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eZRvneba Salva naWyebias xsovnas 

saqarTvelos teqnikuri universitetis profesori, saqarTvelos da saerTa-
Soriso  sainJinro da saqarTvelos energetikuli akademiebis akademikosi, 
IEEE (aSS)  da  Sigma Xi (aSS) sazogadoebis wevri, orgzis  Rirsebis ordenis 
kavaleri Salva naWyebia  
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Salva naWyebia daibada 1945 wlis 21 Tebervals q. cxakaiaSi (senaki). 1963 
wels oqros medalze  daamTavra q. cxakaias pirveli saSualo skola, 1969 
wels ki _ saqarTvelos politeqnikuri institutis energetikuli fakulteti 
„eleqtronuli sadgurebis“ specialobiT da samuSaod datoves zogadi da 
Teoriuli eleqtronikis kaTedris asistentad. mravali  wlis ganmavlobaSi 
iyo saqarTvelos politeqnikuri institutis studentTa samecniero sabWos 
Tavmjdomare.  

1971 wels swavla gaagrZela moskovis energetikuli institutis aspi-
ranturaSi. 1975 wels warmatebiT daicva sakandidato disertacia. 1975_2000 
wlebSi muSaobda saqarTvelos politeqnikuri institutis  zogadi da 
Teoriuli eleqtronikis kaTedraze uf. maswavleblis da docentis Tanamde-
bobebze. 1989 wlidan iyo magnituri teqnikis samecniero-kvleviTi labora-
toriis xelmZRvaneli. 1998 wels daicva sadoqtoro disertacia. 2003 wlidan  
eleqtronuli sadgurebis, qselebisa da sistemebis kaTedris gamgea, 2007 
wlidan _ eleqtroenergetikis, eleqtronikisa da eleqtromeqanikis depar-
tamentis xelmZRvaneli.  

1979_1983 ww. _ saqarTvelos politeqnikuri institutis  gaerTianebuli 
profkomis Tavmjdomare.  

1996 wels airCies saqarTvelos sainJinro akademiis wevr-korespon-
dentad, 2005 wlidan ki _ namdvil wevrad, akademikosad, 2004 wlidan saqarT-
velos energetikuli akademiis wevria.  

misi samecniero-kvleviTi mimarTulebebia: eleqtromagnituri teqnika, 
Tanamedrove magnituri masalebi, eleqtroteqnikuri mowyobilobebis saime-
doobis amaRlebis problemebi Tanamedrove magnituri masalebis bazaze. 
batoni Salva iyo 100-ze meti samecniero naSromis, monografiebis avtori, mi-
Rebuli hqonda saavtoro mowmobebi, monawileobda saerTaSoriso samecniero-
teqnikur konferenciebsa da simpoziumebSi.  

1995_2007 ww. iyo saqarTvelos teqnikuri universitetis saswavlo 
nawilis ufrosi, akademiuri sabWos wevri, saqarTvelos sainJinro akademiis 
„energetikis“ ganyofilebis akademikos-mdivani, saerTaSoriso sainJinro aka-
demiis akademikosi, orgzis Rirsebis ordenis kavaleri. 

batoni Salva maRali profesionalizmiT uZRveboda axalgazrda Taobis 
aRzrdas. 

bolo aTwleulSi Salva naWyebias da ivane gorgiZis iniciativiT  da 
TaosnobiT saqarTvelos teqnikuri universitetis matiane Seiqmna  da  univer-
sitetis istoriisadmi  miZRvnili ramdenime monografia daibeWda.  

batoni Salva gaxldaT maRali rangis mecnieri, profesionali, peda-
gogi da masze dakisrebuli movaleobis gansakuTrebuli pasuxismgeblobiT 
Semsrulebeli.  

WeSmariti mamuliSvilis Salva naWyebias gardacvaleba didi danakli-
sia ara marto ojaxis, megobar-naTesavebisa da saqarTvelos teqnikuri uni-
versitetisaTvis, aramed Cveni qveynis sainJinro-teqnikuri sazogadoebisaTvis. 

RmerTma daumkvidros  caTa sasufeveli... 

saqarTvelos teqnikuri universiteti 
saqarTvelos sainJinro akademia 

Jurnal Georgian Engineering News-is redaqcia 
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rkinabetonis  mzidkedliani Senobebis regulirebadi saZirkvlebis 

konstruqciul-teqnologiuri  gadawyveta

msxilaZe n.g., fifia l.i. 

saqarTvelos teqnikuri universiteti 

adreul  periodSi mSeneblobisaTvis gankuTvnili nakveTis SerCevisas 
xuroTmoZRvrebi yovelTvis iTvaliswinebdnen nagebobis qveS gruntis wylebis 
arsebobas da saZirkvlebs aTavsebdnen mis zeda niSnulebze.  

qalaqis pirobebSi Senobebi erTmaneTTan mijriTaa nagebi, agebis  
periodebic sxvadasxvaa. amJamad intensiurad mimdinareobs erT-or sarTulian 
ganaSenianebaSi rekonstruqcia-ganaxlebis procesebi. maTSi mravalsar-
Tuliani Senobebis Cadgmam, Secvala arsebuli ganaSenianebis saeqspluatacio 
pirobebi. mravalma Senobam saqarTvelos mTel rig qalaqebsa da dasaxlebul 
punqtebSi dakarga mdgradoba, nawili avariul mdgomareobaSia da gamagrebiT 
samuSaoebs saWiroebs, maTi rekonstruqciisas ki saWiroa saZirkvlebis gaZ-
lierebis meTodebis SerCeva. amocanas arTulebs isic rom, aRdgena-gaZlie-
reba unda ganxorcieldes 8 baliani seismur Zalvebze gaTvlebiT [1]. 

Senobis konstruqciebis dazianebebisa da deformaciis ZiriTad mizezad 
SeiZleba CaiTvalos: nagebobis siZvele, misi amgeb konstruqciaTa masalis 
cveTiT, agreTve garkveul garemoebaTa faqtorebi romelTa zemoqmedebis Se-
degad fuZesaZirkvlebma ganicades araTanabari jdenebi fuZe-gruntis (ad-
reul xanebSi) intensiuri gawylianebis gamo [2]. 

umetes SemTxvevaSi Senobebi saWiroebs saZirkvlis gaZlierebas, rac 
ZiriTadad mimdinareobs gobiseburi filis mowyobiT (Senobis Siga sivrceSi), 
ximinjovani dasaZirkvlebiT. 

ganvixiloT regulirebadi saZirkveli rkinabetonis satyelis gaZliere-
biT eqspluataciaSi myofi Senoba moqnili konstruqciuli sqemiT. 

moqnili konstruqciebis SenobebSi miRebulia saZirkvlis monoliTuri 
sartyelis  gamoyeneba (zeda da qveda sartyeli), romelic uzrunvelyofs Se-
nobis da saZirkvlis sivrcis konstruqciul simtkices, domkratis saSua-

lebiT  miiRos da gaanawilos  gaZliereba [3,4]. 
mocemuli tipis konstruqciebis SerCevisas teqnologiuri Tanmimdev-

roba iTvaliswineba Senobis  zeda nawilis  gamoyofas sartyelebs Soris. Tu 
Senobis miwis¬zeda nawili aqvs moqnili konstruqciuli sqema, xolo 
saZirkveli aris fila, maSin qveda sartylis gamanawilebeli ar miiReba, xo-
lo zeda gamyofi formurildeba konstruqciis horizontaluri gadakveTaze. 
gamanawilebeli sartyelis kveTi da armaturis diametri ganisazRvreba gaan-
gariSebis Sedegad. 

kveTis konstruqciuli minimaluri simaRle monakveTze unda iqnas mi-
Rebuli, aranakleb 350 mm, xolo sartylis sigane miiRo aranakleb 500 mm. 
rkinabetonis qveda  sartyelis mcire kveTis adgilebis cvlad ganyofilebaSi 
Seiqmna domkratis xvrelebi. sartyelis mowyobis dros proeqtiT saWiroa 
gaviTvaliswinoT izolacia maT Soris rom aviciloT adgeziis Zalebi  sart-
yelebs Soris Senobis awevis da gasworebis dros. saWiroebis SemTxvevaSi dom-
kratis xvrelebSi ewyoba gamanawilebeli elementebi (mag. Stampi). domkratis 
xvrelebis eqspluataciamde droebiT iwyoba aguris wyoba.  im SemTxvevaSi Tu 
eqsplutaciis dros Senoba iRebs  tol an aRemateba zRvrul gadaxrebs, maSin 
aguris wyoba iSleba da xvrelebSi amoqmeddeba domkratis sistemebi.  samuSaos 
dasrulebis Semdeg domkratis xvrelebi dabetondeba, gamyofi xazis gaswvriv 
ewyoba saizolacio fena da moxdeba aguris wyobis aRdgena. 
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  xisti konstruqciuli Senoba-is regulirebadi saZirkveli 
1 _ saZirkveli; 2 _ cvalebadi kveTis rkinabetonis monoliTuri sartyeli; 
3 _ saZirkvlis paneli; 4 _ domkratis xvreli; 5 _ gamanawilebeli elementi; 

6 _ domkratis xvreli 

amrigad, eqspluataciaSi myofi mzidkedliani Senobebis, regulirebadi 
saZirkvlebis teqnologiuri gaangariSebis sistemis damuSaveba iZleva 
SenobebisaTvis regulirebadi saZirkvlebis gamoyenebis saSualebas rogorc 
xisti aseve moqnili kontruqciuli sqemiT. damuSavebuli teqnologia iZleva  
samuSaoebis Catarebis saSualebas Senobidan  xalxis gasaxlebis gareSe. 
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SUMMARY 

TECHNOLOGICAL SOLUTION TO ADJUSTABLE FOUNDATIONS OF  
STRUCTURAL REINFORCED CONCRETE BUILDINGS WITH LOAD-BEARING WALLS 

Mskhiladze N.G. and Fifia L.I. 

Georgian Technical University 

A system of technological calculation of adjustable foundations for existing reinforced concrete buildings with 

load-bearing walls has been elaborated, which allows the use of adjustable foundations for buildings by rigid as 

well as flexible structural design. The elaborated calculations ensure the integrity of the structures and the 

invariability of the internal geometry of buildings both when carrying out works on the installation of adjustable 

foundations and the alignment of buildings. The developed technology allows to carry out works without 

resettling residents. 

Keywords: adjustable foundation, flexible construction Scheme, monolithic belt. 
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INFLUENCE OF SUBGRADE REACTION  ON STRESSED-DEFORMED 

CONDITION OF BUILDING 

Shalitauri G.A 

Georgian Technical University 

Abstract. In this work the model of building and ground (base) interaction on the static influence is discussed 

and their joint operation determines the stressed deformed condition of the construction. Calculation is 

conducted by using the computer program complex (LIRA SAPR 2021), which is based on finite element 

method. Calculation is performed  by changing the building rigidity (thickness of fundament tile is changed), one 

also uses different methods of calculating on flexible base. One has done analysis of obtained results. 

Keywords: subgrade reaction, stressed-deformed condition of the building. 

Introduction 

Ground variety has an important influence over the stressed-deformed condition of the 

building. Correctly determined ground properties and then correctly described data in the projecting 

would give us the opportunity to make the building more profitable along with reliability. Developing 

the modern program complexes gives opportunity to make the joint operation of provided ground and 

buildings (construction) as close as possible. By means of computer calculating program, selected by 

us, it’s possible to study the joint operation of building and ground. This work discusses calculation 

results of really constructible 11 storied building on the clay ground.  

Modeling 

Calculation by linearly deformed semi-space method  

In computing program LIRASAPR 2021, used as the research tool, base modeling happens by 

using the subgrade reaction, which are calculated by three methods [1,2]. 

The first method: according to the first method subgrade coefficient is calculated according to 

the Poisson’s ratio and flexibility modulus of average importance. 

Subgrade reaction is calculated with the following formula: 

1 2(1 2 )

zp

C zp

E
C

H m



(1) 

The second method: subgrade reaction is calculated by this method by using the Winkler 

foundation: 

1

q
C

S


 
(2) 

where 
2

P
q

b
 is the average pressure on the foundation bottom. b – minimal size of the foundation; 

 - ratio between the maximal side of the foundation and the minimal one; S – foundation closure; 

The third method: for determining the subgrade reaction in the third method one uses 

formula of the first method (1). Difference among these methods is that for determining the modulus 

of the average deformation of ground the coefficient correcting the modulus of the average 

deformation of ground is used. This coefficient is changed 1 1u   from the benchmark of the 

foundation bottom 1 12u   up to CH limit of the active zone (before finishing the compressed zone). 

2

2

11
1

C

z
u

H
   (3) 

2C  - Subgrade reaction for all three methods is calculated by one common formula: 
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(4) 
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Determining the subgrade reaction in the used computer program is possible by two versions, 

averaged and ground modeling. In both versions one can determine the subgrade reaction by above-

mentioned three methods. We would use ground model version, as it exactly describes joint operation 

of construction and base and the subgrade reaction is not averaged on the whole space. Calculation 

was conducted according to the norms of СНиП2.02.01-83*,SP50-101-2004,SP22.13330.2011. 

Difference among the results obtained according to these three norms is insignificant. Regarding the 

above-mentioned methods, results obtained from them are different from each other (see the schedule 

1). Building rigidity has the influence on the account results. Influence of the building construction on 

the account is foreseen and modeled by changing the thickness of base tile (see the schedule 1). [3,4]. 

Calculation 

Calculating subgrade reaction obtained by the ground model 

a)          b) 

a) Calculation model of the building; b) Type of deformed building

Schedule 1. Results of theoretical calculation 
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Method 1 

60 -58.7 87.4 75.3 -502 -530 -21.8 26.9 -39.4 -235 

80 -63 87.2 74 433 -465 -21.9 23 -31 -226 

100 65 86.2 73.3 382 -404 -22.7 19 -25 -219 

Method 2 

60 -38.7 93 65.2 439 -541 -44.8 34 -30.5 -216 

80 -40.8 106 71.1 -416 -499 -44.6 32.5 -23 -214 

100 -41.8 116 75.2 -366 -458 -46.3 -29.6 19 213 

Method 3 

60 -25 59 47.3 -199 221 -21.8 -19.5 -35 -232 

80 -26 62.6 47.9 -193 209 -21.9 -17.4 -28.8 -225 

100 -27.2 62.9 51.4 -183 197 -22.5 -15.4 -23.8 -220 

Conclusion 

In the case of three methods increasing the building rigidity (thickness of building tile) may 

increase the closures, and flexible moments and transverse forces are different in the base tile and 

columns. In the case of the first method increasing the thickness of vase tile may reduce the flexible 

moments and cutting forces, in the base as well in columns. In the case of the second and third 

methods flexible moments in the base tile are increasing, and transverse forces are reduced. And in the 
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case of columns cutting forces, as well as flexible moments are reduced, and meanings of longitudinal 

forces in the columns in three methods are reduced when increasing the thickness of base tile. 

As calculation shows, meanings of subgrade reaction, calculated by different methods, are 

different from each other within approximately 30-50%. 

With the purpose of increasing the reliability of calculated results in future one considers 

comparing the theoretical importance of deformed building with the importance of really constructible 

building.  
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reziume 

sagebis koeficientebis  gavlena Senobis daZabul deformirebul mdgomareobaze 

Salitauri g.a. 
saqarTvelos teqnikuri universiteti 
naSromSi ganxilulia statikur zemoqmedebaze nagebobis da gruntis (fuZis) urTier-
Tqmedebis modeli da maTi erToblivi muSaobiT gansazRrulia konstruqciis daZa-
bul deformirebuli mdgomareoba. gaangariSeba Catarebulia kompiuteruli programu-
li kompleqsis `LIRA SAPR 2021~-is gamoyenebiT,romelic efuZneba  sasrul elementTa 
meTods. gaangariSeba Catarebulia Senobis sixistis cvalebadobiT (icvleba saZirkv-
lis filis sisqe), gamoyenebulia aseve drekad fuZeze gaangariSebis sxvadasxva me-
Todebi. Catarebulia miRebuli Sedegebis  analizi. 
sakvanZo sityvebi: sagebis koeficientebi, Senobis daZabul-deformirebuli mdgoma-
reoba. 
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FAIR SHARED GENDER-RESPONSIVE AND INCLUSIVE DESIGN OF GREEN SPACE 

(BEST PRACTICE- TBILISI, GEORGIA) 

Bejashvili E.W. 

Georgian Technical University 

Abstract. Historically, urban planners have created environments that are mainly suited to the needs of men and 

public spaces have been designed without understanding of women’s needs. As a result, the gender-specific 

needs of women and young girls remain unanswered in urban development. While cities are growing up with the 

rapid industrial, technological and economic development, urban planning and design experience inequalities 

and exclusions. The lack of gender-sensitive urban planning have resulted in a public spaces with less mobility 

and with different barriers for the presence of women. As a response to the exclusion of women and young girls 

from planned environments, the gender mainstreaming in urban design have been emerged that showed the way 

how cities might differ if they were designed equally for men and women. After practising the integration of 

gendered perspectives within urban planning for 30 years, European city Vienna’s  experience reveals practical 

approaches, activities, and design guidelines that show how to carry out participatory and inclusive design 

process that explores the experiences and needs from the perspective of all citizens. Case study of Tbilisi’s urban 

district Avchala, were successful gender-inclusive project was developed within the technical and financial 

assistance of international experts and ADB (Asian Development Bank), shows how simple design measures can 

dramatically increase access to the public realm, promote safety and ensure visibility and participation for all 

gender groups and disabled persons.The Avchala Gender Park Project also show how proper planning with a 

gender perspective can ensure participation of underrepresented voices; how representation of all the users and 

interested parties can yield innovative designs that serve everyone, not just women. 

Keywords: urban planning, urban design, inclusive design, green and recreation space, gender mainstreaming, 

gender responsive planning, community involvement, public participation 

Cities have historically been planned and designed by men and as a result, they work better for 

men than they do for women. This male-dominated thinking was evident in most large European cities 

after the Second World War. The men architects and planners all over the world designed and planned 

urban spaces from their perspective that was highlighted in urban settings mainly developed for 

general purposes, whereas social, mental or physical patterns of many groups were left behind.  

Today, there are many discussions how different gender groups perceive space and how 

gender matters in urban settings. Men and women and people of different abilities use the public space 

in different ways; people all have different needs and routines when it comes to the access of the urban 

areas of the city. However, most cities are built for the male user and the needs, interests, habits of 

women and girls are often neglected. 

Urban planners on the international platform start to pay attention on some issues regarding 

the built environment that reflect gender inequity within the constraints, inconvenience, barriers and 

that women and younger girls deal with usage of services and spaces in the public realm. They try to 

set on the main principles and vectors that provide safe mobility, facilities and public spaces that are 

fully accessible and designed for needs of women.  

The most important achievement in gender mainstreaming may be a growing awareness of the 

need and willingness to promote gender equality. Some countries set up gender equality policy 

machineries, equality policies are developed and implemented and growing attention is paid to specific 

women’s issues. (Proceedings of the Council of Europe's International Seminar on "Promoting 

equality: a common issue for men and women", Council of Europe, 1997) 

Although many international institutions and other human rights organizations are firmly 

committed to tackle gender equality, urban planners, architects and practitioners lack awareness of the 

importance of prioritizing gender in the urban design process; they don’t have the specific ground 

knowledge and do not possess tools to effectively implement gender-inclusive strategies. 

In order to address this problem, various projects were initiated to generate handful practices 

and methods for gender inclusive urban design which embrace the women and young girl needs and 

wants. This article seeks to show the process that was between policy and practice, intention and 

action, by showing why and how to incorporate gender specific issues into urban planning and design. 

Case studies of successful gender-inclusive projects from around the world show how simple 

design measures can dramatically increase assistance and wellbeing for disadvantaged groups and 
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gender minorities; they show how smartly planned urban environments with increased visibility and 

participation for disadvantaged groups can promote safety and access to the public realm; how proper 

planning with a gender oriented vision can ensure better representation and innovative designs that 

serve everyone man and women without neglecting any user group. 

Gender-sensitive planning is a relatively new planning culture that refers to a site- and group-

specific approach. Gender-, age- and group-specific interests are thoroughly examined and applied to 

each new planning task and process. The goal of this method is to meet demands for space by 

individual groups via creating flexible and adaptable spaces and generate new capacities of space 

conception by inhabitants. The gender-sensitive planning is also associated with equitable distribution 

of space. Urban planning vision from a gender-sensitive perspective embodies a planning culture 

provisioned by everyday needs of the targeted audiences and cultivates better awareness of everyday 

needs of women and men in relation to living cultural and social backgrounds. (Gender mainstreaming 

Conceptual framework, methodology and presentation of good practices. Council of Europe, 2004) 

The project of developing the standard handbook for the gender inclusive park and green space 

design had been generated within the collaboration of Asian Development Bank, Tbilisi Municipal 

Service of Environmental Protection (Department of Green Space and Landscape Development), 

Austrian capital Vienna Municipality, Austrian and International Experts in Urban Planning and Gender 

Issues. Practical approaches and design guidelines had been defined by the support of international 

experts and specialists that cover the issues of how to implement a participatory and inclusive design 

process that explores the experiences and uses of the city from the perspective of all citizen: women, 

men, and various minorities. It also gives clear, specific design guidelines, appropriate for and adaptable 

to all regions, for a range of planning fields, including housing, public transport and mobility 

infrastructure, other infrastructure services, and city master plans. 

The City of Vienna is a pioneer in this way as it has been already in the process of addressing 

the issue of gender-sensitive planning for more than three decades. The 1991 exhibition “Wem gehört 

der öffentliche Raum – Frauenalltag in der Stadt“(Who Owns Public Space – Women’s Everyday Life 

in the City) for the first time explicitly demanded a specific planning approach. (“Wem gehört der 

öffentliche Raum – Frauenalltag in der Stadt“Eva Kail Böhlau,Wien 1991). 

The Women’s Office of the City of Vienna was set up in 1992 with one thematic focus on 

planning aspects. With the creation of the Co-ordination Office for Planning and Construction Geared 

to the Requirements of Daily Life and the Specific Needs of Women of the Executive Group for 

Construction and Technology in 1998, by taking special account of the interests of girls and women in 

planning City of Vienna (Executive Group for Construction and Technology Competence Center, 

Overall Urban Planning, Smart City Strategy, Participation, Gender Planning, City Hall , Vienna, 

Austria), the Co-ordination Office in 2001 took over the central task of evolving and establishing the 

novel strategy of gender mainstreaming in this field. (Gender Mainstreaming In local authorities best 

practices and case studies”, United Nations Human Settlements Programme (UN-HABITAT), 2008)). 

As a result of many successful pilot processes and projects, gender mainstreaming today is 

well established as a central strategic discipline of urban planning in Vienna. In recent years, the City 

of Vienna has developed several methods to assess and evaluate public space with regard to its 

qualities for different target groups. These surveys have ranged from analyses at district level to 

concrete projects. The methods developed and successfully implemented so far help to widen 

possibilities of use of public space, but also look at target group-specific requirements. These 

achievements provide an important decision-making platform for project managers and politicians, 

e.g. in setting priorities for processes prior to actual project implementation. It was implemented in the 

Strategy Plan for Vienna, the Urban Development Plan and sectoral programmes, master plans and 

urban design concepts as well as in numerous individual projects (Gendered Approaches to Spatial 

Development in Europe: Perspectives, Similarities, Differences, edited by Barbara Zibell, Doris 

Damyanovic and Ulrike Sturm, Vienna, 2019). 

The implementation of gender mainstreaming is based on the European approach to the equality 

and equal opportunities for women and men in all activities and areas of life. “Gender” refers to a 

person’s social category rather than just the biological difference between women and men and also 

includes the respective person’s upbringing according to gender roles, social expectations and 

(behavioural) norms for women/girls and men/boys. These norms are mutable and vary both within and 

between cultures. Mainstreaming means that the strategy wants to be an integral part of all political and 
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planning decisions. Respect for the everyday life of women and men, of younger and older persons is the 

foundation of a gender-sensitive planning culture. Groups that tend to be underrepresented in urban 

planning processes are to be increasingly supported in their everyday lives. (European Commission 

EQUAL Guide on Gender Mainstreaming, Employment & European Social Affairs, EU 2004) 

Public open and green spaces are fundamentally important and frequently visited by children 

on their own, who often accompany younger siblings. This matter of things is often characterised by 

an amplification of gender-specific differences and behaviour patterns influenced by role stereotypes, 

which also finds expression in preferences for different systems of play and movement. The design of 

public spaces and buildings and their open/green spaces should relevantly enable gender-sensitive 

space appropriation. Mobility behaviour and social patterns are in many cases linked to rules imposed 

by parents: many girls are allowed to move and interact freely only at an older age, for shorter periods 

and less frequently than boys. The social and/or ethnic background often exerts an influence on 

gender-specific differences as well. Public parks and squares as well as social institutions in the 

neighbourhood are important meeting-points and places of communication. The presence of teenagers 

in public space is very strongly influenced by sex, ethnic and social backgrounds. Boys often 

experience more activities and use playground areas than girls; parents are more concerned about girls 

being harassed or assaulted in public space. Unsafe and uncomfortable situations in public space or the 

occasional lack of open spaces that can be used by girls may lead to this subgroup withdrawing from 

public space. This results in diversified necessities and specific requirements regarding open spaces 

and the urban planning at all. (Gender Mainstreaming: Productive Tensions in Theory and Practice. 

Social Politics: International Studies in Gender, State and Society, Walby, S. 2005.) 

Thus it is important to formulate principal gender-relevant strategic objectives of urban 

planning and urban development that address different life phases and realities for both gender groups. 

A balance between the interests of many groups must be inquired when distributing the space and 

allocating the funds needed for associated investments. The capability of people of both genders, 

disabled or other social groups to move freely and comfortably through a neighbourhood at any time 

of the day is directly amplifies quality of living. Sufficient illumination, non-existence of anxiety 

zones, clear-cut signage, and relevant playgrounds can contribute essentially to safety and security of 

the urban space and living itself. Equitable participation and involvement of all groups in development 

and decision-making processes is the objective of gender-sensitive planning to enable all groups to 

participate in decision-making and to ensure equality of scenarios in planning processes.  

Eva Kail, one of the world’s leading experts in gender mainstreaming, who was previously the 

head of Vienna’s first women’s office ‘’Frauenburo’’, was the initiator of the observation process that  

documented a day actions and movements  in the lives of women and girls in Vienna. This process 

turned to a concrete change from the state of things where only men were defining the new structure of 

the city to a specific projects lead by women urban planners and architects. The gender was taken into 

account and result was better urban environment of the city. Her argument was that in order to get a 

fairer society as a public administration, to offer good service for the people, to have better quality of 

life – you have to take care of gender equality.( City with a female face: how modern Vienna was 

shaped by women. The Guardian, May 2019) 

To make the open public spaces more appealing to girls, designers and planners created 

gender-segregated spaces with volleyball and badminton courts for the girls, open and private areas 

with benches that encouraged socializing. So that usage of these public spaces by girls increased. As a 

part of “gender mainstreaming” public policy, more than 60 urban planning and design pilot projects 

has been developed with a strong requirement to strategic plans and initiatives of explicit inclusion of 

needs, concerns, and experiences of women. (Bloomberg, How to Design a City for Women, A 

fascinating experiment in "gender mainstreaming." , by Clare Foran, September 2013, Behavioural 

Scientist, How Better Urban Planning Can Improve Gender Equality By Jennifer Gardner and Larissa 

Begault, April, 2019) 

Vienna’s municipality has produced a whole document dedicated to gender mainstreaming in 

urban planning and development entitled “Manual for Gender Mainstreaming in Urban Planning and 

Urban Development”. It is intended to be a tool for quality assurance by planners. The guidance 

contains prompts and objectives, as well as practical case study examples to illustrate how gender 

mainstreaming has practically been achieved in projects. This manual is an undividable part of the 
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city’s development plan. (Gendered Approaches to Spatial Development in Europe: Perspectives, 

Similarities, Differences, Barbara Zibell, Doris Damyanovic and Ulrike Sturm, Vienna, 2019). 

In 2017, Tbilisi Municipality created the department responsible for development of parks and 

green spaces with commitment to rehabilitate large urban parks, neighbourhood green public spaces 

and develop new ones. The main objective of which was integration modern design practices and high 

quality standards in order to upgrade existing public environments for better usage by city dwellers. 

The Municipal Service of Green and landscape planning Department of Tbilisi, represented by a group 

of urban planners, designers and managers, with ADB sponsorship and technical support, were given 

an opportunity to visit city of Vienna and be hosted by the gender planning experts and municipal 

authorities. The local experts gave a deep explanation of gendered nature of urban space and 

governance, within the concept of a fair-shared city. During site visits the group was shown Parks that 

have been redesigned to provide better access for women and girls, provision of shared space for 

different park users including women, children, migrants, the elderly and the homeless, residential 

areas with improved safety features, housing designed by woman architects that provides comfortable 

space for mothers and encourages community support networks. With an essential support of Asian 

Development Bank (ADB) the department generated standard guide for green space development 

which was introduced as a public space design guidance incorporating modern park planning 

standards, methods and mainstreams. 

ADB has worked for several years with Tbilisi City administration to support urban planning 

resulting in program of capacity building activities for integrating gender and citizens’ perspectives 

into urban planning and design. After the visits of Vienna City Hall experts in Tbilisi and Tbilisi City 

Hall representatives in Vienna for developing mainstreaming gender and citizens’ participation 

program into urban residential areas and green spaces planning in Tbilisi two teams of Tbilisi City 

Hall–urban planning division and environment and parks division–drafted two sets of guidelines 

respectively by December 2019:  Fair Shared City: Guidelines for Socially Inclusive and Gender-

Responsive Residential Developments; and  Fair Shared Green and Recreational Spaces: Guidelines 

for Gender-Responsive and Inclusive Design.(Pict. 1 The Fair Shared Green and Recreational Spaces: 

Guidelines for Gender-Sensitive and Inclusive Design) 

 

                                                
Pict. 1 -Cover. The Fair Shared Green and Recreational Spaces: Guidelines for Gender-Sensitive and 

Inclusive Design, Tbilisi Municipality, ADB, 2021 

 

Tbilisi City Hall requested ADB for further support to pilot the Fair Shared Green and 

Recreational Spaces: Guidelines for Gender Responsive and Inclusive Design in the design of a new 

recreational area for the city, during which tools to encourage meaningful participation of end users 

would be developed and tested.  Tbilisi City Hall also requested assistance to integrate gender into 

quality of life surveys to improve planning, and to finalize and disseminate the two sets of guidelines.  

The senior representatives from City Hall had identified an area for the pilot development of a 

neighbourhood green park. The staff from the City Hall carried out a drone survey of the area to 

collect physical information, and the two national community-planning specialists collected data on 

the population and services.  The international urban participatory planning specialist held meetings 

with the national community planning group and other data processing specialists to prepare the tools 

and guidelines for the participatory activities.  The participatory toolkit was developed that covered all 
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aspects of participation throughout the urban project cycle including information dissemination, 

participation in spatial planning and design, identification of negatively affected social groups and 

ensuring that benefits are shared equally across all social group. 

The Avchala Park’s history is dated back in Soviet times 60s-70s of 20th century.  The Local 

Community Avchala District’s “Cognac Settlement” is featured with diverse neighbourhood with 

multicultural community. The local community is mainly presented by Georgians, Armenians, Curds, 

Russians, etc. The low-income and medium class families comply most of the social groups of the 

local neighbourhood. 

The urban participatory planning specialist David Callas travelled to Tbilisi to help complete 

the participatory activities. Prior to his arrival, national consultants had undertaken door-to-door 

interviews of 245 respondents (160 female and 85 male), and carried out a walk-through activity with 

separate groups of women and girls to collect deeper knowledge about the inhabitants around the park 

area. In the final step, residents and others were invited to a one day open-air workshop in the park and 

invited to re-imagine what a developed park would look like. (Pict.2 Workshop in Avchala Park) 

 

                                          
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Pict. 2. Workshop in Avchala Park, Tbilisi, 2020); photo: Nana Adeishvili 

 

Each group of participants, the majority of whom were women, children and teenagers, 

produced design boards and these were consolidated into an Action Plan around the topics of space 

and infrastructure organization issues; Gender sensitive findings were arranged that were integrated 

into the final report.  

      

  
Pict. 3. Workshop in Avchala Park, Tbilisi, 2020); photo: David Calas 
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The urban participatory planning specialist’s final report with the participatory guidelines and 

detailing the process and findings of the participatory work in Tbilisi was submitted based on which, 

the Landscape Architect developed the initial concept and produced a set of drawings and renders of 

the proposed design. (Pict. 4 Situational Plan, Zoning) 

The project conceptual plan was comprised of several priority goals that are accompanied by a 

specific vision of the park to enhance the quality of life in Avchala District by providing attractive, 

safe and well-maintained park with diverse recreational opportunities to serve and enrich the local 

community. The project team aimed to achieve physical environment that will suit to the needs of the 

locals with the emphasis on gender equality. 

The objective of this design/redesign project was to ensure that Avchala Park was planned 

from a gender-sensitive perspective that drew on local women/ girls specific safety needs and desires. 

Equal opportunity would have been introduced new models of behaviour in space that seek to avoid 

the reinforcement of “gender stereotypes” and to develop spatial options for people of differing 

lifestyles, social background, abilities and resources. 

Pict. 4. Situational Plan, Zoning ,designed by George Gugunava 

Designer used the gender mainstreaming approach that refers to the integration of gender 

perspective into the design process, with a view to promote equality in usage of the space between 

women and men. The profound research made by ADB consultants that was based on meaningful 

participation of the local representatives and city officials gathered public feedback building consensus 

for the plan’s vision and recommendations. The team members also conducted numerous 

reconnaissance trips within the study area. These findings were supplemented by observational data 

that uncovered various user experience information. The study of the conducted research helped 

designer to get more detailed understanding of neighbourhood views and priorities. It aimed to 

improve on what’s currently working, and incorporate community insights to create a welcoming, 

diverse and inclusive space for all. 

The Master Plan was developed based on the research made that reflected community goals 

and needs. The master plan and zoning were derived from the main principles: improving access and 

connections to the spaces, enhancing functional patterns of each zone and usage experiences, creating 

attractive, safe and convenient areas to increase park awareness and involvement (Pict. 5 Master Plan 

Render). 

The Master plan ensures that capital improvement of the projecting site is consistent with the 

community goals and needs that are expressed in the research.  The plan is derived from the main 

principles: improving access and connections to the spaces, enhancing functional patterns of each zone 

and usage experiences, creating attractive, safe and convenient areas to increase park awareness and 

involvement. The Master Plan envisions preservation of local environment with trees and green malls 

for recreation. Three entrances (East, West and South) increase accessibility to the Park. The bike lane 

is presented on the perimeter of the site as well as on the diagonal axes.  
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Pict. 5. Master Plan Render, Designed by George Gugunava 

Comfortable and well-connected walking paths shared with bike lanes are designed to ensure 

good connections and accessibility to all zones and encourage socialization of people with different 

abilities. The system of the paths provide accessibility to all zones at the same time separates each 

zone for different user groups. Each space are gender sensitive and adapted for people with 

disabilities. The size and layout of planning lot provides prominent location of access points and 

entryways, adequate space for various recreation, passive and active zones.  

The project introduced gender-segregated spaces by designing football/basketball stadium for 

men/boys and volleyball/badminton court for women/girls. An open dance space for young teenage girls 

also was introduced in order to maintain balance of behavioural practice for both gender groups by 

providing more room for recreation and entertainment. By developing spaces for girls the project aimed 

to create opportunities for new behaviours to embrace the visibility of women in Park. Several areas that 

will serve as calm zones for relaxation, active zones for sport activities and training, areas for reading, 

sunbathing, special zone for dog lovers, inclusive children’s playgrounds were also introduced; the 

designer emphasized on safety and flexibility of Park site; sufficient lighting throughout the territory and 

on park trails, a clear spatial layout of the whole park and each zone was maintained. (Pict.6 Avchala 

Park Render) 

Pict. 6. Avchala Park Render, Designed by G.Gugunava 
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The future development of other parks in Tbilisi will provide further opportunities to use the 

guidelines and toolkits. The participatory process that took place in Avchala Park was used as a Case 

Study in a chapter on Gender Responsive and Inclusive Urban Planning in the forthcoming ADB 

book, Creating Livable Asian Cities (Creating Livable Asian Cities, ADB, 2021). The City Hall of 

Tbilisi officials announced that work was now proceeding to draw up the detailed plans for the 

development of Avchala Park and implementation is planned in the upcoming years. 

Pict.7. Avchala Park Render, Designed by G.Gugunava 

These actions in practice resulted in the change of the planning approach on the municipal 

level by integrating tools and methods for gender responsive and inclusive design. The City Hall 

officials with local community representatives and neighbourhood activists of Tbilisi established 

strong collaboration platform that lead to participation capacity building workshops/trainings. The use 

of participatory planning processes and applied inclusive design methods and tools raised the 

awareness and increased knowledge of gender responsive and inclusive urban planning practises.  
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reziume 

samarTlianad gadanawilebuli sarekreacio sivrce _ genderuli Tanasworobis 

principebze orientirebuli dagegmareba da inkluziuri dizaini (saukeTeso 

praqtika-Tbilisi, saqarTvelo)

beJaSvili e.v. 
saqarTvelos teqnikuri universiteti E 
istoriulad, qalaqmgegmareblebi qmnidnen garemos, romelic ZiriTadad akmayofi-
lebda mamakacebis moTxovnilebebs, xolo sajaro sivrceebi proeqtirdeboda qalebis 
saWiroebebis gareSe. Sedegad, urbanuli dagegmarebis procesSi ugulebelyofili iyo 
qalebisa da axalgazrda gogonebis saWiroebebi. miuxedavad imisa, rom qalaqebi swra-
fad viTardebian da saxezea industriuli, teqnologiuri da ekonomikuri miRwevebi, 
urbanuli dagegmareba da dizaini xSirad xasiaTdeba uTanasworobiT da gariyulo-
biT sivrceebis gamoyenebisa da moxmarebis kuTxiT. genderulad mgrZnobiare urbanu-
li dagegmarebis naklebobam ganapiroba is, rom sajaro sivrceebi gaxda naklebad 
mimzidveli qalebisTvis da sxvadasxva socialuri jgufebisaTvis. qalebisa da axal-
gazrda gogonebis dagegmarebuli garemodan gamoricxvis sapasuxod, urbanul dizain-
Si gaCnda „genderuli meinstrimi“, romelmic aCvena, Tu rogor SeiZleba gansx-
vavdebodes qalaqebi arsebuli fizikuri samyarosgan, Tu isini Tanabrad iqneba dap-
roeqtebuli, rogorc mamakacebisTvis, ise qalebisTvis. urbanul dagegmarebaSi gende-
ruli aspeqtebis integraciis 30 wliani gamocdilebis Semdeg, evropuli qalaqis 
venis magaliTi gvaswavlis praqtikul midgomebs, aqtivobebs da gvaZlevs  saxelmZRva-
nelo miTiTebebs, romlebic gviCveneben, Tu rogor unda warimarTos monawileobiTi 
da inkluziuri dizainis procesi, romelic Tanabrad Seiswavlis yvela momxmareblis 
_ mamakacebisa da qalebis, biWebis da gogoebis-gamocdilebas da saWiroebebs, Tbi-
lisSi, avWalis raionSi genderuli da inkluziuri dizainis perspeqtiviT ganxorcie-
lebuli proeqtis SemTxvevis Seswavla, romelic SemuSavda saerTaSoriso eqsperte-
bisa da ADB-is (aziis ganviTarebis bankis) teqnikuri da finansuri mxardaWeriT, aCve-
nebs, Tu rogor SeuZlia proeqtirebis martivma saSualebebma mniSvnelovnad gazar-
dos sajaro sivrceSi wvdoma, gaaumjobesos usafrTxoeba, uzrunvelyos xilvadoba 
da monawileoba yvela genderuli da socialuri jgufisTvis. avWalis genderuli 
parkis proeqti kargi magaliTia imisa, Tu rogor SeuZlia genderuli perspeqtiviT 
karg dagegmarebas uzrunvelyos yvela dainteresebuli mxaris CarTva,  yvela momxma-
reblisa warmomadgenloba, rac Tavis mxriv xels uwyobs  inovaciur dizains, rome-
lic sargebels moutans yvelas da ara mxolod qalebs. 
sakvanZo sityvebi: urbanuli dagegmareba, urbanuli dizaini, inkluziuri dizaini, 
mwvane da rekreaciuli zonebi, genderuli meinstrimi, genderulad reagirebadi 
dagegmva, sazogadoebis monawileoba.  
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axali miRwevebi sainJinro fizikaSi damiznebiT TermoTerapiis 

mowyobilobebiT kancerogenuli metastazebis mkurnalobis  dros 

 

gavaSeliSvili g.a 
 

saqarTvelos teqnikuri universiteti 
 
mravali wlis ganmavlobaSi izrdeboda interesi eleqtromagnoturi 

talRebis gamoyenebaze rogorc mrewvelobaSi aseve samecniero kvlevebis 
kuTxiTac. erT-erTi saintereso da metad sapasuxismgeblo mimarTuleba rogo-
ric aris medicina saWiros xdis ganaviTaros teqnologiebi da mowyobilo-
bebi romlebic iyeneben eleqtromagnitur talRebs janmrTelobis mdgoma-
reobis, drois xanmokle vadaSi diagnostikisa da mkurnalobisTvis.  

avTvisebiani simsivne es aris daavadeba romelic gavrcelebulia 
msoflios daaxloebiT 30% mosaxleze. Sedegad, daaxloebiT naxevari mTavr-
deba sikvdiliT. mkurnalobis sirTuleebi dRemde dauZleveli da rTulad 
gadasalaxia.  

meoce saukunis adreul etapze pirvelad naxes rogor Semcirda 
avTvisebiani simsivnis zoma Zlieri cxelebis dros, ris Sedegadac daiwyes 
baqteriuli toqsinebis ineqciebi qsovilSi maRali temperaturi gamosawvevad.  

1960 wlidan safuZvlianad iqna dadasturebuli, rom avTvisebiani sim-
sivneebis mkurnalobis procesebSi gamoyenebuliyo maRali temperatura, rome-
lic TavisTavad SemdgomSi mecnierebis sferod ganviTarda. Tumca dRemde 
sirTules warmoadgens avTvisebian qsovilSi, siRrmeze temperaturis momateba 
da misi garkveuli drois ganmavlobaSi stabilur maCveneblebze gaCereba 
garSemo jansaRi qsovilebis dazianebis gareSe. aRniSnuli procesebis 
gadasaWrelad sakmarisi ar iyo mxolod erTi romelime sferos specialistis 
samecniero CarTuloba, Sesabamisad sferom „hiperTermia“ gaaerTiana specia-
listebi: inJinrebi, fizikosebi, biologebi, onkologebi da qirurgebi da sxva. 
aRniSnul sferoSi fizikisa da inJineriis (sainJinro fizikis) mizania, rom 
rac SeiZleba maqsimalurad iyos gavrcelebuli maRali temperatura avTvi-
sebiani qsovilis masebSi da paralelurad daculi iqnes jansaRi qsovilebi. 
ufro metic, sainJinro fizikis gamoTvlebi viTardeboda pacientis gare 
zedapiridan siTburi dozis miwodebiT damiznebiT simsivnur qsovilebSi. 

hiperTermuli dasxivebis ganviTarebis sawyis etapze upiratesoba 
mieniWa normaluri da avTvisebiani qsovilis identificirebas. wlebis ganmav-
lobaSi Seiswavleboda rogorc mikro-, aseve makromolekuluri struqtu-
ruli agebuleba. cocxal avTvisebian ujredze damazianebeli efeqtis mitana 
unda momxdariyo sam ZiriTad komponentze: 1. ujredis membrana, 2. ujredis 
ConCxi da genetikuri nawili.  

sxva sirTuleebs warmoadgens:  avTvisebiani simsivnis arahomogenuri 
gavrceleba rogorc ZiriTadi simsivnis aseve misi regionuli da Soreuli 
metastazebis; simsivnis adreul da gvian stadiebze aRmoCena; moculoba da 
masa; sisxlmomarageba; Tanmxlebi daavadebebi, pacientis asaki, simsivnis lo-
kalizacia da a. S.  

hiperTermia gamoiyeneba avTvisebiani simsivneebis mkurnalobis procesSi 
qirurgiul, radioTerapiul da qimioTerapiul CarevasTan erTad. 

dakvirvebis Sedegebma aCvena, rom cocxali organizmis im qsovilebSi 
sadac hipoqsiaa ganviTarebuli radioTerapiis mimarT arian rezistentulebi 
[1]. 1955 wels Thomlinson-is da Gray-s cdebma aCvena Tu rogor kritikuladaa 
damokidebuli simsivnis vaskularizaciis kavSiri qsovilis oqsigenaciasa da 
SemdgomSi radioTerapiuli mkurnalobis Sedegze. 
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aqtualobidan da arsebuli dRevandeli pirobebidan gamomdinare saWi-
ro gaxda Seqmniliyo sainJinro mowyobiloba romelic uzrunvelyofda 
nanonawilakebis gaxurebas 55  ͦC-mde cocxali qsovilis siRrmeSi 8_10 sm-ze. 

Cvens mier Catarebuli samuSaoebi eZRvneba cvladi eleqtromagnituri 
talRebis sxvadasxva fizikuri sidideebis gamoyenebasa da mis mowyobilobaSi 
gadatanas, romelic xels Seuwyobs damiznebiTi hiperTermiis samkurnalo 
procesebis ganxorcielebas. upirveles yovlisa mokvleuli iqna sxvadasxva 
hiperTermiis danadgarebi, romelTa specifikaciebi detalurad iqna ganxilu-
li. sami ZiriTadi komponenti romelic hiperTermiis dros gamoiyeneba aris:      
1) nanonawilakebis nairsaxeoba; 2) TermoTerapiis mowyobilobis struqtura 
(danadgaris prototipi) da 3) magnituri velis parametrebi (talRis sixSire 
da velis sidide). 

