰʹ) ʨʮʬʭʬʩʨʹ ʻʱʨʭˀʰʸʫʬʩʨ, ˆʵʲʵ ʳʬʵʸʬ ʻʹʻʲʼʰʫʵ ʪʨʳʨʫʴʬʩʰʹ ˀʬʳʫʪʵʳ 
ʩʲʵʱʰʸʬʩʨʹ ʫʨ ʹʨʩʨʫʵʹ ʺʬʸʰʺʵʸʰʰʹ ʫʨʹʨʭʲʻʸ ʫʨ ʨʾʳʵʹʨʭʲʻʸ ʩʲʵʱʬʩʨʫ 
ʫʨʿʵʼʨʹ. ʸʾʭʬʭʰʹ ʪʨʹ˄ʭʸʰʭ ʨʮʬʭʬʩʻʲʰ ʫʨʹʨʭʲʻʸʰ ʩʲʵʱʰʫʨʴ ʨʾʳʵʹʨʭʲʻʸʰ 
ʩʲʵʱʰʹ ʮʬʫʨ ʪʨʹʨʴʫʨʳʰʹ ʻʳʨʫʴʵ ʺʻʼʬʩˀʰ ʫʨʼʰʽʹʰʸʬʩʻʲʰ ʱʭʨʸ˂-ʱʨʲʰˀʶʨʺʻʸʰ 
ʳʬʺʨʹʵʳʨʺʰʺʬʩʰʹ ʽʹʬʴʵʲʰʯʬʩʰ ˂ʭʰʵʫʨ. ʫʨʹʨʭʲʻʸʰʩʲʵʱʰʫʨʴ ʬʸʵʮʰʰʯ 
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ʳʵˆʹʴʰʲʰʨ, ʸʵʪʵʸ˂ ʪʨʳʨʫʴʬʩʻʲʰ ʩʸʬʽˁʰʨ-ʱʵʴʪʲʰʳʨʸʨʺʬʩʰʹ ʫʨʹʺʨ, ʰʹʬ 
ʳʯʲʰʨʴʨʫ ʪʨʹʨʴʫʨʳʰʹ ʮʬʫʨ ˄ʿʬʩʨ (ʴʨˆ. 15) ʫʨ ʨʽ ʳˆʵʲʵʫ ʺʨʴ˃ʰʰʹ ʮʬʫʨ 
ʹʨʴʺʵʴʻʸʰ ˄ʿʬʩʨʮʬ ʪʨʴʲʨʪʬʩʻʲʰ ʪʨʹʨʴʫʨʳʰʹ ˄ʿʬʩʨʨ ˀʬʳʵʸˁʬʴʰʲʰ.  

ʩʲʵʱʻʸʰ ʫʨʴʨ˄ʬʭʸʬʩʨ ʼʰʽʹʰʸʫʬʩʨ ʨʪʸʬʯʭʬ, ʹʨʿʫʸʰʹʰʹ ʹʨʩʨʫʵʮʬ (ʴʨˆ. 16). 
ʰʪʰ ʪʨʴʲʨʪʬʩʻʲʰʨ ʸʬʪʰʵʴʻʲʰ ʸʾʭʬʭʰʹ ʮʵʴʨˀʰ ˁʸʫʰʲʵ-ʨʾʳʵʹʨʭʲʬʯʰʯ, 
ʱʨʳʶʨʴʻʸ ʪʨʹʨʴʫʨʳʰʹ ˄ʿʬʩʨˀʰ. ʩʬʽʯʨʱʨʸʰʹ ʱʭʨʴ˃ʰʹ ʹˆʭʨ ʹʨʩʨʫʵʬʩʰʹʪʨʴ ʪʨʴʹˆʭʨʭʬʩʰʯ 
ʨʽ ʻʹʻʲʼʰʫʵ ʪʨʳʨʫʴʬʩʨʹʨ ʫʨ ʹʨʱʻʯʸʰʭ ʹʻʲʼʰʫʻʸ ʵʽʸʵ-ʹʶʰʲʬʴ˃-
ʶʵʲʰʳʬʺʨʲʻʸ ʪʨʳʨʫʴʬʩʨʹ ˀʵʸʰʹ ʮʵʴʨʲʵʩʰʹ ʺʬʴʫʬ˂ʰʨ ʰʹʨˆʬʩʨ. ʻʹʻʲʼʰʫʵ 
ʪʨʳʨʫʴʬʩʨ ʭʬʸ˂ˆʲʰʹˀʬʳ˂ʭʬʲʰ ʱʭʨʸ˂-ʩʨʸʰʺʻʲʰ ˀʵʱʭʬʸʱʬʩʰʯʨʨ ˄ʨʸʳʵʫʪʬʴʰʲʰ 
ʵʽʸʵʹ ˀʬʳ˂ʭʬʲʰ ʱʭʨʸ˂-ʽʨʲ˂ʬʫʵʴʻʸʰ ˃ʨʸʾʭʬʩʰʯ, ˆʵʲʵ ʵʽʸʵ-ʹʶʰʲʬʴ˃-
ʶʵʲʰʳʬʺʨʲʻʸʰ ʳʰʴʬʸʨʲʰʮʨ˂ʰʨ ʹʰʴʳʨʫʴʻʸ ʬʶʰʫʵʺ-˂ʵʰʮʰʺʻʸ 
ʶʸʵʶʰʲʰʺʰʮʨ˂ʰʨʹ ʻʱʨʭˀʰʸʫʬʩʨ. ʨʽ ˄ʨʸʳʵʫʪʬʴʰʲʰ ʮʵʴʨʲʵʩʨ ʺʬʳʶʬʸʨʺʻʸʻʲʰʨ. 
ʱʨʭʸ˂-ʩʨʸʰʺʻʲʰ ˃ʨʸʾʭʬʩʰʹ ʼʵʸʳʰʸʬʩʰʹ ʺʬʳʶʬʸʨʺʻʸʨ 100-1400C ʼʨʸʪʲʬʩˀʰʨ, 
ʱʭʨʸ˂-ʽʨʲ˂ʬʫʵʴʻʸʰ ˀʺʵʱʭʬʸʱʰʹʨ 240-2500C, ˆʵʲʵ ʵʽʸʵ-ʹʶʰʲʬʴ˃-
ʶʵʲʰʳʬʺʨʲʻʸʰ ʪʨʳʨʫʴʬʩʰʹ ʼʵʸʳʰʸʬʩʨ, ʸʵʳʬʲʹʨ˂ ʬʶʰʫʵʺ-˂ʵʰʮʰʺʻʸʰ 
ʶʸʵʶʰʲʰʺʰʮʨ˂ʰʨ ʨˆʲʨʭʹ 350-4000C ʼʨʸʪʲʬʩˀʰ ʳʬʸʿʬʵʩʹ (Gugushvili et al., 2014; Gugushvili, 2015). ʮʵʴʬʩʰʹ ʺʬʳʶʬʸʨʺʻʸʨ ʹʨʿʫʸʰʹʰʹ ʹʨʩʨʫʵʮʬ ʪʨʴʰʹʨʮʾʭʸʨ ʪʨʮʻʸ-
ʯˆʰʬʸʰ ˁʨʴʨʸʯʬʩʰʹ ˈʵʳʵʪʬʴʰʮʨ˂ʰʰʹʨ ʫʨ ʫʬʱʸʬʶʰʺʨ˂ʰʰʹ ʹʨʼʻ˃ʭʬʲʮʬ (ʨʴʨʲʰʺʰʱʵʹʰ ʸ. ʨˆʭʲʬʫʰʨʴʰ). ʻʹʻʲʼʰʫʵ ʵʽʸʵʹ ʬʶʰʪʬʴʬʺʻʸʰ ʳʰʴʬʸʨʲʰʮʨ˂ʰʨ 
ʱʭʨʸ˂-ʽʨʲ˂ʬʫʵʴʻʸʰ ˀʺʵʱʭʬʸʱʬʩʰʹ ʳʨʫʨʴʳʵʳʰˇʴʬ ʮʵʴʨˀʰ˂ ʭʸ˂ʬʲʫʬʩʨ, ʸʵʳʬʲʰ˂ 
ʰʲʰʺ-ˈʰʫʸʵʩʰʵʺʰʺ-ʹʰʫʬʸʰʺʻʲʰ ʨʹʵ˂ʰʨ˂ʰʰʯʨʨ ˄ʨʸʳʵʫʪʬʴʰʲʰ. ʪʨʴʹˆʭʨʭʬʩʰʯ 
ʳʨʫʴʬʻʲʰʹ ʱʭʨʴ˃ʰʹ ʹʨʱʻʯʸʰʭ ʹʻʲʼʰʫʻʸʰ ʪʨʳʨʫʴʬʩʰʹ ʳʨʫʨʴʳʵʳʰˇʴʬ ʽʲʵʸʰʺ-
ʹʬʸʰ˂ʰʺ-ʱʨʸʩʵʴʨʺʻʲʰ ʮʵʴʰʹʪʨʴ, ʨʽ ʹʰʴʳʨʫʴʻʸʰ ʳʨʾʨʲʺʬʳʶʬʸʨʺʻʸʻʲʰ 
ʶʸʵʶʵʲʰʺʰʮʨ˂ʰʨ ʼʰʽʹʰʸʫʬʩʨ, ʸʵʳʬʲʰ˂ ʻʩʨʴ-ʻʩʨʴ ʱʭʨʸ˂-ʽʨʲ˂ʬʫʵʴʻʸ 
ʳʨʫʨʴʳʵʳʰˇʴʬ ˈʰʫʸʵʽʨʸʹ-ʹʰʫʬʸʰʺʻʲ ʮʵʴʨʹ ʨʴʨ˂ʭʲʬʩʹ. ʩʬʽʯʨʱʨʸʰʹ ʱʭʨʴ˃ʰʹ 
ʹʨʱʻʯʸʰʭ ʹʻʲʼʰʫʻʸʰ ʳʨʫʨʴʰ ʵʽʸʵʹ ʳʨʾʨʲʰ ˀʬʳ˂ʭʬʲʵʩʰʯ ˆʨʹʰʨʯʫʬʩʨ (ʹʨˀʻʨʲʵʫ 5 ʪ/ʺ), ˆʵʲʵ ʳʨʫʴʬʻʲʰʹ ʹʨʩʨʫʵʮʬ ʨʳ ʺʰʶʰʹ ʳʨʫʨʴˀʰ ʵʽʸʵʹ 
ˀʬʳ˂ʭʬʲʵʩʨ ʹʨˀʻʨʲʵʫ 0.8 ʪ/ʺ ʨʸ ʨʾʬʳʨʺʬʩʨ. ʸʬʪʰʵʴʻʲʰ ʸʾʭʬʭʰʹ ʳʵʳʰˇʴʬ 
ʹʨʿʫʸʰʹʰʹ ʹʨʩʨʫʵʮʬ ʵʽʸʵ-ʹʶʰʲʬʴ˃-ʶʵʲʰʳʬʺʨʲʻʸʰ ʪʨʳʨʫʴʬʩʨ ʵʽʸʵʹ ʳʨʾʨʲʰ 
ˀʬʳ˂ʭʬʲʵʩʰʯ (ʹʨˀʻʨʲʵʫ 4-5 ʪ/ʺ) ˆʨʹʰʨʯʫʬʩʨ ʫʨ ʨʽʵʽʸʵʹ ˀʬʳ˂ʭʬʲʵʩʨ ʻʩʨʴ-ʻʩʨʴ 20 ʪ/ʺ-ʹ ʨʾ˄ʬʭʹ, ʨʽʬʫʨʴ ʪʨʳʵʳʫʰʴʨʸʬ ʹʨʭʨʸʨʻʫʵʨ, ʸʵʳ ʹʨʿʫʸʰʹʰʹ ʹʨʩʨʫʵʮʬ ʵʽʸʵ-
ʹʶʰʲʬʴ˃-ʶʵʲʰʳʬʺʨʲʻʸʰ ʪʨʳʨʫʴʬʩʨ, ʩʬʽʯʨʱʨʸʰʹ ʹʨʩʨʫʵʹ ʳʹʪʨʭʹʨʫ ʪʨʩʸʵʰʫʻʲʰ 
ʰʴʺʸʻʮʻʲʰ ˀʺʵʱʬʩʰʯ ʱʵʴʺʸʵʲʫʬʩʨ. ʹʨʿʫʸʰʹʰʹ ʳʵʳʰˇʴʬ ʫʨʸʩʨʮʰʹ ʹʨʩʨʫʵʮʬ, 
ʪʨʩʸʵʰʫʻʲʰ ˀʺʵʱʬʩʰ ʳʨʾʨʲʺʬʳʶʬʸʨʺʻʸʻʲ ʶʸʵʶʰʲʰʺʰʮʨ˂ʰʨʹ ʫʨ ʹʨʱʻʯʸʰʭ 
ʹʻʲʼʰʫʻʸ ʳʨʫʨʴˀʰ ʵʽʸʵʹ ʳʨʾʨʲ ˀʬʳ˂ʭʬʲʵʩʨʹ ʨʱʵʴʺʸʵʲʬʩʹ (Gugushvili et al., 2014). 

ʩʬʽʯʨʱʨʸʰʹ ʱʭʨʴ˃ʰʹ ʹʨʩʨʫʵʮʬ ʵʽʸʵʹ ʬʶʰʯʬʸʳʻʲ ʻʹʻʲʼʰʫʵ 
ʳʰʴʬʸʨʲʰʮʨ˂ʰʨʹ ʪʨʴʨʶʰʸʵʩʬʩʹ ʺʻʺʬ ʱʨʸʩʵʴʨʺʻʲʰ (CO2, CH3) ˀʬʫʪʬʴʰʲʵʩʰʹ 
ʼʲʻʰʫʬʩʰ, ˆʵʲʵ ʵʽʸʵ-ʹʶʰʲʬʴ˃-ʶʵʲʰʳʬʺʨʲʻʸ ʪʨʳʨʫʴʬʩʨʹ - 
ˈʰʫʸʵʹʻʲʼʰʫʻʸʰ, ʹʻʹʺʨʫ ʳʷʨʭʬ ʼʲʻʰʫʬʩʰʹ ʨʽʺʰʭʵʩʨ (Gugushvili et al., 2015). 
ʵʽʸʵʹ ʺʸʨʴʹʶʵʸʺʰʸʬʩʨ ʺʻʺʬ-ʱʨʸʩʵʴʨʺʻʲʰ ʫʨ ˈʰʫʸʵʹʻʲʼʰʫʻʸʰ ˆʹʴʨʸʬʩʰʯ 
ˆʫʬʩʵʫʨ ʫʨ ʳʰʹʰ ʪʨʳʵʲʬʽʭʰʹ ʼʰʮʰʱʻʸ-ʽʰʳʰʻʸʰ ʶʰʸʵʩʬʩʰ, ʼʲʻʰʫʬʩʰʹ 
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ʺʬʳʶʬʸʨʺʻʸʨʹʯʨʴ ʫʨ ʽʰʳʰʻʸ ˀʬʫʪʬʴʰʲʵʩʨʹʯʨʴ ʱʨʭˀʰʸˀʰ, ʫʨʹʺʻʸʫʬʩʨ 
ʼʲʻʰʫʬʩʰʹʨ ʫʨ ʳʨʫʨʴˀʬʳ˂ʭʬʲʰ ʽʨʴʬʩʰʹ ʻʸʯʰʬʸʯʵʩʰʹ ʽʰʳʰʻʸʰ ʳʵʫʬʲʰʸʬʩʰʹ 
ʹʨʼʻ˃ʭʬʲʮʬ (Mernagh, Bierlein, 2008), ʸʵʳʬʲʰ˂ ʶʸʬʱʵʲʰʮʰʻʸʰ ʪʨʳʨʫʴʬʩʰʹ ʬʺʨʶʰʹ 
ʵʽʸʵʹˀʬʳ˂ʭʬʲ ʹˆʭʨʫʨʹˆʭʨ ʹʨʩʨʫʵʬʩʰʹ ʳʨʪʨʲʰʯʮʬ ʫʨʹʺʻʸʫʬʩʨ ʫʨ ʳʨʯ ˀʵʸʰʹ 
ʩʵʲʴʰʹʰʹ ʳʨʫʴʰʨʴ ʸʨʰʵʴˀʰ˂.  

ʫʰʹʱʻʹʰʨ ʫʨ ˃ʰʸʰʯʨʫʰ ʫʨʹʱʭʴʬʩʰ 
ʩʵʲʴʰʹʰʹ ʳʨʫʴʰʨʴ ʸʨʰʵʴˀʰ ʳʱʨʼʰʵʫ ʰʹʨˆʬʩʨ ʬʭʸʨʮʰʰʹ ʨʽʺʰʻʸʰ ʱʰʫʰʹʨʯʭʰʹ 

ʫʨʳʨˆʨʹʰʨʯʬʩʬʲʰ ʪʬʵʫʰʴʨʳʰʱʻʸʰ ʪʨʴʭʰʯʨʸʬʩʰʹ ʶʸʬʱʵʲʰʮʰʻʸʰ ʹʺʨʫʰʨ, 
ʸʵʳʬʲʰ˂ ʹʺʨʩʰʲʻʸʰ ʹʻʩʫʻʽ˂ʰʰʹ ʫʨ ʹʻʩʫʻ˂ʰʸʬʩʻʲʰ ʼʰʲʰʹ ʺʸʨʴʹʼʵʸʳʨ˂ʰʰʹ 
ʬʺʨʶʬʩʮʬ, ʬʸʯʳʨʴʬʯʰʹʨʪʨʴ ʪʨʴʹˆʭʨʭʬʩʻʲʰ ʺʰʶʰʹ ʭʻʲʱʨʴʰʮʳʰʯ, ˈʰʫʸʵʯʬʸʳʻʲʰ 
ʨʽʺʰʭʵʩʰʯ ʫʨ ʳʬʺʨʲʵʪʬʴʰʰʯ ʱʵʴʺʸʵʲʫʬʩʨ. ʨʳʨʭʬ ʫʸʵʹ, ʨʽ ʸʬʪʰʵʴʰʹ 
ʪʬʵʲʵʪʰʻʸʰ ʼʵʸʳʰʸʬʩʨ ʩʲʵʱʻʸʰ ʺʬʽʺʵʴʰʱʰʯʨ˂ ˆʨʹʰʨʯʫʬʩʨ. ʩʲʵʱʻʸʰ 
ʫʨʴʨ˄ʬʭʸʬʩʨ ʫʨ ʵʸʰ „ʪʰʪʨʴʺʻʸʰ“ ʩʲʵʱʰʹ ʼʵʸʳʰʸʬʩʨ, ʸʵʳʬʲʰ˂ ʸʬʪʰʵʴʻʲʰ 
ʸʾʭʬʭʰʯ ʱʵʴʺʸʵʲʫʬʩʨ, ʹʻʩʫʻ˂ʰʸʬʩʻʲʰ ʼʰʲʰʹ ʶʵʹʺʭʻʲʱʨʴʻʸʰ ʫʬʺʨˁʳʬʴʺʰʹ 
ˀʬʫʬʪʰʨ, ˆʵʲʵ ˂ʨʸ˂ʻʲʰ ʭʻʲʱʨʴʻʸʰ ʹʬʸʰʰʹ ʳ˂ʰʸʬ ʩʲʵʱʬʩʨʫ ʫʨʴʨ˄ʬʭʸʬʩʨ, 
ʹʰʴʭʻʲʱʨʴʻʸʰ ʶʸʵ˂ʬʹʰʨ. ʰʪʰ, ʶʰʸʭʬʲ ʬʺʨʶʮʬ, ʪʸʨʴʰʺʵʰʫʻʲʰ ʰʴʺʸʻʮʰʭʬʩʰʹ 
ˀʬʳʵ˅ʸʨʹ, ˂ʨʸ˂ʻʲʰ ʯˆʬʲʰ ʮʾʭʰʹ ʼʹʱʬʸʰʹ ʺʰʻʳʰʹʬʴʹ ʫʨ ʱʻʴ˃ʻʲʯʨ ʼʵʸʳʰʸʬʩʨʹ (ʩʲʵʱʬʩʰʹ ʨʮʬʭʬʩʨ) ʻʱʨʭˀʰʸʫʬʩʨ. ʱʻʴ˃ʻʲʬʩʮʬ, ʹʻʩʨʬʸʻʲ ʶʰʸʵʩʬʩˀʰ, 
ʰʪʴʰʳʩʸʰʺʻʲʰ ʭʻʲʱʨʴʻʸʰ ʨʽʺʰʭʵʩʨ ʰ˄ʿʬʩʨ. ʰʪʰ ʱʨʲʫʬʸʻʲʰ ˁʨʽ˂ʬʭʬʩʰʯ 
ʹʸʻʲʫʬʩʨ, ʸʵʳʬʲʰ˂ ʩʲʵʱʬʩʰʹ ʫʨ˃ʰʸʭʨʹ ʪʨʴʨʶʰʸʵʩʬʩʹ. ʨʳʪʭʨʸʨʫ, ʹʰʴʭʻʲʱʨʴʻʸʰ 
ʩʲʵʱʰʸʬʩʨ ʫʸʵʹʨ ʫʨ ʹʰʭʸ˂ʬˀʰ ʼʰʽʹʰʸʫʬʩʨ. ʰʴʺʸʻʮʻʲʰ ˀʺʵʱʬʩʰʹ ˀʬʳʵ˅ʸʨ, 
ʺʰʻʳʰʹʬʴʹʰ ʫʨ ʱʻʴ˃ʻʲʯʨ ʨʮʬʭʬʩʨ, ˄ʰʴ ʻʹ˄ʸʬʩʹ ʰʪʴʰʳʩʸʰʺʻʲ ʭʻʲʱʨʴʻʸ 
ʨʽʺʰʭʵʩʨʹ ʫʨ ʱʨʲʫʬʸʻʲ ˁʨʽ˂ʬʭʬʩʹ. 

ʩʵʲʴʰʹʰʹ ʳʨʫʴʰʨʴ ʸʨʰʵʴˀʰ, ʹʺʨʩʰʲʻʸʰ ʹʻʩʫʻʽ˂ʰʰʹ ʶʸʵ˂ʬʹʰ ʫʨ ʳʨʹʯʨʴ 
ʫʨʱʨʭˀʰʸʬʩʻʲʰ ʭʻʲʱʨʴʻʸʰ ʸʱʨʲʬʩʰʹ (VAG) ʳʨʪʳʨʺʰʮʳʰ, ʭʻʲʱʨʴʰʮʳʰ, 
ˈʰʫʸʵʯʬʸʳʻʲʰ ʨʽʺʰʭʵʩʨ ʫʨ ʳʨʫʨʴ˄ʨʸʳʵˀʵʩʨ, ʹʬʴʵʳʨʴ-ʹʨʴʺʵʴʰʯ ʯʨʸʰʾʫʬʩʨ, 
ˆʵʲʵ ʹʻʩʫʻ˂ʰʸʬʩʻʲʰ ʼʰʲʰʹ ʺʸʨʴʹʼʵʸʳʨ˂ʰʨ, ʱʨʳʶʨʴʻʸˀʰ ʰ˄ʿʬʩʨ. ʨʳ ʬʺʨʶʮʬ 
ʭʻʲʱʨʴʰʮʳʰ, ʳʨʪʳʨʺʰʮʳʰ, ˈʰʫʸʵʯʬʸʳʻʲʰ ʶʸʵ˂ʬʹʰ ʫʨ ʳʨʫʨʴ˄ʨʸʳʵˀʵʩʨ 
ʳʨʴʺʰʻʸʰ ʪʨʭʲʬʴʰʹ ʳʨʹˀʺʨʩʯ ʱʵʴʺʸʵʲʫʬʩʨ. ʰʪʰ ʺʸʨʴʹʼʵʸʳʨ˂ʰʰʹ ʹʨ˄ʿʰʹ 
ʹʺʨʫʰʨʹ ʻʱʨʭˀʰʸʫʬʩʨ ʫʨ ʨʽʨ˂ ʪʨʴʶʰʸʵʩʬʩʻʲʰʨ ʮʾʭʰʹ ʼʹʱʬʸʰʹ ʺʰʻʳʰʹʬʴʹʰʯ, 
ʱʻʴ˃ʻʲʯʨ ʨʮʬʭʬʩʰʯ, ʰʪʴʰʳʩʸʰʺʻʲʰ ʭʻʲʱʨʴʻʸʰ ʨʽʺʰʭʵʩʰʯ ʫʨ ʱʨʲʫʬʸʻʲʰ 
ˁʨʽ˂ʬʭʬʩʰʯ. 

ʩʵʲʴʰʹʰʹ ʳʨʫʴʰʨʴ ʸʨʰʵʴˀʰ, ʹʺʨʩʰʲʻʸʰ ʹʻʩʫʻʽ˂ʰʨ ʫʨ ʳʨʹʯʨʴ 
ʫʨʱʨʭˀʰʸʬʩʻʲʰ ʶʸʵ˂ʬʹʬʩʰ ʹʬʴʵʳʨʴ-ʹʨʴʺʵʴʰʯ ʯʨʸʰʾʫʬʩʨ, ˆʵʲʵ ʼʰʲʰʹ 
ʺʸʨʴʹʼʸʵʳʨ˂ʰʨ ʱʨʳʶʨʴʻʸˀʰ ʰ˄ʿʬʩʨ, ʼʰʲʰʹ ʺʸʨʴʹʼʵʸʳʨ˂ʰʰʹ ʶʸʵ˂ʬʹˀʰ 
ʭʻʲʱʨʴʰʮʳʰ, ʳʨʪʳʨʺʰʮʳʰ, ˈʰʫʸʵʯʬʸʳʻʲʰ ʨʽʺʰʭʵʩʨ ʫʨ ʳʬʺʨʲʵʪʬʴʰʨ ʳʨʴʺʰʻʸʰ 
ʪʨʭʲʬʴʰʹ ʳʨʹˀʺʨʩʰʯ ʱʵʴʺʸʵʲʫʬʩʨ. ʨʽ ʰʪʰ ʩʬʱʨʸʱʰʹ ʹʨ˄ʿʰʹ ʹʺʨʫʰʨʹ ʻʱʨʭˀʰʸʫʬʩʨ 
ʫʨ ʺʰʻʳʬʹʬʴʹʰʯ, ʱʻʴ˃ʻʲʬʩʰʹ ʼʵʸʳʰʸʬʩʰʯ, ʰʪʴʰʳʩʸʰʺʻʲʰ ʭʻʲʱʨʴʻʸʰ 
ʨʽʺʰʭʵʩʰʯ ʫʨ ʱʨʲʫʬʸʻʲʰ ˁʨʽ˂ʬʭʬʩʰʯ ʱʵʴʺʸʵʲʫʬʩʨ. ʯʻʳ˂ʨ, ʨʽ ʳʨʴʺʰʻʸʰ 
ʪʨʭʲʬʴʰʹ ˀʬʫʬʪʨʫ, ʭʻʲʱʨʴʰʮʳʰʹ,  ˈʰʫʸʵʯʬʸʳʻʲʰ ʨʽʺʰʭʵʩʰʹ ʫʨ ʳʬʺʨʲʵʪʬʴʰʰʹ 
ˆʨʹʰʨʯʰ ʪʨʴʹˆʭʨʭʫʬʩʨ ʹʺʨʩʰʲʻʸ ʹʻʩʫʻʽ˂ʰʨʹʯʨʴ ʫʨʱʨʭˀʰʸʬʩʻʲʰ ʶʸʵ˂ʬʹʬʩʰʹʪʨʴ, 
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ʹʨʫʨ˂ ʻʹʻʲʼʰʫʵ ʫʨ ʹʨʱʻʯʸʰʭ ʹʻʲʼʰʫʻʸ ʪʨʳʨʫʴʬʩʨʹ ʮʵʴʨʲʵʩʨ ʨˆʨʹʰʨʯʬʩʹ, ʰʳ 
ʫʸʵʹ, ʸʵʫʬʹʨ˂ ʱʨʳʶʨʴʻʸˀʰ ʱʭʨʸ˂-ʱʨʲʰˀʶʨʺʻʸʰ ʳʬʺʨʹʵʳʨʺʰʺʬʩʰ ʻʹʻʲʼʰʫʵ 
ʵʽʸʵʹ ʪʨʳʨʫʴʬʩʰʯ, ˁʨʴʨ˂ʭʲʬʩʻʲʰʨ ʹʨʱʻʯʸʰʭ ʹʻʲʼʰʫʻʸʰ, ʵʽʸʵ-ʹʶʰʲʬʴ˃-
ʶʵʲʰʳʬʺʨʲʻʸʰ ʳʰʴʬʸʨʲʰʮʨ˂ʰʰʯ (Gugushvili et al., 2015, 2016, 2017).  ʩʵʲʴʰʹʰʹ ʳʨʫʴʰʨʴʰ ʸʨʰʵʴʰʹ ʺʻʸʵʴ-ʹʨʴʺʵʴʻʸʰ ʫʨ ʱʨʳʶʨʴʻʸʰ ʨʹʨʱʰʹ 
ʹʨʩʨʫʵʬʩʰ ʱʨʲʫʬʸʻʲʰ ˁʨʽ˂ʬʭʬʩʰʹ ʹʺʸʻʽʺʻʸʬʩˀʰ ʨʸʰʹ ʳʵʽ˂ʬʻʲʰ. ʳʨʯʯʭʰʹ 
ʫʨʳʨˆʨʹʰʨʯʬʩʬʲʰʨ ʶʵʹʺʳʨʫʴʻʸʰ ʩʲʵʱʰʸʬʩʨ. ʺʻʸʵʴ-ʹʨʴʺʵʴʻʸʰ ʨʹʨʱʰʹ ˂ʨʲʱʬʻʲ 
ʹʨʩʨʫʵʬʩʮʬ ʹʨʱʻʯʸʰʭ ʹʻʲʼʰʫʻʸʰ ʫʨ ʻʹʻʲʼʰʫʵ ʪʨʳʨʫʴʬʩʨ ʬʸʯʳʨʴʬʯʰʹ 
ʳʵʳʰˇʴʬ ʩʲʵʱʬʩˀʰ˂ ʼʰʽʹʰʸʫʬʩʨ. ʨʮʬʭʬʩʻʲʰ ʫʨ ʫʨ˃ʰʸʻʲʰ ʩʲʵʱʬʩʰʹ ʻʸʯʰʬʸʯ 
ʫʨʳʵʱʰʫʬʩʻʲʬʩʨ ʳʱʨʼʰʵʫ ʰʱʰʯˆʬʩʨ ʺʻʸʵʴ-ʹʨʴʺʵʴʻʸʰ ʨʹʨʱʰʹ ˄ʰʯʬʲʰ ʹʵʼʲʰʹ 
ʫʨ ʽʭʬʳʵ ʩʵʲʴʰʹʰʹ ʹʨʩʨʫʵʬʩʮʬ, ʫʨʭʰʯ ʪʨʸʬˇʰʹ, ʱʨʺʨʸʱʨʰʨʹ, ʩʨʲʰ˅ʰʹ, ʯʨʳʨʸʰʹʰʹ 
ʫʨ ʹˆʭʨ ʳʨʫʨʴʪʨʳʵʭʲʰʴʬʩʬʩʮʬ, ʹʨʫʨ˂ ʨʮʬʭʬʩʻʲ ʩʲʵʱʬʩˀʰ ʹʨʱʻʯʸʰʭ 
ʹʻʲʼʰʫʻʸʰ ʪʨʳʨʫʴʬʩʨ ʬʳʰˇʴʬʩʨ ʫʨ˃ʰʸʻʲʰ ʩʲʵʱʬʩʰʹ ʻʹʻʲʼʰʫʵ ʪʨʳʨʫʴʬʩʨʹ, 
ʸʵʳʬʲʹʨ˂ ʹʰʾʸʳʬˀʰ ʱʭʲʨʭ ʹʨʱʻʯʸʰʭ ʹʻʲʼʰʫʻʸʰ ʪʨʳʨʫʴʬʩʨ ʨʴʨ˂ʭʲʬʩʹ. 
ʱʨʳʶʨʴʻʸʰ ʨʹʨʱʰʹ ʹʻʩʫʻ˂ʰʸʬʩʻʲʰ ʼʰʲʰʹ ʺʸʨʴʹʼʵʸʳʨ˂ʰʨʹʯʨʴ ʫʨʱʨʭˀʰʸʬʩʻʲ 
ʹʨʩʨʫʵʬʩˀʰ˂ ʻʹʻʲʼʰʫʵ ʫʨ ʹʨʱʻʯʸʰʭ ʹʻʲʼʰʫʻʸʰ ʳʨʫʴʬʩʰʹ ʪʨʴʨ˄ʰʲʬʩʨ 
ʼʰʽʹʰʸʬʩʻʲʰʨ ʳʵʳʰˇʴʬ ʩʲʵʱʬʩˀʰ. ʳʨʯʰ ʪʨʴʨ˄ʰʲʬʩʨ ʨʽʨ˂ ʰʴʼʵʸʳʨʺʻʲʰʨ 
ʨʮʬʭʬʩʻʲʰ ʫʨ ʫʨ˃ʰʸʻʲʰ ʩʲʵʱʬʩʰʹ ʫʨʹʨʫʪʬʴʨʫ, ʸʨ˂ ʫʨʹʺʻʸʫʬʩʨ ʱʨʳʶʨʴʻʸʰ 
ʨʹʨʱʰʹ ʩʬʽʯʨʱʨʸʰʹ, ʫʨʸʩʨʮʰʹ ʫʨ ʰʳʬʫʰʹ ʹʨʩʨʫʵʬʩʰʹ ʳʨʪʨʲʰʯʮʬ. ʳʵʳʰˇʴʬ 
ʩʲʵʱʬʩˀʰ ʪʨʳʨʫʴʬʩʰʹ ʻʸʯʰʬʸʯʫʨʳʵʱʰʫʬʩʻʲʬʩʰʹ ʫʵʴʰʹ ʪʨʸʱʭʬʭʨʹ ʫʰʫʰ 
ʳʴʰˀʭʴʬʲʵʩʨ ʨʽʭʹ ˃ʬʩʴʨ-˃ʰʬʩʰʯʰ ʫʨ ʩʻʸʾʭʰʯʰ ʹʨʳʻˀʨʵʬʩʰʹ ʹ˄ʵʸʨʫ ʫʨʪʬʪʳʭʰʹʨ 
ʫʨ ˄ʨʸʳʨʸʯʭʰʹʯʭʰʹ. 

ʩʵʲʵʹ ʫʨʭʻʩʸʻʴʫʬʯ ʹʻʩʫʻ˂ʰʸʬʩʻʲʰ ʼʰʲʰʹ ʺʸʨʴʹʼʵʸʳʨ˂ʰʰʯ ʫʨ 
ʳʨʴʺʰʻʸʰ ʪʨʭʲʬʴʰʹ ˀʬʫʬʪʨʫ ʫʸʵʹʨ ʫʨ ʹʰʭʸ˂ʬˀʰ ʪʨʴʭʰʯʨʸʬʩʻʲ ʶʸʵ˂ʬʹʬʩʹ. 
ʼʰʲʰʹ ʺʸʨʴʹʼʵʸʳʨ˂ʰʨ ʨʫʸʬ ʱʨʳʶʨʴʻʸˀʰ ʰ˄ʿʬʩʨ ʫʨ ʵʸ ʬʺʨʶʨʫ ˆʵʸ˂ʰʬʲʫʬʩʨ. 
ʶʰʸʭʬʲʰ ʬʺʨʶʰ ˄ʨʸʳʵʫʪʬʴʰʲʰʨ ʺʻʺʬ ʫʨ ʹʻʩʺʻʺʬ ʭʻʲʱʨʴʰʮʳʰʯ, ʱʭʨʸ˂-
ʱʨʲʰˀʶʨʺʻʸʰ ʳʬʺʨʹʵʳʨʺʵʮʰʯ, ʻʹʻʲʼʰʫʵ ʵʽʸʵʹ ʳʰʴʬʸʨʲʰʮʨ˂ʰʨʹʯʨʴ ʬʸʯʨʫ. 
ʳʬʵʸʬ ʬʺʨʶʰ ˆʨʹʰʨʯʫʬʩʨ ʪʭʰʨʴʱʨʳʶʨʴʻʸʰ ʺʸʨʽʰʩʨʮʨʲʺʻʸʰ ʫʨ ʺʻʺʬ ʵʲʰʭʰʴʰʨʴ 
ʩʨʮʨʲʺʻʸʰ ʭʻʲʱʨʴʰʮʳʰʯ, ʵʽʸʵ-ʹʶʰʲʬʴ˃-ʶʵʲʰʳʬʺʨʲʻʸʰ ʳʰʴʬʸʨʲʰʮʨ˂ʰʰʯ ʫʨ 
ʳʨʾʨʲʺʬʳʶʬʸʨʺʻʸʻʲʰ ʬʶʰʫʵʺ-˂ʵʰʮʰʺʻʸʰ ʶʸʵʶʰʲʰʺʰʮʨ˂ʰʰʯ. ʰʪʰ ʪʨʩʸʵ-
ʫʰʨʩʨʮʻʸʰ ˀʺʵʱʬʩʰʯ ʱʵʴʺʸʵʲʫʬʩʨ. ʹʨʱʻʯʸʰʭ ʹʻʲʼʰʫʻʸʰ ʪʨʳʨʫʴʬʩʨ 
ʮʬʫʫʨʫʬʩʻʲʰʨ ʱʭʨʸ˂ ʱʨʲʰˀʶʨʺʻʸ ʳʬʺʨʹʵʳʨʺʰʺʬʩʮʬ. ʰʪʰ ʨ˂ʬʳʬʴʺʬʩʹ  
ˈʰʫʸʵʯʬʸʳʻʲʰ ʨʼʬʯʽʬʩʰʹ ʩʸʬʽˁʰʬʩʹ ʱʭʨʸ˂-ʱʨʲʰˀʶʨʺʻʸ ʳʬʺʨʹʵʳʨʺʰʺʬʩˀʰ (ʩʬʽʯʨʱʨʸʰʹ ʹʨʩʨʫʵ). ʨʳʰʹ ʹʨʶʰʸʰʹʶʰʸʵʫ, ʳʨʫʴʬʻʲʰʹ ʹʨʩʨʫʵʮʬ ʹʨʱʻʯʸʰʭ 
ʹʻʲʼʰʫʻʸʰ ʫʨ ʻʹʻʲʼʰʫʵ ʪʨʳʨʫʴʬʩʰʹ ʶʸʵ˂ʬʹʰ ʯʨʴʫʨʸʯʻʲʰʨ ʫʨ 
ʮʵʴʨʲʵʩʨˀʰʨ ʪʨʳʵˆʨʺʻʲʰ. ʩʬʽʯʨʱʨʸʰʹ ʹʨʩʨʫʵʮʬ ʱʰ, ʸʵʪʵʸ˂ ʫʨʭʰʴʨˆʬʯ, 
ʹʨʱʻʯʸʰʭ ʹʻʲʼʰʫʻʸʰ ʪʨʳʨʫʴʬʩʨ ʨʴʨ˂ʭʲʬʩʹ ʻʹʻʲʼʰʫʵ ʱʭʨʸ˂-ʱʨʲʰˀʶʨʺʻʸ 
ʳʬʺʨʹʵʳʨʺʰʺʬʩʹ. ʵʽʸʵʹ ʪʨʳʨʫʴʬʩʨ ʨʽ ʵʸ ʬʺʨʶʨʫ ˆʵʸ˂ʰʬʲʫʬʩʨ: ʶʰʸʭʬʲʰ 
ʻʱʨʭˀʰʸʫʬʩʨ ʺʻʺʬ-ʱʨʸʩʵʴʨʺʻʲʰ ʼʲʻʰʫʬʩʰʹ ʮʬʳʵʽʳʬʫʬʩʰʯ ʱʭʨʸ˂-ʱʨʲʰˀʶʨʺʻʸ 
ʳʬʺʨʹʵʳʨʺʵʮʹ, ˆʵʲʵ ʳʬʵʸʬ - ʹʻʹʺʨʫ ʳʷʨʭʬ ˈʰʫʸʵʹʻʲʼʰʫʻʸ 
ʳʨʾʨʲʺʬʳʶʬʸʨʺʻʸʻʲ ʼʲʻʰʫʬʩʹ. ˈʰʫʸʵʹʻʲʼʰʫʬʩʰʹ ʫʨˀʲʨʳ ʵʽʸʵ-
ʹʶʰʲʬʴ˃ʶʵʸʼʰʸʻʲʰ ʳʰʴʬʸʨʲʰʮʨ˂ʰʨ ʪʨʴʨʶʰʸʵʩʨ. ʳʨʹ ʹʰʴʳʨʫʴʻʸ 



60 

 

ʳʨʾʨʲʺʬʳʶʬʸʨʺʻʸʻʲʰ ʶʸʵʶʰʲʰʺʰʮʨ˂ʰʨ ʨˆʲʨʭʹ. ʹʻʩʫʻ˂ʰʸʬʩʻʲʰ ʼʰʲʰʹ 
ʺʸʨʴʹʼʸʵʳʨ˂ʰʨ ʪʭʰʨʴʱʨʳʶʨʴʻʸʨʳʫʬ ʪʸ˃ʬʲʫʬʩʵʫʨ. ʳʨʴ ʺʻʺʬ ʵʲʰʭʰʴʰʨʴʰ 
ʩʨʮʨʲʺʬʩʰʹ ˄ʿʬʩʰʹ ʼʵʸʳʰʸʬʩʨʳʫʬ ʳʰʪʭʰʿʭʨʴʨ, ʯʻʳ˂ʨ, ʰʪʰ ʭʬʸ ʳʰʭʰʫʨ 
ʹʸʻʲʿʵʼʰʲ ʸʰʼʺʰʴʪʨʳʫʬ ʫʨ VMS ʺʰʶʰʹ ʹʺʸʨʺʰʼʵʸʳʻʲ ʳʰʴʬʸʨʲʰʮʨ˂ʰʨʳʫʬ. 
ʺʸʨʴʹʼʵʸʳʨ˂ʰʰʹ ʶʸʵ˂ʬʹʰ ʨʽ, ʸʵʪʵʸ˂ ˁʨʴʹ, ʩʬʱʨʸʱʰʹ ʹʨ˄ʿʰʹ ʹʺʨʫʰʨʹ ʨʸ 
ʪʨʹ˂ʰʲʬʩʰʨ. 

ʩʬʱʨʸʱʰʹ ʸʰʼʺʰʴʪʰʹ ʹʨ˄ʿʰʹ ʹʺʨʫʰʨʮʬ, ʳʨʫʨʴ˄ʨʸʳʵˀʵʩʰʹ ʶʸʵ˂ʬʹˀʰ, ʹʰʨʲʻʸʰ (ʪʸʨʴʰʺʻʲʰ) ʽʬʸʽʰʹ ʳʴʰˀʭʴʬʲʵʭʨʴʰ ʳʵʴʨ˄ʰʲʬʵʩʨ ʫʨʹʺʻʸʫʬʩʨ, ʸʵʳʬʲʯʨʴʨ˂ ʨʳ 
ʬʺʨʶʰʹ ʹʻʲʼʰʫʻʸʰ ʪʨʳʨʫʴʬʩʰʹ ʹʺʨʫʰʨʮʬ ʵʽʸʵʹ ʳʨʾʨʲʰ ˀʬʳ˂ʭʬʲʵʩʨʨ 
ʫʨʱʨʭˀʰʸʬʩʻʲʰ. ʪʨʳʨʫʴʬʩʰʹ ʶʸʵ˂ʬʹˀʰ ʵʽʸʵʹ ˄ʿʨʸʵʹ, ʹʰʨʲʻʸʰ ʽʬʸʽʰ 
˄ʨʸʳʵʨʫʪʬʴʹ  (Gugushvili et al., 2015). ʨʽ ʹʰʨʲʻʸʰ ʽʬʸʽʰʫʨʴ ʳʨʴʺʰʻʸʰ ʫʰʨʶʰʸʰʯ 
ʪʨʴʶʰʸʵʩʬʩʻʲʰ ʳʨʾʨʲʺʬʳʶʬʸʨʺʻʸʻʲʰ ʼʲʻʰʫʬʩʰʹ (350-4000C) ʮʬʳʵʽʳʬʫʬʩʰʯ, 
ʵʽʸʵʹ ʰʴʺʬʴʹʰʻʸʰ ʪʨʳʵʺʻʺʭʨ ˆʫʬʩʨ, ʸʵʳʬʲʳʨ˂ ʵʽʸʵʹ ʳʨʾʨʲʰ ˀʬʳ˂ʭʬʲʵʩʨ 
ʪʨʴʨʶʰʸʵʩʨ (ʹʨˀʻʨʲʵʫ 5 ʪ/ʺ). ʨʳʨʭʬ ʫʸʵʹ, ʱʻʴ˃ʻʲʯʨ ʸʱʨʲʻʸ ʭʰʯʨʸʬʩʨˀʰ (ʳʨʫʴʬʻʲʰʹ ʱʭʨʴ˃ʰ) ʻʼʸʵ ʫʨʩʨʲʺʬʳʶʬʸʨʺʻʸʻʲʰ ˆʹʴʨʸʬʩʰʹ ʮʬʳʵʽʳʬʫʬʩʰʯ (250-3000C), ʹʰʨʲʻʸʰ ʽʬʸʽʰʫʨʴ ʵʽʸʵʹ ʪʨʳʵʺʻʺʭʰʹ ʰʴʺʬʴʹʰʭʵʩʨ ʴʨʱʲʬʩʰʨ ʫʨ ʵʽʸʵ-
ʹʶʰʲʬʴ˃-ʶʵʲʰʳʬʺʨʲʻʸ ʳʨʫʨʴˀʰ ʵʽʸʵʹ ʻʼʸʵ ʫʨʩʨʲ ˀʬʳ˂ʭʬʲʵʩʨˀʰ (ʹʨˀʻʨʲʵʫ 0,8 ʪ/ʺ) ʨʰʹʨˆʨ. ʩʬʱʨʸʱʰʹ ʹʨ˄ʿʰʹ ʹʺʨʫʰʨʮʬ ʼʲʻʰʫʬʩʰʹ ʺʬʳʶʬʸʨʺʻʸʨ ʪʨʴʰʹʨʮʾʭʸʨ 
ʹʰʴʳʨʫʴʻʸʰ ʬʶʰʫʵʺ-˂ʵʰʮʰʺʻʸʰ ʳʨʾʨʲʺʬʳʶʬʸʨʺʻʸʻʲʰ ʶʸʵʶʰʲʰʺʰʮʨ˂ʰʰʯ, ʰʳ 
ʫʸʵʹ, ʸʵʫʬʹʨ˂ ʱʻʴ˃ʻʲʯʨ ʸʱʨʲʻʸ ʭʰʯʨʸʬʩʨˀʰ ʹʰʴʳʨʫʴʻʸʰ ʽʲʵʸʰʺ-ʹʬʸʰ˂ʰʺ-
ʱʨʸʩʵʴʨʺʻʲʰ ʳʨʫʨʴʳʵʳʰˇʴʬ ʮʵʴʨ ʻʼʸʵ ʫʨʩʨʲʺʬʳʶʬʸʨʺʻʸʻʲʰ ʼʲʻʰʫʬʩʰʹ 
ʮʬʳʵʽʳʬʫʬʩʰʯ ʨʸʰʹ ʪʨʴʶʰʸʵʩʬʩʻʲʰ (Gugushvili et al., 2015, 2017). 

ʹʻʩʫʻ˂ʰʸʬʩʻʲʰ ʼʰʲʰʹ ʫʬʺʨˁʳʬʴʺʳʨ (ʪʨʹʱʫʵʳʨʳ) ʸʬʪʰʵʴʨʲʻʸʰ ʸʾʭʬʭʨ ʫʨ 
ʩʵʲʴʰʹʰʹ ʳʨʫʴʰʨʴʰ ʸʨʰʵʴʰʹ ʵʸ „ʪʰʪʨʴʺʻʸ“ ʩʲʵʱʨʫ ʫʨʴʨ˄ʬʭʸʬʩʨ ʪʨʴʨʶʰʸʵʩʨ. ʨʳʨʴ 
ʪʨʳʵʰ˄ʭʰʨ ʨʳ ʸʾʭʬʭʰʹ ʪʨʹ˄ʭʸʰʭ ʹʨʳˆʸʬʯ-ʨʾʳʵʹʨʭʲʻʸʰ ʳʨʫʴʬʻʲʰʹ ʱʭʨʴ˃ʰʹ 
ˀʬʳ˂ʭʬʲʰ ʩʲʵʱʰʹ 1200 ʳ-ʨʴʰ ʨʮʬʭʬʩʨ, ʸʵʳʬʲʳʨ˂ ʪʨʳʵʰ˄ʭʰʨ ʮʬʫʨ ʹʨʴʺʵʴʻʸʰ 
ʺʨʴ˃ʰʰʹ ˄ʿʬʩʰʹʨ ʫʨ ʱʨʳʶʨʴʻʸʰ ʪʨʹʨʴʫʨʳʰʹ ʫʨ ˀʵʸˀʵʲʬʯʰʹ ˄ʿʬʩʬʩʰʹ ʫʬʴʻʫʨ˂ʰʨ 
ʨʮʬʭʬʩʻʲʰ ʩʲʵʱʰʫʨʴ, ʸʵʳʬʲʯʨ ˇʨʳʻʸʰ ʹʰʳ˃ʲʨʭʸʬ 1200 ʳ-ʹ ʨʾʬʳʨʺʬʩʨ. ʨʳ 
ʩʲʵʱˀʰ ʫʬʴʻʫʨ˂ʰʨʹ ʹʸʻʲʨʫ ʪʨʫʨʻʸˁʨ ʳˆʵʲʵʫ ʺʻʸʵʴ-ʹʨʴʺʵʴʻʸʰ ʳʨˀʨʭʬʸʨʹ 
˄ʿʬʩʨ, ʳʨˀʰʴ, ʸʵʫʬʹʨ˂, ˁʸʫʰʲʵ-ʫʨʹʨʭʲʻʸ ʩʲʵʱˀʰ ʮʬʫʨ ˂ʨʸ˂ʻʲʰ ˅ʸʰʲʰ 
ʺʨʴ˃ʰʰʹ ˄ʿʬʩʰʫʨʴ ʰ˄ʿʬʩʨ, ʸʵʳʬʲʹʨ˂ ʯʨʭʮʬ ʪʨʹʨʴʫʨʳʰʹʨ ʫʨ ˀʵʸˀʵʲʬʯʰʹ 
ʱʨʳʶʨʴʻʸʰ ˄ʿʬʩʬʩʰ ʨʫʬʭʹ. ʸʨ˂ ˀʬʬˆʬʩʨ ʹʰʴʭʻʲʱʨʴʻʸ ʩʲʵʱʰʸʬʩʨʹ, ʨʽ ʨʮʬʭʬʩʨʹʨ ʫʨ 
ʫʨ˃ʰʸʭʨʹ ˀʵʸʰʹ ʹʰʳʨʾʲʬʯʨ ʹˆʭʨʵʩʨ 200 ʳ-ʹ ʨʸ ʨʾʬʳʨʺʬʩʨ ʫʨ ʯʭʰʯ ʨʳ ʩʲʵʱʬʩʰʹ 
ʼʨʸʯʰ˂ ʨʹʬʻʲʰ ʱʭʨʫʸʨʺʻʲʰ ʳʬʺʸʰʹ ʼʨʸʪʲʬʩˀʰʨ, ʰʳ ʫʸʵʹ, ʸʵʫʬʹʨ˂ 
„ʪʰʪʨʴʺʻʸʰ“ ʩʲʵʱʬʩʰʹ ʼʨʸʯʰ ʨʹʬʻʲʰ ʱʭʨʫʸʨʺʻʲʰ ʱʰʲʵʳʬʺʸʰʯ 
ʪʨʴʰʹʨʮʾʭʸʬʩʨ. 

ʨʳʪʭʨʸʨʫ, ʩʵʲʴʰʹʰʹ ʳʨʫʴʰʨʴʰ ʸʨʰʵʴʰʹ ʸʬʪʰʵʴˀʰ ʹʻʩʫʻʽ˂ʰʰʹ ʶʸʵ˂ʬʹʰ 
ʪʨʴʨʶʰʸʵʩʬʩʹ ʳʨʪʳʨʺʰʮʳʹ, ʭʻʲʱʨʴʰʮʳʹ, ʳʬʺʨʲʵʪʬʴʰʨʹ ʫʨ ʳʨʹʯʨʴ ʫʨʱʨʭˀʰʸʬʩʻʲ 
ʩʲʵʱʰʸʬʩʨʹ. ʹʺʨʩʰʲʻʸʰ ʹʻʩʫʻʽ˂ʰʰʹ ʫʨ ʹʻʩʫʻ˂ʰʸʬʩʻʲʰ ʼʰʲʰʹ 
ʺʸʨʴʹʼʵʸʳʨ˂ʰʰʹ ʬʺʨʶʮʬ, ʱʻʴ˃ʻʲʯʨ ʸʱʨʲʻʸ ʫʨ ʰʴʺʬʸʨʸʱ-ʩʬʱʨʸʱʻʲʰ 
ʪʨʴʭʰʯʨʸʬʩʰʹ ʶʸʵ˂ʬʹˀʰ, ʹʰʴʭʻʲʱʨʴʻʸʰ ʩʲʵʱʰʸʬʩʨ ʼʰʽʹʰʸʫʬʩʨ. ʰʪʰ ʫʸʵʹʨ ʫʨ 
ʹʰʭʸ˂ʬˀʰ ʳʵʴʨ˂ʭʲʬʵʩʹ. ʶʰʸʭʬʲ ʬʺʨʶʮʬ, ʳʨʪʳʻʸʰ ˀʺʵʱʬʩʰʹ ˀʬʳʵ˅ʸʨʳ ʯˆʬʲ 
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ʮʾʭʨˀʰ, ʱʻʴ˃ʻʲʬʩʰʹ ʨʮʬʭʬʩʨ ʪʨʴʨʶʰʸʵʩʨ (ʨʮʰʫʻʲʰ ʩʲʵʱʬʩʰ). ʱʻʴ˃ʻʲʬʩʮʬ 
ʹʻʩʨʬʸʻʲ ʶʰʸʵʩʬʩˀʰ ʰʪʴʰʳʩʸʰʺʬʩʰʹ ʨʳʵʼʸʽʭʬʭʨ ʱʨʲʫʬʸʻʲʰ ˁʨʽ˂ʬʭʬʩʰʯ 
ʹʸʻʲʫʬʩʨ (ʫʨ˃ʰʸʻʲʰ ʩʲʵʱʬʩʰ). ʪʨʳʨʫʴʬʩʰʹ ʶʸʵ˂ʬʹʰ ʳʨʪʳʻʸʰ ˀʺʵʱʬʩʰʹ 
ˀʬʳʵ˅ʸʨʹ ʫʨ ʨʮʰʫʻʲʰ ʩʲʵʱʬʩʰʹ ʼʵʸʳʰʸʬʩʨʹ ʻʱʨʭˀʰʸʫʬʩʨ. ʱʻʴ˃ʻʲʬʩʮʬ 
ʰʪʴʰʳʩʸʰʺʬʩʰʹ ʨʳʵʼʸʽʭʬʭʨ ʫʨ ʱʨʲʫʬʸʻʲʰ ˁʨʽ˂ʬʭʨ ʪʨʳʨʫʴʬʩʰʹ ˀʬʳʫʪʵʳʰ 
ʶʸʵ˂ʬʹʰʨ. ʨʳʨʭʬ ʫʸʵʹ, ʱʨʲʫʬʸʻʲʰ ˁʨʽ˂ʬʭʬʩʰʹ ʶʸʵ˂ʬʹˀʰ ʪʨʳʨʫʴʬʩʻʲʰ ʮʵʴʬʩʰʹ 
ʳ˂ʰʸʬ ʩʲʵʱʬʩʨʫ ʫʨʴʨ˄ʬʭʸʬʩʨ ʪʸ˃ʬʲʫʬʩʨ. ʹʰʴʭʻʲʱʨʴʻʸʰ ʩʲʵʱʰʸʬʩʨ ʮʬʫʨ˂ʨʸ˂ʰʹ 
ʩʵʲʵʹ, ʭʻʲʱʨʴʰʮʳʰʹ ʫʨʹʨʸʻʲʹ, ʶʵʹʺʭʻʲʱʨʴʻʸʰ ʩʲʵʱʰʸʬʩʰʯ ʰ˂ʭʲʬʩʨ. ʰʪʰ 
ʹʻʩʫʻ˂ʰʸʬʩʻʲʰ ʼʰʲʰʹ ʫʬʺʨˁʳʬʴʺʹ ʻʱʨʭˀʰʸʫʬʩʨ, ʸʵʳʬʲʰ˂ ʩʵʲʴʰʹʰʹ ʳʨʫʴʰʨʴ 
ʸʨʰʵʴˀʰ ʸʬʪʰʵʴʻʲ ʸʾʭʬʭʨˀʰ ʪʨʳʵʭʲʰʴʫʨ. ʨʳ ʸʾʭʬʭʰʯ ʩʵʲʴʰʹʰʹ ʳʨʫʴʰʨʴʰ 
ʸʨʰʵʴʰ ʵʸ ʪʰʪʨʴʺʻʸ ʩʲʵʱʨʫ ʨʸʰʹ ʪʨʿʵʼʰʲʰ. ʪʨʳʨʫʴʬʩʨ, ʸʵʳʲʰʹ ʼʵʸʳʰʸʬʩʨ 
ʹʰʴʭʻʲʱʨʴʻʸʰ ʩʲʵʱʰʸʬʩʰʹ ʶʰʸʭʬʲ ʬʺʨʶʹ ʻʱʨʭˀʰʸʫʬʩʨ, ʪʰʪʨʴʺʻʸ ʩʲʵʱʬʩˀʰʨ 
ʪʨʴʨ˄ʰʲʬʩʻʲʰ ʵʸʰ ʳʨʫʴʰʨʴʰ ʱʭʨʴ˃ʰʹ - ʳʨʫʴʬʻʲʰʹʨ ʫʨ ʩʬʽʯʨʱʨʸʰʹ ʹʨˆʰʯ. 
ʳʨʫʴʬʻʲʰʹ ʱʭʨʴ˃ʰʹ ʪʨʳʨʫʴʬʩʰʹ ʨʹʨʱʰ 88-90ʳʲʴ. ˄ʬʲʰʨ, ʩʬʽʯʨʱʨʸʰʹ - 79-81ʳʲʴ.˄ʬʲʹ 
ˀʬʬʹʨʩʨʳʬʩʨ. ʳʨʫʴʬʻʲʰʹ ʱʭʨʴ˃ʰ ʨʮʬʭʬʩʻʲ ʪʰʪʨʴʺʻʸ ʩʲʵʱˀʰ, ʺʻʸʵʴ-ʹʨʴʺʵʴʻʸ 
ʭʻʲʱʨʴʻʸ ʹʬʸʰʨˀʰʨ ʳʵʽ˂ʬʻʰʲʰ, ˆʵʲʵ ʩʬʽʯʨʱʨʸʰʹ ʱʭʨʴ˃ʰ - ʫʨ˃ʰʸʻʲ ʩʲʵʱˀʰ, 
ʱʨʳʶʨʴʻʸ ʭʻʲʱʨʴʻʸ ʹʬʸʰʨˀʰ. ʳʨʫʴʬʻʲʰʹ ʱʭʨʴ˃ʰʹ ˀʬʳ˂ʭʬʲʰ ʪʰʪʴʨʺʻʸʰ ʩʲʵʱʰ 
ʨʮʰʫʻʲʰʨ ʩʬʽʯʨʱʨʸʰʹ ʩʲʵʱʰʹ ʳʰʳʨʸʯ. ʱʨʳʶʨʴʻʸʰ ʭʻʲʱʨʴʰʺʬʩʰ ʫʨ ʪʨʳʨʫʴʬʩʨ 
ʳʨʫʴʬʻʲʰʹ ˀʬʳ˂ʭʬʲʰ ʪʰʪʴʨʺʻʸʰ ʱʭʨʴ˃ʰʫʨʴ ʳʵˆʹʴʰʲʰʨ ʬʸʵʮʰʰʯ. ʩʵʲʴʰʹʰʹ 
ʳʨʫʴʰʨʴ ʸʨʰʵʴˀʰ, ʹʰʴʭʻʲʱʨʴʻʸʰ ʫʨ ʶʵʹʺʭʻʲʱʨʴʻʸʰ ʶʵʹʺʳʨʫʴʻʸʰ ʩʲʵʱʰʸʬʩʰʹ 
ʫʨ ʳʵʳʰˇʴʬ ʩʲʵʱʬʩˀʰ ʪʨʳʨʫʴʬʩʰʹ ʨʴʨʲʰʮʰ ʳʬʺʨʫ ʳʴʰˀʭʴʬʲʵʭʨʴʰʨ ˃ʬʩʴʨ-˃ʰʬʩʰʹʨ 
ʫʨ ʩʻʸʾʭʰʯʰ ʹʨʳʻˀʨʵʬʩʰʹ ʫʨʪʬʪʳʭʰʹʯʭʰʹ      
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ɋɨɞɟɪɠɚɧɢɟ 

ɉɪɟɞɢɫɥɨɜɢɟ 

1. Ɋɨɥɶ ɫɭɛɞɭɤɰɢɢ ɜ ɩɪɨɰɟɫɫɟ ɜɭɥɤɚɧɢɡɦɚ ɢ ɪɭɞɨɨɛɪɚɡɨɜɚɧɢɹ ɧɚ ɩɪɢɦɟɪɟ ɮɨɪɦɢɪɨɜɚɧɢɹ 
Ɍɟɬɢɫ-ȿɜɪɚɡɢɣɫɤɨɝɨ ɦɟɬɚɥɥɨɝɟɧɢɱɟɫɤɨɝɨ ɩɨɹɫɚ. 

