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fizika 

 

 

fazuri gardaqmnebis Taviseburebani Si+2at.%Ge Senadnobis 

indentirebis procesebSi 

giorgi darsaveliZe, kaxaber SamaTava, avTandil siWinava, ia yuraSvili, 

marina qadaria, roman abramiSvili  

(soxumis i. vekuas fizika-teqnikis instituti, soxumis saxelmwifo universiteti) 

 

reziume: Seswavlilia Coxralskis meTodiT miRebuli monokristaluri Si+2at.%Ge 
Senadnobis (111) kristalografiuli orientaciis ormxriv polirebuli firfitis 

eleqtrofizikuri, dinamikuri da meqanikuri Tvisebebi holis efeqtis registraciisa 

da vikersis indentoriT ultramikroindentirebis meTodebis gamoyenebiT. nimuSebi 

xasiaTdeba 1.104_5.104 sm-2 dislokaciebis simkvriviT. naCvenebia, rom sacdeli nimu-
Sebis polirebul (111) sibrtyeebze dengamtari xvrelebis Zvradoba 20_25 %-iT nak-
lebia analogiuri Sedgenilobis srulyofili monokristaluri p-Si-is Zvradobas-
Tan SedarebiT. vikersis indentorze modebuli maqsimaluri datvirTvis gazrdiT 25 

mn-dan 100 mn-mde datvirTva-wanacvlebis grafikebis gantvirTvis Stoebze gamovle-
nilia siliciumis myari β-Sn fazis gardaqmna amorful da metastabilur Si-III/Si-XII 
modifikaciebSi. indentoris SeRwevis siRrmis droze damokidebulebaTa gantvirTvis 

Stoebze fiqsirebuli daxrilobebis analiziT dadginda, rom Si-II→Si-III/Si-XII da Si-
II→α-Si fazuri gardaqmnebi xorcieldeba, Sesabamisad, 2 da 3 wm-is ganmavlobaSi, 

rac srul TanxvedraSia literaturidan cnobil Si-Si indentirebiT inducirebuli 

fazuri gardaqmnebis xangrZlivobasTan. 
 

sakvanZo sityvebi: dayovnebis dro; dislokaciuri struqtura; vikersis in-
dentori; Si-Ge Senadnobi; xvrelebis Zvradoba; fazuri gardaqmna. 

 

Sesavali 

bolo aTwleulebSi, oficialuri komerciuli da akademiuri arxebiT infor-
maciis gamoqveynebisa da gavrcelebis paralelurad gaizarda moTxovnileba im masa-
lebze, dokumentebsa da literaturaze, romlebic grovdeba sxvadasxva organizaciasa 

da struqturaSi, samecniero-kvleviT centrebSi, umaRles saswavleblebSi, mmarTvel 

organoebSi da a.S., magram ar vrceldeba tradiciuli arxebiT miuxedavad imisa, rom 

xSirad Seicavs sasargeblo, saWiro informacias. aseT masalebsa da informaciis 

wyaroebs „ruxi literatura“ da „ruxi dokumentebi“ (Grey Literature, Grey Documents) ewo-
deba. ruxi literatura warmoadgens informaciis Znelad misagneb da naklebad xel-

misawvdom resurss. bevri biblioTeka rogorc CvenTan, ise sazRvargareT maTi gamo-
vlenisa da SeZenis sirTulis gamo Tavs aridebda ruxi literaturiT Tavisi fon-
debis Sevsebas. dRes sul ufro mwvaved dgeba sakiTxi ruxi literaturis SerCeva-

Segrovebis, dakompleqtebis, aRricxvis, biblioTekebsa da sainformacio centrebSi 

ganawilebis, Senaxvisa da Semdeg dainteresebul pirTaTvis miwodebis Sesaxeb. 
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ZiriTadi nawili 

bolo ori aTeuli wlis ganmavlobaSi mniSvnelovnad gaizarda interesi Si-Ge 
sistemis Senadnobebis moculobiTi kristalebisadmi, romelTa gamoyeneba SesaZle-
belia daZabuli epitaqsiuri fenebis, mzis elementebisa da fotodeteqtorebis fu-
ZeSreebad. aRniSnul kristalebSi mesris parametrisa da akrZaluli zonis siganis 

uwyveti mdovre cvlileba SeiZleba ganxorcieldes Si da Ge komponentebis koncen-
traciis cvlilebiT. Si-is fuZeze Si-Ge Senadnobebis kristalur meserSi Canacvle-
buli didi atomuri radiusis Ge-is atomebTan formirdeba Zabvebi, romlebic qmnis 

energetikul barierebs dislokaciebis moZraobisadmi. maT SeuZliaT gamoiwvion di-
namikuri ganmtkiceba. am dros icvleba minarevi-vakansiisa da sxva defeqtebis Zvra-
doba, dislokaciebis damagrebis pirobebi. yovelive es mniSvnelovan gavlenas axdens 

Si-Ge Senadnobebis meqanikur da naxevargamtarul Tvisebebze. Si-Ge SenadnobebSi Ge-
is 1018_1019 sm-3 koncentraciuli Semcveloba sust zemoqmedebas axdens struqtu-

rulad mgrZnobiare fizikur Tvisebebze [1]. Ge-is maRali koncentraciebis (1∙1020 sm-3) 
SemTxvevaSic mosalodnelia moculobiTi kristalis struqturaSi gansxvavebuli 

Semcvelobis areebis formireba, romliTac gamyof sazRvrebze warmoiqmneba Zabvebi, 

romlebic qmnis barierebs dislokaciebis moZraobisadmi da SesaZlebelia Seiqmnas 

struqturis ganmtkicebis pirobebi [2]. aRniSnuli xasiaTis struqturuli cvlile-
bebisa da struqturulad mgrZnobiare fizikuri Tvisebebis urTierTkorelaciuri 

kavSirebi SeiZleba efeqturad iqnes Seswavlili indentirebis meTodebiT datvir-
Tvis sididisa da cvlilebis siCqaris farTo diapazonSi. 

dReisaTvis arsebuli literaturuli wyaroebis umravlesobaSi Si-Ge Senadno-
bebis moculobiTi kristalebis meqanikuri Tvisebebi Seswavlilia mikrosisalis 

meTodiT maRali datvirTvebis pirobebSi [3, 4]. naCvenebia, rom Ge-is mcire kon-
centraciebis SenadnobebSi mikrosisale mcirdeba, rac dakavSirebulia disloka-
ciebis moZraobisadmi kritikuli Zabvis SemcirebasTan, es ukanaskneli ganpirobebu-
lia Ge-is atomebTan formirebuli kumSvis deformaciiT. Si-Ge sistemis Senadnobebis 
sisalisa da drekadobis modulis gansazRvris mizniT Sesrulebulia monokrista-
luri Si1-xGex epitaqsiuri fenebisa (0≤X≤1) da utigelo dnobis meTodiT miRebuli 

moculobiTi monokristalebis (X≤0.1) eqsperimentuli kvleva nanoindentirebis meTo-
diT [5]. gazomvebSi gamoyenebuli Si-Ge epitaqsiuri fenebi APCVD meTodiT Seqmnilia 

monokristaluri Si-is (100) orientaciis sibrtyeebze, xolo moculobiTi kristalebi 

gazrdilia (111) mimarTulebiT da indentireba Sesrulebulia (111) orientaciis sibr-
tyeze. naSromSi pirveladaa dafiqsirebuli Si-I→β-Sn tipis Si-is gardaqmna da-
tvirTvis zemoqmedebiT da β-Sn tipis Si-is gardaqmna siliciumis amorful fazur 

mdgenelad indentoris gantvirTvis procesSi. dadgenilia Si-Ge Senadnobebis kompo-
ziciaze damokidebuli myari xsnaris ganmtkiceba da warmodgenilia ganmtkicebis 

axali meqanizmi, romelic dakavSirebulia maRali sisalis β-Sn modifikaciis Si-is 
fazis formirebasTan. 

Seswavlilia Si-Ge-is ganzavebuli myari xsnaris (Ge~1018 sm-3) meqanikuri Tvi-
sebebi berkoviCis indentoriT nanoindentirebisa da ultrabgeriTi impuls-eqos ga-
dafarvis (pulse-echo overlap) meTodis erToblivi gamoyenebiT [6]. am meTodebiT eqspe-
rimentulad dadginda drekadobis modulis amaRleba indentirebiT gamowveuli Si-
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is β-Sn fazis warmoqmniT da modulis umniSvnelo Semcireba. bolo SemTxvevaSi 

struqturuli gardaqmnebi ar aris mosalodneli.  

nanoindentirebis meTodiT Si-Ge SenadnobebSi fazuri Sedgenilobisa da me-
qanikuri Tvisebebis cvlilebaTa kanonzomierebebis eqsperimentuli kvleva uaRresad 

aqtualuria da mniSvnelovani Si-Ge Senadnobebis safuZvelze axali naxevargam-
taruli struqturebisa da xelsawyoebis Seqmnis problemis gadasaWrelad.  

kvlevis obieqti da meTodologia. kvlevis obieqts warmoadgenda Coxralskis me-
TodiT miRebuli monokristaluri Si+2at.%Ge Senadnobis (111) kristalografiuli or-
ientaciis polirebuli fuZeSreebi. metalografiuli kvleva Sesrulebulia NMM-
80RF/TRT sistemis optikur mikroskopze. eleqtrofizikuri maxasiaTeblebis gazomvebi 

ganxorcielda holis efeqtis registraciiT 0.5 tesla induqciis mudmiv magnitur 

velSi Ecopia HMS-3000 sistemis danadgarze. mikrosisalis gazomvebi Sesrulda Shimadzu 
DUH-211S sistemis dinamikur ultramikrotesterze datvirTva-gantvirTvis reJimSi vi-
kersis meTodiT maqsimaluri datvirTvebis 10_100 mn diapazonSi. TiToeul maqsimalur 

datvirTvaze dayovnebis dro iyo 10 wm, xolo indentirebis siCqare _13.24 mn/wm.  

eqsperimentuli Sedegebi da gansja. metalografiulma kvlevam aCvena, rom 38_40 

mm diametris sacdeli nimuSis (111) orientaciis zedapirebze dislokaciebis sim-

kvrive Seadgenda 104sm-2-s. nimuSebis centralur areSi dislokaciebi Tanabrad iyo 

ganawilebuli. periferiul ubnebze zogjer SeiniSneboda individualuri disloka-

ciebisa da wyobis defeqtebis Sejgufebebi, ganpirobebuli Termuli Zabvebis zemo-

qmedebiT. nimuSebs axasiaTebda p-tipis gamtaroba. (111) polirebul sibrtyeebze den-

gamtari xvrelebis koncentracia da Zvradoba iyo, Sesabamisad, 1013 sm-2 da 1200  

sm2.v-1. wm-1. Zvradobis 20_25 %-iT Semcireba ganpirobebuli iyo xvrelebis ganbneviT 

Ge-is araTanabrad ganawilebul atomebsa da dislokaciebis atmosferoebis werti-

lovan defeqtebze. 

indentorze modebuli maqsimaluri datvirTvis gazrda 10_100 mn diapazonSi da 

maqsimalur datvirTvaze 10 wm-iT dayovneba iwvevs indentirebis anabeWdebis formisa 

da zomebis cvlilebas (nax. 1).  

 

  
a b 

  nax. 1. vikersis indentoris anabeWdebi x 500: a _ maqsimaluri datvirTva _ 50 mn;  

b _ maqsimaluri datvirTva _ 100 mn 
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25 da 50 mn maqsimaluri datvirTvis SemTxvevaSi indentirebis narCeni anabeWdi 

mcire zomebiT xasiaTdeba da masze ar SeiniSneba bzarebis nakvalevi. 100 mn maqsi-

maluri datvirTvisas ki indentirebis narCeni anabeWdis zomebi izrdeba da masze 

SeiniSneba anabeWdis diagonalebidan paralelurad gamomavali mikrobzarebis nakva-

levi. mcire sididis datvirTvebis dros metad mcirea deformaciis plastikuri 

mdgeneli da masala indentirebaze reagirebs umTavresad drekadi deformaciiT. aR-

saniSnavia, rom indentirebis procesSi SesaZlebelia Seiqmnas iseTi pirobebi, roca 

praqtikulad moxdeba plastikuri deformaciis mTlianad CaxSoba da indentirebis 

anabeWdis srulad aRdgena. eqsperimentulad dadgenilia [7], rom siliciumis kris-

tali amJRavnebs srulyofil drekadobas berkoviCis indentorze 100 mkn-mde datvir-

Tvisa da maqsimaluri datvirTvis 30 wm-iT dayovnebis pirobebSi. es faqti dadas-

turebulia indentirebis anabeWdebis ganivkveTebis struqturis kvleviT gamWol 

eleqtronul mikroskopze. aRsaniSnavia, rom simetriul sferul indentorze gaci-

lebiT maRali maqsimaluri datvirTva (300 mn) dayovnebis gareSe ar avlens plas-

tikur deformacias monokristalur siliciumSi indentirebis narCeni anabeWdebis 

saxiT [8]. Sesabamisad, indentirebis procesebSi datvirTva-wanacvlebis damokidebu-

lebebze fiqsirdeba datvirTvisa da gantvirTvis Stoebis sruli damTxveva. 

Si+2at.%Ge Senadnobis sacdeli nimuSis indentirebisas maqsimaluri datvirTvis 

25_100 mn diapazonSi gamovlinda datvirTva-wanacvlebis damokidebulebebis datvir-

Tvisa da gantvirTvis Stoebis sxvadasxva kanonzomierebiT cvlileba, ramac gana-

piroba anabeWdebis formireba gansazRvruli sididis narCeni siRrmeebiT. narCeni 

indentirebis anabeWdebis gamovlineba Si-Ge Senadnobis sacdel nimuSSi maRali al-

baTobiT SesaZlebelia miekuTvnos kuTri moculobis cvlilebas indentirebiT 

gamowveuli fazuri gardaqmnebis procesebSi. 

me-2, me-3 da me-4 nax-ebze warmodgenilia vikersis indentorze modebuli sxva-

dasxva sididis maqsimaluri datvirTvis pirobebSi datvirTva-wanacvlebisa (a) da 

indentoris masalaSi SeRwevis siRrme-drois (b) damokidebulebebi. maTma Sedarebam 

cxadyo, rom indentoris maqsimaluri SeRweva da SeRwevis narCeni siRrme matulobs 

indentorze datvirTvis gazrdasTan erTad. samive grafikis datvirTvis Sto iden-

turia. es imas niSnavs, rom sakvlevi Si-Ge nimuSis mzardi datvirTvis procesSi 
deformaciis meqanizmi praqtikulad ucvlelia. 

mkafiod gansxvavebuli cvlilebebi fiqsirdeba datvirTva-wanacvlebis damoki-

debulebebis gantvirTvis Stoebze. indentorze modebuli 25 mn (nax. 2, a) maqsimaluri 

datvirTvis SemTxvevaSi narCeni datvirTis farTo diapazonSi aRiniSneba drekadi 

mdgomareobidan gadaxris uwyveti mdovre cvlileba. 

 

  

a b 

 nax. 2. Si+2at.%Ge Senadnobis nimuSis 25 mn maqsimalur datvirTvaze datvirTva-

wanacvlebisa (a) da SeRwevis siRrme-drois (b) damokidebulebebi 



11 
 

ramanis speqtrebis analizis safuZvelze dadginda, rom siliciumis indenti-

rebis procesebSi datvirTva-wanacvlebis gantvirTvis Stoze daxrilobis analo-

giuri cvlileba ganpirobebulia siliciumis almasis tipis struqturaSi datvir-

Tvis procesSi formirebuli Si-II myari fazis gansazRvruli nawilis gadasvliT 

amorful mdgomareobaSi [9]. aseT gardaqmnas axasiaTebs masalis gafarToeba, rad-

ganac Si-II-is myari faza daaxloebiT 22 %-iT SekumSulia sawyis Si-I-is fazasTan 

SedarebiT, xolo amorfuli fazuri mdgenelis Termuli gafarToebis koeficienti 

Si-is orive fazas Soris Sualeduria. indentorze modebuli 25 mn maqsimaluri dat-

virTvis pirobebSi SeRwevis siRrme-drois damokidebulebis (nax. 2, b) gantvirTvis 

Stoze 20_40 nm intervalSi fiqsirebulia daxrilobis neli uwyveti cvlileba, rac 

aseve damaxasiaTebelia Si-is myari fazidan amorfuli fazuri mdgenelis war-

moqmnisaTvis.  

indentorze modebuli maqsimaluri datvirTvis gazrdiT 50 mn-mde datvirTvis 

zrdis Stoze praqtikulad ar SeiniSneba gadaxrebi datvirTva-wanacvlebis mdovre 

aRmasvlidan (nax. 3, a). 

 

  
a b 

 

nax. 3. Si+2at.%Ge Senadnobis fuZeSris 50 mn maqsimaluri datvirTvis pirobebSi 

indentirebisas datvirTva-wanacvlebisa (a) da SeRwevis siRrme-drois (b) 

damokidebulebebi 

 

maqsimaluri datvirTvisas 10 wm dayovnebiT fiqsirdeba indentoris ~5 nm-iT 
SeRweva nimuSis siRrmeSi. amis Semdeg TandaTanobiT gantvirTvis procesSi 40 mn 

narCen datvirTvaze SeRwevis siRrme mkveTrad mcirdeba 55-dan 45 wm-mde 2.5_3 wm-is 

ganmavlobaSi. gantvirTvis bolo etapze aRiniSneba gansxvavebuli kanonzomierebiT 

daxrilobis mdovre cvlileba. datvirTva-wanacvlebis damokidebulebis gantvir-

Tvis etapze fiqsirebulia ori Tanmimdevruli ubani daxrili baqani da grafikis 

daxrilobis uwyveti cvlileba. cnobili [10] eqsperimentuli da Teoriuli Sedegebis 

Tanaxmad pirvel ubanze daxrili baqani SesaZlebelia miekuTvnos arastabiluri Si-
II myari fazis gansazRvruli nawilis gardaqmnas Sualedur arastabilur Si-IV da 

Si-XII fazebad. grafikis meore ubanze daxrilobis mdovre uwyveti cvlileba SesaZ-

lebelia ganpirobebuli iyos gansazRvruli raodenobis Si-II myari fazis gardaqmniT 
amorful fazur mdgenelad. orive tipis fazuri gardaqmna mimdinareobs indentoris 
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wveris maxloblobaSi, sadac nimuSze modebuli wneva maqsimaluria. gazomvebis pro-

cesSi registrirebuli SeRwevis siRrme-drois damokidebulebis gantvirTvis ubanze 

gamovlenilia ori Tanmimdevruli sxvadasxva kuTxis daxriloba (nax. 3, b) 2 da 3 

wm-is ganmavlobaSi. maTi Sesabamisi SeRwevis siRrmeebi emTxveva gantvirTvis Stoze 

daxrili baqnisa da mdovre daxrilobis siRrmeebs. eqsperimentis safuZvelze dad-

ginda, rom daxril baqanTan dakavSirebuli fazuri gardaqmna Si-II→Si-III/Si-XII xorci-
eldeba 2 wm-is ganmavlobaSi. grafikis daxrilobis uwyveti cvlilebis procesSi 

Si-II myari fazis gansazRvruli nawilis amorful mdgomareobaSi gadasvla srul-

deba 3 wm-Si. indentirebis procesebSi sacdeli Si-Ge Senadnobis struqturaSi 

fazuri gardaqmnebis xangrZlivobis mniSvnelobebi imave rigisaa, rac damaxasia-

Tebelia Si-Si fazuri gardaqmnebisaTvis sxvadasxva tipis indentorebis zemoqmedebis 
pirobebSi [11]. 

indentorze 100 mn maqsimaluri datvirTvis SemTxvevaSi (nax. 4, a) datvirTvis 

Stoze ar fiqsirdeba gadaxrebi, xolo gantvirTva-wanacvlebis Stoze 40 mn dat-

virTvisas iwyeba gadaadgilebis swrafi Semcireba mcire daxrilobis baqnis formiT. 

 

  
a b 

nax. 4. Si+2at.%Ge Senadnobis fuZeSris 100 mn maqsimaluri datvirTvisas  

datvirTva-wanacvlebisa (a) da SeRwevis siRrme-drois (b) damokidebulebebi 

 

datvirTvis 38 mn-mde Semcirebis Semdeg iwyeba grafikis daxrilobis uwyveti, 

mdovre cvlileba, romelic grZeldeba srul gantvirTvamde. gantvirTvis Stoze 

arsebuli mcire daxrilobis baqani vrceldeba SeRwevis siRrmis 58_53 nm intervalSi 

~2 wm-is ganmavlobaSi. gantvirTva-wanacvlebis aseTive xasiaTis cvlileba 50 mn 

maqsimaluri datvirTvis SemTxvevaSi (nax. 3, a), rogorc zemoT iyo aRniSnuli, fiqsi-

rebulia 50_45 nm SeRwevis siRrmeze da grZeldeba ~2 wm-is ganmavlobaSi. orive 

maqsimalur datvirTvaze daxrili baqani SesaZlebelia miekuTvnos Si-II myari fazis 
raRac nawilis gardaqmnas arastabilur Si-III/Si-XII fazebad. fazuri gardaqmna xor-
cieldeba indentoris wveris areSi indentor-matricis gamyof sazRvarze. Termuli 

analiziT da sawnex danadgarze eqsperimentuli kvleviT dadginda [10, 11], rom gan-

tvirTvis procesSi Si-II myari faza etapobrivad gardaiqmneba romboedrul Si-XII 
fazur mdgenelad, xolo amis Semdeg neli arasruli gardaqmniT warmoiqmneba mo-

culobiT centrirebuli kuburi Si-III faza.  
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indentoris gantvirTvis momdevno etapze grafikis daxrilobis uwyveti mdovre 

cvlileba SeiZleba gamowveuli iyos Si-II myari fazis gardaqmniT Si-is amorful 

fazad. mocemul SemTxvevaSi gantvirTvis grafikis daxrilobis Tanmimdevruli 

cvlileba warmoadgens nimuSis gafarToebis Sedegs myari fazidan naxevargamtarul 

amorful fazaSi neli gardaqmnis procesSi. SeRwevis siRrme-drois damokidebu-

lebidan Cans (nax. 4, b), rom amorfuli fazuri mdgenelis formireba mimdinareobs 

2_3 wm-is ganmavlobaSi. cnobilia [10], rom datvirTva-wanacvlebis grafikebze baqnis 

mdgomareoba praqtikulad ar aris damokidebuli maqsimaluri datvirTvis sidideze, 

is metad mgrZnobiarea datvirTva-gantvirTvis siCqarisadmi. ganxorcielebul eqspe-

rimentul gazomvebSi datvirTva-gantvirTvis siCqare (≅13.24 mn/wm) Sualeduria 

dabal da maRal siCqareTa Soris. swored es garemoeba ganapirobebs baqnis daqa-

nebasa da daxrilobis uwyveti mdovre cvlilebis urTierTzeddebas, anu gantvir-

Tvis procesSi matricis indentorqveSa zonaSi arastabiluri myari M(kristaluri) 

da amorfuli fazebis gardaqmnebis praqtikulad erTdroulad mimdinareobas. inden-

torze modebuli sami gansxvavebuli sididis maqsimaluri datvirTvis datvirTva-

wanacvlebis damokidebulebebis aRmasvlis Stoebi erTmaneTis msgavsia da ar avlens 

raime Taviseburebebs. gantvirTvis Stoebze SeiniSneba rogorc baqnisa da uwyveti 

mdovre daxrilobis, ise Sesabamisi datvirTvis cvlilebebi. magaliTad, 25 mn maq-

simaluri datvirTvis SemTxvevaSi ar SeiniSneba baqani, vlindeba mxolod grafikis 

daxrilobis uwyveti mdovre cvlileba. 100 mn maqsimaluri datvirTvis SemTxvevaSi 

ki mkafiod vlindeba sustad daxrili baqani. SesamCnevad izrdeba aseve indentoris 

SeRwevis siRrme, saidanac iwyeba grafikis daxrilobis uwyveti mdovre cvlileba. 

gantvirTvis Stoebze fiqsirebuli cvlilebebi ganpirobebulia Si-is calkeuli Sua-

leduri aramdgradi modifikaciis formirebiT indentorze modebuli sxvadasxva 

sididis maqsimaluri datvirTvis pirobebSi. 

 

daskvna 

yovelive zemoaRniSnulidan gamomdinare, Si-Ge Senadnobebis indentirebiT in-
ducirebuli fazuri gardaqmnebis Rrma SeswavlisaTvis aucilebelia kvlevebis ga-
grZeleba maqsimaluri datvirTvebisa da Ge-is koncentraciis farTo diapazonebSi. 
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PHYSICS 
 

PECULIARITIES OF PHASE TRANSITIONS IN THE INDENTATION PROCESSES 
OF SI+2AT.%GE OF ALLOY 

G. Darsavelidze, K. Shamatava, A. Sichinava, I. Kurashvili, M. Kadaria, R. Abramishvili 

(I. Vekua Sukhumi Institute of Physics and Technology, Sokhumi State University) 
 

Resume. Electrophysical and dynamic mechanical properties of the double-side polished (111) 
crystallographic orientated plates of CZ grown Si+2at.%Ge alloy have been studied using of hall effect 
measurements and Vickers ultra-microindentation method. The dislocation density is 1.104-5.104 cm-2. It is 
shown that hole mobility on the polished (111) planes of the test samples is 20-25 % less than the mobility of 
the perfect monocrystalline p-Si of similar composition. By increasing the maximum load on the Vickers 
indenter from 25 mN to 100 mN, the transitions of the silicon metallic β-Sn phase into amorphous and 
metastable Si-III/SiXII modifications have been revealed on the unloading branches of the load-displacement 
curves. The analysis of slopes (inclinations) revealed on the unloading branches of the tim-penetration depth 
curves shows, that Si-II→Si-III/Si-XII and Si-II→α-Si phase transitions take place within 2 and 3 s, 
respectively, which is in complete agreement with duration of indentation induced phase transisions in silicon 
known from the literature sources. 

 
 Keywords: dislocation structure; holding time; hole mobility; phase transition; Si-Ge alloy; Vickers 

indenter. 
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fizika 

 

 

monokristaluri Si+2at.%Ge Senadnobis indentirebiT inducirebuli 

fazuri gardaqmnebis fizikur-meqanikuri maxasiaTeblebi 

giorgi darsaveliZe, kaxaber SamaTava, avTandil siWinava, ia yuraSvili, 

marina qadaria, roman abramiSvili  

(soxumis i. vekuas fizika-teqnikis instituti, soxumis saxelmwifo universiteti) 

 

reziume: ultramikroindentirebis meTodiT Seswavlilia vikersis indentorze 

modebuli maqsimaluri datvirTvebis gavlena monokristaluri Si+2at.%Ge Senad-
nobis (111) orientaciis ormxrivpolirebuli 0.5 mm sisqis brtyel paralelur fir-
fitebSi fazuri gardaqmnebis maxasiaTebel saSualo sakontaqto wnevasa da dre-
kadobis modulze. indentoris kontaqtze drekadi aRdgenis meqanikis safuZvelze 

damuSavebuli cnobili meTodis gamoyenebiT Seiqmna specialuri programa ricxviTi 

gamoTvlebis Tanmimdevruli operaciebis Sesasruleblad da ganisazRvra saSualo 

sakontaqto wnevis sidideebi, rogorc wanacvlebis funqcia indentoris datvirTva-

gantvirTvis srul ciklSi. Sefasebulia gantvirTvis procesebSi indentirebiT in-
ducirebul fazur gardaqmnebTan dakavSirebuli saSualo sakontaqto wnevis kri-
tikuli mniSvnelobebi da arastabiluri fazebis formirebis xangrZlivoba. gaa-
nalizebulia Si+2at.%Ge Senadnobis kristalur meserSi Si-Ge bmebis wvlili di-
namikur drekadobis modulsa da fazuri gardaqmnebis maxasiaTeblebSi. 

 

sakvanZo sityvebi: drekadobis moduli; vikersis indentori; sakontaqto wneva; 

Si-Ge Senadnobi; fazuri gardaqmna. 

 

Sesavali 

monokristaluri siliciumisa da silicium-germaniumis Senadnobebisadmi didi 

interesia gamoxatuli mecnierul kvlevebsa da samrewvelo gamoyenebis sferoSi. 

amJamad intensiurad mimdinareobs maT safuZvelze mikroeleqtromeqanikuri siste-
mebis (MEMS), preciziuli optikuri elementebisa da mcire kritikuli zomebis ele-
qtronuli produqciis (namzadebis) Seqmnis samuSaoebi. axalma teqnologiurma da-
muSavebebma ganapiroba meqanikuri Tvisebebis sistemuri kvlevis intensiurobis gazr-
da. ukanasknel periodSi indentirebis meTodebis srulyofis Sedegad SesaZlebeli 

gaxda sisalis, drekadobis modulis, sixistisa da maTTan dakavSirebuli meqanikuri 

Tvisebebis maRali sizustiT registracia da kvleva [1, 2]. 

sxvadasxva konfiguraciis indentoriT indentireba warmoadgens wneviT induci-
rebuli fazuri gardaqmnebis kvlevis efeqtur saSualebas (meTods). maRal wnevebze 

fazuri gardaqmnebis kvleva teqnologiurad Zalze mniSvnelovania zusti mikro-
meqanikuri damuSavebis procesis etapebSi gamovlenili plastikurobis kontroli-
saTvis [3]. 
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siliciumis kristalur meserSi fazuri gardaqmnebi metad mgrZnobiarea wne-
visadmi. nanoindentirebis gazomvebSi Zabvebis mdgomareoba indentoris wverTan 

xistad aris dakavSirebuli drosa da lokalizaciaze. orive faqtori ganapirobebs 

maRal wnevebze formirebuli fazebis rTul ganawilebas, romlis dasadgenad sa-
kmaod efeqturi saSualebaa maRal wnevaze deformaciisa da fazuri gardaqmnebis 

elementuri modelirebisa [4] da gamWoli eleqtronuli mikroskopiis [5] meTodebi. 

sakontaqto meqanikis drekadobis Teoriis safuZvelze damuSavebulia indentoris 

datvirTva-gantvirTvis srul diapazonSi saSualo sakontaqto wnevis indentirebis 

siRrmeze damokidebulebis gansazRvris meTodi [6, 7]. aRniSnuli meTodi farTod 

gamoiyeneba indentirebiT inducirebul siliciumSi fazuri gardaqmnebis kvlevisas. 

saSualo sakontaqto wneva-wanacvlebis funqcionaluri damokidebulebebis gantvir-
Tvis Stoebze fiqsirebuli masalis drekadobis maxasiaTebeli maCvenebliani fun-
qciidan gadaxrebi (bifurkacia) zogadad ganixileba, rogorc Si-II myari fazis aras-
tabilur fazebad gardaqmnis dasawyisi [8]. 

nanometruli masStabis kontaqtze datvirTvebis pirobebSi nanoindentirebis 

meTodi intensiurad gamoiyeneba masalebis meqanikuri reagirebis kvlevebSi [2, 9]. 

aRniSnuli mimarTulebiT praqtikulad Seuswavlelia naxevargamtaruli Si-Ge sis-
temis Senadnobebi. nanoindentirebis procesebSi silicium-germaniumis sistemis Se-
nadnobebSi gamovlenilia Zlier Si-Ge bmebTan dakavSirebuli ganmtkicebis „Senad-
nobis efeqti“ [10]. Si-Ge ganzavebul myar xsnarSi (Ge ~1∙10-19sm-3) nanoindentirebis 
eqsperimentebiT dadgenilia drekadobis modulisa da sisalis amaRleba [11]. av-
torTa mosazrebiT, Ge-iT dopireba ganapirobebs meti raodenobiT mtkice β-Sn modi-
fikaciis Si-is formirebas indentirebis procesSi. indentoris wveris maxloblobaSi 

miRebuli Sedegebi dadasturebulia ramanis speqtroskopiuli gazomvebiT. 
 
 
ZiriTadi nawili 

kvlevis obieqti da meTodika. sakvlevi Si+2at%Ge Senadnobis moculobiTi kris-
tali, romlis diametria ~35 mm, miRebulia Coxralskis meTodiT [111] kristalo-
grafiuli mimarTulebiT. almasis diskoze Wris, xexvisa da polirebis standartuli 

meTodebiT damzadebulia [111] orientaciis 0.5 mm sisqis firfitebi. NMM-80RF/TRT 
sistemis optikur metalografiul mikroskopze kvleviT gamovlenilia [111] sibr-
tyeebze Tanabrad ganawilebuli ~104 sm-2 simkvrivis dislokaciebi. Acopia-3000 sis-
temis danadgarze holis efeqtis registraciiT 0.5 tesla induqciis mudmiv magnitur 

velSi aRmoCnda Si+2at%Ge Senadnobis sacdeli profilirebuli nimuSebi, romelTa 

dengamtari xvrelebis koncentraciaa 1014sm-3 da Zvradoba _ ≈1200 sm2v-1wm-1. 
Shimadzu DUH-211S sistemis dinamikur ultramikrotesterze programuli uzrun-

velyofiT datvirTva-gantvirTvis 13.24 mn/wm siCqarisa da maqsimalur datvirTvaze 

10 wm dayovnebis pirobebSi miRebulia indentorze modebuli sxvadasxva sididis 

maqsimalur datvirTvebze datvirTva-wanacvlebis, wanacvleba-drois funqcionaluri 

damokidebulebebi. saerTaSoriso ISO14577-2002 da iaponuri JIS-Z-2244-2003 standar-
tebis Sesabamisad programiT gansazRvrulia yovel fiqsirebul datvirTvaze inden-
toris SeRwevis siRrme, dinamikuri da statikuri mikrosisaleebi da indentirebis 

modulis sidideebi.  
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miRebuli eqsperimentuli monacemebisa da kontaqtze drekadi aRdgenis meqa-
nikis meTodis [6,7] gamoyenebiT damuSavda specialuri programa da C++-is ROOT 
CERN-is safuZvelze miRebulia saSualo sakontaqto wnevis ricxviTi sidideebi 

identoris wanacvlebis yovel mniSvnelobaze. gansazRvruli Sedegebi warmodge-
nilia cxrilisa da grafikebis saxiT (ix. nax.). drekadobis modulis gamoTvlebSi 

miRebulia [111] sibrtyeebisaTvis puasonis koeficientis mniSvneloba _ 0.26 [12]. 

sacdeli Si+2at%Ge Senadnobis [111] kristalografiuli orientaciis brtyel 

paralelur firfitaze da vikersis indentorze modebuli maqsimaluri datvirTvis 

sxvadasxva mniSvnelobaze (25, 50 da 100 mn) gaizoma datvirTva-wanacvlebis damo-
kidebulebebi. yvela SemTxvevaSi datvirTvis etapze praqtikulad ar SeiniSneba 

cvlilebebi. gantvirTvis etapze gamovlinda gadaxrebi baqnisa da uwyveti daxri-
lobis formiT. aRniSnuli xasiaTis cvlilebebi, literaturuli wyaroebis Ta-
naxmad, SesaZlebelia miekuTvnos fazur gardaqmnebs almasis tipis kuburi Si-is 
arastabilur modifikaciebSi. indentirebis datvirTva-gantvirTvis procesebSi fa-
zuri gardaqmnebis meqanizmebisa da konkretuli mdgenelebis analizisaTvis metad 

mniSvnelovania indentorze modebuli sakontaqto wnevis sidideebis Sefaseba.  

winamdebare naSromSi Seswavlilia drekadobis modulisa da saSualo sa-
kontaqto wnevis cvlileba indentorze datvirTva-gantvirTvis srul diapazonSi. 

naxazze warmodgenilia indentorze modebuli sxvadasxva sididis maqsimaluri dat-
virTvis SemTxvevaSi programuli uzrunvelyofiT gansazRvruli saSualo sakon-
taqto wneva-wanacvlebis grafikebi. 

