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profesori, saqarTvelos  teqnikuri universitetis reqtori 
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daviT gurgeniZe daibada 1963 wlis 16 oqtombers q. TbilisSi. 
1981_1983 wlebSi swavlobda q. moskovis v. kuibiSevis saxelobis sainJin-

ro-samSeneblo institutSi, 1983_1987 wlebSi – saqarTvelos politeqnikur 
institutSi hidroteqnikisa da santeqnikis fakultetze, 1999_2002 ww. – saqar-
Tvelos teqnikuri universitetis samarTlis fakultetze. 

daviT gurgeniZis profesiuli gamocdileba moicavs rogorc saqarT-
veloSi, ise sazRvargareT dadgmuli simZlavreebis (hidroenergetikuli, hid-
romelioraciuli hidrokvanZebisa da Tboeleqtrosadgurebis) saeqspluata-
cio analizsa da monitorings, agreTve sxvadasxva energetikuli, samoqalaqo 
da samrewvelo obieqtis mSenebloba-rekonstruqciaSi monawileobas. 

daviT gurgeniZem SromiTi saqmianoba daiwyo 1980 wlidan. 1983–1987 ww. 
muSaobda engurhesis mSeneblobaze. 1985–1990 ww. – Tbilisis saqalaqo komite-
tis mecnierebisa da teqnikis ganyofilebis gamgea; 1990–2000 ww. muSaobda 
sxvadasxva sapasuxismgeblo Tanamdebobebze. 2001–2004 wlebSi iyo saqarTvelos 
saTbob-energetikis ministris moadgile, kurirebda hidroenergetikuli mSe-
neblobis mimarTulebas, sadac misi iniciativiTa da uSualo xelmZRvanelobiT 
mravali samecniero-saproeqto da praqtikuli, inovaciuri saqmianobis reali-
zacia moxda. 

2002 wlidan SromiTi saqmianoba gaagrZela saqarTvelos teqnikur univer-
sitetSi. 2017–2020 ww. iyo saqarTvelos teqnikuri universitetis samSeneblo 
fakultetis dekani. daviT gurgeniZe koordinacias uwevs da Tavadac aqtiura-
daa CarTuli samecniero saqmianobaSi, romelic exeba samSeneblo masalebis 
safuZvlian kvlevebs; daproeqtebisa da samuSaoebis warmoebis procesebs; kaSx-
lebis, gvirabebis, wyalmimReb nagebobaTa seismomedegobis sakiTxebs; saqarTve-
loSi mSenebare hidroteqnikuri nagebobebis saproeqto da saeqspluatacio 
Sefasebebs. 

batoni daviTi aris saqarTvelos parlamentis regionaluri politikisa 
da TviTmmarTvelobis komitetTan arsebuli samecniero‐sakonsultacio sab-
Wos wevri; saqarTvelos erovnuli premiis komisiis wevri; saqarTvelos teq-
nikuri universitetis sainJinro-teqnologiuri da sabunebismetyvelo sauni-
versiteto sadisertacio sabWos Tavmjdomare. 

d. gurgeniZe mravali samecniero naSromis, gamogonebis, monografiis, sa-
xelmZRvanelos, damxmare saxelmZRvanelosa da enciklopediuri leqsikonis (V 
tomi) avtoria, koordinacias uwevda saerTaSoriso sagranto proeqtebs. misi 
xelmZRvanelobiT daculia samagistro da sadoqtoro disertaciebi. 

daviT gurgeniZe akademikos i. egiazarovis saxelobis wylis proble-
mebisa da hidroteqnikis institutis, belostokis teqnikuri universitetis, 
ukrainis nacionaluri saaviacio universitetis, somxeTis arqiteqturisa da 
mSeneblobis nacionaluri universitetis sapatio doqtoria.  

2023 wels airCies saqarTvelos mecnierebaTa erovnuli akademiis akade-
mikosad, saqarTvelos mecnierebaTa erovnuli akademiis prezidiumis wevrad, 
reqtorTa mudmivmoqmedmi konferenciis Tavmjdomared.  

batoni daviTi studenti-axalgazrdobis aRzrdaSi Setanili piradi 
wvlilisaTvis dajildoebulia Rirsebis ordeniT. JurnalistTa saerTaSori-
so fondma saqvelmoqmedo saqmianobisa da kacTmoyvareobisaTvis gadasca 
„oqros frTa“. dajildoebulia lietuvis respublikis saxelmwifo ordeniT 
– „damsaxureba lietuvisTvis“ raindis jvriT, dante aligieris sazogadoebis
oqros medliTa da diplomiT (italia). 

vulocavT baton daviTs saiubileo TariRs da vusurvebT nayofier 
samecniero moRvaweobas. 

Jurnalis `saqarTvelos sainJinro siaxlenis~ redaqcia 
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veb-dizainis vizualuri efeqtebi

namCevaZe c.v., abulaZe  T.e.   

akaki wereTlis saxelmwifo universiteti, quTaisi 

vizualuri efeqtebi nebismieri veb-saitis  mniSvnelovani marketinguli 

elementia. maT SeuZlia sityvebTan SedarebiT: 1. ufro meti yuradRebis mipy-

roba; 2. meti gavlenis  moxdena momxmareblebis ganwyobaze; 3. ufro meti 

esTetikuri siamovnebis miniWeba saitis mnaxvelebisaTvis. 4. SesaZlebelia 
saitze navigaciis gaumjobeseba da sxva.   

veb-gverdis  xarisxi damokidebulia veb-dizaineris kreatiulobaze da 
profesionalizmze. veb-dizainis tendenciebi mudmivad cvalebadia.  amitom 
veb-dizainerebma yovelTvis unda gaiRrmaon TavianTi  codna veb-dizainis 
axali saxeebis Sesaxeb. 

statiaSi ganxilulia veb-dizainis ramodenime vizualuri efeqti, romle-
bic gamoiyeneba Tanamedrove saitebis Seqmnisas. esenia 1) didi zomis tipog-
rafia; 2) abstraqtuli kompoziciebi; 3) xiluli sazRvrebi; 4) asimetria; 5) mi-
nimalizmi; 6) horizontaluri gadaxveva; 7) xeliT Sesrulebuli suraTebi. 

didi zomis tipografia. tipografia veb-dizainis mniSvnelovani ele-
mentia. didi zomis Sriftebi sul ufro popularuli xdeba. maTi gamoyenebiT 
Sedgenili sityvebi ara marto teqstis nawilebs warmoadgens, aramed grfi-
kul elementebsac. didi zomis SriftebiT SesaZlebelia TvalsaCino vizua-
lis Seqmna. es aris universaluri teqnika, romelic gamoiyeneba sxvadasxva 
stilis dizainSi. misi efeqturad Sesruleba did gavlenas axdens momxmareb-
lebze. 

saitze _ https://www.eva-habermann.com/, romelic Seqmnilia msaxiob eva 
habermanisTvis, didi zomis teqstiT dafarulia video. teqsti axdens gamo-
saxulebis nawilobriv blokirebas, rac iwvevs momxmareblebis dainteresebas 
videos sanaxavad. sans-serif-is tipis Srifti 2 ferSi iZleva iseT kontraqts, 
rom video  ar aris gaurkveveli da bundovani [1]  

abstraqtuli kompoziciebi. abstraqtuli formebis (wrfe, wre, oTxku-
Txedi da sxva) gaerTianebiT dizainerebi Rebuloben rTul kompleqsur kom-
poziciebs. abstraqtuli kompoziciebis nimuSebi naCvenebia saitze _ 

https://www.shutterstock.com/blog/abstract-art-in-website-designs . 
abstraqtuli formebi gamoiyeneba: 1) produqtebisaTvis, rogorc foto-

grafiis alternativa; 2) brendis koncefciis gadmosacemad; 3) aqcentebis gasa-
keTeblad da sxva. isini veb-gverdebSi SeiZleba warmoadgendes dizainis 
damoukidebel elementebs. aseTi dizaini idealuria im kompaniebisaTvis, rom-
lebic ar arian mzad saitebis dizainSi Tanamedrove teqnologiebis dasa-
nergad. umeteswilad abstraqtuli formebi gamoiyeneba veb-gverdis yvelaze 
TvalsaCino adgilebze. gemovnebiT SerCeuli abstraqciebi damatebiT sico-
cxles da xaliss sZens veb-gverds [2]. 

xiluli sazRvrebi. veb-dizainze cxadad ar Cans Tu rogor aris kon-
tenti organizebuli. realoba aris is, rom nebismieri veb-gverdi agebulia 
badis mixedviT, xolo elementebi masze mimagrebulia programuli kodis sa-
SualebiT. Tanamedrove pirobebSi veb-dizainerebma aCvenes, Tu rogor aris 
gverdi  awyobili. maT bade gaxades nawilobriv xilvadi.   aRniSnulis maga-

liTia saiti _ https://www.behance.net/gallery/120464257/Cameamile-E-commerce-Redesign. 
xilul bades aqvs rigi upiratesobani: 1) exmareba momxmareblebs ganas-

xvavon seqciebi da elementebi; 2) is amartivebs saitis daTvalierebas; 3) di-
zainers saSualeba eZleva asaxos meti kontenti da efeqturad miawodos momx-
mareblebs informacia [3].   

https://www.eva-habermann.com/
https://www.shutterstock.com/blog/abstract-art-in-website-designs
https://www.behance.net/gallery/120464257/Cameamile-E-commerce-Redesign
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asimetria. veb-dizainSi bade gansazRvravs kompoziciaSi obieqtis wonas. 
asimetriuli bade gulisxmobs obieqtebis araTanabar wonas, romlebic mTel 
kompoziciaSi abalanseben erTmaneTs. mZime elementebi icvleba msubuqi da 
eleganturi elementebiT. aRniSnulis gamo saiti ufro cocxali da saintere-
so  xdeba.  asimetriuli   gverdis   nimuSi    mocemulia  saitze _ 

https://www.elegantthemes.com/blog/divi-resources/get-a-free-chiropractor-layout-pack-for-divi   

asimetriuli badis gamoyenebiT dizaineri akeTebs ramdenime aqcents ერთ kom-
poziciaSi da kargad iyenebs Tavisufal adgils. saiti klasikuri ganlagebiT 
ufro didi da xSirad ufro rTuli aRsaqmeli iqneboda. miuxedavad asimet-
riuli tendenciis upiratesobisa, is unda iqnas zomierad gamoyenebuli-simet-
riuli da asimetriuli badeebis monacvleobiT. asimetria ar niSnavs qaoss da 
balansis darRvevas. saiti mxolod maSin iqneba harmoniuli da esTetikurad  
sasiamvno, rodesac nebismieri kompozicia iqneba dabalansebuli [4]. 

minimalizmi. minimalizmi aris yvelaze stabiluri tendencia  wamyvani 
teqnologiuri da cifruli kompaniebisaTvis. igi gulisxmobs dizainis 
elementebis kontrasts, simartives. masSi araferia zedmeti.  

Apple-is saitze _ https://www.apple.com/iphone/ ar aris rTuli grafika. 
masSi ZiriTadad gamoyenebulia kontrastuli ferebi da didi saTaurebi. erTi 
SexedviT araferia gansakuTrebuli, magram SeuZlebelia bolomde ar naxos 
momxmarebelma gverdi. efeqti miiRweva ferTa maRali koncentraciiTa da ara-
saWiro elementebis ararsebobiT. aqcenti gakeTebulia fotoebsa da saTau-
rebze. 

minimalizmi didi xnis ganmavlobaSi iqneba moduri, radgan am stilSi 
Sesrulebuli saitebi aris komfortuli da maTi saSualebiT kargad xdeba 
brendis mTavari koncefciis gadmocema [5]. 

horizontaluri gadaxveva. vertikalurad gadaxveva yovelTvis iyo veb-
gverdze sanavigacio norma. 2021 wlidan ki daiwyo horizontaluri gadaxvevis 
popularizacia. rodesac momxmareblebi xsnian veb-gverdebs, maSin bevri maT-
gani bunebrivad gadadis qvemoT. aRniSnulis gamo veb-dizainerma TvalsaCinod 
unda miuTiTos, rom gverds gaaCnia horizontaluri gadaxveva. aseTi gadaxveva 

gamoyenebulia saitze _ https://www.comparetv.com.au/. 
horizontaluri gadaxvevis gamoyeneba sasurvelia foto galeriisTvis, 

katalogisaTvis da sxva. igi ar unda iqnas gamoyenebuli teqstebiT Sevsebuli 
gverdisaTvis[6]. 

xeliT Sesrulebuli suraTebi. Tanamedrove teqnologiebma gza gauxsna 
veb-dizainis warmoudgenel SesaZleblobebs. magram cifruli instrumentebis 
gamoyenebiT suraTebis Seqmnisas srulyofilad ar xdeba individualuri 
Semoqmedebis warmoCena. xeliT Sesrulebul elementebs, grafikasa da 
ilustraciebs axasiaTebs simartive, individualuroba, unikaluroba da sxva. 
maT SeiZleba momxmareblebi daaxloon realobasTan. veb-dizainerebi iyeneben 
xeliT Sesrulebul namuSevrebs, raTa TavianT saitebs SesZinon momxibvle-
loba da miiqcion momxmarebelTa yuradReba.  xeliT Sesrulebuli suraTebi 

gamoyenebulia saitze _ https://dribbble.com/shots/14115173-Golden-Hour-Sunset  
zemoT aRniSnulis garda, zogjer veb-dizainerebs ara aqvT konkretuli 

produqciis suraTebi, amitom isini iyeneben xeliT Sesrulebul suraTebs [7]. 
statiaSi aRniSnulia, rom veb-dizainis tendenciebi mudmivad icvleba. 

amitom veb-dizainerebma yovelTvis unda aimaRlon codnis done.  masSi ganxi-
lulia veb-dizainis ramodenime vizualuri efeqti, romlebsac aqtiurad iye-
neben  saitebis Seqmnisas. statiaSi mocemuli sakiTxebis gacnoba sasargeblo 
iqneba veb-dizainiT daiteresebul pirTaTvis. 

https://www.elegantthemes.com/blog/divi-resources/get-a-free-chiropractor-layout-pack-for-divi
https://www.apple.com/iphone/
https://www.comparetv.com.au/
https://dribbble.com/shots/14115173-Golden-Hour-Sunset
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SUMMARY 

THE VISUAL EFFECTS OF WEB-DESIGN 

Namchevadze Ts.V. and  Abuladze T.E. 

Kutaisi Tsereteli State University 

The article discusses the visual effects of web design, which are used in the creation of modern sites. These are: 

1) large-size typography; 2) abstract compositions; 3) visible borders; 4) asymmetry; 5) minimalism;  6) horizontal

scrolling; and 7) hand-made pictures. The article mentions that web design tendencies are constantly changing. The 

formation of new tendencies stipulates the conditions, that in order to create profitable projects, web designers must 

always deepen their creativity. 
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cementebian betonebSi wyalSeRwevadobaze gavlenis faqtorebi 

Ciqovani a.b., nebieriZe n.v., cinaZe z.o. 

saqarTvelos teqnikuri universiteti 

Sesavali 
saSeni masalebis wyalSeRwevadoba pirdapir dakavSirebulia forianobis 

maxasiaTeblebTan (Ria, daxuruli, saerTo) da misi zomebis mixedviT ganawile-
basTan. rac naklebia masalaSi forebis moculoba da rac ufro wvrilia es fo-
rebi (naklebia foris diametri), sxva Tanabar pirobebSi, miT ufro meti hidro-
saizolacio TvisebebiT xasiaTdeba es masala. marTlac, imisaTvis rom wyalma 
gaJonos mcire diametris forebSi (magaliTad, nanometris doneze), unda movdoT 
gacilebiT meti wneva, romelic mniSvnelovnad aRemateba im wnevas, romelic sa-
Wiroa ufro did forebSi wylis filtraciisaTvis (diametriT aseuli mikro-
metri). es wneva SeiZleba sulac ar iyos sakmarisi filtraciisaTvis da maSin is 
xdeba wyaluJonadi, garkveuli raodenobis forebis arsebobis drosac ki. 
masalis SeRwevadoba SeiZleba SevafasoT SeRwevadobis koeficientiT Kf, sm/wm. 

ZiriTadi nawili 
masalas 10-3 sm-ze meti mikroforebiT aqvs Kf -9 sm/wm, maSin roca 

-8 sm, gansxvavdeba 4...5 TanrigiT da aqvs Kf -14 
sm/wm. masala aseTi mikroforebiT filtraciis gareSe uZlebs wylis 2...3 mgpa 
da met dawnevas da SeiZleba mivakuTvnoT wyalSeuRwevads (hidroizolaciurs). 
amrigad, forovani masalebis hidrosaizolacio Tvisebebi, romelsac miekuTvne-
ba mineraluri saSeni masalis umetesoba (betoni, duRabi), pirdapir aris dakav-
Sirebuli forianobis maxasiaTeblebTan, xolo forebis zomebis (diametri) da 
saerTo forianobis regulireba hidrosaizolacio masalis Seqmnis pirobaa.  

cementebian betonsa da duRabSi struqtura yalibdeba dispersiuli 
fazis nawilakebis SeWidebiT, maTi hidrataciis dros ori struqturuli 
SemadgenlobiT: myari faza da forebi. forebi da sxva arasimWidrove aris 
cementebiani betonis struqturis defeqtebi da gansazRvravs mis SeRwevado-
bas. xSirad bevr cementebian betons aqvs saerTo forebis erTi da igive maC-
venebeli, magram Zalian gansxvavdebian tengamtarobis da wyaluJonadobis maC-
veneblebiT. es aisaxeba betonSi forebis ganawilebiT, zomebiT, formiT da 
erTmaneTTan kavSirebiT. 

amJamad cementiani betoni aris ZiriTadi samSeneblo masala. konstruq-
ciul betons SeiZleba hqondes maRali wyaluJonadoba. amitom Zalian mniSv-
nelovania SevafasoT is faqtorebi, romlebic gavlenas axdenen rogorc ce-
mentis qvis ise betonis saerTo wyaluJonadobaze, pirvel rigSi forebis 
xasiaTze da zomebze (cxr. 1). 

cxrili 1. cementis qvis forebis klasifikacia zomebis mixedviT 
forebis radiusi, mkm 

10 1 0,1 0,01 0,001 
makrokapilari mikrokapilari 
msxvili forebi saSualo forebi mikroforebi 

kapilaruli mikroforebi 
gardamavali 

forebi 
mikroforebi 

msxvili 
forebi 

kapilaruli 
mikroforebi 

mikrokapilarebi geluri forebi 

kapilaruli 
forebi 

kontruqciuli forebi gelis forebi 

0,1 mkm-ze naklebi radiusis forebSi SesaZlebelia kapilaruli konden-
sacia. aseTi forebi 15...16 atmosferul wnevaze praqtikulad uJonadia wyli-
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saTvis, airis gavla masSi warmoadgens molekulur (knudesur) nakads. aseT 
forebSi wyals aqvs amaRlebuli (1,5...1,6-jer) siblante, simkvrive, amaRlebuli 

 0C temperaturaze.  
0,1 mkm-ze meti radiusis forebi, anu mikroforebi Teoriulad wyalSeR-

wevadia. Tumca yvela makrofori ar SeiZleba CavTvaloT advilad SeRwevadad 
wylisaTvis. daxurulma haerulma forebma SeiZleba ganapirobos betonis 
saerTo wyalSeRwevadoba, radgan isini garSemortymulia cementis qvis Semkv-
rivebuli garsiT. betonis uxarisxo zedapiris (niJarebi, naxeTqebi) arsebobis 
SemTxvevaSic aseve ar SeiZleba vimsjeloT mis wyalSeRwevadobaze. 

bevri mkvlevaris azriT, msxvili defeqtebi nakleb gavlenas axdenen 
betonis SeRwevadobaze, maSin rodesac betonis tengamtaroba ganpirobebulia 
cementis qvis struqturaSi arsebuli SeerTebuli kapilaruli mikroforebiT 
(0,1...1 mkm), romelic xels uwyobs wylis Sewovas masalaSi kapilaruli Zale-
bis gavleniT. ase magaliTad, 1 mkm radiusis kapilaris kveTaze, romlis ked-
lebs aqvT maRali adsorbciis unari, wyalTan mimarTebiT, tenis Sewovis 
dros SeiZleba modiodes 2...3 atm-ze maRali wneva. aseT kapilarebSi airis 
dineba aris blantisebri.  

arsebobs cementebiani betonis forovani struqturis mravali geomet-
riuli modeli, romelTagan TiToeuli „cdilobs“ SeerTebuli kapilaruli 
forebis luwobas da garkveul uwyvetobas. amasTan ZiriTadi gansxvaveba Sem-
deg kiTxvaSia, SeerTebulia Tu ara „gamWoli“ forebi. erT SemTxvevaSi varau-
doben, rom makrokapilarebi dakavSirebulia erTmaneTTan mikrokapilarebiT, 
meoreSi „gamWoli“ mikrokapilarebi uwyvetia da aqvs Cixuri ganStoebebi mik-
rokapilarebis saxiT. nebismier SemTxvevaSi „gamWoli“ forebis kveTis zo-
mebis Semcirebas da maTi klaklinobis da sigrZis amaRleba aris erTaderTi 
gza, romelsac  mivyavarT betonis wyaluJonadobis amaRlebasTan.  

nebismieri betonis narevis yvelaze mniSvnelovani maCvenebelia misi 
wyalcementis (w/c) fardoba. w/c-is sidide gansazRvravs betonis forovani 
struqturis xasiaTs, romelic Tavis mxriv gadamwyvet rols TamaSobs misi 
struqturisa da wyaluJonadobis formirebaSi.  

zogierTi mecnieris azriT arsebobs w/c aramarto zeda, aramed qveda 
kritikuli  zRvaric, romlis arSesrulebis dros betonma SeiZleba dakargos 
is Tvisebebi, romlebic  gansazRvraven mis xanmedegobas da SeuRwevadobas. 

pauersis monacemebiT 0,42- -ze nak-
lebi w/c dros hidrataciis SesaZlo maqsimaluri xarisxi yovelTvis nak-
lebia erTze. amasTan, hidrataciis xarisxis da w/c Semcireba ganapirobebs na-
revis advilCawyobadobis mniSvnelovan gauaresebas, rasac mivyavarT betonis 
ukmarSemkvrivebasTan, Sedegad misi filtraciis unaris amaRlebasTan, radgan 
ukmarSemkvriveba gacilebiT metad amcirebs betonis wyaluJonadobas, vidre 
misi kumSvis simtkices. w/c Zalian dabali mniSvnelobis dros (w/c<0,3), matu-
lobs simtkicis klebis da TviTdestruqciis albaToba, mniSvnelovani kris-
talizaciuri dawnevis gamo, warmoqmnil sistemebSi, romelic xasiaTdeba Sem-
kvrivebis pirobebis Zalian didi SezRudvebiT.  

w/c kritikuli mniSvneloba damokidebulia betonis Sedgenilobaze, 
forianobasa da wyaluJonadobaze da aris 0,27...0,42-is farglebSi. 

zogierTi mkvlevari betonis wyaluJonadobis Seswavlisas Sedgenilobis 
erT-erT maCveneblad miiCnevs ara cementis xarjs, aramed cementis comis mocu-
lobiT koncentracias betonSi maxasiaTebels, romelic Seicavs Sefardebas 
Semkvrelsa da Semvsebs Soris, afiqsirebs ra misi matebiT wyaluJonadobis 
zrdas. zogierTis rekomendaciiT wyaluJonad betonebSi saWiroa gawevis koe-
ficientis gazrda (1,2...1,4-mde). zogi ki miiCnevs, rom hidroteqnikur betonebSi 
wyaluJonadobis matebisaTvis saWiroa cementis xarjis gazrda 50...100 kg/g3-iT. 

Semvsebis marcvlebis Cawyobis simkvrivis matebiT SeiZleba filtraciis 
koeficientis Semcireba mTeli rigiT. amitom saWiroa gamoviyenoT optima-
luri granulometriuli Semadgenlobis Semvsebi, romelic mogvcems narevis 
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minimalur sicarieles. praqtikaSi es miiRweva fraqcionirebuli wvrili da 
msxvili Semvsebis calcalke dozirebiT. qviSa, rogorc wesi rekomendire-
bulia uwyveti granulometriis, araumetes 38% sicarieliT. msxvili Semvsebis 
sicariele ar unda iyos 43...45%-ze meti, msxvili Semvsebis sisxos zrda 
amaRlebs simkvrives da amcirebs narevis wyalmoTxovnilebas. Semvsebi unda 
iyos sufTa, radgan misi daWuWyianebis 2-jer Semcireba betonis SeRwevadobas 
3...4-jer amcirebs, amitom maqsimaluri dasaSvebi gaWuWyianeba Seadgens: Ror-
Risa da xreSisaTvis 0,52%, qviSisaTvis 1%. 

Semvsebis „bunebac“ aseve axdens gavlenas betonis SeRwevadobaze, gansaz-
Rvravs ra cementis qvisa da Semvsebis kontaqtis zonis simkvrives. kvlevis Sede-
gebis Tanaxmad, betonis mkvrivi struqturis misaRebad yvelaze xelsayrelia 
wvril Semvsebad kvarcis qviSa, marcvlebis momrgvalebuli zedapiriT. es aixs-
neba cementis qvis kontaqtiT RorRis araswor zedapirTan, radgan xreSze miRe-
buli betoni xasiaTdeba didi wyalSeuRwevadobiT. msubuqi betoni forovan Sem-
vsebze gamoirCeva SedarebiT naklebi wyalSeRwevadobiT, radgan mSrali foro-
vani Semvsebi iwovs wyals cement-qviSis duRabidan, amcirebs cementis qvis w/c, 
qmnis damcav afsks msubuqi Semvsebis zedapirze, gamoricxavs betonis narevis 
Sinagan sedimentacias da xels uwyobs mkvrivi sakontaqto zonis formirebas. 

Semkvrelis xarisxi ganisazRvreba misi mineralogiuri SemadgenlobiT 
da dafqvis siwmindiT. mkvrivi betonis dasamzadebeli cementi airCeva minima-
luri wyalmoTxovnis, saSualo dafqvis siwmindiT. dafqvis siwmindis gazrda 
xels uwyobs hidrataciis xarisxis amaRlebas da cementis qvis wvrilfo-
rovani struqturis Seqmnas, magram amavdroulad iwvevs Semkvrelis wyal-
moTxovnilebisa da Seklebis deformaciis gazrdas. amitom 3000 sm2/g dafqvis 
xvedriTi zedapiris cementis gamoyeneba gvaZlevs dadebiT efeqts, mudmivi w/c 
sididis da narevis plastifikaciis dros.  

portlandcementze da Tixamiwovan cementebze damzadebuli betonis 
wyalSeRwevadoba praqtikulad erTnairia. hidrofoburi da plastificirebuli 
cementebi amcireben betonis narevis wyalmoTxovnilebas da amaRleben betonis 
simkvrives. optimaluri raodenobis hidravlikur danamatiani pucolanuri ce-
mentebi gvaZleven naklebad SeRwevad betonebs. warmoqmnili gelismsgavsi 
hidrosilikatebi amaRleben cementis qvis wyalmedegobas da amkvriveben betons. 

betonis maRali wyalSeuRwevadoba da gamagreba adreul asakSi uzrun-
velyofilia wyalSeuRwevadi gafarToebadi cementiT (wgc), Tixamiwovani ga-
farToebadi cementiT (Tgc), gafarToebadi portlandcementiT (gpc), damZabavi 
cementiT (dc). es cementebi gamoiyeneba tubingebis, milebis nakerebis hid-
roizolaciisa da TegvisaTvis, bzarebis amosavsebad da sxv.  

filtrirebadi forianobis warmoqmnaze didi gavlena aqvs betonis 
gamagrebis pirobebs. betonis gamoSroba, axladdayalibebuli betonis swrafi 
gaxureba, gaorTqvlis win dayovnebis Semokleba, amaRlebs betonis SeRwe-
vadobas. yvelaze efeqturia wyliani gamagreba an Tburi gamagreba wyalSi. 
wyliani erTTviani gamagrebis Semdeg betonis SeRwevadoba mcirdeba 100-jer 
metad, vidre haerul-mSral pirobebSi da 5...10-jer metad, vidre haerul-tenian 
pirobebSi. gaorTqvla ukeTes SemTxvevaSi uzrunvelyofs iseTive wyalSeuR-
wevadobas, rogorc haerul-teniani gamagreba. 

amrigad, maRali wyalSeuRwevadobis betonis misaRebad aucilebelia   op-
timaluri w/c, aseve cementis da Semvsebis Tanafardoba. betonebis wyalSeuR-
wevadobis Zalian mniSvnelovani saSualebaa w/c Semcireba garkveul mniSvnelo-
bamde, magram betonis narevis advilCawyobadobis SenarCuneba arTulebs am 
meTodis gamoyenebas. narevis plastikuroba izrdeba ara wylis raodenobis mate-
biT, aramed maplastificirebadi da hidrofobizirebadi nivTierebis gamoyenebiT. 

im SemTxvevebSi, roca betonis narevis Sedgenilobis optimizacia ver 
gvaZlevs saWiro Sedegs, gamoiyeneba teqnologiuri meTodebi, romelic saSua-
lebas mogvcems damatebiT gavaumjobesoT betonis Sedgeniloba, aseve gadavwy-
vitoT sasurveli Sedegis miRwevis probleba, sxvadasxva danamatis gamoyenebiT. 
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danamatebs, romlebic amaRleben cementiani betonis wyaluJonadobas, 
ewodebaT Semamkvrivebeli. Semkvrivebas efeqti SeiZleba mogvces danamatma, 
romelic sxvadasxva gavlenas axdens cementis qvis struqturis formirebaze 
da xasiaTdeba gamoyenebis sxvadasxva bunebiT da teqnologiiT.  

mTel rig kvlevebSi teqnologiur-Semamkvrivebeli danamatis saxiT ga-
moirCeva: araorganuli marilebi rkinis da kalciumis qloridebi, wvrildis-
persiuli aqtiuri mineraluri danamati aerosili da mikrokaJmiwa, plastifi-
katorebi lingosulfonatebi da sulfonaftenebi, hidrofobizatorebi,  sxva-
dasxva cximovani mJavebi da eTilsilikonuri siTxeebi, Tixis suspenzia, zo-
gierTi lateqsi -
sidirebuli eTilenglikoli da poliamini. 

miuxedavad amisa, yvela miTiTebul danamats ar SeiZleba danamdvi-
lebiT vuwodoT Semamkvrivebeli. 

zogjer aRiniSneba iseTi plastificirebadi danamatis Semamkvrivebeli 
efeqti, rogoricaa lingosulfonatebi da superplastifikatorebi. es aixsneba 
am danamatebis unariT aamaRlos axladwarmoqmnili cementis qvis dispersiu-
loba. Tumca bevri avtori plastificirebadi danamatis Semamkvrivebeli moqme-
debis mizezad asaxelebs maT unars, gaaumjobesos betonis narevis adgil-
Cawyobadoba, gazardos Semkvrivebis koeficienti da uzrunvelyos betonis na-
revis Zvradoba, wyalcementis fardobis Semcirebis dros. Cveulebriv super-
plastifikatori (ce -iT, 
wylis Semcirebis xarjze, rac zrdis wyaluJonadobis markas 2...3-jer. 

zogierTi monacemebiT, betonis wyaluJonadobis amaRlebis saSualebas 
aseve iZleva hidrofobuli danamatis gamoyeneba, romelic amcirebs wyal-
STanTqmas da tenis kapilarul Sewovas.  

aqedan gamomdinare, hidrofobuli da maplastificirebadi danamatebis 
gamoyeneba SeiZleba mivakuTvnoT meTodebs, romelic saSualebas gvaZlevs 
„optimizacia gaukeToT“ betonis sawyis Sedgenilobas da narevis Tvisebebs. 

qloridebis da sulfatebis mamkvrivebeli marilebis danamatebi, Tumca 
xels uwyoben betonis wyaluJonadobis mniSvnelovan amaRlebas, magram amci-
reben mis xanmedegobas, gansakuTrebiT es exeba armirebul konstruqcias. aseT 
danamatebs miekuTvneba: qlorovani rkina FeCl3 (cementis masis 0,5...2%), (amci-
rebs wyalgamoyofas, gaorTqlisas da Tixamiwovan cementisaTvis efeqti 
ikargeba), kalciumis qloridi CaCl2 (0,5...2%), natriumis sulfati Na2SO4 
(0,5...2%) da aluminis sulfati Al2(SO4)3 (1 %-mde), natriumis Txevadi mina 
(3...5%). Ca(NO3)2 danamati cementis masis 0,5...1%, 2...3-jer amaRlebs normaluri 
gamyarebis betonis wyalJonadobas da ar iwvevs foladis korozias. wyaluJo-
nadobis amaRleba yvelaze metad SeuZlia Fe2Cl3 da Na2SO4 danamatebs. amasTan 
wyaluJonadoba izrdeba W2-dan W8-mde, gaorTqlili betonisaTvis da W12-mde, 
normalur teniani gamagrebis betonisaTvis, roca narevis konusis jdena 18 sm. 
Al2(SO4)3-is plastifikatorTan erTad gamoyenebam saSualeba mogvca migveRo 
W8...W10 wyaluJonadobis betoni, mxolod im SemTxvevaSi, roca betonis nare-
vis konusis jdena aris araumetes 12 sm.  

cdebi gviCvenebs, rom yvelaze efeqturi danamati, romelic namdvilad 
amkvrivebs betonis struqturas da xels ar uwyobs cementis qvis an armaturis 
korozias, warmoadgens garkveul aqtiur mineralur da polimerul danamats. 

aqtiuri mineraluri danamatebi, romlebic TavianTi SemadgenlobaSi Sei-
caven aqtiur kaJmiwa komponents, abaven ra Tavisufal Ca(OH)2 cementis qvaSi, 
SeuZliaT aamaRlon aramarto misi koroziamedegoba, aramed uJonadobac. es 
dakavSirebulia masTan, rom cementis am danamatTan erTad gamagrebis dros 
warmoiqmneba kalciumis dabalfuZiani hidrosilikatebi, romelTac aqvT ufro 
maRali dispersiuloba, vidre maRalfuZianebs da amis Sedegad SeuZliaT 
cementis qvis makroforianoba gadaiyvanos wyaluJonad mikroforebSi. magram 
axladwarmoqmnebis morfologia, warmoqmili iseTi yvelaze metad efeqturi 
danamatebis TandaswrebiT, rogoricaa kaJmiwa da aerosili da Sesabamisad maTi 
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SeRwevadoba mniSvnelovan wilad ganisazRvreba gamagrebis pirobebiT an nare-
vis wyalcementis fardobiT. amitom mocemuli rogoric gamtkicebis ise gamk-
vrivebis danamatis efeqturobis amaRlebis aucilebeli pirobaa maTi plasti-
ficirebad danamatTan erTdrouli gamoyeneba.  

amgvarad, mineraluri danamati SeiZleba iyos mamkvrivebeli mxolod 
kompleqsuri danamatis SemadgenlobaSi. 

amJamad arsebobs mravali kompleqsuri danamati, romelTa gamoyenebas 
-

tis gaZliereba danamatis gamoyenebiT an danamatis xarjis Semcireba saerTo 
efeqturobis SenarCunebiT, Tu mas gamoviyenebT sxva danamatTan erTad. 

buTilis, butadionis da stirolis kauCukis safuZvelze miRebuli la-
teqsis 1,5...2% (mSrali masa), cementis masidan, ganapirobebs betonis wyaluJo-
nadobis mniSvnelovan amaRlebas. Tumca polimeruli emulsiebis gamoyeneba 
dakavSirebulia g
gamagrebis dawyebasTan.  

betonis wyaluJonadobis amaRlebas meTodis SerCevis dros aucilebe-
lia gaviTvaliswinoT betonis gaZvireba, specialuri RonisZiebebis xarjze.   
organuli maplastificirebeli da araorganuli danamatebis gamoyenebas miv-
yavarT 1 m3 betonis Rirebulebis 10...30%-iT gaZvirebasTan, xolo polimeruli, 
gamsqelebeli suspenzia an SesazeTi hidroizolacia 3...4%-iT amaRlebs samSe-
neblo-samontaJo samuSaoebis Rirebulebas da yovelTvis ver wyvets dasmul 
amocanas (cxr. 2). 

cxrili 2. betonis wyaluJonadobis amaRlebis ZiriTadi saSualebebi 

saSualeba 
wyaluJonadobis amaRlebis xarisxi ram-
denjer, (filtraciis  koeficientiT) 

organuli hidrofoburi da maplas-
tircirebeli danamatebi 

2 ... 10 

araorganuli danamatebi 5 ... 1000 
gamsqelebeli nivTiereba an Termop-

lastikuri polimeri 
10 ... 500 

betonis gaJRenTa specialuri niv-
TierebebiT 

50 ... 1000 

betonis zedapiris hidrofobizacia 2 ... 10 
betonis dafarva afskwarmomqmneli 

SedgenilobiT 
10 ... 100 

betonis polimeriT gaJRenTa, misi 
Semdgomi polimerizaciiT 

50 ... 1000 

unda aRiniSnos, rom saWiro wyaluJonadobis betonis misaRebad Zalian 
didi wvlili aqvs, rogorc sawyisi masalebis, ise teqnologiis yvela normatiu-
li moTxovnebis gulmodgine Sesrulebas. naxazze moyvanilia am faqtorebis 
klasifikacia, romlebic gavlenas axdenen cementiani betonis wyaluJonadobaze.  

garda imisa, rom cementis qvas aqvs wylis gaJonvis (filtraciis) unari, 
romelic fasdeba wyaluJonadobis sididiT (wyaluJonadobis markiT), mas 
aseve SeuZlia TviTneburad Seiwovos wyali wnevis gareSe, kapilaruli Sewo-
vis gziT, wyliT dasvelebis SemTxvevaSi. es procesi gacilebiT intensiur-
deba Tu wyali Sedis forebSi hidrostatikuri wneviT, magaliTad, wyalSi 
CaZirvis SemTxvevaSi. wyalSTanTqmis sidide ganisazRvreba DIN 52617 standar-
tiT. kapilaruli Sewovis intensiuroba izomeba gamartivebuli formuliT.  