2. Ɇɟɬɚɥɥɨɝɟɧɢɱɟɫɤɢɟ, ɜɭɥɤɚɧɨɥɨɝɢɱɟɫɤɢɟ ɢ ɝɟɨɯɢɦɢɱɟɫɤɢɟ ɢɧɞɢɤɚɬɨɪɵ 
ɩɪɟɤɨɥɥɢɡɢɨɧɧɨɝɨ ɢ ɩɨɫɬɤɨɥɥɢɡɢɨɧɧɨɝɨ ɪɚɡɜɢɬɢɹ ȿɜɪɚɡɢɣɫɤɨɣ ɤɨɧɬɢɧɟɧɬɚɥɶɧɨɣ ɨɤɪɚɢɧɵ. 

3. ɋɢɧɜɭɥɤɚɧɢɱɟɫɤɨɟ ɢ ɩɨɫɬɜɭɥɤɚɧɢɱɟɫɤɨɟ ɛɥɨɤɢɪɨɜɚɧɢɟ ɜ Ȼɨɥɧɢɣɫɤɨɦ ɪɭɞɧɨɦ ɪɚɣɨɧɟ ɧɚ 
ɮɨɧɟ ɜɟɪɯɧɟɦɟɥɨɜɨɣ ɫɭɛɞɭɤɰɢɢ ɨɤɟɚɧɚ Ɍɟɬɢɫ. 

Ɋɟɡɸɦɟ 

ȼɫɬɭɩɥɟɧɢɟ 

3.1 ɉɪɨɰɟɫɫ ɛɥɨɤɢɪɨɜɚɧɢɹ ɜ Ȼɨɥɧɢɣɫɤɨɦ ɪɭɞɧɨɦ ɪɚɣɨɧɟ. 

3.1.1. ɉɨɫɬɜɭɥɤɚɧɢɱɟɫɤɨɟ ɛɥɨɤɢɪɨɜɚɧɢɟ. 

3.1.2. ɋɢɧɜɭɥɤɚɧɢɱɟɫɤɨɟ ɛɥɨɤɢɪɨɜɚɧɢɟ. 

3.1.2.1. ɋɢɧɜɭɥɤɚɧɢɱɟɫɤɨɟ ɛɥɨɤɢɪɨɜɚɧɢɟ ɧɚ ɷɬɚɩɟ ɫɬɚɛɢɥɶɧɨɣ ɫɭɛɞɭɤɰɢɢ. 

3.1.2.2. ɋɢɧɜɭɥɤɚɧɢɱɟɫɤɨɟ ɛɥɨɤɢɪɨɜɚɧɢɟ ɧɚ ɷɬɚɩɟ ɬɪɚɧɫɮɨɪɦɚɰɢɢ ɫɭɛɞɭɤɰɢɨɧɧɨɣ ɩɥɢɬɵ. 

Ⱦɢɫɤɭɫɫɢɹ ɢ ɨɫɧɨɜɧɵɟ ɜɵɜɨɞɵ. 

Ɂɚɤɥɸɱɟɧɢɟ 

Ɋɢɫɭɧɤɢ 

Ʌɢɬɟɪɚɬɭɪɚ 
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ɉɪɟɞɢɫɥɨɜɢɟ 

 

Ɋɚɛɨɬɚ ɩɨɫɜɹɳɟɧɚ ɩɪɨɛɥɟɦɚɦ ɜɡɚɢɦɨɫɜɹɡɢ ɦɚɝɦɚɬɢɡɦɚ ɢ ɦɟɬɚɥɥɨɝɟɧɢɢ 
ɧɚ ɮɨɧɟ ɝɟɨɞɢɧɚɦɢɱɟɫɤɨɝɨ ɪɚɡɜɢɬɢɹ ɚɤɬɢɜɧɨɣ ɨɤɪɚɢɧɵ ȿɜɪɚɡɢɢ ɜ ɩɪɨɰɟɫɫɟ 
ɫɭɛɞɭɤɰɢɢ ɢ ɤɨɥɥɢɡɢɢ ɨɤɟɚɧɚ Ɍɟɬɢɫ. ɇɚ ɪɚɡɧɵɯ ɷɬɚɩɚɯ ɫɭɛɞɭɤɰɢɢ ɢ ɧɚ 
ɩɨɫɬɤɨɥɥɢɡɢɨɧɧɨɣ ɫɬɚɞɢɢ ɜɭɥɤɚɧɢɡɦ ɢ ɪɭɞɨɨɛɪɚɡɨɜɚɧɢɟ ɤɨɧɬɪɨɥɢɪɭɸɬɫɹ 
ɝɟɨɞɢɧɚɦɢɤɨɣ. ȼɵɹɜɥɟɧɵ ɯɚɪɚɤɬɟɪɧɵɟ ɞɥɹ ɷɬɢɯ ɷɬɚɩɨɜ ɜɭɥɤɚɧɢɡɦ ɢ 
ɦɟɬɚɥɥɨɝɟɧɢɹ ɢ ɨɩɪɟɞɟɥɟɧɵ ɢɯ ɝɟɨɯɢɦɢɱɟɫɤɢɟ, ɜɭɥɤɚɧɨɥɨɝɢɱɟɫɤɢɟ, 
ɩɟɬɪɨɥɨɝɢɱɟɫɤɢɟ ɢ ɦɟɬɚɥɥɨɝɟɧɢɱɟɫɤɢɟ ɢɧɞɢɤɚɬɨɪɵ, ɤɨɧɬɪɨɥɢɪɭɸɳɢɟ 
ɭɱɚɫɬɢɟ, ɪɨɥɶ ɢ ɦɚɫɲɬɚɛɵ ɫɢɚɥɢɱɟɫɤɨɣ ɢ ɛɚɡɚɥɶɬɨɜɨɣ ɤɨɪɵ, ɚ ɬɚɤɠɟ ɦɚɧɬɢɢ ɜ 
ɩɪɨɰɟɫɫɟ ɝɟɨɞɢɧɚɦɢɱɟɫɤɨɝɨ ɪɚɡɜɢɬɢɹ. Ⱦɚɧɧɵɟ ɩɪɨɛɥɟɦɵ ɛɵɥɢ ɞɟɬɚɥɶɧɨ 

ɨɫɜɟɳɟɧɵ ɪɚɧɟɟ (Gugushvili, 2015; Gugushvili et al., 2016; Gugushvili, 2017; 

Gugushvili & Topchishvili, 2017), ɚ ɧɚɫɬɨɹɳɚɹ ɪɚɛɨɬɚ ɩɨɫɜɹɳɟɧɚ ɚɧɚɥɢɡɭ 

ɪɟɡɭɥɶɬɚɬɨɜ ɷɬɢɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɢ ɫɨɞɟɪɠɢɬ ɧɨɜɵɟ ɞɚɧɧɵɟ. ȼ ɨɬɞɟɥɶɧɨɣ ɝɥɚɜɟ 
ɪɚɫɫɦɚɬɪɢɜɚɸɬɫɹ ɩɪɨɰɟɫɫɵ ɝɟɨɥɨɝɢɱɟɫɤɨɝɨ ɪɚɡɜɢɬɢɹ ɢ ɫɢɧɜɭɥɤɚɧɢɱɟɫɤɨɝɨ ɢ 
ɩɨɫɬɜɭɥɤɚɧɢɱɟɫɤɨɝɨ ɛɥɨɤɢɪɨɜɚɧɢɹ ɧɚ ɩɪɢɦɟɪɟ Ȼɨɥɧɢɫɫɤɨɝɨ ɪɭɞɧɨɝɨ ɪɚɣɨɧɚ. 
ȼ ɦɟɥɭ ɝɟɨɥɨɝɢɱɟɫɤɨɟ ɪɚɡɜɢɬɢɟ ɢ ɜɭɥɤɚɧɢɱɟɫɤɚɹ ɞɟɹɬɟɥɶɧɨɫɬɶ ɩɪɨɢɫɯɨɞɢɥɢ ɜ 
ɭɫɥɨɜɢɹɯ ɦɟɥɤɨɝɨ ɦɨɪɹ ɧɚ ɠɟɫɬɤɨɦ ɩɚɥɟɨɡɨɣɫɤɨɦ ɮɭɧɞɚɦɟɧɬɟ. ȼɧɟɞɪɟɧɢɟ 
ɦɟɥɨɜɵɯ ɝɪɚɧɢɬɨɢɞɧɵɯ ɢɧɬɪɭɡɢɜɧɵɯ ɲɬɨɤɨɜ ɨɛɭɫɥɨɜɢɥɨ ɜɫɩɭɱɢɜɚɧɢɟ 

(ɬɸɦɢɫɫɟɧɫ - tumiscense) ɦɨɪɫɤɨɝɨ ɞɧɚ (ɜɨɡɞɵɦɚɧɢɟ ɛɥɨɤɨɜ) ɢ ɮɨɪɦɢɪɨɜɚɧɢɟ 
ɨɫɬɪɨɜɨɜ ɫ ɦɨɳɧɵɦɢ ɢɡɜɟɪɠɟɧɢɹɦɢ ɢɝɧɢɦɛɪɢɬɨɜ ɜ ɫɭɛɚɷɪɚɥɶɧɵɯ ɭɫɥɨɜɢɹɯ, 
ɱɬɨ ɫɩɨɫɨɛɫɬɜɨɜɚɥɨ ɛɵɫɬɪɨɦɭ ɨɩɭɫɬɨɲɟɧɢɸ ɜɟɪɯɧɟɣ ɱɚɫɬɢ ɜɭɥɤɚɧɢɱɟɫɤɢɯ 
ɨɱɚɝɨɜ ɢ ɤɚɥɶɞɟɪɨɩɪɨɫɟɞɚɧɢɸ (ɩɨɝɪɭɠɟɧɢɸ ɛɥɨɤɨɜ). ȼɫɟ ɷɬɨ ɩɪɢɜɟɥɨ ɤ 
ɫɢɧɜɭɥɤɚɧɢɱɟɫɤɨɦɭ ɩɪɨɰɟɫɫɭ ɜɨɡɞɵɦɚɧɢɹ ɢ ɩɨɝɪɭɠɟɧɢɹ ɛɥɨɤɨɜ ɜɨ ɜɪɟɦɟɧɢ ɢ 
ɩɪɨɫɬɪɚɧɫɬɜɟ. Ɍɸɦɢɫɫɟɧɫ ɩɪɟɞɲɟɫɬɜɨɜɚɥ ɤɚɥɶɞɟɪɨɩɪɨɫɟɞɚɧɢɸ. 
Ɋɭɞɨɨɛɪɚɡɨɜɚɧɢɟ ɠɟ ɩɪɟɞɲɟɫɬɜɭɟɬ ɢɡɜɟɪɠɟɧɢɸ ɢɝɧɢɦɛɪɢɬɨɜ ɢ 
ɤɚɥɶɞɟɪɨɩɪɨɫɟɞɚɧɢɸ, ɨɛɭɫɥɨɜɢɜɲɟɦɭ ɛɥɨɤɢɪɨɜɚɧɢɟ ɪɭɞɨɩɪɨɹɜɥɟɧɢɣ. ɇɚ 
ɪɭɞɨɩɪɨɹɜɥɟɧɢɹɯ ɨɪɭɞɟɧɟɧɢɟ ɩɪɟɞɫɬɚɜɥɟɧɨ ɡɨɧɚɥɶɧɨɫɬɶɸ ɫɨɛɫɬɜɟɧɧɨ 
ɫɭɥɶɮɢɞɧɵɯ ɩɨɪɮɢɪɨɜɵɯ ɢ ɷɩɢɝɟɧɟɬɢɱɟɫɤɢɯ - ɦɚɥɨɫɭɥɶɮɢɞɧɵɯ ɪɭɞ. 

Ȼɥɨɤɢɪɨɜɚɧɢɟ ɬɚɤɨɝɨ ɨɪɭɞɟɧɟɧɢɹ ɩɪɢɜɟɥɨ ɤ ɤɨɧɬɚɤɬɭ ɛɥɨɤɨɜ ɩɨɪɮɢɪɨɜɵɯ ɪɭɞ 
ɫ ɦɚɥɨɫɭɥɶɮɢɞɧɵɦɢ. ɂɡɭɱɟɧɢɟ ɜɡɚɢɦɨɨɬɧɨɲɟɧɢɹ ɨɪɭɞɟɧɟɥɵɯ ɛɥɨɤɨɜ ɛɭɞɟɬ 
ɫɩɨɫɨɛɫɬɜɨɜɚɬɶ ɩɥɚɧɢɪɨɜɚɧɢɸ ɩɨɢɫɤɨɜ ɢ ɪɚɡɜɟɞɤɢ ɜ Ȼɨɥɧɢɫɫɤɨɦ ɪɭɞɧɨɦ 
ɪɚɣɨɧɟ. ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɬɢɩ ɢ ɯɚɪɚɤɬɟɪ ɫɢɧɜɭɥɤɚɧɢɱɟɫɤɨɝɨ ɛɥɨɤɢɪɨɜɚɧɢɹ 
ɭɫɬɚɧɚɜɥɢɜɚɟɬɫɹ ɜ ɩɪɨɰɟɫɫɟ ɩɚɥɟɨɜɭɥɤɚɧɢɱɟɫɤɢɯ ɢɫɫɥɟɞɨɜɚɧɢɣ. 

ȼ Ȼɨɥɧɢɫɤɨɦ ɪɭɞɧɨɦ ɪɚɣɨɧɟ ɫɢɧɜɭɥɤɚɧɢɱɟɫɤɨɟ ɛɥɨɤɢɪɨɜɚɧɢɟ ɫɜɹɡɚɧɨ ɫ 
ɷɬɚɩɚɦɢ ɫɬɚɛɢɥɶɧɨɣ ɫɭɛɞɭɤɰɢɢ, ɫ ɧɚɱɚɥɶɧɵɦ ɷɬɚɩɨɦ ɞɟɮɨɪɦɚɰɢɢ 
ɫɭɛɞɭɰɢɪɭɟɦɨɣ ɩɥɢɬɵ ɢ ɜɧɟɞɪɟɧɢɟɦ ɦɚɧɬɢɣɧɨɝɨ ɞɢɚɩɢɪɚ. ɋɨ ɫɬɚɛɢɥɶɧɨɣ 
ɫɭɛɞɭɤɰɢɟɣ ɫɜɹɡɚɧɚ ɨɫɬɪɨɜɨɞɭɠɧɚɹ ɫɢɬɭɚɰɢɹ ɫ ɢɡɜɟɫɬɤɨɜɨ-ɳɟɥɨɱɧɵɦ 
ɜɭɥɤɚɧɢɡɦɨɦ, ɚ ɫ ɞɟɮɨɪɦɚɰɢɟɣ ɫɭɛɞɭɰɢɪɭɟɦɨɣ ɩɥɢɬɵ - ɧɚɱɚɥɶɧɚɹ ɫɬɚɞɢɹ 
ɪɢɮɬɢɧɝɚ ɢ ɫɭɛɳɟɥɨɱɧɚɹ ɜɭɥɤɚɧɢɱɟɫɤɚɹ ɞɟɹɬɟɥɶɧɨɫɬɶ. Ɂɞɟɫɶ ɨɫɬɪɨɜɨɞɭɠɧɚɹ 
ɨɛɫɬɚɧɨɜɤɚ ɢ ɢɡɜɟɫɬɤɨɜɨ-ɳɟɥɨɱɧɨɣ ɜɭɥɤɚɧɢɡɦ ɞɚɬɢɪɭɸɬɫɹ ɫɟɧɨɦɚɧ-
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ɫɚɧɬɨɧɨɦ, ɪɢɮɬɢɧɝ ɠɟ ɢ ɫɭɛɳɟɥɨɱɧɚɹ ɜɭɥɤɚɧɢɱɟɫɤɚɹ ɞɟɹɬɟɥɶɧɨɫɬɶ 
(ɬɪɚɯɢɪɢɨɞɚɰɢɬɨɜɚɹ ɢ ɲɨɲɨɧɢɬ-ɳɟɥɨɱɧɨɛɚɡɚɥɶɬɨɜɚɹ) - ɤɚɦɩɚɧɨɦ. ȼ 
ɦɚɚɫɬɪɢɯɬɟ ɜɭɥɤɚɧɢɱɟɫɤɚɹ ɞɟɹɬɟɥɶɧɨɫɬɶ ɩɪɟɤɪɚɳɚɟɬɫɹ, ɩɪɨɢɫɯɨɞɢɬ ɪɚɫɤɨɥ ɢ 
ɞɟɬɚɱɦɟɧɬ ɫɭɛɞɭɰɢɪɭɟɦɨɣ ɩɥɢɬɵ, ɩɪɨɹɜɢɜɲɢɟɫɹ ɜ ɪɟɝɢɨɧɚɥɶɧɨɦ ɪɚɡɥɨɦɟ, 
ɪɚɡɞɟɥɢɜɲɟɦ Ȼɨɥɧɢɫɫɤɢɣ ɪɭɞɧɵɣ ɪɚɣɨɧ ɧɚ ɞɜɚ ɩɨɫɬɜɭɥɤɚɧɢɱɟɫɤɢɯ 
"ɝɢɝɚɧɬɫɤɢɯ" ɛɥɨɤɚ. ɋ ɩɪɢɩɨɞɧɹɬɨɝɨ ɛɥɨɤɚ ɤɚɩɚɧɫɤɚɹ ɜɭɥɤɚɧɢɱɟɫɤɚɹ ɫɟɪɢɹ 

ɜɦɟɫɬɟ ɫ ɪɭɞɨɣ ɫɦɵɬɚ ɷɪɨɡɢɟɣ; ɨɧɚ ɫɨɯɪɚɧɢɥɚɫɶ ɜ ɩɨɝɪɭɠɟɧɧɨɦ "ɝɢɝɚɧɬɫɤɨɦ" 

ɛɥɨɤɟ ɢ ɜɞɨɥɶ ɪɚɡɥɨɦɚ ɩɪɢɦɵɤɚɟɬ ɤ ɬɭɪɨɧ-ɫɚɧɬɨɧɫɤɣ ɜɭɥɤɚɧɢɱɟɫɤɨɣ ɫɟɪɢɢ 
ɩɪɢɩɨɞɧɹɬɨɝɨ ɛɥɨɤɚ.  

 

Ɋɨɥɶ ɫɭɛɞɭɤɰɢɢ ɜ ɩɪɨɰɟɫɫɟ ɜɭɥɤɚɧɢɡɦɚ ɢ ɡɨɥɨɬɨ-ɩɨɥɢɦɟɬɚɥɥɢɱɟɫɤɨɝɨ 
ɪɭɞɨɨɛɪɚɡɨɜɚɧɢɹ ɧɚ ɩɪɢɦɟɪɟ ɮɨɪɦɢɪɨɜɚɧɢɹ ȿɜɪɚɡɢɣɫɤɨɝɨ 
ɦɟɬɚɥɥɨɝɟɧɢɱɟɫɤɨɝɨ ɩɨɹɫɚ 

 
Ɋɟɡɸɦɟ 

Ɏɨɪɦɢɪɨɜɚɧɢɟ Ɍɟɬɢɫ-ȿɜɪɚɡɢɣɫɤɨɝɨ ɦɟɬɚɥɥɨɝɟɧɢɱɟɫɤɨɝɨ ɩɨɹɫɚ ɫɜɹɡɚɧɨ ɫ ɫɭɛɞɭɤɰɢɟɣ. 
ɂɫɫɥɟɞɨɜɚɧɢɟ Ɂɚɩɚɞɧɨɝɨ ɫɟɝɦɟɧɬɚ ɩɨɹɫɚ ɜɵɹɜɢɥɨ ɡɚɜɢɫɢɦɨɫɬɶ ɨɫɨɛɟɧɧɨɫɬɟɣ 
ɪɟɝɢɨɧɚɥɶɧɨɝɨ ɦɟɬɚɦɨɪɮɢɡɦɚ, ɜɭɥɤɚɧɢɡɦɚ, ɝɢɞɪɨɬɟɪɦɚɥɶɧɵɯ ɩɪɟɨɛɪɚɡɨɜɚɧɢɣ ɢ 
ɦɟɬɚɥɥɨɝɟɧɢɢ ɨɬ ɩɪɨɰɟɫɫɨɜ ɫɭɛɞɭɤɰɢɢ ɩɥɢɬɵ ɨɤɟɚɧɚ Ɍɟɬɢɫ ɩɨɞ ȿɜɪɚɡɢɣɫɤɭɸ 
ɤɨɧɬɢɧɟɧɬɚɥɶɧɭɸ ɨɤɪɚɢɧɭ (Gugushvili, 2017). ɋ ɷɬɚɩɨɦ ɫɬɚɛɢɥɶɧɨɣ ɫɭɛɞɭɤɰɢɢ, 
ɩɪɨɢɫɯɨɞɢɜɲɟɣ ɛɟɡ ɬɪɚɧɫɮɨɪɦɚɰɢɢ ɫɭɛɞɭɰɢɪɭɟɦɨɣ ɩɥɢɬɵ ɢ ɜɧɟɞɪɟɧɢɹ ɦɚɧɬɢɣɧɨɝɨ 
ɞɢɚɩɢɪɚ, ɫɜɹɡɚɧɵ ɨɫɬɪɨɜɨɞɭɠɧɚɹ ɨɛɫɬɚɧɨɜɤɚ ɫ ɢɡɜɟɫɬɤɨɜɨ-ɳɟɥɨɱɧɵɦ ɛɚɡɚɥɶɬ-ɚɧɞɟɡɢɬ-

ɪɢɨɞɚɰɢɬɨɜɵɦ ɜɭɥɤɚɧɢɡɦɨɦ, ɮɨɧɨɜɚɹ ɯɥɨɪɢɬ-ɚɥɶɛɢɬɨɜɚɹ ɢ ɰɟɨɥɢɬɨɜɚɹ ɩɪɨɩɢɥɢɬɢɡɚɰɢɹ, 
ɮɨɪɦɢɪɨɜɚɧɢɟ ɩɪɟɞɪɭɞɧɵɯ ɜɬɨɪɢɱɧɵɯ ɤɜɚɪɰɢɬɨɜ, Au-Pb-Zn-Cu ɨɪɭɞɟɧɟɧɢɹ ɢ ɫɟɪɢɰɢɬ-

ɯɥɨɪɢɬ-ɤɚɪɛɨɧɚɬɧɵɣ ɦɟɬɚɫɨɦɚɬɨɡ. 
ɉɨɫɥɟɞɭɸɳɚɹ ɫɬɚɞɢɹ ɫɜɹɡɚɧɚ ɫ ɬɪɚɧɫɮɨɪɦɚɰɢɟɣ ɫɭɛɞɭɰɢɪɭɟɦɨɣ ɩɥɢɬɵ ɢ ɜɧɟɞɪɟɧɢɟɦ 

ɦɚɧɬɢɣɧɨɝɨ ɞɢɚɩɢɪɚ. Ɉɧɚ ɫɨɫɬɨɢɬ ɢɡ ɞɜɭɯ ɷɬɚɩɨɜ. ɉɟɪɜɵɣ ɢɡ ɧɢɯ − ɧɚɱɚɥɶɧɵɣ ɩɪɨɹɜɢɥɫɹ 
ɜɨ ɜɧɟɞɪɟɧɢɢ ɦɚɧɬɢɣɧɨɝɨ ɞɢɚɩɢɪɚ, ɪɢɮɬɢɧɝɟ, ɜ ɫɭɛɳɟɥɨɱɧɨɦ ɢ ɳɟɥɨɱɧɨɦ ɜɭɥɤɚɧɢɡɦɟ ɫ 
ɮɨɪɦɢɪɨɜɚɧɢɟɦ ɬɪɚɯɢɪɢɨɥɢɬɨɜɵɯ ɢ ɬɪɚɯɢɚɧɞɟɡɢɬɨɜɵɯ ɜɭɥɤɚɧɢɱɟɫɤɢɯ ɫɟɪɢɣ, ɜ ɤɜɚɪɰ-

ɤɚɥɢɲɩɚɬɨɜɨɦ ɦɟɬɚɫɨɦɚɬɨɡɟ ɫ ɦɚɥɨɫɭɥɶɮɢɞɧɵɦ ɡɨɥɨɬɵɦ ɨɪɭɞɟɧɟɧɢɟɦ. ȼɬɨɪɨɣ ɠɟ ɷɬɚɩ 
ɡɧɚɦɟɧɭɟɬɫɹ ɢɡɜɟɪɠɟɧɢɟɦ ɳɟɥɨɱɧɨɨɥɢɜɢɧɨɜɵɯ ɛɚɡɚɥɶɬɨɜ ɢ ɬɪɚɯɢɛɚɡɚɥɶɬɨɜ, ɡɨɥɨɬɨɪɭɞɧɨɣ 
ɩɨɥɢɦɟɬɚɥɥɢɱɟɫɤɨɣ ɦɢɧɟɪɚɥɢɡɚɰɢɟɣ ɫ ɫɢɧɪɭɞɧɨɣ (ɨɤɨɥɨɪɭɞɧɨɣ) ɷɩɢɞɨɬ-ɰɨɢɡɢɬɨɜɨɣ 
ɩɪɨɩɢɥɢɬɢɡɚɰɢɟɣ. ɂɧɞɢɤɚɬɨɪɨɦ ɜɬɨɪɨɝɨ ɷɬɚɩɚ ɹɜɥɹɟɬɫɹ ɡɨɥɨɬɨ-ɩɨɥɢɦɟɬɚɥɥɢɱɟɫɤɨɟ 
ɨɪɭɞɟɧɟɧɢɟ ɫ ɜɵɫɨɤɢɦ ɫɨɞɟɪɠɚɧɢɟɦ ɡɨɥɨɬɚ, ɱɬɨ ɨɛɭɫɥɨɜɥɟɧɨ ɭɱɚɫɬɢɟɦ ɫɢɚɥɢɱɟɫɤɨɣ ɤɨɪɵ 
ɜ ɩɪɨɰɟɫɫɟ ɪɢɮɬɢɧɝɚ ɢ ɜɵɫɨɤɨɣ ɬɟɦɩɟɪɚɬɭɪɨɣ ɮɥɸɢɞɨɜ, ɫɜɹɡɚɧɧɨɣ ɫ ɩɪɨɧɢɤɧɨɜɟɧɢɟɦ 
ɦɚɧɬɢɣɧɨɝɨ ɞɢɚɩɢɪɚ. 

ɋ ɭɫɢɥɟɧɢɟɦ ɪɢɮɬɢɧɝɚ ɩɪɨɢɫɯɨɞɢɥɨ ɜɧɟɞɪɟɧɢɟ ɦɚɧɬɢɣɧɨɝɨ ɞɢɚɩɢɪɚ ɧɚ ɜɵɫɨɤɢɟ 
ɭɪɨɜɧɢ, ɜɵɡɜɚɜɲɟɟ ɫɩɪɟɞɢɧɝ ɫɢɚɥɢɱɟɫɤɨɣ ɤɨɪɵ ɢɡ ɡɨɧɵ ɜɭɥɤɚɧɢɡɦɚ ɢ ɪɭɞɨɨɛɪɚɡɨɜɚɧɢɹ ɢ 
ɩɟɪɟɯɨɞ ɧɚɱɚɥɶɧɨɣ ɫɬɚɞɢɢ ɪɢɮɬɢɧɝɚ ɜ ɡɚɞɭɝɨɜɨɣ ɪɢɮɬ. ȼɭɥɤɚɧɢɡɦ ɷɬɨɣ ɫɬɚɞɢɢ 
ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɢɡɜɟɪɠɟɧɢɟɦ ɨɥɢɜɢɧɨɜɵɯ ɛɚɡɚɥɶɬɨɜ ɢ ɬɨɥɟɢɬɨɜ. ɉɨɫɥɟɧɢɟ ɹɜɥɹɸɬɫɹ 
ɜɭɥɤɚɧɨɝɟɧɧɵɦ ɢɧɞɢɤɚɬɨɪɨɦ ɷɬɨɝɨ ɷɬɚɩɚ ɜɦɟɫɬɟ ɫ ɮɨɧɨɜɨɣ ɷɩɢɞɨɬ-ɰɨɢɡɢɬɨɜɨɣ 
ɩɪɨɩɢɥɢɬɢɡɚɰɢɟɣ, ɬɨɝɞɚ ɤɚɤ ɦɟɬɚɥɥɨɝɟɧɢɱɟɫɤɢɣ ɢɧɞɢɤɚɬɨɪ ɡɞɟɫɶ ɩɪɟɞɫɬɚɜɥɟɧ ɦɟɞɧɨ-

ɰɢɧɤɨɜɨɣ ɦɢɧɟɪɚɥɢɡɚɰɢɟɣ.  
Ⱦɚɥɶɧɟɣɲɟɟ ɭɫɢɥɟɧɢɟ ɫɩɪɟɞɢɧɝɚ, ɨɛɭɫɥɨɜɥɟɧɧɨɝɨ ɜɧɟɞɪɟɧɢɟɦ ɦɚɧɬɢɣɧɨɝɨ ɞɢɚɩɢɪɚ 

ɧɚ ɫɚɦɵɣ ɜɵɫɲɢɣ ɭɪɨɜɟɧɶ ɥɢɬɨɫɮɟɪɵ, ɩɪɢɜɟɥɨ ɤ ɫɩɪɟɞɢɧɝɭ ɛɚɡɚɥɶɬɨɜɨɣ ɤɨɪɵ ɢɡ ɡɨɧɵ 
ɜɭɥɤɚɧɢɡɦɚ ɢ ɪɭɞɨɨɛɪɚɡɨɜɚɧɢɹ ɢ ɤ ɩɟɪɟɯɨɞɭ ɛɟɤɚɪɤɚ ɜ ɦɚɥɨɨɤɟɚɧɢɱɟɫɤɭɸ ɨɛɫɬɚɧɨɜɤɭ ɫ 
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ɨɮɢɨɥɢɬɨɜɵɦ ɜɭɥɤɚɧɢɡɦɨɦ ɢ ɞɭɧɢɬ-ɩɟɪɢɞɨɬɢɬɨɜɵɦ ɦɚɝɦɚɬɢɡɦɨɦ, ɹɜɥɹɸɳɢɦɫɹ 
ɩɟɬɪɨɥɨɝɢɱɟɫɤɢɦ ɢɧɞɢɤɚɬɨɪɨɦ ɨɤɟɚɧɢɱɟɫɤɨɣ ɨɛɫɬɚɧɨɜɤɢ. ɂɧɞɢɤɚɬɨɪɨɦ ɠɟ 
ɝɢɞɪɨɬɟɪɦɚɥɶɧɨɣ ɚɤɬɢɜɧɨɫɬɢ ɡɞɟɫɶ ɹɜɥɹɟɬɫɹ ɫɟɪɩɟɧɬɢɧɢɡɚɰɢɹ, ɧɚɥɨɠɟɧɧɚɹ ɧɚ ɞɭɧɢɬ-

ɩɟɪɢɞɨɬɢɬɨɜɵɟ ɦɚɝɦɚɬɢɬɵ. Ɇɟɬɚɥɥɨɝɟɧɢɱɟɫɤɢɣ ɢɧɞɢɤɚɬɨɪ ɩɪɟɞɫɬɚɜɥɟɧ ɦɟɞɶɸ. ȼ 
ɨɪɭɞɟɧɟɧɢɢ ɷɞɟɫɶ ɧɟ ɭɱɚɫɬɜɭɸɬ Au, Pb ɢ Zn, ɢɫɬɨɱɧɢɤɨɦ ɤɨɬɨɪɵɯ ɹɜɥɹɟɬɫɹ ɫɢɚɥɢɱɟɫɤɚɹ ɢ 
ɛɚɡɚɥɶɬɨɜɚɹ ɤɨɪɚ, ɜ ɪɟɷɭɥɶɬɚɬɟ ɫɩɪɟɞɢɧɝɚ ɜɵɧɟɫɟɧɧɚɹ ɢɡ ɡɨɧɵ ɜɭɥɤɚɧɢɡɦɚ ɢ 
ɪɭɞɨɨɛɪɚɡɨɜɚɧɢɹ. Ɇɚɧɬɢɹ ɡɞɟɫɶ ɟɞɢɧɫɬɜɟɧɧɵɣ ɢɫɬɨɱɧɢɤ ɦɟɞɢ. 

Ʉɥɸɱɟɜɵɟ ɫɥɨɜɚ: ɨɫɬɪɨɜɧɚɹ ɞɭɝɚ, ɛɟɤɚɪɤ, ɦɚɥɨɨɤɟɚɧɢɱɟɫɤɚɹ ɨɛɫɬɚɧɨɜɤɚ, ɡɨɥɨɬɨ-

ɦɟɞɧɨ-ɩɨɥɢɦɟɬɚɥɥɢɱɟɫɤɨɟ ɨɪɭɞɟɧɟɧɢɟ, ɜɭɥɤɚɧɨɥɨɝɢɱɟɫɤɢɣ, ɩɟɬɪɨɥɨɝɢɱɟɫɤɢɣ, 

ɦɟɬɚɥɥɨɝɟɧɢɱɟɫɤɢɣ, ɢɧɞɢɤɚɬɨɪ. 
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Ɉɫɨɛɟɧɧɨɫɬɢ ɮɨɪɦɢɪɨɜɚɧɢɹ Ɍɟɬɢɫ-ȿɜɪɚɡɢɣɫɤɨɝɨ ɦɟɬɚɥɥɨɝɟɧɢɱɟɫɤɨɝɨ 
ɩɨɹɫɚ ɨɛɭɫɥɨɜɥɟɧɨ ɫɭɛɞɭɤɰɢɟɣ ɨɤɟɚɧɢɱɟɫɤɨɣ ɩɥɢɬɵ ɨɤɟɚɧɚ Ɍɟɬɢɫ ɩɨɞ 
ȿɜɪɚɡɢɣɫɤɭɸ ɤɨɧɬɢɧɟɧɬɚɥɶɧɭɸ ɨɤɪɚɢɧɭ ɜ ɩɪɨɰɟɫɫɟ ɤɨɧɜɟɪɝɟɧɰɢɢ 
ɤɨɧɬɢɧɟɧɬɨɜ ȿɜɪɚɡɢɢ Ƚɨɧɞɜɚɧɵ ɜ ɮɚɧɟɪɨɡɨɟ.  

ɉɪɨɰɟɫɫɵ ɮɨɪɦɢɪɨɜɚɧɢɹ ɥɢɬɨɫɮɟɪɵ, ɞɢɮɮɟɪɟɧɰɢɚɰɢɹ ɫɢɚɥɢɱɟɫɤɨɣ ɢ 
ɛɚɡɚɥɶɬɨɜɨɣ ɤɨɪɵ, ɤɪɚɬɨɧɢɡɚɰɢɹ ɝɪɚɧɢɬɨɜ ɞɚɬɢɪɭɟɬɫɹ ɩɪɟɤɚɦɛɪɢɟɦ ɢ 
ɫɜɹɡɵɜɚɸɬɫɹ ɫ ɩɥɸɦɨɜɨɣ ɬɟɤɬɨɧɢɤɨɣ (Goldfarb et al., 2000; 2001; Groves et al., 

2005). ɋ ɩɨɡɞɧɟɝɨ ɩɪɨɬɟɪɨɡɨɹ ɢ ɮɚɧɟɪɨɡɨɹ ɧɚɱɚɥɨɫɶ ɫɨɜɪɟɦɟɧɧɨɟ 
ɩɥɟɣɬɬɟɤɬɨɧɢɱɟɫɤɨɟ ɪɚɡɜɢɬɢɟ. ȼ ɧɟɨɩɪɨɬɟɪɨɡɨɟ ɡɚɜɟɪɲɢɥɚɫɶ ɪɟɞɢɫɬɪɢɛɭɰɢɹ 
ɡɨɥɨɬɚ ɢ ɩɨɥɢɦɟɬɚɥɥɨɜ ɢɡ ɦɚɧɬɢɢ ɜ ɥɢɬɨɫɮɟɪɭ. Ɂɨɥɨɬɨ ɢ ɫɜɢɧɟɰ 
ɫɤɨɧɰɟɧɬɪɢɪɨɜɚɥɢɫɶ ɜ ɫɢɚɥɢɱɟɫɤɨɣ ɤɨɪɟ, ɰɢɧɤ – ɜ ɛɚɡɚɥɶɬɨɜɨɣ, ɚ ɦɟɞɶ - ɜ 
ɜɟɪɯɧɟɣ ɦɚɧɬɢɢ (Gugushvili et al., 2010; 2017; Gugushvili, 2015; 2017). 

Ɉɪɭɞɟɧɟɧɢɟ ɜ ɩɚɥɟɨɡɨɟ ɨɩɪɟɞɟɥɹɟɬɫɹ ɭɱɚɫɬɢɟɦ ɫɢɚɥɢɱɟɫɤɨɣ, ɛɚɡɚɥɶɬɨɜɨɣ 
ɤɨɪɵ, ɚ ɬɚɤɠɟ ɢ ɦɚɧɬɢɢ ɜ ɩɪɨɰɟɫɫɟ ɪɭɞɨɨɛɪɚɡɨɜɚɧɢɹ.  

ɋɭɛɞɭɤɰɢɹ ɨɤɟɚɧɚ Ɍɟɬɢɫ ɧɚɱɚɥɚɫɶ ɜ ɩɨɡɞɧɟɦ ɩɪɨɬɟɪɨɡɨɟ ɢ ɡɚɤɨɧɱɢɥɚɫɶ 

ɤɨɥɥɢɡɢɟɣ ɜ ɨɥɢɝɨɰɟɧ-ɦɢɨɰɟɧɟ. ȼ ɢɫɫɥɟɞɭɟɦɨɦ ɪɚɣɨɧɟ, ɪɚɫɩɨɥɨɠɟɧɧɨɦ ɜ 
ɰɟɧɬɪɚɥɶɧɨɣ ɢ ɡɚɩɚɞɧɨɣ ɱɚɫɬɢ Ɍɟɬɢɫ-ȿɜɪɚɡɢɣɫɤɨɝɨ ɩɨɹɫɚ, ɭɫɬɚɧɨɜɥɟɧɨ 
ɧɟɫɤɨɥɶɤɨ ɷɬɚɩɨɜ ɫɭɛɞɭɤɰɢɢ. ɗɬɢ ɷɬɚɩɵ ɤɨɧɬɪɨɥɢɪɭɸɬɫɹ ɜɭɥɤɚɧɢɡɦɨɦ, 
ɝɢɞɪɨɬɟɪɦɚɥɶɧɵɦɢ ɩɪɨɰɟɫɫɚɦɢ ɢ ɯɚɪɚɤɬɟɪɨɦ ɨɪɭɞɟɧɟɧɢɹ, ɚ ɬɚɤɠɟ 
ɩɨɞɬɜɟɪɠɞɟɧɵ ɝɟɨɯɢɦɢɱɟɫɤɢɦɢ, ɜɭɥɤɚɧɨɥɨɝɢɱɟɫɤɢɦɢ ɢ ɩɟɬɪɨɥɨɝɢɱɟɫɤɢɦɢ 
ɢɧɞɢɤɚɬɨɪɚɦɢ, ɧɚ ɤɨɬɨɪɵɯ ɨɫɧɨɜɚɧɨ ɞɚɧɧɨɟ ɢɫɫɥɟɞɨɜɚɧɢɟ. ɋɭɛɞɭɤɰɢɹ 
ɩɪɨɢɫɯɨɞɢɥɚ ɩɨɷɬɚɩɧɨ ɨɬ ɩɚɥɟɨɡɨɹ ɞɨ ɧɟɨɝɟɧɚ (Gugushvili et al., 2016). ɗɬɨ 

ɨɩɪɟɞɟɥɹɟɬɫɹ ɯɚɪɚɤɬɟɪɨɦ ɜɭɥɤɚɧɢɡɦɚ, ɝɢɞɪɨɬɟɪɦɚɥɶɧɨɝɨ ɩɪɨɰɟɫɫɚ ɢ 
ɨɪɭɞɟɧɟɧɢɹ. Ɍɚɤ, ɷɬɚɩ ɫɬɚɛɢɥɶɧɨɣ ɫɭɛɞɭɤɰɢɢ ɫɜɹɡɚɧ ɫ ɨɫɬɪɨɜɨɞɭɠɧɨɣ 
ɨɛɫɬɚɧɨɜɤɨɣ, ɢɡɜɟɫɬɤɨɜɨ-ɳɟɥɨɱɧɨɣ ɜɭɥɤɚɧɢɱɟɫɤɨɣ ɞɟɹɬɟɥɶɧɨɫɬɶɸ, ɫ ɮɨɧɨɜɨɣ 
ɰɟɨɥɢɬɨɜɨɣ ɢ ɯɥɨɪɢɬ-ɚɥɶɛɢɬɨɜɨɣ ɩɪɨɩɢɥɢɬɢɡɚɰɢɟɣ, ɫ ɡɨɥɨɬɨ-ɦɟɞɧɨ-

ɩɨɥɢɦɟɬɚɥɥɢɱɟɫɤɨɣ ɦɢɧɟɪɚɥɢɡɚɰɢɟɣ (Au, Pb, Zn, ɋu), ɢ ɫɢɧɪɭɞɧɵɦ ɫɟɪɢɰɢɬ-

ɯɥɨɪɢɬ-ɤɚɪɛɨɧɚɬɧɵɦ ɦɟɬɚɫɨɦɚɬɨɡɨɦ, ɤɨɬɨɪɨɦɭ ɩɪɟɞɲɟɫɬɜɨɜɚɥɨ ɞɨɪɭɞɧɨɟ 
ɤɢɫɥɨɬɧɨɟ ɜɵɳɟɥɚɱɢɜɚɧɢɟ ɫ ɮɨɪɦɢɪɨɜɚɧɢɟɦ ɜɬɨɪɢɱɧɵɯ ɤɜɚɪɰɢɬɨɜ 

(Gugushvili, 2015). ɇɚ ɩɨɫɥɟɞɭɸɳɟɦ ɷɬɚɩɟ ɧɚɱɢɧɚɟɬɫɹ ɬɪɚɧɫɮɨɪɦɚɰɢɹ 
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ɫɭɛɞɭɰɢɪɭɟɦɨɣ ɩɥɢɬɵ (ɡɚɝɢɛɚɧɢɟ, ɪɚɡɪɵɜ ɢ ɞɟɬɚɱɦɟɧɬ), ɫ ɤɨɬɨɪɨɣ ɫɜɹɡɚɧɨ 
ɜɧɟɞɪɟɧɢɟ ɦɚɧɬɢɣɧɨɝɨ ɞɢɚɩɢɪɚ, ɤɨɧɬɪɨɥɢɪɭɸɳɟɝɨ ɧɚɱɚɥɶɧɭɸ ɫɬɚɞɢɸ 
ɪɢɮɬɢɧɝɚ. ɇɚ ɷɬɨɦ ɷɬɚɩɟ ɧɚɱɚɥɨ ɜɭɥɤɚɧɢɡɦɚ ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɳɟɥɨɱɧɨɣ ɢ 
ɫɭɛɳɟɥɨɱɧɨɣ ɬɪɚɯɢɪɢɨɞɚɰɢɬɨɜɨ-ɲɨɲɨɧɢɬɨɜɨɣ ɜɭɥɤɚɧɢɱɟɫɤɨɣ 
ɞɟɹɬɟɥɶɧɨɫɬɶɸ ɢ ɡɚɜɟɪɲɚɟɬɫɹ ɢɡɜɟɪɠɟɧɢɹɦɢ ɳɟɥɨɱɧɵɯ ɨɥɢɜɢɧɨɜɵɯ 
ɛɚɡɚɥɶɬɨɜ ɢ ɬɪɚɯɢɛɚɡɚɥɶɬɨɜ. Ɉɪɭɞɟɧɟɧɢɟ ɷɬɨɝɨ ɷɬɚɩɚ ɩɪɟɞɫɬɚɥɟɧɨ 
ɛɟɡɫɭɥɶɮɢɞɧɨɣ ɷɩɢɝɟɧɟɬɢɱɟɫɤɨɣ ɡɨɥɨɬɨɪɭɞɧɨɣ ɦɢɧɟɪɚɥɢɡɚɰɢɟɣ ɢ ɡɨɥɨɬɨ-

ɦɟɞɧɨɩɨɪɮɢɪɨɜɵɦ ɨɪɭɞɟɧɟɧɢɟɦ. Ȼɟɡɫɭɥɶɮɢɞɧɚɹ ɦɢɧɟɪɚɥɢɡɚɰɢɹ ɫɜɹɡɚɧɚ ɫ 
ɤɚɥɢɲɩɚɬɢɡɚɰɢɟɣ. ɋɨɛɫɬɜɟɧɧɨ ɫɭɥɶɮɢɞɧɨɦɭ ɨɪɭɞɟɧɟɧɢɸ ɫ ɦɢɧɟɪɚɥɢɡɚɰɢɟɣ, 
ɫɨɞɟɪɠɚɳɟɣ Au, Pb, Zn, ɋu, ɫɨɩɭɬɫɬɜɭɟɬ ɫɧɧɪɭɞɧɚɹ ɷɩɢɞɨɬ-ɰɨɢɡɢɬɨɜɚɹ 
ɩɪɨɩɢɥɢɬɢɡɚɰɢɹ. ɇɚ ɧɚɱɚɥɶɧɨɦ ɷɬɚɩɟ ɬɪɚɧɫɮɨɪɦɚɰɢɢ ɫɭɛɞɭɰɢɪɭɟɦɨɣ ɩɥɢɬɵ 
ɡɨɥɨɬɨ-ɦɟɞɧɨ-ɩɨɥɢɦɟɬɚɥɥɢɱɟɫɤɨɟ ɨɪɭɞɟɧɟɧɢɟ ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɛɨɥɟɟ 
ɜɵɫɨɤɢɦ ɫɨɞɟɪɠɚɧɢɟɦ ɡɨɥɨɬɚ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɫɨɛɫɬɜɟɧɧɨ ɫɭɥɶɮɢɞɧɵɦ 
ɨɪɭɞɟɧɟɧɢɟɦ ɷɬɚɩɚ ɫɬɚɛɢɥɶɧɨɣ ɫɭɛɞɭɤɰɢɢ. 

ɍɫɢɥɟɧɢɟ ɬɪɚɧɫɮɨɪɦɚɰɢɢ ɫɭɛɞɭɰɢɪɭɟɦɨɣ ɩɥɢɬɵ, ɫɩɨɫɨɛɫɬɜɭɸɳɟɟ 
ɜɧɟɞɪɟɧɢɸ ɦɚɧɬɢɣɧɨɝɨ ɞɢɚɩɢɪɚ ɧɚ ɛɨɥɟɟ ɜɵɫɨɤɢɣ ɭɪɨɜɟɧɶ, ɨɛɭɫɥɨɜɢɥɨ 
ɢɧɬɟɧɫɢɜɧɵɣ ɪɢɮɬɢɧɝ, ɮɨɪɦɢɪɨɜɚɧɢɟ ɡɚɞɭɝɨɜɨɣ ɨɛɫɬɚɧɨɜɤɢ ɢ ɩɨɥɧɵɣ 
ɫɩɪɟɞɢɧɝ ɫɢɚɥɢɱɟɫɤɨɣ ɤɨɪɵ ɢɡ ɡɨɧɵ ɜɭɥɤɚɧɢɡɦɚ ɢ ɪɭɞɨɨɛɪɚɡɨɜɚɧɢɹ. 
ȼɭɥɤɚɧɢɱɟɫɤɚɹ ɞɟɹɬɟɥɶɧɨɫɬɶ ɧɚ ɞɚɧɧɨɦ ɷɬɚɩɟ ɩɪɟɞɫɬɚɜɥɟɧɚ ɨɥɢɜɢɧɨɜɵɦɢ 
ɛɚɡɚɥɶɬɚɦɢ ɢ ɬɨɥɟɢɬɚɦɢ. ɂɦɟɧɧɨ ɬɨɥɟɢɬɵ ɹɜɥɹɸɬɫɹ ɜɭɥɤɚɧɨɥɨɝɢɱɟɫɤɢɦ 
ɢɧɞɢɤɚɬɨɪɨɦ ɛɟɤɚɪɤ-ɢɧɬɟɪɚɪɤɨɜɨɝɨ ɪɢɮɬɢɧɝɚ ɷɬɨɝɨ ɷɬɚɩɚ, 
ɯɚɪɚɤɬɟɪɢɡɭɸɳɟɝɨɫɹ ɨɪɭɞɟɧɟɧɢɟɦ, ɩɪɟɞɫɬɚɜɥɟɧɧɵɦ ɦɟɞɧɨ-

ɰɢɧɤɨɜɨɤɨɥɱɟɞɚɧɧɨɣ ɦɢɧɟɪɚɥɢɡɚɰɢɟɣ ɫ ɫɨɩɭɬɫɬɜɭɸɳɟɣ ɫɢɧɪɭɞɧɨɣ 
ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɨɣ ɷɩɢɞɨɬ-ɰɨɢɡɢɬɨɜɨɣ ɩɪɨɩɢɥɢɬɢɡɚɰɢɟɣ ɩɪɢ ɭɱɚɫɬɢɢ 
ɚɤɬɢɧɨɥɢɬɚ. ɋɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɦɟɠɞɭ ɪɢɮɬɢɧɝɨɦ ɧɚɱɚɥɶɧɨɣ ɫɬɚɞɢɢ ɢ 
ɩɨɥɧɨɰɟɧɧɵɦ ɪɢɮɬɢɧɝɨɦ ɫ ɩɨɥɧɵɦ ɫɩɪɟɞɢɧɝɨɦ ɫɢɚɥɢɱɟɫɤɨɣ ɤɨɪɵ 
ɮɢɤɫɢɪɭɟɬɫɹ ɪɢɮɬɢɧɝ ɩɟɪɟɯɨɞɧɨɝɨ ɷɬɚɩɚ, ɝɞɟ ɫɢɚɥɢɱɟɫɤɚɹ ɤɨɪɚ ɟɳɟ ɧɟ 
ɩɨɥɧɨɫɬɶɸ ɜɵɧɟɫɟɧɚ ɢɡ ɡɨɧɵ ɪɭɞɨɨɛɪɚɡɨɜɚɧɢɹ ɢ ɧɚ ɛɚɡɚɥɶɬɨɜɨɣ ɤɨɪɟ 
ɩɪɢɫɭɬɫɬɜɭɸɬ ɨɫɬɚɧɰɵ (ɪɟɥɢɤɬɵ) ɫɢɚɥɢɱɟɫɤɨɣ ɤɨɪɵ, ɱɬɨ ɢ ɨɩɪɟɞɟɥɹɟɬ ɦɚɥɵɟ 
ɫɨɞɟɪɠɚɧɢɹ ɡɨɥɨɬɚ ɢ ɫɜɢɧɰɚ ɜ ɪɭɞɟ (Gugushvili, 2015). 

ɉɨɫɥɟɞɭɸɳɟɟ ɭɫɢɥɟɧɢɟ ɫɩɪɟɞɢɧɝɚ ɢ ɜɧɟɞɪɟɧɢɟ ɦɚɧɬɢɣɧɨɝɨ ɞɢɚɩɢɪɚ ɧɚ 
ɧɚɣɛɨɥɟɟ ɜɵɫɨɤɢɣ ɭɪɨɜɟɧɶ ɩɪɢɜɟɥɨ ɤ ɫɩɪɟɞɢɧɝɭ (ɜɵɧɨɫɭ) ɛɚɡɚɥɶɬɨɜɨɣ ɤɨɪɵ 
ɢɡ ɡɨɧɵ ɪɭɞɨɨɛɪɚɡɨɜɚɧɢɹ ɢ ɨɩɪɟɞɟɥɢɥɨ ɩɟɪɟɯɨɞ ɛɟɤɚɪɤɚ ɜ ɦɚɥɨɨɤɟɚɧɢɱɟɫɤɭɸ 
ɨɛɫɬɚɧɨɜɤɭ. ȼɭɥɤɚɧɢɡɦ ɜ ɞɚɧɧɨɦ ɫɥɭɱɚɟ ɡɧɚɦɟɧɭɟɬɫɹ ɦɚɧɬɢɣɧɵɦɢ 
ɨɮɢɨɥɢɬɚɦɢ, ɬɨɥɟɢɬ-ɛɚɡɚɥɶɬɨɜɵɦɢ ɥɚɜɚɦɢ ɢ ɝɚɛɛɪɨ-ɞɢɚɛɚɡɨɜɵɦɢ ɲɬɨɤɚɦɢ. 
Ɂɞɟɫɶ ɭɱɚɫɬɜɭɸɬ ɢ ɭɥɶɬɪɚɨɫɧɨɜɧɵɟ ɞɭɧɢɬ-ɩɟɪɢɞɨɬɢɬɨɜɵɟ ɲɬɨɤɢ, ɬɨɝɞɚ ɤɚɤ 
ɝɢɞɪɨɬɟɪɦɚɥɶɧɚɹ ɚɤɬɢɜɧɨɫɬɶ ɜɵɪɚɠɟɧɚ ɜ ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɨɣ 
ɩɪɨɩɢɥɢɬɢɡɚɰɢɢ ɢ ɫɟɪɩɟɧɬɢɧɢɡɚɰɢɢ. ȼɭɥɤɚɧɨɥɨɝɢɱɟɫɤɢɦ ɢ 
ɩɟɬɪɨɥɨɝɢɱɟɫɤɢɦɢ ɢɧɞɢɤɚɬɨɪɚɦɢ ɨɤɟɚɧɢɱɟɫɤɨɣ ɨɛɫɬɚɧɨɜɤɢ ɹɜɥɹɸɬɫɹ 
ɨɮɢɨɥɢɬɨɜɵɣ ɜɭɥɤɚɧɢɡɦ, ɞɭɧɢɬ-ɩɟɪɢɞɨɬɢɬɨɜɵɣ ɦɚɝɦɚɬɢɡɦ, ɚ ɤ 
ɦɟɬɚɥɥɨɝɟɧɢɱɟɫɤɢɦ ɢɧɞɢɤɚɬɨɪɚɦ ɨɬɧɨɫɢɬɫɹ ɦɟɞɶ ɜ ɦɟɞɧɨɤɨɥɱɟɞɚɧɧɨɦ 
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ɨɪɭɞɟɧɟɧɢɢ Ʉɢɩɪɫɤɨɝɨ ɬɢɩɚ. ɂɫɬɨɱɧɢɤɨɦ ɦɟɞɢ ɡɞɟɫɶ ɹɜɥɹɟɬɫɹ ɦɚɧɬɢɹ. 
ɋɨɞɟɪɠɚɧɢɟ Au, Pb ɢ Zn ɥɢɛɨ ɜɨɜɫɟ ɧɟ ɭɫɬɚɧɨɜɥɟɧɨ, ɥɢɛɨ ɮɢɤɫɢɪɭɟɬɫɹ ɥɢɲɶ 
ɧɚ ɭɪɨɜɧɟ ɫɥɟɞɨɜ. ɋɥɟɞɭɟɬ ɬɚɤɠɟ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɭɫɬɚɧɨɜɥɟɧ ɩɟɪɟɯɨɞɧɵɣ ɷɬɚɩ 
ɨɬ ɛɟɤɚɪɤɚ ɜ ɨɤɟɚɧɢɱɟɫɤɭɸ ɨɛɫɬɚɧɨɜɤɭ, ɤɨɝɞɚ ɜ ɡɨɧɟ ɨɪɭɞɟɧɟɧɢɹ ɟɳɟ 
ɭɱɚɫɬɜɭɸɬ ɪɟɥɢɤɬɵ ɛɚɡɚɥɶɬɨɜɨɣ ɤɨɪɵ (Hutchinson, 1973), ɨɛɭɫɥɨɜɢɜɲɢɟ 

ɦɚɥɨɟ ɫɨɞɟɪɠɚɧɢɟ ɰɢɧɤɚ ɜ ɦɟɞɧɨɤɨɥɱɟɞɚɧɧɨɣ ɪɭɞɟ. 
ȼɫɟ ɜɵɲɟɫɤɚɡɚɧɧɨɟ ɨɬɪɚɠɟɧɨ ɜ ɢɞɟɚɥɢɡɢɪɨɜɚɧɧɨɣ ɫɯɟɦɟ 

ɫɟɜɟɪɨɜɟɪɝɟɧɬɧɨɣ ɫɭɛɞɭɤɰɢɢ ɨɤɟɚɧɚ Ɍɟɬɢɫ (ɪɢɫ. 1), ɧɚ ɤɨɬɨɪɨɣ ɦɵ 
ɩɨɩɵɬɚɥɢɫɶ ɩɨɤɚɡɚɬɶ ɜɡɚɢɦɨɫɜɹɡɶ ɜɭɥɤɚɧɢɡɦɚ ɢ ɨɪɭɞɟɧɟɧɢɹ ɜ ɩɪɨɰɟɫɫɟ 

ɝɟɨɞɢɧɚɦɢɱɟɫɤɨɝɨ ɪɚɡɜɢɬɢɹ ɧɚ ɪɚɡɧɵɯ ɷɬɚɩɚɯ ɫɭɛɞɭɤɰɢɢ ɢ ɬɪɚɧɫɮɨɪɦɚɰɢɢ 
ɫɭɛɞɭɰɢɪɨɜɚɧɧɨɣ ɩɥɢɬɵ ɧɚ ɪɚɡɧɵɯ ɫɬɚɞɢɹɯ ɪɢɮɬɢɧɝɚ ɢ ɫɩɪɟɞɢɧɝɚ.  