 
 

a b 

 
g 

 

S+2at%Ge Senadnobis nimuSis indentirebis procesebSi saSualo sakontaqto  

wnevis indentoris wanacvlebaze damokidebulebebi sxvadasxva maqsimaluri 

datvirTvisaTvis: a _ 25 mn, b _ 50 mn, g _ 100 mn 
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25 mn maqsimaluri datvirTvis SemTxvevaSi gantvirTvis Stoze SeiniSneba dax-

rilobis uwyveti cvlileba indentoris kristalSi SeRwevis siRrmis farTo inter-

valSi, rac sruli gantvirTvis momentamde grZeldeba. indentorze modebuli maq-

simaluri sakontaqto wneva sakmarisad maRalia imisaTvis, rom indentirebis pro-

cesSi ganxorcieldes Si-I→Si-II fazuri gardaqmna. es procesi datvirTva-wanacvlebis 

Stoze ar SeiniSneba, radganac metad maRalia vikersis indentorze modebuli dat-

virTvis siCqare. Si-I/Si-II fazuri gardaqmnis realobaze miuTiTebs 50 da 100 mn 

maqsimalur datvirTvebze gantvirTvis Stoebze gamovlenili daxrili baqani da 

grafikis uwyveti mdovre daxriloba, rac SesaZlebelia ganpirobebuli iyos 

gantvirTvis procesSi Sualeduri aramdgradi fazebisa da amorfuli siliciumis 

formirebiT. indentorze modebuli 25, 50 da 100 mn maqsimaluri datvirTvebis 

pirobebSi gansazRvruli saSualo sakontaqto wnevis kritikuli mniSvnelobebi 

daxrili baqnisa da uwyveti daxrilobis dawyebis momentSi meryeobs 4_6 gpa da 3.5_5 

gpa intervalebSi. Si-Ge Senadnobis nimuSSi saSualo sakontaqto wnevis kritikuli 

mniSvnelobebi wrfivad izrdeba indentorze modebuli maqsimaluri datvirTvebis 

zrdis pirobebSi. es Sedegi TanxvedraSia siliciumis almasis tipis struqturaSi 

fazuri gardaqmnebis kritikuli saSualo sakontaqto wnevebis wrfiv cvlilebebTan 

maqsimaluri datvirTvis farTo intervalSi. 

cnobilia [11], rom Si-is fuZeze Si-Ge sistemis binaruli Senadnobebi xasiaTdeba 

Ge-is Semcvelobaze drekadobis modulis wrfivi damokidebulebiT. maTi realuri 

struqturuli mdgomareoba, germaniumisa da dopantebis procentuli Semcveloba da 

maxasiaTebeli struqturuli defeqtebi mniSvnelovnad ganapirobebs drekadobis mo-

dulis wrfivi kanonzomierebidan gadaxrebs. meqanikuri maxasiaTeblebis Tavisebur 

cvlilebebze gavlenas axdens gazomvis pirobebic. kerZod, ultramikroindentirebis 

pirobebSi SesaZlebelia mniSvnelovnad gaizardos sakvlevi nimuSis [111] zedapirze 

da moculobaSi sxvadasxva warmoSobis struqturuli defeqtebis wvlili struqtu-

rulad mgrZnobiare dinamikuri meqanikuri Tvisebebis cvlilebebSi. 

vikersis indentorze modebuli maqsimaluri datvirTvis gazrda 25 mn-dan 100 

mn-mde iwvevs sacdeli Si-Ge Senadnobis nimuSis dinamikuri drekadobis modulis 

sust Semcirebas (ix. cxrili). 

 

Si-Ge Senadnobis indentirebis maxasiaTeblebi 

maqsimaluri 
datvirTva, 

mn 

maqsimaluri 
SeRwevis 
siRrme, nm 

drekadobis 
moduli,  

gpa 

saSualo sakontaqto wneva,  
gpa 

baqnis 
dasawyisSi 

daxrilobis 
dasawyisSi 

25 0.353 1.95 4.5_5.0 3.5_4.0 

50 0.557 1.93 5.0 4.0 
100 0.731 1.87 5.0_5.5 4.0_4.5 

 

aseT pirobebSi datvirTvis proporciulad izrdeba nimuSis moculobaSi in-

dentoris wanacvleba da, Sesabamisad, sustdeba zedapiris gavlena drekadobis mo-

dulze. cxrilSi warmodgenilia fazuri gardaqmnebis erT-erTi ZiriTadi maxasia-

Teblis saSualo sakontaqto wnevis mniSvnelobebi. 
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daskvna 

zemoaRniSnulidan gamomdinare, SeiZleba davaskvnaT, rom miRebuli Sedegebi 

TanxvedraSia aralegirebuli da germaniumiT sustad dopirebuli siliciumis inden-
tirebis analogiur pirobebSi ganxorcielebuli kvlevis SedegebTan [11]. gazomvebi 

Sesrulebulia berkoviCis indentorze 10 g ZaliTa da 30 mn/wm siCqariT datvirTvis 

pirobebSi. amave naSromSi (100) orientaciis nimuSebisaTvis miRebulia drekadobis 

modulis mniSvnelobebi: Si-saTvis _136.7 gpa, xolo 1019 sm-3 koncentraciis Ge-iT 
dopirebuli Si-saTvis _153.8 gpa. Cveni azriT, misi meqanikuri ganmtkicebis efeqti 
ganpirobebulia Ge-is gavleniT indentorze datvirTvis zrdis procesSi gazrdili 

raodenobis maRalmoduliani (≈403 gpa) β-kalis modifikaciis Si-is fazis for-
mirebisas. Cvens SemTxvevaSi sacdeli Si-Ge Senadnobis drekadobis moduli 20_30 gpa-

iT maRalia. es SeiZleba dakavSirebuli iyos Ge-is gacilebiT maRal koncentra-
ciasTan, romlis zemoqmedebiT stimulirdeba meti raodenobiT maRali simtkicis Si-
is β-kalis fazis warmoqmna. Sesabamisad, gaizrdeba Si-Ge Senadnobis struqturaSi 
inducirebuli fazebis narevis dinamikuri drekadobis modulis efeqturi mniSv-
neloba. saboloo daskvnisaTvis aucilebelia damatebiTi eqsperimentuli kvlevebis 

ganxorcieleba Si-Ge SenadnobebSi Ge-is koncentraciisa da indentoris maqsimaluri 

datvirTvis ufro meti cvlilebis pirobebSi. 
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PHYSICS 
 

PHYSICAL-MECHANICAL CHARASTERISTICS OF INDENTATION INDUCED-
PHASE TRANSITIONS IN MONOCRYSTALLINE SI+2AT.%GE ALLOY 

G. Darsavelidze, K. Shamatava, A. Sichinava, I. Kurashvili, M. Kadaria, R. Abramishvili 

(I. Vekua Sukhumi Institute of Physics and Technology, Sokhumi State University) 
 

Resume. The effect of maximum loads applied to the Vickers indenter, on the elastic modulus and 
average contact pressure characteristics for the phase transitions in the 0,5 mm thick double-side polished (111) 
oriented plates of the monocrysatlline Si+2at.%Ge alloy has been studied using ultra-microindentation method. 
Using a well-known method developed on the basis of the elastic recovery mechanics at the contact of the 
indenter, a special program was created to perform sequential operations of numerical calculations and the 
values of average contact pressure have been determined, as a function of displacement in a complete loading-
unloading cycle of the indenter. Duration of unstable phase formation and critical values of average contact 
pressure connected with the indentation induced-phase transitions in the unloading processes has been 
estimated. The contribution of Si-Ge bonds in the characteristics of phase transitions and dynamic elastic 
modulus in the crystalline lattice of Si+2at.%Ge alloy has been analyzed. 

 
 Keywords: contact pressure; elastic modulus; phase transition; Si-Ge alloy; Vickers indenter. 
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ekologia 

 

 

cota ram ekologiis swavlebis Sesaxeb 

merab CalaZe, oTar tyemalaZe, Tamar CxataraSvili, Tamuna CalaZe  

(saqarTvelos teqnikuri universiteti) 

 

reziume: msoflioSi ekologiuri ganaTlebis danergvas, ganviTarebas da damkvi-
drebas mieZRvna jer kidev gasul saukuneSi (1977 wels) TbilisSi „iuneskos“ mier 

organizebuli samTavrobaTSoriso konferencia, romlis muSaobaSi monawileobda 65 

qveyanis 800-mde warmomadgeneli. am istoriulma forumma miiRo „Tbilisis deklara-
ciad“ wodebuli dokumenti, romliTac xelmZRvanelobs msoflios yvela qveynis 

samecniero, ganaTlebis da bunebisdacviTi organizacia-dawesebulebebi. imave „iu-
neskos“ mier zustad 10 wlis Semdeg moskovSi, e. w. hameris centrSi, Catarda meore, 

aseve msoflio masStabis, konferencia, romelic „Tbilisis deklaraciis“ Sesru-
lebis Semowmebas mieZRvna. aRniSnulma forumebma uZlieresi biZgi misca ekologi-
uri ganaTlebisa da swavla-aRzrdis saqmes msoflios mraval qveyanaSi.  

amis daviwyeba ar SeiZleba, radgan aRniSnuli problemis gadaWras uaRresad 

didi mniSvneloba aqvs. amaze metyvelebs is faqti, rom klimatis cvlileba planetis 

masStabiT namdvilad xdeba da iwvevs gansakuTrebul socialur-ekonomikur prob-
lemebs. 

 

sakvanZo sityvebi: ekologiuri katastrofebi; ekoganaTleba; wyvetili, kampa-
niuri, spontanuri xasiaTi. 

 

Sesavali 

bolo aTaswleulSi mimdinare teqnikurma ganviTarebam ganapiroba bunebriv re-
sursebze moTxovnilebis sagrZnobi gazrda, ramac gamoiwvia garemos (bunebis eko-
sistemis) mniSvnelovani degradireba. am cvlilebis ZiriTad mizezad gvevlineba at-
mosferoSi „siTburi airebis“ emisiebis Semcireba. klimatis mkveTri cvlileba iwvevs 

ekosistemaSi Semaval cxovelTa da mcenareTa saxeobebis gavrcelebis arealis Secv-
las an gaqrobas, wyaldidobebs, Rvarcofebs, mewyrebis gaxSirebas, eroziuli pro-
cesebis ganviTarebas da qariSxlebis gaZlierebas. amas emateba sakvebis mopovebis 

gaZneleba, epidemiur daavadebaTa riskis zrda da sxv. 
 
 
ZiriTadi nawili 

yvela Cvengani mowmea da monawile imisa, rom saqarTveloSi kapitalis da-
bandebis wyarod iqca qveynis bunebrivi resursebi. aq, iSviaTi gamonaklisis garda, 

faqtobrivad aRar arsebobs arc mZime da arc msubuqi mrewveloba, soflis meur-
neobamac, ise rogorc mrewvelobam, dakarga saeqsporto sasoflo-sameurneo pro-
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duqciis gatanis unari da saSualeba. rCeba qveynis bunebrivi resursebi, romelTa 

mimarT did interess iCens mezobeli qveynebi da ara marto isini. maT umravlesobas 

yvelaze metad ainteresebs wiaRiseuli resursebi, qveynis tyeebi da mwvane safari, 

navTobi da bunebrivi airi, qvanaxSiri da manganumi, mineraluri wylebi da oqro, 

sxvadasxva saxis mineraluri nedleuli, anu yovelive is, rasac TvalisCiniviT uf-
rTxildeba yvela qveyana. 

  

 
 

nax. 1. dedamiwis maketi 

 

klimatis cvlileba gansakuTrebulad azaralebs ekonomikurad SeWirvebul fe-

nebs. saqarTveloSi bunebrivi resursebis mopovebis licenziebis mflobelebi Zi-

riTadad ucxouri kompaniebia, romlebic xSir SemTxvevaSi erTjeradi ekonomikuri 

efeqtis miRebis mizniT ugulvebelyofen qveyanaSi arsebul garemosdacviT kanon-

mdeblobebs da daCqarebulad gaaqvT bunebrivi resursebi, CvenTan ki rCeba gada-

Txrili da wyobidan gamosuli sasoflo-sameurneo miwebi, ganadgurebuli flora 

da fauna, dabinZurebuli wylebi da atmosferuli haeri, erozirebuli miwebi da 

sxv. swored amis gamoa, rom Cvens qveyanaSi (da ara marto CvenTan) ase gaxSirda 

ekologiuri katastrofebi. es udidesi ubedurebaa.  

„buneba mbrZanebelia, igi monaa Tavisa, 

zogjer sikeTes ixveWavs, zogjer mqmnelia avisa.“ 

vaJas es sityvebi swored rom miesadageba saqarTvelos bunebas. mdidari, lamazi 

da sikeTiT savsea buneba, magram imavdroulad Wirveuli da avi znisa, risTvisac 

Znelad mosavleli da sapatronoa.  

dRes saqarTveloSi naklebad xorcieldeba iseTi tipis ekologiuri progra-

mebi da proeqtebi, romlebic emyareba Cveni qveynis samecniero-kvleviTi institu-

tebis mier momzadebul uaxles samecniero miRwevebsa da monacemebs. gaumarTle-
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belia geologiis sammarTvelosa da iseTi samecniero-kvleviTi institutebis gauq-

meba, rogoric iyo melioraciis, niadagmcodneobisa da agroqimiis, hidrometeor-

ologiis, miwaTmowyobisa da sxv. institutebi. amasTan, arc garemos dacvisa da so-
flis meurneobis saministroebis SeerTeba migvaCnia marTebulad Tundac imitom, 

rom orive saminisitros udidesi problemebi aqvs TavTavianT dargebSi droulad 

gadasawyveti.  

msoflios mraval qveyanas uSiSroebis sabWoebSi Seqmnili aqvs garemos dacivs 

ganyofilebebi, romelbic mniSvnelovan sakiTxebs ugvarebs TavianT qveyanas. sasur-

veli iqneboda Cvenc gvefiqra aseTi struqturis Seqmnaze.  

biznesSi monawile adamianebma unda icodnen, Tu rogor unda uzrunvelyon 

pozitiuri urTierTkavSiri vaWrobas, bunebis dacvasa da bunebrivi resursebis ra-

cionalurad gamoyenebas Soris. es ki moiTxovs specialistebis, maT Soris axal-

gazrda specialistebis ekologiur codna-gamocdilebasa da ganaTlebas.  

dRes gansakuTrebuli yuradReba unda daeTmos ekoganaTlebas (nax. 2), radgan 

am sakiTxis Tundac sul mciredi Seufasebloba, rac dro gava miT ufro Zviri 

daujdeba kacobiobas da, raRa Tqma unda, macocxlebel bunebas. Cven veweviT yovel-

dRiur bunebisdacviT saqmianobas, vamowmebT obieqtebs, vqmniT Sesabamis kanonebs, 

vRebulobT Sesatyvis dadgenilebebs da a.S., magram viviwyebT mTavars, rom bunebis 

Sesaxeb saTanado codnisa da bunebrivi simdidris gonivrulad gamoyenebis gareSe 

SeuZlebelia bunebisa da kacobriobis, TviT planeta dedamiwis dacva-gadarCena. 

 

 

Nnax. 2. ekologiis ZiriTadi sakiTxebi 

 

marTalia, bunebas rogorc sicocxlis wyaros sikvdili ar uweria, magram bu-

nebac ar aris uZiro Wa, ar aris usasrulo da ukidegano. masac mudmivi movla-

patronoba sWirdeba. Svelas iTxovs niadagi, wyali, haeri, flora da fauna. am saq-

meSi, Cveni Rrma rwmeniT, erT-erTi mTavari da gadamwyveti mniSvneloba swavla-

aRzrdasa da ekologiuri codna-ganaTlebis miRebas eniWeba.  

ase rom, qveynisa da macocxlebeli bunebis dacva, misdami siyvaruli, erTgu-

leba da Tavdadeba SeiZleba da unda vaqcioT kidec axalgazrdebis erT-erT mTavar 

amocanad, rwmenad, zneobad, momavlis imedad.  
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rogorc skolaSi, ise umaRles saswavleblebSi ekologiis swavlebis procesSi 

saWiroa axalgazrdebis yuradReba gamaxvildes im garemoebaze, rom eris xasiaTisa 

da kulturis Camoyalibebis faqtorTa Soris umniSvnelovanesad iqnes miCneuli bu-

nebrivi garemo. 

dakninda buneba, dakninda misi pirmSo _ adamiani, dakninda rogorc fizikurad, 

ise sulierad. bunebis siyvaruli pataraobidan unda CavunegroT skolamdeli asakis 

bavSeebs, rasac udidesi mniSvneloba aqvs samomavlod. swavlebis procesSi aucile-

bel pirobad unda iqnes dasaxuli is, rom programiT gaTvaliswinebuli sakiTxebis 

Seswavlis dros ekologiuri problemebic iqnes ganxiluli qveynis ekonomikur, 

socialur, politikur viTarebasTan erTad, anu dRevandelobasTan mWidro kavSirSi. 
 

 

daskvna 

zemoaRniSnulma sakiTxebma da kidev mravalma sxva mwvave da gadaudebelma 

ekoproblemam unda SeaRwios yvela umaRlesi saswavleblis auditoriebSi da, sa-
erTo saqmis interesebidan gamomdinare, ekologia safuZvlianad da fundamenturad 

unda iswavlebodes mTeli saswavlo wlis ganmavlobaSi.  

yvelam unda icodes, rom dRes saqarTveloSi bunebis dacvas, bunebrivi re-
sursebis gamoyenebas aqvs wyvetili, kampaniuri, spontanuri xasiaTi, xolo bunebi-
saTvis zianis miyenebas, mis ngreva-gapartaxebas _ ufro myari da, samwuxarod, sta-
biluri xasiaTi. Cveni mizani ki is aris, rom es ukuRmarTi da sabediswero Tana-
fardoba erTxel da samudamod Seicvalos.  

ase rom, qveynisa da bunebis dacva, misdami siyvaruli, erTguleba da Tavdadeba 

unda iqces axalgazrdobis erT-erT mTavar amocanad, rwmenad, zneobad, momavlis 

imedad.  

yovelive zemoaRniSnuli miznad isaxavs sazogadoebis cnobierebis amaRlebas 

da mis CarTvas klimatis cvlilebebiT gamowveuli probelemebis Serbilebis pro-
cesSi. gvjera, rom saqarTvelo uaxloes periodSi gadaiqceva bunebrivi resursebis 

mza produqciis mwarmoebel eqsportior qveynad. 
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ECOLOGY 
 

A LITTLE ABOUT TEACHING ECOLOGY 

M. Chaladze, O. Tkemaladze, T. Chkhatarashvili, T. Chaladze 

(Georgian Technical University) 
 

Resume. Many acute and urgent eco-problems must penetrate the audiences of all higher education 
institutions and be taught thoroughly, fundamentally. In the interests of the common cause, ecology should be 
taught throughout the academic year, that is, for two semesters, by holding seminars, conferences or 
colloquiums in the teaching process and by arranging examinations at the end of the year. 

 We should remind and instill in the youth the view, the opinion that today the use of nature protection 
and natural resources in Georgia have an intermittent, spontaneous character, while harm to nature, its 
destruction and desolation has a more solid and unfortunately stable character. The task is to change this 
perverse and fatal ratio once and for all. 

 Thus, the protection of the country, the life-giving nature, love for it, loyalty and dedication can and 
should be turned into one of the main tasks of youth, faith, morality, hope for the future. 

 All of the above-mentioned aims help raising public awareness and its involvement in the process of 
mitigating the problems caused by climate change.  

 
 Keywords: environmental disasters; eco-education; intermittent, spontaneous character. 
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usafrTxoebis problemebi wyalmovardnebis saSiSroebis matebis 
pirobebSi 

cisana basilaSvili  

(saqarTvelos teqnikuri universitetis hidrometeorologiis instituti) 

 

reziume: mdinareTa mudmivganaxlebadi mtknari wyali sazogadoebis, garemosa 

da qveynis ekonomikis sabaziso faqtoria. aRwerilia mdinareTa sasargeblo funqci-
ebi. amasTan, gamaxvilebulia yuradReba mdinareTa adidebisa da wyalmovardnebis 

negatiur qmedebaze, rodesac xdeba ngreva, materialuri zarali da msxverpli. 

bolo aTwleulebSi bunebaze anTropogenuri zemoqmedebisa da klimatis glo-
baluri daTbobis Sedegad aRiniSneba wyalmovardnebis sixSirisa da intensiurobis 

zrdis tendencia. amitom maTi Seswavla da usafrTxoebis RonisZiebebis SemuSaveba 

Tanamedroveobis aqtualuri problemaa, rac metad mniSvnelovania saqarTvelos mTi-
ani reliefis pirobebSi, sadac wlis yvela dros SeiZleba moxdes iseTi Zlieri 

wyalmovardna, romelic qveynis ekonomikas milionobiT Rirebulebis zarals mia-
yenebs. 

Sedgenilia rekomendaciebi katastrofuli wyalmovardnebis negatiuri Sedege-
bis Semcirebis mizniT. 

 

sakvanZo sityvebi: anTropogenuri zegavlena; zarali; wylis maqsimaluri xarji. 

 

Sesavali 

Cvens planetaze DdRevandeli klimatis globaluri cvlilebis fonze icvleba 

bunebaSi mimdinare procesebi rogorc atmosferoSi, ise dedamiwis zedapirze. kli-
matis daTbobisa da garemoze anTropogenuri zegavlenis gaaqtiurebis Sedegad imata 

katastrofulma wyalmovardnebma, ris gamoc msoflios mraval qveyanaSi aTiaTasobiT 

daiRupa da usaxlkarod darCa asiaTasobiT adamiani. am mxriv didi saSiSroeba iqmneba 

saqarTvelos mTian regionebSi, sadac calkeul mdinareTa xeobebSi gaxSirda maRali 

intensiurobis wvimebiT gamowveuli lokaluri xasiaTis wyalmovardnebi, ramac ga-
napiroba sakmaod didi zarali da msxverpli. amitom aucilebelia am saWirboroto 

sakiTxis saTanado Seswavla da usafrTxoebis problemebis mogvareba. 
 
 
ZiriTadi nawili 

wyali garemos, sazogadoebisa da qveynis ekonomikis sabaziso faqtors war-
moadgens. wyliT sargebloba dakavSirebulia mosaxleobis sasmel-sameurneo, komu-
nalur, sayofacxovrebo, samkurnalo, sakurorto da gamajansaRebel saWiroebasTan; 

garda amisa, soflis meurneobasa da samrewvelo warmoebasTan, hidroenergetikasTan, 
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wylis transportisa da xe-tyis warmoebasTan, Tevzis mrewvelobasTan da sxva dar-
gebTan. 

dedamiwaze wylis resursebis uzarmazari hidrosfero moicavs: msoflio oke-
anes, miwisqveSa wylebs, myinvarebs, tbebsa da mdinareebs. maTgan, mxolod mdinareTa 

wylebs axasiaTebs mudmivi ganaxlebadoba. amitomac aris naTqvami: “mdinaris wyalSi 

meorejer ver gaivlio”. swored aseTi ganaxlebis mqone mtknari wyali aris ada-
mianTa da sxva cocxal organizmTa arsebobisa da qveynis ekonomikis ganviTarebis 

saSualeba.  

cnobilia, rom adamianebi ZvelTaganve TavianT sacxovriss mdinaris piras ageb-
dnen. mdinaris mimdebare Walebsa da terasebze xdeboda rogorc sasoflo-sameurneo 

kulturebis gaSeneba, ise sayofacxovrebo saqmianobisTvis saWiro Senoba-nagebo-
bebis, gzebis, eleqtrogadamcemi xazebisa da sxvaTa mSenebloba. yovelive aman gana-
piroba is faqti, rom msoflioSi dasaxlebaTa umetesoba swored mdinareTa sana-
piroebis gaswvriv aris gaSenebuli. maT Sorisaa Cveni dedaqalaqi Tbilisi, romelic 

msoflios qalaqTa Soris erT-erTi uZvelesi da ulamazesi qalaqia, radgan saTa-
nado nivTieri mtkicebulebebis mixedviT dgindeba, rom is daarsebulia 4-5 aTasi 

wlis winaT, Zveli welTaRricxvis IV-III aTaswleulSi [1]. 

md. mtkvars udidesi roli miuZRvis Zveli Tbilisis midamoebSi pirvandeli 

mosaxleobis damkvidrebis saqmeSi, radgan mas hqonda iseTi aucilebeli sasico-
cxlo funqciebi, rogoricaa mosaxleobis, sameurneo sawarmoebisa da sarwyavi 

savargulebis wyalmomarageba, adamianebis sakvebad TevziT momarageba, mdinaris 

kalapotsa da WalebSi saSeni qvebisa da qva-RorRis mopoveba, aseve hidroenergiiT 

momarageba adre wisqvilebisa da Semdgom hidroeleqtrosadgurebis asagebad, ag-
reTve satransporto komunikaciebis mowyoba tvirTebis gadasazidad, xalxis ga-
dasayvanad da saeqskursio naosnobisaTvis turizmis ganviTarebis mizniT. 

samwuxarod, yvela zemoaRniSnuli sasargeblo funqciis garda, md. mtkvarsa da 

mis Senakadebs qalaqis infrastruqturisa da mosaxleobisaTvis dro da dro moaqvs 

katastrofebi, didi zarali da zogjer msxverplic. analogiuri procesebi xdeba 

saqarTvelos sxva dasaxlebebSic, romelTa umetesoba mdinareTa sanapiroebTan aris 

ganlagebuli. amas ganapirobebs is faqti, rom saqarTvelos teritoriis 75 % mTa-
goriania. aq mTebi daRarulia Rrma da viwro xeobebiTa da xramebiT, sadac Zlieri 

Tavsxma wvimebis dros wyali swrafad Caedineba mdinareTa kalapotebSi da xdeba 

maTi gadavseba, rac iwvevs wylis gadmodinebas napirebidan da mimdebare teri-
toriebis datborvas, gzebisa da xidebis, Senoba-nagebobebisa da sxva obieqtebis 

ngrevas. 

amas amZafrebs is faqtic, rom mdinareTa xeobis ferdobebze mravali mewyruli 

adgilebia, romlebic didi naleqianobis pirobebSi advilad eSveba mdinareTa xeobis 

Zirze da iwvevs maTi kalapotebis Caxergvas, ris gamoc wyali gubdeba da maRali 

wyalsacavi warmoiqmneba, Sedegad itboreba mimdebare teritoriebi, savargulebi da 

ziandeba Senoba-nagebobebi. SemdgomSi ki wyalsacavis garRvevas mohyveba gacilebiT 

didi zarali da msxverpli. garda amisa, mdinareTa auzebis zedapirze intensiuri 

wvimebiT gamowveuli eroziuli procesebis Sedegad xdeba Rvarcofuli nakadebis 

warmoqmna, romlebic Caedineba adidebuli mdinaris kalapotSi da ufro did zians 

ayenebs garemosa da mosaxleobas. 

adre, saqarTveloSi mtrebis mravaljeradi Semosevebisagan Tavdacvis mizniT, 

mosaxleobis didi nawili mTebSi cxovrobda, Semdeg ki isini barSi Camosaxldnen 
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da daikaves e. w. `kargi~ adgilebi mdinaris piras, aiTvises maTi Walebi da sanapiro 

terasebi rogorc sasoflo-sameurneo kulturebis, aseve sayofacxovrebo saqmiano-
bisaTvis Senobebis, gzebis, eleqtrogadamcemi xazebisa da sxvaTa asagebad. ase war-
moiSva mdinareTa gaswvriv sanapiro zonebSi didi Tu patara dasaxlebebi, romlebic 

wyalmovardnebis dros itboreboda.  

mdinarispira teritoriis aTvisebis sawyisi monacemebi mdinareTa wylis udi-
desi maqsimaluri xarjebia (m3/wm), romelTa mixedviT unda moxdes nagebobaTa kons-
truqciebis teqnikur-ekonomikuri maCveneblebis dasabuTeba. mdinaris wylis udidesi 

maqsimaluri xarjis sidide gansazRvravs nagebobaTa zomasa da Rirebulebas. Sec-
domis SemTxvevaSi nageboba SeiZleba daingres, Tu is mimarTulia maqsimaluri xar-
jis Semcirebisken da piriqiT, Tu Secdoma mimarTulia xarjis gadidebisaken, maSin 

moxdeba finansebis aramiznobrivi dabandeba. 

maqsimaluri xarjebis wyalsameurneo gaangariSeba sasurvelia Sesruldes dak-
virvebaTa xangrZlivi periodis monacemebis safuZvelze, magram ar arsebobs imis 

garantia, rom romelime momdevno wels mdinaris wylis maqsimaluri xarji meti 

iqneba adre aRricxul udides maqsimumze. amitom usafrTxoebis mizniT mdinareTa 

wylis maxasiaTeblebi droTa ganmavlobaSi unda dazustdes Semdgomi informaciebis 

gaTvaliswinebiT. 

saqarTvelos mdinareTa wylianobis Sesaxeb masalebi, maT Soris wylis xar-
jebi, gamoqveynebulia 1981 wlamde arsebul dakvirvebaTa monacemebiT [2]. 1991 wlamde 

arsebuli mravalwliuri (saSualod 40_60 weli) stacionarul dakvirvebaTa mona-
cemebis statistikuri damuSavebis Sedegad saqarTvelos mdinareTa calkeuli 45 

hidrokveTisaTvis Cven mier gamoangariSebulia wylis wliuri (Q0) da maqsimaluri 

xarjebis (Qm) saSualo mniSvnelobebi, udidesi maqsimaluri xarjebi (Qmax) da agre-
Tve wyalmovardnebis aqtiurobis koeficientebi (Qmax/Q0), romlebic warmoadgens udi-
desi maqsimaluri xarjebis Sefardebas saSualo wliur xarjebTan [3]. zogierT 

mdinareze es Sefardeba ramdenadme aWarbebs adre (1960_1970 wlebamde) arsebul mni-
Svnelobebs. dadgenilia, rom es koeficientebi did mdinareebTan SedarebiT gaci-
lebiT metia mcire mdinareebze. amasTan, notio havis pirobebSi es koeficientebi 

ufro naklebia, vidre mSrali havis pirobebSi, xolo mTebSi (simaRlis matebasTan 

erTad) maTi mniSvnelobebi mcirdeba. 

[3] naSromSi mocemulia agreTve mdinareTa wylis udidesi maqsimaluri xar-
jebis albaTuri mniSvnelobebi sxvadasxva (0.1, 1, 2, 5 da 10 %) uzrunvelyofiT, 

romlebic Seesabameba garkveul (1000-, 100-, 80-, 20- da 10-wliani) ganmeorebadobis 

wylis xarjebs. isini uSualod pasuxoben kiTxvas: rogoria nagebobis an raime 

RonisZiebis usafrTxoebis uzrunvelyofa mdinaris maqsimaluri xarjis garkveuli 

mniSvnelobis dros. wylis xarjebis ganmeorebadoba ki gviCvenebs im welTa rao-
denobas, romlis drosac gaivlis Sesabamisi maqsimaluri xarji saSualod erTxel 

mainc. 

Seswavlil iqna agreTve mdinareTa wylis yovelwliuri maqsimaluri xarjebis 

mravalwliuri dinamika, risTvisac Sedgenil iqna maTi trendebi, romelTa mixedviT 

ganisazRvra zemoaRniSnuli xarjebis yovelwliur cvlilebaTa ricxviTi mniSvne-
lobebi [3, 4]. 

am monacemebs aqvs praqtikuli daniSnuleba samecniero, sameurneo da saproeqto 

organizaciebSi wyalsameurneo gaangariSebebis sawarmoeblad an raime prevenciul 
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RonisZiebaTa teqnikur-ekonomikuri maCveneblebis dasabuTebis mizniT. maqsimaluri 

xarjebis cvlilebis Sefaseba ki metad mniSvnelovania wyalsameurneo sistemebis 

marTvis sworad dagegmarebisa da garemos ekologiuri usafrTxoebis uzrunvel-
sayofad. 

samwuxaroa is faqti, rom gasuli saukunis 90-iani wlebidan saqarTvelos mdi-
nareebze aRar xdeba mdinareTa wylis xarjebis gazomva, mxolod erTeul mdina-
reebze mimdinareobs wylis doneebis aRricxva avtomaturi TviTmwerebiT eleqtro-
energiis miwodebis SemTxvevaSi, rac zogan yovelTvis ver xerxdeba. 

bolo aTwleulebSi bunebaze anTropogenuri datvirTvisa da klimatis globa-
luri daTbobis Sedegad aRiniSneba wyalmovardnebis sixSirisa da intensiurobis 

zrdis tendencia. rac iwvevs did materialur zaralsa da msxverpls. amitom maTi 

Seswavla regularulad unda xdebodes saqarTvelos pirobebSi, sadac wlis yvela 

dros bevr mdinareze aRiniSneba Zlieri wyalmovardnebi, romlebic formirdeba 

ZiriTadad Savi zRvidan SemoWrili notio haeris masebis kondensirebiT. XXI sau-
kunis ganmavlobaSi ukve ramdenjerme ganmeorda masStaburi wyalmovardnebi, ris 

Sedegadac qveynis ekonomikas milionobiT Rirebulebis zarali miadga: daingra 

xidebi, bogirebi, saavtomobilo da sarkinigzo gzebi, komunikaciebi, arxebi, Senoba-

nagebobebi, daitbora sasoflo-sameurneo savargulebi, daiRupa pirutyvi, frinveli 

da adamianebic ki [5]. 

sayuradReboa is faqti, rom aseTi didi zaralis mizezi, garda bunebrivi sti-
qiis masStabisa, aris agreTve garemoze anTropogenuri zemoqmedeba. am mxriv aR-
saniSnavia tyis gaCexa, radgan tyis safari akavebs wylis zedapirul Camonadens da 

ramdenadme amcirebs mdinareTa wylis maqsimalur pikebs, axangrZlivebs maT Cadi-
nebas mdinareTa kalapotebSi miwisqveSa Camonadenis saxiT. 

saqarTveloSi, garda tyis gaCexisa, wlebis ganmavlobaSi ar xdeboda mdinareTa 

napirebis dacva da eroziis sawinaaRmdego RonisZiebebis Catareba, aseve ar xdeboda 

mdinareTa kalapotebis gawmenda. piriqiT, mdinareTa kalapotebi bevrgan gadaqceuli 

iyo nagavsayrelad. nagavi ki, Tavis mxriv, akavebs wylis masas mdinaris kalapotSi, 

xels uSlis mis gadinebas da maRla swevs wylis dones, rac iwvevs mis gadadinebas 

napirebidan, garemos datborvas da dazianebas. samwuxaroa, rom zogjer mdinareTa 

Walebisa da kalapotebis aTviseba xdeba mosalodneli saSiSi movlenebis sruli 

ugulebelyofiT. 

mdinaris piras dasaxlebul adgilebSi wylis stiqiisagan Tavdacvis mizniT, 

yvelaze misaRebi da advilad xelmisawvdomi meTodia mdinarispira zonaSi wyalmo-
vardnebis datborvis sazRvrebis dadgena da am teritoriis saSiS zonad gamocxadeba, 

sadac aikrZaleba samosaxlo da sxva nagebobebis mSenebloba, agreTve yovelgvari 

sameurneo da sayofacxovrebo saqmianoba. mdinareTa sanapiro zonis siaxloveSi na-
gebobebisa da sameurneo obieqtebis daproeqtebisa da mSeneblobis dros ki aucile-
belia wyalsameurneo gaangariSebebSi mdinareTa wylis udidesi maqsimaluri xarje-
bis parametrebisa da maTi mosalodneli cvlilebis maxasiaTeblebis gaTvaliswineba. 