0,15cos
h

r




sadac h _ awevis simaRlea, m; r _ kapilaris radiusi, m;   _ dasvelebis sasaz-
Rvro kuTxe.  
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faqtorebis klasifikacia, romlebic gavlenas axdenen cementiani betonis 
wyaluJonadobaze 

hidrofiluri masalisaTvis ( -
rebis radiusis ukuproporciulia da dasvelebis sididis (сos ) pirdapirpro-
porciuli. roca   = 90 wylis kapilaruli Sewova ar xdeba (сos =0) fore-
bis hidrofobizaciis dros ( > 90), kapilaruli wneva ewinaaRmdegeba wylis 
SeRwevas forebSi. 

realur pirobebSi saSeni masalis kapilarebSi wylis TviTneburma awe-
vam (wylis aweva simZimis Zalis sawinaaRmdegod) SeiZleba miaRwios 1,5 metrs 
da mets. amitom Senobis saZirkvelsa da kedlis kontaqtis zonaSi Cveulebriv 
gaTvaliswinebulia antifiltraciuli fardis mowyoba, wamkveTi hidroizo-
laciis saxiT. masalis kapilaruli wyalSTanTqmis regulirebisaTvis mire-

ბეტონის წყალუჟონადობა 

შემკვრელის სახეობა 

დისპერსიულობა 

მინერალური დანამატის 

სახეობა და რაოდენობა 

შემკვრელის რაოდენობა 

გრანულომეტრიული 

შემადგენლობა 

წყალშთანთქმა 

ზედაპირის ფორმა და 

ხორკლიანობა 

ადჰეზია ცემენტის ქვისადმი 

შემამკვრივებელი 

მოქმედების სახეობა 

ზემოქმედების დრო და 

ინტენსიურობა 

ბეტონის ნარევის რეოლო-

გიური მახასიათებლები  

შემკვრივება 

წყალცემენტის  ფარდობა 

გარემოს ტემპერატურა და 

ტენიანობა 

გამაგრების დრო 

საწყისი 

მასალები 
შემკვრელი 

დამზადების 

ტექნოლოგია 
ფორმირება 

შემვსები 
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bulia misi hidrofobizacia. e.i. masalis SedgenilobaSi zedapirul aqtiuri 
nivTierebis (zan) Seyvana, hidrofobuli efeqtiT sorbirebuli kapilaruli 
forebis zedapirze, romelic xdeba hidrofobuli (wyalukareba). wylis SeR-
weva iseT forebSi, romelsac aqvs hidrofobuli Siga zedapiri, gaZnelebu-
lia, Tumca iolas atarebs haers da wylis orTqls. ganzogadoeba, saSeni 
masalebis hidrofobizaciis Sesaxeb, Semdegia.  

hidrofobul an hidrofobizirebul forovan masalas wylis kapilaru-
li Sewova praqtikulad ar aqvs. amitom maTi gaJRenTa dasvelebisas an wyal-
Tan didxans Sexebis dros xasiaTdeba umniSvnelo sididiT da ZiriTadad 
ganisazRvreba wyalSi myofi nimuSis nawilis zomebiT. amave dros hidro-
fobul masalas wyalSi CaZirvisas aqvs gacilebiT meti wyalSTanTqma, radgan 
damatebiTi garegani dawneva wyals Wirxnis dausvelebel forebSi, aZevebs ra 
iq myof haers. CaZirvisas hidrofobizacia cota metad an naklebad amcirebs 
wyalSTanTqmis siCqares. Tumca wyalSi Zalian didxans yofnis SemTxvevaSi 
hidrofobizirebuli masalac xdeba iseTi, rogorc arahidrofobizirebuli. 

hidrofobizirebuli safaris mniSvnelovani gamorCeuli Tvisebaa is, 
rom ewinaaRmdegeba ra forebis zedapiris dasvelebas da tenis konstruq-
ciaSi SeRwevas, unarCunebs wylis orTqlis molekulebs unars difundirdes 
hidrosaizolacio masalis forovan struqturaSi da amgvarad uzrunvelyofs 
komforts sacxovrebel SenobaSi, icilebs ra haeris Warbtenianobas. 

daskvna 
masalis Tvisebebis kompleqsSi, romelic axasiaTebs mis moqmedebas 

wylis mimarT, aucilebelia CavrToT wyalmedegoba, e.i. unari SeinarCunos Tvi-
sebebi wylis xangrZlivi zemoqmedebis Sedegad. forovani saSeni masalis wyal-
medegoba, maT Soris cementis safuZvelze damzadebulis, damokidebulia cemen-
tis qvis Semadgeneli nawilebis wyalSi xsnadobaze, an maTTan qimiur urTier-
Tqmedebaze an masSi gaxsnil marilebze da fasdeba rogorc cementis qvis 
korozia. hidrofobuli zedapirul-aqtiuri nivTierebis (zan) Seyvana anelebs 
am process. amgvarad, es gageba hidrofobuloba gansxvavebulia wyaluJonado-
bisa da wyalmedegobisagan, hidrofobizacia saSen masalas ar xdis arc wyal-
uJonads da arc wyalmedegs. magram hidrofobizacia Cveulebriv amaRlebs sa-
Seni masalis wyaluJonadobas da wyalmedegobas, imdenad, rom konstruqciis 
wylisagan daSlis dacvis es meTodi iZens praqtikul mniSvnelobas.  
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SUMMARY 

FACTORS AFFECTING WATER PERMEABILITY IN CEMENT-BASED CONCRETES 

Chiqovani A.B., Nebieridze N.V. and Tsinadze Z.O. 

Georgian Technical University 

Moisture in contact with the material and penetrating into it can adversely affect the operational properties of the 

material (strength, thermal insulation, frost resistance) or cause corrosion, and sometimes even its disintegration. 

Concrete is a capillary-porous mass. Concrete pores can be appertained to all volumes that are not filled with 

solid matter. In structural, dense aggregate concrete, the pores of the cement stone are the main ones. Pores 

determine the penetration of concrete, and the study of the influence of various factors on it is an actual issue. 

The introduction of hydrophobic surface-active substance (SAS) slows down the concrete corrosion process. 

Hydrophobization usually increases the waterproofing and water resistance of the building material, so much so 

that the method presented in the paper for protecting the construction from water disintegration acquires 

practical importance. 

Keywords: concrete, pores, permeability, filtration, filtration coefficient, structure, defects, capillary water-

cement ratio.  
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radiaciuli gama fonis Sefaseba 

gamiSiZe z.m., nagervaZe n.m., gamiSiZe g.z. 

baTumis SoTa rusTavelis saxelmwifo universiteti 
saqarTvelos teqnikuri universiteti 

gama gamosxiveba warmoadgens amJamad cnobil yvelaze SeRwevad energiis 
saxes. is Sedgeba gama-kvantebisagan, romlebic, miuxedavad imisa, rom nawi-
lakebad miiCneva, aseve eleqtromagnituri gamosxivebaa, iseTive rogoric mzis, 
radiotalRebis da rentgenis sxivebi. eletromagnituri gamosxivebis sxva-
dasxva formebi erTmaneTisagan talRis sigrZeebiT da maT mier gadacemuli 
energiebiT gansxvavdebian. gama gamosxiveba yovelTvis vrceldeba sinaTlis 
siCqariT, maSin roca sxva nawilakebs gaaCniaT bevrad gacilebiT naklebi 
siCqareebi, magram Cveni standartebiT, mainc uzarmazaria _ ramdenime aseuli 
an aTasi kilometri wamSi. nivTierebebi Sedgebian sxvadasxva elementebis 
sxvadasxva izotopisgan. maT Soris aris radioaqtiuri. zogi warmoiSva (da 
warmoiSobian) bunebaSi bunebrivi gziT (aseTebia magaliTad, bunebrivi urani, 
Toriumi, radioaqtiuri kaliumi, naxSirbadi, radiumi da zogierTi sxva ele-
mentebi). sxvebi gaCndnen adamianis saqmianobis Sedegad [1]. ZiriTad teqnogenur 
radiaqtiur wyaroebs miekuTvnebian birTvuli iaraRi, samrewvelo narCenebi, 
atomuri eleqtrosadgurebi, zogierTi Zvirfasi qvebi. xelovnuri maionebeli 
gamosxivebis sami ZiriTadi wyaro arsebobs: samedicino (sxvadasxva daavadebe-
bis diagnostika da mkurnaloba), samrewvelo gamoyeneba (ZiriTadad gazomvebSi 
da samecniero kvlevebSi), birTvuli iaraRis gamocdis da avariis Sedegebi 
mTels msoflioSi. xelovnuri gamosxivebebis fardobiTi wliuri doza erT 
sul mosaxleze, gamosxivebis sxvadasxva wyaroebidan mocemulia nax. 1-ze. ro-
gorc Cans, amJamad samedicino gamosxiveba warmoadgens dominirebul wyaros [2]. 

nax. 1. xelovnuri gamosxivebebis fardobiTi wliuri doza erT sul mosaxleze, 
 gamosxivebis sxvadasxva wyaroebidan 

kvlevis mizans warmoadgens radiaciuli gama fonis Seswavla. radia-
ciuli gazomvebi saWiroa adamianis saqmianobis mraval sferoSi, rac gan-
sakuTrebiT mniSvnelovania radiaciuli gamosxivebis axali wyaroebis warmo-
Sobis Semdeg. radiaciuli gazomvebi SeiZleba Catardes sacxovrebel saxleb-
Si, samrewvelo obieqtebSi, tyeebSi da mTian raionebSi. aseTi operaciebis Ca-
tareba sasurvelia raime uZravi qonebis SeZenisas, da mSeneblobis dawyebidan, 
obieqtis eqspluataciaSi Cabarebamde. radiaciuli kontroli aucilebelia, 
radgan Tanamedrove msoflioSi radiaciis gazrdili koncentracia SeiZleba 
arsebobdes adgilebSi, sadac is yvelaze naklebadaa mosalodneli [3]. amas-
Tan, radiaciuli dacvis Tanamedrove sistema yvelaze srulyofilia riskis 
sxva teqnogenuri faqtorebis dacvis sistemasTan SedarebiT. radiaciisagan 
adamianebis dacvis sakiTxis regulireba xdeba saerTaSoriso da nacionalur 
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doneebze. yovel qveyanas gaaCnia Sesabamisi kanonebi da radiaciul normati-
vebi, maT Soris radiaciuli avariebis SemTxvevaSic ki [4]. 

yoveldRiur cxovrebaSi, Cven vxvdebiT ZiriTadad bunebriv radiaqtiu-
robas. cnobilia, rom betonis SemadgenlobaSi, romelTaganac aSeneben Cvens 
saxlebs, Sedis inertuli samSeneblo masalebi, romlebic moipoveba karierebze 
samTo qanebis daqucmacebiT, gansakuTrebiT vulkanuri _ graniti da bazalti, 
arsebobs agreTve garkveuli raodenobis urani da Toriumi. radgan isini Sedis 
Cveni sacxovrebeli saxlebis kedlebis, Werebis da iatakebis SemadgenlobaSi, 
amitom saxlebSi yovelTvis arsebobs radiaqtiuri gamosxiveba. Cveulebriv 
gaiTvaliswineba mxolod gama gamosxiveba, radgan alfa da beta nawilakebi 
rogor wesi ar gamodian kedlebidan, STainTqmebian maT sisqeSi. urani da 
Toriumi SeiZleba daiSalon da gadaiqcen sxva radioaqtiuri elementebad. 
erT-erTi maTgania inertuli airi radoni. is advilad difuzirdeba kedlebis 
gaswvriv. daxurul SenobebSi, romlebic ar ganicdian ganiavebas, radoni 
SeiZleba dagrovdes SesamCnevi raodenobiT. radoni warmoadgens safrTxes, 
radgan filtvebSi moxvedrisas xdeba maTi dasxiveba Zlier maionizirebeli 
alfa nawilakebiT. kidev erTi uZvelesi izotopia radioaqtiuri kaliumi. is 
Sedis Zalian bevri mineralis SemadgenlobaSi, gvxvdeba mcenareebSi, cxo-
velebsa da adamianebSi. amitom yvela isini warmoadgenen gama-gamosxivebis wya-
ros. radiaciis mniSvnelovani wyaroa mze, saidanac dedamiwaze modis ara mxo-
lod sinaTle da siTbo, aramed  damuxtuli nawilakebis Zlier nakadebi [5].  

gama-gamosxivebas gaaCnia maRali SRwevadobisunarianoba da urTierTq-
medebs nivTierebasTan, ris Sedegad gamo misi moqmedeba SeiZleba mimdina-
reobdes mTel sxeulSi, magram isini naklebad ionizireben, vidre alfa-nawi-
lakebi. dazianebis xarisxi da intensiuroba damokidebulia gamosxivebis do-
zasa da nawilakTa saxeze.  erTi da igive dasxiveba sxvadasxvagvarad moqme-
debs sxvadasxva organizmze. dasxivebis sakmaod didi dozisas iRupeba ne-
bismieri organizmi. sasikvdiloze dabali doza iwvevs sxvadasxva saxis 
daavadebebs, romelic cnobilia terminiT „sxivuri daavadeba“ [6]. sxvadasxva 
radiaqtiuri nivTiereba sxvadasxvagvarad aRwevs adamianis organizmSi, rac 
damokidebulia radiaqtiuri nivTierebis Tvisebebze. radiaqtiurma nivTierebam 
SeiZleba SeaRwios organizmSi sakvebTan da wyalTan erTad, da saWmlis 
momnelebeli organoebis saSualebiT isini vrceldebian mTels organizmSi. 
radiaqtiuri nawilakebi haeridan sunTqvis dros SeiZleba moxvdnen filt-
vebSi. am SemTxvevaSi adgili aqvs e.w. Sinagan dasxivebas. amitom, radiaciis 
nebisier wyarosTan (radiaqtiuri izotopebi, am¬aCqareblebi, reaqtorebi, 
kosmosuri xomaldebi da a.S.) muSaobisas ismeba sakiTxi radiaciuli dacvis 
sakiTxi. Sesabamisad dadgenilia zRvruli dasaSvebi doza. dasxivebis dozis 
gasazomad gamoiyeneba dozimetrebi. gare dasxivebis radiaciuli monitoringi-
saTvis rekomendebulia gazomvebis ori ZiriTadi tipi: gare gamosxivebis indi-
vidualuri dozebis gazomva (individualuri dozimetriuli kontroli) da 
gamosxivebis dozis simZlavris gazomva lokalur adgilebSi. individualuri 
dozimetruli kontroli saSualebas gvaZlevs zustad gaiTvaliswinoT yvela 
is faqtori, romelic gavlenas axdens gare dasxivebis dozis formirebaze 
dabinZurebuli teritoriebis macxovreblebSi. dozimetris gamoyeneba SesaZ-
lebelia sakmarisad didi drois ganmavlobaSi da nebismier dros (SabaT-
kvira da samuSao dReebi, wvimiani da mziani dReebi, da a.S.). adamianebis ra-
diaciisagan dacvis erT-erTi saukeTeso saSualebaa radiaciuli fonis ana-
lizi yvela sferoSi _ saxovrebel, saofise, sawarmo da garemomcvel gare-
moSi, da misi Sesabamisoba saxelmwifo sanitaruli normebiT gansazRvrul 
ra¬diaciul donesTan. Cven mier gamoiyenebuli iqna portatuli, radiaciuli 
gamovlenisa da monitoringis Tanamedrove modelis deteqtori, romelic 
uzrunvelyofs radiaciuli gamosxivebis maxasiaTebeli monacemebis avtoma-
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tur Caweras, xolo kompiuterTan dakavSirebisas ki SeiZleba am monacemebis 
CamotvirTva da gaanalizeba. 

gare gama gamosxivebis gazomvis Sedegebis Seswavlis safuZvelze gan-
sazRvruli iqna mocemuli lokaluri adgilis radiaciuli suraTi.  miRe-
buli monacemebis safuZvelze gansazRvruli iqna agreTve iseTi statistikuri 
maCveneblebi, rogoricaa diapazoni (minimumi-maqsimumi), saSualo ariTmeti-
kuli, ariTmetikuli standartuli gadaxra, romelTa safuZvelze SeiZleba 
gansazRvruli iqnes sxva maxasiaTeblebi. ZiriTadi statistika gviCvenebs, rom 
saSualo ariTmetikuli mniSvnelobebi sxvadasxva dros zog SemTxvevaSi od-
nav gansxvavebulia, magram ZiriTadad erTmaneTTan axlosaa (nax. 2).  

nax. 2. statistikuri monacemebi 

gama radiaciuli fonis diagramaze (nax. 3) warmodgenilia dozis cvli-
leba drois mixedviT, garkveuli pirobiTad SerCeuli drois ganmavlobaSi. 
rogorc grafikidan Cans, droTa ganmavlobaSi SeiniSneba dozis mniSvnelobis 
cvlilebebi, magram saSualo doza am drois ganmavlobaSi mudmivia da, 
rogorc aRvniSneT, mxolod zogierT SemTxvevaSi SeiniSneba saSualo mniSvne-
lobebidan gadaxrebi.  

nax. 3. gama radiaciuli fonis diagrama 

amrigad,  miRebuli gazomvebis safuZvelze miRebulia gama radiaciuli 
fonis mdgomareobis diagrama, ris safuZvelzec SeiZleba gavakeToT daskvna, 
rom is normis farglebSia. is ar aris damokidebuli gare faqtorebze: wneva, 
tenianoba, temperatura, magram gazomvebis dros gare pirobebi gavlenas ax-
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dens dozimetris muSaobaze da Sesabamisad maT Cvenebaze. kvlevis Sedegad 
dadgenili iqneba Seswavlili teritoriis gare radiaciuli gama foni, Seiq-
mneba radiaciuli gama fonis ruka da gaizrdeba mocemul teritoriaze 
mcxovrebi mosaxleobis dacvis done da informirebuloba.  
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SUMMARY 

ESTIMATION OF THE RADIATION GAMMA BACKGROUND 

Gamishidze Z.M., Nagervadze N.M. and Gamishidze G.Z. 

Batumi Shota Rustaveli State Universiry 

Georgian Technical University 

Radiation is ionizing emitting that causes irreparable damage to the surrounding environment and living 

organisms. Interaction of ionizing radiation with matter causes ionization of atoms and molecules. Ionizing 

radiation includes gamma-, alpha-beta-, and neutron radiation. Radiation exists literally everywhere in the 

human environment - in water, food, and air. Its level varies in different environments. But the biggest danger is 

that radiation affects the body indiscriminately - a person does not have sensory organs that can perceive even a 

significant dose of radiation. Every day people receive a minimal dose of radiation without realizing that 

radiation has a devastating effect on their health and the health of future generations. From the point of view of 

radiation assessment, it is appropriate to measure gamma radiation, because it has a high penetration capacity in 

contrast to other types of radiation. The aim of the paper is to show what radiation is, what properties it has, how 

it can be measured, and analyze the radiation gamma background around us. 

Keywords: radiation background, gamma radiation, dosimeter, average dose, effective dose. 
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energoefeqturoba _ energetikis axali realoba 

jiSkariani m.n., jiSkariani T.s. 

saqarTvelos teqnikuri universiteti 

klimatis cvlileba anu globaluri daTboba, romlis gamomwvevi 
ZiriTadi mizezi atmosferoSi organuli saTbobis (bunebrivi airi, naxSiri, 

navTobproduqtebi) wvis Sedegad warmoqmnili naxSirorJangis (CO2) kolosa-
luri raodenobiT dagrovebaa, dRevandeli msoflio sazogadoebis gansakuT-
rebul SeSfoTebas iwvevs da moiTxovs urTierTgamoricxavi ori globaluri 
problemis upirobo gadaWras [1]. 

bolo 50 wlis manZilze naxSirorJangis (CO2) koncentracia atmosfero-

Si yovelwliurad 1.6_2.0 ppm-iT izrdeba da 2050 wlisTvis 500 ppm-s gadaa-

Warbebs, xolo saukunis bolos 550_560 ppm-s miaRwevs. Tu gaviTvaliswinebT,  

rom erTi memilionedi nawili (ppm) pirobiTad 2,13 mlrd tona naxSirorJangs 
utoldeba, im droisaTvis atmosferoSi 1,7_1,9 trilioni tona naxSirorJangi 
iqneba koncentrirebuli. naxSirorJangis aRniSnuli koncentracia gamoiwvevs 
klimatisa da biosferos intensiur cvlilebas, mTeli msoflios masStabiT 
sasoflo-sameurneo zonebis radikalur Zvrebs, kontinenturi yinulebis did 
nawilis dnobas da sxvadasxva qveynis teritoriebis masiur datborvas.  

momdevno aTwleulebSi planetis mosaxleobis raodenobis gazrda, misi 
cxovrebis donis amaRleba da keTildReobis gaumjobeseba moiTxovs energia-
ze msoflio moxmarebis 40_50%-ian zrdas. am wlebis manZilze energiis 
ZiriTad wyarod kvlav darCeba organuli saTbobi, romlis wili msoflio 

energogeneraciaSi  dReisaTvis 85%-s aRwevs [2]. 
amrigad, kacobrioba dadga dilemis winaSe _ an uari ganacxados ener-

giis moxmarebaze da, Sesabamisad, civilizaciaze, an gaxdes msoflio ekolo-
giuri katastrofis uSualo mowme, anda gaataros klimatis cvlilebis Serbi-
lebasTan dakavSirebuli iseTi samecniero-kvleviT da sainJinro-teqnikur-
ekonomikuri RonisZiebebi, romelic saSualebas mogvcems 2050 wlisaTvis 
80_95%-iT SevamciroT naxSirorJangis emisia ise, rom  saSiSroeba ar Seeqmnas  

mosaxleobis  materialuri da sulieri miRwevebis erTobliobas [3]. 
gaeros CarCo konvencia klimatis cvlilebis Sesaxeb (rio-de-Janeiro, 

1992 w.), iseve rogorc parizis 2015 wlis SeTanxmeba, yvelaze farTomasSta-
biani saerTaSoriso SeTanxmebaa klimatis cvlilebis sakiTxebze. qveynebi, 
romlebmac xeli moaweres am dokumentebs, maT Soris saqarTveloc, iReben 
valdebulebas SeimuSaon klimatis cvlilebaze naxSirorJangis (CO2) zemoqme-
debis SerbilebasTan dakavSirebuli axali meTodebi da teqnologiebi.  

am mizniT, samecniero-teqnologiuri miRwevebisa da saerTaSoriso 
TanamSromlobis wyalobiT,  msoflios wamyvan qveynebSi ukve did xania xor-
cieldeba sruliad axali tipis proeqtebi, romelSic CarTuli arian evrokav-
Siris wevri saxelmwifoebis, aSS-s, kanadis, didi britanetis, avstraliisa da 
norvegiis mTavrobebi da politikuri liderebi, msoflio wamyvani umsxvilesi 
energetikuli korporaciebi, evrokomisia, klimatis cvlilebis eqspertTa 
mTavrobaTaSorisi jgufebi, arasamTavrobo organizaciebi da sxvadasxva 
energetikuli saagentoebi [4].  

arsebuli problemebis gadaWris gadaudebelma aucileblobam gamoiwvia 
is, rom energetika, romelic transformaciis neli tempebiT xasiaTdeboda da 
100 welze metia cvlilebebi ar ganucdia, dReisaTvis dinamiuri gardaqmnebis 
SuagulSi aRmoCnda. energiis gardaqmnis, gadacemisa da ganawilebis tra-
diciuli qvesistemebis erTobliobas daemata axali _ energiis moxmarebis 
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seqtori da aqcenti am ukanasknelze gakeTda. es ki mas niSnavs, rom msoflio 
energetikam axal realobaSi gadainacvala [5]. 

saqarTvelom, rogorc gaerTianebuli erebis organizaciis klimatis 

cvlilebis CarCo konvenciis (UNFCCC _ parizi, 2015 w.) xelmomwerma qveyanam, 
valdebuleba ikisra energodamzogi RonisZiebebis realizebis safuZvelze 

2030 wlisaTvis 20_25%-iT Seamciros naxSirorJangis (CO2) gafrqveva atmos-
feroSi. am miznis misaRwevad aucilebelia energetikul, samrewvelo,  sayofa-
cxovrebo, samSeneblo da satransporto seqtorebSi moxmarebuli organuli 
saTbobis wilis minimumamde dayvana, inovaciuri maRalefeqturi teqnologie-
bis danergva, energoefeqturi RonisZiebebis praqtikuli realizeba, adgilob-
rivi saTbob-energetikuli resursebis, ganaxlebadi energiis wyaroebisa da 
alternatiuli saTbobis efeqturad gamoyeneba da samecniero-kvleviTi da 
sacdel-sakonstruqtoro samuSaoebis dauyovnebliv dawyeba. 

saqarTvelos kanoni „energoefeqturobis Sesaxeb“ calsaxad iTvalis-
winebs energetikis seqtoris ganviTarebis ZiriTadi tendenciebis da strate-
giis kompleqsuri midgomis Zireul cvlilebebs, romelic srulad unda asa-
xavdes saqarTveloSi mdgradi da efeqturi energetikuli bazis Seqmnis, ener-
getikuli sistemebis da obieqtebis optimaluri marTvis, gaazrebuli ener-
getikuli politikis SemuSavebisa da misi etapobrivi ganxorcielebis gzebs. 

msoflio masStabiT, moxmarebuli energiis TiTqmis mesamedi da naxSir-

orJangis (CO2) emisiis TiTqmis 36% samrewvelo seqtorze modis. amitom, at-
mosferoze mavne nivTierebebis gavlenis Semcirebis mizniT aucilebelia: teq-
nologiuri danadgarebisa da mowyobilobebis modernizacia mudmiv kontro-
li teqnologiuri reJimebis dacvaze, teqnologiuri procesebis srulyofa da 
unarCeno an mcirenarCeniani teqnologiebis danergva, gamoyenebuli resurse-
bis xarisxis amaRleba, nedleulis kompleqsuri gamoyeneba da im resursebis 
gamoyenebis SezRudva, romlebic uSualod ukavSirdeba garemos gaWuWyianebas, 

axali aparaturis Seqmna gamonabolqvebis Tavidan acilebis an maTi SezRudvა 

dasaSvebi normebis donemde, moxmarebuli saTbobis xarisxisa da maTi wvis 
reJimebis gaumjobeseba, gamonabolqvi gazebis gawmenda da gamonabolqvebis 
neitralizacia, konservacia, damarxva da utilizacia [6]. 

gaeros industriuli ganviTarebis organizaciis (UNIDO) mier saqarTve-
loSi ganxorcielebuli sademonstracio proeqtis „resursefeqturi da eko-
logiurad sufTa warmoeba“ farglebSi Catarebuli farTomasStabiani kvle-
vebis safuZvelze dadginda, rom  mrewvelobis sxvadasxva dargis mTel rig 
sawarmoo obieqtebze arsebobs energetikuli resursebis ufro nayofierad 
gamoyenebis da garemos dacvis gaumjobesebis SesaZleblobebi. magaliTisaTvis, 
mxolod erT sawarmoSi, energoefeqturi RonisZiebebis  ganxorcielebis Sede-
gad (tumboebisa da ventilatorebis eleqtroamZravis brunTa ricxvis sixSiris 
regulireba, wyalmomaragebis sistemis kompleqsuri avtomaturi marTva, Sxef-
sacivrebSi wylis gamSxefi Zveli mowyobilobebis aRdgena da maTi dayeneba op-
timaluri daxris kuTxiT, Tbomcvleli aparatebis, rezervuarebis da milgay-
vanilobebis gare zedapirebis Tboizolacia, kompresorebsa da detanderebSi 
mamWidroebeli rgolebis Secvla da a.S.) yovelwliurad SeiZleba  daizogos 
9,1 mln kvt.sT eleqtroenergia, 86,4 aTasi m3  wyali da 1 280 toniT Semcirdes 
naxSirorJangis emisia garemoSi [7].   

samrewvelo seqtorTan erTad, energiis kargvis kidev erT mniSvnelovan 
wyaros warmoadgens Senobebis seqtori. Senoba-nagebobebs, rogoricaa sayo-
facxovrebo da municipaluri Senobebi, sacxovrebeli saxlebi, skolebi, saa-
vadmyofoebi, sabavSvo baRebi, sastumroebi, saswavlo dawesebulebebi, maRa-
ziebi, ofisebi, da a.S, energodazogvis  didi potenciali gaaCniaT.   