Ⱦɚɥɟɟ ɦɵ ɩɨɩɵɬɚɟɦɫɹ ɩɨɤɚɡɚɬɶ ɧɚ ɤɨɧɤɪɟɬɧɵɯ ɩɪɢɦɟɪɚɯ ɮɨɪɦɢɪɨɜɚɧɢɹ 
Ɍɟɬɢɫ-ȿɜɪɚɡɢɣɫɤɨɝɨ ɦɟɬɚɥɥɨɝɟɧɢɱɟɫɤɨɝɨ ɩɨɹɫɚ ɜɡɚɢɦɨɫɜɹɡɶ ɫɭɛɞɭɤɰɢɢ ɫ 
ɜɭɥɤɚɧɢɡɦɨɦ ɢ ɪɭɞɨɨɛɪɚɡɨɜɚɧɢɟɦ.  

ȼɭɥɤɚɧɢɡɦ ɨɫɬɪɨɜɧɵɯ ɞɭɝ ɢ ɫɜɹɡɚɧɧɨɟ ɫ ɧɢɦ ɪɭɞɨɨɛɪɚɡɨɜɚɧɢɟ ɧɚɦɢ 
ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɧɚ ɩɪɢɦɟɪɟ Ɇɚɞɧɟɭɥɶɫɤɨɝɨ ɦɟɫɬɨɪɨɠɞɟɧɢɹ, 
ɩɪɟɞɫɬɚɜɥɟɧɧɨɝɨ ɡɨɥɨɬɨ-ɦɟɞɧɨ-ɩɨɥɢɦɟɬɚɥɥɢɱɟɫɤɢɦɢ ɩɨɪɮɢɪɨɜɵɦɢ ɪɭɞɚɦɢ ɢ 
ɨɪɭɞɟɧɟɧɢɟɦ ɬɢɩɚ Ʉɭɪɨɤɨ. Ɉɧɨ ɪɚɫɩɨɥɨɠɟɧɨ ɜ ɬɭɪɨɧ-ɫɚɧɬɨɧɫɤɨɣ ɢɡɜɟɫɬɤɨɜɨ-

ɳɟɥɨɱɧɨɣ ɜɭɥɤɚɧɢɱɟɫɤɨɣ ɫɟɪɢɢ (ɦɚɲɚɜɟɪɫɤɚɹ ɫɜɢɬɚ). ɇɚ ɦɟɫɬɨɪɨɠɞɟɧɢɢ 
ɨɪɭɞɟɧɟɧɢɸ ɩɪɟɞɲɟɫɬɜɨɜɚɥɨ ɤɢɫɥɨɬɧɨɟ ɜɵɳɟɥɚɱɢɜɚɧɢɟ ɫ ɮɨɪɦɢɪɨɜɚɧɢɟɦ 
ɜɬɨɪɢɱɧɵɯ ɤɜɚɪɰɢɬɨɜ. Ɉɤɨɥɨɪɭɞɧɵɣ (ɫɢɧɪɭɞɧɵɣ) ɩɪɨɰɟɫɫ ɢɡɦɟɧɟɧɢɹ 
ɩɪɟɞɫɬɚɜɥɟɧ ɫɟɪɢɰɢɬ-ɯɥɨɪɢɬ-ɤɚɪɛɨɧɚɬɧɨɣ ɚɫɫɨɰɢɚɰɢɟɣ. ɉɨɪɮɢɪɨɜɨɟ 
ɷɩɢɝɟɧɟɬɢɱɟɫɤɨɟ ɨɪɭɞɟɧɟɧɢɟ ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɡɨɧɚɥɶɧɨɫɬɶɸ. ɇɢɠɧɹɹ ɡɨɥɨɬɨ-

ɦɟɞɧɨ-ɩɨɥɢɦɟɬɚɥɥɢɱɟɫɤɚɹ ɡɨɧɚ ɩɨ ɜɨɫɫɬɚɧɢɸ ɩɟɪɟɯɨɞɢɬ ɜ ɛɟɡɫɭɥɶɮɢɞɧɨɟ 
ɡɨɥɨɬɨɟ ɨɪɭɞɟɧɟɧɢɟ, ɪɚɫɩɨɥɨɠɟɧɧɨɟ ɜ ɤɜɚɪɰ-ɛɚɪɢɬɨɜɵɯ ɠɢɥɚɯ ɢ ɲɬɨɤɜɟɪɤɚɯ. 
Ʉɚɤ ɫɨɛɫɬɜɟɧɧɨ ɫɭɥɶɮɢɞɧɨɟ, ɬɚɤ ɢ ɷɩɢɬɟɪɦɚɥɶɧɨɟ ɛɟɡɫɭɥɶɮɢɞɧɨɟ 
ɪɭɞɨɨɛɪɚɡɨɜɚɧɢɟ ɜɵɪɚɠɟɧɵ ɜ ɡɨɧɚɥɶɧɨɫɬɢ ɫɢɧɯɪɨɧɧɨɝɨ ɩɪɨɰɟɫɫɚ. 

Ɉɫɬɪɨɜɨɞɭɠɧɚɹ ɢɡɜɟɫɬɤɨɜɨ-ɳɟɥɨɱɧɚɹ ɜɭɥɤɚɧɢɱɟɫɤɚɹ ɪɢɨɞɚɰɢɬɨɜɚɹ 
ɚɤɬɢɜɧɨɫɬɶ ɫɜɹɡɚɧɚ ɫɨ ɫɬɚɛɢɥɶɧɨɣ ɫɭɛɞɭɤɰɢɟɣ, ɱɬɨ ɩɨɞɬɜɟɪɠɞɚɟɬɫɹ 
ɝɟɨɯɢɦɢɱɟɫɤɢɦɢ ɤɪɢɬɟɪɢɹɦɢ (87

Sr/
86

Sr=0,705, 
208

Pb/
204

Pb=38, ɜɵɫɨɤɢɟ 
ɫɨɞɟɪɠɚɧɢɹ Cs, Ba, Th, U ɢ Pb ɧɚ ɮɨɧɟ ɧɢɡɤɨɝɨ ɫɨɞɟɪɠɚɧɢɹ Nb ɢ Ta), ɚ ɬɚɤɠɟ 
ɦɟɬɚɥɥɨɝɟɧɢɱɟɫɤɢɦɢ ɢɧɞɢɤɚɬɨɪɚɦɢ Au, Pb, Zn ɢ Cu (Gugushvili, 2015; 2017). 

ɗɬɢ ɢɧɞɢɤɚɬɨɪɵ ɫɜɢɞɟɬɟɥɶɫɬɜɭɸɬ ɨɛ ɭɱɚɫɬɢɢ, ɪɨɥɢ ɢ ɦɚɫɲɬɚɛɚɯ 
ɫɢɚɥɢɱɟɫɤɨɣ, ɛɚɡɚɥɶɬɨɜɨɣ ɤɨɪɵ ɢ ɦɚɧɬɢɢ ɜ ɩɪɨɰɟɫɫɟ ɜɭɥɤɚɧɢɡɦɚ ɢ 
ɪɭɞɨɨɛɪɚɡɨɜɚɧɢɹ. ȼɭɥɤɚɧɢɡɦ ɢ ɪɭɞɨɨɛɪɚɡɨɜɚɧɢɟ ɡɞɟɫɶ ɫɜɹɡɚɧɵ ɫ ɩɪɨɰɟɫɫɨɦ 
ɫɭɛɞɭɤɰɢɢ ɛɟɡ ɞɟɮɨɪɦɚɰɢɢ ɫɭɛɞɭɰɢɪɭɟɦɨɣ ɩɥɢɬɵ ɢ ɜɧɟɞɪɟɧɢɹ ɦɚɧɬɢɣɧɨɝɨ 
ɞɢɚɩɢɪɚ. ɂɞɟɚɥɢɡɢɪɨɜɚɧɧɚɹ (ɫɯɟɦɚɬɢɱɟɫɤɚɹ) ɢɥɥɸɫɬɪɚɰɢɹ ɷɬɨɣ ɨɛɫɬɚɧɨɜɤɢ 
ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫ.1 (I). 
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ǸȐș. 11. ǰȌȍȈȓȐȏȐȘȖȊȈȕȕȈя șȝȍȔȈ ȊȏȈȐȔȖșȊяȏȐ ȊțȓȒȈȕȐȏȔȈ ȖȘțȌȍȕȍȕȐя ȕȈ 
ȘȈȏȕȣȝ șȚȈȌȐяȝ șțȉȌțȒȞȐȐ ȗȓȐȚȣ ȖȒȍȈȕȈ ȚȍȚȐș I - ǹȚȈȉȐȓȤȕȈя șțȉȌțȒȞȐя Ȑ ȖșȚȘȖȊȖȌțȎȕȈя ȖȉșȚȈȕȖȊȒȈ; II - ǵȈȟȈȓȤȕȈя șȚȈȌȐя 
ȚȘȈȕșȜȖȘȔȈȞȐȐ șțȉȌțȞȐȘȖȍȔȖȑ ȗȓȐȚȣ; III - ǻșȐȓȍȕȐȍ ȚȘȈȕșȜȖȘȔȈȞȐȐ Ȑ 
ȏȈȌțȋȖȊȖȑ-ȐȕȚȘȈȌțȋȖȊȖȑ ȘȐȜȚȐȕȋ; IV - ǰȕȚȍȕșȐȊȕȣȑ șȗȘȍȌȐȕȋ Ȑ 
ȔȈȓȖȖȒȍȈȕȐȟȍșȒȈя ȖȉșȚȈȕȖȊȒȈ. 1. – ȋȘȈȕȖȌȐȘȐȚȖȊȣȍ ȠȚȖȒȐ, 2. – ȐȏȊȍșȚȒȖȊȖ-ȡȍȓȖȟȕȣȍ ȊțȓȒȈȕȐȚȣ, 3. – 
ȚȘȈȝȐȘȐȖȌȈȞȐȚȖȊȣȍ ȊțȓȒȈȕȐȚȣ, 4. – ȖȓȐȊȐȕȖȊȖ-ȉȈȏȈȓȤȚȖȊȣȍ Ȑ ȚȖȓȍȐȚȖȊȣȍ 
ȊțȓȒȈȕȐȚȣ, 5. – ȖȜȐȖȓȐȚȖȊȣȍ ȊțȓȒȈȕȐȚȣ Ȑ ȌțȕȐȚ-ȗȍȘȐȌȖȚȐȚȖȊȣȍ ȐȕȚȘțȏȐȐ, 6. 
– șȐȈȓȐȟȍșȒȈя ȒȖȘȈ, 7. – ȉȈȏȈȓȤȚȖȊȈ ȒȖȘȈ, 8. – ȔȈȕȚȐȑȕȣȑ ȌȐȈȗȐȘ, 9. – Au-Pb-Zn-Cu ȖȘțȌȍȕȍȕȐȍ, 10. – ȖȘțȌȍȕȍȕȐȍ - Au-Pb-Zn-Cu ș ȊȣșȖȒȐȔ șȖȌȍȘȎȈȕȐȍȔ 
ȏȖȓȖȚȈ, 11. – Zn-Cu VHMS ȘțȌȣ, 12. – ȔȍȌȕȖ-ȒȖȓȟȍȌȈȕȕȖȍ ȖȘțȌȍȕȍȕȐȍ 
ǲȐȗȘșȒȖȋȖ ȚȐȗȈ. 
 

ɗɬɚɩ ɞɟɮɨɪɦɚɰɢɢ ɫɭɛɞɭɰɢɪɨɜɚɧɧɨɣ ɩɥɢɬɵ, ɫɜɹɡɚɧɧɵɣ ɫ ɧɚɱɚɥɶɧɵɦ 
ɷɬɚɩɨɦ ɜɧɟɞɪɟɧɢɹ ɦɚɧɬɢɣɧɨɝɨ ɞɢɚɩɢɪɚ, ɩɨɤɚɡɚɧ ɧɚ ɩɪɢɦɟɪɟ Ȼɟɤɬɚɤɚɪɫɤɨɝɨ 
ɦɟɫɬɨɪɨɠɞɟɧɢɹ Ȼɨɥɧɢɫɫɤɨɝɨ ɪɭɞɧɨɝɨ ɪɚɣɨɧɚ. Ɂɞɟɫɶ ɜɭɥɤɚɧɢɱɟɫɤɚɹ ɫɟɪɢɹ 
ɤɚɦɩɚɧɫɤɨɝɨ ɜɨɡɪɚɫɬɚ ɩɪɟɞɫɬɚɜɥɟɧɚ ɬɪɚɯɢɪɢɨɞɚɰɢɬɨɜɨɣ ɝɚɫɚɧɞɚɦɫɤɨɣ ɫɜɢɬɨɣ, 
ɤɨɬɨɪɚɹ ɩɟɪɟɤɪɵɬɚ ɳɟɥɨɱɧɵɦɢ ɨɥɢɜɢɧɨɜɵɦɢ ɛɚɡɚɥɶɬɚɦɢ ɢ ɬɪɚɯɢɛɚɡɚɥɶɬɚɦɢ 
ɲɨɪɲɨɥɟɬɫɤɨɣ ɫɜɢɬɵ. Ɍɪɚɯɢɪɢɨɞɚɰɢɬɨɜɵɟ ɜɭɥɤɚɧɢɬɵ ɤɚɥɢɲɩɚɬɢɡɢɪɨɜɚɧɵ ɢ 
ɡɚɦɟɳɟɧɵ ɤɜɚɪɰ-ɤɚɥɢɲɩɚɬɨɜɵɦɢ ɦɟɬɚɫɨɦɚɬɢɬɚɦɢ ɫ ɛɟɡɫɭɥɶɮɢɞɧɨɣ 
ɡɨɥɨɬɨɪɭɞɧɨɣ ɦɢɧɟɪɚɥɢɡɚɰɢɟɣ. Ʉɚɥɢɲɩɚɬɢɡɢɪɨɜɚɧɧɵɟ ɬɪɚɯɢɞɚɰɢɬɨɜɵɟ ɬɭɮɵ 
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ɫɟɤɭɬɫɹ ɝɚɛɛɪɨ-ɞɢɚɛɚɡɨɜɵɦɢ ɢɧɬɪɭɡɢɜɧɵɦɢ ɲɬɨɤɚɦɢ. ɋ ɩɨɫɥɟɞɧɢɦɢ ɫɜɹɡɚɧɚ 
ɡɨɥɨɬɨ-ɦɟɞɧɨ-ɩɨɥɢɦɟɬɚɥɥɢɱɟɫɤɚɹ ɦɢɧɟɪɚɥɢɡɚɰɢɹ, ɤɨɬɨɪɚɹ ɜ ɨɬɥɢɱɢɟ ɨɬ 
Ɇɚɞɧɟɭɥɶɫɤɨɝɨ ɨɪɭɞɟɧɟɧɢɹ ɷɬɨɝɨ ɬɢɩɚ ɡɧɚɱɢɬɟɥɶɧɨ ɨɛɨɝɚɳɟɧɚ ɡɨɥɨɬɨɦ. 
Ɇɚɞɧɟɭɥɶɫɤɨɟ ɡɨɥɨɬɨ-ɦɟɞɧɨ-ɩɨɥɢɦɟɬɚɥɥɢɱɟɫɤɨɟ ɨɪɭɞɟɧɟɧɢɟ, 
ɤɨɧɬɪɨɥɢɪɭɟɦɨɟ ɫɬɚɛɢɥɶɧɨɣ ɫɭɛɞɭɤɰɢɟɣ, ɫɨɞɟɪɠɢɬ ɜ ɫɪɟɞɧɟɦ 0,8ɝ/ɬ ɡɨɥɨɬɚ, 
ɬɨɝɞɚ ɤɚɤ ɜ ɪɭɞɚɯ Ȼɟɤɬɚɤɚɪɢ ɟɝɨ ɫɨɞɟɪɠɚɧɢɟ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɜ ɫɪɟɞɧɟɦ 5ɝ/ɬ, 
ɢɧɨɝɞɚ ɩɪɟɜɵɲɚɹ 20ɝ/ɬ ɢ ɞɨɫɬɢɝɚɹ 189ɝ/ɬ. Ɂɞɟɫɶ ɳɟɥɨɱɧɨɣ ɤɚɥɢɲɩɚɬɨɜɵɣ 
ɦɟɬɚɫɨɦɚɬɨɡ ɹɜɥɹɟɬɫɹ ɪɟɡɭɥɶɬɚɬɨɦ ɚɤɬɢɜɧɨɫɬɢ ɳɟɥɨɱɧɵɯ ɮɥɸɢɞɨɜ, 
ɫɜɹɡɚɧɧɵɯ ɫ ɜɧɟɞɪɟɧɢɟɦ ɦɚɧɬɢɣɧɨɝɨ ɞɢɚɩɢɪɚ. ɂɧɬɟɧɫɢɮɢɤɚɰɢɹ ɦɚɧɬɢɣɧɨɝɨ 
ɜɥɢɹɧɢɹ ɜɵɪɚɠɟɧɚ ɜ ɢɡɜɟɪɠɟɧɢɢ ɳɟɥɨɱɧɵɯ ɨɥɢɜɢɧɨɜɵɯ ɛɚɡɚɥɶɬɨɜ ɢ 
ɬɪɚɯɢɛɚɡɚɥɶɬɨɜ ɢ ɜɨ ɜɧɟɞɪɟɧɢɢ ɝɚɛɛɪɨ-ɞɢɚɛɚɡɨɜɵɯ ɲɬɨɤɨɜ ɢ ɠɢɥ. ɋ ɷɬɢɦɢ 
ɲɬɨɤɚɦɢ ɫɜɹɡɚɧɨ ɡɨɥɨɬɨ-ɦɟɞɧɨɩɨɪɮɢɪɨɜɨɟ ɨɪɭɞɟɧɟɧɢɟ ɢ ɫɢɧɪɭɞɧɚɹ 
ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɚɹ ɩɪɨɩɢɥɢɬɢɡɚɰɢɹ. Ɉɪɭɞɟɧɟɧɢɟ ɨɛɭɫɥɨɜɥɟɧɨ 

ɚɤɬɢɜɧɨɫɬɶɸ ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɵɯ ɮɥɸɢɞɨɜ, ɫɨɞɟɪɠɚɳɢɯ ɝɢɞɪɨɫɭɥɶɮɢɞɵ, ɜ 

ɪɟɡɭɥɶɬɚɬɟ ɪɚɫɩɚɞɚ ɤɨɬɨɪɵɯ ɨɛɪɚɡɭɟɬɫɹ ɡɨɥɨɬɨ-ɩɨɥɢɦɟɬɚɥɥɢɱɟɫɤɨɟ 
ɨɪɭɞɟɧɟɧɢɟ. ɗɬɢ ɩɪɨɰɟɫɫɵ ɫɜɹɡɚɧɵ ɫ ɧɚɱɚɥɶɧɨɣ ɫɬɚɞɢɟɣ ɛɟɤɚɪɤɚ, ɱɬɨ 
ɩɨɞɬɜɟɪɠɞɚɟɬɫɹ ɩɟɬɪɨɯɢɦɢɱɟɫɤɢɦɢ ɢ ɝɟɨɯɢɦɢɱɟɫɤɢɦɢ ɤɪɢɬɟɪɢɹɦɢ 
ɳɟɥɨɱɧɵɯ ɨɥɢɜɢɧɨɜɵɯ ɛɚɡɚɥɶɬɨɜ: ɜɵɫɨɤɢɦ ɫɨɞɟɪɠɚɧɢɟɦ TiO2 ɢ P2O5 

(TiO2=2.07%, P2O5=1.2%), ɚ ɬɚɤɠɟ ɤɨɪɪɟɥɹɰɢɟɣ TiO2 ɫ ɜɵɫɨɤɢɦ ɫɨɞɟɪɠɚɧɢɟɦ 
K2O ɜ ɫɪɟɞɧɢɯ ɢ ɨɫɧɨɜɧɵɯ ɩɨɪɨɞɚɯ (TiO2 =18%, K2O=3%; Nadareishvili, 1991; 

Gugushvili, 2015). Ɉɞɧɨɜɪɟɦɟɧɧɨ ɫɨɞɟɪɠɚɧɢɟ ɡɨɥɨɬɚ ɢ ɫɜɢɧɰɚ ɜ ɫɭɥɶɮɢɞɧɵɯ 
ɪɭɞɚɯ ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɨɛ ɭɱɚɫɬɢɢ ɫɢɚɥɢɱɟɫɤɨɣ ɤɨɪɵ ɜ ɩɪɨɰɟɫɫɟ 
ɪɭɞɨɨɛɪɚɡɨɜɚɧɢɹ. ɇɚ ɧɚɱɚɥɶɧɨɣ ɫɬɚɞɢɢ ɮɨɪɦɢɪɨɜɚɧɢɹ ɛɟɤɚɪɤɚ ɜɵɫɨɤɚɹ 
ɬɟɦɩɟɪɚɬɭɪɚ ɮɥɸɢɞɨɜ, ɨ ɱɟɦ ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɫɢɧɪɭɞɧɚɹ 
ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɚɹ ɩɪɨɩɢɥɢɬɢɡɚɰɢɹ (350- 400

0ɋ). ȼɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɵɟ 
ɮɥɸɢɞɵ ɫɩɨɫɨɛɫɬɜɨɜɚɥɢ ɢɧɬɟɧɫɢɜɧɨɦɭ ɜɵɳɟɥɚɱɢɜɚɧɢɸ ɡɨɥɨɬɚ ɢɡ 
ɫɢɚɥɢɱɟɫɤɨɣ ɤɨɪɵ. ȼ ɨɫɬɪɨɜɨɞɭɠɧɨɣ ɨɛɫɬɚɧɨɜɤɟ, ɫɜɹɡɚɧɧɨɣ ɫɨ ɫɬɚɛɢɥɶɧɨɣ 
ɫɭɛɞɭɤɰɢɟɣ, ɫɢɧɪɭɞɧɵɣ ɩɪɨɰɟɫɫ ɫɭɥɶɮɢɞɧɨɝɨ ɨɪɭɞɟɧɟɧɢɹ ɩɪɟɞɫɬɚɜɥɟɧ ɛɨɥɟɟ 
ɧɢɡɤɨɬɟɦɩɟɪɚɬɭɪɧɨɣ ɫɟɪɢɰɢɬ-ɯɥɨɪɢɬ-ɤɚɪɛɨɧɚɬɧɨɣ ɚɫɫɨɰɢɚɰɢɟɣ. ȼ ɨɬɥɢɱɢɟ ɨɬ 
Ɇɚɞɧɟɭɥɶɫɤɨɝɨ ɦɟɫɬɨɪɨɠɞɟɧɢɹ, ɧɚ Ȼɟɤɬɚɤɚɪɫɤɨɦ ɧɟ ɭɫɬɚɧɨɜɥɟɧɚ ɡɨɧɚɥɶɧɨɫɬɶ 
ɩɨɪɮɢɪɨɜɵɯ ɪɭɞ ɫ ɡɨɥɨɬɨɫɨɞɟɪɠɚɳɢɦ ɛɟɡɫɭɥɶɮɢɞɧɵɦ ɢ ɦɚɥɨɫɭɥɶɮɢɞɧɵɦ 
ɨɪɭɞɟɧɟɧɢɟɦ. ɋɨɛɫɬɜɟɧɧɨ ɫɭɥɶɮɢɞɧɨɟ ɨɪɭɞɟɧɟɧɢɟ ɡɞɟɫɶ ɧɚɥɨɠɟɧɨ ɧɚ 
ɛɪɟɤɱɢɪɨɜɚɧɧɵɟ ɤɜɚɪɰ-ɤɚɥɢɲɩɚɬɨɜɵɟ ɦɟɬɚɫɨɦɚɬɢɬɵ. ɉɪɨɰɟɫɫ ɧɚɱɢɧɚɟɬɫɹ ɫ 
ɮɨɪɦɢɪɨɜɚɧɢɹ ɡɨɥɨɬɨɫɨɞɟɪɠɚɳɢɯ ɤɜɚɪɰ-ɤɚɥɢɲɩɚɬɨɜɵɯ ɦɟɬɚɫɨɦɚɬɢɬɨɜ ɢ 
ɡɚɜɟɪɲɚɟɬɫɹ ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɨɣ ɩɪɨɩɢɥɢɬɢɡɚɰɢɟɣ ɢ ɩɨɪɮɢɪɨɜɵɦ 
ɨɪɭɞɟɧɟɧɢɟɦ. Ʉɚɤ ɢɡɜɟɫɬɧɨ, ɬɪɚɧɫɩɨɪɬɢɪɨɜɤɚ ɡɨɥɨɬɚ ɩɪɨɢɡɜɨɞɢɬɫɹ ɳɟɥɨɱɧɨ-

ɤɚɪɛɨɧɚɬɧɵɦɢ ɪɚɫɬɜɨɪɚɦɢ ɢ ɡɨɥɨɬɨɨɬɥɨɠɟɧɢɟ ɫɜɹɡɚɧɨ ɫ ɩɪɨɰɟɫɫɨɦ 
ɤɚɥɢɲɩɚɬɢɡɚɰɢɢ, ɬɨɝɞɚ ɤɚɤ ɬɪɚɧɫɩɨɪɬɢɪɨɜɤɚ ɡɨɥɨɬɚ ɜ ɛɨɥɟɟ 
ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɵɯ ɭɫɥɨɜɢɹɯ ɩɪɨɢɫɯɨɞɢɬ ɜ ɫɥɚɛɨɤɢɫɥɵɯ 
ɝɢɞɪɨɫɭɥɶɮɢɞɧɵɯ ɪɚɫɬɜɨɪɚɯ ɢ ɨɬɥɨɠɟɧɢɟ ɡɨɥɨɬɚ ɜɦɟɫɬɟ ɫ ɩɨɥɢɦɟɬɚɥɥɚɦɢ 
ɨɛɭɫɥɨɜɥɟɧɨ ɪɚɫɩɚɞɨɦ ɷɬɢɯ ɝɢɞɪɨɫɭɥɶɮɢɞɨɜ (Merragh, Bierlein, 2008). ɇɚ 
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Ȼɟɤɬɚɤɚɪɫɤɨɦ ɦɟɫɬɨɪɨɠɞɟɧɢ ɢ ɬɟɦɩɟɪɚɬɭɪɚ ɳɟɥɨɱɧɨ-ɤɚɪɛɨɧɚɬɧɵɯ ɪɚɫɬɜɨɪɨɜ 
ɫɨɫɬɚɜɥɹɟɬ 2500ɋ, ɬɨɝɞɚ ɤɚɤ ɬɟɦɩɟɪɚɬɭɪɚ ɫɢɧɪɭɞɧɨɣ ɷɩɢɞɨɬ-ɰɨɢɡɢɬɨɜɨɣ 
ɩɪɨɩɢɥɢɬɢɡɚɰɢɢ ɨɬɜɟɱɚɟɬ 350-400

0ɋ (Gugushvili, 2015). ɋɥɟɞɭɟɬ ɩɨɞɱɟɪɤɧɭɬɶ, 
ɱɬɨ ɧɚ ɧɚɱɚɥɶɧɨɣ ɫɬɚɞɢɢ ɪɢɮɬɢɧɝɚ, ɜ ɩɪɨɰɟɫɫɟ ɮɨɪɦɢɪɨɜɚɧɢɣ Ȼɟɤɬɚɤɚɪɫɤɨɝɨ 
ɦɟɫɬɨɪɨɠɞɟɧɢɹ, ɟɳɟ ɭɱɚɫɬɜɭɟɬ ɫɢɚɥɢɱɟɫɤɚɹ ɤɨɪɚ, ɹɜɥɹɸɳɚɹɫɹ ɢɫɬɨɱɧɢɤɨɦ 
ɡɨɥɨɬɚ ɢ ɫɜɢɧɰɚ, ɜɵɳɟɥɚɱɢɜɚɧɢɟ ɤɨɬɨɪɵɯ ɫɜɹɡɚɧɨ ɫ ɜɨɡɪɚɫɬɚɧɢɟɦ 
ɬɟɦɩɟɪɚɬɭɪɵ ɪɚɫɬɜɨɪɨɜ, ɨɛɭɫɥɨɜɥɟɧɧɵɦ ɜɧɟɞɪɟɧɢɟɦ ɦɚɧɬɢɣɧɨɝɨ ɞɢɚɩɢɪɚ. 
ɂɞɟɚɥɢɡɢɪɨɜɚɧɧɚɹ ɫɯɟɦɚɬɢɱɟɫɤɚɹ ɢɥɥɸɫɬɪɚɰɢɹ ɜɭɥɤɚɧɢɡɦɚ ɢ 
ɪɭɞɨɨɛɪɚɡɨɜɚɧɢɹ ɧɚ ɧɚɱɚɥɶɧɨɣ ɫɬɚɞɢɢ ɛɟɤɚɪɤɚ ɩɨɤɚɡɚɧɚ ɧɚ ɪɢɫ. 1 (II). 

ȼɧɟɞɪɟɧɢɟ ɞɢɚɩɢɪɚ ɧɚ ɛɨɥɟɟ ɜɵɫɨɤɢɣ ɭɪɨɜɟɧɶ ɥɢɬɨɫɮɟɪɵ ɫɜɹɡɚɧɨ ɫ 
ɭɫɢɥɟɧɢɟɦ ɬɪɚɧɫɮɨɪɦɚɰɢɢ ɫɭɛɞɭɰɢɪɭɟɦɨɣ ɩɥɢɬɵ ɢ ɪɢɮɬɢɧɝɨɦ, ɜ ɪɟɡɭɥɶɬɚɬɟ 
ɱɟɝɨ ɩɪɨɫɯɨɞɢɬ ɩɨɥɧɵɣ ɫɩɪɟɞɢɧɝ ɫɢɚɥɢɱɟɫɤɨɣ ɤɨɪɵ ɢɡ ɡɨɧɵ 
ɪɭɞɨɨɛɪɚɡɨɜɚɧɢɹ. ɇɚ ɞɚɧɧɨɦ ɷɬɚɩɟ ɫɢɚɥɢɱɟɫɤɚɹ ɤɨɪɚ ɭɠɟ ɧɟ ɭɱɚɫɬɜɭɟɬ ɜ 
ɩɪɨɰɟɫɫɟ ɪɭɞɨɨɛɪɚɡɨɜɚɧɢɹ, ɢ ɨɪɭɞɟɧɟɧɢɟ ɫɨɫɬɨɢɬ ɢɡ ɦɟɞɧɨ-

ɰɢɧɤɨɜɨɤɨɥɱɟɞɚɧɧɨɣ ɪɭɞɵ, ɜ ɤɨɬɨɪɨɣ ɧɟ ɩɪɢɫɭɬɫɬɜɭɸɬ ɡɨɥɨɬɨ ɢ ɫɜɢɧɟɰ. 
ɉɪɢɦɟɪɨɦ ɷɬɨɣ ɨɛɫɬɚɧɨɜɤɢ ɦɨɠɟɬ ɫɥɭɠɢɬɶ ɏɭɞɟɫɫɤɚɹ ɝɪɭɩɩɚ ɦɟɫɬɨɪɨɠɞɟɧɢɣ 
ɉɟɪɟɞɨɜɨɝɨ ɯɪɟɛɬɚ Ȼɨɥɶɲɨɝɨ Ʉɚɜɤɚɡɚ (ɏɭɞɟɫ, ɍɪɭɩ, Ⱦɚɭɞ). Ɂɞɟɫɶ, ɤ 
ɜɟɪɯɧɟɩɚɥɟɨɡɨɣɫɤɨɣ ɬɨɥɟɢɬɨɜɨɣ ɜɭɥɤɚɧɢɱɟɫɤɨɣ ɫɟɪɢɢ ɩɪɢɭɪɨɱɟɧɨ ɦɟɞɧɨ-

ɰɢɧɤɨɜɨ-ɤɨɥɱɟɞɚɧɧɨɟ VHMS ɨɪɭɞɟɧɟɧɢɟ (Buadze, Kaviladze, 1977). 

Ɍɨɥɟɢɬɨɜɵɣ ɜɭɥɤɚɧɢɡɦ ɫɜɹɡɚɧ ɫ ɢɧɬɪɚɞɭɝɨɜɵɦ ɢɧɬɟɧɫɢɜɧɵɦ ɪɢɮɬɢɧɝɨɦ ɢ ɩɨ 
ɝɟɨɯɢɦɢɱɟɫɤɢɦ ɤɪɢɬɟɪɢɹɦ ɨɬɧɨɫɢɬɫɹ ɤ ɢɧɬɪɚɞɭɝɨɜɨɣ ɨɛɫɬɚɧɨɜɤɟ (Shavishvili, 

1993). ȼ ɪɭɞɟ ɡɞɟɫɶ ɧɟ ɩɪɢɫɭɬɫɬɜɭɸɬ ɡɨɥɨɬɨ ɢ ɫɜɢɧɟɰ, ɱɬɨ ɢɫɤɥɸɱɚɟɬ ɭɱɚɫɬɢɟ 
ɫɢɚɥɢɱɟɫɤɨɣ ɤɨɪɵ ɜ ɡɨɧɟ ɪɭɞɨɨɛɪɚɡɨɜɚɧɢɹ. ɂɫɬɨɱɧɢɤɨɦ ɰɢɧɤɚ ɡɞɟɫɶ ɹɜɥɹɟɬɫɹ 
ɛɚɡɚɥɶɬɨɜɚɹ ɤɨɪɚ, ɚ ɦɟɞɢ - ɦɚɧɬɢɣɧɵɣ ɞɢɚɩɢɪ, ɨɛɭɫɥɨɜɢɜɲɢɣ ɢɧɬɟɧɫɢɜɧɵɣ 
ɪɢɮɬɢɧɝ.  

ɂɞɟɚɥɢɡɢɪɨɜɚɧɧɚɹ ɫɯɟɦɚ ɜɧɭɬɪɢɞɭɝɨɜɨɝɨ ɪɢɮɬɢɧɝɚ ɧɚ ɩɪɢɦɟɪɟ 
ɉɟɪɟɞɨɜɨɝɨ ɯɪɟɛɬɚ Ȼɨɥɶɲɨɝɨ Ʉɚɜɤɚɡɚ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫ.1 (III). 

 

Ɋɢɫ.1.  
Ⱦɪɭɝɢɦ ɩɪɢɦɟɪɨɦ ɢɧɬɟɧɫɢɜɧɨɝɨ ɪɢɮɬɢɧɝɚ ɜ ɡɚɞɭɝɨɜɨɣ ɨɛɫɬɚɧɨɜɤɟ 

ɹɜɥɹɟɬɫɹ ɸɪɫɤɨɟ ɨɤɪɚɢɧɧɨɟ ɦɨɪɟ ɧɚ ɘɠɧɨɦ ɫɤɥɨɧɟ Ȼɨɥɶɲɨɝɨ Ʉɚɜɤɚɡɚ. Ɂɞɟɫɶ 
ɤ ɬɨɥɟɢɬɨɜɨɣ ɜɭɥɤɚɧɢɱɟɫɤɨɣ ɫɟɪɢɢ, ɪɚɫɩɨɥɨɠɟɧɧɨɣ ɜ ɤɚɪɛɨɧɚɬɧɨɦ ɮɥɢɲɟ, 
ɩɪɢɭɪɨɱɟɧɚ ɝɪɭɩɩɚ ɫɬɪɚɬɢɦɨɪɮɧɵɯ ɦɟɫɬɨɪɨɠɞɟɧɢɣ (Ɏɢɥɢɡ-ɱɚɣ, Ʉɚɰɞɚɝ, 
Ʉɢɡɢɥɞɟɪɟ, Ⱥɞɚɧɝɟ). Ɉɪɭɞɟɧɟɧɢɟ ɜ ɨɫɧɨɜɧɨɦ ɩɪɟɞɫɬɚɜɥɟɧɨ ɦɟɞɧɨ-ɰɢɧɤɨɜɨ-

ɩɢɪɨɬɢɧɨɜɨɣ ɪɭɞɨɣ. Ʌɢɲɶ ɧɚ Ɏɢɥɢɡ-ɱɚɣɫɤɨɦ ɦɟɫɬɨɪɨɠɞɟɧɢɢ ɢɡɜɟɫɬɧɚ 
ɧɟɡɧɚɱɢɬɟɥɶɧɚɹ ɦɢɧɟɪɚɥɢɡɚɰɢɹ ɫɜɢɧɰɚ ɢ ɡɨɥɨɬɚ, ɱɬɨ ɞɨɥɠɧɨ ɛɵɬɶ ɫɜɹɡɚɧɨ ɫ 
ɭɱɚɫɬɢɟɦ ɜ ɩɪɨɰɟɫɫɟ ɪɢɮɬɢɧɝɚ ɪɟɥɢɤɬɨɜ ɫɢɚɥɢɱɟɫɤɨɣ ɤɨɪɵ ɧɚ ɛɚɡɚɥɶɬɨɜɨɦ 
ɞɧɟ ɸɪɫɤɨɝɨ ɨɤɪɚɢɧɧɨɝɨ ɦɨɪɹ (Lomize, Panov, 2002). ȼ ɩɪɨɰɟɫɫɟ 
ɮɨɪɦɢɪɨɜɚɧɢɹ ɨɤɪɚɢɧɧɨɝɨ ɦɨɪɹ ɫɢɚɥɢɱɟɫɤɚɹ ɤɨɪɚ, ɜ ɨɫɧɨɜɧɨɦ, ɛɵɥɚ 
ɜɵɧɟɫɟɧɚ ɫɩɪɟɞɢɧɝɨɦ ɢɡ ɡɨɧɵ ɪɭɞɨɨɛɪɚɡɨɜɚɧɢɹ. 
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Ⱦɚɥɶɧɟɣɲɟɟ ɭɫɢɥɟɧɢɟ ɫɩɪɟɞɢɧɝɚ ɨɛɭɫɥɨɜɢɥɨ ɩɟɪɟɯɨɞ ɡɚɞɭɝɨɜɨɝɨ ɪɢɮɬɚ ɜ 
ɦɚɥɨɨɤɟɚɧɢɱɟɫɤɭɸ ɨɛɫɬɚɧɨɜɤɭ, ɱɬɨ ɩɨɞɬɜɟɪɠɞɚɟɬɫɹ ɩɪɢɦɟɪɨɦ 
ɩɨɡɞɧɟɩɚɥɟɨɡɨɣɫɤɨ-ɪɚɧɧɟɸɪɫɤɨɣ ɚɫɫɨɰɢɚɰɢɢ ɨɮɢɨɥɢɬɨɜɵɯ ɜɭɥɤɚɧɢɬɨɜ 
ɤɨɦɩɥɟɤɫɚ Ʉɸɪɟ ɐɟɧɬɪɚɥɶɧɵɯ ɉɨɧɬɢɞ (Ustaomer, Robertson, 1977 ). 

Ɉɪɭɞɟɧɟɧɢɟ ɩɪɟɞɫɬɚɜɥɟɧɨ ɦɟɞɧɨɤɨɥɱɟɞɚɧɧɨɣ ɪɭɞɨɣ Ʉɢɩɪɫɤɨɝɨ ɬɢɩɚ ɛɟɡ 
ɭɱɚɫɬɢɹ ɡɨɥɨɬɚ, ɫɜɢɧɰɚ ɢ ɰɢɧɤɚ (ɦɟɫɬɨɪɨɠɞɟɧɢɹ Ⱥɲɢɤɨɣ ɢ Ȼɚɤɢɛɚɛɚ). 
Ʉɨɦɩɥɟɤɫ ɫɨɫɬɨɢɬ ɢɡ ɬɨɥɟɢɬɨɜ ɢ ɨɥɢɜɢɧɨɜɵɯ ɛɚɡɚɥɶɬɨɜ, ɪɚɫɫɟɱɟɧɧɵɯ 
ɲɬɨɤɜɟɪɤɨɦ ɞɢɚɛɚɡɨɜɵɯ ɠɢɥ. ɂɧɬɪɭɡɢɜɧɚɹ ɮɚɡɚ ɫɨɫɬɨɢɬ ɢɡ ɞɭɧɢɬ-

ɩɟɪɢɞɨɬɢɬɨɜ, ɹɜɥɹɸɳɢɯɫɹ ɩɟɬɪɨɥɨɝɢɱɟɫɤɢɦ ɢɧɞɢɤɚɬɨɪɨɦ ɨɤɟɚɧɢɱɟɫɤɨɣ 
ɨɛɫɬɚɧɨɜɤɢ. ȼɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɚɹ ɚɤɬɢɧɨɥɢɬ-ɷɩɢɞɨɬ-ɰɨɢɡɢɬɨɜɚɹ 
ɩɪɨɩɢɥɢɬɢɡɚɰɢɹ ɢ ɫɟɪɩɟɧɬɢɧɢɡɚɰɢɹ ɨɬɪɚɠɚɸɬ ɨɤɨɥɨɪɭɞɧɵɣ (ɫɢɧɪɭɞɧɵɣ) 
ɩɪɨɰɟɫɫ ɢɡɦɟɧɟɧɢɣ. ɋɟɪɩɟɧɬɢɧɢɡɚɰɢɹ ɹɜɥɹɟɬɫɹ ɢɧɞɢɤɚɬɨɪɨɦ 
ɝɢɞɪɨɬɟɪɦɚɥɶɧɨɝɨ ɩɪɨɰɟɫɫɚ ɨɤɟɚɧɢɱɟɫɤɨɣ ɨɛɫɬɚɧɨɜɤɢ.  

Ʉ ɞɪɭɝɢɦ ɩɪɢɦɟɪɚɦ ɨɤɟɚɧɢɱɟɫɤɨɣ ɨɛɫɬɚɧɨɜɤɢ ɨɬɧɨɫɢɬɫɹ ɨɮɢɨɥɢɬɨɜɚɹ 
ɫɭɬɭɪɚ, ɤɨɬɨɪɚɹ ɪɚɫɩɨɥɨɠɟɧɚ ɦɟɠɞɭ Ȼɨɪɞɟɪ Ɏɢɥɞɨɦ ɢ Ɍɚɜɪɢɞɚɦɢ (Ⱥɧɚɬɨɥɢɹ) 
ɢ ɩɪɟɞɫɬɚɜɥɹɟɬ ɜɨɫɬɨɱɧɵɣ ɮɥɚɧɝ Ɍɪɨɞɨɫɫɤɨɝɨ ɨɮɢɨɥɢɬɨɜɨɝɨ ɩɨɹɫɚ. ȼ 
ɨɬɥɢɱɢɟ ɨɬ ɦɚɥɨɝɨ ɨɤɟɚɧɢɱɟɫɤɨɝɨ ɛɚɫɫɟɣɧɚ ɤɨɦɩɥɟɤɫɚ Ʉɸɪɟ, ɫɮɨɪɦɢɪɨɜɚɧɨɝɨ 
ɜ ɪɟɡɭɥɶɬɚɬɟ ɬɪɚɧɫɮɨɪɦɚɰɢɢ ɛɟɤɚɪɤɚ ɜ ɦɚɥɭɸ ɨɤɟɚɧɢɱɟɫɤɭɸ ɨɛɫɬɚɧɨɜɤɭ, ɨɧɚ 
ɹɜɥɹɟɬɫɹ ɪɟɥɢɤɬɨɜɨɣ ɫɭɬɭɪɨɣ ɨɤɟɚɧɚ Ɍɟɬɢɫ. Ɉɮɢɨɥɢɬɵ ɡɞɟɫɶ ɩɪɟɞɫɬɚɜɥɟɧɵ 
ɝɚɪɰɛɭɪɝɢɬɚɦɢ ɢ ɞɭɧɢɬɚɦɢ, ɤɨɬɨɪɵɟ ɩɟɪɟɤɪɵɬɵ ɩɢɪɨɤɫɟɧɢɬɚɦɢ ɢ ɜɟɪɥɢɬɚɦɢ 
ɢ ɪɚɫɫɟɱɟɧɵ ɞɢɚɛɚɡɨɜɵɦ ɤɨɦɩɥɟɤɫɨɦ. Ɇɟɞɧɨɤɨɥɱɟɞɚɧɧɨɟ ɨɪɭɞɟɧɟɧɢɟ 

ɩɪɟɞɫɬɚɜɥɟɧɨ ɦɟɫɬɨɪɨɠɞɟɧɢɹɦɢ Ɇɚɞɟɧ (ȿɥɚɡɢɝ) ɢ Ɇɚɞɟɧɤɨɣ (ɋɢɢɪɬ), ɩɢɪɢɬ-

ɯɚɥɶɤɨɩɢɪɢɬɨɜɵɟ ɪɭɞɵ ɤɨɬɨɪɵɯ ɧɟ ɫɨɞɟɪɠɚɬ ɫɜɢɧɰɚ ɢ ɰɢɧɤɚ. Ɂɞɟɫɶ, ɬɚɤɠɟ 
ɤɚɤ ɢ ɜ ɤɨɦɩɥɟɤɫɟ Ʉɸɪɟ, ɟɞɢɧɫɬɜɟɧɧɵɦ ɢɫɬɨɱɧɢɤɨɦ ɪɭɞɵ ɹɜɥɹɟɬɫɹ ɦɚɧɬɢɹ, ɫ 
ɤɨɬɨɪɨɣ ɫɜɹɡɚɧɚ ɦɢɧɟɪɚɥɢɡɚɰɢɹ ɦɟɞɢ. ɋɢɧɪɭɞɧɵɣ ɩɪɨɰɟɫɫ ɩɪɟɞɫɬɚɜɥɟɧ 
ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɨɣ ɩɪɨɩɢɥɢɬɢɡɚɰɢɟɣ ɢ ɫɟɪɩɟɧɬɢɧɢɡɚɰɢɟɣ (Engin, 1994). 

ɂɞɟɚɥɢɡɢɪɨɜɚɧɧɚɹ ɫɯɟɦɚ ɦɚɥɨɨɤɟɚɧɢɱɟɫɤɨɣ ɨɛɫɬɚɧɨɜɤɢ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ 
ɩɪɢɦɟɪɟ ɦɚɥɨɨɤɟɚɧɢɱɟɫɤɨɝɨ ɤɨɦɩɥɟɤɫɚ Ʉɸɪɟ (ɪɢɫ. 1, IV)  
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2. Ɇɟɬɚɥɥɨɝɟɧɢɱɟɫɤɢɟ, ɜɭɥɤɚɧɨɥɨɝɢɱɟɫɤɢɟ ɢ ɝɟɨɯɢɦɢɱɟɫɤɢɟ 
ɢɧɞɢɤɚɬɨɪɵ ɩɪɟɤɨɥɥɢɡɢɨɧɧɨɝɨ ɢ ɩɨɫɬɤɨɥɥɢɡɢɨɧɧɨɝɨ ɪɚɡɜɢɬɢɹ 
ȿɜɪɚɡɢɣɫɤɨɣ ɤɨɧɬɢɧɟɧɬɚɥɶɧɨɣ ɨɤɪɚɢɧɵ 

 

Ɋɟɡɸɦɟ 

 

ɂɫɫɥɟɞɨɜɚɧɢɹ ȿɜɪɚɡɢɣɫɤɨɣ ɤɨɧɬɢɧɟɧɬɚɥɶɧɨɣ ɨɤɪɚɢɧɵ ɜ ɩɪɟɞɟɥɚɯ 
Ʉɚɜɤɚɡɚ, ɂɪɚɧɚ, Ɍɭɪɰɢɢ ɢ Ʉɚɪɩɚɬɨ-Ȼɚɥɤɚɧɫɤɨɝɨ ɪɟɝɢɨɧɚ ɩɨɤɚɡɚɥɢ, ɱɬɨ 
ɦɟɬɚɥɥɨɝɟɧɢɱɟɫɤɢɦɢ ɢɧɞɢɤɚɬɨɪɚɦɢ ɝɟɨɞɢɧɚɦɢɱɟɫɤɨɝɨ ɪɚɡɜɢɬɢɹ ɹɜɥɹɸɬɫɹ 
ɰɜɟɬɧɵɟ (Au, Pb, Zn ɢ Cu) ɢ ɪɟɞɤɢɟ ɦɟɬɚɥɥɵ (Sb, W, Mo, Hg). ɇɚ ɷɬɚɩɚɯ 
ɫɬɚɛɢɥɶɧɨɣ ɫɭɛɞɭɤɰɢɢ ɢ ɬɪɚɧɫɮɨɪɦɚɰɢɢ ɫɭɛɞɭɰɢɪɭɟɦɨɣ ɩɥɢɬɵ ɩɪɨɰɟɫɫ 
ɝɟɨɞɢɧɚɦɢɱɟɫɤɨɝɨ ɪɚɡɜɢɬɢɹ ɤɨɧɬɪɨɥɢɪɭɟɬɫɹ ɜɭɥɤɚɧɢɡɦɨɦ, ɩɟɬɪɨɯɢɦɢɱɟɫɤɢɦ 
ɢ ɝɟɨɯɢɦɢɱɟɫɤɢɦ ɤɪɢɬɟɪɢɹɦɢ ɢ ɦɟɬɚɥɥɨɝɟɧɢɱɟɫɤɢɦɢ ɢɧɞɢɤɚɬɨɪɚɦɢ. ɇɚ 
ɷɬɚɩɚɯ ɫɬɚɛɢɥɶɧɨɣ ɫɭɛɞɭɤɰɢɢ ɢ ɧɚɱɚɥɶɧɨɣ ɫɬɚɞɢɢ ɬɪɚɧɫɮɨɪɦɚɰɢɢ 
ɫɭɛɞɭɰɢɪɭɟɦɨɣ ɩɥɢɬɵ, ɤɨɝɞɚ ɜ ɩɪɨɰɟɫɫɟ ɨɪɭɞɟɧɟɧɢɹ ɭɱɚɫɬɜɭɸɬ ɫɢɚɥɢɱɟɫɤɚɹ, 
ɛɚɡɚɥɶɬɨɜɚɹ ɤɨɪɚ ɢ ɦɚɧɬɢɹ, ɦɟɬɚɥɥɨɝɟɧɢɱɟɫɤɢɟ ɢɧɞɢɤɚɬɨɪɵ ɩɪɟɞɫɬɚɜɥɟɧɵ Au, 

Pb, Zn ɢ Cu. ɍɫɢɥɟɧɢɟ ɪɢɮɬɢɧɝɚ ɩɪɢɜɨɞɢɬ ɤ ɫɩɪɟɞɢɧɝɭ ɫɢɚɥɢɱɟɫɤɨɣ ɤɨɪɵ ɢɡ 
ɡɨɧɵ ɪɭɞɨɨɛɪɚɡɨɜɚɧɢɹ. ɇɚ ɷɬɨɦ ɷɬɚɩɟ ɦɟɬɚɥɥɨɝɟɧɢɱɟɫɤɢɦɢ ɢɧɞɢɤɚɬɨɪɚɦɢ 
ɫɬɚɧɨɜɹɬɫɹ ɥɢɲɶ Zn ɢ Cu. Ⱦɚɥɶɧɟɣɲɟɟ ɭɫɢɥɟɧɢɟ ɫɩɪɟɞɢɧɝɚ ɩɪɨɹɜɥɹɟɬɫɹ ɜ 
ɦɚɥɨɨɤɟɚɧɢɱɟɫɤɨɣ ɨɛɫɬɚɧɨɜɤɟ. Ɂɞɟɫɶ ɢɡ ɡɨɧɵ ɨɪɭɞɟɧɟɧɢɹ ɩɨɥɧɨɫɬɶɸ 
ɜɵɧɨɫɢɬɫɹ ɬɚɤɠɟ ɛɚɡɚɥɶɬɨɜɚɹ ɤɨɪɚ, ɢ ɟɞɢɧɫɬɜɟɧɧɵɦ ɦɟɬɚɥɥɨɝɟɧɢɱɟɫɤɢɦ 
ɢɧɞɢɤɚɬɨɪɨɦ ɩɪɟɞɫɬɚɜɥɟɧɚ ɦɟɞɶ. ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɜ ɩɪɨɰɟɫɫɟ ɮɚɧɟɪɨɡɨɣɫɤɨɝɨ 
ɝɟɨɞɢɧɚɦɢɱɟɫɤɨɝɨ ɪɚɡɜɢɬɢɹ ɢɫɬɨɱɧɢɤɨɦ Au ɢ Pb ɹɜɥɹɟɬɫɹ ɫɢɚɥɢɱɟɫɤɚɹ ɤɨɪɚ, 
ɢɫɬɨɱɧɢɤɨɦ Zn − ɛɚɡɚɥɶɬɨɜɚɹ ɤɨɪɚ, ɚ ɢɫɬɨɱɧɢɤɨɦ Cu − ɦɚɧɬɢɹ. 

ɇɚ ɫɬɚɞɢɢ ɩɨɫɬɤɨɥɥɢɡɢɨɧɧɨɝɨ ɪɚɡɜɢɬɢɹ ɩɪɨɰɟɫɫ ɫɭɛɞɭɤɰɢɢ ɡɚɜɟɪɲɚɟɬɫɹ, 
ɨɞɧɚɤɨ ɜ ɩɪɨɰɟɫɫɟ ɪɭɞɨɨɛɪɚɡɨɜɚɧɢɹ ɭɱɚɫɬɜɭɸɬ ɫɢɚɥɢɱɟɫɤɚɹ ɢ ɛɚɡɚɥɶɬɨɜɚɹ 
ɤɨɪɚ ɢ ɦɚɬɟɪɢɚɥ ɚɫɬɟɧɨɫɮɟɪɵ, ɩɪɨɧɢɤɧɨɜɟɧɢɟ ɤɨɬɨɪɨɝɨ ɜ ɡɨɧɭ 
ɪɭɞɨɨɛɪɚɡɨɜɚɧɢɹ ɨɛɭɫɥɨɜɥɟɧɨ ɩɨɫɬɫɭɛɞɭɤɰɢɨɧɧɨɣ ɬɪɚɧɫɮɨɪɦɚɰɢɟɣ 
ɫɭɛɞɭɰɢɪɨɜɚɧɧɨɣ ɩɥɢɬɵ. ɉɨ ɜɨɡɧɢɤɲɢɦ ɜ ɪɟɡɭɥɶɬɚɬɟ ɫɬɪɟɫɫɚ ɪɚɡɥɨɦɚɦ 
ɝɥɭɛɢɧɧɵɟ ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɵɟ ɮɥɸɢɞɵ ɜɵɳɟɥɚɱɢɜɚɥɢ ɢɡ ɦɨɳɧɨɣ 
ɫɢɚɥɢɱɟɫɤɨɣ ɤɨɪɵ ɨɪɨɝɟɧɨɜ ɡɨɥɨɬɨ ɢ ɪɟɞɤɢɟ ɦɟɬɚɥɥɵ (Sb, W, Mo, Hg) ɫ 
ɮɨɪɦɢɪɨɜɚɧɢɟɦ ɡɨɥɨɬɨ-ɪɟɞɤɨɦɟɬɚɥɶɧɨɝɨ ɨɪɭɞɟɧɟɧɢɹ. Ⱦɚɧɧɚɹ ɚɫɫɨɰɢɚɰɢɹ 
ɪɟɞɤɢɯ ɦɟɬɚɥɥɨɜ ɧɟ ɯɚɪɚɤɬɟɪɧɚ ɞɥɹ ɩɪɟɤɨɥɥɢɡɢɨɧɧɨɝɨ ɪɚɡɜɢɬɢɹ, ɢ ɨɧɢ 
ɹɜɥɹɸɬɫɹ ɦɟɬɚɥɥɨɝɟɧɢɱɟɫɤɢɦɢ ɢ ɝɟɨɯɢɦɢɱɟɫɤɢɦɢ ɢɧɞɢɤɚɬɨɪɚɦɢ 
ɩɨɫɬɤɨɥɥɢɡɢɨɧɧɨɝɨ ɩɪɨɰɟɫɫɚ. 

 

Ʉɥɸɱɟɜɵɟ ɫɥɨɜɚ: ɦɟɬɚɥɥɨɝɟɧɢɱɟɫɤɢɣ ɢɧɞɢɤɚɬɨɪ, ɩɪɟɤɨɥɥɢɡɢɨɧɧɨɟ ɢ 
ɩɨɫɬɤɨɥɥɢɡɢɨɧɧɨɟ ɪɚɡɜɢɬɢɟ, ɪɢɮɬɢɧɝ, ɨɫɬɪɨɜɨɞɭɠɧɚɹ ɨɛɫɬɚɧɨɜɤɚ. 
 

* * * 
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ȼ ɪɟɡɭɥɶɬɚɬɟ ɪɚɛɨɬ, ɩɪɨɜɟɞɟɧɧɵɯ ɜ ɩɪɟɞɟɥɚɯ ȿɜɪɚɡɢɣɫɤɨɝɨ 
ɦɟɬɚɥɨɝɟɧɢɱɟɫɤɨɝɨ ɩɨɹɫɚ ɜ ɩɪɟɞɟɥɚɯ Ʉɚɜɤɚɡɚ, ɂɪɚɧɚ, Ɍɭɪɰɢɢ ɢ Ʉɚɪɩɚɬɨ-

Ȼɚɥɤɚɧɫɤɨɝɨ ɪɟɝɢɨɧɚ ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɤɨɦɩɥɟɤɫɵ ɡɨɥɨɬɚ ɢ ɰɜɟɬɧɵɯ ɦɟɬɚɥɥɨɜ 
(Au, Pb, Zn ɢ Cu), ɫ ɨɞɧɨɣ ɫɬɨɪɨɧɵ, ɢ ɪɟɞɤɢɯ ɦɟɬɚɥɥɨɜ (Sb, W, Mo, Hg) − ɫ 
ɞɪɭɝɨɣ, ɹɜɥɹɸɬɫɹ ɦɟɬɚɥɥɨɝɟɧɢɱɟɫɤɢɦɢ ɢɧɞɢɤɚɬɨɪɚɦɢ ɫɬɚɞɢɣ 
ɝɟɨɞɢɧɚɦɢɱɟɫɤɨɝɨ ɩɪɨɰɟɫɫɚ. 