 

daskvna 

wyalmovardnebiT miyenebuli zaralis Tavidan acilebisa da maTi negatiuri 

zegavlenis Semcirebis mizniT regularulad unda tardebodes garkveul Ronis-
ZiebaTa kompleqsi; kerZod: 
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• mdinareTa kalapotebis gamtarunarianobisa da dasaSvebi siRrmeebis uzrun-
velyofis mizniT kritikul adgilebSi maTi kalapotebis gawmenda; 

• mdinareTa napirebis dacvis mizniT jebirebisa da dambebis aSeneba, risTvisac 

SeiZleba gamoyenebul iqnes kalapotidan amoRebuli qva-RorRi; 

• mTis ferdobebze Tavsxma wvimebis dros wylis Zlieri nakadis mdinareTa ka-
lapotebSi Cadinebis sawinaaRmdegod mTisZira wyalsagdebi ganmtvirTavi arxebis 

gayvana, romelTa meSveobiT moxdeba wyalmovardnis dros mozRvavebuli wylis usa-
frTxo adgilebSi gadadineba; 

• mdinareTa xeobis ferdobebze wylis nakadebis Sekavebisa da maTi niadagSi 

infiltraciis gazrdis mizniT, SesaZleblobis farglebSi, ferdobebis dateraseba 

da gardigardmo xvna-Tesvis warmoeba; 

• wylis zedapiruli Camonadenis Sekavebis mizniT mdinareTa xeobaSi tyis saf-
ris ganaxleba da gafarToeba; 

• mdinareTa xeobis xelsayrel adgilebSi mcire zomis wyalsacavebis mowyoba, 

sadac SesaZlebeli iqneba uxvwylian periodSi wylis dagroveba da wyalmcirobis 

dros misi saWiroebisamebr gamoyeneba; 

• wyalmovardnis mosalodneli maqsimaluri xarjis moklevadiani saprognozo 

meTodikis SemuSaveba operatiuli prognozebis gasacemad; 

• prognozis mixedviT mosalodneli wylis maRali pikis SemTxvevaSi mosaxle-
obisa da administraciis myisieri gafrTxileba mosalodneli saSiSroebis Sesaxeb. 

Semdeg rogorc maTi, ise materialuri faseulobebis evakuacia da wyalsacavebis 

dacla wylis axali nakadis misaRebad. 

ase rom, mTis mdinareTa wyaldidoba-wyalmovardnebis prognozirebis mizniT 

SemuSavebulia saTanado meTodologia [6] da saqarTvelos mTavar mdinareTa wyal-
didobis Camonadenisa da maTi maqsimaluri xarjebis grZelvadiani (2-3 Tvis win-
swrebiT), agreTve wyalmovardnebis maqsimaluri xarjebis moklevadiani (1-2 dRe-

Ramis winswrebiT) saprognozo meTodikebi. 

upirvelesi cnoba mdinareTa xeobaSi uCveulo saSiSi movlenebis (gamayruebeli 

da Semzaravi guguni, mtvris korianteli an mdinaris kalapotSi wylis nakadis 

Sewyveta xeobis Caxergvis SemTxvevaSi da sxv.) ganviTarebis Sesaxeb maSinve unda 

miewodos mTis mosaxleobas, raTa saswrafod gamocxaddes gangaSi da mobilizebul 

iqnes yvela Sesabamisi organizacia, Tu pirovneba saWiro prevenciuli RonosZiebebis 

Casatareblad. 
misasalmebelia is faqti, rom sadReisod, wyalmovardnebis saSiSroebis adre-

uli Setyobinebis mizniT, saqarTvelos calkeuli mdinareebis xeobaSi xdeba atmos-
feruli naleqsazomebisa da mdinareTa doneebis sazomi avtomaturi danadgarebis 

damontaJeba. 
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ECOLOGY 
 

SAFETY ISSUES IN THE FACE OF INCREASED RISK OF FLOODS 

Ts. Basilashvili 

(Institute of Hydrometeorology of Georgian Technical University) 
 

Resume. The constantly renewable river fresh water is a key factor for any society, environment and 
country's economy. Numerous useful functions of river water are described. The paper focuses on the negative 
effect of river floods often resulting into destruction, material damage and casualties. 

In recent decades, as a result of global warming and anthropogenic impact on nature, the frequency and 
intensity of floods tend to increase. Therefore, their study and development of safety measures is today’s urgent 
problem, which is absolutely essential for the mountainous terrain of Georgia, where high floods occur at all 
times of the year resulting into huge monetary losses in the country's economy. Recommendations have been 
drawn up to mitigate the negative consequences of catastrophic floods. 

 
 Keywords: anthropogenic impact; damage; maximum water consumption. 
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temperatura-tenianobis kompleqsis gaTvaliswineba samSeneblo 
klimatologiaSi klimatis cvlilebis fonze 

liana qarTveliSvili, bondo fanCviZe, gvanca qoTolaSvili, mariam 

xecuriani  

(saqarTvelos teqnikuri universitetis hidrometeorologiis instituti, 

saqarTvelos garemos dacvisa da soflis meurneobis saministro, garemos 

erovnuli saagento) 

 

reziume: klimatis cvlilebis fonze SenobaSi normaluri tenianobis reJimis 

Sesaqmnelad saWiroa datenianebis yvela wyaros gaTvaliswineba. tenianobis reJimis 

Seswavla SeuZlebelia siTbos reJimis Seswavlis gareSe, radganac Senobis kedlebis 

datenianebis erT-erTi mizezi, rogorc cnobilia, wylis orTqlis kondensaciis 

procesia, romelic mimdinareobs haeris temperaturisa da tenianobis Sesabamisi 

mniSvnelobebis Tanxvedrisas, kerZod maSin, rodesac haeri miaRwevs gajerebis 

mdgomareobas da misi temperatura namis wertilis temperaturaze dabla daiwevs. 

 

sakvanZo sityvebi: kompleqsuri klimaturi parametri; namis wertili; samSeneb-
lo klimatologia; tenianobis reJimi; wylis orTqlis kondensacia; haeris tenia-
noba. 

 

Sesavali 

haeris temperatura da tenianoba klimatis damaxasiaTebeli ZiriTadi faqtorebia 

da moqmedebs SemomzRudavi konstruqciebis tenianobis reJimze. gansakuTrebiT 

mniSvnelovania am sakiTxis Seswavla cxeli notio klimatis raionebSi, sadac erT-

erT qveraionad notio subtropikuli zona gamoiyofa.  

am qveraionisaTvis damaxasiaTebelia cxeli zafxuli da Tbili zamTari, uar-
yofiTi temperaturebi ki iSviaTia. yvelaze cxel TveSi haeris saSualo Tviuri tempe-
ratura 22_28 0C-s aRwevs, xolo fardobiTi tenianoba _ 55_76 %-s da qveraionis 

klimaturi zonebi gamoirCeva qaris reJimisa da naleqebis raodenobis sxvadasxvaobiT. 

miuxedavad imisa, rom zamTarSi aq gabatonebulia zomieri ganedis haeri, zafxulSi 

tropikuli haeri Warbobs da radiaciuli balansi Tavisi sididiT tropikuli 

ganedebis radiaciul balanss utoldeba. iribi wvimebis (qarisa da wvimis erToblivi 

kompleqsis) monacemebis analizma cxadyo, rom am regionis zogierT raionSi, kerZod 

Savi zRvis sanapiroze (baTumi, foTi) da lenqoranis dablobze (baqo, lenqorani, 

astara), modis iseTive Tavsxma wvimebi, rogorc ekvatoruli ganedis zogierT qveya-
naSi, amitom am raionebisaTvis gansakuTrebiT didi mniSvneloba aqvs temperaturisa 

da tenianobis reJimis Seswavlas. 
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klimatis Taviseburebis, Senobis gare da Siga haeris temperaturisa da teniano-
bis Semcvelobis Sefardebis mixedviT wylis orTqli SeiZleba gadaadgildes garedan 

SigniT, an piriqiT. zogierT raionSi zamTarSi wylis orTqli Senobidan gareT gada-
adgildeba, zogierTSi ki – piriqiT. amitom Senobebis daproeqtebisas aucilebelia 

gaTvaliswinebul iqnes temperaturisa da tenianobis reJimis wliuri msvleloba. 
 
 
ZiriTadi nawili 

kvlevis areali, meTodologia. CrdiloeT raionebSi wlis ganmavlobaSi gare 

haeris temperatura iSviaTad aRemateba Senobis (saTavsis) Siga temperaturas, maSa-
sadame, wylis orTqli Senobidan gareT gamodis, xolo baltiispireTisa da Savi 

zRvispireTis raionebSi – piriqiTaa. wlis umetes periodSi (garda zamTrisa) wylis 

orTqli Senobis SigniT miemarTeba, amis gamo saTanado zomebi miiReba konstru-
qciebis kondensaciuri datenianebisagan dasacavad.  

tenianobis reJimi ganisazRvreba meteorologiaSi iseTi maxasiaTeblebiT, ro-
goricaa absoluturi tenianoba, kuTri tenianoba, wylis orTqlis parcialuri wneva. 

haeris garkveuli temperaturisa da wylis orTqlis maqsimaluri drekadoba Seesa-
bameba haeris maqsimalur absolutur tenianobas. 

haeris wylis orTqliT gajerebis xarisxi xasiaTdeba fardobiTi tenianobis 

mixedviT, romelic warmoadgens wylis orTqlis faqtobrivi drekadobis gajere-
buli wylis orTqlis parcialur wnevasTan Sefardebas. haeris temperaturasa da 

fardobiT tenianobas Soris arsebobs garkveuli damokidebuleba – temperaturis 

SemcvelobiT misi fardobiTi tenianoba izrdeba, Tu Senobis Siga zedapiris 

gacivebiT temperatura daecema namis wertilis temperaturaze dabla, maSin teni, 

romelsac Seicavs SenobaSi arsebuli haeri, kondensirdeba da gamoiyofa zedapirze. 

wlis Tbil periodSi fardobiTi tenianoba, rogorc wesi, icvleba dRe-Ramis 

ganmavlobaSi. magaliTad, saqarTveloSi, Savi zRvis sanapiroze, haeris fardobiTi 

tenianoba zafxulSi (Ramis saaTebSi) xSirad normas aRemateba, amitom SenobaSi 

haeris tenianobis Sesamcireblad mizanSewonilia specialuri mowyobilobebis da-
yeneba. Sua aziaSi ki, piriqiT, zafxulSi haeris zedmeti simSralis gamo dRis saa-
TebSi aucilebelia datenianeba. 

konstruqciebis daproeqtebisas gansakuTrebuli mniSvneloba aqvs tenianobis 

reJimis zemoqmedebis gaTvaliswinebas rogorc maRali temperaturis dros (Warbi 

tenianoba xels uwyobs koroziis procesebis daCqarebas), ise 0 0C-is pirobebSi, roca 
mkveTrad Zlierdeba ngrevis meqanikuri procesi gayinvisa da dnobis procesis zemo-
qmedebis gamo. 

haeris temperaturas, wylis orTqlis parcialur wnevasa da fardobiT tenia-
nobas Soris arsebobs funqcionaluri damokidebuleba. es imas niSnavs, rom haeris 

temperaturisa (t0) da wylis orTqlis parcialuri wnevis (e) mniSvnelobaTa mixedviT 

xdeba fardobiTi tenianobis (Φ) mniSvnelobis gansazRvra.  

monacemebi da Sedegebi. temperatura-tenianobis kompleqsis reJimis Sesaswav-
lad gamoyenebul iqna rogorc vadiani, ise saaTobrivi dakvirvebebi. temperaturis 

sawyisi monacemebis amorCeva mimdinareobda yoveli 5 0C-is, xolo fardobiTi te-
nianobisa – yoveli 5 %-is Semdeg. 
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es kompleqsebi gamoangariSebul iqna saqarTvelos sxvadasxva klimatur zonaSi 

mdebare punqtebisaTvis. temperatura-tenianobis ganawileba dasavleT saqarTveloSi 

warmodgenilia foTisa da samtrediis monacemebiT. adgilobrivi klimaturi piro-
bebis gamo temperatura meryeobs –5 0C-dan 40 0C-mde. temperaturis amplituda aRwevs 

40_45 0C-s, xolo fardobiTi tenianoba – 90 %-s (11-dan 100 %-mde). temperaturebis 

yvelaze maRali ganmeorebadoba modis 5-dan 25 0-mde. 

 ufro metad meordeba gradaciebi 5.0 – 9.9 0-ze. amasTan, yvelaze meti ganme-
orebadoba modis fardobiTi tenianobis gradaciaze (91–95 %) da Seadgens saerTo 

SemTxvevaTa ricxvis 4.1 %-s. am gradaciebisaTvis temperaturis zrdis gamo ganme-
orebadobebi TandaTan mcirdeba 3.6 %-mde, 20–25 0C temperaturis dros foTSi gra-
dacia -10 0C, -5 0C maRal tenianobasTan SexamebiT iSviaTad daikvirveba da 25 wlis 

ganmavlobaSi Seadgens mxolod 10 dRes. 

rodesac haeris temperatura 25 0C-ze metia, maSin cxeli dReebis ganmeoreba-
dobis ricxvi wliur jamSi warmoadgens 9,3 %-s, xolo 71_75 % tenianobis gradaciis 

ganmeorebadoba _ 2,7 %-s. aRmosavleT saqarTvelos klimatis zogadi kanonzo-
mierebis gaTvaliswinebiT SeiZleba davaskvnaT, rom Siga raionebSi temperaturisa 

da tenianobis kompleqsi klimaturi kontinentalurobisa da simSralis gazrdiT 

maRali temperaturisa da dabali fardobiTi tenianobis Sexamebisas izrdeba aRmo-
savleTiT (Tbilisi, gori, xaSuri, Telavi). 

temperaturis da tenianobis Sexamebis ganmeorebadoba miRebuli intervalis 

mixedviT gviCvenebs, rom TbilisSi yvelaze didi ganmeorebadoba Seesabameba 5-dan 

250-mde temperaturas da 60_90 %-mde fardobiT tenianobas. 

civi dReebis ganmeorebadoba 0 0C-sa da ufro dabla warmoadgens weliwadSi 

saerTo SemTxvevaTa 5,5 %-s. araxelsayreli amindis pirobebi aRiniSneba im dReebSi, 

rodesac dabali temperaturebi 10 0C-ze maRalia fardobiTi tenianobis dros. Tbi-
lisSi aseTi dReebis raodenoba aris umniSvnelo (0,1 %-ze naklebi). ganmeorebadoba 

temperaturisa da fardobiTi tenianobis gradaciebisaTvis Seadgens 20_25 0C-s, xolo 

fardobiTi tenianoba _ 70_75 %-s. aRsaniSnavia, rom msgavsi SemTxveva foTSi ufro 

metia, vidre TbilisSi. es ganpirobebulia, upirveles yovlisa imiT, rom Tbilisis 

raioni aris yvelaze mSrali da Tanac zRvis haeri aRmosavleTiT gadaadgilebis 

dros ganicdis transformacias, kargavs tenis nawils da amis gamo mocemuli kom-
pleqsis ganmeorebadoba mcirdeba. yvela SemTxvevaSi, rodesac temperatura Tbi-
lisSi aRwevs 20 0-s, fardobiTi tenianoba aris 50 %-ze naklebi. 

Tu SevadarebT sxvadasxva fizikur-geografiul pirobebSi myofi sadguris kli-
matur monacemebs, miviRebT SesamCnev gansxvavebebs, rac, ra Tqma unda, mosalodneli 

iyo. quTaisSi maRali temperatura aRiniSneba dabali tenianobis dros (1_5 %). 

simaRlis da naleqebis raodenobis gazrdis gamo naleqian dReTa raodenoba Tan-
daTan matulobs da, Sesabamisad, izrdeba kompleqsebis SemTxvevaTa raodenobac, 

rac ganpirobebulia maRali fardobiTi tenianobiT da temperaturis dabali maCve-
neblebiT. 

es xdeba imis gamo, rom temperatura mcirdeba adgilis simaRlis Sesabamisad. 

mTiani da maRalmTiani monacemebis mixedviT (mestia, mTa-sabueTi, baxmaro, bakuriani) 

temperaturebis cvlilebebis diapazoni mcirdeba. temperaturebis maqsimaluri mni-
Svnelobebi ar aRemateba 30 0-s. cxeli dReebis ganmeorebadoba haeris temperaturisa 

(25 0C) da maRali fardobiTi tenianobis (50_55 %) pirobebSi ar aRemateba saerTo 
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SemTxvevaTa 1 %-s, mTa-sabueTSi ki erTeul SemTxvevaSi haeris temperatura aRemateba 

25 0-s da am dros arcTu iSviaTad, aRiniSneba fardobiTi tenianoba 80_85 %-is 

farglebSi. am sadgurSi dabal temperaturas (-100) maRal fardobiT tenianobasTan 

kompleqsis farglebSi aqvs sakmaod maRali ganmeorebadoba (4,4 %) saerTo SemTxve-
vebidan. 

temperatura-tenianobis kompleqsis ganxilvisas aRmoCnda, rom klimatis cvli-
lebaSi Zalian did rols asrulebs reliefi. magaliTad, svaneTSi (kerZod, mestiaSi) 

zamTris dReebSi temperatura aris 3-4 0-iT naklebi, vidre zeviT, gagris qedze, 

xolo zafxulis TveebSi svaneTSi ufro cxela, aq vertikaluri Termuli gradienti 

aris 100-ze maRali. baxmaroSi, bakuriansa da mestiaSi ufro xSirad fardobiTi 

tenianoba aris 91_100 %. amave sazRvrebSi daikvirveba igi 10-dan 20 0-mde tempe-
raturisas. maRalmTiani sadguris monacemebi gviCvenebs, rom 1500 m simaRleze da 

kidev ufro zeviT SeiZleba aRiniSnos rogorc maRali, ise dabali fardobiTi te-
nianoba, xolo 25_30 0C haeris temperaturisas fardobiTi tenianoba ar aRemateba 
55_60 %-s. dabali temperaturis dros (0-dan -10 0-mde) SeiZleba dafiqsirdes rogorc 

dabali, ise maRali fardobiTi tenianoba, magram ufro xSirad 40_100 %-is far-
glebSi. 
 

daskvna 

haeris temperaturisa da fardobiTi tenianobis kompleqsis cvlilebis daxa-
siaTeba SeiZleba am kompleqsis ganmeorebadobis sixSireebis mixedviT ori sakvlevi 

periodisaTvis 1985_2000 wlebisa da 2000_2015 wlebisTvis. rogorc miRebuli 

monacemebis analizi cxadyofs haeris tenianobis ganmeorebaTa ganawilebis xasiaTi 

ar Secvlila. ganawilebis moda, anu ualbaTesi mniSvnelobebi Seadgenda 66_76 %-s, 

aseve darCa bolo aTwleulSi. gaizarda mxolod modis sixSire 8_9 %-dan 10_11 %-

mde. samagierod Semcirda dabali tenianobis (30 %-ze naklebi) ganmeorebadoba. Tu 

es ukanaskneli pirvel periodSi Seadgenda 40 %-s, bolo aTwleulSi Seadgens 

mxolod 1_1,5 %-s. maRali tenianobis (80 %-ze meti) ganmeorebadoba TiTqmis ucvleli 

darCa. 
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CLIMATOLOGY 
 

CONSIDERATION OF THE TEMPERATURE-HUMIDITY COMPLEX IN 
CONSTRUCTION CLIMATOLOGY AGAINST THE BACKGROUND OF CLIMATE 
CHANGE 

L. Kartvelishvili, B. Panchvidze, G. Kotolashvili, M. Khetsuriani 

(Institute of Hydrometeorology of Technical University, Ministry of Environment Protection and Agriculture 
of Georgia, National Environmental Agency) 
 

Resume. In order to create a normal humidity regime in the building against the background of climate 
change, it is necessary to consider all sources of humidity. It is impossible to study the humidity regime without 
studying the heat regime, because one of the reasons for the dampness of the walls, as is known, is the process 
of condensation of water vapor, which takes place when the corresponding values of air temperature and 
humidity coincide, namely when the air reaches a state of saturation and its temperature is below the dew point 
temperature will fall. 

 
 Keywords: air humidity; complex climatic parameter; construction climatology; condensation of water 

vapor; dew point; humidity mode. 
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ekonomika 

 

 

saqarTvelos ekonomikuri (maT Soris sasursaTo) usafrTxoebis 
zrdis erT-erTi mimarTuleba 

levan WeliZe, daviT WeliZe  

(saqarTvelos sapatriarqoს wminda andria pirvelwodebulis saxelobis qarTuli 

universiteti) 

 

reziume: gaanalizebulia saqarTvelos mTliani Sida produqtisa (mSp) da sxva 

mniSvnelovani makroekonomikuri (maT Soris sabiujeto) parametrebis, agreTve eqs-
port-importisa da aRniSnul procesSi CarTuli ZiriTadi sasaqonlo nomenkla-
turis, sasoflo-sameurneo produqciis, naTesi farTobebisa da saqarTvelos sof-
lad mcxovrebi mosaxleobis ricxovnobis dinamika.  

Sesabamisi monacemebis analizis safuZvelze Camoyalibda mosazreba qveynis 

mTliani Sida produqtis (mSp) aRricxvis srulyofis, sagareo valdebulebebis 

momsaxurebisaTvis gankuTvnili sabiujeto asignebebis (ucxouri valutis saxiT), 

qveynidan gadinebis mzardi tendenciebis dabalansebis, ekonomikis tradiciuli 

dargis _ soflis meurneobis stimulirebis aucileblobis Sesaxeb. 

sakarmidamo glexuri meurneobebis erT-erTi umTavresi problemis, kerZod, 

mcire sasaqonlo partiebad warmoebuli sasoflo-sameurneo produqciis reali-
zebis sirTuleebis daZlevisaTvis SemuSavda rekomendaciebi sasoflo-sameurneo 

produqciis gadamamuSavebuli sawarmoebis mier adgilobrivi nedleuliT warmoe-
buli produqciis damatebuli Rirebulebis gadasaxadis (dRg) Semcirebuli gana-
kveTiT dabegvris Sesaxeb. 

 

sakvanZo sityvebi: damatebuli Rirebulebis gadasaxadi; mTliani Sida produq-
ti; sasoflo-sameurneo produqcia. 

 

Sesavali 

saqarTvelos damoukideblobis aRdgenis Semdgom ganviTarebuli umniSvne-
lovanesi movlenebis simravlis fonzec ki gansakurebul aRniSvnas imsaxurebs 

saqarTvelos parlamentis mier erovnul valutaSi Sedgenili saxelmwifo biu-
jetis Sesaxeb pirveli wliuri kanonis miReba. amdenad misi miRebis TariRi _ 1996 
wlis 9 Tebervali _ damoukidebli saqarTvelos ekonomikuri (gansakuTrebiT sabi-
ujeto) istoriis Tvisobrivad axali etapis dawyebad SeiZleba CaiTvalos. 

Sesabamisad, saqarTvelos uaxles istoriaSi ganviTarebuli ekonomikuri 

tendenciebis srulfasovani analizisaTvis uaRresad mniSvnelovania qveynis Zi-
riTadi ekonomikuri (maT Soris sabiujeto) parametrebis 1996 wlis Semdgomi 

periodis ganxilva.  
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*cxrili Sedgenilia saqarTvelos statistikis erovnuli samsaxuris yovelwliuri publi-
kaciis: “saqarTvelos statistikuri weliwdeulisa” da saqarTvelos erovnuli bankis “saqar-
Tvelos samomxmareblo fasebis indeqsis” imformaciaze dayrdnobiT.  

https://analytics.nbg.gov.ge/views/CPI_DataTable_GEO/CPI_2010avg100?iframe 
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aRniSnulis gaTvaliswinebiT metad uaryofiT Sefasebas imsaxurebs qveyanaSi 

Seqmnili situacia, romlis pirobebSic ver xerxdeba 1996 wlidan (e. i. saqarTvelos 

saxelmwifo biujetis Sesaxeb pirveli wliuri kanonis miRebidan) dRemde qveynis 

mTliani Sida produqtis rogorc dinamikis, ise misi raodenobis sabiujeto 

parametrebTan Tanafardobis dadgena. 
saqme isaa, rom saqarTvelos statistikis erovnuli samsaxuris mier 2019 wels 

amoqmedebulma erovnul angariSTa 2008 wlis sistemis (SNA 2008) meTodologiam 

da masze dayrdnobiT qveynis mTliani Sida produqtis raodenobis mxolod 2010 

wlis CaTvliT gadaangariSebam∗ SeuZlebeli gaxada Zveli sistemiT (SNA 1993) ga-
moTvlili 1996_2009 wlebis monacemebis axali meTodologiiT gaangariSebul 2010 

wlisa da Semdgomi periodis monacemebTan Sedareba [1]. 
im faqtis gaTvaliswinebiT, rom mTeli rigi makroekonomikuri parametrebis 

(maT Soris sabiujeto deficitis, saxelmwifo valisa da sxv.) srualfasovani ana-
lizisaTvis TavisTavad saWiroa mTlian Sida produqtTan maTi Tanafardobis dad-
gena, saqarTvelos satatistikis erovnulma samsaxurma pirveli rigis gadaudebel 

amocanad unda daisaxos Seqmnili situaciis droulad gamosworeba. 

arsebuli realobdan gamomdinare, situaciis gamosworebamde winamdebare naS-
romSi, mTeli rigi makroekonomiuri (maT Soris sabiujeto) parametrebis dinamika 
1996_2022 wlebis nacvlad mxolod 2010_2022 wlebis mixedviT aris Sefasebuli 

(cxrili 1). 
 
 

ZiriTadi nawili 

warmodgenili cxrilis monacemebi cxadyofs, rom 2022 wlis bolosaTvis mim-
dinare fasebSi gamoxatuli da erovnul angariSTa (SNA 1993) sistemiT gaanga-
riSebuli qveynis mTliani Sida produqtis raodenoba 2010 wlis analogiur para-
metrTan SedarebiT 50 000,0 mln lariT, anu 229,4 %-iT aris gazrdili, rac erTi 

SexedviT uaRresad pozitiur tendenciad SeiZleba CaiTvalos. Tumca, Tu mxedve-
lobaSi iqneba miRebuli is garemoeba, rom 2010_2022 wlebSi saqarTvelos saxel-
mwifo valis zRvruli moculoba bevrad maRali tempiT (291,5 %-iT) aris gazrdili, 

xolo samomxmareblo fasebis indeqsis zrda 75,7 %-s utoldeba, maSin mTliani Sida 

produqtis nominaluri zrdis aRniSnuli monacemi naklebad STambeWdavi aRmoCndeba.  
saqme isaa, rom 2010 wlidan 2023 wlamde 25 676,5 mlrd lariT gazrdili sa-

xelmwifo valis, dauSvaT, gzebis mSeneblobisaTvis gamoyeneba, damatebuli Rirebu-
lebis gadasaxadis saxiT TiTqmis 9.24 %-iT gazrdida inflaciis zemoqmedebiT 75,7 %-

iT gazrdil nominaluri mTliani Sida produqtis raodenobas. amdenad, saxelmwifo 

valis zrdisa da inflaciis ararseboba mniSvnelovnad Seamcirebda nominaluri 

mTliani Sida produqtis 229,4 %-iT zdis 1-li cxriliT warmodgenil monacems.  
aRniSnuls adasturebs naxazze warmodgenili diagrama, romlis mixedviT 

2010_2022 wlebSi qveynis realuri mTliani Sida produqtis zrdis maCvenebeli 19,1 

mlrd laris, anu mxolod 71,8 %-is doneze fiqsirdeba da mniSvnelovnad CamorCeba 

1-l cxrilSi warmodgenil parametrs. 
 
 

 
∗ statistikis erovnuli samsaxuris mier axali (SNA 2008) sistemiT gadaangariSebuli mSp-
is raodenobis 2010 wlis CaTvliT gamoqveynebul monacemebSi sul mcire 3,7 %-iT (2012 
weli) gaizarda 2010_2018 wlebis qveynis mTliani Sida produqtis yovelwliuri maCvenebli. 
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mTliani Sida produqti 2015 wlis fasebis mixedviT (mlrd lari) [3]  

(diagrama Sedgenilia mTliani Sida produqtis Sesaxeb saqarTvelos statistikis 

erovnuli samsaxuris veb-gverdze ganTavsebul monacemebze dayrdnobiT. 
https://www.geostat.ge/ka/modules/categories/23/mtliani-shida-produkti-mshp) 

 

zemoaRniSnulis miuxedavad, Tu mxedvelobaSi miviRebT saangariSo periodSi 

msoflio pandemiis (COVID-19) uaryofiT zegavlenas qveynis ekonomikaze, mTliani 

Sida produqtis zrdis miRweuli done sakmaod pozitiur sidided SeiZleba iqnes 

Sefasebuli. 
Cveni azriT, aseve dadebiT Sefasebas imsaxurebs amave periodSi saqarTvelos 

saxelmwifo biujetis Semosavlebis 9 372,2 mln lariT, xolo sagadasaxado 

Semosavlebis 9 041,7 mln lariT (anu, Sesabamisad, 180,6 da 206,3 %-iT) zrda da, rac 

gansakuTrebiT sayuradReboa, maTi zrdis maCveneblis, saxelmwifo biujetis xar-

jebis zrdis maCvenebelze (8 939,0 mln lari, 163,2 %) bevrad maRali antiinflaciuri 

tempis arseboba. 
zemoaRniSnuli pozitiuri tendenciebis paralelurad 1-l cxrilSi warmo-

dgenil monacemTa Soris aseve ikveTeba metad arasasurveli tendenciebi, kerZod:  
• saqarTvelos saxelmwifo valis zRvruli maCveneblis 25 676,5 mln lariT, anu 

291,5 %-iT zrda. maT Soris saxelmwifo saSianao valia 5 317,4 mln lari (304,2 

%) da saxelmwifo sagareo vali _ 20 359,1 mln lari (288,3 %);  
• 2010_2022 wlebSi saxelmwifo valis zrdis maCveneblis (291,5 %) amave periodis 

nominaluri mTliani Sida produqtis zrdis maCvenebelTan (229,4 %) SedarebiT 

bevrad ufro maRali tempi; 
• 2022 wlisaTvis saqarTvelos saxelmwifo biujetis valdebulebebis zrdis, anu 

qveynis mier mxolod erTi, kerZod 2022, wlis ganmavlobaSi aRebuli valis, 

2010 wlis analogiur maCvenebelTan SedarebiT 3 038,7 mln lariT, anu 231,3 %-

iT zrdis faqtisa da misi raodenobis qveynis mTliani Sida produqtis 

raodenobasTan Tanafardobis metad maRal (6,1 %-is) doneze arseboba. 
 warmodgenil arasasurvel parametrebs Soris ufro met yuradRebas 

imsaxurebs saxelmwifo biujetis valdebulebebis kleba.  
saqme isaa, rom 2022 wlisaTvis aRniSnuli parametris wliurma maCvenebelma 

1037,6 mln lariT, anu 520,4 %-iT gadaaWarba 2010 wlis analogiur maCvenebels. 

https://www.geostat.ge/ka/modules/categories/23/mtliani-shida-produkti-mshp
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magaliTad, misi Semadgeneli nawilis _ sagareo valis momsaxurebisaTvis gan-

kuTvnili 2022 wlis sabiujeto asignebebi 1 058,3 mln lariT, anu 781,6 %-iT aRema-

teba 2010 wlis analogiur parametrs.  
sagareo valdebulebebis klebis, anu qveynis mier adre aRebuli sagareo va-

lebis yovelwliuri momsaxurebisaTvis gankuTvnili sabiujeto asignebebis zrdiT 

ganpirobebuli qveynis mwiri sabiujeto SesaZleblobebis: „socialur-ekonomikuri 

problemebis mogvarebis sanacvlod, sagareo valebis gadaxdisaTvis gamoyenebis 

arasasurvel realobas gansakuTrebul simZimes matebs is garemoeba, rom aRni-

Snuli Tanxebis qveynis gareT (valebis dasafarad) gadagzavnamde ucxour valu-

taSi konvertireba zrdis ucxour valutaze qveyanaSi arsebul erTobliv moT-

xovnas, rac damatebiT impulss aZlevs erovnuli valutis kursis gaufasurebas da 

am procesiT ganpirobebul mniSvnelovan ekonomikur problemebs...“ [4].  
adre aRebuli sagareo valebis momsaxurebisaTvis gankuTvnili sabiujeto 

saxsrebis qveynis gareT sul ufro mzardi raodenobiT gadinebis negatiur rea-

lobas sagrZnoblad arTulebs ukrainaSi mimdinare saomari moqmedebebi, radgan 

mosalodnelia am viTarebiT gamowveuli saqarTvelosa da analogiur mdgomareo-

baSi myofi qveynebisaTvis saerTaSoriso finansuri daxmarebebis (grantebi, SeRa-

vaTiani sesxebi da sxv.) Semcireba. 
aRniSnulis gaTvaliswinebiT sadReisod udides mniSvnelobas iZens qveynis 

saerTaSoriso (gansakuTrebiT savaluto) rezervebis rogorc mobilizebis, ise sa-

Tanado doneze SenarCunebis problema da am problmis gadaWrisaTvis sagareo sa-

vaWro deficitis Semcirebis aucilebloba.  
me-2 cxrilis monacemebi cxadyofs, rom 2021 wlisaTvis qveynidan ganxorci-

elebili eqsportis raodenoba 2010 welTan SedarebiT 152,9 %-iT aris gazrdili, 

rac bevrad aRmateba imave periodSi qveyanaSi importirebuli saqonlis raodenobis 

92,1 %-iT zrdis maCvenebels.  
aRniSnuli udavod imsaxurebs dadebiT Sefasebas, Tumca, gasaTvaliswinebelia 

is garemoeba, rom 2010_2022 wlebSi sagrZnoblad iyo gauaresebuli erovnuli va-

lutis gacvliTi kursi (cxrili 2), rac eqsportis gaiafebis paralelurad impor-

tis gaZvirebas astimulirebda. aqve SevniSnavT, rom me-2 cxrilSi warmodgenili 

uaryofiTi savaWro saldos Semcirebis tendencia Znelia sakiTxis mogvarebis myar 

garantad iqnes miCneuli.  
rogorc cnobilia, dadebiTi savaWro saldos formireba ZiriTadad qveynis 

ekonomikuri potencialis maqsimaluri CarTulobiT da ara garkveuli periodu-

lobiT ganviTarebuli saSinao Tu sagareo tendenciebis xarjze unda miiRweodes. 

aRniSnulTan erTad, Tu mxedvelobaSi iqneba miRebuli is garemoeba, rom sagareo 

saqonelbrunvis maCveneblebi qveynis saerTaSoriso rezervebis formirebis 

paralelurad Sromis saerTaSoriso ganawilebaSi qveynis mniSvnelobis zrdis 

mastimulirebeli berketis rolsac Seasrulebs, cxadia me-2 cxrilSi warmodge-

nili sagareo saqonelbrunvis struqturis amsaxveli maCveneblebis Seswavla 

uaRresad aqtualur sakiTxad iqneba miCneuli. 
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cxrili 2  
saqarTvelos eqsport-importisa da ZiriTadi saeqsporto saqonlis  

 dinamika da maTi Tanafardoba mSp-Tan (mln aSS dolari)* [5] 

 

* cxrili Sedgenilia saqarTvelos statistikis erovnuli samsaxuris gamocemis “saqar-
Tvelos statistikuri weliwdeulis” 21-e Tavis monacemebze dayrdnobiT. 
https://www.geostat.ge/media/50652/Yearbook_2022.pdf 