Catarebuli farTomasStabiani kvlevebis safuZvelze dadginda, rom Se-
nobebSi energiaze danaxarjebis mniSvnelovani Semcireba SesaZlebelia ener-
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goefeqturi RonisZiebebis realizebiT: fanjrebis Riobebis SemWidrovebis 
xarisxis gaumjobeseba, gaTbobis sistemis hidravlikuri balansireba da mar-
Tvis avtomaturi regulireba, radiatorebze Termostatikuri sarqvelebis 
dayeneba, Senobis SemomzRudi kedlebisa da sxvenis damatebiTi Tboizolacia, 
ganaTebis sistemis aRWurva Suqdioduri naTurebiT, sadarbazoebis senso-
ruli ganaTeba, sacxovrebeli  korpusebis sadarbazoebSi saerTo farTobebis 
(derefnebis) daTbuneba, liftebis modernizacia, regionebSi energoefeqturi 
SeSis Rumelebis danergva da sxva msgavsi energoefeqturi RonisZiebebis 
ganxorcieleba, energomoxmarebis SemcirebasTan erTad, amcirebs saTburis 
airebis emisiebs da mniSvnelovnad aumjobesebs gamwvavebul ekologiur 
situacias rogorc lokaluri, ise globaluri masStabiT [8].  

 amerikis SeerTebuli Statebis ganviTarebis saagentos (USAID) mxarda-

WeriT merebis SeTanxmebis (Covenant of  Mayors) xelmomwer 9 qalaqSi (Tbilisi, 
quTaisi, baTumi, zugdidi, gori, Telavi, axalcixe, bolnisi, mcxeTa) Catarda 
Senobebis  energomoxmarebis inventarizacia da winaswari kvleva am SenobebSi  
Tbomomaragebis, kondicirebisa da cxeli wyliT momaragebis energoefeqtu-
robaze. dadginda energodazogvisa da emisiis Semcirebis faqtobrivi poten-
ciali, daigegma energoresursebisa da ganaxlebadi energiis wyaroebis efeq-
turad gamoyenebis RonisZiebebi da SemuSavda energetikis mdgradi ganviTa-

rebis samoqmedo gegmebi (SEAP). 
  energodazogvisa da emisiis Semcirebis faqtobrivi potenciali saqar-

Tvelos qalaqebis Senobebis seqtorisaTvis mocemulia cxrilSi.  

energodazogvisa da emisiis Semcirebis faqtobrivi potenciali saqarTvelos 
qalaqebis Senobebis seqtorSi 
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1 Tbilisi 1 118 000 5 900 107 
124 

1 491 580 99
5 

25,0 1 118 817 288 494 26,0 

2 quTaisi 186 300 456 300 000 115 200 000 25,2 82 545 20 750 25,1 
3 baTumi 180 000 423 412 843 107 880 926 25,0 78 437 20 869 27,0 
4 gori 54 700 279 958 365 77 512 183 28,0 54 290 15 239 28,0 
5 axalcixe 18 500 259 449 715 64 593 912 25,0 49 716 12 478 25,0 
6 zugdidi 75 500 191 699 017 70 232 556 36,6 35 279 13 760 39,0 
7 Telavi 21 800 137 907 634 38 452 745 28,0 26 643 7 568 28,0 

rogorc cxrilis monacemebidan Cans mxolod q.Tbilisis  Senobebis 
seqtorSi  SeiZleba yovelwliurad daizogos 1 491 580 995 kvt.sT energia, rac 
sabaziso energomoxmarebis (5 900 107 124 kvt.sT/wl) 25%-s Seadgens. 
Sesabamisad, yovelwliurad 288 494 toniT SeiZleba Semcirdes naxSirorJangis 
emisia, rac sabaziso emisiis (1 118 817  t/wl)  26%-ia. 

enegoefeqturi RonisZiebebis ganxorcieleba, mdgradi, usafrTxo da 
konkurentunariani energomomaragebis sakiTxebTan dakavSirebuli gamowvevebis 
gadaWra da energetikuli resursebis racionalurad gamoyeneba gansakuTre-
biT aqtualuria saqarTvelosaTvis, rogorc importirebul energoresursebze 
orientirebul da uaRresad gamwvavebuli ekologiuri situaciis mqone qveyni-
saTvis [9]. 
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energiis dazogva dadebiTad aisaxeba ekonomikur zrdaze da Seamcirebs 
garemoze uaryofiT zemoqmedebas. es empiriuli mtkicebuleba gulisxmobs, 
rom msoflio qveynebis nacionalurma ekonomikurma sistemebma erTdroulad 
unda ganaxorcielon ekonomikuri da garemosdacviTi RonisZiebebis gatareba, 
romlebic miiRweva  energoefeqturobis gaumjobesebiT. 
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SUMMARY 

ENERGY EFFICIENCY- THE NEW REALITY OF  ENERGY 

Jishkariani M.N. and Jishkariani T.S. 

Georgian Technical University 

Georgia, as a signatory country of the United Nations Framework Convention on Climate Change (UNFCCC-

Paris, 2015), undertook to reduce the emission of carbon dioxide (CO2) into the atmosphere by 20-25% by 2030 

based on the implementation of energy-saving measures. In order to achieve this goal, it is necessary to minimize 

the share of organic heating consumed in the energy, industrial, household, construction, and transport sectors, to 

introduce innovative high-efficiency technologies, to implement energy-efficient measures in practice, to 

effectively use local heating and energy resources, renewable energy sources and alternative heating, and to 

carry out scientific research and Immediate start of trial and construction works. 
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sayofacxovrebo gazis gaJonvis aRmosaCeni deteqtoris gamocdis 

metrologiuri stendi 

epitaSvili i.z., maxaSvili q.a., iaSvili n.g 

saqarTvelos teqnikuri universiteti 
saqarTvelos sainJinro akademia 

miuxedavad bunebrivi gazis sayofacxovrebo mizniT gamoyenebis komfor-
tulobisa da sargeblianobisa, mas Tan axlavs metad mniSvnelovani uaryofi-
Ti mxarec: sacxovrebel binaSi bunebrivi sayofacxovrebo gazis (meTani) 
SesaZlo gaJonva da dagroveba, rasac mohyveba afeTqeba da Senobis ngreva, 
xolo toqsikuri gazis (CO) gaJonvis da dagrovebisas xdeba adamianTa mowam-
vla. aseT dros materialuri zaralis garda mosalodnelia adamianTa 
msxverplic [1,2].  

bunebrivi da mxuTavi gazebiT gamowveuli afeTqebebis da mowamvlis 
dros daSavebulTa da gardacvlilTa ricxvi wlidan wlamde izrdeba.  

yovelive zemoT aRniSnuli naTlad adasturebs Tu ramdenad aqtua-
luri da aucilebelia gazis mowyobilobebis swori montaJi da eqsplua-
tacia, rac mTavaria gazquris, wylis gasacxeleblad da binis gasaTbobad 
gazis danadgaris gamoyenebis wesebis codna da maTi upirobo dacva.  ubeduri 
SemTxvevebis umravlesobis gamomwvevis mizezia gazis danadgarebis da mowyo-
bilobebis araswori montaJi da araswori eqspluatacia. es ki Tavis mxriv 
ganpirobebulia bunebrivi gazis moxmarebis usarTxoebis wesebis arcodniT 
da maTi ugulebelyofiT. 

swored sayofacxovrebo gazis usafrTxod moxmarebisTvis aris gankuT-
vnili sacxovrebel binebSi gazis gaJonvis signalizatorebi (deteqtorebi), 
mowyobilobebi da monitoringis sistemebi. maTi gamoyeneba SesaZlebelia mxo-
lod im SemTxvevaSi, rodesac TviT es mowyobilobebi Seesabamebian arsebul 
standartebs da teqnikur reglamentebs. es ki niSnavs, rom aucilebelia maTi 
Semowmeba, kalibreba, damowmeba, montaJi, gamarTva da swori eqspluatacia.  

unda iTqvas, rom gazis sigalizatorebis da deteqtorebis Semowmeba, 
kalibreba da damowmeba metad rTuli procesia, romelic Sedgeba sxvadasxva 
operaciisagan. cxadia, gasaTvaliswinebelia iseTi faqtorebi, rogoricaa 
wneva, tenianoba da temperatura. gazis signalizatorebis da deteqtorebis 
gamosacdeli stendis saerTo xedi motanilia nax.1-ze. 

nax. 1. gazis deteqtorebis Semowmebis stendis saerTo xedi 

gazis gaJonvis aRmosaCeni da gazis identificirebis mowyobilobis 
Seqmna SeuZlebelia garkveuli eqsperimentuli samuSaoebis Catarebis gareSe. 
dReisaTvis ar arsebobs universaluri stendi, romelic gamodgeba yvela 
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saxis, daniSnulebis da tipis signalizatorebisa da deteqtorebisaTvis. ami-
tom, TiTqmis yvela kvleviTi organizacia da mowyobilobebis damamzadebeli 
qarxana iZulebuli arian daamuSavon da daamzadon mxolod maTTvis auci-
lebeli da maT pirobebs morgebuli metrologiuri stendebi. aqedan gamomdi-
nare, Cven mier damuSavebuli deteqtorisTvis aucilebeli gaxda metrolo-
giuri laboratoriuli stendis Seqmna. eqsperimentuli metrologiuri ste-
ndis mTavari daniSnulebaa stu-s avtomatizaciis samecniero-kvleviT centrSi 
damuSavebuli da damzadebuli gazis axali deteqtoris ZiriTadi teqnikuri 
parametrebis Semowmeba da metrologiurgi parametrebis dadgena. aseve aucile-
belia eqsperimentuli stendisadmi ZiriTadi teqnikuri moTxovnebis Camoyali-
beba. SemoTavazebuli axali, inovaciuri deteqtoris funqciebi da parametrebi 
ganisazRvreba moqmedi evropuli EN 50194 da EN 50291 standartebis mixedviT. 
amitom, am standartebiT gaTvaliswinebuli gamocdebi gansazRvraven eqsperi-
mentuli stendisadmi ZiriTad teqnikur moTxovnebs [3,4].  

axali eqsperimentuli sagamocdo stendis damzadebamde, Cven mier Ses-
rulebuli iyo Semdegi samuSaoebi: 

• arsebuli, analogiuri sagamocdo stendebis dadebiTi da uaryofiTi
mxareebis analizi; 

• konkretuli metrologiurgi stendisadmi wayenebuli teqnikuri mo-
Txovnebis Camoyalibeba; 

• metrologiuri stendis funqciebis gansazRvra;
• stendis struqturuli da funqcionaluri sqemebis damuSaveba;
• stendis konqtruqciuli da meqanikuri naxazebis damuSaveba;
• SesaZeni nawilebis masalebis da makompleqtebeli nawilebis CamonaT-

valis Sedgena da kompleqtacia. 
nax. 2-ze naCvenebia aSS-s erT-erTi kvleviTi institutis laboratoriu-

li stendi. 

nax.2. erT-erTi samecniero kvleviTi institutis laboratoriuli stendi 

mxolod am samuSaoebis Sesrulebis Semdeg gaxda SesaZlebeli stendis 
laboratoriuli moqmedi nimuSis damzadeba. 

zogadad, metrologiurgi stendi gankuTvnilia gazoanalizatorebis, 
gazis signalizatorebis da gazis gaJonvis monitoringis sistemebis Semow-
mebis, kalibrebis da damowmebisaTvis. es xdeba Sesamowmebeli xelsawyoebis 
mgrZnobiare elementze gazis moculobiTi wilis erTeulis an gazis koncen-
traciis miznobrivi komponentebis miwodebiT [4,5].  

stendze Semowmebis procesi SeiZleba ganxorcieldes: 
• xelis reJimSi, sadac xdeba gazis balonebis saSualebiT Sesamow-

mebeli gazis naerTis miwodeba mowyobilobebis mgrZnobiare elementze; 
• avtomatur reJimSi, gazis naerTebis miwodeba generatoris gamoyenebiT.
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 Cveulebrivi metrologiuri stendi Sedgeba gazis naerTebis komuta-
ciis dgamisagan, gamwovi karadisagan da samuSao adgilisagan [6,7].  

stendis funqcionalur Taviseburebebs Seadgens: 
• Semowmebisa da kalibrebis avtomaturi/ an naxevrad avtomaturi pro-

cesi; 
• gazis naerTebis balonebidan pirdapiri miwodebiT yovelgvari

Sualeduri komutaciis gareSe; 
• Semowmebis Sedegebis (protokolis) formireba da beWdva;
• Semowmebis Sesaxeb monacemebis gadacemis SesaZlebloba;

nax. 2. gazis gaJonvis deteqtoris gamocdis stendi 
(stu-s avtomatizaciis centrSi damzadebuli) 

amrigad, damzadebuli stendis saSualebiT SesaZlebelia Catarebuli 
gamocdis Sedegebis gamotana specialuri programuli uzrunvelyofis kom-
piuteris monitorze da Sesabamisi oqmis momzadeba. 
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Gas alarms and detectors are designed to detect leaks and identify household gas in residential buildings and 

buildings. Gas detectors must comply with current standards and regulations, which must be confirmed by a 

certificate. A gas detector certificate of conformity is issued after testing, calibration, and verification of the 

devices. 
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sayofacxovrebo gazis gaJonvis aRmosaCeni xelsawyos saerTaSoriso 

sertificirebis Sesaxeb 

maxaSvili q.a., epitaSvili i.z., iaSvili n.გ. 

saqarTvelos teqnikuri universiteti 
saqarTvelos sainJinro akademia 

Sesavali. 
axali gamzom-sakontrolo  xelsawyosa da mowyobilobis  damuSavebisa 

da Semdeg misi seriuli warmoebis logikur stadias warmoadgens misi serti-
ficireba, romliTac dasturdeba mowyobilobis Sesabamisoba garkveuli teq-
nikuri reglamentisadmi, magaliTad, qveyanaSi moqmedi saxelmwifo da saerTa-
Soriso standartebisadmi. 

zogadad, xelsawyos (mowyobilobis) sertificireba warmoadgens misi 
xarisxisa da usafrTxoebis Sesabamisobis dadasturebas am tipis produqcii-
saTvis dawesebuli konkretuli moTxovnebisadmi. aseTi proceduris Catareba 
SeuZlia mxolod mwarmoeblisagan da momxmareblisagan damoukidebel specia-
lizebul sasertifikacio organizacias, romelsac miniWebuli aqvs Sesabamisi 
uflebamosileba Caataros gamocdebi da teqnikuri reglamentis (saxelmwifo 
standartis) yvela moTxovnis dakmayofilebis SemTxvevaSi gasces Sesabamiso-
bis sertifikati. 

stu-s avtomatizaciis samecniero kvleviTi centrSi  Seqmnili mavne ga-
zebis gaJonvis aRmoCenisa da identificirebis axali, inovaciuri mowyobilo-
ba _ gazis deteqtori, winaswari laboratoriuli gamocdebis SedegebiT Ziri-
Tadad akmayofilebs dReisaTvis evropaSi moqmed or regionalur saerTaSo-

riso standartebis  EN 50194 da  EN 50291-is moTxovnebs. 

ZiriTadi nawili. 
gazis deteqtoris Seqmnis procesSi  gamoirkva, rom  Cven qveyanaSi da 

aseve mezobel qveynebSi ar arsebobs gazis deteqtorebis  sertificirebis 
specialuri organoebi, amitom iZulebuli gavxdiT aseTi dawesebuleba mogve-
Zebna evropaSi.  

mTavari mizezi Tu ratom ar funqcionirebs CvenTan masertificirebeli 
organo aris is rom ar arsebobs  laboratoria  romelic aRWurvili iqneba  
saWiro gamzomi-sakontrolo cifruli xelsawyoebiT da Sesabamisad testire-
bis specialuri metrologiuri stendiT [1,2]. CineTidan da TurqeTidan  
CvenTan Semotanili gazis deteqtorebi ar Seesabamebian saerTaSoriso evro-
pul dones da maT pasportebSi arc ki aris miTiTebuli Tu ra saxis serti-
fikatebi gaaCnia maT xelsawyoebs.  

stu-Si damzadebuli iqna aTi cali gazis gaJonvis aRmosaCeni deteqto-
ri ukrainuli organizaciis _ saxelmwifo `ukrmetateststandartis~ samec-
niero sagamocdo centrSi gasagzavnad. 

aRniSnuli ukrainuli organizacia akreditebulia saerTaSoriso stan-

dartiT ISO/IEC 17065, xolo misi laboratoria da sagamocdo samsaxuri akre-

ditebulia ISO/IEC 17025 standartiT [3]. magram cnobilma obieqturma  garemoe-
bebma (jer kovidis epidemiam, Semdeg ki ukrainaSi mimdinare omma) CaSala Cven 
mier dagegmili  procesi. 

sertificirebis obieqtebi iyofa or jgufad: obieqtebi savaldebulo 
sertificirebiT da obieqtebi nebayoflobiTi sertificirebiT [4,5].  cxadia, 
rom seriulad warmoebuli gazis aRmomCeni xelsawyoebi da maTi teqnikuri 
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momsaxureba da remonti ganekuTvneba savaldebulo sertificirebis obieqtebs. 
sxvanairad, rom iTqvas Cven mier Seqmnilma axalma inovaciurma mowyobilobam 
aucileblad unda gaiaros sertificirebis procesi. aseve sertificirebas 
eqvemdebareba gazis deteqtoris teqnikuri momsaxurebac [6,7]. 

imis gamo gazis deteqtorebi warmoadgens gamzom-sakontrolo teqnikis 
saSualebebs, aucilebelia maTi ZiriTadi teqnikuri maxasiaTeblebis Sefaseba. 
am mowyobilobebs waeyenebaT mTeli rigi moTxovnebi. maT Soris 

- gazomvis meqanikuri, eleqtromagnituri da klimaturi  pirobebi; 
- gazomvis dasaSvebi cdomileba; 
- deteqtoris konstruqciis Semowmeba; 
- moTxovnebi mowyobilobis gamomavali signalebisadmi; 
- saeqspluatacio dokumentebis sruli komleqtis arseboba. 
es CamonaTvali SeiZleba dazustdes da mas daematos specialuri 

moTxovnebi, romlebsac Seicavs saerTaSoriso Tu erovnuli moqmedi saxelm-
wifo standartebi da teqnikuri  reglamentebi [8]. 

gazis deteqtoris Seqmnisas, gamoirkva, rom arsebuli metrologiuri 
stendebi ver uzrunvelyofen moqmedi saerTaSoriso standartebis Sesabamisad 
mowyobilobis Semowmebasa da mis gamocdas. amis gamo miRebuli iqna gadaw-
yvetileba dagvemuSavebina da dagvemzadebina specialuri sagamocdo labora-
toriuli stendi. 

swored aRniSnul laboratoriul stendze, Cven mier Catarebul iqna 
gazis deteqtoris Semowmeba da gamocda evropuli standartebis ZiriTadi  
muxlebis mixedviT. garda amisa, Cven mier gamoyenebuli iqna iaponuri kompania 
„figaros“ sagamocdo kamerac (nax.1).   

nax.1. iaponuri kompania „figaros“ gamosacdeli  kamera 

iaponuri gamosacdeli kameris ZiriTadi maxasiaTeblebi motanilia 
cxrilSi. 

iaponuri gamosacdeli kameris ZiriTadi maxasiaTeblebi 

maxasiaTebeli mniSvneloba 

kameris tevadoba, ml 5 400 

eleqtruli kveba, volti 200 

moxmarebuli simZlavre, vati 10 

masa, kg 2,2 

gabarituli zomebi, mm 235x180x210 
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or sagamocdo kameraze Catarebulma eqsperimentebma gviCvenes, rom axali 
deteqtorebi ZiriTadad akmayofileben moqmed regionaluri (evropuli) saer-
TaSoriso standartebis moTxovnebs. magram aqve unda aRvniSnoT, rom evropuli 
standartebis zogierTi muxlis testireba Cven stendze ver movaxerxeT. 

garda aTi cali sacdeli mowyobilobis damzadebisas  CvenTvis metad 
mniSvnelovani iyo sertificirebis Tanmxlebi da aucilebeli dokumentebis 
momzadeba jer qarTul, Semdeg ki rusul da inglisur enebze. 

aqve unda iTqvas, rom sertificireba xangrZlivi procesia da mas 
sWirdeba  minimum 6_8 Tve. moiTxoveba mowyobilobis testireba muSaobis sxva-
dasxva reJimSi da realur pirobebSi. aucilebelia dadgindes garemos tempe-
raturisa da tenianobis gavlena gazis deteqtoris muSaobaze, moxdes gazis 
nakadis sxvadasxva siCqariT miwodeba xelsawyoze, xelsawyos reagireba sxva 
gazebze da sxva. 

nax. 2-ze naCvenebia stu-s avtomatizaciis centrSi damuSavebuli da dam-
zadebuli laboratoriuli sagamocdo stendi. 

nax. 2.  gazis deteqtoris gamosacdeli  axali stendis  struqtura 
1. WurWeli, 2. saxuravi, 3. ventilatori, 4. Termometris da fsixrometris

kombinirebuli  xelsawyo, 5. Sesamowmebeli gazis miwodebis  mili, 6. Sprici, 
7. gamzomi sqema  8.sensori, 9. xazovani  gardamqmneli, 10. kvebis bloki,

11. cifruli oscilografi

daskvna. 
gazis gaJonvis aRmosaCeni da gazebis identificirebis mowyobiloba _ 

gazis deteqtoris sertificireba, gansazRvravs momxmareblis ndobas gark-
veuli konkretuli mowyobilobis mimarT da ganapirobebs mis upiratesobas 
bazarze arsebuli msgavsi daniSnulebis xelsawyoebze. 

aucilebelia xazi gaesvas im garemoebas, rom xelsawyos sertificireba 
uvado ar aris [4,5]. magaliTad seriul deteqtorze gacemuli saerTaSoriso 
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sertifikats umravles SemTxvevaSi aqvs ori wlis vada, xolo Tu amave dros 
TviT xelsawyos damamzadebel qarxana gaivlis Sesabamis atestacias maSin 
sertifikatis moqmedebis vada sam wlamde gaizrdeba. es Tavis mxriv miuTi-
Tebs, rom gamzomi-sakontrolo xelsawyoebi eqvemdebarebian periodul saval-
debulo Semowmebas, gamocdasa da  sertificirebas. 
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Certification is the logical conclusion of the process of creating a new measuring and control device. 

Certification of the device confirms its compliance with current technical regulations and standards. The gas 

detector, designed and manufactured by us, mainly complies with the requirements of European standards 

EN 50194 and EN 50291. 
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decentralizebuli wylis miwodebis sistemebi mdgradi da saimedo 

wyalmomaragebisTvis 

CitiaSvili g.b., cinaZe z.o. 

saqarTvelos teqnikuri universiteti 

1. Sesavali
wyali mniSvnelovan rols asrulebs garemos keTildReobaSi. wylis 

xarisxi erT-erTi yvelaze didi gamowvevaa wyalmomaragebis menejmentSi, 
gansakuTrebiT mSral regionebSi. klimatis cvlilebis gamo maRali tempe-
ratura iwvevs wylis ciklis disbalanss, rac iwvevs wylis miwodebis wya-
roebis Semcirebas da moTxovnilebis zrdas [1]. wylis wyarodan moxmarebis 
wertilamde miwodebaSi mniSvnelovania infrastruqtura, romelic uaresdeba 
daZvelebisa da arasakmarisi investiciebis gamo.  

wyalmomaragebis menejerebma unda SeimuSaon mdgradi da saimedo alter-
natiuli wyaro, xolo wyalmomaragebis infrastruqtura ufro Wkviani da 
elastiuri gaxadon. erT-erTi aseTi alternatiuli wyaroa nacrisferi wylebi, 
romelic xelmisawvdomia uSualod moxmarebis adgilze. nacrisferi wyali 
aris sayofacxovrebo an samrewvelo Camdinare wylebi [2]. saTanado damuSavebis 
SemTxvevaSi, nacrisferi wyali SeiZleba gamoyenebul iqnas sarwyavad da sam-
recxaod rac Seadgens Cveulebrivi Sida sufTa wylis moxmarebis 45%-ze mets 
[3]. statiaSi ganxilulia Camdinare wylebis xelaxali gamoyenebis SesaZ-
lebloba, rac mniSvnelovnad gaaumjobesebs wyalmomaragebis saimedoobas.  

saimedoobis analizisTvis ganixileba miwodebis ori scenari. pirveli 
aris saerTo scenari  _ `centralizebuli~ scenari, wyali grovdeba miwisze-
da rezervuarebidan, gadis saTanado damuSavebas,  gadaitumbeba sufTa wylis 
Sesanaxi rezervuarebis Sesavsebad da nawildeba momxmareblebze Sesabamisi 
raodenobiTa da xarisxiT. gamoyenebuli wyali grovdeba, gadaitumbeba sxva 
centralizebul gamwmend nagebobaSi, sadac xdeba garkveuli damabinZureb-
lebis mocileba, Camdinare wylebis axlomdebare wylis obieqtebSi CaSvebamde. 
meore aris futuristuli miwodebis scenari saxelwodebiT „decentralizebu-
li“, arsebuli municipaluri wylis maragi avsebs adgilobrivi Camdinare 
wylebis xelaxali gamoyenebis sistemebs. navaraudebia, rom TiToeul moxmare-
bis punqts eqneba gamwmendi nageboba da garkveuli Senaxvis rezervuari, 
rogorc es naCvenebia suraTze 1.  

suraTi 1. decentralizebuli miwodebis scenari 
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Camdinare wylebis xelaxali gamoyeneba aris kvlevis mzardi sfero xarjTe-
feqturi damuSavebis teqnologiebis TvalsazrisiT, is namdvilad iZens po-
pularobas da ganixileba rogorc mdgradi alternativa [4]. miwodebis am ori 
scenaris saimedooba Sefasebulia nax. 2-ze warmodgenili meTodologiis 
gamoyenebiT [5]. 

suraTi 2. saimedoobis raodenobrivi gansazRvris meTodologia 

saimedooba TiToeul moTxovnis scenarSi (Rd) fasdeba [6]-Si warmodge-
nili meTodologiis gamoyenebiT. moTxovnis zrda daemata rogorc mSobeli 
maryuJi Caponis [7] meTods sandoobis Sesafaseblad monte karlos simula-
ciuri midgomis gamoyenebiT. saimedooba gamoiTvleba gantolebiT [8].  
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sadac, ND aris moTxovnis scenarebis raodenoba, d (100 am kvlevaSi); NS 
aris milsadenis avariis scenarebis raodenoba, f; NN aris sistemaSi mo-
Txovnis kvanZebis (j) saerTo raodenoba; n aris drois safexurebis raodenoba 
(i) moTxovnis sqemaSi; Q(i,j,f,d) aris faqtobrivi nakadi, romelic miwodebulia 
drois i safexurze, j kvanZze, avariul mdgomareobaSi f da moTxovnis d sce-
narSi;  D(j,i) aris moTxovna drois safexurSi i - kvanZSi j;  Wf aris f waruma-
teblobis mdgomareobis realizaciis albaToba. 

milsadenis yvela avaria ganixileba, rogorc avariis SesaZlo scenari 
(f). analizi tardeba 24 saaTiani periodis ganmavlobaSi,  wylis magistralis 
gaumarTaobis informacia avariis albaTobis Sesafaseblad (Wf) adaptirebu-
lia [9]-dan. moTxovnisa da milsadenis bundovanebis pirobebSi miwodebuli 
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faqtobrivi nakadi (Qi,j,f,d) gamoiTvleba faqtobrivi wnevis monacemebze dayrd-
nobiT, romelic miRebulia EPANET-isgan [10]. decentralizebul scenarSi, 
yvela kvanZovani moTxovna ar aris dakmayofilebuli centralizebuli miwo-
debiT Sesabamisad, faqtobrivi nakadi aris Qi,j,f,d-is da dabrunebuli wylis 
nakadis jami adgilze rezervuaridan.  

aRwerili meTodologia gamoiyeneba saorientacio wyalmomaragebis 
qselze, warmodgenili kvlevis hipoTezis Sesamowmeblad. analizisTvis 
SerCeuli saorientacio qseli, rogorc naCvenebia sur. 3-ze, aris samxreT 
koreaSi Go Yang qselis adaptirebuli versia [11]. saorientacio qseli Sedgeba 
23 kvanZisgan, 31 milisa da cxra maryuJisgan da emsaxureba tumbo 
(fiqsirebuli simZlavriT 4,52 kvt) mierTebuli avzTan 71 m fiqsirebuli daw-
neviT. saorientacio qseli gankuTvnilia milebis diametrisTvis, minimaluri 
xarjebis optimizaciis gamoyenebiT. SemuSavebulia sqema, tipiuri arsebuli 
wyalmomaragebis sistemisaTvis [12]. 

suraTi 3. saCvenebeli qseli, romelic gamoiyeneba demonstrirebisTvis 

decentralizebuli scenari agebulia Semdegi wesebis safuZvelze: 
1. gamomuSavebuli wyali gawmendis Semdeg igzavneba adgilobriv wyalsacavSi.
2. decentralizebuli sistemebis masis balansis gantolebebi iwereba drois
erT saaTiani intervalis namatebiT. 
3. damuSavebuli wyali arasasmeli saWiroebisTvis centralizebul miwodebaze.
4. TiToeul kvanZze arasasmel da sasmel wyalze darCenili moTxovnis dasak-
mayofileblad gamoiyeneba centralizebuli an arsebuli miwodebis sistema. 

saimedoobis Sefaseba rogorc centralizebuli, aseve decentrali-
zebuli sabaziso xazisTvis sruldeba 24 saaTis ganmavlobaSi Semdegi daSve-
bebis gamoyenebiT: 

maqsimaluri procentuli moxmareba (α), romelic SeiZleba dakmayofil-
des gawmendili Camdinare wylebis gamoyenebiT sakmarisi damuSavebis Semdeg, 
aris 25% (mniSvneloba α-sTvis 0 procenti warmoadgens arameoradi gamoyenebis 
scenars, xolo mniSvneloba 100% warmoadgens xelaxali gamoyenebis scenars). 
tualetisTvis wylis moxmarebis saSualo moTxovnileba aris ojaxis moTxov-
nilebis 25%-ze odnav meti [12], amitom α-s sabaziso scenarSi varaudoben 25%-s. 

decentralizebuli gamwmendi nagebobis efeqturoba (Υ) aris 75%, rac 
niSnavs, rom obieqtze warmoqmnili yoveli 1 kuburi metri  Camdinare wyli-
dan iwarmoeba  0,75  m3 reciklirebuli wyali. 

milsadenis avariis albaTobis Sesafaseblad zrdis tempis savaraudo 
koeficienti (A) aris 0,075 [12].  
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SedarebiTi saimedoobis analizma aCvena, rom decentralizebuli scena-
risTvis mxolod centralizebul scenarTan SedarebiT, saimedoobis absolu-
turi gaumjobeseba 5,83%-iT (sur. 4) [13].  

suraTi 4. saimedoobis gaumjobeseba sabaziso scenarisTvis 

miuxedavad imisa, rom dafiqsirebuli saimedoobis gaumjobeseba 5,83%-
iT aris specifikuri kvlevaSi ganxiluli saorientacio qselisTvis, igi 
TiTqmis yovelTvis iqneba dadebiTi, gantoleba (1).  

sur. 5-ze. naCvenebia saimedoobis savaraudo gaumjobeseba α-s sxvadasxva 
mniSvnelobebisTvis.  rogorc suraTi 5-dan Cans,  saimedoobis gaumjobesebis 
mudmivi zrda SeiniSneba, rodesac icvleba 25%-dan 75%-mde, Semdeg ki TiTqmis 
ucvlelia, rodesac alfa 100%-iT sruldeba. „α = 100%“ SemTxveva warmoadgens 
sasmeli wylis xelaxali gamoyenebis scenars. saimedoobis gaumjobesebis 
mxolod 9,35% SeiniSneba sasmeli wylis xelaxali gamoyenebis scenarSi cen-
tralizebuli miwodebis deficitis gamo zogierT gaumarTav mdgomareobaSi 
(f), da wylis danakargi damokidebulia damuSavebis efeqturobaze (Υ) 24 saa-
Tiani ciklis erTsaaTiani safexurebis ganmavlobaSi. saimedooba gaumjobe-
sebasa da zogadad alfas Soris dakvirvebuli kavSiri varaudobs, rom 
mTliani moTxovnilebis meti wili, romelic SeiZleba dakmayofildes rekul-
tivirebuli wyliT, aris miwodebis saimedooba. Tumca, aRmoCnda, rom es ar 
Seesabameba sinamdviles, rodesac alfa izrdeba 100%-mde, rac, rogorc Cans, 
asea, radgan am SemTxvevaSi centralizebuli miwodeba iqneba SemzRudveli 
faqtori roca SeuZlebelia saerTo moTxovnis dakmayofileba [13]. 

suraTi 5. saimedoobis savaraudo gaumjobeseba α-s sxvadasxva mniSvnelobebisTvis 
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suraTi 6. asaxavs saimedoobis gaumjobesebas, rodesac gawmendis efeq-
turoba (Υ), sistemis asaki, dawnevis danakargis koeficienti (K) da Se-
ferxebis zrdis siCqare (A) icvleba [13]. 

suraTi 6a-s mixedviT, sandoobis gaumjobesebis umniSvnelo zrda gamas 
matebasTan erTad miuTiTebs imaze, rom gawmendis efeqturobam ar moaxdina 
mniSvnelovani gansxvaveba decentralizebuli sistemebis sandoobaSi. suraTe-
bi 6b da 6d miuTiTebs, rom saimedoobis gaumjobeseba Semcirda, rodesac 
milsadenis avariis albaToba izrdeba sistemis daZvelebis an daCqarebuli 
rRvevis zrdis gamo. rogorc Cans suraTi 6c-dan, stabiluri zrda SeiniSneba 
saimedoobis gaumjobesebaSi daaxloebiT 17%-mde dawnevis danakargebis koefi-
cientis (K) zrdiT, rac varaudobs, rom decentralizebuli sistemebis saime-
doobis yvelaze didi mateba moxdeba maSin, rodesac milsadenebi Zalian 
uxeSi gaxdeba, rac SeiZleba gamowveuli iyos asakiT an koroziiT. 

suraTi 6. saimedoobis savaraudo gaumjobeseba darCenili savaraudo 
parametrebisTvis  

naSromSi warmodgenili kvlevis safuZvelze Seswavlilia wyalmomara-
gebis gazrdili saimedooba decentralizebuli wyalmomaragebis gziT. saime-
doobis yvelaze didi zrda decentralizebuli miwodebis gamoyenebisas aris 
daaxloebiT 17%. saimedoobis gaumjobeseba aseve gaizarda TiToeul scenar-
Si, sadac rekultivirebuli wyali SeiZleba gamoyenebul iqnas ufro maRali 
sayofacxovrebo saWiroebebis dasakmayofileblad da rodesac gaumjobe-
sebulia damuSavebis efeqturoba.  
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SUMMARY 

DECENTRALIZED WATER SYSTEMS FOR SUSTAINABLE AND RELIABLE WATER SUPPLY 

Chitiashvili G.B. and Tsinadze Z.O. 

Georgian Technical University 

The water supply sector is under enormous pressure due to the increasing demand for water, caused by 

population growth and changing lifestyles, as well as the need for rational use of freshwater resources to protect 

them. Deterioration of water supply infrastructure makes it even more difficult to meet water needs. The 

combination of source and water supply issues contributed to the consideration of sustainable and reliable 

alternatives for future water supply management. On-site wastewater reuse is one such alternative that is 

growing in popularity due to its several sustainable advantages, such as affordability, energy savings, reduced 

freshwater demand, and less wastewater runoff. While researchers have explored various water treatment 

technologies that ensure the economic viability of water supplies, our article examines the study of increased 

water supply reliability when traditional water supplies are supplemented with on-site wastewater reuse. A 

powerful computational model is developed to quantify the reliability of traditional wastewater and local 

wastewater reuse systems in a given study area. Results showed that with local wastewater reuse systems, supply 

reliability increased by (17%,). A one-way sensitivity analysis based on the results showed that the observed 

reliability improvement is sensitive to system age, pipeline internal wall thickness, treatment efficiency, and 

allowable use of reclaimed water. Additional research is needed to examine the significance of this increase in 

reliability, considering the life-cycle cost and energy impact of the on-site wastewater reuse alternative. 