Ɏɚɧɟɪɨɡɨɣɫɤɚɹ ɝɟɨɞɢɧɚɦɢɤɚ ɤɨɧɬɪɨɥɢɪɭɟɬɫɹ ɫɨɜɪɟɦɟɧɧɨɣ 
ɩɥɟɣɬɬɟɤɬɨɧɢɤɨɣ, ɬɨɝɞɚ ɤɚɤ ɞɨɤɟɦɛɪɢɣɫɤɚɹ ɝɟɨɞɢɧɚɦɢɤɚ, ɯɚɪɚɤɬɟɪɢɡɭɸɳɚɹɫɹ 
ɭɫɥɨɜɢɹɦɢ ɩɥɚɫɬɢɱɧɨɣ ɥɢɬɨɫɮɟɪɵ, ɜ ɩɪɨɰɟɫɫɟ ɮɨɪɦɢɪɨɜɚɧɢɹ ɸɜɟɧɢɥɶɧɨɣ 
ɤɨɧɬɢɧɟɧɬɚɥɶɧɨɣ ɤɨɪɵ ɨɛɭɫɥɨɜɥɟɧɚ ɩɥɸɦɨɜɨɣ ɬɟɤɬɨɧɢɤɨɣ ɫ ɢɫɤɥɸɱɢɬɟɥɶɧɨ 
ɜɵɫɨɤɢɦ ɬɟɩɥɨɜɵɦ ɩɨɬɨɤɨɦ. ɋ ɧɟɣ ɫɜɹɡɚɧɨ ɮɨɪɦɢɪɨɜɚɧɢɟ ɚɪɯɟɣɫɤɢɯ ɢ 
ɩɪɨɬɟɪɨɡɨɣɫɤɢɯ VHMS ɩɪɨɜɢɧɰɢɣ ɢ ɨɪɨɝɟɧɧɨɝɨ ɡɨɥɨɬɨɝɨ ɨɪɭɞɟɧɟɧɢɹ, ɚ 
ɬɚɤɠɟ ɞɢɫɬɪɢɛɭɰɢɹ ɡɨɥɨɬɚ ɢ ɩɨɥɢɦɟɬɚɥɥɨɜ ɢɡ ɦɚɧɬɢɢ ɜ ɝɪɚɧɢɬɨɢɞɧɵɟ 
ɤɪɚɬɨɧɵ (Goldfarb et al., 2000; 2001; Groves et al., 2005). ȼ ɧɟɨɩɪɨɬɟɪɨɡɨɟ 
ɡɚɜɟɪɲɢɥɚɫɶ ɪɟɞɢɫɬɪɢɛɭɰɢɹ ɰɜɟɬɧɵɯ ɦɟɬɚɥɥɨɜ Au, Pb, Zn ɢ Cu ɢɡ ɦɚɧɬɢɢ ɜ 
ɥɢɬɨɫɮɟɪɭ. Ʉɨɧɰɟɧɬɪɚɰɢɹ ɡɨɥɨɬɚ ɢ ɫɜɢɧɰɚ ɩɪɨɢɡɨɲɥɚ ɜ ɫɢɚɥɢɱɟɫɤɨɣ ɤɨɪɟ, 
ɰɢɧɤɚ - ɜ ɛɚɡɚɥɶɬɨɜɨɣ, ɚ ɦɟɞɢ, ɜ ɨɫɧɨɜɧɨɦ, ɜ ɜɟɪɯɧɟɣ ɦɚɧɬɢɢ (Gugushvili et 

al., 2010; Gugushvili, 2015; 2017; Gugushvili & Topchishvili, 2017). 

ɉɟɪɟɪɚɫɩɪɟɞɟɥɟɧɢɟ ɨɪɭɞɟɧɟɧɢɹ ɡɨɥɨɬɚ ɢ ɰɜɟɬɧɵɯ ɦɟɬɚɥɥɨɜ ɫɜɹɡɚɧɨ ɫ 
ɦɚɝɦɚɬɢɱɟɫɤɨɣ ɢ ɜɭɥɤɚɧɢɱɟɫɤɨɣ ɚɤɬɢɜɧɨɫɬɶɸ ɢ ɤɨɧɬɪɨɥɢɪɭɟɬɫɹ ɪɚɡɥɢɱɧɵɦɢ 
ɷɬɚɩɚɦɢ ɝɟɨɞɢɧɚɦɢɱɟɫɤɨɝɨ ɪɚɡɜɢɬɢɹ - ɫɬɚɛɢɥɶɧɨɣ ɫɭɛɞɭɤɰɢɟɣ ɢ 
ɬɪɚɧɫɮɨɪɦɚɰɢɟɣ ɫɭɛɞɭɰɢɪɭɟɦɨɣ ɩɥɢɬɵ ɩɪɟɤɨɥɥɢɡɢɨɧɧɨɝɨ ɢ 
ɩɨɫɬɤɨɥɥɢɡɢɨɧɧɨɝɨ ɷɬɚɩɨɜ. ɋ ɡɚɦɵɤɚɧɢɟɦ ɨɤɟɚɧɚ Ɍɟɬɢɫ ɩɪɨɰɟɫɫ ɫɭɛɞɭɤɰɢɢ 
ɡɚɜɟɪɲɚɟɬɫɹ, ɨɞɧɚɤɨ ɞɚɜɥɟɧɢɟ Ⱥɮɪɨ-Ⱥɪɚɜɢɣɫɤɨɝɨ ɤɨɧɬɢɧɟɧɬɚ ɧɚ 
ȿɜɪɚɡɢɣɫɤɭɸ ɨɤɪɚɢɧɭ ɨɛɭɫɥɨɜɥɢɜɚɟɬ ɬɪɚɧɫɮɨɪɦɚɰɢɸ ɫɭɛɞɭɰɢɪɨɜɚɧɧɨɣ 
ɩɥɢɬɵ, ɨɪɨɝɟɧɟɡɢɫ, ɞɢɡɴɸɧɤɬɢɜɧɭɸ ɬɟɤɬɨɧɢɤɭ ɢ ɩɪɨɧɢɤɧɨɜɟɧɢɟ ɦɚɬɟɪɢɚɥɚ 
ɚɫɬɟɧɨɫɮɟɪɵ ɜ ɦɨɳɧɭɸ ɨɪɨɝɟɧɧɭɸ ɤɨɪɭ (Gugushvili, 2015; 2017). 

ȼ ɪɟɡɭɥɶɬɚɬɟ ɝɟɨɥɨɝɢɱɟɫɤɨɝɨ ɢ ɝɟɨɞɢɧɚɦɢɱɟɫɤɨɝɨ ɢɫɫɥɟɞɨɜɚɧɢɹ ɪɟɝɢɨɧɚ, 
ɜɵɹɜɥɟɧ ɩɨɥɧɵɣ ɫɩɟɤɬɪ ɷɬɚɩɨɜ ɝɟɨɞɢɧɚɦɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ: ɨɫɬɪɨɜɨɞɭɠɧɵɣ, 
ɜɧɭɬɪɢɞɭɝɨɜɨɣ, ɡɚɞɭɝɨɜɨɣ ɢ ɦɚɥɨɨɤɟɚɧɢɱɟɫɤɢɣ. Ʉɚɠɞɵɣ ɢɡ ɧɢɯ 
ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɫɩɟɰɢɮɢɱɟɫɤɨɣ ɦɚɝɦɚɬɢɱɟɫɤɨɣ ɢ ɜɭɥɤɚɧɢɱɟɫɤɨɣ 
ɞɟɹɬɟɥɶɧɨɫɬɶɸ, ɝɢɞɪɨɬɟɪɦɚɥɶɧɨɣ ɚɤɬɢɜɧɨɫɬɶɸ ɢ ɦɟɬɚɥɥɨɝɟɧɢɟɣ. 

ɋ ɨɫɬɪɨɜɨɞɭɠɧɨɣ ɨɛɫɬɚɧɨɜɤɨɣ ɫɜɹɡɚɧ ɛɚɡɚɥɶɬ-ɚɧɞɟɡɢɬ-ɞɚɰɢɬ-

ɪɢɨɥɢɬɨɜɵɣ ɢɡɜɟɫɬɤɨɜɨ-ɳɟɥɨɱɧɨɣ ɜɭɥɤɚɧɢɡɦ. ɂɧɬɪɚɞɭɝɨɜɚɹ ɢ ɡɚɞɭɝɨɜɚɹ 
ɨɛɫɬɚɧɨɜɤɢ ɜɨ ɜɪɟɦɹ ɮɚɡɵ ɢɧɬɟɧɫɢɜɧɨɝɨ ɪɢɮɬɢɧɝɚ ɫɜɹɡɚɧɵ ɫ ɬɨɥɟɢɬ-

ɨɥɢɜɢɧɨɜɨ-ɛɚɡɚɥɶɬɨɜɵɦ ɜɭɥɤɚɧɢɡɦɨɦ, ɢ ɳɟɥɨɱɧɨ-ɨɥɢɜɢɧɨ-ɛɚɡɚɥɶɬɨɜɨɣ ɢ 
ɬɪɚɯɢɛɚɡɚɥɶɬɨɜɨɣ ɜɭɥɤɚɧɢɱɟɫɤɨɣ ɞɟɹɬɟɥɶɧɨɫɬɶɸ - ɧɚ ɩɟɪɟɯɨɞɧɨɦ ɷɬɚɩɟ ɢ 
ɲɨɲɨɧɢɬ-ɬɪɚɯɢɚɧɞɟɡɢɬɨɜɵɦ ɢ ɬɪɚɯɢɪɢɨɞɚɰɢɬɨɜɵɦ ɜɭɥɤɚɧɢɡɦɨɦ - ɧɚ 
ɧɚɱɚɥɶɧɨɦ ɷɬɚɩɟ ɪɢɮɬɢɧɝɚ ɢ ɧɚ ɫɬɚɞɢɢ ɟɝɨ ɡɚɬɭɯɚɧɢɹ. 

ɍɫɢɥɟɧɢɟ ɪɢɮɬɢɧɝɚ ɩɪɨɹɜɢɥɨɫɶ ɜ ɫɩɪɟɞɢɧɝɟ ɢ ɨɛɪɚɡɨɜɚɧɢɢ 
ɦɚɥɨɨɤɟɚɧɢɱɟɫɤɨɣ ɨɛɫɬɚɧɨɜɤɢ ɫ ɨɮɢɨɥɢɬɨɜɵɦ ɜɭɥɤɚɧɢɡɦɨɦ ɢ ɞɭɧɢɬ-
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ɩɟɪɢɞɨɬɢɬɨɜɵɦ ɦɚɝɦɚɬɢɡɦɨɦ, ɹɜɥɹɸɳɢɦɢɫɹ ɩɟɬɪɨɥɨɝɢɱɟɫɤɢɦɢ 
ɢɧɞɢɤɚɬɨɪɚɦɢ ɨɤɟɚɧɢɱɟɫɤɨɣ ɨɛɫɬɚɧɨɜɤɢ. ȼɫɟ ɷɬɢ ɷɬɚɩɵ ɭɫɬɚɧɨɜɥɟɧɵ ɜ 
ɢɫɫɥɟɞɭɟɦɨɦ ɪɟɝɢɨɧɟ ȿɜɪɚɡɢɣɫɤɨɣ ɚɤɬɢɜɧɨɣ ɨɤɪɚɢɧɵ.  

ɉɟɪɜɵɣ ɷɬɚɩ ɩɨɫɬɤɨɥɥɢɡɢɨɧɧɨɝɨ ɪɚɡɜɢɬɢɹ ɩɪɨɹɜɢɥɫɹ ɜ ɨɪɨɝɟɧɧɨɦ 
ɝɪɚɧɢɬɨɢɞɧɨɦ ɦɚɝɦɚɬɢɡɦɟ, ɜɬɨɪɨɣ - ɜ ɢɡɜɟɫɬɤɨɜɨ-ɳɟɥɨɱɧɨɣ ɢ ɳɟɥɨɱɧɨ-

ɛɚɡɚɥɶɬɨɜɨɣ ɢ ɬɪɚɯɢɛɚɡɚɥɶɬɨɜɨɣ ɜɭɥɤɚɧɢɱɟɫɤɨɣ ɞɟɹɬɟɥɶɧɨɫɬɢ (Gugushvili, 

2017; Dilek et al., 2010).  

ɗɬɚɩɵ ɝɟɨɞɢɧɚɦɢɱɟɫɤɨɝɨ ɪɚɡɜɢɬɢɹ ɤɨɧɬɪɨɥɢɪɭɸɬɫɹ ɪɚɡɥɢɱɧɵɦ ɭɪɨɜɧɟɦ 
ɭɱɚɫɬɢɹ ɫɢɚɥɢɱɟɫɤɨɣ, ɛɚɡɚɥɶɬɨɜɨɣ ɤɨɪɵ ɢ ɦɚɧɬɢɢ. Ɉɫɬɪɨɜɨɞɭɠɧɵɣ 

ɜɭɥɤɚɧɢɡɦ, ɤɚɤ ɢ ɜɭɥɤɚɧɢɡɦ ɧɚɱɚɥɶɧɵɯ ɫɬɚɞɢɣ ɪɢɮɬɢɧɝɚ ɢɧɬɪɚɞɭɝɨɜɨɣ ɢ 
ɡɚɞɭɝɨɜɨɣ ɨɛɫɬɚɧɨɜɨɤ ɢ ɫɬɚɞɢɣ ɟɝɨ ɡɚɬɭɯɚɧɢɹ, ɨɛɭɫɥɨɜɥɟɧ ɭɱɚɫɬɢɟɦ 

ɫɢɚɥɢɱɟɫɤɨɣ, ɛɚɡɚɥɶɬɨɜɨɣ ɤɨɪɵ ɢ ɦɚɧɬɢɢ. ɂɧɬɟɧɫɢɜɧɵɣ ɡɚɞɭɝɨɜɨɣ ɢ 
ɢɧɬɪɚɞɭɝɨɜɨɣ ɪɢɮɬɢɧɝ ɤɨɧɬɪɨɥɢɪɭɟɬɫɹ ɛɚɡɚɥɶɬɨɜɨɣ ɤɨɪɨɣ ɢ ɦɚɧɬɢɟɣ. Ⱦɥɹ 
ɧɟɝɨ ɧɟ ɯɚɪɚɤɬɟɪɧɨ ɭɱɚɫɬɢɟ ɫɢɚɥɢɱɟɫɤɨɣ ɤɨɪɵ, ɟɝɨ ɢɧɞɢɤɚɬɨɪɨɦ ɹɜɥɹɟɬɫɹ 
ɬɨɥɟɢɬɨɜɚɹ ɜɭɥɤɚɧɢɱɟɫɤɚɹ ɞɟɹɬɟɥɶɧɨɫɬɶ. Ɉɤɟɚɧɢɱɟɫɤɚɹ ɠɟ ɨɛɫɬɚɧɨɜɤɚ 
ɤɨɧɬɪɨɥɢɪɭɟɬɫɹ ɥɢɲɶ ɭɱɚɫɬɢɟɦ ɦɚɧɬɢɢ. ȼɧɟɞɪɟɧɢɟ ɦɚɧɬɢɣɨɝɨ ɞɢɚɩɢɪɚ ɧɚ 
ɜɵɫɨɤɢɟ ɭɪɨɜɧɢ ɩɪɢ ɢɧɬɟɧɫɢɜɧɨɦ ɫɩɪɟɞɢɧɝɟ ɜɵɧɨɫɢɬ ɛɚɡɚɥɶɬɨɜɭɸ ɤɨɪɭ ɢɡ 
ɡɨɧɵ ɜɭɥɤɚɧɢɡɦɚ. Ɍɨɥɶɤɨ ɥɢɲɶ ɧɚ ɧɚɱɚɥɶɧɨɣ ɫɬɚɞɢɢ ɮɨɪɦɢɪɨɜɚɧɢɹ 
ɨɤɟɚɧɢɱɟɫɤɨɣ ɨɛɫɬɚɧɨɜɤɢ ɭɫɬɚɧɨɜɥɟɧɨ ɭɱɚɫɬɢɟ ɪɟɥɢɤɬɨɜ ɛɚɡɚɥɶɬɨɜɨɣ ɤɨɪɵ 
(Hutchinson, 1973). 

ɂɫɬɨɱɧɢɤ ɡɨɥɨɬɚ ɢ ɰɜɟɬɧɵɯ ɦɟɬɚɥɥɨɜ (Au, Pb, Zn ɢ Cu) ɜ ɫɢɚɥɢɱɟɫɤɨɣ ɢ 
ɛɚɡɚɥɶɬɨɜɨɣ ɤɨɪɟ, ɚ ɬɚɤɠɟ ɜ ɦɚɧɬɢɢ, ɩɪɟɞɫɬɚɜɥɟɧ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ: 
ɫɢɚɥɢɱɟɫɤɚɹ ɤɨɪɚ ɹɜɥɹɟɬɫɹ ɢɫɬɨɱɧɢɟɨɦ Au ɢ Pb ɢ, ɤɪɨɦɟ ɬɨɝɨ, ɪɟɞɤɢɯ 
ɦɟɬɚɥɥɨɜ - Sb, W, Mo, Hg; ɢɫɬɨɱɧɢɤ Zn - ɷɬɨ ɛɚɡɚɥɶɬɨɜɚɹ ɤɨɪɚ; ɢɫɬɨɱɧɢɤ ɠɟ 
ɦɟɞɢ - ɦɚɧɬɢɹ (Gugushvili et al., 2010; Gugushvili, 2016; 2017). ȼɫɟ ɷɬɨ 
ɩɨɞɬɜɟɪɠɞɚɟɬɫɹ ɤɚɤ ɧɚ ɩɪɢɦɟɪɟ ɢɫɫɥɟɞɨɜɚɧɧɨɝɨ ɪɚɣɨɧɚ, ɬɚɤ ɢ ɧɚ ɦɚɬɟɪɢɚɥɚɯ 
ɞɪɭɝɢɯ ɪɟɝɢɨɧɨɜ ɦɢɪɚ (Mair et al., 2006; Moritz et al., 2004; 2016; Rona & 

Scott,1993; Goldfarb et al., 2001; Yakubchuk et al., 2002). 

Ɇɟɬɚɥɥɨɝɟɧɢɹ ɡɨɥɨɬɚ, ɚ ɬɚɤɠɟ ɰɜɟɬɧɵɯ ɢ ɪɟɞɤɢɯ ɦɟɬɚɥɥɨɜ ɜ ɢɡɭɱɟɧɧɨɦ 
ɪɚɣɨɧɟ ɹɜɥɹɟɬɫɹ ɢɧɞɢɤɚɬɨɪɨɦ ɝɟɨɞɢɧɚɦɢɱɟɫɤɨɝɨ ɪɚɡɜɢɬɢɹ. ɂɯ ɪɚɫɩɪɟɞɟɥɟɧɢɟ 
ɜ ɪɚɡɧɵɯ ɝɟɨɞɢɧɚɦɢɱɟɫɤɢɯ ɨɛɫɬɚɧɨɜɤɚɯ ɨɬɥɢɱɚɟɬɫɹ ɞɪɭɝ ɨɬ ɞɪɭɝɚ. ɋ 
ɨɫɬɪɨɜɧɵɦɢ ɞɭɝɚɦɢ ɫɜɹɡɚɧɵ ɡɨɥɨɬɨ-ɩɨɥɢɦɟɬɚɥɥɢɱɟɫɤɨɟ ɩɨɪɮɢɪɨɜɨɟ, ɦɚɥɨ- ɢ 
ɜɵɫɨɤɨɫɭɥɶɮɢɞɧɨɟ ɨɪɭɞɟɧɟɧɢɟ, ɤɚɤ ɢ ɨɪɭɞɟɧɟɧɢɟ ɬɢɩɚ Ʉɭɪɨɤɨ. 
Ɇɢɧɟɪɚɥɢɡɚɰɢɹ ɡɞɟɫɶ ɤɨɧɬɪɨɥɢɪɭɟɬɫɹ ɷɬɚɩɨɦ ɫɬɚɛɢɥɶɧɨɣ ɫɭɛɞɭɤɰɢɢ ɢ 
ɫɨɞɟɪɠɢɬ Au, Pb, Zn ɢ Cu. ȼ ɨɪɭɞɟɧɟɧɢɢ ɭɱɚɫɬɜɭɟɬ ɫɢɚɥɢɱɟɫɤɚɹ, ɛɚɡɚɥɶɬɨɜɚɹ 
ɤɨɪɚ ɢ ɦɚɧɬɢɹ, ɤɚɤ ɢ ɜ ɧɚɱɚɥɶɧɨɣ ɫɬɚɞɢɢ ɡɚɞɭɝɨɜɨɣ ɢ ɢɧɬɪɚɞɭɝɨɜɨɣ 
ɨɛɫɬɚɧɨɜɨɤ, ɝɞɟ ɫɢɚɥɢɱɟɫɤɚɹ ɤɨɪɚ ɩɪɢɫɭɬɫɬɜɭɟɬ ɜ ɡɨɧɟ ɪɢɮɬɢɧɝɚ. ȼɧɟɞɪɟɧɢɟ 
ɦɚɧɬɢɣɧɨɝɨ ɞɢɚɩɢɪɚ ɧɚ ɷɬɨɣ ɫɬɚɞɢɢ ɨɛɭɫɥɨɜɥɢɜɚɟɬ ɜɨɡɪɚɫɬɚɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ 
ɢ ɳɟɥɨɱɧɨɫɬɢ ɮɥɸɢɞɨɜ, ɱɬɨ ɫɩɨɫɨɛɫɬɜɨɜɚɥɨ ɢɧɬɟɧɫɢɜɧɨɦɭ ɜɵɳɟɥɚɱɢɜɚɧɢɸ 
ɡɨɥɨɬɚ ɢ ɫɜɢɧɰɚ ɢɡ ɫɢɚɥɢɱɟɫɤɨɣ ɤɨɪɵ. ɇɚ ɷɬɨɦ ɷɬɚɩɟ ɡɧɚɱɢɬɟɥɶɧɨ ɜɨɡɪɚɫɬɚɟɬ 
ɫɨɞɟɪɠɚɧɢɟ ɡɨɥɨɬɚ ɢ ɫɜɢɧɰɚ ɜ ɩɨɥɢɦɟɬɚɥɥɢɱɟɫɤɨɣ ɪɭɞɟ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ 
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ɨɪɭɞɟɧɟɧɢɟɦ ɩɪɢ ɫɬɚɛɢɥɶɧɨɣ ɫɭɛɞɭɤɰɢɢ ɜ ɨɫɬɪɨɜɧɵɯ ɞɭɝɚɯ ɫ ɚɤɬɢɜɧɨɫɬɶɸ 
ɛɨɥɟɟ ɧɢɡɤɨɬɟɦɩɟɪɚɬɭɪɧɵɯ ɪɚɫɬɜɨɪɨɜ. ɗɬɨ ɩɨɞɬɜɟɪɠɞɚɟɬɫɹ ɧɚ ɩɪɢɦɟɪɟ 
Ɇɚɞɧɟɭɥɶɫɤɨɝɨ ɪɭɞɧɨɝɨ ɭɡɥɚ, ɮɨɪɦɢɪɨɜɚɧɢɟ ɤɨɬɨɪɨɝɨ ɫɜɹɡɚɧɨ ɫɨ ɫɬɚɛɢɥɶɧɨɣ 
ɫɭɛɞɭɤɰɢɟɣ ɜ ɨɬɥɢɱɢɟ ɨɬ Ȼɟɤɬɚɤɚɪɫɤɨɝɨ ɪɭɞɧɨɝɨ ɭɡɥɚ, ɝɞɟ ɨɪɭɞɟɧɟɧɢɟ 
ɤɨɧɬɪɨɥɢɪɭɟɬɫɹ ɬɪɚɧɫɮɨɪɦɚɰɢɟɣ ɫɭɛɞɭɰɢɪɭɟɦɨɣ ɩɥɢɬɵ ɫ ɜɧɟɞɪɟɧɢɟɦ 
ɦɚɧɬɢɣɧɨɝɨ ɞɢɚɩɢɪɚ. ɋɪɟɞɧɟɟ ɫɨɞɟɪɠɚɧɢɟ ɡɨɥɨɬɚ ɜ Ɇɚɞɧɟɭɥɶɫɤɨɣ 
ɫɭɥɶɮɢɞɧɨɣ (ɩɨɥɢɦɟɬɚɥɥɢɱɟɫɤɨɣ) ɪɭɞɟ 0.8ɝ/ɬ, ɬɨɝɞɚ ɤɚɤ ɧɚ ɦɟɫɬɨɪɨɠɞɟɧɢɢ 
Ȼɟɪɬɚɤɚɪɢ ɨɧɨ ɜ ɫɪɟɞɧɟɦ ɫɨɨɬɜɟɬɫɬɜɭɟɬ 5ɝ/ɬ, ɜ ɪɹɞɟ ɫɥɭɱɚɟɜ ɞɨɫɬɢɝɚɹ 20ɝ/ɬ, ɚ 
ɢɧɨɝɞɚ ɢ 189ɝ/ɬ (Gugushvili, 2015; 2017).  

Ⱥɧɚɥɨɝɢɱɧɚɹ ɫɢɬɭɚɰɢɹ ɧɚɛɥɸɞɚɟɬɫɹ ɢ ɜ ɞɪɭɝɢɯ ɪɟɝɢɨɧɚɯ Ɍɟɬɢɫ-

ȿɜɪɚɡɢɣɫɤɨɝɨ ɦɟɬɚɥɥɨɝɟɧɢɱɟɫɤɨɝɨ ɩɨɹɫɚ. Ɍɚɤ, ɜ ɪɭɞɧɨɦ ɪɚɣɨɧɟ ɉɚɧɚɝɸɪɢɲɬɟ 
(Ȼɨɥɝɚɪɢɹ), ɝɞɟ ɜɵɫɨɤɨɫɭɥɶɮɢɞɧɨɟ ɷɩɢɬɟɪɦɚɥɶɧɨɟ ɢ ɩɨɪɮɢɪɨɜɨɟ ɨɪɭɞɟɧɟɧɢɟ 

ɤɨɧɬɪɨɥɢɪɭɟɬɫɹ ɬɪɚɧɫɮɨɪɦɚɰɢɟɣ ɫɭɛɞɭɰɢɪɨɜɚɧɧɨɣ ɩɥɢɬɵ, ɡɨɥɨɬɨɫɨɞɟɪɠɚɧɢɟ 
ɜ ɫɪɟɞɧɟɦ ɪɚɜɧɨ 2.07ɝ/ɬ (Moritz et al., 2004; von Quadt et al., 2005). ȼ ɋɟɪɛɢɢ 
ɧɚ ɡɨɥɨɬɨ-ɩɨɥɢɦɟɬɚɥɥɢɱɟɫɤɢɯ ɦɟɫɬɨɪɨɠɞɟɧɢɹɯ Ȼɨɪ ɢ Ɇɚɣɞɚɧɟɤ (Ɍɢɦɨɤɫɤɢɣ 
ɪɭɞɧɵɣ ɪɚɣɨɧ) ɨɪɭɞɟɧɟɧɢɟ ɤɨɧɬɪɨɥɢɪɭɟɬɫɹ ɫɬɚɛɢɥɶɧɨɣ ɫɭɛɞɭɤɰɢɟɣ. ȼ 
ȼɨɫɬɨɱɧɵɯ ɉɨɧɬɢɞɚɯ Ɍɭɪɰɢɢ ɫɨ ɫɬɚɛɢɥɶɧɨɣ ɫɭɛɞɭɤɰɢɟɣ ɢ ɢɡɜɟɫɬɤɨɜɨ-

ɳɟɥɨɱɧɵɦ ɜɭɥɤɚɧɢɡɦɨɦ ɫɜɹɡɚɧɵ ɡɨɥɨɬɨ-ɦɟɞɧɨ-ɩɨɥɢɦɟɬɚɥɥɢɱɟɫɤɢɟ 
ɩɨɪɮɢɪɨɜɵɟ, ɷɩɢɬɟɪɦɚɥɶɧɵɟ ɦɟɫɬɨɪɨɠɞɟɧɢɹ, ɚ ɬɚɤɠɟ VHMS ɨɪɭɞɟɧɟɧɢɟ 
ɬɢɩɚ Ʉɭɪɨɤɨ. Ɂɨɥɨɬɨɫɨɞɟɪɠɚɧɢɟ ɡɞɟɫɶ ɛɨɥɟɟ ɜɵɫɨɤɨɟ ɧɚ ɦɟɫɬɨɪɨɠɞɟɧɢɹɯ 
ɬɢɩɚ Ʉɭɪɨɤɨ - ɑɚɟɥɢ (Ɇɚɞɟɧɤɨɣ) ɢ Ʌɚɯɚɧɨɫ, ɝɞɟ ɫɨɞɟɪɠɚɳɟɟ Pb, Zn, Cu, Au ɢ 
Ag ɨɪɭɞɟɧɟɧɢɟ ɫɜɹɡɚɧɨ ɫ ɩɨɡɞɧɟɦɟɥɨɜɨɣ ɞɚɰɢɬ-ɪɢɨɥɢɬɨɜɨɣ ɜɭɥɤɚɧɢɱɟɫɤɨɣ 
ɫɟɪɢɟɣ.  

ɋ ɩɨɡɞɧɟɦɟɥɨɜɵɦ ɜɭɥɤɚɧɢɱɟɫɤɢɦ ɤɨɦɩɥɟɤɫɨɦ, ɩɪɟɞɫɬɚɜɥɟɧɧɨɦ ɜ 
Ⱥɪɬɜɢɧɫɤɨɦ ɪɟɝɢɨɧɟ Ɍɭɪɰɢɢ, ɫɜɹɡɚɧɨ ɝɢɛɪɢɞɧɨɟ ɦɟɫɬɨɪɨɠɞɟɧɢɟ ɑɟɪɚɬɟɩɟ, 
ɫɨɫɬɨɹɳɟɟ ɢɡ ɦɟɞɧɨɫɭɥɶɮɢɞɧɨɣ ɰɟɧɬɪɚɥɶɧɨɣ ɡɨɧɵ, ɫɨɞɟɪɠɚɳɟɣ ɧɚ ɮɥɚɧɝɚɯ 
ɨɪɭɞɟɧɟɧɢɟ ɫ Au, Ag, Pb, Ba (O'Brien, 1997). ȼ ɩɪɟɞɟɥɚɯ Ɇɚɥɨɝɨ Ʉɚɜɤɚɡɚ ɫɨ 
ɫɬɚɛɢɥɶɧɨɣ ɫɭɛɞɭɤɰɢɟɣ ɫɜɹɡɚɧɵ ɡɨɥɨɬɨ-ɦɟɞɧɨ-ɩɨɥɢɦɟɬɚɥɥɢɱɟɫɤɢɟ 
ɦɟɫɬɨɪɨɠɞɟɧɢɹ Ʌɨɤɫɤɨ-Ʉɚɪɚɛɚɯɫɤɨɣ ɝɪɭɩɩɵ - ɒɚɦɥɭɝ, Ⱥɥɚɜɟɪɞɢ, Ɍɟɯɭɬɢ, 

Ƚɟɞɚɛɟɤ, Ʉɚɪɚɞɚɝ ɢ ɑɚɜɞɚɪ ɫ ɩɨɪɮɢɪɨɜɵɦ, ɷɩɢɬɟɪɦɚɥɶɧɵɦ ɢ VHMS 

ɨɪɭɞɟɧɟɧɢɟɦ ɬɢɩɚ Ʉɭɪɨɤɨ ɫ ɫɨɞɟɪɠɚɳɟɟ ɡɨɥɨɬɨ ɜ ɪɭɞɟ 2.7ɝ/ɬ ɢ ɫɨɞɟɪɠɚɧɢɹɦɢ 
Pb−0.3%. Zn−0.98%, Cu−2%. 

ɂɬɚɤ, ɜ ɩɪɨɰɟɫɫɟ ɫɬɚɛɢɥɶɧɨɣ ɫɭɛɞɭɤɰɢɢ ɢ ɧɚ ɧɚɱɚɥɶɧɨɣ ɫɬɚɞɢɢ 
ɬɪɚɧɫɮɨɪɦɚɰɢɢ ɫɭɛɞɭɰɢɪɭɟɦɨɣ ɩɥɢɬɵ ɭɱɚɫɬɜɭɟɬ ɜɟɫɶ ɤɨɦɩɥɟɤɫ ɰɜɟɬɧɵɯ 
ɦɟɬɚɥɥɨɜ ɢ ɡɨɥɨɬɚ (Au, Pb, Zn ɢ Cu). ɇɚ ɫɬɚɞɢɢ ɢɧɬɟɧɫɢɜɧɨɣ ɬɪɚɧɫɮɨɪɦɚɰɢɢ 
ɫɭɛɞɭɰɢɪɨɜɚɧɧɨɣ ɩɥɢɬɵ ɛɨɥɟɟ ɢɧɬɟɧɫɢɜɧɨɟ ɜɧɟɞɪɟɧɢɟ ɦɚɧɬɢɣɧɨɝɨ ɞɢɚɩɢɪɚ 

ɨɛɭɫɥɨɜɢɥɨ ɩɨɥɧɵɣ ɫɩɪɟɞɢɧɝ ɢ ɜɵɧɨɫ ɫɢɚɥɢɱɟɫɤɨɣ ɤɨɪɵ ɜ ɩɪɨɰɟɫɫɟ 
ɪɢɮɬɢɧɝɚ, ɢ ɨɧɚ ɭɠɟ ɧɟ ɭɱɚɫɬɜɭɟɬ ɜ ɩɪɨɰɟɫɫɟ ɨɪɭɞɟɧɟɧɢɹ. ɗɬɨ ɯɨɪɨɲɨ 
ɩɨɞɬɜɟɪɠɞɚɟɬɫɹ ɧɚ ɩɪɢɦɟɪɟ ɢɧɬɪɚɞɭɝɨɜɨɝɨ ɪɢɮɬɚ ɉɟɪɟɞɨɜɨɝɨ ɯɪɟɛɬɚ 
Ȼɨɥɶɲɨɝɨ Ʉɚɜɤɚɡɚ. Ɂɞɟɫɶ ɫ ɬɨɥɟɢɬɨɜɵɦ ɜɭɥɤɚɧɢɡɦɨɦ ɫɜɹɡɚɧɨ ɦɟɞɧɨ-

ɰɢɧɤɨɜɨɤɨɥɱɟɞɚɧɧɨɟ VHMS ɪɭɞɨɨɛɪɚɡɨɜɚɧɢɟ ɛɟɡ ɭɱɚɫɬɢɹ ɫɜɢɧɰɚ ɢ ɡɨɥɨɬɚ, 
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ɩɪɢɦɟɪɨɦ ɤɨɬɨɪɨɝɨ ɹɜɥɹɟɬɫɹ ɏɭɞɟɫɫɤɚɹ ɝɪɭɩɩɚ ɦɟɫɬɨɪɨɠɞɟɧɢɣ (ɏɭɞɟɫɢ, 

Ⱦɚɭɞ, ɍɪɭɩ; Buadze, Kaviladze, 1977). ȼ ɞɚɧɧɨɦ ɫɥɭɱɚɟ ɢɫɬɨɱɧɢɤɨɦ ɰɢɧɤɚ 
ɹɜɥɹɥɚɫɶ ɛɚɡɚɥɶɬɨɜɚɹ ɤɨɪɚ, ɚ ɢɫɬɨɱɧɢɤɨɦ ɦɟɞɢ - ɜɵɡɜɚɜɲɢɣ ɪɢɮɬɢɧɝ 
ɦɚɧɬɢɣɧɵɣ ɞɢɚɩɢɪ.  

ɉɪɢɦɟɪɨɦ ɢɧɬɟɧɫɢɜɧɨɝɨ ɡɚɞɭɝɨɜɨɝɨ ɪɢɮɬɢɧɝɚ ɦɨɠɟɬ ɫɥɭɠɢɬɶ ɨɤɪɚɢɧɧɨɟ 
ɦɨɪɟ ɘɠɧɨɝɨ ɫɤɥɨɧɚ Ȼɨɥɶɲɨɝɨ Ʉɚɜɤɚɡɚ, ɫ ɤɨɬɨɪɵɦ ɫɜɹɡɚɧɨ ɪɭɞɨɨɛɪɚɡɨɜɚɧɢɟ 
ɦɟɫɬɨɪɨɠɞɟɧɢɣ Ʉɚɪɚɞɚɝ, Ⱥɞɚɧɝɟ, Ʉɢɡɢɥɞɟɪɟ, ɯɨɬɹ ɡɞɟɫɶ, ɧɚ ɦɟɫɬɨɪɨɠɞɟɧɢɢ 
Ɏɢɥɢɡ-ɑɚɣ ɜɦɟɫɬɟ ɫ ɦɟɞɶɸ ɢ ɰɢɧɤɨɦ ɭɱɚɫɬɜɭɸɬ ɜ ɩɨɞɱɢɧɟɧɧɵɯ ɤɨɥɢɱɟɫɬɜɚɯ 
ɡɨɥɨɬɨ ɢ ɫɜɢɧɟɰ, ɱɬɨ, ɩɨ-ɜɢɞɢɦɨɦɭ, ɫɜɹɡɚɧɨ ɫ ɩɪɢɫɭɬɫɬɜɢɟɦ ɪɟɥɢɤɬɨɜ 
ɫɢɚɥɢɱɟɫɤɨɣ ɤɨɪɵ ɧɚ ɛɚɡɚɥɶɬɨɜɨɦ ɞɧɟ ɨɤɪɚɢɧɧɨɝɨ ɦɨɪɹ (Gugushvili, 2015).  

ɋɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɫ ɢɧɬɟɧɫɢɜɧɵɦ ɡɚɞɭɝɨɜɵɦ ɢ ɢɧɬɪɚɞɭɝɨɜɵɦ 
ɪɢɮɬɢɧɝɨɦ ɢ ɬɨɥɟɢɬɨɜɵɦ ɜɭɥɤɚɧɢɡɦɨɦ VHMS ɦɟɞɧɨ-ɰɢɧɤɨɜɨɟ ɨɪɭɞɟɧɟɧɢɟ 
ɫɜɹɡɚɧɨ ɧɟ ɜɫɟɝɞɚ. ɉɪɢɦɟɪɨɦ ɷɬɨɝɨ ɹɜɥɹɟɬɫɹ ɫɪɟɞɧɟɷɨɰɟɧɨɜɵɣ ɪɢɮɬ Ⱥɞɠɚɪɚ-

Ɍɪɢɚɥɟɬɢɢ, ɬɨɥɟɢɬɵ ɤɨɬɨɪɨɝɨ ɫɨɞɟɪɠɚɬ 200ppm ɦɟɞɢ, ɱɬɨ ɜ 10 ɪɚɡ ɩɪɟɜɵɲɚɟɬ 
ɤɥɚɪɤɨɜɵɟ ɡɧɚɱɟɧɢɹ. ȼɟɪɨɹɬɧɨ, ɡɞɟɫɶ ɦɟɞɶ ɤɨɧɰɟɧɬɪɢɪɨɜɚɥɚɫɶ ɜ ɬɨɥɟɢɬɨɜɨɦ 
ɪɚɫɩɥɚɜɟ ɢ ɧɟ ɩɟɪɟɯɨɞɢɥɚ ɜɨ ɮɥɸɢɞɧɭɸ ɮɚɡɭ. Ⱦɪɭɝɨɣ ɩɨɞɨɛɧɵɣ ɩɪɢɦɟɪ 
ɢɡɜɟɫɬɟɧ ɜ ɪɟɝɢɨɧɟ ɘɠɧɨɝɨ ɍɪɚɥɚ, ɝɞɟ ɪɢɮɬɨɝɟɧɧɵɟ ɬɨɥɟɢɬɵ ɨɛɨɝɚɳɟɧɵ 
ɦɟɞɶɸ ɢ ɰɢɧɤɨɦ, ɧɟ ɩɟɪɟɲɟɞɲɢɦɢ ɜɨ ɮɥɸɢɞɵ ɢ ɬɚɤɠɟ ɨɬɫɭɬɫɬɜɭɟɬ VHMS 

ɦɟɞɧɨ-ɰɢɧɤɨɜɨɟ ɨɪɭɞɟɧɟɧɢɟ (Frolova, Burkova, 1977). 

Ⱦɚɥɶɧɟɣɲɚɹ ɢɧɬɟɧɫɢɮɢɤɚɰɢɹ ɫɩɪɟɞɢɧɝɚ ɢ ɜɧɟɞɪɟɧɢɟ ɦɚɧɬɢɣɧɨɝɨ 
ɞɢɚɩɢɪɚ ɧɚ ɜɵɫɨɤɢɟ ɭɪɨɜɧɢ ɨɛɭɫɥɨɜɢɥɢ ɦɚɥɨɨɤɟɚɧɢɱɟɫɤɭɸ ɨɛɫɬɚɧɨɜɤɭ. ȼ 
ɢɫɫɥɟɞɭɟɦɨɦ ɪɟɝɢɨɧɟ ɩɪɢɦɟɪɨɦ ɜɨɡɧɢɤɧɨɜɟɧɢɹ ɷɬɨɣ ɨɛɫɬɚɧɨɜɤɢ ɹɜɥɹɟɬɫɹ 
ɩɚɥɟɨɡɨɣɫɤɨ-ɪɚɧɧɟɦɟɡɨɡɨɣɫɤɢɣ ɤɨɦɩɥɟɤɫ Ʉɸɪɟ ɜ Ɍɭɪɰɢɢ. Ɏɨɪɦɢɪɨɜɚɧɢɟ 
ɷɬɨɝɨ ɤɨɦɩɥɟɤɫɚ ɫɜɹɡɚɧɨ ɫ ɩɟɪɟɯɨɞɨɦ ɡɚɞɭɝɨɜɨɣ ɨɛɫɬɚɧɨɜɤɢ ɜ 
ɦɚɥɨɨɤɟɚɧɢɱɟɫɤɭɸ, ɩɪɟɞɫɬɚɜɥɟɧɧɭɸ ɨɮɢɨɥɢɬɚɦɢ, ɛɚɡɚɥɶɬɚɦɢ ɬɢɩɚ MORB ɢ 
ɫɟɪɩɟɧɬɢɧɢɡɢɪɨɜɚɧɧɵɦɢ ɩɟɪɢɞɨɬɨɬɚɦɢ (Ustaomer, Robertson, 1993). 

Ʉɨɦɩɥɟɤɫ ɫɨɞɟɪɠɢɬ ɦɟɞɧɨɤɨɥɱɟɞɚɧɧɨɟ ɨɪɭɞɟɧɟɧɢɟ Ʉɢɩɪɫɤɨɝɨ ɬɢɩɚ – 

ɦɟɫɬɨɪɨɠɞɟɧɢɹ Ⱥɲɢɤɨɣ ɢ Ȼɚɤɢɛɚɛɚ, ɜ ɤɨɬɨɪɵɯ Zn ɢ Pb ɫɨɞɟɪɠɚɬɫɹ ɥɢɲɶ ɧɚ 
ɭɪɨɜɧɟ ɫɥɟɞɨɜ (Gruner, 1980). Ɇɟɞɧɵɟ ɦɟɫɬɨɪɨɠɞɟɧɢɹ ɤɢɩɪɫɤɨɝɨ ɬɢɩɚ - 

Ɇɚɞɟɧ (ȿɥɚɡɚɝ) ɢ Ɇɚɞɟɧɤɨɣ (ɫɢɢɪɬ) ɢɡɜɟɫɬɧɵ ɧɚ ɝɪɚɧɢɰɟ Ȼɨɪɞɟɪ Ɏɢɥɞɚ ɢ 

Ɍɚɜɪɢɞ (Ɍɭɪɰɢɹ). Ɋɭɞɨɜɦɟɳɚɸɳɢɟ ɨɮɢɨɥɢɬɵ ɡɞɟɫɶ ɫɨɫɬɨɹɬ ɢɡ ɝɚɪɰɛɭɪɝɢɬɨɜ, 
ɞɭɧɢɬɨɜ, ɩɢɪɨɤɫɟɧɢɬɨɜ, ɜɟɪɥɢɬɨɜ ɢ ɩɢɥɥɨɭ ɥɚɜ ɢ ɫɟɤɭɬɫɹ ɤɨɦɩɥɟɤɫɨɦ 
ɞɢɚɛɚɡɨɜɵɯ ɞɚɟɤ (Engin, 1904). Ɉɪɭɞɟɧɟɧɢɟ ɢ ɡɞɟɫɶ, ɩɨɞɨɛɧɨ ɤɨɦɩɥɟɤɫɭ 
Ʉɸɪɟ, ɩɪɟɞɫɬɚɜɥɟɧɨ ɯɚɥɶɤɨɩɢɪɢɬ-ɤɨɥɱɟɞɚɧɧɨɣ ɪɭɞɨɣ ɢ ɧɟ ɫɨɞɟɪɠɢɬ ɰɢɧɤɚ, 
ɫɜɢɧɰɚ ɢ ɡɨɥɨɬɚ.  

ɂɬɚɤ, Au, Pb, Zn ɢ Cu ɧɚ ɪɚɡɥɢɱɧɵɯ ɷɬɚɩɚɯ ɩɪɟɤɨɥɥɢɡɢɨɧɧɨɝɨ ɪɚɡɜɢɬɢɹ 
ɪɚɫɩɪɨɫɬɪɚɧɹɸɬɫɹ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ: ɧɚ ɷɬɚɩɟ ɫɬɚɛɢɥɶɧɨɣ ɫɭɛɞɭɤɰɢɢ, ɧɚ 
ɧɚɱɚɥɶɧɨɣ ɫɬɚɞɢɢ ɬɪɚɧɫɮɨɪɦɚɰɢɢ ɫɭɛɞɭɰɢɪɭɟɦɨɣ ɩɥɢɬɵ Au, Pb, Zn ɢ Cu 

ɩɨɥɧɨɫɬɶɸ ɭɱɚɫɬɜɭɸɬ ɜ ɨɪɭɞɟɧɟɧɢɢ, ɨɞɧɚɤɨ ɫɨɞɟɪɠɚɧɢɟ ɡɨɥɨɬɚ ɡɧɚɱɢɬɟɥɶɧɨ 
ɜɵɲɟ ɧɚ ɧɚɱɚɥɶɧɨɣ ɫɬɚɞɢɢ ɬɪɚɧɫɮɨɪɦɚɰɢɢ, ɱɟɦ ɧɚ ɷɬɚɩɟ ɫɬɚɛɢɥɶɧɨɣ 
ɫɭɛɞɭɤɰɢɢ. ɗɬɨ ɨɛɴɹɫɧɹɟɬɫɹ ɢɧɬɟɧɫɢɜɧɨɫɬɶɸ ɜɵɳɟɥɚɱɢɜɚɧɢɹ ɡɨɥɨɬɚ ɢɡ 
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ɫɢɚɥɢɱɟɫɤɨɣ ɤɨɪɵ ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɵɦɢ ɪɚɫɬɜɨɪɚɦɢ ɧɚ ɧɚɱɚɥɶɧɨɣ ɫɬɚɞɢɢ 
ɬɪɚɧɫɮɨɪɦɚɰɢɢ ɜ ɪɟɡɭɥɶɬɚɬɟ ɜɧɟɞɪɟɧɢɹ ɦɚɧɬɢɣɧɨɝɨ ɞɢɚɩɢɪɚ. ɋ ɩɨɫɥɟɞɭɸɳɟɣ 
ɢɧɬɟɧɫɢɮɢɤɚɰɢɟɣ ɪɢɮɬɢɧɝɚ ɩɪɨɢɫɯɨɞɢɬ ɫɩɪɟɞɢɧɝ ɫɢɚɥɢɱɟɫɤɨɣ ɤɨɪɵ ɢɡ ɡɨɧɵ 
ɪɭɞɨɨɛɪɚɡɨɜɚɧɢɹ ɢ ɡɞɟɫɶ, ɜ ɦɟɞɧɨ-ɰɢɧɤɨɜɨɣ ɪɭɞɟ Au ɢ Pb ɭɱɚɫɬɜɭɸɬ ɥɢɲɶ ɧɚ 
ɭɪɨɜɧɟ ɫɥɟɞɨɜ. ɂɫɬɨɱɧɢɤɨɦ Zn ɢ Cu ɜ ɷɬɨɦ ɫɥɭɱɚɟ ɹɜɥɹɟɬɫɹ ɛɚɡɚɥɶɬɨɜɚɹ ɤɨɪɚ 
ɢ ɦɚɧɬɢɹ. ɉɨɫɥɟɞɭɸɳɢɣ ɫɩɪɟɞɢɧɝ ɫɩɨɫɨɛɫɬɜɭɟɬ ɬɪɚɧɫɮɨɪɦɚɰɢɢ ɪɢɮɬɢɧɝɚ ɜ 
ɦɚɥɨɨɤɟɚɧɢɱɟɫɤɭɸ ɨɛɫɬɚɧɨɜɤɭ. ɉɪɢ ɷɬɨɦ, ɢɡ ɚɪɟɚɥɚ ɦɢɧɟɪɚɥɢɡɚɰɢɢ 
ɩɨɥɧɨɫɬɶɸ ɜɵɧɟɫɟɧɚ ɫɢɚɥɢɱɟɫɤɚɹ ɢ ɛɚɡɚɥɶɬɨɜɚɹ ɤɨɪɚ, ɢ ɨɪɭɞɟɧɟɧɢɟ 
ɩɪɟɞɫɬɚɜɥɟɧɨ ɦɟɞɧɨɤɨɥɱɟɞɚɧɧɨɣ ɦɢɧɟɪɚɥɢɡɚɰɢɟɣ, ɱɬɨ ɹɜɥɹɟɬɫɹ 
ɩɨɞɬɜɟɪɠɞɟɧɢɟɦ ɦɚɧɬɢɣɧɨɝɨ ɢɫɬɨɱɧɢɤɚ ɦɟɞɢ.  

ȼ ɢɫɫɥɟɞɭɟɦɨɦ ɪɚɣɨɧɟ ɩɨɫɬɤɨɥɥɢɡɢɨɧɧɨɟ ɨɪɭɞɟɧɟɧɢɟ ɪɚɫɩɨɥɨɠɟɧɨ ɧɚ 
ɘɠɧɨɦ ɫɤɥɨɧɟ Ȼɨɥɶɲɨɝɨ Ʉɚɜɤɚɡɚ, ɚ ɬɚɤɠɟ ɜ ɨɪɨɝɟɧɚɯ, ɧɚ ɬɟɪɪɢɬɨɪɢɢ Ɇɚɥɨɝɨ 
Ʉɚɜɤɚɡɚ, ɂɪɚɧɚ ɢ Ɍɭɪɰɢɢ. ȼɟɡɞɟ ɨɧɨ ɤɨɧɬɪɨɥɢɪɭɟɬɫɹ ɩɨɫɬɫɭɛɞɭɤɰɢɨɧɧɨɣ 
ɬɪɚɧɫɮɨɪɦɚɰɢɟɣ ɫɭɛɞɭɰɢɪɨɜɚɧɧɨɣ ɩɥɢɬɵ, ɪɚɡɥɨɦɧɨɣ ɬɟɤɬɨɧɢɤɨɣ ɢ ɫɜɹɡɚɧɨ ɫ 
ɜɵɩɥɚɜɥɟɧɢɟɦ ɢɡ ɦɨɳɧɨɣ ɫɢɚɥɢɱɟɫɤɨɣ ɤɨɪɵ ɨɪɨɝɟɧɨɜ ɝɪɚɧɢɬɨɢɞɧɵɯ 
ɢɧɬɪɭɡɢɣ. Ɉɪɭɞɟɧɟɧɢɟ ɩɪɟɞɫɬɚɜɥɟɧɨ ɡɨɥɨɬɨ-ɦɟɞɧɨ-ɩɨɥɢɦɟɬɚɥɥɢɱɟɫɤɨɣ 
ɩɨɪɮɢɪɨɜɨɣ ɢ ɷɩɢɬɟɪɦɚɥɶɧɨɣ ɡɨɥɨɬɨɪɭɞɧɨɣ ɦɢɧɟɪɚɥɢɡɚɰɢɟɣ. Ɉɛɚ ɬɢɩɚ ɪɭɞɵ 
ɛɨɝɚɬɵ ɡɨɥɨɬɨɦ ɢ ɫɨɞɟɪɠɚɬ ɤɨɦɩɥɟɤɫɵ ɪɟɞɤɢɯ ɦɟɬɚɥɥɨɜ (Sb, W, Mo, Hg). ɗɬɚ 
ɚɫɫɨɰɢɚɰɢɹ ɪɟɞɤɢɯ ɦɟɬɚɥɥɨɜ ɧɟ ɯɚɪɚɤɬɟɪɧɚ ɞɥɹ ɩɪɟɤɨɥɥɢɡɢɨɧɧɨɝɨ 
ɨɪɭɞɟɧɟɧɢɹ ɡɚ ɢɫɤɥɸɱɟɧɢɟɦ ɦɨɥɢɛɞɟɧɚ, ɤɨɬɨɪɵɣ, ɯɨɬɹ ɢ ɜ ɩɨɞɱɢɧɟɧɧɨɦ 
ɤɨɥɢɱɟɫɬɜɟ, ɩɪɢɫɭɬɫɬɜɭɟɬ ɢ ɜ ɩɪɟɤɨɥɥɢɡɢɨɧɧɵɯ ɪɭɞɚɯ (Gugushvili, 2015; 

2017).  

ȼɨɡɪɚɫɬ ɩɨɫɬɤɨɥɥɢɡɢɨɧɧɨɝɨ ɨɪɭɞɟɧɟɧɢɹ ɜ ɢɫɫɥɟɞɭɟɦɨɦ ɪɚɣɨɧɟ 
ɞɚɬɢɪɭɟɬɫɹ ɨɥɢɝɨɰɟɧ-ɦɢɨɰɟɧɨɦ. ɇɚ ɘɠɧɨɦ ɫɤɥɨɧɟ Ȼɨɥɶɲɨɝɨ Ʉɚɜɤɚɡɚ ɢ ɜ 
ɩɪɟɞɟɥɚɯ ɯɪɟɛɬɚ ɩɨɫɬɤɨɥɥɢɡɢɨɧɧɵɦɢ ɦɟɫɬɨɪɨɠɞɟɧɢɹɦɢ ɹɜɥɹɸɬɫɹ Ɂɨɩɯɢɬɨ, 
Ʌɭɯɭɦɢ, Ɉɤɪɢɥɚ-Ⱥɱɚɩɚɪɚ, Ⱥɜɚɞɯɚɪɚ, Ⱥɯɟɣ ɢ ɇɨɰɚɪɭɥɚ. ɇɚ Ɇɚɥɨɦ Ʉɚɜɤɚɡɟ 
ɨɧɢ ɩɪɟɞɫɬɚɜɥɟɧɵ ɦɟɫɬɨɪɨɠɞɟɧɢɹɦɢ Ʉɚɞɠɚɪɚɧ, Ⱥɝɚɪɚɤ, Ɂɨɞ ɢ Ɇɟɯɧɚɞɡɨɪ. 

ɉɨɫɬɤɨɥɥɢɡɢɨɧɧɨɟ ɨɪɭɞɟɧɟɧɢɟ ɲɢɪɨɤɨ ɩɪɟɞɫɬɚɜɥɟɧɨ ɢ ɜ ɂɪɚɧɟ - ɷɬɨ 
ɦɟɫɬɨɪɨɠɞɟɧɢɹ ɏɚɪɜɚɧɫɤɨɣ ɝɪɭɩɩɵ (Ɇɢɜɟɪɭɞ, Ⱥɫɬɚɪɝɚɧ, Ⱥɧɞɟɪɢɚɧ, Ƚɚɧɚɪɟɯ 
ɢ ɏɚɥɮɢɥɢ). Ɉɪɭɞɟɧɟɧɢɹ ɷɬɨɝɨ ɬɢɩɚ ɢɡɜɟɫɬɧɵ ɢ ɜ ɋɚɧɚɧɞɚɞɠ-ɋɚɪɞɠɚɧɫɤɨɣ 
ɡɨɧɟ, Ⱥɥɶɛɨɪɰɫɤɨɣ ɡɨɧɟ ɢ ɜ ȼɨɫɬɨɱɧɨ-ɂɪɚɧɫɤɨɦ ɦɚɝɦɚɬɢɱɟɫɤɨɦ ɩɨɹɫɟ 
(ɦɟɫɬɨɪɨɠɞɟɧɢɹ Ɇɸɬɟɯ, Ɂɚɪɲɭɪɚɧ, Ⱦɚɲɤɟɫɚɧ ɢ Ⱥɯ-Ⱦɚɪɟɯ). ȼɫɟ ɨɧɢ 
ɤɨɧɬɪɨɥɢɪɭɸɬɫɹ ɝɪɚɧɢɬɨɢɞɧɵɦɢ ɲɬɨɤɚɦɢ ɨɥɢɝɨɰɟɧ-ɦɢɨɰɟɧɨɜɨɝɨ ɜɨɡɪɚɫɬɚ ɢ 
ɪɚɡɥɨɦɧɨɣ ɬɟɤɬɨɧɢɤɨɣ, ɫɜɹɡɚɧɵ ɫ ɩɨɫɬɤɨɥɥɢɡɢɨɧɧɵɦ ɨɪɨɝɟɧɟɡɨɦ ɢ ɫɨɞɟɪɠɚɬ 
ɚɫɫɨɰɢɚɰɢɸ ɪɟɞɤɢɯ ɦɟɬɚɥɥɨɜ (Sb, W, Mo, Hg). ɗɬɚ ɚɫɫɨɰɢɚɰɢɹ ɧɚɥɨɠɟɧɚ ɧɚ 
ɩɪɟɤɨɥɥɢɡɢɨɧɧɵɟ ɜɦɟɳɚɸɳɢɟ ɩɨɪɨɞɵ ɢ ɹɜɥɹɟɬɫɹ ɝɟɨɯɢɦɢɱɟɫɤɢɦ 
ɢɧɞɢɤɚɬɨɪɨɦ ɩɨɫɬɤɨɥɥɢɡɢɨɧɧɨɣ ɨɛɫɬɚɧɨɜɤɢ (Gugushvili, 2015; 2017).  

Ƚɟɧɟɡɢɫ ɩɨɫɬɤɨɥɥɢɡɢɨɧɧɨɝɨ ɨɪɭɞɟɧɟɧɢɹ ɫɜɹɡɚɧ ɫ ɜɧɟɞɪɟɧɢɟɦ 
ɦɚɧɬɢɣɧɨɝɨ ɦɚɬɟɪɢɚɥɚ ɩɨ ɡɨɧɚɦ ɪɚɡɥɨɦɨɜ ɜ ɩɪɨɰɟɫɫɟ ɩɨɫɬɤɨɥɥɢɡɢɨɧɧɨɣ 
ɬɪɚɧɫɮɨɪɦɚɰɢɢ ɫɭɛɞɭɰɢɪɨɜɚɧɧɨɣ ɩɥɢɬɵ. ȼɧɟɞɪɟɧɢɟ ɦɚɧɬɢɣɧɨɝɨ ɦɚɬɟɪɢɚɥɚ 
ɨɛɭɫɥɨɜɥɟɧɨ ɜɨɡɧɢɤɧɨɜɟɧɢɟɦ ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɬɟɩɥɨɜɨɝɨ ɩɨɬɨɤɚ. 
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ȼɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɵɟ ɮɥɸɢɞɵ ɩɪɨɢɡɜɨɞɢɥɢ ɜɵɳɟɥɚɱɢɜɚɧɢɟ ɡɨɥɨɬɚ ɢ 
ɢɧɞɢɤɚɬɨɪɧɵɯ ɪɟɞɤɢɯ ɦɟɬɚɥɥɨɜ ɢɡ ɦɨɳɧɨɣ ɫɢɚɥɢɱɟɫɤɨɣ ɤɨɪɵ ɨɪɨɝɟɧɨɜ ɫ 
ɮɨɪɦɢɪɨɜɚɧɢɟɦ ɩɨɪɮɢɪɨɜɵɯ ɢ ɷɩɢɬɟɪɦɚɥɶɧɵɯ ɡɨɥɨɬɨɪɭɞɧɵɯ ɢ 
ɪɟɞɤɨɦɟɬɚɥɶɧɵɯ ɦɚɥɨɫɭɥɶɮɢɞɧɵɯ ɦɟɫɬɨɪɨɠɞɟɧɢɣ (Gugushvili, 2015; 2017).  