 

me-2 cxrilis monacemebiT, 2010_2021 wlebSi qveynidan ganxorcielebuli eqs-

portis saerTo raodenobaSi pirvel adgilze msubuqi avtomobilebis eqsporti 

fiqsirdeba. aRniSnulis Sedegad ikveTeba is kuriozuli realoba, romlis piro-

bebSic bolo Tormeti wlis ganmavlobaSi saqarTvelodan ganxorcielebuli yo-

velwliuri eqsportis moculobaSi sxva qveynebSi warmoebuli saqonlis (msubuqi 

avtomobilebis) wili mniSvnelovnad aRemateba saqarTvelos ekonomikis tradici-

uli dargis mier warmoebuli saqonlis (yurZnis naturaluri da spirtiani Rvi-

noebis, mineraluri wylebisa da kaklis) eqsports. xolo aRniSnuli sasoflo-

sameurneo produqciis eqsportis jamuri maCvenebeli mxolod umniSvnelod, 1,56 %-

iT aRemateba amave periodSi avtomobilebis eqsportis (reeqsportis) maCvenebels. 
sabazro urTierTobebisa da Tavisufali mewarmeobis sayovelTad aRiarebuli 

principebis gaTvaliswinebiT Seqmnili situacia, erTi SexedviT, SeiZleba sruliad 

normalurad CaiTvalos, radgan fulad-sasaqonlo urTierTobis xasiaTsa da stru-

qturas mkvlevarTa mosazrebebi da saxelisuflebo direqtivebi ki ara, aramed 

obieqturad moqmedi ekonomikuri kanonebi unda gansazRvravdes.  
miuxedavad amisa, Tu mxedvelobaSi iqneba miRebuli bolo periodis msoflio 

finansuri stagnacia-krizisebisa (maT Soris 2008 wlis) da pandemiis Sedegebis 

salikvidaciod saerTaSoriso finansuri institutebisa da praqtikulad yvela 
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qveynis mTavrobis mier ekonomikuri procesebis stimulirebisaTvis ganxorcie-

lebuli RonisZiebebi, maSin, ra Tqma unda, saqarTvelos ekonomikis tradiciuli 

dargis _ soflis meurneobis mxardaWeris aucileblobac uaRresad aqtualur da 

sruliad marTebul saxelmwifoebriv amocanad iqneba miCneuli. 
saqarTveloSi soflis meurneobis dargis ganviTarebis mxardaWeras gansakuT-

rebul datvirTvas matebs me-3 cxrilSi warmodgenili monacemebi, romelTa Sesa-

bamisad 2010_2022 wlebSi mciremiwian, taradiciulad agrarul qveyanaSi sasoflo-

sameurneo kulturebis naTesi farTobebi 44,9 aTasi ha-Ti, anu 17,5 %-iT, xolo 

soflis meurneobis wili mTlian Sida produqtSi 9,6 %-dan 7,4 %-mdea Semcirebuli, 

rac, Tavis mxriv, sasursaTo produqciis importis zrdis aucileblobisa da, 

aqedan gamomdinare, ucxouri valutis qveynidan gadinebis metad arasasurveli 

procesis kidev ufro damamZimebeli faqtoria.  
ase rom, me-3 cxrilSi asaxul problemaTa sirTules soflad mcxovrebi mo-

saxleobis raodenobis klebis is umZimesi realoba ganapirobebs, romlis Sesaba-

misad 2021 wlis bolosaTvis 2010 welTan SedarebiT saqarTvelos soflis mosaxle-

obis ricxovnoba 573,1 aTasi kaciT, anu 27,5 %-iT aris Semcirebuli.  
cxrili 3 

saqarTvelos soflis mosaxleobis, sasoflo-sameurneo kulturebis naTesi 

farTobebisa da siRaribis zRvars qvemoT myofi mosaxleobis dinamika* [6]  

* cxrili Sedgenilia saqarTvelos statistikis erovnuli samsaxuris yovelwliuri pub-
likaciis: “saqarTvelos statistikuri weliwdeulis” me-4 da me-12 Tavebisa da saqarTve-

los statistikis erovnuli samsaxuriს yovelwliuri publikaciის: “saqarTvelos soflis 

meurneoba” monacemebze dayrdnobiT.  
h t t p s :/ / www.geos t a t .ge/ m ed ia / 50 6 52/ Yea r book_ 20 22.p d f; aseve  
h t t p s :/ / www.geos t a t .ge/ ka / s in gle- ca t egor ies / 10 2/ saka r t velos - soflis - m eu rn eoba  

 

aRsaniSnavia, rom Seqmnili situacia, albaT, epoqaluri mniSvnelobis prob-

lemad unda iyos miCneuli, radgan qarTuli sofeli da misi mkvidri mosxleoba 

erovnuli TviTmyofadobis istoriul garantias warmoadgens. amdenad mdgo-

mareobis gamosworeba dRes qveynis xelisuflebis umTavresi amocanaa.  
saqarTvelos soflisa da soflad mcxovrebi mosaxleobis problemebis daZ-

levisaTvis uaRresad mniSvnelovania maTi siRrmiseuli Seswavla. Cveni azriT, 

metad sayuradReboa mosazreba, romlis Sesabamisad: “mcire sawarmoo potencialis 

mqone individualur glexur meurneobebSi aseve mcire sasaqonlo partiebiT war-

moebuli sasoflo-sameurneo produqcia ver uzrunvelyofs misi warmoebis, trans-

https://www.geostat.ge/media/50652/Yearbook_2022.pdf
https://www.geostat.ge/ka/single-categories/102/sakartvelos-soflis-meurneoba
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portirebisa da realizebis procesTan dakavSirebul xarjebs. rac qmnis situacias, 

romlis pirobebSic individualur glexur meurneobebSi warmoebuli produqcia 

kargavs qveynis samomxmareblo bazarze moxvedris ekonomikur motivacias“[7].  
es mosazreba, vfiqrobT, zedmiwevniT asaxavs saqarTvelos soflis meurneo-

baSi Seqmnili problemebis specifikas. aRniSnulis gaTvaliswinebiT qarTuli sof-

lis stimulirebis saxelisuflebo Zalisxmeva unda koncentrirdebodes mcire zo-

mis sakarmidamo glexuri meurneobebis problemebze da ar unda emsaxurebodes 

qarTuli soflis sadReiso realobaSi gamonaklisis saxiT arsebuli maRali eko-

nomikuri potencialis mqone im pirebis interesebs, romlebzec aqcentirdeba saxel-

mwifo programis („awarmoe saqarTveloSi“) ZiriTadi debulebebi.  
saqme isaa, rom am programiT gaTvaliswinebuli sul mcire 600 000 aSS do-

laris ekvivalenti sesxis aReba da am sesxze Tundac sufsidirebis Sedegad 12 

aTas aSS dolaramde Semcirebuli yovelwliuri sargeblis gadaxda waarmou-

dgenelia siRaribis zRvars qvemoT myofi saqarTvelos soflis mosaxleobis 

absoluturi umravlesobisaTvis (cxrili 3). 
saqarTvelos soflad mcxovrebi mosaxleobis winaSe arsebuli problemebis 

daZlevas, samwuxarod, verc saqarTvelos mTavrobis 2015 wlis 12 Tebervlis #56 

dadgenilebiT damtkicebuli „danerge momavalis“ programiT, verc aSS-is saerTa-

Soriso ganviTarebis saagentos (USAID) proeqtebiT gaTvaliswinebuli daxmarebebi 

da verc saqarTvelos sagadasaxado kodeqsiT dawesebuli SeRavaTebi uzrunvelyofs. 
 

daskvna 

zemoaRniSnulidan gamomdinare, saqarTvelos soflis meurneobis stimuli-
rebis RonisZiebebi aqcentirebuli unda iyos sasoflo-sameurneo produqciis mcire 

sasaqonlo partiebiT warmoebasa da sakarmidamo glexuri meurneobebis ekonomi-
kuri saqmianobis gaaqtiurebaze. amis gaTvaliswinebiT, zemoT CamoTvlili progra-
mebisa da sagadasaxado SeRavaTebis SenarCunebis paralelurad mizanSewonili iqne-
ba sasoflo-sameurneo produqciis warmoebis zrdis umniSvnelovanesi winapirobis 

_ produqciis gadamamuSavebeli sawarmoebis stimulirebis procesis _ srulyofa, 

rac gulisxmobs SerCeviTobis principze dafuZnebuli sabiujeto Tanadafinansebis 

sadReiso praqtikis sasoflo-sameurneo produqciis yvela gadamamuSavebeli sawar-
mosaTvis xelmisawvdomi SeRavaTiani sagadasaxado reJimiT Canacvlebas. aman unda 

uzrunvelyos sasoflo-sameurneo produqciis gadamamuSvebeli sawarmoebis umTav-
resi problemis warmoebis mcire masStabebiT ganpirobebuli produqciis maRali 

TviTRirebulebis Semcireba.D 
yovelive zemoTqmulis gaTvaliswinebiT mizanSewonilad migvaCnia agilobrivi 

sasoflo-sameurneo nedleulis gadamuSavebis Sedegad miRebuli produqciis dama-
tebuli Rirebulebis gadasaxadis arsebulisagan gansxvavebuli, Semcirebuli ga-
nakveTiT dabegvris reJimis amoqmedeba.  

Tu mxedvelobaSi iqneba miRebuli is garemoeba, rom kvebis produqtebis damate-
buli Rirebulebis diferencirebuli (SeRavaTiani) ganakveTiT dabegvris reJimi far-
To gamoyebas povebs evrokavSiris mraval qveyanaSi (cxrili 4), warmodgenili mosaz-
reba savsebiT logikurad SeiZleba CaiTvalos, radgan sxva moTxovnebTan erTad igi 

srulad akmayofilebs sagadasaxado kanonmdeblobis cvlilebebis erT-erT umTavres 

winapirobad miCneul evrokavSiris kanonmdeblobasTan Sesabamisobis princips.  
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cxrili 4 

damatebuli Rirebulebis gadasaxadis ganakveTebi  

evrokavSiris zogierT qveynaSi* [8-9] 

qveyana  dRg-is 
stan- 

dartuli 
ganakveTi 

dRg-is Semcirebuli 
ganakveTi 1 

dRg-is Semcirebuli 
ganakveTi 2 

dRg-is „super“ 
Semcrebuli 
ganakveTi 

avstria 20 % 10 % _ kvebis 
produqtebi; 

13 % _ sasoflosameur-
neo saqoneli; sakuTari 

warmoebis Rvino 

 
_ 

belgia 21 % 6 % 12 % _ zogierTi kvebis 
produqti; kafe-restor-
nebi; sasoflo-sameur- 

neo saqoneli; 

 

bulgareTi 20 % 9 % _ sarestorno 
momsaxureba, bavSvTa 

kveba 

  

germania 19 % 7 % _ kvebis 
produqtebi 

  

dania 25 % _ _ 0 % – bortze 
kveba 

espaneTi 21 % 10 % da 4 % _ kvebis produqtebi 0 % 
irlandia 23 % 9 % _ 13,5 % _ dRg-is droebiTi Semcireba 

zogierT kvebis produqtze 
 

italia 22 % 10 %, 5 %, 4 % –  
zogierT kvebis 

produqtze 

5 % _ 4 % 0 % 

kviprosi 19 % 5 % _ 9 % _ sazogadoebrivi kveba, kvebis 
produqtebi 

0 %  

latvia 21 % 
 

12 % _ Cvilebis 
kvebis produqtebi 

5 % sakuTari warmoebis 
xili da bostneuli 

0 % 

luqsemburgi 17 % 14 %_8 %_3 % _ Rvino; kvebis  
produqtebi da a.S. 

0 % 

malta 18 % 
 

5 % 7% 0 % kvebis  
produqtebis 
umetesoba; 
cocxali 
cxovelebi  

niderlandebi 21 % 9 % kvebis ogierTi  
produqti 

  
0 % 

poloneTi 23 % 5 % da 8 % _ produqtebi, egzotikuri xili, 
yava. 

 
0 % 

portugalia 23 % 
 

6 %_13%-Rvino; sasoflo-sameurneo instru-
ment; soflis meurneobisaTvis gankuT 

dizelis sawvavi; produq da xva. 

 
 

0 % 
rumineTi 19 % 5 %_9 % _ dRg calkeuli kvebis produ-

qtebisaTvis 
 

0 % 
saberZneTi 24 % 6 %_13 % _ kvebis produqtebi; yava; sasoflo-

sameurneo saqoneli 
 

0 % 
safrangrTi 20 % 10 %_5.5 %_2,1 % – kvebis produqtebi dRg-iT ar  

ibegreba 
slovakeTi 20 % 10 % _ kvebis 

produqtebi 
  

0 % 
slovenia 22 % 9,5 %_5% _ kvebis produqtebi; wyli 0 % 
ungreTi 27 % 

 
5 % 18 % _zogierTi kvebis 

produqti; 
sadilis mitana 

 
0 % 
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fineTi 24 % 10 % 14 % _ kvebis 
produqtebi 

 
0 % 

SvedeTi 25 % 6 % _ 12 % _ ualkoholo sasmelebi;  
sadilis mitana 

 
0 % 

CexeTis res-
publika 

21 % 15 %_10 % _ roduqtebi; ualkoholo sasme-
lebi; sadilis mitana 

0 % 

xorvatia 25 % 5 %_10 % _ kvebis produqtebis umetesoba dRg-iT ar 
ibegreba 

  

 * cxrili Sedgenilia internet wyaroebis: VAT News Find out what the 2023 VAT rates are in EU 
countries https: //www.eurofiscalis.com/en/vat-rates-in-eu/ Interesthttps:// da LOBAL VAT COMPLIANCE & 
FILING SERVICES monacemebze dayrdnobiT. 
 

 SemoTavazebuli mosazrebebis farTo ganxilvis logikurobas kidev ufro 

amyarebs im precedentuli faqtis arseboba, rom saqarTvelos sagadasaxado ko-

deqsis 172-e muxlis me-4 nawilis „f“ qvepunqtiT saqarTveloSi mTlianad warmo-

ebuli (mxolod ramdenime sasaqonlo kodiT gaTvaliswinebuli) saqonlis samre-

wvelo gadamuSavebis Sedegad miRebuli produqti damatebuli Rirebulebis gada-

saxadiT dabegvris metad SeRavaTian reJims eqvemdebareba.  
sagadasaxado SeRavaTebis arealis gafarToebis Sesaxeb mosazreba ekonomist-

Ta garkveuli nawilis mier SesaZlebelia uaryofiTad iqnes Sefasebuli, radgan 

misi amoqmedeba pirvel etapze (didi albaTobiT) sabiujeto Semosavlebis Semci-

rebas gamoiwvevs.  
CvenTvis absoluturad gasagebia msgavsi midgomis logika, Tumca qveynis 

soflis meurneobis stimulirebis aucileblobis gaTvaliswinebiT mizanSewoni-

lad migvaCnia am sakiTxis ganxilva.  
saqme isaa, rom warmodgenili cvlilebebis amoqmedebis pirveli etapisaTvis 

mosalodneli sabiujeto danakargebis Tundac nawilobrivi kompensireba mokle-

vadian periodSi savsebiT SesaZlebelia saxelmwifo biujetis araefeqturi da sxva 

sabiujeto asignebebTan dublirebis datvirTvis matarebeli xarjebis Sekvecis 

gziT, xolo dRg-is SeRavaTaini ganakveTis amoqmedebis Sedegad sasoflo-sameurneo 

produqciis sarealizacio fasis SemcirebiT ganpirobebuli warmoebuli produq-

ciis realizaciis zrdis tendencia saSualo da grZelvadian periodSi garanti-

rebulad uzrunvelyofs pirvel etapze mosalodneli sabiujeto danakargebis 

kompensirebas. 
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ECONOMICS 
 

ONE OF THE DIRECTIONS OF ECONOMIC (INCLUDING FOOD) SECURITY 
GROWTH OF GEORGIA 

L. Chelidze, D. Chelidze 

(Saint Andrew the First-Called Georgian University of the Patriarchate of Georgia) 
 

Resume. This analysis encompasses the examination of several critical macroeconomic parameters 
concerning Georgia, encompassing the Gross Domestic Product (GDP) and pertinent budgetary aspects. It 
also delves into the dynamics of the export-import landscape, highlighting the primary commodities involved 
in this economic activity. Additionally, the study investigates the evolving trends in cultivated agricultural 
areas and their impact on the rural population of Georgia. In light of these findings, this paper advances 
arguments pertaining to the imperative need for enhancing the precision of GDP accounting in the nation, 
the necessity of equilibrium between the escalating outflows of foreign currency in the form of budgetary 
allocations for servicing foreign obligations, and the promotion of the traditional agricultural sector within 
the economy. 

Recommendations are proffered herein to address a prominent issue encountered by homestead farms, 
namely the challenges associated with the sale of agricultural products generated in limited quantities. These 
recommendations advocate for implementation of a favorable taxation framework for products manufactured 
using locally sourced raw materials, entailing a reduced rate of value-added tax. 

 
 Keywords: agricultural product; leading domestic product; value added tax. 

https://www.geostat.ge/media/50652/Yearbook_2022.pdf
http://www.globalvatcompliance.com/
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energetika 

 

 

Tbocvlis sami meqanizmis swavlebis axleburi meTodika 

evtixi maWavariani, maia jixvaZe, naTia qsovreli, levan robaqiZe  

(saqarTvelos teqnikuri universiteti) 

 

reziume: ganxilulia konduqciis, konveqciis da radiaciis meqanizmebiT siTbos 

gadacemis procesebisa da Tbogadacemis intensifikaciis SesaZleblobaTa swavlebis 

axleburi meTodika, romelic mkveTrad aumjobesebs studentebis mier Tbocvlis 

procesebis Seswavlisa da damaxsovrebis xarisxs. 

meTodika dafuZnebulia nivTierebaTa myari, Txevadi da airadi mdgomareobebis 

molekulur-kinetikur Teoriaze. 

 

sakvanZo sityvebi: Tbogadacemis intensifikacia; Tbogamtaroba; Tbocvla; Tburi 

gamosxiveba; konveqcia. 

 

Sesavali 

erTi sxeulidan meoreze siTburi energiis gadacemis procesi faqtobrivad yve-
laze gavrcelebuli da mudmivad mimdinare procesia bunebaSi. amis naTeli da-
dasturebaa, magaliTad, siTbos gadacema mzidan dedamiwaze, dedamiwis siRrmidan _ 

zedapirisken, atmosferosa da okeanis gansakuTrebiT cxeli areebidan _ SedarebiT 

civi areebisaken da sxv. 

aranakleb gavrcelebulia Tbogadacemis procesi teqnikis TiTqmis yvela dargSi 

mimdinare teqnologiur procesebSi. amis sayovelTaod cnobili magaliTebia eleq-
toenergiis warmoeba Tbo- da atomur eleqtrosadgurebSi, yvela energogamomyenebeli 

aparaturisa Tu mowyobilobis gacivebis sistemebi, liTondammuSavebeli sakmaod di-
di zomis CarxebiT dawyebuli da kompiuteruli teqnikisa da mobiluri telefonebis 

mikrosqemebiT damTavrebuli. rom aRaraferi vTqvaT, Tbogadacemis procesebis farTo 

gavrcelebaze yofa-cxovrebasa (gaTboba da haeris kondicireba) da kvebis mrewvelo-
baSi (sakvebi produqtebis Tburi damuSaveba), medicinaSi (distilacia da steri-
lizacia) da sxv. 

siTburi energiis gadacemis procesebSi mniSvnelovani adgili ukavia drois xan-
grZlivobas, romlis ganmavlobaSic mimdinareobs Tbogadacemis procesi. zog Sem-
TvevaSi aucilebelia, rom aRniSnuli procesi swrafad mimdinareobdes, zogjer ki, 

piriqiT, am procesis mimdinareobis drois gaxangrZlivebaa aucilebeli. 

aRniSnulidan gamomdinare, cxadia, rom siTbogadacemis procesebis kanonzo-
mierebaTa zogadi codna praqtikulad yvela adamianisTvisaa sasargeblo, magram maT-
Tvis vinc Tbo- da atomuri energetikis, kvebis mrewvelobis, haeris gaTboba-kondi-
cirebisa da sxva Tburi procesebis gamomyenebel sferoebSi muSaoben, ubralod 

aucilebelia amis codna. 
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aRniSnuli procesebis kvalificiuri codna evaleba saqarTvelos teqnikuri uni-
versitetis energetikis fakultetis yvela students da gansakuTrebiT amave fakul-
tetis Tboenergetikuli danadgarebisa da energiis aratradiciuli wyaroebis depar-
tamentis kursdamTavrebulebs.  

swored am mizans emsaxureba is sakiTxebi, romlebic qvemoTaa warmodgenili. 
 
 
ZiriTadi nawili 

erTi sxeulidan meoreze siTbos gadacemis meqanizmebi. samyaroSi, erTi sxeu-

lidan an erTi adgilidan meoreze siTburi energiis gadacemis sami meqanizmi ar-

sebobs:  

• siTburi energiis gadacema nebismier agregatul mdgomareobaSi myofi sxeulebis 

TbogamtarobiT;  

• siTburi energiis gadacema Txevad an airad mdgomareobaSi myofi sxeulebis 

konveqciuri moZraobiT; 

• siTburi energiis gadacema maRali temperaturis mqone nebismieri sxeulidan 

aRZruli gamosxivebiT, romelsac STanTqavs dabali temperaturis mqone 

nebismieri sxeuli. 

Tbogadacemis nebismier rogorc qarTul, ise ucxour saswavlo kursebSi es 

meqanizmebi ganixileba cal-calke, TavianT maxasiaTebel sidideebTan da sakmaod 

didi moculobis mqone saangariSo gantolebebTan, maT Soris diferencialur ganto-

lebebTan erTad. 

Cven mier damuSavebuli axleburi meTodikiT Tavidanve erTad ganvixilavT sa-

mive meqanizms.  

1. Tbogamtaroba. kargad viciT, rom yvela nivTiereba da sxeuli Sedgeba mole-

kulebisagan, romlebic mudmiv moZraobaSia. viciT agreTve isic, rom molekulebis 

energia damokidebulia sxeulis temperaturaze; amasTan, maRali temperaturis mqone 

sxeulis molekulebi ufro energiulia, rac gamoixateba maTi rxevis ufro did 

amplitudaSi da moZraobis ufro met siCqareSi. vTqvaT, gvaqvs sxvadasxva 

temperaturis mqone ori sxeuli da maT Soris movaTavseT maTi saSualo tempe-

raturis mqone raime mesame myari sxeuli, romlis zedapiris erTi nawili exeba 

ufro maRali temperaturis mqone sxeuls da, meore, sapirispiro zedapiris raime 

nawili ki _ ufro dabali temparaturis mqone meore sxeuls. maSin urTierTSexebaSi 

myof zedapirebze ganlagebuli sxvadasxva temperaturis, anu sxvadasxva energiis 

mqone molekulebis urTierTSejaxebisas (ufro sworad, gravitaciuli zemoqme-

debisas) cxeli sxeulis molekulebi kargavs energiis garkveul raodenobas, ro-

melsac iRebs maTTan dakontaqtebuli Sualeduri, mesame sxeulis molekulebi. es 

ukanaskneli miRebuli energiis nawils gadascems maT Siga mezoblebs, isini ki _ 

ufro siRrmeSi myofebs da a. S. siTburi energiis garkveuli raodenoba vrceldeba 

Sualeduri sxeulis siRrmeSi da aRwevs meore, civ sxeulTan arsebul sakontaqto 

zedapiramde, sadac ganlagebuli molekulebi miRebul energias ukve meore, civi 

sxeulis molekulebs gadascems. anu sxvadasxva temperaturis mqone sxeulebs Soris 

raime mesame sxeulis moTavsebisas siTburi energiis garkveuli nawili icvlis Tavis 

adgilmdebareobas da cxeli sxeulidan gadadis civ sxeulSi.  
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Tburi energiis gadaadgilebis am process Tbogamtaroba ewodeba, radgan am 

gadaadgilebis Semsruleblebma, anu mesame, sakontaqto sxeulis molekulebma Sei-

narCuna TavianTi adgilmdebareoba am sxeulSi da moaxdina mxolod siTburi ener-

giis gadaadgileba, anu gaatara siTbo.  

Tbogamtarobis meqanizmis gagebis gamartivebisaTvis moviyvanT yofa-cxovre-

bidan aRebul erT-erT magaliTs (rac uTuod yvelas aqvs nanaxi), Tu rogor gada-

aadgileben erT mwkrivSi da erT adgilze mdgari adamianebi sxvadasxva sagnebs 

(vTqvaT, sazamTros an saamSeneblo blokebs) urTierTgadacemiT, anu erT mxares 

mdgar mezobels gamoarTmeven da meore mxares mdgar mezobels gadascemen. nivTebis 

gadamtani adamianebi adgilze dganan da mxolod irxevian siTburi energiis gadam-

cemi molekulebiviT. nivTebma ki gamoicvala adgili, anu moxda maTi gatareba (gada-

tana) erTi adgilidan meoreze.  

swored siTburi energiis gadatanis amdagvar process ewodeba Tbogamtaroba. 

2. konveqciuri Tbogadacema. fizikis kursidan cnobilia, rom molekulebis 

didi jgufebis mimarTuli moZraoba xdeba mxolod Txevad da airad agregatul 

mdgomareobaSi myof nivTierebebSi. amgvar moZraobebs aqvs ori gamomwvevi mizezi. 

erT-erTi am mizezebidan warmoadgens mocemuli Txevadi an airadi nivTierebis sxva-

dasxva ares Soris arsebul wnevaTa sxvaobas. swored am mizezis gamo warmoiqmneba 

qarebi dedamiwis atmosferoSi da dinebebi msoflio okeaneSi.  

airebisa da siTxeebis moZraobis warmomqmneli meore mizezia maT moculobaSi 

arsebuli sxvadasxva aris temperaturaTa sxvaoba. aRsaniSnavia, rom yvela nivTi-

erebis simkvrive damokidebulia mis temperaturaze erTeuli gamonaklisis (kerZod, 

wylis) garda, temperaturis matebiT simkvrive klebulobs. anu erT moculobaSi 

(WurWelSi) myofi erTi da igive Txevadi an airadi sxeulis SedarebiT maRali tem-

peraturis mqone areebi ufro msubuqebia, vidre SedarebiT dabali temperaturis 

mqone areebi.  

zemoaRniSnulidan gamomdinare, roca siTxe an airi cxel da civ sxeulebs 

Sorisaa, maSin cxel sxeulTan SexebaSi myofi misi nawili Tbeba da msubuqdeba, civ 

sxeulTan SexebaSi nyofi nawili ki _ civdeba da mZimdeba. aqedan gamomdinare, 

cxadia, rom msubuqi areebi iwyebs moZraobas vertikalurad zeviT, xolo mZime areebi 

_ vertilalurad qveviT da, Tu siTxis an airis saerTo moculobis ganivi zoma 

uzrunvelyofs aRmavali da daRmavali nakadebis urTierTdamoukidebel samoZrao 

gzebis arsebobas, Camoyalibdeba cxeli sxeulidan civ sxeulze siTbos gadacemis 

konveqciuri procesi, rasac konveqciuri Tbogadacema ewodeba. 

sainteresoa Tbogadacemis es meqanizmic (zemoT ganxiluli Tbogamtarobis 

msgavsad) SevadaroT adamianebis mier garkveuli sagnebis erTi adgilidan meore 

adgilze gadatanis yofa-cxovrebidan aRebul meore meTods (rac agreTve uTuod 

yvelas aqvs nanaxi). adamianebi iReben garkveul sagnebs erTi adgilidan da miaqvT 

meore adgilamde, sadac deben mitanil nivTs da ukan brundebian Semdegi nivTis 

asaRebad. cxadia, erTmaneTs rom xeli ar SeuSalon, amitom gadasatani sagnebiT 

moZravi adamianebis savali gza sxva unda iyos da ukan, sagnebis asaRebad dabru-

nebuli adamianebis savali gza _ sxva. xolo im SemTxvevaSi, Tu samoZrao are imdenad 

viwroa, rom ori mimarTulebiT moZraoba SeuZlebelia, maSin adamianebi erT mwkrivSi 

Cadgebian da zemoT ganxiluli magaliTis msgavsad sagnebs erTmaneTs gadaawodeben 

da ise gadaaadgileben. swored aseTi situaciaa SenobaTa fanjrebSi ormagi minebis 

arsebobis SemTxvevaSi. minebis urTierTdaSoreba, anu maT Soris manZili imdenad 
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mcirea, rom oTaxis mxares arsebuli minis gare zedapirTan gamTbari haeri, romlis 

simkvrive gaTbobis gamo Semcirda, zeviT ver adis, iseve, rogorc gare minis Siga 

zedapirTan gacivebuli haeri ver moZraobs qveviT. es nakadebi ubralod ver 

warmoiqmneba siviwrovis gamo da amitom haeri ormag minebs Soris faqtobrivad 

uZravia. moZraobis amgvarad SezRudvis gamo haeris molekulebs rCeba marto erTi 

saSualeba. kerZod, Siga minasTan ufro axlos myofma da SemTbarma molekulebma 

siTburi energia unda mezobels gadasces zustad ise, rogorc Tbogamtarobis 

SemTxvevaSi. vinaidan haeri Zalian cudi Tbogamtaria, oTaxidan siTbos gadinebac 

mkveTrad Semcirebulia.  

3. Tburi gamosxiveba. Tbogadacemis am meqnizmis ganmartebisaTvis jer movi-

SveliebT sagnebis, magaliTad sazamTroebis, erTi adgilidan meoreze gadatanis 

kidev erT meTods. adamianebi iyofian or jgufad da erTi jgufis wevrebi, romlebic 

sazamTroebis grovasTan dganan, iReben saTiTaod sazamTroebs da tyorcnian meore 

jgufis wevrebisaken, romlebic iWeren maT da axal adgilas aTavseben. aseTi 

meTodic bevrs eqneba piradad nanaxi.  

ra xdeba Tburi gamosxivebiT siTbos gadacemis SemTxvevaSi? fizikis kursidan 

yvelasaTvis cnobilia, rom nebismieri sxeuli, ufro sworad nebismieri sxeulis 

molekulebi, romelTa temperatura gansxvavdeba absoluturi nulisagan, asxivebs 

eleqtromagnitur talRebs, romlebsac, rasakvirvelia, garkveuli energia aqvs da 

am energiis sidide damokidebulia sxeulis temperaturaze. garda amisa, viciT ag-

reTve, rom, Tu raime sxeulis zedapirs ecema garkveuli sixSirisa da talRis 

sigrZis eleqtromagnituri gamosxiveba, zedapirze myofi molekulebi STanTqavs am 

talRebis energias, ris gamoc dasxivebuli sxeulis temperatura moimatebs. swored 

es procesi gaxlavT siTbos gadacemis mesame meqanizmi, anu Tbogadacema Tburi ga-

mosxivebiT. 

studentebis mier Tburi gamosxivebis safuZvliani SemecnebisaTvis saWiroa, 

rom maT monawileoba miiRon erTi, sruliad martivi, eqsperimentis CatarebaSi: saku-

Tari xelis guli unda miitanon Tavisi loyis siaxloves (daaxloebiT 5_10 mm man-

Zilze) ise, rom loyas ar miedos da daukvirdnen, Tu ras SeigrZnoben rogorc 

xelis gulze, ise loyaze. cxadia, isini orive zedapirze sakmarisad damajereblad 

igrZnoben SeTbobas da darwmundebian siTbogadacemis Tburi gamosxivebis meqanizmis 

arsebobaSi sul raRac 37 0C temperaturis mqone sxeulze, ris Semdegac sruliad 

zedmetia saubari mzidan gamotyorcnili energiis dedamiwaze dacemisa da dedamiwis 

mier misi STanTqmis da gaTbobis Taobaze. 
 

daskvna 

zemoT warmodgenili sakiTxebis ganxilvisa da Tbocvlis sami meqanizmis Ses-
wavlisas nivTierebaTa molekulur agebulebaze damyarebuli meTodikiT axsnis sa-
fuZvelze studentebi kargad imaxsovreben Tbogamtarobis, konveqciuri Tbocvlis 

da Tburi gamosxivebis procesebis praqtikuli mimdinareobis pirobebs, maT fizikur 

Sinaarsebs.  
aqedan gamomdinare, cxadia, yovelive zemoaRniSnuli mniSvnelovnad exmareba 

studentebs am meqanizmebis maxasiaTebeli sidideebis gageba-damaxsovrebaSi da praq-
tikuli amocanebis Teoriuli gaangariSebis meTodebis SeswavlaSi. 
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ENERGETICS 
 

A NEW METHOD OF TEACHING THE THREE MECHANIZMS OF HEAT 
EXCHANGE 

E. Machavariani, M. Jikhvadze, N. Ksovreli, L. Robakidze 

(Georgian Technical University) 
 

Resume. A new method of teaching heat transfer processes and the possibilities of heat transfer 
intensification by conduction, convection and radiation mechanisms is discussed, which dramatically improves 
the quality of learning and memorization of heat exchange processes by students. 

 The methodology is based on the molecular-kinetic theory of solid, liquid and gas states of substances. 
 
 Keywords: heat exchange; heat transfer intensification; thermal conductivity; thermal radiation 

convection. 
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axali teqnologiebi 

 

 

qaRaldsafuZvliani xelnawerebis kvleva rentgenofluorescenciuრi 

analizatoriT (siriuli da ebrauli xelnawerebis magaliTze [Sir-3; 
Herb-45]) 

asmaT gvazava, revaz kldiaSvili, nodar foforaZe  

(k. kekeliZis saxelobis saqarTvelos xelnawerTa erovnuli centri, saqarTvelos 

teqnikuri universiteti) 

 

reziume: Tanamedrove samyaroSi teqnologiebis ganviTareba mecnierebis yvela 

dargze aisaxeba da gamonakliss arc qimia warmoadgens. ganviTarebis maCvenebeli 

Tavs iCens yvela im sferoSi, sadac qimiuri procesebi mniSvnelovan rols asrulebs 

rogorc makroskopul, ise mikroskopul doneze. am TvalsazrisiT gansakuTrebulia 

kulturuli memkvidreobis movlis, Senaxvisa Tu gadarCenis sakiTxi; ufro zustad, 

wignis konservacia-restavracia da mTeli is procesi, rac erTeulma (eqsponatma) 

ganvlo masalis Seqmnidan dRemde. qimiis roli kidev ufro izrdeba maSin, rodesac 

werilobiTi memkvidreobis es umniSvnelovanesi erTeulebi daberebas ganicdis da 

droTa ganmavlobaSi maTi dazianebis kerebi izrdeba, rac TavisTavad eqsponatis 

ganadgurebis saSiSroebas qmnis. aseT dros, anu erTeulebis Seswavlisa da maTi 

gadarCenis gzaze Seufasebelia kognitiuri codna, Sesaswavli nivTierebisa da 

informaciis gadamuSavebis xerxi da kvlevis Tanamedrove meTodebi. 

 

sakvanZo sityvebi: Tanamedrove kvlevis meTodebi; konservacia-restavracia; xel-
naweri memkvidreoba; XRF EDX 3600B. 