Tavis mxriv pacientis organizmSi lokalur (fokusirebul) lokaliza-
ciaze mkurnalobisTvis temperaturam unda miaRwios +48-dan +55-mde OC-s.  
daculi unda iyos rogorc garSemo jansaRi qsovilis mdgomareoba aseve 
pacientis da personalis zogadi usafrTxoeba. 

lokalurad cvladi magnituri veliT inducirebuli hiperTermiisTvis 
sainteresoa  2 klasis masala: feromagnitebi da feritebi. magnituri movlena 
saSualebas iZleva gamoiwvios induqcia aRniSnuli masalebis kristaluri 
agebulebis safuZvelze. feritebSi magnituri momentis dros kristalSi gan-
lageba xdeba araparalelurad da Sesabamisad sididec ar aris erTgvarovani, 
xolo feromagnitebSi ki magnituri momenti paraleluria da sididec 
erTgvarovani.  

sxvadasxva formulebis analizma aCvena, rom damiznebiT hiperTermiis 
dros biologiur qsovilebSi sasurvelia gamoyenebuli iqnes dabali sixSi-
ris eleqtromagnituri talRebi (<100 kHz) romelic SemdgomSi saWiroebs 
sxvadasxva eqsperiments [2].  

cvlad magnitur velSi nawilakis qceva aris aseve gansxvavebuli misi 
zomis mixedviT. SedarebiT didi zomis nanonawilakebi SeerTebis Sedegad 
ikeTeben suberTeulebs romelic xels uSlis homogenur difuziis process 
cocxal organizmSi.  

nanonawilakis SerCevis dros gaTvaliswinebuli iqna aseve temperatu-
ris specifiuri generaciis simZlavre 1_10 diametris sxvadasxva Fe-is nano 
nawilakebSi [2]. SAR = cdT/dt sadac c aris Tbotevadoba, dT/dt _ temperaturis 
momateba drois erTeulSi. 

stabilizaciis roli nanonawilakis mimarT warmoadgens aseve mniSvne-
lovan komponents. ara stabilizirebuli nano nawilakebi 2_5 wuTSi warmoq-
mnian konglomeratebs, romlebic vibraciis dros temperaturas cocxal 
qsovilSi gadaanawileben SedarebiT aradifuzurad, xolo stabilizirebuli 
nano nawilaki mdgradia Termuli procesebis mimarT da warmatebiT gamoiye-
neba biologiuri masalis temperaturis momatebisTvis. 

sabolood adamianis organizmis mimarT bioTavsebadobisa da magnituri 
Tvisebebis gamo SerCeuli iqna 5_10 nm-is magnetitis nanonawilakis „Fe3O4“ 
mdgradi suspenzia.  

fizikis oTxi fundamenturi urTierTqmedebidan ZiriTadad gamoyene-
bulia eleqtromagnetizmi. magnetitis nanonawilakebis rxevebis Sedegis 
misaRwevad dadga saWiroeba rom sabaziso Teoriuli sawyisebidan praqtikuli 
cdebis CaTvliT Seqmniliyo cvladi magnituri velis genaratori romelic 
moicavda Tavdapirvelad maqsvelis gantolebebs rogoricaa: gausis kanoni, 
gausis kanoni magnetizmisTvis, faradeis induqciis kanoni da amperis kanoni 
maqsvelis koreqtirebiT, damatebiT aseve lorencis Zala da a.S. Termuli 
efeqtis Sedegis miReba xdeba cvlad magnitur velsa da sakuTari magnituri 
momentis mqone nanonawilakebs Soris urTierTqmedebis saSualebiT. am 
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SemTxvevaSi ZiriTadi maxasiaTebelia magnituri induqciis veqtori, romelic 
SI (System International _ saerTaSoriso sistema) sistemaSi aris tesla.  

cvladi magnituri velis parametrebis misaRebad Catarda gazomviT 
samuSaoebi romlebic eyrdniboda Teoriul safuZvlebs: 

 

∇    ,,, trB
t

E tr



       (1) 

∇    ,,,, txD
t

JExH txtr



     (2)

 ∇   ,0, trxB       (3) 

      ∇   ,,, txtrxD       (4) 

 
sadac E aris eleqtruli velis intensivobis veqtori (volti metrze); H 
magnituri velis intensivobis veqtori (amperi metrze). eleqtruli gadaadgi-
lebis veqtori (kuloni m2-ze); B magnituri induqciis veqtori (veberi m2-ze 
(tesla)); J sixSiruli simkvrivis veqtori (amperi m2-ze); ρ muxtis simkvrive mo-
culobaze (kuloni m3-ze); r _ poziciis veqtori (metrebSi); t - dro (wamSi) [4]. 

Sesabamisad muxtis konservacia gamoixateba  
 

 tr
t

J tr ,, 



       (5) 

E da B erTeulebi lorencis Zalis formulis meSveobiT moqmedeben 
muxtze:  

sin qvBF  

 
sadac F aris Zala, q muxti, v siCqare, B magnituri veli, sinθ kuTxe magnitur 
velsa da siCqares Soris. 

aseve          trBtrJtrEtrtrf ,,,,,         (6) 

aqedan gamomdinare D da H dakavSirebulia E da B-Tan ZiriTadi paramet-
rebiT, romelic TavisTavad asaxavs mediumis Semadgenlobis bunebas.   

helmholcis koWa es aris ori identuri metalis mavTulis xveula 
identuri eleqtruli sixSiriTa da xveulebis mimarTulebiT, romlebic 
ganlagebulia erTmaneTis simetriulad. xveulebs aqvT saerTo aqsisi iseTi 
ganlagebiT, rom erTi koWadan gamosxivebuli magnituri veli emTxveva da 
emateba meore kWadan gamosxivebul magnitur vels. maT Soris dacileba to-
lia xveulebis radiusisa. mocemuli wyoba rogorc Teoriulad aseve cdebis 
safuZvelze gvaCvenebs, rom maT Soris „centralurad“ SesaZlebelia moTavs-
des sacdeli masala da ganxorcieldes sxvadasxva dasxivebis saSualebebi. 
koWebis aseTi ganlagebisa da parametrebis gamoTvlebi eZRvneba germanel 
mecnier fizikoss herman helmholcs. 

 
kvlevis meTodologia 
 
kvlevebisTvis SerCeuli iqna 5_15nm Fe3O4 (15g 3% Vol), magnetitis nanon-

awilakebi. 
damiznebiTi cvladi eleqtromagnituri velis generaciisTvis Seiqmna 

sainJinro mowyobiloba, romelic Sedgeba Semdegi ZiriTadi komponentebisgan: 
2 cali helmholcis koWa romlebic erTmaneTisagan daSorebulia 110 ͦ -iani 
kuTxiT, romelTa sixSire imarTeba 10 kHz sinusoiduri impulsebis genera-
ciiT. aRniSnuli eleqtromagnituri talRis sixSire (talRis sigrZe                  
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λ= 29970.2547m≈30000 m) SerCeulia specialurad samedicino miznebisTvis misi 
wyalSi maRali ganvladobis gamo 22,506 km. es ukanaskneli daaxloebiT 50 jer 
aRemateba 500 kHz sixSiris talRebs romlebic gamoyenebulia hiperTermul 
mowyobilobebSi.  

zemoT aRniSnuli sainJinro specifikaciebis mqone mowyobilobis fizi-
kuri maxasiaTeblebi da magnituri siTxeebis ganivi amTviseblobis gamosak-
vlevad gamoiyeneboda LC rezonansul generatorze dafuZnebuli sqema (nax.1)  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

nax.1. dabali sixSiris rezonansuli generatorimagnituri siTxeebis ganivi 
amTvisebloba 

 
 
ampula magnituri SigTavsiT (magnetitis nanonawilaki) Tavsdeba LC _ 

generatoris induqciur koWaSi da misi rezonansuli sixSiris cvlileba 
fiqsirdeba gareSe HDC magnituri velis cvlilebebisas, romelic koWas HRF 
velis perpendikularulia.  

konturis rxevis sixSiris standartuli gamosaxuleba aRiniSneba 
formuliT: 

 

LC
f

2

1
       (6) 

 
sadac L aris koWas induqtivoba da C kondensatorebis tevadoba. nimuSis 
induqtiur koWaSi moTavsebiT koWas induqtivoba mcire ΔL sididiT icvleba. 
Tu ΔL / L < 1, maSin (6)-is diferencirebiT miviRebT: 
 

L

L

f

f

2





      (7) 

 
induqtivobis cvlilebebi damokidebulia masalis Tvisebebis 

cvlilebasTan. magnetitis cvlileba proporciulia kompleqsuri amTviseb-

lobis namdvili nawilis cvlilebasTan ,,  i . aqedan, L ~    da 

niSnakamde sizustiT. 
 

          
T

T

x

x

f

f 



                           (8) 
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Zalze mniSvnelovania, rom es mowyobiloba warmatebiT iyo gamo-
yenebuli sacdel nimuSSi superparamagnituri nanonawilakebis magnituri 
anizotropiis Hk velebis ganawilebis gamosakvlevad. aRniSnuli miznisTvis 
nimuSi Tavsdeboda LC generatoris induqciur koWaSi ganivi amTviseblobis 
XT gasazomad gareSe velis cvlilebisas. aRniSnul mowyobilobaSi fiqsi-
rebuli amplitudis (5 erstedi 10 megaherci) oscilirebadi magnituri veli 
modebulia gare velis perpendikularulad. rezonansuli sixSiris wanac-
vleba gare velis an temperaturuli cvlilebisas axasiaTebs nimuSis XT 
tipiuri damokidebuleba gare magnitur velze gviCvenebs pikebs, romlebic 
gansazRvrulni arian nanonawilakebis HK velebis ganawilebiT. aRniSnuli 
pikebis mdebareobis cvlileba magnituri velis da temperaturis mixedviT 
saSualebas iZleva gaverkveT sistemis fundamentur TvisebebSi. 

 
mowyobilobis aRwera 
imisaTvis rom cocxal organizmis gansazRvrul keraSi sadac ganTav-

sebulia winaswar Seyvanili magnetitis nanonawilakebi, miviRoT 45_55 °C tem-
peratura cvladi magnituri velis saSualebiT 8_10 sm siRrmeze saWiroa Zi-
riTadi fizikuri parametrebis mowyoba [8] da Sesabamisad Seiqmna sainJinro 
mowyobiloba romlis blok sqema mocemulia nax. 2-ze. 

 

 
 
 

nax. 2. sainJinro mowyobilobis blok sqema 
1) 10 kHz sinusoiduri impulsis generatori (L3 oscilografis mowyobiloba;          
2) voltaJis gamaZlierebeli; 3) denis Zalis gamaZlierebeli; 4) denis Zalis 
gamaZlierebeli (3 da 4 muSaobs paralelurad); 5) kondensatorebis jgufi;           

6) C11-Cm paraleluri rezonansuli kondensatorebi; 7) 2 cali (L1, L2) „helmholcis 
koWa“ romelic erTmaneTisgan daSorebulia 110  ͦ-iani kuTxiT;  8) AC/DC 
(cvladi/mudmivi) denis gardamqmneli; 9) 220 V AC (cvladi denis) denis 

transformatori; 10) 220 V AC (cvladi denis) kvebis wyaro; 11) damatebiTi ukukavSiris 
induqtori rezonansuli monitoringisTvis 
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maRali sixSiris genaratori. generatoruli sqema agebulia mikros-
qemebze da gamoimuSavebs 600 kHz sixSiris impulsTa Tanamimdevrobas. sixSi-
ris orjer Semcireba 180 ͦ faziT aRZruli impulsebis miReba da Semdgomi 
gaZliereba xdeba tranzistorebze agebuli ortaqtiani gamaZliereblis sa-
SualebiT. aRniSnul sistemaSi metad mniSvnelovania ortaqtiani transforma-
toruli sqemis datvirTvis rezonansuli konturi da misi vargisianoba, 
romelic gansazRvravs simZlavris maqsimalur efeqtianobas. rezonansuli 
konturi Sedgeba C-kondensatorebis krebulisgan da induqtorisgan. ortaqta 
sqemis gamosasvleli simZlavre regulirdeba eleqtruli kvebis Zabvis 
safexurebrivi cvlilebiT. isriani mikrometris saSualebiT, romelic wina 
planzea gamoyvanili izomeba Zabvis potenciali rezonansul konturze, 
romlis maqsimalur Cvenebas vaRwevT F potenciometris regulirebiT. 

miuxedavad imisa, rom TviT induqtori gakeTebulia spilenZis milisa-
gan, romelSic vatarebT wyals gagrilebis mizniT, eqsperimentis dros aRmoC-
nda, rom kompiuteruli sistemisTvis gaTvaliswinebuli damatebiTi „quleri“, 
romelic mTel sistemas agrilebs, sakmarisi ar aRmoCnda rezonansuli 
konturis Semadgeneli jamuri tevadobisa da induqciuri koWas gasagri-
leblad. Sesabamisad saWiro gaxda korpusis gazrda haeris cirkulaciis 
gazrdisTvis da kidev erTi „quleris“ damateba. winaaRmdeg SemTxvevaSi 
induqtori cxeldeba da efeqturi vargisianoba mcirdeba. 

dabali sixSiris generatori. Sesavali qselis Zabva aris 220 ± 15 % 
volti; qselidan moTxovnili sruli simZlavre maqsimaluri gamosasvleli 
simZlavris dros 450 vati; reaqtiuli denis sidide rezonansul konturSi 
40_60 amperi. maRalsixSiruli generator-gamaZliereblis gamosasvleli six-
Siris regulirebis diapazonia Δf  280_320 kHz; mowyobilobis muSa temperatu-
raTa diapazonSi 10_35  ͦ C. 

helmholcis koWaTa agebuleba, parametrebi da intensivobis ganawileba 
mocemulia nax. 3-ze. 

 
 

 
 

 
 
 
 

nax. 3. helmholcis koWaTa parametrebi da intensivobis ganawileba 
 
 
kvlevis Sedegebi 
gamoyenebuli 6_10nm zomis Fe3O4 nanonawilaki ΔXT/XT (%) Sesabamisi si-

zustiT magnituri xdeba T=300K temperaturis dros [10]. aRniSnuli nimuSis 
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magnituri veliT (600 erstedi) dasxivebis pirobebSi CvenTvis sasurveli 
(damiznebiTi hiperTermia) temperatura miiRweoda daaxlobiT 30 wuTis ganmav-
lobaSi (sur. 4). 

 

 
sur 4. F3O4-is nanosuspenziis temperaturis cvlileba 

 
 
daskvna 
pacientis zedapiridan 8_10 sm siRrmeSi hiperTermuli efeqtis (45_55 ͦ C-

mde momateba) misaRebad Catarebulma kvlevebma aCvena, rom Sedegi miiRweva 
pacientis simsivnur metastazebSi Seyvanili 610 nm zomis Fe3O4 nanonawilakis 
cvlad eleqtro-magnitur velSi 30 wT-iani moTavsebiT [11,12]. 

aRniSnuli Sedegi teqnikurad miiRweva zemoT mowodebuli sainJinro 
inovaciuri kombinirebuli meTodiT: eleqtronuli blok sqema, romelic war-
moSobs 10 kHz cvlad magnitur vels da aRWurvilia ori helmholcis koWaTi 
erTmaneTisgan daSorebuli 110 ͦ-iani kuTxiT. 
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SUMMARY 

THE NEW ENGINEERING ACHIEVEMENTS OF TARGETED HYPERTHERMIA DEVICE DURING 

THE TREATMENT OF CANCER METASTASES 

Gavashelishvili G.A. 

Georgian Technical University 

Innovative targeted hyperthermia device allows heating of magnetite (Fe3O4) nanoparticles by generating high-

water permeability alternative magnetic waves to get thermal effect in biological tissues.  The generator-device 

makes it possible to warm up magnetite nanoparticles up to the 55 °C at 8-10 cm deep in tissues as shown in 

multiple experiments. To generate and "direct" specific electromagnetic waves 2 Helmholtz coils angled at 1100 

from each other and a 10 kHz sinusoidal signal generator were used.  The device was designed for treatment 

procedures in oncology.  Clinical trials of the method, “detection of possibly invaded lymphatic nodes and 

targeted hyperthermia for the prevention of cancer recurrence” (author of the method MD, PhD, Sc.D., B. 

Surguladze) at the Cancer Research Center of Georgia have shown that this method is safe and indeed improves 

treatment outcome (Clinical trial were permitted by Drag Agency of Georgia). 

Keywords: cancer treatment, medical device, thermotherapy, targeted hyperthermia. 
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regeneraciuli Termodinamikuri ciklebis Tburi efeqturobis analizi 

qevxiSvili n.a., javSanaSvili n.b. 

saqarTvelos teqnikuri universiteti 

regeneraciuli Termodinamikuri ciklebis usasrulo raodenobidan 
SeiZleba gamovyoT ramdenime, romlebsac gaaCniaT yvelaze maRali Tburi 
efeqturoba da igi utoldeba karnos idealuri ciklis margi qmedebis koefi-
cients. aseTi maRali efeqturobis ciklebs miekuTvneba stirlingis da erik-
sonis ciklebi, romlebsac oTxi Termodinamikuri procesidan saerTo ori 
izoTermuli procesi gaaCniaT. 

regeneraciulma Termodinamikurma ciklebma Semdgomi ganviTareba hpova 
reilisis ciklis saxiT [1]. igi Sedgeba ori izoTermuli da ori regeneraciu-
li procesisgan, romlebic nawilobriv ori mudmivi wnevis da nawilobriv 
ori mudmivi moculobis dros xorcieldeba (nax.1). amdenad, stirlingis da 
eriksonis ciklebi SeiZleba ganxilul iqnas, rogorc kerZo SemTxvevebi rei-
lisis ciklisa da am ukanasknelis analizis safuZvelze miRebuli Sedegebi 
gavrcelebul iqnas kerZo SemTxvevebzec. 

reilisis izoTermuli cikli. 

P

V

3

4

4'1

T3

T1
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2'
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3 4

4'
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T12

2"
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Tmin

2'

nax.1. reilisis idealuri regeneraciuli cikli 

kumSvis da gafarToebis procesebi izoTermulia. regeneraciuli proce-
sebi nawilobriv izobaruli da nawilobriv izoqorulia. 

Termodinamikur ciklSi gamoyenebuli aRniSvnebi da uganzomilebo para-

metrebi: iii PVT ,,  – absoluturi temperatura, kuTri moculoba da wneva muSa 

sxeulis i-ur mdgomareobaSi; W _ ciklis muSaoba;Q 0Q  _ ciklSi miwodebuli 

siTbos raodenoba; R _ gazis mudmiva; vp CC , _ kuTri siTbotevadobebi mudmivi 

wnevisa da moculobis dros; Ṗ - saSualo efeqturi wneva ciklSi; vp CCk / _ 

adiabatis xarisxis maCvenebeli; 13 /TT _ temperaturaTa fardoba; 21/VVrc   _ 

moculobaTa fardoba kumSvis procesSi; 34 /VVre  _ moculobaTa fardoba 

gafarToebis procesSi;α 2322 // PPTT  ; 2323 // VVTT  ; 1444 // PPTT  ; 

14 /VV ;    1312 / TTTT  εregeneratoris efeqturobis xarisxi; 0/QW _ 

Termuli m.q.k. 
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ciklis analizi. 

ciklis izoTermulobis pirobidan 12 TT  da 34 TT   gamomdinareobs, rom 

   (1) 

 // cce rrr   (2) 

   12 11 TT   (3) 

ciklSi Sesrulebuli muSaoba 
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ciklis Termuli margi qmedebis koeficienti [2]: 
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saSualo efeqturi wneva ciklSi 

         1/1/1 11  ccncnc rVrLrLrRTP  (7) 

rogorc zemoT iyo aRniSnuli, stirlingis cikli warmoadgens reili-

sis ciklis kerZo SemTxvevas Semdegi pirobebiT: 1 ;   ; rrr ce 

maSin stirlingis ciklis m.q.k. iqneba: 

             rLkrLk nn 111/11   (8) 

(8) gantolebiT gansazRvruli stirlingis cilkis m.q.k. damokidebulia 

sxva parametrebTan erTad regeneratoris efeqturobis xarisxze. Tu 1 , 
gamodis rom 

  313 /
1

TTT 






    (9) 

da Rebulobs karnos ciklis tol maqsimaluri Tburi efeqturobis mniSvne-
lobas. yvela sxva SemTxvevaSi, rocaε <1 igi Camouvardeba karnos efeq-
turobas (nax. 2). 
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nax.2. stirlingis ciklis m.q.k.-is damokidebuleba regeneraciis xarisxze 

ganvixiloT reilisis ciklis kidev erTi kerZo SemTxveva, romelic 
naCvenebia nax.3-ze. 
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T3
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nax.3. reilisis ciklis kerZo SemTxveva, roca igi Sedgeba erTi izoTermuli da ori 
regeneraciuli procesisgan, izobaruli da izoqoruli siTbos miwodebiT 

T1

2

3

45 1

T3

nax.4. ciklis principialuri sqema: 
1 _ muSa dguSi; 2 _ disfleiseri; 3 _ macivari; 4 _ gamaxurebeli; 5 _ regeneratori. 

warmodgenili kerZo SemTxveva ori procesiT emTxveva stirlingis 
cikls (izoqoruli da izoTermuli procesebi) da aseve ori procesiT erik-
sonis cikls (izobaruli da izoTermuli procesebi). Sesabamisad aseT cikls 
SeiZleba pirobiTad vuwodoT erikson-stirlingis fsevdo cikli, romelic 
xorcieldeba Semdegi procesebiT (nax. 4): 

1. izoqoruli regeneraciuli procesi. am procesis dawyebis win
disfleiseri da muSa dguSi imyofeba ukidures marcxena mdgomareobaSi. muSa 
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sxeuls gaaCnia garemos T1 temperatura. Semdeg muSa dguSi da disfleiseri 
sinqronulad gadaadgildeba marjvniv, ise, rom maT Soris arsebuli moculo-
ba ucvleli rCeba. gaivlis ra muSa sxeuli gaxurebul regenerators, misi 
temperatura izrdeba maqsimalur T3 temperaturamde da Sesabamisad izrdeba 
wneva e.w. Termokompresorul reJimSi. 

2. izoTermuli gafarToebis procesi. disfleiseri rCeba ukidures
marjvena mdgomareobaSi da iwyebs gadaadgilebas muSa dguSi ise, rom ar icv-
leba muSa sxeulis temperatura T3. am procesSi gadacemuli Tburi energia 
mTlianad gardaiqmneba muSaobaSi. muSa dguSis ukidures marjvena mdgoma-
reobaSi wneva aRwevs garemos minimalur wnevas.  

3. izobaruli regeneraciuli procesi. muSa dguSi da disfleiseri
gadaadgildeba ukidures marcxena mdgomareobaSi, ris Semdegac T3 temperatu-
raze gaxurebuli muSa sxeuli regenerators gadascems Tburi energiis 
nawils, xolo darCenili nawili ki gadaecema garemos. 

vinaidan izobarul procesSi gacemuli Tburi energia K-jer aRemateba 
izoqorul procesSi gadacemul Tbur energias, gamodis, rom regeneratoris 

efeqturobis xarisxi am ciklSi yovelTvis unda darCes 1  toli.  

erikson-stirlingis fsevdo ciklis analizi 

ciklSi Sesrulebuli muSaoba: 

   133313 // TTLRTVVLRTW nn  (10) 

ciklSi miwodebuli siTbos raodenoba [3]: 
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fsevdo erikson-stirlingis da karnos ciklis m.q.k.-ebi gamxureblis T3 

temperaturasTan damokidebuleba (9 da 10 gantolebebi) naCvenebia nax.5.-ze, 
rodesac garemos temperatura T1=300K. 

ɳ

T3

ɳES 

ɳK T1=300K

750

nax.5. erikson-stirlingis fsevdo da karnos idealuri ciklis m.q.k.-ebi. 
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erikson-stirlingis fsevdo ciklis m.q.k. garkveul temperaturul dia-
pazonSi ufro maRali efeqturobiT gamoirCeva, vidre karnos da sxva msgavsi 
efeqturobis regeneraciuli ciklebi. 

aqve unda aRiniSnos, rom karnos ciklisgan gansxvavebiT aRniSnuli 
cikliT momuSave Tburi manqana eqvemdebareba realur praqtikul ganxorcie-
lebas, rac iZleva misi farTod gamoyenebis SesaZleblobas. 
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SUMMARY 

ANALYSIS OF THERMAL EFFICIENCY OF REGENERATIVE THERMODYNAMIC CYCLES 

Kevkhishvili N.A. and Javshanashvili N.B. 

Georgian Technical University 

The Carnot cycle, which consists of two isothermal and two adiabatic processes, is the most efficient thermo-

dynamic cycle, which has the highest thermal efficiency compared to other cycles. Nevertheless, this cycle is 

practically unrealized, however there are an infinite number of regenerative thermodynamic cycles that have 

practical application in thermal machines, including Erikson, Stirling and also the so-called Ericson-Stirling 

hypothetic cycle obtained by their combination, which efficiency in a certain temperature range is more than the 

efficiency of Carnot and other regenerative cycles of similar efficiency. The thermal machine working on the 

mentioned cycle is subject to real practical implementation, which gives the possibility of its wide-scale 

utilization. 

Keywords: Carnot cycle, Erikson cycle, stirling engine, Ericson-Stirling hypothtic cycle, thermodynamic cycle. 
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energiis balansi xuT-portiani talRgamtaruli 

Sesaxsrebis/ ganmStoeblisaTvis 

Sengelia m.a., SogiraZe m.x., teteloSvili d.z., xoWolava d.z., beriZe m.g. 

saqarTvelos teqnikuri universiteti 

talRgamtarul Sesaxsreba/ganStoebis problemis Seswavlisas miRebuli 
Sedegebis analizma aCvena, rom maT Stoebs (mxrebs) Soris praqtikisaTvis 
misaRebi SeTanxmebis miRweva SesaZlebelia mxolod viwro sixSirul zolsa 
da sxvadasxva mxrebis zomebis fiqsirebuli TanafardobisaTvis [1,2] rac 
niSnavs, rom sakmaod farTo sixSirul zolSi SeTanxmebis maRali xarisxis 
miRweva SeuZlebelia mis struqturaSi konstruqciuli (mag. xelovnuri 
araerTgvarovnebebis CarTvis gziT) [1-3], cvlilebebis gareSe [3,4]. 

Catarebuli kvlevis safuZvelze gamoTqmulia varaudi, rom mraval-
saxsriani talRgamtaruli sistemebis eleqtrodinamikuri Tvisebebis cvlile-
ba SesaZlebelia sistemis kvebis reJimis, anu sistemis fizikuri parametrebis 
variaciiTac [5]. 

xuTportiani talRgamtaruli Sesaxsreba/ganmStoeblis eleqtrodiname-
kuli kvlevisaTvis amoxsnil unda iqnas sistemis Sesabamisi tripletulri 
gantolebaTa sistema cvladTa sami mimdevrobis mimarT [6], romelTagan Ti-
Toeuli, Tavisi arsiT, warmoadgens gverdiT StoebSi gabneuli velebis 
multipoluri speqtris koeficientebs  

magram am problemis gadawyvetis paralelurad aucilebelia SemuSa-
vebul iqnas kriteriumebi, romlebic saSualebas mogvcemen SevamowmoT 
amonxsnis siswore da dasmul amocanasTan misi adeqvaturoba. 

erT-erTi aseTi kriteriumia energiis balansis gantoleba gamoTvlebis 
yvela bijze. 

xuTportiani talRgamtaruli Sesaxsreba/ganmStoeblisaTvis energiis 
balansis zogad gantolebas aqvs saxe: 
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10 j jWW (1) 

0W  _ jamuri dacemuli energiaa, jW _ j-uri portis rezonatorul nawilTan 
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Tu (7)-Si gaviTvaliswinebT (2)_(6)-s da gamoviTvliT Sesdabamis integralebs, 
miviRebT 
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(5) warmoadgens energiis balansis gantolebas xuT-portiani tal-

Rgamtaruli Sesaxsrebis/ganmStoeblisaTvis misi ramodenime porti mxridan 
erTdrouli aRgznebis SemTxvevaSi. 
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SUMMARY 

ENERGY BALANCE FOR FIVE-PORT WAVEGUIDE JUNCTION/BRANCHING 

Shengelia M.A., Shogiradze M.Kh., Teteloshvili M.G., Khocholava D.Z. and Beridze M.G. 

Georgian Technical University 

It's accepted balance of energy at combined power supply of five-port waveguide junction/branching. This 

equation is extremely important as one of the basic criteria of the reliability of the numerical solution of the 

problem. 

Keywords: balance of energy, waveguide junction/branching, 
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OPTIMIZATION OF THE RADIO FREQUENCY SPECTRUM OF MOBILE 

TELECOMMUNICATION OPERATORS IN CASE OF INCREASED MULTISERVICE 

TRAFFIC 

 

Lomsadze S.I., Shamanadze O.K. and Bzhinava E.O. 

 

Georgian Technical University 

 

 
Abstract. The focus of our research is the analysis of  growth  traffic in mobile telecommunication networks, 

which based on the statistical data gives us ability to optimize frequency spectrum for telecommunication mobile 

operators in case of increased multiservice traffic. Experiment is based on statistical data, which was taken from 

the radio access network, according to ITU-T recommendations. The results obtained from the experiment gives 

ability to increase the quality of multiservice traffic, suggested to subscribers by mobile telecommunication 

operators.  

Keywords: cellular telecommunications, optimization, multiservice traffic  

 

The "Cisco" company in its annually published report, which is dedicated to traffic growth 

trend studies, the number of internet users around the world will grow up to 66% by 2023 and this 

value in mobile operator telecommunication networks, for the citizens of central and eastern European 

countries will equal to 78%, caused by 8.7 billion of mobile users and more than 4.4 billion M2M 

(Machine to Machine) variety of methods of accessing the network [1]. 

According to the studies mentioned above, there is a continuous growth trend of connected 

devices and Internet users to the network of mobile operators, which requires the necessity of ensuring 

the proper quality of service – QoS (Quality of Service). Therefore, the use of multiservice traffic is 

one of the most difficult tasks in the networks, solution of which requires a complex approach, that's 

the reason of growth importance for the frequency resource throughput, owned by mobile 

telecommunication operators.  

At present, two methods for solving this problem are known. First case involves decision such 

as the efficient use of the frequency resources owned by cellular operators, that means optimization 

and re-planning of the existing radio-frequency spectrum and increasing the throughput. The second 

way of solving the problem is the use of new frequency resources and/or roll out 5G technology, 

which, implies preparation of the infrastructure of effective Internet resources for such technologies 

as: AI - Artificial Intelligence, IoT - Internet of Things, Tele-Medicine and etcetera.  In spite that 5G 

technology has been ready for rolling out, there are a lot of questions to be answered regarding safety 

[2, 3]. 

 During the network planning, for the moment operators in order to use more effectively the 

range of frequencies they hold, opt for the first way. The reason for such an option represents 

optimization of financial resources and radio frequency spectrum rescheduling opportunity, that is the 

base for ensuring proper quality for the increased corresponding multiservice traffic. We would like to 

underline that as the development trends of the telecommunication industry indicates, most 

technological innovations haves its own euphoria and frequently the expectations are exaggerated far 

from reality. For example, we can remember technologies such as IN - Intelligent Network, Wi-Max, 

ISDN - Integrated Services Digital Network and others. Besides, implementation of the new 

technologies in the network of mobile operators, requires a large amount of investments and new radio 

frequency resources [4,5]. 

The objective of our research, based on the statistical data studied at the mobile 

telecommunication company network, is the analysis of the use of multiservice traffic, which allows 

us to determine the parameters of traffic intensity and plan and optimize the radio frequency spectrum 

resources owned by the operators accordingly, to improve the quality of multiservice traffic.      
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For this purpose, it is expedient to overview one of the telecommunication operator's radio 

frequency spectrum. As we can see from the table.  As we can see from the table, the operator has a 

quite flexible and wide range radio frequency spectrum, which gives ability to effectively plan and 

increase the channel throughput, to provide increased signal to noise ratio with minimum delay and 

reduce the high cost of traffic. This is a new opportunity for the users to use higher quality network 

resources with affordable tariffs for each services in the radio access network and a new economic 

potential and source of income for the operators.                  

 

Radiofrequency spectrum of mobile telecommunications 

Name ARFCN Uplink(MHz) Downlink(MHz) 

GSM 900 

MHz 

1 - 58 890.2 - 901.6 935.2 - 946.6 

GSM 

900/U900 

1 - 32 890.2 - 896.4 935.2 - 941.4 

UMTS 

900 MHz 

34 - 58 896.7 - 901.7 941.7 - 946.7 

GSM 

1800 

MHz 

612 - 

661 

1730.2 - 

1740.2 

1825.2 - 1835.2 

Name Band Uarfcn DL Downlink 

(MHz) 

Uarfcn UL Uplink (MHz)   

UMTS 

900MHz 

8 3021 941.7-946.7 2796 896.7-901.7   

UMTS 

2100MHz 

1 10712 2139.9-2144.9 9762 1949.9-1954.9   

1 10737 2144.9-2149.9 9787 1954.9-1959.9   

1 10762 2149.9-2154.9 9812 1959.9-1964.9   

Name ARFCN Band MODE Earfcn DL Downlink (MHz) Earfcn 

UL 

Uplink 

(MHz) 

LTE 

1800MHz 

512 - 

611 

3 FDD 1300 1805-1825 19300 1710-

1730 

LTE 

1800 

MHz 

 612 -

661 

3 FDD 1444 1825.6_1833.4 19300 1730.6-

1738 

LTE 900 

MHz 

  8 FDD 3642 941.7-946.7 21642 896.7-

901.7 

Name ARFCN Band MODE Earfcn Earfcn Range 

LTE2300 

MHz 

  40 TDD 38750/38948 2300-2320/2320-2339.8 

 
      To carry out the experiment, we have chosen a base station in mobile telecommunication network 

randomly, which provides radio coverage of pre-defined geographical area by use of technologies such 

as GSM/UMTS/LTE and on the basis of statistical data obtained from the mobile telecommunication 

network, we have analyzed the results of the use of multiservice traffic for each technology.  

For the implementation of the experiment, appropriate software tool allows us to define the statistical 

data   in accuracy from 15min to a 1hour, for any specific BSC- relevant base station, which gives us 

ability to observe the demand for multiservice traffic to determine the intensity use of the 

corresponding services of the mobile telecommunication technologies and define the optimal planning 

of frequency resources owned by cellular operators. 

      The network section observation and statistical data recording was carried out in accordance with 

ITU-T recommendations. Based on the 28-day observation processing, the frequency spectrum range 

of 10 Mhz for GSM-1800 technology was blocked, (see table №1) which caused voice traffic 

redistribution on GSM-900 as well as on UMTS-2100 technologies. Data traffic has been distributed 

on UMTS-2100 and  LTE technologies, -  (for more details see diagram) .  
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Multiservice traffic distribution according to the optimization strategy 
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We underline that, after the traffic redistribution and growth on corresponding technologies, 

radio and channel resource overloading has been avoided. Furthermore, as demand for services like 

multi-service traffic is a continuously increasing process, we decided to use blocked 10 Mhz 

frequency spectrum range for LTE technology and as we can see from appropriate diagrams, channel 

throughput increased from 2.5 mb/ps to 4 mb/ps and in spite that average daily number of subscribers 

didn’t increased, these decision as we can see from the results, significantly improved the quality of 

data service, provided from the mobile telecommunication operator.   

 During the experiment, throughout the total observation period while recording the collected 

data (KPI - Key Performance Indicators), in the selected base station of the mobile network, it was 

revealed that for GSM-1800 technology average load made up 0.703 erlang. After blocking the 

mentioned frequency band, corresponding to technology mentioned above, voice traffic redistributed 

on GSM-900 and UMTS-2100 frequency bands and daily average load made up 0.937 and 0.524 

erlang, which is a quite low value and is defined as the load time – 

Y
, calculated as the total service 

time of all incoming requests – iX , between 12 tt     difference time period, divided by the value of 

this time interval [6]: 

         

                    
12 tt

x
Y

i





                                          (1) 

 

      In the same way we calculated requests for Internet services during the n days. It was investigated, 

that the use of additional frequency band for LTE technology, improved the radio channel throughput 

from 2.4 mb/ps to 4 mb/ps. That supports to increase quality of multiservice traffic, which represents 

probability of demand losses – BP , where BP  is the probability for demand loss in ( 12 tt  )interval of 

time. In a given period of time for the requests  21,ttCb ,  is defined as relationship between amount 

of demand losses and  total number of requests, which have been received at the same period of time  

 21, ttC  [6]:          

 

 
 21

21

,

,

ttC

ttC
P B

B         (2) 

 

 

For the implementation of the experiment and optimization of the radio recourses the software 

SAP Business Object – BO was applied, which is used in manufacturing industry for the statistical 

data processing and result’s analysis. The software product enabled us ability to observe traffic 

intensity for  the different technologies. 

We also used a software product ENM - Ericsson Network Manager, which is a product of the 

international telecommunication equipment manufacturer and operator – Ericsson. The mentioned 

software allows us to provide the network monitoring in online mode and to solvevarious tasks: detect 

the faults of radio connection to the network and their subsequent elimination. The program also 

provides information about the parameters such as power, the number and the radio frequency of base 

station transmitters. Moreover, it provides the observation of all possible sections of the radio network, 

traffic monitoring and registration of the statistical data of customer services used for their further 

processing, which implies delivery of the data to the relevant service department, which, based on the 

statistical traffic data, will develop the recommendations and planned works for further 

implementation of network optimization.   

Here we propose the results obtained from the experiment:  

 It was determined the CS/PS traffic intensity used in contemporary mobile 

telecommunication network for each technology;  

 It was established that, after blocking the 10 Mhz frequency band, which was used for 
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GSM-1800 technology, voice traffic redistributed on GSM-900 and UMTS-2100  frequency 

bands, without radio resource congestion and the average daily traffic made up 0.937 erlangs and 

0.524 erlangs respectively;  

 The experiment, revealed the possibility of 10 Mhz frequency band shifting and using it for 

LTE-1800 technology. This gives opportunity for the radio spectrum optimization and ensuring the 

proper quality of service – QoS; 

 The average value of  channel throughput for multiservice traffic increased and made up   

4 mb/ps.    
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reziume 

mobiluri telekomunikaciis sixSiruli speqtris optimizacia mzardi 

multiservisuli trafikis pirobebSi. 

lomsaZe s.i., SamanaZe o.k., bJinava e.o. 
saqarTvelos teqnikuri universiteti 
statiaSi ganxilulia satelekomunikacio mobiluri operatoris radio daSvebis 
qselSi warmoebuli statistikuri monacemebi, romelTa warmoeba ganxorcielda 
saerTaSoriso ITU-T – International Telekommunication Union rekomendaciebis Sesabamisad, 
romlis safuZvelzedac uzrunvelvyaviT telekomunikaciis mobiluri operatoris 
radiosixSiruli zolis optimizacia, rac saSualebas gvaZlevs gaizardos momx-
mareblisaTvis warmodgenili multiservisuli momsaxurebebiT sargeblobis xarisxi. 
sakvanZo sityvebi: fiWuri telekomunikacia, optimizacia, multiservisuli trafiki 
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MASSIVE OPEN ONLINE COURSES 
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Abstract. Massive open online course - a training course using e-learning technologies and open access on the 

Internet. MOOC, one of the most common types of distance learning 

Keywords: massive open online course, training, online courses. 

 

Massive open online course - a training course using e-learning technologies and open access 

on the Internet. MOOCs are one of the most popular forms of distance learning. The training course 

uses video lectures, tests and homework. MOOCs can be a complement to traditional learning as well 

as a replacement for it [1]. 

The acronym MOOC is made up of four distinct terms. 

 Massive (mass): this form of online learning involves a large number of students, not limited by 

geographical location 

 Open (open): online learning is free for everyone. 

 Online: distance learning courses are conducted using online communication tools. All materials 

are in electronic form in the public domain. 

 Course (course): a structured and ordered presentation of information with specific goals, rules of 

work and time limits, which, however, may vary for each individual participant [2]. 

In recent years, the demand for online learning has increased, and therefore the demand for the 

massive open online course platform has increased. In 2008, two scientists Stephen Downs and 

George Siemens proposed a method of collective learning, where the term first appeared. The first 

platform for online education appeared in 2012, and it is believed that the creators are two Stanford 

University professors Andrew Ng and Daphne Koller. They created several educational videos and 

published them in the public domain and subsequently turned into the "Coursera" platform. This was 

the starting point for the development of distance education. This was followed by the "Udacity" 

platforms founded by Sebastian Thrun, David Stavens and Michael Sokolsky and the "Udemy" 

platform created by Eren Bali. Then the Massachusetts Institute of Technology, together with Harvard 

University and the University of Berkeley, launched the EdX platform. Massive open online courses 

have begun to develop in other countries, for example, in Russia, leading universities have created the 

Open Education platform. The following universities participated in the creation of the platform: 

Moscow State University, Peter the Great St. Petersburg Polytechnic University, St. Petersburg State 

University, National Research Technological University MISiS, National Research University Higher 

School of Economics, Moscow Institute of Physics and Technology, Ural Federal University and St. 

Petersburg State University of Information Technologies, Mechanics and Optics [3]. 

Most MOOC courses are free and allow students to take multiple courses. In many courses 

there are video lectures, tests and various tasks. Upon completion of the course, a certificate of 

completion is given (Picture 1). 
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Picture 1. Massive Open Online Courses 

 

Massive Open Online Courses (MOOCs) offer learners ample opportunity to access courses 

covering a wide range of disciplines for free or at an affordable price. The openness of a MOOC 

attracts a wide variety of learners, and its flexibility allows learners to participate in a series of 

learning activities such as video lectures, discussion forums, and peer review, and to achieve their 

goals without any time or place constraints [4]. 

In 2021, many restrictions were lifted, allowing businesses and educational institutions to start 

working, but the threat of COVID-19 has not yet gone away and the emergence of a new strain of the 

virus is not ruled out. Therefore, some universities have begun to record their lectures by teachers and 

publish them on their websites. These include the Eurasian National University named after L.N. 

Gumilyov, NAO "Caspian University of Technology and Engineering named after Sh. Yessenov". 

In the era of digital revolutions and its rapid development, people are increasingly turning to 

the use of modern technologies (in services, entertainment, education, etc.) in everyday life. 

Today, tuition fees are expensive. Therefore, to pay for tuition, many students work, which 

often interferes with their education. The platform will allow students to watch lecture videos at any 

time, which will help many working students gain knowledge at any time convenient for them. With 

the help of a platform for massively open online courses, it is possible to reduce the risk of illness for 

students and teachers, and also not to interrupt their education. Therefore, students often study in 

various online courses, the characteristics of which are shown in Table 1. 

 
Table1. A brief definition of the leading providers of massive open online courses [3] 

 

Platform name Developers Definition 

Coursera Stanford University computer science 

professors Andrew Ng and Daphne 

Koller, https://www.coursera.org/ 

A major provider of open online courses. The 

project cooperates with universities and other 

organizations. Students are offered a variety of 

video lectures, tests and a variety of tasks. 

EdX Massachusetts Institute of 

Technology, Harvard University and 

the University of Berkeley, 

California, https://www.edx.org/ 

One of the first open online learning projects. The 

project collaborates with more than 70 schools, 

universities and corporations, and has more than 

1800 online courses. 

 

 

Udacity Sebastian Thrun, David Stavens and 

Mile Sokolsky, 

https://www.udacity.com/ 

Private educational organization founded in 2012. 

The goal of the project is the democratization of 

education. All courses on the platform are free and 

available to anyone with Internet access. Courses on 
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the platform are mainly in English and have 3 

levels: beginner, intermediate and advanced. 

Open education Moscow State University, Peter the 

Great St. Petersburg Polytechnic 

University, St. Petersburg State 

University, National Research 

Technological University MISiS, 

National Research University Higher 

School of Economics, Moscow 

Institute of Physics and Technology, 

Ural Federal University and St. 

Petersburg State University 

information technology, mechanics 

and optics, https://www.openedu.ru/ 

The platform was created by the National Open 

Education Platform Association and all courses are 

free. Courses for the project are provided by leading 

Russian universities. 

Future Learn The Open University, 

https://www.futurelearn.com/  

The company was established in 2013 by 

TheOpenUniversity and is a partner of over 70 

leading universities, companies and organizations. 

These include the UK government, the British 

Museum and the BBC. Marks & Spencer. 

Udemy University of California, USA, 

https://www.udemy.com/ 

Udemy is one of the leading providers of e-learning 

courses. There are over 200,000 courses on the 

platform. Udemy helps individuals or employees of 

organizations learn new jobs and improve their 

skills. 

Universarum Russia, https://www.universarium.ru/ An open e-education system offering courses from 

leading Russian universities to everyone: National 

Research Nuclear University "Moscow Engineering 

Physics Institute", Moscow Institute of Physics and 

Technology and Lomonosov Moscow State 

University. "Universarium" offers courses from 

different areas: chemistry, physics, history and 

much more. 

Iversity Germany,  https://www.iversity.ru/ A platform designed for the professional 

development of individuals and company 

employees. All courses on the platform are paid. 
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РЕЗЮМЕ 

МАССОВЫЕ ОТКРЫТЫЕ ОНЛАЙН КУРСЫ 

Кенжебаева Ж.Е.  

НАО «Каспийский университет технологий и инженерии имени Ш.Есенова», г.Актау, Казахстан 

Массовый открытый онлайн курс – обучающий курс с применением технологий электронного обучения 

и открытым доступом в Интернете. МООК, один из распространенных видом дистанционного обучения  

Ключевые слова: массовый открытый онлайн курс, обучение, онлайн курсы. 
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teqstebis asaxvis sakiTxebi veb-dizainSi 

 

namCevaZe c.v., biwaZe e.i., janaZe l.g. 
 

akaki wereTlis saxelmwifo universiteti, quTaisi 
 

Tavdapirvelad internetSi ganTavsebuli informacia iyo mTlianad 
teqsturi. Tanamedrove pirobebSi internetSi SesaZlebelia rogorc wakiTxva, 
aseve mosmena da yureba. miuxedavad amisa, momxmareblebis mier gamoyenebuli 
informaciidan didi wili modis teqstur informaciaze. imisaTvis, rom momx-
mareblebisTvis winadadebebis wakiTxva iyos sasiamovno da mosaxerxebeli, 
saWiroa veb-dizainerma gansakuTrebuli yuradReba miaqcios teqstebis asaxvas 
Sriftis saxis, zomis da sxva mixedviT. statiaSi ganxilulia teqsturi 
informaciis asaxvis zogierTi sakiTxi veb-dizainisaTvis. 