ɉɨɫɬɤɨɥɥɢɡɢɨɧɧɨɟ ɨɪɭɞɟɧɟɧɢɟ ɢɫɤɥɸɱɢɬɟɥɶɧɨ ɛɨɝɚɬɨ ɡɨɥɨɬɨɦ, 
ɤɨɬɨɪɨɦɭ ɫɨɩɭɬɫɬɜɭɟɬ ɚɫɫɨɰɢɚɰɢɹ ɪɟɞɤɢɯ ɦɟɬɚɥɥɨɜ, ɢɧɞɢɤɚɬɨɪɨɜ 
ɩɨɫɬɤɨɥɥɢɡɢɨɧɧɨɝɨ ɩɪɨɰɟɫɫɚ. ɒɢɪɨɤɢɦ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟɦ ɩɨɥɶɡɭɸɬɫɹ 
ɡɨɥɨɬɨ-ɪɟɞɤɨɦɟɬɚɥɶɧɵɟ ɠɢɥɶɧɨ-ɲɬɨɤɜɟɪɤɨɜɵɟ ɦɟɫɬɨɪɨɠɞɟɧɢɹ. ɇɚ Ʉɚɜɤɚɡɟ 
ɧɚɢɛɨɥɟɟ ɡɧɚɱɢɬɟɥɶɧɵɦ ɦɟɫɬɨɪɨɠɞɟɧɢɟɦ ɷɬɨɝɨ ɬɢɩɚ ɹɜɥɹɟɬɫɹ Ɂɨɩɯɢɬɨ, 
ɩɪɟɞɫɬɚɜɥɟɧɧɨɟ ɡɨɥɨɬɨɫɨɞɟɪɠɚɳɢɦɢ ɤɜɚɪɰ-ɚɧɬɢɦɨɧɢɬɨɜɵɦɢ ɠɢɥɚɦɢ ɢ 
ɲɬɨɤɜɟɪɤɚɦɢ ɫɨɞɟɪɠɚɳɢɦɢ 34ɬ ɡɨɥɨɬɚ, 41223ɬ ɚɧɬɢɦɨɧɢɬɚ ɢ 39ɬ ɫɟɪɟɛɪɚ. 
ɋɨɞɟɪɠɚɧɢɟ ɡɨɥɨɬɚ ɜ ɠɢɥɚɯ 4,39ɝ/ɬ, ɫɟɪɟɛɪɚ - 4.51ɝ/ɬ. ȼɵɫɨɤɢɟ ɫɨɞɟɪɠɚɧɢɹ 
ɡɨɥɨɬɚ ɢ ɫɟɪɟɛɪɚ ɮɢɤɫɢɪɭɸɬɫɹ ɢ ɜ ɨɤɨɥɨɪɭɞɧɨɣ ɡɨɧɟ – 3.43ɝ/ɬ ɡɨɥɨɬɚ ɢ 4.15ɝ/ɬ 
ɫɟɪɟɛɪɚ. ɉɪɢɝɪɚɧɢɱɧɨɟ ɦɟɫɬɨɪɨɠɞɟɧɢɟ Ʌɭɯɭɦɢ ɬɚɤɠɟ ɫɨɫɬɨɢɬ ɢɡ ɤɜɚɪɰ-

ɚɧɬɢɦɨɧɢɬɨɜɵɯ ɢ ɤɜɚɪɰ-ɚɤɬɢɧɨɥɢɬ-ɪɟɚɥɶɝɚɪ-ɚɭɪɢɩɢɝɦɟɧɬ-ɚɪɫɟɧɨɩɢɪɢɬɨɜɵɯ 
ɡɨɥɨɬɨɫɨɞɟɪɠɚɳɢɯ ɠɢɥ ɢ ɤɜɚɪɰ-ɚɧɬɢɦɨɧɢɬ-ɤɚɪɛɨɧɚɬɧɵɯ ɢ ɤɜɚɪɰ-

ɲɟɟɥɢɬɨɜɵɯ ɲɬɨɤɜɟɪɤɨɜ. ɋɨɞɟɪɠɚɧɢɟ ɡɨɥɨɬɚ ɜ ɪɭɞɟ 5.10ɝ/ɬ, ɫɭɪɶɦɵ - 6.3%. 

Ɂɚɩɚɫɵ ɡɨɥɨɬɚ 14.04ɬ, ɚɧɬɢɦɨɧɢɬɚ - 2580ɬ. Ɂɨɥɨɬɨ ɚɫɫɨɰɢɢɪɭɟɬɫɹ ɫɨ Sb ɢ W ɢ 
ɧɚ ɪɭɞɨɩɪɨɹɜɥɟɧɢɢ Ɉɤɪɢɥɚ-Ⱥɱɚɩɚɪɚ, ɪɚɫɩɨɥɨɠɟɧɧɨɦ ɜ ɡɚɩɚɞɧɨɣ ɱɚɫɬɢ 
ɯɪɟɛɬɚ Ȼɨɥɶɲɨɝɨ Ʉɚɜɤɚɡɚ ɜ ɤɜɚɪɰ-ɚɧɬɢɦɨɧɢɬɨɜɵɯ, ɤɜɚɪɰ-ɲɟɟɥɢɬɨɜɵɯ, ɤɜɚɪɰ-

ɩɨɥɢɦɟɬɚɥɥɢɱɟɫɤɢɯ ɢ ɤɜɚɪɰɟɜɵɯ ɠɢɥɚɯ. ɋɨɞɟɪɠɚɧɢɟ ɡɨɥɨɬɚ ɜ ɠɢɥɚɯ 3-4ɝ/ɬ.  
ȼ ɏɚɪɜɚɧɫɤɨɣ ɝɪɭɩɩɟ ɦɟɫɬɨɪɨɠɞɟɧɢɣ ɂɪɚɧɚ ɜɵɫɨɤɢɟ ɫɨɞɟɪɠɚɧɢɹ ɡɨɥɨɬɚ 

ɭɫɬɚɧɨɜɥɟɧɵ ɜ ɡɨɥɨɬɨ-ɦɟɞɧɨ-ɩɨɥɢɦɟɬɚɥɥɢɱɟɫɤɨɦ ɢ ɦɚɥɨɫɭɥɶɮɢɞɧɨɦ 
ɷɩɢɬɟɪɦɚɥɶɧɨɦ ɨɪɭɞɟɧɟɧɢɢ. Ɂɨɥɨɬɨ ɡɞɟɫɶ ɚɫɫɨɰɢɢɪɭɟɬ ɫ ɪɟɞɤɨɦɟɬɚɥɶɧɵɦ 
ɤɨɦɩɥɟɤɫɨɦ Sb, W, Mo, Hg. Ƚɟɨɯɢɦɢɱɟɫɤɢɣ ɮɨɧ ɜɦɟɳɚɸɳɢɯ ɩɨɪɨɞ ɫɨɞɟɪɠɢɬ 
200-257ppm Cu, 88-121ppm Au, 3.0-5.7ppm Mo, 63-71ppm W, 120-157ppm Pb, 

121-160ppm Zn, 7.4-10ppm Sb.  

ȼ Ⱥɥɶɛɨɪɰɫɤɨɦ ɦɚɝɦɚɬɢɱɟɫɤɨɦ ɤɨɦɩɥɟɤɫɟ, ɜ ɐɟɧɬɪɚɥɶɧɨɦ ɂɪɚɧɫɤɨɦ 
ɛɥɨɤɟ ɢ ɋɚɧɚɧɞɠɚɧ-ɋɢɪɞɠɚɧɫɤɨɣ ɡɨɧɟ ɂɪɚɧɚ ɡɨɥɨɬɨ-ɩɨɥɢɦɟɬɚɥɥɢɱɟɫɤɨɟ 
ɠɢɥɶɧɨɟ ɢ ɲɬɨɤɜɟɪɤɨɜɨɟ ɨɪɭɞɟɧɟɧɢɹ ɚɫɫɨɰɢɢɪɨɜɚɧɵ ɫ Sb, W, Mo, Hg, ɤɚɤ ɢ 
ɦɟɞɧɨ-ɰɢɧɤɨɜɵɟ ɦɟɫɬɨɪɨɠɞɟɧɢɹ ȼɨɫɬɨɱɧɨ-ɂɪɚɧɫɤɨɝɨ ɦɚɝɦɚɬɢɱɟɫɤɨɝɨ ɩɨɹɫɚ: 

Ɂɚɪɲɭɪɚɧ, Ⱥɥɞɚɪɟɯ, Ⱦɚɲɤɟɫɚɧ, Ȼɚɧɚɥɭɞ ɢ ɒɚɯɡɚɞɟɯɚɧɫɤɨɟ ɡɨɥɨɬɨ-

ɚɧɬɢɦɨɧɢɬɨɜɨɟ ɩɨɥɢɦɟɬɚɥɥɢɱɟɫɤɨɟ ɪɭɞɧɨɟ ɩɨɥɟ. ȼɫɟ ɷɬɢ ɦɟɫɬɨɪɨɠɞɟɧɢɹ 
ɤɨɧɬɪɨɥɢɪɭɸɬɫɹ ɨɥɢɝɨɰɟɧ-ɦɢɨɰɟɧɨɜɵɦɢ ɝɢɩɚɛɢɫɫɚɥɶɧɵɦɢ ɝɪɚɧɢɬɨɢɞɧɵɦɢ 
ɲɬɨɤɚɦɢ ɢ ɚɫɫɨɰɢɢɪɭɸɬɫɹ ɫɨ Sb, W, Mo, Hg-ɨɦ (Moritz et al., 2006; Report of 

Geological Survey of Iran, 2007). 

ɉɨɫɬɤɨɥɥɢɡɢɨɧɧɚɹ ɨɛɫɬɚɧɨɜɤɚ ɭɫɬɚɧɨɜɥɟɧɚ ɢ ɧɚ Ɇɚɥɨɦ Ʉɚɜɤɚɡɟ, ɜ 
Ɇɟɝɪɢ-Ɉɪɞɭɛɚɞɫɤɨɣ ɦɚɝɦɚɬɢɱɟɫɤɨɣ ɩɪɨɜɢɧɰɢɢ. Ɂɞɟɫɶ ɡɧɚɱɢɬɟɥɶɧɨɟ ɡɨɥɨɬɨ-

ɦɨɥɢɛɞɟɧɨɜɨɟ ɨɪɭɞɟɧɟɧɢɟ (ɦɟɫɬɨɪɨɠɞɟɧɢɹ Ʉɚɞɠɚɪɚɧ ɢ Ⱥɝɚɪɚɤ) ɬɚɤɠɟ 

ɤɨɧɬɪɨɥɢɪɭɟɬɫɹ ɨɥɢɝɨɰɟɧ-ɦɢɨɰɟɧɨɜɵɦɢ ɝɪɚɧɢɬɨɢɞɧɵɦɢ ɲɬɨɤɚɦɢ ɢ 
ɚɫɫɨɰɢɢɪɭɟɬɫɹ ɫ Sb, W ɢ Hg-ɨɦ. Ɂɧɚɱɢɬɟɥɶɧɵɟ ɦɟɫɬɨɪɨɠɞɟɧɢɹ Ɂɨɞ ɢ 



80 

 

Ɇɟɯɪɚɞɡɨɪ, ɪɚɫɩɨɥɨɠɟɧɧɵɟ ɜ ɋɟɜɚɧɨ-Ⱥɤɟɪɢɧɫɤɨɣ ɷɨɧɟ, ɩɪɟɞɫɬɚɜɥɟɧɵ 
ɡɨɥɨɬɨ-ɤɜɚɪɰ-ɚɧɬɢɦɨɧɢɬɨɜɵɦ ɨɪɭɞɟɧɟɧɢɟɦ, ɚɫɫɨɰɢɢɪɨɜɚɧɧɵɦ ɫɨ Sb ɢ W 

(Melikian, 1977). Ɉɧɢ ɤɨɧɬɪɨɥɢɪɭɸɬɫɹ ɤɚɣɧɨɡɨɣɫɤɢɦɢ ɝɪɚɧɨɞɢɨɪɢɬ-

ɩɨɪɮɢɪɨɜɵɦɢ ɲɬɨɤɚɦɢ. 
ɉɨɫɬɤɨɥɥɢɡɢɨɧɧɨɟ ɡɨɥɨɬɨɟ ɨɪɭɞɟɧɟɧɢɟ ɜ ɚɫɫɨɰɢɚɰɢɢ ɫɨ Sb, W ɢ Hg-ɨɦ 

ɢɡɜɟɫɬɧɨ ɜ Ɇɟɧɞɟɪɟɫɫɤɨɦ ɩɚɥɟɨɡɨɣɫɤɨɦ ɦɚɫɫɢɜɟ (Ɂɚɩɚɞɧɵɟ Ⱥɧɚɬɨɥɢɞɵ). ɗɬɢ 
ɦɟɫɬɨɪɨɠɞɟɧɢɹ Ʉɭɧɝɭɪɥɭ, ɏɚɥɢɤɨɣ ɢ ɗɦɟɪɥɢ (Yigit, 2009) ɤɨɧɬɪɨɥɢɪɭɸɬɫɹ 
ɤɚɣɧɨɡɨɣɫɤɢɦɢ ɪɚɡɞɨɦɚɦɢ ɢ ɡɨɧɚɦɢ ɞɪɨɛɥɟɧɢɹ, ɚɧɚɥɨɝɢɱɧɨ ɦɟɫɬɨɪɨɠɞɟɧɢɸ 
Ⱥɞɚ-Ɍɟɩɟ (Ȼɚɥɤɚɧɵ; Marchev et al., 2004). 

Ⱥɧɚɥɨɝɢɱɧɵɣ ɩɪɨɰɟɫɫ ɩɨɫɬɤɨɥɥɢɡɢɨɧɧɨɣ ɦɢɧɟɪɚɥɢɡɚɰɢɢ ɲɢɪɨɤɨ 
ɪɚɫɩɪɨɫɬɪɚɧɟɧ ɜɨ ɜɫɟɦ ɦɢɪɟ. ɇɚɢɛɨɥɟɟ ɡɧɚɱɢɬɟɥɶɧɨɟ ɨɪɭɞɟɧɟɧɢɟ ɡɨɥɨɬɚ ɫ 
ɪɟɞɤɨɦɟɬɚɥɶɧɨɣ ɚɫɫɨɰɢɚɰɢɟɣ ɫɮɨɪɦɢɪɨɜɚɥɨɫɶ ɧɚ ɩɨɡɞɧɟɩɚɥɟɨɡɨɣɫɤɨɦ ɷɬɚɩɟ 
ɮɢɧɚɥɶɧɨɣ ɤɨɥɥɢɡɢɢ Ⱥɥɬɚɣɫɤɨɣ ɨɪɨɝɟɧɧɨɣ ɫɢɫɬɟɦɵ ɜ ɝɢɝɚɧɬɫɤɢɯ 
ɡɨɥɨɬɨɪɭɧɵɯ ɦɟɫɬɨɪɨɠɞɟɧɢɹɯ Ɍɹɧɶ-ɒɚɧɹ - Ɇɭɪɭɧɬɚɭ, Ʉɭɦɬɨɪ, ɑɚɥɛɨɣ ɢ ɞɪ. 
Ɂɨɥɨɬɨɟ ɨɪɭɞɟɧɟɧɢɟ ɢ ɡɞɟɫɶ ɚɫɫɨɰɢɢɪɨɜɚɧɨ ɫɨ Sb, W, Mo, Hg. Ɂɚɩɚɫɵ ɡɨɥɨɬɚ: 
ɧɚ Ɇɭɪɭɧɬɚɭ 175Moz, ɧɚ ɦɟɫɬɨɪɨɠɞɟɧɢɢ Ʉɭɦɬɨɪ - 19Moz, ɧɚ Ɂɚɪɦɢɬoɧ - 

11.2Moz. 

ɉɨɞɨɛɧɚɹ ɚɫɫɨɰɢɚɰɢɹ ɡɨɥɨɬɚ ɢ ɪɟɞɤɢɯ ɦɟɬɚɥɥɨɜ ɮɢɤɫɢɪɭɟɬɫɹ ɜ 
Ɍɨɦɛɫɨɧɫɤɨɦ ɡɨɥɨɬɨɪɭɞɧɨɦ ɩɨɹɫɟ ɘɤɨɧɚ (Ʉɚɧɚɞɚ), ɝɞɟ ɩɨɫɬɤɨɥɥɢɡɢɨɧɧɨɟ 
ɨɪɭɞɟɧɟɧɢɟ ɤɨɧɬɪɨɥɢɪɭɟɬɫɹ ɫɢɧɨɪɨɝɟɧɧɵɦɢ ɢɧɬɪɭɡɢɜɧɵɦɢ ɲɬɨɤɚɦɢ (Main et 

al., 2006). Ɉɧɨ ɚɫɫɨɰɢɢɪɨɜɚɧɨ ɫ Te, Bi, As, W Sb ɢ ɫɨɞɟɪɠɢɬɫɹ ɜ ɲɬɨɤɜɟɪɤɚɯ 
ɤɜɚɪɰɟɜɵɯ ɠɢɥ. ɋɢɧɤɨɥɥɢɡɢɨɧɧɨɟ ɨɪɨɝɟɧɧɨɟ ɡɨɥɨɬɨɟ ɨɪɭɞɟɧɟɧɢɟ 
ɚɫɫɨɰɢɢɪɨɜɚɧɧɨɟ ɫ Bi, Te, W, Mo, Sn Sb, ɢɡɜɟɫɬɧɨ ɢ ɜ Ʌɚɱɥɚɧɞɫɤɨɦ ɨɪɨɝɟɧɟ 
ɘɠɧɨɣ Ⱥɜɫɬɪɚɥɢɢ (Bierlein, Mc'Knight, 2005).  

 

Ɉɫɧɨɜɧɵɟ ɜɵɜɨɞɵ 

 

ɂɬɚɤ, ɩɪɟɤɨɥɥɢɡɢɨɧɧɨɟ ɢ ɩɨɫɬɤɨɥɥɢɡɢɨɧɧɨɟ ɪɚɡɜɢɬɢɟ ɜ ɢɫɫɥɟɞɨɜɚɧɧɨɦ 
ɪɟɝɢɨɧɟ ɫɜɹɡɚɧɨ ɫ ɩɪɨɰɟɫɫɚɦɢ ɫɭɛɞɭɤɰɢɢ ɢ ɩɨɫɬɫɭɞɭɤɰɢɨɧɧɨɣ ɞɟɮɨɪɦɚɰɢɢ 
ɫɭɛɞɭɰɢɪɨɜɚɧɧɨɣ ɩɥɢɬɵ. Ɉɧɨ ɩɪɨɹɜɢɥɨɫɶ ɜ ɜɭɥɤɚɧɢɡɦɟ, ɦɚɝɦɚɬɢɡɦɟ ɢ 
ɦɟɬɚɥɥɨɝɟɧɢɢ ɢ ɤɨɧɬɪɨɥɢɪɭɟɬɫɹ ɧɚ ɩɪɟɤɨɥɥɢɡɢɨɧɧɨɣ ɫɬɚɞɢɢ ɢɧɞɢɤɚɰɢɟɣ 
ɡɨɥɨɬɚ ɢ ɰɜɟɬɧɵɯ ɦɟɬɚɥɥɨɜ (Au, Cu, Zn, Pb), ɚ ɧɚ ɩɨcɬɤɨɥɥɢɡɢɨɧɧɨɣ ɫɬɚɞɢɢ − 
ɚɫɫɨɰɢɚɰɢɟɣ ɪɟɞɤɢɯ ɦɟɬɚɥɥɨɜ (Sb, W, Mo, Hg). 

ɇɚ ɷɬɚɩɟ ɫɭɛɞɭɤɰɢɢ ɢ ɧɚ ɧɚɱɚɥɶɧɨɣ ɫɬɚɞɢɢ ɬɪɚɧɫɮɨɪɦɚɰɢɢ 
ɫɭɛɞɭɰɢɪɭɟɦɨɣ ɩɥɢɬɵ ɜ ɮɨɪɦɢɪɨɜɚɧɢɢ ɨɪɭɞɟɧɟɧɢɹ ɭɱɚɫɬɜɭɟɬ ɫɢɚɥɢɱɟɫɤɚɹ, 
ɛɚɡɚɥɶɬɨɜɚɹ ɤɨɪɚ ɢ ɦɚɧɬɢɹ ɫ ɩɨɥɧɵɦ ɫɩɟɤɬɪɨɦ ɢɧɞɢɤɚɬɨɪɨɜ - Au, Cu, Zn, Pb. 

ɋ ɢɧɬɟɧɫɢɮɢɤɚɰɢɟɣ ɜɧɟɞɪɟɧɢɹ ɦɚɧɬɢɣɧɨɝɨ ɞɢɚɩɢɪɚ ɢ ɫ ɭɫɢɥɟɧɢɟɦ ɪɢɮɬɢɧɝɚ 
ɩɪɨɢɫɯɨɞɢɬ ɫɩɪɟɞɢɧɝ ɫɢɚɥɢɱɟɫɤɨɣ ɤɨɪɵ ɢɡ ɡɨɧɵ ɪɭɞɨɨɛɪɚɡɨɜɚɧɢɹ ɢ 
ɢɧɞɢɤɚɬɨɪɚɦɢ ɩɪɨɰɟɫɫɚ ɹɜɥɹɸɬɫɹ Zn ɢ Cu. ɋ ɞɚɥɶɧɟɣɲɢɦ ɭɫɢɥɟɧɢɟɦ 
ɫɩɪɟɞɢɧɝɚ ɢ ɜɧɟɞɪɟɧɢɹ ɦɚɧɬɢɣɧɨɝɨ ɞɢɚɩɢɪɚ ɧɚ ɫɚɦɵɣ ɜɵɫɨɤɢɣ ɭɪɨɜɟɧɶ, ɢɡ 
ɡɨɧɵ ɨɪɭɞɟɧɟɧɢɹ ɩɪɨɢɫɯɨɞɢɬ ɩɨɥɧɵɣ ɜɵɧɨɫ ɬɚɤɠɟ ɢ ɛɚɡɚɥɶɬɨɜɵɣ ɤɨɪɵ, ɜ 
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ɪɟɡɭɥɶɬɚɬɟ ɱɟɝɨ ɮɨɪɦɢɪɭɟɬɫɹ ɦɚɥɨɨɤɟɚɧɢɱɟɫɤɚɹ ɨɛɫɬɚɧɨɜɤɚ ɫ 
ɦɟɞɧɨɤɨɥɱɟɞɚɧɧɵɦ ɨɪɭɞɟɧɟɧɢɟɦ, ɝɞɟ ɟɞɢɧɫɬɜɟɧɧɵɦ ɦɟɬɚɥɥɨɝɟɧɢɱɟɫɤɢɦ 
ɢɧɞɢɤɚɬɨɪɨɦ ɹɜɥɹɟɬɫɹ Cu. 

ɉɪɨɰɟɫɫ ɫɭɛɞɭɤɰɢɢ ɡɚɜɟɪɲɚɟɬɫɹ ɧɚ ɩɨɫɬɤɨɥɥɢɡɢɨɧɧɨɦ ɷɬɚɩɟ, ɯɨɬɹ ɜ 
ɪɟɡɭɥɶɬɚɬɟ ɤɨɥɥɢɡɢɢ ɨɤɟɚɧɚ ɢ ɜɥɢɹɧɢɹ ɫɬɪɟɫɫɚ, ɩɪɨɢɡɜɨɞɢɦɨɝɨ Ƚɨɧɞɜɚɧɨɣ ɧɚ 
ȿɜɪɚɡɢɣɫɤɭɸ ɨɤɪɚɢɧɭ, ɧɚ ɨɪɨɝɟɧɧɨɦ ɢ ɩɨɫɬɨɪɨɝɟɧɧɨɦ ɷɬɚɩɚɯ ɩɪɨɞɨɥɠɚɟɬɫɹ 
ɬɪɚɧɫɮɨɪɦɚɰɢɹ ɫɭɛɞɭɰɢɪɨɜɚɧɧɨɣ ɩɥɢɬɵ ɫ ɩɪɨɧɢɤɧɨɜɟɧɢɟɦ ɦɚɧɬɢɣɧɨɝɨ 
ɦɚɬɟɪɢɚɥɚ, ɜɨɡɧɢɤɧɨɜɟɧɢɟɦ ɜɵɫɨɤɨɝɨ ɬɟɩɥɨɜɨɝɨ ɩɨɬɨɤɚ ɢ ɚɤɬɢɜɧɨɫɬɶɸ 
ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɵɯ ɮɥɸɢɞɨɜ, ɨɛɭɫɥɨɜɢɜɲɢɯ ɜɵɳɟɥɚɱɢɜɚɧɢɟ ɢɡ ɦɨɳɧɨɣ 
ɨɪɨɝɟɧɧɨɣ ɫɢɚɥɢɱɟɫɤɨɣ ɤɨɪɵ ɡɨɥɨɬɚ ɢ ɪɟɞɤɢɯ ɦɟɬɚɥɥɨɜ (Sb, W, Mo, Hg) ɫ 
ɮɨɪɦɢɪɨɜɚɧɢɟɦ ɡɨɥɨɬɨ-ɪɟɞɤɨɦɟɬɚɥɶɧɨɝɨ ɨɪɭɞɟɧɟɧɢɹ. ɗɬɨɬ ɤɨɦɩɥɟɤɫ ɪɟɞɤɢɯ 
ɦɟɬɚɥɥɨɜ ɧɟ ɯɚɪɚɤɬɟɪɟɧ ɞɥɹ ɩɪɟɤɨɥɥɢɡɢɨɧɧɨɣ ɨɛɫɬɚɧɨɜɤɢ ɢ ɹɜɥɹɟɬɫɹ 
ɢɧɞɢɤɚɬɨɪɨɦ ɩɨɫɬɤɨɥɥɢɡɢɨɧɧɨɝɨ ɨɪɭɞɟɧɟɧɢɹ ɢ ɩɨɫɬɤɨɥɥɢɡɢɨɧɧɨɣ 
ɨɛɫɬɚɧɨɜɤɢ. 
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3. ɋɢɧɜɭɥɤɚɧɢɱɟɫɤɨɟ ɢ ɩɨɫɬɜɭɥɤɚɧɢɱɟɫɤɨɟ ɛɥɨɤɢɪɨɜɚɧɢɟ ɜ Ȼɨɥɧɢɫɫɤɨɦ 
ɪɭɞɧɨɦ ɪɚɣɨɧɟ ɜ ɩɪɨɰɟɫɫɟ ɜɟɪɯɧɟɦɟɥɨɜɨɣ ɫɭɛɞɭɤɰɢɢ ɨɤɟɚɧɚ Ɍɟɬɢɫ 

 

Ɋɟɡɸɦɟ 

Ȼɨɥɧɢɫɫɤɢɣ ɪɭɞɧɵɣ ɪɚɣɨɧ ɫɨɫɬɨɢɬ ɢɡ ɡɨɥɨɬɨ-ɦɟɞɧɨ-ɩɨɥɢɦɟɬɚɥɥɢɱɟɫɤɢɯ 
ɢ ɦɚɥɨɫɭɥɶɮɢɞɧɵɯ ɡɨɥɨɬɵɯ ɦɟɫɬɨɪɨɠɞɟɧɢɣ, ɥɨɤɚɥɢɡɨɜɚɧɧɵɯ ɜ 
ɜɟɪɯɧɟɦɟɥɨɜɨɣ ɜɭɥɤɚɧɢɱɟɫɤɨɣ ɫɟɪɢɢ. Ɉɧ ɹɜɥɹɟɬɫɹ ɫɨɫɬɚɜɧɨɣ ɱɚɫɬɶɸ Ɍɟɬɢɫ-

ȿɜɪɚɡɢɣɫɤɨɝɨ ɦɟɬɚɥɥɨɝɟɧɢɱɟɫɤɨɝɨ ɩɨɹɫɚ, ɫɮɨɪɦɢɪɨɜɚɧɧɨɝɨ ɜ ɩɪɨɰɟɫɫɟ 
ɫɭɛɞɭɤɰɢɢ ɨɤɟɚɧɚ Ɍɟɬɢɫ. Ƚɟɨɞɢɧɚɦɢɱɟɫɤɨɟ ɪɚɡɜɢɬɢɟ ɢ ɫɜɹɡɚɧɧɵɟ ɫ ɧɢɦ 
ɦɚɝɦɚɬɢɱɟɫɤɚɹ, ɜɭɥɤɚɧɢɱɟɫɤɚɹ ɢ ɝɢɞɪɨɬɟɪɦɚɥɶɧɚɹ ɚɤɬɢɜɧɨɫɬɶ, ɚ ɬɚɤɠɟ 
ɩɪɨɰɟɫɫɵ ɦɟɬɚɥɥɨɝɟɧɢɢ ɨɛɭɫɥɨɜɢɥɢ ɨɫɨɛɟɧɧɨɫɬɢ ɝɟɨɥɨɝɢɢ Ȼɨɥɧɢɫɫɤɨɝɨ 
ɪɭɞɧɨɝɨ ɪɚɣɨɧɚ. ɉɟɪɜɚɹ ɫɬɚɞɢɹ ɫɭɛɞɭɤɰɢɢ ɧɚɱɚɥɚɫɶ ɫɨ ɫɬɚɛɢɥɶɧɨɝɨ 
ɩɨɝɪɭɠɟɧɢɹ ɫɭɛɞɭɰɢɪɭɟɦɨɣ ɩɥɢɬɵ ɜ ɦɚɧɬɢɸ, ɫɨɩɪɨɜɨɠɞɚɟɦɨɝɨ ɢɡɜɟɫɬɤɨɜɨ-

ɳɟɥɨɱɧɵɦ ɜɭɥɤɚɧɢɡɦɨɦ ɜ ɨɫɬɪɨɜɨɞɭɠɧɵɯ ɭɫɥɨɜɢɹɯ. ɇɚ ɫɥɟɞɭɸɳɟɣ ɫɬɚɞɢɢ 
ɬɪɚɧɫɮɨɪɦɚɰɢɹ ɫɭɛɞɭɰɢɪɭɟɦɨɣ ɩɥɢɬɵ ɫ ɫɨɩɭɬɫɬɜɭɸɳɢɦ ɜɧɟɞɪɟɧɢɟɦ 
ɦɚɧɬɢɣɧɨɝɨ ɞɢɚɩɢɪɚ ɩɪɨɹɜɢɥɚɫɶ ɜ ɫɭɛɳɟɥɨɱɧɨɣ ɬɪɚɯɢɪɢɨɞɚɰɢɬɨɜɨɣ ɢ 
ɬɪɚɯɢɛɚɡɚɥɶɬ-ɳɟɥɨɱɧɨɣ ɨɥɢɜɢɧɨɛɚɡɚɥɶɬɨɜɨɣ ɜɭɥɤɚɧɢɱɟɫɤɨɣ ɞɟɹɬɟɥɶɧɨɫɬɢ. Ʉ 
ɩɪɨɰɟɫɫɚɦ ɫɭɛɞɭɤɰɢɢ ɩɪɢɭɪɨɱɟɧɵ ɪɚɡɧɵɟ ɬɢɩɵ ɨɪɭɞɟɧɟɧɢɹ. ɋɨ ɫɬɚɛɢɥɶɧɨɣ 
ɫɭɛɞɭɤɰɢɟɣ ɫɜɹɡɚɧɚ ɡɨɧɚɥɶɧɨɫɬɶ ɫɨɛɫɬɜɟɧɧɨ ɫɭɥɶɮɢɞɧɨɝɨ ɢ ɛɟɡɫɭɥɶɮɢɞɧɨɝɨ 
ɨɪɭɞɟɧɟɧɢɣ, ɬɨɝɞɚ ɤɚɤ ɜ ɩɪɨɰɟɫɫɟ ɬɪɚɧɫɮɨɪɦɚɰɢɢ ɩɪɨɢɫɯɨɞɢɬ ɡɚɦɟɳɟɧɢɟ 
ɛɟɡɫɭɥɶɮɢɞɧɨɝɨ ɨɪɭɞɟɧɟɧɢɹ ɫɨɛɫɬɜɟɧɧɨ ɫɭɥɶɮɢɞɧɵɦ – ɡɨɥɨɬɨ-ɦɟɞɧɨ-

ɩɨɥɢɦɟɬɚɥɥɢɱɟɫɤɢɦ. ȼ ɦɟɥɭ, ɜ ɩɪɨɰɟɫɫɟ ɝɟɨɥɨɝɢɱɟɫɤɨɸ ɪɚɡɜɢɬɢɹ 
ɮɢɤɫɢɪɭɟɬɫɹ ɫɢɧɜɭɥɤɚɧɢɱɟɫɤɨɟ ɢ ɩɨɫɬɜɭɥɤɚɧɢɱɟɫɤɨɟ ɛɥɨɤɢɪɨɜɚɧɢɟ. 
ɋɢɧɜɭɥɤɚɧɢɱɟɫɤɨɟ ɛɥɨɤɢɪɨɜɚɧɢɟ ɜɨ ɜɪɟɦɟɧɢ ɢ ɩɪɨɫɬɪɚɧɫɬɜɟ ɩɪɟɞɫɬɚɜɥɟɧɨ 
ɞɜɭɦɹ ɷɬɚɩɚɦɢ. ɇɚ ɩɟɪɜɨɦ ɢɡ ɧɢɯ ɜɧɟɞɪɹɸɬɫɹ ɢɧɬɪɭɡɢɜɧɵɟ ɲɬɨɤɢ, 
ɨɛɭɫɥɨɜɢɜɲɢɟ ɜɨɡɞɵɦɚɧɢɟ ɦɨɪɫɤɨɝɨ ɞɧɚ (ɬɸɦɢɫɟɧɫ) ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ 
ɨɫɬɪɨɜɨɜ (ɜɨɡɞɵɦɚɧɢɟ ɛɥɨɤɨɜ). Ɇɢɧɟɪɚɥɢɡɚɰɢɹ ɜ Ȼɨɥɧɢɫɫɤɨɦ ɪɚɣɨɧɟ ɫɜɹɡɚɧɚ 
ɢɦɟɧɧɨ ɫ ɩɪɢɩɨɞɧɹɬɵɦɢ ɛɥɨɤɚɦɢ. ȼɬɨɪɨɣ ɷɬɚɩ ɛɥɨɤɢɪɨɜɚɧɢɹ ɩɪɨɹɜɢɥɫɹ ɜ 
ɷɤɫɩɥɨɡɢɢ ɢɝɧɢɦɛɪɢɬɨɜ ɧɚ ɨɫɬɪɨɜɚɯ ɢ ɜ ɤɚɥɶɞɟɪɨɩɪɨɫɟɞɚɧɢɢ (ɩɨɝɪɭɠɟɧɢɟ 
ɛɥɨɤɚ). Ɉɪɭɞɟɧɟɧɢɟ ɡɞɟɫɶ ɩɪɟɞɲɟɫɬɜɨɜɚɥɨ ɢɡɜɟɪɠɟɧɢɸ ɢɝɧɢɦɛɪɢɬɨɜ ɢ 
ɤɚɥɶɞɟɪɨɩɪɨɫɟɞɚɧɢɸ. Ɉɧɨ ɤɨɧɬɪɨɥɢɪɨɜɚɥɨɫɶ ɜɧɟɞɪɟɧɢɟɦ ɢɧɬɪɭɡɢɜɧɵɯ 
ɲɬɨɤɨɜ. ɏɚɪɚɤɬɟɪ ɫɢɧɜɭɥɤɚɧɢɱɟɫɤɨɝɨ ɛɥɨɤɢɪɨɜɚɧɢɹ ɤɨɧɬɪɨɥɢɪɭɟɬɫɹ 
ɪɚɫɩɨɥɨɠɟɧɢɟɦ ɫɨɛɫɬɜɟɧɧɨ ɫɭɥɶɮɢɞɧɨɝɨ ɢ ɛɟɡɫɭɥɶɮɢɞɧɨɝɨ ɨɪɭɞɟɧɟɧɢɹ ɜ 
ɝɪɚɧɢɱɚɳɢɯ ɛɥɨɤɚɯ. Ɉɪɭɞɟɧɟɥɵɟ ɛɥɨɤɢ ɪɚɫɩɨɥɨɠɟɧɵ ɜ ɤɚɥɶɞɟɪɚɯ ɢ ɢɯ 
ɛɥɨɤɢɪɨɜɚɧɢɟ ɤɨɧɬɪɨɥɢɪɭɟɬɫɹ ɤɚɥɶɞɟɪɨɩɪɨɫɟɞɚɧɢɟɦ. ɉɨɫɥɟ ɡɚɜɟɪɲɟɧɢɹ 
ɜɟɪɯɧɟɦɟɥɨɜɨɣ ɜɭɥɤɚɧɢɱɟɫɤɨɣ ɞɟɹɬɟɥɶɧɨɫɬɢ ɩɪɨɢɡɨɲɟɥ ɞɟɬɚɱɦɟɧɬ 
ɫɭɛɞɭɰɢɪɭɟɦɨɣ ɩɥɢɬɵ, ɜɵɪɚɠɟɧɧɵɣ ɜ ɮɨɪɦɢɪɨɜɚɧɢɢ ɪɟɝɢɨɧɚɥɶɧɨɝɨ ɪɚɡɥɨɦɚ, 
ɪɚɡɞɟɥɢɜɲɟɝɨ Ȼɨɥɧɢɫɫɤɢɣ ɪɭɞɧɵɣ ɪɚɣɨɧ ɧɚ ɞɜɚ "ɝɢɝɚɧɬɫɤɢɯ" ɛɥɨɤɚ. 
ȼɨɡɞɵɦɚɧɢɟ ɨɞɧɨɝɨ ɢɡ ɧɢɯ ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɞɪɭɝɨɦɭ ɪɚɜɧɨ 1200 ɦ. 
ȼɟɪɯɧɟɫɚɧɬɨɧ-ɤɚɦɩɚɧɫɤɚɹ ɜɭɥɤɚɧɢɱɟɫɤɚɹ ɫɟɪɢɹ ɩɨɥɧɨɫɬɶɸ ɫɦɵɬɚ ɷɪɨɡɢɟɣ ɫ 
ɩɪɢɩɨɞɧɹɬɨɝɨ ɛɥɨɤɚ. Ɉɧɚ ɫɨɯɪɚɧɢɥɚɫɶ ɜ ɨɩɭɳɟɧɧɨɦ ɛɥɨɤɟ ɢ ɝɪɚɧɢɱɢɬ ɫ 
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ɬɭɪɨɧ-ɫɚɧɬɨɧɫɤɨɣ ɫɟɪɢɟɣ ɩɪɢɩɨɞɧɹɬɨɝɨ ɛɥɨɤɚ. ɗɬɨɬ ɬɢɩ ɛɥɨɤɢɪɨɜɚɧɢɹ 
ɹɜɥɹɟɬɫɹ ɩɨɫɬɜɭɥɤɚɧɢɱɟɫɤɢɦ, ɬɨɝɞɚ ɤɚɤ ɫɢɧɜɭɥɤɚɧɢɱɟɫɤɨɟ ɛɥɨɤɢɪɨɜɚɧɢɟ 
ɤɨɧɬɪɨɥɢɪɭɟɬɫɹ ɩɨɡɞɧɟɦɟɥɨɜɨɣ ɜɭɥɤɚɧɨ-ɦɚɝɦɚɬɢɱɟɫɤɨɣ ɞɟɹɬɟɥɶɧɨɫɬɶɸ ɢ 
ɩɪɨɰɟɫɫɨɦ ɦɢɧɟɪɚɥɢɡɚɰɢɢ. 

ȼ ɨɬɥɢɱɢɟ ɨɬ ɩɨɫɬɜɭɥɤɚɧɢɱɟɫɤɨɝɨ, ɞɢɚɩɚɡɨɧ ɫɢɧɜɭɥɤɚɧɢɱɟɫɤɨɝɨ 
ɛɥɨɤɢɪɨɜɚɧɢɹ ɧɟ ɩɪɟɜɵɲɚɟɬ 200 ɦ, ɢ ɨɬɞɟɥɶɧɵɟ ɛɥɨɤɢ ɪɚɫɩɪɨɫɬɪɚɧɟɧɵ ɧɚ 
ɫɨɬɧɢ ɦ2, ɬɨɝɞɚ ɤɚɤ ɝɢɝɚɧɬɫɤɢɟ ɛɥɨɤɢ ɨɯɜɚɬɵɜɚɸɬ ɜɟɫɶ Ȼɨɥɧɢɫɫɤɢɣ ɪɭɞɧɵɣ 
ɪɚɣɨɧ (ɬɵɫɹɱɢ ɤɦ). ȼɡɚɢɦɨɨɬɧɨɲɟɧɢɹ ɫɢɧɜɭɥɤɚɧɢɱɟɫɤɢɯ ɛɥɨɤɨɜ ɢ ɢɯ 
ɜɨɡɞɵɦɚɧɢɟ ɨɩɪɟɞɟɥɹɸɬɫɹ ɭɪɨɜɧɟɦ ɪɚɫɩɨɥɨɠɟɧɢɹ ɫɨɛɫɬɜɟɧɧɨ ɫɭɥɶɮɢɞɧɨɝɨ ɢ 
ɛɟɡɫɭɥɶɮɢɞɧɨɝɨ ɨɪɭɞɟɧɟɧɢɣ ɜ ɫɨɫɟɞɧɢɯ ɛɥɨɤɚɯ. 
 

Ʉɥɸɱɟɜɵɟ ɫɥɨɜɚ: ɫɬɚɛɢɥɶɧɚɹ ɫɭɛɞɭɤɰɢɹ, ɬɪɚɧɫɮɨɪɦɚɰɢɹ ɫɭɛɞɭɰɢɪɭɟɦɨɣ 
ɩɥɢɬɵ, ɡɨɥɨɬɨ-ɦɟɞɧɨ-ɩɨɥɢɦɟɬɚɥɥɢɱɟɫɤɚɹ ɦɢɧɟɪɚɥɢɡɚɰɢɹ, ɫɭɛɜɭɥɤɚɧɢɱɟɫɤɨɟ 
ɛɥɨɤɢɪɨɜɚɧɢɟ. 
 

ȼɋɌɍɉɅȿɇɂȿ 

 

Ȼɨɥɧɢɫɫɤɢɣ ɪɭɞɧɵɣ ɪɚɣɨɧ ɹɜɥɹɟɬɫɹ ɱɚɫɬɶɸ ɰɟɧɬɪɚɥɶɧɨɝɨ ɫɟɝɦɟɧɬɚ 
Ɍɟɬɢɫ-ȿɜɪɚɡɢɣɫɤɨɝɨ ɩɨɹɫɚ (ɪɢɫ. 1). Ɉɧ ɫɨɫɬɨɢɬ ɢɡ ɡɨɥɨɬɨ-ɦɟɞɧɨ-

ɩɨɥɢɦɟɬɚɥɥɢɱɟɫɤɨɝɨ, ɦɚɥɨɫɭɥɶɮɢɞɧɨɝɨ ɢ ɛɟɡɫɭɥɶɮɢɞɧɨɝɨ ɡɨɥɨɬɨɝɨ 
ɨɪɭɞɟɧɟɧɢɹ ɜɟɪɯɧɟɦɟɥɨɜɨɣ ɫɟɧɨɦɚɧ-ɤɚɦɩɚɧɫɤɨɣ ɜɭɥɤɚɧɢɱɟɫɤɢɣ ɫɟɪɢɢ (ɪɢɫ. 
2) ɢ ɩɪɟɞɫɬɚɜɥɟɧ ɞɜɭɦɹ ɪɭɞɧɵɦɢ ɭɡɥɚɦɢ – Ɇɚɞɧɟɭɥɶɫɤɢɦ ɢ Ȼɟɤɬɚɤɚɪɫɤɢɦ 
(ɪɢɫ .4). Ɇɚɞɧɟɭɥɶɫɤɢɣ ɭɡɟɥ (ɜɨɡɪɚɫɬ 88-90 ɦɥɧ.ɥɟɬ) ɪɚɫɩɨɥɨɠɟɧ ɜ ɬɭɪɨɧ-

ɫɚɧɬɨɧɫɤɨɣ ɦɚɲɚɜɧɪɫɤɨɣ ɫɜɢɬɟ, ɫɥɨɠɟɧɧɨɣ ɜɭɥɤɚɧɢɬɚɦɢ ɚɧɞɟɡɢɬ-ɞɚɰɢɬ-

ɪɢɨɥɢɬɨɜɨɝɨ ɫɨɫɬɚɜɚ. Ɇɟɫɬɨɪɨɠɞɟɧɢɹ Ȼɟɤɬɚɤɚɪɫɤɨɝɨ ɭɡɥɚ (ɜɨɡɪɚɫɬ 79-81 

ɦɥɧ.ɥɟɬ) ɩɪɢɭɪɨɱɟɧɵ ɤ ɤɚɦɩɚɧɫɤɨɣ ɬɪɚɯɢɪɢɨɞɚɰɢɬɨɜɨɣ ɫɟɪɢɢ, ɩɟɪɟɤɪɵɬɨɣ 
ɬɪɚɯɢɛɚɡɚɥɶɬ-ɳɟɥɨɱɧɨɣ ɨɥɢɜɢɧɨɜɨɛɚɡɚɥɶɬɨɜɨɣ ɲɨɪɲɨɥɟɬɫɤɨɣ ɫɜɢɬɨɣ (ɪɢɫ. 
2). ɗɬɢ ɭɡɥɵ ɪɚɡɞɟɥɟɧɵ ɪɟɝɢɨɧɚɥɶɧɵɦ ɪɚɡɥɨɦɨɦ ɢ ɪɚɫɩɨɥɨɠɟɧɵ ɜ ɞɜɭɯ 
"ɝɢɝɚɧɬɫɤɢɯ" ɛɥɨɤɚɯ (ɪɢɫ. 4). 

Ȼɟɡɫɭɥɶɮɢɞɧɨɟ ɡɨɥɨɬɨɟ ɨɪɭɞɟɧɟɧɢɟ Ȼɟɤɬɚɤɚɪɫɤɨɝɨ ɭɡɥɚ ɫɜɹɡɚɧɨ ɫ ɤɜɚɪɰ-

ɤɚɥɢɲɩɚɥɨɜɵɦɢ ɦɟɬɚɫɨɦɚɬɢɬɚɦɢ. ɉɨɫɥɟɞɧɢɟ ɡɚɦɟɳɚɸɬɫɹ ɡɨɥɨɬɨ-ɦɟɞɧɨ-

ɩɨɥɢɦɟɬɚɥɥɢɱɟɫɤɢɦ ɨɪɭɞɟɧɟɧɢɟɦ. ȼ ɨɬɥɢɱɢɟ ɨɬ Ȼɟɤɬɚɤɚɪɫɤɨɝɨ, 
ɦɟɫɬɨɪɨɠɞɟɧɢɟ Ɇɚɞɧɟɭɥɶɫɤɨɝɨ ɭɡɥɚ ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɡɨɧɚɥɶɧɨɫɬɶɸ 
ɨɪɭɞɟɧɟɧɢɹ. Ɂɞɟɫɶ ɡɨɥɨɬɨ-ɦɟɞɧɨ-ɩɨɥɢɦɟɬɚɥɥɢɱɟɫɤɨɟ ɨɪɭɞɟɧɟɧɢɟ ɩɨ 
ɜɨɫɫɬɚɧɢɸ ɩɟɪɟɯɨɞɢɬ ɜ ɛɟɡɫɭɥɶɮɢɞɧɭɸ ɡɨɧɭ, ɫɨɫɬɨɹɳɭɸ ɢɡ ɤɜɚɪɰ-

ɯɚɥɰɟɞɨɧɨɜɵɯ ɢ ɤɜɚɪɰ-ɛɚɪɢɬɨɜɵɯ ɡɨɥɨɬɨɫɨɞɟɪɠɚɳɢɯ ɲɬɨɤɜɟɪɤɨɜ (Gugushvili 

et ɚl., 2014; Gugushvili, 2015). Ƚɟɨɥɨɝɢɱɟɫɤɨɟ ɢ ɝɟɨɞɢɧɚɦɢɱɟɫɤɨɟ ɪɚɡɜɢɬɢɟ ɜ 
ɦɟɥɭ, ɬɚɤɠɟ ɤɚɤ ɜɭɥɤɚɧɢɡɦ ɢ ɨɪɭɞɟɧɟɧɢɟ, ɨɛɭɫɥɨɜɥɟɧɵ ɫɟɜɟɪɨɜɟɪɝɟɧɬɧɨɣ 
ɫɭɛɞɭɤɰɢɟɣ ɨɤɟɚɧɚ Ɍɟɬɢɫ. ȼ Ȼɨɥɧɢɫɫɤɨɦ ɪɭɞɧɨɦ ɪɚɣɨɧɟ ɭɫɬɚɧɨɜɥɟɧɵ ɞɜɟ 
ɫɬɚɞɢɢ ɫɭɛɞɭɤɰɢɢ: ɫɬɚɛɢɥɶɧɚɹ ɫɭɛɞɭɤɰɢɹ, ɛɟɡ ɬɪɚɧɫɮɨɪɦɚɰɢɢ (ɡɚɝɢɛɚɧɢɟ, 
ɪɚɡɥɨɦ, ɞɟɬɚɱɦɟɧɬ, ɞɟɥɚɦɢɧɚɰɢɹ) ɩɨɝɪɭɠɚɸɳɟɣɫɹ ɜ ɦɚɧɬɢɸ ɫɭɛɞɭɰɢɪɭɟɦɨɣ 
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ɩɥɢɬɵ. ɋ ɧɟɣ ɫɜɹɡɚɧɚ ɨɫɬɪɨɜɨɞɭɠɧɚɹ ɨɛɫɬɚɧɨɜɤɚ, ɢɡɜɟɫɬɤɨɜɨ-ɳɟɥɨɱɧɨɣ 
ɜɭɥɤɚɧɢɡɦ ɢ ɡɨɥɨɬɨ-ɦɟɞɧɨ-ɩɨɥɢɦɟɬɚɥɥɢɱɟɫɤɨɟ (Au, Pb, Zn, Cu) ɨɪɭɞɟɧɟɧɢɟ. 
ɇɚ ɫɥɟɞɭɸɳɟɣ ɫɬɚɞɢɢ ɫ ɬɪɚɧɫɮɨɪɦɚɰɢɟɣ ɫɭɛɞɭɰɢɪɭɟɦɨɣ ɩɥɢɬɵ, 
ɨɛɭɫɥɨɜɢɜɲɟɣ ɜɧɟɞɪɟɧɢɟ ɦɚɧɬɢɣɧɨɝɨ ɞɢɚɩɢɪɚ, ɩɪɨɢɫɯɨɞɢɬ ɩɟɪɟɯɨɞ 
ɜɭɥɤɚɧɢɱɟɫɤɨɣ ɞɭɝɢ ɜ ɡɚɞɭɝɨɜɭɸ ɨɛɫɬɚɧɨɜɤɭ. ɇɚ ȿɜɪɚɡɢɣɫɤɨɣ ɚɤɬɢɜɧɨɣ 
ɨɤɪɚɢɧɟ ɬɪɚɧɫɮɨɪɦɚɰɢɹ ɩɪɨɹɜɢɥɚɫɶ ɜ ɪɢɮɬɢɧɝɟ, ɜ ɲɨɲɨɧɢɬ-ɳɟɥɨɱɧɨɛɚɡɚɥɶɬ-

ɬɨɥɟɢɬɨɜɨɣ ɜɭɥɤɚɧɢɱɟɫɤɨɣ ɞɟɹɬɟɥɶɧɨɫɬɢ, ɜ ɫɬɪɚɬɢɦɨɪɮɧɨɣ (VMS) ɦɟɞɧɨ-

ɰɢɧɤɨɜɨɤɨɥɱɟɞɚɧɧɨɣ ɦɢɧɟɪɚɥɢɡɚɰɢɢ. ɇɚ ɪɚɡɜɢɬɨɦ ɷɬɚɩɟ ɡɚɞɭɝɨɜɨɣ 
ɨɛɫɬɚɧɨɜɤɢ ɜ ɨɪɭɞɟɧɟɧɢɢ ɧɟ ɭɱɚɫɬɜɭɸɬ ɡɨɥɨɬɨ ɢ ɫɜɢɧɟɰ, ɥɢɛɨ ɢɯ ɫɨɞɟɪɠɚɧɢɟ 
ɦɢɧɢɦɚɥɶɧɨ – ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɭɱɚɫɬɢɹ ɫɢɚɥɢɱɟɫɤɨɣ ɤɨɪɵ (Gugushvili, 2015; 

2016; 2017). 

Ʉɪɢɬɟɪɢɢ ɝɟɨɞɢɧɚɦɢɱɟɫɤɨɣ ɨɛɫɬɚɧɨɜɤɢ ɜɭɥɤɚɧɢɡɦɚ ɤɨɧɬɪɨɥɢɪɭɸɬɫɹ 
ɩɟɬɪɨɯɢɦɢɱɟɫɤɢɦɢ ɢ ɝɟɨɯɢɦɢɱɟɫɤɢɦɢ ɢɧɞɢɤɚɬɨɪɚɦɢ, ɫɜɢɞɟɬɟɥɶɫɬɜɭɸɳɢɦɢ ɨ 
ɞɨɥɟ ɦɚɧɬɢɣɧɨɝɨ ɜɥɢɹɧɢɹ ɜ ɩɪɨɰɟɫɫɟ ɫɬɚɛɢɥɶɧɨɣ ɫɭɛɞɭɤɰɢɢ ɢ 
ɬɪɚɧɫɮɨɪɦɚɰɢɢ ɫɭɛɞɭɰɢɪɭɟɦɨɣ ɩɥɢɬɵ. ȼɡɚɢɦɨɨɬɧɨɲɟɧɢɹ ɜɭɥɤɚɧɢɡɦɚ ɢ 
ɦɟɬɚɥɥɨɝɟɧɢɢ ɜ Ȼɨɥɧɢɫɫɤɨɦ ɪɭɞɧɨɦ ɪɚɣɨɧɟ ɞɟɬɚɥɶɧɨ ɪɚɫɫɦɚɬɪɢɜɚɸɬɫɹ ɜ 
ɫɥɟɞɭɸɳɢɯ ɩɭɛɥɢɤɚɰɢɹɯ (Gugushvili et al., 2002; 2014; Gugushvili, 2015; 2015; 

2016; 2017). 

ɇɚ Ɇɚɞɧɟɭɥɶɫɤɨɦ ɪɭɞɧɨɦ ɭɡɥɟ ɪɭɞɨɫɨɞɟɪɠɚɳɢɟ ɜɭɥɤɚɧɢɬɵ ɫɜɹɡɚɧɵ ɫ 
ɨɫɬɪɨɜɨɞɭɠɧɨɣ ɨɛɫɬɚɧɨɜɤɨɣ, ɬɨɝɞɚ ɤɚɤ ɧɚ Ȼɟɤɬɚɤɚɪɫɤɨɦ ɨɧɢ ɤɨɧɬɪɨɥɢɪɭɸɬɫɹ 
ɧɚɱɚɥɶɧɨɣ ɫɬɚɞɢɟɣ ɡɚɞɭɝɨɜɨɝɨ ɪɢɮɬɢɧɝɚ. Ɂɞɟɫɶ ɩɟɪɜɵɣ ɷɬɚɩ ɤɚɦɩɚɧɫɤɨɣ 
ɜɭɥɤɚɧɢɱɟɫɤɨɣ ɚɤɬɢɜɧɨɫɬɢ ɩɪɟɞɫɬɚɜɥɟɧ ɬɪɚɯɢɪɢɨɞɚɰɢɬɨɜɨɣ ɜɭɥɤɚɧɢɱɟɫɤɨɣ 
ɫɟɪɢɟɣ, ɤɜɚɪɰ-ɤɚɥɢɲɩɚɬɨɜɵɦ ɦɟɬɚɫɨɦɚɬɨɡɨɦ ɢ ɛɟɡɫɭɥɶɮɢɞɧɨɣ ɡɨɥɨɬɨɪɭɞɧɨɣ 
ɦɢɧɟɪɚɥɢɡɚɰɢɟɣ, ɤɨɧɬɪɨɥɢɪɭɟɦɨɣ ɧɚɱɚɥɶɧɨɣ ɫɬɚɞɢɟɣ ɡɚɞɭɝɨɜɨɣ ɨɛɫɬɚɧɨɜɤɢ. 
Ɇɚɧɬɢɣɧɨɟ ɜɥɢɹɧɢɟ ɜ ɞɚɧɧɨɦ ɫɥɭɱɚɟ ɩɪɨɹɜɢɥɨɫɶ ɜ ɫɭɛɳɟɥɨɱɧɨɦ ɜɭɥɤɚɧɢɡɦɟ 
ɢ ɳɟɥɨɱɧɨɦ ɦɟɬɚɫɨɦɚɬɨɡɟ. ȼ ɩɨɡɞɧɟɦ ɤɚɦɩɚɧɟ ɦɚɧɬɢɣɧɨɟ ɜɥɢɹɧɢɟ 
ɜɨɡɪɚɫɬɚɟɬ. Ɉɧɨ ɜɵɹɜɢɥɨɫɶ ɜ ɫɭɥɶɮɢɞɧɨɣ ɮɚɡɟ ɨɪɭɞɟɧɟɧɢɹ, ɤɨɧɬɪɨɥɢɪɭɟɦɨɣ 
ɝɚɛɛɪɨ-ɞɢɚɛɚɡɨɜɵɦɢ ɲɬɨɤɚɦɢ, ɫɟɤɭɳɢɦɢ ɤɜɚɪɰ-ɩɨɥɟɜɨɲɩɚɬɨɜɵɟ 
ɦɟɬɚɫɨɦɚɬɢɬɵ. Ɉɪɭɞɟɧɟɧɢɟ ɩɪɟɞɫɬɚɜɥɟɧɨ ɡɨɥɨɬɨ-ɦɟɞɧɨ-ɩɨɥɢɦɟɬɚɥɥɢɱɟɫɤɨɣ 
ɦɢɧɟɪɚɥɢɡɚɰɢɟɣ ɫ ɫɢɧɪɭɞɧɨɣ ɷɩɢɞɨɬ-ɰɨɢɡɢɬɨɜɨɣ ɩɪɨɩɢɥɢɬɢɡɚɰɢɟɣ 
(Gugushvili et ɚl., 2014: Gugushvili, 2015; 2016; 2017). Ƚɚɛɛɪɨ-ɞɢɚɛɚɡɨɜɵɟ 
ɲɬɨɤɢ ɡɞɟɫɶ, ɩɨ-ɜɢɞɢɦɨɦɭ, ɹɜɥɹɸɬɫɹ ɚɩɨɮɢɡɚɦɢ ɜɭɥɤɚɧɢɱɟɫɤɨɝɨ ɨɱɚɝɚ, 
ɨɬɤɭɞɚ ɩɪɨɢɫɯɨɞɢɥɨ ɢɡɜɟɪɠɟɧɢɟ ɳɟɥɨɱɧɵɯ ɛɚɡɚɥɶɬɨɜ ɲɨɪɲɨɥɟɬɫɤɨɣ ɫɜɢɬɵ. 
Ɉɧɢ ɮɢɤɫɢɪɭɸɬ ɧɚɱɚɥɶɧɭɸ ɫɬɚɞɢɸ ɡɚɞɭɝɨɜɨɝɨ ɪɢɮɬɢɧɝɚ ɢ ɢɧɬɪɭɡɢɸ 
ɦɚɧɬɢɣɧɨɝɨ ɞɢɚɩɢɪɚ (Gugushvili, 2015; 2016). 

