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aleqsandre miqaberiZe, zurab razmaZe 

(saqarTvelos teqnikuri universiteti, ilia vekuas fizika-teqnikis instituti,  

iv. javaxiSvilis saxelobis Tbilisis saxelmwifo universiteti) 

 

 

reziume: ganxilulia daxarjul energiasTan SedarebiT Warbi siTburi energiis mi-

Rebis eqsperimentebi, a. rosis  siTburi generatoris 32-dRiani muSaobis damkvirvebeli eqs-

pertebis saerTaSoriso jgufis angariSi, qarTvel mkvlevarTa mier (Li-Cd), (Li-Ni), (Li-Cd-B) 

narevebSi dabalenergetikul birTvul reaqciebze (debr) Catarebuli eqsperimentebis Sede-

gebi; dadasturebulia liTium-kadmiumis (Li-Cd) narevis upiratesoba liTium-nikelis (Li-Ni) 

narevTan SedarebiT. ganxilulia agreTve civi birTvuli sinTezis (cbs) procesi liTium-

kadmium-boris (Li–Cd–B) narevSi. aRsaniSnavia, rom am narevSi xdeba rogorc birTvebis 

sinTezi, ise daSla. eqsperimentulad gazomilia birTvuli reaqciebis siCqaris damokide-

buleba temperaturaze. birTvuli reaqciebi ganxilulia atombirTvis kristaluri mode-

lisa da nuklonebis kvarkuli agebulebis safuZvelze da naCvenebia, rom siTburi energiis 

wyaros warmoadgens kadmiumisa da nikelis birTvebis mier neitronebis CaWera, rasac Tan 

axlavs imave elementebis ufro mZime izotopebis warmoqmna. 

 

sakvanZo sityvebi: atombirTvis kristaluri modeli; dabalenergetikuli birTvuli 

reaqciebi; liTium-kadmium-boris (Li–Cd–B) narevi; liTium-kadmiumis (Li-Cd)  narevi; liTium-

nikelis (Li-Ni) narevi; a. rosisa da s. fokardis Sedegebi;  civi birTvuli sinTezi. 

 
 

Sesavali 

dabalenergetikuli birTvuli reaqciebi eqsperimentulad tardeboda gasuli sauku-

nis 50-ian wlebSi rusi mecnieris i. filimonenkos mier [1]. misi xelmZRvanelobiT Seqmnil 

sacdel Termoemisiur hidrolizur danadgarze xdeboda mZime wylis eleqtrolizi pala-

diumis Semcveli liTonis kaTodis gamoyenebiT. danadgarSi warmoiqmneboda Warbi siTbo, 

magram  misi muSaobisas ar xdeboda raime  saziano radiaqtiuri gamosxiveba.  

1989 wels martin fleiSmanma da stenli ponsma, aseve stiven jonsma ganacxades axali 

fizikuri movlenis _ civi birTvuli sinTezis (cbs) _ aRmoCenis Sesaxeb [2,3], romelic ukve 

uaxloes droSi SeiZleba gamxdariyo axali, martivi, usafrTxo da metad efeqturi 

birTvuli energetikis safuZveli. maT miiRes 3 vt-is toli Warbi energia 1 vt energiis 

daxarjvisas. eqsperimentuli danadgari Sedgeboda eleqtrolitSi CaZiruli paladiumis 

eleqtrodebisagan. eleqtroliti Seicavda mZime (D2O) da zemZime (T2O) wyals. 

eqsperimentatorebis mier navaraudevi iyo qimiur (atomur-molekulur) sistemebSi 

                                                 
 samuSao Sesrulebulia saqarTvelos teqnikuri universitetis marTvadi civi birTvuli 

sinTezis samecniero-kvleviTi sawarmoo centris #12/03-2016  proeqtis N(`marTvadi civi birTvuli 
sinTezis efeqturi danadgaris Seqmna~) farglebSi. 
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birTvuli sinTezis reaqciis ganxorcieleba dabal temperaturebze muSa nivTierebis 

mniSvnelovani gaxurebis gareSe. 

miuxedavad imisa, rom am ganacxadma samecniero wreebSi mZafri kritika gamoiwvia, 

msoflioSi mainc aRmoCnda mecnierebis asze meti damoukidebeli da maRalprofesiuli 

jgufi, romlebmac SeZles am Sedegebis dadastureba.  

aRsaniSnavia, rom civi birTvuli sinTezis (cbs) mimarT sayovelTao interesi sakmaod 

didi iyo, radgan ivaraudeboda misi gamoyeneba energetikaSi. Tavdapirvelad ufro met 

interess kalorimetruli gazomvebi iwvevda.  aRmoCenil iqna miyvanil eleqtroenergiaze 

ufro meti gamoyofili siTbo, romelic zog SemTxvevaSi mas ramdenimejer aRemateboda. 

amasTan, misi SenarCuneba aRiniSneboda muSaobis ramdenime saaTis ganmavlobaSi.       

eqsperimentuli Sedegebis mimoxilviT naSromSi [4] gakeTda daskvna, rom mTel rig 

kvlevebSi miRebulia mtkicebulebebi cbs-is sasargeblod, e.i. oTaxis temperaturis 

pirobebSi liTonebis kristalur meserSi Canergili deitronebis Serwymis reaqciebis 

sasargeblod, xolo reaqciebs aqvs sxvadasxva siCqare da mimdinareobis xasiaTi. garda 

amisa,  aRniSnuli iyo, rom cbs-is eqsperimentebisaTvis damaxasiaTebelia Sedegebis cudi 

aRwarmoeba. 

 

 

ZiriTadi nawili 

mas Semdeg, rac mkvlevrebi darwmundnen, rom saqme aqvT birTvul fizikaSi axal meqa-

nizmTan, misi dasaxeleba „civi birTvuli sinTezi“ Secvales „dabalenergetikuli birTvu-

li reaqciebiT” (debr) _ (Low Energy Nuclear Reactions - LENR). 

energetikaSi revoluciis tolfasi iyo italieli inJinris andrea rosis ganacxadi 

serJio fokardisTan erTad Termogeneratoris samrewvelo variantis Seqmnis Sesaxeb [5]. 

moqmedi reaqtori muSaobda nikelisa da wyalbadis birTvebis civi transmutaciis principze.    

2011 wlis 15 ianvars boloniis universitetis fizikis ganyofilebaSi Catarda on-

lain konferencia, romlis drosac mecnierebs da Jurnalistebs waredginaT 12,5 kvt sim-

Zlavris reaqtoris prototipi [6]. rogorc avtorebi fiqroben, saqme exeba nikelisa da 

wyalbadis birTvebis sinTezs, romlis drosac warmoiqmneba izotopebi,  spilenZi da sxva 

elementebi. amasTan, energiis gamosavali sagrZnoblad aRemateba daxarjul energias. ufro 

metic, es reaqcia TviTSenarCunebadia. a. rosis mtkicebiT, nikelis erT kilogramze 

reaqtors SeuZlia uwyvetad gamoimuSaos 10 kvt energia 10 aTasi sT-is ganmavlobaSi. 

am procesis fizika Tavad avtorebisTvisac ar aris bolomde gasagebi. maTi azriT, 

wyalbadis atomi nikelis meserTan kontaqtis dros gadadis arastabilur mdgomareobaSi 

da kvanturi meqanikis principebis Sesabamisad, Zlier mcire droiT (10-20 wm-iT) SeuZlia 

mkveTrad Semcirdes zomaSi, rac wyalbadis protons saSualebas aZlevs energiis gansakuT-

rebuli danaxarjis gareSe SeaRwios nikelis birTvSi. Tumca, Tavis ganmartebas avtorebi 

mtkiced ar icaven. etyoba, miaCniaT, rom mTavaria efeqti da ara misi ganmarteba.  

miRebulia patenti [7], ganacxadi maT mier Setanilia 90 qveyanaSi samoqmedod, samecni-

ero statia gamoqveynebulia JurnalSi [8]. 

2011 wlis 6 oqtombers a. rosim gamoacxada daaxloebiT 1 megvt-is toli gamosavali 

simZlavris mqone didi danadgari Е-CАТ-is prezentacia (37 moduli, TiToeuli 3 ujrediT). 

am testis Е-CАТ moduli moTavsebuli iyo 50x60x35 sm3 zomis korpusSi. wina testebis 

msgavsad, siTbos generacia mimdinareobda reaqtoris SigniT, nikelis fxvnilSi wnevis qveS 

gaxsnili wyalbadiT da ucnobi katalizatorebis TanxlebiT. 
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2011 wlis 28 oqtombers a. rosim pirveli 1 megvt-iani generatori aCvena Tavis pirvel 

klients, inJinrebsa da mecnierebs, romlebic amowmebdnen mis muSaobas. reaqtorma gamoimu-

Sava 470 kvt uwyveti simZlavre 5,5 sT-is ganmavlobaSi, TviTSenarCunebad reJimSi [9]. sru-

liad avtonomiuri reJimiT muSaobis gamo reaqtori ver gauSves sruli simZlavriT, magram 

is, rac man SeZlo, sakmaod STambeWdavi iyo. danadgarSi gamoyenebuli iyo 100 reaqtoruli 

moduli, TiToeuli sami sareaqcio ganyofilebiT, e.i. sul 300 sareaqcio kamera. 

danadgaris demonstraciis ganmavlobaSi radiaciuli gamosxivebebi ar iqna dafiq-

sirebuli. 

2014 wlis oqtomberSi gamoqveynebul iqna a. rosis mier Seqmnili axali maRaltempe-

raturiani reaqtoris muSaobaze damkvirvebeli eqspertebis saerTaSoriso jgufis deta-

luri angariSi [10_12].  

STambeWdavia warmodgenili Sedegebi. 450 g masis mqone danadgari, romelic Seicavda 1 

g sawvavs (nikeli mcire minarevebiT), uwyvetad muSaobda erTi Tvis ganmavlobaSi da ga-

moimuSava 1,6 megvt.sT siTburi energia, amasTan, mis zedapirze temperatura aRwevda 1400 oC-s. 

imisaTvis, rom gamoyofil iqnes amdeni energia, saWiroa 100 kg-ze meti navTobis, e.i. 

reaqtorSi CatvirTuli aseul aTasjer meti masis sawvavis dawva. sxva sityvebiT rom vTqvaT, 

sawvavis masis erTeulze daaxloebiT imdenive energia gamomuSavdeba, ramdenic birTvul 

eleqtrosadgurebze, xolo sawvavad gamoiyeneba iafi nivTiereba, romlis maragi dedamiwaze 

praqtikulad ganusazRvrelia. amasTan, mavne maionizebeli radiaciis niSnebi ar aRmoCenila. 

aRiarebul unda iqnes, rom radgan dabali energiebisas maionizebeli radiaciis gare-

Se birTvuli cvlilebebis damajerebeli axsna ar arsebobs, es skeptikosebis wisqvilze 

asxams wyals da a. rosis da sxva eqspertebs Sedegebis ganzrax falsifikaciaSi adana-

Sauleben. am sensaciuri dokumentis mokle Sinaarsi aseTia: 

2014 wlis martSi gamokvleuli reaqtori mkveTrad gansxvavdeba adre demonstri-

rebuli rosis reaqtorebisgan. reaqtoris Siga mowyobilobas avtori ar amxels. gareg-

nulad es aris Al2O3-is safuZvelze damzadebuli 2 sm diametrisa da 20 sm sigrZis kera-

mikuli cilindri, romelic konveqciuri siTbocvlis gaumjobesebis mizniT aRWurvilia 

SverilebiT (nax. 1). cilindris orive mxare daboloebulia keramikisave cilindruli 

formis ori bunikiT, romelTa diametric da sigrZec 4 sm-ia. bunikebze moTavsebulia siT-

bomedegi Senadnobisagan damzdebuli gamxureblis sami gamomyvani. erT-erT buniks aqvs 4 mm 

diametris xvreli. am xvrels ecmeba keramikuli sacobi, romelSic damontaJebulia Ter-

mowyvilis zondi. am xvrelidan xdeba sawvavis CatvirTva. CatvirTvis Semdeg xvreli 

ixureba da iluqeba Tixamiwiani cementiT. 

a b 

  
 

nax. 1. a. rosis reaqtori CarTvamde (a) da CarTvis Semdeg (b) 
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daxarjuli energiis gasazomad gamoyenebulia simZlavris sazomebi, speqtris anali-

zatorebi da cifruli multimetrebi. gamomuSavebuli energiis dasadgenad jer zedapiris 

temperatura ganisazRvreboda da Semdeg amis safuZvelze energiis danakargis (gamosxi-

vebisa da konveqciis gamo) gamoTvla.  

SesaZlo maionizebeli gamosxivebis registraciisaTvis gamoyenebuli iyo scintila-

ciuri da geigeris mTvlelebi da aseve Termoluminescenciuri dozimetrebi, romlebic  

momuSave reaqtoris siaxloves alfa-beta-gama gamosxivebisa da neitronebis registraciis 

saSualebas iZleoda. garda amisa, izomeboda sawvavis radioaqtiuroba reaqtorSi Catvir-

Tvamde da muSaobis damTavrebis Semdeg. yvela gadamwodisagan miRebuli informacia regis-

trirdeboda kompiuterebis mexsierebaSi Semdgomi analizisaTvis. 

pirvel etapze reaqtori gamokvleul iqna uqm svlaze (sawvavis gareSe). am Sem-

TxvevaSi reaqtoris mier gabneuli siTburi energia miwodebuli energiis tolia, rac saka-

libro gazomvebis saSualebas iZleva, romelTa gamoyenebiTac SesaZlebelia samuSao re-

JimSi myofi reaqtoris mier gamoyofili energiis gansazRvra.  

reaqtori CarTul iqna 2014 wlis 24 Tebervals 12 sT-sa da 20 wT-ze. gaxurebis 

simZlavres nel-nela zrdidnen saWiro donemde. gamocdebis yvela stadia eqspertebis 

uwyveti meTvalyureobiT mimdinareobda. 

reaqtoris gamorTva daiwyo 2014 wlis 29 marts 11 sT-sa da 40 wT-dan eleqtro-

gaxurebis simZlavris TandaTanobiTi daweviT. garkveul dromde reaqtori muSaobda siT-

bogamoyofis simZlavris SesamCnevi Semcirebis gareSe, rac imas mowmobs, rom reaqtoris 

muSaobis resursi ar iyo amowuruli. 

reaqtoris gacivebis Semdeg gaixsna bunikis xvreli, saidanac gamoRebul iqna namu-

Sevari sawvavi, romelic moTavsda konteinerSi da Semowmda radioaqtiurobaze iseve, 

rogorc reaqtorSi CatvirTvamde. amis Semdeg namuSevar sawvavs Cautarda sxvadasxvagvari 

analizi.  

me-2 nax-ze warmodgenilia kvlevis procesSi moxmarebuli eleqtroenergiisa da reaq-

toris mier siTbogamoyofis simZlavris cvlileba droSi. 

 

 
nax. 2. reaqtoris mier moxmarebuli (mrudi 1) da gamomuSavebuli  

(mrudi 2) simZlavreebis  cvlileba droSi 
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me-3 nax-ze mocemulia reaqtoris siTbogamoyofis simZlavrisa da moxmarebuli eleq-

troenergiis simZlavris jamis Sefardeba gamoyenebul eleqtroenergiasTan,  riTac xdeba 

gardaqmnis koeficientis gamoTvla   (COP – Coefficient of Performance).  a. rosis generatoris 32 

dRis ganmavlobaSi muSaobis mixedviT Tu vimsjelebT, gamoyofili siTbos raodenoba 

bevrad aRemateba moxmarebul eleqtroenergias. 

 

 
nax. 3. gardaqmnis koeficientis (COP) mniSvnelobebi 

reaqtoris 32 dRis ganmavlobaSi muSaobisas 

 

790 vt moxmarebuli simZlavrisas reaqtoris muSaobis pirvel 10 dReSi gardaqmnis 

koeficienti (COP) daaxloebiT 3,2-ia (moxmarebul simZlavreze saSualod 1650 vt-is dama-

teba). moxmarebuli simZlavris 900 vt-mde gazrdisas ki igi daaxloebiT 3,7-mde izrdeba 

(damatebiTi simZlavre saSualod 2300 vt-ia). 

zemoaRniSnul angariSSi gamoTvlilia reaqtoris muSaobis ganmavlobaSi moxmarebul 

eleqtroenergiaze Warbi warmoebuli energia: 1618194 vt.sT an 5825 megjouli. am sididis 

SefardebiT sawvavis 1 g masasTan miviRebT energogamomuSavebis simkvrives 1,6 ∙109 
vt.sT/kg=5,8∙106 megjouli/kg. es  bevrad aRemateba navTobproduqtebis dawvis Sedegad 

miRebul energias. sawvavis masis erTeulze gamoyofili simZlavrec (0,45∙106  vt/kg) aseve 
aRemateba Tanamedrove teqnikis SesaZleblobebs. moculobis erTeulze gamomuSavebuli 

energiisa da simZlavris mixedviTac gamokvleuli danadgaris analogi ar arsebobs.  

angariSis daskvnaSi aRniSnulia, rom a. rosis mier warmodgenili danadgaris 32-

dRianma gamocdam daadastura, rom igi namdvilad gamoyofs siTbos ucnobi reaqciis 

Sedegad, romelic inicirebulia eleqtrogaxurebiT. Ddanadgari kontrols 

eqvemdebareboda da  muSaobda stabilurad. gamokvlevis mizani ar iyo maqsimalurad 

SesaZlebeli muSaobis resursis dadgena. miuxedavad amisa, gasagebia, rom 32-dRianma 

muSaobam, romlis Sedegadac miRebul iqna 1,6 megvt.sT siTburi energia, ver amowura 

warmodgenili danadgaris potenciali. masisa da moculobis erTeulze gamomuSavebuli 

energiis Sefasebam cxadyo gamokvleuli danadgaris metad mniSvnelovani upiratesoba 

energiis amJamad arsebul yvela gardamqmnelTan SedarebiT.  
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a. rosis generatoris 32-dRiani muSaobis Semdeg sawvavSi arsebuli liTiumisa da 

nikelis izotopuri analiziT gamomJRavnda mniSvnelovani cvlilebebi, rac imaze metyve-

lebs, rom registrirebuli anomaliurad didi energogamoyofa dakavSirebulia birTvul 

doneze cvlilebebTan. magram aseT cvlilebebs, arsebuli mecnieruli warmodgenis mixed-

viT, aucileblad Tan unda axldes maionizebeli gamosxiveba, romlis kvalic ar aRmo-

Cenila (avtorebi ver xsnian amas).   

n. kukisa da a. rosis statiaSi [13] mocemulia procesis fizikuri modeli, romlis ar-

sic isaa, rom xdeba liTiumis izotopis 7Li-is mier protonis CaWera (anu beriliumis 8Be 

sinTezi), rasac mosdevs sinTezirebuli beriliumis Semdgomi daSla maRali kinetikuri 

energiis mqone or alfa nawilakad (gama radiaciis gareSe). magram aseTi procesis 

realizacia arsebiTad dabrkolebuli unda iyos protonis mier kulonis barieris 

gadalaxvis aucileblobis gamo. 

sawvavis Sedgenilobisa da reaqtoris garegnuli ieris Sesaxeb bevri ram viciT, mag-

ram reaqtoris Siga mowyobilobis Sesaxeb araferia cnobili da igi avtoris saidum-

loebaa. 

rogorc sawyisi sawvavis analizma cxadyo, igi ZiriTadad Seicavs ramdenime mikronis 

zomis granulebisagan Semdgar Ni-is fxvnils, romelsac bunebrivi izotopuri Sedgeniloba 

aqvs. nikelis garda, sawvavSi aRmoCnda Li, Al, Fe da H-is minarevebi. analizma aseve aCvena, 

rom Li-is da Al-is Sefardeba Seesabameba liTiumis aluminhidridis Li[Al H4] molekulas. 

dReisaTvis mTel rig laboratoriebSi mimdinareobs kvlevebi, sadac Tbogenerato-

rebSi sawvavad gamoyenebulia nikelis (Ni) fxvnili (daaxloebiT 1 g), romelic Sereulia  

liTiumis aluminhidridis (LiAlH4) fxvnilTan (daaxloebiT 0,1 g).        

sainteresoa a. parxomovis mier Seqmnili analogiuri danadgari [14]. ra Tqma unda, 

jerjerobiT aradamakmayofilebelia am danadgarebis muSaobis Teoriuli axsna, magram 

aseTi brwyinvale eqsperimentuli Sedegebisa da maTi SesaZlo praqtikuli gamoyenebebis 

ugulebelyofa ar SeiZleba da saWiroa gagrZeldes kvlevebi imisaTvis, rom miviRoT aseTi 

mowyobilobebis Sesaxeb detaluri codna.  

2015 wels profesor merab jiblaZis, guram dgebuaZis da sxva kolegebis mier dabal-

energetikuli birTvuli reaqciebis Sesaswavlad Catarda aTeulobiT eqsperimenti Li-Cd, Li-

Cd-B, Li-B masalebze. naSromebSi [15_17] ganmartebuli iyo, rom birTvuli sinTezis dabal-

energetikuli reaqciebis xarjze siTbos gamoyofa ganpirobebulia birTvebis mier neitro-

nebis CaWeriT, rac egzoTermul birTvul reaqcias warmoadgens. aseve cnobilia boris bir-

Tvis gayofis birTvuli reaqcia α-nawilakebis warmoqmniT da 2,31 mev energiis gamoyofiT: 
10B + n —> 11B*  —> 2 α +2H + 2,31mev. 

es birTvuli reaqcia ori etapisgan Sedgeba: pirvel etapze xdeba boris agznebuli 

izotopis 11B* sinTezi, romelic Semdeg iSleba or α nawilakad. rogorc boris aRgzne-

buli izotopis 11B* sinTezi, ise misi daSla egzoTermuli reaqciebia siTburi energiis 

gamoyofiT.  

imave naSromebSi [15_17] aRniSnuli iyo, rom civi birTvuli sinTezis (cbs) 

gansaxorcieleblad neitronebis aqceptorebad kadmiumis gamoyeneba gacilebiT ufro 

efeqturia, vidre nikelisa. am mosazrebidan gamomdinare, eqsperimentebi tardeboda 

paralelurad or sxvadasxva  narevze: 7Li-Cd-sa da  7Li-Cd-10B-ze [17_23, 25]. 

me-4 nax-ze  warmodgenilia eqsperimentuli stendis ZiriTadi elementebi: titanis 

reaqtori (a) da reaqtori gamxurebelTan erTad muSaobis procesSi (b). 
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a b 

  

nax. 4. eqsperimentuli stendis ZiriTadi elementebi: titanis reaqtori (a),  

reaqtori gamxurebelTan erTad (b) 

 

titanisagan damzadebul reaqtorSi moTavsebuli iyo liTiumis, kadmiumisa da boris 

narevi. reaqtori xurdeboda eleqtrogamxureblis saSualebiT da mTeli sistema siTburad 

izolirebuli iyo garemosgan. gamxurebels miewodeboda mudmivi deni, reaqtoris tempe-

ratura izomeboda Termowyvilis saSualebiT. reaqtoridan gamodioda heliumis gamo-

sayvani milaki, saidanac gamosuli heliumi beravda milakze wamocmul da wylian Wur-

WelSi moTavsebul buSts. buStis gabervisas WurWlidan gadmosuli wylis moculobac pe-

riodulad izomeboda. aRsaniSnavia, rom eqsperimentis dros ar aRiniSneboda γ-gamosxi-

vebis fonis gazrda.  

unda velodoT, rom yvela α-nawilaki ar CaiWers eleqtrons da ar gadaiqceva heli-

umis atomad, bevri maTgani STainTqmeba kadmiumis an titanis birTvebis mier da war-

moadgens energiis wyaros. gansakuTrebiT unda aRiniSnos, rom 180,5 0C-sa da ufro maRal 

temperaturaze 7Li Txevad fazaSi imyofeba, xolo kadmiumis lRobis temperaturaa 321 oC. 

amiT uzrunvelyofilia 7Li-Cd-10B narevis homogenuroba reaqtoris samuSao temperaturaze. 

reaqtoris gaxurebisas SeiniSneboda heliumis TandaTanobiT gamoyofa, rac mowmobs 

boris izotopis (11B) daSlis reaqcias. vinaidan gamoyofili heliumis moculobis cvli-

lebis siCqare  ΔV/Δt  proporciulia boris daSlis reaqciis siCqarisa, gamoyofili heli-

umis moculobis cvlilebis siCqaris temperaturuli damokidebuleba miuTiTebs boris 

izotopis daSlis reaqciis siCqaris temperaturul damokidebulebaze. 

me-5 nax-ze warmodgenilia heliumis gamoyofis siCqaris damokidebuleba temperatu-

raze. es damokidebuleba ki unda asaxavdes temperaturaze boris daSlis reaqciis siCqaris 

damokidebulebasac. 

unda aRiniSnos, rom eqsperimentis msvlelobisas gamoyofil iqna 250 ml heliumi, 

xolo birTvuli nivTierebis moculoba reaqtorSi Seadgenda 20,3 sm3-s. 
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atombirTvis agebulebis wveTovani modelis Tanaxmad, birTvebis sinTezis dros siT-

bos gamoyofa aixsneba „masis defeqtis“  arsebobiT. marTlac, heliumis atomis yoveli bir-

Tvis sinTezisas gazomili masis defeqti Seadgens 0,03022 m.a.e-s, rac Seesabameba 10-12 kal 

rigis energiis sidides. magram masis defeqti birTvuli reaqciebis Sedegia da ara mizezi. 

birTvebis sinTezisas energiis gamoyofa m. jiblaZis mier axsnilia atombirTvis kris-

taluri agebulebis modeliT [15,18_23].  

zemoaRniSnuli naSromebis mixedviT, nuklonebis agebulebis kvarkuli modelis 

Tanaxmad, warmoiqmneba zeZlieri, magram mokle manZilebze moqmedi birTvuli Zalebi, 

romlebic ganpirobebulia nuklonebs Soris eleqtrodipoluri urTierTqmedebebiT. 

eleqtrodipoluri urTierTqmedebis es Zalebi mkveTrad mcirdeba nuklonebs Soris 

manZilis gazrdasTan erTad da isini Zlier waagavs birTvuli mizidulobis Zalebs. 

rogorc ukve aRiniSna, protonisa da neitronis erTmaneTTan miaxloebisas nuklonebs 

Soris mizidulobis Zala asrulebs samuSaos, romelic calkeul nuklonebs aniWebs 

damatebiT kinetikur da rxeviT energias. maSasadame, protonis neitronTan SeerTebisas 

warmoiqmneba deiteriumis birTvi, xolo nuklonur sistemaSi _ protoni-neitroni _ 

damatebiTi energia. rogorc vxedavT, es reaqcia egzoTermulia da xdeba temperaturuli 

zRurblis gareSe [15_23]. 

unda aRiniSnos isic, rom birTvis mier neitronis mierTebis egzoTermuli 

reaqciisagan gansxvavebiT, rasac atomis axal izotopTan mivyavarT, birTvis mier protonis 

mierTebis birTvuli reaqcia mimdinareobs energiis STanTqmiT (endoTermuli reaqcia), rac 

gamowveulia potenciuri barieris gadalaxvis saWiroebiT. es aris energiis mixedviT 

zRurbluri reaqcia da dakavSirebulia axali qimiuri elementis sinTezTan [16, 21, 23]. 

maSasadame, cbs-is eqsperimentuli Sedegebis axsnisas gaTvaliswinebuli unda  iqnes 

[16, 19_23] naSromebSi miRebuli Sedegebi: 

1. birTvis mier neitronis CaWera warmoadgens egzoTermul uzRurblo  reaqcias 

imave qimiuri elementis ufro mZime izotopis miRebiT, rasac Tan sdevs siTbos gamoyofa; 

2. birTvis mier protonis CaWera endoTermuli zRurbluri reaqciaa potenciuri 

barieris gadalaxvisaTvis saWiro energiis STanTqmiT da axali qimiuri elementis 

warmoqmniT.  

aqedan gamomdinare, eqsperimentebSi [2, 3] miRebuli sinTezis birTvul reaqciebSi 

siTbos gamoyofis ZiriTadi mizezia paladiumis eleqtrodis birTvebis mier neitronis 

CaWera [15].  

aRmoCnda, rom cbs-is ganxorcielebisaTvis metad sainteresoa bunebaSi farTod gavr-

celebuli liTiumis izotopi (7Li) nikelis (Ni) izotopebTan erTad. mniSvnelovania, rom 

neitronis nikelTan reaqciis Sedegad liTiumisa da wyalbadis (rogorc neitronebis 

wyaros) Tanamyofobisas aRmoCenil iqna rkinisa da spilenZis birTvebis gansazRvruli 

raodenoba. es gulisxmobs birTvul sinTezs nikelis (Ni) birTvis mier protonis mier-

TebiT, rodesac xdeba spilenZis (Cu) warmoqmna nikelis birTvis daSliT (magaliTad, α-

daSliT) da rkinis (Fe) birTvebis warmoqmniT. 

maSasadame, civi birTvuli reaqciebis dros SeiZleba dafiqsirdes rogorc neitro-

nebis CaWeris egzoTermuli reaqciebi, ise endoTermuli reaqciebi protonis CaWeriT da 

axali qimiuri elementebis birTvebis warmoqmniT. 

liTiumis birTvSi neitronis CaWerisas aRiniSneba birTvTan neitronis urTierTqme-

debis ganivkveTis sidideebis mkveTri gansxvaveba [15]. CaWeris didi kveTiT gamoirCeva 6Li 

izotopis birTvi. igi Seadgens 950 barns, maSin roca neitronis 7Li izotopis birTvTan 

urTierTqmedebis kveTi mxolod 0,033 barnia. rogorc vxedavT, 7Li izotopi praqtikulad 
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gamWvirvalea neitronebis nakadisaTvis, xolo ufro msubuqi izotopi 6Li neitronebis karg 

STamnTqmels warmoadgens. amis axsna SesaZlebelia liTiumis izotopebis kristaluri 

agebulebiT [18_21]. 

liTiumis izotopebis birTvebis agebulebidan Cans, rom 7Li-is birTvTan damatebiTi 

neitronis mierTeba gaZnelebulia. 6Li-is izotopis birTvi Sedgeba α-nawilakisa da deite-

riumisgan, xolo 7Li-is birTvi _ α-nawilakisa da tritiumisgan. neitronis CaWerisas dei-

teriumi (liTiumis birTvSi) gardaiqmneba tritiumad, magram 7Li-is birTvis mier damatebiTi 

neitronis CaWera mas gardaqmnis arastabilur izotopad _ 8Li-ad. es gansazRvravs 7Li-is 

izotopis gamWvirvalobas neitronebis nakadis mimarT da mis farTo gavrcelebas bunebaSi. 

atombirTvis agebulebis kristaluri modelis Tanaxmad, nikelis izotopebis birTvi 

SeiZleba warmodgenil iqnes kristaliT, romelic Sedgeba naxSirbadis oTxi birTvisgan, 

romlebic isea SeerTebuli, rom SuaSi vRebulobT Jangbadis kristals. 

bunebaSi yvelaze gavrcelebulia 58Ni izotopi (68,1 %), mas mosdevs izotopebi 60Ni 

(26,2 %), 62Ni (3,6 %) da 64Ni (1,8 %), magram sxva danarCeni izotopebi arastabiluria. rogorc 

vxedavT, nikelis izotopebis birTvebi sxva atombirTvebidan gamoSvebuli neitronebis karg 

mimRebebs warmoadgens. 

cbs-is eqsperimentebSi narevebis Sedgenilobis sinTezamde da sinTezis Semdeg 

analizis SedegebiT dgindeba, rom sinTezis reaqciis Sedegad 6Li-is izotopis raodenoba 

daaxloebiT 11-jer izrdeba, xolo 7Li-is izotopis raodenoba amdenjerve mcirdeba, rac 

imis maCvenebelia, rom reaqciis mimdinareobisas 7Li kargavs neitrons da gadaiqceva 6Li-ad. 

neitrons CaiWers nikelis (58Ni da 60Ni) ionebi da gadaiqceva nikelis izotopad 62Ni. am 

gardaqmnisaTvis saWiroa, rom 58Ni-is izotopma miierTos 4 neitroni, xolo 60Ni-is izotopma  

– 2 neitroni. zemoaRniSnulis Tanaxmad, birTvTan neitronis mierTeba egzoTermuli 

reaqciaa siTbos gamoyofiT da am reaqcias zRurbli ar gaaCnia. aqedan gamomdinare, aseTi 

reaqciebi mimdinareobs gacilebiT ufro dabali temperaturebis pirobebSi, vidre 

TermobirTvuli reaqciebi. miuxedavad amisa, am reaqciebis Sedegad SesaZlebelia sakmaod 

maRali siTburi simZlavris miReba. 

sinTezis birTvuli reaqcia mimdinareobs narevis winaswari gaxurebiT. eqsperimentis 

msvlelobisas aRmoCenili iyo daxarjul energiaze 3,5-jer meti siTbos gamoyofa 1400 oC 

reaqciis temperaturis dros. 1 g sawvavis da 900 vt miwodebuli siTburi energiis 

pirobebSi birTvuli sinTezis Sedegad gamomuSavdeba daaxloebiT 3,2 kvt siTburi 

simZlavre [9_11]. 

aRsaniSnavia, rom eqsperimentSi ar SeimCneoda γ-gamosxivebis fonis gazrda, rac 

nikelis birTvebis mier dabalenergetikuli neitronebis CaWeraze miuTiTebs. 

atombirTvis kristaluri agebulebis modelis Tanaxmad [15, 20_23], neitronebis 

STanTqmisaTvis gansakuTrebiT efeqturi SeiZleba iyos kadmiumis birTvi. kadmiumis birTvi 
48Cd  Sedgeba 24Ni-is ori birTvisagan, romlebic dakavSirebulia erTmaneTTan neitronuli 

bmiT. kadmiumis birTvebis mier neitronebis CaWeris kveTi aRwevs 2000 barns, rac TiTqmis 

400-jer aRemateba nikelis mier neitronebis CaWeris kveTs. es miuTiTebs kadmiumis 

gamoyenebis did efeqturobaze neitronebis CasaWerad. 

kadmiumis lRobis temperatura 321 oC-is tolia, xolo liTiumisa _ 180 oC-is. 

maSasadame, reaqtoris muSa temperaturis pirobebSi narevi liTium-kadmiumi Txevad 

mdgomareobaSi iqneba.  

naSromSi [17] Catarebuli iyo paraleluri eqsperimentebi  Li-Ni-isa  da Li-Cd-is 

narevebze garedan gaxurebiT. eqsperimentuli danadgaris sqema sakmaod martivia. 
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dabali temperaturebis gamo cbs-is reaqcia Zalze nela mimdinareobs da ar aRi-

niSneba radiaciuli fonis momateba. reaqciis dabali siCqare miuTiTebs neitronis CaWe-

risas birTvTan mcire urTierTqmedebaze. amas xels uwyobs Txevad, araionizebul garemoSi 

birTvebsa da neitronebs Soris didi manZilebi. milioni gradusi temperaturis da 

uzarmazari atmosferuli wnevis pirobebSi plazma srulad aris ionizebuli da nuklonebi 

erTmaneTis gverdigverdaa, rac urTierTqmedebisas did efeqturobas iwvevs. ase rom, civi 

reaqciebis dros ar unda velodoT reaqciis maRal siCqareebs, xolo TermobirTvuli 

reaqciebisas reaqciis siCqareebi mkveTrad izrdeba ramdenime rigiT. 

sainteresoa, rom cbs-is eqsperimentebSi aRmoCenil iqna naxSirbadisa da Jangbadis 

atomebi. es Zalze mniSvnelovani faqtia da saWiroa misi zedmiwevniT Seswavla, vinaidan 

isini SeiZleba miviRoT α-nawilakebis warmoqmnisas 8Be izotopis monawileobiT. yvela es 

reaqcia endoTermulia [16, 20_23].  

gamoTavisuflebuli neitroni SeiZleba mizidul da STanTqmul iqnes nikelis, 

magniumis, qromis da sxva aqceptoruli birTvebis Semadgeneli azotis, naxSirbadisa da 

Jangbadis kristalebis mier. nikelis, qromis da sxvaTa kristalur SedgenilobaSi 

Semavali Jangbadisa da azotis birTvebis oTxi protonis mier neitronuli eleqtruli 

dipolis kulonuri mizidulobiT neitronis aCqarebis gamo SesaZlebelia 10 mev-ze meti 

siTburi energiis miReba. 

rogorc zemoT aRvniSneT [15, 18], erTmaneTisgan unda garCeuliyo birTvuli reaqci-

ebis ori saxeoba. rodesac protoni uerTdeba sxva birTvs, aucilebelia energia kulonuri 

ganzidvis gadasalaxavad da viRebT axali elementis birTvs (am SemTxvevaSi aRiniSneba 

birTvuli reaqciis zRurbli), magram neitronis CaWerisas ar arsebobs kulonuri ganzidva 

da amitom reaqcia zRurblgareSea da miiReba imave qimiuri elementis mZime izotopi. amiT 

SeiZleba aixsnas civi, zRurblgareSe birTvuli sinTezi. aseTi sinTezis albaToba 

izrdeba temperaturis zrdasTan erTad. rodesac neitroni uaxlovdeba mis mimReb birTvs 

10-15 m-is manZilze, CairTveba birTvuli mizidulobis Zala, romelic aniWebs neitrons 

kinetikur energias, rac Semdeg siTbur energiad gardaiqmneba. 

garemos temperatura or rols asrulebs. 

1. ionizebuli plazmis SeqmniT iolia neitronis misvla mis mimReb birTvTan da 

srulad ionizebuli plazmis pirobebSi mkveTrad izrdeba plazmis simkvrive (mcirdeba 

manZilebi) da neitroni ufro swrafad poulobs birTvs reaqciisaTvis; 

2. temperaturis gazrdisas liTiumi da beriliumi aCqarebs neitronebis gamoTavi-

suflebis process (liTiumisa da beriliumis birTvebSi izrdeba rxeviTi moZraobis energia). 

gamoTavisuflebuli neitronebi cbs-is safuZvels warmoadgens. reaqciebi neitronebis 

monawileobiT egzoTermulia. es uzrunvelyofs dabali temperaturebisas civ birTvul 

sinTezs. 

sainteresoa birTvebis sinTezis reaqciebis pirobebisa da TermobirTvuli da civi 

birTvuli reaqciebis pirobebis erTmaneTTan Sedareba. 

TermobirTvuli sinTezis reaqcia mimdinareobs srulad ionizebul plazmaSi Zalze 

maRali temperaturebisa da wnevebis pirobebSi, roca birTvebs Soris saSualo manZilebi 

10-15 m rigisaa. amiT aixsneba birTvuli reaqciebis didi siCqare TermobirTvuli sinTezis 

dros (rac nivTierebis afeTqebis mizezi xdeba). amisagan  gansxvavebiT, cbs-is dros aqtiur 

garemoSia airi an siTxe, romelic dabali temperaturebisa da normaluri wnevebisas xasi-

aTdeba atomebis umniSvnelo simkvriviT. am SemTxvevaSi atombirTvebs Soris manZili 10-8 m 

rigisaa. civi sinTezisas mimdinareobs birTvuli nivTierebis neli wva, rasac axlavs 

garemos TandaTanobiTi gaxureba. 
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birTvebis civi sinTezis dros γ-gamosxiveba ar SeiniSneba, rac imaze miuTiTebs, rom 

TermobirTvuli reaqciebis mimdinareobisas birTvis urTierTqmedeba protonebTan da 

neitronebTan xorcieldeba nawilakebis kinetikuri energiis maRali doneebisas, rodesac 

sinTezi gamoirCeva protonebisa da neitronebis mkveTri  damuxruWebiT da swored 

nuklonebis mkveTrma damuxruWebam SeiZleba gamoiwvios γ-kvantebis gamosxiveba. 

cbs-is dros γ-gamosxivebis ararsebobisas dabali temperaturebis gaTvaliswinebiT 

urTierTmoqmed nawilakebs Soris arsebuli uzarmazari manZilebi ganapirobebs 

urTierTmoqmedi nawilakebis dabal kinetikur energiebs da maTi dajaxebis dabal alba-

Tobas. amasTan, gasaTvaliswinebelia, rom birTvis mier neitronis CaWeris reaqcia da imave 

elementis ufro mZime izotopis miReba xdeba nuklonis diametris rigis manZilebze. 

rogorc vxedavT, birTvuli reaqciebi SeiZleba mimdinareobdes nebismier tempera-

turaze, magram temperaturis gazrdisas mkveTrad izrdeba maTi siCqare da es pirvel 

rigSi ukavSirdeba atomebis ionizaciis xarisxis amaRlebas, rac iwvevs urTierTmoqmed 

birTvul nawilakebs (neitronebs, protonebs da birTvebs) Soris  manZilebis Semcirebas. 

unda aRiniSnos, rom birTvebis sinTezis dros birTvuli Zalebis rols asrulebs 

neitronebsa da protonebs Soris arsebuli kulonuri mizidulobis Zalebi, romlebic 

ganpirobebulia protonis dadebiTi muxtis zegavleniT nuklonebSi aRZruli eleqtrul 

dipolebs Soris mizidulobiT [15]. es Zalebi moqmedebs Zalian mokle (10-15 m)  manZilebze. 

gansakuTrebiT sayuradReboa is, rom civi birTvuli sinTezisas  neitronebis CaWeris 

maRali kveTis gamo kadmiumis birTvi yvelaze ufro perspeqtiulia. liTiumisa da 

kadmiumis lRobis temperaturebis dabali mniSvnelobebi ganapirobebs reaqtoris muSaobas 

Txevadi narevis reJimSi, rac zrdis birTvebis urTierTqmedebis efeqturobas.  

 

 

daskvna 

amrigad, yovelive zemoaRniSnulidan kargad Cans, rom civi birTvuli sinTezis, anu, 

rogorc amJamad uwodeben, dabalenergetikuli birTvuli reaqciebis (LERN) danadgarebis 

farTod danergvis SemTxvevaSi kacobrioba  miiRebs Zalian iaf, ekologiurad sufTa, 

praqtikulad amouwuravi energiis kompaqtur wyaroebs. saWiro aRar iqneba atomuri 

eleqtrosadgurebi da ekologiurad mavne sadgurebi, romlebSic xdeba organuli sawvavis 

wva. piradi da sazogado transporti mraval aTas kilometrs gaivlis sawvavis damatebiTi 

CatvirTvis gareSe. ekonomikaSi, politikasa da socialur yofaSi es gamoiwvevs did 

cvlilebebs. Zirfesvianad Seicvleba finansuri nakadebi, gakotrdeba qveynebi, romelTa 

keTildReoba dafuZnebulia naxSirwyalbadebis mopovebaze.  
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PHYSICS 
 

 

LOW-ENERGY NUCLEAR REACTIONS – FUTURE OF HEAT POWER ENGINEERING 

†M. Jibladze, G. Dgebuadze,  T. Batsikadze, B. Bendeliani,  A. Mikaberidze, Z. Razmadze        

(Georgian Technical University, I. Vekua Institute of Physics and Technology, I. Javakhishvili Tbilisi State University) 

 

Resume: There are considered experiments with excess heat energy emission in comparison to consumed energy 

and report of international experts’ group observed Andrea Rossi’s heat generator 32 daily operation with abundant heat 

production. Results of Georgian researcher’s experiments on low-energy nuclear reactions (LENR) in the mixtures of 

Li-Cd, Li-Ni, Li-Cd-B are considered too. There is shown advantage of the Li-Cd  mixture high efficiency in 

comparison with the Li-Ni. Cold nuclear fusion process is also considered in a mixture of Li-B-Cd and there is shown, 

that reactions of nuclear fusion and decay both are occured in this mixture. The Dependence of the velocity of nuclear 

reactions on temperature is experimentally measured. Nuclear reactions are considered on the basis of crystal model of 

an atomic nucleus and quark structure of nucleons and there is shown that a source of excess thermal energy is the 

capture of neutrons by nuclei of  cadmium and nickel with forming heavier isotopes of these elements. 