Keywords: reliability, water reuse systems, decentralized infrastructure systems. 
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koqsis Canacvleba silikomanganumis kazmSi Termulad damuSavebuli 

tyibulis naxSiriT 

qevxiSvili g.S, juluxiZe a.g., WumbaZe m.T., sigua l.r. 

ssip ferdinand TavaZis metalurgiisa da masalaTmcodneobis instituti 

Jangeulebis warmoqmnis reaqciis Tavisufali energiis cvlilebis diag-

ramaze naxSirJangis (CO) warmoqmnis Tavisufali energia  (ΔZCO) temperaturis 
zrdis Sesabamisad izrdeba, amitom misi mrudi diagramaze gamoisaxeba aRmava-

li xaziT. yvela sxva Jangeulebis warmoqmnis Tavisufali energia (ΔZX) mcir-
deba temperaturis gazrdiT da diagramaze gamoisaxeba daRmavali xaziT [1,2]. 
iq sadac CO-is aRmavali xazi gadakveTavs nebismieri Jangeulis daRmaval 
xazs, aRmdgeneli naxSirbadis Jangeulis warmoqmnis Tavisufali energia 
utoldeba aRsadgeni elementis Jangeulis warmoqmnis reaqciis Tavisufal 

energias, ΔZCO=ΔZX. gadakveTis wertilis Sesabamis temperaturaze iwyeba ne-
bismieri elementis Jangeulis aRdgena naxSirbadiT, magram aRdgenis inten-
sioba Zalian dabalia. Rumelis reaqciuli zonis temperaturis zrdasTan er-

Tad izrdeba ΔZCO da mcirdeba ΔZX. e.i. aRniSnuli toloba gadadis utolo-

baSi, ΔZCO >ΔZX. rac metia utolobis xarisxi, miT metia Jangeulebis naxSirba-
diT aRdgenis intensioba. 

aseTia zogadad madanTermul eleqtrorkalur RumelSi Jangeulebis 
aRdgenis Termodinamikuri da kinetikuri suraTi. koqsis nacvlad silikoman-
ganumis kazmSi Termulad damuSavebuli tyibulis naxSiris gamoyenebis dros 
RumelSi warmoiqneba da moqmedebas iwyebs ramdenime faqtori, romlebic 
dadebiTad moqmedeben dnobis procesze: 

1. Termulad damuSavebuli tyibulis naxSiris eleqtrowinaRoba gaci-
lebiT maRalia, vidre koqsis [3]. maRali winaRobis kazmze muSaobis dros 
Rumelis sakerZeze ar xdeba denis gadasvla eleqtrodebidan kazmze. e.i. adgi-
li ar aqvs denis gabnevas Rumelis zeda fenebSi, deni koncentrirdeba Rume-
lis qveda nawilSi, reaqciul zonaSi da mis maxloblad. Ees aaqtiurebs 
mamganumisa da siliciumis Jangeulebis aRdgenis endoTermiul process.  

2. Termulad damuSavebuli tyibulis naxSiri RumelSi warmoqmnis si-
likatur widas Al2O3-is maRali SemcvelobiT. aseTi wida xasiaTdeba lRobis 
maRali temperaturiT, e.i. maRali iqneba misi formirebis temperaturac. 
kvlevebma cxadyo, rom widis formirebis maRali temperatura ganapirobebs 
Rumelis reaqciuli zonis wonasworuli temperaturis amaRlebas. 

3. tyibulis naxSiri warmoadgens bunebriv monokazms. masSi Semavali
SiO2-is uwvrilesi nawilakebi uSualo kontaqtSia naxSirbadTan, rac aadvi-
lebs am Jangeulis aRdgenas.  

am sami faqtoris erTdrouli moqmedebis Sedegad izrdeba Rumelis 
reaqciuli zonis wonasworuli temperatura da misi aRdgeniTi potenciali. 

Termulad damuSavebuli tyibulis naxSiris kargi metalurgiuli Tvi-
sebebi ar akninebs koqsis mniSvnelobas, koqsi aris universaluri aRmdgeneli, 
romelic gamoiyeneba metalurgiis yvela dargSi, Tujis miRebidan dawyebuli 
nebismieri Senadnobis dnobiT damTavrebuli. rac Seexeba tyibulis naxSirs, 
misi gamoyenebis ariali SezRudulia. tyibulis naxSiri RumelSi warmoqmnis 
silikatur widas da aseTi widis qveS SeiZleba gamodnes mxolod siliciu-
miani Senadnobebi, rogoricaa: silikomanganumi, silikoqromi, silikoalumini 
da sxva.   

Tu SenadnobSi siliciumis raodenoba SezRudulia saxelmwifo stan-
dartiT, aRmdgenelad tyibulis naxSirs ver gamoviyenebT. aseTi Senadnobebia:  
feromanganumi, feroqromi, ferotitani da sxva. e.i. silikomanganumis dnobis 
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dros SesaZlebelia gamoviyenoT aRmdgenelad Termulad damuSavebuli tyibu-
lis naxSiri, feromanganumis dnobis dros ki ara. 

saqarTvelo aris manganumis mwarmoebli qveyana. zestafonis feroSenad-
nobTa qarxana adre adnobda mxolod feromanganums, silikomanganumis dnoba 
daiwyes mogvianebiT. Semdeg feromanganumis wili mudmivad mcirdeboda. dRei-
saTvis saqarTveloSi dneba mxolod silikomanganumi. Amas aqvs Tavisi mize-
zebi da es mizezebi imdenad myari da mniSvnelovania, SeiZleba safuZvlianad 
vivaraudoT, rom saqarTveloSi da ara marto saqarTveloSi feromanganumis 
dnoba daviwyebas miecema da Cveni qveynis manganumis warmoeba mxolod sili-
komanganumis dnobiT Semoifargleba. silikomanganumis dnobis dros ki SesaZ-
lebelia warmatebiT iqnas gamoyenebuli Termulad damuSavebuli tyibulis 
naxSiri. 

amgvarad, silikomanganumis kazmSi koqsis nacvlad Termulad damuSave-
buli tyibulis naxSiris gamoyeneba teqnologiurad gamarTlebulia da eko-
nomikurad momgebiani.  
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SUMMARY 

THE USE OF HEAT-TREATED TKIBULI COAL IN THE CHARGE OF SILICOMANGANESE  

INSTEAD OF COKE 

Kevxisvili G.Sh., Juluxidze A.G., Chumbadze M.T. and Sigua L.R. 

F. Tavadze Institute of Metallurgy and Materials Science 

This article considers the possibility of replacing coke, in the smelting of silicomanganese, with Tkibuli coal. 

The study of the metallurgical properties of Tkibuli coal showed that this replacement is technologically and 

economically feasible. 

Keywords: silicomanganese, Tkibuli coal, coke, reaction zone, electrical resistance. 
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Mmartenis widis gadamuSaveba 

juluxiZe a.g., WumbaZe m.T., loria j.b., abesaZe r.k. 

ssip ferdinand TavaZis metalurgiisa da masalaTmcodneobis instituti 

saqarTvelos teritoriaze TiTqmis yvelgan aris warmoebis myari narCe-
nebi. am mxriv gamoirCeva industriuli centrebi: rusTavi, zestafoni da 
tyibuli. 

rusTavis metalurgiuli qarxnis martenis saamqro weliwadSi adnobda 
milion xuTasiaTas tona folads. Tu CavTvliT, rom widis jeradoba 
liTonTan iyo erTi aTTan, rac axloa simarTlesTan, maSin miviRebT, rom 
martenis saamqrodan qarxnis widasayrelze iyreboda asormocdaaTi aTasi 
tona wida yovelwliurad. amgvarad, qarxnis teritoriaze dagrovda didi 
raodenoba metalurgiuli warmoebis myari narCenebi, romelic anagvianebs 
garemos, ikavebs did teritorias da wamlavs miwisqveSa da zedapirul wyals. 
martenis wida xasiaTdeba rkinis Jangeulebis maRali SemcvelobiT [1], amitom 
igi, brZmedis widisgan gansxvavebiT, cementis warmoebaSi ar gamoiyeneboda. 
marte-nis widas faqtiurad momxmarebeli ar hyavda. 

Semdeg, roca qarxana gaCerda da qveyanaSi gaCnda liTonis deficiti, 
daiwyes widis gadamuSaveba, rac gulisxmobda mis damsxvrevas da misgan 
liTonis CanarTebis amoRebas. es iyo widis pirveladi gadamuSaveba, ris 
Sedegad miviReT wvrilad daqucmacebuli wida didi raodenobiT. 

Cveni mizani iyo widis meoradi gadamuSavebis Sedegad amoRebuli yofi-
liyo rkina, romelic widaSi iyo rkinis Jangeulebisa da foladis wveTovani 
CanarTebis saxiT. widis qimiuri Semadgenloba moyvanilia cxr. 1-Si.   

 cxrili 1.  widis qimiuri Sedgeniloba 

wida gayofili iqna or nawilad _ fraqcia +5 mm 55,54 %, da fraqcia _ 
5 mm 44,46 %. saWiro iyo fraqcia _ 5mm widis dabriketeba. rogorc cnobilia 
wida damoukideblad Znelad dasabriketebeli masalaa, amitom masTan Sereu-
li iqna _ 3mm fraqciis tyibulis naxSiri. miviReT Semdegi Semadgenlobis 
dasabriketebeli masala: martenis wida fraqcia _ 5 mm 1kg da tyibulis nax-
Siri fraqcia _ 3 mm 0,3 kg. Semkvrelad gamoyenebuli iyo 5%-iani Txevadi mi-
nis wyalxsnari. dawola iyo 100 kg/sm2. miviReT cilindruli formis sakmaod 
mtkice briketebi, romlebmac gauZles rogorc meqanikur, aseve temperaturul 
gamocdas. 

dnoba Catarda 80 kva simZlavris rkalur eleqtroRumelSi grafitis 
gamtari qvediT. Zabva 30 da 40 volti, denis maqsimaluri Zala – 2000 amperi. 
Rumeli muSaobda mTeli datvirTviT. briketebma SeinarCunes Tavisi forma 
srul gadnobamde. miviReT 4,5 kg liToni. marTalia, is ar akmayofilebs 
foladisa da Tujis arc erT standarts, magram warmoadgens SesaniSnav masa-
las nebismieri markis foladis warmoebisaTvis. miRebul widaSi rkinis Jan-
geulebis raodenoba mcirea, amitom is SeiZleba gamoyenebuli iqnas cementis 
warmoebaSi. dnobis Sedegebi mocemulia cxril 2-Si. 

dasaxeleba Qqimiuri Sedgeniloba, % 
FeO Fe2O3 MnO Al2O3 CaO SiO2 MgO P2O5 

wida 11,06 5,16 6,66 8,73 46,80 9,29 11,92 0,42 
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     cxrili 2. dnobis ZiriTadi parametrebi 

№ maCvenebeli raodenoba 

1 masalebis xarji, kg 
 briketebi 
 martenis wida 
 tyibulis naxSiri 

14,30 
14,00 
4,20 

2 miRebuli liTonis raodenoba, kg 4,50 
3 liTonis qimiuri Semadgenloba, % 

 rkina 
 manganumi 
 naxSirbadi 
 siliciumi 

91,00 
4,30 
3,10 
0,70 

4 miRebuli widis raodenoba, kg 21,37 
5 widis qimiuri Semadgenloba, % 

    SiO2 

 MnO 

    Al2O3 

    CaO 

    MgO 

     FeO 

12,23 
5,12 
12,71 
47,15 
21,13 
0,30 

amgvarad, martenis widis meoradi gadamuSaveba warmoadgens unarCeno 
process, miRebuli liToni SeiZleba gamoyenebeli iqnas foladis, xolo wida 
cementis warmoebaSi. 
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SUMMARY 

PROCESSING OF OPEN-HEARTH SLAG  

Juluxidze A.G., Chumbadze M.T., Loria J.B. and Abesadze R.K. 

F. Tavadze Institute of Metallurgy and Materials Science 

The possibility of processing Rustavi open-hearth slag is considered in this paper. As a result of the melting 

using briquettes, an alloy was obtained, which (that) can be used as scrap in the production of any steel grade. 

The resulting slag, with a low content of iron oxide, can be used in the production of cement. 

Keywords: open-hearth slag, wastes, iron oxide, briquettes   
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borjomis mineraluri wylis qimiuri Semadgenlobis Seswavlis istoria

da Tanamedrove mdgomareoba 

SavguliZe n.a. 

saqarTvelos teqnikuri universiteti 

Sesavali 
borjomis unikaluri mineraluri wylis warmoeba 1890 wels daiwyo da 

ganvlili periodis ganmavlobaSi udidesi popularoba moipova rogorc 
saqarTvelos, aseve msoflios 40-ze meti qveynis bazarze.  

sabadoze 2014_2021 ww. periodSi Catarebuli didi moculobis kvleviTi, 
mecnieruli, geologiuri, hidrogeologiuri, geofizikuri da burRviTi 
samuSaoebis Sedegad borjomis wylis damtkicebuli saeqspluatacio mara-
gebi 561 m3dR.R-dan 1080 m3dR.R-mde gaizarda [1].  

miuxedavad amisa, msoflio bazarze borjomis mineraluri wylis 
mzardi moTxovnis gaTvaliswinebiT, saeqspluatacio maragebis gazrda friad 
aqtualuri sakiTxia. 

 2020_2023 wlebis monacemebiT, borjomis saeqspluatacio maragebis 
gazrdis mizniT, sabados teritoriaze mimdinareobs burRviTi samuSaoebi.  

ZiriTadi nawili 
 borjomis mineraluri wylis qimiuri Semadgenlobis kvlevebi XIX 

saukunis 30-iani wlebidan iwyeba [2]. borjomis mineraluri wylebis fizikur-
qimiuri Semadgenloba Seswavlilia:   

 1836 wels _ ekaterines mineraluri wyaro, Tbilisis hospitalis
provizoris, x. villemsis mier. 

 1846 wels _ evgenis mineraluri wyaro, a. karstensis mier.

 1864 wels _ ekaterines da evgenis wyaroebi, g. Smidtis mier.

 1867 wels _ ekaterines da evgenis wyaroebi, g. struves mier.
aRniSnulma gamokvlevebma daadastures, rom borjomis mineraluri 

wyali miekuTvneba naxSirmJava hidrokarbonatul natriumiani mineraluri 
wylebis jgufs, aris unikaluri da Tavisi SemadgenlobiT axlos dgas 
safrangeTis viSis mineralur wylebTan, romlebic im droisaTvis didi 
popularobiT sargeblobda.   

 XIX saukunis 80-iani wlebis bolos gadawyda borjomis parkSi wylis 
Camomsxmeli saamqros mSenebloba. 1890 wels ki warmoebuli iqna borjomis 
mineraluri wylis produqciis pirveli partia. 

im droisaTvis mowinave teqnologiiT aRWurvilma laboratoriebma, 
qarTvelma da ucxoelma mecnierebma da mkvlevarebma mniSvnelovani wvlili 
Seitanes borjomis mineraluri wylis qimiuri Sedgenilobis SeswavlaSi.  

borjomis mineraluri wylis sabado sam ubans moicavs: likanis, cent-
raluri da vaSlovan-yvibisis ubnebi. sabados yvela saeqspluatacio WaburRi-
lis wyali, Tavisi qimiuri da mikrobiologiuri SedgenilobiT Seesabameba 
saqarTvelos sst 50:2010 standartis moTxovnebs.  

borjomis sabados mineraluri wylebis hidroqimiuri kvlevebis sauku-
novani gamocdilebis da maT Soris ukanaskneli kvlevebis SedegebiT dadge-
nilia, rom naxSirmJava hidrokarbonatuli natriumiani miwisqveSa wylisTvis 
damaxasiaTebelia Semdegi qimiuri Semadgenloba: hidrokarbonatebi 3,6_4,6 g/l, 
qloridebi _ 0,2_0,5 g/l da natriumi 1,2_1,9 g/l-is farglebSi. toqsikuri 
Tvisebebis mqone normirebuli mikroelementebis Semcvelobebi minimaluria. mi-

neraluri wylebis temperatura 18 0С-dan 44 0С-mde farglebSi meryeobs. gax-
snili da spontanuri gazebis SedgenilobaSi 55_95 %-s naxSirorJangi Seadgens. 
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dReisaTvis borjomis mineraluri wylis sabados saeqspluatacio 
WaburRilebisa da mza produqciis qimiur da mikrobiologiur Seswavlas 
awarmoeben borjomis Camomsxmeli qarxnebis, Sps gama-sa da dg konsaltingis 
akreditebuli sagamocdo laboratoriebi. cxrili #1-Si mocemulia borjomis 
mineraluri wylis sabados oTxi saeqspluatacio WaburRilis da axali, #132 
WaburRilis ZiriTadi qimiuri maxasiaTeblebi.  

cxr. 1-is monacemebidan naTlad Cans, rom borjomis mineraluri wylebis 
ZiriTadi qimiuri elementebis Semcvelobis fluqtuacia ar aRemateba 5 %-s, 
rac imaze miuTiTebs, rom Tanamedrove mdgomareobiT, borjomis mineraluri 
wylis Semcveloba kvlav stabiluria.  

cxrili 1. borjomis mineraluri wylis WaburRilebis qimiuri Sedgeniloba 
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04.01.2018 5,823 1,502 88,82 0,089 6,08 0,045 5,10 0,373 14,10 3,813 85,56 

16.04.2021 5,832 1,521 89,72 0,085 5,81 0,040 4,47 0,373 14,41 3,813 85,56 

18.11.2022 5,822 1,507 88,72 0,091 6,21 0,045 5,07 0,360 13,88 3,843 86,09 

20.09.2023 5,831 1,509 89,00 0,096 6,56 0,039 4,44 0,373 14,40 3,812 85,57 

41 

01.06.2017 5,932 1,529 88,53 0,090 6,03 0,049 5,44 0,383 14,50 3,874 85,19 

18.05.2021 5,930 1,543 89,44 0,089 5,78 0,043 4,78 0,382 14,49 3,874 85,43 

10.08.2022 5,917 1,537 89,29 0,090 6,06 0,042 4,65 0,386 14,70 3,858 85,24 

20.09.2023 5,913 1,528 88,91 0,095 6,41 0,042 4,68 0,373 14,22 3,874 85,75 

54 

18.08.2016 5,603 1,255 76,92 0,124 8,74 0,122 14,33 0,257 10,30 3,843 89,64 

12.05.2020 5,615 1,265 77,33 0,128 9,10 0,116 13,57 0,249 9,98 3,858 89,99 

18.05.2021 5,612 1,278 78,18 0,117 8,32 0,115 13,50 0,257 10,34 3,843 89,63 

18.07.2023 5,611 1,279 78,31 0,133 9,48 0,104 12,21 0,249 10,02 3,843 89,89 

25 

10.05.2016 7,122 1,958 95,74 0,032 1,80 0,026 2,46 0,408 12,99 4,697 86,98 

13.10.2021 7,257 1,985 95,57 0,040 2,21 0,024 2,21 0,419 13,07 4,789 86,93 

11.03.2022 7,189 1,983 95,90 0,039 2,17 0,021 1,92 0,410 12,94 4,724 86,62 

02.05.2023 7,149 1,968 95,82 0,038 2,16 0,022 2,02 0,394 12,52 4,712 86,98 

132 

22.05.2023 6,540 1,770 95,06 0,038 2,35 0,025 2,60 0,038 13,29 4,270 86,53 

23.05.2023 6,690 1,800 95,02 0,038 2,31 0,026 2,67 0,382 13,05 4,362 86,81 

15.06.2023 6,690 1,809 95,16 0,032 1,94 0,029 2,90 0,376 12,83 4,39 87,13 

27.10.2023 6,566 1,785 95,10 0,032 1,96 0,029 2,94 0,358 12,35 4,362 87,65 

borjomis mineraluri wylis sabado mcire kavkasionis centralur na-
wilSi, seismurad aqtiur regionSi mdebareobs, sadac yovelwliurad ramode-
nimejer fiqsirdeba 3_4 magnitudis simZlavris miwisZvra. kvlevis farglebSi, 
Cven mier gaanalizebuli iyo arsebuli safondo masala da samecniero sta-
tiebi borjomis mineraluri wylis stabilurobis Sesaxeb. muSaobis procesSi 
yuradReba miiqcia Semdegma faqtebma: 
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 1899 wlis 19 dekembris axalqalaqis miwisZvris (amplituda 6,2 bali)
Semdeg ekaterines wyaros debiti qimiuri Semadgenlobis cvlilebis gareSe 
10000_12000 vedromde (1 vedro = 12,3 litrs) gaizarda (miwisZvramde debiti 

7 000 vedros Seadgenda) [2];  

 t. CiCuam 1956 wels gamoqveynebul naSromSi aRniSna: „borjomis minera-
luri wylebisaTvis damaxasiaTebel Tvisebad unda CaiTvalos qimiuri Semad-
genlobis Seucvleloba droSi, debitis sagrZnob farglebSi meryeobas kom-

ponentebis cvla Tan ar axlavs: ase iyo adre, aseve grZeldeba axlac;~ [3]  

 s. CixeliZe monografiaSi `saqarTvelos mineraluri wylebi~ _ 

aRniSnavda: „borjomis axali sakaptaJo burRilebi TiTqmis mTlianad imeore-
ben Zveli WaburRilebis qimiur Semadgenlobas. miuxedavad burRvisa da mis 
Semdgom procesSi reJimis (debitis) mkveTri cvalebadobisa, calkeuli bur-
Rilebis qimiuri Semadgenloba sakmarisad myaria da rCeba umniSvnelo 

cvlilebebis farglebSi. [4];  

 2018 wlis 29 oqtombers borjomis municipalitetis sof. rvelSi da-
fiqsirda 4,3 amplitudis miwisZvra, romelmac borjomis sabados vaSlovani-
yvibisis da zanavis ubnebis WaburRilebSi doneebis mniSvnelovani mateba ga-
moiwvia. miuxedavad amisa am ubnebis WaburRilebidan miRebul wylebSi qimiu-

ri Semadgenlobis cvlileba ar dafiqsirebula [1]. 
aRsaniSnavia 2023 wlis 6 Tebervals TurqeTSi momxdari miwisZvris 

gavlena borjomis mineraluri wylis sabadoze. kvlevis farglebSi dadginda, 
rom 7 Tebervlidan vaSlovani-yvibisisa da zanavis ubnebze arsebul Rrma 
WaburRilebSi dafiqsirda mineraluri wylis doneebisa da debitebis mniSv-
nelovani mateba.  

cxr. 2-Si motanilia monacemebi, romlebic asaxavs 2023 wlis 6 Tebe-
rvals momxdari miwisZvris zegavlenas borjomis mineraluri wylis sabados 
WaburRilebis debitebze, donesa da saerTo mineralizaciebze. rogorc cxri-
lis monacemebidan Cans, am periodSi aRebuli mineraluri wylis nimuSebis 
saerTo mineralizaciebi ucvlelia, rac maTi qimiuri Semadgenlobis stabiluro-
bis maCvenebelia [5]. 

 cxrili 2. borjomis sabados WaburRilebze 2023 wlis 6 Tebervlis miwisZvris 
gavlenis amsaxveli monacemebi 

Wab. 
# 

monacemebi miwisZvramde 
06.02.2023 

monacemebi miwisZvris Semdeg 
10.02.2023 donis 

cvlileba 
mateba/kleba 

Wab. 
siRrme, 

m 
debiti 
m3/dR.R 

done, 
m 

mineralizacia, 
g/l (ianvari) 

debiti 
m3/dR.R 

done, 
m 

mineralizacia, 
g/l (marti) 

centraluri ubani 

103 30,50 -50,86 5,0 30,00 -48,74 5,0 +2,12 1000 

41 180,80 -8,93 5,9 181,10 -7,65 5,9 +1,28 190 

131 124,50 -9,21 5,9 124,50 -8,50 5,8 +0,71 282 

likani 
54 104,50 -52,00 5,6 101,50 -53,18 5,6 -1,18 1400 

vaSlovani-yvibisi 
38 36,00 -36,80 6,6 39,20 -21,22 6,7 +15,58 1370 

25e 138,00 -21,87 7,2 136,00 -10,84 7,1 +11,03 1500 

47 100,00 -35,27 6,9 100,00 -21,22 7,1 +14,05 1350 

70 60,50 -27,33 7,0 61,30 -22,38 7,1 +4,95 1300 
zanavi 

39 30,40 -23,45 3,0 30,40 -12,49 3,1 +10,96 1400 
143 11.10 -25,53 2,6 17,60 -0,53 2,7 +25,00 1600 
144 30,20 -21,96 3,0 30,30 -14,62 3,2 +7,34 1800 
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aRsaniSnavia, rom qimiuri stabilurobiT xasiaTdeba axali, 1000 m siRr-
mis #132 WaburRili (cxr. 1. borjomis mineraluri wylis WaburRilebis 
qimiuri Sedgeniloba 2016_2023 ww.), romlis burRva 2020 wels daiwyo da 2023 

wels dasrulda [6,7]. axali WaburRili #132-is gaburRvis adgilad SerCeuli 
iqna borjomis mineraluri wylis sabados centraluri ubani, borjomis 
antiklinis CrdiloeTi frTa (sur. 1 #132 WaburRili burRvis procesSi). #132 
WaburRili mdebareobs #1 Camomsxmeli qarxnis mimdebare teritoriaze, md. 

gujareTis wylis marjvena napirze (koordinatebi: X=367338,545; Y=4633222,447; 
simaRle zRvis donidan-799,123 m) [6].  

sur. 1. #132 WaburRili burRvis procesSi (26.01.2023, gadaRebulia avtoris mier) 

axal #132 WaburRilze reJimuli dakvirvebebi (wylis done, debiti, 
temperatura, qimiuri da mikrobiologiuri kvlevebi) kvlav grZeldeba.   

daskvna 
Catarebuli kvlevebiT miRebuli Sedegebis safuZvelze SesaZlebelia 

Semdegi  daskvnebis gakeTeba:     

1. borjomis mineraluri wylis qimiuri Semadgenlobis Seswavlis 180
wliani istoriis manZilze sxvadasxva mkvlevarebis mier Catarebuli qimiuri 
analizebis Sedegebi gviCvenebs, rom wyalSi arsebuli ZiriTadi qimiuri maCve-
neblebis Semcveloba stabiluria da maTi fluqtuacia ar aRemateba 5 %-s. mTe-
li am periodis ganmavlobaSi ar Secvlila wylis tipi da igi hidrokarbo-
natul natriumiania.   

2. axali #132 WaburRilis wyali miekuTvneba hidrokarbonatul natriu-
miani mineraluri wylis kategorias, borjomis tips. misi qimiuri Semadgen-
loba stabiluria.  
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3. borjomis mineraluri wylis sabado seismurad aqtiur regionSi
mdebareobs. WaburRilebze dakvirvebebiT dgindeba, rom miwisZvrebi sabados 
mineraluri wylebis qimiur Semadgenlobebze gavlenas ar axdens. 

4. borjomis mineraluri wylis qimiuri Semadgenlobis stabiluroba
sabados saeqspluatacio maragebis gazrdis erT-erTi ZiriTadi faqtoria. 
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The article discusses the history of studying the chemical composition of Borjomi mineral water since the 

Thirties of the nineteenth century. The structure of the chemical content of the Borjomi mineral water deposit 

during the entire past period has been confirmed.  
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gansxvavebuli sisqis membranebis maxasiaTeblebis baromembranuli 

procesebis warmadobaze damokidebulebis kvleva 

bibileiSvili g.v., gogesaSvili n.n., javaSvili z.d., kakabaZe e.g. 

saqarTvelos teqnikuri universitetis membranuli teqnologiebis 
sainJinro instituti 

membranuli dayofis teqnologia farTod Seiswavleba rogorc buneb-
rivi wylis gasufTavebis efeqturi  meTodi. polimeruli membranebis teqno-
logiur procesebSi gamoyeneba, xarisxi da fasi mniSvnelovnad aris damoki-
debuli maT sisqeze, romelic warmoadgens membranebis erTerT ZiriTad 
parametrs. misi cvlilebiT SesaZlebelia  membranis maxasiaTeblebis varire-
bac. fazuri dayofisas formirebuli  membranebis sisqeze gansakuTrebul gav-
lenas axdens polimeris koncentracia, dasasxmeli xsnaris siblante da 
homogenuroba, aseve gamoleqvis temperatura [1,2]. 

eqsperimentul kvlevebSi polimerul masalad gamoyenebuli iyo 
polieTersulfoni (pes), romlisganac momzadda pes-is gansxvavebuli koncent-
raciis kompoziciebi dimeTilacetamidSi (dmaa). miRebuli kompoziciebidan 
fazuri inversiis sveli meTodiT  gamoleqili iyo gansxvavebuli sisqis memb-
ranuli nimuSebi. polimeruli xsnarebi datanil  iyo laboratoriul filer-
ze, xolo gamoleqvis procesi Catarebul iqna wylian sakoagulacio abaza-
naSi gansxvavebul temperaturaze. cxrilSi mocemulia polimeruli kompo-
ziciebis koncentriciebi  da miRebuli membranebis maxasiaTebelebi. 

polimeruli kompoziciebis koncentraciebi  da miRebuli membranebis 
maxasiaTebelebi 

pes-is 
koncentracia, % 

membrana abazanis 
temp. ℃ 

membranis 
sisqe, mkm 

xv.warmadoba,
l/m2sT 

foris 
zoma, mkm 

6 P1 30 50 1150 2,3 
P2 50 61 1016 2,1 

8 P3 30 70 987 1,8 
P4 50 85 865 1,6 

10 P5 30 93 724 1,2 
P6 50 105 751 1,1 

12 P7 30 116 658 0,9 
P8 50 130 527 0,7 

kvlevebma gviCvena, rom polimeris koncentraciebs da temperaturebs 
Soris sxvaoba, erTdroulad gavlenas axdens inversiis dros miRebuli 
membranebis sisqeze, maxasiaTeblebze da struqturaze. rasac ganapirobebs 
fazuri dayofis dros  mimdinare difuziis procesis siCqaris cvlileba da 
aseve sakoagulacio abazanis teperaturis gazrdisas polimeris dispersiis 
xarisxis gazrda [3]. 

dadginda, rom polimeris koncentraciis gazrdasTan erTad izrdeba 
membranebis sisqe da mcirdeba warmadoba. miRebuli membranebis zedapirebis 
mikrostruqtura Seswavlil iyo maskanirebeli zonduri mikroskopiT. mikro-
suraTebis analizma aCvena, rom ufro mcire sisqis membranebis, kerZod 6 % 
da 8 %-iani kompoziciebidan gamoleqili membranuli nimuSebis zedapiruli 
topografia 10 %-iani polimeruli kompoziciidan miRebul nimuSis zedapir-
Tan SedarebiT aris  defeqturi, araerTgvarovani da makro RruebiT. (sur. 1 
da 2).  
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suraTi 1.  6%-iani kompoziciidan 
gamoleqili P1 membranis mikrosuraTi 

suraTi 2. 10%-iani kompoziciidan 
gamoleqili P8 membranis mikrosuraTi 

eqsperimentuli kvlevebis Sedegebis analizma gviCvena, rom polimeris 
gansxvavebuli koncentraciis da gamoleqvis gansxvavebuli temperaturuli 
reJimis pirobebSi Catarebisas 50 ℃-ze da 10 %-iani polimeruli kompozicii-
dan gamoleqil membranas gaaCnia SedarebiT ufro didi sisqe, zedapiris uke-
Tesi topografia da struqturaa aseve warmadoba. rac niSnavs, rom  pes/dmaa 
10 %-iani kompozicia warmoadgens optimalur recepturas baromembranuli 
procesebisaTvis Sesabamisisi struqturis, morfologiis da sisqis membranis 
(P8)  misaRebad. 
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SUMMARY  

STUDY OF THE DEPENDENCE OF THE CHARACTERISTICS OF MEMBRANES OF DIFFERENT 

THICKNESSES ON THE PERFORMANCE OF BAROMEMBRANE PROCESSES 

Bibileishvili G.V., Gogesashvili N.N., Javashvili Z.D. and Kakabadze E.G. 

Engineering Institute of Membrane Technology of Georgian Technical University 

In the paper, the performance of polyether sulfone membranes of different thicknesses obtained by the phase 

inversion method at different temperatures of the coagulation bath is studied. The results of the study showed us 

that the 10% composition of the polymer in dimethylacetamide is the optimal recipe for obtaining membranes 

(P8) with the most appropriate structure and characteristics for baromembrane processes. 
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bunebrivi wylis damuSavebis baromembranuli procesebis kvlevis 

zogierTi sakiTxis adgilobrivi da saerTaSoriso mdgomareobis 

analizi 

bibileiSvili g.v. TananaSvili l.a, kakabaZe e.g, javaSvili z.d. 

saqarTvelos teqnikuri universitetis membranuli teqnologiebis sainJinro 
instituti 

naSromSi ganxiluli membranebis da baromembranuli procesebis kvle-
vis zogierTi sakiTxi Seexeba xsnarebis gawmendas, gakrialebas, fraqcio-
nirebas, sterilizacias da koncentrirebas ultrafiltraciuli meTodis ga-
moyenebiT. aseve bunebrivi wylis damuSavebis  membranuli danadgarebis  da 
safiltracio polimeruli membranebis Seqmnisa da gamoyenebis procesebs.  

Cven mier damuSavebulia bunebrivi wylis gamwmendi da membranuli 
filtraciis mowyobilobebi, wylis damuSavebis meTodi, gamogoneba exeba bu-
nebriv wyalSi arsebuli minarevebis mocilebas ultrafiltraciuli membra-
nebis gamoyenebiT. ultrafiltraciuli procesi aris wylis gawmendis yve-
laze efeqturi da ekonomiuri saSualeba.  

qvemoT moyvanilia membranebis Seqmnisa da baromembranuli procesebis  
kvlevis zogierTi meTodi, rogorc Cven mier damuSavebuli aseve saerTaSo-
riso patentebSi mocemuli. aRniSnuli gamocdilebis analizi  xels uwyobs  
Tanamedrove tipis membranebis Seqmnas da baromembranuli gayofis procesebis 
kvlevis optimizacias. 