Ɇɟɫɬɨɪɨɠɞɟɧɢɹ Ȼɟɤɬɚɤɚɪɫɤɨɝɨ ɭɡɥɚ ɯɚɪɚɤɬɟɪɢɡɭɸɬɫɹ ɜɵɫɨɤɢɦɢ 
ɫɨɞɟɪɠɚɧɢɹɦɢ ɡɨɥɨɬɚ ɢ ɫɜɢɧɰɚ, ɱɬɨ ɨɛɴɹɫɧɹɟɬɫɹ ɡɧɚɱɢɬɟɥɶɧɵɦ ɭɱɚɫɬɢɟɦ 
ɫɢɚɥɢɱɟɫɤɨɣ ɤɨɪɵ ɜ ɩɪɨɰɟɫɫɟ ɨɪɭɞɟɧɟɧɢɹ ɢ ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɵɦɢ 
ɮɥɸɢɞɚɦɢ ɧɚ ɧɚɱɚɥɶɧɨɣ ɫɬɚɞɢɢ ɡɚɞɭɝɨɜɨɣ ɨɛɫɬɚɧɨɜɤɢ, ɫɜɹɡɚɧɧɨɣ ɫ 
ɜɨɡɛɭɠɞɟɧɢɟɦ ɦɚɧɬɢɣɧɨɝɨ ɞɢɚɩɢɪɚ. ȼɵɫɨɤɚɹ ɬɟɦɩɟɪɚɬɭɪɚ ɮɥɸɢɞɨɜ ɹɜɥɹɥɚɫɶ 
ɩɪɢɱɢɧɨɣ ɢɧɬɟɧɫɢɜɧɨɝɨ ɜɵɳɟɥɚɱɢɜɚɧɢɹ ɡɨɥɨɬɚ ɢɡ ɫɢɚɥɢɱɟɫɤɨɣ ɤɨɪɵ ɧɚ 
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ɧɚɱɚɥɶɧɵɯ ɫɬɚɞɢɹɯ ɪɢɮɬɢɧɝɚ. Ɉ ɜɵɫɨɤɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɮɥɸɢɞɨɜ 
ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɫɢɧɪɭɞɧɚɹ ɷɩɢɞɨɬ-ɰɨɢɡɢɬɨɜɚɹ ɩɪɨɩɢɥɢɬɢɡɚɰɢɹ 
ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɭɪɨɜɧɹ 350-400

0ɋ. 
ȼ ɩɨɪɮɢɪɨɜɵɯ ɪɭɞɚɯ Ȼɟɤɬɚɤɚɪɫɤɨɝɨ ɦɟɫɬɨɪɨɠɞɟɧɢɹ ɫɪɟɞɧɟɟ ɫɨɞɟɪɠɚɧɢɟ 

ɡɨɥɨɬɚ – 5ɝ/ɬ, ɚ ɧɚ Ɇɚɞɧɟɭɥɶɫɤɨɦ - ɜ ɡɨɥɨɬɨ-ɦɟɞɧɨ-ɩɨɥɢɦɟɬɚɥɥɢɱɟɫɤɨɣ ɪɭɞɟ 
ɨɧɨ ɜ ɫɪɟɞɧɟɦ ɫɨɨɬɜɟɬɫɬɜɭɟɬ 0.8ɝ/ɬ, ɢ ɫɢɧɪɭɞɧɵɟ ɦɟɬɚɫɨɦɚɬɢɬɵ ɩɪɟɞɫɬɚɜɥɟɧɵ 
ɛɨɥɟɟ ɧɢɡɤɨɬɟɦɩɟɪɚɬɭɪɧɨɣ ɫɟɪɢɰɢɬ-ɯɥɨɪɢɬ-ɤɚɪɛɨɧɚɬɧɨɣ ɚɫɫɨɰɢɚɰɢɟɣ. 
 

3.1. Ȼɥɨɤɢɪɨɜɚɧɢɟ ɜ Ȼɨɥɧɢɫɫɤɨɦ ɪɭɞɧɨɦ ɪɚɣɨɧɟ 

 

ȼ Ȼɨɥɧɢɫɫɤɨɦ ɪɭɞɧɨɦ ɪɚɣɨɧɟ ɫ ɫɭɛɞɭɤɰɢɟɣ ɫɜɹɡɚɧɵ ɞɜɚ ɷɬɚɩɚ 
ɛɥɨɤɢɪɨɜɚɧɢɹ. ɉɟɪɜɵɣ ɢɡ ɧɢɯ ɩɪɟɞɫɬɚɜɥɟɧ ɫɢɧɜɭɥɤɚɧɢɱɟɫɤɢɦ 
ɛɥɨɤɢɪɨɜɚɧɢɟɦ, ɜɬɨɪɨɣ – ɩɨɫɬɜɭɥɤɚɧɢɱɟɫɤɢɦ, ɫɜɹɡɚɧɧɵɦ ɫ ɞɟɬɚɱɦɟɧɬɨɦ 
ɫɭɛɞɭɰɢɪɭɟɦɨɣ ɩɥɢɬɵ. ɋɢɧɜɭɥɤɚɧɢɱɟcɤɨɟ ɛɥɨɤɢɪɨɜɚɧɢɟ ɤɨɧɬɪɨɥɢɪɭɟɬɫɹ 
ɢɧɬɪɭɡɢɹɦɢ ɝɪɚɧɨɞɢɨɪɢɬɨɜɵɯ ɲɬɨɤɨɜ, ɬɸɦɢɫɟɧɫɨɦ ɦɨɪɫɤɨɝɨ ɞɧɚ, 
ɨɛɪɚɡɨɜɚɧɢɟɦ ɨɫɬɪɨɜɨɜ (ɩɪɢɩɨɞɧɹɬɵɟ ɛɥɨɤɢ) ɢ ɤɚɥɶɞɟɪɨɩɪɨɫɟɞɚɧɢɟɦ 
(ɩɨɝɪɭɠɟɧɧɵɟ ɛɥɨɤɢ). ɇɚ ɷɬɚɩɟ ɤɚɥɶɞɟɪɨɩɪɨɫɟɞɚɧɢɹ ɮɨɪɦɢɪɨɜɚɥɢɫɶ ɢ 
"ɦɚɥɵɟ" ɛɥɨɤɢ. ɉɨɫɬɜɭɥɤɚɧɢɱɟɫɤɨɟ ɛɥɨɤɢɪɨɜɚɧɢɟ ɤɨɧɬɪɨɥɢɪɭɟɬɫɹ 
ɞɟɬɚɱɦɟɧɬɨɦ (ɪɚɡɪɵɜɨɦ) ɫɭɛɞɭɤɰɢɨɧɧɨɣ ɩɥɢɬɵ, ɩɪɨɹɜɢɜɲɟɦɫɹ ɜ 
ɪɟɝɢɨɧɚɥɶɧɨɦ ɪɚɡɥɨɦɟ, ɪɚɡɞɟɥɢɜɲɢɦ ɪɭɞɧɵɣ ɪɚɣɨɧ ɧɚ ɞɜɚ "ɝɢɝɚɧɬɫɤɢɯ" 

ɛɥɨɤɚ. Ɉɪɭɞɟɧɟɧɢɟ ɫɜɹɡɚɧɨ ɫ ɩɪɢɩɨɞɧɹɬɵɦɢ ɫɢɧɜɭɥɤɚɧɢɱɟɫɤɢɦɢ ɛɥɨɤɚɦɢ. 
Ʉɚɥɶɞɟɪɨɩɪɨɫɟɞɚɧɢɟ ɢ ɩɨɫɬɜɭɥɤɚɧɢɱɟɫɤɨɟ ɛɥɨɤɢɪɨɜɚɧɢɟ ɹɜɥɹɸɬɫɹ 
ɩɨɫɬɪɭɞɧɵɦɢ ɩɪɨɰɟɫɫɚɦɢ. Ɇɢɧɟɪɚɥɢɡɚɰɢɹ ɫɢɧɯɪɨɧɧɚ ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ 
ɩɪɢɩɨɞɧɹɬɵɯ ɫɢɧɜɭɥɤɚɧɢɱɟɫɤɢɯ ɛɥɨɤɨɜ. Ɋɭɞɨɨɛɪɚɡɨɜɚɧɢɟ ɧɟ ɫɜɹɡɚɧɨ ɫ 
ɤɚɥɶɞɟɪɨɩɪɨɫɟɞɚɧɢɟɦ ɢ ɫ ɩɨɫɬɜɭɥɤɚɧɢɱɟɫɤɢɦ ɛɥɨɤɢɪɨɜɚɧɢɟɦ ("ɝɢɝɚɧɬɫɤɢɟ" 

ɛɥɨɤɢ), ɨɞɧɚɤɨ ɩɨɫɥɟɞɧɢɟ ɤɨɧɬɪɨɥɢɪɭɸɬ ɪɚɫɩɨɥɨɠɟɧɢɟ ɨɪɭɞɟɧɟɥɵɯ ɛɥɨɤɨɜ ɜ 
ɩɪɨɫɬɪɚɧɫɬɜɟ.  
 

3.1.1. ɉɨɫɬɜɭɥɤɚɧɢɱɟɫɤɨɟ ɛɥɨɤɢɪɨɜɚɧɢɟ 

 

Ɉɪɭɞɟɧɟɧɢɟ ɜ Ȼɨɥɧɢɫɫɤɨɦ ɪɭɞɧɨɦ ɪɚɣɨɧɟ ɪɚɫɩɨɥɨɠɟɧɨ ɜ ɞɜɭɯ 
"ɝɢɝɚɧɬɫɤɢɯ" ɛɥɨɤɚɯ, ɪɚɡɞɟɥɟɧɧɵɯ ɪɟɝɢɨɧɚɥɶɧɵɦ ɪɚɡɥɨɦɨɦ (ɪɢɫ. 3, 4). Ɉɧɨ 
ɩɪɟɞɫɬɚɜɥɟɧɨ ɞɜɭɦɹ ɪɭɞɧɵɦɢ ɭɡɥɚɦɢ – Ɇɚɞɧɟɭɥɶɫɤɢɦ ɢ Ȼɟɤɬɚɤɚɪɫɤɢɦ. ȼ ɧɢɯ 
ɜɭɥɤɚɧɢɱɟɫɤɚɹ ɞɟɹɬɟɥɶɧɨɫɬɶ (ɢɡɜɟɫɬɤɨɜɨ-ɳɟɥɨɱɧɚɹ ɪɢɨɞɚɰɢɬɨɜɚɹ ɜ 
Ɇɚɞɧɟɭɥɶɫɤɨɦ ɢ ɫɭɛɳɟɥɨɱɧɚɹ ɜ Ȼɟɤɬɚɤɚɪɫɤɨɦ) ɡɚɜɟɪɲɚɟɬɫɹ ɢɝɧɢɦɛɪɢɬɨɜɵɦɢ 
ɢɡɜɟɪɠɟɧɢɹɦɢ, ɤɚɥɶɞɟɪɨɩɪɨɫɟɞɚɧɢɟɦ ɢ ɷɤɫɬɪɭɡɢɟɣ ɪɢɨɥɢɬɨɜ ɜ Ɇɚɞɧɟɭɥɢ ɢ 
ɬɪɚɯɢɪɢɨɥɢɬɨɜ ɜ Ȼɟɤɬɚɤɚɪɢ. Ɉɪɭɞɟɧɟɧɢɟ ɢ ɦɟɫɬɨɪɨɠɞɟɧɢɹ ɨɛɨɢɯ ɭɡɥɨɜ 
ɪɚɫɩɨɥɨɠɟɧɵ ɜ ɤɚɥɶɞɟɪɚɯ (ɪɢɫ. 5). ȼ Ɇɚɞɧɟɭɥɶɫɤɨɦ ɪɭɞɧɨɦ ɭɡɥɟ 
ɛɟɡɫɭɥɶɮɢɞɧɚɹ ɡɨɥɨɬɨɪɭɞɧɚɹ ɦɢɧɟɪɚɥɢɡɚɰɢɹ, ɤɚɤ ɢ ɡɨɥɨɬɨ-ɦɟɞɧɨ-

ɩɨɥɢɦɟɬɚɥɥɢɱɟɫɤɨɟ ɨɪɭɞɟɧɟɧɢɟ, ɩɪɟɞɲɟɫɬɜɨɜɚɥɢ ɢɡɜɟɪɠɟɧɢɸ ɢɝɧɢɦɛɪɢɬɨɜ ɢ 
ɤɚɥɶɞɟɪɨɩɪɨɫɟɞɚɧɢɸ. ɇɚ Ȼɟɤɬɚɤɚɪɫɤɨɦ ɪɭɞɧɨɦ ɭɡɥɟ ɛɟɡɫɭɥɶɮɢɞɧɨɟ 
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ɪɭɞɨɨɛɪɚɡɨɜɚɧɢɟ ɩɪɟɞɲɟɫɬɜɨɜɚɥɨ ɷɤɫɩɥɨɡɢɢ ɢɝɧɢɦɛɪɢɬɨɜ, ɚ ɡɨɥɨɬɨ-ɦɟɞɧɨ-

ɩɨɥɢɦɟɬɚɥɥɢɱɟɫɤɚɹ ɦɢɧɟɪɚɥɢɡɚɰɢɹ ɤɨɧɬɪɨɥɢɪɭɟɬɫɹ ɝɚɛɛɪɨ-ɞɢɚɛɚɡɨɜɵɦɢ 
ɲɬɨɤɚɦɢ, ɜɧɟɞɪɟɧɧɵɦɢ ɩɨɫɥɟ ɢɡɜɟɪɠɟɧɢɹ ɢɝɧɢɦɛɪɢɬɨɜ (Gugushvili, 2015; 

2017). Ɇɟɫɬɨɪɨɠɞɟɧɢɹ Ɇɚɞɧɟɭɥɶɫɤɨɝɨ ɭɡɥɚ ɥɨɤɚɥɢɡɨɜɚɧɵ ɜ ɬɭɪɨɧ-

ɫɚɧɬɨɧɫɤɨɣ ɦɚɲɚɜɟɪɫɤɨɣ ɫɜɢɬɟ (ɪɢɫ. 8). Ɇɚɞɧɟɭɥɶɫɤɢɣ ɭɡɟɥ ɪɚɫɩɨɥɨɠɟɧ ɜ 
ɩɪɢɩɨɞɧɹɬɨɦ "ɝɢɝɚɧɬɫɤɨɦ" ɛɥɨɤɟ, ɚ Ȼɟɤɬɚɤɚɪɫɤɢɣ – ɜ ɝɪɚɧɢɱɚɳɟɦ ɫ ɧɢɦ 
ɩɨɝɪɭɠɟɧɧɨɦ ɛɥɨɤɟ, ɫɨɞɟɪɠɚɳɢɦ ɝɚɫɚɧɞɚɦɫɤɭɸ ɢ ɲɨɪɲɨɥɟɬɫɤɭɸ ɫɜɢɬɵ 
ɤɚɦɩɚɧɫɤɨɝɨ ɜɨɡɪɚɫɬɚ (ɪɢɫ. 4). ɋ ɩɪɢɩɨɞɧɹɬɨɝɨ ɛɥɨɤɚ Ɇɚɞɧɟɭɥɶɫɤɨɝɨ ɭɡɥɚ ɷɬɢ 
ɞɜɟ ɫɜɢɬɵ, ɬɚɤɠɟ ɤɚɤ ɢ ɜɟɪɯɧɟɫɚɧɬɨɧɤɚɹ ɬɚɧɞɡɢɣɫɤɚɹ ɫɜɢɬɚ, ɫɦɵɬɵ ɷɪɨɡɢɟɣ. 
Ɇɨɳɧɨɫɬɶ ɷɪɨɞɢɪɨɜɚɧɧɨɣ ɜɭɥɤɚɧɢɱɟɫɤɨɣ ɫɟɪɢɢ 1200 ɦ. ɋɥɟɞɨɜɚɬɟɥɶɧɨ, 
Ɇɚɞɧɟɭɥɶɫɤɢɣ ɛɥɨɤ ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ Ȼɟɤɬɚɤɚɪɫɤɨɦɭ ɩɪɢɩɨɞɧɹɬ ɧɚ 1200 ɦ. 
Ɋɟɝɢɨɧɚɥɶɧɵɣ ɪɚɡɥɨɦ ɢ ɝɢɝɚɧɬɫɤɨɟ ɛɥɨɤɢɪɨɜɚɧɢɟ ɩɨ-ɜɢɞɢɦɨɦɭ ɫɜɹɡɚɧɵ ɫ 
ɩɨɡɞɧɟɤɚɦɩɚɧɫɤɢɦ-ɦɚɚɫɬɪɢɯɬɫɤɢɦ ɞɟɬɚɱɦɟɧɬɨɦ, ɬ.ɟ. ɝɢɝɚɧɬɫɤɨɟ 
ɛɥɨɤɢɪɨɜɚɧɢɟ ɹɜɥɹɟɬɫɹ ɩɨɫɬɜɭɥɤɚɧɢɱɟɫɤɢɦ ɩɪɨɰɟɫɫɨɦ. ɉɨɞɨɛɧɨɟ ɪɚɡɜɢɬɢɟ 
ɨɩɢɫɚɧɨ ɜ ɉɚɧɚɝɸɪɢɲɬɫɤɨɦ ɪɭɞɧɨɦ ɪɚɣɨɧɟ Ȼɨɥɝɚɪɫɤɨɝɨ ɋɪɟɞɧɟɝɨɪɶɹ. Ɂɞɟɫɶ 
ɩɟɪɜɚɹ ɮɚɡɚ ɜɭɥɤɚɧɢɱɟɫɤɨɣ ɚɤɬɢɜɧɨɫɬɢ ɬɚɤɠɟ ɩɪɟɞɫɬɚɜɥɟɧɚ ɢɡɜɟɫɬɤɨɜɨ-

ɳɟɥɨɱɧɨɣ ɜɭɥɤɚɧɢɱɟɫɤɨɣ ɫɟɪɢɟɣ, ɫɨɞɟɪɠɚɳɟɣ ɡɨɥɨɬɨ-ɦɟɞɧɨɩɨɪɮɢɪɨɜɨɟ 
(ȿɥɚɬɫɢɬɟ) ɢ ɜɵɫɨɤɨɫɭɥɶɮɢɞɧɭɸ (ɑɟɥɨɩɟɱ) ɦɢɧɟɪɚɥɢɡɚɰɢɸ ɜɨɡɪɚɫɬɚ 91.3-

92.4 ɦɥɧ.ɥɟɬ, ɤɨɧɬɪɨɥɢɪɭɟɦɭɸ ɫɬɚɛɢɥɶɧɨɣ ɫɭɛɞɭɤɰɢɟɣ ɢ ɢɡɜɟɫɬɤɨɜɨ-

ɳɟɥɨɱɧɨɣ ɜɭɥɤɚɧɢɱɟɫɤɨɣ ɞɟɹɬɟɥɶɧɨɫɬɶɸ. Ɍɪɚɧɫɮɨɪɦɚɰɢɹ ɫɭɛɞɭɰɢɪɭɟɦɨɣ 
ɩɥɢɬɵ ɢ ɡɞɟɫɶ ɩɪɨɹɜɢɥɚɫɶ ɜ ɛɥɨɤɨɜɨɣ ɬɟɤɬɨɧɢɤɟ ɢ ɡɨɥɨɬɨ-ɦɟɞɧɨ-

ɩɨɥɢɦɟɬɚɥɥɢɱɟɫɤɨɣ ɦɢɧɟɪɚɥɢɡɚɰɢɢ, ɞɚɬɢɪɭɟɦɨɣ 86.1-86.6 ɦɥɧ.ɥɟɬ (Moritz et 

al., 2004; von Quadtt et al., 2005). Ɂɞɟɫɶ ɬɪɚɧɫɮɨɪɦɚɰɢɹ ɫɭɛɞɭɰɢɪɭɟɦɨɣ ɩɥɢɬɵ 
ɩɪɨɹɜɢɥɚɫɶ ɜ ɩɟɪɟɯɨɞɟ ɨɫɬɪɨɜɨɞɭɠɧɨɣ ɨɛɫɬɚɧɨɜɤɢ ɜ ɧɚɱɚɥɶɧɭɸ ɫɬɚɞɢɸ 
ɡɚɞɭɝɨɜɨɝɨ ɪɢɮɬɢɧɝɚ.  
 

 

 

 

 

3.1.2.1. ɋɢɧɜɭɥɤɚɧɢɱɟɫɤɨɟ ɛɥɨɤɢɪɨɜɚɧɢɟ ɧɚ ɫɬɚɞɢɢ ɫɬɚɛɢɥɶɧɨɣ 
ɫɭɛɞɭɤɰɢɢ 

 

ȼ Ȼɨɥɧɢɫɫɤɨɦ ɪɭɞɧɨɦ ɪɚɣɨɧɟ ɭɫɬɚɧɨɜɥɟɧɵ ɞɜɟ ɫɬɚɞɢɢ "ɛɥɨɤɢɧɝɚ". 

ɉɟɪɜɚɹ ɫɜɹɡɚɧɚ ɫ ɢɧɬɪɭɡɢɹɦɢ ɝɪɚɧɨɞɢɨɪɢɬɨɜɵɯ ɲɬɨɤɨɜ, ɬɸɦɢɫɟɧɫɨɦ 
ɦɨɪɫɤɨɝɨ ɞɧɚ ɢ ɫ ɜɨɡɧɢɤɧɨɜɟɧɢɟɦ ɨɫɬɪɨɜɨɜ (ɩɪɢɩɨɞɧɹɬɵɟ ɛɥɨɤɢ). ɇɚ 
ɨɫɬɪɨɜɚɯ ɩɪɨɢɫɯɨɞɢɥɨ ɢɡɜɟɪɠɟɧɢɟ ɢɝɧɢɦɛɪɢɬɨɜ ɫ ɩɨɫɥɟɞɭɸɳɢɦ 
ɩɪɨɫɟɞɚɧɢɟɦ ɤɚɥɶɞɟɪ (ɩɨɝɪɭɠɟɧɧɵɟ ɛɥɨɤɢ). Ɏɨɪɦɢɪɨɜɚɧɢɟ ɩɪɢɩɨɞɧɹɬɵɯ ɢ 
ɩɨɝɪɭɠɟɧɧɵɯ ɛɥɨɤɨɜ ɱɟɪɟɞɨɜɚɥɨɫɶ ɜɨ ɜɪɟɦɟɧɢ ɢ ɩɪɨɫɬɪɚɧɫɬɜɟ, ɨɞɧɚɤɨ ɧɚ 
ɨɫɬɪɨɜɚɯ ɧɟ ɜɫɟɝɞɚ ɩɪɨɢɫɯɨɞɢɥɨ ɢɡɜɟɪɠɟɧɢɟ ɢɝɧɢɦɛɪɢɬɨɜ, ɢ ɨɧɢ ɨɫɬɚɜɚɥɢɫɶ 
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ɩɪɢɩɨɞɧɹɬɵɦɢ ɛɥɨɤɚɦɢ ɜ ɦɟɥɨɜɨɦ ɦɨɪɟ (Gugushvili et ɚl., 2014; Gugushvili, 

2015). 

ɇɚ Ɇɚɞɧɟɭɥɶɫɤɨɦ ɦɟɫɬɨɪɨɠɞɟɧɢɢ ɝɪɚɧɨɞɢɨɪɢɬɨɜɵɣ ɲɬɨɤ ɪɚɫɩɨɥɨɠɟɧ 
ɧɚ ɝɥɭɛɢɧɟ 500 ɦ. ȼɨɡɪɚɫɬ ɷɬɨɝɨ ɲɬɨɤɚ 88 ɦɥɧ.ɥɟɬ. ɗɬɨɬ ɲɬɨɤ ɹɜɥɹɥɫɹ 
ɩɪɨɜɨɞɧɢɤɨɦ ɝɥɭɛɢɧɧɵɯ ɮɥɸɢɞɨɜ. Ƚɢɞɪɨɬɟɪɦɚɥɶɧɚɹ ɚɤɬɢɜɧɨɫɬɶ ɜ ɧɚɱɚɥɟ 
ɩɪɨɹɜɢɥɚɫɶ ɜ ɨɤɜɚɪɰɟɜɚɧɢɢ ɞɚɰɢɬɨɜɨɣ ɬɟɮɪɵ ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ ɩɥɨɬɧɨɝɨ 
ɨɤɜɚɪɰɨɜɚɧɧɨɝɨ ɷɤɪɚɧɚ ɧɚɞ ɢɧɬɪɭɡɢɜɧɵɦ ɲɬɨɤɨɦ. Ɏɥɸɢɞɵ, ɫɤɨɩɥɟɧɧɵɟ ɧɚɞ 
ɷɬɢɦ ɷɤɪɚɧɨɦ, ɨɛɭɫɥɨɜɢɥɢ ɫɟɪɢɸ ɝɢɞɪɨɬɟɪɦɚɥɶɧɵɯ ɜɡɪɵɜɨɜ ɢ ɛɪɟɤɱɢɪɨɜɚɧɢɟ 
ɨɤɜɚɪɰɨɜɚɧɧɵɯ ɩɨɪɨɞ (ɜɬɨɪɢɱɧɵɯ ɤɜɚɪɰɢɬɨɜ). 

Ȼɪɟɤɱɢɪɨɜɚɧɧɵɟ ɝɢɞɪɨɬɟɪɦɚɥɶɧɵɦɢ ɜɡɪɵɜɚɦɢ ɡɨɧɵ ɫɰɟɦɟɧɬɢɪɨɜɚɧɵ 
ɡɨɥɨɬɨ-ɦɟɞɧɨ-ɩɨɥɢɦɟɬɚɥɥɢɱɟɫɤɨɣ ɪɭɞɨɣ. Ʉɪɨɦɟ ɬɨɝɨ, ɪɭɞɧɵɟ ɮɥɸɢɞɵ 
ɩɪɨɧɢɤɚɥɢ ɜɨ ɜɬɨɪɢɱɧɵɟ ɤɜɚɪɰɢɬɵ ɜɵɲɟ ɛɪɟɤɱɢɪɨɜɚɧɧɵɯ ɡɨɧ, ɮɨɪɦɢɪɭɹ 
ɪɚɫɫɟɹɧɧɵɟ ɩɨɪɮɢɪɨɜɵɟ ɪɭɞɵ. ɉɨ ɜɨɫɫɬɚɧɢɸ ɫɨɛɫɬɜɟɧɧɨ ɫɭɥɶɮɢɞɧɵɟ ɪɭɞɵ 
ɩɟɪɟɯɨɞɹɬ ɜ ɤɜɚɪɰ-ɯɚɥɰɟɞɨɧɨɜɵɟ ɢ ɤɜɚɪɰ-ɛɚɪɢɬɨɜɵɟ ɲɬɨɤɜɟɪɤɢ (ɪɢɫ. 6, 7). 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɧɚ Ɇɚɞɧɟɭɥɶɫɤɨɦ ɦɟɫɬɨɪɨɠɞɟɧɢɢ ɭɫɬɚɧɚɜɥɢɜɚɟɬɫɹ 
ɡɨɧɚɥɶɧɨɫɬɶ ɫɨɛɫɬɜɟɧɧɨ ɫɭɥɶɮɢɞɧɵɯ ɢ ɛɟɡɫɭɥɶɮɢɞɧɵɯ ɪɭɞ. 

Ʉɪɨɦɟ ɬɨɝɨ, ɧɚ Ɇɚɞɧɟɭɥɶɫɤɨɦ ɦɟɫɬɨɪɨɠɞɟɧɢɢ ɭɱɚɫɬɜɭɸɬ ɦɚɥɵɟ ɥɢɧɡɵ 
ɫɬɪɚɬɢɦɨɪɮɧɨɣ ɛɚɪɢɬ-ɩɨɥɢɦɟɬɚɥɥɢɱɟɫɤɨɣ ɪɭɞɵ (ɪɢɫ. 8) (Migineishvili. 2005; 

Giali, 2013). Ɉɧɢ ɤɨɧɬɪɨɥɢɪɭɸɬɫɹ ɪɚɧɧɟɣ ɫɬɚɞɢɟɣ ɬɸɦɢɫɟɧɫɚ ɦɨɪɫɤɨɝɨ ɞɧɚ, 
ɞɟɧɭɞɚɰɢɟɣ ɩɨɜɟɪɯɧɨɫɬɢ ɨɫɬɪɨɜɨɜ ɢ ɮɨɪɦɢɪɨɜɚɧɢɟɦ ɢɧɬɪɚɮɨɪɦɚɰɢɨɧɧɨɝɨ 
ɫɥɨɹ ɛɪɟɤɱɢɹ-ɤɨɧɝɥɨɦɟɪɚɬɨɜ. ȼ ɡɚɥɟɝɚɸɳɟɣ ɧɚɞ ɷɬɢɦɢ ɛɪɟɤɱɢɹ-

ɤɨɧɝɥɨɦɟɪɚɬɚɦɢ ɬɟɮɪɟ ɩɪɨɢɫɯɨɞɢɥɚ ɫɢɧɝɟɧɟɬɢɱɧɚɹ ɫɬɪɚɬɢɦɨɪɮɧɚɹ ɛɚɪɢɬ-

ɩɨɥɢɦɟɬɚɥɥɢɱɟɫɤɚɹ ɢ ɩɢɪɢɬ-ɦɟɥɶɧɢɤɨɜɢɬɨɜɚɹ (ɫ ɨɯɪɢɫɬɵɦ ɤɪɚɫɧɵɦ ɛɚɪɢɬɨɦ) 
ɦɢɧɟɪɚɥɢɡɚɰɢɹ. Ʉɫɟɧɨɥɢɬɵ ɨɯɪɢɫɬɨ-ɤɪɚɫɧɨɝɨ ɛɚɪɢɬɚ ɢɦɟɸɬɫɹ ɜ ɨɪɭɞɟɧɟɥɨɣ 
ɷɩɢɬɟɪɦɚɥɶɧɨɣ ɛɪɟɤɱɢɢ ɝɢɞɪɨɬɟɪɦɚɥɶɧɵɯ ɜɡɪɵɜɨɜ, ɹɜɥɹɸɳɟɣɫɹ 
ɩɪɨɜɨɞɧɢɤɨɦ ɷɩɢɝɟɧɟɬɢɱɟɫɤɢɯ ɪɭɞɧɵɯ ɮɥɸɢɞɨɜ ɫɬɚɞɢɢ ɷɩɢɬɟɪɦɚɥɶɧɨ-

ɩɨɪɮɢɪɨɜɨɝɨ ɪɭɞɨɨɛɪɚɡɨɜɚɧɢɹ. ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɫɢɧɝɟɧɟɬɢɱɟɫɤɚɹ 
ɦɢɧɟɪɚɥɢɡɚɰɢɹ ɧɚ Ɇɚɞɧɟɭɥɶɫɤɨɦ ɦɟɫɬɨɪɨɠɞɟɧɢɢ ɩɪɟɞɲɟɫɬɜɨɜɚɥɚ 
ɷɩɢɝɟɧɟɬɢɱɟɫɤɨɦɭ ɪɭɞɨɨɛɪɚɡɨɜɚɧɢɸ. 

ɋ ɩɨɫɥɟɞɭɸɳɟɣ ɫɬɚɞɢɟɣ ɬɸɦɢɫɟɧɫɚ ɫɜɹɡɚɧɚ ɫɨɛɫɬɜɟɧɧɨ ɫɭɥɶɮɢɞɧɚɹ 
ɩɨɪɮɢɪɨɜɚɹ ɢ ɷɩɢɬɟɪɦɚɥɶɧɚɹ ɡɨɥɨɬɨɪɭɞɧɚɹ ɦɢɧɟɪɚɥɢɡɚɰɢɹ. ɉɨɡɞɧɟɟ 
ɩɪɨɢɫɯɨɞɢɥɨ ɢɡɜɟɪɠɟɧɢɟ ɢɝɧɢɦɛɪɢɬɨɜ, ɡɚɜɟɪɲɚɸɳɟɟɫɹ 
ɤɚɥɶɞɟɪɨɩɪɨɫɟɞɚɧɢɟɦ (Gugushvili et al., 2001; 2015). ɇɚ ɜɨɫɬɨɱɧɨɦ ɮɥɚɧɝɟ 
ɤɚɪɶɟɪɚ ɢɝɧɢɦɛɪɢɬɵ ɥɚɬɟɪɚɥɶɧɨ, ɜɞɨɥɶ ɪɚɡɥɨɦɚ ɝɪɚɧɢɱɚɬ ɫ ɬɟɮɪɨɢɞɚɦɢ, 
ɤɨɬɨɪɵɟ ɧɚ ɤɚɪɶɟɪɟ ɜɨɫɬɨɱɧɟɟ ɩɨɞɫɬɢɥɚɸɬ ɢɝɧɢɦɛɪɢɬɵ (ɪɢɫ. 6, 7). 

Ʉɚɥɶɞɟɪɨɩɪɨɫɟɞɚɧɢɟ ɮɢɤɫɢɪɭɟɬɫɹ ɬɚɤɠɟ ɷɤɫɬɪɭɡɢɹɦɢ ɪɢɨɥɢɬɨɜ ɜɨɤɪɭɝ 
ɤɚɥɶɞɟɪɵ, ɹɜɥɹɸɳɢɯɫɹ ɪɟɥɢɤɬɚɦɢ ɤɨɥɶɰɟɜɨɣ ɞɚɣɤɢ (ɪuc. 6). 

ɇɚ Ɇɚɞɧɟɭɥɶɫɤɨɦ ɦɟɫɬɨɪɨɠɞɟɧɢɢ ɫɨɛɫɬɜɟɧɧɨ ɫɭɥɶɮɢɞɧɚɹ ɢ 
ɛɟɡɫɭɥɶɮɢɞɧɚɹ ɦɢɧɟɪɚɥɢɡɚɰɢɹ ɪɚɫɩɨɥɨɠɟɧɚ ɜ ɟɞɢɧɨɦ ɩɨɝɪɭɠɟɧɧɨɦ ɛɥɨɤɟ. ɇɚ 
ɞɪɭɝɢɯ ɦɟɫɬɨɪɨɠɞɟɧɢɹɯ Ɇɚɞɧɟɭɥɶɫɤɨɝɨ ɭɡɥɚ ɫɭɥɶɮɢɞɧɨɟ ɢ ɛɟɡɫɭɥɶɮɢɞɧɨɟ 
ɨɪɭɞɟɧɟɧɢɟ ɧɚɯɨɞɹɬɫɹ ɜ ɫɨɫɟɞɧɢɯ, ɝɪɚɧɢɱɚɳɢɯ ɞɪɭɝ ɫ ɞɪɭɝɨɦ, ɛɥɨɤɚɯ. ɇɚ 
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ɩɪɢɩɨɞɧɹɬɵɯ ɛɥɨɤɚɯ ɭɫɬɚɧɨɜɥɟɧɨ ɫɨɛɫɬɜɟɧɧɨ ɫɭɥɶɮɢɞɧɨɟ ɨɪɭɞɟɧɟɧɢɟ, ɬɨɝɞɚ 
ɤɚɤ ɛɟɡɫɭɥɶɮɢɞɧɵɟ ɪɭɞɵ ɩɨɥɧɨɫɬɶɸ, ɥɢɛɨ ɱɚɫɬɢɱɧɨ ɫɦɵɬɵ ɷɪɨɡɢɟɣ. ȼ 
ɩɨɝɪɭɠɟɧɧɵɯ ɛɥɨɤɚɯ ɛɟɡɫɭɥɶɮɢɞɧɚɹ ɦɢɧɟɪɚɥɢɡɚɰɢɹ ɤɨɧɬɚɤɬɢɪɭɟɬ ɜɞɨɥɶ 
ɪɚɡɥɨɦɚ ɫ ɫɨɛɫɬɜɟɧɧɨ ɫɭɥɶɮɢɞɧɨɣ ɪɭɞɨɣ ɩɪɢɩɨɞɧɹɬɵɯ ɛɥɨɤɨɜ. ɗɬɨ ɞɚɥɨ ɧɚɦ 
ɜɨɡɦɨɠɧɨɫɬɶ ɨɩɪɟɞɟɥɢɬɶ ɛɥɨɤɨɜɭɸ ɫɬɪɭɤɬɭɪɭ ɧɚ ɦɟɫɬɨɪɨɠɞɟɧɢɹɯ. ȼɫɟ 
ɜɵɲɟɨɬɦɟɱɟɧɧɨɟ ɱɟɬɤɨ ɜɵɪɚɠɟɧɨ ɧɚ ɐɢɬɟɥɢɫɨɩɟɥɶɫɤɨɦ ɦɟɫɬɨɪɨɠɞɟɧɢɢ, 
ɤɨɬɨɪɨɟ ɜɦɟɫɬɟ ɫ ɞɪɭɝɢɦɢ ɦɟɫɬɨɪɨɠɞɟɧɢɹɦɢ ɢ ɪɭɞɨɩɪɨɹɜɥɟɧɢɹɦɢ 
ɥɨɤɚɥɢɡɨɜɚɧɨ ɜ ɟɞɢɧɨɣ ɤɚɥɶɞɟɪɟ (ɪɢɫ. 9), ɫɨɫɬɚɜɥɹɸɳɟɣ ɟɞɢɧɨɟ ɪɭɞɧɨɟ ɩɨɥɟ. 
Ɂɞɟɫɶ ɧɚ ɦɟɫɬɨɪɨɠɞɟɧɢɹɯ, ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɪɚɫɩɨɥɨɠɟɧɢɟɦ ɫɨɛɫɬɜɟɧɧɨ 
ɫɭɥɶɮɢɞɧɨɝɨ ɢ ɛɟɡɫɭɥɶɮɢɞɧɨɝɨ ɨɪɭɞɟɧɟɧɢɹ, ɭɫɬɚɧɨɜɥɟɧɵ ɜɡɚɢɦɨɨɬɧɨɲɟɧɢɹ 
ɩɪɢɩɨɞɧɹɬɵɯ ɢ ɩɨɝɪɭɠɟɧɧɵɯ ɛɥɨɤɨɜ. 

ɇɚ ɜɨɫɬɨɱɧɨɦ ɛɥɨɤɟ ɐɢɬɟɥɢɫɨɩɟɥɶɫɤɨɝɨ ɦɟɫɬɨɪɨɠɞɟɧɢɹ, ɪɚɡɞɟɥɟɧɧɨɦ 
ɪɚɡɥɨɦɨɦ ɨɬ ɰɟɧɬɪɚɥɶɧɨɝɨ, ɨɪɭɞɟɧɟɧɢɟ ɪɚɫɩɨɥɨɠɟɧɨ ɜɵɲɟ ɭɪɨɜɧɹ ɩɨɞɡɟɦɧɵɯ 
ɜɨɞ, ɚ ɜ ɰɟɧɬɪɚɥɶɧɨɦ ɨɧɨ ɥɨɤɚɥɢɡɨɜɚɧɨ ɩɨɞ ɝɪɭɧɬɨɜɵɦɢ ɜɨɞɚɦɢ. 
ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɡɨɥɨɬɨ-ɦɟɞɧɨ-ɩɨɥɢɦɟɬɚɥɥɢɱɟɫɤɨɟ ɨɪɭɞɟɧɟɧɢɟ ɩɪɢɩɨɞɧɹɬɨɝɨ 
ɜɨɫɬɨɱɧɨɝɨ ɛɥɨɤɚ ɧɚɯɨɞɢɬɫɹ ɜɵɲɟ ɛɟɡɫɭɥɶɮɢɞɧɨɝɨ ɨɪɭɞɟɧɟɧɢɹ ɰɟɧɬɪɚɥɶɧɨɝɨ 
ɛɥɨɤɚ, ɩɟɪɟɯɨɞɹɳɟɝɨ ɩɨ ɜɨɫɫɬɚɧɢɸ ɜ ɡɨɥɨɬɨɫɨɞɟɪɠɚɳɢɣ ɛɟɡɫɭɥɶɮɢɞɧɵɣ 
ɲɬɨɤɜɟɪɤ (ɪɢɫ. 10). 

Ⱥɧɚɥɨɝɢɱɧɚɹ ɫɢɬɭɚɰɢɹ ɭɫɬɚɧɨɜɥɟɧɚ ɢ ɧɚ Ʉɜɟɦɨɛɨɥɧɢɫɫɤɨɦ 
ɦɟɫɬɨɪɨɠɞɟɧɢɢ, ɪɚɡɞɟɥɟɧɧɵɦ ɧɚ ɞɜɚ ɛɥɨɤɚ (ɂ.ȼɚɲɚɤɢɞɡɟ, ɨɬɱɟɬ ɩɨ ɫɴɟɦɤɟ 
1:10 000 ɦɚɫɲɬɚɛɚ). ȼ ɜɨɫɬɨɱɧɨɦ ɛɥɨɤɟ ɫɨɛɫɬɜɟɧɧɨ ɫɭɥɶɮɢɞɧɚɹ ɡɨɥɨɬɨ-

ɦɟɞɧɨ-ɩɨɥɢɦɟɬɚɥɥɢɱɟɫɤɚɹ ɪɭɞɚ ɰɟɦɟɧɬɢɪɭɟɬ ɝɢɞɪɨɬɟɪɦɚɥɶɧɵɟ ɛɪɟɤɱɢɢ ɜɨ 
ɜɬɨɪɢɱɧɵɯ ɤɜɚɪɰɢɬɚɯ, ɜ ɡɚɩɚɞɧɨɦ ɠɟ ɛɥɨɤɟ ɛɟɡɫɭɥɶɮɢɞɧɨɟ ɷɩɢɝɟɧɟɬɢɱɟɫɤɨɟ 
ɡɨɥɨɬɨɟ ɨɪɭɞɟɧɟɧɢɟ ɩɪɟɞɫɬɚɜɥɟɧɨ ɤɜɚɪɰ-ɯɚɥɰɟɞɨɧɨɜɵɦɢ ɢ ɤɜɚɪɰ-ɛɚɪɢɬɨɜɵɦɢ 
ɲɬɨɤɜɟɪɤɚɦɢ (ɪɢɫ. 11). Ɉɞɧɨɜɪɟɦɟɧɧɨ ɡɞɟɫɶ, ɧɚ ɝɥɭɛɢɧɟ 240-314 ɦ (ɫɤɜ. 631) 
ɪɚɫɩɨɥɨɠɟɧɨ ɯɚɥɶɤɨɩɢɪɢɬ-ɩɢɪɢɬɨɜɨɟ ɡɨɥɨɬɨɫɨɞɟɪɠɚɳɟɟ (3.0ɝ/ɬ) ɨɪɭɞɟɧɟɧɢɟ 
(ɪɢɫ. 12). 

Ȼɥɨɤɨɜɵɟ ɫɬɪɭɤɬɭɪɵ ɮɢɤɫɢɪɭɸɬɫɹ ɬɚɤɠɟ ɢ ɧɚ Ɍɚɦɚɪɢɫɫɤɨɦ 
ɪɭɞɨɩɪɨɹɜɥɟɧɢɢ ɐɢɬɟɥɢɫɨɩɟɥɶɫɤɨɝɨ ɪɭɞɧɨɝɨ ɩɨɥɹ. Ɂɞɟɫɶ ɡɨɥɨɬɨ-ɦɟɞɧɨ-

ɩɨɥɢɦɟɬɚɥɥɢɱɟɫɤɨɟ ɨɪɭɞɟɧɟɧɢɟ ɩɪɢɩɨɞɧɹɬɨɝɨ ɛɥɨɤɚ ɝɪɚɧɢɱɢɬ ɜɞɨɥɶ ɪɚɡɥɨɦɚ 
ɫ ɫɟɪɟɛɪɨɫɨɞɟɪɠɚɳɢɦ ɤɜɚɪɰ-ɛɚɪɢɬɨɜɵɦ ɲɬɨɤɜɟɪɤɨɦ ɜ ɩɨɝɪɭɠɟɧɧɨɦ ɛɥɨɤɟ, ɢ 
ɨɧɨ ɩɨ-ɜɢɞɢɦɨɦɭ ɷɪɨɞɢɪɨɜɚɧɨ ɫ ɩɪɢɩɨɞɧɹɬɨɝɨ ɛɥɨɤɚ. 

ɉɨɯɨɠɚɹ ɫɢɬɭɚɰɢɹ ɜɵɹɜɥɟɧɚ ɢ ɧɚ ɞɪɭɝɢɯ ɦɟɫɬɨɪɨɠɞɟɧɢɹɯ 
Ɇɚɞɧɟɭɥɶɫɤɨɝɨ ɪɭɞɧɨɝɨ ɭɡɥɚ. ɇɚ Ȼɚɥɢɱɫɤɨɦ ɦɟɫɬɨɪɨɠɞɟɧɢɢ ɡɨɥɨɬɨ-ɦɟɞɧɨ-

ɩɨɥɢɦɟɬɚɥɥɢɱɟɫɤɚɹ ɦɢɧɟɪɚɥɢɡɚɰɢɹ ɩɪɢɩɨɞɧɹɬɨɝɨ ɛɥɨɤɚ ɩɨ ɪɚɡɥɨɦɭ ɝɪɚɧɢɱɢɬ 
ɫ ɛɟɡɫɭɥɶɮɢɞɧɨɣ ɡɨɥɨɬɨɪɭɞɧɨɣ ɦɢɧɟɪɚɥɢɡɚɰɢɟɣ ɩɨɝɪɭɠɟɧɧɨɝɨ ɛɥɨɤɚ 

(Gugushvili, 2015). 

Ȼɥɨɤɢɪɨɜɚɧɢɟ ɧɚɛɥɸɞɚɟɬɫɹ ɧɚ Ⱦɚɜɢɞ-Ƚɚɪɟɞɠɫɤɨɦ ɢ Ʉɚɬɚɪɤɚɣɫɤɨɦ 
ɪɭɞɨɩɪɨɹɜɥɟɧɢɹɯ. Ɂɨɥɨɬɨ-ɦɟɞɧɨ-ɩɨɥɢɦɟɬɚɥɥɢɱɟɫɤɨɟ ɨɪɭɞɟɧɟɧɢɟ ɢ ɤɜɚɪɰ-

ɯɚɥɰɟɞɨɧɨɜɵɣ ɡɨɥɨɬɨɫɨɞɟɪɠɚɳɢɣ ɲɬɨɤɜɟɪɤ ɧɚ Ʉɚɬɚɪɤɚɣɫɤɨɦ 
ɪɭɞɨɩɪɨɹɜɥɟɧɢɢ ɢ ɧɚ ɩɪɢɝɪɚɧɢɱɧɨɦ Ⱦɚɜɢɞ-Ƚɚɪɟɞɠɫɤɨɦ ɩɨɝɪɭɠɟɧɧɨɦ ɛɥɨɤɟ 
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ɮɢɤɫɢɪɭɸɬ ɪɚɡɥɢɱɧɵɟ ɭɪɨɜɧɢ ɦɢɧɟɪɚɥɢɡɚɰɢɢ (Ɋɢɫ. 13). Ʉɚɬɚɪɤɚɣɫɤɨɟ 
ɨɪɭɞɟɧɟɧɢɟ ɪɚɫɩɨɥɨɠɟɧɨ ɧɚ ɩɪɢɩɨɞɧɹɬɨɦ ɛɥɨɤɟ ɢ ɡɞɟɫɶ ɤɜɚɪɰ-ɛɚɪɢɬɨɜɵɣ 
ɭɪɨɜɟɧɶ, ɜ ɨɫɧɨɜɧɨɦ, ɫɦɵɬ ɷɪɨɡɢɟɣ. 

 

3.1.2. ɋɢɧɜɭɥɤɚɧɢɱɟɫɤɨɟ ɛɥɨɤɢɪɨɜɚɧɢɟ 

 

ȼ Ȼɨɥɧɢɫɫɤɨɦ ɪɭɞɧɨɦ ɪɚɣɨɧɟ ɭɫɬɚɧɨɜɥɟɧɨ ɞɜɚ ɷɬɚɩɚ 
ɫɢɧɜɭɥɤɚɧɢɱɟɫɤɨɝɨ ɛɥɨɤɢɪɨɜɚɧɢɹ. ɉɟɪɜɵɣ ɫɜɹɡɚɧ ɫɨ ɫɬɚɛɢɥɶɧɨɣ ɫɭɛɞɭɤɰɢɟɣ 
ɢ ɢɡɜɟɫɬɤɨɜɨ-ɳɟɥɨɱɧɨɣ ɜɭɥɤɚɧɢɱɟɫɤɨɣ ɞɟɹɬɟɥɶɧɨɫɬɶɸ, ɜɬɨɪɨɣ - ɫ 
ɬɪɚɧɫɮɨɪɦɚɰɢɟɣ ɫɭɛɞɭɰɢɪɭɟɦɨɣ ɩɥɢɬɵ ɫ ɫɭɛɳɟɥɨɱɧɵɦ ɬɪɚɯɢɪɢɨɞɚɰɢɬɨɜɵɦ 
ɜɭɥɤɚɧɢɡɦɨɦ ɢ ɩɨɡɞɧɟɟ - ɫ ɬɪɚɯɢɛɚɡɚɥɶɬɨɜɨɣ ɢ ɳɟɥɨɱɧɨɣ ɨɥɢɜɢɧɨɜɨ-

ɛɚɡɚɥɶɬɨɜɨɣ ɜɭɥɤɚɧɢɱɟɫɤɨɣ ɞɟɹɬɟɥɶɧɨɫɬɶɸ ɧɚ ɪɚɧɧɟɣ ɫɬɚɞɢɢ ɡɚɞɭɝɨɜɨɝɨ 
ɪɢɮɬɢɧɝɚ. Ɉɛɚ ɷɬɚɩɚ ɯɚɪɚɤɬɟɪɢɡɭɸɬɫɹ ɛɟɡɫɭɥɶɮɢɞɧɨɣ ɷɩɢɬɟɪɦɚɥɶɧɨɣ 
ɡɨɥɨɬɨɪɭɞɧɨɣ ɦɢɧɟɪɚɥɢɡɚɰɢɟɣ ɢ ɡɨɥɨɬɨ-ɦɟɞɧɨɩɨɥɢɦɟɬɚɥɢɱɟɫɤɢɦ ɫɨɛɫɬɜɟɧɧɨ 
ɫɭɥɶɮɢɞɧɵɦ ɨɪɭɞɟɧɟɧɢɟɦ. ɉɟɪɜɵɣ ɷɬɚɩ ɞɚɬɢɪɭɟɬɫɹ ɤɨɧɶɹɤ-ɫɚɧɬɨɧɨɦ ɢ 
ɩɪɟɞɫɬɚɜɥɟɧ ɫɢɧɯɪɨɧɧɵɦ ɫɨɛɫɬɜɟɧɧɨ ɫɭɥɶɮɢɞɧɵɦ ɢ ɛɟɡɫɭɥɶɮɢɞɧɵɦ 
ɨɪɭɞɟɧɟɧɢɟɦ, ɬɨɝɞɚ ɤɚɤ ɜɬɨɪɨɣ - ɤɚɦɩɚɧɫɤɢɣ ɷɬɚɩ ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ 
ɡɚɦɟɳɟɧɢɟɦ ɡɨɥɨɬɨɧɨɫɧɵɯ ɤɜɚɪɰ-ɤɚɥɢɲɩɚɬɨɜɵɯ ɦɟɬɚɫɨɦɚɬɢɬɨɜ ɫɨɛɫɬɜɟɧɧɨ 
ɫɭɥɶɮɢɞɧɨɣ ɡɨɥɨɬɨ-ɦɟɞɧɨɩɨɥɢɦɟɬɚɥɥɢɱɟɫɤɨɣ ɦɢɧɟɪɚɥɢɡɚɰɢɟɣ, ɫɜɹɡɚɧɧɨɣ ɫ 
ɝɚɛɛɪɨ-ɞɢɚɛɚɡɨɜɵɦɢ ɢɧɬɪɭɡɢɜɧɵɦɢ ɲɬɨɤɚɦɢ. 
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3.1.2.2. ɋɢɧɜɭɥɤɚɧɢɱɟɫɤɨɟ ɛɥɨɤɢɪɨɜɚɧɢɟ ɧɚ ɫɬɚɞɢɢ ɬɪɚɧɫɮɨɪɦɚɰɢɢ 
ɫɭɛɞɭɰɢɪɭɟɦɨɣ ɩɥɢɬɵ 

 

ɋɢɧɜɭɥɤɚɧɢɱɟɫɤɨɟ ɛɥɨɤɢɪɨɜɚɧɢɟ ɩɪɨɞɨɥɠɚɥɨɫɶ ɜ ɩɪɨɰɟɫɫɟ 
ɬɪɚɧɫɮɨɪɦɚɰɢɢ ɫɭɛɞɭɰɢɪɭɟɦɨɣ ɩɥɢɬɵ. Ɉɧɨ ɮɢɤɫɢɪɭɟɬɫɹ ɜ ɩɪɟɞɟɥɚɯ 
ɝɢɝɚɧɬɫɤɨɝɨ ɋȼ ɛɥɨɤɚ. Ɍɪɚɧɫɮɨɪɦɚɰɢɹ ɧɚɱɚɥɚɫɶ ɜ ɤɚɦɩɚɧɟ. ɉɟɪɜɵɣ ɷɬɚɩ ɟɟ 
ɫɜɹɡɚɧ ɫ ɜɧɟɞɪɟɧɢɟɦ ɝɪɚɧɢɬɨɢɞɧɨɝɨ ɲɬɨɤɚ ɢ ɫɭɛɳɟɥɨɱɧɨɣ 
ɬɪɚɯɢɪɢɨɞɚɰɢɬɨɜɨɣ ɞɟɹɬɟɥɶɧɨɫɬɶɸ (ɝɚɫɚɧɞɚɦɫɤɚɹ ɫɜɢɬɚ) ɢ ɛɟɡɫɭɥɶɮɢɞɧɨɣ 
ɡɨɥɨɬɨɣ ɦɢɧɟɪɚɥɢɡɚɰɢɟɣ ɜ ɤɜɚɪɰ-ɤɚɥɢɲɩɚɬɨɜɵɯ ɦɟɬɚɫɨɦɚɬɢɬɚɯ. ɋɥɟɞɭɸɳɢɣ 
ɷɬɚɩ ɫɜɹɡɚɧ ɫ ɝɚɛɛɪɨ-ɞɢɚɛɚɡɨɜɵɦ ɦɚɝɦɚɬɢɡɦɨɦ ɢ ɬɪɚɯɢɛɚɡɚɥɶɬ-ɳɟɥɨɱɧɵɦ 
ɨɥɢɜɢɧɨɛɚɡɚɥɶɬɨɜɵɦ ɜɭɥɤɚɧɢɡɦɨɦ (ɲɨɪɲɨɥɟɬɫɤɚɹ ɫɜɢɬɚ). Ɂɨɥɨɬɨ-ɦɟɞɧɨ-

ɩɨɥɢɦɟɬɚɥɥɢɱɟɫɤɨɟ ɨɪɭɞɟɧɟɧɢɟ ɤɨɧɬɪɨɥɢɪɭɟɬɫɹ ɝɚɛɛɪɨ-ɞɢɚɛɚɡɨɜɵɦɢ 
ɲɬɨɤɚɦɢ ɢ ɫɨɩɭɬɫɬɜɭɸɳɟɣ ɨɪɭɞɟɧɟɧɢɸ ɷɩɢɞɨɬ-ɰɨɢɡɢɬɨɜɨɣ 
ɩɪɨɩɢɥɢɬɢɡɚɰɢɟɣ, Ɉɪɭɞɟɧɟɧɢɟ ɢ ɦɟɫɬɨɪɨɠɞɟɧɢɹ ɢ ɡɞɟɫɶ ɥɨɤɚɥɢɡɨɜɚɧɵ ɜ 
ɤɚɥɶɞɟɪɧɵɯ ɫɬɪɭɤɬɭɪɚɯ (ɪɢɫ. 5). Ȼɥɨɤɢɪɨɜɚɧɢɟ ɨɩɪɟɞɟɥɹɟɬɫɹ ɪɚɫɩɨɥɨɠɟɧɢɟɦ 
ɛɟɡɫɭɥɶɮɢɞɧɨɝɨ ɢ ɫɨɛɫɬɜɟɧɧɨ ɫɭɥɶɮɢɞɧɨɝɨ ɨɪɭɞɟɧɟɧɢɹ ɜ ɫɨɫɟɞɧɢɯ ɛɥɨɤɚɯ. 
ɗɬɨɬ ɩɪɨɰɟɫɫ ɱɟɬɤɨ ɮɢɤɫɢɪɭɟɬɫɹ ɧɚ ɦɟɫɬɨɪɨɠɞɟɧɢɹɯ Ȼɟɤɬɚɤɚɪɫɤɨɝɨ ɭɡɥɚ: 
ɂɦɟɞɢ, Ⱦɚɪɛɚɡɢ ɢ Ȼɟɤɬɚɤɚɪɢ. ɇɚ ɩɥɨɳɚɞɢ ɦɟɫɬɨɪɨɠɞɟɧɢɹ ɂɦɟɞɢ 
ɭɫɬɚɧɨɜɥɟɧɨ ɬɪɢ ɛɥɨɤɚ (ɪɢɫ. 14). ȼɬɨɪɨɣ ɢ ɬɪɟɬɢɣ ɛɥɨɤɢ ɫɨɞɟɪɠɚɬ, ɜ 

ɨɫɧɨɜɧɨɦ, ɛɟɡɫɭɥɶɮɢɞɧɨɟ ɨɪɭɞɟɧɟɧɢɟ ɡɨɥɨɬɚ ɜ ɤɜɚɪɰ-ɤɚɥɢɲɩɚɬɨɜɵɯ 
ɦɟɬɚɫɨɦɚɬɢɬɚɯ. ɇɚ ɝɥɭɛɢɧɟ ɤɨɟ-ɝɞɟ ɜɵɹɜɥɟɧɵ ɨɬɜɟɬɜɥɟɧɢɹ ɫɨɛɫɬɜɟɧɧɨ 
ɫɭɥɶɮɢɞɧɨɣ ɦɢɧɟɪɚɥɢɡɚɰɢɢ. ɇɚ ɩɟɪɜɨɦ ɠɟ SW ɛɥɨɤɟ ɩɪɟɜɚɥɢɪɭɟɬ 
ɫɨɛɫɬɜɟɧɧɨ ɫɭɥɶɮɢɞɧɨɟ ɨɪɭɞɟɧɟɧɢɟ ɫ ɫɢɧɪɭɞɧɨɣ ɷɩɢɞɨɬ-ɰɨɢɡɢɬ-

ɚɤɬɢɧɨɥɢɬɨɜɨɣ ɩɪɨɩɢɥɢɬɢɡɚɰɢɟɣ. ɋɨɞɟɪɠɚɧɢɟ ɡɨɥɨɬɚ ɜ ɪɭɞɟ ɩɟɪɜɨɝɨ ɛɥɨɤɚ 
5ɝ/ɬ, ɦɟɞɢ 0.5%, ɬɨɝɞɚ ɤɚɤ ɜɨ ɜɬɨɪɨɦ ɢ ɜ ɬɪɟɬɶɟɦ ɛɥɨɤɚɯ ɜ ɛɟɡɫɭɥɶɮɢɞɧɨɣ 
ɪɭɞɟ ɫɨɞɟɪɠɢɬɫɹ 0.9-1.2ɝ/ɬ ɡɨɥɨɬɚ ɧɚ ɮɨɧɟ ɫɨɞɟɪɠɚɧɢɹ ɩɨɥɢɦɟɬɚɥɥɨɜ ɧɟ 
ɛɨɥɟɟ ɫɨɬɵɯ ɞɨɥɟɣ ɩɪɨɰɟɧɬɚ. ɉɪɢɦɟɱɚɬɟɥɶɧɨ, ɱɬɨ ɜɨ ɜɬɨɪɨɦ ɛɥɨɤɟ, ɧɚ 
ɝɥɭɛɢɧɟ 154-171 ɦ ɫɤɜɚɠɢɧɚ TM DH – 001 ɫɟɱɟɬ ɫɨɛɫɬɜɟɧɧɨ ɫɭɥɶɮɢɞɧɨɟ 
ɨɪɭɞɟɧɟɧɢɟ, ɫɨɞɟɪɠɚɳɟɟ 5 ɝ/ɬ ɡɨɥɨɬɚ ɢ 0.12-0.15% ɦɟɞɢ. ɇɚɥɢɱɢɟ ɫɨɛɫɬɜɟɧɧɨ 

ɫɭɥɶɮɢɞɧɨɣ ɪɭɞɵ ɧɚ ɝɥɭɛɢɧɟ ɜɨ ɜɬɨɪɨɦ ɛɥɨɤɟ, ɩɨɞ ɛɟɡɫɭɥɶɮɢɞɧɨɣ ɪɭɞɨɣ, 
ɩɨɞɬɜɟɪɠɞɚɟɬ ɛɥɨɤɨɜɭɸ ɫɬɪɭɤɬɭɪɭ ɧɚ ɷɬɨɦ ɨɛɴɟɤɬɟ. Ⱥɧɚɥɨɝɢɱɧɚɹ ɛɥɨɤɨɜɚɹ 
ɫɬɪɭɤɬɭɪɚ ɜɵɹɜɥɟɧɚ ɧɚ ɫɨɫɟɞɧɟɦ ɦɟɫɬɨɪɨɠɞɟɧɢɢ Ⱦɚɪɛɚɡɢ (Gugushvili et al., 

2014; Gugushvili, 2015). Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɪɚɫɩɨɥɨɠɟɧɢɟ ɛɟɡɫɭɥɶɮɢɞɧɨɣ ɢ 
ɫɨɛɫɬɜɟɧɧɨ ɫɭɥɶɮɢɞɧɨɣ ɦɢɧɟɪɚɥɢɡɚɰɢɢ ɦɟɠɞɭ ɫɨɫɟɞɧɢɦɢ ɛɥɨɤɚɦɢ ɧɚ 
ɪɚɡɥɢɱɧɵɯ ɭɪɨɜɧɹɯ, ɚ ɬɚɤɠɟ ɷɪɨɡɢɹ ɜɟɪɯɧɟɣ ɱɚɫɬɢ ɩɪɢɩɨɞɧɹɬɵɯ ɛɥɨɤɨɜ 
ɩɨɡɜɨɥɹɸɬ ɨɩɪɟɞɟɥɢɬɶ ɫɩɟɰɢɮɢɱɟɫɤɨɟ ɛɥɨɤɢɪɨɜɚɧɢɟ, ɧɟɫɦɨɬɪɹ ɧɚ ɬɨ, ɱɬɨ 
ɡɞɟɫɶ ɨɬɫɭɬɫɬɜɭɟɬ ɫɢɧɯɪɨɧɧɚɹ ɡɨɧɚɥɶɧɨɫɬɶ ɫɨɛɫɬɜɟɧɧɨ ɫɭɥɶɮɢɞɧɨɝɨ ɢ 
ɛɟɡɫɭɥɶɮɢɞɧɨɝɨ ɪɭɞɨɨɛɪɚɡɨɜɚɧɢɹ. 