 

Key words: crystal model of atomic nuclei; low-energy nuclear reactions; mixtures of  Li-Cd, Li-Ni, Li-Cd-B;  

Rossi-Fokardi results. 

 
 

 

 

ФИЗИКА 

НИЗКОЭНЕРГЕТИЧЕСКИЕ ЯДЕРНЫЕ РЕАКЦИИ – БУДУЩЕЕ 

ТЕПЛОЭНЕРГЕТИКИ 

†Джибладзе М. И., Дгебуадзе Г. Н., Бацикадзе Т. В.,  Бенделиани Б. Г.,   

Микаберидзе А. А., Размадзе З. Г. 

 (Грузинский технический университет, Физико-технический институт им. И. Векуа, Тбилисский государ-
ственный университет им. И. Джавахишвили) 

 

Резюме.  Рассмотрены эксперименты с выделением избыточной тепловой энергии по сравнению с 

затраченной; дано изложение отчета международной группы экспертов, наблюдавших за 32-суточной работой 

высокотемпературного теплогенератора, разработанного Андреа Росси. Рассмотрены результаты 

экспериментов по низкоэнергетическим ядерным реакциям (НЭЯР) грузинских исследователей в смесях  лития-

кадмия (Li-Cd), лития-никеля (Li-Ni), лития-кадмия-бора (Li-Cd-B). Показана  более высокая эффективность 

смеси Li-Cd по сравнению со смесью Li-Ni. Рассмотрен  также процесс холодного ядерного синтеза (ХЯС) в 

смеси лития, бора и кадмия (Li–B–Cd). Показано, что в этой смеси происходит как ядерная реакция синтеза, так 

и распада. Экспериментально измерена зависимость скорости ядерных реакций от температуры. Ядерные 

реакции рассмотрены на основе кристаллической модели атомного ядра и кваркового строения нуклонов и 

показано, что источником тепловой энергии является захват нейтронов ядрами кадмия и никеля с образованием 

более тяжелых изотопов этих элементов.  
 

Ключевые слова:  кристаллическая модель атомного ядра; низкоэнергетические ядерные реакции;  ре-

зультаты  А. Росси  и  С. Фокарди;  смеси  литий-кадмий; литий-никель, литий-кадмий-бор; холодный ядерный 

синтез. 
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fizikis swavlebis meTodika  

 

 

 

Sedegze orientirebuli swavleba (proforientacia) fizikis 

gakveTilze 

iamze kalandaZe, manon CxaiZe, qeTevan baramiZe 

(saqarTvelos teqnikuri universiteti) 

 

 

reziume: Teoriuli da eqsperimentuli analizis safuZvelze ganxilulia is gzebi da 

saSualebebi, romlebic xels uwyobs da exmareba aRmzrdelebsa da maswavleblebs mozar-

dis aRzrdasa da iseTi Tvisebebis formirebaSi, romlebic uzrunvelyofs mozardis swori 

profesiuli orientaciis Camoyalibebas da Tanamedrove meTodur codnaTa sistemis gac-

nobas fizikis swavlebis miznebis, Sinaarsisa da procesis Sesaxeb; gakveTilis dagegmvis, 

warmarTvisa da Sefasebis unarebis SeZenas fizikaSi swavla/swavlebis Tanamedrove meTo-

debsa da strategiebze dayrdnobiT. 

 

sakvanZo sityvebi: blumis taqsonomia; galvanostegia; venis diagrama.  

 

 

Sesavali 

proforientaciis problema SinaarsiT socialuria, SedegebiT _ ekonomikuri, xolo 

masStabiT saxelmwifoebrivi mniSvnelobisaa. amis gamo mas sxvadasxva kuTxiT ikvleven. 

magaliTad, misi pedagogiuri kvleva iTvaliswinebs moswavleTa profesiis SerCevisaTvis 

saswavlo-aRmzrdelobiTi muSaobis amaRlebis efeqturi gzebisa da saSualebebis Ziebas. am 

kvlevisas gamoyofen or ZiriTad aspeqts: 1. maswavleblis Sromas, romelic mimarTulia pi-

rovnebis profesiis TviTgansazRvrisaken; 2. profesiis arCevisa da aTvisebis mosamzadebel 

RonisZiebebSi moswavleTa aqtiur Cabmas. 

 

 

ZiriTadi nawili 

problemis ganxilvas mkvlevarTa erTi nawili iseTi algoriTmis Seqmnamde mihyavs, 

romelic asaxavs: a) proforientaciis mkveTrad gansxvavebuli calkeuli etapebis Tanmim-

devrobas; b) gansazRvravs proforientaciuli muSaobis Sinaarssa da rigs, romelic auci-

lebelia moswavleTa profesiis dasabuTebuli arCevisaTvis. 

proforientacia miznad isaxavs moswavleebs Seuqmnas warmodgena sxvadasxva profe-

siaze da aRZras maTSi erT-erTi maTganis dauflebis interesi, misces garkveuli profe-

siuli mimarTuleba. yovelive es, ZiriTadad, pirvel etapze xdeba. meore etapis amocanaa 

ufrosklaselebs ganuviTaros maTi midrekilebebis Sesabamisi interesi. dasaxuli mizne-

bisa da amocanebis gansaxorcieleblad saWiroa interaqtiuli gakveTilebis Catareba, rom-

lebzec xdeba blumis taqsonomiis gonebrivi ieriSis, venis diagramis, saklaso diskusiis 

meTodebis gamoyeneba. 

amjerad ganvixilavT sakiTxs, Tu rogor SeiZleba fizikisa da qimiis maswavlebelTa 

erToblivi muSaobiT dadebiTi Sedegis miRweva. am saswavlo disciplinebs bevri Sexebis 

wertili aqvs, razec saTanadod miuTiTebs saswavlo programebi. magaliTad, fizikis prog-

ramaSi TemasTan `eleqtruli deni sxvadasxva garemoSi~ miTiTebulia sakiTxebi qimiidan: 

kovalenturi kavSiri, misi warmoSobis meqanizmi, eleqtrolitebi, eleqtrolituri disoci-
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acia, eleqtrolituri disociaciis meqanizmi, mJavebis, tuteebisa da marilebis disociacia, 

eleqtrolizi. am sakiTxebis dasaxelebul TemasTan organul kavSirSi ganxilva moswav-

leTa proforientaciis xelsayrel pirobebs qmnis. 

ganxiluli iqneba Temebis: `eleqtrodeni siTxeebSi~ da `eleqtrolizis praqtikuli 

gamoyeneba~ swavlebis meTodikis zogierTi detali. fizikis saxelmZRvaneloSi es ori Tema 

erT paragrafSia moqceuli da maTi gadacemac meTodur literaturaSi erT gakveTilad 

erTiandeba, qimiaSi ki igi or gakveTilzea ganawilebuli. rogorc fizikis, aseve qimiis 

gakveTilebze erT-erTi sakvanZo sakiTxia eleqtrolitTa wyalxsnarebis meqanizmis 

garkveva. am kvanZis gaxsnas viwyebT eleqtrolizis movlenis cdis demonstrirebiT. viRebT 

kaliumiodis fxvnils, vxsniT wyalSi, vasxamT U-smagvar milSi, eleqtrodebs vuerTebT 12 

v Zabvis mudmivi denis wyaros. im mxares, sadac eleqtrodi denis wyaros dadebiT 

polusTan aris SeerTebuli, xsnari iwyebs iodisfrad Sefervas. movlena ise mimdinareobs, 

TiTqos mxatvris uxilavi xeliTa da funjiT eleqtrodis irgvliv da mis boloze 

iodisferi Crdilebi ixatebodes. ramdenime wuTis Semdeg eleqtrolitis es mxare TandaTan 

muqdeba, meore mxare ki uferulia. vawveTebT masSi fenoftaleinis xsnars da igi 

Jolosfers iRebs. suraTi Tavisi silamaziTa da gamomwvevi saidumloebiT moswavleTa 

yuradRebis aqtivizacias iwvevs da problemur situacias qmnis. klasi ismens maswavleblis 

axsna-ganmartebas aRwerili movlenis Sesaxeb da saTanadod acnobierebs mas, reaqciis 

mimdinareobas ki afiqsirebs dafaze. morigi cdiT maswavlebeli xsnis galvanostegiis 

movlenas, eleqtrolizis saxalxo meurneobaSi gamoyenebis mizniT aCvenebs films 

`eleqtrolizi da misi gamoyeneba mrewvelobaSi~. gadacemuli masalis gaRrmaveba momdevno 

gakveTilebze moxdeba sawarmoo Sinaarsis amocanebis amoxsniTa da laboratoriul-

praqtikuli samuSaoebis CatarebiT, galvanur saamqroSi kompleqsuri eqskursiis mowyobiT. 

fizikasa da qimias Soris kavSirebs sxva Temebis damuSavebis drosac vxvdebiT. 

rogorc Catarebulma gamokvlevebma cxadyo, saswavlo-aRmzrdelobiT muSaobaSi dadebiTi 

Sedegebi miiRweva maSin, roca qimiisa da fizikis gakveTilebze identuri Temebis 

damuSavebisas cdebisa da sailustracio masalebis dublireba ar xdeba da eqsperimenti da 

ilustraciebi erTmaneTs avsebs, awonasworebs; amasTan, sagakveTilo Temis damuSavebisas 

ama Tu im movlenis demonstrireba an ilustrireba obieqtis (moswavlis) gakvirvebas 

iwvevs, rac masSi faqtis gamomwvevi mizezis garkvevis survils aRZravs. maswavleblis mier 

miwodebul informacias am survilis dakmayofilebasTan erTad obieqtisaTvis persona-

luri Rirebulebac aqvs, radgan masSi momavali profesiis arCevis Canasaxs aCens. misi 

SenarCuneba da ganviTareba SesaZlebelia axali informaciis miRebiTa da gakveTilebze 

laboratoriuli da praqtikuli samuSaoebis SesrulebiT. sawarmoo eqskursiebze miRebuli 

dadebiTi STabeWdilebebiT ki moswavleebSi fiqsirdeba profesiebis dauflebis interesi. 

qimiisa da fizikis maswavlebelTa erToblivi muSaobis kidev erTi saSualebaa gan-

mazogadebeli seminarebis Catareba fizikasa da qimiaSi, rasac garda imisa, rom garkveuli 

saswavlo-aRmzrdelobiTi mniSvneloba aqvs, igi moswavleTa swori proforientaciis 

ganxorcielebis SesaZleblobasac iZleva. qimiisa da fizikis maswavleblebs klasgareSe 

muSaobisas aqvT bevri saerTo, rac mosamzadebel etapze Semdegi saxiT xorcieldeba:  

 saubari sxvadasxva saqmianobaze;  

 gacnobiTi eqskursia warmoebaSi;  

 kinofilmebis Cveneba teqnikis dargebisa da profesiebis Sesaxeb. 

klasgareSe muSaobis formirebis etapi ki iTvaliswinebs: 

 fizikasa da qimiaSi wreobrivi muSaobis Catarebas;  

  fakultatiur mecadineobas gamoyenebiT qimiasa da fizikaSi;  

 saRamoebisa da konferenciebis mowyobas proforientaciul Tematikaze;  

 Tematur eqskursias;  

  teqnikuri gamofenebis daTvalierebas;  



27 
 

  moswavleTa teqnikuri namuSevrebis gamofenas;  

 fizikisa da qimiis olimpiadebis Catarebas;  

 referatis momzadebas profesiis Sesaxeb. 
klasgareSe muSaobis zemoaRniSnuli formebi Cveni respublikis araerT skolaSia da-

nergili. zogierTi maTgani TviT Cvenc gamogvicdia muSaobis procesSi. CamoTvlilTa So-

ris yvelaze efeqturi aRmoCnda eqskursiebi. vfiqrobT, es imitom moxda, rom axalgazrda 

xedavs sityvisa da saqmis erTianobas da amis gamo ufro damajerebelia profesiaze miRe-

buli informaciebi. 

 

 

daskvna 

saswavlo eqskursiebis mowyobas udidesi saswavlo-aRmzrdelobiTi mniSvneloba aqvs. 

igi xels uwyobs moswavleTa profesiis TviTgansazRvras, aviTarebs maTSi Sromisa da war-

matebuli adamianebisadmi mibaZvis unars, aRvivebs samSoblosadmi siyvaruls. 

qimiisa da fizikis maswavlebelTa mier zemoT aRwerili meTodiT muSaobis warmarTva 

mniSvnelovan wvlils Seitans moswavleTa profesiuli orientaciis gaumjobesebis saqmeSi. 
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METHODS OF LEARNING PHYSICS 

 

 

RESULT-ORIENTED LEARNING (PROFESSIONAL ORIENTATION) AT THE  
PHYSICS LESSON 

I. Kalandadze, M. Chkhaidze, K. Baramidze 

(Georgian Technical University) 

 
Resume: Тhere are shown the ways and facilities for support and help the tutors and teachers to create-form the 

skills in teenagers’ personality, providing development of correct professional orientation of teenagers. 
The paper deals with the acquaintance with the system of methodic knowledge concerning the aims, contents and 

process of physics teaching; acquisition of planning and leading lessons and assessment skills based on modern 
methods and strategies of learning/teaching physics. 

 
Key words: galvanostegy; taxonomy of Blumme; Venny’s diagram. 

 
 
 
 

 МЕТОДИКА ОБУЧЕНИЯ ФИЗИКИ 

 
 

ОБУЧЕНИЕ НА УРОКЕ ФИЗИКИ, ОРИЕНТИРОВАННОЕ НА РЕЗУЛЬТАТЫ 

(ПРОФЕССИОНАЛЬНАЯ ОРИЕНТАЦИЯ)  

Каландадзе И. Г., Чхаидзе М. Г., Барамидзе К. К. 

(Грузинский технический университет) 

 
Резюме. На основе теоретического и экспериментального анализов рассмотрены те пути и способы, 

которые помогают воспитателям и педагогам формированию в личности ученика тех свойств, которые 
обеспечивают профессиональную ориентацию, ознакомление с современной системой методических знаний, с 
целью обучения физики, содержания и процесса планирования уроков, приобретения способностей 
направления и оценки по физике, преподавания/обучения на основании современных методов и стратегий. 

 
 Ключевые слова: гальваностегия; диаграмма Венны; таксономия Блума. 
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geofizika 

 

 

 

saqarTvelos myinvarebis cvlilebis negatiuri tendenciebi klimatis 

Tanamedrove cvlilebis fonze* 

larisa Sengelia, giorgi korZaxia, genadi Tvauri, murman ZaZamia 

(saqarTvelos teqnikuri universitetis hidrometeorologiis instituti, iv. javaxiSvilis 

saxelobis Tbilisis saxelmwifo universitetis m. nodias geofizikis instituti, garemos 

erovnuli saagento) 

 

 

reziume: ganxilulia Tanamgzavruli distanciuri zondirebisა da GIS teqnologiebis 

safuZvelze gamokvleuli klimatis regionuli zemoqmedebiT gamowveuli saqarTvelos myin-

varebis cvlilebis sakiTxebi. dadgenilia, rom ukanaskneli 50 wlis ganmavlobaSi 

aRmosavleT saqarTvelos mcire myinvarebis daaxloebiT 70 % mTlianad an nawilobriv 

gadna klimatis regionuli zemoqmedebis Sedegad. Seswavlilia didi myinvarebis ukan daxe-

vis sakiTxebi. dadgenilia mcire myinvarebis daCqarebuli dnoba. gansazRvrulia didi myin-

varebis ukan daxevis siCqaris mniSvnelobebis sagrZnobi mateba. Oes Sedegebi naTlad miu-

TiTebs myinvarTa daCqarebul degradaciaze klimatis regionuli cvlilebis gamo. 

 

sakvanZo sityvebi: dnoba; Tanamgzavruli distanciuri zondireba; klimatis cvlileba; 

myinvarebi; ukan daxeva.  

 

 

Sesavali 

myinvarebi klimatis cvlilebis erT-erTi yvelaze mgrZnobiare da saimedo maCvenebe-

lia. myinvarebi SeiZleba ganxiluli iyos, rogorc monacemTa Ria baza, bunebrivi arqivi, 

romelSic daculia garemos warsuli da asaxulia mimdinare mdgomareoba, rac Tanamedrove 

klimaturi situaciisa da misi droSi evoluciis Seswavlis saSualebas iZleva.  

amJamad (aseve samomavlod) klimatis cvlilebis zemoqmedebis Sesaswavlad didi mni-

Svneloba eniWeba myinvarebis samecniero kvlevas. myinvarebis kvleva aseve mniSvnelovania 

klimatis cvlilebis fonze myinvarebSi akumulirebuli mtknari wylis maragis da zedapi-

ruli wylebis balansis cvlilebis gansazRvrisaTvis da katastro. fuli glaciologiuri 

movlenebis saSiSroebis adreuli gafrTxilebisaTvis. 

myinvarebze dakvirveba, rogorc wesi, tradiciulad miwispira dakvirvebebiT mimdina-

reobda erT an ramdenime myinvarze. maRali garCevadobis Tanamgzavruli distanciuri zon-

direbis monacemebis gamoyenebiT ki SesaZlebelia saqarTvelos teritoriaze arsebuli yve-

la myinvaris gamokvleva drois mcire monakveTSi.  

Tanamgzavruli distanciuri zondireba (Tdz) da GIS teqnologiebi xelmisawvdoms 

xdis glaciologiur maxasiaTeblebze kompleqsur dakvirvebebs [1-4], rac adre miwispira me-

Todebis gamoyenebiT Zalian rTuli an TiTqmis SeuZlebeli iyo. aseve rTuli iyo miwis-

pira dakvirvebebiT didi myinvarebis adgilmdebareobis cvlilebis gazomva. 

_____________________ 

* proeqti xorcieldeba SoTa rusTavelis saxelobis erovnuli samecniero fondis finansuri 
xelSewyobiT (granti FR /586/9-110/13). winamdebare publikaciaSi gamoTqmuli nebismieri azri ekuTvniT 
avtorebs da SesaZlebelia ar asaxavdes SoTa rusTavelis saxelobis erovnuli samecniero fondis 
Sexedulebebs. 
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ZiriTadi nawili 

gasuli saukunis 60-iani wlebidan dRemde aRmosavleT saqarTvelos teritoriaze 

dadginda haeris temperaturis mateba 1 oC-mde diapazonSi [5]. temperaturuli reJimis mcire 

cvlileba, anu arsebul viTarebaSi klimaturi normebis mdgradi zrda Zlier zemoqmedebas 

axdens myinvarebze. zogadad klimatis globaluri daTboba negatiurad moqmedebs myinva-

rebze, rac gansakuTrebiT mcire myinvarebis SemTxvevaSi vlindeba da xSirad iwvevs am myin-

varebis danawevrebas, Tovlnarad gadaqcevas an srul dnobas. aqve SevniSnavT, rom mcire 

myinvarebi es is myinvarebia, romelTa farTobi 0.1 km2-dan 0.5 km2-mdea, xolo Tovlnari SeiZ-

leba iyos myinvaris degradaciiT miRebuli narCeni da misi farTobi 0.1 km2-ze naklebia [6]. 

TvalsaCinoebisaTvis ganvixiloT Tanamgzavr Landsat-iT gadaRebuli md. Tergis auzSi 

mdebare ramdenime myinvaris suraTi (nax. 1), romelzec naCvenebia mcire myinvarebi da maTi 

konturebi. es konturebi gavlebulia zemoaRniSnuli inovaciuri teqnologiebis safuZ-

velze. am myinvarebis identificirebam gamoavlina, rom yofili sabWoTa kavSiris katalo-

gis mixedviT, isini warmoadgenen № 98 _−№ 111 myinvarebs [7]. suraTze wriT aRniSnulia 

gamqrali myinvari, rombiT _ Tovlnarad qceuli myinvari da qinZisTaviT _ mcire myinvari. 

 

 
 

nax. 1. Mmd. Tergis auzis myinvarebis (№ 98 − №111) Tanamgzavruli  

suraTi da konturebi 

 

aseve Seswavlil iqna aRmosavleT saqarTvelos yvela mcire myinvari (cxrili 1). 

cxrilSi moyvanilia Tdz-is da yofili sabWoTa kavSiris myinvarebis katalogis mona-

cemebi, romlebic gasuli saukunis 60-iani wlebis masalebis safuZvelzea Sedgenili. 
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cxrili 1  

aRmosavleT saqarTvelos mcire myinvarebis raodenoba myinvarebis  

katalogisa da Tdz-is mixedviT 

 

 

1-li cxrilis analizis safuZvelze SeiZleba davaskvnaT, rom aRmosavleT saqarTve-

loSi myinvarebis katalogis mixedviT aRricxulia 105 mcire myinvari. myinvarebis dana-

wevrebisa da galRobis Sedegad mcire myinvarebis raodenoba Seicvala. Tanamgzavruli mo-

nacemebiT, aRmosavleT saqarTveloSi identificirebulia 118 mcire myinvari, Tovlnari da 

gamqrali myinvari. am myinvarebidan:  

 darCenilia 31 mcire myinvari, anu identificirebulis 26.3 %;  

 gadna da Tovlnarad iqca 60, anu identificirebulis 50.8 %; 

 gaqra, anu mTlianad gadna 27, e.i. identificirebulis 22.9 %.  

ase rom, myinvarebis katalogSi aRricxuli aRmosavleT saqarTvelos 105 mcire 

myinvaridan amJamad klimatis globaluri daTbobis gamo darCa mxolod 31 mcire myinvari 

(29.5%), rac niSnavs, rom 74 (70.5 %) mcire myinvari an Tovlnarad iqca, an saerTod gaqra. 

amrigad, aRmosavleT saqarTvelos mcire myinvarebis raodenobis daaxloebiT 70 % 

mTlianad an nawilobriv gadna klimatis regionuli cvlilebis Sedegad. 

myinvarebze klimatis regionuli cvlilebis zemoqmedebis magaliTad SeiZleba 

moviyvanoT Tanamgzavr Landsat-is monacemebis mixedviT aRmosavleT saqarTveloSi mdebare 

myinvar gergetis (nax. 2.) da dasavleT saqarTveloSi mdebare myinvar boyos (nax. 3.) ukanda-

xevis sqematuri suraTebi.  
 

 
 

nax. 2. gergetis myinvaris ukandaxevis sqematuri suraTi 2015 wlis 15 agvistos 

Landsat 8-iT gadaRebuli Tanamgzavruli suraTis fonze 

 
sqemis 

# 

mcire 
myinvarebi 
katalogis 
mixedviT 

Tdz-is monacemebiT identificirebuli 
mcire myinvarebi 

mcire 
myinvarebi 

Tovlnarebi gamqrali 
myinvarebi 

sul

1 13 10 5 0 15 
2 2 2 0 0 2 
3 12 3 6 3 12 
4 24 2 9 13 24 
5 48 13 30 11 54 
6 6 1 10 0 11 

 sul 105 31 60 27 118 
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me-2 nax-ze mocemulia gergetis myinvaris ukan daxevis texilisa da enis mdebareobis 

amsaxveli konturebis gadakveTis wertilebis sqematuri suraTi 1977 wlis 25 agvistodan 

2015 wlis 15 agvistomde. aRniSnuli suraTi Seqmnilia 11 Tanamgzavruli suraTis analizis 

Sedegad. 

me-3 nax-ze mocemulia boyos myinvaris ukan daxevis texilisa da enis mdebareobis am-

saxveli konturebis gadakveTis wertilebis sqematuri suraTi 1977 wlis 13 seqtembridan 

2015 wlis 7 seqtembramde. me-3Nnax-ze mocemulia myinvaris mxolod 8 mdebareoba, Tumca re-

alurad 22 Tanamgzavruli suraTi gvqonda da es 22 mdebareoba iqna gamoyenebuli Semdgomi 

kvlevisaTvis. 

 

 
 

 nax. 3. boyos myinvaris 1977 wlidan 2015 wlamde ukan daxevis sqematuri suraTi 2015 wlis 7 

seqtembers Landsat 8-iT gadaRebuli Tanamgzavruli suraTis fonze 

 

imisaTvis, rom Segveswavla myinvarebis ukan daxevis siCqare, TiToeuli myinvarisaTvis 

agebul iqna or-ori grafiki:  

1. gergetisa da boyos myinvarebis ukan daxevis grafikebi (nax. 4, a Dda nax. 5, a) 

mTliani sadamkvirveblo periodisaTvis, anu 1977 wlidan 2015 wlis CaTvliT (nax. 2 da nax. 

3) daGgavlebulia am grafikebis Sesabamisi trendebi; 

 

 

 

 



33 
 

a b 
 

nax. 4. Ggergetis myinvaris ukan daxevis trendi: a _ mTliani periodisaTvis (1977 – 2015 ww.); 

b _ I (1977 _ 2001 ww.) da II (2001 _ 2015 ww.) periodebisaTvis 
 

2. klimatis cvlilebis aqseleraciis Sedegad myinvarebis ukan daxevis siCqaris cvli-

lebis Sesaswavlad sadamkvirveblo periodi (1977 _ 2015 ww.) pirobiTad dayofiliა or pe-

riodad: I – 1977 _ 2001 ww. da II – 2001 - 2015 ww. rogorc ukve aRvniSneT, TiToeuli myin-

varisaTvis agebulia or-ori grafiki, kerZod, gergetisa da boyos myinvarebis siCqareebis 

grafiki pirveli da meore periodisaTvis (nax. 4, b da nax. 5, b) da am grafikebis Sesabamisi 

trendebi. 

 

a b 
 

nax. 5. boyos myinvaris ukan daxevis trendi: a _ mTliani periodisaTvis (1977 – 2015 ww.); 

b _ I (1977 _ 2001 ww.) da II periodebisaTvis (2001 _ 2015 ww.)  

 

grafikebis martivad gamosaxvisaTvis Semotanilia pirobiTi aRniSvnebi. TiToeuli 

myinvarisaTvis drois momentebi aRniSnulia cifrebiT: gergetis myinvarisaTvis (11 drois 

momentisa da mdebareobis gaTvaliswinebiT) 1-dan 11-mde, xolo boyos myinvarisaTvis (22 

drois momentisa da mdebareobis gaTvaliswinebiT), Sesabamisad, 1-dan 22-mde. 

gergetis da boyos myinvarebis ukan daxevis siCqare mTeli periodisaTvis Seadgens 

daaxloebiT 20 m-s (nax. 4, a) da 16 m-s (nax. 5, a) weliwadSi. I da II periodebisaTvis gergetis 

myinvaris ukan daxevis siCqare Seadgens, Sesabamisad, daaxloebiT 16 (I periodi) da 27 m-s (II 

periodi) weliwadSi. I da II periodebisaTvis boyos myinvaris ukan daxevis siCqare Seadgens, 

Sesabamisad, daaxloebiT 14 (I periodi) da 19 m-s (II periodi) weliwadSi.  

miRebuli Sedegebis analizis safuZvelze dadginda, rom:  

 1. gergetis myinvaris ukan daxevis siCqare ufro metia, vidre boyos myinvarisa; 

 2. myinvarebis ukan daxevis siCqare mTliani periodisaTvis araTanabaria; kerZod, II 

periodSi ukan daxevis siCqare mniSvnelovnad aRemateba I periodis analogiur sidides.  
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pirveli daskvna umTavresad ganpirobebulia aRmosavleT da dasavleT saqarTvelos 

klimatebs Soris gansxvavebiT; xolo, meore, im faqtis konstatacias axdens, rom klimatis 

cvlilebas araTanabari xasiaTi aqvs.  

 

 

daskvna  

yovelive zemoaRniSnulidan gamomdinare, dadgenilia, rom klimatis Tanamedrove 

daTbobis gamo mcire myinvarebi intensiurad dneba, saSualo myinvarebis garkveuli nawili 

mcire myinvarebad iqceva, xolo didi myinvarebi degradirdeba da ukan ixevs.  

aRmosavleT saqarTveloSi identificirebuli mcire myinvarebidan 50 wlis Semdeg 

darCenilia maTi raodenobis 29.5 %, gadna da Tovlnarad iqca 70.5 %.  

amrigad, aRmosavleT saqarTvelos mcire myinvarebis raodenobis daaxloebiT 70 % 

mTlianad an nawilobriv gadna klimatis regionuli cvlilebis Sedegad. 

didi myinvarebis (gergetis myinvari aRmosavleT saqarTveloSi da boyos myinvari 

dasavleT saqarTveloSi) ukan daxevis analizma cxadyo, rom gergetis myinvaris ukan daxe-

vis siCqare gacilebiT metia, vidre boyos myinvarisa. es pirvel rigSi ganpirobebulia aR-

mosavleT da dasavleT saqarTvelos klimatebs Soris gansxvavebiT. 

myinvaris ukan daxevis siCqare mTliani periodisaTvis araTanabaria rogorc gergetis, 

ise boyos myinvarebisaTvis. kerZod, bolo 15 weliwadSi myinvarebis ukan daxevis saSualo 

siCqare sagrZnoblad gazrdilia wina 25 welTan SedarebiT. es tendencia klimatis Tana-

medrove cvlilebis arawrfiv xasiaTze metyvelebs.  

miRebuli Sedegebis SejamebiT, dadginda, rom:  

 mcire myinvarebis intensiuri dnoba, aseve didi myinvarebis mniSvnelovnad gazrdili 

ukan daxevis siCqare warmoadgens myinvarTa degradaciis friad negatiur Sedegebs;  

 miRebuli Sedegebi amavdroulad warmoadgens klimatis Tanamedrove cvlilebis ara-

wrfivi xasiaTis obieqtur indikacias.  
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GEOPHYSICS 
 
 

NEGATIVE TRENDS OF GLACIERS CHANGES IN GEORGIA ON THE BACKGROUND 
OF MODERN CLIMATE CHANGE 

L. Shengelia, G. Kordzakhia, G. Tvauri, M. Dzadzamia 

(Hydrometeorological Institute of Georgian Technical University, M. Nodia Institute of Geophysics of I. Javakhishvili 
Tbilisi State University, National Environmental Agency) 

 
Resume: There are considered based on satellite remote sensing and GIS technologies the changes in the glaciers 

of Georgia under the influence of regional climate change. There is determined, that over the last 50 years, 
approximately 70% of the small glaciers of East Georgia wholly, or partly melted under the impact of regional climate 
change. The problems of the retreat of large glaciers are studied. There is established the increased rate of melting of 
small glaciers. There is determinid significant increase of the rate of large glaciers retreat. These negative results 
obviously indicate accelerated degradation of glaciers under the impact of regional climate change. 

 
Key words: climate change; glaciers; melting; retreat; satellite remote sensing. 
 

 
 
 
 

ГЕОФИЗИКА 

 
 

НЕГАТИВНЫЕ ТЕНДЕНЦИИ ИЗМЕНЕНИЯ ЛЕДНИКОВ ГРУЗИИ НА ФОНЕ 

СОВРЕМЕННОГО ИЗМЕНЕНИЯ КЛИМАТА  

Шенгелия Л. Д., Кордзахия Г. И., Тваури Г. А., Дзадзамия М. Ш. 

(Институт гидрометеорологии Грузинского технического университета, Институт геофизики М. Нодия 
Тбилисского государственного университета им. И. Джавахишвили, Национальное агентство окружающей 
среды) 

 
Резюме. Рассмотрено изменение ледников Грузии под воздействием регионального изменения климата 

на основе спутникового дистанционного зондирования и ГИС технологии. Установлено, что за последние 50 
лет примерно 70 % малых ледников Восточной Грузии полностью или частично растаяли под влиянием 
регионального изменения климата. Исследованы проблемы отступления больших ледников. Установлена 
возросшая скорость таяния малых ледников. Определено значительное увеличение скоростей отступления 
больших ледников. Эти негативные результаты очевидно указывают на ускоренную деградацию ледников из-за 
воздействия регионального изменения климата. 

 
Ключевые слова: изменение климата; ледники; отступление; спутниковое дистанционное зондирование; 

таяние.  
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ekologia 

 

 

 

biosferos usafrTxoebis Tanamedrove problemebi 

cisana basilaSvili 

(saqarTvelos teqnikuri universitetis hidrometeorologiis instituti) 

 

 

reziume: gaerTianebuli erebis organizaciis eqspertebis cnobiT, haeris temperatura 

dedamiwaze kvlav gaizrdeba; mosaxleobis zrdis fonze mosalodnelia sakvebi produq-

tebisa da wylis resursebis didi deficiti; mimdinareobs bunebrivi resursebis amowurva, 

rac gamoiwvevs ekologiur kriziss: biosferos gaWuWyianebasa da cocxal organizmTa 

saxeobebis Semcirebas. 

dRes bunebis dacva da misi resursebis racionaluri gamoyeneba biosferos arsebobis 

ZiriTadi winapirobaa. amis gamo aucilebelia planetaze mimdinare procesebis mravalmxri-

vi Seswavla da saTanado saadaptacio da prevenciuli RonisZiebebis SemuSaveba. 

 

sakvanZo sityvebi: biomravalferovneba; globaluri daTboba; ozonis Sre; saadap-

tacio RonisZiebebi; tyis resursebi. 

 

 

Sesavali 

msoflio meteorologiur organizacias (WMO) daqvemdebarebuli 100 aTasi dakvirve-

bis punqtis monacemebis mixedviT mtkicdeba, rom mTel planetaze gasuli 100 wlis (1906 – 

2005 ww.) ganmavlobaSi haeris saSualo wliurma temperaturam dedamiwaze 0,74 C-iT moimata, 

ramac bevrgan gvalvebi da gaudabnoebis procesebi gamoiwvia. Sedegad Semcirda sasoflo-

sameurneo kulturebis mosavali da, Sesabamisad, sakvebi produqtebi. amis gamo gaizarda 

adamianTa daavadebebi da sikvdilianoba. amasTan erTad gaxSirda katastrofuli stiqiuri 

procesebi, ramac gamoiwvia didi ngreva da msxverpli. mTlianobaSi bolo dros dedamiwaze 

mimdinare klimatis cvlilebiT gamowveuli anomaliuri kataklizmuri procesebis Sedegad 

daiRupa 2 mln adamiani, xolo ekonomikurma zaralma 1 trilioni aSS dolari Seadgina. 

mecnierebi winaswarmetyveleben, rom mimdinare XXI saukuneSi haeris temperatura 

SeiZleba 1 – 2 C-iT gaizardos, rac gamoiwvevs antarqtidisa da grenlandiis yinulebis 

dnobas, msoflio okeanis donis mkveTr awevas da sanapiroebis datborvas. es did 

safrTxes Seuqmnis zRvispira qveynebis mosaxleobas, rasac mohyveba didi ekonomikuri da 

socialuri ryevebi. amasTan, aziasa da afrikaSi Semcirdeba mosavali, avstraliasa da 

axal zelandiaSi iqneba sasmeli wylis deficiti, evropaSi gaizrdeba wyaldidobebi, 

amerikis aRmosavleT sanapiroze gaizrdeba Stormebi da sanapiro eroziebi. planetaze 

SeiZleba Semcirdes wvimebis raodenoba da gaizardos damRupveli epidemiebi [1]. 

gaeros eqspertebma daadgines, rom Cveni planeta Tbeba swrafad da amaze 

pasuxismgebelia mTeli kacobrioba, radgan adamianTa moTxovnileba komfortisaken iwvevs 

bunebrivi garemos Secvlas. 1950 wels msoflios mosaxleoba iyo 2,5 mlrd, 2000 wels _ 6 

mlrd, 2015 wels _ 8 mlrd. prognoziT, 2050 wels planetis mosaxleoba 11 mlrd gaxdeba. 

mosaxleobis zrdasTan erTad izrdeba moTxovnileba kvebis produqtebze, wyalze, saojaxo 

da mobilur teqnikaze, energetikaze, sacxovrisze da sxv. axali farTobebis aTviseba da 

xeTa usistemo Wra iwvevs garemoSi Jangbadis Semcirebas, axali virusuli, baqteriuli da 

qronikuli daavadebebis gaCenas, rasac yovelwliurad aTasobiT adamiani, cxoveli da 
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mcenare ewireba. garda amisa, mosaxleobis zrdis fonze mimdinareobs bunebrivi resur-

sebis erTdrouli amowurva. aRsaniSnavia, rom bolo 35 weliwadSi miwis wiaRidan amoiRes 

ufro meti mineraluri nedleuli, vidre kacobriobis arsebobis mTel wina periodSi, nav-

Tobisa da airis mopovebam ki 80 – 85 %-s miaRwia. 

amrigad, adamiani cvlis atmosferos, niadags, wylis qimiur Sedgenilobas, rac did 

safrTxes uqmnis garemosa da mTel biosferos. amitom adamianma Tavis qmedebaSi unda gai-

Tvaliswinos bunebrivi movlenebis cvalebadoba da izrunos mosalodneli kataklizmebis 

Tavidan acilebisaTvis. 

 

 

ZiriTadi nawili 

biosfero. sityva “bios” berZnulad sicocxles niSnavs. biosfero ki aris dinamikur 

wonasworobaSi myofi cocxali da uZravi nivTierebebis erToblioba, romelSic cocxali 

organizmi warmoadgens aqtiur, mudmivmoqmed elements, romelic gardaqmnis am garemos 

Tavisi moTxovnilebis Sesabamisad. biosferos ganviTarebis istoria 2,5 – 3 mlrd wels 

moicavs. am xnis ganmavlobaSi cocxali organizmebi viTardeboda garemos sxvadasxva 

pirobebSi. magaliTad, zogierTi erTujrediani wyalmcenare da baqteria mravldeba cxel 

wyaroebSi (75 – 100 C-mde), sxvebi, piriqiT, minus 6 – 7 C-mde, sokos sporebi ki itanen 120 – 

180 C-s [2]. 

1875 wels avstrielma geologma e. ziusma biosfero daaxasiaTa, rogorc dedamiwis is 

garsi, sadac arsebobs da viTardeba sicocxle. is moicavs mTel hidrosferos, liTos-

ferosa da atmosferos nawilebs. hidrosfero dedamiwis wyliani garsia. msoflio okeane 

faravs dedamiwis zedapiris 7/10 nawils. is mTlianadaa aTvisebuli cocxali organizmebis 

mier, gansakuTrebiT 100 – 200 m siRrmemde, sadamdec aRwevs mzis sxivebi. ufro Rrmad 

cxovroben mxolod baqteriebi, zogierTi maTgani 11 km-is siRrmezea, sadac wneva 1100 atm-s 

aRwevs. 

liTosfero, anu dedamiwis qerqi, materikebis mkvrivi garsia, sadac sicocxle niadag-

Sia ramdenime aTeuli santimetris siRrmeze. magram aris zogierTi organizmi, romlebic 

cxovroben 2 – 3 km siRrmeze xmeleTis pirobebSi da 1 – 2 km siRrmeze okeanis fskeridan. 

umartivesi anaerobuli baqteriebi ki cxovroben miwisqveSa wyalSemcvel da navTobSemcvel 

horizontebSi 3 – 5 km siRrmeze. 

atmosfero dedamiwis garemomcveli airebis garsia da Sedgeba sxvadasxva airis, 

wylis orTqlisa da mtvrisagan. simaRlis mixedviT, masSi gamoiyofa calkeuli Sreebi: 

troposfero (sisqe 8 – 18 km), stratosfero (55 – 60 km-mde), mezosfero (80 – 85 km-mde), 

Termosfero (80-dan 1000 km-mde), xolo mis zemoT _ egzosfero. 

troposferoa, sadac aris atmosferuli haeris masis 90 % da 4 %-dan 0,5 %-mde wylis 

orTqli, romelic vrceldeba polusebTan 8 – 10 km simaRleze, ekvatorTan ki 16 – 18 km-mde. 

aq haeris temperatura iklebs yovel kilometr simaRleze 5 C-iT. atmosferos es Sre 

yvelaze mniSvnelovania, radgan swored aq warmoiqmneba Rrublebi, modis naleqebi da qris 

qarebi, rac did gavlenas axdens amindze, adamianis sicocxlesa da saqmianobaze. 

troposfero mTlianad atarebs mzis mokletalRovan radiacias da akavebs dedamiwis 

grZeltalRovan Tbur gamosxivebas, ris gamoc xurdeba miwispira Sre. 

stratosfero warmoadgens 40 – 60 km sisqis Sres troposferos zemoT. aq haeri 

mSrali da gaiSviaTebulia, temperatura izrdeba qvevidan zeviT zafxulSi 0 C-dan 15 C-

mde, xolo zamTarSi _ -10 C-dan -5 C-mde [3]. atmosferos am SreSi 20 – 30 km simaRleze aris 

metad mniSvnelovani nivTiereba – Jangbadis airis nairsaxeoba – ozoni, romelic STan-

Tqavs mzis ultraiisferi sxivebis mokletalRovani radiaciis did nawils, rac dam-

Rupvelad moqmedebs cocxal organizmebze. amitom ozonis mcire sisqis Sre iTvleba 

dedamiwaze biosferos damcav farad [4]. 



38 
 

mezosfero 20 – 25 km sisqis Srea, sadac temperatura ecema zafxulSi -80 C-mde, xolo 

zamTarSi _ -100 C-mde. aq Zlieri turbulenturi moZraobis gamo qaris siCqare 50 – 100 

km/sT-s aWarbebs. 