 Internal pressure type ultrafiltration membrane separation water purification system and 

method _ gamogoneba [1]  ixilavs  Sida  wnevis tipis ultrafiltraciuli mem-
branis  wylis gamwmend sistemas da meTods, romelic moicavs saleqar avzs, 
Sida wnevis tipis ultrafiltraciuli membranis filtraciis meqanizms, or 
dasufTavebis meqanizms, gaufiltravi wylis avzs da kontrolis meqanizms;  

dabinZurebuli ultrafiltraciuli membranis tute xsnariT  gawmendi-
sas [2,4] SesaZlebelia ultrafiltrze darCenili organuli nivTierebebis  
amoReba, rac aumjobesebs membranis warmadobas, wnevas, uzrunvelyofs memb-
ranis gamwmendi sistemis stabilur muSaobas. 

gamogoneba [3] _ Remineralization of desalinated and of fresh water by dosing of a 

calcium carbonate solution in soft water _ exeba wylis damuSavebis process da am 
procesSi kalciumis karbonatis gamoyenebas. kerZod, wylis remineralizaciis 
process, romelic moicavs wylisa da kalciumis karbonatis wyalxsnaris 
miwodebis etapebs.  

patentebSi [5,6] ganxilulia mariliani wylebidan, sasmeli wylis xaris-
xis mqone mtknari wylis warmoebis meTodis uzrunvelyofa ultrafiltra-
ciuli membranuli sistemiT. 

Method for treatment of water containing humus matter for the production of drinking water 

with enhanced coagulation stage using inorganics polymers of AL and activated SIO2 [7] _ 
gamogoneba exeba bunebrivi wylidan humusis nivTierebis mocilebis meTods 
sasmeli wylis xarisxis standartis misaRebad, romelSic koagulaciis etap-
ze gamoiyeneba Al-is araorganuli polimerebi da gaaqtiurebuli SiO2 kontro-
lirebad pH diapazonSi. am meTodiT wyalSi humusis Semcvelobis Semcirebis 
maqsimaluri efeqti miiRweva qimikatebis minimaluri moxmarebiT da sasmel 
wyalSi narCeni aluminis ukiduresad dabali SemcvelobiT. 

wylis resursebi aucilebelia kacobriobis ganviTarebisTvis, gansakuT-
rebiT sasmeli wylis usafrTxoeba, romelic pirdapir kavSirSia adamianebis 
sicocxlesTan, janmrTelobasTan. bunebrivi wylis gamwmendi membranuli fil-
traciis mowyobilobebi, wylis damuSavebis, bunebriv wyalSi Sewonili nawi-
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lakebisa da minarevebis mocilebis meTodebi ultrafiltraciuli membranebis 
gamoyenebiT damuSavebulia patentebSi [8,9]. 

amrigad, warmodgenil patentebSi mimoxilulia membranuli danadgare-
bis Seqmnisa da wylis ultrafiltraciuli procesebis kvlevis Tanamedrove 
gaumjobesebuli meTodebi maRali xarisxis sasmeli wylis  misaRebad.  
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of natural water treatment in the world and determine the appropriate priorities for the ongoing scientific 

research in the institute, as well as the creation of a patent search field. 

Keywords: patent, natural water, water treatment, membrane, ultrafiltration. 
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wylis nakadis Teoriuli da eqsperimentuli kvleva sadawneo saknis  

gansxvavebuli geometriisaTvis 

bibileiSvili g.v., yufaraZe l.p., buTxuzi T.g, javaSvili z.d. 

saqarTvelos teqnikuri universitetis membranuli teqnologiebis sainJinro 
instituti 

bunebrivi da Camdinare wylebidan maRalxarisxovani sasmeli wylis 
misaRebad gamoiyeneba membranuli teqnologiebi, romlebic energoefeqturia,   
aqvT dabali saeqsploatacio xarjebi da ar gaCniaT garemoze mavne 
zemoqmedebis unari. baromembranuli procesebSi Sesasrulebeli aparaturis 
Sesaqmnelad aucilebelia SeirCes membranuli danadgaris sadwneo saknis 
tipi, romlis stabiluri muSaobis pirobebisa da maRali warmadobis 
misaRwevad saWiroa saTanado hidrodinamikuri maxasiaTeblebis SemuSaveba. 

hidrodinamikuri maxasiaTeblebis dasadgenad gamoyenebulia Re ricxvis 
mniSvnelobebi [1,2,4] da Catarebulia Teoriuli angariSebi sadawneo saknisaT-

vis zomebiT: sigane 
312B  mm =12 10 m ; sigrZe 332l  mm = 32 10 m ; simaRleebi: 

1) 30,2h  mm = 0, 2 10 m ;  

2) 30,4h  mm = 0, 4 10 m ;  

3) 30,6h  mm = 0,6 10 m ;   

4) 31h  mm =1 10 m ;  

cxr. 2-Si moyvanilia  Re ricxvis mniSvnelobebi sadwneo sakanSi siTxis 
siCqareebisTvis: 0,5 m/wm,1 m/wm, 1,265 m/wm, 1,5m/wm,  2,04 m/wm, 3,02 m/wm, 4 m/wm, 

5,94 m/wm da Sesasvlel kveTSi wylis xarji Q . 
cxr. 1-is monacemebis mixedviT sadawneo sakanSi sxvadasxva simaRlis-

Tvis turbulenturi reJimi myardeba Semdegi siCqareebisaTvis: 

1) 30,2h  mm = 0, 2 10 m >5,94m/wm; 

2) 30,4h  mm = 0, 4 10 m >3,02 m/wm; 

3) 30,6h  mm = 0,6 10 m >2,04 m/wm; 

4) 31h  mm =1 10 m >1,265 m/wm. 

Teoriuli kvlevebis safuZvelze gamoikveTa sadawneo saknis 
Sesasvleli kveTebisaTvis reinoldsis ricxvis kritikuli mniSvnelobebi da 
turbulenturi nakadisaTvis gansxvavebuli sididis siCqareebi. dadginda, rom 
sadawneo saknis Sesasvleli kveTis farTis matebam ganapiroba  reinoldsis 
ricxvis kritikuli mniSvnelobis kleba, rac  energoefeqturobis maCveneblis 
optimizaciis wina pirobaa [4]. 
 Teoriuli da eqsperimentuli samuSaoebi Catarda nakadis dinebis sami 
reJimisaTvis: laminaruli, gardamavali da turbulenturi. eqsperimentebi 

Catarda labaratoriul danadgarze 10 NTU simRvrivis wyalze, wneva 1 at, 
membranaze foris zomiT 0,1 mkm,  0,2mm, 0,6 mm  da 1 mm simaRlis sadawneo 
saknis pirobebSi. eqsperimentuli samuSaos Sedegebi warmodgenilia cxr. 2 da 
3-Si, nax. 1 da 2-ze.   
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cxrili 1. bunebrivi wylisaTvis sadawneo sakanSi sxvadasxva simaRlisaTvis Sesasvle-
li kveTis farTobi F, siTxis siCqareebi v,  Sesabamisi   Re ricxvi da xarji Q 

v(m/wm) 0,5 1 1,265 1,5 2,04 2,5 3,02 4 5,94 
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0, 2 F = B 12 0, 2 2, 4 2, 4 10 ; 2 2 24 0, 4 24, 4 24, 4 10 ;h h B h
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 cxrili 2. reinoldsis ricxvis sami mniSvnelobisaTvis miRebuli 
xv. warmadobis  Sedegebi saknis 0,6 mm-is pirobebSi

Re 1400 3500 5500 

d,   m2/wm 1,405 3,514 5,522 

, m/wm 1,229 3,075 4,832 

Q (m3/wm) 10-6 10-6
34,7832 10-6

reJimebi laminaruli gardamavali turbulenturi 

J ,   l/(m2/wm) 28 38 53 

suraTi. 1. Teoriuli da eqsperimentuli monacemebis grafikuli asaxva 0,6mm 
sadawneo saknis simaRlisaTvis reinoldsis  ricxvis sami mniSvnelobisaTvis 

 reinoldsis ricxvis sami mniSvnelobisaTvis damokidebulebis grafiki  
mrudi wiria da xv. warmadobas yvelaze mcire mniSvneloba aqvs laminaruli 
reJimSi, xolo gardamaval da turbulentur reJimebSi ki xv. warmadobebi 
umniSvnelod gansxvavdeba erTmaneTisagan. 

 cxrili 3. xv. warmadobis  Sedegebi  turbulenturi moZraobisas saknis 
 sxvadasxva simaRlis pirobebSi 

Regan.tur.=4500 
h 0,2 0,4 0,6 1 

v×d,m2/wm 0,4518 × 10-2 0,4518 × 10-2 0,4518 × 10-2 0,4518 × 10-2 

v , m/wm 11,483 5,853 3,953 2,447 

Q, m3/wm 27,559 28,094 28,46 29,364 

J,  l/(m2wm) 51 49 46 44 

suraTi 2. .xv. warmadobis  Sedegebi  turbulenturi moZraobisas saknis sxvadsxva 
simaRlis pirobebSi 
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turbulenturi reJimis pirobebSi sadawneo saknis geometria mniSvne-
lovan gavlenas ar axdens  xv. warmadobis maCveneblebze.    
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SUMMARY 

THE ORETICAL AND EXPERIMENTAL STUDY OF WATER FLOW FOR DIFFERENT 
 GEOMETRIES OF THE PRESSURE CHAMBER 
Bibileishvili G.V., Kuparadze L.P.,  Butchuzi T.G. and Javashvili Z.D.

Engineering Institute of Membrane Technologies of Georgian Technical University 

In this paper, research has been carried out to determine the parameters of the turbulent regime of the pressure 

chamber in baromembrane units. Experimental research carried out under turbulent conditions has shown that 

the geometry of the pressure chamber does not significantly affect the specific capacity of the apparatus. 

Keywords: pressure chamber, Reynolds number, turbulent regime. 
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mikrofiltraciuli membranebis  misaReb kompoziciebSi polimerebis 

struqturuli organizebis sakiTxebis kvleva 

bibileiSvili g.v., gogesaSvili n.n., gogiberiZe i.b. 

saqarTvelos teqnikuri universitetis membranuli teqnologiebis 
sainJinro instituti 

membranis misaReb polimerul kompoziciebSi gamxsnelebis, liofiluri 
marilebis da sxva danamatebis pirobebSi warmoiqmneba didi zomis molekulu-
ri ansamblebi anu polimolekuluri asociatebi Tavisi arqiteqturiT, sup-
rastruqturiT da im urTierTqmedebebiT, romlebic gansazRvravs membranebis  
maxasiaTeblebs da mikroreliefs  [1,2].  

eqspermentebSi polimerul masalad gamoyenebuli iyo polieTersulfo-
ni (pes), xolo danamatad polieTilenglikoli (peg) da polivinilpiro-
lidoni (pvp). gamxsnelad ki polaruli dabalmolekuluri gamxsneli dime-
Tilacetamidi (dmaa). eqsperimentebiT Seswavlilia sami gansxvavebuli Sed-
genilobis pes/dmaa/CaCl2, pes/dmaa/CaCl2/peg, pes/dmaa/CaCl2/pvp polimeruli kom-
poziciis siblante, simRvrive, warmoqmnili struqturuli agregatuli nawi-
lakebis zomebi da maTi urTierTdamokidebulebis sakiTxi am xsnarebis 
gamoleqviT miRebuli membranebis warmadobebze da foris zomebze. kvleviT 
miRebuli Sedegebi mocemulia cxrilSi 1.  

cxrili 1. kompoziciebis Sedgeniloba, siblante, simRvrive,  maTSi Semavali nawila-
kebis zomebi da miRebuli membranuli nimuSebis  warmadoba da foris zoma.   

polimer. 
kompozicia 

simRvrive, 

NTU 

siblante 
cP 

naw.zoma, 
nm 

% membr. 
nimuSi 

warmadoba, 
l/m2sT 

foris 
zoma, mkm 

pes/dmaa/CaCl2 
19,5 1449 

11,52 
115,8 
1015 

85.4 
3,7 
8,7 

P1, 244 0,55 

pes/dmaa/CaCl2/peg 
52 1345 

14.9 
610,4 
2877 

11,8 
40,1 
31,2 

P2 526 2,37 

pes/dmaa/CaCl2/pvp 
115,09_134,13 1276 

7,856 
1083 
2985 

12,8 
35,2 
51,9 

P3 721 2,7 

      kvlevebiT dadginda, rom udanamato kompozicia pes/dmma/CaCl2-gan miRebu-
li membranebis foris zoma aris 0,55 nm, is Sedgeba umetesad 11,5 nm-is (85,4%) 
mqone nawilakebisagan. danamatiani polimeruli kompoziciebidan miRebuli 
membranebis foris zomebi gazrdilia 2,37 mkm - 2,7 mkm-mde, es kompoziciebi 
maRali procentuli raodenobiT Seicaven 610 nm-dan da 2985 nm-mde zomis 
nawilakebs [3,4,5]. amasTanave dadginda, rom P2 da P3 membranuli nimuSebis 
foris zomebis gazrdasTan erTad izrdeba membranuli nimuSebis xv. warma-
doba. vinaidan danamatebma Secvales sawyisi polimeruli kompoziciis sib-
lantis, simRvrivis, nawilakebis zomebis mniSvneloba da xsnaris mikrosura-
Tic. suraTze 1 da 2 mocemulia pes/dmma/CaCl2/peg da pes/dmma/CaCl2 kompozi-
ciebis optikuri mikroskopuli gamosaxuleba (gadideba 500-jer}. 
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suraTi 1. pes/dmma/CaCl2/peg-is kompo-
ziciis mikrosuraTi 

suraTi 2. pes/dmma/CaCl2/-is uda-
namato kompoziciis mikrosuraTi 

Catarebulma eqsperimentulma kvlevam aCvena, rom gansxvavebuli Sedge-
nilobis kompoziciebSi polimeruli nawilakebis zomebi icvleba 7 nm-dan 
3000 nm-mde. Seswavlili polimeruli kompoziciebi Seicaven kristalitebis, 
sferolitebis, globulebis Sesabamisi zomis nawilakebs gansxvavebuli pro-
centuli raodenobiT, rac iwvevs aRniSnuli polimeruli kompoziciebis sib-
lantis da simRvrivis maCveneblebis cvlilebas, aseve gansxvavebuli struqtu-
ruli wyobis warmoqmnas membranis misaReb xsnarebSi. es procesebi gavlenas 
axdenen miRebuli membranebis maxasiaTeblebze, kerZod, ganapirobeben didi 
zomis nawilakebis Semcveli xsnarebidan miRebuli membranuli nimuSebis 
warmadobis da foris  zomis zrdas. 
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SUMMARY 

STUDY OF ISSUES OF STRUCTURAL ORGANIZATION OF POLYMER IN  

ACCEPTABLE COMPOSITIONS OF MICROFILTRATION MEMBRANES 

Bibileishvili G.V., Gogesashvili N.N. and Gogiberidze I.B. 

Engineering Institute of Membrane Technology of Georgian Technical University 

In the paper, the issues of structural organization of polymer compositions of acceptable different compositions 

of the membrane PES/DMAc/CaCl2, PES/DMAc/CaCl2/PEG, PES/DMAc/CaCl2/PVP are studied using solution 

viscosity, turbidity, sizes of nanoparticles present in it and optical microscopy. The influence of the particle sizes 

in the compositions and the parameters of the casting solution on the characteristics of the obtained membrane 

samples is determined. 

Keywords: membrane, polymer solution, microfiltration, viscosity, turbidity.  
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mikrofiltraciul procesebSi nakadis hidrodinamikis kvleva membranuli 

sistemebis sadawneo saknis optimaluri geometriuli konfiguraciis 

SeswavlisaTvis 

bibileiSvili g.v, keJeraSvili m.g., yufaraZe l.p, javaSvili z.d. 

saqarTvelos teqnikuri universitetis membranuli teqnologiebis sainJinro 
instituti 

membranuli teqnologiebis dargSi mTavar mimarTulebas warmoadgens 
sxvadasxva siTxeebis filtraciuli procesebis hidrodinamikuri reJimebis, 
membranis daWuWyianebis meqanizmis Seswavla da amis safuZvelze iseTi axali 
kanonzomierebebis gamovlena, rac saSualebas iZleva teqnologiuri gaTv-
lebi, membranuli aparatebis da danadgarebis proeqtireba imgvarad ganxor-
cieldes, rom Seiqmnas maRali warmadobis, eqsploataciis xangrZlivi vadis 
mqone membranuli danadgarebi. tangencialuri da Cixuri filtraciis saTa-
nado maCveneblebis diferencireba ganapirobebs nakadis sacirkulacio prin-
cipze momuSave membranuli modulebis upiratesobas, romelTa gamoyeneba 
mizanSewonilia didi moculobis da maRali koncentraciis xsnarebis xangr-
Zlivi droiT damuSavebisaTvis. mikrofiltraciul gayofis procesSi sadaw-
neo sakanSi siTxis moZraobis dasaxasiaTeblad gamoyenebuli iqna reinold-
sis ricxvi, romelic ganisazRvra sadawneo sakanis hidravliuri diametris, 
saSualo siCqaris da siTxis kinematikuri siblantis saSualebiT. kvlevis 
Sedegebis ZiriTadi monacemebi asaxulia cxr. 1-Si. 

reinoldsis ricxvi mniSvnelobiT Re < 2300 laminarul, 2300 < Re > 4000 
gardamaval turbulenturs da Re > 4000 turbulentur dinebaze miuTiTebs.   

cxrili 1.  laminaruli, gardamavali da turbulenturi reJimis uzrunvelyofis 
reJimuli parametrebi 

reinoldsis ricxvi 
da hidrodinamikuri nakadis tipi 

saknis simaRle, mm 
0,1 0,2 0,4 0,6 1 

nakadis siCqare, m/wm 

Re < 2300 laminaruli 11,75 6 3 2,04 1,25 

2300 < Re < 4000 gardamavali turbulenturi 20 10 5,2 3,5 2,2 

Re > 4000 turbulenturi 23 11,5 5,85 4 2,5 

Teoriuli gaTvlebis Sedegad dadginda, rom turbulenturi reJimis 
gansaxorcieleblad mizanSewonili ar aris sadawneo saknis iseTi geometria, 
romelSic saknis simaRle iqneba 0,1 mm da 0,2 mm, 0,4 mm radgan siTxis nakadis 
5,85 m/wm-dan da 23 m/wm-mde  siCqaris ganviTareba iwvevs membranuli sistemis 
detalebisa da membranebis meqanikur rxevebs, rac mikrofiltraciuli membra-
nuli gayofis procesebis  ganxorcielebisaTvis ar aris racionaluri 
rogorc aparaturis teqnikuri Sesrulebis, teqnologiuri da energodana-
xarjebis TvalsazrisiT. amitom, Teoriuli gaTvlebis analizis safuZvelze, 
mikrofiltraciuli gayofis procesis optimaluri geometriis da reJimuli 
parametrebis dadgenisaTvis eqsperimentuli cdebisaTvis SerCeuli iqna sadaw-
neo sakani siganiT 12 mm, sigrZiT 32 mm, simaRliT 0,6 mm da 1 mm, filt-
raciisaTvis 0,2 mkm zomis foris mqone membrana.  eqsperimentis Sedegebi asa-
xulia cxr. 2-Si. 
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cxrili 2. siTxis nakadis turbulenturi reJimisaTvis 0,2 mkm foris zomis membranis 
xv. warmadoba sadawneo saknis sxvadasxva simaRlisaTvis

saknis simaRle, mm 
siTxis siCqare 
sakanSi, m/wm 

wneva, bari 
xv. warmadoba

(l/m2sT)

0,6 4 
0,5 45 
1 75 

1 2,5 
0,5 60 
1 90 

dadgenili iqneba membranuli sistemis sadawneo sakanis optimaluri 
geometriuli konfiguracia nakadis turbulenturi moZraobisaTvis mikro-
filtraciuli procesis pirobebSi. amgvarad, didi moculobis samrewvelo 
nakadebis safiltraciod rekomendirebulia membranuli sistema, sadawneo 
saknis simaRliT 0,6 mm, 1 mm, romelic uzrunvelyofs intensiuri turbu-
lenturi reJimuli parametrebis mqone dinebas mikrofiltraciuli procesis 
saeqsploatacio maCveneblebis efeqturobas da stabilurobas.  
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SUMMARY 

INVESTIGATION OF FLOW HYDRODYNAMICS IN MICROFILTRATION PROCESSES TO 

 STUDY THE OPTIMAL GEOMETRIC CONFIGURATION OF THE PRESSURE CELL OF  

MEMBRANE SYSTEMS 

Bibileishvili G.V., Kezherashvili M.G., Kuparadze L.P. and Javashvili Z.D.  

Engineering Institute of Membrane Technology of Georgian Technical University 

The article discusses the results of theoretical and experimental studies of dead-end and tangential 

baromembrane processes, which are related to the study of the optimal geometry of the pressure chamber of 

membrane systems in microfiltration processes. The geometry of the developed pressure chamber provides the 

flow with the parameters of the turbulent regime and, accordingly, the efficiency and stability of operating 

parameters of the microfiltration process. 

Keywords: solutions, microfiltration, membrane, turbulent regime. 
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kompoziciaSi polimeris konformaciuli mdgomareobis da organuli 

danamatebis gavlenis kvleva xsnaris simRvriveze 

bibileiSvili g.v., ebanoiZe l.o., gogesaSvili n.n., keJeraSvili m.g., 
gogiberiZe i.b. 

saqarTvelos teqnikuri universitetis membranuli teqnologiebis sainJinro 
instituti 

membranebis morfologiisa da struqturis formirebisaTvis erT-erTi 
mniSvnelovani faqtoria polimeris konformaciuli mdgomareoba, romelic 
damokidebulia polimerisa da danamatebis koncentraciaze, xsnarSi arsebul 
nawilakebis zomebsa da ganawilebaze. polimeris konformaciuli mdgoma-
reobiT ganpirobebuli zomebi didwilad gansazRvraven dasaxmeli xsnaris 
simRvrives, romlis xarisxobrivi maCvenebeli gansazRvravs miRebuli memb-
ranis fizikur maxasiaTeblebs [1].  

samuSaoSi ganxilulia gansxvavebuli Sedgenilobis polimeruli kompo-
ziciebis nawilakebis zomebis da simRvrivis damokidebuleba. polimeruli 
kompoziciebi miRebulia polimeris, gamxsnelis, araorganuli da organuli 
danamatebiT, rac ganapirobebs polimeris xsnaris homogenurobas, simRvrives, 
siblantes da koncentracias. organul danamatad gamoyenebulia polieTilen-
glikoli (peg) molekuluri masiT Mw=400 g/moli (peg-400), Mw=600 g/moli (peg-
600), Mw=800 g/moli (peg-800) da Mw=1500 g/moli (peg-1500) [2].  

gansxvavebuli qimiuri Sedgenilobis polimeruli kompoziciis gaxsnis 
procesis montoringi Catarda polarizaciul-interferenciuli optikuri 
mikroskopis saSualebiT. nefelometruli meTodiT ganisazRvra polimeruli 
kompoziciebis simRvrivis maCveneblebi simRvrivis mzomi xelsawyoTi Turb 555 
[3]. sinaTlis gabnevis dinamiuri meTodiT Seswavlilia polimeruli kom-
poziciis nawilakebis zomebis procentuli Tanafardoba Zetasizer Nano ZN90 
nanonawilakebis mzomi analizatoriT [4,5]. fazuri inversiis meTodiT miRe-
buli membranuli firebis xvedriTi warmadobebi ganisazRvra laborato-
riuli membranuli danadgariT MTSI-JM-5. miRebuli eqsperimentuli Sedegebi 
mocemulia cxrilSi.   

polimeruli kompoziciebis nawilakebis zomis procentuli Tanafardoba, 
simRvrive da membranuli firebis xvedriTi warmadoba 
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M1 kompozicia+PEG400 8,920 74,0 460,8 18,8 4847 7,2 4.15 9050 

M2 kompozicia+PEG600 10,67 65,2 594,2 20,6 128,8 14,2 5.12 12100 

M3 kompozicia+PEG800 12,77 76,2 273,9 17,1 0,8332 6,8 5.62 13500 

M4 kompozicia+PEG1500 5,096 66,6 75,51 18,6 4447 9,9 5.77 7840 
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gansxvavebuli qimiuri Sedgenilobis mqone polimeruli 
xsnaris nawilakebis intesivobis mrudebi 

cxrilSi moyvanili pikis maCveneblebi aRniSnaven axlomdebare nawila-
kebis saSualo zomas.  

eqsperimentuli kvlevis Sedegebma aCvena, rom molekuluri masis mqone 
danamatis peg-400, peg-600 da peg-800 SemTxvevaSi gamovlenilia nawilakis kon-
formaciuli zomebis mzardi dinamika 8,920 nm-dan 12,77 nm-mde, rac aisaxa simR-
vrivis maCvenebelze (NTU4.15-NTU5.62) da miRebuli membranis xvedriT warma-
dobaze (9050_13500 l/m2sT). polieTilenglikolis molekuluri masis zrda 
ganapirobebs membranis xvedriTi warmadobis maRal maCvenebels. maRali mole-
kuluri masis polieTilenglikolis peg-1500-is SetaniT polimeris konforma-
ciulma zomam ganicada cvlileba klebisken, ramac ganapiroba miRebuli memb-
ranis xv. warmadobis Semcireba. 

kvlevis Sedegad dadginda, rom organuli danamatebis molekuluri 
masebis sidide gavlenas axdens polimeruli kompoziciis fizikur-qimiuri 
maCveneblebze, rac ganapirobebs fazuri inversiis procesis msvlelobas da 
miRebuli membranis xvedriTi warmadobis cvalebadobas.  
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SUMMARY 

STUDY OF THE INFLUENCE OF THE CONFORMATIONAL STATE OF THE POLYMER AND 

ORGANIC ADDITIVES IN THE COMPOSITION OF THE TURBIDITY OF THE SOLUTION. 

Bibileishvili G.V., Ebanoidze L.O., Gogesashvili N.N., Kezherashvili M. G. and Gogiberidze I.B. 

Engineering Institute of Membrane Technology of Georgian Technical University  
The paper presents a study of the process of polymer dissolution in polymer compositions for the purpose of 

studying turbidity indicators (Turb 555 IR) for solutions of different chemical compositions. The dependence of 

particle sizes and turbidity of polymer compositions is discussed. As a result of the research, it was determined 

that the molecular weight of organic additives affects the physicochemical parameters of the polymer 

composition, which determines the course of the phase inversion process and the variation of the specific 

performance of the obtained membrane. 

Keywords: Polymer composition, particle size, molecular weight, specific capacity 
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kompoziciaSi polimeris konformaciuli mdgomareobis nawilakis 

zomaze damokidebulebis sakiTxi 

bibileiSvili g.v., ebanoiZe l.o., eqvTimiSvili g.d. 

saqarTvelos teqnikuri universitetis membranuli teqnologiebis sainJinro 
instituti 

membranebis morfologiisa da struqturis formirebisaTvis erT-erTi 
mniSvnelovani faqtoria polimeris konformaciuli mdgomareoba, romelic 
damokidebulia polimerisa da danamatebis koncentraciaze, xsnarSi arsebul 
nawilakebis zomebsa da ganawilebaze [1,2]. 

naSromSi ganxilulia gansxvavebuli qimiuri Sedgenilobis kompozi-
ciaSi polimeris molekulis konfomoraciuli mdgomareobis nawilakis zo-
maze damokidebuleba. kompoziciebi damzadda polimeris, gamxsnelis, araor-
ganuli da organuli danamatebis bazaze, ramac uzrunvelyo polimeris xsna-
ris homogenuroba, simRvrive, siblante da koncentracia. organul danamatad 
gamoyenebulia polieTilenglikoli (peg) molekuluri masiT Mw=400 g/moli 
(peg-400), Mw=600 g/moli (peg-600), Mw=1000 g/moli (peg-1000) da Mw=1500 g/moli 
(peg-1500). 

sinaTlis gabnevis dinamikuri meTodiT Seswavlilia polimeruli kom-
poziciis nawilakebis zomebis procentuli Tanafardoba Zetasizer Nano ZN90 
nanonawilakebis mzomi analizatoriT, 0,3_10000 nm-is diapazonSi [3,4]. nawi-
lakebis mdgradobis gasazrdelad kompoziciebi damuSavebulia ultrabgeris 
aparatis wylian abazanaSi (Unitra-Unima, UM-4, Olsztyn, Poland).  fazuri inversiis 
meTodiT miRebuli membranuli firebis xvedriTi warmadobebi ganisazRvra 
laboratoriuli membranuli danadgariT MTSI-JM-5. miRebuli eqsperimentuli 
Sedegebi mocemulia cxrilSi.   

polimeruli kompoziciebis nawilakebis zomis procentuli Tanafardoba da 
membranuli firebis xvedriTi warmadoba 

Membrana 
kompoziciis qimiuri 

Sedgeniloba 
piki 1, 

nm 
% 

piki 2, 
nm 

% 
piki 3, 

nm 
% 

membranuli 
firebis xv. 
warmadoba, 
J, l/m2sT 

M1 kompozicia+PEG400 7,819 81,6 24,65 14,6 181,1 3,8 9050 

M2 kompozicia+PEG600 9,303 94,5 135,3 5,5 _ _ 12100 

M3 kompozicia+PEG1000 12,42 54,8 6,105 42,4 _ _ 14900 

M4 kompozicia+PEG1500 6,629 85,5 12,69 19,5 _ _ 7840 

suraTze gamosaxulia gansxvavebuli qimiuri Sedgenilobis polimeru-
li kompoziciis nawilakebis intesivobis mrudebi, xolo cxrilSi moyvanilia 
pikis maCveneblebi, romlebic aRniSnaven axlomdebare nawilakebis saSualo 
zomas.  

eqsperimentuli kvlevis Sedegebma aCvena, rom kompoziciebSi peg-400-is, 
peg-600-is da peg-1000-is erTi da igive raodenobiT damatebis SemTxvevaSi 
adgili hqonda intensivobis mrudeebis gadanacvlebas nawilakis zomebis 
zrdis mimaraTulebiT, xolo peg-1500-is SemTxvevaSi _ nawilakis zomebis kle-
bis mimaraTulebiT, rac polimeris konformaciuli mdgomareobis cvlilebas 
adasturebs. konformaciuli mdgomareobis cvalebadoba SeiZleba gamowveuli 
iyos polieTilenglikolis da polimeris molekulebs Soris molekulaTaSo-
risi bmebis gaZlierebiT an SesustebiT polieTilenglikolis molekuluri 
masis cvlilebebis gamo.  
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gansxvavebuli qimiuri Sedgenilobis mqone polimeruli 
xsnaris nawilakebis intesivobis mrudebi 

kvlevis Sedegad gamovlenilia nawilakis konformaciuli zomebis mzar-
di dinamika 7,819 nm-dan 12,42 nm-mde danamatis peg-400, peg-600 da peg-1000-is Sem-
TxvevaSi, rac aisaxa miRebuli membranis xvedriT warmadobaze (9050_14900 
l/m2sT). maRali molekuluri masis polieTilenglikolis peg-1500-is SetaniT 
xsnarSi nawilakis zomam ganicada cvlileba klebisken, ramac ganapiroba 
miRebuli membranis xv. warmadobis Semcireba. 

kvlevis Sedegad dadginda, rom kompoziciebSi arsebuli nawilakebis 
zomis cvalebadoba iwvevs konformaciul cvlilebebs, rac gavlenas axdens 
polimeruli kompoziciis fizikur-qimiuri maCveneblebsa da miRebuli membra-
nis xvedriTi warmadobaze.  
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SUMMARY 

ON THE DEPENDENCE OF THE CONFORMATIONAL STATE OF THE POLYMER ON THE SIZE 

OF THE PARTICLES IN ITS COMPOSITION 

Bibileishvili G.V., Ebanoidze L.O. and Ekvtimishvili G.D. 

Engineering Institute of Membrane Technologies of Georgian Technical University 

This paper presents an analytical study of polymer compositions on a Zetasizer Nano Zen 3690 nanoparticle 

measuring analyzer by dynamic light scattering method. The dependence of the conformational state of the 

polymer molecule on the particle size in compositions of different chemical compositions is discussed. It was 

found that varying the particle sizes in the compositions causes conformational changes, which affects the 

physicochemical parameters of the polymer composition and specific capacities of the resulting membrane. 