 

Sesavali 

xelnawerebis konservacia-restavraciis sferoSi dRes gansakuTrebiT mniSvne-
lovania Tanamedrove kvlevis meTodebis danergva. swored am mizniT k. kekeliZis 

saxelobis saqarTvelos xelnawerTa erovnuli centris konservacia-restavraciis sa-
mecniero laboratoriisa da saqarTvelos teqnikuri universitetis gemologiisa da 

mineralur nivTierebaTa kvlevis, diagnostikisa da gadamuSavebis respublikuri cen-
tris laboratoriis urTierTTanamSromlobiT ganxorcielda kvleva, romlis mizani 

centris koleqciebSi daculi xelnawerebis Seswavla iyo. msgavs kvlevebs udavod 

didi mniSvneloba aqvs materialur-kulturuli memkvidreobis movla-Senaxvisa da 

maTi arsebobis gaxangrZlivebisaTvis. am procesSi ganuzomelia konservaciis, qimiisa 

da biologiis laboratoriebis mier ჩatarebuli SedarebiTi kvlevebis roli. zogi-
erTi diagnostikuri analizis Sedegebis interpretaciis sirTule miuTiTebs sxva-
dasxva kompetencias Soris mWidro TanamSromlobis aucileblobaze, vinaidan xSirad 

mxolod codnis komplementaruloba gansazRvravs axali aRmoCenebis SesaZleblobas. 
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upirobod mniSvnelovania eqsponatebis konservacia-restavraciis dros maTze ga-
remo pirobebiT gamowveuli qimiuri zemoqmedebis Seswavla da yvela is procesi, 

rasac restavratori warmarTavs ama YTu im dazianebuli erTeulis mTlianobis aR-
sadgenad an misi arsebuli mdgomareobis SesanarCuneblad. es procesebi garkveuli 

TanmimdevrobiT xorcieldeba. Ppirveli da umTavresia erTeulis mdgomareobis 

Seswavla misi vizualuri daTvalierebiT da laboratoriuli kvlevebis safuZvelze. 

am dros restavrators gamocdilebasTan erTad sWirdeba Tanamedrove kvlevis meTo-
debis gamoyeneba, rac Seswavlis process kidev ufro mniSvnelovans xdis.  

aRsaniSnavia, rom mikroorganizmebi (araorganuli iqneba, Tu organuli), romle-
bic SeiZleba aRmoCenil iqnes Sesaswavli xelnawerebisa da dokumentebis pergamentSi, 

celulozis boWkoebSi, melansa Tu WuWySi, SesaZloa mniSvnelovani informaciis 

matarebeli iyos am masalis warmoebis Sesaxeb. garda amisa, msgavsi kvlevebi infor-
macias iZleva uZvelesi dokumentebis, maTi warsuli peripetiebis an maTSi Semavali 

masalebis daberebis, dazianebis an ganadgurebis mizezebis Sesaxeb. diagnostikuri an 

arqeologiuri mniSvnelobis mqone mikrometrul obieqtebsa da struqturebze kri-
tikuli dakvirvebis Sedegebi zogjer SesaZloa gasakviric ki aRmoCndes. magaliTad, 

is, rom zogierT qimiur komponents, romelic, Cveulebriv, masalebis an melnis 

warmoebas miekuTvneba, SeiZleba konkretuli xasiaTi an buneba hqondes da, Tu misi 

sworad gaazreba ar moxdeba, SesaZlebelia araswori daskvnebis gakeTebis mizezic 

gaxdes. 

aRsaniSnavia is faqti, rom didi interesis miuxedavad rTulia kvlevis iseTi 

meTodis SerCeva, romelsac farTo speqtris maCveneblis mocema SeuZlia, magram ar 

gamoiwvevs erTeulis dazianebas gansakuTrebiT maSin, rodesac sakiTxi istoriul 

Zeglebs an materialur kulturul memkvidreobas exeba. am SemTxvevaSi sirTule 

mdgomareobs ara marto kvlevis warmoebis, aramed sakvlevi masalis, anu nimuSis 

aRebis procesSic, radgan xSirad Tavad xelnaweris gadaadgilebaa dauSvebeli. aseve 

dauSvebelia mTeli nawilidan saRebavis, melnis, tyavis an Tavad furclis fra-
gmentis mocileba. rekomendebuli ar aris erTeulze qimiuri xsnarebis gamoyeneba an 

meqanikuri zemoqmedeba da sxva nebismieri kvlevis arainvaziuri meTodi, ramac 

SesaZloa Secvalos masalis struqtura an originalis avTenturoba. amasTan, is, rac 

zogjer mkvlevrisaTvis aris saintereso, dauSvebelia xelnawerisaTvis. Tumca, eso-
den rTuli sakiTxebi kidev ufro zrdis Tanamedrove kvleviTi meTodebis mimarT 

interess. amis TvalsaCino magaliTia k. kekeliZis saxelobis saqarTvelos xelnawerTa 

erovnuli centris konservacia-restavraciis samecniero laboratoriis mier arCeuli 

kursi, romelic moicavs Tanamedrove kvleviTi meTodebis danergvas da farTod 

gamoyenebas xelnawerebis konservacia-restavraciis sferoSi. aqve unda aRiniSnos, rom 

erT-erTi aseTi kvleva ukve Catarda, romlis mizanic qarTul xelnawerebSi melnis 

struqturis Seswavla iyo. kvleva ganxorcielda Tanamedrove kvlevis meTodebis, 

maskanirebeli eleqtromikroskopis, zonduri da Zalovani mikroskopebis gamoyenebiT. 

am etapze kvlevis areali gaizarda da Seswavlil iqna XIV saukunis etratis, XVIII 

saukunis ebrauli xelnaweris qaRaldis, XIX saukinis xelnaweris furclisa da ydis 

qsovilis nimuSebi. kvleva sakmaod masStaburi da mravalferovani aRmoCnda. wina-
mdebare naSromSi ZiriTadi aqcenti qaRaldsafuZvliani erTeulebis kvlevis Sedegebs 

daeTmo. Tumca uSualod kvleviT nawilze gadasvlamde mokledaa mimoxiluli qaRal-
dis damzadebis teqnologiis teqnika.  
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sainteresoa is faqti, Tu ra saSualebebiT xdeboda ama Tu im masalis Seqmna, 

radgan kvlevis Sedegebi pirdapir ukavSirdeboda misi damzadebis process im Tval-
sazrisiT, rom miRebuli Sedegebis gaanalizebis dros saWiro gaxda erTmaneTisagan 

gamijnuliyo is qimiuri elementebi, romlebic bunebrivad (anu damzadebis procesSi 

gamoyenebuli xsnarebisa Tu Tavad nedleulis struqturidan gamomdinare) SeiZleba 

moxvedriliyo masalaSi, an kidev isini, romlebic saukuneebis ganmavlobaSi garemo 

pirobebiT gamowveuli ekologiuri dabinZurebisa Tu dasnebovnebis Sedegad an sxva 

mizeziT gamiznulad an SemTxveviT aRmoCnda masalis zedapirsa Tu struqturaSi. 

sayovelTaod cnobilia, rom samwignobro istoriaSi etratis saweri masala 

saukuneebis ganmavlobaSi inarCunebda monopolias. Tumca droTa ganmavlobaSi dasa-
wer furclebze moTxovnis zrdasTan erTad saWiro gaxda misi sxva masaliT 

Canacvleba ramdenime mizezis gamo. erT-erTia, magaliTad, uamravi raodenobiT cxo-
velis tyavis saWiroeba (erTi xelnawerisaTvis sakmarisi etratis furclebis dasam-
zadeblad, aTeulobiT cxoveluri tyavi iyo saWiro), xolo Tavad etratis damzadebis 

procedurebi garkveul codnasa da ostatobas moiTxovda; amasTan, yovelive es sak-
maod did xarjebTan iyo dakavSirebuli. swored aman Seuwyo xeli qaRaldis geo-
grafiul gavrcelebas, radganac igi wlebis ganmavlobaSi etratis sawer masalasTan 

erTad Tanaarsebobda. marTalia, qaRaldis sabaziso masalas mcenareuli nedleuli 

warmoadgenda da mosayvanadac SedarebiT advili da xelmisawvdomi iyo, magram misi 

damzadebis teqnologiis sirTule bevrad ar Camouvardeboda etratisas.  

ivaraudeba, rom qaRaldi warmoiSva CineTSi II saukuneSi, rogorc abreSumis al-
ternatiuli saweri masala. xolo evropaSi misi gavrceleba XII saukunidan iwyeba. 

qaRaldi es aris Txeli furceli, romelic, Cveulebriv, xisa da sxva lignoce-
lulozuri masalebisagan (bamba, brinji, xorblis Cala da sxv.) mzaddeba. 

namdvili qaRaldi warmoadgens boWkosagan miRebul Txel furclebs, romelTa 

macerireba1 xdeba manam, sanam boWko TiToeul calkeul Zafebad ar gancalkevdeba. 

etratisagan gansxvavebiT, qaRaldis damzadebis procesi dRemde uwyvet reJimSi mimdi-
nareobs da is mxolod mcirediT waagavs misi Seqmnis periodSi miRebul teqnolo-
giebs, radgan qarxnul sistemaSi moeqca da did industriad iqca. 

Sua saukuneebSi xelnakeTi qaRaldi mzaddeboda ganzavebuli bambis boWkosgan. 

damzadebis procesSi boWkoebi erwymoda wyals, Txeli fafisebri masalidan boWko 

sacris msgavsi dafis gamoyenebiT amohqondaT zedapirze da bazaze daleqili mqrqali 

boWkos fena furclis sawyisad iTvleboda, xolo gadaxlarTuli boWkos Txeli fena 

gaSrobisa da zedapiris damuSavebis Semdeg ukve qaRalds warmoadgenda. xelnakeTi 

qaRaldis nedleuli imTaviTve mravalferovnebiT gamoirCeoda. magaliTad, qaRaldis 

dasamzadeblad SeeZloT gamoeyenebinaT mcenareuli boWkoebi, foTlebi, mTliani 

mcenareebi, ylortebi, yvavilebi, furclebi, mcenareuli Tesli, qsovilis naWrebi, 

simindis stigmebi, bananis rbilobi da sxva boWkovani masalebi. 

rogorc ukve aRvniSneT, Tavdapirvelad qaRaldi CineTSi gamoigones da Cinelebi 

saukuneebis ganmavlobaSi cdilobdnen am saidumlo receptis dacvas, Tumca gavrce-
leba mainc moxda da momdevno saukuneebSi qaRaldis warmoebis procesi mudmivad 

ixveweboda azielebis, arabebisa da evropelebis mier. sabolood qaRaldis warmoebam 

 
1 maceracia (laT. macero _ varbileb, valbob) – ujredSorisi nivTierebis daSlis Sedegad 
qsovilTa ujredebis erTmaneTisagan gancalkeveba. cxoveluri qsovilebis maceracia xdeba 
maTi wyalTan xangrZlivi SexebiT [g. gogiCaZe, a. gedeniZe, j. WumburiZe; red.: nodar WiWinaZe, 
aleqsandre qoreli]. Tb.: meridiani, 2009. - 496 gv.]. 
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ganviTarebis iseT etaps miaRwia, rom qarxnul warmoebad iqca da ukve XV saukunis 

bolos pirveli qaRaldis qarxnebic gaCnda poloneTis teritoriaze. 1799 weli Sei-
Zleba miviCnioT garRvevad qaRaldis istoriaSi, radgan msoflioSi pirveli qa-
Raldis manqana swored maSin gamoigones safrangeTSi. 

 
 
ZiriTadi nawili 

xelnawerebis Seswavlisas qaRaldTan erTad umniSvnelovanesia saweri masalis 

qimiuri Sedgenilobis kvleva.  

qaRaldic da pergamentic cvladi procentiT Seicavs araorganul naerTebs. es 

SeiZleba gamowveuli iyos warmoebis procsebiT, mineralebis an minarevebis dama-
tebis Sedegad miRebuli marilebiT, agreTve liTonebiT, kerZod, spilenZiTa (Cu) da 
rkiniT (Fe) damzadebuli melnisa da pigmentebis gamoyenebasTan dakavSirebuli mine-
raluri naerTebiT (magaliTad, auripigmenti12, cinabari3, tyviis TeTra4 da sxv.). 

organul matricaSi CaSenebuli mineralebis arsebobam qaRaldisa da etratis ze-
dapirze SeiZleba ganapirobos laqebiani mikrogaremos Seqmna, sadac lokalizebuli 

qimiuri reaqciebis Sedegad Cndeba arasasurvli gauferulebis an dazianebis 

kompleqsuri diapazoni. aseT SemTxvevaSi rTulia msgavsi sakiTxebis analizi da 

marTva. qaRaldis an pergamentis masalebisaTvis potenciurad saziano mineraluri 

naerTebis arsebobis dadgena SesaZlebelia sxvadasxva kvleviTi meTodiT, radgan 

garkveuli mineralebis buneba da warmoSoba, iseve rogorc maTi dispersiis xarisxi 

organul matricaSi, SeiZleba Sesafaseblad rTuli 

iyos da zogjer arsebobs imis albaTobac, rom es sirTule mcdari daskvnebis 

gamotanis safuZvelic ki gaxdes.  

aRsaniSnavia, rom xelnaweris masalis kvlevis dros Zalze Znelia sxvadasxva 

kvleviTi teqnikis gamoyeneba, radgan kulturuli memkvidreobis obieqtebis ana-

lizisaTvis konkretuli mowyobilobis arCevani iseT faqtorebzea damokidebuli, 

rogoricaa saWiro Sedegis sizuste, maxasiaTeblis zoma (Sesabamisad, aparatis sa-

zomi adgili). kvleva unda iyos arainvaziuri, usafrTxo da yovelive amas kidev 

uamravi faqtori emateba, risi gaTvaliswinebac uwevs mkvlevars. Cveni arCevani Se-

Cerda rentgenofluorescenciur analizatorze (XRF EDX 3600B). samuSao Sesrulda 

standartuli meTodikiT (xs-s. m. #1.G-18) samuSao programa EDX for Mineral and her 
Alloys – ORE (madnebisa) da Soil (niadagebis) programis gamoyenebiT. 

 
2  auripigmenti – dariSxanis sulfidi. Mmiuxedavad imisa, rom is brwyinvale ferisaa, 
minerali ukiduresad toksikuria.  
3  cinabari [dracaena cinnabari] – sokotras drakonis xe, anu drakonis sisxliani xe mSobliuria 
sokotras arqipelagSi; iemenis nawili, romelic mdebareobs arabeTis zRvaSi. es saxeli 
ewoda sisxliviT wiTeli feris wvenis gamo. 
4 tyviis TeTra – fuZe karbonati Pb(OH)2PbCO3 mkvrivi TeTri fxvnilia, romelic miiReba 
tyviisagan haerSi naxSirbadis dioqsidisa da ZmarmJavas zemoqmedebiT. tyviis TeTras 
pigmentad gamoyeneba dRes ukve aRar xdeba ise aqtiurad, rogorc adre iyo maTi 

gogirdwyalbadiT (H2S) daSlis gamo. 
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nax. 1. rentgenofluorescenciuri analizatori (XRF EDX 3600B) 

rentgenofluorescenciuri speqtroskopia aris arainvaziuri, ukontaqto da 

araorganuli masalebis daxasiaTebis aradestruqciuli meTodi. XRF speqtroskopia 
es is teqnikaa, romelic xSirad gamoiyeneba kulturuli memkvidreobis (liTonebis 

mcire zomis kompozicia, keramika, ferwera, Tu xelnawerebi) analizisaTvis. XRF-iT 
SesaZlebelia mxolod araorganul masalebSi calkeuli elementebis aRmoCena, rad-

gan am meTodiT organul masalebSi mTavari elementebis (C, H) gamovlena ar xdeba. 

mitom kvlevisas gamoyenebul iqna energiis dispersiuli rentgenis speqtroskopia 

(EDX). Uunda aRiniSnos, rom kvlevis process arTulebda is faqti, rom analizatori 

(XRF EDX 3600B) ar aris transportirebadi teqnika da saWiro iyo Tavad xelnawerebis 

adgilze mitana. garda amisa, EDX-s sWirdeba nimuSebis vakuumur sistemaSi moTavseba, 
rac ewinaaRmdegeba arainvaziurobis princips. swored amitom xelnawerebidan 

nimuSebis aReba moxda umniSvnelo detalebis saxiT mxolod iseTi ubnebidan, 

romlebic ar daazianebda an Secvlida originalis avTentur ier-saxes.  

 

 nax. 2. sakvlevi masala. etratis, qaRaldisa da qsovilis nimuSebi 

analizisaTvis SeirCa xelnawerTa erovnul centrSi ebrauli xelnaweris Herb-
45 SifriT daculi, XVIII saukuniT daTariRebuli krebulis furclis mcire zomis 

nimuSi da 1875 wels gadawerili siriuli (Sir-3) locvanis furclis fragmenti. ana-
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lizi Cautarda sul 3 nimuSs da Sedegis zogadi kvleviT dadginda, rom organul 

masalasTan erTad iyo ZiriTadi qimiuri elementebi: siliciumi (Si), kalciumi (Ca), 
alumini (Al), gogirdi (S) zogjer 1 %-ze meti; SedarebiT mcire raodenobiT (meaTedi 

procentis saxiT) _ magniumi (Mg), kaliumi (K), TuTia (Zn), spilenZi (Cu); kidev ufro 
mcire raodenobiT _ qromi (Cr), natriumi (Na), rkina (Fe), titani (Ti), manganumi (Mn), 
cirkoniumi (Zr), da nikeli (Ni). 

 unda aRiniSnos, rom ebrauli xelnaweris (Herb-45; pag. 126) qaRaldidan aRebul 

nimuSSi ZiriTad qimiur elementebTan erTad iyo: siliciumi (1.34 %), kalciumi (1.85 

%), alumini (0.43 %), gogirdi (0.94 %), magniumi (0.16 %), kaliumi (0.32 %), TuTia (0.064 

%), spilenZi (0.012 %), qromi (0.0026 %), titani (0.021 %), manganumi (0.024 %), cirkoniumi 

(0.0056 %), nikeli (0.0087 %); (ix. cxrili 1 da nax. 3). 

cxrili 1 

xelnaweris (Herb-45) qaRaldze rentgenofluorescenciuri (XRF EDX 3600B) 
analizatoriT Catarebuli kvlevis Sedegi  

nimuSis 

dasaxeleba 
Ppag. 126 testirebis dro 200 (s) 

 

kvebis wyaro   samuSao programa ORE 

Zabva 9(KV) procesi Admin 

deni 150(μA) 
testirebis 

TariRi 

1/24/2023 
1:03:58 PM 

elementi intensiuroba Sedgeniloba (%)   

Mg (%) 11.76 1.2669     

Al (%) 5.245 0.2048     

Si (%) 685.195 11.1738     

P (%) 7.035 0.0206     

S (%) 79.215 1.0718     

K (%) 108.81954 0.8757     

Ca (%) 632.655 4.6813     

Ti (%) 3.96177 0.0751     

V (%) 0.47895 0.0000     

Cr (%) 0.74652 0.0009     

Mn (%) 1.10052 0.0207     

Fe (%) 25.49266 0.0000     

Co (%) 0 0.0000     

Ni (%) 2.55963 0.0121     

Cu (%) 21.22202 0.0246     

Zn (%) 37.59182 0.0963     

As (%) 0 0.0000     
Zr (%) 54.37544 0.0344     

Nb (%) 1.15362 0.0000     

Mo (%) 0 0.0000     



59 
 

Ag (%) 39.90319 0.1119     

Cd (%) 5.57 0.0000     
Sn (%) 1.92 0.0000     

Sb (%) 4.47 0.0122     

W (%) 0 0.0000     

Au (%) 5.1375 0.0000     

Pb (%) 2.08229 0.0305     

Ba (%) 0.52 0.0000     

Hf (%) 2.13128 0.0000     
Ta (%) 0 0.0000     

Hg (%) 1.24 0.0000     

Bi (%) 0.12 0.0000     

Th (%) 0.46 0.0000     

U (%) 0.72 0.0000     
  

kvlevisas ar dafiqsirebula iseTi qimiuri elementebi, rogoricaa: kobalti 
(Co), dariSxani (As), molibdeni (Mo), volframi (W), tantali (Ta), rac, elementebis 

bunebidan gamomdinare, gasakviri ar aris.  

 

nax. 3. xelnaweris (Herb-45) qaRaldze rentgenofluorescenciuri (XRF EDX 3600B) 
analizatoriT Catarebuli kvlevis speqtruli gamosaxuleba 

imave xelnaweris (pag. 128) furclis qaRaldis qimiur SedgenilobaSi gvxvdeba 

identuri elementebi, gansxvaveba mxolod maT procentul maCvenebelSia, Tumca mci-

rediT: siliciumi (2.01 %), kalciumi (1.51 %), alumini (0.26 %), gogirdi (0.49 %), 

magniumi (0.59 %), kaliumi (0.20 %), TuTia (0.059 %), spilenZi (0.009 %), titani (0.084 %), 

manganumi (0.031 %), cirkoniumi (0.053 %), nikeli (0.009 %). 

cxrili 2 

xelnaweris (Herb-45) qaRaldze rentgenofluorescenciuri (XRF EDX 3600B) 
analizatoriT Catarebuli kvlevis Sedegi  

nimuSis 
dasaxeleba 

Ppag. 128 testirebis dro 200 (s) 

 

kvebis wyaro   
samuSao 
programa 

ORE 

Zabva 9 (KV) procesi Admin 

deni 150 (μA) 
testirebis 

TariRi 
1/24/2023 

1:19:59 PM 

elementi intensiuroba Sedgeniloba (%)   

Mg (%) 14.685 0.5911     
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Al (%) 6.57 0.2679     

Si (%) 986.65 2.0152     

P (%) 15.865 0.0514     

S (%) 38.155 0.4915     

K (%) 154.3771 1.2032     

Ca (%) 491.075 1.5789     

Ti (%) 4.25991 0.0841     

V (%) 1.13553 0.0000     

Cr (%) 1.31985 0.0071     

Mn (%) 1.28994 0.0318     

Fe (%) 31.2597 0.0000     

Co (%) 0 0.0000     

Ni (%) 2.17491 0.0077     

Cu (%) 19.28908 0.0090     

Zn (%) 29.43988 0.0595     

As (%) 0 0.0000     

Zr (%) 52.53475 0.0332     

Nb (%) 1.6118 0.0000     

Mo (%) 0 0.0000     

Ag (%) 29.93492 0.0801     

Cd (%) 5.1 0.0000     

Sn (%) 5.17 0.0000     

Sb (%) 0 0.0000     

W (%) 0 0.0000     

Au (%) 5.86781 0.0000     

Pb (%) 2.60951 0.0221     

Ba (%) 2.46 0.0000     

Hf (%) 1.86272 0.0000     

Ta (%) 0 0.0000     

Hg (%) 2.24 0.0000     

Bi (%) 0.17 0.0000     

Th (%) 0.56 0.0000     

U (%) 0.76 0.0000     
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kvlevisas ar aRmoCenila iseTi qimiuri elementebi, rogoricaa: kobalti (Co), 
dariSxani (As), molibdeni (Mo), volframi (W), tantali (Ta), stibiumi (Sb), rac, ele-

mentebis bunebidan gamomdinare, gasakviri ar aris. 

 

 

nax. 4. xelnaweris (Herb-45) qaRaldze rentgenofluorescenciuri (XRF EDX 3600B) 
analizatoriT Catarebuli kvlevis speqtruli gamosaxuleba 

aRsaniSnavia, rom siriuli xelnaweris (pag. 129) furclis qimiuri Sedgenilo-

bis procentuli maCvenebeli SesamCnevad gansxvavdeboda zemoT moyvanili magaliTe-

bisagan: siliciumi (1.47 %), kalciumi (0.54 %), alumini (0.55 %), gogirdi (0.67 %), 

magniumi (0.31 %), kaliumi (0.41 %), TuTia (0.09 %), qromi (0.012 %), titani (0.016 %), 

manganumi (0.38 %), cirkoniumi (0.024 %), nikeli (0.012 %). 

cxrili 3 

xelnaweris (Sir-3) qaRaldze rentgenofluorescenciuri (XRF EDX 3600B) 
analizatoriT Catarebuli kvlevis Sedegi  

nimuSis 

dasaxeleba 
pag. 129-soil testirebis dro 200(s) 

 

kvebis wyaro   samuSao programa SOIL 

Zabva 9(KV) procesi Admin 

deni 150(μA) 
testirebis 

TariRi 

1/24/2023 
3:09:07 PM 

elementi intensiuroba Sedgeniloba (%)   

Na(ppm) 3.595 17279.9778     

Mg(ppm) 2.675 7727.7907     

Al(ppm) 0 25800.5364     
Si(ppm) 625.41 157235.1712     

P(ppm) 22.745 633.4041     

S(ppm) 0.05806 3130.6491     

K(ppm) 101.41 7147.2567     

Ca(ppm) 371.63848 20339.8675     

Ti(ppm) 0 1012.8598     

V(ppm) 2.47343 52.3505     
Cr(ppm) 1.06 93.7059     

Mn(ppm) 3.20994 137.9874     

Fe(ppm) 33.2658 581.9447     

Ni(ppm) 3.06 74.2857     

Cu(ppm) 34.09904 297.0908     

Zn(ppm) 44.41259 190.6374     
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As(ppm) 2.87 10.5759     

Rb(ppm) 13.36 54.0410     
Sr(ppm) 8.02 32.5016     

Zr(ppm) 50.28 105.3231     

Ba(ppm) 1.23 286.8255     

Pb(ppm) 0.00338 20.0944     

 

 

nax. 5. xelnaweris (Sir-3) qaRaldze rentgenofluorescenciuri (XRF EDX 3600B) 
analizatoriT Catarebuli kvlevis speqtruli gamosaxuleba 

kvlevis es Sedegebi miuTiTebs qaRaldSi liTonis arsebobaze, rac SeiZleba 

gamowveuli iyos mravali mizeziT. erT-erTi aseTi mizezi SeiZleba aRmoCndes da-

muSavebis procesSi liTonebiT dabinZurebuli wylis gamoyeneba, Jangiani forebis 

damuSaveba an iseTi mineralebiT (magaliTad, kaoliniT an karbonatebiT) gasworeba, 

romlebic Seicavs rkinas, spilenZs an sxva qimiurad aqtiur elementebs. samuSao 

procesis dagegmvisas restavratorisaTvis mniSvnelovania imis codna, aris Tu ara 

liTonis minarevebi celulozis rbilobis momzadebis Sedegi an xom ar aris 

dakavSirebuli Tanmimdevrul fazebTan. liTonis komponentebis qaRaldSi arsebobis 

mizezi SeiZleba dakavSirebuli iyos furclis zedapiris damuSavebis dros Ca-isa da 
Si-is masalis mizanmimarTulad damatebasTan. aqve SevniSnavT, rom liTonis mina-

revebiT mdidari mineralebis gamoyeneba xSirad qaRaldis mZime dazianebis saTavea. 

sainteresoa qaRaldis sawer masalasTan mimarTebaSi kidev erTi faqtis kons-

tantacia. rogorc ukve aRvniSneT, mas Semdeg, rac qaRaldis damzadebis procedu-

rebTan dakavSirebiT Cinelebis saidumlo recepti gamJRavnda da droTa ganmavlo-

baSi aziisa da evropis qveynebs moedo qaRaldis damzadebis procesic da recep-

turac Seicvala, rac didwilad dakavSirebuli iyo geografiul mdebareobasa da 

mcenareuli kulturebis mravalferovnebaze. 

imTaviTve saweri masalis siTxele, TeTri feri da gamWvirvaloba maRali xa-

risxis maCveneblad iTvleboda, amitom qaRaldis warmoebaSi bevri naerTi emateboda 

zedapiris gamWvirvalobis da/an siTeTris gasazrdelad. kaolini (TeTri Tixa 

Al2Si2O5(OH)4), aris Tixis yvelaze gavrcelebuli forma, romlis damatebac xdeboda 

qaRaldis damzadebisas Semavseblis saxiT. Tixis mopovebis adgilebis mixedviT 

xarisxi SeiZleba sagrZnoblad gansxvavebuli iyos da Seicavdes minarevebs. amitom 

unda momxdariyo am minarevebisgan Tixis gaTavisufleba. gansakuTrebiT mniSvnelo-

vani iyo rkinis naerTebis moSoreba, radgan isini qaRaldis qimiuri faqtorebiT 

gamowveuli dazianebis erT-erT wyaros warmoadgendnen.5 

 
5 Zina Cohen, Composition Analysis of Writing Materials in Cairo Genizah Documents. Cambridge Genizah Studies, 
vol. 15; BRILL, LEIDEN | BOSTON 2019, pp. 36-52. 



63 
 

Semavseblisa Tu xsnarebis Sedgenilobis Sesaxeb cnobebi ZiriTadad werilo-

biTi wyaroebidan moipoveba, amitom sainteresoa maTi laboratoriuli analizis 

SedegebTan Sedareba, raTa damtkicdes an Tundac uaryofil iqnes esoden gavrce-

lebuli mosazreba. kvlevisas gamoyenebuli qaRaldis nimuSebi, rogorc ukve aRvni-

SneT, aRebulia siriuli da ebrauli xelnawerebis furclebidan. kvlevis Sedegebi-

dan Cans, rom nimuSebSi spilenZisa da rkinis elementebi ar aRmoCnda, es imas niSnavs, 

rom, jer erTi, qaRaldis Semavseblad gamoyenebuli masala kargad iyo gawmendili 

rkinis elementebis Semcveli minarevebisgan; meore, am xelnawerebze teqsti rkina-

galuri melniT ar yofila dawerili da, mesame, qaRaldis zedapiris liTonebiT 

dabinZureba ar momxdara. rkinisa da spilenZisagan gansxvavebiT, aRebul nimuSebSi 

aris iseTi elementi, rogoricaa siliciumi, romelic nimuSSi yovelTvis Semav-

seblis masalisagan ki ar xvdeba, aramed igi SeiZleba Tavad mcenareuli boWkoebis 

komponenti iyos, radgan balaxovani mcenareebis bevr saxeobas, romlebic gamoiyeneba 

qaRaldis warmoebaSi, aqvs Zlier silicificirebuli ujredebi. aseTia, magaliTad, 

brinjis Cala da bambuki, romlebic farTod gamoiyeneboda Cinur qaRaldSi. sili-

ciumis, magniumis, aluminisa da, xSirad, rkinis (Fe-is) elementebic gvxvdeba xel-

nakeT qaRaldSi maSinac ki, roca Semavseblis saxiT ar gamoiyeneboda mineralebiT 

mdidari Tixebi. amgvar qaRalds miekuTvneboda arabuli qaRaldi, romlis damzadeba 

moiTxovda priala zedapirs, rac miiRweoda furclebis gluvi qvebiT (aqatisagan an 

minisgan) damzadebuli firfitebis gamoyenebiT. arabul qaRaldSi zemoxsenebuli 

elementebis gaCenis SesaZlebloba didi iyo, radgan gaprialebis procesSi xdeboda 

boWkos dawnexa, rac amcirebda haeris buStukebs da swored es qmnida amrekl 

zedapirs. aseT damuSavebas ki SesaZloa gamoewvia qaRaldSi mcire nawilakebis 

gaTavisufleba da am adgilis TvaliT uxilavi qvis nawilakebiT Sevseba.26,37 

 ganvixilavT kidev erT, farTod gavrcelebul, Semavsebel masalas – 

kalciumis karbonats. aseT SemTxvevaSi qaRaldis furclis qimiuri analiziT advi-

li ar aris imis dadgena warmoebisas damatebuli masalidan xvdeba igi qaRaldSi, 

Tu mcenareuli warmoSobis kvalia, radgan kalciumi, iseve rogorc siliciumi, 

SeiZleba iyos mcenareuli boWkoebis Semadgeneli nawili, romelic gamoiyeneba ce-

lulozis wyarod. kalciumis oqsalatis kristalebi gvxvdeba ramdenime mcenareul 

ojaxSi, maT Soris gimnospermebsa48 da angiospermebSi59. mniSvnelovania is, rom 

kristalebis forma, zoma da raodenoba aCvenebs variaciebs taqsebs Soris da, maTi 

morfologiidan gamomdinare, SeiZleba daklasificirdes xuTi ZiriTadi jgufi: 

• prizmebi; 

 
6 American Paper and Pulp Association. The Dictionary of Paper, including pulp, paperboard, paper properties and 
related papermaking terms. 3rded. New-York. 1965. 
7 Hunter, Dard. Papermaking. The History and Technique of and Ancient Craft. Dover publications, New-York, 1943 
(1970). 
8  gimnospermebi aris ZarRvovani, sporofilebze (yovelgvari safarvelis gareSe) Teslis 

matarebeli mcenareebi. aseT mcenareebs ganekuTvneba: kviparosi, fiWvi, naZvi, wiTuri xe, ginko, 

cikadi, Rvia da sxv. 
9  angiospermebi aris ZarRvovani mcenareebi, romlebsac axasiaTebs yvaviloba nayofis gamo-
sxmamde, aseTi mcenaris nayofi Teslis matarebelia, am tipis mcenareebSi damtvervis procesi 
qaris saSualebiT xorcieldeba. angiospermebs ganekuTvneba: banana, brinji, Saqris lerwami 

da sxv. 
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• druzebi; 
• stiloidebi; 

• rafidebi; 
• brolis qviSa. 

es kristalebi SeiZleba ganTavsdes iseT konkretul qsovilebSi, rogoricaa 

epidermisi, qerqi, floma, qsilema da Rero. mcenareebSi kalciumis oqsalatis kris-

talebs SeiZleba sxvadasxva datvirTva hqondes; kerZod, isini xels uwyoben kal-

ciumis Senaxvas, Warbi metaboluri oqsalatis mocilebas, liTonis detoksikacias, 

icavs mwerebisagan da sxv. mniSvnelovania isic, rom es biologiuri mineralebi 

Zalian stabiluria da mdgradi qaRaldis warmoebis dros rbilobis procesebis 

mimarT. garda zemoTqmulisa, qaRaldSi oqsalatis kristalebs SeiZleba hqondes 

radikalurad gansxvavebuli warmoSoba. kerZod, qaRaldze damatebul karbonatebTan 

sokovani urTierTqmedebiT mikrometruli masStabiT xdeba originaluri minera-

lebis Canacvleba axlad warmoqmnili kristalebiT. oqsalatis warmoqmna gamowve-

ulia sokoebis mier gamoyofili organuli mJavebis liTonis Sekvris unariT. isini 

wyalbadis ionebTan erTad iwveven substratis mineralebis hidrolizs da axali 

mineralebis warmoqmnas liTonmJavas kompleqsuri Tvisebis gamo. am mJavebis moqme-

deba Serwymulia sokovani respiratoruli CO2-is moqmedebasTan, romelic, Tavis 

mxriv, xels uwyobs naxSirmJavas zrdas garemoSi. savaraudoa, rom am ori mJava 

jgufis erToblivi moqmedeba aris mizezi kalciumis Semcveli masalebis daSlisa 

da SemdgomSi sokos oqsilis mJavas spontanuri xelaxali kristalizaciisa CO2+ 

ionebiT. celulozis boWkoebs Soris kalciumis oqsalatis naleqis efeqti da, 

Sesabamisad, tute rezervis Semcireba qaRaldSi SeiZleba iyos qimiuri da meqanikuri 

dazianebis fundamenturi mizezi.10 
 

daskvna 

rogorc kvlevebi da, zogadad, qaRaldis Seqmnisa Tu misi warmoebis Sesaxeb 

cnobebi cxadyofs, qaRaldi es aris forovan-kapilaruli erT sibrtyeze xelov-
nurad Seqmnili masala, romelic mgrZnobiarea haeris, tenianobis, saRebavebisa da 

adhezivebis mimarT. xolo qimia mniSvnelovan rols asrulebs rogorc mis warmo-
ebaSi, ise misgan Seqmnili eqsponatisa Tu werilobiTi Zeglis arsebobaSi, radgan 

qaRaldis nedleulis gamZleobis Tu xarisxis gasaumjobeseblad gamoiyeneboda 

mJavebi, weboebi, fisebi, saRebavebi da sxva araerTi qimiuri Semavsebeli. 
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NEW TECHNOLOGIES 
 

RESEARCH OF PAPER-BASED MANUSCRIPTS WITH THE HELP OF X-RAY 
FLUORESCENCE ANALISER (SYRIAN AND JEWISH MANUSKRIPTS AS AN 
EXAMPLE [SIR-3; HERB-45]) 

A. Gvazava, R. Kldiashvili, N. Phophoradze 

(K. Kekelidze National Center for Manuscripts of Georgia, Georgian Technical University) 
 

Resume. The development of technology in the contemporary world is reflected at all fields of science, 
and such an important field as chemistry is not an exception. Indicator of development manifests itself in all 
cases where chemical processes play an important role in both macroscopic and microscopic levels. From this 
point of view, the issue of care, storage or rescue of cultural heritage also is not an exception. More precisely, 
the conservation-restoration of the book and the whole process that the unit has passed since the creation of 
the material up to the present. The role of chemistry increases much more, while these most important units of 
written heritage experience the aging and over time the sources of their damage increases, which itself creates 
the danger of destroying the exhibit. At such times, i.e. on the way of studying and saving units, the technique 
of the cognitive knowledge, the processing both the substance to be studied and the information is invaluable, 
i.e. contemporary research methods. 