TermosferoSi 80 km simaRlidan dawyebuli temperatura yovel 1 km simaRleze izr-

deba 5 C-iT da mis zemoT 1000 km simaRleze 2000 C-s aRwevs. magram imis gamo, rom aq hae-
ris simkvrive Zalian mcirea, amitom nebismieri sxeuli da maT Soris meteorebi ar 

xurdeba. meteorebi, romlebic aq 100 – 130 km/sT siCqariT moZraobs, iwvis mis qveda 80 km-mde 

simaRleze mdebare mezosferoSi, sadac haeri aTasjer ufro mkvrivia, vidre 

TermosferoSi. 

egzosfero vrceldeba aTaseul kilometrebze. aq temperatura izrdeba yovel kilo-

metr simaRleze 1 C-iT; haeri Zlier gaiSviaTebulia; SesaZlebelia radiokavSiris dam-

yareba; aqve dafrinaven kosmosuri xomaldebi. maRal simaRleebze egzosfero TandaTan ga-

dadis planetebs Soris sivrceSi. 

dedamiwis zedapirTan mSrali haeris SedgenilobaSi Sedis: azoti – 78 %, Jangbadi – 

21 %, (ozoni 10-6), argoni – 0,9 %, naxSirorJangi – 0,03 %, danarCeni airebi – 0,1 %. atmos-

feroSi 90 – 100 km simaRlemde haeris es Sedgeniloba ar icvleba da am sferos homosfero 

ewodeba. 200 km simaRlemde haeris ZiriTadi nawilia azoti, 600 km-dan heliumi, xolo 2000 

km-ze maRla wyalbadia, romelic dedamiwis irgvliv qmnis e.w. wyalbadovan gvirgvins. 

atmosfero akavebs kosmosuri sxivebis nawils da meteoritebis umravlesobas. 

dedamiwamde aRwevs mzis gamosxivebis mxolod 48%. atmosfero rom ar iyos, dedamiwis 

zedapirze haeris saSualo temperatura 15 C ki ara, 23 C iqneboda [2]. Cvens planetaze 

dacemuli sxivuri energiis TiTqmis naxevari wylis aorTqlebaze ixarjeba da es wyali 

dedamiwas naleqebis saxiT ubrundeba. maTi didi nawili mdinareebSi, xolo bolos 

okeaneSi Caedineba. 

biosferos struqturuli erTeulia ekosistema, anu mocemul teritoriaze arsebul 

mcenareTa, cxovelTa, mikroorganizmTa da garemos aracocxali komponentebis erTob-

lioba. ekosistemebis ganawileba planetaze biomebis doneze xorcieldeba. dreis [5] mixed-

viT, biosferos ZiriTadi biomebia xmeleTis, zRvisa da mtknari wylis biomebi. xmeleTis 

biomebis Taviseburebebs gansazRvravs regionis hava da mcenareuli safari. zRvisa da 

mtknari wylebis biomebi naklebadaa damokidebuli havaze. maT Taviseburebebs gansazRvravs 

fskeris siRrme, marilianoba da wylis dineba. 

biosferos zeda sazRvari atmosferoSi 6 km-s aRwevs, sadac ZiriTadad mxolod qlo-

rofilis Semcveli mcenareebia. ufro zeviT ki zogierTi fexsaxsriani binadrobs, rom-

lebic qaris motanili mcenareuli mtvriT, sporebiTa da mikroorganizmebiT ikvebebian [6]. 

warsulSi atmosfero TiTqmis ar Seicavda Jangbads. is maSin mdidari iyo naxSiror-

JangiT, meTaniTa da azotis naerTebiT. planetis Tanamedrove saxe cocxal arsebaTa cxo-

velqmedebis Sedegia, rac 3 mlrd wlis winaT daiwyo, rodesac avtotrofuli baqteriebisa 

da qlorofilis Semcvel mcenareTa fotosinTezis aqtiurobis Sedegad naxSirorJangi 

organul nivTierebad gardaiqmneba da dRemde icvleba atmosferos Sedgeniloba [7]. 

mecnierebi varaudoben, rom dedamiwaze pirveli cocxali organizmebis Casaxva moxda 

hidrosferos araRrma ubnebis fskerze, sadamdec aRwevda mzis sxivebi da siTbo. aseTi 

pirobebia tropikuli sartylis maxloblad. aq mcenareTa qlorofilis mier STanTqmuli 

naxSirorJangis airidan da wylidan mzis sxivuri energiis daxmarebiT xdeba nax-

Sirwylebis sinTezi da gamoiyofa Tavisufali Jangbadi. aseT process, rodesac mim-

dinareobs araorganulidan organuli nivTierebis sinTezireba da mzis sxivuri energia 

gardaiqmneba bioqimiur energiad, ewodeba fotosinTezi, romelic sqematurad ase 

gamoisaxeba [3]: 
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      mzis sxivuri energia 

 6 CO2 + 6 H2O ———————→ C6H2O6 + 6O2.  (1) 
      mwvane mcenareebi 

es gantoleba fotosinTezze zogad warmodgenas iZleva. sinamdvileSi es procesi 

Sedgeba mravali reaqciisagan, romelTa ganxorcielebis dros mcenareebi organuli 

nivTierebebis sinTezTan erTad gamoyofen sxvadasxva aqrolad nivTierebas, maT Soris 

raodenobiTa da mniSvnelobiT ujeri naxSirwyalbadi izopreni gamoirCeva. es movlena XX 

saukunis 50-iani wlebis bolos daadgina akademikosma v. sanaZem. 

fotosinTezis produqtebia Jangbadi da naxSirwylebi. Jangbadis nawils TviT mce-

nareebi iyenebs, didi nawili ki cxovelebis sunTqvas xmardeba. yovelwliurad mzis moq-

medebiT dedamiwaze 83 mlrd t organuli nivTiereba warmoiqmneba. aqedan 53 mlrd t iqm-

neba xmeleTze, danarCeni ki zRvebsa da okeaneebSi. aRsaniSnavia, rom mcenareebis mier aku-

mulirdeba mzis energiis mxolod 0,3 %. fotosinTezis Sedegad atmosferoSi naxSirbadis 

orJangis raodenoba Semcirda 0,03 %-mde, xolo Tavisufali Jangbadis raodenoba gaizarda 

21 %-mde, anu 1000-jer [3]. 

f. ramadis [7] mixedviT, 2 mlrd wlis winaT gaCndnen fotosinTezis unaris mqone pir-

veli organizmebi (prokariotebi: lurj-mwvane mcenareebi, baqteriebi, virusebi) 0,5 mlrd 

wlis Semdeg _ umaRlesi organizmebi (eukariotebi). Sedegad 1 mlrd wlis winaT atmos-

feroSi Jangbadis Semcveloba Tanamedrove raodenobis 1 %-s Seadgenda. gaizarda fito-

planqtonisa da fotosinTezis intensiuroba da warmoiqmna atmosferuli ozoni, romelmac 

SeaCera mzis ultraiisferi sxivebis uaryofiTi zemoqmedeba. aman xeli Seuwyo organuli 

samyaros ganviTarebas jer wylis zeda fenebSi, Semdeg xmeleTze. 

600 mln wlis winaT gaCnda udablesi avtotrofuli mcenareebi, 500 mln wlis winaT – 

WurWliani mcenareebi da mwerebi, 350 mln wlis winaT – farulTeslianebi da 

ZuZumwovrebi. xmeleTze qlorofilis Semcveli mcenareebis gaCenam Jangbadis zrdasTan 

erTad xeli Seuwyo niadagebis warmoqmnas. Semdgom Jangbadis gazrdili raodenobis 

wyalobiT dedamiwas moevlina florisa da faunis mravali saxis arsebani, maT Soris 

adamianic. adamianis gaCenamde biosferos arsebobis periods biogenezs uwodeben, xolo 

sazogadoebis ganviTarebis etaps ewodeba noogenezi, rodesac daiwyo noosferos Seqmna. 

biosfero aerTianebs ara marto cocxal organizmebs, aramed mTel maT sacxovrebel 

garemos. amJamad dedamiwaze gvxvdeba mcenareebisa da cxovelebis 2 mln-mde saxeoba, maT 

Soris cxovelebi – 1,5 mln-mde. mcenareTagan raodenobis mixedviT pirvel adgilzea 

farulTeslianebi – 300 aTasamde, meoreze sokoebi – 100 aTasamde. cxovelTa Soris 

saxeobaTa raodenobis mixedviT pirvel adgilze arian mwerebi – 1 mln-mde, meoreze 

moluskebi – 100 aTasamde, Semdeg ki xerxemlianebi – 50 aTasamde. aRsaniSnavia, rom dResac 

arseboben umartivesi organizmebi, romelTac ar gaaCniaT moTxovnileba Jangbadis mimarT. 

aseTebia anaerobuli gogirdis, rkinisa da wyalbadis baqteriebi, romelTa mier naxSiror-

Jangis airis gamoyenebiT xdeba mineraluri nivTierebebidan organuli nivTierebis hemo-

sinTezi [3]. 

globaluri daTbobis gamomwvevi faqtorebi. globaluri daTboba dedamiwis atmos-

feros miwispira fenis saSualo wliuri temperaturis swrafi zrdis procesia. amis mize-

zad mecnierebi or sxvadasxva versias asaxeleben. pirveli versiiT igi periodulad gan-

meorebadi bunebrivi kataklizmia da samyaros misgan ganadgureba ar emuqreba. am mosaz-

rebas amyarebs is garemoeba, rom adreul xanaSi dedamiwaze iyo gamyinvarebis periodi, ro-

desac evropis kontinenti yinuliT iyo dafaruli. ufro adre ki iyo daTbobac, rodesac 

grenlandiis kunZuli mwvane safriT iyo dafaruli, razedac miuTiTebs misi saxelwodeba. 

amrigad, planetaze mimdinare procesebi ZiriTadad damokidebulia mzis aqtiurobaze. misi 

mciredi cvlilebac ki usaTuod aisaxeba dedamiwaze mimdinare amindsa da klimatze. gamo-

arCeven mzis aqtiurobis 11-wlian, 22-wlian da 80_90-wlian (glaisbergi) cvlilebas. sru-

liad SesaZlebelia mimdinare globaluri daTboba dakavSirebuli iyos mzis morig maRal 
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aqtiurobasTan, rac SeiZleba momavalSi Seicvalos misi SemcirebiT da klimatis cvli-

lebis sapirispiro procesiT. 

meore versiiT dedamiwaze mimdinare globaluri daTboba adamianis anTropogenuri 

saqmianobiT, e.w. “saTburis efeqtiT” aris ganpirobebuli da is samyaros damRupvelia [1]. 

saTburis efeqti aris atmosferoSi gafrqveuli airebis mier dedamiwidan arekvlili siT-

buri gamosxivebis Sekaveba, ris Sedegadac xdeba globaluri daTboba. saTburis airebidan 

aRsaniSnavia: naxSirorJangi, meTani, azotis monooqsidi, ozoni da freonebi (naxSirwya-

lbadebis halogenebi), romlebic Tavisuflad atareben dedamiwaze mzis Zlier sxivebs, mag-

ram akaveben misgan arekvlil siTbos. saTburis efeqti aRmoCenil iqna 1824 wels frangi 

mecnieris Jozef furies mier. TviT saTburis airebi raodenobrivad Seiswavla Svedma no-

beliantma svante areniusma (1896 w.), romelmac ufro adre 1893 wels ganacxada, rom, rac 

ufro meti naxSirorJangiani airi moxvdeba atmosferoSi, dedamiwa miT ufro gaxurdebao [8]. 

dedamiwaze klimatis cvlilebis Sesaxeb pirveli ganacxadi gaakeTa 1873 wels cno-

bilma mecnierma v. kiopenma, romelmac daadgina haeris temperaturis 1 C-iT Semcireba. v. 

viletis cnobiT, 1880 wlidan 1930 wlamde haeris saSualo wliurma temperaturam 0,5 C-iT 

moimata, maSin rodesac zamTris TveebSi temperatura orjer ufro metad (1 C-iT) 

gaizarda. 1940 wlidan temperaturis mateba klebiT Seicvala, xolo 1960 wlidan deda-

miwaze daiwyo temperaturis intensiuri zrda [1, 9], rac, udavod, adamianTa zemoqmedebis, 

kerZod, teqnikis ganviTarebis Sedegia. atmosferoSi bolo 1,5 saukunis ganmavlobaSi saT-

buris airebidan mkveTrad moimata naxSirorJangis (CO2) raodenobam (1/3-iT), magram atmos-

feroSi raodenobrivad ufro metad (2,5-jer) gaizarda meTani (CH4), romelic 20-jer metad 

axurebs dedamiwas, vidre naxSirorJangi. meTanis mateba dakavSirebulia milsadenebidan da 

WaburRilebidan airebis gaJonvasTan da saqonelTan, romelTa raodenoba sadReisod 

sagrZnoblad gazrdilia. 

gaeros sasursaTo da soflis meurneobis organizaciis (FAO) specialistebis azriT, 

dedamiwaze saqonlis fara ufro metad moqmedebs klimatze, vidre avtomobilebi da 

TviTmfrinavebi. planetaze mcxovrebi 1,5 mlrd furi gamoyofs saTburis airebis 18 %-s, 

rac aRemateba yvela saxis transportis Sesabamis maCvenebels. meTani warmoiSoba saqonlis 

kuWSi arsebuli specialuri baqteriebis saSualebiT. maTi nakelidan gamoiyofa meTani, 

romelic gamoiyeneba sawvavad bioairis saxiT. atmosferoSi arsebuli meTanis raodenobis 

mesamedi swored saqonlis mieraa warmoqmnili. aRsaniSnavia, rom 150 wlis ganmavlobaSi 

atmosferoSi meTanis raodenoba 2,5-jer gaizarda [10]. 

naxSirorJangis mateba ki dakavSirebulia ZiriTadad adamianTa sameurneo saqmiano-

basTan, kerZod, industriis ganviTarebasTan, agreTve SeSisa da naxSiris wvasTan. kacob-

rioba yovelwliurad wvavs 4,5 mlrd t naxSirs, 3,2 mlrd t navTobs, airebs, torfs da 

sxva sawvavs. gansakuTrebiT gaizarda sawvavis moxmareba avtomobilebsa da 

TviTmfrinavebSi, romelTa gamonabolqviT atmosferoSi izrdeba naxSirorJangis rao-

denoba. urbanul zonebSi haeri imdenad gajerebulia mavne nivTierebebiT, rom misi Casun-

Tqva katastrofulad moqmedebs adamianTa janmrTelobaze. mavne nivTierebebis haerSi mox-

vedris ZiriTadi wyaro moZvelebuli transportia. amas emateba maTi sawvavis saeWvo 

xarisxi, romlis SedgenilobaSi zogjer gadaWarbebuli raodenobiT tyviis Semcveloba 

fiqsirdeba, rac iwvevs adamianTa mZime daavadebebs. 

dadgenilia, rom mrewvelobis ganviTarebis Sedegad naxSirorJangis koncentracia 

atmosferoSi 38 %-mde gaizarda. sameurneo da samrewvelo saqmianobis Sedegad dedamiwis 

atmosferoSi yovelwliurad gamoiyofa 27 mlrd t naxSirorJangi. mis 30 %-s STanTqavs 

msoflio okeane, 13 %-s biosfero da niadagi, 57 % rCeba atmosferoSi, rac xels uwyobs 

daTbobis momatebas. samrewvelo epoqis dasawyisidan atmosferoSi dagrovilia 770 mlrd t 

anTropogenuri naxSirorJangi [11]. 

XIX saukuneSi ingliselma fizikosma uiliam tompsonma SeSfoTeba gamoTqva teq-

nikuri progresis Sedegad mosalodneli “Tburi sikvdilis” ganviTarebis Sesaxeb. am mosa-
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zrebis sawinaaRmdegod rusma mecnierma k. timiriazevma aRniSna, rom samyaros araviTari 

“Tburi sikvdili” ar emuqreba manam, sanam mwvane safari iarsebebso. aq igi fotosinTezis 

process gulisxmobda, romlis drosac, (1) gamosaxulebis mixedviT, mwvane safari STan-

Tqavs mzis sxivebis udides Tbur energias da gardaqmnis mas adamianisTvis misaReb for-

maSi. fotosinTezis procesis Sedegad yovelwliurad 1 ha tye STanTqavs 5_10 t nax-

SirorJangs da gamoyofs 10_20 t Jangbads. 

pier agresis monacemebiT, dedamiwaze yovelwliurad 1 ha farTobze 10 mlrd kkal 

mzis sxivebis Tburi energia modis, romlis 93,8 %-s mwvane safari iTvisebs [12]. aseve dad-

genilia, rom Ria farTobze haeris temperatura tyis safarTan SedarebiT 3-jer metia. 

maRali (35 _ 40 C) temperaturis dros ki mkveTrad mcirdeba fotosinTezis procesi, rom-

lis drosac STainTqmeba naxSirorJangi. 

marTalia, tyis mwvane safris did mniSvnelobaze aravin daobs, magram rac Seexeba 

mis mimarT saTanado yuradRebas, es jer kidev ar Cans. amisi mizezi ki mosaxleobis 

matebisa da teqnikuri progresis Sedegad tyis resursebze moTxovnilebis ganuzomeli 

zrdaa. amitom msoflioSi yovelwliurad izrdeba tyis resursebis mopovebisa da 

gamoyenebis masStabebi. misgan mzaddeba qaRaldi, muyao, aveji, parketi, iyeneben gasaTbobad 

da sxv. xe-mcenareebisagan 15 aTasi dasaxelebis nakeToba mzaddeba. gansakuTrebiT didia 

tenian adgilebSi tropikuli da wiwvovani (taiga) tyeebis ganadgurebis masStabebi. aRsa-

niSnavia, rom tyiani teritoriebis aTvisebam ara marto mcenareTa, aramed cxovelTa da 

frinvelTa samyaros unikalur warmomadgenelTa Semcirebas Seuwyo xeli. garda amisa, tye 

qmnis mikroklimats, aregulirebs temperaturas, amcirebs qaris siCqares, icavs niadags 

eroziisagan, amcirebs aorTqlebas da sxv. tye, gansakuTrebiT wiwvovani, gamoyofs 

fitocidebs – nivTierebebs, romlebic wmends haers mavne mikrobebisagan da ajansaRebs mas. 

amitomaa, rom tyeebs dedamiwis filtvebs uwodeben. dadgenilia, rom tyis mwvane safris 

mier Sesrulebuli kosmosur-ekologiuri efeqti 3_5-jer aRemateba tyis resursebis 

moxmarebiT miRebul naturalur Semosavals [13]. 

miuxedavad tyis mwvane safris aseTi didi mniSvnelobisa, mis mimarT momxmarebluri 

damokidebuleba tyis gameCxerebasa da ganadgurebas iwvevs, ris gamoc sustdeba tyeebis 

kosmosur-ekologiuri funqcia. xe-mcenareebi usistemod iCexeba rogorc tyis koromebSi, 

ise qalaqebsa da gamwvanebis zolebSic, rasac Jangbadis naklebobis garda, tyis 

wyalSemkavebeli da wyalSemkrebi funqciis daqveiTeba mohyva. aman gamoiwvia zogierTi 

wyaros, mdinarisa da tbis daSroba. tyis safrisagan motitvlebulma farTobebma daiwyo 

gaudabnoeba, ramac sakvebi produqtebis warmoebis Semcireba gamoiwvia. 

metad sayuradReboa akademikos g. gigauris azri imis Sesaxeb, rom mecnierul-teq-

nikuri progresi, erTi mxriv, aumjobesebs adamianis keTildReobis pirobebs, meore mxriv, 

ki TviT adamianTa arsebobas da maT momavals emuqreba. mimdinareobs bunebis TviTgaw-

mendis, TviTregulaciisa da TviTaRdgenis dasustebis procesi ara marto konkretul 

garemoSi, aramed planetaruli masStabiTac [14]. 

amrigad, msoflioSi Semcirebul mwvane safars aRar Seswevs mzis sxivebis Tburi 

energiis gamoyeneba-regulirebis unari. amis gamo izrdeba atmosferoSi naxSirorJangis 

raodenoba da klimatis intensiuri daTboba. Sesabamisad, aqtiurdeba ekologiuri katas-

trofebi, rasac mohyveba ara marto ngreva, aramed adamianTa da sxva cocxal arsebaTa 

msxverplic. 

anTropogenuri zemoqmedebis Sedegad gamoyofili mavne airebis akumulirebuli Warbi 

raodenoba atmosferoSi SemdgomSi mJave wvimebisa da radiaciuli naerTebis saxiT sazianod 

ubrundeba dedamiwas. mJave naleqebis (wvimebi, Tovli, nisli, cvari) wyaroebia saTbobisa da 

biomasis wva, metalurgia, avtotransporti da sxv. bolo 100 wlis ganmavlobaSi naleqebis 

mJavianobam sagrZnoblad moimata. magaliTad aSS-is Crdilo-aRmosavleT nawilSi 1900 wlidan 

naleqebis mJavianoba 4-jer gaizarda, rac dakavSirebulia CO2-isa da NO3-is gamonabolqvis 
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zrdasTan. mJave wvimebi tropikebSic aRiniSneba, sadac ar aris samrewvelo obieqtebi. es ki 

ukavSirdeba ufro meti biomasis wvas. 

mJave naleqebi metad uaryofiT zegavlenas axdens ekosistemebze, radgan aseTi wyali 

spobs qviriTs da fitoplanqtons, ris gamoc wyalsatevebSi mcirdeba hidrobiontebis 

saxeobebi. magaliTad, 1975 wels aSS-is tbebSi Tevzis raodenoba 90 %-iT Semcirda. maTma 

gaCanagebam xeli Seuwyo TevziT mkvebavi cxovelebis (Toliebi, waula, wavi da sxv.) mos-

pobas. garda amisa, mJave naleqebi iwvevs manqana-danadgarebis, Senobebisa da xelovnebis 

nimuSebis korozias, avaddeba mcenareuloba, rac gamoixateba maTi foTlebis cveniT da 

fesvebis lpobiT. XX saukunis 90-ian wlebSi daavadebuli tyeebis farTobi germaniasa da 

niderlandebSi iyo 50 %, SveicariaSi 35, avstriaSi 30 %, ruseTSi ki 600 000 ha [3]. 

anTropogenuri saqmianobiT gamowveuli mavne airebis Warbi raodenobiT gamoyofa 

afarToebs atmosferoSi dedamiwis damcvel ozonis sferos, rac metad saSiSi movlenaa 

cocxali organizmebisaTvis da is pirdapir kavSirSia globalur daTbobasTan. es pro-

cesebi ufro gaRrmavda, rodesac adamianma daiwyo kosmosSi sxvadasxva teqnologiis 

gatana. dadgenilia, rom kosmosuri raketebis gaSveba ozonis Sris dazianebasa da daSlas 

iwvevs, rasac dedamiwaze mzis radiaciisa da temperaturis mateba mohyveba.  

ozonis sfero. ozoni warmoadgens mocisfro airs, romlis molekula Sedgeba Jang-

badis sami atomisagan (O3). is warmoiqmneba maSin, rodesac mzis ultraiisferi gamosxivebis 

zemoqmedebis Sedegad xdeba Jangbadis molekulis atomebad daSla da Jangbadis atomebi 

Jangbadis molekulasTan Sedis kavSirSi [15]: 

  O + O2 = O3  (2) 
arsebobs `cudi ozoni~ da `kargi ozoni~. mecnierebi `cud ozons~ uwodeben 

fotoqimiur smogs, romelic atmosferos yvelaze dabal SreSi, troposferoSi mdebareobs. 

garkveuli koncentraciis pirobebSi igi saSiSia adamianis janmrTelobisa da keTildReo-

bisaTvis: aRizianebs zeda sasunTqi gzebis lorwovans, iwvevs vegetatiur darRvevebs, 

filtvebis SeSupebas, Tavbrudaxvevas, Tvalis kataraqtas da sxv.; did zians ayenebs 

garemos, gansakuTrebiT did qalaqebSi. 

aseTi `cudi ozoni~ dedamiwis mTliani ozonis mxolod 10 %-ia, danarCeni 90 % _ 

`kargi ozoni~ _ ki dedamiwis zedapiridan did simaRleze stratosferoSi mdebareobs, 

sadac amindis formirebasTan dakavSirebuli movlenebisa da gardaqmnebis didi nawili 

xdeba. `kargi ozoni~ icavs dedamiwas mzis ultraiisferi gamosxivebis damangreveli 

zemoqmedebisagan. ozonis Semcveloba cvalebadia sxvadasxva simaRleze. ozonis saerTo 

raodenobis 60 % modis Sreze, romelic mdebareobs 16-dan 32 km-mde simaRleze, xolo 

maqsimalur koncentracias igi aRwevs daaxloebiT 25 km simaRleze. swored es fenaa 

dedamiwis damcavi ozonis Sre, romelic udides rols asrulebs globalur ekologiur 

sistemaSi. 

atmosferoSi arsebuli ozonis mTliani sisqe 3,5 mm-ia. es sifrifana Sre erT-erTi 

ZiriTadi faqtoria, romelic planetas adamianis arsebobisaTvis vargiss xdis. ozonis 

raodenoba stratosferoSi damokidebulia geografiul ganedze, dedamiwis zedapiridan 

daSorebis simaRlesa da wlis droze. ozonis molekulebi stratosferoSi mudmiv war-

moqmna-daSlis procesSi imyofeba. isini ganuwyvetliv warmoiqmnebian qimiuri reaqciebis 

Sedegad, romelic mzis sinaTlis zemoqmedebiT mimdinareobs. imavdroulad ki mzis 

radiaciisa da Jangbadis, azotis, wyalbadis, qlorisa da bromis Semcveli SenaerTebis 

zemoqmedebiT xdeba ozonis molekulis daSla da ozonis sferos darRveva. amas sxvadasxva 

mizeziT xsnian. iyo mosazreba, rom igi dakavSirebulia garemos ciklur movlenebTan, 

rasac winaT ar eqceoda yuradReba. zogi mecnieri mizezad zebgeriT TviTmfrinavebs 

miiCnevs, magram aseTi TviTmfrinavebis gamoyeneba bolo wlebSi mniSvnelovnad SeizRuda. 

mecnierTa didi umravlesoba ozonis koncentraciis daqveiTebis ZiriTad mizezad 

miiCnevs sayofacxovrebo da soflis meurneobaSi gamoyenebul araerT qimiur naerTs, 
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gansakuTrebiT freonebs (CFCL3 da CFCL2), romlebic wlebis ganmavlobaSi warmatebiT 

gamoiyeneboda macivrebsa da kondicionerebSi. 

dReisaTvis cnobilia, rom stratosferos ozonis ekologiuri problemebi gamowve-

ulia atmosferoSi adamianis saqmianobis Sedegad didi raodenobiT qlorftornaxSirba-

debisa da halogenebis moxvedriT, romlebic arRvevs ozonis bunebriv balanss, aqtiurad 

moqmedebs ozonis sferos Sedgenilobasa da mis daSlaze. Sedegad, msoflios araerT 

regionSi ozonis fena TiTqmis orjer Semcirda, xolo Crdilo polusze _ arqtikaSi, 

zafxulobiT da samxreT polusze _ antarqtidis Tavze, zamTrobiT ozonis sferoSi 

xvrelic ki warmoiqmneba. ozonis sferos Semdgomi degradacia xels Seuwyobs 

ultraiisferi gamosxivebis SemoRwevas atmosferoSi, rac damRupvelad imoqmedebs cocxal 

organizmebze. ozonis sferos Semcireba aseve uaryofiTad moqmedebs atmosferos calkeul 

Sreebs Soris wonasworobaze, rac aisaxeba haeris masebis cirkulaciasa da siTbocvlaze, 

romelic ganapirobebs klimatur anomaliebs da iwvevs stiqiur katastrofebs [16]. 

1974 wels kaliforniis universitetis qimikosebma Servud roulendma da mario 

malinam gamoikvlies da daaskvnes, rom stratosferoSi moxvedrili qlorftornax-

Sirbadebi mzis sinaTlis zemoqmedebiT iSleba da gamoiyofa qlori, romlis erT atoms 

SeuZlia daSalos 100 aTasi ozonis molekula, ris Sedegadac mniSvnelovnad mcirdeba 

ozonis koncentracia. am gamokvlevam mogvianebiT daimsaxura msoflio aRiareba da 1995 

wels maT nobelis premia mieniWaT. 

1975 wels msoflio meteorologiurma organizaciam (WMO) gamoaqveyna daskvna: `ozo-

nis Sris cvlilebebi adamianis saqmianobis Sedegad da zogierTi SesaZlo geofizikuri 

Sedegebi~. 1985 wels ki xelmoweril iqna saerTaSoriso SeTanxmeba _ ozonis Sris dacvis 

venis konvencia. amave wels aRmoCenil iqna antarqtidis Tavze ozonis xvreli. britanuli 

kvlevebis mixedviT, antarqtidaze ozonis Sris koncentracia XX s-is 70-iani wlebidan 

yovelwliurad mcirdeboda, gansakuTrebiT zamTarSi (oqtombridan gvian gazafxulamde), 

rodesac stratosferoSi temperaturis vardnis Sedegad warmoiqmneba yinulovani Rrub-

lebi. aRsaniSnavia, rom ozonis Sris rRvevis procesi arqtikaSic mimdinareobs, magram aq 

ozonis Semcirebis periodi ufro xanmoklea da iseTi didi danakargebi ar aris, rogoric 

antarqtidaze. 

1987 wels aeronavtikisa da kosmosis erovnuli mmarTvelobis (NASA) mier miRebuli 

monacemebiT dadasturda, rom ozonis Sris daSlasa da xvrelis gaCenas xels uwyobs 

qlori, romelic gamoiyofa qlorftornaxSirbadebisagan da bromi, romelic gamoiyofa 

halogenebisagan. amitom imave wels 24 saxelmwifos mier xelmoweril iqna monrealis oqmi 

im nivTierebebis SezRudvis Sesaxeb, romlebic Slis ozonis Sres. aseT nivTierebebs 

Seicavs myari fenoplastebi, paraloni, macivrebi, kondicionerebi, gamxsnelebi, samedicino 

sterilizatorebi, cecxlsaqrobebi, aerozoliani balonebi, romelTac farTod moixma-

rdnen 1950 wlidan da 1986 wlisaTvis warmoebuli iyo 1 mln t qlorftornaxSirbadi. 1986 

wlidan SeCerebul iqna am nivTierebebis warmoeba da 1991 wlisaTvis maTi moxmareba ukve 40 

%-iT Semcirda. 1991 wlidan momdevno 10 wlis ganmavlobaSi kompania “diuponma” 1 mlrd 

aSS dolari daxarja am nivTierebis Semcvelobis Sesamcireblad. aseve did Tanxebs 

xarjaven sxva amerikuli firmebi (`jeneral eleqtriki~, `motorola~ da sxv.) maTi gamo-

yenebis Sewyvetisa da Secvlis mizniT, magaliTad, amiakis an sxva ekologiurad sufTa 

nivTierebebis gamoyenebisaTvis. 

es metad mniSvnelovania, radgan ozonis sferos daSlis SemTxvevaSi gaizrdeba mzis 

ultraiisferi gamosxiveba, rac xels Seuwyobs dedamiwaze fitoplanqtonis daSlas, mce-

nareTa daavadebebs, e. i. fotosinTezis procesis Semcirebas. garda amisa, gaizrdeba ada-

mianTa Soris avTvisebiani simsivneebi, sarkoma, kataraqta da sxv. ukve yovelwliurad 500 

aTasze meti amerikeli avaddeba kanis kiboTi. aSS-Si kanis kiboTi gardacvlilTa 65 % 

sarkomaze modis. 1970_1980 wlebSi yofil ssr kavSirSi kanis simsivnur daavadebaTa zrda 

aRiniSneboda 13 %-iT. varaudoben, rom yovel rva weliwadSi orjer gaizrdeba am daava-
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debaTa raodenoba. sarkomiT avaddebian ufro axalgazrda adamianebi. daavadeba viTardeba 

im adgilze, romelic mzis sinaTlis zemoqmedebis qveS imyofeba, ZiriTadad saxe da xe-

lebi. aRiniSneba korelacia mzeze gatarebul drois xangrZlivobasa da daavadebis gaCenas 

Soris. ufro xSirad avaddebian moxucebi 70_80 wlis asakSi. aRsaniSnavia, rom simsivnuri 

daavadebebi adreul stadiaSi gankurnebadia. 

saqarTvelo monrealis oqms SeuerTda 1996 wlis 21 marts, xolo amave wlis noem-

berSi igi klasificirebul iqna, rogorc me-5 (1) muxlis qveyana e. i. ganviTarebadi qveyana. 

gaerTianebuli erebis garemos dacvis centrTan (UNEPJE) TanamSromlobiT damuSavda “sa-

qarTveloSi ozondamSleli nivTierebebis xmarebidan amoRebis erovnuli programa”, ro-

melic finansurad uzrunvelyo globalurma garemos dacvis fondma (CEF). 

1996 wlisaTvis saqarTveloSi moxmarebuli ozondamSleli nivTierebebis (ODP) 

raodenoba 26 t-s Seadgenda. saqarTvelo ar awarmoebs monrealis oqmiT kontrolirebad 

arc erT nivTierebas. saqarTvelos mTavrobam ivaldebula ozondamSleli nivTierebebis 

xmarebidan amoReba [15]. 

1996 wels monrealis saerTaSoriso konferenciis gadawyvetilebiT daixura ozonis 

Sris damSleli nivTierebebis (freonebis) mwarmoebeli qarxnebi, ris Sedegadac ukve 2014 

wels ozonis xvreli 34 %-iT Semcirda. mecnierTa varaudiT, 2020 wlisaTvis es xvreli 

kidev 10 %-iT Semcirdeba, magram aRsaniSnavia, rom Tu freonebis haerSi arsebobam ozonis 

Sre daSala, rogor imoqmedebdnen isini adamianTa janmrTelobaze, romelTa macivrebi da 

kondincionerebi saxlebSi da sawarmoebSi freonebiT muSaobda. axali warmoebis maciv-

rebSi freonebi ukve sxva agregatiTaa Secvlili, Tumca atmosferoSi ukve gabneuli fre-

onebi kidev didxans imoqmedebs ozonis sferos Sedgenilobaze [16]. 

gansakuTrebiT aRsaniSnavia is faqtic, rom XX saukunis 50-iani wlebidan kosmosSi 

uamravi kosmosuri nagavia dagrovili, rac xels uSlis ara marto kosmosze dakvirvebas, 

aramed is did ekologiur rRvevas iwvevs dedamiwaze. es procesebi wlidan wlamde izr-

deba da Tu radikaluri RonisZiebebi ar iqna gatarebuli, biosfero kidev ufro mZime pi-

robebSi aRmoCndeba. 

amasTan dakavSirebiT, sayuradReboa informacia imis Sesaxeb, rom sadReisod 

kosmosSi arsebuli nagavi 23 aTasi safexburTo moednis farTobisaa, romelic moicavs 

sxvadasxva zomis 25 aTasamde nivTs, dawyebuli umciresi nawilakebisagan da mTliani 

kosmosuri xomaldiT damTavrebuli. isini moZraoben daaxloebiT 25 aTasi km/sT siCqariT 

da maTi dajaxeba romelime moZrav kosmosur xomaldTan gamoiwvevs did katastrofas. 

 

 

daskvna 

dReisaTvis msoflioSi mcenareTa Semcirebul mwvane safars ukve aRar Seswevs mzis 

sxivebis Tburi energiis gamoyenebisa da regulirebis unari. ZiriTadad amis gamo izrdeba 

atmosferoSi naxSirorJangis raodenoba da klimati intensiurad Tbeba. Sesabamisad, aqti-

urdeba ekologiuri katastrofebi, rasac mohyveba ara marto ngreva, aramed adamianTa da 

sxva cocxal arsebaTa msxverplic. 

eqspertTa daskvnebis mixedviT, XXI saukuneSi globaluri daTboba gagrZeldeba da 

saukunis bolos haeris saSualo temperatura dedamiwaze SesaZloa 2–4 C-iT gaizardos, 

rac gamoiwvevs bunebrivi ekosistemebisaTvis saSiS Sedegebs: seriozul zians miayenebs 

msoflios umetesi qveynebis ekonomikas; gadaSenebis safrTxis winaSe aRmoCndeba cocxali 

organizmebis saxeobaTa 15 – 40 %; 20 – 30%-iT Semcirdeba mtknari wylis resursebi 

mravalricxovani dasaxlebis regionebSi (afrika, xmelTaSuazRvispira qveynebi); 5 – 10 %-iT 

Semcirdeba mosavlianoba mraval regionSi; 10 mln-mde sanapiro zonis macxovrebeli 

yovelwliurad wyaldidobebis riskis qveS aRmoCndeba; daCqardeba msoflio okeanis donis 

mateba; gaizrdeba atmosferos cirkulaciis masStaburi cvlilebebis riski da sxv. 
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klimaturi cvlilebebis globaluri xasiaTis gamo aucilebelia erToblivi Zalis-

xmeviT gamoinaxos problemis gadaWris gzebi saerTaSoriso doneze. saerTaSoriso or-

ganizaciebTan erTad saqarTvelomac unda miiRos aqtiuri monawileoba konstruqciul di-

alogsa da moqmedebebSi, romlis mizani konkretuli efeqturi Sedegebi iqneba.  

amrigad, msoflio sazogadoebis erT-erTi mTavari sazrunavia globaluri daTbobisa 

da biosferoze misi SesaZlebeli gavlenis aRkveTa. 
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ECOLOGY 
 
 

MODERN CHALLENGES OF BIOSPHERE SAFETY 

Ts. Basilashvili 

(Institute of Hydrometeorology of Georgian Technical University) 

 
Resume: According to the UNO experts, the air temperature is likely to continue to rise, eventually leading to 

deficit of water and food supplies. Along with the increase in the population size, natural resources run-down, which 
eventually leads to environmental crisis: biosphere pollution and decrease in the number of species of living beings. 

Currently, nature protection and rational utilization of natural resources are necessary pre-conditions for 
sustaining the biosphere. Therefore, the processes taking place on the planet should be thoroughly investigated and 
appropriate adaptive and preventing measures working out. 

 
Key words: adaptive measures; bio diversity; forest resources; global warming; ozone layer.  

 
 
 
 

ЭКОЛОГИЯ 

 
 

СОВРЕМЕННЫЕ ПРОБЛЕМЫ БЕЗОПАСНОСТИ БИОСФЕРЫ 

Басилашвили Ц. З. 

(Институт гидрометеорологии Грузинского технического университета) 

 
Резюме. По сведениям экспертов Организации Объединённых Наций, температура воздуха на Земле и 

впредь повысится и ожидается большой дефицит пищевых продуктов и водных ресурсов. На фоне увеличения 
числа населения мира происходит исчерпывание природных ресурсов, из-за чего на Земле происходит 
экологический кризис: загрязнение биосферы и уменьшение некоторых видов живых организмов. 

На сегодняшний день защита природы и рациональное использование её ресурсов является необходимой 
предпосылкой существования биосферы. Из-за этого необходимо разностороннее изучение текущих процессов 
на планете и разработка соответствующих способов для адаптации. 

 
Ключевые слова: биоразнообразие; глобальное потепление; лесные ресурсы; озоновый щит; способы 

адаптации. 
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paleogeografia 

 

 

 

paleoklimatisa da geografiuli garemos cvalebadoba dasavleT 

saqarTvelos teritoriaze holocenSi 

revaz xazaraZe 

(iv. javaxiSvilis saxelobis Tbilisis saxelmwifo universitetis vaxuSti bagrationis 

geografiis instituti) 

  

 

reziume: kompleqsuri kvlevis Sedegad mopovebuli masalebis safuZvelze dadgenilia 

dasavleT saqarTvelos teritoriaze meoTxeuli periodis bolo, Tanamedrove garemosTan 

axlo mdgomi holocenSi mimdinare movlenebi. kolxeTis sanapiro zolis, WaburRilebis ke-

rnebis da mRvimeebis kulturuli nafenebis palinologiuri, paleontologiuri da arqe-

ologiuri Seswavlis safuZvelze dgindeba, rom holocenur periodSi klimatis sezonuri 

cvalebadoba (aTboba-aciveba) iwvevda mcenareuli safris vertikalur WrilSi gadaadgilebas, 

cxovelTa migracias da, rac mTavaria, pirvelyofili adamianebis axal garemosTan Seguebas. 

ganxiluli masalebis safuZvelze SesaZlebelia gakeTdes daskvna, rom dasavleT sa-

qarTvelos teritoriaze holocenSi klimatsa da garemo pirobebs ar ganucdia mniSvne-

lovani cvlilebebi da xasiaTdeboda zomieri, Tbili da notio klimatiT. rac Seexeba 

landSaftebSi mimdinare cvlilebebs, igi gamowveuli iyo ara klimatiT, aramed anTropo-

genuri (adamianebis) CareviT. 

 

sakvanZo sityvebi: kerni; morfodinamika; oscilacia; paleoklimati.  

 

 

Sesavali 

saqarTvelos holocenuri periodisaTvis damaxasiaTebeli klimati da garemo piro-

bebi ZiriTadad dakavSirebuli iyo globalur da regionul klimatur cvalebadobasTan. 

rogorc cnobilia, dReisaTvis dasavleT saqarTvelos teritoriaze gabatonebulia notio 

subtropikuli klimati, romelsac ganapirobebs Savi zRvis reJimi. aRmosavleT saqarTvelo 

ki ZiriTadad moqceulia kaspiis zRvis gavlenis qveS da xasiaTdeba mSrali kontinenturi 

klimatiT. ra Tqma unda, analogiuri situacia iqneboda warsulSic (holocenSi). saqarTve-

los teritoriaze pleistocenSi mimdinare movlenebi: gamyinvarebebi da gamyinvarebaT-

Sorisi periodebis cikluri xasiaTis ryevebi gavlenas axdenda klimatze, rac TavisTavad 

aisaxeboda mcenareuli safris vertikaluri gadaadgilebiT, cxovelTa samyaros migraciiT 

da, rac mTavaria, pirvelyofili adamianebis garemo pirobebTan SeguebiT. 

pleistocenuri da holocenuri periodis klimatis ganxilvis dros winamorbed 

mkvlevarTa mier saqarTvelos teritoriaze mopovebuli masalebisa da Cven mier Catare-

buli kvlevebis safuZvelze SeiZleba gamovTqvaT mosazreba dasavleT saqarTvelos teri-

toriaze holocenur periodSi klimatisa da garemo pirobebis Sesaxeb [1]. 

 

 

ZiriTadi nawili 

Savi zRvis sanapiro zolisa da mimdebare borcviani teritoriis holocenuri 

periodis morfodinamikis da garemo pirobebis dadgenisaTvis gamoyenebul iqna patara 
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foTis, keTilarisa da sufsis WaburRilebis kernuli masala, romelTa kvlevas awarmoebda 

saqarTvelos geologiuri sammarTvelo vaxuSti bagrationis geografiis institutis 

dakveTiT. 

Savi zRvis sanapiro zolis Tanamedrove saxiT Camoyalibeba, rogorc cnobilia, mim-

dinareobda gvian pleistocensa da holocenSi, romelsac gansazRvravda zRvis oscilacia, 

mdinareebis aluvionisa da wylis masebis moculobebi, sanapiro zolis morfodinamika da 

sxva faqtorebi. zemoT CamoTvlilTagan zRvis oscilacia, mdinareebis aluvionisa da 

wylis masebis moculobebi damokidebuli iyo klimatis globalur cvlilebebTan. Cven 

mier gamoTqmuli mosazrebebi ZiriTadad eyrdnoba WaburRilis kernebis sedimentologiuri 

kvlevis monacemebs, radionaxSirbadis (C-14) TariRebs, arqeologiuri Zeglebis kvlevis 

masalebs, ganamarxebuli mcenareuli spora-mtvris palinologiuri Seswavlis Sedegebs da 

sanapiro zolis vizualuri dakvirvebis masalebs. 

aRsaniSnavia, rom gvianpleistocenSi, viurmuli gamyinvarebis ukanaskneli stadiis 

dros, romlis ganmavlobaSic saSualo wliuri temperatura TanamedrovesTan SedarebiT 

6_80-iT dabali iyo, Savi zRvis, iseve rogorc msoflio okeanuri sistemis, donem daiwia 

minus 90_110 m absolutur niSnulamde, ramac gamoiwvia mniSvnelovani raodenobiT terige-

nuli uxeSi masalis dagroveba paleoSelfis raionSi. 

rogorc cnobilia, msoflio okeanisa da Savi zRvis glacioevstatikuri transgresia 

gamowveuli iyo myinvarebis dnobiT. transgresiis fonze mimdinareobda mcire regresiuli 

fazebi, romlebic klimatis globaluri cvlilebebiT iyo ganpirobebuli. zRvis transgresiis 

maRali tempi grZeldeboda holocenis dasawyisamde. holocenis dasawyisSi (10000_12000 ww.) 