Srifti ZiriTadi teqstisaTvis. veb-saitebSi ZiriTadad gamoyenebulia 
Sriftebis 2 jgufi: serif da sans-serif.  naklebad popularulia jgufis serif 

Sriftebi, vinaidan monitoris ekranidan ukeTesad aRiqmeba jgufis sans-serif 

Sriftebi. jgufs serif   miekuTvneba Sriftebi: Times New Roman,  Georgia  da sxva. 

jgufs sans-serif miekuTaneba Sriftebi: Arial, Tahoma, Verdana, Helvetica, Arial Narrow, 

Lucia Sans Unicode, Calibri da sxva. miuxedavad imisa, rom TiToeuli jgufis 
Srifts aqvs saerTo Strixebi., maT Soris aris gansxvaveba asoebis siganis, 
sisqis da simrgvalis mixedviT. 

aqcenturi warweris Srifti. aqcenturi warwera veb-dizainSi aris iseTi 
warwera, romelic ar warmoadgens saTaurs. amasTan saWiroebs Sriftis 
gazrdas an gansxvavebuli Sriftis gamoyenebas momxmareblebis yuradRebis 
misaqcevad. igi SeiZleba iyos saitis an kompaniis logo, sareklamo warwera 
da sxva. kerningi aris teqstSi calkeul simboloebs Soris daSorebebis 
Secvla. im SemTxvevaSi Tu aqcenturi warwera Sesrulebuli iqneba arastan-
dartuli SriftiT an kerningiT, maSin isini unda iqnas Senaxuli suraTebad 
formatebiT: GIf, JPG  an  PNG.  

veb-dizainerisaTvis sasargebloa Semdegi wesebis codna aqcenturi 
warweris gamoyenebisaTvis: 1).ar gamoiyenos an Zalian minimalurad gamoiyenos 
popularuli Sriftebi. maTi gamoyenebiT SeuZlebeli iqneba raime unikaluris 
Seqmna; 2).sasurvelia icodes yvelaze ufro popularuli istoriuli da 
kulturuli stilebis Sesaxeb. eseni aris: klasika, renesansi, moderni, art-
deko, kubizmi, avangardi da sxva. TiToeul CamoTvlil kulturul stils 
Seesabameba Sriftebis garkveuli nakrebi. saWiro Sriftebis gamoyenebiT veb-
dizainers SeuZlia saitze Seqmnas Sesabamisi epoqis  atmosfero. 3).aqcenturi 
warwera saitze unda iyos maqsimam ori an sami da isini unda Seesabamebodes 
erTmaneTs. ukeTesia erTi aqcenturi warweris gamoyeneba. 

Sriftis zoma. sasurvelia, rom Sriftis zoma ZiriTadi teqstisTvis 
iyos aranakleb 14 punqtiri-jgufis serif SriftebisaTvis, xolo aranakleb 12 
punqtiri jgufis sans-serif SriftebisaTvis. momsaxure, damatebiTi teqstebi, 
romlebic ar saWiroebs xangrZliv kiTxvas, SesaZlebelia iyos 10_12 punqtiri. 
[1_3]. 

teqstebis ganlageba. veb-dizainSi miRebulia, rom qvesaTaurebi unda 
ganTavsdes marcxniv da ar unda iyos dacilebuli teqstidan. aRniSnuli 
gansakuTrebiT mniSvnelovania maSin, rodesac teqstSi aris bevri qvesaTauri. 
saTaurebis gaformebisas yuradReba unda mieqces erTgvarovnebasa da 
ierarqias. saTaurebi unda gaformdes erTnairad da sxvadasxva donis saTauri 
gamoyofil unda iqnas sxvadasxva zomis SriftiT. 

teqstis gadatanasTan dakavSirebiT aRsaniSnavia, rom ar SeiZleba 
gavwyvitoT: sityvebi, Semoklebebi (mag. da a. S.), ricxvebi, abreviaturebi, 
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telefonis nomrebi. tire unda darCes wina striqonze. Secdomaa inicialebis 
datoveba da gvaris gadatana. 

striqonebs Soris dacileba unda iyos Sriftis zomaze 2_4 punqtiriT 
meti. 

yvelaze lamazia, rodesac teqsti gaTanabrebulia orive mxridan,  
radgan internetSi ar xdeba sityvis gayofa, amitom aseT SemTxvevaSi sityvebs 
Soris iqneba zedmeti harebi. zedmeti harebis Tavidan acilebis mizniT teqsti 
unda gaTanabrdes marcxnidan. 

veb-dizainSi tradiciulad gamoiyeneba inglisuri abzacebi. aseTi 
abzacis pirveli striqoni ar aris dacilebuli marcxena mxridan. amasTan, 
abzacebi erTmaneTisagan gamoyofilia carieli striqoniT. ris Sedegadac 
yoveli abzaci gamoiyureba, rogorc teqstis calkeuli bloki. inglisuri 

abzaci TvalnaTliv Cans da mosaxerxebelia swrafi kiTxvisTvis.  
aRsaniSnavia, rom siebis Seqmnisas vizualurad ukeTesia markerebis an 

nomrebis Semdeg moTavsebuli teqstebi, siebis zemoT da qvemoT moTavsebuli 
teqstebi ganlagebuli iyos erT svetze. magaliTad: 

saqarTvelos qalaqebia: 

 Tbilisi; 

 quTaisi; 
Tbilisi aris saqarTvelos dedaqalaqi... 
cxrilebTan muSaobisas saWiroa Semdegi rCevebis gaTvaliswineba:  
1) cxrilis saTauris striqonSi teqstze aqcentis gasakeTeblad 

teqstis Srifti unda iyos asomTavruli;  
2)cxrilis saTauris striqonisTvis gamoiyeneba sqeli xazebi, xolo 

sxva gamyofi xazebisTvis-wvrili;  
3)Tu saWiroa romelime svetze yuradRebis gamaxvileba, maSin mas unda 

gaukeToT msxvili xazebi an foni;  
4)cxrilis ujrebSi ganTavsebuli informaciis dacileba ujrebis qveda 

xazebidan sasurvelia iyos ufro didi, vidre zeda xazebidan [3_5]. 
statiaSi ganxilulia teqstebis vizualuri gamosaxvis principebi veb-

dizainSi. mocemulia rCevebi imis Sesaxeb pirvel rigSi, Tu raze unda 
gaamaxvilos dizainerma yuradReba teqstebze muSaobisas. statiaSi Camoya-
libebuli sakiTxebis gacnoba sasargeblo iqneba veb-dizainiT dainteresebul 
pirTaTvis.   
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veb-dizaini msoflios sxvadasxva qveyanaSi 

 

namCevaZe c.v., biwaZe e.i., janaZe l.g.   

                        
akaki wereTlis saxelmwifo universiteti, quTaisi 

 
veb-dizaini aris swrafad ganviTarebadi sfero. Mmiuxedavad internet 

sivrcis unificirebisa veb-dizaini gansxvavdeba im droisa da kulturis 
mixedviT, romelSic is iqmneba. radgan veb-produqti yovelTvis adaptirebu-
lia garkveul auditoriaze, amitom sazogadoebis yvela kulturuli maxasia-
Tebeli da tendencia aisaxeba adgilobriv internet resursebSi. Tu veb-di-
zainers  surs ucxouri saitebis Seqmna, maSin saitis SemuSavebamde sasurve-
lia Seiswavlos  potenciuri auditoriis kulturuli, qceviTi da fsiqolo-
giuri maxasiaTeblebi. statiaSi ganxilulia msoflios sxvadasxva qveynis veb-
dizainis Seqmnis Taviseburebani. 

amerika. amerikul saitebs ise, rogorc evropulebs aqvs minimalisturi 

da lakonuri veb-dizaini. maTSi ეvropuli saitebisgan gansxvavebiT 
gamoyenebulia rbili ferebi da tonebi.  amerikul veb-saitebi gavs erTmaneTs, 
radgan Aamerikul internet kulturas aqvs Tavisi normebi, romlebsac unda 
akmayofilebdes saitebi. Eesenia: 1)zogadad miRebuli da kargad nacnobi 
wesebis gamoyeneba; 2)saitis ganlageba unda iyos cxadi da martivi; 3)saitze 
TvalnaTliv unda iyos naCvenebi, Tu ras exeba is. magaliTad, Tu saiti 
emsaxureba produqciis gayidvas, maSin masze xSirad gamosaxulia adamianebi 
produqtebiani kalaTebiT; 4)tolerantobis gamoxatva. saitze unda iyos 
ganTavsebuli sxvadasxva rasisa da erovnebis wamomadgenlebis suraTebi; 5) 
bednieri da momRimari adamianebis suraTebis gamosaxva; 6)komentarebis, 
socialuri qselebis bmulebis ganTavseba. 

amerikul saitebs axasiaTebs individualizmi. maTze ganTavsebulia 
individebis fotosuraTebi, misamarTebi, individualuri warmatebebis istoria 
da sxva. dizaini fokusirebulia did suraTebze. saitze SeiZleba ganTav-
sebuli iyos geometriuli figurebi, slaid-Souebi, filmebi da sxva. 

Tanamedrove amerikuli veb-saitebis struqtura da teqnologia 
Seqmnilia CamotvirTvis siCqaris maqsimalurad gazrdis gaTvaliswinebiT. 

evropa.  Tanamedrove evropuli kultura saitebis SeqmnaSi Zalian 
afasebs profesionalizms. Aasketuri minimalizmi kvlav popularobis pikSia. 
minimalisturi stili SesaZlebelia ganzavebuli iyos feradi elementebiT, 
feradi saTaurebiT da didi zomis SriftebiT. amasTan es stili SesaZlebe-
lia  Serwymuli iyos maRali xarisxis suraTebTan da videoebTan. 

evropul saitebs aqvs mkafio struqtura lakonuri informaciiTa da 
intuiciurad gasagebi interfeisiT. momxmareblebs advilad SeuZliaT gaar-
kvion Tu ras sTavazobs saiti da ra informaciaa masze warmodgenili.  

skandinaviis qveynebi (SvedeTi, fineTi, norvegia, dania, holandia) 
xasiaTdeba internetze saukeTeso wvdomiT. maTi saitebi Zalian praqtikulia. 
[1,2]. 

 CineTi.  Cinuri saitebisTvis damaxasiaTebelia gverdis dayofa bevr 
damoukidebel ared, xolo evropuli stilis saitebze ganlageba fokusirebu-
lia erTi Tematikis irgvliv. Ees gamowveulia momxmareblebis kulturuli 
normebiT. Cineli momxmareblebi ufro metad arian miCveulebi daTvalierebas,  
vidre  erTi sakiTxis mimarT orientirebas. 

Cinuri stilis saitebSi gamoiyeneba sxvadasxva morTuloba. isini 
gaJRenTilia Cinuri kvartlebis koloritiTa da mcenareuli ornamentebiT. 
maTze xSirad gvxvdeba kaSkaSa ferebi. magaliTad, oqrosferi da wiTeli. es 
ferebi yovelTvis ar warmoadgens ZiriTad fers, magram gamoiyeneba dizainis 
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sxvadasxva elementis SeferilobisTvis. Cinuri saitebze gvxvdeba sxvadasxva 
feris areebi, didi moculobis teqstebi da bevri bmuli. 

Tu veb-dizaineri akeTebs saits Cinuri auditoriisTvis gasaTvaliswi-
nebelia, rom Cinuri ieroglifebi gansxvavdeba iaponuri ieroglifebisgan [3]. 

iaponia. iaponuri veb-saitebisTvis damaxasiaTebelia gadatvirTva 
teqstebiT, patara zomis suraTebiT, mocimcime Tu naTeli feris reklamebiT, 
animaciebiT da sxva. amasTan maTze gamoyenebulia Zalian bevri sveti da me-
nius punqti. aRniSnuli ganpirobebulia sxvadasxva mizeziT. maTgan aRsaniS-
navia Semdegi: 1)iaponelebs uyvarT produqtebis maxasiaTeblebis  dawvrile-
biT Seswavla; 2)iaponur damwerlobaSi ar aris asomTavruli asoebi (ierog-

lifebi), amitom teqstis gamoyenebiT praqtikulad SeuZlebeliა vizualuri 
aqcentis gakeTeba. aRsaniSnavia, rom ramodenime simbolos gamoyenebiT SesaZ-
lebelia mTeli winadadebis dawera; 3)iaponiis urbanuli peizaJebi, rekla-
mebis simravle, xalxmravali sivrce realuri cxovrebidan gadavida inter-
netSi. iaponelebs swamT, rom sivrce ar unda iyos Tavisufali.  

arabeTi. arabul damwerlobaSi teqstebi iwereba marjvnidan marcxniv, 
amitom arabuli veb-dizaini keTdeba marjvnidan marcxniv.  saiti gamodis 
horizontalurad Sebrunebuli. amasTan cifrebi da ricxvebi ikiTxeba mar-
cxnidan marjvniv. 

Tu veb-dizaineri akeTebs arabul saits mxedvelobaSia misaRebi is, rom 
Sriftis zoma unda iyos Cveulebrivze ufro didi. aRniSnuli ganpirobebu-
lia imiT, rom arabuli asoebi aris Zalian rTuli moxazulobis. 
aRsaniSnavia, romAarabuli Sriftebis saxeebi aris cota.  

arabuli veb-saitebi ufro konservatoruli da naklebad feradia, vidre 
evropuli veb-saitebi. maTSi adamianebis suraTebi xSirad ar gamoiyeneba. [4]. 

statiaSi ganxilulia veb-dizainis ZiriTadi maxasiaTeblebi msoflios 
sxvadasxva qveyanaSi. masSi aRniSnulia, rom TiToeuli qveynis kultura 
pirdapir gavlenas axdens veb-dizainze da xdis mas TviTmyofads. statiaSi 
Camoyalibebuli sakiTxebis gacnoba sasargeblo iqneba veb-dizainiT dain-
teresebul pirTaTvis.   
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The article outlines the basic norms of creation of web design in different countries. It is noted that despite the 

general template of web design, it is possible to identify as common features, and also differences according to 
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saavtomobilo akumulatorebis jarTis gadamamuSavebeli sawarmos  

garemoze zemoqmedebis zogierTi sakiTxis ganxilva 

 

mWedliSvili g.s., gugeSiZe m.k. 
 

saqarTvelos teqnikuri universiteti 
 

saavtomobilo akumulatorebis gadamuSaveba warmoadgens gadamuSavebis 
erTerT saintereso mimarTulebas tyviis didi raodenobiT utilizaciis 
mizniT.      

msoflio masStabiT gamoyenebuli tyviis 85% modis tyviis mJava Semcve-
li akumulatorebis warmoebaze. cnobilia, rom marto aSS-Si yovel wels 
cvlian TiTqmis 100 milion saavtomobilo akumulatorebs, romelTagan daax-
loebiT 99%-s gadaamuSaveben. tyviaze mzardi moTxovnilebis uzrunvelyofa 
xdeba ori meTodiT: pirveladi resursis warmoebis gazrdiT da meore, gamoye-
nebuli akumulatorebis gadamuSavebiT. TanamedroveobaSi, mTlianad gamoyene-
buli tyviis naxevarze meti, es aris gadamuSavebuli masala da ara pirvela-
di nedleuli. 

saavtomobilo akumulatorebis utilizacia saSualebas iZleva: 
- moxdes agresiuli da qimiurad aqtiuri nivTierebebis neitralizacia;                   
-  meorad warmoebaSi CaerTos mZime liTonebi da akumulatorebis sxva 
Semadgeneli masalebi; 
-  Semcirdes garemos dabinZurebis done.   

tyviis saavtomobilo akumulatorebi, cxadia ZiriTadad Seicaven 
tyvias,  sadac misi procentuli Semcveloba saerTo wonis 50_60%-s Seadgens. 
akumulatori, aseve Secavs sxva liTonur minarevebs, magaliTad stibiumi 
daaxloebiT 2%-ia, sxvadasxva plastmasebi, daaxloebiT 12_18%, da raTqmaunda 
gogirdmJavas xsnari, romelic  saavtomobilo akumulatorebis  saerTo 
wonis  10_15 %-s Seadgens. 

akumulatorebis gadamuSaveba Seicavs: dawvrilmanebas, mJavas neitrali-
zacias da polimerebis gancalkevebas tyviisagan. maTi damuSaveba moiTxovs 
gansakuTrebul sifrTxiles iseTi toqsikuri nivTierebebis Semcvelobis gamo 
rogorebicaa tyviis oqsidi da gogirdmJava. tyvia da gansakuTrebiT misi 
naerTebi saxifaTobis klasis mixedviT miekuTvneba pirvel klass, xolo 
eleqtroliti an ganzavebuli gogirdmJava _ meore klass.    

amgvarad, Tanamedrove teqnologiiT aRWurvili akumulatorebis gada-
mamuSavebeli sawarmo asrulebs, rogorc mniSvnelovan ekologiur funqcias, 
aseve saSualebas iZleva miRebuli iqnas meoradi nedleuli axali pro-
duqciis misaRebad [1].              

teqnologiuri procesi iTvaliswinebs mJavagamoclili akumulatorebis 
demontaJs, tyviis Semcveli da arametaluri narCenebis gancalkevebas,  tyviis 
jarTis gadamuSavebas metaluri tyviis misaRebad. tyviis akumulatorebis 
jarTis gadamuSavebis SesaZlo variantebis sqema mocemulia naxazze.  

gamoyenebuli energiis saxeobis mixedviT tyviis gamosadnobi Rumelebi 
iyofa saTbobisa da eleqtro-Rumelebad.  saTbobze momuSave Rumelis tipebia: 
tigeluri, amrekli, Saxturi da mbrunavi Rumeli.  

tyviis dnobis procesSi warmoqmnili widis fizikur-qimiuri Tvisebebi 
da ekologiuri saSiSroeba damokidebulia gamoyenebuli mdnobis qimiur 
Semadgenlobaze. magaliTad, kalciumis karbonatis gamoyenebis SemTxvevaSi 
warmoiqmneba gamotutvisadmi mdgradi kalciumiani wida, xolo natriumis 
karbonatis gamoyenebis SemTxvevaSi ki piriqiT, ris gamoc natriumiani wida 
ekologiurad ufro saxifaToa.     
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tyviis akumulatorebis jarTis gadamuSavebis SesaZlo variantebis sqema  
 

 
tyviis jarTis  RumelebSi gamodnobis Semdeg miiReba e.w. Savi tyvia, 

romelic Seicavs sxvadasxva liTonebis minarevebs, maT Soris SeiZleba iyos 
spilenZi, rkina, kala, stibiumi, bismuti da zogierTi sxva liTonic. maTgan 
gasawmendad da sufTa tyviis misaRebad  gadamamuSavebel sawarmoSi saWiroa 
pirometalurgiuli rafinirebis procesi, risTvisac gamoiyeneba e.w. gamwmendi 
qvabi.  

rafinirebis procesi mimdinareobs Txevad fazaSi, risTvisac Sav tyvias 
acxeleben aranakleb 327 0

C-sa da araumetes 650 0
C -sa. sxvadasxva elementebis 

mocileba xdeba safexurebad, garkveul temperaturaze Sesabamisi reagentebis 
damatebiT da abazanaSi - areviT.  

gadamamuSavebeli sawarmos proeqtirebisas didi mniSvneloba eniWeba 
airgamwmendi sistemis SerCevas. literaturuli masalebidan da praqtikidan 
gamomdinare arsebobs sxvasdasxva gamwmendi agregatebis an maTi sistemebis 
gamoyeneba. Tanamedrove moTxovnebis, sawarmos saSiSroebis jgufis da maRali 
gawmendis efeqturobis aucileblobis gaTvaliswinebiT, mizanSewonilia 
ramodenime safexuriani gamwmendi sistemis damontaJeba. 

sawarmos airgamwmend sistemaSi CarTuli unda iyos arsebuli mavne 
nivTierebaTa organizebuli da araorganizebuli gafrqvevis yvela wyaro. 

sawarmoSi SesaZlo gamoyenebuli erTerTi airgamwmendi sistemis 
safexurebis Tanmimdevroba Semdegia: 

gamodnobisas maRali temperaturis namwvi airebi Rumlidan gamodis 
aguriT mopirkeTebuli miliT da miemarTeba  mtvris Semkrebi (saleqari) kame-
risken. mtvris SemkrebSi xdeba maTi swrafad gaciveba myisieri gafarToebisa 
da siCqaris dakargvis gamo. aqve ileqeba didi zomis nawilakebi.   

akumulatorebis jarTi 
 

akumulatorebis daSla, 
tyviis fraqciis gamoyofa 
 

tyviis gamodnoba  Rumelში 

tyviis rafinireba 

dauSleli akumulatorebis  
gamodnoba 
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Semdeg safexurze kameridan gamosuli airebi gadis ciklonuri filt-
rebis wyebasa da gamagrilebel koSks. maTSi xdeba airebis gaciveba da    
mtvris maqsimaluri Segroveba, rac amcirebs qsovilis filtris mtvriT 
datvirTvas.  

Semdeg stadiaze 120_130 0
C-iani namwvi airebi gadis jer naperwkalCam-

WerSi da Semdeg qsovilis filtrebSi, romlebSic xdeba myari nawilakebis 
daleqva qsovilze.  

bolo safexurze sufTa, gafiltruli airebi gaivlis svel filtrSi,  
airebis gafiltvrisa da gawmendis Semdeg isini 30 m-iani milis saSualebiT 

gaifrqveva atmosferoSi [2]. 
imasTan dakavSirebiT, rom aRniSnuli sawarmos proeqtis adgilmdeba-

reobis dagegmarebis dros didi mniSvneloba eniWeba dasaxlebuli adgilidan 
daSorebis manZilis, mavne nivTierebebis miwispira da maqsimaluri  koncen-
traciebis  da maTTan dakavSirebul sxva parametrebis  gansazRvras, arsebu-
li meTodebis mixedviT Catarda am sidideebis gamoTvlebi [3]. 

gaangariSebis dros sawyisi monacemebi aRebuli iyo tyviis akumulato-
rebis gadamamuSavebeli sawarmos dagegmarebis proeqtebidan. gaTvaliswinebu-
li iyo is garemoebac, rom erT-erTi proeqti igegmeboda qvemo qarTlis re-
gionSi da Sesabamisad gamoTvlebis dros mxedvelobaSi iqna miRebuli am 
raionisTvis damaxasiaTebeli zogierTi klimaturi momentebi, magaliTad gaba-
tonebuli qaris  mimarTulebebi [4-6]. 

mavne nivTierebis miwiszeda maqsimaluri koncentracia araxelsayreli 
meteorologiuri pirobebis dros Xm manZilis daSorebiT stacionaluri 
wyarodan gamoiTvleba formuliT: 

 

32 TVH

AFMmn
Cm





  roca T  > 0 

 

sadac: M aris gafrqveuli nivTierebis masa drois erTeulSi;HH _ gafrqvevis 

wyaros simaRlea miwis zedapiridan (m); T  – gafrqveuli airhaerovani nare-
vis temperaturasa da garemo haeris temperaturas Soris sxvaobaa (0

C); A  – at-
mosferos temperaturuli stratifikaciis koeficientia, romelic Seesabameba 
araxelsayrel meteorologiur pirobebs,  romlis drosac mavne nivTierebis 
koncentracia atmosferoSi maqsimaluria; F – atmosferul haerSi mavne nivTie-
rebebis daleqvis siCqaris uganzomilebo koeficientia; η-airhaerovani narevis 
gabnevaze adgilis reliefis gavlenis amsaxveli uganzomilebo koeficientia; 
m da n koeficinetebi gansazRvraven gamosasvlelSi narevis pirobebs. 
 

dH
F

X m
4

5
  

d _ uganzomilebo koeficientia  

  5,028,0148,2 3  mVfd  

  25,028,0195,4 3  mVfd  

 328,017 fVmd      mV >2 

saSiSi qaris dros Um-is dros miwiszeda koncentracia C mg/m3, 
sxvadasxva manZilze gamoiTvleba formuliT: 
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C=S1 *Cm 

 

sadac S1 uganzomilebo koeficientia da damokidebulia X/Xm Tanafardobaze 
da F  koeficientze da gamoiTvleba formuliT: 
 

     2464

1 /6/8/3 mmm XXXXXXS    rodesac 1/ mXX  

 

    120/2,35/58,3

/
21




mm

m

XXXX

XX
S     rodesac mXX / >80 F 5,1F  ≤ 

 

  8,1747,2/1,0

1

2

1













m

m
X

X
XX

S     rodesac  F>1,5;  mXX / >8 

 

  1/13,0

13,1
2



mXX

S       rodesac  1 < 8/ mXX  

 

  16041,7/1,0

/

2

1













m

m

m

X

X
XX

XX
S   rodesac F 5,1F ≤24< 80/ mXX ≤ 

 

  9/13,0

55,2
2



mXX

S  rodesac  F 5,1F ≤8< 24/ mXX  

 

С/zdk _ gaangariSebis mizanSewonilobis kriteriumi, romelic unda akmayofi-
lebdes  (С/zdk  0,01) 
 
cxrili 1. gafrqveuli mavne nivTierebaTa angariSis parametrebi gafrqvevis  
wyarodan 500 m manZilze Crdilo-dasavleTis mimarTulebis qaris dros 
                                                   

 

 
 
 

 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 

mavne nivTiereba gafrqveuli mavne nivTierebaTa angariSis 
parametrebi gafrqvevis wyarodan  500m 

manZilze Crdilo-dasavleTis qaris dros 
kodi dasaxeleba 500მ 
0184 tyvia Cm S1 C C/zdk 

0,00042 0,019 0,000008 0,008 
0133 kadmiumi 0,0000047 0,019 0,000000089 0,00029 
0325 dariSxani 0,0000107 0,019 0,0000002 0,00007 
0207 TuTia 0,00018 0,019 0,0000034 0,00007 
2908 araorganuli mtveri 0,0011 0,08 0,000088 0,00058 
0301 azotis dioqsidi 0,0010 0,08 0,000086 0,0022 
0337 naxSirJangi 0,0058 0,08 0,00046 0.0002 
0330 gogirdis orJangi 0,00165 0,08 0,000132 0,0026 
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cxrili 2. gafrqveuli mavne nivTierebebis angariSis parametrebi gafrqvevis 
wyarodan 500m manZilze CrdiloeTis mimarTulebis qaris dros   

   vinaidan, С/zdk (gaangariSebis mizanSewonilobis kriteriumi) tyviis 
SemTxvevaSi 500 m manZilze ar akmayofilebs normebs, amitom  Catarda gamoTv-
lebi 600_800_1000 m manZilebze, romelTa Sedegebi mocemulia cxr. 3 da 4. 

cxrili 3. gafrqveuli nivTierebebis angariSis parametrebi gafrqvevis  
wyarodan 600_800_1000 m manZilze CrdiloeTis  mimarTulebis qaris dros 

mavne nivTiereba gafrqveuli mavne nivTierebaTa angariSis parametrebi 
gafrqvevis wyarodan  600_800_1000 m manZilze 

CrdiloeTis mimarTulebis qaris dros 
kodi dasaxeleba 600 m 

Cm S1 C C/ zdk 
0184 tyvia 0,00042 0,092 0,000039 0,039 
0133 kadmiumi 0,0000047 0,092 0,00000043 0,0014333 
0325 dariSxani 0,0000107 0,092 0,00000098 0,00033 
0207 TuTia 0,00018 0,092 0,000017 0,00034 
2908 araorganuli mtveri 0,0011 0,092 0,00019 0,0011 
0301 azotis dioqsidi 0,0010 0,18 0,00019 0,0048 
0337 naxSirJangi 0,0058 0,18 0,00104 0,00035 
0330 gogirdis orJangi 0,00165 0,18 0,000297 0,0059 
kodi dasaxeleba 800 m 

Cm S1 C C/ zdk 
0184 tyvia 0,00042 0,042 0,000018 0,018 
0133 kadmiumi 0,0000047 0,042 0,0000002 0,00066 
0325 dariSxani 0,0000107 0,042 0,00000045 0,00015 
0207 TuTia 0,00018 0,042 0,0000076 0,00015 
2908 araorganuli mtveri 0,0011 0,136 0,00015 0,001 
0301 azotis dioqsidi 0,0010 0,136 0,000145 0,0036 
0337 naxSirJangi 0,0058 0,136 0,00079 0,00026 
0330 gogirdis orJangi 0,00165 0,136 0,00023 0,0046 
kodi dasaxeleba 1000 m 

Cm S1 C C/ zdk 
0184 tyvia 0,00042 0.026 0,000011 0,011 
0133 kadmiumi 0,0000047 0,026 0,00000012 0,0004 
0325 dariSxani 0,0000107 0,026 0,00000028 0,00009 
0207 TuTia 0,00018 0,03 0,0000054 0,00011 
2908 araorganuli mtveri 0,0011 0,11 0,00012 0,0008 
0301 azotis dioqsidi 0,0010 0,11 0,00012 0,003 
0337 naxSirJangi 0,0058 0,11 0,00064 0,00021 
0330 gogirdis orJangi 0,00165 0,11 0,00018 0,0036 

mavne nivTiereba gafrqveuli mavne nivTierebaTa angariSis para-
metrebi gafrqvevis wyarodan  500m manZilze 

CrdiloeTis mimarTulebis qaris dros 

kodi dasaxeleba 500 m 
0184 tyvia Cm S1 C C/ zdk 

0,00042 0,15 0,00006 0,06 
0133 kadmiumi 0,0000047 0,15 0,0000007 0,0023 
0325 dariSxani 0,0000107 0,15 0,0000016 0,0005 
0207 TuTia 0,00018 0,15 0,000027 0,0005 
2908 araorganuli mtveri 0,0011 0,24 0,00026 0,0017 
0301 azotis dioqsidi 0,0010 0,24 0,00026 0,0065 
0337 naxSirJangi 0,0058 0,24 0,0014 0,00047 
0330 gogirdis orJangi 0,00165 0,24 0,000396 0,00792 
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cxrili 4. gafrqveul nivTierebebis angariSis parametrebi gafrqvevis  
wyarodan 600_800_1000 m manZilze Crdilo-dasavleTis mimarTulebis qaris dros  

 

mavne nivTiereba gafrqveuli mavne nivTierebaTa angariSis parametrebi 
gafrqvevis wyarodan  600_800_1000 m manZilze Crdilo-

dasavleTis mimarTulebis qaris dros 
kodi dasaxeleba 600 m 

Cm S1 C C/ zdk 
0184 tyvia 0,00042 0,014 0,0000058 0,0058 
0133 kadmiumi 0,0000047 0,014 0,000000065 0,0021666 
0325 dariSxani 0,0000107 0,014 0,00000015 0,00005 
0207 TuTia 0,00018 0,014 0,0000025 0,00005 
2908 araorganuli mtveri 0,0011 0,065 0,000072 0,00048 
0301 azotis dioqsidi 0,0010 0,065 0,00007 0,0018 
0337 naxSirJangi 0,0058 0,065 0,00038 0,00013 
0330 gogirdis orJangi 0,00165 0,065 0,000107 0,0021 
kodi dasaxeleba 800 m 

Cm S1 C C/ zdk 
0184 tyvia 0,00042 0,008 0,0000034 0,0034 
0133 kadmiumi 0,0000047 0,008 0,000000038 0,000013 
0325 dariSxani 0,0000107 0,008 0,000000086 0,00003 
0207 TuTia 0,00018 0,008 0,0000014 0,00003 
2908 araorganuli mtveri 0,0011 0,04 0,000044 0,00029 
0301 azotis dioqsidi 0,0010 0,04 0,000043 0,0011 
0337 naxSirJangi 0,0058 0,04 0,00023 0,00008 
0330 gogirdis orJangi 0,00165 0,04 0,00007 0,0014 
kodi dasaxeleba 1000 m 

Cm S1 C C/ zdk 
0184 tyvia 0,00042 0,006 0.0000025 0,0025 
0133 kadmiumi 0,0000047 0,006 0,000000028 0,000009 
0325 dariSxani 0,0000107 0,006 0,000000064 0,00002 
0207 TuTia 0,00018 0,006 0,0000011 0,00002 
2908 araorganuli mtveri 0,0011 0,03 0,00003 0,0002 
0301 azotis dioqsidi 0,0010 0,03 0,000032 0,0008 
0337 naxSirJangi 0,0058 0,03 0,000174 0,00005 
0330 gogirdis orJangi 0,00165 0,03 0,00005 0,001 
                                                                                                               

miRebuli Sedegebidan gamomdinare, vinaidan, tyviis SenaerTi ar akmayo-
filebs sanitaruli damcavi zonis sazRvarze dadgenil normebs, mizanSe-
wonilia proeqtis ganxorcielebis SemTxvevaSi damabinZurebeli wyarodan man-
Zili dasaxlebul punqtamde gaizardos aranakleb 1000 m-mde. 
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SUMMARY 

DISCUSSION OF SOME ISSUES OF ENVIRONMENTAL IMPACT OF SCRAP PROCESSING 

ENTERPRISE OF AUTOMOBILE    BATTERIES 

MchedlishviliG.S. and Gugeshidze M.K. 

Georgian Technical University 

The significance of the necessity of recycling automobile lead accumulators in modern conditions, the possible 

consequences of their utilization, both from an economic point of view and from the point of view of ecological 

safety, are discussed.   A possible scheme of scrap recycling of lead accumulators, the sequence of technological 

processes and the furnaces used in practice are presented.     The gas cleaning system of the project enterprise is 

separated, with the characterization and purpose of each stage unit included in it.  Studies and calculations have 

been carried out in terms of determining the limits of the sanitary protection zone of the enterprise, determining 

the maximum value of the permissible emission of polluting substances, the maximum value of above-ground 

concentrations. The results of the calculations are presented in tables and the conclusion is presented.    

Keywords:  lead, accumulator, scrap, air cleaning system, harmful substance.                                          
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silikomanganumis dnoba zestafonis feroSenadnobTa qarxnis 

industriuli narCenebis gamoyenebiT 

 

maisuraZe i.b., juluxiZe a.g., WumbaZe m.T., abesaZe r.k., sigua l.r. 
 

ssip ferdinand TavaZis metalurgiisa da masalaTmcodneobis instituti 
 

saqarTvelos samTo-metalurgiuli sawarmoTa industriuli narCenebi 
maTi farTo gamoyenebis SesaZleblobis miuxedavad dRemde SezRudulad ga-
moiyureba. rusTavis metalurgiuli qarxana, zestafonis feroSenadnobTa qar-
xana da tyibulis samTo-gamamdidrebeli fabrika – es sami obieqtia saqarTve-
loSi, sadac Tavmoyrilia ZiriTadad industriuli narCenebis didi raode-
noba. narCenebis ikaveben did teritoriebs, qmnian antisanitarias, abinZureben 
miwisqveSa da zedapirul wylebs. amitom maT gadamuSavebas ekonomikuris 
garda aqvs mniSvelovani ekologiuri datvirTva.  

cxr. 1-Si mocemulia zestafonis feroSenadnobTa qarxnis teritoriaze 
arsebuli narCenebis raodenoba da masSi manganumis Semcveloba. 

 
     cxrili 1.  narCenebis raodenoba da misi qimiuri Sedgeniloba 

 
dasaxeleba raodenoba. 

     t 
Qqimiuri Sedginiloba, % 

Mn SiO2 P CaO Al2O3 

gazgamwmendis mtveri 
separaciis Slami 
mang. koncent. fr. 0-1mm 
 
liTonis mtveri  

500000000 
15120000 

24,20 
17,13 
29,80 
Mn 
50,10 

29,40 
39,69 
21,50 

Si 
14,70 

0,04 
0,30 
0,19 

P 
0,21 

4,10 
18,98 
4,50 

C 
2,93 

2,10 
12,44 
3,30 

  
cxrilis monacemebidan Cans, rom zestafonis feroSenadnobTa qarxnis 

teritoriaze dayrilia naxevari miliardi tona gazgamwmendi milebidan 
gamoRebuli mtveri, romlis wiaRSic inaxeba asi milion tonaze meti manga-
numi. Ddidi raodenobiTaa separaciis Slami da liTonis damtvrevis Sedegad 
miRebuli mtveri. es narCenebi wvrilfraqciulia, amitom SeuZlebelia maTi 
gamoyeneba dnobisaTvis danaWrovnebis gareSe. arsebobs danaWrovnebis ramde-
nime meTodi. Lliteraturidan cnobilia wvrilfraqciuli industriuli nar-
Cenebis dabriketebis SemTxvevebi [1]. arCeuli iqna dabriketeba, radganac is 
teqnologiurad martivi procesia, ar moiTxovs momsaxureTa maRal kvalifi-

kacias da ar aris SezRuduli dasabriketebეli masalis fraqciuli Semadgen-

lobiT. dasabriketebეli kazmis Semadgenloba iyo:  

 
                                      gazgamwmendis mtveri   – 2kg, 
                          separaciis Slami       _ 2kg, 
                 mang. koncent. fr. 0_1mm _ 3kg, 
                 liTonis mtveri        _ 3kg, 
                 tyib, naxS. anaceri     _ 3kg. 
  

briketebis madnur nawilSi manganumis Semcveloba iyo 30,1%. briketi-
reba mimdinareobda specialuri Semkvrelis gareSe am SemTxvevaSi Semkvrelis 
rols asrulebda gazgamwmendis mtveri. wvrilfraqciuli narCenebisgan miRe-
buli briketebis meqanikuri Tvisebebi mocemulia cxr. 2-Si. kvlevebs vata-
rebdiT hidravlikur laboratoriul wnexze. dabrikitebis wneva icvleboda 
400kg(40mpa) – 100kg(10mpa)-mde. kvlevis Sedegad dadgenili iqna dabriketebis 
optimaluri parametrebi. rogorc kvlevebma gviCvena (cxr. 2) axlad miRebuli 
nedli briketebi Camoyraze ar iSleba, xdeba misi gaWyleta im adgilze, ri-
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Tac daeca, xolo kumSvaze ar imsxvreva, iWyliteba. briketis zomebia: diamet-
ri – 25 mm, simaRle – 27 mm, forma – cilindruli. dnobebi Catarebuli iqna 
cvladi denis eleqtrorkalur RumelSi simZlavriT 80kva, Zabva 30_40 volti, 
maqsimaluri denis Zala 2000 amperi.  
 
cxrili 2. briketebis meqanikuri Tvisebebi 
 
 
 
# 

 
dawne- 
xvis 

sidide, 
mpa 

briketebis simtkice 
axladmiRebuli 

nedli 
Termulad 

damuSavebuli,  
9000С 

haerze  
gamomSrali, 

24sT  

Camoyra, 
% 

+5mm 

kumSva, 
mpa 

Camoyra, 
% 

+5mm 

kumSva, 
mpa 

Camoyra, 
% 

+5mm 

kumSva, 
mpa 

1 40 100 

Ar
 i

ms
x
vr

ev
a 

iW
yl

it
eb

a 
 

95 9,0 80 9,5 
2 50 100 98 12,5 85 18,3 
3 60 100 100 24,8 100 26,5 
4 70 100 98 17,8 98 19,9 
5 80 100 100 19,8 98 20,1 
6 100 90 80 11,8 70 13,5 
7 110 90 75 9,2 65 10,3 

 
 

silikomanganumis dnobis procesSi briketebis gamoyenebiT miRebuli 
iqna Rumelis muSaobis Tanabari svla, eleqtrodebi Rrmad ijda kazmSi, 
Rumelidan liToni da wida gamodioda Tavisuflad da sakmaod maRali 
temperaturiT. dnobis procesSi briketebi formas inarCunebdnen gadnobamde. 
laboratoriuli dnobis Sedegebi mocemulia cxr. 3-Si. 
 
 cxrili 3. dnobis ZiriTadi parametrebi  
  

№ maCvenebeli raodenoba 

1 masalebis xarji, kg 
                   briketebi 
                   rkinis burbuSela 

 
30,30 
1,50 

2 miRebuli liTonis raodenoba, kg 9,10 
3 liTonis qimiuri Senadgenloba, % 

                   manganumi 
                   siliciumi 
                   naxSirbadi 
                   fosfori 

 
63,40 
14,60 
2,30 
0,30 

4 elementebis gadasvla liTonSi, % 
                   manganumi 
                   siliciumi 

 
68,00 
37,00 

5 elementebis gadasvla widaSi, % 
                   manganumi 
                   siliciumi 

 
25,03 
59,00 

6 miRebuli widis raodenoba, kg 16,30 
7 widis qimiuri Senadgenloba, % 

                                           SiO2 

                                           Mn 

                                           Al2O3 

                                           CaO 

                                           MgO 

 
39,20 
19,06 
13,65 
20,15 
5,01 
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zestafonis feroSenadnobTa qarxnis teritoriaze arsebuli didi raode-
nobis manganumSemcveli wvrilfraqciuli narCenebis gamoyenebiT Catarda dnoba 
da miRebuli iqna standartuli silikomanganumi.  

amgvarad, Catarebuli Teoriuli da eqsperimentuli kvlevebis safuZvelze 
SemuSavda industriuli narCenebis aTvisebis yvelaze racionaluri da perspeq-
tiuli teqnologiuri sqema, rasac garda ekonomikurisa, aqvs mniSvnelovani eko-

logiuri datvirTva [2]. 
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SUMMARY 

SMELTING OF SILICOMANGANESE USING INDUSTRIAL WASTE FROM THE ZESTAFONI 

FERROALLOY PLANT 

Maisuradze I.B., Juluxidze A.G., Chumbadze M.T., Abesadze R.K. and Sigua L.R. 

F. Tavadze Institute of Metallurgy and Materials Science  
This paper presents the results of smelting silicomanganese using the charge industrial waste (gas cleaning dust, 

separation sludge and manganese concentrate fraction 0-1mm) from the Zestafoni ferroalloy plant. As a result of 

smelting, standard silicomanganese was obtained. 

Keywords: industrial wastes,  briquettes, melting, silicomanganese.                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                           

      

 

 
 
 
 
 



   saqarTvelos sainJinro siaxleni, GEORGIAN ENGINEERING NEWS, #2, 2022  

 

60 

liTonebis eleqtrowiduri gadadnobisas eleqtrodis gaxurebaze 

daxarjuli siTbos gansazRvra 

 

silagaZe s.r., zivzivaZe l.b., SalamberiZe m.S. 
 

  
eleqtrowiduri gadadnobisas, dnobadi eleqtrodi cxeldeba da dneba 

garegani da Sinagani Tburi wyaroebis erTdrouli moqmedebiT. Sinagan wyaros 
warmoadgens dnobad eleqtrodSi denis gavliT gamoyofili e.w. joulis 
soTbo, xolo garegan wyaroebs warmoadgenen widis abazanasTan SexebaSi 
myofi eleqtrodis zedapiriT arTmeuli siTbo da widis abazanis sarkiseburi 
zedapiridan gamosxivebuli siTbo [1]. dRemde ar arsebobs samive wyaros 
erTdrouli moqmedebis gaTvaliswinebiT dnobadi eleqtrodis gaxurebaze 
daxarjuli siTbos gansazRvris meTodi. maSin, roca dnobadi eleqtrodis 
gaxurebaze daxarjuli siTbos raodenobis codna aucilebelia eleqtrowi-
duri gadadnobisaTvis saWiro denis, rogorc procesis erT-erTi mTavari pa-
rametris, mniSvnelobis dadgenisaTvis. aqtualobidan gamomdinare, dnobadi 
eleqtrodis gaxurebaze daxarjuli siTbos raodenobasa da Semadgeneli 
calkeuli nawilebis gansazRvras eZRvneba winamdebare statia. 
 

1. eleqtrodSi denis gavliT gamoyofili e.w. joulis siTbos Q
j
eQ  

gansazRvra. 
mudmiv denze eleqtrowiduri gadadnobisas, joulis siTbo Tanabrad 

gamoiyofa gadasadnobi eleqtrodis mTel moculobaSi, xolo gadadnobi-
saTvis cvladi denis gamoyenebis SemTxvevaSi joulis siTbo gamoiyofa gada-
sadnobi eleqtrodis zedapirul SreSi. am ukanasknelis mizezia is, rom eleq-
trodSi cvladi denis gavlisas masze magnituri velis  moqmedebiT xdeba 

denis gamodevna eleqtrodis zedapirze. Tanac, dengamtari Sris sisqe e  

damokidebulia saeleqtrode masalis magnitur mudmivaze 0 , mis xvedriT 

eleqtrowinaRobaze e , magnitur SeRwevadoba    sixSireze: 

 

      (1) 

gamosaxulebaSi (1)  Semavali e ,,0 sidideebi SeirCeva cnobarebidan 

gadasadnobi eleqtrodis masalis mixedviT. gadadnobisaTvis iyeneben samrew-
velo sixSiris cvlad dens, amitom, garda aRniSnuli sidideebisa, gadasad-
nobi eleqtrodis realuri e.w. efeqturi winaRoba Ref damokidebulia, agreT-
ve, denis gamodevnis efeqturobis koeficientze. 

es ukanaskneli Ref  damokidebulia gadasadnobi eleqtrodis radiusze 
Re da dengamtari Sris sisqeze [2] 

 

e

e

ef
2

R
K        (2) 

eqsperimentad dadgenilia dnobadi eleqtrodis efeqturi winaRobis 
gansazRvrisaTvis Semdegi gamosaxuleba: 

 

 efef KRR 0       (3) 

sadac R0 aris eleqtrodis winaRoba mudmiv denze eleqtrowiduri 
gadadnobis SemTxvevaSi. 
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dnobad eleqtrodSi gamoyofili joulis siTbos gaangariSebis saWiro 

sizustes uzrunvelyofs  efK  funqcionaluri damokidebulebis Semdegi 

empiriuli gamosaxuleba:  
 

 













10>

64

3
0,25

10<<277,0907,0

ef

ef

efef

roca

1roca

ef K
K

KK

K

   

 (4) 

 
gamosaxulebebiT (3), (4)  Ref-is gansazRvris Semdeg, dnobad eleqt-

rodSi gamoyofili joulis siTbo, ganisazRvreba Semdegi gamosaxulebiT: 
 

ef
2
e

j
e RIQ        (5) 

 
 
2. widis abazanasTan SexebaSi myofi zedapiridan dnobad eleqtrodze 
gadacemuli siTbos gansazRvra. 
 