Keywords: Polymer composition, particle size, molecular weight, specific capacity. 
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bunebrivi wylidan miRebuli deionizirebuli wylis eleqtrogamtarobis 

xarisxis kvleva 

bibileiSvili g.v., buTxuzi T.g., mamulaSvili m.a., javaSvili z.d. 

saqarTvelos teqnikuri universitetis membranuli teqnologiebis sainJinro 
instituti 

wylis eleqtrogamtaroba damokidebulia masSi gaxsnil marilebis, mJa-
vebis, fuZeebis  kaTionebis da anionebis koncentraciaze. wylis xarisxis 
erTerTi mniSvnelovani parametria misi eleqtrogamtaroba. wylis eleqtro-
gamtarobis saTanado xarisxi ganapirobebs speqtometruli da ionometruli 
meTodebiT gansazRvruli gaxsnili nivTierebebis ionebis koncentraciis  xa-
risxobriv maCvenebels, rac buferuli da sakalibro xsnarebis miRebisaTvis 
aucilebeli pirobaa.   

deionizaciis Semdgom wyalSi ar gvxvdeba dadebiTad damuxtuli kaTio-
nebi _ natriumi, kalciumi, rkina, spilenZi da uaryofiTad damuxtuli anio-
nebi _ karbonatebi, qloridebi, ftoridebi da sxva. deionizirebuli wyali 
miiReba ionmimomcvliT (kaTionebis _ H+ da anionebis _ OH- ),  romlis drosac  
ver xorcieldeba organuli nivTierebebisagan gausnebovneba [1,4].  

deionizirebuli wylis misaRebad damuSavda sam safexuriani baromem-
branuli meTodi ultrafiltraciisa da ukuosmosis gamoyenebiT. eqsperimenti 
Catarda saqarTvelos teqnikuri universitetis membranuli teqnologiebis 
institutis mier damuSavebul ultrafiltraciul da ukuosmosur  membra-
nul danadgarebze (sur. 1 da 2).  

sur. 1. ultrafiltraciuli 
membranuli aparati 

sur. 2 ukuosmosuri membranuli 
danadgari 

baromembranuli ukuosmosuri procesi uzrunveyofs yvela saxis gaxs-
nili marilebis da nivTierebebis Sekavebas, romelTa molekuluri wona aRe-
mateba 100 daltons, xolo membranul apkSi wneviT gasuli wylis molekulebi  
qmnian demineralizebuli wylis nakads. ukuosmosuri membranebis mier Seka-
vebuli marilebis  maCvenebeli meryeobs 95% _ 99% -mde. 

kvlevis pirvel etapze ganxorcielda bunebrivi wylis nimuSebis steri-
lizacia 0,1 mkm foris zomis mqone ultrafiltraciuli membraniT, xolo 
meore da mesame etapze ukuosmosuri meTodiT deionizacia Catarda 9atm. wne-
vis pirobebSi 25l.m2/sT warmadobis ukuosmosuri membranis gamoyenebiT.  sakv-
levi sinjebis eleqtrogamtarobis Sedegebi mocemulia cxr.1-Si.  
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cxrili 1. bunebrivi wylidan miRbuli deionizirebuli wylis eleqtrogamtaroba 

filtraciis meTodi 
el.gamtaroba sim/m 

bunebrivi wyali damuSavebuli wyali 
ultrafiltracia, 38,9×10-3 22×10-3 
ukuosmosi I etapi 38,9×10-3 35×10-3 
ukuosmosi II etapi 35×10-3 5×10-4 

gamoxdili wylis miRebis erTerTi tradiciuli meTodia distilaciaa, 
romlis drosac procesi uzrunvelyofs mikroorganizmebisgan absolutur 
gausnebovnebas, xolo wylis eleqtrogamtarobis maCveneblis standartuli  
sidide  Seadgens 5×10-4  sim/m-s.    

distilaciiT miRebuli gamoxdili wylis saerTaSoriso standartia 
ISO 3696, romelsac Seesabameba el.gamtaroba 5×10-4 sim/m. distilaciis proce-
sis reJimuli parametrebis optimizaciam saSualeba mogvca migveRo 2,6×10-4 
sim/m el.gamtarobis mqone wyali, rac saerTaSoriso standartTan SedarebiT 
naklebia da gansxvavdeba sawyisi koeficientiT [2,3]. 

cxr. 2-Si moyvanilia sawyisi sasmeli wylis da miRebuli distilatis 
eleqtrogamtarobis maCveneblebi. 

    cxrili 2. sasmeli wylis  da distilatis eleqtrogamtaroba 

filtraciis meTodi 
el.gamtaroba sim/m 

sasmeli wyali distilati 
distilacia 29×10-3 2,6×10-4 

kvlevis  Sedegad dadginda, rom filtraciis baromembranuli procesis 
gamoyeneba maRalxarisxovani demineralizebuli wylebis miRebis yvelaze 
efeqturi meTodia, vinaidan ukuosmosuri procesiT miRebuli demineralizebu-
li wylis energodanaxarjebis maCveneblebi erTi rigiT mcirea distili-
rebul wyalTan SedarebiT. aseve unda aRiniSnos, rom ukuosmosuri meTodiT 
SesaZlebelia bunebriv da saerTaSoriso standarts (ISO 3696) Soris nebismie-
ri sididis eleqtrogamtarobis mqone gardamavali wylis miReba.  
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SUMMARY 

STUDY OF THE QUALITY OF ELECTRICAL CONDUCTIVITY OF DEIONIZED WATER 

OBTAINED FROM NATURAL WATER 

Bibileishvili G.V., Butkhuzi T.G., Mamulashvili M.A. and Javashvili Z.D. 

Engineering Institute of Membrane Technologies of Technical University of Georgia 

The paper discusses the demineralization process of natural water. A three-step baromembrane method using 

ultrafiltration and reverse osmosis was processed to obtain deionized water. The reverse osmosis filtration method 

was implemented in two stages. As a result of filtration, high-quality sterile, demineralized water was obtained, the 

electrical conductivity of which corresponds to the international standard ISO 3696 and is 5×10-4 cm/m. 

Keywords: water, electrical conductivity, deionization, reverse osmosis, distillation.  
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wylis ultrafiltraciis spiraluri tipis sayofacxovrebo 

membranuli danadgaris sadawneo saknis geometriisa da hidrodinamikuri 

parametrebis kvleva

yufaraZe l.p., gogesaSvili n.n., ebanoiZe l.o., javaSvili z.d. 

saqarTvelos teqnikuri universitetis membranuli teqnologiebis sainJinro 
instituti 

wylis mdgradi marTvis, sanitaruli normebis dacvis sayovelTao uz-
runvelyofa, sasursaTo usafrTxoeba, sasmeli wylis da sakvebi produqtisa   
dabinZureba ganviTarebadi qveynebis mTavar gamowvevaa [1-5]. aRniSnuli prob-
lemis gadawyvetaSi gansakuTrebul mniSvnelobas iZens wylis gawmendis ino-
vaciuri masalebis, meTodebis da membranuli teqnologiuri sistemebis Seqmna. 
es dRis wesrigSi ayenebs sakiTxebs, romelic dakavSirebulia arsebul 
membranul safiltracio mowyobilobebSi membranuli aparatebis konstruq-
ciaSi ganxorcielebuli nakadebis hidrodinamikuri maCveneblebis optimiza-
ciasTan, romelic uzrunvelyofs filtraciis procesis efeqturobas, sai-
medoobis amaRlebas da eqspluataciis gamartivebas [6,7].  

     A       a                                 b 

suraTi 1. analizatorze Zetasizer NanoZen3690 gansazRvruli onkanis wylis (a) da 
bunebrivi, zedapiruli wylis (b) granulometruli Sedgeniloba 
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ultrafiltraciuli procesebis masagadatanis optimaluri pirobebis 
SesarCevad gansazRvruli iqna onkanis da bunebrivi, zedapiruli wylis gra-
nulometruli Sedgeniloba (suraTi 1), wyalSi arsebuli nawilakebis masa, 
Z-potenciali, organoleptikuri, mikrobiologiuri da fizikur-qimiuri 
maCveneblebi. 

bunebriv wyalSi arsebobuli minarevebia: baqteriebi (erTujrediani 
mikroorganizmebi), romelTa zomebia 0,5_10 mkm, riketsiebi (umciresi zomis 
ujredovani Cxirebi), romelTa zomebia 0,4_1mkm, virusebi (umciresi cocxali 
mikroorganizmebi), romelTa zomebia 100-400 nm da sokoebi (mcenareuli 
warmoSobis erTi an mravalujrediani mikroorganizmebi), romelTa zomebia 3-
50 mkm; Sewonili nawilakebi, romelTa granulometriuli zomebia 0,5-50 mkm. 
aRniSnuli minarevebiT dabinZurebuli wylis simRvrivis maCvenebeli meryeobs 
formazinis erTeuliT FTU F2-dan 50-mde. centralizebuli, aracentralizebu-
li da zedapiruli wyalmomaragebis sistemebis wylis simRvrivis minimaluri 
maCvenebeli saqarTveloSi arsebuli standartiT unda Seadgendes formazinis 

erTeuliT FTU1, rac umetes SemTxvevaSi (95% da meti) aRemateba aRniSnul 
maCvenebels [8]. 

wylis ultrafiltraciuli procesebis eqsperimentuli kvlevisaTvis 
gansxvavebuli Sedgenilobis polimeruli kompoziciebidan momzadebuli iqna 
0,05 mkm, 0,1mkm foris zomis mqone membranebi, alifaturi poliamidis (pa), po-
lieTilenglikolebis (peg-400, peg-1500, peg-4500) da polivinilpirolidonis 
(pvp) bazaze [9]. 

suraTi 2. membranis misaRebi polimeruli kompoziciebi 

membranis morfologia da struqtura Seswavlili iqna maskanirebeli 
zonduri (tuneluri) mikroskopiT (SPM, Certus standart V). muSa kvanZis Teoriuli 
gaTvlebisTvis laboratoriul danadgarze reJimuli parametrebis varirebis 
diapazonis dasadgenad da membranebis testirebis Sedegad SerCeuli iqna 
optimaluri maxasiaTeblebis mqone nimuSebi [10]. membranis testirebis 
Sedegebi mocemulia cxr. 1-Si. 

cxrili 1.  0,05 mkm da 0,1 mkm zomis foris mqone membranis testirebis Sedegebi 

membrana membranis 
sisqe, mkm 

wneva, 
(atm) 

temperatura, 
0C 

foris 
zoma, mkm 

Membranis xv. 
warmadoba 
l/m2 sT 

buStulakis 
wertilis 

maqsimaluri 
wneva (atm) 

P3 110_125 1 20 ±3 0,05 18 16,2 

P6 120_145 1 20 ±3 0,1 50 0,12 
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danadgaris muSa kvanZis geometriuli dagegmarebisaTvis ganxorcielda   
nakadis dinebis hidrodinamikuri maxasiaTeblebis Teoriuli gaTvla spira-
luri tipis sadawneo saknisaTvis. sadawneo sakanSi siTxis moZraobis dasa-
xasiaTeblad gamoTvlili iqna reinoldsis ricxvi, romelic ganisazRvra 
sadawneo saknis geometriiT, saSualo siCqariT da wylis kinematikuri sib-
lantiT. nakadis dinebis hidrodinamikuri maxasiaTeblebis eqsperimentuli 
monacemebis Teoriul monacemebTan Sedareba ganxorcielda reinoldsis ri-
cxvis mniSvnelobebis mixedviT. kvlevis Sedegebi asaxulia cxr. 2-Si. 

cxrili 2. Teoriuli da eqsperimentuli monacemebi 0,2mm, 0,6mm da 1mm 
sadawneo saknis simaRlisaTvis 

Re 1400 3500 5500 

h=0,2 mm 2 6 2 312 0,2 2,4 2,4 10 ; 2 2 24 0,4 24,4 ;F B h B h             mm m mm = 24, 4 10  

3 32,4
0,09836 ; 4 0,3913 0,39344 10

24,4

F
R d R



         mm = 0, 09836 10 m mm m;  

vd, m2/wm 1,4056×10-3 3,514×10-3 5,522×10-3 

v, m/wm 3,5725 8,91 14,04 

Q, m3 /wm 8,574×10-6 21,384×10-6 33,696×10-6 

reJimebi laminaruli gardamavali 
turbulenturi 

ganviTarebuli 
turbulenturi 

xv.warmadoba J,

l/m2sT 
28 38 53 

h=0,6 mm 2 6 212 0,6 7,2 2,4 10 ; 2 2 24 1,2 25,2 ;F B h B h           mm m mm

3 37,2
0,028541 ; 4 1,1428 1,14164 10

25,2

F
R d R



         mm = 0, 028541 10 m mm m;  

vd, m2/wm 1,405×10-3 3,514×10-3 5,522×10-3 

v, m/wm 1,229 3,074 4,831 

Q, m3/wm 8,429×10-6 22,13×10-6 34,7832×10-6 

reJimebi laminaruli gardamavali 
turbulenturi 

ganviTarebuli 
turbulenturi 

xv.warmadoba J,
l/m2sT 

30 47 48 

h =1 mm 2 6 2 312 1 12 12 10 ; 2 2 24 2 26F B h B h             mm m mm = 26 10 ; 

3 312
0,4615 ; 4 1,84615 1,84615 10

26

F
R d R



         mm = 0, 4615 10 m mm m;

vd, m2/wm 1,4056×10-3 3,514×10-3 5,522×10-3 

v, m/wm 0,7614 1,9034 2,991 

Q, m3/wm 9,136×10-6 22,84×10-6 35,89×10-6 

reJimebi laminaruli gardamavali 
turbulenturi 

ganviTarebuli 
turbulenturi 

xv. warmadoba, J,
l/m2sT 

42 36 46 

AUTOCAD-22-is da Cura-15.04.22 programebiT Seiqmna da daixaza sxvada-
sxva geometriis mqone spiraluri-milovani tipis laboratoriuli ujredi, 
romelic mocemulia nax. 1-ze. 
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nax.1. spiraluri-milovani tipis laboratoriuli ujredi 
 
nax. 1-is mixedviT 3D printer Ultimaker2-ze damzadda da gamoicada sxva-

dasxva geometriis sadawneo saknis spiralur-milovani tipis laboratoriuli 
ujredi, romlisTvisac dadginda hidrodinamikuri reJimuli parametrebis 
varirebis diapazoni. 

 
                           

 
 

 
nax. 2. wylisTvis sadawneo saknis simaRlesa da xv. warmadobis mniSvnelobebs Soris 

damokidebuleba sxvadasxva hidrodinamikuri nakadis pirobebSi 
 

amrigad, wyalSi arsebuli nawilakebis mosacileblad Catarda miRe-
buli ultrafiltraciul membranebis testireba (cxr.1). baromembranuli 
procesebis Teoriuli da eqsperimentuli kvlevis monacemebis Sedarebis 
Sedegad dadginda, rom 0,2 mm, 0,6 mm, 1 mm simaRlis sadawneo saknis da 
laminaruli reJimis pirobebSi sadawneo saknis simaRlesa da xv. warmadobis 
mniSvnelobebs Soris damokidebuleba sworxazobrivia da xv. warmadoba 
izrdeba saknis simaRlis zrdasTan erTad. gardamaval turbulentur reJimSi 
sadawneo saknis simaRlesa da xv. warmadobis mniSvnelobebs Soris damo-
kidebuleba mrudwirulia (nax. 2.). wylis ultrafiltraciisaTvis damzadda 
da gamoicada saTanado geometriis muSa kvanZis laboratoriuli ujredebi, 
romelzec gafiltruli wylis simRvrivis Sesabamisi maCveneblebia FTU -0.03. 
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membranul safiltracio mowyobilobebSi membranuli aparatis konst-
ruqciaSi ganxorcielebuli nakadebis hidrodinamikuri maCveneblebis optimi-
zacia uzrunvelyofs filtratis xvedriTi warmadobis stabilur maCvenebels 
dabali energodanaxarjebis pirobebSi da steriluri maRali xarisxis sasme-
li wylis miRebas. 

 
samecniero naSromi momzadda „SoTa rusTavelis saqarTvelos erovnuli 
samecniero fondis mxardaWeriT; [granti AR-22-2048]’’. 
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SUMMARY 

STUDY OF THE GEOMETRY AND HYDRODYNAMIC PARAMETERS OF THE PRESSURE  

CHAMBER OF DOMESTIC SPIRAL-TYPE MEMBRANE DEVICE FOR  

ULTRAFILTRATION OF WATER 

Kuparadze L.P., Gogesashvili N.N., Ebanoidze L.O. and Javashvili Z.D. 

Engineering Institute of Membrane Technology of Georgian Technical University 

The article discusses the results of theoretical and experimental studies of the geometry of a high-pressure cell 

and hydrodynamic parameters of domestic spiral-type membrane equipment for the ultrafiltration of water. To 

select the optimal conditions for mass transfer, the granulometric composition of natural water samples, and 

qualitative and quantitative analyses are carried out. For ultrafiltration, membranes with a pore size of 0.05 

microns-0.1 microns were processed and created, a laboratory cell of a working unit with different geometries 

was created, manufactured, and tested, and a range of changes in the parameters of the hydrodynamic regime 

was determined. 

Keywords: ultrafiltration, hydrodynamic regime, membrane, high-pressure cell. 
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bunebrivi wylis da Rvinomasalebis baqteriologiuri kvleva  

mikro- da ultrafiltraciuli procesebis gamoyenebiT 

 

bibileiSvili g.v. mamulaSvili m.a., buTxuzi T.g, kakabaZe e.g. 
 

saqarTvelos teqnikuri universitetis membranuli teqnologiebis sainJinro 
instituti 

 
wyalSi arsebuli mikroorganizmebis Seswavla ganapirobebs siTxis 

damuSavebisa da gausnebovnebis ZiriTadi meTodebis gamovlenas, romelTa 
efeqturi gamoyeneba adamianis janmrTelobis usafrTxo garemos Seqmnas 
uzrunvelyofs.    

Rvinis warmoeba mikrobiologiuri procesia, sadac mimdinareobs fer-
mentaciuli procesebi safuarisa da baqteriebis gamoyenebiT. yurZnis wvenis 
maRalxarisxovan Rvinod formireba da boTlSi steriluri ganTavseba da-
mokidebulia qimiur da mikrobiologiur monitoringze, damuSavebisa da gaus-
nebovnebis efeqtur meTodebze. sawarmoebSi duRilis procesis monitoringis, 
marTvisa da steriluri garemos SeqmnisaTvis aucilebelia qimiuri da mik-
robiologiuri analizebis laboratoria, riTac mcire zomis Rvinis qarxnebi, 
saojaxo marnebi da Satoebi naklebad aris uzrunvelyofili [1,2]. 

mcire sawarmoebSi, saojaxo marnebsa da SatoebSi sawarmoo sistemebis 
da Rvinis boTlebis recxva-gausnebovnebisTvis aucilebelia steriluri sas-
meli wyali, romlis miRebisaTvis damuSavda baromembranuli filtraciis 
meTodi.  

mikrobiologiuri usafrTxoebis mizniT wylis analizi Catarda filt-
raciamde da ultrafiltraciis Semdeg. sasmeli wylis sterilizaciisaTvis 
wyali damuSavda 0,1 mkm foris zomis membraniT. kvlevis Sedegebi mocemulia 
cxrilSi 1. 

  
cxrili 1. wylis mikrobiologiuri analizis Sedegebi 
 

gansasazRvravi 
mikroorganizmi 

maCveneblis      
mniSvneloba 
nd-s mixedviT 

maCveneblis 
faqtiuri 

mniSvneloba 

maCveneblis faqtiuri 
mniSvneloba filtraciis 

Semdeg 

E.coli 300 ml ar daiSveba ar aRmoCnda ar aRmoCnda 
mezofiluri aerobebis 

da fakultaturi anaero-
bebis raodenoba 1 ml-Si 

37℃ ≤ 20 5 ar aRmoCnda 

totaluri koliformebi, 
300ml-Si 

ar daiSveba ar aRmoCnda ar aRmoCnda 

fekaluri streptokokebi 
(S.fekalis) 250 ml-Si 

ar daiSveba ar aRmoCnda ar aRmoCnda 

 
 
Seswavlili iqna saojaxo marnebSi warmoebuli Rvino.  0,2 mkm - foris 

zomis mikrofiltaraciul membranul filtrze Catarebuli iyo analizi 
Rvinomasalis mainficirebadi sokoebis da safuarebis gvaris mikroorga-
nizmebze [3,4]. miRebuli Sedegebi mocemulia cxrilSi 2. 
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cxrili 2. saojaxo pirobebSi damzadebuli saferavis da  
rqawiTelis Rvinomasalis mikrobiologiuri analizi 
 

baqteriis 
dasaxeleba 

saferavis Rvinomasalis 
mikrobiologiuri analizi 

rqawiTelis Rvinomasalis 
mikrobiologiuri analizi 

filtraciamde 
filtraciis 
Semdeg 0,2mkm 

filtraciamde 
filtraciis 
Semdeg 0,2mkm 

kulturuli 
safuari≤10 kwe 

 
4 kwe ar aRmoCnda 3 kwe ar aRmoCnda 

obis soko ar aRmoCnda ar aRmoCnda ar aRmoCnda ar aRmoCnda 
   
     

dadginda, rom baromembranuli procesebiT, adamianis moxmarebisaTvis 
gankuTvnil mcire sawarmoebSi, saojaxo marnebSi, SatoebSi usafrTxoebis 
mizniT Rvinomasalis filtracia iZleva biologiuri amRvrevis, Seburvis, 
leqis warmoqmnis gareSe maRalxarisxiani Rvinis damzadebis saSualebas da 
akmayofilebs saerTaSoriso standartiT gansazRvrul moTxovnebs. 
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SUMMARY 

BACTERIOLOGICAL RESEARCH OF NATURAL WATER AND WINE MATERIALS USING 

MICRO- AND ULTRAFILTRATION PROCESSES 

Bibileishvili G.V., Mamulashvili M.A., Butchuzi T.G. and Kakabadze E.G. 

Engineering Institute of Membrane Technologies of GeorgianTechnical University 

The paper provides a microbiological analysis of wine and water produced in small enterprises, family cellars, 

and chateaux. The study was conducted to detect microorganisms after applying a microfiltration process to the 

test samples. It was established that the microfiltration process allows obtaining high-quality and sterile wine, 

which meets the requirements defined by international standards. 

Keywords: water, wine, filtration, microorganisms, analysis.  
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baromembranuli procesebis gavlenis kvleva Rvinis da xilis wvenebis 

Sedgenilobasa da simRvrivis maxasiaTebelze 

 

bibileiSvili g.v., buTxuzi T.g., mamulaSvili m.a., kakabaZe e.g. 
 

saqarTvelos teqnikuri universitetis membranuli teqnologiebis sainJinro 
instituti 

 
wvenebis simRvrive, fizikur-qimiuri TvalsazrisiT aris siTxis gamWvir-

valobis daqveiTeba, romelic gamowveulia mcenareuli qsovilis uxeSi 0,5_200 
mkm-ze meti zomis nawilakebis arsebobiT, romlebsac aqvT heterogenuli 
Sedgeniloba.   

xilis wvenebis Sefasebisas didi mniSneloba eniWeba naturalobis maC-
veneblebs. naturaluri wvenis misaRebad, aucilebelia teqnologiuri reJimis 
mkacri dacva,  raTa wvenSi SenarCunebuli iyos yvela sakvebi nivTiereba, ro-
melsac Seicavs axali xili. wvenis damzadebis dros gamoiyeneba  mxolod 
mwife nedleuli. naturaluri wveni SeiZleba iyos ramodenime saxis: gamWvir-
vale, gaumWvirvale da rbilobiani [1-3].  

naturaluri wvenebis warmoebaSi mTavari da mniSvnelovania ar iqnes 

dakarguli im xilis aromati, risganac damzadebulia naturaluri wveni და 
unda akmayofilebdes sxva organoleptikur maCveneblebsac.  

Rvino garda mikroorganizmebisa Seicavs Zalian mcire nawilakebs zo-
miT 0,01_0,1 mkm. isini Sedgebian cilebis, polisaqaridebis, Rvinis mJavas mari-
lebis kristalebisa da nivTierebaTa amorfuli fragmentebisagan, romlebic 
miiRebian teqnologiuri procesis msvlelobis dros da swored es nawilake-
bi aniWeben didwilad Rvinos simRvrives. vinaidan RvinoSi mudmivad mimdina-
reoben fizikur-qimiuri da bioqimiuri procesebi, amitom amRvrevisadmi 
absoluturad mdgardi Rvinis miReba praqtikulad SeuZlebelia, magram auci-
lebelia mivaRwioT saerTaSoriso standartiT gansazRvrul  gamWvirvalobis 
dones. aseve maRali moTxovnaa vaSlis wvenebze simRvrivis mniSvnelobebiT 
2,0-dan 3,0 NTU-mde, rac miRweuli iqna baromembranul procesebis gamoyenebiT  
[1,4,5]. 

xilis wvenebis, Rvinomasalis stabilizacia aris rTuli procesi, rome-
lic warmoadgens SemRvreuli suspenziis nawilakebis meqanikuri  ganwmendas, 
bioqimiuri (fermentuli) da fizikur-qimiur damuSavebas qimiuri meTodebiT, 
raTa amoRebuli iqnas makromolekuluri naerTebi, romlebic wvenSia da 
SeiZleba gamoiwvios simRvrivis an naleqis warmoqmna produqtis Senaxvis 
dros. baromembranuli procesebiT gamwmendili wvenebi ki mdgradia xelmeore 
simRvrivis warmoqmnis mimarT. 

gazomvis principidan gamomdinare, simRvrivis Sesaswavlad gamoyenebu-
li iqna  analitikuri  nefelometriuli meTodi, romelic efuZneba gafan-
tuli gamosxivebis intensivobis gazomvas da gazomvis Sedegebi gamoxatulia 
NTU erTeulebSi. ხelsawyos (Turb 555 IR) dasakalibreblad gamoviyenoT 
analitikuri aRWurvilobis momwodeblebis mier SemoTavazebuli standartu-
li preparatebi, romlebic Seicavs formazinis stabilizebul suspenzias da 
uzrunvelyofs saukeTeso reproduqciulobisa da saimedoobis gazomvis 
Sedegebs 

simRvrivis maCvenebelze Semowmebuli iqna wiTeli da TeTri Rvino-
masalebi,  xilis _ vaSlis da alublis gamWvirvale wvenebi. gaizoma maTi 
simRvrivis  maCveneblebi xelsawyoze Turb 555 IR, filtraciamde da mikrofil-
traciis Semdeg.  

Rvinomasala damuSavda 0,2mkm, xolo xilis wvenebi 0,45mkm foris zomis 
mqone membranebiT aRWurvil laboratoriul membranul danadgarze. miRebuli 
Sedegebi mocemulia cxrilSi. 
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Rvinomasalis da xilis wvenebis simRvrivis maCveneblebi 
 

Rvinomasalis da xilis 
wvenebis dasaxeleba 

Rvinomasalis simRvrivis maCvenebeli 

mikrofiltraciamde NTU 
mikrofiltraciis Semdeg 

NTU 
saferavi 15,67 1,05 

rqawiTeli 6,45 0,32 
xilis wvenebis simRvrivis maCvenebeli 

vaSlis wveni gamWirvale 5,36 0,32 
alublis wveni gamWirvale 5,49 0,45 
 

dadginda, rom baromembranuli procesebi iZleva saukeTeso Sedegs 
Rvinomasalis da xilis wvenebisTvis simRvrivis maCveneblis Sesamcireblad, 
ris Sedegadac igi dayvanilia formazinis erTeuliT 0,32 NTU-mde. miRebulia  
kristalurad sruliad gamWirvale, moelvare, bzinvare, naperwklovani Rvino 
da xilis wveni.  
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SUMMARY 

DETERMINATION OF TURBIDITY INDEX OF WINE AND FRUIT JUICES BEFORE FILTRATION 

AND AFTER MICROFILTRATION 

Bibileishvili G.V., Butchuzi T.G., Mamulashvili M.A. and Kakabadze E.G. 

Engineering Institute of Membrane Technologies of Georgian Technical University 

The results of the influence of baromembrane processes on the turbidity characteristics of fruit juices and wine 

are studied in the paper. The turbidity values of the initial samples of wine and fruit juices dominate in the range 

of 6-15 NTU. The turbidity values of wine and fruit juices processed using baromembrane processes are reduced 

to 0.32 NTU per formazin unit. The degree of astringency of wine and fruit juices was characterized by crystal 

clarity, which can additionally be evaluated as transparent, bright, shiny, and sparkling. 

Keywords: Wine material, fruit juices, turbidity, baromembrane process.   
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P – T pirobebSi liTon-almasi fazaTSoris adheziuri Zalebis Seswavla 
Me – C sistemis kompoziciur masalebSi 

 
xvedeliZe a.i. 

 
saqarTvelos teqnikuri universiteti 

„almasebisa da kompoziciuri masalebis“ saswavlo-samecniero centri 
 

almaskompoziti Sedgeba liTonuri matricisagan (SemakavSirebeli) da 
almasuri marcvlebisagan. matricis ZiriTadi daniSnulebaa almasuri marcv-
lebis (kristalebis) daWera. almasdaWeris simtkice ganisazRvreba  matricis 
masalis fizikur-meqnikuri TvisebebiT da „almasi-matrica“ sasazRvro zeda-
pirze qimiuri urTierTqmedebiT. SemakavSireblis almasuri marcvlebis 
mimarT. adheziurobis mosamateblad gamoiyeneba sxvadasxva teqnikuri ga-
dawyvetebi. kerZod, adheziurad aqtiuri liTonuri matricebis gamoyeneba. 
arsebuli Sromebis mimoxilva da analizi am sakiTxebze adasturebs, rom 
yvelaze mtkice kavSirebs almasTan warmoqmnian gardamavali elementebi, gan-
sakuTrebiT karbidwarmomqmneli liTonebi. miuxedavad arsebuli farTo mocu-
lobis eqsperimentaluri masalisa, jer kidev ar aris bolomde Seswavlili 
da dadgenili almas-liToni fazaTSoris sazRvarze formirebuli garda-
mavali zonis struqturul-fazuri mdgomareobis kanonzomierebebi maRaltem-
peraturuli zemoqmedebis dros [1-7].    

almasur kristalebsa da liTonuri matricis kompozicias Soris 
maRali temperaturebis pirobebSi mimdinare procesebis meqanizmis da kine-
tikis Rrma Seswavlas xels uSlis is meTodologiuri da teqnikuri siZne-
leebi, romelic arsebobs almasuri kristalebis mcire zomebis gamo. Miuxeda-
vad amisa, adheziuri Zalebis garda pirdapiri Sefasebisa arsebobs rigi iribi 
meTodebisa, romelnic iZlevian saSualebas liTonuri matricis almasis 
mimarT adheziurobis SedarebiTi araraodenobrivi SefasebisaTvis. aseT me-
Tods ganekuTvneba TRS meTodi _ ganivi texvis Zala, romelic farTod gamoi-
yeneba myife masalebis Seswavlisas. aseve, almasur kristalebsa da liTonur 
matricas Soris arsebuli urTierTqmedebis xasiaTis aRsawerad umetes 
SemTxvevaSi gamoiyeneba eleqtronuli da optikuri mikroskopia [8]. 

samuSaos mizania arsebuli meTodologiebis gamoyenebiT Me – C siste-
maSi P – T pirobebSi almaskompoziciuri masalebis Camoyalibebis procesSi 
mimdinare ZiriTad fazaTa Soris urTierTqmedebis xasiaTis analizi da am 
analizis safuZvelze garkveuli kanonzomierebebis gamovlena.  

TRS testi _ ganivi texvis Zalis gansazRvris testi gamoiTvleba: 

 2

bhσ =3PoL/ 2bh        (1) 

sadac, L, h da b  aris nimuSis sigrZe, sisqe da sigane, xolo   Po _ modebuli 
Zala. 

kompoziciuri masalis texis simtkice ganisazRvreba rogorc: [8]   
 

 b b0 1 bf 1σ =σ 1-φ +σ φ         (2) 

 
sadac, σb, σb0 da σbf  aris kompozitis, matricisa da armirebuli fibris texis 
simtkiceebi Sesabamisad, xolo φ1  aris fibris moculobiTi fraqcia.  

almasuri segmentebis mimarTebiT analogiuri gantoleba Caiwereba: 

 bb bb0 d bbd dσ =σ 1-S +Kσ S     (K > 0)     (3) 
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sadac, σbb0,  σbbd, σbb aris  TRS-si matricis, almasisa da segmentis Sesabamisad, 
xolo Sd   aris almasebis simkvrive farTSi. 

TRS testis arsi mdgomareobs imaSi, rom TRS-is mniSvnelobebs Soris 
sxvaobebi segmentebs Soris almasebiT da ualmasod xSirad gamoiyeneba, rom 
Sefasdes kavSiris simtkice almassa da matricas Soris. amosaval wertilad 
miiReba is garemoeba, rom ualmaso segmentebis (sufTa segmentebis) ganivi 
kveTis simtkiceebi yovelTvis metia almasiani segmentebis imave maCveneblebze. 
almassa da matricas Soris kavSiris simtkicis SedarebiT dabali mniSvnelo-
bebis gamo (SedarebiT liToni-liToni kavSirebTan SedarebiT)  rac maRalia 
segmentSi almasebis koncentracia, miT naklebia almaskompozitis TRS-is 
mniSvnelobebi. 

almasuri segmentebis TRS meTodiT ganivi kveTis texvaze gansazRvra 
xorcieldeboda gamocdis CatarebiT samwertilovan Runvaze universalur 
eleqromeqanikur gamglej manqanaze (P-5) gare cifruli kontroliT. 

simtkicis zRvars Runvaze viTvlidiT gamosaxulebiT:  
 

2=3Fl/2bhRunv           (4) 

sadac, σh  simtkicis zRvaria gardigardmo Runvaze, n/mm2, F _ datvirTva, rome-
lic saWiroa RunvisTvis da gazomili nimuSis rRvevis momentSi, n. l _ manZili 
cilindruli sayrdenebis RerZebs Soris, mm; b _ nimuSis sigane, mm; h _ nimuSis 
simaRle, gazomili medebuli datvirTvis paraleluri mimarTulebiT, mm. 

Cvens SemTxvevaSi, almasebis moculobiTi Semcveloba 8%-ia, amitom 
almasebis saSualo xazovani simkvrive Seadgens ∛0.008 ≈ 0.43, xolo saSualo 
simkvrive farTSi Seadgens ∛0.082 ≈ 0.186. 

almaskompoziciur sistemebSi sxvadasxva liTonur matricasTan almase-
bis adheziurobis Sesaswavlad gamoyenebuli iyo almaskompozitis TRS meTo-
diT ganivi kveTis texvis meTodi da miRebuli miRebuli texebis eleqtro-
nul-optikuri mikroskopuli meTodi.  

aRniSnuli meTodebis gamoyenebiT vikvlevdiT naxSirbadis mimarT 
mkveTrad gansxvavebuli qimiuri aqtivobis mqone elementebis Semcveli li-
Tonuri matricis mqone almasur segmentebs. 

              
 
             
 
 
 
 
 
 
 
 
 
 
 
 
 
 

sur. 1. almaskompozitSi gamoyenebuli AC125 markisa da 400/315 marcvlovanebis 
xelovnuri almasebis kristalebi 

 
liTonur matricad (Semkvrelad) gamoyenebuli iyo Semdegi Semadgenlo-

bis Senadnobebi: 
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 Semkvreli M-1, Semadgenloba Cu _ 80%, Sn _ 20%. 