Savi zRvis done daaxloebiT 40_45 m iyo. Ee. i. gamyinvarebis damTavrebis Semdeg zRvis donem 

60 m-iT aiwia. weliwadSi zRvis donis awevis saSualo siCqare 0,9 sm-s Seadgenda. zRvis 

transgresiis maRali tempi holocenis dasawyisamde da holocenis dasawyisSi mniSvnelovnad 

Semcirda da mas pulsaciuri xasiaTi hqonda; mcireamplitudiani transgresiuli da 

regresiuli fazebi kvlav grZeldeboda, rasac adasturebs WaburRilis kernebSi arsebuli 

torfis qveda da zeda horizontebis asakebi. saerTod, holocenis dasawyisidan zeda holo-

cenis CaTvliT zRviuri naleqebis dagroveba uwyvetad mimdinareobda. 

zemoTqmulidan gamomdinare, SeiZleba iTqvas, rom gvianpleistocensa da holocenis 

dasawyisSi zRvis sanapiro zolis morfologia mkveTrad gansxvavdeboda Tanamedrovisagan. 

aseve gansxvavebuli iyo sanapiro zolis dinamikac. qvedaholocenis dasasruls da Sua 

holocenis dasawyisSi mdinareTa akumulaciis procesis intensiuroba veRar axdenda zRvis 

awevis kompensirebas. gamomdinare aqedan, sanapiro zolSi zRva mniSvnelovan manZilze 

SemoiWra xmeleTis siRrmeSi. 

patara foTis #3 WaburRilis sxvadasxva monakveTidan, romelTa saerTo siRrme 230 m-

s Seadgens, amoRebul iqna kernebi palinologiuri analizisaTvis. spora-mtvris Seswavlis 

Sedegad gamoyofil iqna oTxi ZiriTadi horizonti. TiToeuli maTgani TavisTavad iyofa 

palinologiur zonebad [2, 3]. 

I horizonti (220_230 m), mikrofaunis analizis mixedviT, TariRdeba zeda Cauduri 

periodiT; kernSi ganamarxebul mcenareul speqtrSi ZiriTadad warmodgenilia wiwviani 

mcenareuloba, sadac garkveul adgils iWers cuga, soWi da libocedrusi, romlebic sxva 

horizontebSi ar SeiniSneba. farTofoTlovnebidan gamovlenilia Waobebisa da mdinaris-

pira tyeebisaTvis damaxasiaTebeli mcenareulobis spora-mtvris speqtri (kakali, kavkasi-

uri rcxila, Tela, wifeli, cacxvi). 

II horizonti (140_220 m) mikrofauniT daTariRebulia Zvelevqsinuri asakiT. spora-

mtvris analiziT es horizonti xasiaTdeba taxodiumebis ojaxis mcenareulobis simrav-

liT, sadac gamoiyofa oTxi mcenareuli zona: 

 pirveli zonis ganamarxebul speqtrSi aryi saerTod ar arsebobs, rac miuTiTebs 

tyis zeda sazRvris zemoT gadaadgilebaze da subalpuri da alpuri zonis saerTod 

gaqrobaze; 
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 meore zonis spora-mtverSi SeiniSneba aryis TandaTanobiTi simravle, rac miuTi-

Tebs subalpuri sartylis gamoCenaze; 

 mesame zonisaTvis damaxasiaTebelia farTofoTlovani, taxodiumis ojaxis mcenare-

ulobis spora-mtvris speqtris maqsimaluri zrda, rac miuTiTebs farTofoTlovani 

tyeebis sartylis gafarToebaze. aqac, iseve rogorc pirvel zonaSi, aryis ararseboba 

migvaniSnebs subalpuri da alpuri zonis Zlier Semcirebaze; 

 meoTxe zonisaTvis damaxasiaTebeli mcenareulobis (soWi, naZvi, kanaduri cuga) 

spora-mtvris gamoCena miuTiTebs wiwviani tyeebis aRdgenaze.  

Tu gaviTvaliswinebT zemoaRniSnul zonebSi warmodgenil mcenareul safarSi arse-

buli saxeobebis Semcirebasa da zrdas, zog SemTxvevaSi gaqrobasac, unda vivaraudoT, rom 

igi ZiriTadad gamowveuli unda iyos klimaturi pirobebis cvalebadobiT (aTboba-aci-

vebiT). 

III horizonti (16_88 m) stratigrafiuli mdebareobiT da mikrofaunis cudi 

daculobis miuxedavad, SeiZleba miekuTvnos zeda pleistocens. spora-mtvris analizis 

mixedviT, am horizontisaTvis damaxasiaTebelia muryanis raodenobis zrda da taxodiumis 

TandaTanobiTi gaqroba. aRniSnuli horizontis palinologiuri analizis Sedegad Sesa-

Zlebelia gamoyofil iqnes eqvsi zona. TiToeul zonaSi ganamarxebuli mcenareuli speq-

tris raodenobrivi cvlileba TavisTavad asaxavs garemo pirobebis cvalebadobas, rac 

SesaZlebelia gamowveuli iyos klimatiT. kerZod I, II da III zonaSi aryis spora-mtvris 

Warbi raodenobiT arseboba miuTiTebs subalpuri da alpuri sartylis gafarToebasa da 

qvemoT dawevaze, rac ganpirobebulia klimatis gamkacrebiT. samagierod, IV, V da VI 

zonaSi aryis mcenareuli spora-mtvris gaqroba da farTofoTlovan mcenareTa siuxve 

miuTiTebs, piriqiT, am sartylis zemoT gadaadgilebasa da klimatis daTbobaze. 

IV horizonti (0_16 m) mikrofaunis mixedviT, Seesabameba holocens, romlisTvisac 

damaxasiaTebelia fiWvis mtvris marcvlebis siuxve da zeda monakveTSi aryis gazrdili 

Semcveloba. aRniSnul horizontSi gamoiyofa sami zona: I zonaSi ZiriTadad gavrce-

lebulia wiwviani tyeebi da SezRudulia farTofoTlovan mcenareTa jiSebi.MII zonaSi ki 

Warbobs iseTi siTbos moyvaruli mcenareebi, rogoricaa kakali, lafani da rcxila.MIII 

zonis saSualo mTis sartyelSi wamyvani adgili uWiravs wiflis, wablis da Txilis 

tyeebs. gamomdinare aqedan, sagrZnoblad mcirdeba III zonaSi arsebuli tyiT dakavebuli 

teritoriebi.  

patara foTis #3 WaburRilSi ganxiluli zemoT dasaxelebuli horizontebi SesaZ-

lebelia aRmoCenil iqnes kolxeTis sanapiro zolis WaburRilebis WrilebSic. daaxlo-

ebiT analogiuri mdgomareobaa #1 WaburRilis kernul masalaSi, romelic mdebareobs md. 

sufsis marjvena sanapiroze sof. tbaTanas mimdebare teritoriaze. saerTod, Tu gaviT-

valiswinebT WaburRilebis sxvadasxva siRrmeze torfis horizontebis arsebobas, romelic 

miuTiTebs zRvis transgresiul da regresiul fazebze, isini dakavSirebuli unda iyvnen 

klimatis cvalebadobasTan. 

levan maruaSvili Tavis monografiul naSromSi `saqarTvelo anTropogenSi~ [4] ho-

locenis ganxilvis dros ZiriTadad eyrdnoboda bliT-sernanderis sqemas, romlis mi-

xedviTac holoceni iyofa oTx (Zvel, adreul, Sua da gvian) periodad. Zvel holocens 

Seesabameba subarqtikuli periodi (12000_10000 Zv. w.), adreuls _ borealuri (10000_8000 Zv. 

w.), Suas _ atlantikuri (8000_2500 Zv. w.), gvians _ subatlantikuri (2500_1000 Zv. w.). 

eliso yvavaZis palinologiuri monacemebiT [6], Zveli holocenis periodSi kolxeTis 

dablobi ZiriTadad dafaruli iyo farTofoTlovani mcenareulobiT, sadac Warbobda wi-

feli. dablobSi warmodgenili iyo muryanisa da Txmelis tyeebi; borcvian adgilebSi 

gavrcelebuli iyo wiflisa da wablis tyeebi, xolo maRalmTiani teritoria dakavebuli 

iyo fiWvnariT, romelSic nawilobriv Sereuli iyo naZvnari. 

ivane Tumajanovisa da farnaoz mWedliSvilis mixedviT [5], adreul holocenSi (bore-

aluri periodi) dasavleT saqarTvelos TiTqmis yvela Zvelmyinvarul (troguli) xeobaSi 
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gavrcelebuli iyo farTofoTlovani mcenareuloba, romelSic Warbobda wifeli, rogorc 

sicivis gamZle. eliso yvavaZis monacemebiT [6], kolxeTSi borealur periodSi maqsimalur 

gavrcelebas miaRwia wiwvianebma, kerZod fiWvnarma tyeebma, rac acivebas ukavSirdeba [7].  

Sua holocenSi (atlantikuri periodi) klimatis daTbobasTan dakavSirebiT saqarTve-

los mTel teritoriaze mkveTrad Seicvala garemo pirobebi. P 

palinologiuri speqtris mixedviT, kolxeTis mTian nawilSi SeiniSneboda muxis, wif-

lis, rcxilis, Telis da wablis gadaadgileba qvemodan zemoT, ramdenime aseuli metriT 

maRla, vidre Tanamedrove periodSia, rac dakavSirebuli unda iyos klimatis daTbobasTan.  

gvian holocenSi (subatlantikuri periodi) kolxeTis mcenareul safarSi SeiniSne-

boda muxisa da rcxilis gansakuTrebuli siWarbe [8], magram aqve yuradsaRebia erTi gare-

moebac, gvian pleistocenSi tyeebiT dakavebuli teritoriebi sagrZnoblad mcirdeboda da 

maT adgilze kulturuli da sarevela mcenareuloba Cndeboda. 

holocenSi saqarTvelos teritoriaze landSaftebis cvalebadobas daviT ukleba [8] 

sami ZiriTadi procesiT xsnis: 1. modifikacia bunebrivi kompleqsebiს, romelic uSualod 

gamowveulia mxolod bunebrivi procesebiT; 2. modifikacia bunebriv-anTropogenuri faq-

toriT; 3. modifikacia, romelic damokidebulia mxolod anTropogenur procesze. aq aS-

karaa adamianis gavlena mcenareul safarsa da cxovelTa samyaroze. 

garemo pirobebis TandaTanobiTi Secvla SeiniSneboda gvian holocenSic, rac gamo-

iwvia klimatis kidev ufro datenianebam da gruntis wylebis donis awevam, ramac xeli 

Seuwyo mdinarispira daWaobebuli tyis masivebis gazrdas, sadac ZiriTadad warmodgenili 

iyo Tela da rcxila. swored yvelaze metad mdinarispira tyeebi dazaralda adamianebis 

mier miwaTmoqmedebisa da mesaqonleobis aTvisebis Sedegad. 

dasavleT saqarTvelos teritoriaze pirvelyofili adamianebi sacxovreblad da 

droebiT TavSesafrad ZiriTadad karstul mRvimeebs iyenebdnen, rac dasturdeba mRvimeebSi 

arsebul nafenebSi rogorc pirvelyofili adamianis sabrZolo da sameurneo daniSnulebis 

ganamarxebuli qvis iaraRebiT, aseve kvebis produqtebis naSTebiT, romelTa Seswavlam 

(palinologiuri, paleontologiuri, arqeologiuri, liTologiuri) cxadyo, rom am peri-

odSi dasavleT saqarTveloSi zomieri da notio klimatis pirobebSi ZiriTadad tyis 

landSaftebi unda yofiliyo gavrcelebuli, romelTa SemadgenlobaSi warmodgenili iyo 

TiTqmis yvela im mcenaris saxeoba, romlebic qmnis kolxeTis mTiswina zolis Tanamedrove 

tyis safars da miaxloebuli unda yofiliyo Tanamedrove klimatur pirobebTan. 

cucxvaTis mRvimovnisa da dasavleT saqarTvelos sxva mRvimeebis kulturuli nafe-

nebis sedimentacia, sadac SeiniSneba Tixiani da Tixian-RorRiani fenebis morigeoba, SesaZ-

lebelia Semdegnairad aixsnas: msxvilmarcvlovani RorRis daleqva unda momxdariyo civi 

klimatis pirobebSi intensiuri fizikuri gamofitvis Sedegad, xolo Tixiani Sreebi dakav-

Sirebuli unda iyos SedarebiT Tbil klimatur pirobebTan [12]. 

cucxvaTis mRvimovnis Semogarenis faunis Seswavlis Sedegad a. vekua [10] da o. ben-

duqiZe [11] notio tyeebisa da gaSlili, mSrali sivrceebis binadarTa arsebobaze miu-

TiTeben, sadac fauna ZiriTadad siTbos moyvaruli formebisagan Sedgeboda. gamomdinare 

zemoaRniSnulidan, mRvimeebSi arsebuli klimaturi pirobebis amsaxveli fenebi unda gamo-

xatavdes klimatis sezonur (zamTar-zafxuli) cvalebadobebs, romlebsac gavlena rom moe-

xdina florisa da faunis cvlilebebze, amisaTvis saWiro iyo drois sakmaod xangrZlivi 

periodi damaxasiaTebeli gamyinvarebebisa da gamyinvarebaTaSorisi periodebisaTvis, rode-

sac xdeboda mcenareuli sartylebis vertikaluri gadaadgilebebi da masTan dakavSire-

buli cxoveluri samyaros migracia [13].  

 

 

daskvna 

amrigad, zemoaRniSnuli monacemebis safuZvelze SesaZlebelia davaskvnaT, rom holo-

cenSi dasavleT saqarTvelos teritoriaze klimatsa da geografiul garemos ar ganucdia 
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mniSvnelovani cvlilebebi da ZiriTadad xasiaTdeboda zomieri, Tbili da notio kli-

matiT. gamomdinare aqedan, landSaftebSi mimdinare cvlilebebi gamowveuli iyo ara kli-

matis cvalebadobiT, aramed anTropogenuri (adamianebis) CareviT. miuxedavad imisa, rom 

saqarTvelos teritoriaze Seqmnilia nakrZalebi, erovnuli parkebi da aRkveTilebi, sadac 

akrZalulia kanongareSe bunebriv garemoSi Careva, savalalod, mainc grZeldeba brako-

nierTa mier mcenareuli safrisa da cxovelTa ganadgureba. 
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PALEOGEOGRAPHY 
 
 

FLUCTUATION OF PALEOCLIMATE AND GEOGRAPHIC ENVIRONMENT ON THE 
TERRITORY OF WESTERN GEORGIA IN THE HOLOCENE 

R. Khazaradze 

(Vakhushti Bagrationi Institute of Geography of I. Javakhishvili Tbilisi state University) 

 
Resume:There are established the events based on the data of comprehensive researches, that took place on the 

territory of Western Georgia at the end of the Quaternary period, in the Holocene (in the environment closeness to the 
modern one). Palynologic, paleontologic and archeological studies of drill cores and cultural layers of caves established 
that in the Holocene seasonal climatic fluctuations (warming and cooling) took place, they caused displacement of 
vegetation cover in vertical section, migration of animals and that is most important, adaptation of primitive man to a 
new environment. 

Issuing from the considered data, we can infer, that climate and environment on the territory of Western Georgia, 
in the Holocene did not undergo considerable changes – climate was mild, warm and humid. As to the landscape 
changes, they were conditioned by anthropogenic (human) interference and not climate. 

 
Key Words: kern; morphodinamic; oscillation; paleoclimate.  

 
 
 
 

ПАЛЕОГЕОГРАФИЯ 

 
 

ИЗМЕНЕНИЕ КЛИМАТА И ГЕОГРФИЧЕСКОЙ ПРИРОДЫ В ГОЛОЦЕНЕ НА 

ТЕРРИТОРИИ ЗАПАДНОЙ ГРУЗИИ 

Хазарадзе Р. Д. 

(Институт географии Вахушти Багратиони Тбилисского государственного университета им. И. Джавахишвили) 

 
Резюме. В результате комплексных исследований установлены происходящие в голоцене процессы на 

территории Западной Грузии. Исходя из анализов материалов литологических, палинологических, палеокли-
матологических и буровых скважин выявлено, что в эпоху голоцена природа Западной Грузии харак-
теризовалась постепенным потеплением и сезонными изменениями климата (потепление-похолодание), 
которые вызывали перемещение растительной зоны, миграцию животных и жизнедействие первобытного 
человека. 

Исходя из этого, можно предположить, что в голоцене природная среда (ландшафты) Западной Грузии в 
основном пострадала не от изменения климата, а от вмешательства антропогенного фактора. 

 

Ключевые слова: керн; морфодинамика; осцилляция; палеоклимат. 
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gamoyenebiTi klimatologia 

 

 

 

mzis radiaciis gaTvaliswineba Senobebis daproeqtebisas

 

liana qarTveliSvili, lia megreliZe, laSari qurdaSvili, naira 

dekanoziSvili 

(garemos erovnuli saagento, iv. javaxiSvilis saxelobis Tbilisis saxelmwifo 

universiteti)  

 

 

reziume: Senobebis daproeqtebisas mniSvnelovania mzis sxivebis siTburi moqmedebisa 

da ganaTebulobis gaTvaliswineba, vinaidan mosuli mzis energiis raodenoba gansazRvravs 

Senobis temperaturul reJims rogorc zafxulis, ise zamTris pirobebSi. gansazRvrulia 

mzis naTebis xangrZlivoba saqarTvelos sxvadasxva regionisaTvis da vertikalur zeda-

pirze mosuli mzis pirdapiri radiaciis mniSvnelobebi sezonurad.  

 

sakvanZo sityvebi: mzis naTebis xangrZlivoba; mzis radiacia; mikroklimati; tempera-

turuli reJimi; Senobis insolacia. 

 

 

Sesavali 

Senobis SigniT mikroklimaturi Taviseburebebis SeqmnaSi mniSvnelovani roli eniWeba 

mzis radiacias, romelic msoflio klimatis Camoyalibebis erT-erTi mTavari faqtoria. 

gansakuTrebiT mniSvnelovania am elementis gansazRvra saqarTvelosaTvis, romelic sub-

tropikuli zonis Crdilo sazRvarze mdebareobs da amave dros uSualod CrdiloeTidan 

civi haeris masebis SemoWrisagan daculia kavkasionis maRali mTagrexilebiT. mzis sxi-

vebis siTburi moqmedebisa da ganaTebulobis gaTvaliswineba aucilebelia Senobebis dap-

roeqtebisas, vinaidan mosuli mzis energiis raodenoba gansazRvravs Senobis tempe-

raturul reJims rogorc zafxulis, ise zamTris pirobebSi. mzis siTburi moqmedebis 

efeqti damokidebulia weliwadis droze. zafxulSi igi uaryofiTad moqmedebs da Sei-

Zleba gamoiwvios Senobis gadaxureba da gaauaresos am SenobaSi mcxovrebi mobinadreebis 

sacxovrebeli pirobebi. zamTarSi ki mzis sxivebiT gamowveuli ganaTeba da siTburi efeqti 

dadebiT gavlenas axdens adamianis janmrTelobaze. 

 

 

ZiriTadi nawili 

mzis sxivebis moqmedeba ganisazRvreba dasxivebuli mzis energiis raodenobiT. siT-

buri energiis im raodenobas, romelic gadaitaneba radiaciis wyarodan erTeulovani sxeu-

lovani kuTxiT da, romelic modis mzis sxivebisadmi perpendikularulad mdebare erTeul 

farTobze erTeul droSi, ewodeba mzis radiaciis intensiuroba. Tu radiaciis inten-

siurobas perpendikularuli zedapiridan gadavitanT sxva zedapirze, miviRebT insolacias. 

e. i. insolacia dedamiwis nebismierad daxrili zedapiris mier miRebuli mzis radiaciis 

intensiurobaa.  

                                                 
 aRniSnuli proeqti xorcieldeba SoTa rusTavelis erovnuli samecniero fondis finansuri 

xelSewyobiT (granti №FRF/476/9-110/14). winamdebare publikaciaSi gamoTqmuli nebismieri azri 
ekuTvniT avtorebs da, SesaZloa, ar asaxavdes saqarTvelos samecniero fondis Sexedulebebs. 
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Senobis insolacia damokidebulia bevr iseT faqtorze, rogoricaa geografiuli ga-

nedi, mzis sxivebis dacemis kuTxe, mzis radiaciis intensiuroba, weliwadis dro, atmos-

feros gamWvirvaloba, reliefis xasiaTi, Senobebis urTierTganlageba, teritoriis gamwva-

neba, fanjrebis forma, zoma da sxv. arsebobs insolaciis gamoTvlis ori meTodi: geomet-

riuli da energetikuli. insolaciis gamoTvlis geometriuli meTodi iZleva insolaciis 

ganawilebis suraTs. misi saSualebiT mimdinareobs „Crdilebis agebis“ geometriuli 

gadawyveta. gamoTvlis Sedegebi SeiZleba gamoisaxos rogorc grafikulad (insolirebuli 

teritoriis grafikebi), ise ricxobrivad. insolaciis gamoTvlis geometriuli meTodis 

saSualebiT SeiZleba ganisazRvros mzis sxivebis mimarTuleba, dro da xangrZlivoba, am 

meTodis saSualebiT SeiZleba dadgindes: 

 mimdinareobs Tu ara Senobis insolacia da Tu es xdeba, maSin ramden xans; 

 insolacia damabrmaveblad moqmedebs Tu ara adamianis saxeze danaTebisas; 

 ganicdis Tu ara SenobaSi myofi adamiani insolaciis siTbur moqmedebas; 

 Senobis romeli nawili ganicdis insolacias (insolirebuli farTobi, %-Si); 

 saWiroa Tu ara SenobaSi mzisgan damcavi specialuri mowyobilobebis gamoyeneba an, 

piriqiT, xelovnuri saSualebebis dayeneba mosuli insolaciis gasadideblad. 

insolaciis energetikuli meTodiT gamoTvla gulisxmobs insolaciis raodenobriv 

mxares. misi saSualebiT SeiZleba ganisazRvros insolaciis Sedegad miRebuli mzis radi-

aciis, siTbosa da sinaTlis raodenoba drois monakveTSi, insolaciis energetikuli meTo-

diT gamoTvlis Sedegebi gamoisaxeba radiaciis, siTbos da sinaTlis sazom erTeulebSi.  

am meTodis saSualebiT SeiZleba dadgindes: 

 SenobaSi mosuli mzis siTbos da sinaTlis raodenoba da misi ganawileba; 

 insolaciis dawyebis dro, miRebuli siTbos raodenoba da xangrZlivoba. 

insolaciis zemoqmedebis Sedegad miRebuli siTbos gamoangariSeba SeiZleba energe-

tikuli meTodiT, esTetikuri da higienuri zemoqmedebisa ki _ geometriuli meTodiT. inso-

laciis sinaTlisebri zemoqmedebis dadgenisaTvis saWiroa rogorc geometriuli, ise ener-

getikuli meTodis gamoyeneba. kavSiri gamoTvlis energetikul da geometriul meTodebs 

Soris ganpirobebulia imiT, rom Senobis insolaciis zemoqmedebis Sedegad miRebuli siT-

bosa da sinaTlis raodenoba damokidebulia mzis sxivebis mimarTulebaze (simaRlesa da 

azimutze). 

mzis naTebis xangrZlivobis gansazRvra aucilebelia sxvadasxva saxis nagebobaTa 

daproeqtebisas, rodesac saWiroa ama Tu im regionis ganaTebulobis gansazRvra weli-

wadis sxvadasxva sezonis, Tvis an dRe-Ramis ganmavlobaSi da agreTve mzis energiis gamo-

yenebisas; magaliTad, sacxovrebeli saxlis gasaTbobad da wylis gasacxeleblad. 

gamoTvlil iqna mzis naTebis xangrZlivobis mravalwliani saSualo raodenoba sa-

aTebis, Tveebisa da wlebis mixedviT sxvadasxva klimatur pirobebSi mdebare saqarTvelos 

ZiriTadi punqtebisaTvis. mzis naTebis xangrZlivoba saqarTvelos teritoriuli simcirisa 

da adgilis geografiul ganedebs Soris umniSvnelo sxvaobaTa gamo mkveTrad ar icvleba. 

mzis naTebis xangrZlivobas Soris sxvaoba aq ZiriTadad damokidebulia Rrublianobasa da 

horizontis gaSlilobaze. 

saqarTvelioSi Rrublianoba zomieria. aRmosavleT saqarTveloSi saSualod Rrub-

lebiT dafarulia cis TaRis 50_60 %, xolo dasavleT saqarTveloSi _ 55_65 %. aqedan 

gamomdinare, mzis naTebis xangrZlivoba aRmosavleT saqarTveloSi ufro metia, vidre 

dasavleT saqarTveloSi. rogorc monacemebis analizi cxadyofs, udidesi Rrublianoba 

daikvirveba aWaris sanapiroze, sadac misi saSualo raodenoba weliwadSi 64 %-ia. naklebi 

RrublianobiT gamoirCeva gare kaxeTi, Sida qarTli da mesxeTi (45_55 %). Sesabamisad, am 

raionebSi mzis naTebis xangrZlivoba weliwadSi 2400_2500 sT-s aRwevs. adgilis simaRlis 

matebasTan erTad Rrublianoba mkveTrad izrdeba kavkasionis samxreT ferdobze zafxu-

lis TveebSi, ris gamoc aq mzis naTebis xangrZlivoba zafxulSi SedarebiT naklebia, 

zamTarSi ki _ piriqiT, maRalmTiani zona ufro mziania. 
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mzis naTebis yvelaze didi xangrZlivoba weliwadSi aRiniSneba aRmosavleT saqar-

Tvelos stepur raionebSi (Siraqi _ 2124 sT) da axalqalaqis zeganze (faravani _ 2405 sT). 

es ZiriTadad ganpirobebulia meteosadguris gaxsnilobiT da Rrublis safris SemcirebiT, 

rac mtkicdeba mzis naTebis dakvirvebuli xangrZlivobis SesaZlo xangrZlivobasTan 

Sefardebis procentis gazrdiT (faravani _ 60 %). didi kavkasionis mTebSi, yazbegis 

gamoklebiT, mcirdeba mzis naTebis xangrZlivoba da aRwevs 2100 sT-s, rac ganpirobebulia 

bunebrivi daculobiT da Rrublianobis gazrdiT. yvelaze mcire mzis naTebis xangrZli-

voba aRiniSneba meteosadgur “sairmeSi”, romelic mdebareobs viwro xeobaSi da TiTqmis 

yoveli mxridan mTebis garemocvaSia moqceuli, gansakuTrebiT samxreTi mxridan, ris 

gamoc mzis naTebis xangrZlivoba Zalian dabalia rogorc zafxulis, ise zamTris TveebSi 

(ix. nax.).  

umzeo dReebis udidesi raodenoba wlis ganmavlobaSi aRiniSneba zRvis sanapiros 

samxreTiT da kolxeTis dablobis Siga nawilSi, sadac igi meryeobs 70-dan 80 dRemde. 

umzeo dReebis umciresi raodenoba wlis ganmavlobaSi daikvirveba didi kavkasionis mTian 

da maRalmTian raionebSi (faravani _ 23), agreTve qarTlis vakeze. saqarTvelos danarCen 

teritoriaze umzeo dReebis raodenoba meryeobs 50-dan 80-mde. zamTris periodSi umzeo 

dReebis raodenoba arsebiTad ar icvleba. zRvis sanapiroze modis umzeo dReebis yvelaze 

maqsimaluri raodenoba, kolxeTis dablobsa da alaznis velze ki daaxloebiT 9_12 dRea 

umzeo. umzeo dReebis minimaluri raodenoba aRiniSneba zamTarSi mTian da maRalmTian 

raionebSi (faravani, yazbegi _ 5 dRe), rac mtkicdeba mowmendili dReebis didi 

raodenobiT. zafxulis TveebSi umzeo dReebis raodenoba gansaxilvel teritoriaze ar 

aRemateba 4-s. amave dros 2-dan 4-mde umzeo dRe modis sanapiros samxreT raionSi.  

 

 
 

mzis naTebis xangrZlivobis ganawilebis ruka 

 

mze sxivuri energiis saxiT yovelwliurad dedamiwasa da atmosferoSi gzavnis mTe-

li gamosxivebuli energiis 1-2 memiliarded nawils. mzis sxivuri talRebi atmosferos 

zeda sazRvridan dedamiwis zedapiramde ganicdis arsebiT cvlilebas. radgan dedamiwa 

mzidan didi manZiliTaa daSorebuli, masze moxvedrili yvela sxivi SeiZleba erTmaneTis 

paralelurad CaiTvalos. am sxivur nakads pirdapiri radiacia ewodeba. mzis sxivebis 
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nawili atmosferoSi arsebuli aerozolebis mier gaibneva da dedamiwaze gvevlineba gab-

neuli radiaciis saxiT [1].  

SeiZleba iTqvas, rom Cvens qveyanaSi siTburi energiis mTavari wyaroa pirdapiri 

radiacia, xolo CrdiloeTSi mzis energiis mowodebaSi mTavar rols asrulebs gabneuli 

radiacia (radgan CrdiloeTSi Rrublianoba didia). pirdapiri da gabneuli radiacia 

erTad qmnis jamur radiacias, romelic mzis sxivuri energiis ZiriTad nawils 

warmoadgens:  

  jam.=Ipir.+Igab. .    (1)  

mzis pirdapiri radiacia mzis sxivuri energiis nawilia, romelic dedamiwis zeda-

pirze modis paraleluri sxivebis saxiT. mzis pirdapiri radiaciis nakadi izomeba im ener-

giis raodenobiT, rac modis sxivebisadmi perpendikularul garkveul farTobze drois 

erTeulSi. 

mzis pidapiri radiaciis mosvla nebismier zedapirze damokidebulia Semdeg 

faqtorebze: adgilis ganedze, mzis simaRleze, zedapiris orientaciaze, misi daxris 

kuTxeze, atmosferos gamWvirvalobasa da Rrublianobaze. zemoT CamoTvlili erT-erTi 

sididis Secvla gamoiwvevs mzis radiaciis mosvlis mniSvnelovan cvlilebebs rogorc 

raodenobrivad, ise xarisxobrivad. 

sayofacxovrebo da sazogadoebrivi mSeneblobis praqtikaSi gansakuTrebiT mniSvne-

lovania vertikalur da daxril zedapirze mosuli mzis energiis raodenobis gamoTvla 

(ix. cxrili). 

 

Senobebis vertikalur zedapirze mosuli mzis  

pirdapiri radiacia (megj/m2) 

 

radiacia 
Tve 

I II III IV V VI VII VIII IX X XI XII 

anaseuli 

samxreTis 

orientacia 
130.2 142.3 131.1 93.3 64.2 47.9 53.5 86.0 119.4 138.8 139.6 142.0 

CrdiloeTis 

orientacia 
- - - 3.7 11.5 20.2 16.3 4.4 - - - - 

Tbilisi 

samxreTis 

orientacia 
179.4 183.4 174.0 120.4 80.1 56.9 71.1 101.0 143.1 163.4 145.1 164.9 

CrdiloeTis 

orientacia 
- - - 4.7 14.3 24.0 21.6 5.2 - - - - 

Torsa 

samxreTis 

orientacia 
175.6 146.4 138.0 91.4 65.8 42.3 49.6 78.1 111.1 141.0 140.6 155.7 

CrdiloeTis 

orientacia 
- - - 3.6 11.7 17.8 15.1 4.0 - - - - 

soxumi 

samxreTis 

orientacia 
228.2 202.1 182.5 135.4 91.6 74.6 92.0 130.4 160.5 197.4 205.6 208.6 

CrdiloeTis 

orientacia 
- - - 4.4 13.5 23.0 21.5 5.3 - - - - 

Telavi 

samxreTis 

orientacia 
175.6 146.4 138.0 91.4 65.8 42.3 49.6 78.1 111.1 141.0 140.6 155.7 

CrdiloeTis 

orientacia 
- - - 3.6 11.7 17.8 15.1 4.0 - - - - 
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daxril zedapirze mosuli mzis radiaciis gamosaTvleli formula (2) gamoyvanil 

iqna a. gordovis [2] mier: 

ߚߙ݅  = ߙcosݔ) + ݕ sin (ߙ sin ߚ +  (2)  .ߚcosݖ

am formulaSi Sedis mzis sxivebisadmi perpendikularul zedapirze mosuli mzis 

radiacia. 

zogjer aucilebelia gamoTvlebis Catareba horizontalur zedapirze mosuli radia-

ciis saSualebiT. amisaTvis saWiroa -is gadayvana h.-Si, romelic tolia: 

 h.= sin ℎ  ,    (3) 

sadac h. aris horizontalur zedapirze mosuli mzis pidapiri radiaciis nakadi. Tu 

SevitanT am gamosaxulebas gordovis formulaSi miviRebT: 

 ߚߙ = [ctg ℎ cos (A + (ߙ sin ߚ + cos  (4)  .[ߚ

am formulisa da klimaturi cnobaris (romelSic mocemulia horizontalur zeda-

pirze mosuli mzis radiaciis mniSvnelobebi sxvadasxva sezonisaTvis) saSualebiT SeiZ-

leba nebismierad orientirebul vertikalur zedapirze mosuli mzis pirdapiri radiaciis 

raodenobis gamoTvla (ix. cxrili). 

saqarTvelos zogierTi punqtisaTvis gansazRvrulia radiaciis Tviuri da wliuri 

jamebi da saSualo Tviuri albedo (%) sakvlevi periodis mixedviT, aseve mzis radiaciis, 

radiaciuli balansis saSualo Tviuri da wliuri jamebi da saSualo Tviuri albedo. 

mokletalRiani radiaciis (pirdapiri, gabneuli, jamuri) da radiaciuli balansis jamebi 

ganisazRvreba vadiani dakvirvebebis monacemebis mixedviT. 

 

 

daskvna 

insolaciis gamoTvlis energetikuli meTodi gulisxmobs insolaciis raodenobriv 

mxares. misi saSualebiT SeiZleba ganisazRvros insolaciis Sedegad miRebuli mzis radi-

aciis, siTbosa da sinaTlis raodenoba drois garkveul monakveTSi. insolaciis energeti-

kuli meTodiT gamoTvlis Sedegebi gamoisaxeba radiaciis, siTbos da sinaTlis sazom 

erTeulebSi.  

mzis naTebis xangrZlivobis gansazRvra aucilebelia sxvadasxva saxis nagebobaTa 

daproeqtebisas, rodesac saWiroa ama Tu im regionis ganaTebulobis gansazRvra weli-

wadis sxvadasxva sezonis, Tvis, an dRe-Ramis ganmavlobaSi da agreTve mzis energiis gamo-

yenebisas, magaliTad, sacxovrebeli saxlis gaTbobisa da wylis gacxelebisas. 
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APPLIED CLIMATOLOGY 
 

 

CONSIDERATION OF SOLAR RADIATION IN THE DESIGN OF BUILDING 

L. Kartvelishvili, L. Megrelidze, L. Kurdashvili, N. Dekanozishvili 

(National Environmental Agency, I. Javakhishvili Tbilisi State University) 

 
Resume: In the design of buildings great attention is paid to the account of thermal effects of sunlight and 

illumination, because the amount of incoming solar radiation determines the thermal conditions of buildings in summer 
and winter seasons. Sunshine duration for the different regions of Georgia and the amount of direct solar radiation 
incoming on a vertical surface have been defined in the paper. 

 
Key words: insolation of buildings; microclimate; solar radiation; sunshine duration; temperature control.  

 

 

 

 

ПРИКЛАДНАЯ КЛИМАТОЛОГИЯ  

 

 

УЧЕТ СОЛНЕЧНОЙ РАДИАЦИИ ПРИ ПРОЕКТИРОВАНИИ ЗДАНИЙ  

Картвелишвили Л. Г., Мегрелидзе Л. Д., Курдашвили Л. Р., Деканозишвили Н. И. 

(Национальное агентство окружающей среды, Тбилисский государственный университет  

им. И. Джавахишвили) 

 
Резюме. При проектировании зданий большое внимание уделяется учету тепловых воздействий 

солнечных лучей, а также освещенности, т. к. количество приходящей солнечной энергии определяет тепловой 
режим зданий как в летних, так и в зимних условиях. В работе определены продолжительность солнечного 
сияния для различных регионов Грузии и количество прямой радиации, приходящейся на вертикальную 
поверхность. 

 
Ключевые слова: инсоляция зданий; микроклимат; продолжительность солнечного сияния; солнечная 

радиация; температурный режим. 
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meteorologia 

 

 

 

qarborbalas, igive tornados warmoSobis arsi 

gizo vaSakiZe 

(iv. javaxiSvilis saxelobis Tbilisis saxelmwifo universiteti) 

 

 

reziume: warmodgenilia mavne meteorologiuri movlenis _ tornados generaciis mi‐

zezebi. misi warmoSobis winapirobaa temperaturis araTanabari ganawileba (civi centri _ 

cxeli garemo). xmeleTze aseTi tipis temperaturuli ganawileba SesaZloa gamoiwvios gan‐

calkevebiT mdgarma kldem, kanionma da a.S. am dros centrSi yalibdeba daRmavali civi ha‐

eris sveti, xolo garSemo _ aRmavali Tbili haeris nakadi. haeris amgvari moZraoba gana-

pirobebs specifikuri formis Rrublis Camoyalibebas da saTanado pirobebSi moxvedrisas 

igi tornados “dedaRrublad” gvevlineba. statiaSi ganxilulia tornados prevenciis 

gzac, rac gulisxmobs saTanado teqnologiuri ganviTarebis etapze tornados warmoSobis 

keris ganeitralebis SesaZleblobas. 
 

sakvanZo sityvebi: piramida; temperatura; tornado; Rrubeli. 
 

 

Sesavali 

zRvebisa da okeaneebis zedapirze warmoqmnil qarborbalas `smerCs~ uwodeben, xme-

leTze warmoqmnils ki _ `trombs~. amerikaSi igi `tornados~ saxeliTaa cnobili. torna-

dos miakuTvneben adgilobrivi qarebis jgufs, romlis warmoSoba dakavSirebulia grova-

wvimis RrubelTan. am Rrublis qveda nawilSi Cndeba haeris spiralisebri moZraoba ver-

tikaluri RerZis garSemo. ganviTarebis procesSi tornados yeli eSveba dedamiwis ze-

dapiramde da e. w. deda_RrubelTan erTad gadaadgildeba horizontalurad. mis centrSi 

wneva imdenad ecema, rom SeuZlia umZimesi sagnebis caSi ataceba. 

qarebis warmoqmna ZiriTadad temperaturis araTanabari ganawilebis mizezia. Sesaba-

misad, bunebaSi unda arsebobdes iseTi tipis temperaturuli ganawileba, romelic tor-

nados Seqmnis winapiroba xdeba.  

dedamiwaze arsebobs tornados xelovnurad warmoqmnis metad saintereso precedenti. 

Zvelma egviptelebma reliefis SecvliT Seqmnes xelovnuri poligoni. maT aages bunebaSi 

arsebuli kldis formis TeTri feris qviT mopirkeTebuli piramida, romelic Tavisi 

gabaritis, TeTri feris kedlis (igulisxmeba misi pirvandeli saxe) da kedlis daxris 

kuTxis meSveobiT axdenda temperaturis araTanabar ganawilebas. am dros civi centri iyo 

piramida, cxeli garemo ki _ piramidis garSemo teritoria. xeofsis piramidis TeTri 

kedeli aireklavda SuadRis mzis sxivs da mis garSemo teritoriaze iqmneboda jamuri 

radiacia (arekvlil sxivs damatebuli am teritoriaze pirdapir dacemuli sxivi), xolo 

Tavad TeTri piramida inarCunebda sicives. temperaturis aseTi mkveTri cvlilebiT SeiZ-

leba Seiqmnas tornados mastimulirebeli garemo, rac sxva pirobebTan erTobliobaSi (te-

nianoba, sruli Stili da sxv.) SesaZloa dagvirgvindes tornados warmoSobiT. 

 

 

ZiriTadi nawili 

winamdebare statiaSi Sevecdebi avxsna, Tu rogor yalibdeba tornado bunebrivad da 

aris Tu ara TanxvedraSi tornados bunebrivi warmoqmna mis xelovnurad gamowvevis 
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imisaTvis, rom Rrubelma daiwyos zrda, gamuqeba da cis sruli dafarva, saWiroa 

zRvidan aorTqlebul tenian haers daxvdes civi haeri, rac gamoiwvevs teniani haeris 

Rrublebad gardaqmnas. Rrubeli xdeba gamyofi fena zRvidan aorTqlebul Tbil tenian 

haersa da cidan Camowolil civ haers Soris. 

Rrublebis gazrdis SemTxvevaSi aRniSnuli xvrelebi SesaZloa saerTod amoiqolos. 

magram ra moxdeba aRniSnuli xvrelebis amovsebamde? amis gasarkvevad SeiZleba CavataroT 

mcire modelireba imisa, Tu ra xdeba maSin, rodesac xvrelebiani Rrublebi warmogvidgeba 

gamyof fenad tenian Tbil haersa da civ haers Soris. 

cdis Casatareblad gamoviyeneT 60X60 sm zomis muyaos firfita, romelsac gavukeTeT 

naxvreti da sartyeli. am muyaos kolofSi movaTavseT wyliani WurWeli. Sig CavyareT 

mSrali yinuli, saidanac amovida civi orTqli (nax. 3). am SemTxvevaSi naxvretianma muyaom 

Seasrula xvrelebiani Rrublis roli; WurWlidan amosuli civi orTqli gadmoiRvara jer 

kolofze, Semdeg ki naxvretidan daeSva vertikalurad qveviT.  

 

 
 

nax. 3  

 

rogorc zemoT aRvniSneT, baTumis tornados SemTxvevaSi Rrublebi moZraobda xmele-

Tisaken, amitom eqsperimentisas naxvretiani muyao gavatareT haerSi horizontalurad. 

Sedegad vertikalurad qvemoT moZravi civi orTqlis sveti gadaixara moZraobis sawina-

aRmdego mimarTulebiT, xolo siCqaris kidev ufro gazrdisas civi haeris sveti sruliad 

aekra muyaos (nax. 4). warmovidginoT, rom aRniSnulma naxvretianma Rrubelma eqsprimentis 

msgavsad SemouSva mis Tavze momdgari civi haeris nakadi. Semdgom xvrelebi gadaiketa, 

Rrublebis qveS Semosuli civi haeri Tbili garemos tyveobaSi moeqca, ramac sabolood 

tornado gamoiwvia. 