 
 Keywords: conservation-restoration; contemporary research methods; manuscript heritage; XRF EDX 

3600B. 
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axali teqnologiebi 

 

 

saqarTveloSi gavrcelebuli pamidvris (SOLANUM LYCOPERSICUM) 

nedleulisagan inovaciuri teqnologiuri gziT biologiurad 
srulfasovani da ekologiurad sufTa tomat-pastis miReba 

giorgi andriaZe  

(saqarTvelos teqnikuri universiteti) 

 

reziume: Tanamedrove uaxlesi mecniereba bostneuls ganixilavs rogorc sasi-
cocxlod aucilebel produqts, romelic nebismieri qveynis agropolitikis mni-
Svnelovan nawilს warmoadgens. bostneul kulturebs saqarTveloSic gamorCeuli 

adgili ukavia.  

naSromSi ganxilulia sakmaod popularuli bostneuli kultura _ pamidori, 

romelsac sazogadoeba iyenebs mTeli wlis ganmavlobaSi rogorc nedleulis, ise 

dakonservebuli saxiT. gansakuTrebiT sayuradReboa pamidvris gadamuSavebis proce-
sebi rogorc teqnikuri simwifis, ise dakonservebis Semdeg periodSi, rodesac auci-
lebeli xdeba reglamentiT SemuSavebuli sanitariul-higienuri pirobebis dacva.  

kvlevis mizania garkveuli moTxovnebis safuZvelze tomat-pastisaTvis SerCe-
uli inovaciuri araTermuli damuSavebis teqnologiebis analizi, maTi efeqtianobis 

Seswavla tomat-pastis xarisxisa da Senaxvis vadis uzrunvelsayofad, teqnologiis 

mdgradobis aspeqtebisa da axali teqnologiebis SemuSaveba unarCeno teqnologiiT 

emulgatorebis gareSe biologiurad srulfasovani da ekologiurad sufTa pami-
dvris pastis misaRebad. cnobilia pamidvris teqnikuri kulturis produqtiuloba, 

romlis Sefaseba xdeba ZiriTadad mniSvnelovani mineraluri da bioqimiuri 

parametrebiT. riTac mas udidesi wvlili Seaqvs sakvebi produqtebis warmoebis 

saqmeSi. amitomac SeirCa igi kvlevisaTvis, raTa Zireulad iqnes Seswavlili axali 

inovaciuri meTodiT misi biologiuri srulfasovneba, rac aucilebeli faqtoria 

adamianebis janmrTelobisaTvis. 

 

sakvanZo sityvebi: C vitamini; pamidori; sterilizacia; tomat-pasta; ultrabgera. 

 

Sesavali 

saqarTveloSi dReisaTvis sakmaod dabalia qimizaciis done, ris safuZvelzec 

bostneulis mosayvan teritoriaze _ sveneTi, ateni, xidisTavi (goris r-ni) da 

marneuli _ xdeba organuli sasuqebis (frezirebuli saqonlis nakelis) gamoyeneba.  

kvlevis mizans warmoadgenda ekologiurad sufTa da biologiurad srulfa-
sovani jansaRi tomat-pastis miReba. Cven mier SemuSavebul iqna inovaciuri aparati, 

romliTac SesaZlebeli gaxda tomat-pastis damzadeba dabal (46 °C) temperaturaze, 
-0,9 bar vakuumSi, 40 khc 60 vt ultrabgeris gamoyenebiT sterilizaciisaTvis saWiro 

maRal temperaturaze (>100°C) gacxelebis gareSe. aRsaniSnavia, rom am SemTxvevaSi 

ultrabgera Tavad asrulebs sterilizatoris funqcias. miRebul produqtSi Senar-
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Cunebulia C vitaminis raodenoba da sxva mkvebavi nivTierebebi, romlebzec damo-
kidebulia tomat-pastis xarisxi da sagemovno Tvisebebi [1, 2]. aqve SevniSnavT, rom 

xilis wvenebisa da rZis sterilizaciisaTvis dRes ukve SesaZlebelia ultrabgeris 

farTod gamoiyeneba [3, 4, 5]. 
 
 
ZiriTadi nawili 

niadagebis sakvlev nimuSebSi karbonatebi ganisazRvra Seibleris meTodiT, moZ-
ravi fosfori _ maCiginis meTodiT, gacvliTi kaliumi _ kirsanovis meTodiT, hidro-
lizuri azoti _ tiurin-konanovis meTodiT. pamidvris sakvlev nimuSebSi nitratebi 

ganisazRvra grisis meTodiT, mZime liTonebi _ atomur-absorbciuli meTodiT, nac-
rianoba _ maRali temperaturis zemoqmedebiT, sxvaobis meTodiT, martivi Saqrebi _ 

savele refraqtometriT, askorbinis mJava _ specialuri swrafi testirebis Cxire-
biT, higroskopuli wyali _ maRaltemperaturuli gamoSrobis meTodiT, nedli uj-
redisi _ geneberg-Stomanis meTodiT, pH _ portatiuli sazomi aparatiT. tomat-

pastaSi mikroorganizmebis gansazRvra ganxorcielda sst iso 4833-1:2013/2015 meTo-
diT. sakvlev produqtTan SexebaSi myofi yvela masala damzadebuli iyo 304 markis 

uJangavi foladisagan. 

eqsperimentuli nawili moicavda samecniero kvlevis procesSi iveriis baris 

niadagebis qimizaciis, saqarTveloSi gavrcelebuli pamidvris qvesaxeobebis, teq-
nikur simwifeSi myofi sawyisi nedleulisagan miRebuli tomat-pastis Sedgenilo-
bisa da xarisxis Seswavlas, romelic damokidebuli iyo nedleulisa da niadagis 

Sedgenilobaze [6, 7, 8]. miRebuli Sedegebi warmodenilia 1-l da me-2 cxrilebSi. 
 

cxrili 1 
pamidvris nedleulis mineraluri da bioqimiuri Sedgeniloba 
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samefo - 95 95 94 - 2,5 0,8 10 5,3 0,5 120 119 100 95 78 0,002 0,007 0,003 
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 Woportula 97 95 94 93 91 1,3 0,8 10 4,5 0,3 180 175 145 99 77 0,008 0,006 0,009 

samefo - 94 93 93 - 2,0 0,9 10 5,0 0,5 128 120 117 114 101 0,1 0,007 0,004 

sagviano - - - - 94 1,5 1,0 10 5,0 0,3 - - - - 98 0,005 0,008 0,002 
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cxrili 2  

pamidvris lokalizaciaze gavrcelebuli niadagebis Sedgeniloba 

 

gansxvavebul pirobebSi momzadebul tomat-pastaSi askorbinis mJavas rao-

denobis gazrdis mizniT, pamidvris sawyis nedleulSi damatebul iqna imdeni wiTeli 

tkbili (bulgaruli) wiwaka, rom 100 g tomat-pastaSi askorbinis mJavas raodenoba 

ar yofiliyo imaze naklebi, vidre mozrdili adamianis misaRebi dRiuri normaa [9, 

10]. miRebuli produqti Sesanaxad moTavsebul iqna winaswar 104 °C temperaturaze 
gasterilebul qilebSi. damzadebidan erTi wlis Semdeg, tomat-pastis Senaxvis-

unarianobis dadgenis mizniT, maT Cautarda mikrobiologiuri analizi. tomat-

pastiT Sevsebuli qilebi inaxeboda macivarSi 5 _ 8 °C temperaturul zRvrebSi. 
oqtomberSi tomat-pastis dasamzadeblad gamoyenebul iqna pamidvris saxeoba 

`sagviano~, xolo ivnisSi tomat-pastis dasamzadeblad _ pamidvris qvesaxeoba `same-

fo~ da “Woportula”. 

modelur aparatSi damzadda tomat-pasta rogorc klasikuri meTodiT, ise Cven 

mier Seswavlili inovaciuri teqnologiiT, e. i. ultrabgeris gamoyenebiT. ultra-

bgeris sixSire iyo 40 khc, simZlavre _ 60 vati.  

aRsaniSnavia, rom ultrabgeris generatoris muSaobis dro nawilobriv damo-

kidebulia garemos temperaturaze, ultrabgeris generatoris avtomaturi makontro-

lebeli (kontroleri) TiSavs da rTavs mas tomat-pastis damzadebis procesisaTvis 

saWiro programiT miTiTebuli temperaturis SesanarCuneblad, vinaidan ultra-

bgeris generatori Tavad gamoyofs siTbos muSaobis procesSi da aucilebelia misi 

sinqronuli muSaoba gamaTbobel qurasTan erTad, raTa ar moxdes temperaturis 

Seusabamo cvlileba. garemos temperaturis 23_27 °C-is zRvrebSi, Cven mier Semu-
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Savebuli inovaciuri danadgaris ultrabgeris generatori muSaobs mTliani drois 

90_92 %-is ganmavlobaSi. 

tomat-pastis damzadebidan erTi wlis Semdeg Catarda yvela nimuSis mikro-

biologiuri analizi da arcerT nimuSSi ar aRiniSneboda airebis dagrovebisa da 

obis vizualuri kvali. aseve arcerT nimuSSi ar aRmoCnda anaerobuli da aerobuli 

mikroorganizmebi, rac miuTiTebs Cven mier inovaciuri teqnologiiT miRebuli to-

mat-pastis maRal xarisxze, mis ekologiur sisufTavesa da maRal kvebiT Rirebu-

lebaze (ix. cxrili 3 da naxazi). 

cxrili 3 

gacxelebiT da ultrabgeris TanxlebiT miRebuli tomat-pastisa da misi 

nedleulis xarisxis ZiriTadi maxasiaTeblebi 1000 g sawyis nedleulze 

gadaangariSebiT 

 

ultrabgeris generatoriT aRWurvili tomatis wvenis koncentratori:  

1 _ ultrabgeris generatori; 2 -_ kabeli; 3 _ marTvis bloki 
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pamidvris piure (ivnisi) 

21:1 

96 10 

3,
8 

- 3
,6

 

20 0,002 23,1 4 

tkbili wiwakis piure 
(ivnisi) 92 250 5 0 23,2 8 

pamidvrisa da tkbili 
wiwakis piureebis 
narevi (ivnisi) 

95,8 40 10 0,001 23,2 4,9 

tomat-pasta 40khc-ze 
(ivnisi) 74 235 470 0,288 46,5 26 

tomat-pasta gacxelebiT 
(ivnisi) 74 20 90 0,773 100,0 26 

pamidvris piure 
(oqtomberi) - 92 15 20 0.002 21,6 8 

tomat-pasta gacxelebiT 
(oqtomberi) - 75 28 100 0,700 98,7 25 
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daskvna 

sawarmoo meTodiT damzadebul tomat-pastaSi askorbinis mJava iSleba Ter-
muli damuSavebis zegavleniT, xolo ultrabgeris gamoyenebiT dabal temperatu-
raze (46 °C) damzadebul tomat-pastaSi SenarCunebulia C-vitamini da sxva sakvebi 
nivTierebebi. 40 khc 60 vt ultrabgeris gavleniT mimdinareobs tomat-pastis steri-
lizacia 46 °C temperaturaze, rodesac xdeba rogorc aerobuli, ise anaerobuli 

mikroorganizmebis daxocva. ultrabgeris gamoyenebiT miRebuli produqti aris 

cocxali da faseuli. pamidvrisa da wiTeli tkbili (bulgaruli) wiwakis (Capsicum 
annuum) Tanafardoba 100 g tomat-pastaSi C vitaminis raodenobis dRiuri normis 
misaRwevad aris 21:1. 

gamokvlevebiT dadginda, rom teqnikur simwifeSi pamidvris nayofSi iseTi toq-
sikuri elementebis Semcveloba, rogoricaa mZime liTonebi (Pb, As, Hg) da potoqsi-
kuri nitratuli azoti (NO3

−) sxva periodTan SedarebiT minimaluria, amitom 

teqnikuri simwifis periodi saukeTesoa tomat-pastis damzadebisaTvis. 

klasikur meTodTan SedarebiT inovaciuri teqnologiis gamoyeneba 2,5-jer 

amcirebs eleqtroenergiis xarjs da bevrad amartivebs temperaturis kontrols, 

rac uzrunvelyofs sasurveli temperaturis sizustes da nakleb fluqtuaciebs 

warmoebis procesSi. 
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NEW TECHNOLOGIES 
 

PROCESSING OF BIOLOGICALLY PERFECT AND ECOLOGICALLY PURE 
TOMATO PASTE FROM THE RAW MATERIALS OF TOMATOES (SOLANUM 
LYCOPERSICUM) WIDESPREAD IN GEORGIA USING INNOVATIVE 
TECHNOLOGICAL METHOD 

G. Andriadze 

(Georgian Technical University) 
 

Resume. The latest modern science considers vegetables as a vital product, which is an important part 
of any country's agricultural policy. Vegetable has an important place in Georgia too. The research is focused 
on the most popular vegetable – tomato, which is used by the public throughout the year both raw and canned. 
Attention should be paid to technical ripening and canning processes of tomato, where sanitary-hygienic 
conditions, must be followed which are developed by regulations and have certain requirements. The aim of 
the research is to analyze current innovative non-thermal processing technologies of tomato paste processing, 
to characterize their effectiveness in ensuring the quality and shelf life of tomato paste, aspects of technology 
sustainability and new trends. Using advanced technology. During the research biologically perfect and 
ecologically pure tomato paste without emulsifiers was developed. It is already known the productivity of 
tomato culture, which is rich in important mineral and biochemical compounds. Because of this circumstances, 
it plays a major role in the production of food products, and for this reason it was carefully noted, that the main 
goal of this research was to study its biological completeness which is a necessary factor for human health, 
using innovative method. 

 
 Keywords: sterilization; tomato; tomato paste; ultrasound; vitamin C. 
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axali teqnologiebi 

 

 

yurZnis durdos sawnexi pnevmatikuri wnexi 

givi goleTiani, zurab lazaraSvili, Tamaz isakaZe, givi gugulaSvili  

(saqarTvelos teqnikuri universiteti) 

 

reziume: ganxilulia Rvinis warmoebaSi yurZnis durdos sawnexi mowyobilo-
bebi. aRsaniSnavia, rom wnexvis procesSi gamoyofili yurZnis wvenis xarisxis Senar-
Cunebis TvalsazrisiT yvelaze ukeTesi pnevmatikuri wnexebic ki garkveuli uaryo-
fiTi maCveneblebiT xasiaTdeba.  

naSromSi warmodgenilia yurZnis durdos sawnexi axali pnevmatikuri wnexis 

principuli sqema, romelic uzrunvelyofs mwarmoeblurobis gazrdas, momsaxurebis 

gamartivebas, meqanizaciisa da avtomatizaciis SesaZleblobebis gaumjobesebas. 

 

sakvanZo sityvebi: durdo; mwarmoebluroba; pnevmatikuri wnexi; yurZeni; wveni. 

 

Sesavali 

Rvinisa da wvenebis warmoebaSi yurZnis gadamuSavebis teqnologiuri procesi 

moicavs yurZnis daWyletas, dawretas da dawnexas. am procesebis mizania yurZnis 

marcvlebidan maqsimaluri raodenobis wvenisa da rbilobis gamodevna klertis, wip-
wisa da CenCos dauzianeblad an maTi minimaluri dazianebis pirobebSi. 

am TvalsazrisiT gansakuTrebuli mniSvneloba eniWeba durdos dawnexis opera-
cias, radganac igi gulisxmobs myari da Txevadi fazebis gayofisaTvis daWyletisa 

da dawretis procesebSi wvenis ZiriTadi nawilis gamoyofis Semdeg darCenil masaze 

iseTi meqanikuri zemoqmedebis ganxorcielebas, romelic uzrunvelyofs am masidan 

rac SeiZleba meti raodenobis narCeni wvenis gamodevnas. es ki SesaZlebelia durdoze 

meqanikuri zemoqmedebis gaZlierebiT, Tumca klertis, wipwisa da CenCos dazianebis 

Tavidan asacileblad aucilebelia aRniSnuli meqanikuri zemoqmedebis Sesusteba. 

Sesabamisad, am ori urTierTsapirispiro amocanis erTdroulad gadasawyvetad saWi-
roa dawnexis axali, optimalur reJimebSi sxvadasxva principiT momuSave, mowyobi-
lobis gamoyeneba.  

durdos sawnex momwobilobebs Soris yvelaze ukeTesad (savsebiT samarTlianad) 

iTvleba pnevmatikuri wnexebi. am mowyobilobebis mniSvnelovani upiratesoba isaa, rom 

maTSi mimdinareobs liTonis badisebr cilindrsa da rezinis gasaber cilindrs So-
ris moxvedrili durdos rbil reJimSi dawnexis procesi. magram pnevmatikur wnexebs 

uaryofiTi mxareebic gaaCnia. esaa dabali mwarmoebluroba, momsaxurebis gazrdili 

Sromatevadoba, meqanizaciisa da avtomatizaciis SeuZlebloba. 

arsebul cnobil mowyobilobebSi nedleulis axali ulufis miwodeba SesaZle-
belia mxolod wina ulufidan wvenis mTlianad gamodevnis Semdeg. dawnexa ki moicavs 

iseT operaciebs, rogoricaa:  

• masis damuSaveba gasaber cilindrSi haeris sxvadasxva wnevis pirobebSi;  
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• dawnexebs Soris nedleulis gadaCeCvisaTvis haeris cilindridan gamoSveba;  

• perforirebuli korpusis brunviT moZraobaSi moyvana.  

yvela es operacia ganapirobebs mowyobilobis momsaxurebis garTulebas da misi 

mwarmoeblurobis sagrZnoblad Semcirebas. am sawnex mowyobilobebSi gamoyenebulia 

erTi mTliani gasaberi cilindri. wnexis muSaobis procesSi saWiro xdeba gasaber 

cilindrSi haeris miwodeba (sxvadasxva wneviT) an amotumbva. Sesabamisad, aseT ci-
lindrSi muSa wnevis Sesaqmnelad saWiroa didi raodenobis haeris miwodeba, rac 

zrdis rezinis cilindris gabervisa da daSvebis xangrZlivobas (mwarmoeblurobis 

Sesabamisi SemcirebiT) da arTulebs mTlianad mowyobilobis muSaobis process. 

arsebuli mowyobilobebis muSaobis procesSi mimdinareobs korpusis Sevseba 

dasawnexi masiT, gasaber cilindrSi haeris miwodeba sxvadasxva wneviT da perio-
dulad, ramdenjerme, am haeris gamoSveba, cilindris zustad dayeneba misi Sevsebisa 

da daclis uzrunvelsayofad. yovelive es, erTi mxriv, arTulebs mowyobilobis 

muSaobas da mniSvnelovnad zrdis SromiT danaxarjebs, meore mxriv, muSa operaciebis 

cvlileba (dawnexis sxvadasxva stadiis gaTvaliswinebiT) gamoricxavs procesis meqa-
nizaciisa da avtomatizaciis SesaZleblobas. 

 
 
ZiriTadi nawili 

aRniSnuli naklovanebebis Tavidan acilebis mizniT damuSavebulia durdos 

pnevmatikuri wnexis axali konstruqcia, romlis principuli sqema warmodgenilia 

naxazze. 

 
 

pnevmatikuri wnexis principuli sqema: 1 _ vertikaluri mili; 2, 3, 4, 5, 6, 7 _ rezinis 

balonebi; 8 _ perforirebuli kedeli; 9 _ mTliani kedeli; 10 _ wvenis arxi; 11 _ milyeli; 

12 _ bunkeri; 13 _ milebi; 14 _ firfitebi 
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pnevmatikuri wnexi Seicavs vertikalur mils (1), romelzec dasmulia erTma-

neTisagan hermetulad izolirebuli, rezinisagan damzadebuli cilindruli balo-

nebi, romlebic erTmaneTis Tavzea ganlagebuli. zeda da qveda balonebi SedarebiT 

viwroa (cilindrebis simaRle mcirea). yvelaze zeda baloni (2) warmoadgens daw-

nexis zonis saxuravs da asrulebs dasawnexi durdos mimRebi sarqvlis rols. yve-

laze qveda baloni (7) warmoadgens dawnexis zonis Zirs da asrulebs dawnexis 

Sedegad darCenili WaWis gamomSvebi sarqvlis rols. danarCeni oTxi baloni (3, 4, 

5, 6) erTnairia, SedarebiT ganieria da asrulebs durdos dawnexis funqcias. 

yvela baloni erTnairi diametrisaa da Casmulia korpusSi, romelic Sedgeba 

Siga perforirebuli (8) da gare mTliani (9) kedlebisagan, romelTa Soris datove-

bulia nawnexi wvenis mimRebi arxi (10). aRniSnuli arxi aRWurvilia erTi an ramdenime 

milyeliT, romelTa daniSnulebaa nawnexi wvenis gamoyvana.  

korpusis Tavze ganlagebulia dasawnexi durdos mimRebi bunkeri (12) ise, rom 

misi gamavali kveTi mTlianad ifareba yvelaze zeda balonis (2) gabervis SemTxve-

vaSi. 

vertikaluri milis (1) SigniT ganlagebulia haeris mimyvani milebis sistema 

(13), romelic uzrunvelyofs (sxva balonebisagan damoukideblad) yovel balonSi 

sasurveli wneviT haeris miwodebas an amotumbvas saWiro momentSi. amisaTvis aR-

niSnuli milebis sistema dakavSirebulia kompresorebTan, vakuum-tumboebTan da 

Sesabamis resiverebTan, romlebic uzrunvelyofs balonebSi sasurveli wnevis ar-

sebobas. magaliTad, me-(3) balonSi maqsimaluri wneva Seadgens 0,2 megpa-s, balonSi 

(4) – 0,4 mmegpa-s, xolo qveda balonebSi (5 da 6) _ 0,6 megpa-s. Tumca, saWiroebis 

SemTxvevaSi, teqnologiuri moTxovnebidan gamomdinare, aRniSnul balonebSi wnevebi 

SeiZleba gansxvavebuli iyos. rac Seexeba yvelaze zeda (2) da yvelaze qveda (7) 

balonebs, aq wneva maqsimaluri unda iyos, raTa ukeTesad Sesruldes sarqvlis 

funqcia da ar moxdes arasasurvel dros dasawnexi durdos CaRvra dasawnex zonaSi 

an gamonawnexi WaWis gamoyvana mowyobilobidan. mezobel balonebs Soris, aseve zeda 

balonis (2) Tavze da qveda balonis qveS vertikalur milze daduRebulia uJangavi 

foladisagan damzadebuli wriuli firfitebi (14), romelTa daniSnulebaa balo-

nebis RerZuli mimarTulebiT gabervis Tavidan acileba. es firfitebi uzrunvel-

yofs yoveli balonis gabervas mxolod radialuri mimarTulebiT. 

mowyobiloba muSaobs Semdegi principiT: 

muSaobis dawyebis win yvela balonSi miwodebulia SekemSuli haeri, ris Sedegad 

maTi periferiuli nawili mibrjenilia korpusis Siga perforirebul kedelze (8). 

dasawnexi masa (durdo) CaitvirTeba bunkerSi (12), romlis Zirs am SemTxvevaSi 

warmoadgens maqsimalurad gaSlili yvelaze zeda baloni (2). iwyeba haeris amo-

tumbva erTdroulad yvelaze zeda (2) da mis qveS ganlagebuli damwnexi (3) balo-

nebidan. amis Sedegad aRniSnuli balonebis diametri mcirdeba, maTi periferiuli 

nawilebi scildeba korpusis Siga kedels da am nawilSi zevidan CamoiRvreba da-

sawnexi durdo. yvelaze zeda balonSi (2) swrafad miewodeba SekumSuli haeri da 

igi ubrundeba sawyis mdebareobas, kvlav gadaketavs bunkeris (12) Zirs da gawyvets 

kavSirs bunkersa da korpuss Soris. balonSi (3) ki neli siCqariT TandaTan miewo-

deba haeri damwnexi wneviT (0,2 megpa), rac ganapirobebs balonebsa (2, 4 da 3) da 

perforirebul kedels (8) Soris sivrceSi moqceuli masis dawnexas. gamodevnili 

wveni perforaciis gavliT Caedineba arxSi (10), saidanac gamoedineba milyelebis (11) 
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saSualebiT. ukve nawnexi masa ki sawyisi wnevis (0,2 megpa) pirobebSi rCeba zemo-

aRniSnul sivrceSi.  

amis Semdeg xdeba haeris swrafi gamodevna mezobeli (3 da 4) balonebidan, rac 

ganapirobebs maT SekumSvas da balonebsa da perforirebul kedels (8) Soris RreCos 

gaCenas. am RreCoSi simZimis Zalis gavleniT zevidan qveviT mimdinanerobs aRniSnuli 

nawnexi masis CamotvirTva. balonSi (3) swrafad miewodeba haeri da xdeba misi peri-

feriuli nawilis kvlav Sexeba perforirebul zedapirTan (8). balonSi (4) ki nela 

miewodeba haeri damwnexi wneviT (0,4 megpa), rac ganapirobebs balonebs (3, 5 da 4) da 

perforirebul kelels (8) Soris warmoqmnil sivrceSi moqceuli durdos ganme-

orebiT dawnexas (am SemTxvevaSi gadidebuli wnevis 0,4 megpa-is pirobebSi). gamoyo-

fili wveni perforirebuli kedlis (8) gavliT gadadis arxSi (10), saidanac gamoe-

dineba milyelebis (11) saSualebiT. 

ukve orjer dawnexili durdo balonebis (4 da 5) SekumSvis Sedegad Camoitvir-

Teba perforirebul kedelsa (8) da balonebs (4, 6 da 5) Soris arsebul sivrceSi 

da balonSi (5) miwodebuli damwnexi wnevis (0,6 megpa) gavleniT ganicdis mesamejer 

dawnexas. am dros balonSi (4) ukve maRali wnevaa miwodebuli da mas gadaketili 

aqvs sivrce. amitom SesaZlebeli xdeba balonis (3) mier bunkeridan (12) axlad miwo-

debuli masis (durdos) dawnexa. es procesi iseve mimdinareobs, rogorc zemoTaa 

aRwerili. 

balonis (5) mier dawnexis Sesrulebis Semdeg haeri swrafad gamoidevneba ba-

lonebidan (5 da 6), ris Sedegadac ukve samjer dawnexili masa Camodis ufro qveviT 

da balonSi (5) swrafad miwodebuli haeris zemoqmedebiT am ukanasknelis perife-

riuli nawilis perforirebul kedelTan (8) Sexebis Semdeg aRmoCndeba balonebsa 

(5, 7 da 6) da perforirebul kedels (8) Soris warmoqmnil sivrceSi. am SemTxvevaSic 

haeri swrafad miewodeba balonSi (5) da misi perforirebuli nawilis mier kedlis 

(8) gadaketvis Semdeg balonSi (6) haeri miewodeba dawnexisaTvis saWiro wneviT (0,6 

megpa) da iwyeba masis meoTxejer dawnexa.  

dawnexis dasrulebis Semdeg haeri gamoitumbeba balonebidan (6 da 7) da iwyeba 

ukve mTlianad wvengamoclili masis (mSrali WaWis) mowyobilobidan gamotvirTva. 

ase rom, dasawnexi masis gadaadgileba xorcieldeba mowyobilobaSi zevidan qveviT 

ori mezobeli balonidan erTdroulad haeris swrafi gamotumbvis Sedegad. amis 

Semdeg aRniSnuli ori balonidan zeviT myof balons aseve swrafad miewodeba haeri, 

xolo meore (qveviT myof) balonSi xdeba haeris SedarebiT ufro neli miwodeba 

dawnexis ganxorcielebis mizniT. amasTan, mowyobilobis nedleuliT Sevsebis Semdeg 

zevidan mesame damwnex balonSi (5) muSa procesis dawyebasTan erTad ukve iqmneba 

yvelaze maRla myofi balonis (3) mier muSa procesis ganxorcielebis SesaZlebloba. 

amis Semdeg muSa procesi uwyvetad mimdinareobs im pirobiT, rom yvelaze zeda 

baloni dawnexas iwyebs zevidan mesame balonis paralelurad. 

rogorc vxedavT, warmodgenil konstruqciaSi dasawnexi nedleuli gadaadgi-

ldeba zevidan qveviT. yvelaze zeda (pirvel) seqciaSi miwodebuli durdo dawnexis 

Semdeg TviTdinebiT Camodis qveda (meore) seqciaSi, sadac ufro meti ZaliT dawnexis 

Semdeg Camoedineba kidev ufro qveviT ganlagebul (mesame) seqciaSi. yvelaze qveda 

seqciaSi saboloo ZaliT (0,6 megpa) dawnexili da, praqtikulad, wvengamoclili masa 

gamoitvirTeba mowyobilobidan. amasTan, yvelaze zeda seqciaSi durdos miwodebis 

ganaxleba xdeba maSin, rodesac sawyisi (pirvelad miwodebuli) masa Camodis mesame 

seqciaSi. Sesabamisad, mowyobilobis muSaobisas daWyletis procesi mimdinareobs 
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erTdroulad yvela seqciaSi, rac mniSvnelovnad zrdis mowyobilobis mwarmoeb-

lurobas. 

warmodgenil konstruqciaSi gasaberi cilindri Sesrulebulia calkeuli ba-

lonebis saxiT. mcire zomisa da moculobis mqone balonebSi wnevis misaRebad haeris 

saWiro raodenobac, Sesabamisad, mcirea. marTalia, calkeuli balonebis saxiT ga-

saberi cilindris damzadeba da haeriT momarageba garkveul konstruqciul sirTu-

leebTanaa dakavSirebuli, magram aseTi konstruqciuli gadawyveta mniSvnelovnad 

aumjobesebs mowyobilobis muSaobas da xels uwyobs mwarmoeblurobis gazrdas. 

axal mowyobilobaSi dasawnexi durdos zevidan (bunkeridan) miwodeba, am masis 

zevidan qveviT TandaTanobiT gadaadgileba (rasac Tan sdevs masis gadaCeCva), sxva-

dasxva seqciaSi gansxvavebuli (optimaluri) wneviT dawnexa da gamowuruli WaWis 

mowyobilobidan gamotvirTva xorcieldeba mezobel seqciebSi arsebul gasaber ba-

lonebSi haeris perioduli miwodebisa da amotumbvis xarjze, rac sruldeba ada-

mianis Carevis gareSe. amitom warmodgenili mowyobiloba uzrunvelyofs SromiTi 

danaxarjebis mniSvnelovnad Semcirebas da procesis avtomatizaciis SesaZle-

blobas. 
 

daskvna 

amrigad, durdos sawnexi mowyobilobis warmodgenil konstruqciaSi nedleuli 

gadaadgildeba zevidan qveviT da am dros ganicdis erTmaneTis miyolebiT ganla-
gebul sxvadasxva seqciaSi dawnexas optimaluri parametrebis pirobebSi. damwnex 

pnevmatikur balonebSi sasurveli wneva winaswaraa dadgenili da wnexis muSaobis 

procesSi mis cvlilebas ar saWiroebs. es aumjobesebs mowyobilobis momsaxurebis 

pirobebs, zrdis mis mwarmoeblurobas, amaRlebs dawnexis Sedegad gamoyofili  
wvenis xarisxs da qmnis mowyobilobis kompleqsuri meqanizaciisa da avtomatizaciis 

SesaZleblobas. 
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NEW TECNOLOGIES 
 

GRAPE MUST PNEUMATIC PRESS 

G. Goletiani, Z. Lazarashvili, T. Isakadze, G. Gugulashvili 

(Georgian Technical University) 
 

Resume. Grape must pressing devices in wine production are discussed. It should be noted that in terms 
of maintaining the quality of the grape juice released during the pressing process, even the best pneumatic 
presses are characterized by certain disadvantages. 

The paper presents the principle scheme of the new pneumatic press for grape must, which provides 
increased productivity, simplified service, and improved mechanization and automation capabilities. 

 
 Keywords: grapes juice; must; pneumatic press; productivity. 
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kvebis mrewveloba 

 

 

yurZnis klertisa da saduRari WurWlis gavlena Rvinis xarisxze 

nugzar baRaTuria, mariam lolaZe, gega baRaTuria 

(saqarTvelos teqnikuri universitetis kvebis mrewvelobis samecniero-kvleviTi 

instituti) 

 

reziume: gamokvleulia yurZnis klertisa da saduRari WurWlis (qvevri, miwis-
zeda saduRari WurWeli) gavlena sufris Rvinis qimiur Sedgenilobasa da orga-
noleptikur maCveneblebze. naCvenebia, rom klerti uaryofiT gavlenas axdens mza 

produqciis xarisxze. warmodgenilia eqsperimentuli masalebi, romelTa Sesabami-
sad kaxuri da imeruli tipis Rvino SeiZleba damzaddes rogorc qvevrSi, ise miwis-
zeda saduRar WurWelSi. 

 

sakvanZo sityvebi: klerti; saduRari WurWeli. 

 

Sesavali 

safrangeTSi sakoniake Rvinomasalis misaRebad gadarCeul kargi xarisxis yur-
Zens mokrefisTanave Wyleten rac SeiZleba frTxilad, raTa wipwa da klerti ar 

daziandes da tkbils ar Seerios wipwisa da klertis wveni. daWyletil masas 1 sT-

iT haerze aCereben WaWis fermentaciisaTvis, Semdeg nel-nela 8 sT-s xelis wnexiT 

wnexen, bolos aureven da isev wnexen 10_12 sT-is ganmavlobaSi. miRebul tkbils 

aduReben uWaWod, daduRebisTanave leqidan moxsnian da gamoxdian. 

kaliforniaSi sakoniake Rvinomasalis misaRebad yurZens Wyleten, klerts ac-
lian da tkbils yurZnis kanze aduReben safuvris wminda kulturis damatebiT.  

saqarTveloSi qvevris Rvinis dayenebisas tradiciulad iyenebdnen klertian 

durdos. bolo dros Catarebuli gamokvlevebiT dadginda, rom klerti uaryofiT 

gavlenas axdens wiTeli Rvinis xarisxze.AamasTan, gamoiTqva azri imis Sesaxeb, rom 

kaxuri tipis TeTri Rvinis warmoeba klertis gamoyenebis gareSe warmoudgenelia, 

rom swored klerti ganapirobebs kaxuri tipis Rvinis organoleptikur maCveneblebs. 

am mosazrebis avtorebs Tavisi mtkicebis dasadastureblad aranairi eqsperimentuli 

monacemebi ar warmoudgeniaT. 
 