Cvens mier SemoTavazebulia widis abazanidan, masTan kontaqtSi myofi 

dnobadi eleqtrodis zedapiriT arTmeuli 
w
eQ siTbos gansazRvris axali sqe-

ma. aRniSnuli siTbo TbogamtarobiT vrceldeba eleqtrodis mTel moculo-
baSi. msgavsi sqemiT (nax.1) gaiangariSeba liTonebis eleqrokontaqturi 
wertilovani SeduRebisas, SeduRebis adgilas warmoqmnili gamdnari liTonis 
moculobidan [3] e.w. SeduRebis birTvidan (3), eleqtrodis mier (4) arTmeuli 

siTbo eQ : 

 

  8/4/2 dneev
2
efe TcxdkQ      (6) 

ee ,c
 
Seadgens, Sesabamisad, saeleqtrode masalis siTbotevadobasa da simkv-

rives, dnT _ birTvSi gamdnari liTonis temperaturaa, de _ eleqtrodis 

diametric, kf _ kontaqtis adgilas eleqtrodis formis koeficienti (igi 

SeiZleba iyos cilindruli, konusuri, sferuli), vx _ eleqtrodis daSoreba 

SesaduRebeli detalis kontaqtis adgilidan, sadac miRweulia 8/dnT - tempe-

ratura.  
nax.2-ze warmodgenilia widis abazanasTan kontaqtSi myofi dnobadi 

eleqtrodis mier arTmeuli siTbos saangariSo axali sqema. igi miRebulia 
eleqtokontaqturi wertilovani SeduRebisa da eleqtrowiduri gadadnobis 
procesebis Taviseburebebis gaTvaliswinebiT, es Taviseburebebia: 
- gadasadnobi eleqtrodis diametri, praqtikulad, tolia widis abazanis 
dengamtari cilindris diametrisa da abazanis formis koeficientis 
namravlis; 
- widis abazanis simaRle da SesaduRebeli detalebis jamuri sisqe, orive 
SemTxvevaSi, saangariSo sqemiT  cilindris simaRledaa miCneuli; 
- widis abazanis temperatura da Txevadi birTvis temperatura saangariSo sqe-
maSi  aRebulia widisa da SesaduRebeli detalis masalis dnobis tempera-
turad. 

vx _  tolia gadasadnobi eleqtrodis sawyisi sigrZis (nax.2); 
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- nax.2-ze widis abazaniTaa Secvlili nax.1-ze warmodgenili eleqtrodebs 
Soris ganlagebuli dengamtari cilindri. 
- nax.2-ze gvaqvs mxolod zeda eleqtrodi, meore eleqtrodi Secvlilia 
eleqtrowiduri gadadnobiT miRebuli sxmuliT.  
- eqsperimentuli kvlevis safuZvelze eleqtrowiduri gadadnobis procesis 

xangrZlivobis gamo gadasadnobi eleqtrodis saSualo temperatura 30/dnT -is 

toladaa miCneuli, (eleqtrodis temperaturis, eleqtrowiduri gadadnobis 
procesSi perioduli gazomvebiT). 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
 

 
 
 

nax.1  eleqtrokontaqturi wertilovani SeduRebis gamdnari birTvidan eleqtrodis 
mier arTmeuli siTbos gaangariSebis sqema  

1,2 _ SesaduRebeli liTonis furclebi;  3 _ SeduRebis birTvi; 4,5 _ SeduRebis 
eleqtrodebi; I _ SeduRebis deni; de, db _ eleqtrodisa da birTvis diametri; 

Pd _ eleqtrodze moqmedi kumSvis Zala. 
 

pirveli daSvebis safuZvels iZleva liTonebis eleqtrowiduri 
gadadnobis eleqtruli velis kvlevis Sedegebi. kerZod, dnobadi eleqtrodis 
da gamdnari widis Sexebis kontaqti ar moicavs mTlianad widis zedapirs, 
magram eleqtruli velis potenciali eleqtrodis kontaqtisa da widis zeda-
pirze kristalizatoris kedlamde erTnairi sididisaa. rac imaze miuTiTebs, 
rom deni gadis praqtikulad widis abazanis mTel zedapirSi. 

bolo daSvebis safuZvelia is, rom liTonebis eleqtrokontaqturi 
wertilovani SeduRebis xangrZlivoba SeiZleba iyos 0,001_1 wm. Sesabamisad, 

miCneulia, rom eleqtrodi ver aswrebs bolomde gaxurebas, xolo 8/dnT tem-

peraturamde gacxelebuli ubanis CarTva, saangariSo sqemaSi, iZleva sakmaris 
sizustes. eleqtrowiduri gadadnobis sqemaSi eleqtrodis temperatura 

gadasadnobi eleqtrodis masalis dnT   dnobis temperaturis 1/30 nawils 

Seadgens   . 
birTvidan arTmeuli siTbos gaangariSebisas, maSin, roca eleqrowi-

duri gadadnobisas procesi xangrZlivia da SeiZleba dauSvaT, rom eleq-
trodis boloSic didi temperaturaa, amitom widis abazanidan eleqtrodis 
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mier arTmeuli siTbos saangariSo sqemaSi aucilebelia monawileobdes 
eleqtrodi sawyisi sigrZiT. 

me-2 da me-3 daSveba praqtikulad araa dakavSirebuli Cveni saangariSo 
sqemiT Sesabamisi siTbos gaangariSebis cdomilebasTan. 

 

 
 
 

nax.2 liTonebis eleqtrowiduri gadadnobisas widis abazanis Sexebis adgilidan 
dnobadi eleqtrodis mier arTmeuli siTbosa da widis abazanaSi gamoyofili siTbos 

saangariSo sqema: 
1 _ kristalizatoris Ziri; 2 _ kristalizatoris Sida kedeli; 3 _ garnisaJis fena;  
4 _ denis gavlis xazebi; 5 _ dnobadi eleqtrodi; 6 _ widis abazana; 7 _ gadamdnari 

liTonis sxmuli; 8 _ gagrilebis wyali. 
 
 

aRniSnuli daSvebis gaTvaliswinebiT, warmodgenili saangariSo sqemiT, 
(nax.2) gamdnari wididan SexebaSi myofi dnobadi eleqtrodis sqemiT (nax.2) 
gamdnar widasTan SexebaSi myofi dnobadi eleqtrodiT arTmeuli siTbos 
gansazRvris formulas aqvs saxe: 

 

  30/,,4/ 3 dneded
2

ef
w

e TcxdkQ           (7) 

gamosaxulebaSi (7) eded   ,c  Seadgenen Sesabamisad gadasadnobi saeleqt-

rode masalis siTbotevadobasa da simkvrives, xolo dnT  , 3X ^'aris Sesaba-

misad eleqtrodis masalis dnobis temperatura da gadasadnobi eleqtrodis 
sawyisi sigrZe. 

me-7 gamosaxulebaSi  k  aris eleqtrodis formis koeficienti. 
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kontaqturi wertilovani SeduRebisas igi damokidebulia SesaduRebeli 
masalis saxeobasa da kontaqtSi myofi nawilis formaze (konusuri, 
cilindruli, sferuli). eleqtrowiduri gadadnobis procesis didi xang-
rZliobis gamo eleqtrodze gadacemuli siTbo, TiTqmis, araa damokidebuli 
kontaqtis adgilas eleqtrodis formaze.  
 
 
3.dnobad eleqtrodze widis abazanis zedapiridan gamosxivebiT gadacemuli 
siTbos gansazRvra. 
 

kristalizatoris kedelsa da gadasadnob eleqtrods Soris arsebuli 
widis abazanis zedapiridan gamosxivebuli siTbos nawili gadaecema dnobad 
eleqtrods, kristalizatoris Siga kedels, xolo nawili garemos. 

kristalizatoris formis maRali koeficientis SemTxvevaSi gamosxi-
vebiT garemos gadacemuli siTbo umniSvnelo sididisaa. am SemTxvevaSi, gamos-
xivebiT siTbo ZiriTadad gadaecema kristalizatoris kedelsa da dnobad 
eleqtrods. gamosxivebiT eleqrodze gadacemuli siTbo ganisazRvreba Sem-
degi gamosaxulebiT: 

 

ew

ew

we
g
e

100100
H

TT
Q













































22

0      (8) 

sadac we  aris Sesabamisad eleqtrodisa da widis siSavis xarisxi, xolo wT  

da eT  aris, Sesabamisad, widis abazanis zedapirisa da eleqtrodis saSualo 

temperatura. Txevadi widisaTvis siSavis xarisxi damokidebulia widis 
Semadgenlobaze, romelic gavlenas axdens Txevadi widis temperaturaze, 

magram gaangariSebebSi igi aiReba 65,0w . qromiani da qromnikeliani Sem-

cvelobis eleqtrodisaTvis, romelic gamoyenebulia gadasadnobi eleqt-

rodis masalad. siSavis xarisxi koeficienti 7,0e ; 0 idealurad Savi 

sxeulis siSavis koeficientia da igi aiReba 10 . (8) gamosaxulebaSi  

ewH aris konkretul gadadnobis pirobebSi widis abazanis zedapiridan gamo-

sxivebiT dnobad eleqtodze Tburi moqmedebis farTis koeficienti. igi 
damokidebulia gadasadnobi eleqtrodis radiusze Re, kristalizatoris 
formis koeficientze k,  abazanis simaRleze he. 

misi eqsperimentuli an Teoriuli gziT dadgena rTulia. mkvlevarebis 
rekomendaciebis gaTvaliswinebiT [4], SemoTavazebulia Semdegi empiriuli 
gamosaxuleba: 
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   (9) 

 
gamosaxulebis (9) analizi aCvenebs, rom (8) gamosaxulebiT gaangari-

Sebuli gamosxivebiT, eleqtrodze gadacemuli Q
g
eQ  siTbo widis abazanasTan 

kontaqtis zedapiridan 0,5de daSorebiT, Seadgens eleqtrodSi denis gavliT 
gamoyofili joulis siTbos jamuri mniSvnelobis 5%-s, xolo de  daSorebiT 
1%-s.  
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cxadia, eleqtrodis mTel sigrZeze gaangariSebuli jamuri Qe siTbos 
SemTxvevaSi, gamosxivebis gavlena iqneba imdenad umniSvnelo, rom igi 
SeiZleba ugulvebelvyoT.  

amrigad, SeiZleba davaskvnaT, rom dnobadi eleqtrodis Tburi dat-

virTva Seadgens eleqtrodSi denis gavliT gamoyofili siTbosa 
j
eQ da widis 

abazanasTan kontaqtiT gadacemul siTboTa Q
w
eQ jams: 

 
w
e

j
ee QQQ       (10) 

 
j
eQ da Q

w
eQ sidideebis gaTvaliswinebiT miviRebT: 

 

  dn/30ededv
2

efee TcxdkRIQ   4/2      (11) 

 
Catarebuli gamokvlevebis analizis safuZvelze SeiZleba davaskvnaT: 

eleqtrowiduri gadadnobisas, dnobadi eleqtrodis gaxurebis pro-
cesze gavlenas axdens widis abazanasTan SexebaSi myofi  eleqtrodis mier 
arTmeuli da eleqtrodSi denis gavliT gamoyofili siTbo. masze SedarebiT 

umniSvnelo gavlenas axdens abazanis zedapiridan gamosxivebiT miღebuli 
siTbo. 

eleqtrowiduri gadadnobisas dnobad eleqtodze widis abazanasTan 
kontaqtSi myofi zedapiridan gadacemuli siTbo, SemuSavebuli saangariSo 
sqemis mixedviT, iangariSeba gadasadnobi eleqtrodis sawyisi sigrZis, 
diametris, saeleqtrode masalis siTbotevadobis, simkvrivisa da widis aba-
zanis temperaturis mixedviT. 
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SUMMARY 

DETERMINATION OF HEAT SPENT ON ELECTRODE HEATING DURING ELECTROSLAG 

 REMELTING OF METALS 

Silagadze S.R., Zivzivadze L.B. and Shalamberidze M.Sh. 
An image of the heating of a fusible electrode during electro-slag melting has been designed, taking into account 

the effect of electric current leakage on the magnitude of electrode resistance. A heat calculation scheme and 

mathematical image of the heat withdrawn by contact of the electrode to be fused with the slag bath have been 

developed. A mathematical image for calculating the heating of the electrode under the action of external and 

internal sources has also been obtained.  

Keywords: slag, electroslag remelting, melting electrode, slag bath, metal bath, cast, crystallizer. 
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adgilobrivi nedleulis gamoyeneba eleqtrodebis danafarSi 

ruxi da Wedadi Tujis SeduReba-daduRebisaTvis 

 

xuciSvili m.g., dadianiZe g.a., gonjilaSvili n.d. 

 

saqarTvelos teqnikuri universiteti 

f. TavaZis saxelobis metalurgiisa da masalaTmcodneobis instituti 

 

dafariani eleqtrodebis warmoebisas  Rirebulebebis Sesamcireblad 

mniSvnelovania adgilobrivi nedleulis gamoyeneba. 

mrewvelobaSi farTo gamoyenebas poulobs Tuji, rac ganpirobebulia 

misi dabali RirebulebiT damzadebisas.  xasiaTdeba maRali samsxmelo Tvise-

bebiT. 

mrewvelobaSi farTo gamoyenebas poulobs ruxi Tuji naxSirbadis 

SemcvelobiT 2,4_3,8 % da Wedadi Tuji, romelic Seicavs naxSirbads SezRudu-

li SemcvelibiT 2,4_2,8 %. naxSirbadis dabali Semcvelobis gamo miiReba mcire 

raodenobis grafituli warmonaqmnebi da umjobesdeba Tujis xarisxi [1]. 

Tujis SenaduRi konstruqciebi iSviaTobas warmoadgens [2]. SeduReba- 

daduRebas iyeneben ZiriTadad defeqtebis aRmosafxvrelad Tujis Camosxmisas, 

agreTve xdeba bzarebis amovseba. 

Tujis cudi SeduReba ganisazRvreba misi midrekilebiT bzarebisadmi, 

xasiaTdeba dabali simtkciT, rogorc nakerebSi agreTve nakermimdebare 

zonaSi da iwvevs gaTeTrebas [3]. 

Tujis xeliT eleqtrorkaluri SeduRebisas ansxvaveben sam saxeobas:  

1. civi SeduReba (SesaduRebeli nawiburebis winaswari SeTbobis gareSe);  

2. naxevrad cxeli SeduReba (SesaduRebeli nawiburebis mcire SeTbobiT 

ara umetes 300-400 0
C);  

3. cxeli SeduReba (SesaduRebeli nakeTobis SeTboba 600_700 0
C, SeduRe-

bis Semdeg RumelSi gaciveba). 

ruxi da Wedadi Tujis SeduReba winaswari SeTbobis gareSe SesaZlebe-

lia eleqtrodebiT, romelSic Rerod gamoyenebulia mavTuli M1, MT sax.st. 

2112-79  monelliToni sax.st.492-2006 da eleqtrodebi ЦЧ-4, 03Ч-2, 03Ч-3, 03Ч-4, 

03Ч-6,  МНЧ-2 da 03ЖН-1  sax.st. 9466-75. 

SeduRebis Semdeg SenaduR nakers aciveben 50_100 0
C /wT [4]. 

standartuli dafarvis mqone eleqtrodebSi SesaZlebelia zogierTi 

komponentis Secvla adgilobrivi nedleuliT, rac gamoiwvevs TviTRirebule-

bis Semcirebas da sawarmoo naklebad iqneba damokidebuli sxva sawarmoebze. 

ruxi Tujis civad SeduRebisas gamoiyeneba eleqtrodi 03Ч-6, romelsac 

aqvs fuZe tipis dafarva. aRniSnul dafarvaSi SevcvaleT Semdegi komponen-

tebi: standartuli marmarilo _ Telavis marmariloTi; kvarcis standartu-

li qviSa _ saCxeris qviSiT; standartuli feromanganumi _ WiaTuris fero-

manganumiT. eleqtrodis ReroT gamoviyeneT mavTuli diametriT ф4 mm, romlis 

masala aris М1 sax.st. 2112-79 [5]. 

ruxi da Wedadi Tujis SesaduRebel  dasaduRebel eleqtrodis dafar-

va Sesrulda sam variantad, romelic mocemulia cxr. 1-Si. 
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  cxrili 1. eleqtrodis danafari ruxi da Wedadi Tujis SesaduReblad %-Si 

 
№ komponenti varianti sax.st. an teqn. 

pirobebi I II III 
1 Telavis marmarilo 20 20 16  

2 grafiti 10 14 16 5279-74 

3 saCxeris qviSa 5 5 5  

4 mdnobis Spati ДФС95, ФФС-97А 20 10 6 4421-73 

5 zestafonis feromanganumi 5 5 5 4755-91 

6 ferosiliciumi ФС-45 2 2 2 1415-93 

7 siliciumis karbidi (saCxeris qviSa) 17 13 10  

8 ferotitani ФТ  da 30А,  ФТ  da 25 an  ФТ  an  25ბ 1 2 3 4761-91 

9 aluminis fxvnili 5 4 6 6058-73 

10 natriumis  ftoridi 5 10 13 2871-75 

11 spilenZis Jangi 5 10 13 16539 -79 

12 nikelis fxvnili ПНЭ-1 5 5 5 9722-97 

 
am sami variantidan saukeTeso aRmoCnda meore varianti. 
sacdeli eleqtrodebi damzadebuli meore variantis mixedviT daduRda 

Semdegi reJimebis mixedviT cxr. 2. 
 
          cxrili 2. daduRebis reJimebi 

eleqtrodis diametri, mm denis Zala, a 
 

nakeris mdebareoba 
qveda vertikali 

4 140_180 130_150 

 
daduRebuli liTonis qimiuri Sedgeniloba mocemulia cxr. 3-Si. 

 
    cxrili 3. daduRebuli eleqtrodis qimiuri Sedgeniloba, % 

 

 

 

 
meqanikuri Tvisebebi daduRebuli liTonis mocemulia cxr. 4-Si 

                                                                                                                                         
cxrili 4. daduRebuli liTonis meqanikuri Tvisebebi 

 

 
 
SeduReba-daduRebisas SesaZloa bzarebis warmoqmna. 
eqsperimentuli eleqtrodebis midrekilebis Seswavla civi bzarebisadmi 

ganisazRvra ЛТП2-5  da ЛТП2-3  danadgarebze, romelic mdgomareobs SeduRebu-
li nimuSebis datvirTviT bzarebis warmoqmnamde, rogorc mrgvali nimuSebis 
SeduRebuli diagonalze, agreTve brtyeli nimuSebis kuTxuri nakerebis gamoc-
dis meTodi standartulia da akmayofilebs sax.st. 26388-84-is moTxovnebs [5]. 

tesebri nimuSebis gamocda xdeboda furclis zomiT 100x100x10 mm masad 
gamoyenebuli iqna ruxi Tuji, sadebad igive masala zomiT 150x100x10 mm . Sedu-
Reba moxda eqsperimentuli eleqtrodebiT diametriT Ф4 mm. 

SeduRebis win moxda eqsperimentuli eleqtrodebis gamowva 450 
0
C          

3 sT-is dayovnebiT. 
eqsperimentuli eleqtrodebis gamocdis Sedegebi mocemulia cxr. 5-Si. 

  

elementebi,% 
C Si Mn Ni Cr Fe Cu 

0,06 0,008 1,25 1,2 0,3 11,5 danarCeni 

droebiTi winaRoba, B , MPa denadobis zRvari, T , MPa  

320 200 



   saqarTvelos sainJinro siaxleni, GEORGIAN ENGINEERING NEWS, #2, 2022 68 

cxrili 5. sacdeli eleqtrodebis gamocdis Sedegebi tesebr nimuSebze 

misarTi masala SesaduRebeli 
masala 

teqnologiuri 
simtkice, MPa

gamoumwvari 
eleqtrodebiT 

teqnologiuri 
simtkice, MPa

gamomwvari 
eleqtrodebiT 450

 O
C 

gamomwvari 
eleqtrodebiT 

ruxi Tuji 340,4 400,3 

rogorc cxr. 5-is monacemebidan Cans gamomwvari da gamoumwvari  eleq-
trodebiT SeduRebisas simtkicis zRvaris gansxvaveba Seadgens 40 MPa. 

sacdeli eleqtrodebis midrekilebis Sesaswavlad bzarebisadmi Seswav-
lili iqna Termuli cikli SeduRebisas. amisaTvis gamoyenebuli iqna mrgvali 
furclebi diametriT Ф150 mm sisqiT 3 mm. SeduRebis Termuli cikli xasiaT-
deboda SenaduRi nakeris gacivebiT sxvadasxva siCqariT 15, 25, 40, 60, 120, 180 
grad/wm. 

sacdel  eleqtrodebs ruxi da Wedadi Tujis SesaduReblad da defeq-
tebis gamosasworeblad ar aqvT midrekileba civi bzarebisadmi maRali Ter-
muli ciklis SemTxvevaSi [6_8]. 

amrigad, gamokvlevis Sedegad dadginda, rom civi SeduRebisas ruxi da 
Wedadi Tujis SesaduReblad SeiZleba adgilobrivi nedleulis gamoyeneba 
konkretulad Telavis marmarilo, saCxeris qviSa, zestafonis feromanganumi, 
romlebic ar auareseben SeduReba-daduRebis process; SemuSavda sacdeli va-
rianti eleqtrodebis dafarvaSi ruxi da Wedadi Tujis civad SeduRebisaT-
vis; laboratoriis pirobebSi damzadda sacdeli eleqtrodebi ruxi da Weda-
di Tujis civad SesaduReblad da dasaduReblad; Seswavlili iqna sacdeli 
eleqtrodebis midrekileba civi bzarebisadmi. 
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SUMMARY 

USE OF LOCAL RAW MATERIALS IN ELECTRODE COATING FOR WELDING AND BRAZING 

OF GRAY AND MALLEABLE CAST IRON 

Khutsishvili M.G.,  Dadianidze G.A. and Gonjilashvili N.D. 

Georgian Technical University  

F.Tavadze Metallurgy and Materials Science Institute 

In order to reduce costs in the production of coated electrodes, it is important to use local raw materials.  As a 

result of research, it was determined that local raw materials can be used for welding gray and malleable cast 

iron during cold welding. Specifically, Telavi marble, Sachkheri sand, Zestafoni ferromanganese, which do not 

worsen the welding and brazing process. A trial option was developed in electrode coating for cold welding of 

gray and malleable cast iron.In laboratory conditions, test electrodes were made for cold welding and brazing of 

gray and malleable cast iron.   

Keywords: electrode, ferromanganese, welding. 



saqarTvelos sainJinro siaxleni, GEORGIAN ENGINEERING NEWS, #2, 2022  69 

samrewvelo moculobis mikrofiltraciuli danadgarebisaTvis   

laminaruli da hibriduli nakadebis pirobebSi baromembranuli 

procesebis kvleva

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

saqarTvelos teqnikuri universitetis membranuli teqnologiebis sainJinro 
instituti 

bunebrivi wylebis saeqsporto maCveneblebis da konkurentunarianobis 
gazrdis ZiriTadi winapiroba xarisxis maRali standartia, risTvisac  auci-
lebelia bunebrivi wylebis membranuli teqnologiebiT damuSaveba,  romle-
bic avlenen maRal energoefeqturobas,  dabal saeqsploatacio xarjebs da 
ar gaaCniaT garemoze mavne  zemoqmedebis unari [1,2]. 

mikrofiltraciuli membranuli gayofis procesebis racionaluri 
ganxorcielebisaTvis sxvadasxva teqnikuri Sesrulebis aparaturidan da 
Sesabamisi teqnologiebidan SeirCa membranuli aparaturis tipi da teqno-
logiuri sqemis principi. samrewvelo moculobis safiltracio nakade-
bisaTvis Catarebulia Cixuri da tangencialuri baromembranuli procesebis 
Teoriuli da eqsperimentuli kvleva. Cixur mikrofiltraciul procesSi 
membranaze perpendikularulad miwodebul siTxis nakads membranis zedapiris 
parareluri mimarTulebiT nulis toli siCqare gaaCnia, rac filtraciis 
maCvenebels ramdenjerme amcirebs. tangencialuri filtraciis dros moduls 
gaaCnia sawyisi siTxis Sesasvleli da siTxe membranaze miewodeba zedapiris 
paralelurad. tangencialurad moZravi sawyisi siTxe modulis retentantis 
gasasvlelidan koncentratis saxiT gamoedineba. am principze momuSave 
membranul moduls gaaCniaT filtraciis maRali maCvenebeli da gamoiyeneba 
didi moculobis siTxis nakadebisTvis xangrZlivi vadiT eqsploataciisaTvis 
[3]. tangencialuri mikrofiltraciuli membranul danadgarSi filtratis 
xvedriTi warmadobis stabiluri, maRali asimptoturi maCveneblis uzrunvel-
sayofad Seswavlilia sadawneo saknis geometriuli konfiguracia  FTU-0,03 
simRvrivis  wylisTvis laminaruli da hibriduli nakadis, cvalebadi wnevis, 
siCqaris,  sacirkulacio nakadis da 0,2mkm foris zomis membranebis pirobeb-
Si. eqsperimentebi tardeboda membranuli teqnologiebis sainJinro insti-
tutSi  Seqmnil laboratoriul  danadgarze, romlis sadawneo sakanis 
zomebia: sigane _ 12mm, sigrZe _ 30mm, simaRle _ 0,2mm; 0,4mm. kvlevis Sedegebi 
asaxulia cxr. 1-Si.   

 cxrili 1. FTU-0,03 simRvrivis wylis mikrofiltraciis xvedriTi 
   warmadoba 0,2mkm, 0,45mkm, 0,65mkm, 0,8mkm foris zomis membraniT 

membranis foris zoma, mkm 
xv. warmadoba,  l/m2sT

laminaruli 
nakadi  

hibriduli 
nakadi 

0,2 80 150 
0,45 100 180 
0,65 140 240 
0,8 250 500 
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0,2  mkm, 0,45mkm, 0,56 mkm da 0,8 mkm foris zomis membranebiT filtaciis 
dros xvedriTi warmadoba amakmayofilebs mikrofiltraciuli membranuli 
danadgarebis sawarmoo moTxovnebs, magram yovelgvari mikroorganizmebisagan 
da baqteriebisagan gawmendili steriluri siTxeebis misaRebad rekomendire-
bulia  0,2 mkm da 0,45 mkm foris zomis membrana [4]. 

mikrofiltraciuli gayofis procesis optimaluri reJimuli paramet-
rebis gansazRvrisaTvis, Seswavlili iqna sadawneo sakanis geometriuli kon-
figuracia siTxis nakadis laminaruli da hibriduli nakadis pirobebSi. 

sadawneo sakanSi siTxis moZraobis  dasaxasiaTeblad gamoyenebuli iqna 
reinoldsis ricxvi, romelic ganisazRvreba sadawneo sakanis sxvadasxva geo-
metriuli zomisa da siCqariT moZravi siTxisaTvis, romlis Sedegebi moce-
mulia cxr. 2-Si. 

 
cxrili 2. 0,5bari; 1bari wnevis pirobebSi, 12mm siganis, 0,2mm; 0,4 mm simaRlis sadawneo 

sakanSi 0,5m/wm; 1m/wm siCqariT moZravi wylis Sesabamisi reinoldsis ricxvis 
mniSvnelobebi 

 

  
rogorc cxr. 2-is monacemebidan Cans, 12 mm siganis, 0,2 mm; 0,4 mm simaR-

lis geometriuli zomebis mqone sadawneo wakanSi,  0,5 m/wm; 1 m/wm siCqariT 
moZrav siTxis nakads reinoldsis ricxvis 2000-ze naklebi mniSvneloba See-
sabameba, rac sadawneo sakanSi laminaruli da hibriduli reJimis gan-
xorcielebaze miuTiTebs.  

laminaruli da hibriduli reJimebisaTvis eqsperimentis safuZvelze  
ganisazRvra FTU-0,03 simRvrivis  wylis 0,2 mkm foris zomis membraniT mikro-
filtraciuli procesis xvedriTi warmadobis asimptoturi mniSvnelobebi       
0,5 bari; 1 bari wnevis,  12 mm siganis da 0,2 mm; 0,4 mm simaRlis sadawneo sakan-
Si  0,5 m/wm; 1 m/wm  siCqariT moZravi siTxis pirobebSi. kvlevis Sedegebi moce-
mulia cxr. 3-Si. 

 
cxrili 3. 0,2 mkm foris zomis membraniT FTU-0,03 simRvrivis  wylis mikrofiltra-
ciis  xvedriTi warmadobis asimptoturi mniSvnelobebi laminarul da hibriduli 

nakadisaTvis 

   

      
rogorc cxr. 3-is monacemebidan Cans, xvedriTi warmadobis maqsimaluri 

asimptoturi mniSvneloba 280 l/m2sT gamovlinda siTxis nakadis hibriduli 

 saknis sigane, mm saknis simaRle, mm nakadis siCqare, m/wm 

0,5 1 

Re                  12 0,2 195 392 

0,4 385 771 

 saknis simaRle, 
mm 

saknis 
sigane, mm 

wneva, 
bari 

siTxis siC-
qare sakanSi, 

m/wm 

xv. warmadoba, l/m2sT 

laminaruli 
nakadi 

hibriduli 
nakadi 

0,2  
 
 
12 

0,5 0,5 90 120 
1 120 160 

1 0,5 170 220 
1 210 280 

0,4 0,5 0,5 80 100 

1 110 150 
1 0,5 150 190 

1 180 240 
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moZraobis dros sadawneo saknis 12 mm siganis, 0,2 mm simaRlis, 1 bari wnevis, 
siTxis 1 m/wm siCqariT dinebis pirobebSi. 

kvlevis Sedegebis safuZvelze SegviZlia davaskvnaT, rom samrewvelo 
moculobis mikrofiltraciuli danadgarebSi aparatis sadawneo saknis 
geometriis, wnevis, siCqaris da sacirkulacio nakadis regulirebiT SesaZ-
lebelia ganxorcieldes siTxis nakadis laminaruli moZraoba Semcirebuli  
energodanxarjebis pirobebSi da intensiuri turbulenturi reJimuli para-
metrebis mqone hibriduli nakadi, romlebic ganapirobeben xvedriTi warma-
dobis stabilur, asimptotur maCveneblebs. 
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SUMMARY 

STUDY OF BAROMEMBRANE PROCESSES UNDER CONDITIONS OF LAMINAR AND HYBRID 

FLOWS FOR INDUSTRIAL VOLUME MICROFILTRATION   DEVICE 

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

Engineering Institute of Membrane Technologies of Georgian Technical University 

The optimal operating parameters of the FTU-0.03 turbidity water microfiltration separation process under 

conditions of changing pressure, velocity, and circulation flow have been studied. To characterize the movement 

of fluid in the pressure, a Reynolds number of less than 2000 was used, which indicates the implementation of 

laminar and hybrid regimes in the pressure  cells. The maximum asymptotic value of specific productivity - 280 

L/m
2
h - was revealed in a hybrid fluid flow under conditions of a 12 mm wide, 0.2 mm high, 1 bar pressure and 

1 m/c fluid flow rate. Laminar and hybrid fluid flow is accomplished by adjusting the geometry, pressure, 

velocity and circulation flow rate of the industrial volume pressure chamber in industrial volume microfiltration 

units, which leads to stable, asymptotic specific productivity values. 

Keywords:  water, membrane, microfiltration, productivity, device. 
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polimerul kompoziciebSi nanonawilakebis zomebisa 

da siblantis kvleva 

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

saqarTvelos teqnikuri universitetis membranuli teqnologiebis saiJinro 
instituti 

polimerul kompoziciebSi nanonawilakebis konformaciuli mdgoma-
reobiT ganpirobebuli zomebi didwilad gansazRvraven dasasxmeli xsnaris 
siblantes [1,2]. polimeruli kompozicia, rogorc molekulur-dispersiul 
sistema xasiaTdeba WeSmariti xsnarebis TvisebebiT da siblantis koncentra-
ciuli da temperaturuli cvalebadobiT, rac ganpirobebulia Txevad fazaSi 
gaxsnili nivTierebebis da polimeruli nawilakebis zomebiT, Tvisobrivi 
maxasiaTeblebiT da miRebis reJimuli parametrebiT [3]. 

samuSaoSi ganxilulia gansxvavebuli Sedgenilobis polimeruli 
kompoziciebis nawilakebis zomebis da siblantis urTierTdamokidebulebis 
sakiTxebi. polimeruli kompoziciebi mzaddeboda polimeris, gamxsnelis, 
organuli da araorganuli danamatis bazaze, ramac uzrunvelyo polimeris 
xsnaris erTgvarovneba, Sesabamisi siblante da saWiro koncentracia.  

gansxvavebuli Sedgenilobis dasasxmeli xsnaris momzadebisas Cata-
rebulia nivTierebebis gaxsnis procesis montoringi polarul-interferen-
ciuli optikuri mikroskopis Biolar saSualebiT [4]. sinaTlis gabnevis 
dinamikuri meTodiT Seswavlilia polimerul Txevad masaSi arsebuli nano-
nawilakebis zomebis procentuli Sedgeniloba  nanonawilakebis mzom anali-
zatorze Zetasizer Nano ZN90 [5-6]. gansazRvrulia gansxvavebuli Sedgenilobis 
xsnaris siblante  rotaciuli viskozimetriT DI-Dj-8S.  fazuri inversiis 
meTodiT miRebuli membranuli firebis xvedriTi warmadobebi dadgenilia 
membranuli laboratoriuli danadgaris MTSI- JM-5 gamoyenebiT. eqsperimentiT 
miRebuli Sedegebi mocemulia cxrilSi. 

gansxvavebuli Sedgenilobis polimeruli kompoziciis nanonawilakebis zomebi, 
polidispersiulobis indeqsi, xsnaris siblante da warmadoba 
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1 12% xsnari 8,782 62,4 4,221 37,6 0 0 0,440 1882 3150 
2 12% xsnari+mJaunmJava 8,506 100 0 0 0 0 0,505 213 4990 
3 12% xsnari+MgCl2 10,66 100 0 0 0 0 0,478 162 6470 

4 12% 
xsnari+MgCl2+mJaunmJava 

12,59 100 0 0 0 0 0,492 306 8040 

suraTze gamosaxulia gansxvavebuli qimiuri Sedgenilobis mqone 12% 
polimeruli xsnaris nawilakebis intensivobis mrudebi, xolo cxrilSi moy-
vanili pikebis maCveneblebi aRniSnaven axlomdebare nawilakebis saSualo 
zomebs. 

12%-ian polimerul xsnarSi 62,4%-iT dominirebs 8,782 nm zomis nawila-
kebi. xsnars axasiaTebs maRali siblante _ 1882 sp da membranis dabali xv. 
warmadoba _ 3150 l/m2sT. 
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gansxvavebuli qimiuri Sedgenilobis mqone 12%-iani polimeruli xsnaris nawilakebis 

intesivobis mrudebi 
 

mJaunmJavis Semcvel igive koncentraciis polimerul xsnarSi piki maCve-
neblis mixedviT 100%  8,506 nm zomis nawilakebia. 12%-ian polimerul xsnar-
Tan SedarebiT, misi siblante 213 sp-mde aris Semcirebuli, xolo xvedriTi 
warmadoba  Seadgens 4990 l/m2sT. 

magniumis qloridis Semcvelobis 12%-ian polimerul xsnarSi dafiq-
sirebulia 10,66 nm zomis nawilakebis erTi piki. siblantis maCvenebelma daik-
lo 162 sp-mde, xolo xv. warmadobam moimata  6470 l/m2sT-mde. 

cxrilis monacemebidan gamomdinare, orive danamatiT kombinirebul 12%-
ian polimerul xsnarSi nawilakebis saSualo zomam miaRwia 12,59 nm-s. gazrdili 
xsnaris siblante 306 sp-mde da membranis xvedriTi warmadoba 8040 l/m2sT-mde.  

kvlevis Sedegad dadginda, rom organuli da araorganuli danamatebis 
Semcvleli polimeruli kompoziciis nawilakebis konformaciuli zomebis 
cvlilebiT SesaZlebelia xsnaris siblantis iseTi regulireba, romelic 
ganapirobebs maRali warmadobis membranis miRebas. 
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SUMMARY 

STUDY OF THE SIZE OF NANOPARTICLES AND VISCOSITY IN POLYMER COMPOSITIONS 

Bibileishvili G.V., Ebanoidze L.O.,  Kezherashvili M.G. and  Gogesashvili N.N.  
Engineering Institute of Membrane technology of Georgian Technical University            
The work discusses the interrelationship of particle sizes and viscosity of polymer compositions of different 

compositions. As a result of the research, it was determined that by changing the conformational dimensions of 

the particles of the polymer composition replacing organic and inorganic additives, it is possible to adjust the 

viscosity of the solution, which leads to obtaining a high-performance membrane. 

Keywords: viscosity, polymer composition, nanoparticles, performance, membrane films.  
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polimeruli xsnarebis da maTi narevebis siblantis  

eqsperimentuli kvleva 

 

bibileiSvili g.v., yufaraZe l.p., ebanoiZe l.o., kakabaZe e.g. 
 

saqarTvelos teqnikuri universitetis membranuli teqnologiebis sainJinro 
instituti 

 
polimeruli masalebisa da kompoziciebis kvleva erT-erTi ZiriTadi 

sakiTxia membranebis Seqmnis procesisaTvis, sadac forwarmomqmnelad gamoi-
yeneba polieTilenglikoli. amitom Cvens mier  eqsperimentulad Seswavlilia 
polieTilenglikolis (PEG) 10_30%-iani wyalxsnarebis siblanteebi, romlebic 
ganisazRvra rotaciul viskozimetrze DI-Dj-8S. Sedegebi moyvanilia cxr. 1-Si 
da grafiki  warmodgenilia  nax. 1-ze.   

 
cxrili 1.  PEG20000, PEG6000, PEG1450 da PEG800 koncentracia  
da polimeruli xsnaris siblante    
  

 
  

 

 

 

 

 
 

nax. 1. PEG20000,  PEG6000, PEG1450 da PEG800 10%_30%-iani polimeruli xsnaris 
siblantis damokidebulebis grafiki 

 
polieTilenglikolis (PEG) wyalxsnarebis siblantesa da procentuli 

ganawilebas Soris damokidebuleba aSkarad mrudwirulia da rac metia  
molekuluri masa, miT ufro metia siblantis sidide [1,2].                                                                                                                                                  
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miRebulia 30%-iani PEG20000, PEG6000 da PEG1450 polimerebis wyalxsna-
rebis fardobiTi nazavebis siblanteTa maCveneblebi t=25 

0
C-ze, romelic moy-

vanilia cxr. 2-Si da asaxulia nax. 2.  
 

 
cxrili 2. PEG20000,  PEG6000 da PEG1450 nazavebis koncentracia da siblante                                                
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150 25 150 150 0 0 150 10 150 150 

87,5 12,5   128 128 87,5 12,5   114 114 

75 25   98 105 75 25   70 80 

62,5 37,5   84 84 62,5 37,5   54 54 

50 50   68 69 50 50   32 32 

 

 
 
nax. 2. 30%-iani  PEG20000,  PEG6000 da PEG1450 nazavebis siblantis mrudebi   
      

narevebis siblantis damokidebuleba  procentuli ganawilebis mimarT 
mrudwirulia. magram grafikze 3. warmodgenili eqsperimentuli Sedegebi 
iZleva saSualebas siblantis procentuli ganawilebis mimarT   damoki-
debulebis  pirvel miaxloebad SeiZleba CaiTvalos ara mrudwiri, aramed 
wrfivi funqcia 10 C.P-dan 150 C.P -is diapazonSi [3,4].  

eqsperimentulad Seswavlilia 30%-iani PEG20000, PEG6000 polimerebis 
fardobiTi nazavebSi arsebuli nawilakebis  zomebi malvernze, romelic  
moyvanilia cxr. 3-Si. 
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cxrili 3. 30%-iani  PEG20000,  PEG6000 wyalxsnarebis nazavebSi arsebuli nawilakebis 

zomebi 

nivTierebis dasaxeleba 
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(gafiltruli) 30+120 

2.086 100 - - - - 1.00 1882 

 

rogorc cxrilis monacemebidan Cans, rac ufro meti raodenobiT 

emateba dabali  molekuluri masis mqone polieTilenglikolis wyalxsnari  

ganzavebul siTxeSi arsebuli nawilakebis  zomebi TandaTanobiT klebulobs.  

 

nax.3.  
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 60+90 ganzavebis  nawilakebis intensivobis mrudi 
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 60+90 ganzavebis SemTxvevSi nawilakebis gana-

wilebas gaaCnia ori piki. arsebul siTxeSi yvelaze didi nawilakebia 10,76 nm, 
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romelic mTeli raodenobis 4,3 %-s Seadgens, xolo danarCeni nawilakebis ki- 
2.,912 nm, romelic mTeli raodenobis   95,7%-ia. 

%70OH

0000PEG2%30

2

wyalxsnarSi   yvelaze  didi nawilaki aris 410  nm, rome-

lic mTeli narevis mxolod 1,9%-ia da pirveli pikis nawilakis zoma 3,164 nm, 
romelic   mTeli narevis mxolod 98,1%-ia  Tu am Sedegs  SevadarebT  











%70OH

000PEG6%30

%70OH

000PEG20%30

22

 30+120 ganzavebisas nawilakebis zomas, romelic  

ar aRemateba 2,089 nm es gviCvenebs, rom 30%-iani maRalmolekuluri polie-
Tilenglikolis wyalxsnaris gadazavebisas meti raodenobis dabalmole-
kuluri polieTilenglikolis wyalxsnariT, nazavSi miRebuli nawilakis 
zoma klebulobs.    
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SUMMARY 

EXPERIMENTAL STUDY OF THE VISCOSITY OF POLYMER SOLUTIONS 

AND THEIR MIXTURES 

Bibileishvili G.V.,  Kuparadze L.P., Ebanoidze L.O.  and Kakabadze E.G. 

Enginering Institute of Membrane Technologies of Georgian Technical University 

According to the experimental results, the issue of viscosity of two-component polymer aqueous solutions and 

mixtures of these compositions has been studied and analyzed. For mixtures of 30% concentrations, the first 

approximation of the dependence can be considered as a linear function in the range of 10 C.P. to 150 C.P. 

Keywords:  polymer, viscosity, solution, mixture, peg. 
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bunebrivi wylis damuSavebis baromembranuli procesebis kvlevis

zogierTi sakiTxis adgilobrivi da saerTaSoriso mdgomareobis 

analizi

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

saqarTvelos teqnikuri universitetis membranuli teqnologiebis sainJinro 
instituti 

naSromSi ganxiluli membranebis da baromembranuli procesebis kvle-
vis zogierTi sakiTxi Seexeba xsnarebis gawmendas, gakrialebas, fraqcionire-
bas, sterilizacias da koncentrirebas mikro-, ultra- da nanofiltracis 
meTodebis gamoyenebiT. aseve, bunebrivi wylis damuSavebis membranuli danad-
garebisa da safiltracio polimeruli membranebis Seqmnisa da gamoyenebis 
procesebs. 

qvemoT moyvanilia membranebis Seqmnisa da baromembranuli procesebis 
kvlevis zogierTi meTodi. aRniSnuli gamocdilebis analizi xels uwyobs 
Tanamedrove tipis membranebis Seqmnas  da baromembranuli gayofis proce-
sebis kvlevis optimizacias. 

patentebSi ganxilulia ultrafiltraciuli membranis momzadebis me-
Todis polimeruli masalis, forebis warmomqmneli agentisa da gamxsnelis 
Sereva, polimeruli kompoziciis ganawileba forovani poliolefinuri mem-
branis zedapirze.  miRebul membranul afsks gaaCnia mdgradoba mJaveebisa da 
tuteebis mimarT, maRali xvedriTi warmadoba,  CaWeris maRali xarisxi da 
dabali Rirebuleba [1,2]. ganxilul masalebSi da institutSi mimdinare eqs-
perimentul kvlebSi gamokveTilia membranis misaReb kompoziciebSi marile-
bisa da mJava-tutovani komponentebis gavlena.  