 
 

nax. 4 

 

am azris siswores adasturebs is argumenti, rom baTumSi gadaRebul fotoze (nax. 1) 

Sav Rrublebs Soris ramdenime naTeli wertilia, rac civi haeris SemoWris gzebze miu-

TiTebs. aq ara erTi, aramed ramdenime tornados sveti Cans. es Tanxvedra ar unda iyos 

SemTxveviTi. aRsaniSnavia Semdegi Tanxvedrac: fotoze tornados svetebi eSveba ara naTe-

li wertilebidan, aramed mis maxloblad arsebuli muqi feris Rrublebidan. aqedan ga-

momdinare, SeiZleba iTqvas, rom warmodgenili tornadoebi Caisaxa da daeSva iq, sadac 

moxda civi haeris dagroveba, e. i. xvrelis maxloblad. am adgilas swrafi kondensaciis 
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Sedegad yvelaze metadaa gazrdili Rrubeli, es adgili civi da Tbili teniani haeris 

Sexvedris adgils warmoadgens, sadac, rogorc vxedavT, moxda tornados generacia. 

tornados sxva fotoebzec kargad Cans muq Rrublebs Soris Ria feris fragmentebi. 

aseTi sacrisebri Rrubeli xafangis efeqts iZleva. is civi haeris masis Rrublis qveS 

moqcevas uwyobs xels. iq civi haeris garSemo iwyeba kondensaciis procesi, rac tornados 

generaciiT gvirgvindeba. vidre aRvwerdeT im process, Tu rogor yalibdeba tornados 

Siga meqanizmi, aRvniSnav, rom swored sacrisebri Rrublis CamoyalibebisaTvis aSenda 

TeTri piramida, anu xelovnuri klde, romelic inarCunebs sicives; Semdeg am sicives 

gadascems mis Tavze arsebul haers da amiT civi haeris svetis Camoyalibebas uwyobs xels. 

sapirispiro ram xdeba piramidis garSemo teritoriaze: jamuri radiaciisgan gaxurebuli 

teniani haeri cisken miemarTeba; aRniSnuli procesi civi svetis garSemo sacrisebr 

Rrubels warmoqmnis.  

aqedan gamomdinare, SeiZleba iTqvas, rom sacrisebri Rrublis Camoyalibeba SeiZleba 

moxdes rogorc dedamiwaze arsebuli temperaturis araTanabari ganawilebis zegavleniT, ise 

RrubelTa qaosuri SeerTebiT, ris Sedegadac civi haeri eqceva Rrublis qveS. swored am 

etapis mere, anu civi haeris Rrublis qvemoT moqcevis Semdgom, piramidis Tu kldis Tavze, 

zRvaze Tu trial mindorSi tornadoebi erTnairad viTardeba da maTi ganviTarebis meqanizmi 

SeiZleba aixsnas baTumis tornados magaliTze (nax. 1), sadac ciuri sivrcis RrublebiT 

sruli gadafarvis Semdeg wydeba haeris cirkulacia da civi haeri veRar aRwevs dedamiwamde. 

amasTan, wylis zedapiri ramdenime saaTis ganmavlobaSi inarCunebs siTbos da, Sesabamisad, am 

siTbos gadascems masTan SexebaSi myof haers, ris Sedegadac teniani Tbili haeri agrZelebs 

moZraobas maRla, Rrublebisaken, anu im mimarTulebiT, sadac moZraoba gadaketilia. amis 

Semdeg Rrublis qveda sivrceSi wneva matulobs da, radgan usasrulod am procesis 

ganviTareba SeuZlebelia, wneva saWiroebs dagrovili energiisagan daclas. swored am 

energiis daclisken swrafva xdeba tornados Camoyalibebis mizezi. dagrovilma haerma unda 

ipovos Caketili sivrcidan gasasvleli xvreli. Rrublis qvemoT moqceuli civi haeris 

arealia is adgili, saidanac TandaTanobiT xdeba gzis gakafva Rrublis fenebs Soris cisken. 

es Rrubelia tornados dedaRrubeli. aqedan eSveba tornados sveti dedamiwisken. tornados 

svetSi marTlac aris gasasvleli Rrublis gavliT cisken. TviTmxilvelebi aRniSnaven, rom 

tornados centrSi arsebobs erTgvari xvreli, sadac haeri vertikalurad maRla (cisken) 

miedineba da Tan yvelafers izidavs. 

ratom Cndeba aRniSnul RrublebSi arsebuli xvreli? 

 
nax. 5. Rrublis qveS moqceuli civi haeris arealTan Tbili haeris Sexebis momenti: 1 _ Rrub-

lis zemoT myofi civi haeri; 2 _ RrubelSi gamavali civi haeris xvreli; 3 _ Rrublis qveS 

moqceuli civi haeris masa; 4 _ kondensaciis zoli; 5 _ teniani Tbili aRmavali haeri  

 

ganvixiloT me-5 nax-ze warmodgenili Rrublis qveS moqceuli civi haeris arealTan 

Tbili teniani haeris Sexebis procesi. aRniSnul sivrceSi ujredi haers Sordeba. haeris 

ujredi gacivebis gamo ikumSeba, ris Sedegadac masSi arsebuli tenis ujredi haers So-

rdeba. am or erTmaneTisagan gancalkevebul ujreds TavTavisi gza aqvs. teni SedarebiT 
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mimarTulebis moZraobaSi myof haeris ujredebs Soris mZlavri xaxuni warmoiqmneba, rac 

tenisa da haeris meqanikur daSorebas uwyobs xels, ris gamoc tornado udides siCqares da 

Zalas iZens. aRniSnuli meteorologiuri procesi gadadis agregatul mdgomareobaSi. vfiqrob, 

tornado aris erTgvari generatori, romelSic mimdinareobs tenisa da haeris rogorc 

temperaturuli (sawyis etapze), aseve meqanikuri daSorebis procesi, ris Sedegadac buneba 

Tavad poulobs gasasvlels Rrublis qveS dagrovili energiis dasaclelad.  

zemoaRniSnulidan gamomdinare, SeiZleba davaskvnaT, rom baTumSi momxdari tornados 

maprovocirebeli, sacrisebri da xafangisebri efeqtis mqone Rrubeli SesaZloa Camoyalibda 

SemTxveviT RrubelTa fenebis qaosuri SeerTebis Sedegad, an Savi zRvis dasavleT sana-

piroebTan arsebuli romelime kldis Tavze, an kidev sxva obieqtis Tavze, romelic axdens 

temperaturis mkveTr araTanabar ganawilebas (civi centri _ cxeli garemo). aman xeli Seuwyo 

sacrisebri Rrublebis Camoyalibebas, romlebic Semdeg daiZra aRmosavleTiT da miaRwia 

baTumis sanapiros, sadac daxvda tornados gamomwvevi klimaturi pirobebi, kerZod: 

• teniani haeri;   

• sruli Stili; 

• Rrublebis zemodan momdinare civi haeris masebi; 

• Rrublebis qvemodan aRmavali Tbili, teniani haeri. 

yovelive aman ganapiroba tornados sabolood Camoyalibeba. aseve SeiZleba iTqvas 

aSS-Si momxdari tornadoebis Sesaxebac: 

1. aSS-Si sacrisebri Rrublebi warmoiqmneba im obieqtebis meSveobiT, romlebic xels 

uwyobs temperaturis araTanabar ganawilebas (igulisxmeba civi centri _ cxeli garemo). 

aseTi obieqtebia kldeebi, kanionebi da a. S., romlebic mravladaa Crdilo amerikis 

teritoriaze. Semdeg sacrisebri Rrublebi gadaadgildeba da vrceldeba amerikis mTel 

teritoriaze. swored isini warmoadgenen tornados maprovocirebel erT-erT komponents 

da Tu maT miaRwies iseT teritorias, sadac tornados warmoqmnisaTvis saWiro sxva 

pirobebic daxvdebaT, am SemTxvevaSi tornados dabadeba gardauvalia;  

2. aSS-is teritoriaze sacrisebri Rrublebis Camoyalibdeba ara marto kldeebisa da 

kanionebis Tavzea SesaZlebeli, aramed nebismier adgilas, sadac Rrublebi qaosurad 

moZraobs da erTdeba, tovebs xvrelebs SeerTebis adgilebSi, rac tornados warmoqmnis 

winapirobaa; 

3. SesaZloa, aSS-Si orive varianti erTad moqmedebdes, ris gamoc iq tornadoebis ase-

Ti simravlea. 

me-9 nax-ze ganlagebuli fotoebis Tanmimdevroba warmoadgens zemoaRniSnuli Teo-

riis Semowmebis TvalsaCino magaliTs: 

me-9 nax-is 1-l da me-2 fotoebze gadaRebulia 2002 wels baTumSi momxdari tornadoebi, 

romlebic Camoyalibebulia sacrisebri Rrublebis zemoqmedebiT; me-3-ze – aSS-is teritoria, 

sadac kldeebis Tavze Camoyalibda sacrisebri Rrubeli. am RrubelSi arsebul xvrelSi 

aSkarad Cans elva. am xvrelidan kldis Tavze Camoedineba civi haeri da Rrublis qvemoT 

arsebul Tbil haerTan Sejaxebisas gaelvebiT sruldeba. es ki imaze miuTiTebs, rom kldes 

SeuZlia sicivis SenarCunebis xarjze Seqmnas daRmavali civi haeris dineba, xolo 

Rrublebis Camoyalibebis SemTxvevaSi – e. w. sacrisebri naxvretiani Rrubeli, rac Sesabamis 

procesTa ganviTarebis SemTxvevaSi sruldeba tornados CamoyalibebiT; xolo me-4-ze – 

piramida, igive xelovnuri klde, romelic swored ise dgas, rogorc aSS-is bunebrivi klde 

(igulisxmeba swor zedapirze ganmartoebiT dgoma). gansxvaveba maT Soris mxolod isaa, rom 

piramidas ufro daxvewili hqonda is parametrebi, rac uzrunvelyofda mkveTr tempera-

turul naxtoms: civi centri _ cxeli garemo (saubaria piramidis pirvandel saxeze; TeTri 

sarkisebrad gaprialebuli qva gare mopirkeTebisaTvis da daxris 520-iani kuTxe, romelic 

uzrunvelyofda SuadRis mzis sxivis maqsimalur arekvlas garSemo teritoriaze). aseTi 

temperaturuli naxtomi ganapirobebs e. w. sacrisebri Rrublis Camoyalibebas. es ki xels 

uwyobs tornados generacias, riTac ikvreba wre. 
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3 4 
 

nax. 9 
 

daskvna 

atmosferoSi mimdinare meteorologiuri movlenebis Seswavla da amindis progno-

zireba meteorologiis ZiriTadi amocanaa. tornados prognozireba da misgan Tavis dacva 

urTules problemad rCeba. tornados prevencia SesaZlebeli iqneba maSin, Tu mecniereba 

Tanamedrove teqnologiebiT SeZlebda haeris temperaturis ufro did distanciaze 

gazomvas. aseTi danadgari saSualebas mogvcems davafiqsiroT Rrublis qveS dagrovili 

civi haeris masa, romelic Tbili, teniani Hhaeris garemocvaSia moqceuli. sivrcis am are-

alze meqanikuri zemoqmedebiT (aviaciis gamoyenebiT da sxv.) civi da cxeli haeris erTma-

neTSi areva gaaTanabrebs temperaturas Rrublis qveda sivrceSi, riTac dairRveva tor-

nados generaciis winapiroba Dda dagrovili energia tornados saxiT ki ar mogvevlineba, 

aramed _ elWeqad, wvimad an kidev raime sxva saxiT daicleba. 
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METEOROLOGY 
 
 

THE ESSENCE OF THE WHIRLWIND, OR TORNADO GENERATION 

G.Vashakidze 

(I. Javakhishvili Tbilisi State University) 

 
Resume: Using the links between the sciences the causes of generation of an adverse meteorological 

phenomenon _ tornado is established. The prerequisite for its origin is the uneven distribution of temperature with the 

cold centre and hot surroundings. Such a temperature distribution on the ground can be created by the freestanding rock 
or a canyon and so on, resulting in creation of a pillar of descending cold air in the centre and the flow of the ascending 
hot air around. Such movement of air can lead to the generation of a specific form of clouds, which, in the appropriate 
conditions becomes the epicentre of tornado. The article points out the way of prevention of tornado, which means the 
ability to neutralize outbreak of tornado in the corresponding stage of technological development. 

 
Key words: cloud; pyramid; temperature; tornado. 

 
 
 
 

МЕТЕОРОЛОГИЯ 

 
 

СУТЬ ВОЗНИКНОВЕНИЯ СМЕРЧА, ИЛИ ТОРНАДО 

 Вашакидзе Г. А. 

(Тбилисский государственный университет им. И. Джавахишвили) 

 
Резюме. С помощью использования связи между науками установлены причины генерации небла-

гоприятного метеорологического явления – торнадо. Предпосылкой его зарождения является неравномерное 
распределение температуры с расположением: холодный центр – горячая среда. Такое распределение 
температуры на Земле может быть создано отдельно стоящей скалой, каньоном и т.п., в результате чего в 
центре формируется столб нисходящего холодного воздуха, а вокруг создается поток восходящего теплого 
воздуха. Такое движение воздуха может привести к генерации облака специфической формы, которое при 
попадании в соответствующие условия станет центром торнадо. В статье указываются пути превенции торнадо, 
что означает возможность нейтрализации очага зарождения торнадо на этапе соответствующего 
технологического развития.  

 

Ключевые слова: облако; пирамиды; температура; торнадо. 
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biologia 

 

 

 

eTerovani zeTebis biosinTezi mcenareebSi 

nugzar baRaTuria, nana begiaSvili, lia kotoraSvili, medea ormocaZe 

(saqarTvelos teqnikuri universitetis kvebis mrewvelobis samecniero-kvleviTi instituti) 

 

 

reziume: gamokvleulia eTerovani zeTebis biosinTezi mcenareebSi (limoni, mandarini, 

forToxali). warmodgenilia citrusis nayofebSi eTerovani zeTis dagrovebis dinamikis 

kvlevis Sedegebi. dadgenilia, rom saqarTvelos subtropikul zonaSi citrusovani mce-

nareebis mosavlis aReba umjobesia noembris bolos da dekembris pirvel naxevarSi, rad-

ganac am periodSi miRebuli eTerovani zeTis xarisxi saukeTesoa.  

 

sakvanZo sityvebi: biosinTezi; eTerovani zeTi; limoni; mandarini; forToxali. 

 

 

Sesavali 

terpenebi ganekuTvneba izoprenoidul naerTebs. izoprenoiduli naerTebis jgufSi 

gaerTianebulia mcenareuli warmoSobis nivTierebebi: terpenebi, kauCuki, gutaperCi, karo-

tinoidebi (cxrili 1). 

mcenareebSi izoprenoiduli naerTebis biosinTezi urTierTkavSirSia erTmaneTTan. 

erTsa da imave mcenares SeuZlia ama Tu im izoprenoidis sinTezireba garemos, asakisa da 

sxva faqtorebis zegavleniT. 

terpenebisa da kauCukis biosinTezs Soris mWidro urTierTkavSiris arsebobis 

sakmaod TvalsaCino magaliTia gvaiula. Ees aris mcenare, romelic asakis matebasTan 

erTad garemo pirobebis xelSewyobiT Warbi raodenobiT agrovebs eTerovan zeTs an 

kauCuks. aRsaniSnavia isic, rom eTerovani zeTis Semcvelobis zrda iwvevs kauCukis 

Semcvelobis Semcirebas. 

dadgenilia, rom yvela saxis terpenis sinTezisaTvis sawyisi nivTiereba mevalonis 

mJavaa, romelic ZmarmJavasagan warmoiqmneba; aqtivirebuli mevalonis mJava ki izopenti-

linpirofosfatad gardaiqmneba. izopentilinpirofosfati da misgan warmoqmnili dimeTi-

lalilpirofosfati warmoadgens aqtiur xuTnaxSirbadian rgolebs, romlebidanac Sem-

dgom xdeba izoprenoidebis sinTezi (nax. 1). 

 

 

ZiriTadi nawili 

eTerzeTovani mcenareebis nayofebSi eTerovani zeTis warmoqmnisa da dagrovebis 

procesi iwyeba nayofis gamonaskvis momentidan da grZeldeba nayofis srul damwifebamde. 

asevea foTlebSic; eTerovani zeTi warmoiqmneba foTlis firfitis formirebis procesSi. 

rogorc cnobilia, uSualod fotosinTezis procesSi warmoqmnil pirvelad asimi-

latebad gvevlineba naxSirwylebi, cilebi da nukleinis mJava; Semdeg ki mza asimilatebi 

foTlebidan mcenaris sxvadasxva adgilas nawildeba. mcenareebis fotosinTezirebuli 

organoebidan eTerovani zeTebis moZraobasTan dakavSirebiT cnobebi ar arsebobs. 
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mniSvnelovani raodenobrivi cvlilebebi aRiniSneba limonis eTerovan zeTSi. mosav-

lis aRebis optimaluri vadebis dadgenis mizniT, Cven mier Seswavlil iqna citralisa da 

terpenuli naxSirwyalbadis Semcveloba limonis nayofis flavedoSi.  

kvlevisas gamoyenebul iqna P.trifoliata. X qarTuli limonis 8 hibriduli forma. 

limonis flavedoSi zeTis dagrovebis damokidebuleba nayofis mokrefis droze SeiZ-

leba warmovidginoT me-2 a nax-ze gamosaxuli mrudis mixedviT. limonis nayofSi maqsima-

luri zeTSemcveloba aRiniSna oqtombris TveSi. es kanonzomiereba damaxasiaTebelia da-

savleT saqarTvelos pirobebSi moyvanili yvela saxis limonisaTvis. 

dadginda, rom vegetaciis periodSi eTerovani zeTis Tvisebrivi Sedgeniloba mudmivi 

rCeba. ZiriTadi cvlilebebi aRiniSneba eTerovan zeTSi arsebuli erTsaxela komponentebis 

raodenobriv SemcvelobaSi. limonis nayofSi zeTis dagrovebis process Tan axlavs 

ukukavSiri citralis Semcvelobasa da terpenuli naxSirwyalbadis raodenobriv Sedgeni-

lobas Soris: terpenuli naxSirwyalbadis Semcvelobis matebis paralelurad zeTSi mcir-

deba citrali da, piriqiT. 

limonis nayofis zrda-ganviTarebasa da nayofis zeTSemcvelobis matebasTan erTad 

paralelurad xdeba Tavad zeTis gamdidreba terpenuli naxSirwyalbadebiT. rogorc me-2 b 

nax-dan Cans, terpenuli naxSirwyalbadebis dagrovebis maqsimumi oqtombris TveSi aRi-

niSneba, momdevno periodSi ki limonis nayofis zeTSemcveloba da terpenuli naxSir-

wylbadebis Semcveloba mcirdeba.  

 
nax. 2. limonis nayofis kanSi (flavedo) eTerovani zeTis  

Semcvelobis cvlilebebi 

 

mrudi, romelic aseve asaxavs limonis eTerovan zeTSi citralis Semcvelobis 

dinamikas (nax. 2 b), Tavis maqsimums aRwevs nayofis gamonaskvis warmoqmnisTanave, Semdeg ki 

nayofis zrdasTan da masSi zeTSemcvelobis matebasTan erTad zeTSi citralis 

Semcveloba minimumamde mcirdeba nayofis maqsimaluri zeTSemcvelobis dros. aRsaniSnavia, 

rom nayofSi zeTis Semcvelobis Semcirebis paralelurad izrdeba citralis Semcveloba. 

citraliT zeTis gamdidreba SeiZleba aixsnas imiT, rom Semodgomaze, limonis simSvidis 

mdgomareobaSi gadasvlisas, nayofis ganviTareba da zeTis biosinTezi flavedoSi naklebi 

intensiurobiT mimdinareobs, ris Sedegadac eTerovani zeTi rCeba biosinTezis Sualeduri 

produqtiT (citraliT) gamdidrebuli.  

rogorc cnobilia, monoterpenebis biogenezi oTx ZiriTad etapad mimdinareobs:  
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 izoprenuli rgolis warmoqmna;  

 izoprenuli rgolebis erTmaneTTan dakavSireba „Tavi kudTan“ tipis mixedviT pirve-

ladi terpenis warmosaqmnelad, romelic Semdeg warmoqmnis mono-, seskvi- da diter-

penenis klasis nivTierebebs;  

 am nivTierebebis ciklizacia naxSirwyalbadovani ConCxis warmoqmniT, rac damaxasia-

Tebelia ama Tu im jgufis terpenebisaTvis;  

 sxvadasxva saxis terpenis warmoqmna. limonis zeTSi citralis Semcvelobasa da ter-

penuli naxSirwyalbadebis Semcvelobas Soris arsebuli urTierTkavSiri saSualebas 

iZleva vivaraudoT, rom limonis nayofis kanSi monoterpenuli naxSirwyalbadis acik-

luri winamorbedia citrali, romelic, Tavis mxriv, geraniolisagan warmoiqmneba.  

dadgenil iqna, rom limonis nayofis zeTSemcveloba da terpenuli naxSirwyalbadebis 

Semcveloba TviTon zeTSi maqsimums mcenaris ganviTarebis erTsa da imave periodSi aRwevs. 

es, rogorc Cans, imis iribi dadasturebaa, rom swored terpenuli naxSirwyalbadebia is 

komponentebi, romlebic limonisaTvis damcav, anu feromonul rols asrulebs. 

limonis zeTSi terpenuli naxSirwyalbadebi erTmaneTTan urTierTkavSirSia. limonis 

ganviTarebis vegetaciur periodSi ar SeiniSneboda raime mniSvnelovani kanonzomiereba na-

yofis kanis eTerovan zeTSi α ߙ-terpinenis, limonenisa daα ߙ-pinenis Semcvelobaze. aRniSnu-

li terpenuli naxSirwyalbadebis jamuri Semcveloba urTierTkavSirSia citralis Semcve-

lobasTan. 

rogorc zemoT aRiniSna, limonis nayofis formirebis procesSi eTerovan zeTSi cit-

ralis Semcvelobis dinamikis aRmwer mruds ori maqsimumi aqvs: nayofis formirebis dasaw-

yisSi da limonis ganviTarebis fenologiuri pauzis dadgomisas. limonis eTerovani ze-

Tebis citraliT gamdidreba pirvel rigSi unda aixsnas imiT, rom gazafxul-zafxulis 

periodSi limonis nayofebidan maqsimalurad ifrqveva garemoSi dabali duRilis tempe-

raturis mqone terpenuli naxSirwyalbadebi, ris gamoc zeTi mdidrdeba ufro maRali du-

Rilis temperaturis mqone komponentiT – citraliT. limonis zeTis meoreuli gamdidreba 

citraliT SeiZleba aixsnas imiT, rom Semodgomaze, limonis simSvidis mdgomareobaSi ga-

dasvlisas nayofis ganviTareba da eTerovani zeTis biosinTezis procesi mis qerqSi 

mimdinareobs SedarebiT naklebi intensiurobiT, ris Sedegadac zeTi mdidrdeba biosin-

Tezis Sualeduri produqtiT – citraliT. 

citrusis nayofis biologiuri Taviseburebebis maCveneblad ar SeiZleba vaSlisa da 

sxva kurkiani nayofebis simwifis xarisxis maxasiaTebelebis gamoyeneba. magaliTad, nayofis 

yunwTan kavSiris simyare, romelic vaSlisa da msxlis simwifis erT-erTi niSania, saerTod 

araa misaRebi mwife citrusebis nayofebisTvis. maTi umravlesobisaTvis, kerZod limoni-

sTvis, simwifis dasrulebisas nayofis xesTan mimagrebis adgilebSi ar warmoiqmneba uj-

redis gamyofi fena. erTaderTi maCvenebeli, romelic gamoiyeneba citrusebis simwifis 

gansazRvrisaTvis, nayofis qerqis Seferilobaa. Tumca es maCvenebelic mTlad zusti ar 

aris, radganac nayofis Seferiloba araa imdenad damokidebuli nayofis fiziologiur 

mdgomareobaze, ramdenadac meteorologiur pirobebze. magaliTad, cnobilia, rom limoni 

mwife nayofis Seferilobas iZens ramdenime civi dRis Tbili dReebiT Secvlisas da, 

piriqiT. araxelsayreli meteorologiuri pirobebi aferxebs nayofis feris cvlilebis 

process, romelic sxva maCveneblebiT normalur simwifes aRwevs. Seferilobis niSnis 

raime sxva maCvenebliT Secvlis mcdeloba jerjerobiT warumateblad mimdinareobs.  

Cven mier miRebuli monacemebis analizis safuZvelze SeiZleba davaskvnaT, rom limo-

nis nayofi yvelaze met zeTSemcvelobas oqtombris Sua ricxvebSi aRwevs, Tumca qerqSi 

Semavali zeTis xarisxi mocemul periodSi dabalia misi limoneniT gamdidrebis gamo. ga-

remoSi haeris temperaturis dawevasTan erTad limonis zeTis xarisxi TandaTan umjo-

besdeba masSi citralis dagrovebis Sedegad, amitom limonis mosavlis aRebis optimaluri 

vada saqarTvelos subtropikebis pirobebSi emTxveva limonis simSvidis mdgomareobaSi 

gadasvlis periods. aqve unda aRiniSnos isic, rom sameurneo kuTxiT erT-erTi umniSvne-
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lovanesi Tvisebaa mdgradoba Senaxvisas, romelsac limonis nayofi iZens mxolod damwife-

bis bolo etapebze. 

zemoTqmulidan gamomdinare, dadginda, rom saqarTvelos pirobebSi limonis mosavlis 

aReba umjobesia noembris bolos da dekembris pirvel naxevarSi. 

forToxlis nayofis qerqSi eTerovani zeTis Semcvelobisa da Sedgenilobis Seswav-

lis Sedegebis analizma cxadyo, rom nayofis zrdisa da ganviTarebis procesis dros 

zeTis Sedgeniloba umniSvnelo, magram kanonzomier cvlilebebs ganicdis misi ZiriTadi 

komponentis – limonenis Semcvelobis mixedviT: d-limonenis Semcveloba maqsimums aRwevs 

noemberSi da Semdeg mcirdeba. 

forToxlis nayofSi eTerovani zeTis Semcveloba eqvemdebareba garkveul kanonzomi-

erebas: noembris TveSi zeTis limoneniT gamdidrebis gamo nayofis zeTSemcveloba mcirdeba, 

Semdeg ki izrdeba zeTSi d-limonenis Semcvelobis Semcirebis paralelurad.  

Cven mier zeTis dagrovebis dinamikaSi aRniSnuli kanonzomierebebis dakavSireba ver 

moxerxda forToxlis xis romelime morfologiuri niSnebis cvlilebasTan. marTlac, 

vaSington-navelis jiSis forToxlis nayofis formireba gacilebiT ufro gvian xdeba, 

vidre №109 da №1309 hibridebisa. zemoT aRwerili kanonzomierebebi zeTis raodenobrivi 

Semcvelobisa da xarisxobrivi Tvisebebis mixedviT erTnairad marTebulia forToxlis sa-

mive jiSisaTvis. 

saqarTvelos subtropikuli raionebisaTvis didi mniSvneloba aqvs saadreo citru-

sebis nayofebis miRebas, radganac nayofis dakrefis Semdeg mcenare gamozamTrebisaTvis 

emzadeba. cnobilia, rom am SemTxvevaSi forToxlis yinvagamZleoba 1–1,5 ℃-iT matulobs.  

Cven mier Seswavlili samive saxis forToxlidan yvelaze saadreoa №109 da №1309 

hibridebi. am mcenareebis nayofi mwifdeba 10–15 dRiT adre vaSington-navelis jiSis 

forToxalTan SedarebiT. damwifebis siCqare praqtikulad ar aisaxeba eTerovani zeTis qi‐

miur Sedgenilobaze. 

saadreo forToxlis nayofi xasiaTdeba Saqrebis SedarebiT maRali SemcvelobiT. es 

unda aixsnas imiT, rom forToxlis adreuli jiSis nayofebi zrdis Senelebis gamo plas‐

tikur nivTierebebs ar xarjavs da maragad inaxavs maT. 

 

 

daskvna 

amrigad, Catarebuli kvlevebis safuZvelze dadgenil iqna citrusis nayofebSi (man-

darini, limoni, forToxali) eTerovani zeTis dagrovebis dinamika. dadgenilia, rom sa-

qarTvelos subtropikul zonaSi citrusovani mcenareebis mosavlis aReba unda moxdes 

noembris bolos da dekembris pirvel naxevarSi, radganac am periodSi miRebuli eTerovani 

zeTis xarisxi saukeTesoa.  
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BIOLOGY 
 
 

BIOSYNTHESIS OF THE ESSENTIAL OILS IN PLANTS  

N. Baghaturia, N. Begiashvili, L. Kotorashvili, M. Ormotsadze 

(Georgian Technical University’s Scientific-Research Institute of Food Industry) 

 
Resume: There is researched the biosynthesis of the essential oils in plants: lemon, tangerine and orange. There 

is presented the research results of the essential oil accumulation dynamics in the citrus fruits. There is established, that 
in the subtropical zones of Georgia the citrus fruit should be gathered in the end of November and first part of 
December, because the quality of essential oil get in this period is the best.  

 
Key words: biosynthesis; essential oil; lemon; orange; tangerine. 

 
 
 
 

БИОЛОГИЯ 

 
 

БИОСИНТЕЗ ЭФИРНЫХ МАСЕЛ В РАСТЕНИЯХ 

Багатурия Н. Ш., Бегиашвили Н. А., Которашвили Л. З., Ормоцадзе М. Л.  

(Научно-исследовательский институт пищевой промышленности Грузинского технического университета) 

 
Резюме. Изучен биосинтез эфирных масел в растениях (лимон, мандарин, апельсин). Представлены 

результаты исследований по установлению динамики накопления эфирных масел в цитрусовых плодах. 
Установлено, что оптимальный срок уборки цитрусов в условиях субтропиков Грузии совпадает с периодом 
перехода плода в состояние покоя. Уборку плодов следует проводить в конце ноября и в первой половине 
декабря месяца. В течение этого периода эфирное масло самого лучшего качества.  

 
Ключевые слова: апельсин; биосинтез; лимон, мандарин; эфирное масло. 
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bioteqnologia 

 

 

 

limonis mcenaris movla-moyvanis xerxebis gavlena masSi eTerovani 

zeTis Semcvelobasa da Sedgenilobaze 

nugzar baRaTuria, nana begiaSvili, lia kotoraSvili, medea ormocaZe 

(saqarTvelos teqnikuri universitetis kvebis mrewvelobis samecniero-kvleviTi instituti) 

 

 

reziume: warmodgenilia saqarTvelos Savi zRvispira subtropikul raionebSi gavrce-

lebuli qarTuli limonis movla-moyvanis dros gamoyenebuli xerxebis, kerZod pincirebis 

(ylortis, amonayris motexa-gasxvla), kvlevis Sedegebi.  

Seswavlilia pincirebis gavlena limonis produqtiulobaze, nayofis qimiur da eTe-

rovani zeTis Sedgenilobaze. limonis zeTSi arsebuli limoneni urTierTkavSirSia cit-

ralTan: rac metia zeTSi d-limoneni, miT naklebia citralis Semcveloba da, piriqiT, li-

monenis Semcvelobis Semcirebas zeTSi (cda pincirebis gareSe) Tan axlavs zeTis cit-

raliT gamdidreba. 

 

sakvanZo sityvebi: eTerovani zeTi; limoni; movla-moyvana; qimiuri Sedgeniloba. 

 

 

Sesavali 

limonis, rogorc eTerovani zeTis Semcveli mcenaris, produqtiuloba ZiriTadad da-

mokidebulia misi movla-moyvanis xerxebze. mocemul sakiTxTan dakavSirebiT arsebuli 

rekomendaciebi urTierTgamomricxavia rogorc samamulo, ise ucxour literaturaSi. 

mkvlevarTa erT jgufs miaCnia, rom saWiroa limonis sistematuri pincireba (ylortis, 

amonayris motexa da gasxvla), meore jgufi uaryofs pincirebis aucileblobas; arsebobs 

rekomendaciebi, romelTa Tanaxmadac limonis pincireba saWiroa periodulad – 2–3 

weliwadSi erTxel. 

rogorc Cans, literaturuli monacemebis winaaRmdegobrioba unda aixsnas imiT, rom 

limonis pincirebis ama Tu im xerxis gamoyenebisas, miRebuli efeqti gansxvavebulia da 

damokidebulia mcenaris movla-moyvanis garemoze, klimatur pirobebsa da limonis jiSze. 

 

 

ZiriTadi nawili 

qvemoT moyvanilia saqarTvelos subtropikebis tenian pirobebSi gavrcelebuli qar-

Tuli limonis pincirebis kvlevis Sedegebi. cdebi Catarda Savi zRvispira raionebSi Sem-

degi variantebis mixedviT: 

 I da II nazardi ylortebis pincireba 7–9 foTolze (kontroli); 

 I, II da III nazardi ylortebis pincireba 5–6 foTolze;  

 pincirebis gareSe; 

 I, II da III nazardi ylortebis pincireba 2–3 foTolze mcenaris 7 wlis asakamde, 

Semdeg mxolod I nazardi ylortebis pincireba 2–3 foTolze (Rrma pincireba). 
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yovelwliurad Catarebuli eqsperimentebiT dadginda, rom pincirebis sxvadasxva 

meTodis gamoyeneba naTlad aisaxeba limonis varjis moculobasa da simaRleze. cdis 

yvela variantSi SeiniSneba erTi da igive kanonzomiereba: rac ufro meti mwvane masis 

mocileba xdeba pincirebisas, miT naklebia xeebis simaRle da varjis moculoba. xis 

zrdasa da varjis moculobasTan dakavSirebiT yvelaze maRali Sedegebia miRebuli upin-

cirebo variantSi, yvelaze dabali ki – Rrma pincirebis variantSi. aRniSnuli maC-

veneblebis mixedviT, cdebis variantebs Soris gansxvaveba TandaTan mcirdeba da 8–9 wlis 

asakSi srulad xdeba misi gamosworeba – limonis xe mTlianad axerxebs misTvis damaxa-

siaTebeli bunebrivi habitusis aRdgenas. 

pincirebis Semdeg limoni msxmoiarobis fazaSi dagvianebiT gadadis. magaliTad, li-

monis xe pincirebis gareSe msxomiarobas iwyebs dargvidan mexuTe wels, 1-l da me-2 vari-

antebSi _ meeqvse wels, xolo me-4 variantSi _ meSvide wels.  

limonis xeebis pincireba did gavlenas axdens rogorc mcenaris mosavlianobaze, ase-

ve nayofis qerqSi eTerovani zeTis Semcvelobazec. limonis xeebis pincirebisas izrdeba 

nayofis saSualo masa, samagierod mcirdeba limonis mosavlianoba. limonis nayofis masis 

zrdas Tan axlavs mis qerqSi zeTis Semcvelobis Semcireba. cdebiT dadginda, rom yvelaze 

meti zeTSemcvelobiT xasiaTdeba pincirebis gareSe miRebuli nayofebi (cxrili 1). 

 

 

cxrili 1 

pincirebis gavlena limonis produqtiulobaze 

 

 

cdebis 

variantebi 

 

1 xeze 

nayofebis 

raodenoba 

nayofis 

saSualo 

masa, 

g 

zeTSem-

cveloba 

nayofSi, 

% 

1 xidan 

miRebuli 

zeTis 

raodenoba, g 

I da II nazardi ylortebis pincireba 

(kontroli) 

217,8 77,8 0,108 18,3 

I, II da III nazardi ylortebis 

pincireba 

196,5 79,7 0,102 16,0 

pincirebis gareSe 246,8 75,2 0,112 20,8 

Rrma pincireba 155,6 81,9 0,092 12,7 

 

Catarebuli kvlevebiT dadginda, rom yvelaze efeqturia limonis varjis movla im 

xerxiT, romelic mTlianad gamoricxavs mwvane ylortebis pincirebas. 

Seswavlilia limonis mosavlianobis damokidebuleba mcenaris varjis movlaze. 

rogorc 1-l nax-ze warmodgenili grafikidan Cans, limonis nayofis mosavlisa da 

erTeuli sanerge farTobidan misi aRebis maqsimumi miRebul iqna limonis xeebis movlis 

me-3 variantis (pincirebis gareSe) gamoyenebis SemTxvevaSi. 

Catarebuli kvlevebis mixedviT SeiZleba davaskvnaT, rom qarTuli jiSis limo-

nisaTvis saqarTvelos tenian subtropikul pirobebSi ylortebis pincireba iwvevs rogorc 

mcenaris ufro dagvianebul gadasvlas msxmoiarobis fazaSi, ise nayofisa da eTerovani 

zeTis mosavlianobis Semcirebas erTeuli farTobidan; amasTan, sagrZnoblad klebulobs 

xarisxiani eTerovani zeTis miRebac. amitomac rekomendebulia pincirebis gamoricxva 

limonis damuSavebis teqnologiuri sqemidan. 
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nax. 1. qarTul limonze sxvadasxva meTodiT movlis gavlena nayofebisa (t/ha) da eTerovani 

zeTis mosavalze (kg/ha): a _ pincirebis gareSe; b – III nazardi ylortebis pincireba; g – I, II da III 

nazardi ylortebis pincireba; d _ Rrma pincireba 

 

limonis varjis formirebis mizniT, mwvane masis pincireba SesaZlebelia mxolod li-

monis dargvis momentidan pirveli ori wlis ganmavlobaSi.  

Cven mier Catarebuli Semdgomi kvlevebiT dadginda, rom pincirebis gamoricxva aisa-

xeba limonis morfologiur niSnebzec. arapincirebul mcenareebSi varji aris meCxeri, na-

yofs ki isxams rogorc varjis Siga, aseve mis gare nawilSic. pincirebul xeebSi varji 

aris xSiri da nayofs isxams varjis mxolod Siga nawilSi, amitomac is naklebad ganicdis 

mzis sxivis zemoqmedebas. 

cnobilia, rom morfologiuri niSnebis cvlilebebi arsebiT gavlenas axdens mcena-

reSi asimilatebis dagrovebasa da ganawilebaze. am mizniT Cven SeviswavleT pincirebuli 

limonis nayofebis qimiur-teqnologiuri maCveneblebi (cxrili 2). 

 

cxrili 2 

pincirebis gavlena limonis nayofis qimiur Sedgenilobaze 

 

 

cdebis 

variantebi 

 

mJavianoba 

limonis mJavaze 

gadaangariSebiT, 

% 

vitamini 

C-s 

raodenoba, 

mg % 

Saqrebis raodenoba, % 

 

 monoSaqari 

 

saqaroza 

 

I da II nazardi ylortebis 

pincireba (kontroli) 

 

5,40 

 

71,40 

 

1,62 

 

1,27 

I, II da III nazardi 

ylortebis pincireba 

5,61 73,30 1,77 1,07 

pincirebis gareSe 5,48 71,40 1,84 1,36 

Rrma pincireba 5,69 73,78 1,73 0,97 

  

limonis nayofebis xarisxs gansazRvravs rogorc nayofis qerqSi, aseve mis rbilobSi 

arsebuli nivTierebebi. magaliTad, limonis rbilobidan xdeba wvenis miReba, romlis 
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kvebiT Rirebulebaze msjeloben masSi C vitaminis, Saqrebisa da organuli mJavebis Semcve-

lobis mixedviT. nayofis qerqi ki Seicavs aromatul eTerovan zeTs da misgan miRebuli 

nayeni warmatebiT gamoiyeneba kvebis mrewvelobaSi. 

gamokvlevebma cxadyo, rom limonis xeebis pincirebisas nayofis wvenSi ramdenadme 

mcirdeba Saqrebis jamuri raodenoba. cvlilebebi danarCeni maCveneblebis SemcevlobaSi 

eqsperimentebis cdomilebis farglebSi meryeobs (cxrili 3). 

 

cxrili 3 

pincirebis gavlena limonis nayofis 

qerqidan miRebuli eTerovani zeTis Sedgenilobaze 

 

 

 cdebis variantebi 

 

erTi nayofis 

masa 

saSualod, g 

nayofis 

masaSi kanis 

raodenoba, % 

zeTSemcve-

loba kanSi, % 

zeTSi 

limonenis 

Semcveloba, % 

I 
weli 

II 
weli 

I 
weli 

II 
weli 

I 
weli 

II 
weli 

I 
weli 

II 
weli 

I da II nazardi 

ylortebis pincireba 

(kontroli) 

 
91,7 

 
75,5 

 
29,1 

 
23,8 

 
0,312 

 
0,557 

 
59,0 

 
52,2 

I, II da III nazardi 

ylortebis pincireba 

96,1 79,11 29,1 23,4 0,287 0,457 61,7 57,2 

pincirebis gareSe 88,2 73,6 26,2 24,5 0,316 0,570 52,3 49,2 

Rrma pincireba 97,6 81,4 33,8 23,8 0,300 0,450 61,7 58,0 

 

limonis eTerovani zeTi Seicavs 40–50 % d-limonens. d-limonenis arseboba limonis 

eTerovan zeTSi, rogorc sxva danarCeni saxis citrusis nayofis eTerovan zeTSi, 

uaryofiTad aisaxeba mis xarisxze da, radganac igi warmoadgens naxSirwyalbads, amcirebs 

zeTis xsnadobas eTilis spirtSi da mis mdgradobas Jangvis mimarT.  

 

 
nax. 2. pincirebuli (a) da arapincirebuli (b) limonebidan miRebuli eTerovani zeTebis 

airTxevadi qromatogramebi: 3 _ pineni; 4 _ d-limoneni; 6 _ terpineni; 11 _  -citrali; 12 _ β - 

citrali. 
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limonis eTerovan zeTs specifikur sasiamovno aromats aniWebs citrali, romelic 

masSi - da β-formebis saxiT aris warmodgenili. rac ufro meti citralia zeTSi, miT 

ufro kargi suni aqvs, zeTi ukeT ixsneba spirtSi da xasiaTdeba mdgradobiT Senaxvis 

procesSi (nax. 2).  

rogorc me-3 cxrilis monacemebidan Cans, nayofis saSualo masis mateba limonis 

pincirebisas gavlenas axdens rogorc nayofis zeTSemcvelobaze, aseve zeTSi d-limonenis 

Semcvelobazec. limonis pincirebis gareSe Catarebul cdebSi eTerovani zeTi d-limonenis 

yvelaze nakleb raodenobas Seicavda. 

 

 

daskvna 

amrigad, Cven mier Catarebuli kvlevebis safuZvelzeDdadgenilia, Tu ra gavlenas 

axdens limonis movla-moyvanis xerxebi masSi arsebuli eTerovani zeTis Semcvelobasa da 

Sedgenilobaze. 

limonis zeTSi limoneni urTierTkavSirSia citralTan: rac metia zeTSi d-limoneni, 

miT naklebia citralis Semcveloba da, piriqiT, limonenis Semcvelobis Semcirebas zeTSi 

(cda pincirebis gareSe) Tan axlavs zeTis citraliT gamdidreba. 

garda zemoaRniSnulisa dadginda isic, rom limonis damuSavebis teqnologiuri 

sqemidan pincirebis amoReba gavlenas ar axdens nayofis qerqSi arsebul zeTis xarisxsa 

da mis Sedgenilobaze. arapincirebuli limonis nayofebi xasiaTdeba maRali zeTSemcve-

lobiT, TviTon zeTi ki gamdidrebulia citraliT. 
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BIOTECHNOLOGY 
 
 

THE INFLUENCE OF THE LEMON PLANT CARE-GROWING WAYS ON THE 
COMPOSITION AND COMPOUND OF THE ESSENTIAL OIL IN IT 

N. Baghaturia, N. Begiashvili, L. Kotorashvili, M. Ormotsadze 

(Georgian Technical University’s Scientific-Research Institute of Food Industry) 

 
Resume: There are studied the research results of tweezing (cutting, break off the sprout, shoots) of Georgian 

lemon care-growing in the Black Sea subtropical regions of Georgia. There is studied the influence of tweezing on the 
productivity, chemical and essential oil composition of lemon. In the lemon oil the limonene is in the interconnection 
with the citral: the more is d-limonene in oil the less is citral compound and on the contrary, the reduction of the 
limonene compound in oil (test without tweezing) is followed by the enrichment of the oil by citral.  

 
Key words: care-growing; chemical composition; essential oil; lemon. 

  
 
 
 

БИОТЕХНОЛОГИЯ  

 
 

ВЛИЯНИЕ СПОСОБОВ ВОЗДЕЛЫВАНИЯ ЛИМОНОВ НА СОДЕРЖАНИЕ И 

СОСТАВ ЭФИРНОГО МАСЛА 

Багатурия Н. Ш., Бегиашвили Н. А., Которашвили Л. З., Ормоцадзе М. Л.  

(Научно-исследовательский институт пищевой промышленности Грузинского технического университета) 

 
Резюме. Приведены результаты исследования по пинцировке грузинского лимона в условиях влажных 

субтропиков Грузии. Изучено влияние пинцировки на продуктивность лимонов, химический состав и 
масличность кожуры плодов. Установлено, что лимонен в масле лимона находится в сопряженной взаимосвязи 
с цитралем: чем больше d-лимонена в масле, тем меньше содержится в нём цитраля. И, наоборот, уменьшение 
содержания лимонена в масле (в опыте без пинцировки) сопровождается обогащением масла цитралем. 