 
ZiriTadi nawili 

 1-li cxrilis monacemebidan Cans, rom klerti uaryofiT gavlenas axdens ka-
xuri wesiT damzadebuli saferavis jiSis yurZnisagan miRebuli Rvinis xarisxze.  
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cxrili 1 

saferavis jiSis yurZnisagan miRebuli mSrali Rvinis 

fizikur-qimiuri maCveneblebi 

 alkoholuri duRilis pirobebi 

 

 

 maCveneblebi 

 

klert-

gaclil 

durdoze 

 

klerte-

bian 

dur- 

doze 

gaormagebu-

li raode-

nobis kler- 

tebian dur- 

doze 
 

gaormage-

buli rao-

denobis 

durdoze  

simkvrive 20 0С 0,9939 0,9942 0,9950 0,9960 

simagre, moc., % - 11,9 11,0 10,5 

aqroladi mJavianoba, g/l 0,27 0,27 0,33 0,65 

titruli mJavianoba, g/l 7,8 7,7 - 7,6 

Rvinis mJava, g/l 2,80 2,64 2,57 2,20 

Saqari, g/l 0,34 0,72 1,05 0,68 

tanini, g/l 2,87 3,53 3,64 3,00 

glicerini, g/l 6,85 7,35 6,99 7,17 

eqstraqti, g/l 26,04 27,4 28,2 28,15 

nacari, g/l 2,46 2,64 3,18 3,37 

nacris tutianoba, ml.eqv. 100 

ml Rvinoze 
3,18 2,88 4,02 3,78 

organoleptikuri  

Sefaseba, bali 
7,6 7,5 7,0 7,6 

 K 
klerti aseve uaryofiT gavlenas axdens imeruli tipis TeTri Rvinis xarisx-

zec, razedac metyvelebs me-2 cxrilis monacemebi. kerZod, klertis gareSe damza-

debuli imeruli tipis Rvino Seicavs naklebi raodenobis fenolur naerTebs, mo-

nomerul flavonoidebs. klertze damzadebuli Rvino SedarebiT ufro gamdidre-

bulia azotovani nivTierebebiT. yovelive amis Sedegad, klertis gareSe damzade-

bulma imeruli tipis Rvinom miiRo ufro maRali sadegustacio Sefaseba klertiT 

damzadebul RvinosTan SedarebiT. 
cxrili 2 

klertis gavlena colikouris jiSis yurZnisagan miRebuli  

imeruli tipis Rvinis xarisxze 

  

 maCveneblebi 

cdis varianti 

imeruli tipis 

Rvinis dayeneba 

klertis gareSe 

imeruli tipis 

Rvinis dayeneba 

klertiT 

Ffenoluri nivTierebebis jami, mg/l 1248 1314 

Mmonomeruli flavonoidebi, mg/l 689,1 715,8 

LleikoanTocianebi, mg/l 722,3 770,2 

Kkateqinebi, mg/l 149,2 150,8 

Gglicerini, mg/l 6,6 6,9 
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me-3 cxriliis monacemebidan Cans, rom kaxuri wesiT yurZnis gadamuSavebisas 

(imave temperaturul pirobebSi, rogoric qvevrSi) orive SemTxvevaSi miiReba erTnairi 

xarisxis Rvino. maSasadame, gadamwyveti mniSvneloba kaxuri tipis Rvinis damzadebisas 

aqvs ara saduRar WurWels, aramed yurZnis gadamuSavebis xerxs. amasTan, unda aRini-

Snos, rom kateqinebis raodenoba orive nimuSSi daaxloebiT erTi da igivea. 
cxrili 3 

rqawiTelis Rvinomasalis qimiuri Sedgeniloba 

Rvinis sxvadasxva WurWelSi kaxuri wesiT dayenebisas 

me-4 cxrilis monacemebidan Cans, rom daduRebuli Rvinis Semdgomi Senaxvisas 

rogorc klertze daduRebul, ise uklertod daduRebul RvinoebSi mniSvnelovnad 

Aazoti, mg/l: -   - 

saerTo 204 222 

aminuri 95,8 90 

cilis 38,3 48,3 

sadegustacio Sefaseba, bali 8,2 7,7 

cdis 
varianti 

 

Qqimiuri 
maCveneblebi 

 

dakvirvebis vadebi 

Semcvelo- 
ba sawyis 
nedleul-
Si 

Semcveloba 
Rvinomasala- 
Si, duRilis 
dasrulebis 
Semdeg 

Semcveloba 
RvinomasalaSi,  
misi durdoze 
dayovnebis Semdeg 

3 Tvis 
ganmav-
lobaSi 

5 Tvis 
ganmav- 
lobaSi 

tkbilis 
durdoze 
daduReba da 
Rvinomasalis 
Termosadu-
RarSi 
durdoze 
dayovneba 

fenoluri nivTi-
erebebis jami, 
mg/l 

 
3640 
 

3070 2680 2640 

leikoanTociane-
bi, mg/l 

2419 2010 1570 1445 

monomerebi, mg/l 2275 1787 1325 1244 

saerTo 
eqstraqti, g/l 

 
- 

21,5 22,0 21,7 

Saqari, % 19,9 2,47 - 0,25 

spirti, moc. % - 10,88 -  11,3 

titruli mJavebi, 
g/l 

6,66 6,50 6,31 6,04 

РН 3,68 3,65 3,61 3,58 

tkbilis 
durdoze 
daduReba da 
masze 
Rvinomasa-
lis Semdgomi 
dayovneba  
qvevrSi 

fenoluri 
nivTierebebis 
jami, mg/l 

 
3640 
 

2990 
 

2710 
 

 
2590 
 

saerTo 
eqstraqti, g/l 

- 21,4 21,8 21,3 

Saqari, % 19,9 1,68 - 0,21 

spirti, moc., % - 10,9 - 11,4 

titruli mJavebi, 
g/l 

6,66 6,52 6,26 5,92 

РН 3,68 3,64 3,60 3,56 
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mcirdeba ZiriTadi komponentebis Semcveloba. kerZod, fenoluri naerTebis saerTo 

raodenoba uklertod daduRebul RvinoSi mcirdeba 15 %-iT, klertiT daduRebulSi 

_ 26 %-iT, monomeruli flavonoidebis Semcveloba uklertod daduRebulSi _ 39 

%-iT, klertiT daduRebulSi _ 24 %-iT da a.S. gansakuTrebiT didi fenoluri dana-

kargebia kateqinebis SemcvelobaSi (uklertod daduRebulSi _ 98 %, klertiT da-

duRebulSi _ 74 %). 

cxrili 4 

kaxuri tipis Rvinis qimiuri Sedgenilobis cvlilebebi  

erTwliani Senaxvis Semdeg 

 
me-5 cxrilSi naCvenebia saduRari WurWlis gavlena colikouris jiSis yur-

Znisagan miRebuli imeruli tipis Rvinis xarisxze. kvlevis Sedegebis analizma cxad-

yo, rom erTi da imave raodenobis (5 %) WaWis damatebisas ufro kargi Sedegi iqna 

miRebuli Rvinis qvevrSi daduRebisas, vidre miwiszeda saduRar WurWelSi dadu-

M 

 

maCveneblis 

dasaxeleba 

cdis varianti 

uklertod daduRebuli 

Rvino 

klertiT daduRebuli Rvino 

axlad 

damzade-

buli  

erTwli-

ani Sena-

xvis Sem-

deg 

kleba, 

 % 

axlad 

damzade-

buli  

erTwli-

ani Sena-

xvis Sem- 

deg 

kleba, 

% 

saerTo fenolebi, 

mg/l 

1624 1384 15 1962 1444 26 

monomeruli 

flavonoidebi, 

mg/l 

516 316 39 741 564 24 

leikoanTocianebi, 

mg/l 

707 588 17 834 710 15 

kateqinebi, mg/l 385 15 98 186 48 74 

eqstraqti, g/l 20,5 19,2 16 21,3 20,5 4 

saerTo azoti, mg/l 280 265 5 292 271 7 

aminuri azoti, 

mg/l 

123 120 2 138 132 4 

cilis azoti, mg/l 28 24 13 20 16 20 

aldehidebi, mg/l - 36,4  - 38,3  

acetalebi, mg/l - 16,1  - 15,8  

saerTo eTerebi, 

mg/l 

- 364  - 384  

glicerini, g/l 7,9 7,8 1 7,9 7,8 1 

simagre, moc.% 11,3 11,1 2 11,2 11,0  

titruli 

mJavianoba, g/l 

5,8 5,5 5 5,9 5,6 2 

aqroladi 

mjavianoba, g/l 

0,47 0,72 mateba, 

% 53 

0,45 0,79 mateba, 

% 75 
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Rebis dros, rac, savaraudod, gamowveuli unda iyos imiT, rom miwiszeda saduRar 

WurWelSi duRilis temperatura ar regulirdeboda, maSin rodesac, miwaSi Caflul 

qvevrSi metnaklebad SenarCunebuli iyo mudmivi temperaturaturuli reJimi.  
cxrili 5 

saduRari WurWlis gavlena colikouris jiSis yurZnisagan  

miRebuli imeruli tipis Rvinis xarisxze 

 
 
daskvna 

klerti uaryofiT gavlenas axdens Rvinoze yurZnis rogorc kaxuri, aseve 

imeruli meTodiT gadamuSavebisas. im SemTxvevaSi, Tu miwiszeda sadurar WurWelSi 

aris temperaturis regulirebis SesaZlebloba, masSi SeiZleba damzaddes maRali 

xarisxis rogorc kaxuri, ise imeruli tipis Rvinoebi. 
 

literatura _  R E F E R E N C E S   
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maCveneblebi 

cdis varianti 

Rvinis daye- 

neba WaWaze 

uklertod 

qvevrSi (da- 

matebuli 

WaWis rao- 

denoba (5 %) 

Rvinis dayeneba WaWaze uklertod 

miwiszeda saduRar WurWelSi 

(damatebuli WaWis raodenoba, %) 

 

4 

 

5 

 

6 

 

7 

fenoluri nivTiere-

bebis jami, mg/l 

1105 945 1078 1248 1368 

monomeruli flavo-

noidebi, mg/l 

580 510,4 617 689,1 734,2 

leikoanTocianebi, 

mg/l 

678,5 625,4 670,2 722,3 784,8 

kateqinebi, mg/l 108,5 102,8 124,7 149,2 168,9 

glicerini, mg/l 6,1 6,5 6,6 6,6 6,8 

azoti, mg/l:      

saerTo 192 175 182 204 215 

aminuri 80,9 84,2 88,4 95,8 92,3 

cilis 25,2 29,4 34,5 38,3 44,2 

sadegustacio 

Sefaseba, bali 

8,1 7,8 7,9 8,2 7,8 
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FOOD INDUSTRY 
 

THE EFFECT OF GRAPE RACHIS AND FERMENTATION TANKS ON WINE 
QUALITY 

N. Bagaturia, M. Loladze, G. Bagaturia 

(Research Institute of Food Industry of the Georgian Technical University) 
 

Resume. The effect of the grape rachis and fermentation tank (kvevri, elevated thermo broom) on the 
chemical composition and organoleptic properties of table wines was investigated. It is shown that the grape 
rachis have a negative impact on the quality of the finished product. Experimental data are also presented, 
according to which both the Kakhetian and Imeretian types of table wines can be made both in earthenware 
jugs (kvevri) buried in the ground, and in above-ground thermal separators. 

 
 Keywords: combs; fermentation tanks. 
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kvebis mrewveloba 

 

 

yurZnis gadamuSavebis xerxis gavlena Rvinisa da Rvinis  
distilatis xarisxze 

mariam lolaZe, nugzar baRaTuria  

(saqarTvelos teqnikuri universitetis kvebis mrewvelobis samecniero-kvleviTi 

instituti) 

 

reziume: gamokvleulia kaxuri, imeruli da evropuli tipis Rvinoebisa da maT-
gan miRebuli Rvinis distilatebis qimiuri Sedgeniloba da organoleptikuri maC-
veneblebi. dadgenilia, rom imeruli tipis rogorc Rvinomasalam, aseve misgan warmo-
ebulma Rvinis distilatma miiRo ufro maRali sadegustacio Sefaseba. 

 

sakvanZo sityvebi: Rvino; Rvinis distilatebi. 

 

Sesavali 

1989 wels miRebulma saqarTvelos kanonma `vazisa da Rvinis Sesaxeb~ akrZala 

terminis ̀ qarTuli koniaki~ gamoyenebis SesaZlebloba da qarTveli mewarmeebi aiZula 

termini `qarTuli koniakis“ nacvlad gamoeyenebinaT dasaxeleba `qarTuli brendi~. 

qarTuli sasmelebis ZiriTad bazrebze ar scnes es dasaxeleba, radganac brendi 

ganekuTvneba dabali xarisxis sasmelebsis kategorias. 

amasTan dakavSirebiT saqarTvelos kvebis mrewvelobis samecniero-kvleviTi ins-
titutis iniciativiT kanonSi “vazisa da Rvinis Sesaxeb” Setanil iqna cvlilebebi 

qarTuli WaWis aryis ganmartebaSi. am ganmartebis mixedviT qarTuli WaWis arayi 

SeiZleba damzaddes rogorc yurZnis gadamuSavebis narCenebisagan (magaliTad, WaWi-
sagan), aseve kaxuri tipis Rvinisagan, romelic miiReba tkbilis WaWaze daduRebiT. 

amiT qarTuli WaWis arayi Tavisi xarisxiT dauaxlovda koniaks, romelic, rogorc 

wesi, miiReba evropuli tipis Rvinisagan, anu yurZnis tkbilis uWaWod daduRebuli 

Rvinis gamoxdiTa da miRebuli distilatis muxis tkeCze Semdgomi davargebiT. Uunda 

aRiniSnos isic, rom mTel rig qveynebSi koniakic aseve WaWaze daduRebuli Rvi-
nomasalebis gamoxdiT miiReba. 

winamdebare naSromSi warmodgenilia qvevrSi dayenebuli kaxuri, imeruli da 

evropuli tipis Rvinoebisa da maTgan miRebuli distilatebis qimiuri Sedgenilobebi.  

aqve SevniSnavT, rom kaxuri tipis Rvino miiReba yurZnis klertgaclili sruli 

durdos daduRebiT, xolo kolxuri, anu imeruli tipis Rvinis damzadebisas duRilis 

dawyebis win tkbilSi umateben umniSvnelo raodenobis (5_6 %) WaWas, evropuli tipis 

Rvinis misaRebad ki axdenen tkbilis uWaWod daduRebas. K 

uWaWod daduRebuli Rvinis distilatisagan miRebul yurZniseuli warmoSobis 

alkoholian sasmels uwodeben koniaks, kaxuri tipis Rvinisa da imeruli tipis Rvi-
nisagan miRebul alkoholian sasmelebs _ WaWis aryebs, radganac isini WaWis gamo-
yenebiTaa damzadebuli. miT ufro, rom WaWis arays (grapas) italielebi am dasa-
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xelebis produqciis asortimentis gafarToebis mizniT aseve eZaxian, magaliTad, mo-
cvis wvenSereul WaWis araysac. 

 
 

ZiriTadi nawili 

Rvinomasalis miRebis teqnologiuri wesis gavlenis dasadgenad axali tipis 

WaWis arayze, rogorc aRvniSneT, gamokvleuli iyo yurZnis gadamuSavebis evro-
puli, imeruli da kaxuri wesiT miRebuli Rvinomasalebi da maTgan damzadebuli 

Rvinis distilatebi. kaxuri da imeruli wesiT dayenebuli Rvinis gamoxdis Sedegad 

miRebul sasmelebs vuwodeT WaWis arayi, evropulidan miRebuls – koniaki. 
1-l cxrilSi mocemulia kaxuri, imeruli da evropuli tipis Rvinoebis qimiuri 

Sedgenilobebi. warmodgenili monacemebis analizi cxadyofs, rom tkbilis uWaWod 

daduRebuli evropuli tipis Rvinoebi gacilebiT naklebi raodenobiT Seicavs eqs-
trqtul nivTierebebs da maT Soris tanins. evropuli tipis RvinoebSi Aaseve mcire 

raodenobiTaa acetalebi, meTilis spirti da saerTo azotovani nivTierebebi.  
WaWaze daduRebuli imeruli da kaxuri tipis Rvinoebi evropulTan SedarebiT 

meti raodenobiT Seicavs acetalebs; amasTan, imeruli Rvinoebi gamdidrebulia ra-
xis zeTebiT. 

cxrili 1 

kaxuri, imeruli da evropuli tipis  
Rvinoebis qimiuri Sedgeniloba 

 

  

maCveneblebi 

  

Rvinomasalis damzadebis xerxi 

evropuli imeruli kaxuri 

kuTri wona 20 0С-ze 0,9929 0,9939 0,9961 

eTilis spirtis Semcveloba, moc. % 11,9 12,1 11,9 

aqroladi mJavebi, g/l 0,840 0,873 0,571 

saerTo mJavebi, mg/l 5,816 5,600 6,230 

Rvinis mJava, g/l 3,45 3,15 3,72 

tanini, mg/l 600,0 990,0 1050.0 

aqroladi eTerebi, mg/l 93,6 79,2 158,4 

eqstraqti, mg/l 17330,0 18310,0 21310,0 

aldehidebi, mg/l 32,56 26,40 53,68 

acetalebi, mg/l 12,44 14,16 25,96 

saerTo azoti, mg/l 175,6 226,2 275,1 

cilis azoti, mg/l 17,3 18,3 19,1 

meTilis spirti, mg/l 65,5 117,2 194,0 

acetaldehidi, mg/l 56,7 13,5 27,0 

eTilacetati, mg/l 230,0 196,0 234,0 

pH 3,28 3,25 3,42 

n-propilis spirti, mg/l 24,4 25,5 57,1 

izobuTilis spirti, mg/l 83,0 71,7 44,7 

izoamilis spirti, mg/l 284,2 268, 6 206,4 

raxis zeTebi (umaRlesi spirtebi), g/l 391,6 365,8 308,2 

sadegustacio Sefaseba, bali 7,5 7,7 7,5 
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garkveuli kanonzomierebebi SeimCneva aseve aRniSnuli tipis Rvinoebisagan mi-

Rebuli Rvinis distilatebis qimiur SedgenilobebSic (cxrili 2). kerZod, evropuli 

tipis Rvinis distilatebi ufro metad saerTo mJavebiTa da acetalebiTaa gamdid-

rebuli. WaWaze daduRebuli imeruli da kaxuri tipis Rvinoebis distilatebi 

evropulTan SedarebiT ufro met saerTo eTerebs Seicavs, masSi gacilebiT meti 

raodenobiTaa warmodgenili eTilacetati da meTilis spirti. 

WaWis monawileobiT daduRebuli Rvinomasalebis distilatebis erTmaneTTan 

Sedarebam daadastura, rom imeruli tipis Rvinis distilati ufro aldehidebiT, 

eTilacetatiT, umaRlesi spirtebiTaa gamdidrebuli. Kkaxuri tipis Rvino gamoirCeva 

saerTo mJavebis, saerTo eTerebis, aqroladi eTerebis, meTilis spirtis maRali 

SemcvelobiT.  

 cxrili 2 

 Rvinis dayenebis xerxis gavlena Rvinis axlad gamoxdili  

 distilatis qimiur Sedgenilobaze 

 

saerTo jamSi, imeruli tipis rogorc Rvinomasalam, aseve misgan miRebulma 

Rvinis distilatma miiRo ufro maRali sadegustacio Sefaseba danarCen or ni-

muSTan SedarebiT. 
 

 

 

maCveneblebi 

Rvinomasalis damzadebis xerxi 

 evropuli  imeruli  kaxuri 

eTilis spirtis 

Semcveloba, moc. % 

 

65,1 

 

70,7 

 

67,7 

aqroladi mJavebi, g/l 0,089 0,067 0,089 

saerTo mJavebi, mg/l 123,35 61,67 112,14 

saerTo eTerebi, g/l 131,61 139,85 148,00 

aldehidebi, mg/l 29,48 34,32 26,40 

aqroladi eTerebi, mg/l 93,6 79,2 158,4 

acetalebi, mg/l 24,22 18,35 19,50 

acetaldehidi, mg/l 63,0 72,0 74,5 

eTilacetati, mg/l 31,6 163,2 80,0 

meTilis spirti, mg/l 249,6 374,4 729,3 

n-propilis spirti, mg/l 154,4 204,6 275,9 

izobuTilis spirti, mg/l 345,0 404,0 217,0 

izoamilis spirti, mg/l 1267,2 1468,8 1195,2 

raxis zeTebi (umaRlesi 

spirtebi), mg/l 

1766,6 2077,4 1688,1 

pH 4,90 4,95 3,97 

sadegustacio Sefaseba, 

bali 

7,72 7,90 7,70 
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daskvna 

Rvinis dayenebis xerxi (evropuli, imeruli, kaxuri) mniSvnelovan gavlenas ax-
dens Rvinis Sedgenilobaze. Tavis mxriv, Rvinis Sedgeniloba ganapirobebs misgan 

gamoxdili Rvinis distilatis xarisxsac. saukeTeso Sedegi miiReba yurZnis imeruli 

wesiT gadamuSavebisas. 
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FOOD INDUSTRY 
 

THE INFLUENCE OF THE METHOD OF PROCESSING GRAPES ON THE 
COMPOSITION AND QUALITY OF WINE DISTILLATE 

M. Loladze, N. Bagaturia 

(Research Institute of Food Industry of the Georgian Technical University) 
 

Resume. The chemical composition of Kakhetian, Imeretian and European wines and wine distilates 
obtained from them, as well as organoleptic properties have been studied. It was established that the highest 
tasting assessment was received by wine and wine distillate made from grapes processed by the Imeretian 
method (i.e., during the fermentation of the mash on the part of the pulp - 5-6% by weight of the pulp). 

 
 Keywords: wine; wine distillate. 
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rkinigzis transporti 

 

 

signalizaciis, centralizaciis, blokirbisa (scb) da 
kavSirgabmulobis mowyobilobebis ganviTarebis etapebis ganxilva 

merab CalaZe, Tengiz tabiZe, levan lomsaZe, mixeil grigoraSvili,  
giorgi CalaZe  

(saqarTvelos teqnikuri universiteti) 

 

reziume: naSromSi ganxilulia sarkinigzo signalizaciis, centralizaciisa da 

blokirebis mowyobilobebis (scb) meSveobiT transportis usafrTxoebis uzrunvel-
yofis sakiTxi. gaanalizebulia arsebuli sasignalo sistemebis daarsebis wina pi-
roba, maTi warmoSobis mizezebi da ganviTarebis ZiriTadi mimarTulebebi. garda 

amisa, mocemulia rkinigzis transportis moZraobis usafrTxoebisa da signaliza-
ciis uzrunvelyofis saSualebebSi maRali xarisxis gadasvlebis ZiriTadi etapebis 

daxasiaTeba. 

 

sakvanZo sityvebi: rkinigzis transporti; sadguris morige; sasignalo mowyo-
biloba; sasignalo sistemebi; semafori; SuqniSani. 

 

Sesavali 

amJamad rkinigza, saavtomobilo da sxva satransporto saSualebebisgan gansxva-
vebiT, gadaadgilebis SedarebiT usafrTxo da efeqturi saSualebaa, Tumca yovelTvis 

ase ar iyo. ukeTesobisken cvlilebebi erT RameSi ar momxdara. es uSualod rki-
nigzaze momuSave adamianebis mravali Taobis, maT Soris ucxoelebis, dauRalavi 

SemoqmedebiTi Sromis Sedegia.  

ras warmoadgens signalizaciis, centralizaciisa da blokirebis (scb) mow-
yobilobebi? _ es aris teqnikuri saSualebebis nakrebi, romelic gamoiyeneba mata-
reblebis moZraobis dasaregulireblad da usafrTxoebis uzrunvelsayofad (igu-
lisxmeba matareblebis Sejaxebis, relsebidan acdenis da sxva ubeduri SemTxvevebis 

an avariebis Tavidan acileba). rogorc cnobilia, scb-is sistemis istoria daiwyo 

1920 wels, rodesac satelefono da eleqtrokverTxis sistemebi ver akmayofilebda 

gaumjobesebuli rkinigzis moTxovnilebebs. pirveli, vinc SeimuSava regulaciebi 

rkinigzaze avtomaturi blokirebis gamoyenebis Sesaxeb, iyo profesori i. gordienko. 

man Seqmna oTxi seqciis sistema, ramac SesaZlebeli gaxada matareblebis gamta-
runarianobis gazrda. Semdeg ki ganviTarda eleqtruli signalizaciisa da dispet-
Ceruli centralizaciis sistemebis Sedgenis principebi.  

sainteresoa, rogori iyo mdgomareoba mgzavrTa masobrivi gadaadgilebisa da 

tvirTis gadazidvebis usafrTxoebis uzrunvelyofis kuTxiT, rodesac cxenosan da 

wylis (mdinaris) transports gamouCnda Rirseuli konkurenti _ rkinigza. 
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ZiriTadi nawili 

matareblebis usafrTxo moZraobis uzrunvelsayofad sul pirvelad 1836 wels 

iqna gamoyenebuli xmovani signali „carskoe selos“ rkinigzaze. orTqlmaval va-
gonebs aucileblad unda hqonoda zarebi an sxva ram mowyobiloba gamvlelebis 

gasafrTxileblad. zarebis xmas mcire manZilis diapazoni hqonda da Tanac mas 

Tavad orTqlmavlis xmauri axSobda. amitom gamoiyenes orTqlmavlis sastvenebi, 

romlebic bevrad ufro efeqturi iyo, radgan misi xma mravaljer aRemateboda zaris 

xmas, Tumca igi imdenad Semzaravi iyo, rom aravis moswonda. SemdgomSi sastvenis 

xma Secvales sayviris xmiT da datoves sarkinigzo lokomotivebSi. im periodSi 

matareblebis raodenoba imdenad mcire iyo da Tanac iseTi dabali siCqariT moZ-
raobdnen, rom es xmovani signalebi akmayofilebda moTxovnebs. magram male 

mdgomareoba Seicvala da saWiro gaxda rkinigzis liandagze safrTxesTan dakav-
Sirebuli gamafrTxilebeli mowyobilobebis dayeneba. Seiqmna pirveli optikuri 

(xiluli) signalebi TeTri burTebis saxiT, romlebsac marTavdnen “signalistebi” 

(liandagis darajebi) jalambarebze maTi aweviT. amis Semdeg, 1841-1842 wlebSi ga-
moCnda semaforebi, romelTa gamomgoneblad iTvleba ingliseli g. grigori. sema-
forebi iyo sxvadasxva formis (diskosebri, orfrTiani, samfrTiani) da warmoad-
genda svets, romelzec sxvadasxva feris „frTebi“ iyo mimagrebuli. es frTebi iwe-
oda maRla da eSveboda dabla an iyo horizontalur mdgomareobaSi meqanikuri 

amZravis saSualebiT, rac mianiSnebda memanqanes, daketili iyo Tu Ria gza matareb-
lisTvis. semaforebiT gadaicemoda Semdegi signalebi:  

• dRisiT semaforis frTa horizontalur mdgomareobaSi iyo, xolo RamiT enTo 

erTi wiTeli Suqi; rac niSnavda: „sdeq! gavla akrZalulia“ (nax. 1); 

 

 

nax. 1. sdeq! gavla akrZalulia  

• dRisiT semaforis frTa aweuli iyo 1350-iani kuTxiT, xolo RamiT enTo erTi 

mwvane Suqi, rac niSnavda: liandagi Tavisufalia da gavla nebadarTulia (nax. 2); 



90 
 

 
nax. 2. liandagi Tavisufalia 

• Sesasvlel semafors hqonda ori aweuli frTa, romlebic dRisiT aweuli iyo 

1350-iani kuTxiT, xolo RamiT enTo erTi mwvane da erTi yviTeli Suqi; rac imas 

niSnavda, rom matareblisaTvis nebadarTuli iyo svla sadgurisaken; amasTan, SeeZlo 

gverdiTa liandagze gadaxveva da sadgurze gaCereba (nax. 3).  
 

 

 nax. 3. nebadarTulia matareblis svla sadgurisken, gverdiTa  
liandagzე gadaxveva da sadgurze gaCereba 

 
yvelaze xSirad regulirdeboda sadguris Sesasvleli. cxadia, es dakavSire-

buli iyo isrebis Sesabamis mdgomareobaSi gadayvanasTan, rac imis SesaZleblobas 

iZleoda, rom nebadarTuli iyo matareblebi SeeyvanaT Sesabamis liandagze. isrebis 

gadayvana yvelgan xorcieldeboda meqanikurad (xeliT). sadguris teritoriaze Ses-
vlis Semdeg matarebeli TviTneburad ver gadadgildeboda sxva liandagze da Ta-
visTavad ver datovebda sadgurs. misi gaSveba SeeZlo mxolod sadguris morigis 

movaleobis Semsrulebels, e. i. kacs „wiTeli qudiT“. winaT es iyo sadguriSi „zaris 
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darekvis“ ceremonia, romelic sruldeboda samgzavro matareblebisaTvis. magali-
Tad, zaris pirveli darekva (erTxel darekili mokle zari) imas niSnavda, rom 

matareblis gamgzavrebamde darCenili iyo 5 wT, Semdegi (orjer darekili zari) _ 

darCa 2 wT da bolo (xangrZlivi zari) _ matarebeli unda gamgzavrebuliyo, rasac 

mohyveboda jer mTavari konduqtoris sastveni da Semdeg _ orTqlmavlis sastveni. 

sadguris morige, an misi TanaSemwe _ `signalisti~, yovelTvis gamodioda mata-
reblis gasacileblad.  

dro gadioda da XIX saukunis 70-ian wlebSi profesorma i. gordienkom Seqmna 

da danerga isrebisa da signalebis pirveli meqanikuri blokireba. sadguris sema-
forebs aseve daemata yviTeli gamafrTxilebeli diski, romelic mdebareobda sema-
foris win naxevari milis daSorebiT. yviTeli diskis danaxvisas memanqanem icoda, 

rom semafori daketili iyo da, Tu es disko ar Canda (anu yviTeli disko ido 

gverdulad kideze), maSin sadgurSi Sesasvleli semafori iyo Ria (gavlisaTvis 

nebadamrTveli signali) da mas SeeZlo sadgurSi Sesvla. sadguris gverdis avliT 

matareblis gadaadgilebisaTvis inglisSi, inJinerma henri vudsonma 1849 wels erT-
liandagian monakveTze, sadac iyo gvirabis monakveTi, Seiqmna pirveli kverTxuli 

sistema, romelic gvirabSi Sesvlis uflebas aZlevda matarebels. aRniSnul sis-
temas marTavda memanqane, romelic flobda erTaderT kverTx-gasaRebs am monakveTze, 

magram warmoiqmna sirTuleebi matareblebis erTi mimarTulebiT miyolebiT gagzav-
nisas. Semdeg, 1883 wlamde, matareblis moZraoba regulirdeboda mxolod tele-
grafiT (morzes kodis gamoyenebiT). telegrafis sistema iyo progresuli, magram 

arasando, radganac gaugebrobebis gamo mezobeli sadgurebis morigis movaleobis 

Semsrulebelma personalma ramdenjerme matareblebi erTmaneTis Semxvedri mimar-
TulebiT gagzavna, ramac avariuli SemTxvevebi gamoiwvia. 

kverTxul sistemas alternativa ar hqonda. misi gaaumjobesa SeZlo rusma 

rkinigzis muSakma daniil tregerma 1924 wels. man Seqmna eleqtrokverTxis aparati, 

romelmac damsaxurebuli aRiareba moipova mTel msoflioSi da daiwyo misi ma-
sobrivi warmoeba. sistemis funqcionirebisaTvis saWiro iyo mezobeli sadgurebis 

mowyobilobebis qselTan eleqtronulad dakavSireba. kverTx-gasaRebis amoReba mow-
yobilobidan SesaZlebeli iyo mxolod mezobeli sadguridan morigis (eleqtro-
nuli) Tanxmobis miRebis Semdeg. aman praqtikulad aRmofxvra matareblebis avari-
uli SemTxvevebi liandagis erTliandagian monakveTze Semxvedri mimarTulebiT moZ-
raobisas. 

amJamad, matareblebis moZraobis usafrTxoebis uzrunvelsayofad, saWiroa uf-
ro meti moTxovnilebebis dakmayofileba, radganac matareblebs aqvs gacilebiT 

didi siCqareebi da memanqaneebma ar ician ra eliT maT gzis ama Tu im monakveTebSi. 

Tanamedrove dispetCeruli centralizacia saSualebas aZlevs erT adamians akon-
trolos yvela sadguris signalebi da isrebi, romlebic Sedis dispetCerizaciis 

wreSi. es Tanamedrove mowyobilobebi saSualebas iZleva minimumamde iqnes dayvanili 

mosamzadebeli dro imisaTvis, rom matarebeli droulad iqnes sadguridan gamgzav-
rebuli. magaliTad, sadguris morige marTvis pultidan isrebis gadayvaniT amzadebs 

marSruts _ gezs matareblis sadguridan gasamgzavreblad. am dros Zalian izrdeba 

sadguris morigis pasuxismgebloba, romelic individualurad iRebs gadawyveti-
lebas da, ra Tqma unda, Sesabamisad izrdeba misi gonebrivi datvirTvac, amitom 

morigeebis janmrTelobis mdgomareobaze gansakuTrebuli kontrolia dawesebuli.  



92 
 

1980_1990-iani wlebis periodi cnobilia sarkinigzo centralizaciis mikropro-
cesoruli da kompiuteruli saSualebebis danergviT. mikroprocesoruli bazis ga-
Cenam gaaaqtiura axali sadgurebis sistemebis mSenebloba. pirveli scb-is sistema 

kompiuterebis gamoyenebiT aSenda SvedeTSi gotenburgis sadgurze (1975 w.). sistema 

Seiqmna Telefon ABLM Ericsson in Mölndal-is kompaniis mier da daefuZna realur droSi 

ori kompiuteris muSaobas. erTi kompiuteri iyo CarTuli, meore _ mzad iyo muSa 

procesisaTvis.  

kompiuteruli scb-is sistemis SemuSavebaSi monawileobda aseve kompaniebi: 

Ericsson (SvedeTi), SEL, SEG, Siemens (germania), Alcatel (safrangeTi), JNR (iaponia), DSI 
(dania). 

sarelso wredebi, rogorc yvelaze arasando da saSiSi scb-is mowyobilobebi, 

Seicvala mikroprocesorebze dafuZnebuli mowyobilobebiT liandagis monakveTebis 

monitoringisTvis, moZravi Semadgenlobis RerZebis daTvlis safuZvelze (Tumca am 

ukanasknelsac aqvs, Tavis mxriv, mTeli rigi naklovanebebi, kerZod, ar kontroldeba 

relsis simrTele); isrebis, signalebisa da gadasasvlelebis mowyobilobaTa marTva 

uzrunvelyofilia mikroprocesoruli obieqtebis kontrolerebiT. funqcionaluri 

da logikuri usafrTxoeba uzrunvelyofilia mravalarxiani saTadarigo struqtu-
ris samrewvelo kompiuterebis kontrolis safuZvelze. 
 

daskvna 

scb-is mowyobilobebis moqmedebiT sruldeba matareblebis moZraobis marTvis 

sistemebis moTxovnebi da aseve TviTdiagnostireba. scb-is sistema axorcielebs 

gadawyvetilebebis farTo speqtrs magistraluri rkinigzis, Cqarosnuli xazebis, 

samrewvelo rkinigzis, metrosa da msubuqi rkinigzis transportis sistemebisaTvis. 

aseT sistemas SeuZlia daakmayofilos nebismieri momxmareblis moTxovna da Seasru-
los yvela davaleba savele da sagvirabo mowyobilobebis usafrTxo kontroli-
saTvis sadgurebsa Tu gadasarbenebze.  

sistemis moqnili arqiteqtura sxvadasxva zomisa da konfiguraciis sadgurebi-
saTvis optimaluri gadawyvetilebis miRebis saSualebas iZleva.  

rkinigzisa da metropolitenis saeqspluatacio saqmianoba xasiaTdeba tvir-
Tebis gadazidvebisa da mgzavrTa gadayvanis xarisxis gazrdiT. aseTi mzardi moT-
xovnebi mudmivad cvlis usafrTxoebis sistemebisa da maTi formirebis principebs. 
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RAILWAY TRANSPORT 
 

DISCUSSION OF THE STAGES OF SIGNALIZATION CENTRALIZATION 
BLOCKING (SCB) AND COMMUNICATION DEVICES 

M. Chaladze, T. Tabidze, L. Lomsadze, M. Grigorashvili, G. Chaladze 

(Georgian Technical University) 
 

Resume. The issue of ensuring the safety of railway transport through signaling, centralization and 
blocking devices (SCB) is discussed. The establishment of the existing signaling systems, the reasons for their 
origin and the main directions of development were analyzed. The main stages of high-quality transitions in 
means of ensuring traffic safety and signaling in railway transport are mentioned. 