  Spiral microfiltration and ultrafiltration continuous separation method and system 

CN111957209A _ patenti [3] exeba  bunebrivi komponentebis gamoyofis sistemas,  
spiraluri mikrofiltraciisa da ultrafiltraciis uwyveti dayofis meTo-
debsa da sistemebs. wina wlebis teqnologiebTan SedarebiT, warmodgenil 
patentSi mikrofiltraciisa da ultrafiltraciis membranis milebs aqvT  
spiraluri forma, ramac membranis milis sigrZe da membranis  dayofis are 
mniSvnelovnad gazrda, ris gamoc mcire zomis molekulebi SeiZleba swrafad 
gamoidevnos spiralur maryuJSi gamosayofi siTxis nakadis mier warmoqmnili 
centridanuli Zalis gamoyenebiT, riTac xorcieldeba dayofis maRali 
efeqturoba  [4,5,10]. 

polieTersulfonuri safiltracio membrana  momzadebuli  Sesabamisi 
meTodiT, uzrunvelyofs xsnaris miRebas polimeridan da Sedgeba polieTer-
sulfonisgan (PES), polisulfonisgan da maTi nebismieri kombinaciisgan da  
dopantisgan, sadac dopanti aris natriumis heqsametafosfati (SHMP) da mii-

Reba dasasxmeli xsnari firis an membranis formirebisaTvis [6,7].  aRniSnuli 
Sedarebul iqna membranis misaReb im kompoziciasTan, sadac danamatis saxiT 
damatebuli iyo natriumis hidrofosfati. 

patenti _  bunebrivi wylis nakadis polimeruli membranebi exeba poli-
meruli membranis kompozicias, romelsac aqvs gaumjobesebuli wylis gam-
tarianobis unari da foris stabiluri zoma.  wylis nakadis  SeRwevadoba 
gaumjobesebulia  membranis hidrofilurobis gazrdiT Sereuli matricis 
mqone polimeris daxmarebiT, romelic Seicavs kontrolirebadi arqiteqturis 
amfifilur blok _ Tanapolimerebs, romelTa damateba gansakuTrebiT sa-
sargebloa mikrofiltraciisa da ultrafiltraciis membranebisTvis buneb-

rivi wylis filtraciიs dros [6,8,9]. 
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damuSavebulia bunebrivi wylis gamwmendi da membranuli filtraciis 
mowyobilobebi, wylis damuSavebis meTodi. gamogoneba exeba bunebriv wyalSi 
Sewonili nawilakebisa da minarevebis mocilebas, mikrofiltraciuli membra-

nebis gamoyenebiT [10_14].   
amrigad, adgilobrivi da saerTaSoriso patentebi asaxavs bunebrivi 

wylebis damuSavebis dargobrivi specifikis arsebul mdgomareobas msoflio-
Si da ganapirobebs institutSi mimdinare samecniero kvlevebisaTvis saTanado 
prioritetebis gamokveTas.   
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SUMMARY 
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The paper discusses local and international publications on baromembrane processes, creation of polymeric 

nanomaterials, processing of nanotechnologies, modern conditions and development prospects of membrane 

machines, equipment and Nanosystems construction. The analysis of the investigated materials determines the 

consideration of technologies and techniques created by local and international researchers for the Institute's 

scientific-research works, basic technical level and prototypes. 
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fazuri inversiis procesze  polimeruli kompoziciis  abazanaSi 

CaSvebis kuTxis gavlenis analizi 

bibileiSvili g.v., gogesaSvili n.n., keJeraSvili m.g., mamulaSvili m.a., 
ebanoiZe  l.o. 

saqarTvelos teqnikuri universitetis membranuli teqnologiebis 
sainJinro instituti 

fazuri inversiis procesis dros erTdroulad warmoebs aorTqlebac 
da difuziac. sakoagulacio abazanaSi mTlianad xdeba gamxsnelis da for-
warmomqmneli danamatis gamodevna da aragamxsneliT gajirjvebuli membranis 
warmoqmna. procesis mimdinareobaze gavlenas axdens iseTi parametrebi, 
rogoricaa abazanis temperatura da fuZeSris abazanaSi CaSvebis kuTxe. 

naSromSi Seswavlilia acetatcelulozuri 10%-iani polimeruli kom-
poziciebidan  membranebis gamoleqvis fazuri inversiis procesi gansxvavebul 
pirobebSi. acetatcelulozas kompoziciaSi gamxsnelad SerCeuli iyo pola-
ruli gamxsneli dimeTilacetamidi(dmma), kompleqsSi liofilur marilTan.  
gaxsnis procesebi grZeldeboda 5saaTs mudmivi moreviT (50_550C). sakvlevi 
nimuSebi momzadebul iqna laboratoriul filerze. yvela  nimuSis sisqe iyo 
0,15 mm. gamoleqvis procesi Catarebul iqna wylian abazanaSi. gamoleqva 
warmoebda laboratoriuli avtomotorizebul danadgarze, romelic warmate-
biT SeiZleba gamoyenebul iqnas fazuri inversiis procesSi fileris aba-
zanaSi CaSvebis kuTxis da temperaturis gavlenis Sesaswavlad.  cxrilSi mo-
cemulia fazuri inversiis Catarebis pirobebi da miRebuli membranebis  xved-
riTi warmadobebi. 

  fazuri inversiis Catarebis pirobebi da miRebuli membranebis 
      xvedriTi warmadobebi 

N acetatcelulozas 
koncentracia, % 

abazanaSi 
CaSvebis kuTxe, 0

abazanis 
temperatura, 

0C 

xvedriTi 
warmadoba l/m2sT 

1 10 45 20 1540 

2 10 45 35 1621 
3 10 80 20 1325 
4 10 80 35 1231 

N 
Catarebulma eqsperimentebma gviCvena, rom abazanaSi polimeruli kompo-

ziciis gamoleqvisas, fileris gansxvavebuli kuTxiT CaSvebisas, icvleba 
gamxsnelisa da koagulantis molekulebis urTierTqmedebis traeqtoria da 
siCqare,  rac moqmedebs fazuri inversiis procesze da warmoqmnili membra-
nebis struqturaze. miRebuli membranuli nimuSebis morfologia Seswavli-
lia maskanirebeli zonduri mikroskopiT. nimuSebis fuZeSris  800-iani kuTxiT 
CaSvebisas koagulantis rogorc 200C ise 350C  temperaturaze adgezia xdeba 
swrafad, ris gamoc miRebuli apkebi Seicaven defeqts (sur. 1). swrafi 
adgeziis gamo am pirobebSi geli ver aswrebs transformacias da forebis 
warmoqmnas. Ffileris 450-iani kuTxiT CaSvebisas koagulantis 350C tempera-
turaze adgezia xdeba SedarebiT nela, ris gamoc warmoiqmneba erTgvarovani 
struqturis membrana (sur. 2).  
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suraTi 1.  polimeris 10%-iani xsnaridan 

fuZeSris abazanaSi 80°-iani kuTxiT 

CaSvebisas  (35 0C) miRe buli membranis 
mikro suraTi 

suraTi 2. polimeris 10%-iani xsnaridan 
fuZeSris abazanaSi 45°-iani kuTxiT 

CaSvebisas  (350C) miRebuli membranis 
mikrosuraTi 

 

 
                                                                                       

empiriuli kvlevebis Sedegad Seswavlilia 10%-iani acetatcelulozu-
ri polimeruli kompoziciebidan membranebis gamoleqvis fazuri inversiis 
procesi gansxvavebul pirobebSi. dadginda, rom fazuri inversiis Catarebisas 
fuZeSris abazanaSi 45°-iani kuTxiT CaSvebisas da sakoagulacio abazanis        
350C-is pirobebSi miiReba erTgvarovani struqturis da ufro maRali  warma-
dobis membrana. 
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SUMMARY 

ANALYSIS OF THE INFLUENCE OF THE IMMERSION ANGLE OF THE POLYMER 

COMPOSITION IN THE BATH ON THE PHASE INVERSION PROCESS 

Bibileishvili G.V., Gogesashvili N.N., Kezherashvili M.G., Mamulashvili M.A. and Ebanoidze L.O. 

Engineering Institute of Membrane technology of Georgian Technical University 

The phase inversion process of the deposition of membranes from 10% cellulose acetate polymer compositions 

under different conditions has been studied.It has been established that performing phase inversion at an angle of 

45° in the sample bath and 350C in the coagulation bath results in visually better, higher performance, and more 

homogeneously structured membranes.The morphology of the obtained membranes was studied with a scanning 

probe microscope. 
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mJavebis gavlenis kvleva polimeruli kompoziciebidan  membrnebis 

warmoqmnis  fazuri inversiis procesze 

 

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

saqarTvelos teqnikuri universitetis membranuli teqnologiebis 
sainJinro instituti 

 
fazuri inversiis meTodiT  miRebuli membranebis Tvisebebi,  ZiriTadad 

ganisazRvreba  maTi struqturiT, romelic yalibdeba uSualod fazuri 
dayofis procesSi. aRniSnuli meTodiT polimeruli membranebis formirebas 
ukavia dominirebuli mdgomareoba [1-5]. fazuri inversiis mimdinareobis 
procesze mniSvnelovan gavlenas axdens rogorc  polimeris koncentracia, 
aseve dasasxmeli xsnaris Sedgeniloba da inversiis Catarebis pirobebi. 
naSromSi Seswavlilia polimerul kompoziciebSi organuli mJavebis dana-
matad gamoyenebis gavlena fazuri inversiis procesebis mimdinareobaze  da  
warmoqmnili membranebis fizikur-qimiur maxasiaTeblebze da struqturaze. am 
mizniT polisulfonis (15%) koncentraciis polimerul kompoziciebSi danama-
tad Setanili iyo erTnairi raodenobis mJaunmJava (P2) da stearinmJava (P3), 
romlebic  gaxsnili  iyo dimeTilacetamidSi (dmma). danamatebis Setana poli-
sulfonis kompoziciaSi xdeboda polimeris sruli gaxsnis Semdeg,  1 sT-is 
morevis pirobebSi. gamoleqva Catarda gamoxdili wylis sakoagulacio aba-
zanaSi 60 ℃-ze. cxrilSi. mocemulia kompoziciis Sedgenilobebi  da miRe-
buli membranebis xv.warmadobebi  da foris zomebi. membranebis  foris zoma 
da xvedriTi warmadoba gansazRvrul iqna institutSi damzadebul  labora-
toriul danadgarebze MTSI-BP-3 daMTSI-JM-5. 

cxrilis monacemebidan Cans, rom mJaunmJavas Setana polimerul kom-
poziciaSi aumjobesebs rogorc udanamato (P1) polisulfonuri xsnarebidan 
gamoleqili membranis Tvisebebs, aseve aCvenebs ufro maRal warmadobas, vidre 
stearinis mJavas Semcveli kompoziciidan gamoleqili membrana (P3). 

 
      mocemuli kompoziciis Sedgenilobebi  da miRebuli membranebis 
       xv.warmadobebi  da foris zomebi 
 

membrana 

 

polimeruli kompoziciis 
Sedgeniloba 

xv.warmadoba 
l/m2sT 

foris zoma, mkm 

P1 15%-iani polisulfoni/ dmma 4500 0,7 

P2 

 

15%-iani polisulfoni/ 
dmma+0,1mJaunmJava+ 3gdmma 

6723 0,8 

P3 15%-iani polisulfoni/ dmm+ 0,1 
stearinmJava+ 3g dmma 

3423 1 

  

  

suraTi 1. membrana P2-is mikrosuraTi   suraTi 2. membrana P3-is mikrosuraTi                                                                                   
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sur. 1 da 2 mocemulia mJaunmJavas (P2) da stearinmJavas (P3)  Semcveli  
polimeruli kompoziciebidan gamoleqili membranuli nimuSebis mikro-
suraTebi. 

membranebis zedapiris topografiis Seswavlam aCvena, rom stearinmJaviani  
kompoziciidan miRebuli  membranis (P3) zedapiris reliefi  araerTgvarovani  
forovani struqturisaa, defeqtebiT  da  mikroRruebiT,  mcire forianobiT 
da amaRlebebiT. mJaunmJavas Semcveli kompoziciidan gamoleqil membranas aqvs 
erTgvarovani forovani struqtura, ar gaaCnia amaRlebebi da defeqtebi.  

amrigad, miRebuli membranebis maxasiaTeblebis da struqturas Soris 
sxvaobam polimerul kompoziciebSi danamatad mJaunmJavas da stearinmJavas 
gamoyenebis SemTxvevaSi daadastura, rom gansxvavebuli mJavebis Camatebam 
dasasxmel kompoziciebSi gamoiwvia xsnaris Termodinamikuri da kinetikuri  
parametrebis cvlileba, fazuri dayofis da masagadatanis  procesebis iseTi 
urTierTqmedeba, rom miiRebul iqna gansxvavebuli struqturis  da fizikur-
qimiur maxasiaTeblebis mqone membranuli nimuSebi.  

kvlevebiT dadginda, rom aRniSnul sistemebSi mJaunJavas gamoyeneba  or-
ganul danamatad stearinmJavasgan  gansxvavebiT aumjobesebs sawyisi membranis 
struqturas da xvedriT warmadobas. rac miuTiTebs imaze, rom  gansxvavebuli 
aRnagobisa da molekuluri masis organuli danamatebi gavlenas axdenen fa-
zuri inversiis procesis mimdinareobaze da warmoqmnili membranis Tvisebebze.  
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SUMMARY 

 STUDY OF THE INFLUENCE OF ACIDS ON THE PHASE INVERSION PROCESS OF THE 

FORMATION OF MEMBRANES FROM POLYMER COMPOSITIONS 

Bibileishvili G.V., Gogesashvili N.N., Kezherashvili M.G. and Mamulashvili M.A. 

 Engineering Institute of Membrane technology of Georgian Technical University            
The paper examines the effect of using organic acids as an additive in polymer compositions on the course of 

phase inversion processes, on the physico-chemical characteristics and structure of the formed membranes. It has 

been established that the use of oxalic acid   as an additive in these systems improves the membrane structure 

and productivity. 
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wylis, TeTri da wiTeli Rvinis mikrofiltraciis procesis kvleva 

laminaruli da hibriduli nakadis pirobebSi 
 

bibileiSvili g.v., yufaraZe l.p., ebanoiZe l. o., keJeraSvili m.g. 

 
saqarTvelos teqnikuri universitetis membranuli teqnologiebis 

sainJinro instituti 
 
hibriduli nakadis ganxorcielebis gziT naSromSi Seswavlilia TeTri 

da wiTeli  RvinisaTvis mikrofiltraciuli gayofis procesis Teoriuli da 
eqsperimentuli kvlevebi laboratoriul membranul danadgarze laminaruli 
reJimebisaTvis cvalebadi wnevis, siCqaris da sacirkulacio nakadis 
(retentati) pirobebSi sxvadasxva foris zomis 0,2mkm, 0,45mkm, 0,8mkm membranebiT.  

membranuli danadgaris sadawneo saknisTvis Teoriulad daxasiaTebu-
lia mikrofiltraciuli procesi  reinoldsis ricxvis gamoyenebiT blant 
ukumSi siTxis - Rvinis moZraobis dros.  

 



vd
eR                                      (1) 

 
sadac ν sadawneo sakanSi siTxis saSualo siCqarea, d _hidravliuri diametri, 
υ-Rvinis kinematikuri siblante. formula (1)-dan gamomdinare,  reinoldsis 
ricxvi ganisazRvreba sadawneo sakanis geometriiT, saSualo siCqariT da  
siTxis kinematikuri siblantiT  [1_3].                       

laboratoriuli sadawneo sakanis geometriuli zomebia: sigrZe l=9 mm, 
sigane B=30 mm, simaRle h=0,6 mm; (ganivkveTis farTi F=B×h=30×0,6=18 mm2; sveli 

perimetri χ=2B+2h=61,2; hidravlikuri radiusi mm29,0
2,61

18




F
R ) ara wriuli 

ganivkveTis arxebisaTvis 


 mm17,1
2,61

1844



F
d 1,1710-3 m. formula (1)-is mixed-

viT Re ricxvi moyvanilia sadwneo sakanSi siTxis 0,5 m/wm, 1,0 m/wm, 1,5m/wm, 2m/wm, 
2,5 m/wm, 3 m/wm, 4,0m/wm siCqareebis da 20 0

C-ze Rvinis kinematikuri siblantis  
ν=1,5 mm2/wm=1,5×10-6 m2/wm maCveneblebiT.   

 
cxrili 1. sadawneo sakanSi  sxvadasxva siCqareebi da Sesabamisi  Re ricxvebi 

 

v  0,5 m/wm 1 m/wm 1,5 m/wm 2 m/wm 2,5 m/wm 3 m/wm 4 m/wm 

vd  0.5882 10-3 1,176 10-3 1, 764 10-3 2,35 10-3 2,94 10-3 3,5283 10-3 4,704 10-3 
Re 392 784 1176 1566 1960 2352 3136 

 
rogorc cxr. 1-is monacemebidan Cans sadawneo sakanSi V≤≤2,5 m/wm siCqa-

ris SemTxvevaSi Re < 2000, amitom reJimi aris laminaruli. xolo V>2,5 m/wm 
siCqaris SemTxvevaSi sakanSi 2000 < Re <4000  ukve turbulenturi moZraobaa, 
magram sadawneo sakanis kedlebTan siTxis dineba jer kidev  laminarulia.  
yvela eqsperimenti Catarebulia laminaruli reJimSi V≤≤2,5 m/wm siCqaris Sem-
TxvevaSi. 

TeTri da wiTeli Rvinis filtraciis  eqsperimentebis Sedegebi   sa-
dawneo sakanis simaRle h=0,6 mm, 1 atm. wnevis, 0,5 m/wm siCqaris da t=20 

0
C tem-

peraturis dros 0,2mkm, 0,45mkm, 0,8mkm foris zomis membranebiT moyvanilia cxr. 
2-Si.  
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cxrili 2. TeTri  da wiTeli Rvinis filtraciis xvedriTi warmadoba  

  

 

 
TeTri Rvinis 0,2mkm, 0,45mkm da 0,8mkm foris zomis membranebiT filta-

ciis dros xv. warmadoba akmayofilebs membranuli danadgarebis sawarmoo 
moTxovnebs. 0,2mkm, 0,45mkm foris zomis membranebi uzrunvelyofen Rvinis 
finiSur sterilur filtraciis moTxovnebs. TeTri Rvinis SemTxvevaSi 0,2mkm 
foris zomis membraniT aRWurvili sawarmoo danadgari akmayofilebs saerTa-
Soriso standartebis moTxovnebs [4_6]. 

wiTeli RvinisaTvis 0,2mkm, 0,45mkm da 0,8mkm foris zomis membranebis ga-
moyenebiT xv. warmadoba akmayofilebs membranuli danadgarebis sawarmoo mo-
Txovnebs. 0,2mkm, 0,45mkm foris zomis membranebi uzrunvelyofen Rvinis fini-
Sur sterilur filtraciis xarisxobriv maCveneblebs. wiTeli Rvinis Sem-
TxvevaSi 0,2mkm foris zomis membraniT aRWurvili  danadgari wiTeli Rvinis 
filtraciisas SesaZloa Seexos Rvinis sxeuls da Secvalos misi xarisxobri-
vi maCveneblebi. wiTeli Rvinis SemTxvevaSi rekomednirebulia 0,45_0,5mkm  fo-
ris zomis membranebis gamoyeneba.  

cxr. 2-Si moyvanilia 0,5 atm wnevis, 1 m/wm siCqaris,  t=20 
0
C  dros 0,2mkm, 

0,45mkm, 0,8mkm foris zomis membranebiT da saknis simaRliT h=0,4 mm TeTri da 
wiTeli Rvinis  eqsperimentis Sedegebi.  

0,45mkm da 0,2mkm foris zomis membranebi uzrunvelyofen TeTri Rvinis 
finiSur sterilur filtraciis saTanado xarisxs, xolo wiTeli Rvinis 
SemTxvevaSi ki 0,45mkm. 

cxr. 3-Si moyvanilia FTU 10 simRvrivis wylis, TeTri da wiTeli Rvinis 
sam saaTiani filtraciis xv. warmadobis eqsperimentuli monacemebi aRebuli 
0,5 sT-iani drois  intervaliT.    

                                                                                                                                       
cxrili 3. FTU 10 simRvrivis wylis, TeTri da wiTeli Rvinis filtraciis xv. 
warmadobis eqsperimentuli monacemebi 
sakvlevi 
siTxe 

wneva 
(atm.) 

siTxis 
siCqare 
sakanSi 
(m/wm) 

siTxis 
temperatura 

t
0
C 

xv. warmadoba 0,5sT intervaliT 
l/(m2sT) 

 
0,5 
(sT) 

1 
(sT) 

1,5 
(sT) 

2 
sT) 

2,5 
(sT) 

3 
(sT) 

1 2 3 4 5 6 7 8 9 10 
wyali 1 0,5 20 1600 1100 800 620 520 520 

TeTri 
Rvino 

1160 780 560 380 220 220 

wiTeli 
Rvino 

820 600 320 160 120 120 

 
suraTze mocemulia xv. warmadobebis damokidebulebis mrudebi drois 

mixedviT Ser1-wyalis, Ser2-TeTri da Ser3-wiTeli RvinisaTvis 
 

membranis foris zoma, 
mkm 

xv. warmadoba, l/m2sT 

 

xv. warmadoba, l/m2sT 

 
1 atm. wneva, 0,5 m/wm siCqare 0,5 atm. wneva, 1 m/wm siCqare 

TeTri Rvino wiTeli 
Rvino 

TeTri Rvino wiTeli 
Rvino 

0,2 160 80 255 _ 
0,45 200 105 300 140 
0,8 280 160 370 190 
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xv. warmadobebis damokidebulebis mrudebi drois mixedviT 

 
Teoriuli da eqperimentuli Sedegebis safuZvelze  FTU-10 simRvrivis 

TeTri da wiTeli RvinisaTvis SemuSavebulia sadawneo sakanis geometriis 
pirveladi konfiguracia, romlis drosac nakadis  siCqarea 0,5 m/wm, sadawneo 
sakanSi wneva 1 atm., xolo sadawneo sakanis simaRle Seadgens h=0,6mm, rac gan-
sazRvravs danadgaris konstruqciuli elementebis  zRvrul parametrebs da 
membranebis erTeul moculobaSi ganTavsebis pirobebs.  Teoriuli da eqspe-
rimentuli kvlevis SedegebiT ganisazRvra TeTri da wiTeli Rvinis  mikro-
filtraciuli procesis xv. warmadobis asimtoturi mniSvnelobebi, rac uz-
runvelyofs membranuli sistemis rogorc naxevrad avtomatur, aseve sruli 
avtomatizaciis sakiTxebis gadawyvetas. 
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SUMMARY 

STUDY OF THE MICROFILTRATION PROCESS OF WATER, WHITE AND RED WINE UNDER 

LAMINAR AND HYBRID FLOW CONDITIONS. 

Bibileishvili G.V., Kuparadze L.P.,  Ebanoidze L.O. and Kezherashvili M.G. 

Engineering Institute of Membrane Technologies,  Georgian Technical University 

By way of realization of hybrid stream theoretically and experimentally investigated process of microfiltration 

separation of white and red wine on a laboratory membrane device for laminar modes under conditions of 

change of pressure, speed and circulating stream (retentate) with various sizes of membrane pores 0,2 microns, 

0,45 microns, 0,8 microns. 

Keywords: Hybrid flow, specific capacity, microfiltration.  
 



   saqarTvelos sainJinro siaxleni, GEORGIAN ENGINEERING NEWS, #2, 2022  

 

87 

sasmeli da Camdinare wylebis baromembranuli procesebiT 

damuSavebis zogierTi sakiTxi 

 

bibileiSvili g.v., mamulaSvili m.a., javaSvili z.d., kakabaZe e.g. 
 

saqarTvelos teqnikuri universitetis membranuli teqnologiebis sainJinro 
instituti 

        
 naSromSi Seswavlili iqna sasmeli, Camdinare wylis simRvrivis da mik-

robiologiuri maCveneblebi. saanalizo sinjebi aRebuli iyo qalaqis 
wyalmomaragebis  da mdinare mtkvris wylis or ubanze.  

sasmeli wylis da mdinare mtkvris nimuSebze  Catarebulia   mikro-
biologiuri  analizebi, totaluri koliformebis, E.coli-is da fekaluri 
streptokokebis  Semcvelobaze.   kvlevis Sedegebi mocemulia cxr. 1-Si. 

 
cxrili 1. sasmeli wylis da mdinare mtkvris  simRvrivis,  mikrobiologiuri 
analizis Sedegebi filtraciamde 

 
indikatori sasmeli wyali md. mtkvari 

 
Ubani I ubani II Ubani I ubani II 

simRvrive FTU 0,60 0,75  14 25 

E.coll    1l-Si ar 
aRmoCnda 

ar aRmoCnda 1200 10000 

totaluri koliformebi (TC) 1l-Si ar 
aRmoCnda 

ar aRmoCnda 2000 15400 

fekaluri streptokokebi (S. feacalis) 
1l-Si 

ar 
aRmoCnda 

ar aRmoCnda 1200 1300 

 
 

sasmel wyalSi orive ubanze mikrobiologiuri dabinZureba da  
simRvrivis maCvenebeli akmayofilebs dadgenil standarts. mdinaris wylebSi 
paTogenuri baqteriebis raodenobas ganapirobebs  dinebis sidide, sezoni, 
wylis  dinebis da misi Senakadebis evtrofikaciis xarisxi [1-4].  mikrobio-
logiuri da simRvrivis analizis maCveneblebi gazrdilia qalaqis 
centralur ubnebSi.  oTxive ubanaze aRebul sinjebis filtracia Catarda 
institutis ultrafiltraciul danadgarze. miRebuli Sedegebi mocemulia 
cxr. 2-Si. 

 
cxrili 2. sasmeli wylis da mdinare mtkvris simRvrivis,  mikrobiologiuri 
analizis Sedegebi  ultrafiltraciis  Semdeg 

indikatori sasmeli wyali md.mtkvari 

Ubani I ubani II Ubani I ubani II 

simRvrive FTU 0,03 0,04 0,07 0,08 

E.coll   kwe/ l-Si ar aRmoCnda ar aRmoCnda ar aRmoCnda ar aRmoCnda 

totaluri koliformebi (TC) 
kwe/l-Si 

ar aRmoCnda ar aRmoCnda ar aRmoCnda ar aRmoCnda 

fekaluri streptokokebi (S. 

feacalis) kwe/l-Si 

ar aRmoCnda ar aRmoCnda ar aRmoCnda ar aRmoCnda 
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sasmeli da mdinare mtkvris wylebis ultrafiltraciiT damuSavebis 
Sedegad simRvrivis maCvenebelze mciredi gavlena iqonia Sewonili nawi-
lakebis koncentraciam, rac aisaxa miRebul SedegebSi. filtraciis Sedegad 
mikrobiologiurma analizma  ar gamoavlina  baqteriebis arseboba.  

amrigad, miRebulma Sedegebma aCvena, rom sasmeli da Camdinare wylebis 
damuSavebisas, baromembranuli procesebis gamoyenebiT filtraciis safe-
xureobrivi sistemis organizeba uzrunvelyofs xsnarebSi arsebuli orga-
nuli da araorganuli komponentebis zRvrulad  dasaSveb koncentraciebamde 
dayvanas.       
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 SUMMARY 

SOME ISSUES OF DRINKING AND WASTEWATER TREATMENT BY BAROMEMBRANE 

PROCESSES 

Bibileishvili G.V.,  Mamulashvili M.A.,  Javashvili Z.D. and Kakabadze E.G. 

Enginering Institute of Membrane Technologies of Georgian Technical University 

The possibility of regulating microbiological indicators and turbidity indicators of drinking water and Mtkvari 

river water using baromembrane processes is discussed in the research. Step-by-step filtration based on 

membrane nanotechnology ensures the reduction of organic and inorganic components in solutions to the 

maximum allowable concentration. 

Keywords: turbidity, microbiology, sampling, drinking water, wastewater, ultrafiltration. 
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lanCxuTis raionis zogierTi WaburRilis wylis fizikur-qimiuri 

analizi 

 

JRenti d.z., ebanoiZe l.ო., bibileiSvili d.v, ormocaZe n.S. 
 

saqarTvelos teqnikuri universiteti  
akaki wereTlis saxelmwifo universiteti, quTaisi 

 
wyali umniSvnelovanesi qimiuri naerTia, igi sicocxlis erT-erTi 

aucilebeli pirobaa. Ddedamiwaze gvxvdeba okeaneebis, zRvebis, tbebis, mdi-
nareebis, miwisqveSa wylebis da a.S. saxiT. Ggansxvaveba maT Soris sxvadasxva 
Tvisebebis mqone da sxvadasxva raodenobis gaxsnili nivTierebebia.Aarsad 
msoflioSi ar arsebobs erTnairi mineraluri Semcvelobis mqone wyali. Mmi-
neraluri wyali Seicavs sxvadasxva saxis marilebs, airebs, organul niv-
Tierebebs, romlebic mas gansakuTrebuls xdis. Mmineraluri wylis sargebeli 
isazRvreba masSi Semavali ionebis Tvisobrivi da raodenobrivi maxasia-
TeblebiT. gasaTvaliswinebelia, rom adamiani misTvis aucilebel `sicocxlis 
metalebs~ iRebs sakvebidan. maTi miRebis kidev erT wyaros mineraluri wyali 
warmoadgens. Mmineraluri wylis erT-erTi sasargeblo Tviseba mis gamajansa-
Rebel da organizmis sasicocxlo procesebSi CarTulobaze gadis. is 
gvexmareba imunitetis gaZlierebaSi da did rols TamaSobs sxvadasxva infeq-
ciebisa da virusuli daavadebebis damarcxebaSi. 

rogorc cnobilia, saqarTvelo wylis bunebrivi resursebiT mdidari 
regionia. am mxriv gamonakliss ar warmoadgens q. lanCxuTis raioni. 

Cveni kvlevis obieqts warmoadgenda q.lanCxuTis raionis teritoriaze 
arsebuli zogierTi WaburRilis wyali. sinjebis aReba xdeboda 1. qalaq lan-
CxuTis #1; 2. sofel SuxuTis #2; 3. sofel qvianis #3 teritoriebze arse-
buli WaburRilebidan. 

sakvlevi nimuSebis da garemos temperaturebi sinjis aRebis dros moce-
mulia cxr. 1-Si. 
               
             cxrili 1. garemos temperaturebi   

 
nimuSis 
nomeri 

sakvlevi nimuSis 

temperatura  OC 

Ggaremos 

temperatura  OC 
1 15_16 16 
2 17_18 14.5 
3 15 14 

 
 
nimuSebis Seswavlisas gamoyenebulia Semdegi fizikur-qimiuri kvlevis 

meTodebi: 

 kuTri wonis gansazRvra piknometris saSualebiT; 

 mSrali naSTis gansazRvra – woniTi (gravimetruli) meTodiT; 

 pH – is dadgena pH-metriT; 

 eleqtrogamtarobis dadgena konduqtomeruli meTodiT; 

 simRvrivis gansazRvra nefelometriT;  

 Mg2+; Ca2+; Ba2+; Cl-; F -  ionTa analizi – ionometruli titvriT 

sakvlevi nimuSebis simkvrive ganisazRvra oTaxis temperaturaze (21,90C) 
piknometris saSualebiT. Eeqsperimentis Sedegebi motanilia cxr. 2-Si.                                                                                                                                                                                                                              
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   cxrili 2.    sakvlevi nimuSebis simkvrive   
                                      

ni
mu

S
is

 
no

me
r
i 

c
ar

ie
l
i 

pi
kn
o
me
t
r
is

 
ma
s
a,
 g

 

w
yl

ia
ni

pi
kn
o
m

et
r
is

 m
as

a,
 g

 

pi
kn
o
me
t
r
is

 
mo

c
u
l
o
b
a,
 g

 

pi
kn
o
me
t
r
is

 
ma
s
a 
ni

mu
S
iT

, 
 

g
 

ni
mu

S
is

 m
as

a,
 

g
 

ni
mu

S
is

 
ku

T
r
i 

w
o
na
 

g
/s
m3

 

 4.7275 7.7793 3,0518    

1    7.7790 3.0515 0.9999 

2    7.7799 3.0524 1.00019 

3    7.7798 3.0523 1.00016 

 
 mSrali naSTis raodenoba ganisazRvra gost 18164-72-is Sesabamisad, 

gravimetruli meTodiT. Sedegebi motanilia cxr. 3-Si.      
                                                                                 

  cxrili 3.  mSrali naSTis raodenoba  
                                        

nimuSis 
nomeri 

carieli 
Ffaifuris 
jamis wona, 

g 

faifuris 
jamis wona 
mSrali 
naSTiT, g 

mSrali 
naSTis 
masa, g 

nimuSis 
masa, g 

 

mSrali 
naSTis 
Semcveloba 

% 
1 25,2430 25.3110 0.0689 149.985 0.0453 
2 25,2550 25.2791 0.0241 100.019 0.024 
3 25,8737 25.9154 0.0417 150.024 0.0278 

 
xsnaris pH gazomili iqna DpH-2 markis pH metriT. Sedegebi motanilia 

cxr. 4-Si.  
 

                cxrili 4. simRvrivis maCveneblebi 

 
nimuSis  
nomeri 
 

pH Eelgamtaroba 

χ,Mmilisim.m-1 

simRvrivre formazinis 
erTeuli  FTU 

1 7.6 0,326 0,49 – 0,50 

2 8,7 0,322 0,24 – 0,25 

3 8,7 0,314 0,08 – 0,12 

 
xsnaris eleqtrogamtarobis dadgena da misi Sefaseba warmodgenas gviq-

mnis xsnarSi arsebuli ionebis koncentraciaze. nimuSebis eleqtrogamtaroba 
gansazRvruli iqna konduqtometr KLЭ-1M–is saSualebiT (suraTi 1.), misi  

gazomvis diapazonia 10-7 -dan   10101-mde   sim.m-1 danawevrebuli 8 qvediapazonad. 
sakvlevi nimuSebis kuTri eleqtrogamtarobis mniSvnelobebi motanilia cxr. 
4-Si. 

nimuSebis simRvrive Seswavlili iqna nefelometriT Turb 555 (suraTi 2). 
nefelometri Sedgeba varvarebis naTurisagan, sinaTlis fokusirebisaTvis 
saWiro linzebisagan, sinaTlis pirdapiri gafantvis da dacemuli sxivis 
deteqtorebisagan. mikroprocesoriT fiqsirdeba TiToeuli deteqtoridan 
miRebuli signali, maTi TanafardobiT xdeba simRvris ricxviTi mniSvnelobis 
gansazRvra. 
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suraTi 1. konduqtometri  KLЭ-1M suraTi 2. nefelometri Turb 555 

 
 

 gamoyenebuli xelsawyo dakalibrebulia formazinis xsnarze, amitom 
simRvrive gaizomeba formazinis erTeulebSi (FTU). nimuSebis simRvrivis 
maCveneblebi motanilia cxrilSi 4.            

sakvlevi wylis SemadgenlobaSi arsebuli ionebis da maTi raodenobis 
dasadgenad mivmarTeT ionometrias. gamoviyeneT laboratoriuli xelsawyo 

ionometri И160, markiT 1МР, ionuri seleqciuri eleqtrodebiT (ISE), rome-
lic indikatorul eleqtrods warmoadgens (suraTi 3). ionuri seleqciuri 
eleqtrodebi eleqtroqimiuri naxevargamtarebia, romlebic saSualebas iZle-
va ganisazRvros kalciumis, natriumis, kaliumis, magniumis, bariumis, fToris, 
qloris, nitratis, sulfidis da sxva ionebi. mzaddeba 2 tipis saanalizo 
xsnari – standartuli da buferuli. Uunda SeirCes is eleqtrodi, romelic 
axdens CvenTvis saintereso ionis deteqtirebas. sakvlev nimuSebSi gansazRv-
ruli iqna ionometruli meTodiT kalciumis, magniumis, bariumis, qlorisa da 
fToris ionebis koncentraciebi. Sedegebi motanilia cxr. 5-Si. 
 
cxrili 5. kalciumis, magniumis, bariumis, qlorisa da fToris ionebis 
koncentraciebi 
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(z
d
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,M
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   mg
/l

 
 

1  
35_130 

44,70  
<85,0 

25,30  
<0.1 

0,08  
<310 

4,53  
<0.0 
5 

0.16 
2 41,30 18,70 0,06 10,20 0,11 
3 37,90 12.10 0,09 6,49 0,16 
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suraTi 3.  ionometri _ И160.1МП 

 
analizis Sedegebidan gamomdinare calsaxaa, rom mocemuli wylebi 

mineralur wylebs ganekuTvneba. vaskvniT, rom samive WaburRilis wyalSi 

ionebis Semcveloba Mg2+; Ca2+; Ba2+; Cl-; F - ar aRemateba zRvrul dasaSveb 

koncentraciebs (zdk), rac sxva fizikur-qimiur TvisebebTan erTad maT vargi-
sianobaze miuTiTebs. 
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SUMMARY 

PHYSICAL-CHEMICAL ANALYSIS OF SOME BERE WATER OF THE LANCHKHUTI REGION 

Zhgenti D.Z., Ebanoidze L.O., Bibileishvili D.V. and Ormotsadze N.Sh.   

Georgian Technical University 

Akaki Tsereteli State University, Куtаisi  

The object of investigation is the existent of three bore water in the region of  Lanchkhuti. The results of the 

analysis indicate that the given waters represent mineral waters. The conclusion is that the water of those three of 

bores contain ions: Mg
2+

, Ca
2+

, Ba
2+

, Cl
-
, F

-
  and they not surpass the limit landing concentration, indicating their 

fitness together with ather physical-chemical properties.  
Keywords: water, physical-chemical analysis, Lanchkhuti region. 
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NEW PETROLEUM SORBENTS TO REDUCE ENVIRONMENTAL STRESS 
 

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

 

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

Chemistry 

 
Abstract: For obtaining of porous materials natural sorbents – diatomite, zeolite and perlite were chosen. 

Thermal and chemical modification, and then hydrophobization of the sorbents was carried out. The optimal 

conditions are determined; amidoaldehyde oligomers were synthesized with the aim of their usage as a matrix in 

composition of porous materials characterized with high sorption activity and ability to float on the surface of 

water together with the absorbed compounds. Their removal from the water surface is possible mechanically. 

Hybrid porous polymers are characterized by selectivity, fire resistance, wide range variability of properties 

depending on the structure and ratio of initial substances. 
Keywords: natural sorbents, oil products, porous material, synthesis, modification, hydrophobization 

 

The important task of the present day is protection of the environment and mainly of water 

basins (rivers, lakes, water basins, seas, etc.) from pollution with petroleum and petroleum products 

and other toxic organic compounds [1-3]. 
Production and processing of oil, as well as production of several organic compounds, in the 

world is growing annually thus promoting occurrence of complex ecological problems. These 

problems often are caused by accidents on oil pipelines, during transportation by ground or by sea, as 

well as by violation of technological regimen during oil production, by incomplete cleaning of drains, 

etc. Therefore, activities aimed at elaboration of effective methods for absorption of oil products and 

toxic organic compounds from the surface of the contaminated water are the main task for protection 

of the environment. 

It is well known that 1L of petroleum restricts the access of air to 40.000L of water and 1 ton 

of petroleum pollutes water surface to the extent of 12 km. Today for purification of water surface an 

adsorption method is widely used. For utilization of spilled petroleum and petroleum products more 

than 200 different types of sorbents are produced and used. 

Quality of sorbent is characterized by volume of absorbed petroleum and its products, and by 

its ability of regeneration, utilization and floatation. The most commonly used sorbents are inorganic 

compounds – different types of clays, zeolites, diatomites. The quality of these sorbents is insufficient 

from the point of view of ecology. They have relatively low absorption ability in respect of petroleum. 

When removing of petroleum from the water surface the inorganic sorbents are sinking together with 

the absorbed compounds thus polluting the bottoms of rivers, seas and oceans. 

Hence the development of new, highly effective sorbent with high sorption ability in respect 

of petroleum and petroleum products, not sinking in water together with the absorbed compounds, and 

available owing to the simplicity of production technology and low cost is one of the urgent tasks of 

the study. 

Porous sorbents are also effectively used as heat and sound insulation materials. 

According to literary data in polymeric compositions are used both organic (fibrous synthetic 

polymers: polyesthers and carbocyclic compounds) and mineral (inorganic) raw materials – talc, 

calcites, basalt fiber, etc. We think it prospective to use zeolites, diatomite and perlite in polymeric 

compositions. 

As polymeric matrix in compositions are used phenol-aldehyde oligomeres, polyurethanes, 

polyethylene, polystyrene, polypropylene, polyamides, polyarylates and other class polymers. 

We consider amido-aldehyde oligomers as polymers to be used for the intended purpose 

because of their availability and low cost [4-7]. 
Studies for selection of natural mineral zeolites were conducted. Natural sorbents have an 

advantage in comparison with synthetic sorbents: cheapness, availability. However by effectiveness, 

purity, homogeneity natural sorbents drop behind synthetic sorbents. From this point of view mineral 

sorbents – silicium series sorbents (diatomites), bentonite clays and natural resistant to acids zeolites 

(clinoptilolite, perlite, etc.) – are of great interest. When choosing natural sorbents their pore sizes for 

complete sorption of substance, as well as their thermal stability (so that the deformation of the pores 
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does not take place) are to be taken into account. Three main objects were distinguished: natural 

zeolite, diatomite and perlite [8–10]. 

On the initial stage natural sorbent – zeolite was chosen which was resistant to aggressive 

media (acids) and was thermo stable as well, a significant factor from the point of view of exploitation 

parameters. The optimal conditions for thermal modification of the natural sorbent were determined – 

heating at 240–700°C during 6 hours. 

Researches to determine optimal conditions of chemical modification of the natural zeolite 

were carried out. Works for obtaining of H-form of the natural zeolite (clinoptilolite) were carried out. 

The natural zeolite was treated with different concentrations of hydrochloric acid (0,05N; 0,1N; 0,2N; 

0,3N) at 25°C. 

Chemical modification was carried out to increase the size and activity of the zeolite pores. 

Optimal conditions (temperature, time, concentration of solutions and ratio of the components) for 

chemical modification of the zeolite were determined. Several ways of chemical modification were 

deermined, in particular with the help of acids, ammonium chloride (NH4Cl) potassium chloride (KCl) 

and other compounds. 

Experiments in thermal modification of the diatomite were carried out. Thermal modification 

of diatomite can be carried out by: 

1. Heating at 900–1000°C. 

2. Treatment with NaCl and heating at 1000°C. 

3. Treatment with SiF4 and heating at 1000°C. 

To determine the optimal temperature of thermal modification the diatomite was heated during 

3 hours at 250, 300, 400, 450, 500, 550, 600, 700, 900 and 1000
0
C. 

During heating up to 250°C mainly the absorbed water release takes place. Increasing of the 

temperature leads to destruction of organic components and widening of pores. At 700°C the size of 

pores reaches the maximum and capacity of the modified diatomite pores increases. 

It was determined that introduction of thermally (heating at 700°C) and chemically (by 

siliciumorganic compounds) modified perlite into the polymeric composition sharply improves 

properties of the porous polymere – its density, ability to float, sorption properties, etc. 

Natural sorbents – zeolite, diatomite and perlite can be used as remedies for cleaning of  water, 

polluted with petroleum. As they are hydrophilous and sink in water it is necessary to carry out their 

hydrophobization. 

Processes of hydrophobization of diatomite, perlite and zeolite were studied. 

In particular, hydrophobization both of natural not modified and thermally modified (at 

400°C) diatomite was carried out at 250°C during 6 hours in the silicon medium. 

The experiment showed, that thermally modified diatomite after hydrophobization: 

1. Does not get wet in water and does not sink. 

2. Effectively absorbs oil from the surface of polluted water. 

Diatomite is more prospective sorbent for purification of water-oil emulsions. Heated at 450–

700°C diatomite acts more effectively in case of low concentrations of oil (1,0∙10
3
 mg/L – 6∙10

3
 

mg/L). If the concentration of oil is high the heated at 1000–1200°C diatomite is used. 

To obtain polymeric compositions the complex carbamide-formaldehyde, melamine-

formaldehyde and carbamide-melamine-formaldehyde oligomers were synthesized, that are 

prospective material for usage as matrix in compositions. Synthesis of oligomers was carried out 

mainly in water solutions, based on amide component and formaldehyde: 
The method provides for interaction of amide component (carbamide, melamine) and 

formaldehyde in water solution in defined reaction media (pH=5-7,5) and temperature (30–100°С) 

conditions. Correction of the reaction media is carried out by 10% NaoH solution and formic acid. 

Ratio of resulted components (amide component: formaldehyde) is 1:1,7, respectively. Water solution 

of formaldehyde was used [11-14]. 

Amide oligomers were obtained by polycondensation in alloy with ratio of the obtained 

components (carbamide:aldehyde) 1:1.1, respectively, at 100°C, duration of the reaction 1 hour. 

The composites were prepared from diatomite (both natural and modified) and amido-

aldehyde oligomer (with different percentage) according to the developed by us technology: foaming 

agent, resorcin and water mixture were placed into the utensil. After their good mixing 2,5 ml of 
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mixture were foamed by air stream to obtain stable foam. A certain amount of amido-aldehyde 

oligomer was added to the foam with preliminarily introduced certain amount of natural sorbent. 

Foaming was continued by air stream until full effervescence and obtaining of stable foam. 

It was determined, that properties of the obtained porous hybrid polymer were affected by the 

ratio of amide oligomer to diatomite, and the reaction media. The results give us possibility to make a 

conclusion: the optimal mass ratio of diatomite and amido-aldehyde oligomer to obtain effective 

material is 0,3: 0,7, respectively. Increasing of the diatomite amount up to 50% (in relation to the 

oligomer) the heat stability, density, fire resistance is increased, physical and mechanical properties 

are improved. But further increase of the ratio results in worsening of the material properties. 

The effect of pH on the formation of a hybrid polymer was studied. Its correction makes it 

possible to obtain materials with the desired properties. The rapid hardening and the final formation of 

the exploitation properties of the material depend on the pH. It should be noted that the materials 

obtained on the basis of amido-aldehyde oligomer and diatomite are equal in efficiency to the 

expensive materials obtained on the basis of polyurethane. At the same time, they are 10-12 times 

cheaper than polyurethane materials. 
Together with carbamide-formaldehyde and melamine-formaldehyde homogeneous polymers 

the complex carbamide-hyaline-formaldehyde polymers were obtained. 

At the first stage of polymer formation in aqueous solution, methylol derivatives of melamine 

were obtained, and then they were converted to oligomers by heat treatment (100 °C) and lowering the 

pH to 5-6. By interaction of the obtained oligomers and a foaming agent (foaming agent, 60% H3PO4, 

resorcin and H2O) a foam-polymer was obtained, from which polymers with a porous structure were 

prepared. 
To study the sorption properties of the polymer the water artificially polluted with petroleum 

product (benzene) was taken. Porous polymers (sorbents) were placed into the resulting emulsion for a 

defined time (1, 3, 5, 7, 10 days). The sorbents were hybrid materials derived from carbamide-

formaldehyde oligomers and modified diatomite. After then, the extraction of porous samples 

(sorbents) from the aqueous medium was performed. Using the spectral analysis, the concentration of 

the petroleum product remaining in the aqueous emulsion was determined. 

The study showed that porous composites are characterized by much higher sorption 

properties than natural and modified diatomite. Thermally modified, hydrophobized diatomite almost 

completely absorbs petroleum product if its concentration does not exceed 6∙10
3
 mg/L, and at higher 

concentration - 14∙10
3
 mg/L, the amount of petroleum product absorbed by diatomite decreases. Under 

these conditions high sorption properties are shown by hybrid composites obtained on the basis of the 

amido-aldehyde oligomer and containing 30% of natural or modified diatomite. Studies of the 

properties of sorbents were carried out using the spectral and chromatographic methods. 