 
Ключевые слова: возделывание; лимон; химический состав; эфирное масло. 
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masalaTmcodneoba  

 

 

 

gamWoli dganebis maRalmedegi samarTulebis sawarmoeblad gankuTvnili 

beinituri klasis dabalnaxSirbadiani 08ХН4СДМФТ tipis foladis 

yovelmxrivi Seswavla misi gamoyenebis sferos gazrdis mizniT 

mzia Tabagari, vasil kopaleiSvili, irakli qaSakaSvili, oTar barbaqaZe 

(saqarTvelos teqnikuri universiteti, Sps `rusTavis foladi~) 

 

 

reziume: milsaglini `agregati 400~-is gamWoli dganebis samarTulebis damzadebis 

teqnologiam da 12ХН3А tipis foladma seriozuli transformaciebi ganicada samarTu-

lebis medegobis gazrdis mizniT. gasuli saukunis 80_90-ian wlebSi SemuSavebul iqna maTi 

damzadebis originaluri xerxi (s. m. №1615197) da axali, 10ХН3МФТ tipis kompozicia (s. m. 

№1753730), romelTa jamuri gavleniT samarTulebis medegoba orjer da metad gaizarda 

(gaglinuli masrebis raodenobam 200_300-dan 500_600-s miaRwia). dRes samarTulebis damzadebis 

xerxTan erTad warmoebas gadaeca 08ХН4СДМФТ tipis kompozicia. amasTan, momzadda axali 

ganacxadebic gamogonebebze. teqnikuri da teqnologiuri sakiTxebis mowesrigebis Semdeg, 

avtorTa gaTvlebiT, samarTulebis medegoba stabilurad gaxdeba 1000 milze meti. garda amisa, 

gaTvaliswinebulia samuSaoebis Catareba arsebuli Sedegebis milsaglin `agregat 140~-ze 

gadasatanad, struqturis (gansakuTrebiT, globularuli beinitis, anu e. w. superbeinitis) 

da Tvisebebis yovelmxrivi Seswavla, rac 08ХН4СДМФТ tipis foladis gamoyenebis sferos 

gazrdis saSualebas iZleva. 

 

sakvanZo sityvebi: `agregati 400~; `agregati 140~; gamWoli dganebi; maRalmedegi 

samarTulebi; superbeiniti; foladi. 

 

 

Sesavali 

milsaglini `agregati 400~-is gamWoli dganebis samarTulebis medegobis gazrdis 

mizniT 12ХН3А markis foladis nacvlad SemuSavebul iqna axali kompozicia 10ХН3МФТ da 

Termuli damuSavebis modernizebuli reJimebi (erTmagi mowva Secvlil iqna dakompaqtebuli 

ormagi mowviT, romelic xSirad mTavrdeboda samarTulebis gacivebiT gamoweul qvedze – 

`normalizaciiT nakadSi~). Catarebuli RonisZiebebis Sedegad gaumjobesda samarTulebis 

rogorc mxurvalmedegi gare Sre, ise momdevno `sayrdeni Sris~ agebuleba (feritul-per-

lituri struqtura Seicvala beinitiT). jamurma moqmedebam ganapiroba meore gamWoli dganis 

samarTulebis medegobis orjer gazrda. 

Tavdapirvelad Cven mier Cafiqrebuli iyo survili, Segveswavla `siliciumis zRurblis~ 

efeqti [1, 2] foladis erTi fuZis (10ХН3МФТ) gamoyenebiT 0,20_0,90 % siliciumis Semcvelobis 

farglebSi (0,20-dan 0,40 %-mde da 0,50-dan 0,90 %-mde), magram es araefeqturi gamodga. aRniS-

nuls asabuTebda beinituri klasis saSualonaxSirbadian 40ГСМФ da 40ГМФ foladebze 

                                                 
  SevniSnavT, rom pirvel gamWol dganze gamoWimvis koeficienti ,  1 6 , xolo meoreze _ 

,  2 2 . meore gamWoli dganis samarTulebs ufro rTul pirobebSi uxdeba muSaoba, vidre 

pirvelisas. aqedan gamomdinare, Tu (erTnair pirobebSi) samarTulebis medegoba meore dganze 
gaumjobesdeba, maSin pirvelze Sedegi kidev ufro unda gaumjobesdes. 
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miRebuli Cvenive monacemebi. maleve daisva sakiTxi samarTulebis sawarmoo aprobaciebis 

Semcirebis meTodis SesamuSaveblad. aRmoCnda, rom `ИМАШ~-is tipis maRaltemperaturuli 

mikroskopis samuSao sakanSi moTavsebul nimuSze drekadobis zRvrebSi modebuli gamWimi 

Zalis moqmedebisas erTi Termuli cikli (+20OC→650OC→+20OC) struqturul aspeqtSi 

Seesabameboda samarTulis datvirTvas gaWolvis dros (erTi masris gaglinvas). masalaTa 

Tvisebebis laboratoriis (mTl), amJamad TviTdafinansebaze myofi masalaTa Tvisebebis 

saswavlo-samecniero centris (mTssc), gamocdilebiT meqanikuri Tvisebebi ufro mgrZnobiarea 

struqturuli cvlilebebis mimarT, vidre sxva romelime (magaliTad, fizikuri) maCve-

nebeli. SemuSavebuli meTodis gamoyenebiT SeiZleba: 

1. Seswavlil iqnes myari xsnaris mdgomareoba da misi gajerebuloba (gansakuTrebiT 

efeqturia naxSirbadis Semcvelobisas C≤0,10 %); 

2. niSancvladi, Termocikluri da sxva msgavsi datvirTvebisas liTonis degradaciis 

dawyebis dadgena ngrevis (rRvevis) dawyebis CaTvliT; 

3. austenitis daSlis axali tipis kinetikuri diagramebis (izo, anizo Cveulebrivi da 

cxeli plastikuri deformaciis gavleniT) ageba da sxv. 

ra Tqma unda, am meTods Teoriuli da praqtikuli (eqsperimentuli) nawilebiTurT 

gaazreba-daxvewa sWirdeba. pirvel etapze aucilebelia 2005 wels gaCerebuli danadgaris 

aRdgena, xolo Semdeg – kvlevebis dagegmva. 

 

 

ZiriTadi nawili  

masala da kvlevis meTodika, eqsperimentuli nawili, Sedegebi da maTi gansja, 

daskvna. sakvlev masalad gamoyenebuli iyo Cven mier SemuSavebuli 08ХН4СДМФТ tipis 

kompozicia, romlis fuZes warmoadgenda foladi 10ХН3МФТ Semdegi koreqciiT: naxSirbadi 

unda yofiliyo kompoziciis qveda doneze, xolo malegirebeli elementebi – zeda doneze. 

beinituri gardaqmnis mosawesrigeblad foladSi malegirebel elementebad Setanil iqna 

0,50_1,2 % siliciumi da sxva mravali daniSnulebiT – 0,8_1,2 % spilenZi.*  

rogorc cnobilia, beinituri (e. w. Sualeduri) γ→α(B) gardaqmna sruldeba tempe-

raturul SualedSi 500 0C – Ms. am dros fuZisa da Canacvlebul atomebs praqtikulad ar 

SeuZlia gadaadgileba (difuzia), xolo gadacivebiT akumulirebuli energia sakmarisi ar 

aris martensituli meqanizmiT γ→α gardaqmnis gansaviTareblad. imavdroulad Termodi-

namikurad kristalografiuli wyoba – waxnagcentrirebuli kubi (k12) ver iarsebebs. sistema, 

rogorc sinergetikuli (TviTmarTvadi) [3-6], iwyebs `Cixidan gamosvlas~. amas akontrolebs 

naxSirbadis difuziis procesi. iwyeba naxSirbadis gadanawileba da warmoiqmneba naxSirbadiT 

Raribi da naxSirbadiT mdidari ubnebi. Rarib ubnebSi Zvris (martensituli) meqanizmiT maSinve 

sruldeba γR.→α(B) gardaqmna, xolo mdidar ubnebSi jer Warbi karbidebi gamoiyofa da 

Semdeg meordeba winas msgavsi procesi – γmd.→γR.+karbidebi; γR.→α(B) fazuri gardaqmna.  

saerTod, siliciums foladSi mravalnairi datvirTva aqvs. sawyis etapze is sxva 

elementebTan (Aℓ, Mn da sxv.) erTad muSaobs, rogorc ganmJangavi. roca is kompoziciaSi 

malegirebel elementad aris Setanili `siliciumis zRurblis~ zemoT (Si≥0,50 %), maSin misi 

moqmedeba (gavlena) SeiZleba ase warmovidginoT: siliciumi Tavisi hibridizebuli 3S1P3 

eleqtronebiT rkinasTan mimarTebaSi aneitralebs 6
103d  qveSreze arsebul gauwonasworebel 

spinebs – eleqtronebs ( 6
103d     ), radgan is ufro Zlieri donoria, vidre nax-

Sirbadi; asevea hibridizebul mdgomareobaSi 2S1P3 eleqtronebi. zemoaRniSnuli aaqtiurebs 

                                                 
 am kompoziciaSi spilenZi Setanil iqna beinituri gardaqmnisaTvis metad saWiro elementis – 

molibdenis uaryofiTi gavlenis gasaneitraleblad. is aZlierebs nikelis dadebiT gavlenas da 
molibdenis msgavsad monawileobs e. w. „xaverdovani Sris“ CamoyalibebaSi. misi suboqsidebi 
aqtiurad monawileobs gaWolvis procesebSi da sxv. 
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naxSirbadis gadanawilebis process da beinituri gardaqmnis procesi ufro swrafad da 

erTgvarovnad mimdinareobs. aqve (cxrilebi 1 da 2) mogvyavs eqsperimentis Sedegebi [7, 8], 

romlebic miRebulia Cven mier SemuSavebul, saavtoro uflebebiT dacul saSualo-

naxSirbadian beinituri klasis foladebze (s. m. №1208090 – 40ГСМФ; s. m. №1362058 – 40ГМФ). 

 

cxrili 1 

sawarmoo pirobebSi gamodnobili 40ГСМФ da 40ГМФ foladebis 

qimiuri Sedgenilobebi 

 

foladi 
qimiuri elementebis Semcveloba, masuri % 

C Si Mn Mo V S P Fe 

40ГСМФ 0,40 0,52 0,97 0,22 0,07 0,035 0,017 fuZe

40ГМФ 0,36 0,43 0,96 0,27 0,07 0,029 0,020 fuZe

 

 

cxrili 2 

40ГСМФ da 40ГМФ foladebis meqanikur TvisebaTa maCveneblebi 900 oC-ze normalizaciisa 

da 600 oC-ze moSvebis Semdeg 

 

foladi 
meqanikur TvisebaTa maCveneblebi

σd., n/mm2 σs., n/mm2 δ5, % ψ, %  a1=aC.+ag., j/sm2 JIC, n/mm

40ГСМФ 750 950 23 60  230=80+150 140 

40ГМФ 730 910 23 56  150=60+90 114 
 

1-li da me-2 cxrilebis monacemebiT, orive SemTxvevaSi saxezea sakonstruqcio 

simtkicis maRali maCveneblebi, magram upiratesoba Si=0,52 % folads ekuTvnis, radgan 

siliciumis Semcveloba `zRurblis~ (Si≥0,50%) zemoT, moyvanili sqemiT, aadvilebs 

naxSirbadis gadanawilebas, rac xels uwyobs beinituri gardaqmnis ufro organizebul 

Catarebas. sabolood, 40ГСМФ foladis struqtura ufro erTgvarovania, vidre 40ГМФ 

foladisa; es ki ganapirobebs qvemoT moyvanil sxvaobebs: 40ГСМФ–40ГМФ=Δ; Δσd.=20 n/mm2; 

Δσs.=40 n/mm2; Δδ5=0 %; Δψ=4 %; Δa1=aC.+ag.=80=20+60 j/sm2; ΔJIC=26 n/mm. sakmaod mniSvnelovania 

miRebuli Sedegi, romelic Teoriul aspeqtSi SeiZleba ase warmovadginoT: myari xsnaris 

legirebis xasiaTi (foladis qimiuri Sedgeniloba) da agebuleba – struqturuli 

mowesrigeba (ganpirobebuli damuSavebiT, magaliTad, Termuli damuSavebiT, plastikuri 

deformaciiT da sxv.) gansazRvravs simtkicis zRvris dones, xolo marcvlis sidide, 

dispersiuloba, meoreuli fazebis buneba da sxva faqtorebi, ufro met gavlenas axdens 

denadobis zRvarze. yvelaze mniSvnelovania is, rom dadebiTi aRmoCnda 40ГСМФ da 40ГМФ 

foladebis bzaris gavrcelebis kuTr muSaobaTa da jei-integralTa (bzarmedegobis 

energetikul maxasiaTebelTa) Soris sxvaobebi (Δa1 da ΔJIC), zemoxsenebul foladebSi 

siliciumis Semcvelobebs Soris mcire (0,09 %) sxvaobis miuxedavad. Tavis droze am 

sadiskusio faqtebma sakmaod damajereblad daadastura `siliciumis zRurblis~ arseboba 

rkinasa da beinituri klasis rkina-naxSirbad-siliciumis (Fe-C-Si) SenadnobebSi. aseve unda 

aRiniSnos, rom siliciumis moqmedeba rkinaze (Δa=
2,48
Fea –

2,35
Sia =0,13Å) iwvevs am ukanasknelis 

gisosis Semcirebas (SekumSvas) da, rodesac Si=2,3 %-s, rkina kargavs karbidwarmoqmnis 

unars, alotropizms (3d10-qveSreze arsebuli gauwonasworebeli spinebi erTmaneTTan 

warmoqmnis kovalentur kavSirebs), misi dartymiTi siblante KCU=0, anu rkina sruliad 

myife xdeba. igive Sedegi (KCU=0) miiReba rkinis gacivebisas uaryofiT kritikul 

temperaturaze. am kuTxiT metad saintereso iqneba 08ХН4СДМФТ da 08ХН4ДМФТ kompoziciebis 
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Sedareba, risi Sedegebic gaamdidrebs `siliciumis zRurbls~ da, saerTod, siliciumis 

rols ufro meti mniSvneloba mieniWeba beinitur gardaqmnaSi. 

Cvenma sakvlevma obieqtma – beinituri klasis dabalnaxSirbadianma 08ХН4СДМФТ tipis 

foladma [9, 10], gaumjobesebis seriozuli saqarxno gza (12ХН3А→10ХН3МФТ→ 

08ХН4СДМФТ→...) gaiara, ris Sedegadac milsaglini `agregati 400~-is gamWol dganebze 

muSaobisas misgan damzadebuli samarTulebis medegoba rekorduli (1000, 1500, 1700 mili) 

aRmoCnda, rac uaxlovdeba 2000 mils. sxvagvarad rom vTqvaT, Tu mogvarebuli iqneba 

teqnikuri da teqnologiuri sakiTxebi, maT Soris saxazavebis medegoba gamWol da Semom-

glinav dganebze, aseve avtomaturi da Semomglinavi dganebis samarTulebis medegobis 

gazrda n1≥500 milze da n2≥1000 milze, maSin gamWoli dganebis samarTulebis Cven mier 

miRebul masalas – kompozicias, pirvel etapze n1≥500 milze, xolo meore etapze (5 wlis 

Semdeg) n2≥1000 milze meti medegoba eqneba.  

sawarmos gadawyvetilebiT unda mogvardes teqnologiuri sakiTxebi (α-dan ω-mde). Tu 

teqnologiur gzaze raime ar varga, cudad muSaobs an ar arsebobs, saWiro iqneba aseTi 

sakiTxebis gamosworeba. kazmis momzadebidan mza produqciis defeqtoskopirebis CaTvliT, 

wvrilmani ar arsebobs. maT ricxvSia sayalibe narevebis sistematuri Semowmeba da maTi 

Sedgenilobis koreqtireba. aucilebelia sinjebis sistematuri aReba da a. S. Cveni 

varaudiT, sawyis etapze, or kviraSi ukve gveqneba ZiriTadi monacemebi. ori wlis Semdeg 

dagrovili monacemebis safuZvelze naTeli warmodgena Seiqmneba nakeTobebis medegobaze 

saqarxno pirobebSi. sruli suraTis misaRebad aseve aucilebeli iqneba `mTssc~-Si 

Casatarebeli kvlevebis aRdgena-gaZliereba. 

qvemoT mogvyavs imis magaliTi, Tu rogor SeiZleba sawarmoo gamocdebis dros 

konkretuli nadnobisagan damzadebuli samarTulebis medegobis prognozireba 

laboratoriul (magaliTad, `mTssc~) pirobebSi da rodis daiwyeba am masalis degradaciis 

procesi [11]. drekadobis zRvrebSi mudmivmoqmedi gamWimi Zalis (P=0,7Pd.) pirobebSi A1-is 

qvemoT (+20OC↔650 OC) ciklTa sxvadasxva raodenobiT (n=10; 100; 500; 1000) Ter-

mociklirebisas Cven mier Seswavlili gavlena 10ХН3МФТ foladis meqanikur TvisebaTa 

maCveneblebze warmodgenilia me-3 cxrilSi, xolo meToduri nawili – 1-l da me-2 nax-ebze 

[11].  

 

cxrili 3 

drekadobis zRvrebSi gamWimi Zalis (P=0,7Pd.) mudmivi moqmedebisas  

A1-is qvemoT (+20OC↔650OC) Termociklirebis gavlena 10ХН3МФТ  

foladis meqanikur TvisebaTa maCveneblebze 

 

ciklTa 

raodenoba, 

n 

meqanikuri Tvisebebis maCveneblebi 

650 oC-ze gamocdisas 

fuZis 

mikrosisale 

σB σd δ5 ψ H2O

n/mm2 n/mm2 % % n/mm2

 10 400 288 34 93 1310 

 100 500 269 43 84 1190 

 500 733 578 31 87 1043 

 1000 1059 960 29 89 896 
  

me-3 cxrilSi warmodgenili monacemebi cxadyofs, rom Termuli ciklebis raodenobis 

1000-mde gazrdiT 10ХН3МФТ foladis meqanikuri Tvisebebi Semdegnairad icvleba: simtkice 

orjer da metad izrdeba plastikurobis maRal doneze SenarCunebiT (σd.=288 n/mm2→960 n/mm2; 

δ5=34 %→29 %). e. i. xdeba dispersiuli ganmtkiceba simtkicis maCveneblebis zrdiT; am dros 

klebulobs fuZis – feritis mikrosisale ~ 400 erTeuliT, rac xels uwyobs plastikurobis 
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maRal doneze SenarCunebas (δ5=29 %; ψ=89 %). SemuSavebuli meTodi (gaWolvis procesis 

imitacia maRaltemperaturul mikroskopze) saSualebas iZleva eqsperimentulad dadgindes 

is momenti, roca ciklebis raodenobis gazrdiT Semcirebas daiwyebs simtkicis maCveneblebi, 

xolo plastikurobis maCveneblebi intensiurad Semcirdeba. Tu laboratoria kvlav Cadgeba 

mwyobrSi, misi done aRdgeba (miuaxlovdeba gasuli saukunis 80-iani wlebisas), maSin aseTi 

amocan(eb)is amoxsnas 10 dReSi SevZlebT. aRniSnuls met mniSvnelobas SesZens axali midgoma 

– milsaglini `agregati 400~-is teqnologiuri xazis muSaobis Seswavla e. w. `susti adgi-

lebis~ (`susti instrumentis~) dasadgenad. es samuSao ukve Catarebulia da saWiroa 

praqtikuli nabijebis gadadgma, rac ori periodis gavlas gulisxmobs: I – n1≥500 milze da II 

– n2≥1000 milze. 2 wlis Semdeg unda gvqondes minimaluri medegoba n1≥500 milze, rac karg 

Sedegad CaiTvleba, xolo meore periodi (5 weli) minimaluri medegobiT n2≥1000 milze –

saukeTeso Sedegi iqneba. sawarmo did sivrceSi gaxdeba instrumentis eqsportiori. garda 

amisa, SeiZleba kooperireba milnamzadis stabilur Semotanaze* da sxv., rac Sps `rusTavis 

foladis~ erT-erTi mimarTulebaa. 

 

 
 

nax. 1. ИМАШ 20-78 tipis danadgaris kinematikuri sqema: 1 – mudmivi denis Zrava; 2 – gadacemaTa 

kolofi; 3 _ 4 – wamyvani varskvlava; 5 _ 6 – jaWvuri gadacema; 7 _ 8 – datvirTvis qanCi; 9 _ 10 – 

Zalsazomi gadamwodi; 11 – samuSao sakani; 12 _ 13 – damWeri; 14 – gamosacdeli nimuSi 

                                                 
 *aucilebelia milebs orive agregatze Cautardes Termuli damuSaveba, kerZod, normalizacia 

„agregat 400“-ze da normalizacia nakadSi „agregat 140“-ze. 
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plastikurobis arsebul doneze SenarCunebiT an umniSvnelo SemcirebiT. es gvqonda 

mxedvelobaSi, roca arsebuli sqema ucvleli davtoveT. momavali samuSaos mizania saqar-

xno da laboratoriul pirobebSi miRebul Sedegebs Soris raodenobrivi kavSiris damya-

reba. mosalodneli Sedegebi warmodgenilia me-5 cxrilSi. 

 

cxrili 5 

08ХН4СДМФТ foladis meqanikur TvisebaTa mosalodneli maCveneblebi  

A1-is qvemoT 10-dan 2200-mde ciklis farglebSi Termociklirebis Semdeg 

 

ciklTa ricxvi, n 10 500 1000 1200 1400 1600 1800 2000 2200

denadobis zRvari, σd., n/mm2 250 500 900 1050 1150 2000 2250 2400 2000

fardobiTi wagrZeleba, δ5, % 35 33 31 30 28 27 26 24 16

 

me-3 cxrilSi warmodgenilia 10ХН3МФТ foladze miRebuli eqsperimentuli monacemebi 

[11], romelTa gamoyenebiTac moxda foladis Sedgenilobis koreqtireba (naxSirbadi 

kompoziciis qveda zRvarze, xolo malegirebeli elementebi – zedaze); rogorc ukve 

aRvniSneT, siliciumi malegirebel elementad (Si=0,50_1,2 %) iqna damatebuli, xolo 

spilenZi gamoyenebul iqna mravalmxrivi mniSvnelobiT (Cu=0,8_1,2 %). swored am niSnebiT 

modernizebuli kompozicia (08ХН4СДМФТ) gadaeca warmoebas. misi rekorduli medegoba 

jerjerobiT 1700 milia, magram mxedvelobaSi gvqonda `gadaCarxvebiT~ gazrdili 

samarTulebis medegobac, roca nmax=2000 mils. me-5 cxrilSi warmodgenili monacemebiT 

naCvenebia, rom 2000 milze zemoT daiwyeba liTonis degradacia (rodesac n=2200 mils: 

Δσd.=-400 n/mm2, xolo Δδ5=-8 %). moyvanili magaliTebis garda, saWiroa SemuSavebuli meTodiT 

axal aspeqtSi SeviswavloT `dakompaqtebuli ormagi mowva~ haerze gacivebiT, rac `nakadSi 

normalizaciis~ tolfasia. uyuradRebod ar unda darCes agreTve `Sleifebis~ gavlenis sa-

kiTxi (<Ti+N+V> an <Ti+N+Nb> an <Ti+N+V,Nb> da sxv.), risTvisac aucilebelia Fe-Si-N 

Senadnobis SeZena. cxovrebis tempi da sadReiso problemebi jerjerobiT ar iZleva imis 

saSualebas, rom meti yuradReba daeTmos fundamentur sakiTxebs. gamonaklisia SemTxveva, 

roca saqme exeba umaRlesi ganaTlebis mesame safexurs – doqtoranturas. am dros unda 

gamoiZebnos `yvelanairi saSualeba~, raTa SevinarCunoT mecnieruli kvlevis done – dacvaze 

gamovitanoT sami ganzogadebuli debuleba mainc. am mimarTulebis xarvezebis Sesavsebad 

Catarebul iqna eqsperimentebi Cven mier SemuSavebul saSualonaxSirbadian mcired legi-

rebul samile foladebze: 

1. foladi 40ГТ (s. m. №827581) simtkicis `К~ jgufis (σd.≥500 n/mm2) unakero samagri 

milebis sawarmoeblad cxeli glinvisa da `normalizaciis~ Semdeg; 

2. foladi 40ГФТ (qarTuli patenti GEP 2015 6260 B) maRali simtkicis (σd.≥760 n/mm2) 

satumb-sakompresoro milebis sawarmoeblad damuSavebuli e. w. `normalizacia nakadSi~. 
  

cxrili 6  

A1-is qvemoT, daZabulobis qveS (P=0,7Pd.) Termociklirebis gavlena 40ГТ da 40ГФТ tipis 

cxlad glinuli milebis foladebis meqanikur Tvisebebze 

 

sakvlevi foladi 
ciklTa raodenoba n, 

sxvaoba Δ 

meqanikur TvisebaTa maCveneblebi 

σd., n/mm2 σB, n/mm2 δ5, % 

40 ГТ, 

dnoba №7104 

0 550 880 11

1000 500 760 16

Δ Δσd.=-50 ΔσB=-120 Δδ5=+5 

40 ГФТ, 

dnoba №253246 

0 760 1030 10

451 520 760 7,5

Δ Δσd.=-240 ΔσB=-270 Δδ5=-2,5 
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rogorc aRvniSneT, sawarmoo pirobebSi samarTulebis gamocdebis Catarebisas 

dagvebada milebis gaWolvis (miRebis) procesis laboratoriul pirobebSi imitirebis idea 

da Tu es moxerxdeboda, maSin es meTodi mniSvnelovnad dagvexmareboda axali 

kompozici(eb)is Sedgenilob(eb)is optimizaciis amocanebis amoxsnaSi [11], amasTan, 

sagrZnoblad Seamcirebda sawarmoo cdebis raodenobas. gaCnda safuZvliani mosazreba, rom 

samarTuli sxvadasxva masalisagan yofiliyo Sedgenili, xolo misi gamocdebi 

Catarebuliyo laboratoriul gamWol dganze, romelic unda dagvemzadebina. sxva 

mosazrebiT, SeiZleboda gamogveyenebina damuSavebis cnobili `moSveba daZabulobis qveS~, 

romlis gavleniT masalis simtkice izrdeboda plastikurobis umniSvnelo SemcirebiT. 

`ИМАШ~-is tipis maRaltemperaturuli mikroskopi yvela aspeqtSi pasuxobda Cvens 

pirobebsa da moTxovnebs. samarTulebis gaxurebis temperatura cnobili iyo da ar 

aRemateboda 650 oC-s. sakvlevi masala Camoisxa samarTulebTan erTad, gaiara Termuli 

damuSaveba da damzadda `ИМАШ~-is nimuSebi. eqsperimentulad iqna dadgenili denadobis 

zRvari, xolo mudmivmoqmedi gamWimi Zalis mniSvneloba SeirCa P=0,7Pd.. Termociklirebis 

reJimis programa mricxveliT aRWurvil manqanas miewodeba grafikulad. eqsperimentebs 

vatarebdiT +20 OC↔650 oC temperaturebze, ciklebis Semdegi bijiT n=10; 100; 500; 1000 (ciklTa 

bolo raodenoba Seesabameboda samarTulebis medegobis rekordul mniSvnelobas, e. i. 

10ХН3МФТ foladisagan damzadebuli samarTulebis maqsimaluri (rekorduli) medegoba 1000 

mils utoldeboda). yvela etapze tardeboda meqanikuri gamocdebi 650 OC-sa da oTaxis 

temperaturaze (+20 OC), Seiswavleboda foladis struqtura. miRebuli Sedegebi aRmoCnda 

aratradiciuli da Zalze mniSvnelovani (cxrili 3). Cven gavicnobiereT, rom SemuSavebuli 

meTodi struqturul aspeqtSi axlos iyo realobasTan da misi gamoyeneba SeiZleboda 

mravali mimarTulebiT, kerZod, dabalnaxSirbadiani (C≤0,10 %) foladebis fuZis 

gajerebulobis Sesaswavlad. aRniSnuli dadasturebulia 40ГТ da 40ГФТ samile foladebis 

Seswavlisas (cxrili 6). 40AГФТ foladis mTliani degradacia emsgavseba ferad liTo-

nebSi (magaliTad, duraluminSi) mimdinare procesebs Senadnobis moSvebis temperaturaze 

maRla gaxurebisas. foladi 40AГФТ Cveni `receptiT~ iqna gamodnobili volgogradis 

qarxana `Красный Октябрь~-Si, xolo, miRebuli milnamzadebisagan satumb-sakompresoro milebi 

gaiglina rusTavSi, `agregat 140~-ze. denadobis zRvris rekorduli maCvenebeli miRebul 

iqna cxeli glinvis Semdeg σd.≥760 n/mm2 [11]. 10ХН3МФТ foladisagan gamWoli dganebis 

samarTulebis warmoebisas dafiqsirda medegobis maRali maCveneblebi – 700, 800 da zogjer 

1000 milze meti. garkveuli drois Semdeg aRmoCnda, rom es efeqti dakavSirebuli iyo 

eleqtrorkalur RumelSi liTonis dnobisas (N2→N+N) atomuri azotis gadasvlasTan 

Txevad liTonSi (N=0,007-0,01 %). jamuri efeqti ufro gaZlierda 08ХН4СДМФТ foladze 

gadasvlis Semdeg, rodesac medegobis rekorduli maxasiaTeblebi gautolda 1000, 1500, 1700 

mils. dafiqsirebulia isic, rom 18AГФТ foladisagan gaglinuli armatura Termuli 

damuSavebis gareSec akmayofilebs ISO-s B500W standartis moTxovnebs (σd.≥500 n/mm2). 

arsebuli monacemebiT [12], Tu gvaqvs gamiznuli kompozicia `SleifiT~ <Ti+N+V>, an 

<Ti+N+Nb>, an <Ti+N+V, Nb> an sxv. da teqnologiuri procesi, romelic garkveuli saxiT 

liTonebis wneviT damuSavebas unda Seicavdes, maSin aseTi damuSavebis Semdeg simtkice 

mniSvnelovnad izrdeba, Tanac SenarCunebulia plastikurobis maRali done. es Sesaswavli 

movlena Cveni redaqciiT cnobilia `axali fenomenis” saxelwodebiT. jerjerobiT 

gamovlenili da Seswavlilia: 

1. milnamzadebis gaWolvis procesi 10ХН3МФТ da 08ХН4СДМФТ foladebze; 

                                                 
  `axali fenomeni~ advili gamosavlenia, Tu teqnologiuri procesi mTavrdeba mza produqciis 

(milebi, sortuli naglini da sxv.) miRebiT. Tu samive faqtoris moqmedeba moqceulia milebis sawarmoebel 
instrumentSi (samarTulebi, saxazavebi), maSin `axali fenomenis~ efeqti unda `daviWiroT~ instrumentis 
medegobis zrdaSi. 
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2. satumb-sakompresoro milebis glinva `agregat 140~-ze 40AГФТ foladisagan; 

3. B500W-s tipis SesaduRebeli (C=0,22 %; CE=0,43 %) armaturis warmoeba cxlad glin-

uli 18AГФТ foladisagan Termuli damuSavebis gareSe; 

4. instrumentis (samarTulebi, saxazavebi) sawarmoeblad gankuTvnili kompoziciebi 

(gamWoli dganebis samarTulebisTvis – 08ХН4СДМФТ; avtomaturi dganis samarTule-

bisaTvis – 17Х5Н4СДМФТ; Semomglinavi dganebis samarTulebisaTvis – 350С1Ю2ДН5МФТ; 

gamWoli da Semomglinavi dganebis saxazavebisaTvis – 110Х28ДН5ФТ) Seicavs `Sleifs~ da 

aqvs samive komponenti. aucilebelia davafiqsiroT sastarto meqanikuri Tvisebebis maxasia-

Teblebi da rac SeiZleba swrafad davixmaroT `mTssc~-is sakvlevi baza. Cveni axali 

midgomiT yvela nadnobze gveqneba kokilebSi Camosxmuli nimuSebi sxmul mdgomareobaSi 

da Termuli damuSavebis Semdeg. gaWimvaze gamocdebs mohyveba kvalificiuri mikroanalizis 

Sedegebi, romelTac SevavsebT namuSevari samarTulebis (saxazavebis) SeswavliT. 
 

 

daskvna  

arsebuli eqsperimentuli monacemebis analizis Sedegebi pretenziis qonis saSualebas 

iZleva sadisertacio Tematikis warmatebiT Sesrulebisas dasacavad gamosatan Semdeg sam 

ganzogadebul debulebaze: 

 1. qarTuli patentiT iqneba daculi naSromSi gamoyenebuli, gamiznulad SemuSavebuli 

kompozicia 08ХН4СДМФТ. gamoricxuli ar aris, rom aseve gveqnes qarTuli patenti 

masalis Termul damuSavebaze, romelic arsebuli dakompaqtebuli mowvisagan gansxvavdeba 

imiT, rom sahomogenizacio mowvas mohyveba samarTulebis garantirebuli Seciveba ~500 OC 

temperaturamde (rasac impulsiT uzrunvelyofs samarTulSi CamontaJebuli Termul-

eleqtruli pirometris `cxeli bolo~) γ→α gardaqmnis Casatareblad, Semdgomi gaxureba 

920 OC-ze 40 wuTis dayovnebiT da momdevno gaciveba haeris aqtiuri nakadiT. aRniSnuli 

uzrunvelyofs globularuli beinitis garantirebul miRebas samarTulebis zedapirul 

SreebSi mxurvalmedegi Sris qveS; 

 2. samarTulebis minimaluri medegoba milsaglinav `agregat 400~-ze iqneba n2≥1000 

milze, riTac sawarmos SeeZleba gaxdes instrumentis eqsportiori; 

 3.1. milsaglin `agregat 400~-ze miRebuli Sedegebis gadatana `agregat 140~-ze. 

aucilebeli iqneba samarTulebis Camosxma miaxloebiT zomebSi, Wedva-StampviT da momdevno 

civi meqanikuri damuSavebiT maTi dayvana saWiro zomebamde, xolo sabolood – Termuli 

damuSaveba `agregat 400~-is samarTulebis analogiurad (ix. 1). warmatebuli Sedegebis 

SemTxvevaSi gaformdeba ganacxadi samarTulebis miReba-damuSavebaze; 

 3.2. globularuli beinitis, anu e. w. `super beinitis~ gamoyeneba axali daniSnulebiT – 

sajavSne masalad Semdegi sastarto monacemebiT: saSualo donis simtkice maRal plas-

tikurobasa da siblantesTan erTad, romlebic Semdgom umjobesdeba perforaciebiT. 
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MATERIALS SCIENCE 
 
 

COMPREHENSIVE STUDY OF LOW-CARBON BAINITIC STEEL OF 
C0.08CrNi4SiCuMoVTi-TYPE, USED FOR THE PRODUCTION OF HIGH RESISTENT 
MANDRELS OF PIERCING MILLS IN ORDER TO EXPAND THE SCOPE OF 
APPLICATION 

M. Tabagari, V. Kopaleishvili, I. Qashakashvili, O. Barbaqadze  

(Georgian Technical Yniversiti, “Rustavi steel”) 

 

Resume: Manufacturing technology of mandrels of piercing mills of Pipe Rolling aggregate "400" and steel of 
C0.12CrNi3-type underwent serious transformation in order to increase the resistance of the mandrels. The original 
method of manufacturing mandrels have been developed (SU 1615197) and the composition of a new type of steel 
C0.10CrNi3MoVTi (SU 1753730), the total effect of which is defined by more than two-fold increase in the durability 
of mandrels - resistance was 200-300 and became 500-600 hollow billets (80-90 years of the twentieth century). Today, 
the production transferred to the composition of type C0.08CrNi4SiCuMoVTi together with a method of manufacturing 
mandrels (are preparing applications for inventions). After adjusting the technical and technological issues, according to 
our calculations, resistance of mandrels stable will exceed 1000 hollow billets. In addition, goal of authores is to carry 
out works to transfer the obtained results to the Pipe Rolling aggregate "140". And yet, will be thoroughly studied the 
structure (especially globular bainite - the so called "Superbainite") and properties, that allow to expand the use of steel 
C0.08CrNi4SiCuMoVTi. 

 

Kay words: "aggregate 400"; "aggregate 140"; high resistant mandrels; piercing mills; steel; ”Superbainite”. 
 
 
 

МАТЕРИАЛОВЕДЕНИЕ 
 
 

ВСЕСТОРОННЕЕ ИЗУЧЕНИЕ НИЗКОУГЛЕРОДИСТОЙ БЕЙНИТНОЙ СТАЛИ 
ТИПА 08ХН4СДМФТ, ПРИМЕНЯЕМОЙ ДЛЯ ПРОИЗВОДСТВА ВЫСОКОСТОЙКИХ 
ОПРАВОК ПРОШИВНЫХ СТАНОВ, С ЦЕЛЬЮ РАСШИРЕНИЯ СФЕРЫ 

ПРИМЕНЕНИЯ 

Табагари М. В., Копалейшвили В. П ., Кашакашвили И. Г., Барбакадзе О. Г. 

(Грузинский технический университет, ООО „Рустави Стал“) 

 

Резюме. Технология изготовления оправок прошивных станов трубопрокатного „агрегата 400“ и сталь 
типа 12ХН3А прошли серьёзные трансформации с целью повышения стойкости оправок. Были разработаны 
оригинальный способ изготовления оправок (А. с. №1615197) и композиция новой стали типа 10ХН3МФТ (А. с. 
№1753730), суммарное влияние которых определило более чем двукратное повышение стойкости оправок – 
была стойкость 200-300, а стала 500-600 гильз (80–90-е годы ХХ столетия). Сегодня производству передана 
композиция типа 08ХН4СДМФТ вместе со способом изготовления оправок (готовятся заявки на изобретения). 
После наладки технических и технологических вопросов, по нашим расчетам, стойкость оправок стабильно 
превысит 1000 гильз. Кроме этого, целью авторов является проведение работ для переноса полученных 
результатов на трубопрокатный „агрегат 140“. И еще, всесторонне будут изучены структура (особенно, 
глобулярный бейнит – т. н. „супербейнит“) и свойства, что позволит расширить сферу использования стали 
08ХН4СДМФТ.  

 

Ключевые слова: „агрегат 400“; „агрегат 140“; высокостойкие оправки; прошивные станы; сталь; 

„супербейнит“. 
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manqanaTmSenebloba 

 

 

 

saWylet-saqucmacebel-sagrexi manqanis danebis simtkiceze gaangariSebis 

meTodi 

Tamaz megreliZe, giorgi pirveli, givi gugulaSvili  

(saqarTvelos teqnikuri universiteti) 

 

 

reziume: ganxilulia sakveb-samkurnalo mcenareuli nedleulis saWylet-saquc-

macebel-sagrexi manqanis muSa danebis simtkicis sakiTxi. nedleulis foTolze meqanikuri 

zemoqmedebis Sedegad muSa danebSi aRZruli Zalebis gaTvaliswinebiT warmodgenilia maTi 

simtkicis pirobebis gaangariSebis meTodika.  

 

sakvanZo sityvebi: danebis simtkice; meqanikuri zemoqmedeba; muSa danebi; sakveb-

samkurnalo mcenareuli nedleuli; saWylet-saqucmacebel-sagrexi manqana.  

 

 

Sesavali  

axali teqnologiuri mowyobilobis gamocdis Semdeg miRebuli Sedegebis mixedviT 

saWiroa am mowyobilobis teqnikuri gaangariSebis meTodikis damuSaveba, radgan misi 

saSualebiT SesaZlebelia mowyobilobis rogorc calkeuli detalebis da kvanZebis 

dagegmareba, aseve mTlianad manqanis muSaobis meqanikuri da teqnologiuri parametrebis 

dazusteba da optimizacia. aseT sakiTxebs miekuTvneba sakveb-samkurnalo mcenareuli 

nedleulis saWylet-saqucmacebeli manqanis muSa danebis simtkiceze gaangariSebis meTodis 

damuSaveba. 

 

 

ZiriTadi nawili 

saWylet-saqucmacebel-sagrexi manqanis danebi asrulebs foTlis damuSavebis ZiriTad 

operacias, ris gamoc Zalze mniSvnelovania maTi simtkiceze gaangariSeba. danebis muSa-

obisas SeiZleba moxdes maTi deformacia (nax. 1). 

 
nax. 1. saWylet-saqucmacebel-sagrexi danis deformaciis Sedegi 
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ganvixiloT danis simetriis vertikaluri RerZidan r  manZiliT daSorebuli 

RerZuli kveTis usasrulod mcire elementis deformacia. normali, romelsac 

deformaciis dawyebamde ekava AB  mdebareoba, mobrundeba raRac   kuTxiT da daikavebs 

(gauRunavi normalis hipoTezidan gamomdinare) A B1 1  mdebareobas. misgan r dr  manZiliT 

daSorebuli meore normali CD  mobrundeba d   kuTxiT da daikavebs C D1 1  mdebareobas. 

radialurad ganlagebuli KL  xazi, romelic danis radialuri RerZidan 

daSorebulia z  manZiliT, dagrZeldeba sididemde: 

K L KL z d  1 1 . 

am nawilis fardobiTi wagrZeleba toli iqneba: 

 

/
r

z d
r

dr

 
   .    (1) 

r  radiusis mqone wris nawilis fardobiTi wagrZelebis povna SeiZleba wrewiris 

sigrZis gamoTvliT deformaciamde da deformaciis Semdeg da maTi sxvaobis gansazRvris 

gziT. deformaciamde wrewiris sigrZe iyo r 2 , xolo deformaciis Semdeg _  r z    2 . 

amitom wriuli mimarTulebiT fardobiTi wagrZeleba iqneba: 

 

 
t

r z r
z

r r

   


      
  

 

2 2

2
.  (2) 

ganvixiloT danis Siga elementi, romelic SemosazRvrulia ori koncentruli ci-

lindriT (maTi radiusebia r  da r dr ) da ori RerZuli sibrtyiT (romelTa Soris kuTxea 

d ). 

radgan horizontaluri RerZis paralelur kveTebSi normaluri daZabulobebi nulis 

tolia, amitom r , t , r  da t  sidideebs Soris kavSiri gamoisaxeba hukis kanoniT, 

romelsac eqneba Semdegi saxe: 

 
 r r tE

      
1

,    t t rE
      

1
, 

sadac  E   aris drekadobis moduli danis masalisaTvis; 

  _ puasonis koeficienti. 

Tu aRniSnul gantolebebs amovxsniT r  da t -s mimarT, maSin miviRebT 

 

 r r t
E   


   
 21

,   t t r
E   


   
 21

. 

am gamosaxulebebSi (1) da (2) formulebis mniSvnelobaTa CasmiT miviRebT 

 

/
r

E z

r

  

        21

,  (3) 

 

/
t

E z

r

  

        21

.   (4) 

danis Siga elementis waxnagebze SesaZlebelia ara marto normaluri daZabulobebis 

arseboba, aramed mxebisac. ABCD  da A B C D1 1 1 1  waxnagebze mxebi daZabulobebi ar arsebobs, 

radgan aq maTi arseboba daarRvevda danis simetrias. CDC D1 1  da ABA B1 1  waxnagebze mxebi 

daZabulobebi wris rkalis gaswvriv mdebare yvela wertilSi erTmaneTis tolia da yvela 

maTgani mimarTulia vertikalurad (rac aseve danis simetriulobis pirobidan gamomdi-

nareobs). 

ganvixiloT danis Siga elementis wonasworobis pirobebi. ABA B1 1  waxnagze Siga mxebi 

Zalebi aRZravs tolqmed ganiv Zalas, romelic mimarTulia z  RerZis paralelurad. 
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nax. 2. danis Siga moculobiTi elementis waxnagebze 

moqmedi daZabulobebi 

 

Siga Zalebis intensiuroba, anu r d  rkalis erTeulze mosuli Zalis sidide, 

aRvniSnoT Q  asoTi. maSin ABA B1 1  waxnagze moqmedi ganivi Zala toli iqneba Q r d  , xolo 

CDC D1 1  waxnagze moqmedi Zala _  Q r d d Q r d      . 