 
 Keywords: railway transport; semaphore; signaling equipment; signaling systems; station attendant; 

traffic light. 
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werilobiTiQmemkvidreobis dacva 

 

 

werilobiTi memkvidreobis konservacia-restavraciis sakiTxebi 

asmaT gvazava, revaz kldiaSvili  

(k. kekeliZis saxelobis xelnawerTa erovnuli centri) 

 

reziume: ganxilulia werilobiTi memkvidreobis konservacia-restavraciis eta-
pebi, masalis Tavisebureba da qimiis roli sarestavracio erTeulebis movlisa da 

Senaxvis procesSi. saubaria agreTve qaRaldsafuZvliani obieqtebis dazianebis ga-
momwvev kerebze, gadamuSavebuli xis masiT damzadebuli qaRaldis Tvisebebsa da 

Taviseburebebze, temperaturisa da tenianobis gavlenaze, cecxlis aliT miyenebul 

ziansa da entomologiuri dazianebis safrTxeebze. 

 

sakvanZo sityvebi: biologia; konservacia-restavracia; kulturuli memkvidre-
oba; qimia; xelnaweri wigni. 

 

Sesavali 

xelnaweri da ZvelnabeWdi wignis, istoriuli dokumentisa da saarqivo masalis 

konservacia da maTi aRdgena-ganaxleba gansakuTrebiT sayuradReboa, radgaნ sares-
tavracio obieqtebi masalis mravalferovnebiTa da dazianebis simravliT gamoir-
Ceva. TiToeul erTeulze muSaobisas restavratoris winaSe isaxeba mizani, rom 

Caataros iseTi samuSao, rac gulisxmobs dazianebuli xelovnebis nimuSis aRdgenas 

originalis zusti aslis an masTan miaxloebuli vizualiT. es mizani arc Tu 

advilad misaRwevia, radgan procesis mimdinareobis dros gansakuTrebul mniSvne-
lobas iZens is faqti, rom restavratoris mcdelobiT SenarCunebuli unda iyos 

nimuSis istoriuli Tu mxatvruli Rirebuleba da Tan Seasrulos Tavisi arsebiTi 

funqcia. saxeldobr is, rom ar SeizRudos mkiTxveli wignis kiTxvis SesaZleblo-
bisagan, xolo mkvlevars hqondes misi Sinaarsobrivi, mxatvruli Tu vizualuri 

Seswavlis saSualeba. es, erTi SexedviT martivi WeSmariteba, praqtikaSi arc Tu ise 

advilad Sesasrulebelia gansakuTrebiT maSin, roca xelovnebis nimuSi da am Sem-
TxvevaSi werilobiTi memkvidreoba mravalferovani masaliTa da dazianebis sirTu-
liT gamoirCeva. amitom Znelia im oqros Sualedis povna, romelic Tanabrad pa-
suxobs dasaxuli miznisa da am miznamde misasvleli yvela saSualebis marTebu-
lobas. 

werilobiTi memkvidreobis Tu beWduri erTeulebis restavracia, misi ganaxle-
bisa da SekeTebis procesi sxvadasxva aucilebel etapebs moicavs da swored am 

etapebis Tanmimdevrobis dacva da zedmiwevniT Sesruleba xdis obieqtis avTentu-
robis, istoriuli Tu mxatvruli Rirebulebis SenarCunebisa da, rac mTavaria, er-
Teulis gadarCenisa da xangrZlivi Senaxvis SesaZleblobas. Tumca, aqve unda iTqvas 

isic, rom konservacia-restavracia gacilebiT kompleqsur procesebs gulisxmobs, 

vidre ubralod aRdgeniTi samuSaoebia, radgan dazianebis aRmofxvramde upirobod 
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mniSvnelovania am mizezebis Seswavla da prevencia. konservacia-restavraciis pro-
cesi da Tavad es mimarTuleba Semdeg aucilebel punqtebs moicavs: 

• erTeulis (eqsponatis) vizualur Tu laboratoriul Seswavlas, rac Tavis-

Tavad gulisxmobs rogorc dazianebis mdgomareobis gansazRvras, ise Casata-

rebeli samuშaoebis gegmis Sedgenas; 
• teqnikis SemuSavebas, rac iTvaliswinebs erTeulis gawmendas da qimiur damu-

Savebas _ iqneba es melnis mdgradobis kvleva Tu pH-is dadgena, misi ganeitra-
lebisa Tu melnis gamagrebis procesebi da sxv.; 

• foto dokumentirebas, rodesac xdeba restavratoris yvela qmedebis, daziane-

buli da Semdeg ukve aRdgenili kerebis dafiqsireba da cifrulad asaxva; 

• erTeulis dazianebuli detalebis konsrevacia-restavracias, rodesac srul-

deba ydis (tyavis, liTonis saketebis, yuis Tasmebis), daSlili blokis, kap-

talis, furclebis nakluli adgilebis Sevseba, deformaciis aRmofxvra, yuis 

konservacia, ferweris gamagreba, adreul wlebSi restavrirebuli da dazia-

nebuli masalis moxsna Tu sxva uamravi detalis gaTvaliswineba da saWiro 

samuSaoebis Catareba; 

• wignTsacavebis, biblioTekebisa da muzeumebis Tanamedrove teqnologiebiT aR-

Wurvas, stelaJebze erTeulebis swor ganlagebas, Sesabamisi garemo pirobebis 

Seqmnas, temperaturis, tenianobisa da ganaTebis kontrols da sxv. 

imisaTvis, rom erTeulis sruli konservacia-restavracia Catardes da res-

tavratorma dasaxul mizans miaRwios arsebiTad mniSvnelovania yvela zemoT Camo-

Tvlili etapis gaTvaliswineba da zedmiwevniT dacva (nax. 1 _ nax. 4). 

 

 

nax. 1. sarestavracio erTeuli meqanikurad dazianebuli furclebiT,  

xis dafebiTa da ydiT 
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nax. 2. sarestavracio erTeulis mSrali da sveli wesiT gawmendis procesi 

 

 

nax. 3. xelnaweris furclebis qimiurad damuSavebis  

procesi ganeitralebis I da II etapze 

  

nax. 4. sigel-gujrebis (Qd-9134 – Qd-9147) pH-is gansazRvra  

xelnaweris furclebis ganeitralebis I da II etapze 
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restavraciis pirveli etapi ramdenadme gansazRvravs sasurveli Sedegis dad-

gomis SesaZleblobas, radgan sarestavracio erTeulis SeswavliT xdeba misi dazi-

anebis simravlisa da sirTulis gansazRvra. es aris safuZveli imisa, rom daigegmos 

sarestavracio meTodi, masala, Sefasdes saWiroebs Tu ara obieqti qimiur damu-

Savebas, gawmendas da a.S. rogorc wesi, restavrators ZiriTadad erT masalaze 

Sesrulebuli nimuSis SekeTeba uxdeba. erT masalaze (magaliTad, etrati, qaRaldi, 

tyavi, xe an liToni) muSaoba, meToduri TvalsazrisiT, SedarebiT advilad dasa-

Zlevia, Tumca xSiria kombinirebuli masalebis Tanxvedrac gansakuTrebiT maSin, 

rodesac saqme xelnaweri wignis restavracias exeba, radgan restavraciisas met-

wilad CamoTvlili masalebidan TiTqmis yvela saxeoba gvxvdeba, anu wignis fur-

clebi SeiZleba iyos etrati an qaRaldi ferweruli feniT, erT blokad Sekruli 

rveulebi akinZuli Tasmebze, Zvirfasi qvebiT Semkuli xis dafaze Semokruli tyavis 

yda, liTonis saketebiT an detalebiT datvirTuli. amdenad restavratoris amocana 

– SeunarCunos mas avTenturoba da daubrunos pirvandeli funqcia _ rTulia, magram 

ara SeuZlebeli. aseT dros Casatarebeli samuSaoebis gaTvaliswinebiT orientireba 

ZiriTadad konservaciaze xdeba. Tumca arsebobs iseTi SemTxvevebic, roca restav-

racia-konservaciisaTvis yvela SesaZlo xerxi gamoinaxa, magram daberebis procesi 

imdenad daCqarebuli da Seuqcevadia, rom dazianeba vrceldeba da SesaZloa erTe-

ulis furceli, ferwera an melani waiSalos da daikargos. es is iSviaTi da gansa-

kuTrebuli SemTxvevebia, roca restavratori uZluria da aseT SemTxvevaSi er-

TaderT alternatiul saSualebad gacifruleba rCeba, amitom mxolod maRali xa-

risxis fotofiqsaciiT SeiZleba nimuSis vizualuri mxaris SenarCuneba. 

fotofiqsacia uSualod restavraciis procesSic xSirad gamoiyeneba. fotoze 

aRibeWvdeba yvela is procesi, rasac gadis erTeuli aRdgena-ganaxlebis ganmav-

lobaSi. fiqsirdeba yvelaferi, Tu rogor mdgomareobaSi iyo erTeuli pirveladi 

aRwerilobis dros: gansakuTrebiT dazianebuli detalebi, sveli wesiT an mSrali 

gawmendiT miRebuli kontrasti da sabolood is, Tu ra Sedegi miiRo restavratorma. 

fondebis damuSavebisa Tu uSualod restavraciis procesSi gansakuTrebuli 

mniSvneloba eniWeba qimiisa da biologiis dargebis CarTvas. masalis struqturuli 

cvlilebebisa da Sorswasuli procesebis garda, xSiria melnis Jangvis, qaRaldis 

pH-is momatebis, obis sokos sporebis kvali erTeulis furclebze, yuasa da tyavis 

ydaze. aqedan gamomdinare, TiTqmis yvela qmedeba, rasac restavratori axorcielebs 

erTeulis mdgomareobis gasaumjobeseblad an mis SesanarCuneblad, mWidrod aris 

dakavSirebuli qimiur procesebTan da Tamamad SeiZleba iTqvas, rom es sfero 

konservacia-restavraciis ganuyofeli nawilia. 
 
 
ZiriTadi nawili 

rogorc ukve aRvniSneT werilobiTi memkvidreobis SenarCuneba, misi konser-
vacia-restavracia da TiToeuli erTeulis gadarCena mTel rig moqmedebebTan aris 

dakavSirebuli. arc Tu ise iSviaTad, mxolod kompleqsuri gadawyvetilebebis miRe-
bis safuZvelze, xdeba ama Tu im damazianebeli faqtoris aRmofxvra. amitom Tanab-
rad mniSvnolovania momijnave dargebis CarTuloba, Tumca zogierTi maTgani 

mxolod konkretuli problemis aRmosafxvrelad gamoiyeneba, qimia ki aRdgena-ga-
naxlebis, Senaxvisa Tu movlis yvela etapze mniSvnelovania maSinac ki, Tu konser-
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vacias da restavracias erTmaneTisagan gavmijnavT da cal-calke WrilSi ganvixi-
lavT. 

konservacia gulisxmobs masalis dacvas, stabilizacias mis amJamindel mdgo-
mareobaSi da orientireba xdeba originaluri masalis SenarCunebaze. restavracia 

ki gulisxmobs wignis an xelnaweris aRdgenas, misTvis pirvandeli saxisa da 

funqciis dabrunebas invaziuri teqnikis gamoyenebiT, sadac original masalasTan 

erTad sarestavracio masalis kombinireba xdeba. miuxedavad am ganmasxvavebeli niS-
nebisa, xelnaweri wignis, perioduli gamocemebisa da saarqivo masalaze muSaobisas 

konservacia-restavracia urTierTSenacvlebiT gamoiyeneba, radgan restavracia masa-
lis SenarCunebis mcdelobis erT-erTi saSualebaa da igi SeiZleba CaiTvalos kon-
servaciis qvekategoriad.  

konservaciaSi xSirad moiazreba dacvis strategiebi; kerZod, saTanado Senaxva, 

stelaJebze erTeulebis sworad ganlageba, temperaturisa da tenianobis dacva, 

garemos monitoringi da usafrTxoeba. Tanamedrove midgomebiT konservaciis mTavari 

mizania obieqtis Tavdapirveli masalis mTlianobis SenarCuneba, xolo restavraciis 

dros gamoyenebuli nebismieri danamati iyos Seqcevadi da usafrTxo. Tavis mxriv, 

konservacia iyofa or kategoriad. erTia, aqtiuri, anu intervenciuli konservacia 

da, meore, pasiuri, anu prevenciuli konservacia. aqtiuri konservacia moicavs obi-

eqtis mdgomareobis Sefasebas da mkurnalobas (gawmenda, SekeTeba da, saWiroebis 

SemTxvevaSi, aRdgena). Semdgomi gafuWebis Tavidan acilebis mizniT. prevenciuli 

konservaciis ZiriTadi azri ki kulturuli memkvidreobis nimuSebze moqmedi garemo 

pirobebis kontrolSi mdgomareobs. Tumca rogorc ar unda gavmijnoT konservacia 

da restavracia erTmaneTisgan, dargis specialisti icnobs da iyenebs yvela normas, 

radgan orive SemTxvevaSi mizani erTia, SenarCundes kulturuli memkvidreobis Ti-

Toeuli nimuSi da maqsimalurad gaxangrZlivdes maTi arsebobis dro.  

zogadad konservacias SeiZleba daeqvemdebaros nebismieri masaliT Sesrule-

buli nimuSi, magram am SemTxvevaSi yuradRebas gavamaxvilebT qaRaldsafuZvlian 

obieqtebze. dargis specialistisTvis mniSvnelovania codna im agentebis Sesaxeb, 

romlebic iwvevs qaRaldis struqturis daSlas. es SeiZleba iyos qimiuri an bio-

logiuri damazianeblebi, araswori mopyroba, sinaTle, cvalebadi tenianoba, mtveri 

da dabinZurebis kerebi, xanZari, wyali da sxva uamravi ram, risi CamoTvlac TiTqmis 

SeuZlebelia, radgan arsebobs Tandayolili nakolvanebac _ masalis Seqmnis dros 

gamoyenebuli nedleuli, meoreuli masala an qimiuri danamatebi, rac masalas faq-

tobrivad TviTganadgurebisken midrekils xdis da xSirad daberebis iseT procesebs 

iwvevs, rom obieqti rTulad SesanarCunebelia. amis TvalsaCino magaliTia qaRaldze 

dawerili xelnawerebi, kodeqsebi, saarqivo masalebi da gazeTebi. aqve unda iTqvas 

isic, rom adreuli masala, anu xelnakeTi qaRaldi, romelic mzaddeboda mcena-

reuli boWkosagan (seli, kanafi, bamba, lerwami da sxv.) gacilebiT gamZlea da, Tu 

ara Seuferebeli garemo-pirobebi, araswori mopyroba an entomologiuri dazianebis 

faqtebi, boWkos struqturuli Sla, anu TviTganadgureba naklebad mosalodnelia, 

rasac ver vityviT XIX saukunis Sua xanebSi manqanuri warmoebis qaRaldze, rodesac 

xis rbilobi iqca yvelaze gavrcelebul, naklebad Zvir da xelmisawvdom 

ingredientad.  
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nax. 5. xis celuloziT damzadebuli qaRaldi.  

furclebis mSrali wesiT gawmendis procesi 

xis rbilobisgan damzadebul qaRalds garkveuli Tavisebureba axasiaTebs, rac 

droTa ganmavlobaSi misi dazianebis e.w. TviTganadgurebis mizezi xdeba. Amis erT-

erT gamomwvev mizezad xis merqanSi Semavali lignini miiCneva. am SemTxvevaSi 

mniSvneloba ara aqvs qaRaldi wiwvovani Tu foTlovani xisganaa damzadebuli, 

radgan orive saxeobis xis organul nawils daaxloebiT erTnairi Sedgeniloba aqvs. 

xe biologiuri warmoSobis masalaa da misi nivTierebis umetesoba Sedgeba 

maRali molekuluri wonis naerTebisagan. absoluturad mSrali xe Seicavs sa-

Sualod 49_50 % naxSirbads (C), 43-44 % Jangbads (O), daaxloebiT 6 % wyalbads (H) 
da 0,1_0,3 % azots (N). mis organul nawils qmnis lignini, celuloza, hemice-

luloza, eqstraqciuli nivTierebebi (fisi, cximebi, rezina, taninebi, peqtinebi da 

sxv.). celuloza is mniSvnelovani komponentia, rac masobrivi warmoebis qaRaldis 

mniSvnelovan nawils warmoadgens, radgan igi mcenaris ujredis kedlebis mTavari 

komponentad iTvleba da uzrunvelyofs rogorc mcenareTa qsovilebis meqanikur 

simtkices, ise elastikurobas. Tavis mxriv, hemiceluloza Seicavs pentozanebs da 

genqsozanebs. xis organuli nawilis, hemicelulozis kidev erTi komponentia xazo-

vani polimerebi, polisaqaridebi, romlebic ujredis kedlis nawilia. miuxedavad 

imisa, rom xis saxeobebis organuli Sedgeniloba erTnairia, mainc aris maT Soris 

gansxvaveba Semcvelobis odenobiT. magaliTad, wiwvovan saxeobebs organul nawilSi 

meti celuloza aqvs, xolo foTlovan saxeobebs _ meti pentozanebi, amitom qa-

Raldis warmoebaSi wiwvovani xe ufro intensiurad gamoiyeneboda. xis rbilobis 

qaRaldis masad gadamuSaveba cxadia mTel rig procedurebTan iyo dakavSirebuli 

da es procedurebi, danamatebi Tu Tavad nedleulis Tvisebebi gansazRvravs rogorc 

qaRaldis simtkices, ise TviTganadgurebisaken midrekilebas.  

celuloza mJavebiT damuSavebisas hidrolizdeba eTerebis warmoqmniT, garda 

amisa, celulozis hidrolizis dros warmoiqmneba Saqari, maRali duRilis piro-

bebSi ki eTilis spirti. celulozis damuSavebis procesSi miiReba lignini _ moyvi-

Talo-yavisferi amorfuli polimeruli nivTiereba. ligninis yvelaze didi rao-
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denoba (50 %-mde) warmoiqmneba wiwvovani xis damuSavebisas, xolo misi sixistis 

maCvenebeli daaxloebiT 20_30 %-s Seadgens. 

xis merqnis qaRaldSi ligninis arseboba xels uwyobs mJavas gamoyofas da 

celulozis daSlas, rac, Tavis mxriv, qaRaldis mtvrevadobis gamomwvevi mizeia, 

garda amisa, is droTa ganmavlobaSi qaRalds fers ucvlis da muqi moyavisfro-

mowiTalo Seferilobis xdeba. aseTi myife da msxvrevadi erTeulis restavracia 

xSirad invaziuri meTodebiT sruldeba da, Tu melani wylis mimarT mdgradia, 

SeiZleba sxvadasxva abazanis gamoyeneba, rac xels Seuwyobs qaRaldis struqturis 

gamagrebas. 

 
 

nax. 6. (S-1245), xelnaweris myife da dazianebuli furclebi 

  

nax. 7. sigel-gujrebi (Qd-9134 – Qd-9147), qaRaldis struqturis dazianeba, maRali 

tenianobiT gamowveuli deformacia da melnis gauferuleba 

 

celulozaSi ligninis arsebobis garda, qaRaldis dazianebis gamomwvevi mize-

zi SeiZleba iyos misi bunebrivi Tviseba _ atmosferodan STanTqas da SeinarCunos 

tenianoba, rac mas midrekils xdis obis sokoebisa da baqteriebis zrdisaken. cva-

lebadi tenianoba ukiduresad sazianoa ganurCevlad imisa maCvenebeli dabalia, Tu 

maRali. maRalma temperaturam da dabalma tenianobam SeiZleba gamoiwvios qaRaldis 

mtvrevadoba, xolo maRali temperatura da maRali tenianoba xels uwyobs obis 

sokos zrdas, melnis xsnadobas, zedapiuruli laqebis warmoqmnas da lpobis pro-

cesis dawyebas. temperaturisa da tenianobis meryeobam aseve SeiZleba gamoiwvios 
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furclis deformacia, melnis gafxviereba, ferweruli fenis saRebavis CamoSla da 

qaRaldis struqturis Secvla. maRali tenianoba gansakuTrebiT maSin aris saziano, 

Tu mas axlavs mtvrisa da dabinZurebis kerebi, radgan mtveri STanTqavs tenianobas, 

rac, Tavis mxriv, Sesaferis garemos qmnis obis sokos zrdisa da mwerebis mosazidad. 

გაrda amisa, mtveri aseve SeiZleba gaxdes qaRaldis zedapirze arsebuli mJavebis 

struqturaSi Setanis erT-erTi saSualeba.  

dazianebis kidev erT wyaroa biologiuri faqtorebi. qaRaldi bunebrivad izi-

davs mwerebsa da mavneblebs, radgan igi damzadebulia celulozis, saxameblisa da 

cilisgan. masalebisagan, romlebic uzrunvelyofs kvebis wyaroebs iseTi gavrce-

lebuli mavneblebisaTvis, rogoricaa tarakani,1 vercxlis Tevzi2, sxvadasxva saxis 

xoWoebi da mRrRnelebi. celuloziTa da naxSirwylebiT mkvebavi arsebebi qaRaldze 

SesamCnev kvals toveben, magram arsebobs sxvadasxva saxis xoWoebi, romlebic ikve-

bebian qaRaldze an muyaoze arsebuli obis sporebiT da miuxedavad imisa, rom isini 

ar iwveven xilul zians, Tavad xoWoebis daSlam da eqskrementebma SeiZleba gamo-

iwvios qaRaldis zedapiris SeRebva. mRrRnelebisagan da xoWoebisagan miyenebuli 

ziani gacilebiT TvalsaCinoa, marTalia, dazianeba meqanikuria da qaRaldis aRdgena 

SesaZlebelia, Tumca rTulia Tavad danakargis Sefaseba, radgan mRrRnelebi, ro-

gorc wesi, wignis blokis kideebsa da yuas azianebs. Tu saqme xis xoWos3 mier mi-
yenebul zians exeba, es is SemTxvevaa, rodesac dazianeba wvril xvrelebad viTareba 

da aRdgenas SeiZleba aRar daeqvemdebaros. 

 

nax. 8. xelnaweris (Sir-3) ydis entomologiurad dazianebuli qaRaldi,  

qsovili da xis dafebi 

 
1 taraknebi _ Cockroaches (Blattaria) _ mwerebi, romlebic miekuTvnebian blatodeas wesrigs. 4600-
dan daaxloebiT 30 tarakani asocirdeba adamianis habitatebTan. amaTgan zogierTi saxeoba 
cnobilia, rogorc mavneblebi. taraknebi zogadad yovlismWamelebi arian. amerikuli tara-

kani (Periplaneta Americana), magaliTad, ikvebeba mravalferovani sakvebiT, maT Soris puriT, 
xiliT, tyaviT, saxamebliT, qaRaldiT, weboTi, kanis fantelebiT, TmiT, mkvdari mwerebiT da 
dabinZurebuli tansacmliT.  
2 vercxlis Tevzi The silverfish (Lepisma saccharinum) _ patara, primitiuli ufrTo mweris saxeoba. 
misi saerTo saxelwodeba momdinareobs mweris vercxlisferi da nacrisferi Seferi-
lobisagan, romelic Serwymulia misi moZraobebis Tevzis msgavs garegnobasTan. igi, rogorc 
wesi, ikvebeba naxSirwylebiT (Saqari an saxamebeli. 
3 Xylophagy - xis merqniT mkvebavi xoWo, termini momdinareobs berZnuli sityvidan ξυλοφάγος 
(xulophagos), ξύλον (xulon) „xis“, φαγεῖν (phagein) „Wama“. 
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entomologiuri dazianebis Tavidan asacileblad arsebobs gayinvis meTodi, 

rac sakmaod karg Sedegs iZleva mwerebisa da xoWoebis ganadgurebis TvalsazrisiT, 

magram es meTodi kulturuli memkvidreobis konservaciis dros ar gamoiyeneba iseTi 

gverdiTi movlenebis gamo, ramac SesaZloa gacilebiT meti ziani gamoiwvios gan-
sakuTrebiT maSin, Tu saqme iseT masalas exeba, rogoricaa tyavi. radgan tempe-
raturis aseTi vardna iwvevs cximis zedapirze mobilizebas, ris Sedegadac war-
moiqmneba TeTri an yviTeli Seferilobis laqebi. garda amisa, temperaturis sawyis 

fazaSi dabrunebisas zedapirze warmoqmnili teni tyavis deformacis saSiSroebas 

qmnis. mwerebTan gamklavebis saukeTeso saSualebaa fondebidan dasnebovnebuli 

erTeulebis gancalkeveba da lokalurad damuSaveba. prevenciuli zomebis miReba 

bevrad ufro efeqturi saSualebaa, vidre invaziuri meTodebi, radgan es meTodebi 

originali masalis dazianebis albaTobas zrdis. 
qaRaldi mgrZnobiarea yvela saxis sinaTleze iqneba es mzis sxivebi, Tu xe-

lovnuri ganaTeba. sinaTlem SeiZleba gamoiwvios melnis gaqroba, qaRaldis feris 

gamuqeba an gauferuleba da celulozis daSlac ki. imis gamo, rom zogierTi melani 

da pigmenti gansakuTrebiT mgrZnobiarea ganaTebis yvela tipze, sacavebsa da saga-
mofeno sivrceebSi izRudeba an minimumamdea dayvanili ultraiisferi (UV) sxivebis 

Semodineba da fluorescenciuri naTurebi arasdros aris mimarTuli eqsponatis 

zedapirisaken, radgan sinaTlis nebismierma zemoqmedebam SeiZleba ziani miayenos 

eqsponats da Sedegi Seizleba kumulaciuri da Seuqcevadi aRmoCndes. 

qaRaldi mowyvladia cecxlis mimarTac. marTalia dRevandel realobaSi xan-
Zris SemTxvevebi ufro iSviaTia, radgan biblioTekebi, muzeumebi da wignTsacavebi 

aRWurvilia Tanamedrove xanZarsawinaaRmdego sistemebiT da cecxlis lokalizeba 

mis gavrcelebis saSiSroebas amcirebs. magram, Tu usafrTxoebis zomebi dairRva, 

Sedegi SeiZleba bevrad ufro savalalo iyos, vidre sxva nebismieri damazianebebli 

agentis zemoqmedeba. rodesac xanZarze vsaubrobT, unda gaviTvaliswinoT is, rom 

Tavad ali ar aris erTaderTi ram, ramac SeiZleba ziani miayenos obieqts. arsebobs 

kidev xanZris kvamli, romelic tovebs webovan narCenebs furclis kideebsa da ze-
dapirze. Wvartli, romelic aRwevs wignis yvela napralSi, edeba qaRaldis zedapirs, 

faravs teqsts da mWidrod jdeba qaRaldis struqturaSi. marTalia, aseTi WuWyis 

mocileba SesaZlebelia, magram srulad aRmofxvra qimiuri xsnarebis an maTeTre-
belis gareSe _ TiTqmis SeuZlebeli. es ki xels Seuwyobs daberebis process, an 

jaWvuri reaqciiT warmoqmnis axal damazianebel faqtorebs. 

stiqiaze saubris dros gverds ver avuvliT wyliT gamowveul saSiSroebas. 

yvelaze xSiria sacavebSi wyalgayvanilobis milebis an saxuravis dazianeba, sar-
dafebis datborva Zlieri wvimis Sedegad an xanZris dros saxanZro Slangebidan 

maRali wneviT wylis miwodeba, xanZarsawinaaRmdego gamfrqvevi sistemis gaumar-
Taoba da samSeneblo avariebi. msgavsi SemTxvevebiT gamowveuli dazianeba imdenad 

Zlieri SeiZleba aRmoCndes, rom masala aRdgenas aRar daeqvemdebaros, amitom dana-
kargis Tavidan acilebis erTaderTi gza riskebis Sefaseba da drouli reagireba 

SeiZleba iyos.  

da bolos, mizanSewonilad migvaCnia gamovyoT qaRaldis dazianebis kidev erTi 

mizezi, rasac melnis dazianeba iwvevs. es is SemTxvevaa, rodesac dargis spe-
cialistisaTvis orive masalis SenarCuneba Tanabrad mniSvnelovania, radgan qa-
Raldi FTu fuZea, melani gamoxatvis saSualebaa da am ori masalis TanafardobiT 
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iqmneboda werilobiTi memkvidreobis yvela is wyaro, rasac Cveni Tema Seexeba. VIII 
saukunidan XIX saukunis bolomde xelnawer wignebsa da dokumentebSi gamoyenebuli 

zogierTi melani (magaliTad, rkinagaluri melani) Seicavs mJavas da maRali te-
nianobis pirobebSi SeuZlia qaRaldis korozia gamoiwvios. koroziuli kerebi ki 

iwvevs qaRaldis struqturis daSlas. praqtikaSi xSiria iseTi SemTxvevebi, rodesac 

formati naklulia mxolod melniT daweril ubnebSi. melnis Jangvis procesis 

SeCereba SesaZlebelia carcis suspenziis gamoyenebiT da, Tu procesi Sorswasuli 

ar aris, ganeitralebis es meTodi teqstisa da fuZis (qaRaldis) SenarCunebis saSua-
lebas iZleva.  
  

  

nax. 9. parxlis oTxTavi (X_XI ss. etrati, S-4927), xelnaweris  

furclebze rkinagaluri melniT gamowveuli korozia 

 

daskvna 

zemoT ganxiluli sakiTxebi upirobod miuTiTebs imaze, rom qaRaldsafuZ-
vliani dokumentebis aRdgenis, maTi movlisa da xangrZlivad SenaxvisTvis upirobod 

mniSvnelovania xelnaweris Semadgeneli elementebis Seswavla, misi konsistencia da 

SeZlebisdagvarad im garemos codna, sadac inaxeboda esa Tu is erTeuli. es is 

erTaderTi gzaa, risi saSualebiTac SeiZleba dadgindes xelnaweris aRdgenisaTvis 

yvelaze Sesaferisi meTodebi. “aRdgena” pirvel rigSi gulisxmobs erTeulis dabe-
rebis procesis Seswavlas, misi gamomwvevi mizezebis gaanalizebas da iseTi pi-
robebis Seqmnas, rac minimumamde daiyvans an srulebiT aRmofxvris daberebis pro-
cess. am miznis misaRwevad ki, rogorc ukve aRvniSneT, tardeba mTeli rigi pro-
cedurebi, rac uSualo gavlenas axdens dokumentis masalis struqturaze gawmendis 

(meqanikuri an wylis safuZvelze), bzarebis Sevsebis, nakluli formatis restav-
raciis, xelnaweris blokis aRdgenisa da deformirebuli furclis gasworebis 

saxiT. es mcire CamonaTvali sinamdvileSi konservaciis xangrZliv process gu-

lisxmobs da mxolod yvela detalis gaTvaliswineba iZleva saboloo Sedegs. ami-
tom restavratori aris adamiani, romelsac, sxva unarebTan erTad aqvs farTo 

Tvalsawieri da codna, gadadgas nabijebi destruqciuli an dazianebuli obieqtis 

aRsadgenad. maTi umTavresi mizania daubrunon obieqts pirvandeli saxe da gadaar-
Cinon igi momavali dazianebisagan. garda amisa, restavratori pasuxismgebelia masa-
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lisa da meTodis arCevaze, romelic unda Seesabamebodes TiToeuli erTeulis kon-
kretuli mkurnalobis miznebs da miRebul praqtikas. unda icnobdes rogorc masa-
lebis upiratesobas, agreTve monawileobdes kvleviT proeqtebSi masalis poten-
ciuri gverdiTi movlenebis dasadgenad. 
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ISSUES OF CONSERVATION-RESTORATION OF WRITTEN HERITAGE 

A. Gvazava, R. Kldiashvili 

(K. Kekelidze National Center for Written Heritage) 
 

Resume. The stages of conservation-restoration of written heritage, the peculiarity of the material and 
the role of chemistry in the process of care and storage of the units being restored are discussed in the article. 
The sources causing damage to paper-based objects, the properties and peculiarities of the paper made from 
the recycled wood pulp, the effects of temperature and humidity, damage caused by the flame of fire and the 
dangers of entomological damage are also discussed in the main text. 

 
 Keywords: biology; chemistry; cultural heritage; conservation-restoration; manuscript books. 
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avtorTa sayuradRebod 

 

qarTulenovani mravaldargobrivi samecniero referirebadi Jurnali `mecnie-

reba 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 da inglisur enebze; 

• cnobebi avtoris/avtorebis (maTi raodenoba ar unda aRematebodes xuTs) Se-
saxeb; miTiTebuli unda iyos avtoris/avtorebis gvari, saxeli, mamis sa-

xeli (srulad), dabadebis TariRi, sacxovrebeli binisa da samsaxuris mi-

samarTebi, E-mail, samecniero wodeba da sakontaqto telefonebi (binis, sam-

saxuris), mobiluri. 

 

2. statia amobeWdili unda iyos A4 formatis furcelze. moculoba formule-

bis, cxrilebisa da naxazebis (fotoebis) CaTvliT ar unda iyos xuT gverdze nak-

lebi 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 Sri-
ftiT, inglisuri _ 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 reziume sakvanZo sityvebTan erTad _ statiis boloSi. sakvanZo 

sityvebi orive 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 enaze Targmani unda iyos xarisxiani da eyrdnobodes spe-

cialur dargobriv terminologiebs;  

• saerTaSoriso samecniero Jurnalebis monacemTa bazebis rekomendaciiT da-

mowmebuli literaturis raodenoba sasurvelia iyos aTi da meti. litera-

tura teqstSi unda dalagdes citirebis Tanmimdevrobis mixedviT da aRini-

Snos cifrebiT kvadratul frCxilebSi, xolo literaturis sia unda iTa-
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rgmnos inglisur enaze da daerTos statias boloSi; Tan mieTiTos romel 

enaze iyo gamoqveynebuli statia.  

• naxazebi (fotoebi) da cxrilebi Tavis warwerebianad unda ganTavsdes teq-

stSi. maTi kompiuteruli varianti unda Sesruldes nebismieri grafiku-

liFformatiT;  

• redaqtirebuli da koreqtirebuli masalis gamoqveynebaze Tanxmoba avtor-

ma unda daadasturos xelmoweriT (redaqtirebuli versiaFan saredaqcio 

kolegiis mier dawunebuli statia avtors ar ubrundeba). 

 

damatebiTi cnobebisaTvis mimarTeT Semdeg misamarTze: 0108 Tbilisi, rusTave-

lis gamziri 52, saqarTvelos mecnierebaTa erovnuli akademia. IV sarTuli, oTaxi 

434, tel.: 299-58-27.  
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