Samples of porous polymer with different percentages of diatomite - 20, 25, 30 and 40% were 

obtained. The best option is the 25% content of diatomite. The resulting polymer has a high strength 

and increased porosity. Obtaining of polymer occurred in a shorter time than in other cases. 

The influence of various factors (reaction medium, oligomer concentration, air flow intensity, 

mixing frequency, amount of natural sorbent, etc.) on the formation of a hybrid porous polymer was 

studied. It was established that the optimal conditions for polymer formation are the following: pH of 

the reaction mixture <7, oligomer concentration - 55%, intensive air flow, maximum mixing 

frequency, temperature 20 ± 5°С and content of natural sorbent - 25%. 

The obtained samples of mixed polymer containing different percentage of diatomite were 

tested for sorption capacity, the results of which are shown in the table below. It has been established 

that for improvement of sorption properties of a polymer, both thermal and chemical modification of 

diatomite is of great importance. 

The study showed that if the concentration of petroleum products in the polluted water is 6∙10
3
 

mg/L, then a sample of mixed porous polymer containing 25% thermally and chemically modified 

diatomite completely absorbs petroleum products from the surface of the water in five days. In case of 

polymer sample containing only thermally (1000 °C) modified diatomite the sorption capacity is well 

manifested at a low concentration of contamination with petroleum products 1∙10
3
 mg/L – 6 10

3
 mg/L.  
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The results of sorption by hybrid porous sorbent from the surface of  water polluted with benzene 

 (light fraction of petroleum) 

 

№ 
Samples of porous hybrid 

materials
x
 

Sample weight, g Amount of absorbed benzene
2x

 

Before sorption After sorption g % 

1 
Carbamide-formaldehyde 

polymer 
3,24 5,42 2,18 67 

2 

Hybrid porous polymer 

(carbamide-formaldehyde 

oligomer – 70%, natural 

diatomite – 30%) 

 

3,53 

 

6,32 

 

2,79 

 

79 

3 

Hybrid porous polymer 

(carbamide-formaldehyde 

oligomer – 70%, modified 

diatomite – 30%)
3x

 

 

4,28 

 

7,85 

 

3,57 

 

83 

4 

Hybrid porous polymer 

(carbamide-formaldehyde 

oligomer – 60%, modified 

diatomite – 40%) 

 

5,15 

 

8,67 

 

3,53 

 

68 

  

  
x
 – Size of the sample 3x2x1 cm

3
,  ρ=0,2-0,7g/cm

3
. 

2x
 – Time of sample contact with benzene – 5 hours (in water-benzene emulsion); amount of 

benzene – 5 ml (d=0.879g/cm
3
, tboiling= 80

0
C). Water – 100 ml.  

3x
 – Diatomite is thermally modified (900°C) and hydrophobized with polymethylphenylsiloxane. 

 

   Conclusions: 
1. Natural sorbents – zeolite, diatomite and perlite, – were chosen. 

2. For the purpose of activation of sorbents they were thermally and chemically activated. 

3. Optimal conditions of thermal modification of natural sorbents were determined: for diatomite – 

heating at 1000°C for 3 hours; for zeolite – heating at 240–700°C for 6 hours; and for perlite – heating 

at 400–600°C for 3 hours. 

4. Chemical modification of zeolite was carried out by 0.1N ammonium chloride; of diatomite – by 

treatment with SiF4; of perlite – by silicium organic compounds. 

5. Hydrophobization processes of diatomite, perlite and zeolite were studied. In particular, 

hydrophobization of natural unmodified and thermally (400°C) modified diatomite was carried out at 

250°C for 6 hours in silicon area. 

6. Amide oligomers were synthesized (amide component:formaldehyde). Ratio – 1:1.7, respectively. 

Water solution of formaldehyde was used. 

7. Amide oligomers were as well obtained by polycondensation in melt with molar ratio of initial 

components (carbamide:aldehyde) 1:1.1, respectively, at 100°C, duration of the reaction – 1 hour. 

8. Optimal mass ratio of diatomite and amido-aldehyde oligomer was determined – 0.3:0.7, 

respectively. 

9. Influence of different factors on the process of hybrid porous polymer formation was studied. 

10. The obtained samples of mixed polymer with different percentage of diatomite were examined for 

sorption ability and the study showed that porous composites are characterized by much higher 

sorption properties then polymer alone or natural and modified diatomite alone. 
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reziume 

axali navTobsorbentebi ekologiuri daZabulobis Sesamcireblad 

molodinaSvili z.f., kopaleiSvili m.n., gabunia T.i., SatakiSvili T.n. 
ivane javaxiSvilis saxelobis Tbilisis saxelmwifo universitetis petre meliqiSvi-
lis saxelobis fizikuri da organuli qimiis instituti 
forovani masalebis misaRebad SerCeulia bunebrivi sorbenti – diatomiti, ceoliTi 
da perliti. Catarebulia sorbentebis Termuli, qimiuri modificireba da Semdeg ma-
Ti hidrofobizacia. dadgenilia optimaluri pirobebi. sinTezirebulia amidoaldehi-
duri oligomerebi, forovani masalebis kompoziciaSi maTi matricad gamoyenebis miz-
niT, romlebic gamoirCevian maRali sorbciis da sorbirebul nivTierebebTan erTad 
wyalze tivtivis unariT. wylis zedapiridan maTi mocileba sorbirebul navTobpro-
duqtebTan erTad SesaZlebelia meqanikuri gziT. hibriduli forovani polimerebi xa-
siaTdebian seleqtiurobiT, cecxlmedegobiT, farTo intervalSi Tvisebebis varirebis 
unariT, sawyisi nivTierebebis struqturisa da Tanafardobisagan damokidebulebiT. 
sakvanZo sityvebi: bunebrivi sorbenti, navTobproduqtebi, forovani masala, sinTezi, 
modificireba, hidrofobizacia. 
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izonikotinamidTan, pikolinamidTan da kaliumis heqsacianoferatTan (II) 

kobaltis (II) bimetaluri koordinaciuli naerTebis sinTezi da kvleva 

 
gegeSiZe n.g., kilasonia n.o., cincaZe m.g., qurxuli m.i. 

 
saqarTvelos teqnikuri universiteti 

r. aglaZis araorganuli qimiis da eleqtroqimiis instituti 
 

Cveni kvlevis sagans warmoadgens kobaltis (II) bimetaluri kompleq-
suri naerTebis sinTezi izonikotinamidTan, pikolinamidTan da kaliumis   
heqsacianoferatTan (II). 

kobaltis da rkinis biologiuri Tvisebebi kargad aris Seswavlili. 
rogorc mikroelementebi, kobalti da rkina aucilebelia organizmis nor-
maluri funqcionirebisTvis. 

aseve saintereso naerTs warmoadgens kaliumis heqsacianoferati (II). is  
farTod gamoiyeneba  analizuri qimiaSi sxvadasxva metalis aRmosaCenad. mas 
gaaCniaT agreTve garkveuli biologiuri aqtivobac da gamoiyeneba rogorc 
sakvebi danamati.  

Cven mizans warmoadgens biologiurad aqtiur organul ligandebTan 
kobaltis (II) bimetaluri kompleqsuri naerTebis sinTezi da maTi struq-
turis dadgena.  

sinTezirebulia bimetaluri koordinaciuli naerTebi 

[Co2L(H2O)2]2[Fe(CN)6]·2H2O da [Co2L(H2O)2]2[Fe(CN)6]·2H2O, sadac L-izonikotiname-

di da L -pikolinamidi. sinTezisTvis 0,02 moli kobaltis (II) qlorids gacxe-
lebiT vxsnidiT  ~10 ml wyalSi. 0,04 mol izonikotinamids (an pikolinamids) 
gacxelebiT vxsnidiT ~ -wveTobiT vamatebdiT marilis 
wyalxsnars (xsnari 1).  

0,01 moli kaliumis heqsacianoferats (II) gacxelebiT vxsnidiT 10_15 ml 
wyalSi  da wveT-wveTobiT vumatebdiT xsnar 1-s.  narevi gadagvqonda wylis 
abazanaze da vaduRebdiT 20 wuTis ganmavlobaSi. ramdenime dRe-Ramis dayov-
nebis Semdeg warmoqmnil naleqs  vfiltravdiT,  CavrecxdiT wylis da eTano-
lis mcire ulufebiT. vaSrobdiT haerze filtris qaRaldebs Soris. 

miRebulia izonikotinamidis SemTxvevaSi muqi mwvane wvrilkristaluri 
nivTiereba, pikolinamidis SemTxvevaSi _ muqi vaerdisferi fxvnilisebri 
nivTiereba. gansazRvrulia sinTezirebuli naerTebis lRobis temperatura, 
maTi sxnadoba sxvadasxva gamxsnelSi [1_3].  

Cvens mier sinTezirebuli kompleqsis  [Co2L(H2O)2]2[Fe(CN)6]·2H2O (L- izo-
nikotinamidi) speqtrebSi gamovlenilia SedarebiT intensiuri zolebis sis-

tema 3300 sm-1-is zeviT, romelic SeiZleba mivakuTvnoT as(NH)-jgufs da zo-

lebi 3300 sm-1 qveviT, romelic aseve SeiZleba mivakuTvnoT a(NH)-s. 
arakoordinirebuli organuli ligandis (L - izonikotinamidis) iw speq-

trebTan SedarebiT sinTezirebuli kompleqsis [Co2L(H2O)2]2[Fe(CN)6]·2H2O iw 

speqtrSi SeimCneva Sesabamis ubanSi  as(NH2)   da s(NH2) zolebis ricxvis gaz-
rda 3414,2 sm-1.  

kristaluri inma-s speqtrSi „amid-I“ zolebi (CO) gamovlenilia         
1684,6 sm-1 ubanSi, Cvens mier sinTezirebul kompleqsSi Sesabamisi rxevebi ga-
movlenilia ki 1674.5 sm-1 ubanSi, e.i. Semcirebulia ~ -1 rac gvaZlevs sa-
Sualebas vivaraudoT, rom izonikotinamidis (L) molekula koordinirebulia 
kobaltis ionTan karbonilis jgufis Jangbadis atomiT. 

sinTezirebuli kompleqsis iw speqtrSi ~ -1 ubanSi gamovlenil 

zo het, maSin SeiZleba vivaraudoT, rom izonikotina-
midis molekula metalis atoms ukavSirdeba heterociklis azotis atomis 
meSveobiT. 
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arakoordinirebuli izonikotinamidis birTvisTvis damaxasiaTebeli rxe-
~1003,6_1010,0 sm-1 ubanSia gamovlenili, xolo sinTezirebuli kom-

pleqsis iw speqtrSi ~ -1, anu gadanacvlebulia ~ ¬-1 -iT. 
es kidev erTi mtkicebulebaa, rom pikolinamidis molekulis koordinireba 
sinTezirebul kompleqsSi metalTan xorcieldeba heterociklis atomis 
saSualebiT. 

kompleqsis iw speqtrSi 3400_3600 sm-1 ubanSi gamovlenili rxevebis 
sixSireebi miekuTvneba Sigasferuli wylis molekulebs. 
daskvnebis safuZvelze SeiZleba vivaraudoT, rom kompleqsuri kaTionis 
[Co2L(H2O)2]

2+ agebuleba oqtaedrulia, xolo izonikotinamidis molekula 
gamodis bidentaturi ligandis rolSi. 

sinTezirebul kompleqsur naerTebSi heqsacianoferat (II)-ionisTvis 

(MC) da (MCN) rxeviTi sixSireebi gamovlenilia 400_600 sm-1 ubanSi. 

383,0_390,4 sm-1 ubanSi rxeviTi sixSireebi SegviZlia mivakuTvnoT (MC) jgufs, 

xolo 463,1 sm¬-1 ubanSi - (MCN) jgufs.  2080,8 sm-1 gamovlenili rxeviTi 

sixSireebi SegviZlia mivakuTvnoT (CN) jgufis rxevis sixSireebs. 
 

izonikotinamidis (L) da pikolinamidis ( L ) molekulis da maT safuZvelze 
sinTezirebuli kobaltis (II) koordinaciuli naerTis STanTqmis iw speqtrebis 
zogierTi maxasiaTebeli rxevis sixSireebi 
 

naerTi   (NH) ბირთ 

(C=N) 

`amid~ 

I II III 

L 3324.8 

3498.1 

1063.2  1225.4  1319.5  1405.2  

1464.8  1490.0  1506.8   1555.2  

1684.8 1600.9 1319.5 

L   3425.4 1044.6  1096.8  1144.3  1227.2  

1255.2  1490.9  1507.7  1570.1 

1683.8 1603.7 1393.1 

[Co2L(H2O)2][Fe(CN)6]·2H2O 3414.2 1016.6  1063.2  1222.6  1418.3  

1456.5  1553.4 

1674.5 1605.6 1418.3 

[Co2L(H2O)2][Fe(CN)6]·2H2O 3357.4  

3469.2 

1019.4  1066.0  1224.4  1394.0  

1420.1  1458.3  1465.8  1490.9  

1555.2   

1670.8 1570.1 1394.0 

 
amrigad, miRebulia kaTionur-anionur kompleqsuri naerTi 

[Co2L(H2O)2]2[Fe(CN)6]·2H2O (L-izonikotinamidi). kompleqsuri kaTionis agebuleba 
oqtaedrulia, organuli ligandi ki bidentaturi. kompleqsuri anionis 
agebulebac aris oqtaedruli. 

pma- ~2900_3500 sm-1 ubanSi gamov-

lenilia zolebi, romlebic miekuTvneba (NH), (CO) da (H2O). arakoordinire-

buli pikolinamidis molekulaSi (CO) jgufis rxeviTi sixSireebi gamov-
lenilia 1683.8 sm-1 ubanSi, xolo sinTezirebuli kompleqsuri naerTis iw 
speqtrSi igive jgufis rxeviTi sixSireebi mdebareobs speqtris 1670.8 sm-1 

ubanSi, arakoordnirebul pikolinamidis molekulasTan SedarebiT (CO) gada-
nacvlebulia dabalsixSirian ubanSi ~ -1, rac miuTiTebs metalTan amidis 
molekulis koordinirebaze Jangbadis atomiT. 

samecniero literaturis  analizidan gamomdinare arakoorinirebuli 
pikolinamidis molekulas axasiaTebs intensiuri STanTqmis zoli 1570.1_1588.0 
sm-1 ubanSi, romelic miekuTvneba heterociklis azotis atomis savalento 
bmis rxevis sixSires. Cvens mier sinTezirebul kooridnaciuli naerTSi iw 

~17 sm-1 ufro maRalsixSirian ubanSi.   
birTvis sixSireTa amgvari cvlileba miuTiTebs, rom pikolinamidis moleku-
la metal-kompleqswarmnomqmnelTan koordinirebulia heterociklis azotis 
atomis  Nhet saSualebiT. igiveze metyvelebs sinTezirebuli kompleqsis iw 

speqtrSi arsebuli birTvis (CCN) -1 ubanSi, romelic 
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¬1, Tavisufali pikoliname-
dis molekulis Sesabamis sixSiresTan (612.2 sm-1) SedarebiT. 

sinTezirebuli kompleqsuri naerTis iw speqtrSi identificirebulia 
intensiuri zolebi 1019.4_1066.0 sm¬-1 ubanSi, romlebic SeiZleba mivakuTvnoT 
aseve birTvis sixSiris STanTqmis  zolebs. literaturuli monacemebiT 
Sesabamisi sixSiris zoli arakoordinirebuli pikolinamidis molekulaSi 
mdebarebs 1044.6 sm-1 ubanSi. 

sinTezirebuli kompleqsis iw speqtrSi arsebuli farTo zoli 
3062.0_3188.7 sm-1 ubanSi SegviZlia mivakuTvnoT NH2- jgufis azotis atomis 
savalento bmis sixSires. Tavisufali pikolinamidis molekulis analogiuri 
rxevis sixSire dafiqsirebulia 3185.9 sm-1 ubanSi. 

sinTezirebul kompleqsur naerTebSi heqsacianoferat (II)-ionisTvis 

(MC) da (MCN) rxeviTi sixSireebi gamovlenilia 400_600 sm-1 ubanSi. 433.3 sm-1 

ubanSi rxeviTi sixSireebi SegviZlia mivakuTvnoT (MC) jgufs, xolo           

509.7 sm¬1 ubanSi - (MCN) jgufs. 2174.9 sm-1 gamovlenili rxeviTi sixSireebi 

SegviZlia mivakuTvnoT (CN) jgufis rxevis sixSireebs. am monacemebis 
safuZvelze  SegviZlia vivaraudoT, rom heqsacianoferat-ioni aRniSnul Sem-
TxvevaSi asrulebs xidur funqcias [4-7]. 
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SUMMARY 

SYNTHESIS AND STUDY  OF BIMETALLIC COBALT (II) COMPOUNDS WITH ISONICOTINAMI-

DE, PICOLINAMIDE AND POTASSIUM HEXACYANOFERRATE (II) 

Gegeshidze N.G, Kilasonia N.O, Tsintsadze M.G. and  Khurkuli M.I. 
 
Georgian Technical University 

 
Iv. Javakhishvili Tbilisi State University R.Agladze Institute of Inorganic Chemistry and Electrochemistry   
 The aim of our research is the synthesis and investigation of bimetallic coordination compounds of cobalt (II). 
Cobalt (II) chloride and potassium (II) hexacyanoferrate were taken as starting products, and isonicotinamide 
and picolinamide were used as organic ligands. A method for the synthesis of new bimetallic coordination 
compounds has been developed. Studies of some physicochemical properties of synthesized complexes have 
been carried out. In order to determine the rules of coordination of water molecules of isonicotinamide, 
picolinamide and [Fe(CN)6]

4-
 ion, the IR spectra of synthesized complexes were studied. The method of grinding 

polycrystalline samples with vaseline was used. KBr plates (400-4000 cm
-1

) were used. The absorption of 
vaseline oil was maximally compensated.  Two new bimetallic compounds of cobalt (II) with isonicotinamide 
and picolinamide were synthesized. Both compounds are released in a free state, stable in air. Some of their 
physicochemical properties have been studied.  The synthesized coordination compounds were investigated by 
IR spectroscopy. The rules of coordination of organic ligands and acidoligand are defined. Comparison of the 
spectral analysis data allows us to judge the correlation of the oscillation frequencies of the complexes. 

Keywords: cobalt (II), bimetallic coordination compounds,  spectroscopy (IR) 
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metalTa koordinaciuli naerTebi karbonmJavaTa dihidrazidebTan 
 

danelia n.v. 

 
saqarTvelos teqnikuri universiteti 

 
metalTa koordinaciuli naerTebi hidrazinis organul nawarmebTan, 

kerZod ki karbonmJavaTa hidrazidebTan, ukanasknel wlebSi mecnierTa gansa-
kuTrebul yuradRebas iqcevs Tavisi mravalferovani da saintereso qimiuri 
TvisebebiT. am garemoebam ganapiroba maTi farTo gamoyeneba mecnierebasa da 
teqnikaSi. gansakuTrebiT saintereso da mniSnelovania alifaturi rigis 
najeri dikarbonmJavebis dihidrazidebi, romlebic maRali biologiuri 
aqtivobiT xasiaTdebian. 

  

  

malonmJavas dihidrazidi qarvamJavas dihidrazidi 

  
glutarmJavas dihidrazidi adipinmJavas dihidrazidi 

 
orfuZiani karbonmJavebis dihidrazidebi Seicaven simetriulad ganlag-

ebul or hidrazidul jgufs _ COONHNH2, hidraziduli jgufebi ki, Tavis 
mxriv, Seicaven ramdenime potenciur donorul centrs (azotis ori atomi da 
Jangbadis erTi atomi), romlebsac SeuZliaT metal-kompleqswarmomqmnelTan 
koordinaciuli bmis warmoqmna. garda amisa, dihidrazidebs monohidrazidebis 
msgavsad tautomeruli gardaqmnebis unari aqvT, rac damokidebulia reaqciis 
Catarebis pirobebze. es gardaqmnebi mimdinareobs Semdegi sqemiT: 

 
  
                                    amiduri forma                   imidoalkoholuri forma 
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am garemoebidan gamomdinare SegviZlia vivaraudoT ara mxolod meta-
lociklebis warmoqmnis SesaZlebloba hidrazidis amidur formasTan, aseve 
metalociklebis warmoqmna imidoalkoholur deprotonirebul formasTanac, 
rac kidev ufro mravalferovans xdis am naerTebs da afarTovebs maTi, 
rogorc polidentaturi ligandebis gamoyenebis SesaZleblobebs.  

tutemiwaTa metalebi kompleqsuri naerTebis warmoqmnisadmi SedarebiT 
dabal midrekilebas amJRavneben sxva kompleqswarmomqmnel metalebTan Seda-
rebiT. miuxedavad amisa, Seswavlilia tutemiwaTa metalebis koordinaciuli 
naerTebi, romelTaganac gansakuTrebiT sainteresoa kalciumis da stron-
ciumis kompleqsnaerTebi, rac dakavSirebulia radiaqtiuri izotopebis gamo-
devnasTan (gansakuTrebiT toqsikuria 90

Sr) adamianis organizmidan. 
cnobilia, rom radiaqtiuri stronciumi, agreTve radiaqtiuri kal-

ciumi, organizmSi moxvedrisas erTveba nivTierebaTa wrebrunvis biologiur 
procesebSi da ZiriTadad grovdeba ZvlebSi. Sida gamosxivebis unaris gamo 
isini adamianis organizmisTvis gansakuTrebul safrTxes wamoadgenen. erT-
erTi yvelaze perspeqtiuli da maRalefeqturi xerxi adamianis organizmidan 
radiaqtiuri izotopebis gamosayvanad aris kompleqswarmomqmneli nivTierebe-
bis gamoyeneba, am gziT xdeba maTi gamoyvana organizmidan da gauvnebelyofa. 
unda aRiniSnos, rom amavdrouladmagniumi, kalciumida TuTia warmoadgenen 
mniSvnelovan mikroelementebs, romlebsac sasicocxlo mniSneloba aqvT 
biologiuri procesebis mimdinareobisas. magaliTad, kalciumis naerTebi 
Sedian sisxlis SedgenilobaSi da umniSnelovanes rols asruleben sislis 
Sededebis da gulis muSaobis regulirebis  procesSi. 

Tavis mxriv, karbonmJavaTa hidrazidebi warmoadgenen gulis da sunT-
qvis organoebis muSaobis stimulatorebs, efeqtur antituberkulozur, sim-
sivnis sawinaaRmdego, antivirusul, fungicidur saSualebebs, mcenareTa 
zrdis regulatorebs da a.S. cnobilia agreTve, rom kompleqswarmoqmnisas 
hidrazidebis fiziologiuri aqtivoba mniSvnelovnad izrdeba.  

axali koordinaciuli naerTebis sinTezisa da kvlevis mimarTulebiT 
farTod Seiswavleba da gamoiyeneba  gardamavali tipis metalebi, romlebic 
mkveTrad gamoxatul kompleqswarmomqmnel unars amJRavneben.  

aqedan gamomdinare, aqtualuria, saintereso da mniSvnelovani am meta-
lebis gamoyenebiT rogorc monometaluri, aseve bimetaluri koordinaciuli 
naerTebis sinTezi dihidrazidebTan.  

SemuSavebulia metalTa _  magniumi, kalciumi, stronciumi, bariumi da 
TuTia, koordinaciuli naerTebis sinTezis pirobebi mJaunmJavas, malonmJavas, 
qarvamJavas, glutarmJavas, adipinis mJavas da oqsalilhidrazidis dihidrazi-
debTan. kompleqsnaerTTa sinTezi Catarebulia wyalxsnarebSi, eTanol-wyalx-
snarebSi da dimeTilformamidSi.  Seswavlilia sinTezirebuli kompleqsnaer-
Tebis Sedgeniloba, fizikur-qimiuri Tvisebebi, dadgenilia maTi aRnagoba 
STanTqmis infrawiTeli speqtroskopiis, rentgenografuli da Termografuli 
meTodebiT. aRwerilia agreTve TuTiis da kadmiumis kompleqsnaerTebis sin-
Tezi oqsalildihidrazidTan da dadgenilia, rom garemos mJavianobis mixed-
viT oqsalildihidrazidi ori tipis naerTebs warmoqmnis: sust tute areSi 
orjer deprotonirebuli imidoalkoholuri formiT koordinirebs, xolo 
sust mJava areSi neitraluri ligandis saxiT gvevlineba imiduri formiT.      

Seswavlilia malonmJavas, qarvamJavas, glutarmJavas da adipinis mJavas 
dihidrazidebis molekulebi kvantur-qimiuri naxevradempiriuli AM1 meTodiT 
da gamovlenilia maTi geometriuli da struqturuli maxasiaTeblebi, metal-
Tan koordinirebis wesi. kvlevam daadastura karbonmJavaTa dihidrazidebis 
molekulebSi ramdenime donoruli atomis arseboba da mogvca suraTi, 
romlis Tanaxmadac dihidrazidis molekulismier koordinaciuli bmis war-
moqmna metal-kompleqswarmomqmnelTan ufro metad 2 jgufis azotis atomiTaa 
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SesaZlebeli, radgan, Tu gaviTvaliswinebT aseve, Jangbadis atomebis koordi-
naciis unarsac, SesaZlebelia xuTwevriani metalociklebis warmoqmna, sadac 
karbonmJavas dihidrazidi ketonuri an enoluri formiT koordinirebs. 

garda amisa, SemuSavebulia bimetaluri da heterometaluri kompleqs-
naerTebis sinTezis meTodika malonmJavas dihidrazidis bazaze.  

sawyis etapze malonmJavas dihidrazidis sinTezi mimdinareobda cnobi-
li meTodikis mixedviT: hidrazinhidratis urTierTqmedebiT malonmJavas die-
TileTerTan. reaqcia mimdinareobs Semdegi saxiT: 

 

 
 
miRebul dihidrazids vasufTavebdiT gadakristalebiT, vaSrobdiT da 

viyenebdiT Semdgom koordinaciuli naerTebis sinTezisTvis.  
bimetalur kompleqsnaerTTa sinTezisTvis marilebis saxiT SerCeuli 

iqna magniumis, kalciumis, stronciumis, kobaltis, nikelis, rkinis qlori-
debi, Tiocianatebi, nitratebi da sulfatebi, romlebsac winaswar vasufTa-
vebdiT gadakristalebiT. miRebulia haerze mdgradi kristalebi. Seswavlilia 
maTi xsnadoba zogierT gamxsnelebSi da gansazRvrulia lRobis temperatura.  
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SUMMARY 

COORDINATION COMPOUNDS OF METALS WITH DIHYDRAZIDES OF CARBOXYLIC ACIDS 

Danelia N.V. 

Georgian Technical University 

Molecules of malonic acid, succinic acid, glutaric acid and adipic acid dihydrazides were studied by the 

quantum-chemical semiempirical AM1 method and their geometrical and structural characteristics, the mode of 

coordination with metal, were identified. It should be noted that in this regard, there are no references in the 

literature about the mentioned compounds. The study confirmed the presence of several donor atoms in the 

dihydrazide molecules of carboxylic acids and gave us a picture, according to which the formation of a 

coordination bond by the dihydrazide molecule with the metal-complexing agent is more likely to occur on the 

nitrogen of the NH2 group. Atom is possible because, if we also consider oxygen atoms The coordination ability 

also allows the formation of five-membered metallocycles, where the carboxylic acid dihydrazide coordinates in 

the keto or enol form. In addition, a methodology for the synthesis of bimetallic and heterometallic complex 

compounds based on malonic acid dihydrazide has been developed. 

Keywords: coordination compounds, Complexformation, physiological activity, alkaline carboxylic acid 

dihydrazides, quantum chemical calculation, donor atoms, synthesis of coordination compounds. 
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USE OF CATALYSTS IN THE ESTERIFICATION OF SOAPSTOCK FATTY ACIDS 

 

Siradze M.G., Dzneladze S. Dj. and  Antia G.R. 
 

Georgian Technical University
 

Tbilisi State Medical University 

 
Abstract.  The work is devoted to the issues of esterification of fatty acids. Catalysts for the process of 

esterification of fatty acids distilled from cotton and soybean soapstocks have been investigated.   It has been 

established that a mixture of zinc with zinc oxide (1:1) gives the best results of the tested catalysts in the process 

of esterification of fatty acids with glycerol. 

Keywords: esterification, fatty acids, distilled, zinc oxide, glycerin, catalyst. 

 

Increasing the need for a better and more complete use of the components of crude vegetable 

oils and the quality of edible fats is a priority for the innovative development of the oil and fat 

industry. Vegetable fats are widely used in the food industry, as well as in the production of cosmetics, 

medical preparations, drying oils and other non-food (technical) products.  

It is extremely important to release the fats used in the food industry from the technical forms 

of fats and replace them with various residues of fat production, in particular with soapstocks, with 

fuses, with waste fats, fats from bleaching clays, etc. For this purpose for perfection of the process the 

remains are completely saponified and the resulting salts are removed by the addition of mineral acids. 

Next step is distillation of acids with or without fractionation. And in this form they are sent to the 

consumer in the soap industry, where the fatty acids are saponified again. 

Fatty acids can be used as lubricants in the leather, fur, and shoe industry if they are converted 

from glycerine back to glycerols by pre-esterification. 

There are a large number of published scientific papers in the literature dealing with the 

esterification of fatty acids. In many works discuss catalysts for the esterification process like: acid 

and alkaline catalysts, metals, metal oxides, metal salts, etc. [1,2]. 

We have investigated distilled fatty acids from cottonseed and soy soapstocks so that the 

glycerols thus obtained can be used in industry. Fatty acids with a degree of neutralization of  204.0 

mg KOH / g, iodine number 108.68 % rhodan number 67.58 % , amount of saturated acids 28.38 %, 

oleic acid’s amount 23.09 %, linoleic acid 48.53 %  were used as feedstock.  

The experiment was carried out in a three-necked flask equipped with a thermometer and a 

capillary tube through which nitrogen was supplied for mixing. The third neck of the flask was used 

for the water vapor generated during the reaction. The mixture was heated in an air bath. The amount 

of glycerol was taken over 40% of the theoretical value. 100 g of molten fatty acid, 15 g of glycerol 

and an appropriate amount of catalyst were placed in the flask. After that, the mixture was heated 

while stirring with nitrogen. As catalysts in the esterification process we tried to use concentrated 

sulfuric acid, anhydrous calcium oxide, anhydrous sodium carbonate and a mixture of zinc and zinc 

oxide in a ratio of 1:1. We had to abandon the use of sulfuric acid, because with a high content of 

linoleic acid, the product was converted into a resin. Soaps of sodium, calcium and zinc, formed with 

other catalysts during the esterification process were decomposed to a small amount of salt containing 

10% acids after completion of the process. Esters obtained at different temperatures and with different 

duration of the process were dissolved in diethyl ether and the product solutions were dried over 

anhydrous sodium sulfate. Thereafter, the diethyl ether was volatilized. The resulting esters were dried 

to constant weight in a vacuum drying cabinet and the acid numbers were calculated. The results of the 

experiment are presented in table 1. Comparing tests 1, 2, 3 with different catalysts we can conclude 

that the best results (esterification and color completeness) are obtained with a zinc catalyst mixed 

with zinc oxide. The fatty acid composition of the esterifier corresponds to the composition of the 

initial acid mixtures.  

In experiments 4, 1, 5, in which the same catalyst was used, but different temperature 

conditions, as the temperature increased (the rest of the experiment parameters are constant), the 

reaction proceeded more completely, but the product had a darker color. The acidity of the ester 

obtained at 195 °C is not high, so we considered this temperature to be optimal. 
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Test series 6, 7, 1, 8 illustrate the effect of process time on the esterification effect. As 

expected the longer the process the better the esterification, but if the process lasts more than 3 hours 

the quality of the product deteriorates. 

Experiments 1, 9, 10 characterize the effect of catalyst quality on the completeness of the 

esterification process. Comparing the results of these experiments, it can be seen that an increase in the 

amount of catalyst from 0.1 to 0.4% fatty acids does not significantly affect the completeness of the 

esterification reaction. The same can be said if we compare experiments 2, 11, 12, in which calcium 

oxide was used as a catalyst. 
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1 Zn+ZnO 0.1 195 3 80.0 2.67 104.32 64.38 28.84 21.85 49.31 Light yellow 

2 CaO 0.1 195 3 79.0 20.72 - - 28.25 21.78 49.97 Dark brown 

3 Na2CO3 0.1 195 3 80.8 22.79 - - - - - Brown 

4 Zn+ZnO 0.1 175 3 81.0 24.98 - - - - - Light yellow 

5 Zn+ZnO 0.1 205 3 79.5 0.65 - - - - - Dark yellow 

6 Zn+ZnO 0.1 195 3 85.0 24.8 - - - - - Light yellow 

7 Zn+ZnO 0.1 195 2.5 84.0 7.95 - - - - - Light yellow 

8 Zn+ZnO 0.1 195 4 79.0 1.30 - - - - - Dark yellow 

9 Zn+ZnO 0.2 195 3 81.0 1.27 102.68 62.56 31.18 19.55 49.27 Dark yellow 

10 Zn+ZnO 0.4 195 3 78.0 1.12 104.80 63.10 29.16 20.58 50.26 Light yellow 

11 CaO 0.2 195 3 80.2 17.07 105.07 65.00 28.03 22.49 49.48 Dark yellow 

12 CaO 0.4 195 3 80.0 15.97 105.61 64.38 28.88 20.20 50.92 Dark yellow 
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reziume 

katalizatorebis gamoyeneba soapstokuri  cximovani mJavebis eTerifikaciis 

procesSi 
siraZe m.g., ZnelaZe s.j., anTia g.r. 
saqarTvelos teqnikuri universiteti 
Tbilisis saxelmwifo samedicino universiteti 
naSromi eZRvneba cximovani mJavebis eTerifikaciis sakiTxebs da gamokvleulia 
bambisa da soios soapstokebis distilirebuli cximovani mJavebis  eTerifikaciis 
procesis katalizatorebi. dadgenilia, rom cximovani mJavebis glicerinTan eTeri-
fikaciis procesSi gamocdili katalizatorebidan yvelaze ufro karg Sedegs iZleva 
TuTiis narevi TuTiis JangTan (1:1). 
sakvanZo sityvebi: eTerifikacia, cximovani mJavebi, distilirebuli, TuTiis Jangi, 
glicerini, katalizatori. 
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naxevradempiriuli meTodebi da maTi gamoyeneba rTuli organuli 

molekulebis Sesaswavlad 

 
gogberaSvili z.m. 

 
saqarTvelos teqnikuri universiteti 

 
Tanamedrove Teoriuli qimiis axali miRwevebisTvis dReisaTvis udide-

si mniSneloba aqvs maRali mwarmoebluri da saimedo kompiuteruli prog-
ramebis gamoyenebas. 

kompleqsnaerTTa qimiis, araorganuli qimiis, fizikuri qimiis, bioqi-
miis, molekuluri biologiis da biofizikis dargebi dRes swrafi tempiT vi-
Tardebian da praqtikulad nebismieri eqsperimentis Catarebis Rirebulebis 
mkveTri zrdis sayovelTao tendencia sul ufro daJinebiT wamoswevs wina 
planze kompiuteruli programebis gamoyenebis aucileblobas.  

damuSavebuli programebi ZiriTadad dafuZnebulia kvantur-qimiur 
naxevradempiriul da araempiriul meTodebze. 

araempiriuli gaTvlebi (ab initio) arsebiTad ufro srulyofilia, magram 
maTTvis saWiro drois Rirebuleba Zalian maRalia. amitom dReisaTvis aseTi 
sizustiT SeiZleba gaTvlili iqnes mxolod mcire molekuluri sistemebi.  

naxevradempiriul meTodebs upiratesoba aqvT  araempiriul meTodebTan 
SedarebiT, rac SemdegSi gamoixateba: integralebis didi ricxvis ugulebel-
yofa, aramxolod aCqarebs gamoTvlis process, aramed mniSvnelovnad 
amcirebs kompiuteris operatiuli mexsierebis saWiro moculobas. am garemo-
ebis gamo naxevradempiriuli meTodebisaSualebas iZlevian Seiswavlon aso-
biT atomis Semcveli molekuluri sistemebi, maTi aRnagoba, Tvisebebi. mniS-
vnelovania, rom yvela CamoTvlili parametri axlosaa eqsperimentul monace-
mebTan maRali sizustiT.  

 amrigad, Teoriul qimiaSi kompiuteruli programebis gamoyeneba, 
romelTa Sorisac gamorCeulia kvantur-qimiuri naxevradempiriuli meTodebi, 
Zalzed aqtualuri d mniSvnelovania, radgan maTi saSualebiT SesaZlebeli 
gaxda mravalricxovani molekuluri sistemebis kompleqsuri Teoriuli 
analizis Catarebis SesaZlebloba mcire materialuri danaxarjebiT. 

MOPAC (molekuluri orbitaluri PACkage) aris kvanturi qimiis prog-
ramuli uzrunvelyofis moduli, romelic SemuSavebulia maikl j.s. devaris 
xelmZRvanelobiT ostinis universitetSi. misi komponentebia naxevrad-
empiriuli kvantur-qimiuri meTodebi: MINDO/3, MNDO, MNDO-d, AM1, PM3. prog-
ramuli moduli MOPAC-i gamoyenebulia programaSi „Chem3D“, romelic 
gankuTvnilia naxevradempiriuli kvantur-qimiurigaTvlebisaTvis. 

naxevradempiriuli meTodebi MINDO/3, MNDO moicavs molekuluri 
orbitalebis (mo) programul serias, romelic SemuSavebul iqna diuarisa da 
misi jgufis mier specialurad organuli molekulebis Sesaswavlad. am 
samuSaoebis arsi mdgomareoba mo-speqtometris SeqmnaSi, romelic saSualeas 
mogvcemda Sedegebi migveRo didi molekulebisTvis eqsperimentuli (qimiuri) 
sizustis zRvrebSi naklebi drois danaxarjiT. ufro adreuli  naxevrad-
empiriuli meTodebi CNDO(Complete Neglect of Differentical Overlap, diferencialuri 
gadafarvis sruli ugulebelyofa), INDO (Intermediate Neglect of Differentical Overlap, 
diferencialuri gadafarvis nawilobrivi ugulebelyofa) da NDDO(Neglect of 

Diatomic Differentical Overlap, oratomiani diferencialuri gadafarvis ugule-
belyofa) orientirebuli iyo iseTi eleqtronuli maxasiaTeblebis koreqtul 
gamoTvlaze, rogoricaa dipoluri momenti, da ara magaliTad warmoqmnis 
siTbo da molekulis geometriuli parametrebi; amave dros es naxevradempi-
riuli gaTvlebi SesaZlebeli iyo mxolod yvelaze martivi molekuebisTvis. 
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yvelaze martivi maT Soris iyo CNDO meTodi, eleqtron-eleqtronis ganzid-
vis integralebis gaTvlis dros atomuri orbitalebi ganixileboda, rogorc 
sferuli simetriis. p-orbitalebis orientacia gaTvaliswinebulia, mxolod 
erTeleqtronian rezonansul integralSi, romlis sididec aseve damokide-
bulia orbitalebis zomaze, centrebs Soris manZilze da bmis tipis ganmsaz-
Rvrel konstantis mniSvnelobaze. ufro rTuli miaxloebisasINDO mimdina-
reobs erTi da igive atomis atomur orbitalebs Soris erTcentriani integ-
ralebis ganzidvis gaTvlebi. pirvelad p-orbitalebis orientacia ganzidvis 
integralebi gamoTvlisas gaTvaliswinebuli iyo sirTulis mixedviT Semdgom 
miaxloebaSi NDDO. am meTodSi mxedvelobaSi miiReboda sami- da oTxcent-
riani integralebi, romlebic miiRba/pasuxoben erTi da igive atomis atomuri 
orbitalebis gadafarvas.   

meTodi MINDO/3 SemuSavebuli iqna diuaris, bingxamomis da los mier 
naxSirwyalbadebis parametrizaciisTvis, atomTa bmebisTvis C_H_O_N da 
C_Y_F_Cl da zogierTi sxva tipis _ siliciumis,  fosforis da gogirdis Sem-
cveli molekulisTvis. molekulebis struqturis da energiis Seswavlis 
garda MINDO/3 meTodiT SesaZlebelia mravalisxvaamocanis amoxsna. 

dReisaTvis erTerT yvelaze saimedo da sandod iTvleba naxevradempi-
riuli kvantur-qimiuri AM1 (Austin Model1) da PM3 (Parametric method number3) 
meTodebi. 

zemoT CamoTvlil meTodebs safuZvlad udevs miaxolebiTi  NDDO meTo-
di, Tumca RerZis ganzidvis integralebisTvis am SemTxvevaSi gamoiyeneba sxva 
formulebi. yvela danarCeni parametri ki iseTivea, rogorc MNDO meTodSi.  

PM3 meTodi AM1 meTodisgan imiT gansxvavdeba, rom es ukanaskneli 
ganixilavs erTcentrian oreleqtronian integralebs rogorc parametrebs, 
romlebic araa aRebuli atomuri speqtroskopiis monacemebidan. PM3 meTodSi 
ki yvela sidided sruli energiis gamosaxuleba ganixileba, rogorc wmin-
da/sufTa/zusti parametrebi. 

naxevradempiriuli Teoriebis warmateba mniSnelovnad ganisazRvreba im 
faqtoriT, rom isini sworad aRweren energiis erTcentriani komponentis 
qcevas erTcentriani parametrebis iseTi mniSnelobebis daxmarebiT, romlebic 
ganisazRvreba atomuri speqtrebis mixedviT da gamosaxaven mocemuli atomis 
speqtroskopuli  an savalento mdgomareobis energias.  

parametrebis SerCeva orive zemoTaRwerili meTodis mixedviT xdeba 
iseTnairad, rom moxdes Sesabamisoba eqsperimentul monacemebTan.  

rogorc zemoT iqna aRniSnuli, dReisaTvis gaTvlis kvantur-qimiuri me-
Todebi yvelaze mniSvnelovani da moxerxebuli meTodebia nivTierebis eleq-
tronuli struqturis SeswavlisTvis. aseTi gaTvlebis Sedegebi SesaZlebels 
xdis dadgindes rTuli aRnagobis naerTebis (mravalatomiani organuli mole-
kulebis) struqturebi da iseTi konkurirebadi donoruli centrebis progno-
zirebis saSualebas iZleva, romlebsac qmnian polifunqciuri ligandebi [1-3]. 

Cveni kvlevac iTvaliswinebda swored polifunqciuri ligandis aRna-
gobis, struqturisa da eleqtronuli maxasiaTeblebis dadgenas  naxevrad-
empiriuli meTodebiT, kerZod AM1  da  MM2 kvantur-qimiuri meTodebiT. aseve 
gamoTvlilia energetikuli, geometriuli da struqturuli maxasiaTeblebi 
rogorc gazur fazaSi, aseve sxvadasxva gamxsnelebSi (wyali, eTanoli, meTa-
noli, dimeTilformamidi, acetoni, heqsani, dimeTilsulfoqsidi). 
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azelainis mJavas dihidrazidi 
 

 
kerZod ki, orive meTodiT gaTvlilia potencialuri energiis 

ganawileba simkvrivis funqcionalis TeoriasTan Sesabamisad; gaTvlilia 
molekulis warmoqmnis siTbo, bmis sigrZis mniSvnelobebi, bmis kuTxeebi, 
efeqturi muxtebi atomebze, eleqtronebis ganawileba atomur orbitalebze, 
eleqtronuli simkvrivis ganawileba da sxv.  

unda aRiniSnos, rom kvantur-qimiuri AM1 meTodiT azelainis mJavas 
dihidrazidis molekula gaTvlili iqna sxvadasxva gamxsnelebisTvis, xolo 
MM2 meTodiT mxolod airSi. sainteresoa, rom orive meTodis gamoyenebam 
molekulis kompleqswarmoqmnis unaris TvalsazrisiT TiTqmis erTnairi 
Sedegebi mogvca, Tumca sxvadasxva gamxsnelebSi gaTvlis Catarebis upira-
tesobaa is garemoeba, rom kompleqsnaerTis sinTezi winaswar daigegmeba ama 
Tu im gamxsnelisTvis. gaTvlebis Sedegad gamovlenilia is donoruli ato-
mebi (karbonilis jgufis Jangbadis, hidraziduli jgufis azotis atomebi) 
romlebsac SeuZliaT koordinaciuli bmis ganxorcieleba ama Tu im metal-
kompleqswarmomqmnelTan. gaTvlebis mixedviT azelainis mJavas dihidrazidi 
tetradentaturi ligandia. 
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SUMMARY 

SEMIEMPIRICAL METHODS AND THEIR APPLICATION TO THE STUDY OF COMPLEX 

ORGANIC MOLECULES 

Gogberashvili Z.M. 

Georgian Technical University 

The use of highly productive and reliable computer programs is of great importance for new achievements in 

modern theoretical chemistry. Developed programs are mainly based on quantum-chemical semi-empirical and 

non-empirical methods. Thus, the use of computer programs in theoretical chemistry, among which quantum-

chemical semi-empirical methods stand out, is very relevant and important, because they make it possible to 

conduct complex theoretical analysis of numerous molecular systems with small material costs.  At the same 

time, these semiempirical calculations were possible only for the simplest molecules.  Currently, semi-empirical 

quantum-chemical AM1 and PM3  methods are considered one of the most reliable and reliable. Our research 

also considered the determination of the structure, structure and electronic characteristics of the polyfunctional 

ligand by semi-empirical methods, namely AM1 and MM2 quantum-chemical methods. Energy, geometric and 

structural characteristics were also calculated both in the gas phase and in different solvents. By the quantum-

chemical AM1 method, the Azelaic acid dihydrazide molecule was calculated for various solvents and by the 

MM2 method only in gas. It is interesting that the use of both methods gave almost the same results in terms of 

the ability of the molecule to form a complex, although the advantage of performing calculations in different 

solvents is that the synthesis of the complex compound will be planned in advance for this or other solvent. As a 

result of the calculations, those donor atoms (oxygen of the carbonyl group, nitrogen atoms of the hydrazide 

group) that can make a coordination bond with this or other metal-complex generator have been identified. 

According to calculations, Azelaic Acid Dihydrazide is a tetradentate ligand. 