ABCD  da A B C D1 1 1 1  waxnagebze moqmedi normaluri Siga Zalebi warmoqmnis tdN  

normaluri Zalebis tolqmeds da Sesabamis moments (nax. 2). ABB A1 1  da CC D D1 1  waxnagebze 

Siga normaluri Zalebi aseve warmoqmnis rdN  normaluri Zalebis tolqmedsa da Sesabamis 

moments. 

normaluri Zalebis rdN  da tdN  tolqmedebi, Sesabamisad, tolia: 

 r rdN r d dz     ,   t tdN dr dz   . 

r  da t  sidideebis mniSvnelobebi SeiZleba Caisvas (3) da (4) formulebidan. 

amasTan, danis sisqis mixedviT, integrebis dros  , / , r , dr  da d  sidideebi mudmivia da 

isini SeiZleba gamoviyvanoT integralis niSnis gareT 

 

/

h

r

h

E r d
N z dz

r

  






             
2

2

2

0
1

,   /

h

t

h

E dr
N z dz

r

  






            
2

2

2

0
1

.  (5) 

 (5) gamosaxulebebi nulis tolia, radgan 

h

h

z dz





 
2

2

0 . 

amgvarad, r  da t  sidideebis ganawilebis arsebuli kanonis pirobebSi normaluri 

Siga Zalebis tolqmedebi yvela waxnagze nulis tolia.  

gansaxilveli elementis waxnagebze moqmedi momentebis intensiuroba wriuli da 

radialuri mimarTulebiT aRvniSnoT rM  da tM  asoebiT. Sesabamisad, rM  da tM  

warmoadgens wriuli da radialuri mimarTulebiT sigrZis erTeulze mosul momentebs.  
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cxadia, gamoyofili elementis gverdiT waxnagebze momentebi erTmaneTis tolia da 

Seadgens tM dr . Tavis mxriv  

 

h

t t

h

M dr dr z dz





    
2

2

. 

ABB A1 1  waxnagze moqmedi momenti tolia rM r d   da igi SeiZleba ganisazRvros 

formulidan 

 

h

r r

h

M r d r d z dz  





      
2

2

. 

radgan danis sisqis mixedviT, integrebis SemTxvevaSi r , dr  da d  sidideebi 

mudmivia, amitom SeiZleba daiweros 

 

h

r r

h

M z dz





  
2

2

,   

h

t t

h

M z dz





  
2

2

. 

 (3) da (4) gamosaxulebebis gamoyenebiT gveqneba 

 

/

h

r

h

E
M z dz

r

 






          
2

2
2

2

1
,    /

h

t

h

E
M z dz

r

  






          
2

2
2

2

1
. 

 
 

nax. 3. danis Siga moculobiT elementze moqmedi 

datvirTvebis sqema 

 

am gantolebebis integrebis Sedegad miviRebT 

 

/

( )
r

E h
M

r

 


         

3

212 1
,  (6) 

 

/

( )
t

E h
M

r

  


         

3

212 1
.   (7) 
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Tu SemoviRebT aRniSvnas 

 
( )

E h
D





 

3

212 1
 

da vuwodebT mas danis sixistes Runvaze, SeiZleba davweroT 

 

/
rM D

r

      
 

,   (8) 

 

/
tM D

r

       
 

.  (9) 

CDD C1 1  waxnagze moqmedi momenti toli iqneba 

 ( )r rM r d d M r d      . 

danaze F  Zalis moqmedebis SemTxvevaSi gamoyofili elementis zedapirze mosuli Za-

la toli iqneba F r d dr   -isa. Tu yvela Zalas davagegmilebT vertikalur RerZze, mi-

viRebT  

 ( )Q r d d Q r d Q r d F r d dr                0 , 

saidanac gveqneba 

 ( )d Q r d F r d dr       .  

d  mocemuli elementisaTvis mudmiv sidides warmoadgens, amitom 

 

/( )
( )

d Q r
F r Q r

dr


    ,  (10) 

sadac /( )Q r  aris ( )Q r  funqciis warmoebuli danis radiusiT. 

wonasworobis Semdegi gantolebis Sedgenis mizniT visargebloT elementze y  RerZis 

mimarT moqmedi yvela Zalis momentebis jamiT, romelic emTxveva r -radiusiani wris mxebis 

mimarTulebas. me-3 nax-ze momentebi naCvenebia veqtorebis saxiT, romlebic sididiT tolia 

aRniSnuli momentebisa da momentis moqmedebis sibrtyisadmi marTobuladaa ganlagebuli 

im mimarTulebiT, saidanac momentis brunva Cans saaTis isris moZraobis sawinaaRmdegod. 

momentis veqtoris proeqcia RerZze tolia am ZalTa wyvilis momentisa aRniSnuli RerZis 

mimarT. 

y  RerZis mimarT momentebis jami tolia 

( )r r r t
dr d

M r d d M r d M r d F r d dr M dr
                    2

2 2
 ( )Q r d d Q r d dr        0 .  

am formulaSi 
dr

F r d dr   
2

 da ( )d Q r d dr    sidideebs Tu ugulebelvyofT, rogorc 

maRali rigis mcire sidideebs, SeiZleba davweroT: 

 
( )r td M r d M dr d Q r d dr            0 , 

saidanac miviRebT 

 
/( )t rM M r Q r    . (11) 

radgan danis sisqe mudmivi sididea, amitom misi sixistec ( D )…mudmivia. Sesabamisad, 

(11) formulaSi rM  da tM  sidideebis mniSvnelobaTa CasmiT (8) da (9) gamosaxulebebidan 

gveqneba 

 

/
/ /( )D D r Q r

r r

    
            
  

. 
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nax. 4. danis elementze moqmed momentTa veqtorebis saxe 

 

radgan   da /  warmoadgens r  sididis funqciebs, SegviZlia davweroT 

 

/ // / / Q r
r

r D

       
        , 

anu 

 

// / Q

r Dr

     
2

1
. 

bolo gamosaxuleba SeiZleba Caiweros Semdegi saxiT 

 

 
/

/ Q
r

r D
      

1
.  (12) 

normalis mobrunebis kuTxe ganisazRvreba (12) gamosaxulebis orjeradi integrebiT 

 

/( )r c Q dr
r D

     1
1 1

, 

 

/( )
r

r c r Q dr
D

      1 , 

 

c r
r c r Q dr dr

D


            
2

1
2

1

2
,  (13) 

 

sadac c1  da c2  integrebis mudmivebia, romelTa gansazRvra mocemuli kerZo SemTxve-

visaTvis xdeba sasazRvro pirobebis mixedviT. 

(13) gamosaxulebis Tanaxmad, normalis mobrunebis   kuTxis gansazRvrisaTvis 

SegviZlia davweroT 

 

c
c r r Q dr dr

r D r
             2

1
1

.  (14) 

Tu   funqcia cnobilia, maSin diferencirebis gziT SesaZlebelia / -is gansazRvra. 

amis Semdeg   da /  sidideebis mniSvnelobebis (3) da (4) formulebSi CasmiT ganvsazRv-

ravT r  da t  mniSvnelobebs an (8) da (9) formulebSi CasmiT _ rM  da tM  momentebis 

mniSvnelobebs.  

 

 

daskvna  

dRevandel pirobebSi warmoebas esaWiroeba maRali simtkicis mqone muSadanebiani man-

qanebi, romlebic uzrunvelyofs am manqanebis efeqtur muSaobas xangrZlivi periodis 
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ganmavlobaSi. mcenareuli nedleulis saWylet-saqucmacebeli manqanis muSa elementebis 

(danebis) simtkiceze gaangariSebis zemoaRniSnuli meTodi yoveli konkretuli meqani-

kurparametrebiani manqanisaTvis zusti monacemebis dadgenis saSualebas iZleva.  
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MECHANICAL ENGINEERING 
 
 

CALCULATION METHOD OF HARDNESS WORKER KNIVES OF CRUSHING-
SMASHING-ROLLING MACHINE FOR THE NUTRITION-MEDICAL VEGETABLE 
ROW MATERIALS LEAVES  

T. Megrelidze, G. Pirveli, G. Gugulashvili 

(Georgian Technical University) 

 
Resume: There considered the question of hardness of description the nutrition-medical vegetable row materials 

leaves crushing-smashing-rolling machine worker tandem knives. With envisaging results of worker tandem knives 
mechanical influence on vegetable row materials arising forces, there is represented the knives hardness calculation 
methods.  

 
Key words: crushing-smashing-rolling machine; knives hardness; mechanical influence; nutrition-medical 

vegetable rоw materials; worker knives.  

 
 
 
 

МАШИНОСТРОЕНИЕ 

 
 

МЕТОД РАСЧЕТА ПРОЧНОСТИ РАБОЧИХ НОЖЕЙ МАШИНЫ ДЛЯ МЯТИЯ-

ИЗМЕЛЬЧЕНИЯ-СKРУЧИВАНИЯ ЛИСТЬЕВ РАСТИТЕЛЬНОГО СЫРЬЯ 

Мегрелидзе Т. Я., Пирвели Г. Т., Гугулашвили Г. Л. 

(Грузинский технический университет) 

 
Резюме. Рассмотрен вопрос прочности спаренных рабочих ножей машины для мятия, измельчения и 

скручивания листьев пищево-лечебного растительного материала. С учетем сил, возникающих при 
взаимодействии рабочих ножей с листьями растительного материала, разработана методика расчета прочности 
спаренных ножей. 

 
Ключевые слова: машина для мятия-измельчения-скручивания растительного сырья; механическое 

воздействие; пищево-лечебное растительное сырье; прочность ножей; рабочие ножи. 
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axali teqnologiebi 

 

 

 

fibrobetonis liukis xufebis damzadebis teqnologia  

daviT nozaZe, paata ejibia, slava mebonia, gela oTaraSvili 

(saqarTvelos teqnikuri universiteti) 

 

 

reziume: ganxilulia fibrobetonis xufebis damzadebis teqnologia. SemoTavazebulia 

maTi zomebis gansazRvris meTodika. xufze moqmedi datvirTvebi ganisazRvreba EN-124 

standartis mixedviT. dadgenilia, rom aRniSnuli teqnologiiT miRebuli fibrobetonis xufebi 

SeiZleba gamoyenebul iqnes sagzao mSeneblobaSi, rogorc B-125 klasis mqone nakeToba.  

 

sakvanZo sityvebi: dasaSvebi Zabva; datvirTva; fibrobetonis xufi; liukis xufis 

ganivkveTi. 

 

 

Sesavali 

saqarTveloSi mimdinare wels gzebis mSenebloba-reabilitaciaze mniSvnelovani sa-

biujeto resursebia gaTvaliswinebuli; gansakuTrebuli yuradReba eqceva saniaRvre liu-

kebis detalebis, kerZod xufebis, damzadebas. vinaidan adgilobriv bazarze fibrobetonis 

xufebze sakmaod didi moTxovnilebaa da am produqtis momxmareblisTvis miwodeba garkve-

ul problemas warmoadgens, metad aqtualuria maTi damzadebis progresuli teqnologiis 

SemuSaveba da warmoebaSi danergva. aRniSnuli problemis gadawyveta SesaZlebelia Tana-

medrove masalis – kompoziciuri betonis, anu fibrobetonis, gamoyenebiT.  

 

 

ZiriTadi nawili  

saqarTveloSi saniaRvre liukebis xufebi mxolod Tujisa da minaplastikisagan 

mzaddeboda. Uukidures SemTxvevaSi maT dasamzadeblad iyenebdnen Sedgenil masalas _ fo-

ladis garsSi Casxmul Cveulebriv msxvilkenWovan betons, romlis simtkice damokidebulia 

foladis garsis simtkiceze. analogiurad mzaddeboda xufebi evropis mTel rig qveynebSi 

(germania, britaneTi, avstria, CexeTi da a.S.). aqedan gamomdinare, kompoziciuri betonisagan 

sakanalizacio da saniaRvre WebisaTvis xufebis damzadeba absoluturad axali da gansxva-

vebuli novaciaa. misi unikaluroba ki isaa, rom: 

_ mis dasamzadeblad aRar gamoiyeneba Zvirad Rirebuli foladi da Tuji, romlebic 

saqarTveloSi sakmaod Zviria; amasTan, aRarc xufebis moparvis problema iqneba; G 

_ meqanikuri TvisebebiTa da agresiuli garemosadmi medegobiT ar Camouvardeba Tujs; 

_ advilad SeiZleba nebismieri formisa da feris zedapiris mqone liukis damzadeba, 

rasac istoriuli qalaqisaTvis didi mniSvneloba aqvs; 

_ mis SeqmnaSi monawile masalebis 80 % iwarmoeba saqarTveloSi;  

_ zRvruli datvirTvebis SemTxvevaSi ar imsxvreva _ igi drekadia da xangamZle. 

aRniSnuli faqti xels Seuwyobs gzebze avariebis Tavidan acilebas;  

_ foladisa da Tujis liukTan SedarebiT bevrad ufro iafi jdeba. 

fibrobetonis saniaRvre liukebis xufebis (nax. 1) dasamzadeblad iyeneben iseT kom-

ponentebs, rogoricaa qviSa, cementi, hidrofobizatori, plastifikatori. fibrobetoni mi-
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iRebaAam masalebis wyalTan SereviT – jer xdeba wyalSi garkveuli proporciiT qviSisa 

da cementis Sereva da Semdeg hidrofobizatorisa da plastifikatoris damateba. miRebul 

narevs wvrilad daWrili minis an bazaltis boWkosac umateben da ukve mza masa maRali 

wneviT Caifrqveva yalibSi, romlis Semdgomi armireba xorcieldeba sendviCis principiT. 

armaturisaTvis gamoiyeneba boWkovani teqstilis sxvadasxva simkvrivis qsovili. 

 

 
 

nax. 1. fibrobetonis saniaRvre liukebi: 1 – liuki; 2 – xufi 

 

me-2 nax-ze mocemulia bazaltis boWkos gorgali, bazaltis boWkoebisagan damzadebu-

li saarmature qsovili da mza yalibi. 

 

 
 

nax. 2. xufis dasamzadeblad saWiro atributebi: a _ bazaltis boWkos gorgali; 

b _ saarmature qsovili; g _ yalibi 
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gaSrobis Semdeg nakeTobas iReben yalibidan, fuTaven polieTileniT da erTi Tvis 

ganmavlobaSi saboloo gaSrobisaTvis aTavseben sawyobSi. es meTodi SeirCa imisTvis, rom 

Srobis procesSi nimuSi ar gaibzaros da SeinarCunos saTanado meqanikuri Tvisebebi. 

gaSrobis Semdeg kompoziciuri betoni iRebs sasurvel saeqspluatacio simtkices [1, 2].   

me-3 nax-ze warmodgenilia zemoT aRwerili teqnologiiT miRebuli fibrobetonis 

saniaRvre liukis xufis saangariSo sqema. 

 

 
  

nax. 3. saniaRvre liukis xufis saangariSo sqema 

 

ganvixiloT liukis xufis ganivkveTis zomebis gansazRvris meTodika EN-124 stan-

dartis mixedviT (nax. 3). rogorc naxazidan Cans, mocemuli zomebis liukis xufi devs 

garkveuli farTobis baqnis Sua nawilSi da awveba mas P datvirTviT, romelic Seadgens 

12,5 t-s, anu 12500 kg-s. datvirTvis Sedegad liukis xufi iRuneba, ris gamoc mis saSiS 

kveTSi warmoiqmneba normaluri Zabvebi, romlebic maqsimalur mniSvnelobas aRwevs xufis 

Sua nawilSi.  

rodesac P datvirTvis Zala Tanabradaa ganawilebuli garkveuli 0r  radiusis wris 

farTobze maqsimaluri normaluri Zabvis mniSvnelobis gaangariSeba xdeba formuliT [3, 4]: 

max
( )

[ln ];
P b k

rh

 
 
 

 
2

0

3 1 1

22
 

,
, ,

,
k


 

 5

0 914
0 6

1 1 6  

sadac max  aris maqsimaluri normaluri Zabva, kg/sm2;  

P  datvirTva xufze, kg;  

  puasonis koeficienti;  

h   xufis sisqe, sm;  

b   xufis sigane, sm;  

r 0  datvirTvis ganawilebis baqnis wris radiusi; 

b
a    saxuravis zomebis Tanafardoba. 

Runvis simtkicidan gamomdinare, ganisazRvreba saxuravis kveTis sisqis saorientacio 

mniSvneloba:  
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ganvsazRvravT saxuravis sisqes mocemuli zomis liukis magaliTze, romlis sigrZe 

da sigane 0,7 m-is, anu 70 sm-is tolia. saxuravis sisqe gamoiTvleba zemoT moyvanili 

formulidan. Tu davuSvebT, rom puasonis koeficienti ,  0 3 -s, saxuravis zomebi  
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NEW TECHNOLOGIES 
 
 

TECHNOLOGY OF PRODUCTION OF FIBROCONCRETE COVERS OF HATCHES  

D. Nozadze , P. Ejibia, S. Mebonia, G. Otarashvili 

( Georgian Technical University) 

 
Resume: There are considered the manufacturing techniques of covers for water-waste hatches from 

fibroconcrete. There is offered the technique of determination of their sizes. Calculation of operating loadings is 
executed on the example of a cover for water-waste hatches of the concrete sizes. There is established, that the products 
received by this technology can be used in road construction.  

 
Key words: loading; posible tension; section of hatch cover; the hatch from fibroconcrete.  

 
 
 
 

НОВЫЕ ТЕХНОЛОГИИ 

 
 

ТЕХНОЛОГИЯ ИЗГОТОВЛЕНИЯ ФИБРОБЕТОННЫХ КРЫШЕК ЛЮКОВ  

Нозадзе Д. А., Эджибия П. P., Мебония С. А., Отарашвили Г. Г. 

(Грузинский технический университет) 

 
Резюме. Рассмотрена технология изготовления крышек водосточных люков из фибробетона. Предло-

жена методика определения их размеров. Расчет действующих нагрузок выполнен на примере люка кон-
кретных размеров. Установлено, что полученные данной технологией изделия можно использовать в дорожном 
строительстве.  

 
Ключевые слова: люк из фибробетона; нагрузка; напряжение; сечение крышки люка.  
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arqeologia 

 

 

 

sabus diski – orTqlis manqana 

gizo vaSakiZe 

(iv. javaxiSvilis saxelobis Tbilisis saxelmwifo universiteti) 

 

 

reziume: uZvelesi artefaqti, e. w. sabus diski egviptis muzeumSia ganTavsebuli. ana-

logiuri formis diskis gamocdam gamoavlina metad saintereso Tviseba _ diski iZleva 

cxeli wylisagan orTqlis miRebisa da gafrqvevis SesaZleblobas. aRniSnuli procesi 

imarTeba distanciurad. faraonis ojaxs SeeZlo orTqlis gamoyeneba samedicino saWi-

roebisa da piradi higienisTvis.  

 

sakvanZo sityvebi: orTqli; sabus diski; qairos muzeumi; Zveli egvipte. 

 

 

Sesavali 

1936 wels ingliselma egviptologma volter braianma egvipteSi miakvlia samarxs 

(nax. 1), romelSic sxva nivTebTan erTad aRmoCnda ucnauri formis diski (nax. 2). samarxi 

ekuTvnoda faraon anejibas Svils – sabus.  

 

 
 

nax. 1. sabus samarxi 
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nax. 2. sabus diski 
 

egvipturi wesisamebr, samarxSi mravlad iyo sayofacxovrebo nivTebi: Tixisa da qvis 

WurWeli, sveli wertilebisaTvis gankuTvnili spilenZis inventari, xaris Zvlebi, isrebi, 

spilos Zvlis yuTi da sxv.  

diski TariRdeba Cv. welTaRricxvamde 3100_3000 wliT. mecnierebma Seiswavles igi da 

daadgines, rom diski damzadebulia alevritis (wvrilmarcvlovani fxvieri naleqi qani) 

qvisagan. misi diametria 61 sm, sisqe _ 1 sm, centrSi arsebuli naxvretis diametri _ 10.6 sm. 

diski amJamad inaxeba qairos muzeumSi (egvipte). sabus diskis daniSnulebis Sesaxeb 

sxvadasxva mosazreba arsebobs. mkvlevarTa nawilma igi lotosis formis vazas miamsgavsa; 

zogisTvis igi ritualuri miznisTvis gamosayenebeli WurWelia; zogi ki mas manaTobeli 

lamfis fexs amsgavsebs. 
 

 

ZiriTadi nawili 

sabus diskis daTvalierebisas vivaraudeT, rom es nivTi Zvel egvipteSi haerTan da 

wyalTan urTierTobisTvis iyo Seqmnili. 

am azris gadasamowmeblad vcade cdis Catareba. avawyve sabus diskis analogiuri 

diski. avzSi vertikalurad davamontaJe RerZi, romelzec winaswar wamovacvi diski. Tokebis 

meSveobiT disks vamoZravebdi vertikalurad _ zemoT da qvemoT. avzSi Cavasxi cxeli wyali 

(nax. 3). cda metad sainteresod warimarTa. diskis Tviseba – cxeli wylisagan orTqlis 

 

 

nax. 3. wylian avzSi CamontaJebuli sabus diskis analogiuri modeli 
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gafrqveva sivrceSi _ gamovlinda moxerxebulad, swrafad da distanciurad (nax. 4). 

 

 

nax. 4 

avzSi diskis 10-jer Caweva-amoweva sakmarisi gaxda imisaTvis, rom sivrce orTqlSi 

gaxveuliyo. 

rogorc aRvniSneT, disks centrSi aqvs naxvreti, romliTac wamocmulia RerZze da 

Tokebis awev-dawevisas Tavisuflad srialebs masze. diski odnav amoburculia. swored 

amis gamo is mxolod nawilobriv iZireba wyalSi. 

 

 
 

nax. 5 

 

rogorc me-5 nax-dan Cans, Tokebi moSvebulia da disks wylis garda araferi iWers. 

diskis es Tviseba Zalze mniSvnelovania. saqme isaa, rom, Tu diski CaiZireba, misi wylidan 

amoweva Zalze gaWirdeba, radgan disks wylis masa daemateba. disks qvemodan aqvs foTlis 

msgavsi sami wanazardi, romlebic iZireba wyalSi. wanazardebiani nawilis wyalSi Casvla 
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aucilebelia, vinaidan swored am nawilis meSveobiT xdeba wylis amotana sivrceSi, 

gafrqveva da orTqlad qceva.  

bunebrivad Cndeba kiTxva: ratom ar iZireba diski wyalSi mTlianad? rogorc ukve 

aRvniSneT, es xdeba diskis amoburculi centris gamo da imis gamoc, rom diski wyalSi 

vertikalurad eSveba. am dros mis centrsa da wyals Soris gubdeba haeri, romelic ar 

aZlevs disks srulad CaZirvis saSualebas. Cemi azriT, diskis es Tviseba araa SemTxveviTi, 

diskis Semqmnelma ganzrax SearCia aseTi modeli.  

Tu davakvirdebiT diskis perimetrs, davinaxavT, rom napiri mTel perimetrze 

uwyvetad aris centrisken Sekecili. perimetris swored es Sekecili nawili iZireba 

wyalSi da xels uwyobs wylis wveTebis haerSi atanas. foTlis msgavsi sami wanazardi 

zrdis diskis perimetrs, rac, Tavis mxriv, avzidan ufro meti wylis wveTebis amotanas 

uwyobs xels (nax. 6). 
 

 
 

nax. 6 

 

me-7 nax-ze kargad Cans foTlis msgavsi wanazardebi, romlebic wyalSi iZireba da 

diskis zemoT awevisas aitacebs wylis wveTebs. am dros diskis zurgma unda gakveTos 

Semxvedri haeri. diskis zurgTan Sejaxebisas haeri gadainacvlebs diskis kidisaken da iq 

arsebuli idealurad momrgvalebuli formis xelSewyobiT Seiwoveba diskis centrSi, 

sadac xdeba `foTlis~ Siga kedelze arsebul wylis wveTebTan haeris Sexvedra, orTqlad 

qceva da gafrqveva. 

 
 

nax. 7           
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me-8 nax-ze warmodgenilia e. w. `foTlebis~ ganlageba. maTi centrebi 1200-iT aris 

erTmaneTisagan dacilebuli da, Sesabamisad, haeris, wylis da orTqlis nawilakebi 

`foTlebidan~ ganidevneba sapirispiro Tavisufal sivrceSi. isrebiT miTiTebulia `foT-

lebis“ sapirispiro Tavisufali sivrce. 

 

 
 

nax. 8 

 

zemoaRniSnulidan gamomdinare, konstruqcia emsgavseba erTgvar orTqlis manqanas, 

romlis daxmarebiTac cxeli wylisagan SesaZlebelia orTqlis swrafad, moxerxebulad da 

distanciurad miReba. es uZvelesi orTqlis xelsawyo SeiZleboda gamoeyenebinaT sabus 

ojaxis wevrebs orTqlis procedurebis Casatareblad, higienuri da samedicino miz-

nebisTvis. mecnierebi sabus samarxs da, Sesabamisad, iq aRmoCenil nivTebs aTariReben Cv. 

welTaRricxvamde 3100_3000 wliT. arqeologebis azriT, sazogadoebrivi abanoebi am 

epoqisTvis jer ar arsebobda. Tumca es sulac ar niSnavs imas, rom im periodSi mcxovrebi 

egviptelebi ar iyvnen dakavebuli piradi higieniT. faraonis ojaxs, ra Tqma unda, eqneboda 

sruli SesaZlebloba imisa, rom Tavis saxlSi moewyo abazana. swored calkeul ojaxebSi 

piradi higienis Seqmnis gamocdilebas SeeZlo Caeyara safuZveli higienuri kulturis 

ganviTarebisaTvis, rac Semdgom periodSi sazogadoebrivi abanoebis Camoyalibebas 

Seuwyobda xels. da marTlac, sabus Semdgomi periodiT TariRdeba sazogadoebrivi abanoebi, 

romlebic mravlad iqna aRmoCenili egvipteSi mimdinare gaTxrebisas (nax. 9). 
 

 
 

nax. 9 
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istorikosTa cnobiT, sxeulis higienas udides yuradRebas aqcevdnen Zveli egvip-

telebi. amasTan, wylis gamoyenebiT mkurnalobdnen sxvadasxva daavadebas. Tbili orTqlis 

saSualebiT ikeTebdnen saxis niRbebs da inhalaciebs. egvipteli qurumebi dReSi oTxjer 

ibandnen tans da amas xsnidnen ara marto sxeulidan WuWyis moSorebiT, aramed wyalTan 

aseTi xSiri Sexeba miaCndaT ganwmendis ritualad. mecnierTa azriT, swored egvipteSi 

daedo safuZveli ganbanvis rituals, romelic Semdgom gavrcelda romsa da saberZneTSi. 

egviptelTa ramdenime samarxSi arqeologebma abazanis niJarasac miakvlies. ase rom, 

gasakviri araa piradi higienisTvis saWiro aqsesuari, kerZod, warmodgenili diski samarxSi 

CaetanebinaT faraonis SvilisaTvis. miT umetes, rom tualetisTvis saWiro sxva spilenZis 

aqsesuaric aris dafiqsirebuli sabus samarxSi (nax. 1).  

warmovidginoT, Tu rogor eqnebodaT mowyobili abazanis oTaxi faraonis saxlSi 

(nax. 10). 

 

 
 

nax. 10 

          

me-10 nax-ze mocemulia cxeli wylis mcire zomis avzi da masze mowyobili 

konstruqcia. Tokis erTi bolo gayvanilia abazanis gareT, raTa abazanis vizitiori calke 

yofiliyo momsaxure personalisagan. abazanis oTaxSi myof vizitiors xmovani signaliT 

SeeZlo mosamsaxurisaTvis orTqlis momateba ebrZanebina. faraonis mosamsaxure Tokis 

mozidviT da moSvebiT SeZlebda davalebis Sesrulebas. RerZis wyalobiT garantirebuli 

iqneboda, rom diski ar ascdenoda wyliT savse avzs, xolo, radgan diski srulad ar 

iZireboda, mosamsaxure advilad mixvdeboda, Tu rodis unda moezida Toki Tavisken. 

abazanisaTvis SeSisa da wylis motana, cecxlis danTeba da xangrZlivi droiT saWiro 

temperaturiT uzrunvelyofa sakmaod mZime saqme iyo. amitom am saqmiT ZiriTadad 

mamakacebi unda yofiliyvnen dakavebuli. Sesabamisad, swored maTi distancireba iyo 

saWiro abazanaSi myofi sapirispiro sqesis vizitiorebisagan. SesaZloa meore variantis 

ganxilvac, rodesac Tokis bolo imave oTaxSi darCeboda da vizitiori Tavad 

moemsaxureboda Tavis Tavs. 

 

 

daskvna 

arsebuli istoriuli da arqeologiuri faqtebi, agreTve Catarebuli eqsperimentebi 

amyarebs mosazrebas imis Taobaze, rom aRniSnuli diski Seqmnili iyo wyalTan da haerTan 

specifikuri urTierTobisaTvis, rac mduRare wylisagan distancirebulad orTqlis 

miRebis saSualebas iZleoda. 
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ARCHEOLOGY 
 
 

DISK OF SABU _ STEAM-ENGINE 

G. Vashakidze 

(I. Javakhishvili Tbilisi State University) 

 
Resume: An ancient artifact, the so-called Sabu Disc is placed in the museum of Egypt. Its appearance gives a 

very interesting experience. A disk of similar form has shown remarkable feature _ generation of vapor from hot water 

remotely. The Pharaoh's family could use the vapor for spa purposes and for personal hygiene. 

 
Key words: disc of Sabu; old Egypt; steam; the Cairo Museum. 

 
 
 
 

АРХЕОЛОГИЯ 

 
 

ДИСК САБУ _ ПАРОВАЯ МАШИНА 

 Вашакидзе Г. А. 

(Тбилисский государственный университет им. И. Джавахишвили) 

 
Резюме. Древнейший артефакт, т.н. «диск Сабу» находится в музее Египта. Его внешний вид производит 

очень интересное впечатление. Диск аналогичной формы проявил замечательное свойство – получение пара из 
горячей воды дистанционно. Семья фараона могла использовать пар для оздоровительных целей и личной 
гигиены.  

 
Ключевые слова: диск Сабу; Каирский музей; пар; cтарый Египет. 
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medicina 

 

 

 

magnitur-rezonansuli (m-r) speqtroskopiis gamoyeneba Tavis tvinis 

infiltraciuli procesebis biologiuri xasiaTis dasadgenad 

fridon Todua, merab beraia, mixeil okujava  

(klinikuri medicinis instituti) 

 

 

reziume: standartuli magnituri rezonansis (mr) dros radiologiuri gamosaxuleba 

wyalbadis birTvebzea damokidebuli. maTi koncentracia wyalSi Zalian maRalia, xolo 

lipidebSi _ naklebi. wyalbadis Semcveli sxva metabolitebis koncentraciis simcire 

aixsneba imiT, rom gamosaxulebis xarisxze gavlena iqonios maSin, roca wylis signali 

CaxSobilia.Mm-r speqtroskopiis dros es miiRweva qimiur-SerCeviTi radiosixSiruli 

pulsiT. radgan protonebi daekranebulia valenturi eleqtronebiT, TiToeuli pro-

tonuli jgufi dafarulia gansakuTrebuli magnituri veliT da rezonirebs gansxvavebul 

sixSireze, rac iseve aRiniSneba, rogorc qimiuri gadanacvleba da izomeba etalonuri 

sixSiris memilionedi nawiliT. Egansxvaveba SesaZloa gamovlindes m-r speqtroskopiiT, 

sadac signalis yovel piks Seesabameba konkretuli metaboliti. informacia metabo-

litebis Taobaze mniSvnelovania nevrologiuri daavadebebis diagnostikaSi. 

 

sakvanZo sityvebi: magnituri rezonansi; m-r speqtroskopia; nevrologiuri daavade-

bebis diagnostika; radiologiuri gamosaxuleba.  

 

 

Sesavali 

mr-is gamoyeneba klinikur medicinaSi ufro intensiuri da saimedo xdeba, radgan 

normasa da paTologiaSi igi iZleva informacias ara marto struqturuli darRvevebis, 

aramed bioqimiuri da metaboluri cvlilebebis Sesaxebac [1]. 

klinikuri da eqsperimentuli medicinis institutSi m-r speqtroskopiiT 2014 wlidan 

dRemde Seswavlilia 2000-mde pacienti, romelTac aReniSnebodaT TavisAtvinis infiltra-

ciuli procesebi. winamdebare statiaSi mocemulia aRniSnul pacientTa klinikuri da 

radiologiuri monacemebi da maTi analizi. 

anTebiTi/infiltraciuli cvlilebebi damaxasiaTebelia Tavis tvinis mravali paTo-

logiisaTvis, Tumca biologiuri procesis xasiaTis diferencireba standartuli spin-eqo 

impulsuri mimdevrobiT (T2se, flair) sakmaod rTulia. am mxriv mniSvnelovania m-r speq-

troskopia, difuzur-Sewonili kvleva da perfuzia. informacia m-r speqtroskopiis dros 

unikaluria da ar aris damokidebuli sxva m-r tomografiuli kvlevis meTodebze [2].  

garda standartuli impulsuri mimdevrobisa, klinikur praqtikaSi warmatebiT gamo-

iyeneba sxvadasxva uaxlesi m-r meTodi, romelic procesis morfologiuri maxasi-

aTeblebis, fiziologiisa da qimiuri struqturebis Sesaxeb farTo informaciis mopovebis 

saSualebas iZleva. am meTodebidan gamoirCeva perfuziuli da difuzur-Sewonili magni-

tur-rezonansuli tomografia (m-rt). gansakuTrebiT aRsaniSnavia m-r speqtroskopia: ro-

gorc nebismier m-r suraTze, eqo-dro gavlenas axdens m-rt-iT miRebul informaciaze. 

mokle eqo-drois (30 mwm) saSualebiT informacias viRebT grZeli da mokle T2 

relaqsaciuri mrudebis mqone metabolitebisagan, maSin roca grZeli eqo-dro (270 mwm) 
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informacias iZleva mxolod metabolitebisagan grZeli T2 relaqsaciuri droiT (ANN, Cr, 

Cho) [3]. 
atombirTvis rezonansuli speqtriFradiotalRis dabal sixSires Seesabameba. wyalba-

dis protonebis precesiis sixSire 0.3 tl-a. magnituri velis daZabulobis SemTxvevaSi 10 

mhc-ia, xolo 7 tl daZabulobis dros _ 300 mhc. ufro meti daZabulobis magnituri velis 

upiratesoba signal-xmauris maRali Sefardeba da metabolituri pikebis maRali gar-

Cevadobaa. 1.5 t magnituri velis daZabulobis pirobebSi metabolitebi ganawilebulia 

sixSirul speqtrSi 63 _ 64 mhc-s Soris. P  

praqtikuli TvalsazrisiT, ufro mosaxerxebelia rezonansuli sixSireebis memi-

lionedi nawiliT – ppm-iT sargebloba. am dros tetrameTilsilans nulovani maxa-

siaTebeli aqvs, xolo N-acetilaspartats Seesabameba 2 ppm. amasTan, sixSiruli speqtri 

ikiTxeba marcxnidan marjvniv. 

speqtroskopiuli kvlevis programa moiTxovs damatebiT monacemTa miRebas, romelTa 

Sorisaa:  

1. sxvadasxva sivrcul RerZebze magnituri velebis gasworeba, rac, rogorc wesi, 

avtomatizebulia, magram SesaZlebelia Sesruldes xeliTac; 

2. wylidan momavali signalis daTrgunva. es ganpirobebulia imiT, rom wyali Seicavs 

wyalbads da wylis koncentraciis Sefardeba metabolitTan daaxloebiT 10000:1-zea. Tumca 

bolo Taobis teqnologiebis saSualebiT SesaZlebelia signalis miReba wylis daTrgunvis 

gareSe;  

3. speqtroskopiis meTodis SerCeva. es meTodebia: 

a. erTvoqseliani speqtroskopia, romlis sivrculi dasaSvebi zomaa 1 – 8 sm3. igi 

swrafi kvlevis meTodia da monacemebi SesaZlebelia damuSavdes raodenobrivad. 

erTvoqseliani kvlevis upiratesobad kvlevis mokle dro iTvleba, magram metabolizmis 

regionuli darRvevebis gamosavlenad sivrcobrivi parametrebi heterogenul paTologiaSi 

arasrulia. amasTan, kvlevis xarisxis gauaresebam SesaZloa gamoiwvios mezobeli 

janmrTeli zonidan monacemTa gadafarva; 

b. qimiuri gadanacvlebis meTodi saSualebas iZleva gamovikvlioT qsovilTa farTo 

ubnebi, romlebic dayofilia mcire zomis voqselebad. m-r speqtroskopia organzomi-

lebiani qimiuri gadanacvlebaa da saWiroebs ufro met dros informaciis miRebisa da 

damuSavebisaTvis. 

speqtroskopiul kvlevebSi dominirebs eqo-dro 144 da 270 mwm, rodesac miiReba 

metabolituri pikebi acetilaspartatis, qolinis, laqtatisa da lipidebisagan. 

N-acetilaspartati NAA. piki _ 2.0 ppm. aminmJava gvxvdeba neironebsa da aqsonebSi. 

funqcia srulad garkveuli ar aris. normaluri done neironul da aqsonalur 

srulyofaze miuTiTebs. amis gamovlena SesaZlebelia 16 kviris nayofSi. normalur 

mielinizaciasTan erTad acetilaspartatis done swrafad matulobs, rac dendritebis 

proliferaciasa da sinafsebis simkvrivis matebaze miuTiTebs. daqveiTebuli piki ki 

nervuli qsovilis dazianebaze mianiSnebs. 

qolini Cho. piki _ 3.2 ppm. gvxvdeba neirogliasa da neironebSi. igi yvela ujreduli 

membranisa da mielinis struqturuli komponentia. misi done membranuli struqturis 

ganaxlebisa da/an mitozuri cvlilebis aRmniSvnelia. qolinis momatebuli raodenoba 

ujredebis momatebuli mitozuri cvlilebebis da/an membranis dazianebis mauwyebelia 

demielinizaciuri an avTvisebiani simsivnis dros. Cho/Cr koeficienti swrafad iklebs 

axalSobilebSi sicocxlis pirvel TveebSi. 

kreatini Cr. piki _ 3.0 ppm. gvxvdeba gliasa da neironebSi. monawileobs ujreduli 

atf-is metabolizmSi. misi done swrafad matulobs neonatalur periodSi. misi koncen-

tracia ufro maRalia mamakacebSi. igi warmoadgens yvelaze stabilur metabolitur 

markers. organizmSi kreatinis mniSvnelovani kleba sxva metabolitur dazianebebTan 

erTad ujredul nekrozsa da sisxlis mimoqcevis darRvevaze metyvelebs. kreatinis pikis 
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mateba axasiaTebs kraniocerebrul travmas. kreatinis ararseboba iSviaTi Tandayolili 

daavadebis niSania. 

mioinozitoli MI. piki _ 3.5 ppm. upiratesad astrocitebSia. igi ar gvxvdeba 

neironebSi. warmoadgens mniSvnelovan `osmolits~ da gansazRvravs ujredis moculobas. 

amasTan, igi gliozis da reaqtiuli astrocitozis markeria. dominanturi pikia 

axalSobilebSi da mniSvnelovnad klebulobs 6 Tvis asakis bavSvebSi. mr ukeTesad Cans 

mokle eqo-drois SemTxvevaSi. mateba aRiniSneba pacientebSi alchaimeris daavadebisa da 

imunodeficituri virusis arsebobisas.  

glutamati da glutamini GLx. piki _ 2.1_2.5 ppm. glutamati neirotransmiteria. igi 

gardaiqmneba glutaminad da upiratesad gvxvdeba astrocitebSi. gardaqmnis sistema 

SesaZloa gadatvirTuli iyos RviZlis daavadebisas. ukeTesad Cans mr mokle eqo-drois 

SemTxvevaSi. mateba aRiniSneba hiperamoniemiisa da RviZlismieri encefalopaTiis dros.  

lipidebi. piki 0.9_1.5 ppm. momatebulia ujredis nekrozis SemTxvevaSi. magram 

lipiduri speqtri xSirad `usufTaoa~, radgan igi didi raodenobiTaa ara marto Tavis 

tvinSi, aramed mimdebare qsovilebSic _ kanqveSa cximsa da biologiur sivrceSi Tavis 

tvinsa da cximovan garss Soris. lipidebma SesaZloa gadafaros laqtatis piki. 

laqtati. piki _ 1.33 ppm. warmoadgens glikolizis saboloo produqts. mianiSnebs 

anaerobul metabolizmze. normalur mdgomareobaSi ar vlindeba. misi gamovlena miuTiTebs 

glikolizis arsebobaze iseT Jangbaddeficitur garemoSi, rogoricaa iSemia, hipoqsia, 

mitoqondriuli darRvevebi, anTeba, demielinizacia, infeqciuri daavadeba da zogierTi 

tipis simsivne. laqtatis piki ZiriTadad gaormagebulia da ganicdis inversias maSin, roca 

eqo-dro 135 mwm-ia [4]. 

praqtikuli TvalsazrisiT, speqtroskopiuli kvleva difuziasa da perfuziasTan 

erTad gansakuTrebiT mniSvnelovania Tavis tvinis simsivneebis, demielinizaciuri da 

infeqciuri daavadebebis diagnostikis, klasifikaciis, mkurnalobis taqtikis SerCevisa da 

mkurnalobis Semdgomi dakvirvebisaTvis. 