 Semkvreli MGN, Semadgenloba Fe – 47%, Cu _ 32%, Sn _ 8%, Ni _ 13%. 

nimuSebSi gamoyenebuli iyo maRali xarisxis almasuri monokristalebi 
markiT AC 125, fraqcia 400/315. 

 
cxrili 1. ganivi kveTis texvis Zalis mniSvnelobebi 
 

segmentis 
Semadgenloba 

tipi TRS, σbb/mpa simtkicis 
danakargi,% nimuSi 1 nimuSi 2 nimuSi 3 saS. mniSv. 

Cu–Sn 
 

●segmenti 
alm.gareSe 

560 
 

610 590 587 

30 
●segmenti 
almasiT 

392 427 413 410 

Fe–Cu–Sn–Ni 
 

●segmenti 
alm.gareSe 

1000 1120 997 1039 
21,5 
 ●segmenti 

almasiT 
880 950 850 893,3 

 

 
  

 TRS gamocdisaTvis vacxobdiT nimuSebs zomiT 40mmX8mmX6mm. nimuSebi 
cxveboda cxeli dawnexvis meTodiT P = 400kg/m2,  T = 750 – 820 0C, τ=120wm. vafiq-
sirebdiT simtkicis mniSvnelobebs ganivi kveTis texvaze (Runvaze). Semdgom ki 
mikroskopuli meTodiT xdeboda texilis zedapiris analizi. cxr.1-Si moyva-
nilia Seswavlili almasiani da ualmaso segmentebis Semadgenlobebi da TRS 

cdebis Sedegebi. 
miRebuli Sedegebis analizi cxadyofs, Fe – Cu – Sn – Ni Semadgenlobis 

segmentebis ufro maRal almasdaWeris unarze, rac gamoixateba cifrebSi 30  
da 21,5 % simtkicis danakargi. simtkicis danakargi  Fe – Cu – Sn – Ni Semadgen-
lobis segmentebSi _ 1,49-jer  Cu – Sn Semadgenlobis kompoziciebTan Sedare-
biT. rac metyvelebs Sesabamisad adheziis Zalebis matebaze da ramac Cveni 
prognoziT gamoxatuleba unda iqonios almasdaWeris maxasiaTeblebis gaum-
jobesebaSi. qvemoT moyvanilia almasSemcveli segmentebis texebis zedapire-
bis eleqtronulmikroskopiuli dakvirvebis da kvlevis Sedegebi.  

sur. 2-ze mocemulia brinjaos (Cu – Sn) SemakavSirebelSi Camcxvari     
AC 125 markis 400/315 mkm  fraqciis almasuri kristalebi.  

 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

sur.2.  M-1 (Cu 80%  – Sn 20%) + AC 125 400/315 Semcxvari nimuSebi 
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warmodgenili almasebi dafiqsirebulia liTonur garemoSi Secxobis 
Semdeg yovelgvari xiluli dazianebis gareSe. almasuri kristalebis zedapi-
rebi sufTaa zedapirze yovelgvari liTonuri kvalis gareSe, rac metyvelebs 
liTonuri matricisa da almasebis sust urTierTqmedebaze (adheziis ararse-
bobaze). kristalebisa da matricis sasazRvro zedapirebze (budeebSi) zogan 
fiqsirdeba mniSvnelovani sididis napralebi. yovelive es metyvelebs, rom 
almasdaWeris zalebi Sedgeba mxolod meqanikuri mdgenelisagan. 

gansxvavebuli suraTia warmodgenili Fe – Cu – Sn – Ni almasis zedapirze. 
alag-alag SeiniSneba liTonuri matricis kvali. almasebsa da matricas So-
ris napralebi ar SeiniSneba an umniSvnelo zomisaa 1 – 5 mkm.  

                                       
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

sur.3. Fe – Cu – Sn – Ni + AC 125 400/315    Semcxvari nimuSebi 
 
yovelive adasturebs garkveuli adheziuri urTierTqmedebis arsebobas, 

rac ueWvelad ganpirobebulia Fe-isa da Ni-is Semcvelobis maRali koncent-
raciiT (60 %), romelnic Tavis mxriv xasiaTdebian kargi damasveleblobiTa 
da adheziiT almasis mimarT [9]. 

miRebuli Sedegebi cxadyofen, gamoyenebuli kvlevis meTodologiis 
relevanturobaze da gvaZlevs informacias almas-metalis gamyof zedapirze  
mimdinare urTierTqmedebebis kanonzomierebebis gamosavlenad da aseve axali 
kompoziciebis prognozirebis SesaZleblobas. 
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SUMMARY 

STUDY OF METAL-DIAMOND INTERPHASE ADHESION FORCES IN COMPOSITE MATERIALS  

OF THE  ME – C  SYSTEM UNDER P – T CONDITIONS  

Khvedelidze A.I. 

Georgian Technical University 

Educational and Scientific Center of "Diamonds and Composite Materials" 

The work is aimed at studying the interaction between metallic and diamond phases under P – T conditions in 

the diamond composite system. The strength of the diamond-metal bond was investigated using the shear 

strength TRS and optical-microscopic methods. The character of the interaction of diamond crystals from the 

Cu-Sn and Fe-Cu-Sn-Ni system alloys was studied at T=700-800 0C and P=350 MPa. It is shown that the 

presence of carbon-active metals (Fe, Ni) in the metal matrix leads to the existence of adhesion forces, which 

corresponds to the existing theoretical ideas. 

Keywords:  activation energy, recovery process.  
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STUDY OF SORPTION PROPERTIES OF VARIOUS MATERIALS USED TO CLEAN 

WATER SURFACES CONTAMINATED WITH OIL AND OIL PRODUCTS 

 

Molodinashvili Z.F., Kopaleishvili M.N., Gabunia T.I., Tchikaidze M.N. and Shatakishvili T.N. 

 

Ivane Javakhishvili Tbilisi State University, Petre Melikishvili Institute of Physical and Organic 

Chemistry 

 
Abstract: The properties of natural organic, synthetic organic, and inorganic materials used for picking up oil 

spillages, such as oil absorption, water uptake, and squeezing degree, were studied. The main methods of water 

purification from oil and oil products, the main types of oil sorbents, and their advantages and disadvantages 

were considered. 

Keywords: sorbents, oil products, purification, oil absorption, water absorption.  

 

Currently, a huge number of industrial enterprises using various petroleum products pour out 

tons of untreated or insufficiently treated industrial, surface, and storm wastewater into lakes, rivers, 

and seas. Such discharges cause irreparable damage to the environment. Accidental spills of oil and oil 

products also pose a great danger. Due to the fact that oil products form a thin film on the water 

surface, and in depth they are in an emulsified and dissolved form, this causes great harm to hydro- 

and biosphere objects. Therefore, this problem becomes more and more urgent [1- 4].  

To date, there are various methods for the elimination of this type of pollution of the 

environment: mechanical, biological, and physicochemical. The most important of them is the sorption 

purification of water from oil and oil products [5- 7].  

Sorbents must have a number of specific characteristics: significant adsorption capacity, 

hydrophobicity, chemical and thermal stability, floatability, and the possibility of regeneration. Also 

important are indicators such as environmental harmlessness and cost.  

The efficiency of oil absorption depends on the chemical affinity of the sorbent material and 

the absorbed liquid, and on the structure of the material. Oil absorption occurs as a result of rapid 

wetting of the sorbent surface with oil or oil product, then oil or oil product penetrates into the porous 

structure of the material filling all voids under the action of certain forces [8-14].  

1. Synthetic sorbents  

Synthetic sorbents are widely used. They have good absorption capacity, but they are more 

expensive and difficult to dispose of due to the high toxicity of combustion products. A feature of 

synthetic polymeric materials is the ability to change their porous structure in a very wide range 

retaining their chemical structure. By varying the initial components in the synthesis of porous 

materials, it is possible to obtain adsorbents with predetermined hydrophobic or hydrophilic properties 

[ 15, 16]. 

2. Biosorbents 

The term "biosorbent" refers to sorbents that are immobilized by cultures of microorganisms 

ensuring the biological decomposition of oil and oil products. A significant number of biosorbents 

have been developed, the distinguishing feature of which is the variety of carriers (sorbents) used and 

cultures of microorganisms immobilized on them. 

3. Natural materials and sorbents based on them 

It should be noted that natural materials have a number of advantages – low cost, availability 

of sufficient amounts of raw materials, and low toxicity. 

For wastewater polluted with oil and oil products, a number of minerals are used as raw 

materials for obtaining sorbents. These are aleurite, apatite, argillite, asbestos, vermiculites, 

combustible shale, graphite, kaolin (kaolinite), carbonates, perlite, chain silicates (wollastonite), 

layered silicates (clayite), frame silicates (clinoptilolite and mordenite), and also ore mining wastes 

[17-19]. 

4. Sorbents based on wood wastes 

Wood wastes are products obtained directly from the wood itself – wastes from the processing 

of greenery, and sawdust. 
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5. Sorbents based on cellulose-containing materials 

A number of oil-capacity sorbents have been created on the basis of technical residues from 

the production of cotton wool, low-grade industrial cotton, and waste from textile production. 

6. Sorbents based on raw materials of plant and animal origin 

Sorbents based on vegetable raw materials: the most promising are organic sorbents obtained 

from renewable plant material. They are an organic part of the ecosystem and meet international 

environmental requirements to the greatest extent. Examples of such sorbents with high adsorption 

properties and hydrophobicity are crop wastes, and sphagnum mosses. 

Sorbents based on animal raw materials: as a hydrophobic adsorbent for cleaning warehouses 

from oil and oil products during well drilling, as well as for cleaning of oil traps at industrial service 

bases, at technological transport departments, and at oil refineries, leather dust and chippings are used.  

7. Carbon-bearing sorbents 

Depending on the pore size, granulated coals can be successfully used to extract contaminants 

with different molecular sizes, coarse impurities, and mixtures of polydisperse composition (domestic 

wastewater) from water. 

It should be especially noted that when evaluating the effectiveness of various natural 

sorbents, it is necessary to take into account not one characteristic, but their complex and the nature of 

the material. Despite the fact that there is a huge range of sorbents for the purification of water from 

oil and oil products, the limiting factor for their usage is their relatively high cost. The manufacturer 

should be also taken into account. As a rule, oil sorbents of foreign production are chosen. In our 

country, of course, there are technologies for the production of oil sorbents both from natural raw 

materials and synthetic ones. At the same time, the cost of these products is an order of magnitude 

lower, and the properties sometimes surpass foreign analogs, but the implementation of domestic 

sorbents and the technology for their production is confronted by great difficulties, despite the fact that 

there is an acute problem of oil spills. 

Materials used to collect oil and oil products from the surface of water bodies are commonly 

called oil sorbents, as well as oil collectors and oil absorbers. To determine the quality of oil sorbents, 

three main indicators are used: oil absorption, water absorption, floatability. The effectiveness of 

sorbents for collecting oil is evaluated primarily by the value of oil capacity. High water absorption 

can be eliminated for almost all materials by additional hydrophobization [20].  

At present, a wide range of sorbents for water purification from organic pollutants is known in 

the world and a variety of raw materials are used for the production of oil sorbents [21-26].  

As an object to be studied, we have chosen natural, synthetic, and inorganic sorbent materials. 

As an oil product, the motor oil was chosen. Oil capacity and water capacity were measured, which are 

of great importance when choosing a sorbent. Water capacity is characteristic of the material to absorb 

and retain water in its pores. To measure the water capacity, sorbents with a mass of m = 4 g were put 

into a glass of water. After 10 min, the sorbents were removed and their mass was measured again. 

Water capacity was calculated using the formula B = (m1-m2)100/m, where m1 is the mass of dry 

sorbent, m2 is the mass of sorbent saturated with water. According to the data obtained, water 

absorption was calculated, the results are shown in the following table.  

Oil capacity is the ability of a material to absorb and retain oil and oil products in its pores. 

This is also an important criterion when choosing one or another sorbent because its effectiveness 

depends on it for the most part. For the experiment, the density of engine oil was previously measured 

(ρ=0.9 g/cm³). In order to measure the oil capacity of the selected materials experimentally, the motor 

oil was poured into a measuring cup, its volume was measured (50 ml), and the mass of dry sorbents 

used was measured. The sorbents were placed in measuring cups containing the oil product. After 20 

minutes, they were removed and the mass of the sorbent saturated with the oil product was measured 

again. The oil capacity M was calculated using the formula M = (m1-m2)100/m, where m1 is the mass 

of the dry sorbent, m2 is the mass of the sorbent saturated with oil. According to the data obtained, oil 

absorption was calculated, the results are shown in the following table. 
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         Table. Properties of several products for collecting oil and oil products 

 

Material Oil absorption, g/g Water absorption, 

g/g 

Oil wringing, % 

Natural organic materials 

Wheat straw (chopped) 4 4.5 35 

Buckwheat husk 3 – 3.7 2.1 45 

Sawdust 1.8 4.5 10 – 25 

Waste of cotton production 8.1 0.25 66 

Wool 8 – 10 5 89 

Macroporous technical carbon 4 – 4.5 0 – 1.5 10 – 85 

Synthetic organic materials 

Polystyrene foam: fiber 5 6-11 85-92 

Polypropylene: fiber 15 – 40 1 – 8 40 –85 

Carbamide-formaldehyde resin: 

powder 

40 0.1 65 

Phenolphormaldehyde resin: powder 4.5 15 0.2 

Foam-rubber laminated 14.5 – 35 1.5 – 26 75 – 90 

Sintepon 46 40 – 50 95 

Lavsan: fiber  4.7 – 14 3 – 14 60 – 85 

Inorganic materials 

Glass fiber  5.5 2.1 65 

Praphite, modified 40 – 60 0.5-10 10 – 65 

Perlite 8 – 17 0.5 15 

Diatomite 20-35 40 60 

Zeolite 10-30 25 10-50 

Basalt fiber, modified 37 0.5 27 

 

During the experiment with water, the following features of the action of sorbents were 

revealed: various materials quickly became saturated with water, but retained it poorly. Others were 

slowly saturated with water and at the seventh minute began to crumble into small particles so it was 

not possible to measure their water capacity. Some materials slowly absorbed water, but retained it 

well, while others quickly absorbed water and, under its weight, partially sank to the bottom of the 

glass.  

As it was noted above, motor oil was used for the experiment. After placing some materials in 

engine oil, they quickly began to absorb oil products. Most of the oil products were consumed. They 

had a high oil capacity. Some of them slowly absorbed oil and absorbed a small amount of oil 

products. Few units of sorption did not show abilities, while others quickly absorbed oil. The mass of 

absorbed oil was more than 2 times higher than the initial mass of dry sorbent. 
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reziume 

navTobiTa da navTobproduqtebiT dabinZurebuli wylis zedapirebis gasawmendad 

gamoyenebuli sxvadasxva masalebis sorbciuli Tvisebebis Seswavla 

molodinaSvili z.f., kopaleiSvili m.n., gabunia T.i., WikaiZe m.n., SatakiSvili T.n. 
ivane javaxiSvilis saxelobis Tbilisis saxelmwifo universitetis  
petre meliqiSvilis fizikuri da organuli qimiis instituti 
navTobis Sesagroveblad Seswavlili iqna  bunebrivi organuli, sinTezuri organuli 
da araorganuli masalebis Tvisebebi, rogoricaa navTobis Sewova, wylis STanTqma da 
mopovebis xarisxi. ganxilulia navTobisa da navTobproduqtebisgan wylis gawmendis 
ZiriTadi meTodebi, navTobis sorbentebis ZiriTadi tipebi, maTi dadebiTi da 
uaryofiTi mxareebi. 
sakvanZo sityvebi: sorbenti, navTobproduqti, wylis STanTqma, navTobis Sewova. 
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Rvinis mikrofiltraciis da wylis ultrafiltraciis 

brtyladparaleluri tipis membranuli danadgaris sadawneo saknis 

geometriisa da hidrodinamikuri reJimuli parametrebis Teoriuli da 

eqsperimentuli kvleva 

 

bibileiSvili g.v, keJeraSvili m.g. mamulaSvili m.a 
 

saqarTvelos teqnikuri universitetis membranuli teqnologiebis sainJinro 
instituti 

 
sazogadoebisa da saxelmwifos mdgradi ganviTarebis procesebi, ada-

mianis janmrTelobisaTvis usafrTxo garemos Seqmnis sakiTxebi dakavSire-
bulia mosaxleobis uzrunvelyofasTan ekologiurad sufTa sakvebi produq-
tebiT [1-4]. gazrdilia moTxovna membranul teqnologiebze, radgan membra-
nuli procesebi iZlevian saSualebas gaiwmindos Rvino da sasmeli wyali 
erTdroulad yvela saxis daWuWyianebisagan, rogorc koloidur, ise maRal 
da dabalmolekulur doneebze, avlenen maRal energoefeqturobas, dabal 
saeqsploatacio xarjebs da ar gaaCniaT garemoze mavne zemoqmedebis unari 
[5_7]. qarTuli Rvinis, wylebis saeqsporto maCveneblebis da konkurentunaria-
nobis gazrdis ZiriTadi winapiroba xarisxis maRali standartia, rac moi-
Txovs membranuli danadgarebis gaumjobesebas, membranuli aparatis sadawneo 
saknis kontruqciis mudmiv ganaxlebas da eqsploataciis maRali teqnikur-
ekonomiuri maCveneblebis miRwevas.  

baromembranuli procesebis masagadatanis optimaluri pirobebis Sesar-
Cevad Seswavlilia bunebrivi, zedapiruli wylisa da „rqawiTeli“TeTri  
Rvinis granulometruli Sedgeniloba (sur. 1), maTSi arsebuli nawilakebis 
molekuluri masa, Z-potenciali, organoleptikuri, mikrobiologiuri da 
fizikur-qimiuri maCveneblebi. 

 

 

a 
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b 
  

suraTi 1. analizatorze Zetasizer NanoZen3690 gansazRvruli bunebrivi, zedapiruli 
wylis (a) da „rqawiTeli“TeTri  Rvinis (b) granulometruli Sedgeniloba 

 
dadgenilia, rom TeTri Rvino Seicavs: gaxsnil nivTierebebs (zomiT          

10 nm-ze naklebi), romelic moicavs ionebs, marilebs, organul mJavebs da 
fenolur naerTebs; koloidebs (1 nm-dan 1 mkm-mde)- polisaqaridebs, cilebs, 
polimerizebul fenolur da koloiduri naerTebs. nawilakebs (1 mm-ze meti)-
ujredul narCenebs, koloidur agregatebs da kaliumis tartratis kris-
talebs. bunebriv zedapirul wyalSi arsebuli damabinZureblebia: baqteriebi 
(0,2_10 mkm), riketsiebi (0,4_1,0 mkm), virusebi (100_400 nm), sokoebi (3_50 mkm), 
Sewonili, koloiduri nawilakebi: lami (27x10-3_5x10-4 nm), Tixa (25x10-3 nm), Tixa 
pudri (500_200 nm), humusuri nivTierebebi (m.masa 20_250000 daltoni, 6_80 nm), 
egzo- da endogenuri  pirogenuri nivTierebebi (20-100nm) [8]. 

Seswavlilia polieTersulfonebis (pes), dimeTilacetamidis (dma), 
polieTilenglikolis (peg-1500), polivinilpirolidonis (pvp) bazaze mikro-
filtraciuli da ultrafiltraciuli membranebis fazuri inversiis sveli 
meTodis gziT miRebuli membranebis ZiriTadi maxasiaTeblebi. dadgenilia, 
rom aragamxsnelis-koagulantis temperaturis, siblantis cvlilebiT SesaZ-
lebelia membranuli afskis morfologiisa da struqturis regulireba, ri-
Tac miiReba gansxvavebuli foris zomisa da forianobis polimeruli memb-
ranebi, romelTa morfologia da struqtura Seswavlili iqna maskanirebeli 
zonduri (tuneluri) mikroskopiT (SEM, Certus standart V) [9]. 

 
cxrili 1. wylis ultrafiltraciisaTvis da Rvinis mikrofiltraciisaTvis SerCeuli 
membranis testirebis Sedegebi 
 

membrana 
membranis 
sisqe, mkm 

wneva, 
(atm.) 

temperatura, 
0C 

foris 
zoma,   
mkm 

xv.warmadoba 
l/m2 sT 

buStulakis 
wertilis 

maqsimaluri 
wneva, (atm.) 

M2 110_125 1 20 ±3 0,45 66 1,80 

M6 120_145 1 20 ±3 0,1 52 7,6 
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mikro- da ultrafiltraciuli brtyladparareluri tipis membranuli 
aparatis sadawneo saknis geometriuli dagegmarebisaTvis Sesrulebulia bu-
nebrivi zedapiruli wylis da „rqawiTeli“ Rvinis nakadis dinebis  hidrodi-
namikuri maxasiaTeblebis Teoriuli gaTvlebi. sadawneo sakanSi siTxis moZ-
raobis dasaxasiaTeblad gamoyenebuli iqna reinoldsis ricxvi, romelic 
ganisazRvra sadawneo saknis geometriiT, saSualo siCqariT da kinematikuri 
siblantiT sxvadasxva geometriuli zomis mqone muSa kvanZisaTvis gansxva-
vebuli siCqariT moZravi siTxis nakadisaTvis. sadawneo saknisTvis Rvinisa da 
wylis nakadis dinebis hidrodinamikuri maxasiaTeblebis Teoriuli gaTvlis 
da eqsperimentuli monacemebis Sedareba ganxorcielda reinoldsis ricxvis 
sxvadasxva mniSvnelobisTvis [10]. kvlevis Sedegebi asaxulia cxr. 2-Si.  

 
cxrili 2.  Teoriuli da eqsperimentuli monacemebi 0,2mm, 0,6mm da 1mm 
brdyladparaleluri tipis sadawneo saknis simaRlisaTvis   
   

Re- wylisTvis 1400 3500 5500 

Re -RvinisTvis 1129 2822 4435 

h=0,2 mm 2 6 2 312 0,2 2,4 2,4 10 ; 2 2 24 0,4 24,4 ;F B h B h             mm m mm = 24, 4 10  

3 32,4
0,09836 ; 4 0,3913 0,39344 10

24,4

F
R d R



         mm = 0, 09836 10 m mm m;  

vd, m2/wm 1,4056×10-3 3,514×10-3 5,522×10-3 

v, m/wm 3,5725 8,91 14,04 

Q, m3/wm 8,574×10-6 21,384×10-6 33,696×10-6 

nakadi laminaruli 
gardamavali 

turbulenturi 
ganviTarebuli 
turbulenturi 

wylis xv. 
warmadoba J, l/m2sT 

28 38 53 

Rvinis xv. 
warmadoba J, l/m2sT 

10 23 32 

h=0,6mm F 2 6 212 0,6 7,2 2,4 10 ; 2 2 24 1,2 25,2 ;F B h B h           mm m mm  

3 37,2
0,028541 ; 4 1,1428 1,14164 10

25,2

F
R d R



         mm = 0, 028541 10 m mm m;  

vd, m2/wm 1,405×10-3 3,514×10-3 5,522×10-3 

v, m/wm 1,229 3,074 4,831 

Q, m3/wm 8,429×10-6 22,13×10-6 34,7832×10-6 

reJimebi laminaruli 
gardamavali 

turbulenturi 
ganviTarebuli 
turbulenturi 

wylis xv. 
warmadoba J, l/m2sT 

30 47 48 

Rvinis xv. 
warmadoba J, l/m2sT 

18 28 29 

h=1 mm 2 6 2 312 1 12 12 10 ; 2 2 24 2 26F B h B h             mm m mm = 26 10 ;  

3 312
0,4615 ; 4 1,84615 1,84615 10

26

F
R d R



         mm = 0, 4615 10 m mm m;  

vd, m2/wm 1,4056×10-3 3,514×10-3 5,522×10-3 

v, m/wm 0,7614 1,9034 2,991 

Q, m3/wm 9,136×10-6 22,84×10-6 35,89×10-6 

nakadi laminaruli 
gardamavali 

turbulenturi 
ganviTarebuli 
turbulenturi 

wylis xv. 
warmadoba J, l/m2sT 

42 36 46 

Rvinis xv. 
warmadoba J, l/m2sT 

26 22 28 
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  sadawneo saknis h=0,1 mm-dan 1 mm-mde simaRlis pirobebSi bunebrivi zeda-
piruli wylis siCqarisaTvis 0,5_1,265 m/wm-mde, TeTri „rqawiTeli“ RvinisaTvis 
0,5_1,58 m/wm-mde  diapazonSi ganxorcielda nakadis laminaruli moZraoba. 
sadawneo saknis Semavali kveTis mateba ganapirobebs reinoldsis ricxvis 
kritikuli mniSvnelobis klebas. 

miRebuli Teoriuli da eqsperimentuli kvlevis Sedegebis safuZvelze 
AUTOCAD-22-is da Cura-15.04.22 programebiT Seiqmna da 3D printerze (Ultimaker2)    
damzadda da gamoicada sxvadasxva geometriuli zomis mqone muSa kvanZis 
laboratoriuli ujredi, romlis naxazi mocemulia sur. 3-ze. 

 

                          
                               
 

suraTi 3. brtyladparaleluri tipis laboratoriuli ujredi 
 

 
amrigad, Rvinosa da wyalSi arsebuli nawilakebis mosacileblad 

Catarda miRebuli mikro- da ultrafiltraciul membranebis testireba. 
baromembranuli procesebis Teoriuli da eqsperimentuli kvlevis monace-
mebis Sedarebis Sedegad dadginda, rom 0,2 mm, 0,6 mm, 1 mm simaRlis sadawneo 
saknis da laminaruli reJimis pirobebSi wylis ultrafiltraciis da Rvinis 
mikrofiltraciis dros xv. warmadobis zrda sadawneo saknis sididis pro-
porciulia.  gardamaval turbulentur reJimSi xv. warmadoba izrdeba sadaw-
neo saknis simaRlis 0,2 mm-dan 0,6 mm-mde, xolo klebadia 0,6 mm-dan 1 mm-mde 
diapazonSi. turbulentur reJimSi xv. warmadoba mcirdeba saknis simaRlis 
zrdasTan erTad. Rvinis mikrofiltraciisa da wylis ultrafiltraciisaT-
vis damzadda da gamoicada saTanado geometriis muSa kvanZis laborato-
riuli ujredebi, romelzec gafiltruli Rvinisa da wylis simRvrivis 
Sesabamisi maCveneblebia FTU 0.12-0.32   da FTU -0.03. 

 
samecniero naSromi momzadda „SoTa rusTavelis saqarTvelos erovnuli 
samecniero fondis mxardaWeriT; [granti AR-22-1998]’’. 
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SUMMARY 

THE ORETICAL AND EXPERIMENTAL STUDY OF THE GEOMETRY AND PARAMETERS OF 

THE HYDRODYNAMIC REGIME OF THE PRESSURE CHAMBER OF A FLAT-PARALLEL TYPE 

MEMBRANE DEVICE FOR MICROFILTRATION OF WINE AND ULTRAFILTRATION OF 

WATER 

Bibileishvili G.V., Kezeherashvili M.G. and Mamulashvili M.A 

Engineering Institute of Membrane Technology of Georgian Technical University 

The article discusses the results of theoretical and experimental studies of the geometry of the high-pressure 

chamber and the parameters of the hydrodynamic regime of laboratory equipment with a wide-parallel 

membrane for processing wine by microfiltration and ultrafiltration of water. To select optimal conditions for 

mass transfer, granulometric composition, Z-potential, organoleptic, microbiological, and physico-chemical 

parameters of wine and natural water samples are analyzed. For ultrafiltration of natural water and 

microfiltration of wine, membranes with a pore size of 0.1 microns and 0.45 microns were processed and 

created; laboratory cells with various working nodes were prepared and tested, the range of changes in operating 

parameters on laboratory equipment was determined. 

Keywords: microfiltration, ultrafiltration, polymer membrane, membrane unit. 
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kvebis Taviseburebani stresis dros 

 

TavdidiSvili d.r., afxaZe q.r., lomiaSvili q.s. 
 

akaki wereTlis saxelmwifo universiteti 
 
 
Tanamedrove cxovrebis wesi, agresiuli ekologiuri garemo da rTuli 

socialur-ekonomiuri pirobebi iwvevs adamianis fizikur, gonebriv da nervul 
gadatvirTvas, rac  civilizaciisaTvis damaxasiaTebeli bevri daavadebis, maT 
Soris   stresis ganviTarebis mniSvnelovani risk-faqtoria.   

cneba stresi momdinareobs inglisuridan `stress~ _ daZabuloba, zewo-
la, Cagvra da gulisxmobs adamianis fsiqikuri da fizikuri daZabulobis 
mdgomareobas, romelic warmoiqmneba, rogorc reaqcia garkveul movlenebze 
an moTxovnebze, romelTa  gamklaveba rTuli an SeuZlebelia. 

stresi aris cvalebad garemosTan adaptaciis normaluri meqanizmi, 
magram stresul mdgomareobaSi  xSirad yofna neganiurad  aisaxeba janmrTe-
lobaze.           

xanmokle emociuri stresi janmrTelobas safrTxes ar uqmnis. iTvleba, 
rom is xels uwyobs organizmis yvela SesaZleblobis mobilizebas, inteleq-
tualuri potencialis gaaqtiurebas, fizikuri Zalis momatebas, ganwyobis 
gaumjobesebas. xangrZlivi stresi ki metad saxifaToa. is uaryofiTad moqme-
debs  adamianis rogorc  fsiqikur, mdgomareobaze, aseve fizikur janmrTe-
lobaze, iwvevs fsiqologiur problemebs, imunitetis daqveiTebas, kuW-naw-
lavis  da  qronikuli daavadebebis gamwvavebas. 

stresis ZiriTad simptomebs Sorisaa:  uZiloba, kvebiTi Cvevebis  darR-
veva, swrafi daRla, mowyeniloba, apaTia, pesimizmi, usafuZvlo SfoTvis mdgo-
mareoba, gulmaviwyoba, araorganizebuloba, yuradRebis mokrebis gaZneleba, 
mexsierebis da gansjis unaris daqveiTeba, nevrozi,  Tavis da kunTebis tkivi-
li,  tkivili gulmkerdis areSi.  

stresis metad  umZimesi Sedegebia 21-e saukunis  daavadeba _ depresia 
da ukanasknel aTwleulSi msoflioSi Camoyalibebuli axali paTologia _   
qronikuli daRlilobis sindromi [1,4].  

stresis simZimis donis da xangrZlivobis  miuxedavad, misi marTvis  
erT-erTi  efeqturi saSualebaa mravalferovani jansaRi  sakvebi da 4_5-je-
radi kvebis reJimi, xolo dRiuri racionis kaloriuloba Semdegnairad unda 
gadanawildes: sauzme _  30%, sadili _ 40%. vaxSami _ 20%, waxemseba _ 10%.  

stresis dros organizmi ganicdis mTeli rigi `antistresuli“ sakvebi 
nivTierebebis mwvave deficits, amitom misi normaluri funqcionirebisa da 
stresis hormonebis sinTezisaTvis mniSvnelovania iseTi produqtebis miReba, 
romlebic gamoirCeva А, Е , D, С da  В-jgufis vitaminebis, magniumis, cinkis, se-
lenis, omega-3 cximovani mJavebis, probiotikebis da cilis maRali Sem-
cvelobiT [2-5]. 

stresTan mimarTebaSi mineraluri nivTierebebi da vitaminebi  icaven 
organoebsa da qsovilebs adrenalinis destruqciuli zemoqmedebisgan;  C 

vitamini xels uwyobs serotoninis gamomuSavebas da Sesabamisad stresis 
Semcirebas;  Zlieri  antistresuli moqmedeba gaaCnia В-jgufis vitaminebis 
(В1, В2, В5, В6, В9, В12, РР, Н,  В2), romlebic xels uwyobs nervuli sistemis 
normalur funqcionirebas, xsnis depresias da SfoTvas, aaqtiurebs gonebriv 
azrovnebas; magniumi xels uwyobs agznebis procesebis Sesustebas centralur 
nervul sistemaSi, amcirebs SfoTvas da gaRizianebas; omega-3 cximJavebi 
Trgunavs stresis hormonis kortizolis aqtivobas, icavs nervul sistemas, 
ebrZvis depresias, amcirebs SfoTvas, aumjobesebs tvinis muSaobas da gan-
wyobas; ciliT mdidari produqtebi aminomJavebis triptofanis, Tirozinis, 
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fenilalaninis da vitamin B12-s Semcvelobis wyalobiT xels uwyobs 
organizms `bednierebis hormonebis“ serotininis  da dofaminis gamomuSavebas. 

zemoT aRniSnulidan gamomdinare, stresul mdgomareobaSi  myofi 
adamianis kvebis racionSi aucileblad unda  iyos   produqtebi, romlebic 
Seamcirebs  stresis uaryofiT zemoqmedebas, moamaragebs organizms energiiT 
da  gaaumjobesebs guneba-ganwyobilebas. aseT produqtebs miekuTvneba:  xorci    
(bocveri, indauri, qaTami); cximiani Tevzi da zRvis produqtebi; kvercxi; rZis 

produqtebi; mTეli marcvlis burRuleuli da puri; bostneuli, maT Soris 
mwvane feris foTlovani bostneuli; xili, kenkra, citrusebi; avokado; kak-
lis nairsaxeoba; Savi Sokoladi; mwvane Cai, samkurnalo mcenareebi. amasTan  
erTad, kvebis racionidan gamoricxuli unda iyos  yava, alkoholi, gaziani 
sasmelebi, tkbileuli, rafinirebuli da swrafi kvebis produqtebi. 

kvlevis mizans warmoadgenda jansaRi kvebis xorcproduqtebis iseTi 
teqnologiebisa da recepturebis  SemuSaveba, romlebic  dadebiT gavlenas 
moaxdens stresul mdgomareobaSi myofi adamianis organizmze.  

recepturebis SemuSavebisas stresis dros rekomendirebuli produqte-
bis SerCevasTan erTad viTvaliswinebdiT maT urTierT-Tavsebadobas da 
calkeuli ingredientebis profilaqtikur Tvisebebs.  

samuSaos pirvel etapze kompiuteruli modelirebis meTodis gamoyene-
biT vsazRvravdiT ZiriTadi komponentebis Tanafardobas, risTvisac vadgen-
diT recepturis ramdenime variants. optimalur Tanafardobas virCevdiT sakv-
levi naxevarfabrikatebis  da mza nawarmis organoleptikuri maxasiaTeblebis 
mixedviT.  