Keywords: semiempirical methods, AM1 and PM3 quantum-chemical method, Azelaic acid dihydrazide 

molecule, donor atoms. 
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bentonitis gamoyeneba medicinaSi 

 

CafiZe a.l., gabelaia m.a., SaSiaSvili n.v., cincaZe T.g. 
 

saqarTvelos teqnikuri universiteti 
 
samrewvelo teqnologiebis ganviTareba iwvevs bunebrivi Tixis minerale-

bis gamoyenebis arealis mudmiv gafarToebas. kerZod, es exeba smeqtitebis 
rigis  mineralebs, upirveles yovlisa bentonitur Tixebs, romelTa mTavari 
komponentia montmoriloniti. misi Sedgeniloba gamoixateba Semdegi formu-
liT 

 
(Al1.67Mg0.33)[(OH)2Si4O10]Na0,33(H2O)n 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
montmoriloniti msoflioSi erT-erT gavrcelebul minerals warmoad-

gens, gvxvdeba bevr danaleq qanebSi, aRmoCenilia aSS-Si, kanadaSi, safrangeTSi, 
dasavleT germaniaSi, iaponiaSi, CrdiloeT da samxreT afrikaSi, italiaSi, 
CexeTSi, ungreTSi, indoeTSi, CineTSi, turqeTSi, saqarTveloSi, somxeTSi, 
azerbaijanSi, ruseTSi, ukrainaSi, yazaxeTSi, uzbekeTSi, tajikeTSi [1,2]. 

sxvadasxva sabadoebis bentonituri Tixebi gansxvavdeba aRnagobiT da 
struqturuli maxasiaTeblebis TaviseburebebiT, raca iwvevs interess 
konkretuli sabadoebis Tvisebebis Seswavlis mimarT [3]. 

saqarTvelos teritoriaze askanas sabadoebidan mopovebuli bentoniti 
warmodgenilia tute Na+-is (askangeli) da tutemiwa Ca

2+-is (Tixa askana) 
formiT. cixis-ubanis karierSi mopovebuli askangeli Tavisi maxasiaTeblebiT 
umaRlesi xarisxis Tixad iTvleba. is gamoirCeva montmorilonitis (87_95 %) 
maRali da  qarsis (1_3% ) da kaolinitis (3_8%) dabali SemcvelobiT. pro-
duqcia sertificirebulia ISO-s standartebiT [4]. 

cixis-ubnis karieridan miRebuli askangelis Sedgenilobis da Tvise-
bebis saberZneTis kunZul milosis Ca2+-bentonitsa da aSS-s Stati, vaiomingis 
Na+-bentonitTan MX-80 Sedareba warmodgenilia cxr. 1 da 2-Si. 

avicenas naSromebSi mocemulia Tixis msgavsi nivTierebis sasargeblo 
Tvisebebis Sesaxeb,  aRwerili maTi moqmedeba adamianis organizmze - xels 
uwyobs sxvadasxva saxis Wrilobis Sexorcebas, intoqsikaciis Semcirebas an 
aRmofxvras da a.S. [6]. 

mravali qveynis farmakopeaSi (aSS, avstralia, belgia, CexeTi, saf-
rangeTi, germania, italia, niderlandebi, portugalia, Sveicaria, indoeTi da 
sxv.) miTiTebulia bentonituri Tixebis gamoyenebis Sesaxeb.  
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cxrili 1. sxvadasxva sabadoebidan miRebuli bentonitis Tixebis mineraluri 
komponentebis da Tvisebebis Sedareba 
 

 
 
cxrili 2. sxvadasxva sabadoebidan miRebuli bentonitis Tixebis qimiuri 
Sedgenilobis Sedareba 

 

№  Tixebis 
komponentebis 
dasaxeleba 

sxvadasxva sabadoebidan miRebuli bentonitis Tixebis 
komponentebis raodenobrivi gamosaxuleba,% 

 

Na-askangeli, 
saqarTvelo, 
cixis-ubani 

Ca-bentoniti, 
saberZneTi, 

kunZuli milosi 

Na- bentoniti  MX-

80, aSS, Stati 
vaiomingi 

1 Na2O 2,75 2,83 2,76 

2 MgO 1,25 3,19 2,49 

3 CaO 2,35 4,39 0,49 

4 Al2O3 12,6 19,50 20,14 

5 SiO2 47,8 53,60 55,44 

6 P2O5 0,74 0,12 _ 
8 SO3 0,34 _ _ 
9 S 0,14 0,18 _ 

10 K2O 5,5 1,12 0,60 

11 Fe2O3 10,4 3,93 3,67 

12 FeO _ 0,65 _ 
13 Fe  3,26 _ 
14 MnO _ 0,09 _ 
15 TiO2 _ 0,78 _ 
14 R2O3 23,2 _ _ 
15 Cl 0,03 _ _ 

Na-bentonitis MX-80-is Sedgenloba miRebulia etalonad [5]. 
 

saxelmwifo farmakopeis X_XI gamocemebSi (gamocema 2) zogad statiaSi 
„malamoebi“ naxsenebia bentonituri Tixis malamos fuZed gamoyenebis SesaZ-
leblobis Sesaxeb. saerTaSoriso farmakopeis III gamocema aseve Seicavs sta-
tias „bentonitumi-Bentonitum~ [7,8]. 

farmacevtuli teqnologiis sferoSi bentonitebis maRali hidrofilu-
roba, dispersiuloba, gamoxatuli emulsifikatoruli, koloiduri da sxva 
Tvisebebi farTo gamoyenebis SesaZleblobas iZleva [9]. 

№ maCvenebeli bentonitebis sabadoebi 

Na-askangeli, 
saqarTvelo, 

cixis-ubani 

Ca-bentoniti, 
saberZneTi, 

kunZuli milosi 

Na-bentoniti 
MX-80, aSS, 
Stati vaiomingi 

1. mineraluri Semadgenloba (XRD - rentgeno-difraqciuli analizi), % 
1.1 smeqtiti 89 _ 95 75 _ 85 65 _ 85 
1.2 iliti 2  _ 6 <4 2 _ 4 
1.3 kvarci <4 <4 5 _ 7 
1.4 kalciti 3 -5 8  _ 12 6 _ 9 
1.5 sxva <4 <4 5 _  16 

2. fizikuri Tvisebebi 
2.1 kationuri gacvliTi 

tevadoba, mg.ekv/100g 
95 _ 105 80 _ 90 70 _ 80 

2.2 gajirjvebis indeqsi, 
ml/2g 

22 _ 26 6 _ 10 28 _ 32 

2.3 wylis adsorbcia 
(Enslin-Neff), % 

480 _ 520 110 _ 150 650 -_ 800 
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bentonitis gamoyenebulia oralur preparatebSi, vinaidan bentoniti 
advilad gamoiyofa organizmidan yovelgvari toqsikuri efeqtis gamowvevis 
gareSe. bentonitis Tixebi xasiaTdeba rogorc gamafxvierebeli, aseve Semavseb-
lis, SemaerTebeli (Sewebebis) maRali unariT. tabletirebuli preparatebis 
warmoebaSi, rogorc wesi, gamoiyeneba bentonituri Tixebis tute da tute-
miwaTa (Ca

2+ da Na
+
) bunebrivi formebi, radgan isini samkurnalo masas aniWeben 

elastiurobas, plastiurobas da daSlis unars, aseve SesaZlebelia saxameb-
lisa da sxva damxmare nivTierebebis bentonituri TixebiT Canacvleba [10,11].  

bentoniti efeqturia kuW-nawlavis traqtis daavadebebisa da funqciuri 
darRvevebis mkurnalobisas, misi Seyvana gaaqtiurebuli naxSiris  Sedgeni-
lobaSi granulebs saWiro Terapiul Tvisebebs aniWebs [12,13]. 

Tixas gaaCnia organuli molekulebis an liTonis ionebis sorbirebis 
unari, aqedan gamomdinare mravali kvleva mimdinareobs enterosorbentebis 
Sesaqmnelad [14,15]. 

pesticidebiT mowamvlisas rekomendebulia bentonitis adsorbentad ga-
moyeneba, kerZod uZlieresi herbicidiT _ parakvatiT (Paraquat) mowamvlisas [16]. 

bentoniti xels uwyobs toqsikuri mZime metalebis da radionuklidebis 
gamodevnas adamianis organizmidan, avlens efeqtur moqmedebas RviZlis 
daavadebebisa da sxvadasxva toqsikozebis dros. gamoiyeneba saWmlis momnele-
beli sistemis, periferiuli nervuli sistemis, saxsrebisa da ginekologiuri 
daavadebebis samkurnalod [17]. 

bentoniti gamoyeneba nawlavis baqteriebis kultivirebisas sakvebi ares 
mosamzadeblad, radgan dadasturebulia bentonitis Semcveli sakvebi ares 
maRali efeqturoba adamianebis, cxovelebis da garemos obieqtebis biomasa-
lidan miRebuli enterobaqteriebis _ Shigella, Salmonella, Yersinia diferencirebi-
sa da identifikaciisas. mgrZnobiare, swrafi da ekonomiuri meTodi saSualebas 
iZleva gaizardos identificirebuli baqteriebis ricxvi 50%-iT Salmonella-
sTvis da 30,6%-iT Yersinia-sTvis, Cveulebrivi gamoyenebul sakveb saSualebebTan  
SedarebiT (magniumi da fluorogenuli _ seleqciuri bulioni (FSB)) [18,19]. 

deficituri reaqtivebis nacvlad bentonituri Tixebis gamoyenebiT  
virusebis koncentracia, gawmenda da izolaciis procesi aris martivi da 
xelmisawvdomi meTodi, romelic efeqturad gamoiyeneba rigi Teoriuli da 
praqtikuli problemebis gadasaWrelad, romlebic dakavSirebulia rotaviru-
sebis, A hepatitis virusis koncentrirebuli da gasufTavebuli izolatebis  
da aseve wylidan enterovirusebis miRebasTan [20]. 

bentonitis Tixa farTod gamoiyeneba farmacevtul mrewvelobaSi gare-
gani gamoyenebis emulsiebis, malamoebis, linimentebis, pudrebis, mosayre-
lebis warmoebaSi, romlebic gamoiyeneba Wrilobebis, wylulebis, sokovani in-
feqciebis, damwvrobis, kanis anTebebis, aknes, atopiuri dermatitis samkurna-
lod da rogorc samkurnalo suspenziebis stabilizatori. 

bentoniti gamoiyeneba kosmetikaSi struqturwarmoqmnisaTvis,  produq-
tis gasqelebisaTvis, emulsiis stabilizaciisTvis. bentonitis koloiduri 
xsnarebi gamoiyeneba sxvadasxva kosmetikuri saSualebebis _ emulsiuri kre-
mebis, losionebis, gamwmendi, makiaJis mosaSorebeli, saxis da Tmis niRbebis 
warmoebaSi. dekoratiul kosmetikaSi bentoniti gamoiyeneba pastebis, tuCsa-
cxebis, mravali Txevadi dekoratiuli produqtis _ Tvalis laineris, tona-
luri kremebis, Txevadi Tvalis Crdilebis warmoebaSi. mJaviT gaaqtiurebuli 
bentoniti gamoiyeneba aromatuli nivTierebebis warmoebaSi, rogorc katali-
zatori da sorbenti [21, 22]. 

bentonitis Semcveli kosmetika, agregatuli mdgomareobis, dozirebis, 
aqtivaciis mdgomareobidan gamomdinare, SeiZleba gamoyenebul iqnas sxvada-
sxva tipis _ cximiani, mSrali, kombinirebuli, normaluri, daberebuli, prob-
lemuri kanis, yvela tipis Tmis, frCxilebis, kbilebis da piris Rrus movlis 
profilaqtikisa da mkurnalobisTvis [23]. 
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SUMMARY 
THE USE SE OF BENTONITE IN MEDICINE 
Chaphidze A.L., Gabelaia M.A., Shashiashvili N.V. and  Tsintsadze T.G. 
Georgian Technical University 
The article provides a complete description of the chemical and mineral composition of Na montmorillothite 
form of bentonite - "askangel", which is produced in the Askan deposit, Georgia. The article also gives a 
comparison of the composition and physical properties of Ascangel with Ca-bentonite (Greece, Milos) and Na-
bentonite MX-80 (Wyoming, USA. It is considered to be the reference composition of bentonite). Askangel is 
one of the best bentonite clays for medical, pharmaceutical and cosmetic applications. The article also provides a 
brief review of data on the use of bentonite as an excipient in medicines, as part of enterosorbents and nutrient 
area for the detection and isolation of enteroviruses, as a food additive, in the matrix of a preparation for wound 
dressings, cosmetics, etc. 
Keywords: bentonite, montmorillonite, "Askangel", hydrophilicity, dispersibility, sorbent, enterosorbent, 
colloidal solution, structure-forming substance. 
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saferavis Rvinomasalis steriluri mikrofiltracia da 

mikrobiologiuri analizi 

 

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

saqarTvelos teqnikuri universitetis membranuli teqnologiebis sainJinro 
instituti 

        
Rvino aris produqti, romelic miRebulia  mxolod yurZnis tkbilis 

an tkbilisa da durdos sruli an nawilobrivi alkoholuri duRilis 
Sedegad. samuSaos mizans warmoadgens saferavis Rvinomasalis mikrobiolo-
giuri kvleva mikrofiltraciuli damuSavebis Semdeg. umniSvnelovanesi, 
faqtiuard ganmsazRvreli roli ukavia filtracias Rvinis mrewvelobaSi. 
Rvinis finiSurma filtraciam unda uzrunvelyos misi kristaluri gamW-
virvaloba, 100%-iT gausnebovneba, stabiluroba da Senaxvisadmi mdgradoba [1]. 
aRniSnuli ganapirobebs ekologiurad sufTa, kristalurad gamWvirvale, 
Senaxvisadmi gaxangrZlivebuli vadebis mqone, maRali xarisxis Rvinis miRebas. 
Rvino rTuli Semadgenlobis biologiur siTxes warmoadgens,  romelic 
yurZnis wvenis fizikuri, qimiuri, fizikur-qimiuri gardamqnebis Sedegad 
warmoiqmeneba. enologebi Rvinos cocxal arsebas adareben, romelic ibadeba, 
viTardeba da garkveuli periodis Semdgom iZens biologiur mdgradobas [1].  

mikroorganizmebi Rvinis warmoebisas xvdeba yurZnis, xilisa da kenkris  
zedapiridan.  Rvino inficirdeba  sokoebis gvaris Rhizopus, Mucor, Penicillium, 

Aspergillus, Pullularia, Botrytis da safuarebis gvaris Zygosaccharomyces, Hansenula, 

Pichia, Schizosaccharomyces, Asatanomyces, Saccharomycodes, Candida, Toruloptersis 
mikroorganizmebiT. Rvinis mikroorganizmebs miekuTvneba veluri safuari da 
obis sokos baqteriebi.  baqteria-damabinZureblebia: ZmarmJavas baqteriebi 
(Acetobacter), rZemJava bacilebi (Lactobacillus) da mikrokokebi  [3,4]. 

saferavis RvinomasalaSi gamovlinda acetobaqteriis   (A) -Acetobacter, laqto-
bacilusis  (L) - Lactobacillus, safuaris da obis (Y/M) ujredebi.  Rvinis mikro-
filtracia Catarebuli iyo  membranuli teqnologiebis sainJinro  institut-
Si Seqmnil mikrofiltraciul danadgarze, 0,2_0,45 mkm foris zomis membranis 
gamoyenebiT [1,2]. sinjebi ganisazRvra 20 ℃ temperaturaze.  mikrobiologiur 
kvlevebs vawarmoebdiT saqarTveloSi moqmedi standartebis Sesabamisad. Tef-
Sebis ganzavebis meTodi gamoyenebuli iyo 1 ml RvinoSi mikroorganizmebis 
Sesabamisi jgufebis CFU -koloniis formirebis erTeu-lebis raodenobis 
dasadgenad. Jelatinis mkvebavi substratis petris WurWeli inokulirebuli 
iyo 1 ml Rvinis nimuSebiT ( A, L da Y/M).  Rvinis nimuSi winaswar momzadda 
Tanmimdevruli, aTobiTi ganzavebis sistemis gamoyenebis safuZvelze [5,6]. 
monacemebi mocemulia cxr. 1-Si. 
 
cxrili 1. saferavis Rvinomasalis mikrobiologiuri analizi 
 

baqteriis dasaxeleba 
saferavis Rvinomasalis mikrobiologiuri analizi 

filtraciamde filtraciis 
Semdeg 0,45 mkm 

filtraciis 
Semdeg 0,2 mkm 

acetobaqteria (Acetobacter) A 5 0 0 

laqtobacilusi (Lactobacillus)L 9 6 0 

safuaris da obis (Y/M) 25 0 0 

 
kvlevis Sedegad dadginda, rom 0,45 mkm mikrofiltraciuli membraniT 

damuSavebul RvinomasalaSi sxva mikroorganizmebisgan gansxvavebiT nawi-
lobriv SenarCunda laqtobacilusis baqteria, xolo 0,2 mkm foris zomis 
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membranis pirobebSi ganxorcielda saferavis Rvinomasalis sruli sterili-
zacia  acetobaqteriis (Acetobacter) A, laqtobacilusis (Lactobacillus) L, safua-
ris da obis (Y/M) baqteriebis maCveneblebis nulamde dayvaniT.    filt-
raciis Sedegad Rvinomasalis gamWvirvalobis maCvenebelma formazinis erTeu-
liT Seadgina FTU 0,32,  rac niSnavs  kristalurad, sruliad gamWvirvale, 
moelvare da bzinvare produqtis miRebas, biologiuri amRvrevis, ganmeo-
rebiTi fermentaciis, Seburvis da leqis warmoqmnis gareSe.        
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 SUMMARY 

STERILE MICROFILTRATION AND MICROBIOLOGICAL ANALYSIS OF SAFERAVI WINE 

MATERIAL 

Bibileishvili G.V., Mamulashvili M.A., Kezherashvili M. G. and  Bibileishvili I.V. 

Engineering Institute of Membrane Technologies of Technical University of Georgia 

The paper presents sterile microfiltration and microbiological analysis of Saperavi wine material. The total 

number of Acetobacter (A) - Acetobacter, Lactobacillus (L) - Lactobacillus, yeast and mold (Y/M) cells was 

determined in the Saferavi wine material. It was found that under the conditions of 0.2 μm pore size, the 

complete sterilization of the wine material of Saperavi took place and the indicators of bacteria were reduced to 

zero. After microfiltration, we got a crystal clear, bright and shiny product. 

Keywords:  wine material, microfiltration, microbiology, bacteria, sterilization. 
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vaSlis wvenis da saferavis  Rvinomasalis qimiuri Sedgenilobis kvleva 

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

 
saqarTvelos teqnikuri universitetis membranuli teqnologiebis sainJinro 

instituti 
 

naturaluri wveni es aris dasalevi produqti, romelic mzaddeba xili-
sagan. wvenis dasamzadeblad gamoyenebuli nedleuli unda pasuxobdes stan-
dartiT gaTvaliswinebul moTxovnebs: iyos axali, saRi, mavne daavadebebis, da-
zianebisa   da sidamplis gareSe. wvenis dasamzadeblad gamoyenebuli unda iq-
nes iseTi meTodebi, romelTa saSualebiTac SenarCunebuli iqneba ZiriTadi qi-
miuri, organoleptikuri da kvebiTi maxasiaTeblebi. naturaluri wvenebi mzad-
deba erTi romelime saxis nedleulidan Saqris an Saqris sirofis, mJavebis, 
mRebavi, aromatuli da damakonservebeli nivTierebebis damatebis gareSe [1_3]. 

saferavi farTod gavrcelebuli vazis jiSia, igi erT-erTi saukeTeso 
warmomadgenelia vazis wiTel jiSebs Soris. saferavi saukeTeso saRvine masa-
las iZleva TiTqmis yvela tipis RvinisaTvis. wiTeli Rvino muqi feris yur-
Znis dawurvisa da misi fermentaciis Sedegad miiReba.  

Seswavlili iqna vaSlis wvenis da saferavis  Rvinomasalis fizikur-qi-
miuri Sedgeniloba, simRvrive, siblante da Z potenciali sawyis wvenSi. vaS-
lis wvenis da saferavis Rvinomasalis kristaluri gamWvirvalobis misaRwevad,  
0,2 mkm foris zomis membranis gamoyenebiT Catarebuli iqna filtracia membra-
nuli teqnologiebis sainJinro institutSi Seqmnil mikrofiltraciul danad-
garze [4,5]. filtraciis Semdeg kvlav ganisazRvra gafiltruli produqtebis 
qimiuri Sedgeniloba, simRvrive, siblante da Z potenciali. aRniSnuli anali-
zebis Casatareblad gamoyenebuli iyo ionometruli,  fotokolorimetriuli,  

titraciis meTodebi da xelsawyoebi _ simRvrivis mzomi Turb 555 IR, ionomeri 

И160.1МП, fotokolorimetri KF 77, rotaciuli viskozimetri, analizatori 
Zetasizer Nano ZEN 3690. vaSlis wvenis analizis Sedegebi mocemulia cxr. 1. 

 
cxrili1. vaSlis wvenis qimiuri  Sedgeniloba 

wvenSi gansasazRvravi 
komponenti 

vaSlis wveni 

filtraciamde filtraciis Semdeg 

fardobiTi simkvrive 20◦c/20◦c 0,04  0,032 

D – glukoza, g/l 70 56 

D – fruqtoza, g/l 0,4 0, 36 

saqaroza, g/l 80 64 

limonmJava, mg/l 1100 900 

L vaSlmJava, mg/l 65 54 

 mJavianoba, pH 3,4 3,4 

nacari,  % 2,7 2,16 

simRvrive,  FTU 5,12 0,46 

Z potenciali, nm 410,7 335,6 

siblante, η         3,01    2,93       

Saqris masuri wili, % 10,8 8,64 

natriumi,  mg/l 5 4 

kaliumi, mg/l 110 88 

magniumi, mg/l 3,4 2,72 

kalciumi,  mg/l 217 209 

fosfori, mg/l 5,8 4,64 
saerTo azoti, mg/l 0,6 0,48 

rkina,  mg/l 1,2 0,96 
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suraTze 1 mocemulia analizatorze Zetasizer Nano ZEN 3690 gansazRvruli 
vaSlis wvenSi nawilakis zomebi gafiltvramde da gafiltvris Semdeg. vaSlis 
wvenSi arsebuli nanonawilakebis maqsimaluri zoma 410,7nm-dan  gafiltvris 
Semdeg Semcirda 335,6 nm-mde. 
                          

 
 
suraTi 1.  vaSlis wvenSi nawilakis zomebi gafiltvramde da gafiltvris Semdeg 

 
saferavis Rvinomasalis analizis Sedegebi _ qimiuri Sedgeniloba, simRvrive, 
siblante da Z potenciali filtraciamde da filtraciis Semdeg. mocemulia 
cxr. 2=-Si.    

cxrili 2. saferavis  Rvinomasalis  qimiuri Sedgeniloba  
maxasiaTebeli sidideebi Rvinomasalis 

koncentracia 
filtraciamde 

Rvinomasalis 
koncentracia 

filtraciis Semdeg 
eTilis spirti % 12,6 12,24 

Saqris masuri koncentracia, % 12,7 10,16 

titruli mJavianoba, g/l 8,17 8,076 

aqroladi mJavianoba, g/l 0,22 0,219 

Rvinis mJava, g/l 3,22 3,117 

pH 3,4 3,2 
SO2   saerTo, mg/l 60 48 

SO2   Tavisufali, mg/l 4,52 3,61 
eqstraqti, g/l 29,7 29,386 

tanini g/l 0,94 0,919 

simkvrive mg/sm3 990 790 

simRvrive FTU 29,35 1,05 

Z potenciali nm 526,4 45,94 

siblante η 2,97 2,93 

tyvia. mg/l 0,021 0,016 

dariSxani, mg/l <0,1 <0,08 

kaliumi,  mg/100g 381,3 305 

natriumi,  mg/100g 110,7 88 

kalciumi,  mg/100g 217 209 

magniumi,  mg/100g 150,2 120 

rkina, mg/100g 11,3 8,4 
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suraTze 2 mocemulia saferavis jiSis Rvinomasalis nawilakis zomebi. 
gafiltvramde RvinomasalaSi arsebuli nanonawilakebis maqsimaluri zoma 
526,4 nm-dan  gafiltvris Semdeg Semcirda 45,94 nm-mde. 
                     

 
suraTi 2. saferavis Rvinomasalis nawilakis zomebi gafiltvramde 

 da gafiltvris Semdeg 
 
sawyisi Rvinomasalis da filtratis analizma saSualeba mogvca dagved-

gina, rom Rvinis mJavis raodenoba mcirdeba – 3,2%-iT, mqloravi mJavis – 5,4 %-
iT, alkoholis – 2,9%-iT, titruli mJavis – 1,15%-iT, eqstratis – 1,3%-iT,  ta-
ninis – 2,3 %-iT da rkinis _ 1,35%-iT.  eqsperimentis Sedegad miviReT, rom vaS-
lis wvenSi, gaxsnili nivTierebebidan yvelaze meti raodenobiT aRmoCnda kal-
ciumi,  kaliumi  da fosfori, xolo saferavis  RvinomasalaSi kaliumi, kal-
ciumi, magniumi. filtraciis Sedegad orive SemTxvevaSi  moxda didi nawila-
kebis zomis Semcireba da miRebuli iqna kristalurad gamWvirvale wveni da 
Rvinomasala, romlebic SesaxedavobiT, kosistenciiT da gemuri TvisebebiT 
akmayofileben sasmelebis mimarT wayenebul moTxovnebs.  
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SUMMARY 
STUDY OF THE CHEMICAL COMPOSITION OF APPLE JUICE AND SAPERAVI WINE MATERIAL 
Bibileishvili G.V., Mamulashvili M.A., Butchuzi T.G. and Javashvili Z.D. 
Engineering Institute of Membrane Technologies of Technical University of Georgia 
 Chemical composition, darkness, viscosity, particle size - Z potential of apple juice and Saperavi wine material 
before and after filtration are studied in the paper. Microfiltration was performed using a 0.2 μm pore size 
membrane. It was determined that after filtration the chemical composition decreased by 20%, the particle size in 
apple juice was reduced to 359.3 nm, and in wine material to 45.94 nm. We  obtained crystal clear juice and 
wine material that meet the requirements of non-alcoholic beverages. 
Keywords:  Apple  juice, wine material microfiltration, chemical composition, particle size.  
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puris cxobis teqnologiaSi gamoyenebuli cximebis Termuli Tvisebebi 

 

maCalaZe T.e., samxaraZe m.g., kaxiZe n.a. 
 

iv. javaxiSvilis Tbilisis saxelmwifo universiteti, rafiel aglaZis sax. 
araorganuli qimiisa da eleqtroqimiis instituti 

akaki wereTlis saxelmwifo universiteti 
 

mcenareuli da cxoveluri warmoSobis sakvebi produqtebi, romlebic 
mniSvnelovani da saWiro nivTierebebis Semcvelia, Cveulebriv gadis spe-
cialur momzadebas moxmarebamde. Termuli analizi saSualebas gvaZlevs 
SeviswavloT fizikuri da qimiuri efeqtebi, romlebic warmoiqmneba sakvebis 
gadamuSavebis normaluri ciklis dros da dakavSirebulia temperaturis 
cvlilebasTan, rogoricaa  _ duRili, gayinva da gaSroba. am procesebis 
Rrmad gaazrebas didi mniSvneloba aqvs kvebis mrewvelobisaTvis. 

Tavdapirvelad, Termuli analizi gamoiyeneboda, rogorc standartuli 
meTodi polimerebis Sesaswavlad. Tumca praqtikam aCvena, rom is SesaniSnavia 
sakvebis produqtebisa da maTi ingredientebis Sesamowmeblad. bolo wlebSi 
SemuSavda efeqturi meTodebi da teqnologiebi sakvebi produqtebis Sesa-
mowmeblad, maT Soris cilebis, naxSirwylebis, cximebis, zeTebisa da Sesa-
fuTi masalebis CaTvliT.  

cximebi, cilebTan da naxSirwylebTan erTad, sakvebis erT-erTi mTavari 
komponenetia,  kvebiTi RirebulebiT da organizmis fiziologiur procesebSi 
maT mier Sesrulebuli roliT. maTi Semcveloba mniSvnelovani parametria 
sakvebis gadamuSavebaSi da mza produqtis SefasebaSi. diferencialuri ska-
nirebis kalorimetria (DSC) da Termogravimetruli analizi (TGA) ganixileba 
ZiriTad meTodebad, romlebic gamoiyeneba Sesrulebisa da procesis piro-
bebis gasaumjobeseblad. temperatura da dro aris kvebis mrewvelobis ori 
ZiriTadi parametri. diferencialuri skanirebis kalorimetria (DSC) gvex-
mareba am parametrebis SeswavlaSi momzadebis da gayinvis procesebSi. aqedan 
gamomdinare, misi gamoyeneba SesaZlebelia sakvebisa da misi ingredientebis 
sxvadasxva Tvisebebis dasadgenad. 

puris warmoebaSi farTod iyeneben iseT cximebs, rogoricaa: karaqi, 
mzesumziris zeTi, cxvris, Roris, saqonlis qoni, erbo da sxva. cximebi 
erTmaneTSi nebismieri TanafardobiT ereva. aqedan gamomdinare SedarebiT 
advilia axali cximovani kompoziciebis Seqmna. rTuli cximebis Semcveli 
produqtebis Seqmnisadmi interesi aixsneba surviliT SevamciroT cximis 
energetikuli Rirebuleba, SevamciroT qolesterinis Semcveloba, gavam-
didroT produqti ujeri cximovani mJavebiT, gavzardoT misi biologiuri da 
sakvebi Rirebuleba. am momentisaTvis ar arsebobs martivi da saimedo 
meTodebi an xelsawyo-danadgarebi, raTa ganvsazRvroT raodenobrivi da 
Tvisobrivi Sedgeniloba rTuli cximovani fazis Semcveli produqtisa. es 
garemoeba arTulebs cximebis kontrols. erT-erTi aseTi meTodi, romelic 
SeiZleba gamoviyenoT cximebis kontrolisaTvis, diferencialuri Termuli 
analizia. analizis Termuli meTodis danergvis perspeqtiva kvebis mrew-
velobaSi dakavSirebulia SedarebiT iaf danadgarebTan, analizis simarti-
vesTan da saimedobasTan. nivTierebis sisufTavis dadgena erT–erTi ZiriTadi 
sferoa DТА-s gamoyenebisa [1]. 

dnobis temperatura erT-erTi ZiriTadi maCvenebelia, romelic axasia-
Tebs sxvadasxva naerTis sisufTaves da individualurobas. cxoveluri cxi-
mebis dnobis Tavisebureba imaSi mdgomareobs, rom gliceridebis  Sereuli 
kristalebi dnebian cal-calke da aqvT intensiuri dnobis TavianTi zonebi, 
mxolod maTTvis damaxasiaTebeli dnobis maqsimaluri temperaturiT. mce-
nareuli cximebis qimiuri Sedgenilobis da Tvisebebis cvlileba Tavis mxriv 
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ganapirobebs fizikur-qimiuri Tvisebebis cvlilebas, rac SeiZleba gamovi-
yenoT karaqis cximovani fazis naturaluri Semadgenlobis dasadgenad. kara-
qis sakvebi biologiuri faseulobis gasazrdelad iyeneben mcenareuli 
warmoSobis cximebs, romlebSic SeiZleba gamoviyenoT CanacvlebisaTvis iseTi 
myari cximebi, rogoricaa qoqosis,palmitinis da sxva. 

SeviswavleT: qoqosis zeTi, palmitinis zeTi, stearini, kakaos zeTi, 
radgan isini Sirad gamoiyeneba, rogorc iafi komponenti kombinirebad cxi-
mebSi da karaqSi.  

 

 
  

sur.1 palmis cximi 
 
bolo dros sakveb cximebSi gansakuTrebiT gamoiyeneba palmis zeTi 

(sur.1). igi Seicavs, rogorc najer cximovan mJavebs (pirvel rigSi palmitinis 
mJavas), aseve ujer cximovan mJavebsac. ujeri da najeri cximebis Sefardeba 
orjer ufro maRalia karaqTan SedarebiT. ujeri cximebis SemadgenlobiT ki 
igi Zalian emsgavseba zeiTunis zeTs da, Sesabamisad, adamianis organizmze 
msgavsi dadebiTi zemoqmedebiT xasiaTdeba. bioSeRwevadoba maRalia. qoles-
terolis Semcveloba minimaluria. iseve, rogorc sxva mcenareuli zeTebi, 
palmis zeTi ar Seicavs transcximebs (ujeri cximis nairsaxeobaa, romelic 
e.w. trans-konfiguraciaSia). cnobilia, rom bunebrivad transcximebi ZuZum-
wovara cxovelebis kuWSi baqteriebis zemoqmedebis Sedegad warmoiqmneba, 
xorcisa da rZis produqtebSi 5_8%-is odenobiT gvxvdeba. didi raodenobiT 
transcximebi gul-sisxlZarRvTa da onkologiuri daavadebebis risks zrdis. 

mcenareul produqtSi transcximebis moxvedra mxolod im SemTxvevaSia 
SesaZlebeli, rodesac xdeba Txevadi cximis (zeTis) hidrogenizacia, anu myar 
mdgomareobaSi gadayvana (rac xSirad aucilebelia kvebiT mrewvelobaSi). 

palmis zeTs dnobis maRali temperatura aqvs, Tavidanve naxevrad myari 
konsistencia gaaCnia. es masSi palmitinis mJavis SemcvelobiTaa ganpirobebu-
li, romlis arsebobac damaxasiaTebelia cxoveluri cximebis Semadgenlo-
bisTvis. swored es cximovani mJavaa „damnaSave“ imaSi, rom cximi ar iRvreba. 
am Tvisebis gamo palmis zeTs ar sWirdeba xelovnuri gamyareba, rogorc 
magaliTad, mzesumziris zeTs, Sesabamisad, igi ar Seicavs transcximebs. 
rasac udidesi mniSvneloba aqvs kvebis teqnologiaSi. Cveulebrivi zeTi rom 
gamoiyenon mza sakvebis Sesaqmnelad, mis hidrogenizacias axorcieleben, 
riTac mis gamagrebas aRweven, magram am procesSi zemoT aRniSnuli trans-
cximebi iqmneba, rac friad arasasurvelia. isicaa sayuradRebo, rom palmis 
zeTis gamoyenebisas sakonditro produqtis Senaxvis vada matulobs. qoqosis 
cxims iReben axladmomzadebuli kopridan, sasiamovno gemosia, rafinirebis 
Semdeg TeTr fers iRebs da iyeneben sakvebad, amzadeben margarins, an sakon-
ditro cxims. calkeuli mcenareuli cximebi Seicaven agreTve alkaloidebs, 
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eTerzeTebs, da sxvas, rac ganapirobebs maT toqsikur an samkurnalo 
Tvisebebs. 

mcenareuli cximebis dnobis procesi midis farTo temperaturul 
diapazonSi (35–38 

0
C). Tavidan dneba myari fazis SedarebiT adviladdnobadi 

komponentebi. Semdeg ufro maRal temperaturaze dnobis procesi Sedgeba ukve 
gamdnar cximovan fazaSi Sereuli kristalebis Tanmimdevrul gaxsnaSi, 
romlebsac ufro maRali dnobis temperatura aqvs. 

cximovani fazis dnobis  xasiaTi, romelic gamoyofilia kombinirebuli 
cximebidan, Zalian gansxvavdeba rogorc naturaluri cximebidan, ise mce-
nareuli warmoSobis cximebidan, rac gvaZlevs saSualebas davaxasiaToT rZis 
cximis Termograma, rogorc individualuri maxasiaTebeli, romlis gamoye-
nebiT SegviZlia gavakeToT daskvnebi cximis naturalurobis Sesaxeb. nax. 1 da 
2-ze moyvanilia zogierTi mcenareuli cximis DТА mrudebi. Termuli efeqtebi 
rZis cximisa da palmis cximisa amovardnilia identifikaciis zonidan, 
rodesac ukanasknelis masuri wili 10%-ze metia e.i. aseTi koncentraciis 
SemTxvevaSi SesaZlebelia aRmovaCinoT danamati palmis zeTisa sxva nebismier 
rZis cximze. DТА meTodi gamosadegia kombinirebuli cximebis xarisxis 
kontrolisaTvis. 

Termuli kvlevisas, gardaqmnebis da qimiuri reaqciebis sruli suraTis 
misaRebad saWiroa Т da DТА mrudebTan erTad miviRoT masis cvlilebis 
mrudi TG. am mizniT Seqmnilia mravali saxis Termogravimeti. ukanasknel 
wlebSi farTod gamoiyeneba danadgarebi, romelTa saSualebiTac xor-
cieldeba Termul da gravimetrul kontrolTan erTad eleqtrogamtarobis, 
moculobis cvlilebis, airis gamoyofis da sxva procesebis aRmweri 
mrudebis erTdrouli Cawera, rac zrdis informacias sakvlev sistemaSi 
mimdinare movlenebis Sesaxeb [2,3].  

Termuli da kalorimetruli kvlevebiT Seswavlilia qoqosis, sperma-
cevtis, stearinis, kakaos da palmis cximis dnobis procesi. nax. 1 da 2-ze 
moyvanilia – qoqosis, spermacevtis dnobis DTА mrudebi, xolo nax. 3 da 4-ze 
asaxulia – qoqosis. spermacevtis DSC mrudebi.  

 
 

 

 

 

 

 

 

 

 

  
 
 
 
 
 
 

10  20  30  40  tC 10  20  30  40  tC 

nax. 1. qoqosis cximis dnobis 
DTA mrudi 

 

nax. 2. spermacevtis dnobis DTA 

mrudi 
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amdenad, derivatografze da kalorimetrze Catarebuli cdebis Sedegad 

dadginda, rom stearini dneba 60 
0
C, dnobis xvedriTi siTbo tolia 194,4 j/g. 

spermacevti – 30 0
C,  dnobis xvedriTi siTbo tolia 28,67 j/g, kakaos zeTi – 

70 0
CС, dnobis xvedriTi siTbo tolia 193,4 j/g. qoqosis zeTi 25 0

C. dnobis 
xvedriTi siTbo tolia 107,9 j/g. palmis cximi 37 0

C, dnobis xvedriTi siTbo 
tolia 140,5 j/g. 
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SUMMARY 

THERMAL ANALYSIS OF FATS USED IN BREAD BAKING TECHNOLOGY 

Machaladze T.E., Samkharadze M.G., Kakhidze N.A. 

Iv.Javakhischvili Tbilisi State University, R.Agladze Institute of Inorganik Chemistry and Electrochemistry 

Akaki Tsereteli State University 

We learned fats, which are used in bread baking technology with thermal analysis. With DTA and DSC curves it 

was determined the specific heat and temperature of melting. 

Keywords: thermal analysis, vegetable fats, thermal effect. 

nax. 3. qoqosis cximis DSC mrudi 

 

nax.4. spermacevtis DSC mrudi 

nax. 4. spermacevtis DSC mrudi 
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abzindasa da mravalZarRvas gamoyenebis perspeqtivebi  

Sebolili Zexvis warmoebaSi 

 

tyeSelaSvili a.r., tyemalaZe g.S. 
 

saqarTvelos teqnikuri universiteti 
  

xorcproduqtebis mosamzadeblad, rogorc sagemovno danamati, gamoi-
yeneba mcenareebi da maT Soris umravlesobas aqvs samkurnalo Tvisebebi, 
abzindasa (Artemisia absinthium) da mravalZarRvas  (Plantago major)  maTi simwarisa 
da arasasiamovno gemos gamo Tavs aridebdnen. mxolod mwiri informaciia 
imis Sesaxeb internetSi, am mcenareTa damatebiT sursaTis momzadebis cdis 
an raime kvlevis Sesaxeb. Tumca maTi Tvisebebidan gamomdinare gadavwyviteT 
gamogvecada maTi moqmedeba xorcproduqtebis teqnologiaSi.  

pirvel etapze SeviswavleT samkurnalo mcenare abzindas (Artemisia 

absinthium), Tvisebebis aRwera, romelic mravalwliani, balaxovani mcenarea 
rTulyvavilovanTa ojaxidan.  gavrcelebulia TiTqmis mTel saqarTveloSi. 
abzindas nedleuli Seicavs 2%-mde eTerzeTs, romlis SemadgenlobaSi Sedis 
tuioli, tuioni, pineni, kadineni, felandreni da sxva. garda aRniSnulisa, 
abzindas balaxi Seicavs flavonoidebs, mTrimlav nivTierebebs, karotins, 
organul mJavebs, askorbinis mJavas, laqtonebs. mware nivTierebebi anab-
zintini da abzinTini ganapirobeben mis farmakologiur moqmedebas. balaxis 
biologiur aqtivobas ganapirobebs ZiriTadi nivTierebebi: eTerzeTebi, mware 
seskviterpenoiduri laqtonebi, flavonoidebi, sxva simwaris gamomwvevi 
naerTebi, azulenebi, fenolis mJavebi, taninebi da lignanebi. abzindas 
axasiaTebs antiprotozouli, antibaqteriuli, sokos sawinaaRmdego, wylulis 
sawinaaRmdego, hepatoproteqtoruli, anTebis sawinaaRmdego, imunomodula-
toruli, citotoqsiuri, tkivilgamayuCebeli, neiroproteqtoruli, anti-
depresantuli, prokognituri, neirotrofuli da ujredis membranis stabi-
lizatoris da antioqsidanturi aqtivoba [1].  

mravalZarRva (Plantago major) mravalwliani balaxovani mcenarea mraval-
ZarRvasebrTa ojaxidan.  mravalZarRvas foTlebi Seicavs glikozid aekubins. 
napovnia maTSi alkaloidis niSnebi, mTrimlavi nivTierebebi mcire rao-
denobiT, vitamini  K, provitamini A, askorbinis mJava, flavonoidebi, limonis 
mJava. Tesli Seicavs steroidul saponinebs, proteins, aminomJavebs. mcenaris 
foTlebSi arsebuli fitoncidebi ganapirobeben mis antimikrobul moqmedebas. 
mravalZarRvas nayeni da foTlebis wveni xels uwyobs Wrilobebis swraf 
Sexorcebas. kargad garecxili foToli gamoiyeneba Cirqovan Wrilobebze 
dasafenad kompresis saxiT [2]. 

pirvel rigSi abzindasa da mravalZarRvas afTiaqSi SeZenili (Sesabami-
sad Sps `imedis~ da Sps `farkonis~ mier damzadebuli) preparatebisgan, mwar-
moeblis mier mocemuli specifikis mixedviT, movamzadeT ori saxis nayeni - 
wylze da 70%-ian spirtze. Semdgom eqstragirebul xsnarSi gaxsnili 
eqstraqtis raodenoba ganvsazRvreT, koncentraciis dadgenis meTodiT,  
procentebSi, riTac davadgineT, rom abzindasa da mravalZarRvas foTlebis 
nayeni wyalze aris 1%-iani, xolo 70%-ian spirtze 2_2,2%-iani. miRebuli 
monacemebis mixedviT SevimuSaveT dozirebis normebi 1 kg. xorcis masaze 
(cxr.1). 

 
 
 
 
 
 



   saqarTvelos sainJinro siaxleni, GEORGIAN ENGINEERING NEWS, #2, 2022  

 

125 

cxrili 1. dozirebis normebi 1 kg. xorcis masaze 
 
# dasaxeleba wona, (g) eqstraqtis Semcveloba, (g) 
1 abzindas 1 %-iani nayeni 200 2 
2 abzindas 1 %-iani nayeni 150 1,5 
3 abzindas 2 %-iani nayeni 100 2 
4 mravalZarRvas 1 %-iani nayeni 150 1,5 
5 mravalZarRvas 1 %-iani nayeni 200 2 
6 mravalZarRvas 2,2 %-iani nayeni 100 2,2 
7 mravalZarRvas 2,2 %-iani nayeni 150 3,3 

 
 

nayenis dozirebis SemuSavebisas gaviTvaliswineT nayenTa specifiuri 
gemo da aromati [3]. 

xorcis nedleulad gamoyenebul iqna 25% saqonlis umaRlesi xarisxis 
momwifebuli (1% mariliT) da 75%  qaTmis files gaciebuli xorci [4]. 

Sesadareblad movamzadeT mocemul xorcis nedleulze, mxolod 
wylisa da marilis damateba. momzadebuli farSis formireba movaxdineT mci-
re zomis batonebad. Termuli damuSavebis Semdgom, macivarSi moTavsebuli 
eqsperimentuli da Sesadarebeli masalebi moTavsda Tanabar pirobebSi da 
ganisazRvra Srobis koeficienti. aRsaniSnavia, rom abzindasa da mravalZar-
Rvas foTlebis nayeniT momzadebul mza produqtSi dafiqsirda, sakontrolo 
(wyliT da mariliT mozadebuli) nimuSisgan gansxvavebuli gamosavlianobis 
maRali done. Srobis koeficientebi da gamosavlianoba mocemulia cxr. 2-Si. 
 
 cxrili 2. Srobis koeficientebi da gamosavlianoba 
 

 
 
moxarSuli-Sebolili xorcproduqtis mTavari dadebiTi Tviseba, 

gamoSrobis gziT miRebuli produqtis yuaTianobisa da maRalkaloriulobis 
specifiuroba,  gamoviyeneT axali produqtis  Seqmnis ideis gamarTlebisTvis, 
romelic garkveul wilad daakmayofilebs kvebis dietur da sportul mimar-
Tulebas. saWmlis momnelebel sistemaze dadebiTad moqmedi samkurnalo 
mcenariT momzadebuli xorcproduqtis (ris mixedviTac SevarCieT samkur-
nalo mcenare, rogorc ingredienti) momzadebis mizanSewoniloba organizmze 
moqmedebis im uaryofiTma Tvisebebma ganapiroba, rogoricaa xorcproduqtis 
rTulad SeTviseba-gadamuSaveba, miRebis Semdgom diskomfortisa da simZimis 
SegrZneba  [5].  

momzadebuli produqtis srulyofis mizniT, Semdgomi kvlevisa da 
eqsperimentis mizania, xorcproduqtis srulyofa sagemovno danamatebis gamo-
yenebiT, agreTve sursaTisTvis aucilebeli, laboratoriulad dadasturebu-
li usafrTxoebis aRiareba da  deklarireba [6]. 