Ȼɥɨɤɨɜɚɹ ɫɬɪɭɤɬɭɪɚ ɜɵɹɜɥɟɧɚ ɢ ɧɚ Ȼɟɤɬɚɤɚɪɫɤɨɦ ɦɟɫɬɨɪɨɠɞɟɧɢɢ (ɪɢɫ. 
15), ɪɚɫɩɨɥɨɠɟɧɧɨɦ ɜ ɧɢɠɧɟɝɚɫɚɧɞɚɦɫɤɨɣ ɫɜɢɬɟ, ɩɟɪɟɤɪɵɜɚɸɳɟɣ 
ɜɟɪɯɧɟɫɚɧɬɨɧɫɤɭɸ ɬɚɧɞɡɢɣɫɤɭɸ ɫɜɢɬɭ ɚɧɞɟɡɢɬ-ɛɚɡɚɥɶɬɨɜɨɝɨ ɫɨɫɬɚɜɚ. 
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ɇɢɠɧɟɝɚɫɚɧɞɚɦɫɤɚɹ ɫɜɢɬɚ ɩɪɟɞɫɬɚɜɥɟɧɚ ɬɪɚɯɢɪɢɨɞɚɰɢɬɨɜɵɦɢ ɬɭɮɚɦɢ ɢ 
ɩɟɪɟɤɪɵɬɚ ɦɟɠɮɨɪɦɚɰɢɨɧɧɵɦ ɫɥɨɟɦ ɛɪɟɤɱɢɹ-ɤɨɧɝɥɨɦɟɪɚɬɨɜ (ɪɢɫ. 15), 

ɮɨɪɦɢɪɨɜɚɧɢɟ ɤɨɬɨɪɵɯ ɫɜɹɡɚɧɨ ɫ ɜɧɟɞɪɟɧɢɟɦ ɝɪɚɧɢɬɨɢɞɧɨɝɨ ɲɬɨɤɚ, ɫ 
ɬɸɦɢɫɟɧɫɨɦ ɦɨɪɫɤɨɝɨ ɞɧɚ ɢ ɜɨɡɞɵɦɚɧɢɟɦ ɨɫɬɪɨɜɚ (ɩɪɢɩɨɞɧɹɬɵɣ ɛɥɨɤ). 
Ɍɪɚɯɢɪɢɨɞɚɰɢɬɨɜɵɟ ɬɭɮɵ ɢɡɦɟɧɟɧɵ ɢ ɩɪɟɨɛɪɚɡɨɜɚɧɵ ɩɨɞ ɜɨɡɞɟɣɫɬɜɢɟɦ 
ɳɟɥɨɱɧɨ-ɤɚɪɛɨɧɚɬɧɵɯ ɪɚɫɬɜɨɪɨɜ (ɮɥɸɢɞɨɜ) ɜ ɤɜɚɪɰ-ɤɚɥɢɲɩɚɬɨɜɵɟ 
ɦɟɬɚɫɨɦɚɬɢɬɵ. Ⱦɟɧɭɞɚɰɢɹ ɩɨɜɟɪɯɧɨɫɬɢ ɨɫɬɪɨɜɚ ɩɪɨɹɜɢɥɚɫɶ ɜ ɮɨɪɦɢɪɨɜɚɧɢɢ 
ɫɥɨɹ ɛɪɟɤɱɢɹ-ɤɨɧɝɥɨɦɟɪɚɬɨɜ, ɤɨɬɨɪɵɟ, ɤɚɤ ɢ ɪɚɫɩɨɥɨɠɟɧɧɵɟ ɩɨɞ ɧɢɦɢ 
ɩɪɨɜɨɞɧɢɤɢ ɪɭɞɧɵɯ ɪɚɫɬɜɨɪɨɜ - ɡɨɧɵ ɜɡɪɵɜɧɵɯ ɛɪɟɤɱɢɣ, ɩɨɞɜɟɪɝɥɢɫɶ 
ɡɨɥɨɬɨ-ɦɟɞɧɨ-ɩɨɥɢɦɟɬɚɥɥɢɱɟɫɤɨɣ ɰɟɦɟɧɬɚɰɢɢ (ɪɢɫ. 5). ɋɥɨɣ ɛɪɟɤɱɢɹ-

ɤɨɧɝɥɨɦɟɪɚɬɨɜ ɩɟɪɟɤɪɵɬ ɜɟɪɯɧɟɝɚɫɚɧɞɚɦɫɤɨɣ ɫɜɢɬɨɣ, ɫɨɫɬɨɹɳɟɣ ɢɡ 
ɧɟɢɡɦɟɧɟɧɧɵɯ ɬɪɚɯɢɪɢɨɞɚɰɢɬɨɜɵɯ ɬɭɮɨɜ. 

ɉɥɨɳɚɞɶ Ȼɟɤɬɚɤɚɪɫɤɨɝɨ ɦɟɫɬɨɪɨɠɞɟɧɢɹ ɪɚɡɞɟɥɟɧɚ ɪɚɡɥɨɦɨɦ ɧɚ ɞɜɚ 
ɛɥɨɤɚ (ɪɢɫ. 15). Ɉɩɢɫɚɧɧɨɟ ɝɟɨɥɨɝɢɱɟɫɤɨɟ ɫɬɪɨɟɧɢɟ ɨɬɧɨɫɢɬɫɹ ɤ ɜɨɫɬɨɱɧɨɦɭ 
ɛɥɨɤɭ, ɬɨɝɞɚ ɤɚɤ ɜ ɡɚɩɚɞɧɨɦ ɛɥɨɤɟ ɨɛɧɚɠɟɧɚ ɥɢɲɶ ɡɚɥɟɝɚɸɳɚɹ ɧɚɞ 
ɜɟɪɯɧɟɫɚɧɬɨɧɫɤɨɣ ɬɚɧɞɡɢɣɫɤɨɣ ɫɜɢɬɟ ɧɢɠɧɟɝɚɫɚɧɞɚɦɫɤɚɹ ɫɜɢɬɚ, 
ɩɪɟɞɫɬɚɜɥɟɧɧɚɹ ɤɜɚɪɰ-ɤɚɥɢɲɩɚɬɨɜɵɦɢ ɦɟɬɚɫɨɦɚɬɢɬɚɦɢ. ɋɥɨɣ 
ɦɟɠɮɨɪɦɚɰɢɨɧɧɵɯ ɛɪɟɤɱɢɹ-ɤɨɧɝɥɨɦɟɪɚɬɨɜ ɢ ɜɟɪɯɧɟɝɚɫɚɧɞɚɦɫɤɚɹ ɫɜɢɬɚ 
ɩɨɥɧɨɫɬɶɸ ɫɦɵɬɵ ɷɪɨɡɢɟɣ. ȼ ɡɚɩɚɞɧɨɦ ɛɥɨɤɟ, ɩɪɢɩɨɞɧɹɬɨɦ ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ 
ɜɨɫɬɨɱɧɨɦɭ, ɧɚ ɝɥɭɛɢɧɟ ɩɨɞɫɟɱɟɧɵ ɝɚɛɛɪɨ-ɞɢɚɛɚɡɨɜɵɟ ɲɬɨɤɢ ɢ ɠɢɥɵ. ɋ 
ɩɨɫɥɟɞɧɢɦɢ ɫɜɹɡɚɧɨ ɡɨɥɨɬɨ-ɦɟɞɧɨ-ɩɨɥɢɦɟɬɚɥɥɢɱɟɫɤɨɟ ɨɪɭɞɟɧɟɧɢɟ ɫ 
ɫɨɩɭɬɫɬɜɭɸɳɟɣ ɫɢɧɪɭɞɧɨɣ ɷɩɢɞɨɬ-ɰɨɢɡɢɬɨɜɨɣ ɩɪɨɩɢɥɢɬɢɡɚɰɢɟɣ, 
ɧɚɥɨɠɟɧɧɨɣ ɤɚɤ ɧɚ ɝɚɛɛɪɨ-ɞɢɚɛɚɡɨɜɵɟ ɲɬɨɤɢ, ɬɚɤ ɢ ɧɚ ɜɦɟɳɚɸɳɢɟ ɤɜɚɪɰ-

ɤɚɥɢɲɩɚɬɨɜɵɟ ɦɟɬɚɫɨɦɚɬɢɬɵ. Ƚɚɛɛɪɨ-ɞɢɚɛɚɡɨɜɵɟ ɲɬɨɤɢ ɢ ɠɢɥɵ ɹɜɥɹɸɬɫɹ 
ɚɩɨɮɢɡɚɦɢ ɜɭɥɤɚɧɢɱɟɫɤɨɝɨ ɨɱɚɝɚ, ɢɡɜɟɪɝɚɜɲɟɝɨ ɳɟɥɨɱɧɵɟ ɨɥɢɜɢɧɨɜɵɟ 
ɛɚɡɚɥɶɬɵ ɲɨɪɲɨɥɟɬɫɤɨɣ ɫɜɢɬɵ (Gugushvili, 2015). Ɂɞɟɫɶ ɬɚɤɠɟ ɭɫɬɚɧɨɜɥɟɧɵ 
ɠɢɥɵ ɳɟɥɨɱɧɵɯ ɨɥɢɜɢɧɨɜɵɯ ɛɚɡɚɥɶɬɨɜ – ɩɪɟɞɩɨɥɚɝɚɟɦɵɟ ɠɟɪɥɚ ɜɭɥɤɚɧɨɜ 
ɲɨɪɲɨɥɟɬɫɤɨɣ ɫɜɢɬɵ (Gogoladze, 1999). Ƚɚɛɛɪɨ-ɞɢɚɛɚɡɨɜɵɟ ɢ ɳɟɥɨɱɧɨ-

ɨɥɢɜɢɧɨɛɚɡɚɥɶɬɨɜɵɟ ɲɬɨɤɢ ɹɜɥɹɥɢɫɶ ɩɪɨɜɨɞɧɢɤɚɦɢ ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɵɯ 
ɝɢɞɪɨɫɭɥɶɮɢɞɧɵɯ ɮɥɸɢɞɨɜ, ɨɛɭɫɥɨɜɢɜɲɢɯ ɫɨɛɫɬɜɟɧɧɨ ɫɭɥɶɮɢɞɧɨɟ 
ɨɪɭɞɟɧɟɧɢɟ Ȼɟɤɬɚɤɚɪɫɤɨɝɨ ɦɟɫɬɨɪɨɠɞɟɧɢɹ. ɂɬɚɤ, ɧɚ Ȼɟɤɬɚɤɚɪɫɤɨɦ 
ɦɟɫɬɨɪɨɠɞɟɧɢɢ ɩɪɨɹɜɢɥɢɫɶ ɞɜɟ ɫɬɚɞɢɢ ɮɥɸɢɞɧɨɣ ɚɤɬɢɜɧɨɫɬɢ. ɉɟɪɜɚɹ 
ɫɜɹɡɚɧɚ ɫ ɜɧɟɞɪɟɧɢɟɦ ɝɪɚɧɢɬɨɢɞɧɵɯ ɲɬɨɤɨɜ, ɚ ɜɬɨɪɚɹ - ɫ ɝɚɛɛɪɨ-ɞɢɚɛɚɡɨɜɵɦɢ 
ɲɬɨɤɚɦɢ, ɤ ɤɨɬɨɪɵɦ ɩɪɢɭɪɨɱɟɧɚ ɚɤɬɢɜɧɨɫɬɶ ɝɢɞɪɨɫɭɥɶɮɢɞɧɵɯ ɮɥɸɢɞɨɜ ɢ 
ɫɨɛɫɬɜɟɧɧɨ ɫɭɥɶɮɢɞɧɚɹ ɦɢɧɟɪɚɥɢɡɚɰɢɹ. ɗɬɢ ɞɜɟ ɫɬɚɞɢɢ ɪɚɡɞɟɥɟɧɵ ɜɨ 
ɜɪɟɦɟɧɢ ɢ ɡɨɥɨɬɨ-ɦɟɞɧɨ-ɩɨɥɢɦɟɬɚɥɥɢɱɟɫɤɚɹ ɦɢɧɟɪɚɥɢɡɚɰɢɹ ɧɚɥɨɠɟɧɚ ɧɚ 
ɤɜɚɪɰ-ɤɚɥɢɲɩɚɬɨɜɵɟ ɦɟɬɚɫɨɦɚɬɢɬɵ ɫ ɛɟɡɫɭɥɶɮɢɞɧɵɦ ɡɨɥɨɬɨɦ. Ƚɚɛɛɪɨ-

ɞɢɚɛɚɡɨɜɵɟ ɲɬɨɤɢ ɫɟɤɭɬ ɬɪɚɯɢɪɢɨɞɚɰɢɬɨɜɭɸ ɫɟɪɢɸ ɧɢɠɧɟɝɚɫɚɧɞɚɦɫɤɨɣ 
ɫɜɢɬɵ. ɇɚ ɦɟɫɬɨɪɨɠɞɟɧɢɹɯ ɠɟ Ɇɚɞɧɟɭɥɶɫɤɨɝɨ ɪɭɞɧɨɝɨ ɭɡɥɚ ɡɨɥɨɬɨ-ɦɟɞɧɨ-

ɩɨɥɢɦɟɬɚɥɥɢɱɟɫɤɚɹ ɦɢɧɟɪɚɥɢɡɚɰɢɹ ɫɢɧɯɪɨɧɧɚ ɫ ɛɟɡɫɭɥɶɮɢɞɧɵɦ 
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ɷɩɢɝɟɧɟɬɢɱɟɫɤɢɦ ɡɨɥɨɬɵɦ ɨɪɭɞɟɧɟɧɢɟɦ ɢ ɡɞɟɫɶ ɮɢɤɫɢɪɭɟɬɫɹ ɡɨɧɚɥɶɧɨɫɬɶ 
ɫɨɛɫɬɜɟɧɧɨ ɫɭɥɶɮɢɞɧɵɯ ɢ ɛɟɡɫɭɥɶɮɢɞɧɵɯ ɪɭɞ. 

ɂɬɚɤ, ɧɚ Ȼɟɤɬɚɤɚɪɫɤɨɦ ɦɟɫɬɨɪɨɠɞɟɧɢɢ ɜɵɹɜɥɟɧɵ ɞɜɟ ɫɬɚɞɢɣ 
ɛɥɨɤɢɪɨɜɚɧɢɹ. ɉɟɪɜɚɹ ɫɜɹɡɚɧɚ ɫ ɜɧɟɞɪɟɧɢɟɦ ɝɪɚɧɢɬɨɢɞɧɵɯ ɲɬɨɤɨɜ, 
ɬɸɦɢɫɟɧɫɨɦ ɦɨɪɫɤɨɝɨ ɞɧɚ ɢ ɮɨɪɦɢɪɨɜɚɧɢɟɦ ɨɫɬɪɨɜɚ; ɜɬɨɪɚɹ – ɫ 
ɛɥɨɤɢɪɨɜɚɧɢɟɦ ɭɠɟ ɩɨɫɥɟ ɛɟɡɫɭɥɶɮɢɞɧɨɣ ɦɢɧɟɪɚɥɢɡɚɰɢɢ ɢ ɫ ɪɚɡɞɟɥɟɧɢɟɦ 
ɩɥɨɳɚɞɢ ɦɟɫɬɨɪɨɠɞɟɧɢɹ ɧɚ ɞɜɚ ɛɥɨɤɚ: ɡɚɩɚɞɧɵɣ ɢ ɜɨɫɬɨɱɧɵɣ. ɋ 
ɩɪɢɩɨɞɧɹɬɨɝɨ ɡɚɩɚɞɧɨɝɨ ɛɥɨɤɚ ɜ ɬɟɮɪɭ ɜɟɪɯɧɟɝɚɫɚɧɞɚɦɫɤɨɣ ɫɜɢɬɵ ɫɵɩɚɥɢɫɶ 
ɨɛɥɨɦɤɢ (ɤɫɟɧɨɥɢɬɵ) ɤɜɚɪɰ-ɤɚɥɢɲɩɚɬɨɜɵɯ ɦɟɬɚɫɨɦɚɬɢɬɨɜ. ɋ ɡɚɩɚɞɧɨɝɨ 
ɛɥɨɤɚ ɫɦɵɬɵ ɷɪɨɡɢɟɣ ɤɚɤ ɢɧɬɪɚɮɨɪɦɚɰɢɨɧɧɵɟ ɛɪɟɤɱɢɹ-ɤɨɧɝɥɨɦɟɪɚɬɵ, ɬɚɤ ɢ 
ɩɨɥɧɨɫɬɶɸ ɜɟɪɯɧɟɝɚɫɚɧɞɚɦɫɤɚɹ ɫɜɢɬɚ (ɪɢɫ. 15). Ɂɚɩɚɞɧɵɣ ɛɥɨɤ ɫɨɫɬɨɢɬ ɥɢɲɶ 
ɢɡ ɧɢɠɧɟɝɚɫɚɧɞɚɦɫɤɨɣ ɫɜɢɬɵ, ɪɚɫɩɨɥɨɠɟɧɧɨɣ ɧɚ ɜɟɪɯɧɟɫɚɧɬɨɧɫɤɨɣ 
ɬɚɧɞɡɢɣɫɤɨɣ ɫɜɢɬɟ. 

Ȼɥɨɤɢɪɨɜɚɧɢɟ ɩɪɨɢɫɯɨɞɢɥɨ ɢ ɧɚ ɋɚɤɞɪɢɫɫɤɨɦ ɦɟɫɬɨɪɨɠɞɟɧɢɢ (ɪɢɫ. 16), 

ɪɚɫɩɨɥɨɠɟɧɧɨɦ ɜ NE "ɝɢɝɚɧɬɫɤɨɦ" ɛɥɨɤɟ ɜ ɩɪɢɝɪɚɧɢɱɧɨɣ ɡɨɧɟ ɫ 
ɪɟɝɢɨɧɚɥɶɧɵɦ ɪɚɡɥɨɦɨɦ. ȼ ɨɬɥɢɱɢɟ ɨɬ ɞɪɭɝɢɯ ɦɟɫɬɨɪɨɠɞɟɧɢɣ Ȼɟɤɬɚɤɚɪɫɤɨɝɨ 
ɪɭɞɧɨɝɨ ɭɡɥɚ ɡɞɟɫɶ ɧɚɦɟɱɚɟɬɫɹ ɬɟɧɞɟɧɰɢɹ ɡɨɧɚɥɶɧɨɫɬɢ ɫɨɛɫɬɜɟɧɧɨ 
ɫɭɥɶɮɢɞɧɨɣ ɢ ɛɟɡɫɭɥɶɮɢɞɧɨɣ ɪɭɞɵ. Ȼɟɡɫɭɥɶɮɢɞɧɚɹ ɦɢɧɟɪɚɥɢɡɚɰɢɹ ɡɞɟɫɶ 
ɩɪɟɞɫɬɚɜɥɟɧɚ ɫɟɪɟɛɪɨɫɨɞɟɪɠɚɳɢɦɢ ɤɜɚɪɰ-ɛɚɪɢɬɨɜɵɦɢ ɢ ɡɨɥɨɬɨɧɨɫɧɵɦɢ 
ɤɜɚɪɰ-ɯɚɥɰɟɞɨɧɨɜɵɦɢ ɲɬɨɤɜɟɪɤɚɦɢ. Ɂɨɥɨɬɨ-ɦɟɞɧɨ-ɩɨɥɢɦɟɬɚɥɥɢɱɟɫɤɨɦɭ 
ɨɪɭɞɟɧɟɧɢɸ ɫɨɩɭɬɫɬɜɭɟɬ ɫɢɧɪɭɞɧɚɹ ɷɩɢɞɨɬ-ɰɨɢɡɢɬɨɜɚɹ ɩɪɨɩɢɥɢɬɢɡɚɰɢɹ ɢ 
ɧɚɦɟɱɚɟɬɫɹ ɬɟɦɩɟɪɚɬɭɪɧɚɹ ɡɨɧɚɥɶɧɨɫɬɶ. Ɍɟɦɩɟɪɚɬɭɪɵ ɨɛɪɚɡɨɜɚɧɢɹ ɤɜɚɪɰ-

ɛɚɪɢɬɨɜɵɯ ɠɢɥ ɫɨɨɬɜɟɬɫɬɜɭɸɬ 100-140
0ɋ, ɤɜɚɪɰ-ɯɚɥɰɟɞɨɧɨɜɵɯ ɲɬɨɤɜɟɪɤɨɜ 
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0ɋ, ɚ ɬɟɦɩɟɪɚɬɭɪɚ ɮɨɪɦɢɪɨɜɚɧɢɹ ɡɨɥɨɬɨ-ɦɟɞɧɨ-ɩɨɥɢɦɟɬɚɥɥɢɱɟɫɤɨɣ 

ɦɢɧɟɪɚɥɢɡɚɰɢɢ ɢ ɫɨɩɭɬɫɬɜɭɸɳɟɣ ɷɩɢɞɨɬ-ɰɨɢɡɢɬɨɜɨɣ ɩɪɨɩɢɥɢɬɢɡɚɰɢɢ 350-
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0ɋ (Gugushvili et al., 2014; Gugushvili, 2015). ɂɡɦɟɪɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪ 

ɩɪɨɜɟɞɟɧɵ ɩɚ ɨɫɧɨɜɚɧɢɢ ɦɟɬɨɞɚ ɝɨɦɨɝɟɧɢɡɚɰɢɢ ɢ ɞɟɤɪɢɩɢɬɢɡɚɰɢɢ ɝɚɡɨɜɨ-

ɠɢɞɤɢɯ ɜɤɥɸɱɟɧɢɣ (ɚɧɚɥɢɬɢɤ Ɋ.Ⱥ.Ⱥɯɜɥɟɞɢɚɧɢ). 
Ȼɟɡɫɭɥɶɮɢɞɧɨɟ ɡɨɥɨɬɨɟ ɨɪɭɞɟɧɟɧɢɟ ɫɨɞɟɪɠɢɬɫɹ ɢ ɜ ɨɤɨɥɨɪɭɞɧɨɣ ɡɨɧɟ 

ɤɜɚɪɰ-ɯɚɥɰɟɞɨɧɨɜɵɯ ɲɬɨɤɜɟɪɤɨɜ, ɩɪɟɞɫɬɚɜɥɟɧɧɨɣ ɢɥɥɢɬ-ɝɢɞɪɨɛɢɨɬɢɬ-

ɫɢɞɟɪɢɬɨɜɨɣ ɚɫɫɨɰɢɚɰɢɟɣ. ɋɨɛɫɬɜɟɧɧɨ ɫɭɥɶɮɢɞɧɨɦɭ ɨɪɭɞɟɧɟɧɢɸ ɡɞɟɫɶ 
ɫɨɩɭɬɫɬɜɭɟɬ ɷɩɢɞɨɬ-ɰɨɢɡɢɬɨɜɚɹ ɩɪɨɩɢɥɢɬɢɡɚɰɢɹ, ɚ ɫɭɥɶɮɢɞɧɨɟ ɨɪɭɞɟɧɟɧɢɟ 
Ɇɚɞɧɟɭɥɶɫɤɨɝɨ ɦɟɫɬɨɪɨɠɞɟɧɢɹ ɫɨɩɪɨɜɨɠɞɚɟɬɫɹ ɯɥopɢɬ-ɫɟɪɢɰɢɬ-

ɤɚɪɛɨɧɚɬɧɵɦ ɫɢɧɪɭɞɧɵɦ ɢɡɦɟɧɟɧɢɟɦ. ɋɢɧɪɭɞɧɚɹ ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɚɹ 
ɩɪɨɩɢɥɢɬɢɡɚɰɢɹ ɧɚ ɋɚɤɞɪɢɫɫɤɨɦ ɦɟɫɬɨɪɨɠɞɟɧɢɢ ɭɱɚɫɬɤɚɦɢ ɧɚɥɨɠɟɧɚ ɢ ɧɚ 
ɝɢɞɪɨɫɥɸɞɢɫɬɨ-ɫɢɞɟɪɢɬɨɜɵɟ ɨɤɨɥɨɪɭɞɧɵɟ ɦɟɬɚɫɨɦɚɬɢɬɵ ɤɜɚɪɰ-

ɯɚɥɰɟɞɨɧɨɜɵɯ ɲɬɨɤɜɟɪɤɨɜ. 
ɋɨɛɫɬɜɟɧɧɨ ɫɭɥɶɮɢɞɧɵɟ ɪɭɞɵ Ȼɟɤɬɚɤɚɪɫɤɨɝɨ ɭɡɥɚ ɯɚɪɚɤɬɟɪɢɡɭɸɬɫɹ 

ɜɵɫɨɤɢɦ ɫɨɞɟɪɠɚɧɢɟɦ ɡɨɥɨɬɚ (ɜ ɫɪɟɞɧɟɦ 5ɝ/ɬ), ɜ ɬɨ ɜɪɟɦɹ ɤɚɤ ɧɚ 
Ɇɚɞɧɟɭɥɶɫɤɨɦ ɦɟɫɬɨɪɨɠɞɟɧɢɢ ɫɪɟɞɧɟɟ ɫɨɞɟɪɠɚɧɢɟ ɡɨɥɨɬɚ ɧɟ ɩɪɟɜɵɲɚɟɬ 
0.8ɝ/ɬ. ɋɚɤɞɪɢɫɫɤɨɟ ɦɟɫɬɨɪɨɠɞɟɧɢɟ ɪɚɫɩɨɥɨɠɟɧɨ ɜ ɩɪɢɤɨɧɬɚɤɬɨɜɨɣ ɡɨɧɟ 
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ɪɟɝɢɨɧɚɥɶɧɨɝɨ ɪɚɡɥɨɦɚ; ɫɨɞɟɪɠɚɧɢɟ ɡɨɥɨɬɚ ɡɞɟɫɶ 4-5ppm, ɯɨɬɹ ɢɧɨɝɞɚ 
ɞɨɫɬɢɝɚɟɬ 20ɝ/ɬ, ɚ ɜ ɨɞɧɨɦ ɫɥɭɱɚɟ ɞɚɠɟ ɢ 189ɝ/ɬ. ȼɨɡɦɨɠɧɨ, ɡɨɥɨɬɨ-ɦɟɞɧɨ-

ɩɨɥɢɦɟɬɚɥɥɢɱɟɫɤɨɟ ɨɪɭɞɟɧɟɧɢɟ ɢ ɜ ɷɬɨɦ ɫɥɭɱɚɟ ɤɨɧɬɪɨɥɢɪɭɟɬɫɹ 
ɝɚɛɛɪɨɢɞɧɵɦɢ ɲɬɨɤɚɦɢ, ɫ ɤɨɬɨɪɵɦɢ ɧɚ ɫɨɫɟɞɧɟɦ ɫ ɋɚɤɞɪɢɫɢ-Ⱦɚɪɛɚɡɫɤɨɦ 
ɦɟɫɬɨɪɨɠɞɟɧɢɢ ɫɜɹɡɚɧɚ ɫɨɛɫɬɜɟɧɧɨ ɫɭɥɶɮɢɞɧɚɹ ɦɢɧɟɪɚɥɢɡɚɰɢɹ (Gugushvili et 

al., 2014). Ɉɞɧɚɤɨ ɷɬɨɬ ɜɵɜɨɞ ɞɨɥɠɟɧ ɛɵɬɶ ɩɪɨɤɨɧɬɪɨɥɢɪɨɜɚɧ ɞɚɥɶɧɟɣɲɢɦɢ 
ɢɫɫɥɟɞɨɜɚɧɢɹɦɢ. ɇɚ ɦɟɫɬɨɪɨɠɞɟɧɢɹɯ Ȼɟɤɬɚɤɚɪɫɤɨɝɨ ɭɡɥɚ ɛɟɡɫɭɥɶɮɢɞɧɚɹ 
ɡɨɥɨɬɨɪɭɞɧɚɹ ɦɢɧɟɪɚɥɢɡɚɰɢɹ ɫɜɹɡɚɧɚ ɫ ɚɤɬɢɜɧɨɫɬɶɸ ɳɟɥɨɱɧɨ-ɤɚɪɛɨɧɚɬɧɵɯ 
ɪɚɫɬɜɨɪɨɜ, ɬɨɝɞɚ ɤɚɤ ɮɨɪɦɢɪɨɜɚɧɢɟ ɡɨɥɨɬɨ-ɦɟɞɧɨ-ɩɨɥɢɦɟɬɚɥɥɢɱɟɫɤɨɣ ɪɭɞɵ 
ɨɛɭɫɥɨɜɥɟɧɨ ɜɨɡɞɟɣɫɬɜɢɟɦ ɫɥɚɛɨɤɢɫɥɵɯ ɮɥɸɢɞɨɜ, ɫɨɞɟɪɠɚɳɢɯ 
ɝɢɞɪɨɫɭɥɶɮɢɞɧɵɟ ɤɨɦɩɥɟɤɫɵ (Gugushvili, 2016). Ɍɪɚɧɫɩɨɪɬɢɪɨɜɤɚ ɡɨɥɨɬɚ 
ɳɟɥɨɱɧɨ-ɤɚɪɛɨɧɚɬɧɵɦɢ ɢ ɝɢɞɪɨɫɭɥɶɮɢɞɧɵɦɢ ɪɚɫɬɜɨɪɚɦɢ ɢ ɮɢɡɢɤɨ-

ɯɢɦɢɱɟɫɤɢɟ ɭɫɥɨɜɢɹ ɟɝɨ ɨɫɚɠɞɟɧɢɹ ɨɫɧɨɜɚɧɵ ɧɚ ɯɢɦɢɱɟɫɤɨɦ ɦɨɞɟɥɢɪɨɜɚɧɢɢ 
ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɮɥɸɢɞɨɜ ɢ ɪɭɞɨɜɦɟɳɚɸɳɢɯ ɩɨɪɨɞ (Mernagh, Bierlein, 2008), 

ɱɬɨ ɩɨɞɬɜɟɪɠɞɚɟɬɫɹ ɧɚ ɡɨɥɨɬɨɪɭɞɧɵɯ ɦɟɫɬɨɪɨɠɞɟɧɢɹɯ, ɜ ɬɨɦ ɱɢɫɥɟ ɢ ɧɚ 
ɩɪɢɦɟɪɟ Ȼɨɥɧɢɫɫɤɨɝɨ ɪɭɞɧɨɝɨ ɪɚɣɨɧɚ. 
 

Ⱦɢɫɤɭɫɫɢɹ ɢ ɜɵɜɨɞɵ 

 

ȼ Ȼɨɥɧɢɫɫɤɨɦ ɪɭɞɧɨɦ ɪɚɣɨɧɟ ɩɪɨɹɜɢɥɚɫɶ ɩɪɟɤɨɥɥɢɡɢɨɧɧɚɹ ɫɬɚɞɢɹ 
ɪɚɡɜɢɬɢɹ, ɯɚɪɚɤɬɟɪɧɚɹ ɞɥɹ ȿɜɪɚɡɢɣɫɤɨɣ ɚɤɬɢɜɧɨɣ ɨɤɪɚɢɧɵ. ɗɬɚɩɵ ɫɬɚɛɢɥɶɧɨɣ 
ɫɭɛɞɭɤɰɢɢ ɢ ɬɪɚɧɫɮɨɪɦɚɰɢɢ ɫɭɛɞɭɰɢɪɭɟɦɨɣ ɩɥɢɬɵ ɤɨɧɬɪɨɥɢɪɭɸɬɫɹ ɪɚɡɧɵɦɢ 
ɩɪɨɹɜɥɟɧɢɹɦɢ ɜɭɥɤɚɧɢɱɟɫɤɨɣ ɢ ɝɢɞɪɨɬɟɪɦɚɥɶɧɨɣ ɞɟɹɬɟɥɶɧɨɫɬɢ ɢ 
ɨɫɨɛɟɧɧɨɫɬɹɦɢ ɦɟɬɚɥɥɨɝɟɧɢɢ. Ɉɞɧɨɜɪɟɦɟɧɧɨ ɝɟɨɥɨɝɢɱɟɫɤɨɟ ɪɚɡɜɢɬɢɟ 
ɪɟɝɢɨɧɚ ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɩɪɨɰɟɫɫɚɦɢ ɛɥɨɤɨɜɨɣ ɬɟɤɬɨɧɢɤɢ. Ȼɨɥɧɢɫɫɤɢɣ 
ɪɭɞɧɵɣ ɪɚɣɨɧ ɪɚɡɞɟɥɟɧ ɪɟɝɢɨɧɚɥɶɧɵɦ ɪɚɡɥɨɦɨɦ, ɫɜɹɡɚɧɧɵɦ ɫ 
ɩɨɫɬɜɭɥɤɚɧɢɱɟɫɤɢɦ ɞɟɬɚɱɦɟɧɬɨɦ ɫɭɛɞɭɰɢɪɭɟɦɨɣ ɩɥɢɬɵ, ɧɚ ɞɜɚ "ɝɢɝɚɧɬɫɤɢɯ" 

ɛɥɨɤɚ, ɬɨɝɞɚ ɤɚɤ ɦɚɥɨɟ ɛɥɨɤɢɪɨɜɚɧɢɟ ɹɜɥɹɟɬɫɹ ɫɢɧɜɭɥɤɚɧɢɱɟɫɤɢɦ ɩɪɨɰɟɫɫɨɦ, 
ɫɨɩɭɬɫɬɜɭɸɳɢɦ ɮɨɪɦɢɪɨɜɚɧɢɸ ɦɟɥɨɜɨɣ ɜɭɥɤɚɧɢɱɟɫɤɨɣ ɫɟɪɢɢ. ɉɟɪɜɚɹ 
ɫɬɚɞɢɹ ɛɥɨɤɢɧɝɚ ɫɜɹɡɚɧɚ ɫ ɜɧɟɞɪɟɧɢɟɦ ɝɪɚɧɢɬɨɢɞɧɵɯ ɲɬɨɤɨɜ, ɬɸɦɢɫɟɧɫɨɦ 
ɞɧɚ ɦɟɥɤɨɝɨ ɦɟɥɨɜɨɝɨ ɦɨɪɹ ɢ ɫ ɜɨɡɞɵɦɚɧɢɟɦ ɨɫɬɪɨɜɨɜ (ɩɪɢɩɨɞɧɹɬɵɟ ɛɥɨɤɢ). 
ɇɚ ɨɫɬɪɨɜɚɯ, ɜ ɫɭɛɚɷɪɚɥɶɧɵɯ ɭɫɥɨɜɢɹɯ ɩɪɨɢɫɯɨɞɢɥɢ ɢɡɜɟɪɠɟɧɢɹ 
ɢɝɧɢɦɛɪɢɬɨɜ, ɡɚɜɟɪɲɚɸɳɢɟɫɹ ɤɚɥɶɞɟɪɨɩɪɨɫɟɞɚɧɢɟɦ, ɨɛɭɫɥɨɜɢɜɲɢɦ 
ɩɪɨɫɟɞɚɧɢɟ ɛɥɨɤɨɜ. ɂɬɚɤ, ɫɢɧɜɭɥɤɚɧɢɱɟɫɤɨɟ ɛɥɨɤɢɪɨɜɚɧɢɟ ɜ ɦɟɥɭ 
ɤɨɧɬɪɨɥɢɪɨɜɚɥɨɫɶ ɜɨ ɜɪɟɦɟɧɢ ɢ ɩɪɨɫɬɪɚɧɫɬɜɟ: ɜɧɟɞɪɟɧɢɟ ɢɧɬɪɭɡɢɜɧɵɯ 
ɲɬɨɤɨɜ, ɬɸɦɢɫɟɧɫ ɢ ɜɨɡɞɵɦɚɧɢɟ ɨɫɬɪɨɜɨɜ ɩɪɟɞɲɟɫɬɜɨɜɚɥɢ ɢɝɧɢɦɛɪɢɬɨɜɵɦ 
ɢɡɜɟɪɠɟɧɢɹɦ ɢ ɤɚɥɶɞɟɪɨɨɛɪɚɡɨɜɚɧɢɸ. 

ȼ Ȼɨɥɧɢɫɫɤɨɦ ɪɭɞɧɨɦ ɪɚɣɨɧɟ ɫɬɚɛɢɥɶɧɚɹ ɫɭɛɞɭɤɰɢɹ ɢ ɫɜɹɡɚɧɧɵɟ ɫ ɧɟɣ 
ɨɫɬɪɨɜɨɞɭɠɧɵɣ (VAG) ɦɚɝɦɚɬɢɡɦ, ɜɭɥɤɚɧɢɡɦ, ɝɢɞɪɨɬɟɪɦɚɥɶɧɚɹ ɚɤɬɢɜɧɨɫɬɶ ɢ 
ɪɭɞɨɨɛɪɚɡɨɜɚɧɢɟ ɞɚɬɢɪɭɸɬɫɹ ɫɟɧɨɦɚɧ-ɫɚɧɬɨɧɨɦ; ɬɪɚɧɫɮɨɪɦɚɰɢɹ 
ɫɭɛɞɭɰɢɪɭɟɦɨɣ ɩɥɢɬɵ ɧɚɱɚɥɚɫɶ ɜ ɤɚɦɩɚɧɟ. ɇɚ ɫɬɚɞɢɢ ɬɪɚɧɫɮɨɪɦɚɰɢɢ ɩɥɢɬɵ 
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ɜɭɥɤɚɧɢɡɦ, ɦɚɝɦɚɬɢɡɦ ɢ ɝɢɞɪɨɬɟɪɦɚɥɶɧɵɣ ɩɪɨɰɟɫɫ ɤɨɧɬɪɨɥɢɪɭɸɬɫɹ 
ɦɚɫɲɬɚɛɨɦ ɦɚɧɬɢɣɧɨɝɨ ɜɥɢɹɧɢɹ, ɫ ɤɨɬɨɪɵɦ ɫɜɹɡɚɧ ɩɟɪɟɯɨɞ ɨɫɬɪɨɜɨɞɭɠɧɨɣ 
ɨɛɫɬɚɧɨɜɤɢ ɜ ɧɚɱɚɥɶɧɭɸ ɫɬɚɞɢɸ ɡɚɞɭɝɨɜɨɝɨ ɪɢɮɬɢɧɝɚ. ɇɚ ɷɬɨɦ ɷɬɚɩɟ 
ɩɪɨɞɨɥɠɚɟɬɫɹ ɬɸɦɢɫɟɧɫ, ɜɨɡɞɵɦɚɧɢɟ ɨɫɬɪɨɜɨɜ, ɢɝɧɢɦɛɪɢɬɨɜɵɣ ɜɭɥɤɚɧɢɡɦ ɢ 
ɤɚɥɶɞɟɪɨɩɪɨɫɟɞɚɧɢɟ, ɨɞɧɚɤɨ ɢɡɜɟɫɬɤɨɜɨ-ɳɟɥɨɱɧɨɣ ɜɭɥɤɚɧɢɡɦ ɫɬɚɛɢɥɶɧɨɣ 
ɫɭɛɞɭɤɰɢɢ ɫɦɟɧɹɟɬɫɹ ɳɟɥɨɱɧɨɣ ɜɭɥɤɚɧɢɱɟɫɤɨɣ ɞɟɹɬɟɥɶɧɨɫɬɶɸ ɢ 
ɛɟɡɫɭɥɶɮɢɞɧɨɣ ɡɨɥɨɬɨɪɭɞɧɨɣ ɦɢɧɟɪɚɥɢɡɚɰɢɟɣ, ɫɜɹɡɚɧɧɨɣ ɫ ɤɜɚɪɰ-

ɤɚɥɢɲɩɚɬɨɜɵɦ ɦɟɬɚɫɨɦɚɬɢɡɦɨɦ ɢ ɜɧɟɞɪɟɧɢɟɦ ɝɚɛɛɪɨ-ɞɢɚɛɚɡɨɜɵɯ 
ɢɧɬɪɭɡɢɜɧɵɯ ɲɬɨɤɨɜ, ɤɨɧɬɪɨɥɢɪɭɸɳɢɯ ɡɨɥɨɬɨ-ɦɟɞɧɨ-ɩɨɥɢɦɟɬɚɥɥɢɱɟɫɤɨɟ 
ɨɪɭɞɟɧɟɧɢɟ, ɧɚɥɨɠɟɧɧɨɟ ɧɚ ɤɜɚɪɰ-ɤɚɥɢɲɩɚɬɨɜɵɟ ɦɟɬɚɫɨɦɚɬɢɬɵ. ɉɪɢ ɷɬɨɦ, ɧɚ 
ɫɬɚɞɢɢ ɫɬɚɛɢɥɶɧɨɣ ɫɭɛɞɭɤɰɢɢ ɫɨɛɫɬɜɟɧɧɨ ɫɭɥɶɮɢɞɧɚɹ ɢ ɛɟɡɫɭɥɶɮɢɞɧɚɹ 
ɦɢɧɟɪɚɥɢɡɚɰɢɢ ɫɢɧɯɪɨɧɧɵ ɢ ɯɚɪɚɤɬɟɪɢɡɭɸɬɫɹ ɡɨɧɚɥɶɧɨɫɬɶɸ (Gugushvili, 

2015; 2016; 2017). 

ȼ Ȼɨɥɧɢɫɫɤɨɦ ɪɭɞɧɨɦ ɪɚɣɨɧɟ ɦɟɫɬɨɪɨɠɞɟɧɢɹ ɬɭɪɨɧ-ɫɚɧɬɨɧɫɤɨɝɨ ɢ 
ɤɚɦɩɚɧɫɤɨɝɨ ɜɨɡɪɚɫɬɚ ɪɚɫɩɨɥɨɠɟɧɵ ɜ ɫɬɪɭɤɬɭɪɚɯ ɤɚɥɶɞɟɪɨɩɪɨɫɟɞɚɧɢɹ ɢ 
ɯɚɪɚɤɬɟɪɢɡɭɸɬɫɹ ɩɨɫɬɪɭɞɧɵɦ ɛɥɨɤɢɪɨɜɚɧɢɟɦ. ɇɚ ɧɟɤɨɬɨɪɵɯ 
ɦɟɫɬɨɪɨɠɞɟɧɢɹɯ, ɫɜɹɡɚɧɧɵɯ ɫɨ ɫɬɚɛɢɥɶɧɨɣ ɫɭɛɞɭɤɰɢɟɣ, ɫɨɛɫɬɜɟɧɧɨ 
ɫɭɥɶɮɢɞɧɨɟ ɢ ɛɟɡɫɭɥɶɮɢɞɧɨɟ ɨɪɭɞɟɧɟɧɢɹ ɪɚɫɩɨɥɨɠɟɧɵ ɜ ɩɪɢɝɪɚɧɢɱɧɵɯ 
ɛɥɨɤɚɯ. ɉɪɢɩɨɞɧɹɬɵɟ ɢ ɩɨɝɪɭɠɟɧɧɵɟ ɛɥɨɤɢ ɱɟɬɤɨ ɮɢɤɫɢɪɭɸɬɫɹ ɜ ɬɭɪɨɧ-

ɫɚɧɬɨɧɫɤɢɯ ɦɟɫɬɨɪɨɠɞɟɧɢɹɯ ɐɢɬɟɥɢɫɨɩɟɥɢ, Ʉɜɟɦɨ Ȼɨɥɧɢɫɢ ɢ ɧɚ 
ɪɭɞɨɩɪɨɹɜɥɟɧɢɹɯ Ⱦɚɜɢɞ-Ƚɚɪɟɞɠɢ, Ʉɚɬɚɪɤɚɹ, Ȼɚɥɢɱɢ ɢ Ɍɚɦɚɪɢɫɢ. ɋɨɛɫɬɜɟɧɧɨ 
ɫɭɥɶɮɢɞɧɵɟ ɪɭɞɵ ɩɪɢɩɨɞɧɹɬɵɯ ɛɥɨɤɨɜ ɝɪɚɧɢɱɚɬ ɫ ɛɟɡɫɭɥɶɮɢɞɧɨɣ 
ɦɢɧɟɪɚɥɢɡɚɰɢɟɣ ɧɚ ɩɨɝɪɭɠɟɧɧɵɯ. ɉɨɫɥɟɞɧɢɟ ɧɚ ɝɥɭɛɢɧɟ ɩɟɪɟɯɨɞɹɬ ɜ 
ɫɨɛɫɬɜɟɧɧɨ ɫɭɥɶɮɢɞɧɨɟ ɨɪɭɞɟɧɟɧɢɟ. Ⱥɧɚɥɨɝɢɱɧɨ, ɜ ɤɚɦɩɚɧɫɤɢɯ 
ɦɟɫɬɨɪɨɠɞɟɧɢɹɯ, ɤɨɧɬɪɨɥɢɪɭɟɦɵɯ ɬɪɚɧɫɮɨɪɦɚɰɢɟɣ ɫɭɛɞɭɰɢɪɭɟɦɨɣ ɩɥɢɬɵ, 
ɫɨɛɫɬɜɟɧɧɨ ɫɭɥɶɮɢɞɧɨɟ ɢ ɛɟɡɫɭɥɶɮɢɞɧɨɟ ɨɪɭɞɟɧɟɧɢɹ ɪɚɫɩɨɥɨɠɟɧɵ ɜ 
ɝɪɚɧɢɱɚɳɢɯ ɞɪɭɝ ɫ ɞɪɭɝɨɦ ɛɥɨɤɚɯ, ɱɬɨ ɩɨɞɬɜɟɪɠɞɚɟɬ ɯɚɪɚɤɬɟɪ ɛɥɨɤɢɧɝɚ ɧɚ 
ɩɪɢɦɟɪɚɯ ɤɚɦɩɚɧɫɤɢɯ ɦɟɫɬɨɪɨɠɞɟɧɢɣ Ȼɟɤɬɚɤɚɪɢ, Ⱦɚɪɛɚɡɢ ɢ ɂɦɟɞɢ. 
ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɨɩɪɟɞɟɥɟɧɢɟ ɭɪɨɜɧɹ ɦɢɧɟɪɚɥɢɡɚɰɢɢ ɜ ɩɪɢɝɪɚɧɢɱɧɵɯ ɛɥɨɤɚɯ 
ɹɜɥɹɟɬɫɹ ɜɟɫɶɦɚ ɜɚɠɧɵɦ ɞɥɹ ɩɥɚɧɢɪɨɜɚɧɢɹ ɛɭɪɟɧɢɹ ɢ ɩɨɢɫɤɨɜ ɜ Ȼɨɥɧɢɫɫɤɨɦ 
ɪɭɞɧɨɦ ɪɚɣɨɧɟ. 

Ɋɚɡɜɢɬɢɟ ɩɪɨɰɟɫɫɨɜ ɜɨ ɜɪɟɦɟɧɢ ɢ ɩɪɨɫɬɪɚɧɫɬɜɟ ɜ ɢɯ ɜɡɚɢɦɨɫɜɹɡɢ ɫ 
ɬɪɚɧɫɮɨɪɦɚɰɢɟɣ ɫɭɛɞɭɰɢɪɭɟɦɨɣ ɩɥɢɬɵ ɢ ɦɚɧɬɢɣɧɵɦ ɜɥɢɹɧɢɟɦ ɜɵɹɜɥɹɟɬ 
ɫɥɟɞɭɸɳɭɸ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ. Ɍɪɚɧɫɮɨɪɦɚɰɢɹ ɫɭɛɞɭɤɰɢɨɧɧɨɣ ɩɥɢɬɵ 
ɧɚɱɚɥɚɫɶ ɜ ɪɚɧɧɟɦ ɤɚɦɩɚɧɟ ɢ ɩɪɨɹɜɢɥɚɫɶ ɜ ɞɜɭɯ ɫɬɚɞɢɹɯ. ɉɟɪɜɚɹ ɢɡ ɧɢɯ 
ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɫɭɛɳɟɥɨɱɧɵɦ ɢ ɳɟɥɨɱɧɵɦ ɜɭɥɤɚɧɢɡɦɨɦ, ɤɜɚɪɰ-

ɤɚɥɢɲɩɚɬɨɜɵɦ ɦɟɬɚɫɨɦɚɬɨɡɨɦ ɢ ɛɟɡɫɭɥɶɮɢɞɧɨɣ ɡɨɥɨɬɨɣ ɦɢɧɟɪɚɥɢɡɚɰɢɟɣ. 
ɋɥɟɞɭɸɳɚɹ ɩɨɡɞɧɟɤɚɦɩɚɧɫɤɚɹ ɫɬɚɞɢɹ ɩɪɨɹɜɢɥɚɫɶ ɜ ɬɪɚɯɢɛɚɡɚɥɶɬɨɜɨɣ ɢ 
ɳɟɥɨɱɧɨɣ ɨɥɢɜɢɧɨɜɨ-ɛɚɡɚɥɶɬɨɜɨɣ ɜɭɥɤɚɧɢɱɟɫɤɨɣ ɞɟɹɬɟɥɶɧɨɫɬɢ, ɜ ɡɨɥɨɬɨ-

ɦɟɞɧɨ-ɩɨɥɢɦɟɬɚɥɥɢɱɟɫɤɨɦ ɨɪɭɞɟɧɟɧɢɢɢ, ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɨɣ ɷɩɢɞɨɬ-

ɰɨɢɡɢɬɨɜɨɣ ɩɪɨɩɢɥɢɬɢɡɚɰɢɢ, ɤɨɧɬɪɨɥɢɪɭɟɦɨɣ ɝɚɛɛɪɨ-ɞɢɚɛɚɡɨɜɨɣ 
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ɢɧɬɪɭɡɢɜɧɨɣ ɚɤɬɢɜɧɨɫɬɶɸ. ɋɨɛɫɬɜɟɧɧɨ ɫɭɥɶɮɢɞɧɨɟ ɨɪɭɞɟɧɟɧɢɟ ɧɚɥɨɠɟɧɨ ɧɚ 
ɤɜɚɪɰ-ɤɚɥɢɲɩɚɬɨɜɵɟ ɦɟɬɚɫɨɦɚɬɢɬɵ. ɇɚ Ȼɟɤɬɚɤɚɪɫɤɨɦ ɦɟɫɬɨɪɨɠɞɟɧɢɢ 
ɫɭɥɶɮɢɞɧɚɹ ɪɭɞɚ ɰɟɦɟɧɬɢɪɭɟɬ ɤɚɤ ɢɧɬɪɚɮɨɪɦɚɰɢɨɧɧɵɟ ɛɪɟɤɱɢɹ-

ɤɨɧɝɥɨɦɟɪɚɬɵ, ɬɚɤ ɢ ɡɨɧɵ ɝɢɞɪɨɬɟɪɦɚɥɶɧɵɯ ɷɤɫɩɥɨɡɢɜɧɵɯ ɛɪɟɤɱɢɣ ɜ ɤɜɚɪɰ-

ɤɚɥɢɲɩɚɬɨɜɵɯ ɦɟɬɚɫɨɦɚɬɢɬɚɯ, ɹɜɥɹɸɳɢɯɫɹ ɩɪɨɜɨɞɧɢɤɚɦɢ ɪɭɞɨɧɨɫɧɵɯ 
ɮɥɸɢɞɨɜ. ȼ ɨɬɥɢɱɢɟ ɨɬ Ȼɟɤɬɚɤɚɪɫɤɨɝɨ, ɧɚ Ɇɚɞɧɟɭɥɶɫɤɨɦ ɦɟɫɬɨɪɨɠɞɟɧɢɢ 
ɫɜɹɡɚɧɧɚɹ ɫɨ ɫɬɚɛɢɥɶɧɨɣ ɫɭɛɞɭɤɰɢɟɣ ɫɨɛɫɬɜɟɧɧɨ ɫɭɥɶɮɢɞɧɚɹ ɢ 
ɛɟɡɫɭɥɶɮɢɞɧɚɹ ɦɢɧɟɪɚɥɢɡɚɰɢɹ ɹɜɥɹɟɬɫɹ ɫɢɧɯɪɨɧɧɵɦ ɩɪɨɰɟɫɫɨɦ ɫ 
ɯɚɪɚɤɬɟɪɧɨɣ ɡɨɧɚɥɶɧɨɫɬɶɸ, ɬɨɝɞɚ ɤɚɤ ɧɚ Ȼɟɤɬɚɤɚɪɫɤɨɦ – ɫɨɛɫɬɜɟɧɧɨ 
ɫɭɥɶɮɢɞɧɨɟ ɨɪɭɞɟɧɟɧɢɟ ɧɚɥɨɠɟɧɨ ɧɚ ɤɜɚɪɰ-ɤɚɥɢɲɩɚɬɨɜɵɟ ɦɟɬɚɫɨɦɚɬɢɬɵ ɫ 
ɛɟɡɫɭɥɶɮɢɞɧɵɦ ɡɨɥɨɬɨɦ. Ɇɢɧɟɪɚɥɢɡɚɰɢɹ ɡɞɟɫɶ ɩɪɨɹɜɢɥɚɫɶ ɜ ɞɜɭɯ ɫɬɚɞɢɹɯ. 
ɉɟɪɜɚɹ ɫɜɹɡɚɧɚ ɫ ɚɤɬɢɜɧɨɫɬɶɸ ɳɟɥɨɱɧɨ-ɤɚɪɛɨɧɚɬɧɵɯ ɮɥɸɢɞɨɜ ɫ 
ɮɨɪɦɢɪɨɜɚɧɢɟɦ ɤɜɚɪɰ-ɤɚɥɢɲɩɚɬɨɜɵɯ ɦɟɬɚɫɨɦɚɬɢɬɨɜ, ɚ ɜɬɨɪɚɹ – ɫɨ 
ɫɥɚɛɨɤɢɫɥɵɦɢ ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɵɦɢ ɝɢɞɪɨɫɭɥɶɮɢɞɧɵɦɢ ɪɚɫɬɜɨɪɚɦɢ. 
Ɋɚɫɩɚɞ ɡɨɥɨɬɨɫɨɞɟɪɠɚɳɢɯ ɝɢɞɪɨɫɭɥɶɮɢɞɧɵɯ ɤɨɦɩɥɟɤɫɨɜ ɨɛɭɫɥɨɜɢɥ ɡɨɥɨɬɨ-

ɦɟɞɧɨɩɨɥɢɦɟɬɚɥɥɢɱɟɫɤɭɸ ɦɢɧɟɪɚɥɢɡɚɰɢɸ ɫ ɫɢɧɪɭɞɧɨɣ 
ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɨɣ ɩɪɨɩɢɥɢɬɢɡɚɰɢɟɣ. Ɍɪɚɧɫɮɨɪɦɚɰɢɹ ɫɭɛɞɭɰɢɪɭɟɦɨɣ 
ɩɥɢɬɵ ɩɪɨɞɨɥɠɚɥɚɫɶ ɞɨ ɩɨɡɞɧɟɝɨ ɤɚɦɩɚɧɚ ɢ ɞɨ ɮɨɪɦɢɪɨɜɚɧɢɹ ɳɟɥɨɱɧɨ-

ɨɥɢɜɢɧɨɜɨ-ɛɚɡɚɥɶɬɨɜɨɣ ɫɟɪɢɢ. Ɉɞɧɚɤɨ, ɡɞɟɫɶ ɧɟ ɩɪɨɹɜɢɥɫɹ ɢɧɬɟɧɫɢɜɧɵɣ 
ɪɢɮɬɢɧɝ ɫ ɫɨɩɭɬɫɬɜɭɸɳɢɦ VMS ɨɪɭɞɟɧɟɧɢɟɦ. ȼɟɪɨɹɬɧɨ, ɬɪɚɧɫɮɨɪɦɚɰɢɹ 
ɩɥɢɬɵ ɩɪɟɤɪɚɬɢɥɚɫɶ ɧɚ ɧɚɱɚɥɶɧɨɣ ɫɬɚɞɢɢ ɡɚɞɭɝɨɜɨɝɨ ɪɢɮɬɢɧɝɚ. Ⱦɟɬɚɱɦɟɧɬ 
ɫɭɛɞɭɰɢɪɭɟɦɨɣ ɩɥɢɬɵ ɩɨɡɞɧɟɟ ɜɵɪɚɡɢɥɫɹ ɜ ɪɟɝɢɨɧɚɥɶɧɨɦ ɪɚɡɥɨɦɟ, 
ɪɚɡɞɟɥɢɜɲɟɦ Ȼɨɥɧɢɫɫɤɢɣ ɪɭɞɧɵɣ ɪɚɣɨɧ ɧɚ ɞɜɚ "ɝɢɝɚɧɬɫɤɢɯ" ɛɥɨɤɚ. ȼɞɨɥɶ 
ɪɚɡɥɨɦɚ SE ɛɥɨɤ ɛɵɥ ɩɪɢɩɨɞɧɹɬ ɩɚ 1200 ɦ ɫ ɞɟɧɭɞɚɰɢɟɣ ɜɟɪɯɧɟɫɚɧɬɨɧɫɤɨɣ – 

ɬɚɧɞɡɢɣɫɤɨɣ ɢ ɤɚɦɩɚɧɫɤɨɣ – ɝɚɫɚɧɞɚɦɫɤɨɣ ɢ ɲɨɪɲɨɥɟɬɫɤɨɣ ɫɜɢɬɚɦɢ. ɂɯ 
ɨɛɳɚɹ ɦɨɳɧɨɫɬɶ ɩɪɟɜɵɲɚɟɬ 1200 ɦ. Ʌɢɲɶ ɬɭɪɨɧ-ɫɚɧɬɨɧɫɤɚɹ ɦɚɲɚɜɟɪɫɤɚɹ 
ɫɜɢɬɚ ɧɟ ɛɵɥɚ ɫɦɵɬɚ ɷɪɨɡɢɟɣ. ɇɚ NW "ɝɢɝɚɧɬɫɤɨɦ" ɛɥɨɤɟ ɝɚɫɚɧɞɚɦɫɤɚɹ ɢ 
ɲɨɪɲɨɥɟɬɫɤɚɹ ɫɜɢɬɵ ɧɟ ɡɚɬɪɨɧɭɬɵ ɷɪɨɡɢɟɣ. ȼ ɩɪɨɰɟɫɫɟ ɫɢɧɜɭɥɤɚɧɢɱɟɫɤɨɝɨ 
ɛɥɨɤɢɪɨɜɚɧɢɹ ɛɥɨɤɢ ɩɪɢɩɨɞɧɹɬɵ ɥɢɲɶ ɧɚ 200 ɦ ɢ ɢɯ ɩɥɨɳɚɞɶ ɧɟ ɩɪɟɜɵɲɚɟɬ 
ɫɨɬɧɢ ɦ2, ɬɨɝɞɚ ɤɚɤ ɩɥɨɳɚɞɶ "ɝɢɝɚɧɬɫɤɢɯ" ɛɥɨɤɨɜ ɞɨɫɬɢɝɚɟɬ ɬɵɫɹɱɢ 

ɤɜɚɞɪɚɬɧɵɯ ɤɢɥɨɦɟɬɪɨɜ. 
 