 

 
  

nax. 1. janmrTeli Tavis tvinis speqtroskopiuli suraTi  

(vlindeba NAA, Cho, Cr normaluri Tanafardoba) 

 

simsivneTa diferencireba. m-rt meTodebi zrdis simsivneTa klasifikaciis sizustes. 

morfologiuri masalis Seswavlis safuZvelze intraaqsialuri moculobiTi warmonaqmnebi 

warmodgenilia Semdegi paTologiebiT: maRali xarisxis pirveladi simsivneebi _ 36 %, 

dabali xarisxis pirveladi simsivneebi _ 33 %, metastazebi _ 8 %, limfoma _ 5 %, demi-

elinizaciuri/anTebiTi kerebi _ 3 %, infarqti _ 2 %, abscesi _ 1 %. 
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pirveladi simsivneebi. Tavis tvinis pirveladi simsivneebi upiratesad gliuri 

warmoSobisaa. Ddabali xarisxis gliomebi ufro xSirad 20_40 wlis asakSi viTardeba, 

maSin roca maRali xarisxis gliomebi xandazmuli pacientebis xvedria da xanmokle 

sicocxlis periodiT xasiaTdeba. histologiur suraTSi vlindeba atipuri ujredovneba, 

birTvis pleomorfizmi, neovaskularizacia da nekrozi. 

pirveladi neoplaziisaTvis damaxasiaTebelia lipidebis, laqtatis, qolinis da 

mioinozitis momatebuli piki, maSin roca NNAA-acetilaspartatis piki Semcirebulia. 

acetilaspartatze pasuxismgebeli metabolitebi ZiriTadad neironebSia da maTi 

Semcireba normaluri ujredebis klebaze miuTiTebs. arsebobs mosazreba, rom qolinis 

pikis mateba simsivnuri zrdis periodSi ujredul-membranuli cvlilebis surogatuli 

markeria, Tumca qolinis piki SesaZloa nawilobriv ganpirobebuli iyos fospolipazis 

gaZlierebuli regulaciiT. 

mravali mikroorganizmis anaerobuli garemo da glukozis metabolizmis darRveva, 

rogorc Cans, ganapirobebs laqtatis maRal signals. 

ar arsebobs erTgvarovani damokidebuleba metabolizmsa da signalis intensiurobas 

Soris, rac simsivnuri procesebis gansxvavebis saSualebas mogvcemda. arsebuli m-r 

speqtroskopiuli monacemebiT Cho/NAA koeficientis mgrZnobeloba 79 %-ia, specifikuroba 

_ 77 %. literaturuli monacemebis Tanaxmad, ar arsebobs myari kriteriumebi simsivnuri 

da arasimsivnuri procesebis diferencirebisaTvis. miuxedavad amisa, SeiZleba iTqvas, rom 

Tu Cho/NAA metia 2.2-ze, maSin maRali xarisxis simsivnuri procesis arseboba ueWvelia.  

pirveladi simsivneebis klasifikaciaSi aseve gvexmareba sxva metabolituri pikebis 

analizi: magaliTad, maRali xarisxis gliomebi, rogorc wesi, xasiaTdeba lipidebis 

maRali amplitudiT, xolo mioinozitis piki damaxasiaTebelia dabali xarisxis 

gliomebisaTvis. 

 

 
 

nax. 2. m-r speqtroskopiuli suraTi (CSI) glioblastomis dros: qolinis pikis mateba simsivniT 

dauzianebel ubanSi (A); qolinis pikis mateba simsivniT dazianebul ubanSi (B); m-rt (C);  

qolinis ganawileba Tavis tvinis qsovilSi (D) 

 

meoreuli (metastazuri) simsivneebi. aseTi simsivneebisaTvis damaxasiaTebelia 

lipidebis, laqtatis, qolinis momatebuli piki da NAA signalis mniSvnelovani kleba.  

maRali xarisxis pirveladi simsivnis metastazuri dazianeba simsivnis kontrasti-

rebadi ubnidan, m-r speqtrografiuli monacemebiT, naklebad sarwmunoa, Tumca metastazur 

keraSi maRali lipidebis Jangvis xarisxi aRiniSneba. meoreuli simsivnisagan gansxvavebiT, 
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pirveladi simsivnisaTvis damaxasiaTebelia invazia Tavis tvinis mezobel ubnebSi da 

aRniSnuli arakontrastirebadi zonebis Seswavla ufro informaciulia. am mizniT Semu-

Savebulia metabolituri SefardebiTi koeficientebi. erT-erTi kvlevisas Cho/NAA- Tan 

Sefardebisas mgrZnobeloba 100 % iyo. 

limfoma. centraluri nervuli sistemis (cns) pirveladi limfoma eqstranoduluri 

limfomebis 2 %-s Seadgens. daavadebis piki 5_6-wlian asakobriv jgufSia. igi Cveulebriv 

dakavSirebulia imunodeficitur mdgomareobasTan, maT Soris Sids-Tan. 

limfomebisTvis damaxasiaTebeli m-r speqtroskopiuli suraTi warmodgenilia 

lipidebis, laqtatis, qolinis amplitudis matebiT da acetilaspartatis kreatinis, 

mioinozitolfosfatis signalis klebiT. es monacemebi SesaZloa dagvexmaros limfomis da 

toqsoplazmozis diferencirebaSi, romelic xasiaTdeba momatebuli signaliT laqtatisa 

da lipidebisagan, magram ar aris sxva metabolituri darRveva. 

demielinizaciuri dazianeba. es daavadeba xasiaTdeba nevrologiuri deficitis 

epizodebiT, romelic ganfenilia drosa da sivrceSi. daavadebis simptomebi, rogorc wesi, 

axalgazrda asakSi iwyeba. mwvave monofazuri simptomebi moicavs marburgis variants, ba-

los koncentrul sklerozs da sxva demielinizaciur dazianebebs, romlebic klinikurad 

simsivnuri daavadebis msgavsia. daavadebis adreul diagnostikas didi prognozuli da 

samkurnalo mniSvneloba aqvs.  

m-r speqtroskopiisaTvis damaxasiaTebelia: momatebuli qolinis piki da NAA Sem-

cirebuli signalis amplituda, aseve laqtatis arseboba. m-r speqtroskopiiT xSirad Zne-

lia simsivnuri da demielinizaciuri procesebis mkafio diferencireba. gafantuli skle-

rozis SemTxvevaSi speqtroskopiuli darRvevebi ar Semoifargleba mxolod radiolo-

giurad xilvadi dazianebuli ubniT da normalur m-r suraTSi SesaZloa gamovlindes NAA 

daqveiTebuli piki. daavadebis adreul stadiaze mioinozitolis momatebuli piki, 

SesaZloa, Warbobdes NAA signalis klebis intensiurobas. 

 

 
 

nax. 3. Tavis tvinis demielinizaciuri daavadebis dros m-r tomogramaze vlindeba 

demielinizaciuri farTo ubnebi Rrma TeTr nivTierebasa da periventrikulur sivrceebSi (A-C.E-G). 

m-r speqtrogramaze vlindeba acetilaspartatis pikis kleba da laqtatis pikis mateba (D.H) 
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Tavis tvinis abscesi. es daavadeba imunokompetentur pacientebSi iSviaTia. zrdasrul 

pirebSi abscesis uxSiresi mizezi paranazaluri wiaRebis infeqciebia. Tumca abscesi aseve 

SeiZleba gavrceldes distanciurad, hematogenuri gziT, kerZod, filtvis Cirqovani 

procesebis dros. 

speqtroskopiul suraTze gamovlenilia aminmJavebis laqtatis, alaninis, acetatis, 

piruvatis da suqcinatis momatebuli piki, rac mianiSnebs NAA-s, kreatinisa da qolinisagan 

signalis ararsebobas.  

abscess aqvs gansxvavebuli speqtroskopiuli suraTi, rac sxva paTologiebisagan 

diferencirebis saSualebas iZleva. magaliTad, qolinis momatebuli piki da aminmJavebis – 

acetatisa da suqcinatisagan signalis ararseboba simsivnisTvisaa damaxasiaTebeli, xolo 

alaninis, acetatisa da piruvatis piki abscesisTvisaa niSandoblivi. 

m-r speqtroskopiis monacemebma SesaZloa etiologiur faqtorzec migvaniSnos, radgan 

anaerobuli baqteriuli procesi xasiaTdeba acetatisa da suqcinatis momatebuli pikiT, 

maSin roca acetatisa da suqcinatisagan signalis ararseboba damaxasiaTebelia obliga-

turi aerobuli an fakultatiuri anaerobebisaTvis. 

 

 
 

nax. 4. Tavis tvinis abscesi: a _ kompiuteruli tomografia; b_e – magnitur-rezonansuli 

tomografia. cisturi, periferiaze kontrastirebadi ubani marjvena Txem-kefis midamoSi; f _ 

speqtrogramaze kargad Cans laqtatis pikis mateba 

 

tuberkulozuri abscesisaTvis damaxasiaTebelia laqtatis maRali done. aseT Sem-

TxvevaSi ar aRiniSneba aminmJavebis piki (leicini, izoleicini da valini _ 0.9 ppm, acetate _ 

1.92 ppm, alanine _ 1.48 ppm), gansxvavebiT piogenuri abscesebisagan, romelTac aqvT pikebi 

yvela zemoT CamoTvlil metabolitebTan. 

encefaliti. am daavadebisaTvis damaxasiaTebelia laqtatis, qolinisa da mio-

inozitolis momatebuli piki NAA amplitudis daqveiTebis fonze. encefalitis speq-

trografiuli suraTi dabali xarisxis gliomebis msgavsia. mwvave fazis Semdeg erTi wlis 

ganmavlobaSi m-r speqtroskopiuli suraTi normalizdeba.  

garda simsivnuri da neiroinfeqciuri paTologiebisa, m-r speqtroskopia mniSvne-

lovania pediatriuli daavadebebis _ leikodistrofiebis, hipoqsiur-iSemiuri encefa-

lopaTiis da neirodegeneraciuli procesebis kvlevisas. amasTan, sayuradReboa meta-

bolitebis rogorc absolituri, ise fardobiTi cvlilebebi. magaliTad, hipoqsiur-

iSemiuri encefalopaTiebis SemTxvevaSi aRiniSneba NAA/lac, Cr/lac da Cho/lac koeficientis 

kleba; hipokampuri gliozis dros NAA/Cho+Cr koeficienti 0.71-ze naklebia; sxivuri 
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Terapiis Semdgom periodSi Cho/Cr koeficientis 3-jer da ufro metad mateba ki simsivnis 

gangrZobiT zrdaze miuTiTebs.  

m-r speqtroskopia rTuli kvlevis meTodia da misi monacemebi Sejerebuli unda iyos 

klinikur suraTTan. meTodi sensitiuria magnituri velis arahomogenurobaze, moiTxovs 

magnituri velebis mudmiv kontrols. Migi aseve mgrZnobiarea sakvlevi obieqtis 

moZraobaze da aucilebelia m-r kvlevebis Catareba moZraobis artefaqtebis koreqciiT. 
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DIAGNOSIS OF THE BIOLOGICAL FEATURES OF THE BRAIN INFILTRATIVE 
LESIONS BY THE MAGNETIC RESONANCE SPECTROSCOPY 

F. Todua, M. Beraia, M. Okujava 

(Institute of Clinical Medicine) 

 

Resume: Standard radiological images in magnetic resonance (MR) dependent on the hydrogen nuclei, which 
are presented in very high concentrations in water and to a certain extent lesser in lipids. The concentration of other 
hydrogen-containing metabolites are too small to make a significant contribution to the MR signal, if the water signal is 
suppressed. In MR spectroscopy this is achieved by chemical-selective radiofrequency pulse saturation. Since protons 
are shielded by the valence electrons, each proton group covered by a special magnetic field and resonate at different 
frequencies, measured as a chemical shift in the millionth part of the reference standard. These variations may be 
demonstrated by MRI spectroscopy, where peaks can be attributed to specific metabolites. Metabolic information 
obtained by the MR spectroscopy can be useful in the diagnosis of neurological diseases. 

In the institute of clinical medicine in 2014 about 2000 patients with MR spectroscopy there has been studied. 
Showing MR spectroscopic features of the brain tumors, demyelinating and infectious diseases. There shown the 
additional possibilities in the differential diagnosis of the biological nature of the tumors and aetiology of brain abscess. 

 

Key words: diagnosis of neurological diseases; magnetic resonance; MR spectroscopy; radiological image. 
 
 

 
 

МЕДИЦИНА 
 
 

ДИАГНОСТИКА БИОЛОГИЧЕСКИХ ОСОБЕННОСТЕЙ ИНФИЛЬТРАТИВНЫХ 
ПОРАЖЕНИЙ МОЗГА С ПОМОЩЬЮ МАГНИТНО-РЕЗОНАНСНОЙ 

СПЕКТРОСКОПИИ 

Тодуа Ф. И., Берая М. В., Окуджава М. В. 

(Институт клинической медицины) 

 

Резюме. Стандартные радиологические изображения сигналов магнитного резонанса (МР) зависят от 
ядер водорода, которые присутствуют в очень высоких концентрациях в воде и в меньшей степени в 

липидах. Концентрация других водородсодержащих метаболитов слишком мала, чтобы внести 

существенный вклад в МР сигнал, если сигнал от воды подавляется. При МР-спектроскопии это 

достигается путем химико-селективного радиочастотного насыщения импульса. Поскольку протоны 

экранированы валентными электронами, каждая группа протонов охвачена особенным магнитным полем и 

резонирует на разных частотах, измеряемая как химический сдвиг в миллионной части от эталонного 

стандарта. Эти различия могут быть продемонстрированы с помощью МР-спектроскопии, где пики 

приурочены к конкретным метаболитам. Метаболическая информация, полученная Mпри МР-спектроскопии 

может быть полезной при диагностике неврологических заболеваний. 

В Институте клинической медицины с 2014 года было изучено около 2000 пациентов при помощи 

МР-спектроскопии. Показаны МР-спектроскопические особенности опухолей, демиелинизирующих и 

инфекционных заболеваний головного мозга. Показаны дополнительные возможности дифференциальной 
диагностики биологического характера опухолей и этиологического фактора абсцессов головного мозга. 

 

Ключевые слова: диагностика неврологических заболеваний; магнитный резонанс; МР-спектроскопия; 
радиология.  
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teqnikis istoria 

 

 

 

kidev erTxel saxelganTqmuli qarTveli mecnieris Sesaxeb 

(ratom ar iTvleba giorgi nikolaZe kompiuteruli teqnikis erT-erT pionerad?)  

nugzar iaSvili KKK 

(saqarTvelos teqnikuri universiteti) 

 

 

`TiTqmis ar darCa arc erTi dargi mu-

Saobisa, sadac giorgi nikolaZes, saqmiT gata-

cebuls, nayofieri SromiTi kvali ar dae-

tovebinos. sainJinro xelovnebis motrfiale, 

inJiner-metalurgi, qarxanasTan uSualod dak-

avSirebuli, misi mSenebeli, mecnieri-maTema-

tikosi, cnobili CvenSi da ucxoeTSi Tavisi 

gamokvlevebiT, iSviaTi specialisti umaRlesi 

geometriisa, pedagogi-aRmzrdeli, fizikuri 

kulturis siamaye, gamoCenili sportsmeni, ma-

maci alpinisti, mteri yovelnairi kabineturi 

Cxirkedelaobisa, mudam cocxal saqmeSi Cab-

muli _ erTi sityviT, dauSreteli wyaro Se-

moqmedebisa... 

arCil xaraZe 

 

 

 

 

 

 

 

reziume: statiaSi ganxilulia qarTveli mecnieris moRvaweobis erTi saintereso 

mxare. maTematikis brwyinvale codnam da teqnikuri siaxleebisadmi mudmivma swrafvam igi 

miiyvana eleqtruli gamomTvleli manqanis Seqmnis ideamde. damzadebul iqna SemoTavaze-

buli manqanis maketi. safrangeTSi g. nikolaZem Seadgina patentisaTvis mowyobilobis 

aRwera, magram finansebis arqonis gamo ver SeZlo Tavisi ideis ganxorcieleba. 

 

sakvanZo sityvebi: ariTmometri; gamomTvleli manqana; saangariSo mowyobiloba. 

 

 

Sesavali  

giorgi nikolaZe daibada 1888 wels cnobili qarTveli sazogado moRvawisa da pub-

licistis niko nikolaZisa da olRa guramiSvilis ojaxSi. giorgi pataraobidanve gamoir-

Ceoda didi nebisyofiTa da swavlisadmi ltolviT, iyo cnobismoyvare da metad seri-

ozuli bavSvi. kiTxva man Zalze adre iswavla. rva wlis giorgis saaTi aCuqes, romelic 

maSinve gaxsna, daSala da isev aawyo. patara giorgi Tbilisis pirvel gimnaziaSi Seiyvanes. 

igi gansakuTrebuli interesiT swavlobda fizikasa da maTematikas. eufleboda rusul da 
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frangul enebs. Semdeg, rogorc TviTon ixsenebda, imdenad iyo dainteresebuli maTemati-

kisa da fizikis sakiTxebiT, rom nawilobriv damoukideblad da nawilobriv erTi nacnobis 

saSualebiT pirvel klasSi Sesvlamde SeZlo gaerkvia elementaruli fizikis kanonebi, 

orTqlis manqanis mowyobiloba. igi advilad iTvisebda algebrasa da geometrias, `CemTvis 

maTematika ubralod aucileblobas warmoadgenda~ _ werda giorgi nikolaZe. gimnaziis 

damTavrebis Semdeg man swavla peterburgis teqnologiur institutSi gaagrZela. am 

saswavleblis arCeva mamis gavleniT moxda, romelsac miaCnda, rom saqarTvelos ufro 

metad inJinrebi esaWiroeboda da ara maTematikosebi. swavlis periodSi giorgisTan erTad 

peterburgSi cxovrobdnen deda _ olRa da debi: rusudani da Tamari. 

1913 wels giorgi nikolaZem instituti daamTavra da mieniWa inJiner-teqnologis kva-

lifikacia. aqedan daiwyo misi SromiTi saqmianoba _ jer muSaobda iuzovkis (ukraina) 

metalurgiuli qarxnis teqnikur ganyofilebaSi, Semdeg ki imave qarxnis sabrZmede saam-

qroSi cvlis inJinrad. 

`giorgi nikolozis Ze inJinerTa Soris gamoirCeoda Tavisi codniT, maRali kul-

turiT, Tavis Tavisadmi momTxovnelobiTa da didi wesierebiT~ _ ase ixsenebda mas cno-

bili rusi metalurgi, akademikosi i. bardini da Semdeg ganagrZobda: `g. nikolaZe gaxldaT 

axali tipis adamiani, mravalmxriv erudirebuli. gansakuTrebiT Rrmad icnobda maTe-

matikas. giorgi nikolaZe ganumeorebeli iyo. aravis baZavda arc muSaobis xerxebiT da arc 

cxovrebis wesiT. Cven, axalgazrda inJinrebs, romlebic is-is iyo viwyebdiT cxovrebas, 

yovelTvis da yvelaferSi aSkarad gvetyoboda sxvisi gavlena. Cven gvWirdeboda gmirebi, 

romlebisTvisac unda migvebaZa. wavagavdiT viRac nikolai rostovis msgavss `omsa da 

mSvidobaSi~, giorgi nikolaZe ki aravis hgavda cocxal gmirTagan, igi TviT Tavisi Tavi 

iyo, xolo Tu hgavda vinmes, hgavda andrei balkonskis imave didi mwerlis didi romanidan. 

veraferi gamoiyvanda moTminebidan. mudam dinji, pirdapiri, Seupovari iyo...~  

 

 
 

giorgi nikolaZe varjiSis dros 

 

giorgi nikolaZe cxovrebaSi yvelaze maRla ayenebda Sromas. iyo metismetad orga-

nizebuli adamiani. Tavisufal dros igi axmarda fizkulturasa da maTematikas. sports 

giorgi nikolaZe uyurebda ara rogorc pirad axirebas, aramed rogorc aRmzrdelobiT 

RonisZiebas. 

1918 wels giorgi nikolaZe Tbilisis universitetSi miiwvies da gamoCenil qarTvel 

maTematikosebTan _ andria razmaZesTan, arCil xaraZesa da nikoloz musxeliSvilTan er-

Tad safuZveli Cauyara qarTul kvlevas geometriaSi. 1919_1920 wlebSi giorgi nikolaZe 

abarebs sadoqtoro gamocdebs sxvadasxva maTematikur saganSi (maTematikuri analizi, 

umaRlesi geometria, diferencialuri gantolebebi, ricxvTa Teoria da sxv.). 1920 wels mas 
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docentis wodeba mieniWa. 1923 wels giorgi nikolaZem saqarTvelos politeqnikur 

institutSi Camoayaliba eleqtrometalurgiis kaTedra, romelsac Tavad xelmZRvanelobda. 

1926 wels giorgi nikolaZe erTi wliT miavlines dasavleT evropaSi _ germaniaSi, 

inglisSi, safrangeTsa da italiaSi „maTematikur mecnierebaSi dasaxelovneblad da 

eleqtroqimiis dargSi zogierTi sakiTxis Sesaswavlad“, rogorc es aRniSnuli iyo mis 

samivlinebo baraTSi. evropaSi giorgi mamasTan erTad gaemgzavra. germaniaSi igi gaecno 

simensis eleqtromanqanaTsaSen qarxanas. londonSi yofnisas geografiuli sazogadoebis 

sxdomaze giorgi nikolaZem waikiTxa moxseneba saqarTveloSi geografiuli sazogadoebis 

daarsebisa da alpinizmis mdgomareobis Sesaxeb. maTematikaSi muSaoba man parizSi, evropis 

erT-erT uZveles universitetSi, sorbonaSi ganagrZo. 

evropaSi g. nikolaZe metad nayofierad muSaobda. es SeumCneveli ar darCeniaT 

cnobil frang maTematikosebs. akademikosi eli kartani ase axasiaTebda giorgi nikolaZis 

saqmianobas: „ar SemiZlia auRelveblad gavixseno es jan-RoniT savse axalgazrda, 

mecnierebas ase udrood gamoklebuli mkvlevari, misi marTali Tvalebis pirdapiri 

gamoxedviT. aq axla minda vilaparako ara adamianze, aramed maTematikosze. g. nikolaZe 

bunebiT iyo geometri. Tavisi disertaciis Temad man airCia geometriul nakvTTa uwyveti 

sistemebi, romlis damuSavebasac me sistematurad veswrebodi, zogjer rCevasac vaZlevdi, 

rac xels ar uSlida gahyoloda sakuTar gzas da es gza erTxelac ar ascdenia 

geometriul sinamdviles. wirTa algebruli sistemis Sesaxeb g. nikolaZem miiRo didi 

sazogadoebrivi mniSvnelobis axali Sedegebi“. 

g. nikolaZem sadoqtoro disertacia sorbonaSi 1928 wlis zafxulSi warmatebiT 

daicva da moipova maTematikur mecnierebaTa doqtoris xarisxi umaRlesi SefasebiT. 

 

 
     

nikolaZeebis saxli sof. did jixaiSSi (samtrediis raioni) 

 

aRsaniSnavia, rom male misi disertacia calke wignad gamoica parizSi, xolo diser-

taciaSi Semavali sakiTxebis irgvliv parizis akademiis SromebSi misi oTxi samecniero 

statia gamoqveynda. amave sakiTxebze waikiTxa man moxseneba maTematikosTa saerTaSoriso 

kongresze italiaSi (bolonia, 1927 w.). kongress g. nikolaZe eswreboda, rogorc Tbilisis 

universitetis warmomadgeneli. igi Tavmjdomareobda kongresis erT-erT sxdomas, xolo 

misi moxsenebis Sinaarsi kongresis masalebSi daibeWda. 
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ZiriTadi nawili 

giorgi nikolaZe swored parizSi agrZelebs muSaobas gamomTvleli manqanis Seqmnaze, 

romlis Sesaxeb azri mas gacilebiT adre daebada. 

saangariSo-gamomTvleli mowyobilobebi da manqanebi XX saukunis dasawyisSi ukve 

aRar iyo siaxle. rogorc cnobilia, pirveli meqanikuri saTvleli mowyobiloba jer kidev 

1623 wels germaniaSi, tiubigenis universitetSi Seqmna maTematikis profesorma v. Sikardma. 

misi mowyobiloba gankuTvnili iyo oTxi ariTmetikuli moqmedebis Sesasruleblad. 

SemdgomSi, 1642 wels frangma blez paskalma aago ufro srulyofili gamomTvleli 

manqana. ingliseli Carlz bebiji TiTqmis ormoci wlis ganmavlobaSi muSaobda 

ariTmetikuli manqanebis Seqmnaze da metad mniSvnelovan Sedegebs miaRwia. 

giorgi nikolaZe, ra Tqma unda, kargad icnobda manamde arsebul gamomTvlel 

mowyobilobebs, winamorbed mecnierTa Sromebs. misi gansakuTrebuli daintereseba 

gamoiwvia frangi maTematikosisa da inJinris moris d’okanis naSromma `gamartivebulma 

angariSma~, romelic exeboda gamoTvliT manqanebs. naSromSi konkretuli teqnikuri 

amocanebis amosaxsnelad da grafikebis (nomogramebis) asagebad moris d’okanma Semoitana 

axali gamoTvliTi saSualeba _ `nomografi~. 

1928 wlis 16 ianvars swored am frangma mecnierma parizSi, safrangeTis akademiaSi 

Sekrebil mecnierebs warudgina axalgazrda qarTveli mecnieris giorgi nikolaZis 

gamogoneba. `manqana, romlis agebasac me vvaraudob, savsebiT avtomaturia: moqmedebis 

Sedegi umalve miiReba ori cifris mocemis Semdeg, knopze ubralo daWeris meSveobiT~ _ 

werda giorgi nikolaZe. 

 g. nikolaZis gamomTvleli mowyobilobis Sesaxeb frangma mecnierma d’okanma wa-

ikiTxa moxseneba parizis mecnierebaTa akademiis sxdomaze; amasTan, gamoTqva Semdegi 

SeniSvna: `eleqtroba gamomTvleli manqanis amZravSi ukve iyo gamoyenebuli Cveni swavluli 

Tanamegobris tores kevados mier Tavis eleqtromeqanikur ariTmometrSi; magram unda 

aRiniSnos, rom b-n nikolaZis mier gamogonebuli amoxsna sruliad sxvagvaria. ufro metic, 

am axal amoxsnaSi Cven gansakuTrebiT Rirseulad warmogvidgeba is, rom amoxsna Seicavs 

wminda eleqtrul mowyobilobas, romelic aq uaRresad gonebamaxviluradaa gamoyenebuli 

da dafuZnebulia Jenailis mier mis gasamravlebel saxazavebSi grafikuli formiT 

mocemul principze~. Semdeg d’okanma ufro dawvrilebiT isaubra nikolaZis gamogonebis 

mniSvnelobaze da miuTiTa, rom `metismetad saintereso principi, romelsac Jenailma 

grafikuli forma misca, b-n nikolaZis manqanaSi xorcSesxmulia yvelaze gonebamaxviluri 

xerxiT. ramdenadac me vici, es pirveli aseTi saxis gamogonebaa da guliT visurvebdi, rom 

monaxuliyo konstruqtori, romelic ganaxorcielebda b-n nikolaZis SesaniSnav proeqts~. 

SekiTxvas, daaCqarebs Tu ara manqana operaciebis warmoebas, d’okanma upasuxa: `diax, me 

mimaCnia, rom is daaCqarebs operaciebis warmoebas, rom SedarebiT iafi eRireba, gacveTiT 

ki gacilebiT gvian gacvTeba~. im drois cnobili mecnieris mier gamoTqmuli aseTi 

Sefaseba metad mniSvnelovani iyo. 

g. nikolaZes savsebiT sworad miaCnda, rom arsebuli manqanebi SedarebiT rTuli 

agebulebis iyo, Seicavda detalebs, romlebic swrafad cvTeba da Zviric jdeba. g. 

nikolaZis gamomTvleli mowyobiloba ar Seicavda kbilanebian Tvlebs, Zravas da sxva, 

cotad Tu bevrad rTul da Zvirad Rirebul meqanikur nawilebs. 

rogorc TviT giorgi nikolaZe werda, misi gamomTvleli manqana muSaobda `... ram-

denime komutatoris sistemaze moqmedi eleqtromagnitis daxmarebiT; komutatorebi gan-

sazRvravs wyvetilobasa da aucilebel wredebs~. manqana ori nawilisagan Sedgeboda. erTi 

maTgani gaTvaliswinebuli iyo Sekrebisa da gamoklebis, meore ki gamravleba-gayofis 

operaciebis Sesasruleblad. 

ai, rogor aRwerda Tavis gamogonebas giorgi nikolaZe: „manqana Sedgeba ori nawi-

lisagan. pirveli gankuTvnilia Sekrebisa da gamoklebis operaciebis Sesasruleblad. 

TviTmweri warmoadgens svetebis sasurvel ricxvs; yovel svetSi 10-10 knopia 0-dan 9-mde 
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gadanomrili. pirveli daWera erT-erTi svetis romelime knopze aRniSnavs Sesabamis cifrs 

indikatorze. eleqtromagnitebis jgufi erTdroulad awarmoebs kontaqtebis iseT 

gardaqmnas, rom knopze meore daWera indikatorze aRniSnavs am meore daWeris Sesabamisi 

cifris Sekrebis (an gamoklebis) Sedegs pirveli aRniSvnis cifrTan.~ 

Semdeg g. nikolaZe ganmartavs misi gamogonebis meore nawils: `manqanis meore, 

gamravlebisa da gayofisaTvis gankuTvnili nawili ufro martivia. aq me gamoviyene frangi 

inJinris _ Jenailis Cxirebis idea. cilindrze samravlis aRniSvnis Semdeg sakmarisi iqneba 

mamravli aRvniSnoT knopebis ubralo mimdevrobiTi daWeriT mamravlis cifrebis 

Sesabamisad, imave, 10 knopis mqone svetze. namravli dauyovnebliv Cndeba maCvenebelze. 

aRwerilis analogiurad sruldeba gayofac~. 

giorgi nikolaZe 1928 wlis martSi ufrosi disadmi gagzavnil werilSi aRniSnavda: 

`...Cem mier gamogonebuli ariTmometri mWidrodaa dakavSirebuli avtomatur telefonTan 

da amitomac gavecani am gamogonebis yvela sistemas, rom maTgan yvelaze Sesaferisi 

avarCio Cemi `eleqtromTvlelisaTvis~. swored am dros TviT bedma Semaxvedra erT 

SesaniSnav gamomgonebelTan. me mgonia, man sabolood gadaWra avtomaturi meqanizmebis 

problema, romelTa Soris Cems ariTmometrs pirveli adgili uWiravs~... 

Semdeg ki werda, rom `ukanaskneli ariTmetikuli manqanebis umravlesoba warmoadgens 

manqanebs mxolod mimdevrobiTi Sekrebisa da gamoklebisaTvis. yvela es manqana, maT 

ricxvSi Sedis agreTve gamravlebisaTvis gankuTvnili ramdenime manqana, SedarebiT rTulia 

da Seicavs detalebs, romlebic advilad cvTeba; es manqanebi maRali Rirebulebisacaa; 

manqana, romlis agebasac me vvaraudob, savsebiT avtomaturia: moqmedebis Sedegi umalve 

miiReba ori cifris mocemis Semdeg, knopze ubralo daWeris meSveobiT. garda amisa, 

manqanas ara aqvs arc Zrava, arc kbilanebiani Tvlebi, arc sxva, cotad Tu bevrad rTuli 

da Zvirad Rirebuli meqanikuri detalebi. is muSaobs ramdenime, komutatoris sistemaze 

moqmedi eleqtromagnitis daxmarebiT; komutatorebi gansazRvravs wyvetilobasa da 

aucilebel wredebs~. 

giorgi nikolaZe aRiarebs, rom modelis asagebad saWiro Tanxis odenoba arasworad 

gansazRvra: `...magram imisaTvis, rom Cemi gamogonebis Teoriidan saqmeze _ modelis agebaze 

gadavide, saWiroa gacilebiT meti fuli, vidre winaT gamoucdelobiT vangariSobdi. jer 

erTi, gamoirkva, rom cota fuliT aseTi tipis manqanis modelis agebas verc ki daiwyeb: es 

did teqnikur (eleqtroteqnikur) siZneleebs awydeba; meore, romc aago, SeiZleba mainc 

upatentod darCe, radgan patentis miRebis vada (modelis wardgenis mere) mxolod erTi 

welia ganacxadis aRebis dRidan (ganacxadi ama wlis ianvarSi aviRe). Tanac patenti yvela 

qveyanaSi unda aiRo _ yvelgan am wlis ganmavlobaSi. uimisod yvelas SeuZlia isargeblos 

am gamogonebiT... amasobaSi ki, rogorc irkveva, marto patenti mTavar qveyanaSi 137 000 

franki, e. i. 10 000 maneTi dajdeba! ...axlave dauyovnebliv unda raime gadavwyvitoT da 

viRonoT, amasTanave modelis agebas erT-erT aqaur eleqtroteqnikur saxelosnoSi 

SeiZleba Sevudge, Tu 10000_15000 maneTze naklebi Tanxa ar meqneba; am gamomgonebels ki, 

aseTi agebebis saukeTeso specs, miaCnia, rom 24000 maneTia saWiro. Cven mTavrobas rom axla 

am saqmisaTvis aRmoaCndebodes es Tanxa (plus, rac patentebi dajdeba), maSin aqaur 

kapitalistebTan dakavSireba ar momiwevda... 

aqve g. nikolaZe xazgasmiT aRniSnavs, rom: `saqme Zalian saSuria, vinaidan patentis 

asaRebi vada 1929 wlis 21 ianvars iwureba... manamde modeli unda iyos mzad, es ki ori-sami 

kviris saqme rodia! 

amitomac mouTmenlad moveli pasuxs... didi Secdoma iqneba am saqmis Cveni xelidan 

gaSveba da frangebisaTvis boZeba, ase ki gamova, Tu arc me, arc mTavroba patents ar 

aviRebT am gamogonebaze~... 

giorgi nikolaZe moulodnelad sruliad axalgazrda gardaicvala. 1931 wlis 

ianvarSi didubeSi mdebare sacdel qarxanaSi iwyeboda feromanganumis dnobis kidev erTi 

seria. Rumeli unda CarTuliyo Ramis pirvel saaTze. 1931 wlis 20 ianvars Tbilisis 
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operisa da baletis TeatrSi daniSnuli iyo „karmenis“ premiera da giorgi nikolaZe, 

rogorc wesi, aseT RonisZiebas ar gamoakldeboda. mTeli ojaxi monawileobda mis CacmaSi, 

rom TeatrSic lazaTianad yofiliyo gamowyobili da arc qarxanaSi Sescivnoda 

ocdaorsaaTiani morigeobisas. 

premieris dasrulebis Semdeg giorgi didubisken gaeSura. manqanamac ratomRac ar mo-

akiTxa da im dRes jojoxeTur, yinva-qarbuqian RameSi sirbiliT gaiara oTx kilometrze 

meti. mere daRlili da gaoflili didxans idga qariSxlisgan saxuravaglejil saamqroSi 

gavarvarebul RumelTan. SenobaSi ki orpiri qari uberavda. giorgi nikolaZe gacivda, 

megobarTa daJinebuli TxovniT saxlSi dabrunda, magram mesame dRes kvlav qarxanaSi 

mivida. 27 ianvars giorgis filtvebis anTeba daudgines. maSin es Zalze seriozuli, 

TiTqmis ganukurnebeli avadmyofoba iyo, samwuxarod misi gadarCena ver moxerxda da 3 

Tebervals giorgi nikolaZe gardaicvala. 

man mxolod ormocdasami weli icocxla. 

giorgis mama, didi sazogado moRvawe niko nikolaZe mokled ase axasiaTebda Tavis 

Svils: „Cemi Svili giorgi WeSmariti mamuliSvilia da Tavisi qveynis patrioti“, xolo 

akademikosi niko kecxoveli werda: „me rom mkiTxon, _ rogori ginda qarTveli kaci iyoso, 

dauyovnebliv vupasuxebdi, _ iseTi, rogoric giorgi nikolaZe iyo“. 

albaT, Znelia amaze ufro zustad Seafaso giorgi nikolaZe _ didi inJineri da 

mecnieri. 

 

 

daskvna 

giorgi nikolaZes parizSive Seudgenia patentisaTvis Tavisi gamogonebis aRwera, 

sadac mocemulia gamomTvleli mowyobilobis SedarebiT vrceli daxasiaTeba, muSaobis 

principi da naxazebi. 

 

 
 

maTematikosTa didi oTxeuli: andria razmaZe, arCil xaraZe,  

giorgi nikolaZe da nikoloz musxeliSvili 

 

samwuxarod, g. nikolaZem usaxsrobis gamo ver SeZlo patentis gaformeba da manqanis 

modelis safrangeTSi damzadeba. mxolod misi saqarTveloSi dabrunebis Semdeg iqna 

agebuli g. nikolaZis gamoTvliTi mowyobilobis modeli, romelic gamoifina moskovis 

politeqnikur muzeumSi. am muzeumidan es modeli daikarga da dRemde ver miakvlies. arc 

aRniSnuli modelis naxazebi da aRwerilobaa SemorCenili. ase gaqra niWieri qarTveli 
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mecnieris araordinaluri gamogoneba da dRes gamoTvliTi teqnikis istoriaSi g. 

nikolaZis saxeli naxsenebic ki ar aris. 

g. nikolaZis safrangeTidan samSobloSi dabrunebis Semdeg (1928 w.) amierkavkasiis 

saxelmwifo komitetma ganixila misi gamogoneba da materialuri daxmarebis aRmoCenis 

sakiTxis gadawyveta droebiT (anu faqtobrivad samudamod!) gadado. Tumca aRniSnul iqna, 

rom g. nikolaZis mier gamogonebuli eleqtromTvleli did mecnierul interess iwvevda. 

gamoTvliTi teqnikis saTaveebTan idgnen cnobili mecnierebi, maTematikosebi da in-

Jinrebi leonardo da vinCi, blez paskali, vilhelm laibnici, Carlz bebiji, alan 

tiuringi, jon fon neimani da sxvebi, romlebsac gansakuTrebuli wvlili miuZRviT 

gamoTvliTi manqanebis SeqmnaSi. 

gamoTvliTi teqnikis istoriiT dainteresebuli adamiani sxvadasxva wignSi, cnobarsa 

Tu internetis saZiebo sistemaSi, garda zemoT CamoTvlilebisa, waikiTxavs agreTve j. 

bulis, h. xoleritis, s. morlandis, i. leopoldis, p. CebiSevis, v. odneris, u. barouzis, l. 

krombis, v. Sikardis da sxvaTa saxelebs. yovelma maTganma garkveuli wvlili Seitana 

gamoTvliTi manqanebis ganviTarebaSi, daxvewasa da srulyofaSi. 

logikurad Cndeba kiTxva: ratom ar moixsenieba maT gverdiT qarTveli mecnieri da 

inJineri giorgi nikolaZec? 

nuTu ar SeiZleba mivmarToT msoflios sxvadasxva qveyanaSi arsebul sazogadoebebs, 

kavSirebsa Tu asociaciebs, romlebic ikvleven mecnierebisa da teqnikis, kerZod ga-

moTvliTi manqanebis, istorias, raTa ganixilon g. nikolaZis mier gamomTvleli manqanis 

SeqmnaSi Setanili wvlili da miuCinon mas Rirseuli adgili gamoTvliTi teqnikis gan-

viTarebis istoriaSi? 
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ONCE MORE ABOUT FAMOUS GEORGIAN SCIENTIST (WHY IS NOT GEORGE 
NIKOLADZE CONSIDERED AS ONE OF THE PIONEERS OF COMPUTER TECHNOLOGY?)  

N. Iashvili  

(Georgian Technical University) 

 
The paper deals with one of the interesting aspects of G. Nikoladze’s activity. 
Brilliant knowledge of mathematics and eternal aspiration for technical novelties led him to the idea of designing 

a computing machine based on electric devices. The model was made. In France G. Nikoladze drw up the description of 
this device for receiving patent, but failed to realize the idea because of lack of finances. 

 
Key words: arithmometer; computing device; computing machine. 

 
 
 
 

ИСТОРИЯ ТЕХНИКИ  

 

ЕЩЕ РАЗ О ЗНАМЕНИТНОМ ГРУЗИНСКОМ УЧЕНОМ (ПОЧЕМУ НЕ СЧИТАЕТСЯ 

ГЕОРГИЙ НИКОЛАДЗЕ ОДНИМ ИЗ ПИОНЕРОВ КОМПЬЮТЕРНОЙ ТЕХНИКИ?) 

Иашвили Н. Г. 

(Грузинский технический университет) 

 
В статье рассмотрена одна из интересных сторон деятельности Г. Николадзе. Блестящее знание 

математики и вечное стремление к техническим новшествам привело его к идее создания вычислительного 
устройства на основе электрических цепей. Был изготовлен макет предлагаемой машины. Во Франции Г. 
Николадзе составил описание устройство для получения патента, но из-за отсуствия финансов он не смог 
осуществить свою идею.  

 
Ключевые слова: арифмометр; вычислительная машина; вычислительное устройство. 
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avtorTa sayuradRebod 

 

qarTulenovani mravaldargobrivi samecniero referirebadi Jurnali “mecniereba da  

teqnologiebi” aris perioduli gamocema da gamodis weliwadSi samjer.  

1.  avtoris/avtorTa  mier  statia  warmodgenili unda iyos mTavari redaqtoris 

saxelze qarTul enaze da Tan axldes: 

 

 akademiis wevris, wevr-korespondentis an kolegiis wevris wardgineba an dargis 

specialistis  recenzia (ori mainc); 

 reziume qarTul, inglisur da rusul enebze; 

 cnobebi avtoris/avtorebis (maTi raodenoba ar unda aRematebodes xuTs)  Sesaxeb; 

miTiTebuli unda iyos avtoris/avtorebis gvari, saxeli, mamis saxeli (srulad), 

dabadebis TariRi, sacxovrebeli binisa da samsaxuris misamarTebi, EE-mail, 

samecniero wodeba da sakontaqto telefonebi (binis, samsaxuris), mobiluri; 

 uak (universaluri aTobiTi klasifikacia) kodi. 

 

2. statia amobeWdili unda iyos A4 formatis furcelze. moculoba formulebis, 

cxrilebisa da naxazebis (fotoebis) CaTvliT ar unda iyos xuT gverdze naklebi  da ar 

unda aRematebodes 15 nabeWd gverds; statia Sesrulebuli unda iyos doc da docx failis 

saxiT (MS Word) da Cawerili nebismier magnitur matarebelze. intervali _ 1,5; areebi _ 2 

sm; qarTuli teqsti akrefili unda iyos Acadnusx SriftiT, inglisuri da rusuli teqsti _ 

Times New Roman-iT, zoma _ 12. 

 

3.  statia gaformebuli unda iyos Semdegnairad: 

 

 rubrika (mecnierebis dargi); 

 statiis saTauri; 

 avtoris/avtorebis saxeli da gvari (srulad); 

 sad damuSavda statia; 

 qarTuli reziume da sakvanZo sityvebi unda ganTavsdes statiis dasawyisSi, 

inglisuri da rusuli reziumeebi sakvanZo sityvebTan erTad _ statiis boloSi. 

sakvanZo sityvebi samive enaze dalagebuli unda iyos alfabetis mixedviT. reziume 

Sedgenili unda iyos 100 _ 150 sityvisagan; unda asaxavdes statiis ZiriTad 

Sinaarssa da kvlevis Sedegebs (ar unda Seicavdes zogad sityvebsa da frazebs); 

ucxo enebze Targmani unda iyos xarisxiani, Targmani unda eyrdnobodes 

specialur  dargobriv terminologiebs;  

 saerTaSoriso samecniero Jurnalebis monacemTa bazebis rekomendaciiT damowme‐

buli literaturis raodenoba sasurvelia iyos aTi da meti. literatura teqstSi 

unda dalagdes citirebis Tanmimdevrobis mixedviT da aRiniSnos cifrebiT kvad‐

ratul frCxilebSi, xolo literaturis sia unda iTargmnos inglisur enaze da 

daerTos statias boloSi; Tan   mieTiTos romel enaze iyo gamoqveynebuli statia.   

 naxazebi (fotoebi) da cxrilebi Tavis warwerebianad unda ganTavsdes teqstSi. 

maTi kompiuteruli varianti unda Sesruldes nebismieri grafikuliFformatiT;  
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 redaqtirebuli da koreqtirebuli masalis gamoqveynebaze Tanxmoba avtorma unda 

daadasturos xelmoweriT (redaqtirebuli versiaFan saredaqcio kolegiis mier 

dawunebuli statia avtors ar ubrundeba). 

 

damatebiTi  cnobebisaTvis mimarTeT Semdeg misamarTze: 0108 Tbilisi, rusTavelis 

gamziri 52, saqarTvelos mecnierebaTa erovnuli akademia. IV  sarTuli, oTaxi 434, tel.: 

299-58-27.  

 

el.fosta: metsn.technol@gmail.com  
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