SemuSavebuli iyo 2 recepturuli kompozicia (cxr. 1). 
 
 

cxrili 1. antistresuli mimarTulebis  produqtebis recepturuli komponentebi 
 

produqti recepturuli komponentebi 
nimuSi 1 

qaTmis xorcis dakepili nawarmi 
qaTmis file, ospi, nigozi an gogris Teslebi, 

ispanaxi, barambos nayeni, krazanas nayeni, janja-
fili, saneleblebi, marili, zeiTunis zeTi Se-

sawvavad, selis fqvili safanelad 
nimuSi 2 

bocvris xorcis dakepili nawarmi 
bocvris xorci, brokoli, xaxvi, niori, kurkuma, 
mwvane Cais nayeni, gvirilas nayeni, mwvanili, 

zeiTunis zeTi Sesawvavad, saneleblebi, marili, 
sezami safanelad 

 
 

SemuSavebuli nawarmis funqcionalur-teqnologiuri maCveneblebis Ses-
wavlam aCvena, rom wylisSekavSirebis da wylisSekavebis unaris mixedviT 
isini ar gansxvavdeba sakontrolo nimuSisagan. 

nawarmis mikrobiologiuri maxasiaTeblebi warmodgenilia  cxr. 2-Si.  
 

cxrili 2. nawarmis mikrobiologiuri maCveneblebi 
 

maCvenebeli nimuSebi 
nimuSi 1 nimuSi 2 

mezofulur aerobuli da fakultatur 
anaerobuli mikroorganizmebis raodenoba, 

kwe/g, ara umetes 

3,4·103 
 

3,6·103 

2,4·103 

 
2,3·103 

nCjb (koliformebi),0.001 g nimuSSi ar aRmoCnda ar aRmoCnda 
paTogenuri mikroorganizmebi, maT Soris 

Salmonella, 25 g nimuSSi 
ar aRmoCnda ar aRmoCnda 
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 cxrilis monacemebidan Cans, rom sakvlev nimuSebSi mezofilur-aero-
buli da fakultatur-anaerobuli mikroorganizmebis raodenoba ar aRemateba 
sanitaruli normebiTa da wesebiT dadgenil mniSvnelobas. nimuSebSi ar iyo 
gamovlenili nawlavis Cxirebis jgufis (koliformis) baqteriebi da paTo-
genuri mikroorganizmebi, maT Soris salmonelebi, rac Seesabameba mikro-
biologiuri usafrTxoebis higienur moTxovnebs da metyvelebs produqtebis 
uvneblobaze. 

miRebuli monacemebi miuTiTebs SemuSavebuli nawarmis gamoyenebis 
mizanSewonilebaze stresul mdgomareobaSi myofi adamianebis kvebaSi. 
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SUMMARY 

FEATURES OF NUTRITION UNDER STRESS 

Tavdidishvili D.R., Apkhadze K.R. and Lomiashvili  K.S. 

Akaki Tsereteli State University 

The article considers the essence and types of stress, its impact on human health, and the importance of nutrition 

in overcoming the consequences of stress. The "antistress" properties of nutrients are discussed. Recipes and 

technologies for meat products have been developed that reduce the negative effects of stress. Their functional 

and technological properties and microbiological safety indicators have been studied. 

Keywords: stress, antistress nutrition, meat products, microbiological indicators 
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ugluteno puris warmoeba bunebrivi nedleulisgan miRebuli  
safuvris gamoyenebiT 

 
farjanaZe t.m. 

 
saqarTvelos teqnikuri universiteti 

 
Sesavali 
msoflioSi mosaxleobis didi nawili aqtiurad moixmars ugluteno 

produqcias, sadac gansakuTrebuli adgili ukavia ugluteno purs, rogorc 
pirveladi moxmarebis produqts. am garemoebam xeli Seuwyo usimptomo an 
Znelad diagnostirebadi celiakiiT daavadebuli adamianebisTvis cxovrebis 
gamartivebas da agreTve produqtis popularizacia-ganviTarebas. 2020 wlis 
monacemiT, ugluteno produqtebis globaluri bazris saerTo Rirebuleba 
Seadgenda 5,6 miliard dolars. eqspertebi fiqroben, rom 2025 wlisTvis es 
ricxvi miaRwevs 8,3 miliard dolars [1]. 

Cveni kvlevis mizans warmoadgenda bunebrivi nedleulidan kartofilis  
da sviis safuvris miReba da misi gamoyeneba ugluteno puris warmoebaSi.  

kartofilis moxmareba msoflioSi intensiurad mimdinareobs misi 
xelmisawvdomobis, dabali fasis, gemos da momzadebis mravalferovnebis gamo. 
masSi vitaminebis, polifenolebis, mineralebis da aminomJavebis garkveuli 
raodenobaa, Tumca igi gansakuTrebiT mdidaria naxSirwylebiT, rac mis 
maRal energetikul Rirebulebas ganapirobebs [2]. 

kartofili (Solanum tuberosum L.) warmoadgens erT-erT bolqvovan kulturas, 
romelsac iyeneben ara mxolod kvebisTvis, aramed teqnologiuri miznebisTvis 
da sakvebdanamatad. msoflioSi cnobilia 5000-mde jiSis kartofili [3]. 

saqarTveloSi kartofilis warmoebis praqtikis gaumjobeseba moagva-
rebs sursaTis usafrTxoebis problemebs da gaxdeba saimedo saarsebo wyaro 
mosaxleobisTvis [4]. 

uaxlesi kvlevebi aCvenebs, rom sviaSi arsebuli polifenoluri naerTebi 
msgavsi moqmedebebisaa, rogorc CaiSi da RvinoSi arsebuli polifenolebi. sviis 
eqstraqtebis gamoyeneba SesaZlebelia yvelSi, xorcSi da purproduqtebSi. sviis 
eqstraqtis gamoyeneba perspeqtiulia purproduqtebSi safuvris  saxiT, romelic 
warmoadgens biokonservants, rac axangrZlivebs produqciis Senaxvis vadas misi 
reologiuri da organoleptikuri Tvisebebis darRvevis gareSe [5]. 

 
masala da meTodebi  
kvleva Catarda svaneTSi moyvanil sviaze da marneulSi moyvanil kar-

tofilze. svia gamoviyeneT mSrali saxiT, xolo kartofili nedli saxiT. 
mocemuli nedleuliT moxda safuvris momzadeba laboratoriul pirobebSi. 
puris dasamzadeblad aRebul iqna wiwiburas fqvili da movaxdineT safuvris 
mJavianobis gansazRvra ГОСТ 171-215-iT [6].  

 
eqsperimentuli nawili 
movaxdine kartofilis da sviis safuvris momzadeba, romelzec  movax-

dineT safuvris mJavianobis (titruli) gansazRvra. Sedegebi warmodgenilia 
cxr.1-Si. 

 
cxrili 1. kartofilis da sviis safuvris mJavianoba  

 
safuvris tipi mJavianoba, H° 

kartofilis da sviis safuari 5,8 

 
miRebuli safuvrisgan movamzadeT ugluteno comi, romlis receptura 

mocemulia cxr.2-Si. 
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cxrili 2. kartofilis da sviis safuvris gamoyenebiT, wiwiburas  
fqvilisgan miRebuli comis receptura 

 

 

 

 

 

 

 
kartofilis da sviis kombinaciiT miRebuli safuvriT moxda comis 

momzadeba da miRebuli Sedegebi asaxulia cxr.3-Si 
 

cxrili 3.  kartofilis da sviis safuvris parametrebi 
 

safuari 
comis 

moculobaSi 
mateba 

 
fermentaciis 

dro 

 
damzadebis 

dro 

 
Senaxvis 

vada 

 
Senaxvis 

temperatura 
kartofilis 

da sviis 
safuari 

 
2,5-jer 

 
3sT 

 
2 dRe 

 
2 kvira 

 
4-5 °С 

 
SemuSavebul iqna sviis da kartofilis safuvris receptura. mocemuli 

kvlevis Sedegad dadginda, rom sviis safuari inaxeba 2 kviris ganmavlobaSi, 
mzaddeba 2 dReSi da kargad SeuZlia comis moculobaSi momateba. kartofilis 
da sviis safuvris gamoyenebiT miRebulma purma daakmayofila ugluteno puris 
organoleptikuri moTxovnebi: feri, suni, gemo, konsistencia. 

 
literatura 
1. https://www.thespruceeats.com/a-history-of-gluten-free-bread-4796997 , Updated on 25/01/2023 
2. Raigond P., Jayanty S., Parmar V., Dutt S., Changan S., Luthra S., Singh B. Health-Promoting compounds in 

Potatoes :  Tuber exhibition great potential for human health, Food Chemistry, Volume 424, 30 october 2023, 

136368, pp.1-3.  
3. Алексашина С. А., Макарова Н. Сравнительное изучение химического состава и антиоксидантной 

активности клубней сортового картофелья. //Химия растительного сырья, 2022, № 2, сc. 221-231. 

4. Anderson Onofre K. F., Forbes G.A., Andrade-Piedra J.L., Buddenhagen C.E., Fulton J.C., Gatto M., 

Khidasheli Z., Mdivani R., Xing Y., Garrett K. A. An Integrated seed health strategy and phytosanitary risk 

assessment . // Potato in the Republic of Georgia, Agricultural Systems, Volume 191, 2021,  pp.2-13. 
5. Irakli M., Mygdalia A., Chatzopoulou P., Katsantonis D. Impact of the combination of sourdough 

fermentation and hop extract addition on baking properties, antioxidant capacity and phenolics bioaccessibility 

of rice bran-enhanced bread, Food Chemistry, Volume 285, 2019, pp.231-239.  

6. ГОСТ 171-2015 Дрожжи Хлебопекарные Прессованные. Технические условия. 
 

SUMMARY 

PRODUCTION OF GLUTEN-FREE BREAD USING SOURDOUGH, OBTAINED FROM  

NATURAL RAW MATERIALS 

Parjanadze T.M. 

Georgian Technical University 

A recipe was developed and yeast obtained from a combination of potatoes and hops was made from natural raw 

materials according to this recipe. Titrate acidity and the influence of yeast on the dough obtained from 

buckwheat flour were studied. Gluten-free bread was made in laboratory conditions and its organoleptic 

indicators were studied. The yeast obtained as a result of the research can be used in the production of bread, 

because hop yeast can be stored for 2 weeks, prepared in 2 days, and can increase the volume of the dough well. 

The bread obtained using potato and hop yeast met the organoleptic requirements of gluten-free bread: color, 

smell, taste, and consistency. 

Keywords: buckwheat, gluten-free Bread, yeast, potato, hop. 

 

nedleuli raodenoba 
wiwiburas fqvili 100 g 

kartofilis safuari (Txevadi) 50 g 
wyali  150 ml 
kvercxi  1 cali 
marili 10 g 

https://www.thespruceeats.com/a-history-of-gluten-free-bread-4796997
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kunelis naturaluri wvenis miReba  

 

SildelaSvili i.i., RaRoliSvili m.S., buiSvili g.T. 
 

iakob gogebaSvilis saxelobis Telavis saxelmwifo universiteti 
 
kvebis TvalsazrisiT yvelaze mniSvnelovani qimiuri nivTierebebi Tav-

moyrilia xilis da kenkris wvenSi, isini mdidaria SaqrebiT, organuli mJa-
vebiT da maTi marilebiT, mTrimlavi nivTierebebiT, vitaminebiT. 

xilis da kenkris wvens aqvs dieturi da rig SemTxvevaSi samkurnalo 
mniSvneloba, isini xels uwyoben sakvebis SeTvisebas da aumjobeseben niv-
TierebaTa cvlas organizmSi. 

saqarTvelo mdidaria xiliT, amasTan asortimentic sakmaod mravalfe-
rovania saxeobebis mixedviT. 

nayofis Sefasebis da daniSnulebis mixedviT gamoyenebis TvalsazrisiT 
ganuwyvetlad mimdinareobs kvleva, am mxriv did yuradRebas imsaxurebs 
kunelis kultura, amasTan igi rogorc SesaniSnavi nedleuli sakonservo 
warmoebisaTvis ar aris gamoyenebuli maqsimalurad, aRsaniSnavia isic, rom 
misi TviTRirebuleba aris dabali, radgan ar saWiroebs agroteqnikuri 
RonisZiebebis Catarebas da pesticidebis gamoyenebas, amitom aucilebelia 
iafi nedleulis gadamuSavebis meTodebis srulyofa, miTiTebuli problema 
aris sakmaod aqtualuri da didi mniSvnelooba aqvs kvebis mrewvelobis 
ganviTarebisaTvis saqarTveloSi. 

yovelive aqedan gamomdinre miznad davisaxeT kunelis nayofisagan 
naturaluri wvenis miReba da misi qimiuri Sedgenilobis gansazRvra. 

kuneli miekuTvneba vardisebrTa ojaxs, igi aris maRali buCqi, nayofi 
aris cru-vaSlis msgavsi, patara, wiTeli, mis nayofs adamiani uxsovari 
droidan iyenebs sakvebad, nayofebi naklebad wvniania, usuno, gemoTi motkbo-
momJavo, nayofebs agroveben sruli simwifis dros seqtembridan pirvel yinve-
bamde. 

wvenis miRebisaTvis gamoyenebuli nedleuli unda iyos maRali 
xarisxis, ar daiSveba araviTari organoleptikuri da qimiuri maCveneblebis 
gadaxra, rac SeiZleba iyos teqnologiuri procesis araswori warmarTvis an 
wvenSi raime danamatis Setanis Sedegi. wvenis miRebis dros sasurvelia 
teqnologiuri procesi warimarTos ise, rom maqsimalurad SenarCundes wvenis 
biologiuri Rirebuleba. 

wvenis miRebis mizniT movaxdineT nayofebis inspeqcia, gavaTavisufleT 
nayofi dampali da daobebuli egzemplarebisagan, romlebsac SeuZlia Txilis 
mTel partias miscen arasasiamovno suni, Semdeg nayofebi gavrecxeT gamdina-
re civ wyalSi, nedleuli gavacxeleT wvenis gamoyofis da misi gamosavlia-
nobis gazrdis mizniT Semdeg davwnixeT, gavfiltereT, movaxdineT wvenis da-
fasoeba 0,5 litrian qilebSi da pastirezacia 10 wuTis ganmavlobaSi, gansaz-
RvreT miRebuli wvenis qimiuri Sedgeniloba, romelic mocemulia cxrilSi. 

 
kunelis wvenis qimiuri Sedgeniloba 

 
maCveneblebi Semcveloba % 
mSrali nivTiereba 11,5 
simJave-titruli 1,2 
saerTo Saqari 10 
peqtinis nivTireba 0,54 

vitamini C 32,4 

nacari 0,44 
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cxrilis monacemebidan Cans, rom kunelis wvenSi sakmao raodenobiT 
aris mSrali nivTierebis Semcveloba 11,5% agreTve vitamini C _ 32,4%, mniSvne-
lovani raodenobiT aris saerTo Saqari 10%. 

Cven mier momzadebulma produqciam Tavisi organoleptikuri da sasa-
qonlo xarisxis mixedviT daakmayofila moqmedi standartis moTxovnebi, aqe-
dan gamomdinare SeiZleba davaskvnaT, rom kunelis wveni Tavisi Sedgeni-
lobiT aris maRalkaloriuli produqti, ekologiurad sufTa da igi SeiZ-
leba masiurad iqnes gamoyenebuli mosaxlebis farTo masebis kvebaSi. 
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SUMMARY 

TAKING NATURAL JUICE OF HAWTHORN 

Shildelashvili I.I., Gagolishvili M.Sh. and Biushvili G.T. 

Iakob Gogebashvili Telavi State University 

Natural juice was obtained from the hawthorn in home conditions. The chemical composition of the produced 

juice was determined. Based on the research data it was concluded that the hawthorn natural juice is 

distinguished with the content of a sufficient amount of dry matter, common sugars, pectin substance, and 

vitamins. It is a high-calorie product, ecologically clean and safe which can be used for feeding a large mass of 

the population. 

Keywords:  pasteurization, hawthorn, dry matter, ash. 
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BURDOCK OIL HAIR MASK 
 

Kebadze N.M., Kapanadze M.B., loladze T.O. and Narimanishvili G.Z. 

 

Georgian Technical University 

 
Abstract: A hair care product based on natural blue clay is obtained, the composition of which is enriched with 

burdock plant extract and other additional substances. 

Key words: natural clay, burdock oil, shampoo, plant extract. 

 

1. Introduction 

Ancient cosmetics are related to the knowledge of plant properties, the experience of using 

various products of plant and animal origin, and minerals, which is sometimes perceived as only a 

desire to preserve beauty and has a healing effect, which is confirmed by the practice of ethnoscience. 

Hair is a reflection of a woman's beauty. From ancient times to the present, women have tried 

their best to keep their hair in good condition, for which the Romans used a decoction of walnut shells, 

the Chinese used a mask of honey and flour, and the French used nettle decoction, etc. 

Nature has provided us with a lot of plants and substances that are perfect for hair care. Plants 

have been used in medicine since time immemorial. The plant has a leading and important role both in 

folk and traditional medicine. Clays are also a popular remedy that has been used in folk medicine for 

centuries. 

Clay is a fine-grain mountain rock. It is rich in important mineral salts and trace elements such 

as Ca, Mg, Fe, Cu Co, Mn, K, U, phosphates, and silicates. 

Mineral substances regulate the absorption of fats, proteins, and carbohydrates by the skin. 

Clay is characterized by antibacterial activity, unlike chemical antiseptics, which kill not only 

microbes but also healthy cells. Clay only repels germs and toxins and creates body immunity to fight 

new infections. Clay has the ability to adsorb and remove negative and harmful fluids (pus) from the 

body. 

In addition to healing action, clays enriched with herbal extracts are actively used as 

therapeutic and prophylactic cosmetics. 
 
1. Experimental part: 

A hair care product, namely a mask, made on the base of blue clay enriched with burdock oil 

extract and peach oil, is produced by us. 

Hair care is necessary at any time of the year. Due to the cold weather and lack of sunlight and 

vitamins in winter, the hair becomes dull, ends split and starts to fall out. In summer, the hot sun dries 

out the hair, making it dry and brittle. 

In addition, the relevance of this topic was brought forward by the coronavirus pandemic, 

especially post-pandemic problems. A lot of people have complained about hair loss, so we thought 

that preparations made from natural raw materials would be relevant. 

Blue clay was used as a base for the mask, whose rich composition and healing properties 

have been known and studied since ancient times. Burdock (lat. Acticum lappa) roots were chosen as a 

research plant.  

 
Table 1. Content of biologically active substances in Burdock dry root 
 
Biologically active substances Content % -in dry raw materials 

Phenolic compounds 8,43 ± 0,02 

Saponins 2,36 ± 0,12 

Polysaccharides 39,70 ± 1,70 

Vitamin C, mg % 21,30 ± 1,31 

Carotenoids, mg,% 6,16 ± 0,44 

Lipids 1,15 ± 0,21 

Essential oils 0,16 ± 0,14 

Amino acids 8,87 ± 0,40 
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Fig.1. FTIR spectrum of Burdock root 

 

 
Peach oil (lat. Prunus Persica) is a light yellow natural vegetable oil obtained by cold pressing 

and filtering the seeds of the peach tree. It is often used as a lipid-filling cosmetic ingredient in 

shampoos and shower gels. Peach oil is rich in vitamins and trace elements. It effectively nourishes 

and moisturizes hair. Its regular use leads to the improvement of blood microcirculation and deep 

nutrition of hair follicles. Hair becomes more elastic, softer and smoother, and less electrolytic; hair 

volume and shine are also increased. 

Peach oil contains vitamin A (retinol), vitamin C, iron, phosphorus, potassium, calcium, and 

omega acids. 

 Vitamin A (retinol) - stimulates hair growth; It is also responsible for its density and elasticity; 

 Vitamin C - an antioxidant that protects hair from the aggressive influence of the environment; 

 Iron - is an indispensable component for blood circulation; 

 Phosphorus - strengthens hair and is necessary to regulate calcium levels; 

 Potassium - is responsible for retaining water inside the hair and prevents its thinning; 

 Calcium - participates in the formation of healthy and strong hair; 

 Omega acids - palmitic, oleic, and linoleic, which have anti-inflammatory and protective effects. 

 

Description of the technological process 

Pre-prepared burdock oil is added to the blue clay powder. Burdock dry root and peach oil in a 

ratio of 1:2 were taken to prepare burdock oil. The dried roots were preliminarily ground in a coffee 

grinder, and placed in a glass vessel, into which heated peach oil was added; the lid was closed tightly 

and left in a dark place for 21 days. We used to shake it every day. Then the product was filtered and 

used to make an anti-hair loss mask; 100 ml of burdock oil was added to the 10 g. blue clay, stirred 

with a wooden spoon until it was completely dissolved. Finally, we added vitamin E (as a powerful 

antioxidant) and tea tree essential oil as a bactericidal, anti-fungal agent to the obtained clay mass.  

 

Conclusion: 

A hair mask made of Burdock oil protects hair from dryness, brittleness, and splitting the hair 

ends. The product cleans clogged pores and normalizes sebaceous glands. 
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reziume 

orovandis zeTze damzadebuli Tmis niRabi 

qebaZe n.m., kapanaZe m.b., lolaZe T.o., narimaniSvili g.z. 
saqarTvelos teqnikuri universiteti 
miRebulia Tmis movlis saSualeba bunebrivi cisferi Tixis fuZeze, romlis Sedgeni-
loba gamdidrebulia mcenareuli eqstraqtiT, kerZod orovandiT da sxva damxmare 
nivTierebebiT. 
sakvanZo sityvebi: bunebrivi Tixa, orovandis zeTi, Sampuni, mcenareuli eqstraqti. 
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samkurnalo-profilaqtikuri kbilis pasta bunebriv nedleulze 

 

devdariani n.g., anTaZe g.s. 
 

saqarTvelos teqnikuri universiteti 
 
kbilis pasta warmoadgens mravalkomponentian sistemas, romelic Sedge-

ba abraziul, damatenianebel, Semkvrel, qafwarmomqmnel aromatuli nivTiere-
bebisgan. aseve SeiZleba Seicavdes samkurnalo-profilaqtikur, zedapirulad 
aqtiur, sagemovnebo da makonservirebel danamatebs kombinaciebSi, ftoris 
Semcvel preparatebs, antimikrobul da anTebsawinaaRmdego nivTierebebs. pas-
tis gamoyenebiT miRweulia piris Rrus efeqturi gawmenda da samkurnalo-
profilaqtikuri zemoqmedeba yvela mis organoze. 

kbilebis efeqturi gawmenda damokidebulia abraziul komponentebze 
igi uzrunvelyofs gamwmend da polirebad moqmedebas, rac damokidebulia 
nawilakebis zomaze, formaze, simtkicesa da simyareze. tradiciulad abra-
zivad gamoiyeneba carci. bolo wlebSi, is Seicvala e.w `rbili~ abraziviT _ 
hidratirebuli siliciumis orJangiT, romelic kargad esadageba sxvadasxva 
samkurnalo-profilaqtikur danamatebs da ufrTxildeba kbilis emals. 

abrazivis SerCevisas gasaTvaliswinebelia misi indiferentuloba sxva 
komponentebTan, reagirebis unari kbilebis myar qvebTan, surnelis adsorbi-
reba da gel warmomqmneli nivTierebis dasveleba wyal-gliceriniani xsnariT. 

yvela pasta aerTianebs zedapirulad aqtiur komponents, romelic 
aregulirebs myar nawilakebs Soris urTierTqmedebis intensiurobas da xa-
siaTs, rac Tavis mxriv gansazRvravs pastis stabilurobas da reologiur 
Tvisebebs. xSirad gamoiyeneba natriumis laurilsulfati, romelic misi Sem-
cveli produqtebisa da xangrZlivi gamoyenebisas angrevs piris Rrus mikro-
floras da iwvevs gaRizianebas. 

pastebis Sedgenilobis stabiluroba, misi konsistencia ganpirobebulia 
rogorc abraziuli nivTierebebis fizikur-qimiuri TvisebebiT, aseve hidro-
koloidebiT, magaliTad natriumis karboqsi-meTilceluloza. 

glicerini pastis SedgenilobaSi gamoiyeneba plastikuri erTgvarovani 
masis misaRebad. is uzrunvelyofs pastaSi Senaxvisas sinestis SenarCunebas, 
amcirebs gayinvis temperaturas, zrdis kbilis wmendisas warmoqmnili qafis 
stabilurobas, aumjobesebs pastis gemovnebis xarisxs. glicerinis Semcvelo-
bis norma pastaSi ~ 6,2_6,3%. 

samuSaoSi gaTvaliswinebulia iseTi recepturis Sedgena da pastis mi-
Reba, sadac CamoTvlili komponentebi maqsimalurad iqneba Canacvlebuli bu-
nebrivi nedleuliT. 
 

cxrili 1. kbilis pastis Sedgeniloba, % 
 

komponentebi % 
mwvane Tixa (vanis) 35 

glicerini 6,0 

sakvebi soda 0,5 

sufris marili 0,5 

mwvane Cais 40⁰ spirtiani eqstraqti 5,0 

mwvane Cais zeTiani eqstraqti 5,0 

Tafli 5,0 

sorbiti 3,0 
mwvane Cais wyliani 40,0 
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bunebrivma nedleulma unda Seasrulos ZiriTadi komponentebis yvela 
funqcia, amave dros, erTdroulad gaaumjobesos pastis xarisxi, maT Soris 
misi samkurnalo-profilaqtikuri potenciali. 

cxr. 1-Si moyvanilia Cven mier SemuSavebuli kbilis pastis miRebis ori 
Sedgeniloba (Sesadareblad).  
    rogorc cxr. 2 -is monacemebidan Cans, abraziul nivTierebad gamoyene-
bulia mwvane Tixa (vani). 

 
cxrili 2. vanis qedis mwvane Tixis oqsiduri Sedgeniloba, % 

 
obieqti SiO2 Na2O K2O Al2O3 MgO CaO MnO TiO2 Fe2O3+Fe P2O5 

mwvane Tixa 46,89 2,56 1,53 13,83 0,51 3,88 0,21 0,87 5,30 0,09 

 
mwvane Tixis feri ganpirobebulia rkinis oqsidis SemcvelobiT. mis 

SedgenilobaSi Semavali elementebis umravlesoba aregulirebs nivTierebaTa 
cvlas, spobs baqteriebs. misi samkurnalo efeqti gamowveulia montmori-
lonitiT (cxr. 3). 

bunebrivi montmorilonituri Tixa didi raodenobiT Seicavs `Tixur 
substancia~ wyalTan Serevisas, rac iZleva labisebr faqiz pastas. igi advi-
lad esmeba da wyliT advilad Camoibaneba. mraval samkurnalo nivTierebas 
ereva problemis gareSe [1].  

 
cxrili 3. elementebis Semcveloba mwvane TixaSi, % 

 
elementi 

 
Semcveloba, % elementi Semcveloba, % 

Na 1,90 P 0,04 

Mg 0,31 S  

Al 7,32 Cr  

Si 21,90 Ni 0,002 

K 1,20 Cu 0,05 

Ca 2,70 Zn 0,07 

Ti 0,52 Sb  

Mn 0,16 Pb 0,03 

Fe 3,70 Ba 0.08 

 
mwvane Tixa saukeTeso adsorbentia. gaaCnia antibaqteriuli moqmedeba 

gansxvavebiT qimiuri antiseptikebisgan, romelic klavs mikrobebs, Slis 
jansaR ujredebs, Tixas gamoyavs organizmidan mxolod mikrobebi,  toqsinebi, 
mkvdari ujredebi, Slakebi.  

mwvane Tixa gamoiyeneba mravali kosmetikuri nawarmis dasamzadeblad. 
cnobilia, rom pasta, romelic Seicavs mcenareul preparatebs, aumjo-

besebs gacvliT procesebs, qsovilebis regeneracias, axorcielebs sisxlde-
nis Semcirebas RrZilebidan, gaaCnia madezodorebeli moqmedeba. 

Tafli kbilis pastaSi Seyvanilia sagemovnebo xarisxis asamaRleblad, 
Terapiuli TvalsazrisiT Taflis Rirseba ganpirobebulia bunebrivi SaqriT, 
dedarZis arsebobiT, futkridan antibiotikis moqmedebiT. 

pigmentebi da surneli gamoyenebulia SerCeviT. 
Cven mier gamoyenebuli sorbiti damatenianebeli nivTierebaa. mas nawi-

lobriv an mTlianad SeuZlia Secvalos glicerini, aseve garkveuli xarisxiT 
Seasrulos konservantis funqcia. 
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wyali _ gamxsneli aucilebeli komponentia kosmetikuri nawarmis 
umravles, maT Soris, kbilis pastebis recepturaSi. is uzrunvelyofs auci-
lebel siblantes, koncentracias. 

wylis xarisxs waeyeneba gansakuTrebuli moTxovnebi baqteriuli 
sisufTavis, qimiuri Sedgenilobis, organoleptikuri Tvisebebis mimarT. 

kbilis pastis SedgenilobaSi Cven mier gamoyenebulia mwvane Cais 
eqstraqti. 

wylis mTavar Tviseburebas warmoadgens ftorid-ionis maRali Semcve-
loba, rac wyals xdis saintereso momxmareblad kbilis pastebSi.  

kbilis pastis xarisxi damokidebulia, rogorc gamoyenebuli ned-
leulis fizikur-qimiur Tvisebebze, aseve misi damzadebis teqnologiaze. 
laboratoriul pirobebSi kbilis pastis miReba martivia. 

mwvane Tixis mikrobiologiuri sisufTavis misaRwevad Catarda Ter-
muli damuSaveba TermostatSi 80_85℃ 15 wT. sxva komponentebis damatebis 
rigi sufris marili, sasmeli soda, sorbiti, Tafli ixsneboda mwvane CaiSi. 

komponentebi emateboda mwvane Tixas miqseriT mudmivi moreviT.  
pastebi inaxeboda 0℃  dan 37℃ intervalSi, fizikur-qimiuri Tvisebebis 

cvlilebebze dakvirvebis mizniT. kerZod, pastis stabilurobis Senaxvisas 
fasdeboda vizualurad - Txevadi fazis gamoyofaze.  

reologiuri maCveneblebi ganisazRvra rotaciul viskozimetrze P.B_8, 
qafis parametrebi _ standarti 7983-82.  

cxr. 4-Si mocemulia reologiuri da sxva maCveneblebi. 
 

cxrili 4. kbilis pastis reologiuri da sxva maCveneblebi 
 

maCveneblebi mwvane Tixa 
pH 7,6 

denadobis dinamikuri zRvari 
(winaaRmdegoba Zvradobis mimarT) 

190 

plastikuri siblante, pa 8,3 

plastikurobis koeficienti, sm 23,0 

aqafebis ricxvi, sm3 85 

 
 pastebma gaiara sanitariis higienuri gamocda, ramac aCvena, „prepa-
ratebi ar axdens gamaRizianebel da rezorbciul moqmedebas da akmayofilebs 
mocemuli klasis Sesabamisi preparatebis higienur normebs“. 

 

 

 

 

 

 

 

 

 

 

 

 
rentgenofazuri analizi 

 
                       



   saqarTvelos sainJinro siaxleni, GEORGIAN ENGINEERING NEWS, #2, 2023  

 

102 

mwvane Tixa advilad mtvrevadi natexebis struqturis qania, Seicavs 
vulkanur minas, romelic gadasulia Tixian masaSi, sadac Sedis qarsisa da 
karbonatis uwvrilesi marcvlebi.  

rentgenofazuri analizis safuZvelze mwvane Tixa warmodgenilia           
cxr. 5-Si; kalciumis montmorilonitiT, Seicavs qarsebs, kalciumis da 
natriumis mindvris Spats, galuazits da kalcits kvalis doneze. 

 
cxrili 5. mwvane Tixis rentgenofluorescenturi analizis Sedegebi 

 
elementi Semcveloba, % oqsidebi Semcveloba, % elementi Semcveloba, % 

Na 1,90 Na2O 2,56 S 0 

Mg 0,31 MgO 0,51 Cr 0 

Al 7,32 Al2O3 13,83 Ni 0,002 

Si 21,92 SiO2 46,89 Cu 0,02 

K 1,27 K2O 1,53 Zn 0,07 

Ca 2,77 CaO 3,88 Zr 0,07 

Ti 0,52 TiO2 0,87 Sb 0 

Fe 3,71 Fe2O3+FeO 5,30 Pb 0,03 

P 0,04 P2O5 0,09 Ba 0,08 

 
mwvane Tixis rentgenofluorescentuli analizis mixedviT (cxrili 5) 

nimuSi ZiriTadad Seicavs siliciums, mcire raodenobiT natriums, alumins, 
kalciums da rkinas. 

nimuSi 1 gaxurebulia 500 ℃, endoTermuli efeqti DTA da DTG mru-
debze emTxveva erTmaneTs da 120 gradusze Seesabameba tenis mocilebas. masis 
kleba TG mrudze Seadgens 15,7%-s, sawyisi masa 420 mg, masis kleba TG mrudze  
13,3%-ia.  500 gradusamde gaxurebisas sxva efeqti ar vlindeba. 
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SUMMARY 

CURATIVE-PROPHYLACTIC TOOTHPASTE BASED ON NATURAL RAW MATERIALS 

Devdariani N.G. and  Antadze G.S 

Receipts of curative and prophylactic toothpaste with maximum use of natural raw materials, such as green tea 

and green clay of Georgia used as an abrasive, structure-forming, and also as foaming agents are developed; 

while using clay foaming functions carry out fluoride-ions. Besides the named components, curative and 

prophylactic properties are given by extracts of tea. Rheological data of pastes is detined, and also are conducted 

sanitary-and-hygienic tests.  

Keywords: curative, prophylactic, abrasive, clay, rheological, sanitary, hygienic.  