* * * 

 

ɂɬɚɤ, ɜ ɪɟɝɢɨɧɟ Ȼɨɥɧɢɫɫɤɨɝɨ ɪɭɞɧɨɝɨ ɪɚɣɨɧɚ ɦɚɝɦɚɬɢɱɟɫɤɚɹ 
ɞɟɹɬɟɥɶɧɨɫɬɶ, ɜɭɥɤɚɧɢɡɦ ɢ ɦɟɬɚɥɥɨɝɟɧɢɹ, ɚ ɬɚɤɠɟ "ɛɥɨɤɢɧɝ" ɨɛɭɫɥɨɜɥɟɧɵ 
ɩɪɨɰɟɫɫɨɦ ɫɭɛɞɭɤɰɢɢ. ɇɚ ɷɬɚɩɚɯ ɫɬɚɛɢɥɶɧɨɣ ɫɭɛɞɭɤɰɢɢ ɢ ɬɪɚɧɫɮɨɪɦɚɰɢɢ 
ɫɭɛɞɭɰɢɪɭɟɦɨɣ ɩɥɢɬɵ, ɜ ɨɫɬɪɨɜɨɞɭɠɧɨɣ ɢ ɡɚɞɭɝɨɜɨɣ ɨɛɫɬɚɧɨɜɤɚɯ 
ɩɪɨɢɫɯɨɞɢɥɨ ɫɢɧɜɭɥɤɚɧɢɱɟɫɤɨɟ ɛɥɨɤɢɪɨɜɚɧɢɟ ɪɚɣɨɧɚ ɜɨ ɜɪɟɦɟɧɢ ɢ 
ɩɪɨɫɬɪɚɧɫɬɜɟ. ɇɚ ɩɟɪɜɨɦ ɷɬɚɩɟ ɜɧɟɞɪɟɧɢɟ ɢɧɬɪɭɡɢɜɧɵɯ ɲɬɨɤɨɜ ɜɵɡɜɚɥɨ 
ɜɨɡɞɵɦɚɧɢɟ ɦɨɪɫɤɨɝɨ ɞɧɚ ɢ ɨɛɪɚɡɨɜɚɧɢɟ ɨɫɬɪɨɜɨɜ (ɩɪɢɩɨɞɧɹɬɵɟ ɛɥɨɤɢ). ɉɚ 
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ɨɫɬɪɨɜɚɯ, ɜ ɫɭɛɚɷɪɚɥɶɧɵɯ ɭɫɥɨɜɢɹɯ ɩɪɨɢɫɯɨɞɢɥɨ ɢɡɜɟɪɠɟɧɢɟ ɢɝɧɢɦɛɪɢɬɨɜ, 
ɡɚɜɟɪɲɚɸɳɟɟɫɹ ɤɚɥɶɞɟɪɨɩɪɨɫɟɞɚɧɢɟɦ (ɩɨɝɪɭɠɟɧɧɵɟ ɛɥɨɤɢ). ɉɪɨɰɟɫɫ 
ɪɭɞɨɨɛɪɚɡɨɜɚɧɢɹ ɫɜɹɡɚɧ ɫ ɜɧɟɞɪɟɧɢɟɦ ɲɬɨɤɨɜ ɢ ɫ ɮɨɪɦɢɪɨɜɚɧɢɟɦ 
ɩɪɢɩɨɞɧɹɬɵɯ ɛɥɨɤɨɜ. ɒɬɨɤɢ ɫɥɭɠɢɥɢ ɩɪɨɜɨɞɧɢɤɚɦɢ ɝɥɭɛɢɧɧɵɯ ɪɭɞɧɵɯ 
ɮɥɸɢɞɨɜ. ɂɡɜɟɪɠɟɧɢɟ ɢɝɧɢɦɛɪɢɬɨɜ ɢ ɤɚɥɶɞɟɪɨɩɪɨɫɟɞɚɧɢɟ ɹɜɥɹɥɢɫɶ 
ɩɨɫɬɪɭɞɧɵɦɢ ɩɪɨɰɟɫɫɚɦɢ, ɨɞɧɚɤɨ ɜɨ ɜɪɟɦɹ ɤɚɥɶɞɟɪɨɨɛɪɚɡɨɜɚɧɢɹ 
ɩɪɨɞɨɥɠɚɥɨɫɶ ɛɥɨɤɢɪɨɜɚɧɢɟ ɪɭɞɧɵɯ ɡɨɧ ɜ ɦɚɥɵɟ ɛɥɨɤɢ. ȼ ɤɨɧɰɟ ɦɟɥɚ, ɧɚ 
ɫɬɚɞɢɢ ɡɚɜɟɪɲɟɧɢɹ ɜɭɥɤɚɧɢɱɟɫɤɨɣ ɞɟɹɬɟɥɶɧɨɫɬɢ, ɧɚɱɢɧɚɥɫɹ ɫɜɹɡɚɧɧɵɣ ɫ 
ɞɟɬɚɱɦɟɧɬɨɦ ɫɭɛɞɭɰɢɪɭɟɦɨɣ ɩɥɢɬɵ ɩɨɫɬɜɭɥɤɚɧɢɱɟɫɤɢɣ ɛɥɨɤɢɧɝ, 
ɨɛɭɫɥɨɜɢɜɲɢɣ ɮɨɪɦɢɪɨɜɚɧɢɟ ɪɟɝɢɨɧɚɥɶɧɨɝɨ ɪɚɡɥɨɦɚ, ɪɚɡɞɟɥɢɜɲɟɝɨ 
Ȼɨɥɧɢɫɫɤɢɣ ɪɭɞɧɵɣ ɪɚɣɨɧ ɧɚ ɞɜɚ "ɝɢɝɚɧɬɫɤɢɯ" ɛɥɨɤɚ. Ɉɪɭɞɟɧɟɧɢɟ, ɫɜɹɡɚɧɧɨɟ 
ɫ ɷɬɚɩɨɦ ɫɢɧɜɭɥɤɚɧɢɱɟɫɤɨɝɨ ɛɥɨɤɢɧɝɚ, ɪɚɫɩɨɥɨɠɟɧɨ ɜ ɞɜɭɯ "ɝɢɝɚɧɬɫɤɢɯ" 

ɛɥɨɤɚɯ, ɩɪɟɞɫɬɚɜɥɟɧɧɵɯ ɜ ɜɢɞɟ Ɇɚɞɧɟɭɥɶɫɤɨɝɨ ɢ Ȼɟɤɬɚɤɚɪɫɤɨɝɨ ɪɭɞɧɵɯ 
ɭɡɥɨɜ. ȼɨɡɪɚɫɬ ɨɪɭɞɟɥɟɧɢɹ Ɇɚɞɧɟɭɥɶɫɤɨɝɨ ɭɡɥɚ – 88-90 ɦɥɧ.ɥɟɬ, ɚ 
Ȼɟɤɬɚɤɚɪɫɤɨɝɨ – 79 81 ɦɥɧ.ɥɟɬ. Ɇɚɞɧɟɭɥɶɫɤɢɣ ɭɡɟɥ ɪɚɫɩɨɥɨɠɟɧ ɜ ɬɭɪɨɧ-

ɫɚɧɬɨɧɫɤɨɣ ɜɭɥɤɚɧɢɱɟɫɤɨɣ ɫɟɪɢɢ ɩɪɢɩɨɞɧɹɬɨɝɨ "ɝɢɝɚɧɬɫɤɨɝɨ" ɛɥɨɤɚ, 
Ȼɟɤɬɚɤɚɪɫɤɢɣ ɠɟ – ɜ ɤɚɦɩɚɧɫɤɨɣ ɜɭɥɤɚɧɢɱɟɫɤɨɣ ɫɟɪɢɢ ɩɨɝɪɭɠɟɧɧɨɝɨ ɛɥɨɤɚ. 
Ʉɚɦɩɚɧɫɤɢɟ ɜɭɥɤɚɧɢɬɵ ɢ ɨɪɭɞɟɧɟɧɢɟ ɞɟɧɭɞɢɪɨɜɚɧɵ ɫ ɝɢɝɚɧɬɫɤɨɝɨ ɛɥɨɤɚ, 
ɫɨɞɟɪɠɚɳɟɝɨ Ɇɚɞɧɟɭɥɶɫɤɢɣ ɪɭɞɧɵɣ ɭɡɟɥ. Ⱥɧɚɥɢɡ ɩɨɫɬɪɭɞɧɨɝɨ 
ɫɢɧɜɭɥɤɚɧɢɱɟɫɤɨɝɨ ɢ ɩɨɫɬɜɭɥɤɚɧɢɱɟɫɤɨɝɨ ɛɥɨɤɢɧɝɚ ɢ ɪɚɫɩɨɥɨɠɟɧɢɹ 
ɨɪɭɞɟɧɟɧɢɹ ɜ ɩɪɢɝɪɚɧɢɱɧɵɯ ɛɥɨɤɚɯ ɢɦɟɟɬ ɛɨɥɶɲɨɟ ɡɧɚɱɟɧɢɟ ɞɥɹ 
ɩɥɚɧɢɪɨɜɚɧɢɹ ɩɨɢɫɤɨɜɨ-ɪɚɡɜɟɞɨɱɧɵɯ ɪɚɛɨɬ ɢ ɛɭɪɟɧɢɹ ɜ Ȼɨɥɧɢɫɫɤɨɦ ɪɭɞɧɨɦ 
ɪɚɣɨɧɟ. 
 

ɁȺɄɅЮЧȿɇɂȿ 

Ɏɨɪɦɢɪɨɜɚɧɢɟ ɡɚɩɚɞɧɨɝɨ ɫɟɝɦɟɧɬɚ ȿɜɪɚɡɢɣɫɤɨɝɨ ɦɟɬɚɥɥɨɝɟɧɢɱɟɫɤɨɝɨ 
ɩɨɹɫɚ ɫɜɹɡɚɧɨ ɫ ɮɚɧɟɪɨɡɨɣɫɤɨɣ ɫɟɜɟɪɨɜɟɪɝɟɧɬɧɨɣ ɫɭɛɞɭɤɰɢɟɣ ɨɤɟɚɧɚ Ɍɟɬɢɫ 
ɩɨɞ ȿɜɪɚɡɢɣɫɤɭɸ ɚɤɬɢɜɧɭɸ ɨɤɪɚɢɧɭ ɧɚ ɩɪɟɤɨɥɥɢɡɢɨɧɧɨɦ ɷɬɚɩɟ ɢ ɫ 
ɡɚɦɵɤɚɧɢɟɦ ɨɤɟɚɧɚ ɜ ɪɟɡɭɥɶɬɚɬɟ ɤɨɧɜɟɪɝɟɧɰɢɢ ȿɜɪɚɡɢɢ ɢ Ƚɨɧɞɜɚɧɵ - ɧɚ 
ɩɨɫɬɤɨɥɥɢɡɢɨɧɧɨɦ ɷɬɚɩɟ. Ƚɟɨɞɢɧɚɦɢɤɚ ɩɪɨɰɟɫɫɚ ɨɬɪɚɠɟɧɚ ɜ ɨɫɨɛɟɧɧɨɫɬɹɯ 
ɜɭɥɤɚɧɢɡɦɚ, ɦɚɝɦɚɬɢɡɦɚ ɢ ɦɟɬɚɥɥɨɝɟɧɢɢ, ɯɚɪɚɤɬɟɪɧɵɯ ɞɥɹ ɪɚɡɧɵɯ ɷɬɚɩɨɜ 

ɫɭɛɞɭɤɰɢɢ ɢ ɞɥɹ ɩɨɫɬɫɭɛɞɭɤɰɢɨɧɧɨɝɨ ɩɟɪɢɨɞɚ ɩɨɫɬɤɨɥɥɢɡɢɨɧɧɨɣ 
ɨɛɫɬɚɧɨɜɤɢ. ɗɬɚɩɵ ɫɭɛɞɭɤɰɢɢ ɨɩɪɟɞɟɥɹɸɬɫɹ ɜɭɥɤɚɧɨɥɨɝɢɱɟɫɤɢɦɢ, 
ɩɟɬɪɨɥɨɝɢɱɟɫɤɢɦɢ, ɝɟɨɯɢɦɢɱɟɫɤɢɦɢ ɢ ɦɟɬɚɥɥɨɝɟɧɢɱɟɫɤɢɦɢ ɢɧɞɢɤɚɬɨɪɚɦɢ, 
ɨɬɪɚɠɚɸɳɢɦɢ ɭɱɚɫɬɢɟ ɫɢɚɥɢɱɟɫɤɨɣ ɢ ɛɚɡɚɥɶɬɨɜɨɣ ɤɨɪɵ ɢ ɦɚɧɬɢɢ ɜ ɡɨɧɟ 
ɜɭɥɤɚɧɢɡɦɚ ɢ ɪɭɞɨɨɛɪɚɡɨɜɚɧɢɹ. ɂɫɬɨɱɧɢɤɨɦ Au ɢ Pb ɹɜɥɹɟɬɫɹ ɫɢɚɥɢɱɟɫɤɚɹ 
ɤɨɪɚ, ɢɫɬɨɱɧɢɤɨɦ Zn - ɛɚɡɚɥɶɬɨɜɚɹ, ɚ ɢɫɬɨɱɧɢɤɨɦ Cu - ɦɚɧɬɢɹ. 

ɋɨ ɫɬɚɛɢɥɶɧɨɣ ɫɭɛɞɭɤɰɢɟɣ ɫɜɹɡɚɧɚ ɨɫɬɪɨɜɨɞɭɠɧɚɹ ɨɛɫɬɚɧɨɜɤɚ, 
ɢɡɜɟɫɬɤɨɜɨ-ɳɟɥɨɱɧɨɣ ɛɚɡɚɥɶɬ-ɚɧɞɟɡɢɬ-ɪɢɨɞɚɰɢɬɨɜɵɣ ɜɭɥɤɚɧɢɡɦ ɢ ɡɨɥɨɬɨ-

ɦɟɞɧɨɩɨɥɢɦɟɬɚɥɥɢɱɟɫɤɚɹ ɦɢɧɟɪɚɥɢɡɚɰɢɹ ɫ ɚɫɫɨɰɢɚɰɢɟɣ Au, Pb, Zn ɢ Cu, 
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ɹɜɥɹɸɳɟɣɫɹ ɦɟɬɚɥɥɨɝɟɧɢɱɟɫɤɢɦ ɢɧɞɢɤɚɬɨɪɨɦ ɞɚɧɧɨɣ ɨɛɫɬɚɧɨɜɤɢ, 
ɨɩɪɟɞɟɥɹɟɦɨɣ ɭɱɚɫɬɢɟɦ ɫɢɚɥɢɱɟɫɤɨɣ, ɛɚɡɚɥɶɬɨɜɨɣ ɤɨɪɵ ɢ ɦɚɧɬɢɢ. 

ɋ ɧɚɱɚɥɶɧɨɣ ɫɬɚɞɢɟɣ ɬɪɚɧɫɮɨɪɦɚɰɢɢ ɫɭɛɞɭɰɢɪɭɟɦɨɣ ɩɥɢɬɵ ɢ 
ɜɧɟɞɪɟɧɢɟɦ ɦɚɧɬɢɣɧɨɝɨ ɞɢɚɩɢɪɚ ɫɜɹɡɚɧ ɧɚɱɚɥɶɧɵɣ ɷɬɚɩ ɡɚɞɭɝɨɜɨɝɨ-

ɢɧɬɪɚɞɭɝɨɜɨɝɨ ɪɢɮɬɢɧɝɚ, ɫɭɛɳɟɥɨɱɧɨɣ ɬɪɚɯɢɪɢɨɞɚɰɢɬɨɜɵɣ-ɲɨɲɨɧɢɬɨɜɵɣ 
ɜɭɥɤɚɧɢɡɦ ɢ ɡɨɥɨɬɨ-ɩɨɥɢɦɟɬɚɥɥɢɱɟɫɤɚɹ ɦɢɧɟɪɚɥɢɡɚɰɢɹ ɫ ɦɟɬɚɥɨɝɟɧɢɱɟɫɤɢɦɢ 

ɢɧɞɢɤɚɬɨɪɚɦɢ (Au, Pb, Zn ɢ Cu). ɇɚ ɷɬɨɣ ɫɬɚɞɢɢ ɜ ɩɪɨɰɟɫɫɟ ɜɭɥɤɚɧɢɡɦɚ ɢ 
ɪɭɞɨɨɛɪɚɡɨɜɚɧɢɹ ɜɫɟ ɟɳɟ ɭɱɚɫɬɜɭɟɬ ɫɢɚɥɢɱɟɫɤɚɹ ɤɨɪɚ - ɢɫɬɨɱɧɢɤ ɡɨɥɨɬɚ ɢ 
ɫɜɢɧɰɚ. 

ɇɚ ɫɥɟɞɭɸɳɟɦ ɷɬɚɩɟ, ɫ ɭɫɢɥɟɧɢɟɦ ɬɪɚɧɫɮɨɪɦɚɰɢɢ ɢ ɢɧɬɟɧɫɢɮɢɤɚɰɢɢ 
ɜɧɟɞɪɟɧɢɹ ɦɚɧɬɢɣɧɨɝɨ ɞɢɚɩɢɪɚ ɧɚ ɛɨɥɟɟ ɜɵɫɨɤɢɣ ɭɪɨɜɟɧɶ, ɫ ɭɫɢɥɟɧɢɟɦ 
ɪɢɮɢɧɝɚ ɫɜɹɡɚɧ ɫɩɪɟɞɢɧɝ ɫɢɚɥɢɱɟɫɤɨɣ ɤɨɪɵ ɢɡ ɡɨɧɵ ɜɭɥɤɚɧɢɡɦɚ ɢ 
ɪɭɞɨɨɛɪɚɡɨɜɚɧɢɹ. ȼɭɥɤɚɧɢɡɦ ɡɞɟɫɶ ɜ ɨɫɧɨɜɧɨɦ ɬɨɥɟɢɬɨɜɵɣ, ɢ ɨɧ ɹɜɥɹɟɬɫɹ 
ɜɭɥɤɚɧɨɥɨɝɢɱɟɫɤɢɦ ɢɧɞɢɤɚɬɨɪɨɦ ɞɚɧɧɨɣ ɨɛɫɬɚɧɨɜɤɢ, ɦɟɬɚɥɥɨɝɟɧɢɱɟɫɤɢɟ ɠɟ 
ɢɧɞɢɤɚɬɨɪɵ ɩɪɟɞɫɬɚɜɥɟɧɵ Zn ɢ Cu. 

ɋ ɞɚɥɶɧɟɣɲɢɦ ɭɫɢɥɟɧɢɟɦ ɬɪɚɧɫɮɨɪɦɚɰɢɢ ɫɭɛɞɭɰɢɪɭɟɦɨɣ ɩɥɢɬɵ ɫ 
ɜɧɟɞɪɟɧɢɟɦ ɦɚɧɬɢɣɧɨɝɨ ɞɢɚɩɢɪɚ ɧɚ ɫɚɦɵɣ ɜɵɫɨɤɢɣ ɭɪɨɜɟɧɶ, ɢɧɬɟɧɫɢɜɧɵɣ 
ɫɩɪɟɞɢɧɝ ɩɪɢɜɨɞɢɬ ɤ ɢɧɬɟɧɫɢɜɧɨɦɭ ɜɵɧɨɫɭ ɢ ɛɚɡɚɥɶɬɨɜɨɣ ɤɨɪɵ ɢɡ ɡɨɧɵ 
ɨɪɭɞɟɧɟɧɢɹ ɢ ɤ ɬɪɚɧɫɮɨɪɦɚɰɢɢ ɡɚɞɭɝɨɜɨɝɨ ɪɢɮɬɚ ɜ ɦɚɥɨɨɤɟɚɧɢɱɟɫɤɭɸ 
ɨɛɫɬɚɧɨɜɤɭ ɫ ɨɮɢɨɥɢɬɨɜɵɦ ɜɭɥɤɚɧɢɡɦɨɦ, ɞɭɧɢɬ-ɩɟɪɢɞɨɬɢɬɨɜɵɦ 
ɦɚɝɦɚɬɢɡɦɨɦ, ɫ ɫɟɪɩɟɧɬɢɧɢɡɚɰɢɟɣ - ɜɭɥɤɚɧɨɥɨɝɢɱɟɫɤɢɦɢ ɢ 
ɩɟɬɪɨɥɨɝɢɱɟɫɤɢɦɢ ɢɧɞɢɤɚɬɨɪɚɦɢ ɨɤɟɚɧɢɱɟɫɤɨɣ ɨɛɫɬɚɧɨɜɤɢ, ɚ ɬɚɤɠɟ ɤ 
ɮɨɪɦɢɪɨɜɚɧɢɸ ɦɟɞɧɨɤɨɥɱɟɞɚɧɧɨɝɨ ɨɪɭɞɟɧɟɧɢɹ, ɯɚɪɚɤɬɟɪɢɡɭɸɳɟɝɨɫɹ 
ɟɞɢɧɫɬɜɟɧɧɵɦ ɦɟɬɚɥɥɨɝɟɧɢɱɟɫɤɢɦ ɢɧɞɢɤɚɬɨɪɨɦ, ɩɪɟɞɫɬɚɜɥɟɧɧɵɦ ɦɟɞɶɸ, 

ɢɫɬɨɱɧɢɤɨɦ ɤɨɬɨɪɨɣ ɹɜɥɹɟɬɫɹ ɦɚɧɬɢɹ. 
Ɉɩɢɫɚɧɧɵɟ ɜ ɢɫɫɥɟɞɨɜɚɧɧɨɦ ɪɚɣɨɧɟ ɨɛɫɬɚɧɨɜɤɢ ɩɪɨɫɥɟɠɢɜɚɸɬɫɹ ɜɨ 

ɜɪɟɦɟɧɢ ɢ ɩɪɨɫɬɪɚɧɫɬɜɟ ɤɚɤ ɜɞɨɥɶ ɩɨɝɪɭɠɟɧɢɹ ɫɭɛɞɭɰɢɪɭɟɦɨɣ ɩɥɢɬɵ, ɬɚɤ ɢ 
ɩɨ ɥɚɬɟɪɚɥɢ ɢ ɩɨ ɜɨɫɫɬɚɧɢɸ ɜɩɥɨɬɶ ɞɨ ɡɚɦɵɤɚɧɢɹ ɨɤɟɚɧɚ Ɍɟɬɢɫ ɜ ɨɥɢɝɨɰɟɧ-

ɦɢɨɰɟɧɟ. 
ɇɚ ɩɨɫɬɤɨɥɥɢɡɢɨɧɧɨɦ ɷɬɚɩɟ ɝɟɨɞɢɧɚɦɢɱɟɫɤɨɝɨ ɪɚɡɜɢɬɢɹ ɫɭɛɞɭɤɰɢɹ 

ɡɚɜɟɪɲɟɧɚ, ɨɞɧɚɤɨ ɩɪɨɞɨɥɠɚɟɬɫɹ ɬɪɚɧɫɮɨɪɦɚɰɢɹ ɫɭɛɞɭɰɢɪɭɟɦɨɣ ɩɥɢɬɵ ɜ 
ɪɟɡɭɥɶɬɚɬɟ ɤɨɧɜɟɪɝɟɧɰɢɢ ɢ ɞɚɜɥɟɧɢɹ Ƚɨɧɞɜɚɧɵ ɧɚ ȿɜɪɚɡɢɸ. ɉɨ ɜɨɡɧɢɤɲɢɦ 
ɪɚɡɥɨɦɚɦ ɢ ɡɨɧɚɦ ɞɪɨɛɥɟɧɢɹ ɜ ɦɨɳɧɭɸ ɩɨɫɬɨɪɨɝɟɧɧɭɸ ɫɢɚɥɢɱɟɫɤɭɸ ɤɨɪɭ 
ɩɪɨɧɢɤɚɸɬ ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɵɟ ɮɥɸɢɞɵ ɢ ɜɵɳɟɥɚɱɢɜɚɸɬ ɢɡ ɧɟɟ ɡɨɥɨɬɨ ɢ 
ɪɟɞɤɢɟ ɦɟɬɚɥɥɵ (Sb, W, Mo, Hg), ɮɨɪɦɢɪɭɹ ɩɨɪɮɢɪɨɜɵɟ ɢ ɷɩɢɝɟɧɟɬɢɱɟɫɤɢɟ 
ɨɪɭɞɟɧɟɧɢɹ ɡɨɥɨɬɚ. Ʉɚɤ ɩɨɪɮɢɪɨɜɵɟ, ɬɚɤ ɢ ɷɩɢɝɟɧɟɬɢɱɟɫɤɢɟ ɪɭɞɵ ɫɨɞɟɪɠɚɬ 
ɚɫɫɨɰɢɚɰɢɢ ɪɟɞɤɢɯ ɦɟɬɚɥɥɨɜ, ɩɪɨɧɢɤɚɸɳɢɯ ɜ ɨɤɨɥɨɪɭɞɧɵɟ ɡɨɧɵ ɢ ɡɚ ɢɯ 
ɩɪɟɞɟɥɵ ɜɨ ɜɦɟɳɚɸɳɢɟ ɩɨɪɨɞɵ. Ⱦɚɧɧɚɹ ɚɫɫɨɰɢɚɰɢɹ ɹɜɥɹɟɬɫɹ ɝɟɨɯɢɦɢɱɟɫɤɢɦ 
ɢ ɦɟɬɚɥɥɨɝɟɧɢɱɟɫɤɢɦ ɢɧɞɢɤɚɬɨɪɨɦ ɩɨɫɬɤɨɥɥɢɡɢɨɧɧɨɣ ɨɛɫɬɚɧɨɜɤɢ. 
ɉɨɫɬɤɨɥɥɢɡɢɨɧɧɵɟ ɨɪɭɞɟɧɟɧɢɹ ɯɚɪɚɤɬɟɪɢɡɭɸɬɫɹ ɢɫɤɥɸɱɢɬɟɥɶɧɨ ɜɵɫɨɤɢɦ 
ɫɨɞɟɪɠɚɧɢɟɦ ɡɨɥɨɬɚ ɤɚɤ ɜ ɢɫɫɥɟɞɨɜɚɧɧɨɦ ɪɚɣɨɧɟ, ɬɚɤ ɢ ɜ ɞɪɭɝɢɯ ɪɟɝɢɨɧɚɯ 
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ɦɢɪɚ. Ɍɚɤɨɜɵɦɢ ɹɜɥɹɸɬɫɹ ɩɨɫɬɤɨɥɥɢɡɢɨɧɧɵɟ ɝɢɝɚɧɬɫɤɢɟ ɡɨɥɨɬɨɪɭɞɧɵɟ 
ɦɟɫɬɨɪɨɠɞɟɧɢɹ ɝɪɭɩɩɵ Ɇɭɪɭɧɬɚɭ (Ɍɹɧɶ-ɒɚɧɶ), ɦɟɫɬɨɪɨɠɞɟɧɢɹ 
Ɍɨɦɛɫɬɨɧɫɤɨɣ ɝɪɭɩɩɵ ɘɤɨɧ (Ʉɚɧɚɞɚ) ɢ ɡɨɥɨɬɨɪɭɞɧɵɟ ɦɟɫɬɨɪɨɠɞɟɧɢɹ 
Ɂɚɩɚɞɧɨ-Ʌɚɱɥɚɧɫɤɨɝɨ ɨɪɨɝɟɧɚ (ɘɠɧɚɹ Ⱥɜɫɬɪɚɥɢɹ). ȼɫɟ ɨɧɢ ɚɫɫɨɰɢɢɪɭɸɬɫɹ ɫ 
ɪɟɞɤɨɦɟɬɚɥɶɧɵɦ ɤɨɦɩɥɟɤɫɨɦ (Sb, W, Mo, Hg). 

ɇɚ ɩɪɢɦɟɪɟ Ȼɨɥɧɢɫɫɤɨɝɨ ɪɭɞɧɨɝɨ ɪɚɣɨɧɚ ɫɢɧɜɭɥɤɚɧɢɱɟɫɤɨɟ ɢ 
ɩɨɫɬɜɭɥɤɚɧɢɱɟɫɤɨɟ ɛɥɨɤɢɪɨɜɚɧɢɟ ɬɚɤɠɟ ɫɜɹɡɚɧɨ ɫ ɫɭɛɞɭɤɰɢɟɣ ɢ ɫ 
ɬɪɚɧɫɮɨɪɦɚɰɢɟɣ ɫɭɛɞɭɰɢɪɭɟɦɨɣ ɩɥɢɬɵ. ɋɢɧɜɭɥɤɚɧɢɱɟɫɤɨɟ ɛɥɨɤɢɪɨɜɚɧɢɟ 
ɨɛɭɫɥɨɜɥɟɧɨ ɬɸɦɢɫɟɧɫɨɦ ɦɨɪɫɤɨɝɨ ɞɧɚ ɜ ɦɟɥɤɨɦ ɦɟɥɨɜɨɦ ɦɨɪɟ, 
ɩɪɨɢɫɯɨɞɹɳɢɦ ɜ ɪɟɡɭɥɶɬɚɬɟ ɜɧɟɞɪɟɧɢɹ ɢɧɬɪɭɡɢɜɧɵɯ ɝɪɚɧɨɞɢɨɪɢɬɨɜɵɯ 
ɲɬɨɤɨɜ ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ ɨɫɬɪɨɜɨɜ (ɩɪɢɩɨɞɧɹɬɵɟ ɛɥɨɤɢ). ɇɚ ɨɫɬɨɪɨɜɚɯ, ɜ 
ɫɭɛɚɷɪɚɥɶɧɵɯ ɭɫɥɨɜɢɹɯ ɩɪɨɢɫɯɨɞɢɥɨ ɢɡɜɟɪɠɟɧɢɟ ɢɝɧɢɦɛɪɢɬɨɜ, 
ɡɚɜɟɪɲɚɸɳɟɟɫɹ ɤɚɥɶɞɟɪɨɩɪɨɫɟɞɚɧɢɟɦ (ɩɨɝɪɭɠɟɧɧɵɟ ɛɥɨɤɢ). 
Ɋɭɞɨɨɛɪɚɡɨɜɚɧɢɟ ɫɜɹɡɚɧɨ ɫ ɝɪɚɧɨɞɢɨɪɢɬɨɜɵɦɢ ɲɬɨɤɚɦɢ ɧɚ ɩɪɢɩɨɞɧɹɬɵɯ 
ɛɥɨɤɚɯ. Ɉɧɨ ɩɪɟɞɲɟɫɬɜɨɜɚɥɨ ɢɝɧɢɦɛɪɢɬɨɜɨɦɭ ɜɭɥɤɚɧɢɡɦɭ ɢ 
ɤɚɥɶɞɟɪɨɩɪɨɫɟɞɚɧɢɸ, ɩɪɨɰɟɫɫ ɤɨɬɨɪɨɝɨ ɫɩɨɫɨɛɫɬɜɨɜɚɥ ɨɛɪɚɡɨɜɚɧɢɸ ɦɚɥɵɯ 
ɨɪɭɞɟɧɟɥɵɯ ɛɥɨɤɨɜ ɜɧɭɬɪɢ ɤɚɥɶɞɟɪɧɵɯ ɫɬɪɭɤɬɭɪ. ɋɢɧɜɭɥɤɚɧɢɱɟɫɤɨɟ 
ɛɥɨɤɢɪɨɜɚɧɢɟ ɩɪɨɢɫɯɨɞɢɥɨ ɤɚɤ ɧɚ ɫɬɚɞɢɢ ɫɬɚɛɢɥɶɧɨɣ ɫɭɛɞɭɤɰɢɢ, ɬɚɤ ɢ ɧɚ 
ɷɬɚɩɟ ɬɪɚɧɫɮɨɪɦɚɰɢɢ ɫɭɛɞɭɰɢɪɭɟɦɨɣ ɩɥɢɬɵ. Ɉɞɧɚɤɨ ɡɚɜɟɪɲɟɧɢɟ 
ɜɭɥɤɚɧɢɱɟɫɤɨɣ ɞɟɹɬɟɥɶɧɨɫɬɢ ɜ Ȼɨɥɧɢɫɫɤɨɦ ɪɭɞɧɨɦ ɪɚɣɨɧɟ ɜ ɩɨɡɞɧɟɦ ɦɟɥɭ 
ɡɧɚɦɟɧɭɟɬɫɹ ɞɟɬɚɱɦɟɧɬɨɦ ɫɭɛɞɭɰɢɪɭɟɦɨɣ ɩɥɢɬɵ ɫ ɜɨɡɧɢɤɧɨɜɟɧɢɟɦ 
ɪɟɝɢɨɧɚɥɶɧɨɝɨ ɪɚɡɥɨɦɚ, ɪɚɡɞɟɥɢɜɲɟɝɨ Ȼɨɥɧɢɫɫɤɢɣ ɪɭɞɧɵɣ ɪɚɣɨɧ ɧɚ ɞɜɚ 
"ɝɢɝɚɧɬɫɤɢɯ" ɛɥɨɤɚ, ɜ ɤɨɬɨɪɵɯ ɪɚɫɩɨɥɨɠɟɧɨ ɞɜɚ ɪɭɞɧɵɯ ɭɡɥɚ - Ɇɚɞɧɟɭɥɶɫɤɢɣ 
ɢ Ȼɟɤɬɚɤɚɪɫɤɢɣ. Ȼɥɨɤ ɫ Ɇɚɞɧɟɭɥɶɫɤɢɦ ɪɭɞɧɵɦ ɭɡɥɨɦ ɛɵɥ ɩɪɢɩɨɞɧɹɬ ɧɚ 1200 

ɦ ɧɚɞ Ȼɟɤɬɚɤɚɪɫɤɢɦ. ȼɨɡɪɚɫɬ ɪɭɞɨɜɦɟɳɚɸɳɢɯ ɜɭɥɤɚɧɢɬɨɜ Ɇɚɞɧɟɭɥɶɫɤɨɝɨ 
ɭɡɥɚ ɬɭɪɨɧ-ɫɚɧɬɨɧɫɤɢɣ, ɨɧ ɜɞɨɥɶ ɪɚɡɥɨɦɚ ɤɨɧɬɚɤɬɢɪɭɟɬ ɫ ɤɚɦɩɚɧɫɤɢɦɢ 
ɪɭɞɨɜɦɟɳɚɸɳɢɦɢ ɜɭɥɤɚɧɢɬɚɦɢ Ȼɟɤɬɚɤɚɪɫɤɨɝɨ ɭɡɥɚ. ɋ ɛɥɨɤɚ Ɇɚɞɧɟɭɥɶɫɤɨɝɨ 
ɭɡɥɚ ɞɟɧɭɞɢɪɨɜɚɧɚ ɤɚɦɩɚɧɫɤɚɹ ɜɭɥɤɚɧɢɱɟɫɤɚɹ ɫɟɪɢɹ ɫ ɦɨɳɧɨɫɬɶɸ ɜ 1200 ɦ. 
ɋɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɫ ɩɨɫɬɜɭɥɤɚɧɢɱɟɫɤɢɦ ɛɥɨɤɢɪɨɜɚɧɢɟɦ ɪɭɞɨɨɛɪɚɡɨɜɚɧɢɟ 
ɧɟ ɫɜɹɡɚɧɨ. Ɉɧɨ ɤɨɧɬɪɨɥɢɪɭɟɬɫɹ ɫɢɧɜɭɥɤɚɧɢɱɟɫɤɢɦɢ ɛɥɨɤɚɦɢ, ɧɚɯɨɞɹɳɢɦɢɫɹ 
ɜɧɭɬɪɢ "ɝɢɝɚɧɬɫɤɢɯ" ɛɥɨɤɨɜ, ɩɥɨɳɚɞɶ ɤɨɬɨɪɵɯ ɞɨɫɬɢɝɚɟɬ ɫɨɬɟɧ ɤɦ2, ɬɨɝɞɚ ɤɚɤ 
ɩɥɨɳɚɞɶ ɦɚɥɵɯ ɛɥɨɤɨɜ, ɩɪɢɩɨɞɧɹɬɵɯ ɥɢɲɶ ɧɚ 200 ɦ, ɧɟ ɩɪɟɜɵɲɚɟɬ ɫɨɬɧɢ ɦ2

.  
ȻɅȺȽɈȾȺɊɇɈɋɌɂ 

 

ɂɫɫɥɟɞɨɜɚɧɢɹ ɮɢɧɚɧɫɢɪɨɜɚɥɢɫɶ ɇɚɰɢɨɧɚɥɶɧɵɦ ɮɨɧɞɨɦ ɒɨɬɚ Ɋɭɫɬɚɜɟɥɢ 

(ɉɪɨɟɤɬ 81/9 152/14). Ⱥɜɬɨɪɵ ɛɥɚɝɨɞɚɪɹɬ ɤɨɥɥɟɝ ɂɧɫɬɢɬɭɬɚ ɝɟɨɥɨɝɢɢ 
Ɍɛɢɥɢɫɫɤɨɝɨ Ƚɨɫ. ɍɧɢɜɟɪɫɢɬɟɬɚ ɢ ɫɨɬɪɭɞɧɢɤɨɜ ɝɪɭɩɩɵ Ɇɚɞɧɟɭɥɶɫɤɨɣ 
ɤɨɦɩɚɧɢɢ ɡɚ ɭɱɚɫɬɢɟ ɜ ɩɨɥɟɜɵɯ ɪɚɛɨɬɚɯ, ɞɢɫɤɭɫɫɢɢ ɢ ɫɨɬɪɭɞɧɢɱɟɫɬɜɨ. Ɇɵ 
ɛɥɚɝɨɞɚɪɧɵ ɬɚɤɠɟ ɞɨɤɬɨɪɭ ɝɟɨɥ.-ɦɢɧ ɧɚɭɤ Ⱦ.Ƿ. Ɂɚɤɚɪɚɹ ɡɚ ɪɟɞɚɤɬɢɪɨɜɚɧɢɟ 
ɬɟɤɫɬɚ, ɚ ɬɚɤɠɟ ȿ. Ƚɭɝɭɲɜɢɥɢ ɢ Ɋ. ɑɚɝɟɥɢɲɜɢɥɢ ɡɚ ɭɱɚɫɬɢɟ ɜ ɢɫɫɥɟɞɨɜɚɧɢɹɯ. 
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 Fig.1. Map of the Western Tethysides (Stampfli et al. 2001) 

 minor ocean, backarc, marginal sea vms mineralization 

 subduction related porphyry, epithermal and kuroko type mineralization 

 postcollisionorogenic and intrusive related lode and porphyry mineralization  ʴʨˆ. 1. ʫʨʹʨʭʲʬʯ ʺʬʯʰʹʰʹ ʸʻʱʨ (Stampfli et al., 2001) ʫʨ ʳʬʺʨʲʵʪʬʴʰʰʹ 
ʪʨʴʮʵʪʨʫʬʩʻʲʰ ʹʽʬʳʨ  ǸȐș. 1. ǲȈȘȚȈ ǯȈȗȈȌȕȣȝ ǺȍȚȐșȐȌ (Stampfli et al., 2001) Ȑ ȖȉȖȉȡȍȕȕȈя șȝȍȔȈ 
ȔȍȚȈȓȓȖȋȍȕȐȐ  
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  Fig. 2.  Lithostratigraphic column of the Bolnisi ore district (after Sh. Adamia) 1. Paleozoic crystalline substratum. 2. Intraformation conglomerates. 3.Cenomanian-Turonian Opreti and Didgverdi suites – alternation of rhyo-dacite, andesite tuffs and limestones. 4-5. Turonian-Lower Santonian Mashavera suite – rhyodacite tuffs, hyaloclastites tephroids, lava flows (4) and ignimbrites (5). 6. Upper Santonian-Campanian Tandzia suite – andesite-basalts and their tuffs. 7-8. Campanian Gasandami suite - alternation of rhyolitic and rhyodacitic tuffs, volcano-sedimentary rocks and marls (7) ignimbrites (8). 9. Campanian Shorsholeti suite - alkali-olivine basalts and andesite-basalts. 10. Maastrichian Tetritskaro suite - limestones 
ʴʨˆ.2. ʩʵʲʴʰʹʰʹ ʳʨʫʴʰʨʴʰ ʸʨʰʵʴʰʹ ʲʰʯʵʹʺʸʨʺʰʪʸʨʼʰʻʲʰ ʹʭʬʺʰ, ˀ. ʨʫʨʳʰʨʹ 
ʳʰˆʬʫʭʰʯ. 
ǸȐș.2. ǳȐȚȖșȚȘȈȚȐȋȘȈȜȐȟȍșȒȈя ȒȖȓȖȕȒȈ ǩȖȓȕȐșșȒȖȋȖ ȘțȌȕȖȋȖ ȘȈȑȖȕȈ, ȗȖ Ш.Ǩ. ǨȌȈȔȐя  
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  Fig. 3. Geological map of Bolnisi ore district (according Vashakidze, Gudushauri, 2006; Popkhadze et al., 2013). I Madneuli cluster, II Bectaqari cluster. 

ʴʨˆ.3. ʩʵʲʴʰʹʰʹ ʳʨʫʴʰʨʴʰ ʸʨʰʵʴʰʹ ʪʬʵʲʵʪʰʻʸʰ ʸʻʱʨ. 
ǸȐș.3.ǫȍȖȓȖȋȐȟȍșȒȈя ȒȈȘȚȈ ǩȖȓȕȐșșȒȖȋȖ ȘțȌȕȖȋȖ ȘȈȑȖȕȈ. 
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  Fig. 4. Cretaceous stage of geodynamic development Deposits of Madneuli ore cluster (1-5): 1) Tamarisi, 2) Tsitelsopeli, 3) Kvemo Bolnisi, 4) Madneuli, 5) David Garedji; Deposits of Becktakari ore cluster (6-12): 6) Sakdrisi, 7) Imedi, 8) Darbazi, 9) Becktakari, 10) Samgereti, 11) Bneli-Khevi, 12) Grma-Khevi.  1 - Basaltic crust, 2 - Paleozoic granite-metamorphic substratum, 3 - Andesite-basaltic series of the Middle and Upper Jurrasic, 4 - Turon-Coniacian Rhyodacitic volcanic series, 5 - Turon-Coniacian VAG, granodioritic intrusives, 6 - Lower Santonian ignimbrites, 7 - Campanian rhyodacite volcanites, 8 - Campanian ORG granodioritic intrusive, 9 - Campanian ignimbrites, 10 - Campanian gabbro-diabase intrusives, 11 - Campanian alkali olivine basalts (Shorsholeti suite), 12 - MadŶeuli cluster’s deposits, 1ϯ - GasaŶdaŵi cluster’s deposits, 1ϰ – faults 
ʴʨˆ.4. ʩʵʲʴʰʹʰʹ ʳʨʫʴʰʨʴʰ ʸʨʰʵʴʰʹ ʪʬʵʫʰʴʨʳʰʱʻʸʰ ʪʨʴʭʰʯʨʸʬʩʰʹ ˂ʨʸ˂ʻʲʰ ʬʺʨʶʰ. 
ǸȐș.4. ǴȍȓȖȊȖȑ ȥȚȈȗ ȋȍȖȌȐȕȈȔȐȟȍșȒȖȋȖ ȘȈȏȊȐȚȐя ǩȖȓȕȐșșȒȖȋȖ ȘțȌȕȖȋȖ ȘȈȑȖȕȈ.   
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  Fig.5. General map of the Bolnisi mining district. Scale 1:200 000. 

ʴʨˆ.5.ʩʵʲʴʰʹʰʹ ʳʨʫʴʰʨʴʰ ʸʨʰʵʴʰʹ ʮʵʪʨʫʰ ʸʻʱʨ./ 
ǸȐș.5. ǶȉȡȈя ȒȈȘȚȈ ǩȖȓȕȐșșȒȖȋȖ ȘțȌȕȖȋȖ ȘȈȑȖȕȈ. 
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 Fig.6. Cross section of Madneuli deposit. 1.Granodiorite intrusive, 2. Rhyolite extrusive dome, 3.Sericitization, 4.Silicification, 5.Argillitization, 6. Ignimbrite, 7.Gold-copper-porphyry ore in hydrothermal breccia, 8. Gold-copper-porphyry disseminated poor ores,9.Gold-barite base metal ores (in veins and hydrothermal breccia), 10. Copper-zinc ores, 11.Goldbearing nonsulfide gold mineralization in quartz-chalcedony veins and stockworks,  12. Nonsulfide gold mineralization in the quartz-barite veins and in cement of brecciated quartzites, 13. Xenolith of base metal ore in volcanic gorge, 14.Faults. 
ʴʨˆ.6. ʳʨʫʴʬʻʲʰʹ ʹʨʩʨʫʵʹ ˅ʸʰʲʰ. 
ǸȐș.6. ǸȈȏȘȍȏ ǴȈȌȕȍțȓȤșȒȖȋȖ ȔȍșȚȖȘȖȎȌȍȕȐя.  
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  Fig. 7. Geological map of the Madneuli deposit (open pit). Scale 1:10 000 1-Rhyodacite extrusive, 2-Ignimbrites, 3-Argilitized tuffs, 4-Silicification, 5-Chlorite-sericite-carbonate synore alteration, 6-Gold-copper-pyrite mineralization, 7-Gold-barite base metal ores, 9-Goldbearing quartz-chalcedony stockworks,  10-Goldbearing quartz-barite stockworks, 11-Faults. 

ʴʨˆ.7. ʳʨʫʴʬʻʲʰʹ ʹʨʩʨʫʵʹ (ʱʨʸʰʬʸʰ) ʪʬʵʲʵʪʰʻʸʰ ʸʻʱʨ. 
ǸȐș.7. ǫȍȖȓȖȋȐȟȍșȒȈя ȒȈȘȚȈ ǴȈȌȕȍțȓȤșȒȖȋȖ ȔȍșȚȖȘȖȎȌȍȕȐя (ȒȈȘȤȍȘ).   
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  Fig. 8. An idealized section through the Madneuli deposit (Migineishvili, 2005) 1 – Tuff of the first package; 2 – Lower silica-rich body; 3 – Breccia-conglomerate of the second package; 4 – Tuff of the third package; 5 – Upper silica-rich body; 6 – Tuff of the forth package; 7 – Tuff of the fifth package; 8 – Extrusive body; 9 – Ignimbrite; 10 – Inferred fault; 11-12 – Syngenetic stratiform ores: 11 - Barite-sphalerite-pyrite; 12 – Quartz-barite; 13-15 – Epigenetic breccia ores: 13 – Quartz-barite; 14 – Barite-sphalerite-pyrite; 15 – Quartz-pyrite-chalcopyrite; 16-19 – Epigenetic vein-disseminated ores: 16 – Quartz-barite; 17 - Barite-sphalerite-pyrite; 18 

– Chalcopyrite-sphalerite; 19 – Quartz-pyrite-chalcopyrite; 20 – Contour of oxidized ores. 
ʴʨˆ.8. ʳʨʫʴʬʻʲʰʹ ʹʨʩʨʫʵʹ ʰʫʬʨʲʰʮʰʸʬʩʻʲʰ ˅ʸʰʲʰ (ʳʰʪʰʴʬʰˀʭʰʲʰ, 2005). 
ǸȐș.8. ǹȝȍȔȈȚȐȟȍșȒȐȑ ȘȈȏȘȍȏ ЦȐȚȍȓȐșȖȗȍȓȤșȒȖȋȖ ȒȈȓȤȌȍȘȖȗȘȖșȍȌȈȕȐя.  
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 Fig. 9 Skhematic map of Tsiteli-Sopeli cauldrone subsidense 1 - Border of cauldrone subsidense, 2 - Ore deposits, 3 - Rhyolite extrusive domes, 4 - Aglutinate, 5 - Ignimbrite, 6 - Alluvium, 7 – Fault. 

ʴʨˆ.9. ˄ʰʯʬʲʰ ʹʵʼʲʰʹ ʱʨʲʫʬʸʻʲʰ ˁʨʽ˂ʬʭʰʹ ʹʽʬʳʨʺʻʸʰ ʸʻʱʨ. 
ˀи̭.9. ˁхе̥атиче̭кая ка̬та Цители̭опель̭кого кальде̬оп̬о̭еда̦ия. 
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  Fig. 10. Schematic section of Tsiteli Sopeli deposit 1- Alluvium, 2 - Quaternary dolerites, 3 - Ignimbrites, 4 - Argillized tuffs, 5 - Silicification, 6 - Sericitization, 7 - Gold-copper-pyrite mineralization in hydrothermal breccia, 8 - Gold-copper-porphyry mineralization, 9 - Gold- basemetal mineralization in hydrothermal breccia, 10 - Goldbearing quartz-chalcedony stockworks, 11 - Granodiorite (VAG) intrusive, 12 - Faults, 13 - Level of underground water 

ʴʨˆ.10. ˄ʰʯʬʲʰ ʹʵʼʲʰʹ ʹʽʬʳʨʺʻʸʰ ˅ʸʰʲʰ. 
ǸȐș.10. ǹȝȍȔȈȚȐȟȍșȒȐȑ ȘȈȏȘȍȏ ЦȐȚȍȓȐ ǹȖȗȍȓȤșȒȖȋȖ ȔȍșȚȖȘȖȎȌȍȕȐя.  
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  Fig. 11. Geological map of Kvemo Bolnisi deposit. Scale 1:10000 1-Quarternary alluvium, 2-Tertiary dacite porphyry, 3-Tertiary plagiogranite, 4-rhyolite, 5-andesite, 6- ignimbrite, 7-silicificated rhyodacitic tuffs, 8-argillizated rhyodacitic tuffs, 9-gold-copper-base metal minerlization, 10-nonsulfide gold-silver mineralization, 11-well N631, 12-faults. 

ʴʨˆ.11. ʽʭʬʳʵ ʩʵʲʴʰʹʰʹ ʪʬʵʲʵʪʰʻʸʰ ʸʻʱʨ (1:10000). 
ǸȐș.11. ǫȍȖȓȖȋȐȟȍșȒȈя ȒȈȘȚȈ (1:10000) ǲȊȍȔȖ ǩȖȓȕȐșșȒȖȋȖ ȔȍșȚȖȘȖȎȌȍȕȐя.  
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  Fig. 12. Column of western block of Kvemo Bolnisi deposit (core of well #631) 1 - Dacite tuffbreccia, 2 - Rhyolite-dacite tuff, 3 - Argillitic tuff, 4 - Siltstone tuff, 5 – Brecciated quartzite, 6 - Silicification, 7 - Oxidation, 8 - Pyritization, 9 - Pyrite-chalcopyrite stockwork, 10 - Quartz-barite goldbearing veins. 
ʴʨˆ.12. ʽʭʬʳʵ ʩʵʲʴʰʹʰʹ ʹʨʩʨʫʵʹ ʫʨʹʨʭʲʻʸʰ ʩʲʵʱʰʹ ʪʬʵʲʵʪʰʻʸʰ ˅ʸʰʲʰ (631-ʬ 
˅ʨʩʻʸʾʰʲʰʹ ʱʬʸʴʰ). 
ǸȐș.12. ǫȍȖȓȖȋȐȟȍșȒȐȑ ȘȈȏȘȍȏ ȏȈȗȈȌȕȖȋȖ ȉȓȖȒȈ ǲȊȍȔȖ ǩȖȓȕȐșșȒȖȋȖ ȔȍșȚȖȘȖȎȌȍȕȐя). 
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  Fig. 13. Schematic cross-section on the David-Garedji and Catarkayia occurrences 1 - Dacitic tuffs and tephroides, 2- Silicificated rocks, 3 – Argillites superimposed by potassium feldspathization, 4 – Silverbearing quartz-barite veins, 5 – Quartz-chalcedony veins and stockworks with nonsulfide gold, 6 – Gold-copperbase metal mineralization, 7 – Fault. 

ʴʨˆ.13. ʫʨʭʰʯ-ʪʨʸʬˇʰʹ ʫʨ ʱʨʺʨʸʱʨʰʨʹ ʳʨʫʨʴʪʨʳʵʭʲʰʴʬʩʬʩʰʹ ʹʽʬʳʨʺʻʸʰ 
ʪʬʵʲʵʪʰʻʸʰ ˅ʸʰʲʰ. 
ǸȐș.13. ǹȝȍȔȈȚȐȟȍșȒȐȑ ȋȍȖȓȖȋȐȟȍșȒȐȑ ȘȈȏȘȍȏ ǬȈȊȐȌ-ǫȈȘȍȌȎșȒȖȋȖ Ȑ ǲȈȚȈȘȒȈȑșȒȖȋȖ 
ȘțȌȖȗȘȖяȊȓȍȕȐя.  
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  Fig. 14. Geological map and cross-section of Imedi deposit. Scale 1:1000. 

ʴʨˆ.14. ʰʳʬʫʰʹ ʹʨʩʨʫʵʹ ʪʬʵʲʵʪʰʻʸʰ ʸʻʱʨ ʫʨ ˅ʸʰʲʰ (1:1000). 
ǸȐș.14. ǫȍȖȓȖȋȐȟȍșȒȈя ȒȈȘȚȈ Ȑ ȘȈȏȘȍȏ (1:1000) ȔȍșȚȖȘȖȎȌȍȕȐя ǰȔȍȌȐ.  
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  Fig. 15. Geological map and crossection of Beqtakari deposit. Scale 1:2000 1-Alluvium, 2- Andesite, 3-Rhyo-dacite tuffs (Upper Cretaceous subsuite), 4-Intraformation breccias-conglomerate (Lower Gasandami subsuite), 5-Quartz-potash feldspar metasomatites (Lower Gasandami subsuite), 6-Intraformation breccias-conglomerates (above Tandzia suite), 7- Andesite-basalts (Tandzia suite), 8-Granodiorite, 9-Nonsulfide gold mineralization, 11-faults, 12- Line of crosssection. 
ʴʨˆ.15. ʩʬʽʯʨʱʨʸʰʹ ʹʨʩʨʫʵʹ ʪʬʵʲʵʪʰʻʸʰ ʸʻʱʨ ʫʨ ˅ʸʰʲʰ (1:2000). 
ǸȐș.15. ǫȍȖȓȖȋȐȟȍșȒȈя ȒȈȘȚȈ Ȑ ȘȈȏȘȍȏ (1:2000) ǩȍȒȚȈȒȈȘșȒȖȋȖ ȔȍșȚȖȘȖȎȌȍȕȐя. 
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 Fig. 16. The block structure of Sak

drisi deposit. 
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