 

 
nimuSis dasaxeleba 

Srobis saSulo 
maCvenebeli   (%) 

gamosavlianoba                 
(%) 

1 abzindis 2 %-iani nayeni #3 25,64% 74,36% 

2 1. mravalZarRvas  1 %-iani nayeni #1, 1_150 25,80% 74,20% 

3 2. mravalZarRvas  1 %-iani  nayeni #1 1_200 25,92% 74,08% 

4 4. mravalZarRvas  2 %-iani nayeni #2 2_150 26,01% 73,99% 

5 3. mravalZarRvas  2 %-iani  nayeni #2 2_100 26,01% 73,99% 

6 abzindis 1 %-iani nayeni #1 27,45% 72,55% 

7 abzindis 1 %-iani nayeni #2 28,61% 71,39% 

8 sakontrolo nimuSi - 001 30,47% 69,53% 
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kvlevis Sedegi, romelmac aCvena rom aRniSnul samkurnalo mcenareebs, 
SeuZliaT, mTrTimlavi, antioqsidanturi da sxva dadebiTi moqmedebis wya-
lobiT, produqts mianiWon teqnologiurad aucilebeli Tvisebebi, mikrobio-
logiuri da fizikur-qimiuri parametrebis srulyofiT,  gvaZlevs imeds, rom 
sabolood miviRebT sportuli mimarTulebis kvebisaTvis saintereso da 
damakmayofilebel produqts. 
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SUMMARY 

PROSPECTS FOR THE USE OF ARTEMIZIA ABZINTHIUM AND PLANTAGO MAJOR IN THE 

PRODUCTION OF SMOKED SAUSAGES  

Tkeshelashvili A.R. and Tkemaladze G.Sh. 

Georgian Technical University 
Vegetable ingredients of meat products are mainly used in recipes as a flavor additive, although they also have a 

kind of functional effect, affecting color, consistency, shelf life. Medicinal plants wormwood (Artemisia 

absinthium) and multi-veined plant (Plantago major) were selected due to their probable, possible, positive 

effects for the preparation of sausages. Confirming with research that it will be possible to obtain a product 

useful for the nutrition of athletes is the main direction of the work topic. The main properties of the ingredients 

were distinguished and they were grouped according to the purpose, tinctures of different concentrations were 

prepared and their approximate dosage regimen was developed. The main ingredient of the sausage (Chicken 

and Beef Meat) was selected considering it’s nutritional value. The yield of the intermediate finished product 

and the functional activity level of the tincture were determined. The obtained result is a prerequisite for creating 

the final product. 

Keywords: meat product, medicinal plant, tincture, dosage, coefficient of drying, research. 
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nuSis naWuWidan eqstraqtis miReba, Seswavla da gamoyeneba 

 
mamardaSvili n.g., CefiCaSvili s.a. 

 
saqarTvelos teqnikuri universiteti 

 
sasoflo-sameurneo warmoeba da agro-industriuli gadamuSaveba didi 

raodenobiT sakveb narCenebs warmoqmnis.  Sesabamisad sul ufro popularuli 
da gamarTlebuli xdeba meoradi sakvebi produqtebis gadamuSaveba, ramac 
SeiZleba ekonomikuri sargebeli moutanos msoflio industrias.  

zemoT aRniSnulis safuZvelze, nuSis narCenis _ naWuWis gamoyeneba da 
Sesabamisad produqtis srulad aTviseba, exmianeba msoflioSi arsebul Ta-
namedrove gamowvevebs, rom srulad iqnas aTvisebuli agroproduqtebi, rome-
lic dadebiT zegavlenas axdens, rogorc msoflio ekonomikaze, aseve 
klimatur cvlilebebze [1,2]. 

Cveni kvlevis mizans warmoadgenda biologiurad aqtiuri nivTierebebis 
mqone nuSis naWuWidan eqstraqtis miReba, misi Seswavla da SemdgomSi 
miRebuli eqstraqtis safuZvelze sadeserto liqioris damzadeba. 

nuSis naWuWidan (msxvilad da wvrilad dafquli) eqstraqtis momzadeba, 
misi fizikur-qimiuri Tvisebebis gansazRvra da SemdegSi miRebuli naxevar-
fabrikatidan sadeserto liqioris miReba dadebiTi dinamikis maCvenebelia 
alkoholuri sasmelebis warmoebaSi, ara marto misi sasargeblo Tvisebebis 
gamo, aramed, rogorc ekonomikuri TvalsazrisiTac, radgan  produqtebis 
unarCenod gadamuSaveba XXI saukunis  gamowvevaa. 

miRebuli produqtis kvlevisTvis gamoviyeneT sxvadasxva  saerTaSo-
risod aRirebuli meTodebi da ISO standarti. 

nuSi _ nuSis saxeli asocirdeba finikieli qalRmerTis amigdalinas 
saxelTan, qaluri da ojaxuri bednierebis mfarvelTan. iranelebi nuSs 
samoTxis xes uwodeben, frigielebi _ gazafxulis winamZRvars. aseve bibliaSi 
aris cnobebi am mcenaris Sesaxeb, sadac is aris RvTismSoblis RvTaebrivi 
keTilganwyobisa da siwmindis gansaxiereba [3,4]. 

nuSis naWuWis biomasa Seadgens mosavlis didi raodenobas, romlis 
umetesi nawili iwveba. es ki iwvevs garemos dabinZurebas da aseve ixarjeba 
uamravi resursi. amis Tavidan asacileblad, uamravma mecnierma Caatra kvleva 
naWuWis potenciuri gamoyenebis Taobaze. nuSis naWuWSi aRmoCenilia Semdegi e-
lementebi: C (72,27 %), O (22,88 %), N (3,87 % ) da Si (0,87 %). celuloza (38,48 %), 
hemiceluloza (28,82 %) da lignini (29,54 %)  [1,5,6,]. 

sakvlev obieqtad aRebuli gvqonda saqarTveloSi farTod gavrcelebu-
li nuSis „Saqara“ jiSi. nuSi mokrefili iqna teqnikuri simwifis pirobebSi, 
aRebuli nuSi gavasufTaveT kanisgan, gavacalkeveT guli da naWuWi, naWuWi 
gamovaSreT da  movaxdineT misi daqucmaceba.  

liqioris damzadebis teqnologiaSi  pirveli etapi naxevarfabrikatis 
momzadebaa. naxevarfabrikati warmoadgens xil-keknkrovanebisgan,an maTi nar-
Cenebisgan eTilis spirtis eqstraqciis Sedegad miRebul produqts, romelic 
ZiriTadad gamoiyeneba liqior-aryisa da naturaluri ualkoholo sasmelebis 
warmoebaSi. am produqtebSi SenarCunenebulia xil-kenkrovnebis aromati, 
damaxasiaTebeli gemo da sasargeblo nivTierebebi: vitaminebi, organuli 
mJavebi, fenoluri naerTebi, mikro da makro elementebi, saRebavi nivTierebebi 
da mTeli rigi biologiurad aqtiuri naerTebi. 

naxevarfabrikatis eqstraqtuloba ganisazRvreba eqstraqtuli nivTie-
rebebis SemcvelobiT, misi tenianobiT, daqucmacebis xarisxiT, gamxsnelis 
xarjiT.  

 sakvlevi obieqti nawili davaqucmaceT wvrilad, nawili ki _ Sedare-
biT msxvilad. orive saxis obieqti movaTavseT sxvadasxva WurWelSi, davasxiT 
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40 % (moc) spirti TanafardobiT 1:1 da gavaCereT oTaxis temperaturaze 15 
dRis ganmavlobaSi. yoveldRe periodulad vurevdiT. Semdeg І dasxma movx-
seniT da davasxiT ІІ dasxma wyal-spirtiani narevi. 15 dRis Semdeg kvlav 
movxseniT da І da ІІ naxivarfabrikatebi SevurieT erTmaneTs.  

sakvlev obieqtebSi SeviswavleT: saerTo eqstraqti, spirti (moc%), cxi-
mebi, amigdalini, Saqrebi. 

mravaljeradi cdebis safuZvelze SevimuSaveT nuSis naWuWidan naxevar-
fabrikatis miRebis optimaluri reJimebi: eTanolis koncentracia, eqstreaqciis 
moduli, daqucmacebis xarisxi, dayovnebis kinetika da temperatura.  Cven, 
eqsperimentis Casatareblad aviReT 200 grami tkbili nuSis naWuWi (nawili 
wvrilad, nawili ki msxvilad daqucmacebuli), movaTavseT 500 ml kolbebSi da 
TiToeuls davasxiT 500 ml sxvadasxva koncentraciis spirti (20%; 30%; 40% da 
50% (moc)) oTaxis temperaturaze. eqstraqciis drod aRebuli intervali iyo 5; 
10; 15 da 20 dRe. periodulad vawarmoebdiT morevas. Catarebuli eqsperimentis 
Sedegad, 40% da 50%-ian eTanolis koncentracias Soris eqstraqciis gamo-
savali TiTqmis erTnairi iyo, Cven arCevani gavakeTeT 40% (moc) -ze. 

eqstraqtuli nivTierebebis gamosavlianobis Sedegebi mocemulia diag-
ra 1 da 2-ze. 

 
eqstraq. 

 
                                                            eTan.konc.%                                                                                                                                                       

 
diagrama 1. eTanolis optimaluri koncentraciis dadgena, eqstraqtuli nivTierebebis 
gamosavlianobis maCveneblis mixedviT wvrilad dafqul nuSis naWuWSi 

 
rogorc diagrama 1-dan Cans, eTanolis optimaluri koncentracia 

wvrilad dafxvnil obieqtis eqstraqciisTvis aris 4,5%. 
 
eqstraqc % 

 
                                                          eTan.konc %  
 

diagrama 2. eTanolos optimaluri koncentraciis dadgena, eqstraqtuli nivTiere-
bebis gamosavlianobis maCveneblis mixedviT msxvilad dafxvnil nuSis naWuWSi 
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rogorc diagrama 2-dan Cans, eTanolis optimaluri koncentracia 
msxvilad dafqul obieqtis SmTxvevaSi  aris 3,5%. 

eqstraqtuli modulisTvis   Cven aRebuli gvqonda sxvadasxva varianti: 
1:1; 1:2,5; 1:5; eTanolis optimalur modulad ki davadgineT 1:1 Sefardeba. 

Catarebuli kvelvis Sedegad dadginda, rom moduli gavlenas axdens 
eqstraqtuli nivTierebebis gamosavalze. 

Sedegebi mocemulia cxrilSi. 
                                                                                                                                        
eTanolis koncentraciisa da eqstraqciis modulis gaTvaliswinebiT  
eqstraqtuli nivTierebebis raodenobrivi maCveneblebi 
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nuSis naWuWi 
(wvrilad dafx.) 

1:1 40 4,5 30 1,5 

nuSis naWuWi 
(msxvilad dafx.) 

1:1 40 3,5 30 1 

 
dayovnebis optimaluri drois SesarCevad, sakvlev nimuSebs vamatebdiT 

30% (moc) eTilis eTers. moduli 1:1 da oTaxis temperaturis pirobebSi 
davayovneT sxvadasxva  drois xangrZlivobiT: 5; 10; 15 da 20 dRe, perioduli 
dareviT. 

eqstraqtuli nivTierebebis maqsimaluri gamosavlianobiT, davadgineT 
eqstraqciis optimaluri dro _ 15 dRe, radgan sakvlev  nimuSSi Semdgomi 
dayovnebiT eqstraqtuli nivTierebebis gadasvlas adgili aRar hqonda. 

Catarebuli cdebis safuZvelze davadgineT, maqsimaluri gamosavlia-
nobis eqstraqtebis miRebisTvis saWiro optimaluri parametrebi: eTanolis 
koncentracia  _ І dasxma 40% (moc); ІІ dasxma 30% (moc); eqstraqciis moduli  
_  1:1;   maqsimaluri gamosavlianobiT SevarCieT eqstraqciis dro  _  15 dRe;  
temperatura ki 20°C (oTaxis temperatura). 

miviReT Calisferi eqstraqti, damaxasiTebeli sasiamovno suniT da 
gemovnuri TvisebebiT.miRebuli eqstraqtisgan momsadebuli iqna nuSis naWuWis 
sadeserto liqiori yvela standartis  gaTvaliswinebiT. 

Catarebuli eqsperimentis safuZvelze Sewavlili nuSis naWuWidan 
miviReT eqstraqti, gamovikvliT masSi arsebuli eqstraqtuloba, amigdalini, 
lipidebis saerTo jami, alkoholis simagre. lipidebis saerTo jamma Sead-
gina 0,07%, amigdalini masSi ar aRmoCnda, alkoholis simagre iyo 40%(moc), 
xolo eqstraqtuloba iyo wvrilad dafxvnil obieqtSi Seadgina 4,5%. davad-
gineT eqstraqtis miRebis optimaluri reJimebi: dafxvnis xarisxi, eTanolis 
koncentracia, eqstraqciis temperatura, moduli da dayovnebis dro. sadeser-
to liqiorisTis movamzadeT inversiuli Saqris sirofi. miRebuli eqstraq-
tidan davamzadeT sadeserto liqiori. liqiorSi ganvsazRvreT Saqrebis rao-
denoba da alkoholis simagre. Saqrebma Seadgina 34% xolo alkoholis 
simagrem Seadgina 28 % (moc). 
 

 

 



   saqarTvelos sainJinro siaxleni, GEORGIAN ENGINEERING NEWS, #2, 2022  

 

130 

literatura 

1. nuSis zogadi daxasiaTeba da saqarTveloSi gavrcelebuli nuSis zogierTi jiSi. 
agrokavkaz.ge 05.11.2022. 
2.   ,, Valorization Challenges to Almond Residues: Phytochemical Composition and Functional Application”  
http://mdpi.com/ gamoqveynebulia 20.10.20. 
3. http://frontiersin.org.com/ “Food Waste and Byproducts:An Opportunity to Minimize    Malnutrition and 

Hunger in Developing Countries” - ukanasknelad iqna gadamowmebuli 04.09.2022.  
4. https://www.ncbi.nlm.nih.gov/ “Study of Almond Shell Characteristics” gamoqveynebulia 19.09.2021. 
5. https://www.sciencedirect.com/ “Intergrated Processing Technologies for Food Agricultural By-Products” 

gamoqveynebulia 2019. 

6.  feraZe g., basilaZe n. liqior aryis warmoebis teqnologia. -Tbilisi, ganaTleba, 
1986. 

 
SUMMARY 

OBTAINING, STUDYING AND USING THE EXTRACT FROM ALMOND SHELL 

Mamardashvili N.G.  and Chefichashvili S.A. 

Georgian Technical University 

Based on the conducted experiment, an extract was obtained from the almond shell, we will investigate the 

extractability, amygdalin, the total amount of lipids, alcohol strength. The total amount of lipids was 0.07%, 

amygdalin was not found in it, the alcohol strength was 40% (vol), and the extractability was 4.5% in finely 

powdered object. The optimal modes of taking the extract were also studied: Grinding degree, ethanol 

concentration, extraction temperature, modulus and lag time. An inverted sugar syrup was prepared for dessert 

liquorice. We made a dessert liqueur from the obtained extract, taking into account all the standards. The amount 

of sugars and alcohol strength were determined in the finished liquor. Sugars made up 34% and alcohol strength 

made up 28% (vol). 

Keywords: almond shell, liquor,  biologically active substance 

. 

 

 
 

 



   saqarTvelos sainJinro siaxleni, GEORGIAN ENGINEERING NEWS, #2, 2022  

 

131 

gogris Teslis biologiurad aqtiur nivTierebaTa funqciuri Tvisebebi 

 
cagareiSvili x.b., jinjolia S.r., qarCava m.s. 

 
akaki wereTlis saxelmwifo universiteti 

 
xalxuri medicinis mravalsukunovani gamocdilebiT dadasturebulia, 

rom gogris Tesli xasiaTdeba mkveTrad gamoxatuli antihelminTuri, anti-
baqteriuli, antivirusuli, fungiciduri,  antioqsidanturi, antidepresantu-
ri, antikancerogenuli, citoproteqtoruli, qimioproteqtoruli, kardiopro-
teqtoruli, hepatoproteqtoruli da adamianis organizmis damcavi sxva 
mniSvnelovani aqtivobebiT. [1] gogris Teslis  es unikaluri Tvisebebi ganpi-
robebulia imiT, rom igi Seicavs iSviaT bioaqiur nivTierebaTa TiTqmis mTel 
unikalur kompleqts _ vitaminebs, tokofrolebs, karotinoidebs, provita-
minebs, mineraluri nivTierebebis  optimalur nakrebs (TuTias, selens rkinas, 
magniums, kalciums, manganums, spilenZs, kaliums _ mets vidre natriums da 
sxva), Seucvlel aminomJavebs, ujer cximovan mJavebs, pigentebs, fitoste-
rolebs, triterpenoidebs, skvalens, pirazins, fenolur naerTebs da maT war-
moebulebs, flavonoidebs, kumarinebs da a.S. [2-4]. 

gogris Teslis sayovelTaod aRiarebuli, organizmis damcavi funqcia 
mainc misi antihelminTuri da antimikrobuli (antibaqteriuli, antivirusuli 
da fungiciduri) moqmqdqbaa [5,6]. 

statistikurad dadasturebulia, rom antimikrobuli preparatebisadmi 
rezistentuloba msoflioSi sikvdilianobis zrdis erT-erTi mniSvnelovani 
faqtoria. problema antibiotikebis araswori gamoyenebis Sedegad prepa-
ratebisadmi mdgradi Stamebis warmoqmna da axal Stamebze efeqturad moqmedi 
antibiotikebis ar arsebobaa, an ufro maRali Taobis antibiotikebis Seqmna-
gamoyeneba da maTi gamoyenebiT gamowveuli Tanmdevi garTulebebia. problemis 
gadaWris erT-erTi aucilebeli pirobaa axali, maRali biologiuri aqtivobis 
mqone, bunebrivad arsebuli usafrTxo naerTebis moZieba da gamoyeneba ara 
mxolod problemis gadaWris, aramed, rac kidev ufro mniSvnelovania, 
problemis prevenciis mizniT. 

cnobilia aseve  is faqtic, rom msoflios TiTqmis mesamedi infici-
rebulia parazitebiT, ris gamoc am problemam „helminTuri pandemiis“ saxeli 
miiRo. helminTebi rogorc adamianebSi, ise cxovelebSic iwveven xangrZliv 
qronikul infeqciebs, rasac Tan sdevs imunuri sistemis daTrgunva da Sesa-
bamisi Tanmxlebi garTulebebi. helminTebTan brZolis ZiriTadi problemac 
arsebuli antihelminTuri preparatebis dabali efeqturoba da maTdami rezis-
tentobaa, rac helminTebis persistenciis (organizmSi xagrZlivi droiT 
darCenis unaris) xelSemwyobi damatebiTi fqtoria. am SemTxvavaSic problemis 
gadaWris erT-erT aucilebel pirobad axali,  maRali biologiuri aqtivobis 
mqone, bunebrivi usafrTxo naerTebis moZieba da gamoyenebaa aRiarebuli. 

 dadasturebulia gogris Teslis antihelminTuri letaluri zemoq-
medeba Heligmosoides bakeri-iT inficirebul Tagvebis 80%-Si, Ascaridia galli-iT 
inficirebuli qaTmebis 65%-ze metSi, xolo Heterakis gallinarum-iT da Raillietina 

spp-iT inficerebul 80%-Si da 88%-Si Sesabamisad zrdasruli Hymenolepis nana 
mdedrobiTi sqesis TagvebSi. gogris Teslis eqstraqts mniSvnelovani damTr-
gunveli zemoqmedeba aqvs H. nana Wiebis gamravlebasa da maT kvercxebis rao-
denobaze.  

mravalricxovani kvlevebiT dadasturebulia gogris Teslis eqstratis 
antimikrobuli moqmedeba mikroorganizmebis sxvadasxva Stamebze: Staphyloco-
ccusaureus, Bacillus subtilis, Staphylococcus werneri, Pseudomonas putida, Pseudomonas 

aeruginosa, Proteus mirabilis, Klebsiella pneumonia da Escherichia coli-s winaaRmdeg. gogris 



   saqarTvelos sainJinro siaxleni, GEORGIAN ENGINEERING NEWS, #2, 2022  

 

132 

Teslis proteinis izolati aferxebs miceliumis zrdas sokoebSi: Botrytis 

cinerea, Fusarium oxysporum, Mycosphaerella arachidicola da Mycosphaerella oxysporum. 
arsebobs cnobebi imis Sesaxeb rom gogris cila efeqturia gramdadebiTi 
baqteriebis mimarT, xolo gramuaryofiTi baqteriebi avlenen mdgradobas 
gogris cilis izolatis mimarT maTi ujredis kedlis lipopolisaqaridebis 
gamo, rac xels uSlis am naerTebs baqteriebis citoplazmamde miRwevaSi. 

gogris Teslis biologiurad aqtiuri nivTierebebi ganapirobeben aseve 
mis antikarcenogenul efeqts, am dros problemaa paTogenuri ujredebis 
ukontrolo zrda, dayofa da gamravleba da normaluri ujredebis ganad-
gureba. antisimsivnuri mkurnaloba moicavs qimioTerapias, qirurgiul Carevas 
da radioTerapias. am SemTxvevaSi problemaa qimiuri wamlebis toqsikuroba, 
gverdiTi efeqtebi da simsivnuri ujredebis mimarT specifiurobis nakleboba. 
amitom didia interesi naturaluri antikarcenogenuli biologiuri aqti-
vobis mqone nivTierebebiT mdidari naturaluri nedleulis, rogorc pre-
venciuli saSualebebis mimarT. 

dadgenilia rom gogris Teslis eTanoluri eqstraqti koncentraciiT 
(200mg/kg), wister-is gvaris virTagvebSi 1,2-dimeTilhidraziniT gamowveuli 
msxvili nawlavis kibos ujredebis apoptozs iwvevs. aseve dadgenilia rom 
gogris Teslis spirtian eqstraqtebs SeuZliaT adamianis hepatokarcenomis 
(Hep G2) da msxvili nawlavis karcenomis (CT26) simsivnuri ujredebis ganad-
gureba. dadasturebulia aseve gogris Teslis izolatis dadebiTi gavlena 
prostatis kibos ujredebis apoptozis procesze.  

dadasturebulia gogris Teslis antidepresantuli unaric. depresia 
damTrgunveli fsiqosocialuri ndgomareobaa, romelic mniSvnelovnad amci-
rebs cxovrebis Tavisuflebis xarisxs; igi daavadebebs Soris me-3-e adgilzea 
gavrcelebis mixedviT da Tvlian rom 2030 wlisTvis pirvel adgils daiWers. 
gogris Tesli xasiaTdeba antidepresantuli moqmedebis maqsimaluri poten-
ciis 47%-iT. gogris Teslis antidepresantuli moqmedebis meqanizmi bolomde 
garkveuli ar aris, magram jerjerobiT mas ukavSireben triftofanis Suale-
dur metabolits (5-hidroqsitriptofans) neirotransmiter serotoninis for-
mirebaSi. 

msubuqi da mZime diabetiT daavadebuli wister-is virTagvebze cdebiT 
dadasturebulia rom gogris Teslis hipoglikemiuri aqtivoba amcirebs 
virTagvis sisxlSi glukozis dones 38%-dan 39%-mde (efeqturi doza 200 mg/kg 
sxeulis masaze). varaudoben, rom gogris Teslis hipoglikemiuri efeqti 
ganpirobebulia misi maRali antioqsidanturi aqtivobiT, rac uzrunvelyofs 
pankreasis B ujredebis dacvas [7]. 

gogris Teslis biologiurad aqtiur nivTierebebs aqvT citoproteqto-
ruli unari, anu unari daicvan ujredebi toqsikuri molekulebiT gamowveu-
li momakvdinebeli metaboluri Setevebisgan. dadgenilia rom gogris Teslis 
eqstraqti Trgunavs emameqtinis mier gamowveul letalur efeqtebs, rogori-
caa dnm-is daSla, oqsidaciuri stresi da sxva. igi aumjobesebs ciklofos-
famidiT gamowveul reproduqciul toqsikurobas mamr virTagvebSi, avlens  
hepatoproteqtorul aqtivobas virTagvebSi acetoaminofeniT gamowveuli RviZ-
lis dazianebis winaaRmdeg. gogris Teslis eqstraqti axdens Zlier toqsiku-
ri nivTierebis _ 1,2-dimeTilhidrazinis inhibirebas, rac mis efeqtur qimio-
proteqtorul Tvisebebze miuTiTebs. 

dadgenilia gogris Teslis damTrgunveli efeqti hepatoanTebaze, lipo-
toqsikurobaze da morecedive afTozur stomatitze. moqmedebis meqanizmis 
safuZvlad miiCneva misi antioqsidanturi aqtivoba. 

aseTi unikaluri da mravalmxrivi biologiuri zemoqmedebis gamo ada-
mianis organizmze. mizanSewonilad migvaCnia Sesabamisi biologiuri (winak-
linikuri) da klinikuri kvlevebis Semdeg, gogris Tesli farTod dainergos 
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sasursaTo teqnologiebSi, rogorc mravalmxrivi profilaqtikuri daniSnu-
lebis funqciuri ingredienti. 
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SUMMARY 

FUNCTIONAL PROPERTIES OF BIOLOGICALLY ACTIVE SUBSTANCES 

OF PUMPKIN SEEDS 

Tsagareishvili Kh.B., Jinjolia Sh.R. and Karchava M.C. 

Akaki Tsereteli State University 

Pumpkin seeds are rich in biologically active substances - they contain vitamins, tocopherols, carotenoids, 

provitamins, an optimal set of mineral substances (zinc, iron, calcium, copper, potassium - more than sodium), 

essential amino acids, unsaturated fatty acids, pigments, phytosterols, triterpenoids, squalene, pyrazine, phenolic 

compounds and their derivatives, flavonoids, coumarins. Pumpkin seeds are characterized by strong 

anthelmintic, antimicrobial, antifungal, antiviral, antioxidant, antidepressant, hypoglycemic, cytoprotective and 

other important hepatoprotective effects.  Due to such unique and versatile biological effects on the human body, 

pumpkin seeds, after relevant biological (preclinical) and clinical studies, can be widely introduced in food 

technology as a functional ingredient for versatile preventive purposes.  

Keywords: pumpkin seed, anthelmintic, antimicrobial, biologically active substances, functional properties. 
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afTiaqebisa da farmacetebis ganawilebis maCveneblebi saqarTvelosa da 

evropis qveynebSi 

 

cincaZe T.g., SaSiaSvili n.v., Ciqava m.l., gvelesiani i.o.,  
miSelaSvili x.T. 

 
saqarTvelos teqnikuri universiteti 

 
afTiaqebis arseboba saukuneebs iTvlis, samkurnalo saSualebebis mom-

zadebisa da gamoyenebis istoria uZvelesi droiT TariRdeba. misi sazoga-
doebrivi daniSnuleba yovelTvis iyo wamlis xelmisawvdomobis uzrunvel-
yofa. miuxedavad imisa, rom afTiaqis es ZiriTadi funqcia ucvleli rCeba, 
profesiis daniSnuleba gafarTovda axali samedicino da farmacevtuli cod-
niT da teqnologiuri winsvliT. gafarTovda samkurnalo saSualebebis gana-
wilebis tradiciuli roli, romelic moicavs wamlebis ganawilebis sistemis 
SemuSavebasa da marTvas, rac uzrunvelyofs farmacevtuli produqtis usafr-
Txoebasa da iuridiul da profesiul standartebTan Sesabamisobas. es stan-
dartebi avaldebulebs farmacevtebs SeinarCunon monacemTa Senaxvis, ganawi-
lebis, inventarizaciis kontrolis maRali xarisxi. farmacevti Tavis mxriv, 
pacientze orientirebuli profesionalia, romelic valdebulia Tavisi roli 
Seasrulos pacientis janmrTelobis dacvaSi. bolo wlebis ganmavlobaSi 
farmacevtTa roli metad ganviTarda da isini gvevlinebian rogorc samedi-
cino mrCevlebi _ konsultantebi. afTiaqebis da farmacevtebis raodenoba 
mosaxlebis raodenobasTan SefardebiT gansxvavebulia qveynebis mixedviT, 
Tumca, yvela qveynis jandacvis sistemis ZiriTadi amocanaa uzrunvelyos 
samkurnalo saSualebebze  xelmisawvdomoba. 

saqarTveloSi pirveli saxazino (sajaro) afTiaqi gaixsna TbilisSi, 
1806 wels. 1990 wlamde, saqarTveloSi arsebuli yvela saafTiaqo dawesebuleba 
saxelmwifos kuTvnilebaSi iyo, maTi momarageba xdeboda centralizebuli 
wesiT, fiqsirebuli iyo asortimenti da sarealizacio fasic, maTze zedamxed-
velobas da kontrols axorcielebda saxelmwifo ,,mTavari saafTiaqo sammar-
Tvelos“ saxiT. afTiaqebis privatizaciis procesi gasuli saukunis 90-ian 
wlebSi daiwyo, rasac mohyva kerZo afTiaqebis daarsebac.  dReis mdgomareo-
biT qveyanaSi arcerTi saxelmwifo afTiaqi ar funqcionirebs. 

farmacevtuli produqtiT sabiTumo da sacalo realizatorebis raode-
noba 2000 wlidan 2021 wlamde cvalebadi tendenciiT xasiaTdeboda, afTiaqe-
bis raodenobam maqsimums miaRwia 2010 wels, rac gamowveuli iyo ,,wamlisa da 
farmacevtuli saqmianobis Sesaxeb“ saqarTvelos kanonSi 2009 wels Setanili 
cvlilebiT [1]. cvlileba ukavSirdeboda afTiaqis funqcionirebis dawyebis 
proceduris gamartivebas. afTiaqebis umetesobas aRar Wirdeboda nebarTva 
saqmianobisTvis da isini farmacevtuli produqtis realizacias iwyebdnen 
Setyobinebis martivi formis warmodgenis Semdeg. rogorc reestrulad fiqsi-
rebuli dawesebulebebis gadamowmebam aCvena, maTi  umetesoba flobda saqmia-
nobis uflebas, Tumca faqtobrivad ar saqmianobdnen. sakanonmdeblo cvli-
lebis Sedegad, afTiaqebis reestridan amoRebuli iqna afTiaqebi, romlebic 
saqmianobas aRar axorcielebdnen, rac aisaxa kidec  2018  wels, dawesebule-
bebis raodenobis klebaze.  

qveyanaSi afTiaqebis saerTo (jamuri) raodenoba da raodenobis cvale-
badobis tendencia  2001 wlidan 2021 wlis CaTvliT gamosaxulia suraTi 1-ze. 



   saqarTvelos sainJinro siaxleni, GEORGIAN ENGINEERING NEWS, #2, 2022  

 

135 

 
sur.1.  afTiaqebis saerTo (jamuri) raodenoba  2001-2021 ww. 

     
farmacevtuli biznesi qveyanaSi erT-erTi msxvili kerZo damsaqmebelia. 

dReis mdgomareobiT, afTiaqebSi farmacevtul saqmianobaze pasuxismgebel pi-
rad dasaqmebulia umaRlesi farmacevtuli ganaTlebis mqone 3255 farmacevti, 
Tumca realurad, dawesebulebebSi, sxvadasxva poziciaze muSaobs gacilebiT 
meti farmacevtuli ganaTlebis mqone piri, Tumca maTi  aRricxva mareguli-
rebeli organos mier ar xorcieldeba. 

farmaciis bakalavri SesaZlebelia dasaqmebuli iyos _ avtorizebul 
afTiaqSi _ im Tanamdebobaze, romelic dakavSirebulia farmacevtuli pro-
duqtis realizaciasTan (garda speckontrols daqvemdebarebuli samkurnal-
wamlo formebisa), aseve,  afTiaqsa (specializebuli savaWro obieqti) da 
sacalo realizaciis savaWro obieqtSi _ yvela Tanamdebobaze. 

farmaciis magistris dasaqmeba kanonmdeblobiT gansazRvrulia avtori-
zebul afTiaqSi, afTiaqsa (specializebuli savaWro obieqti) da sacalo 
realizaciis savaWro obieqtSi _ yvela Tanamdebobaze. 

saqarTvelos moqmedi kanonmdeblobiT ar aris gansazRvruli farmacev-
tebis diplomis Semdgomi licenzireba, aseve,  maTi savaldebulo monawileo-
ba sxvadasxva tipis saganmanaTleblo programebSi, seminarebsa da tre-
ningebSi. aRniSnuli tipis swavleba xorcieldeba  mxolod farmacevtis pira-
di an damsaqmebeli kompaniis gadawyvetilebiT.  

saqarTveloSi moqmedi kanonmdebloba ar awesebs afTiaqebis zRvrul 
raodenobas demografiuli an geografiuli principis gaTvaliswinebiT. dReis 
mdgomareobiT,  saqarTveloSi 1 afTiaqi saSualod,  1225 mosaxles emsaxureba. 
am monacemidan maqsimaluri gadaxra fiqsirdeba qalaq TbilisSi da Sida 
qarTlis regionSi, kerZod, saqarTvelos dedaqalaqSi -_ TbilisSi, romelic 
sxva qalaqebTan da teritoriul erTeulebTan SedarebiT,  mosaxleobis 
maqsimaluri  simWidroviT xasiaTdeba, 833 mosaxleze 1 afTiaqi fiqsirdeba, 
xolo Sida qarTlis regionSi 5882 mosaxles 1 afTiaqi emsaxureba.  

cxr. 1-Si warmodgenilia monacemebi saqarTvelos teritoriuli erTeu-
lebis mixedviT mosaxleobisa da afTiaqebis ricxovnobasTan dakavSirebiT. 

evropis qveynebidan, 80 milionze meti mcxovrebiT, germaniaSi daax-
loebiT 2 000 afTiaqia, rac imas niSnavs, rom  22 afTiaqi emsaxureba 100 000 
mosaxles. bolo wlebis ganmavlobaSi, aq afTiaqebis saerTo raodenoba odnav 
Semcirda. arsebuli monacemebiT germania Sualedur adgils iWers evropuli 
qveynebis mixedviT afTiaqebis simWidrovis statistikis nawilSi, zogi qveyana 
afTiaqebis ufro maRali simWidroviT xasiaTdeba, zogi ki-piriqiT, rac SesaZ-
loa damokidebuli iyos geografiul, istoriul, ekonomikur da mareguli-
rebel faqtorebze. 
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cxrili 1. saqarTvelos teritoriuli erTeulebis mixedviT mosaxleobisa da 
afTiaqebis raodenoba 
 

regioni 
mosaxleobis 

ricxovnoba regionebis 
mixedviT 

licenzia/nebarTva/Setyobineba 
regionebis mixedviT 

Tbilisi 1108000 1330 

aWara 346300 331 

guria 110500 69 
kaxeTi 314700 266 
imereTi 497400 368 

mcxeTa-mTianeTi 93900 50 

samegrelo 310000 214 
raWa-leCxumi 30200 29 

qvemo qarTli 432300 235 

mestia 9500 5 
samcxe-javaxeTi 155900 79 
Sida qarTli 300000 51 

saerTo 3708700 3288 
 
 

zogjer sruliad bunebrivad arsebobs kiTxva ratom aris germaniaSi 
afTiaqebis simravle evropis sxva qveynebTan SedarebiT. upirvelesad, unda 
aRiniSnos, rom masze gavlena moaxdina 1958 wels germaniis sakonstitucio 
sasamarTlos gadawyvetilebam, romlis Tanaxmad, farmacevtebs SeuZliaT 
gaxsnan afTiaqi germaniaSi nebismier teritoriaze Tu is akmayofilebs 
sakanonmdeblo moTxovnebs. 

riogorc zemoT  aRvniSneT, germaniaSi 100 000 mosaxleze saSualod 22 
afTiaqia, magram maTi ricxvi, saqarTvelos msgavsad, meryeobs regionebs 
Soris. afTiaqebis simWirdoveze gavlenas axdens mosaxleoba, urbanuli 
simWirdrove, qalaqebisa da administraciuli erTeulebis struqtura [3]. 
monacemebi moyvanilia suraTi 2-ze. 

 

 
  
 

sur 2. afTiaqebis raodenoba germaniaSi 100 000 mosaxleze 
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germania amayobs, rom sTavazobs samkurnalo saSualebebis  miwodebis  
saimedo da usafrTxo sistemas Tavis moqalaqeebs nebismier dros da qveynis 
TiToeul kuTxeSi. aqedan gamomdinare, arcerTi pacienti, romelic saWiroebs 
farmacevtul  daxmarebas, ar fiqrobs  rom qveyanaSi  normaze meti afTiaqia.  

rTulia sxvadasxva qveynis jandacvis sistemebis erTmaneTTan Sedareba, 
radgan TiToeuli sazogadoeba gansazRvravs sakuTar standarts jandacvis 
erovnuli sistemisTvis, romlis ganuyofeli nawilicaa afTiaqebi. sxvadasxva 
qveyanas gansxvavebuli regulaciebi gaaCnia afTiaqebis demografiuli da 
geografiuli principiT ganawilebis sakiTxebze, evrokavSiris wevr 27 qveya-
naSi saSualod 32 afTiaqia 100 000 mosaxleze [4,5-6]. monacemebi moyvanilia 
cxr. 2-Si. 

 
      cxrili 2. afTiaqebis raodenoba evrokavSiris qveynebSi  afTiaqebis 
      raodenoba 
 

100 000 mosaxleze saTemo afTiaqebis 
raodenoba 

 

saberZneTi 97 10346 
kviprosi 63 563 
lietuva 47 1317 
espaneTi 47 22137 
malta 46 210 

bulgareTi 45 3143 

latvia 43 829 
belgia 41 4747 

rumineTi 40 7697 
irlandai 38 1911 
estoneTi 36 475 
poloneTi 35 13395 
italia 33 19669 

evrokavSiri 32 142000 

safrangeTi 32 20534 
slovakeTi 31 1706 
portugalia 28 2920 
xorvatia 27 1096 
ungreTi 24 2297 
CexeTi 22 2369 
germania 22 18461 
slovenia 16 347 
avstria 16 1404 

luqsemburgi 16 98 
fineTi 15 819 
SvedeTi 14 1411 

niderlandebi 11 1996 
dania 9 512 

 
 

praqtikosi farmacevtebi mosaxleobas sasicocxlod aucilebel momsa-
xurebas uweven. es gansakuTrebiT gamokveTili gaxda COVID-is pandemiis 
dros. miuxedavad imisa, rom bevri yoveldRiuri servisi iyo SezRuduli, 
farmacevtebi bevrad rTul pirobebSi, SeuCereblad ganagrZobdnen paciente-
bis momsaxurebas _ saWiro medikamentebis SerCevas, gacemas, rCevebis miwo-
debas wamlis swori gamoyenebisa da SesaZlo gverdiTi efeqtebis Sesaxeb [7-9]. 
evrokavSiris (EU) masStabiT, farmacevtebis raodenoba mosaxleobis ricxvTan 
TanafardobiT mniSvnelovnad gansxvavdeba. evrokavSiris wevri qveynebidan 
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yvelaze meti raodenobiT farmacevtebi fiqsirdeba maltaSi (100 000 mosaxle-
ze 129 praqtikosi farmacevti), belgiaSi (125), espaneTsa da italiaSi (119 
oriveSi). wevri saxelmwifoebis umravlesobaSi 50_110 farmacevtia 100 000 mo-
saxleze, farmacevtebis raodenoba mniSvnelovnad dabalia niderlandebSi (21 
farmacevti 100 000 mosaxleze) [10]. monacemebi qveynebis mixedviT moyvanilia 
suraTi 3-ze. 

 

ფარმაცევტების რაოდენობა 100 000 
მოსახლეზე ევროპის ქვეყნებში
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sur. 3. farmacevtebis raodenoba evropis qveynebSi 

 
TiToeuli sazogadoeba gansazRvravs sakuTar standarts jandacvis 

erovnuli sistemisTvis, romlis ganuyofeli nawilicaa afTiaqebi. afTiaqebis 
simWirdoveze gavlenas axdens mosaxleoba, urbanuli simWidrove, qalaqebisa 
da administraciuli erTeulebis struqtura.  

praqtikosi farmacevtebi mosaxleobas sasicocxlod aucilebel momsa-
xurebas uweven. es gansakuTrebiT gamokveTili gaxda  COVID-is pandemiis 
dros. miuxedavad imisa, rom bevri yoveldRiuri servisi iyo SezRuduli, 
farmacevtebi bevrad rTul pirobebSi, SeuCereblad ganagrZobdnen paciente-
bis momsaxurebas _ saWiro medikamentebis SerCevas,  gacemas, rCevebis miwo-
debs wamlis swori gamoyenebisa da SesaZlo gverdiTi efeqtebis Sesaxeb.  
evrokavSiris (EU) masStabiT, farmacevtebis raodenoba mosaxleobis ricxvTan 
TanafardobiT mniSvnelovnad gansxvavdeba, rac damokidebulia farmacevtuli 
seqtoriis mareglamentirebel moTxovnebze.  
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SUMMARY 

INDICATORS OF DISTRIBUTION OF PHARMACIES AND PHARMACIES 

IN GEORGIA AND EUROPEAN COUNTRIES 

Tsintsadze T.G., Shashiashvili N.V., Chiqava M.L., Gvelesiani I.O. and Mishelashvili Kh.T. 

Georgian Technical University 

Georgia's first state-owned (public) pharmacy opened in Tbilisi in 1806. Until 1990, all pharmacies in Georgia 

were state-owned, with a centralized supply, a defined assortment of medicines and a fixed selling price. They 

were regulated and managed by the state through the Main Pharmacy Division. The privatization of pharmacies 

began in the 1990s, followed by the development of private pharmacies.  The number of pharmaceutical 

wholesale and retail distributors between 2000 and 2021 varied. The number of pharmacies peaked in 2010 as a 

result of a 2009 amendment to the Law of Georgia on Medicines and Pharmaceutical Activities. The 

modification simplified the procedure for starting a pharmacy. It meant most pharmacies no longer needed a 

license to operate and could begin selling pharmaceutical products after completing and filing a simple 

application form. As a consequence of the legislative change, pharmacies that were no longer in business were 

removed from the register of pharmacies, resulting in a decrease in the number of establishments by 2018. 

Pharmacists are defined as those who have a bachelor’s degree in pharmacy. They can be employed in an 

authorized pharmacy in a position related to the sale of pharmaceutical products (except for medications subject 

to special control) and in any position in a pharmacy (specialized trade unit) and retail trade unit.People with a 

master’s degree in pharmacy can by law be employed in all positions in an authorized pharmacy, pharmacy 

(specialized trade unit) and retail trade unit. Current legislation in Georgia does not require pharmacists to 

procure a postgraduate license, nor does it mandate their participation in a range of educational programmes, 

seminars and training. Training is taken only through a pharmacist’s personal decision or at the behest of the 

employer. Some companies provide training for employed pharmacists on use of medicines, how to prescribe 

them and how to communicate in general in terms with customers. The training content, however, is not 

approved by the regulatory/controlling authorities and is not specified in legislation.Currently, 3255 pharmacists 

with higher pharmaceutical education are engaged in working in pharmaceutical activities in pharmacies in 

Georgia.  Pharmacists provide an essential service to the population. This is in particular evident now during the 

COVID pandemic. Even while many everyday services were locked down or restricted, they continued 

providing services to patients. They continued compounding, dispensing and selling medicinal products that 

patients need and provided advice on their proper use and possible adverse effects. Across the European Union 

(EU), the number of pharmacists , as a pharmacies per inhabitant varies widely.  It is difficult to compare 

different health systems with each other as each society defines its own standard for the national health system, 

of which pharmacies are an integral and indispensible part. The pharmacy density can vary based on the 

population, urban density and structure of cities and administrative districts.  

Keywords: pharmacy, medication. 
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givi sibaSvili _ naxevari saukune teqnikuri universitetis samsaxurSi 

 

arsebobis asi wlis manZilze saqarTve-
los teqnikur universitets  mravali saxelo-
vani profesor-maswavlebeli hyavda. bevrma 
maTganma mniSvnelovani kvali datova ara 
marto  teqnikuri universitetis, aramed qvey-
nis sainJinro ganaTlebis istoriaSi. 

maT Soris  gansakuTrebuli  adgili 
ekuTvnis universitetis sapatento-salicenzio  
saqmianobis erT erT fuZemdebels, Rirsebis 
ordenosans, profesor  baton givi sibaSvils. 

batoni givi ukve 50 welia didi siyva-
ruliT da TavdadebiT  emsaxureba Cveni uni-

versitetis mecnierTa  inovaciuri,  teqnikuri ideebis gamovlenis da inteleq-
tualuri dacvis saqmes. 

rodesac saqarTvelos politeqnikuri instituris reqtoratma mas 
axalgazrda mecnier-muSaks, mecnierebaTa kandidats SesTavaza saTaveSi 
Cadgomoda axal Seqmnil sapatento samsaxurs,  batonma givim gadawyvita  sa-
fuZvlianad daufleboda misTvis axal mimarTulebas da  sapatento-sali-
cenzio  saqmis Seswavla gadawyvita maSin faqtiurad erTaderT specialur  
saswavlebelSi.  igi Cairicxa q.moskovis kvalifikaciis asamaRlebel umaRles 
kursebze. ramdenime Tviani  mivlinebis Semdeg g.sibaSvili patentmcodnis dip-
lomiT dabrunda  politeqnikur institutSi. 1972 wlis Semdeg man Tavisi 
cxovreba daukavSira Cveni qveynis sainJinro ganaTlebis flagmans da rogorc  
TviTon xSirad ambobs „gepei misi meore saxlia“.  amave dros igi wlebis gan-
mavlobaSi eweoda pedagogiur saqmianobas institutis geologiur fakultetze. 

ormocdaaTi welia batoni givi  didi warmatebiT  uZRveba  universi-
tetis sapatento-salicenzio samsaxurs.    

batoni givis saqmianobis dasaxasiaTeblad movitanT  mxolod ramdenime 
faqts:  

• yovelwliurad politeqnikuri institutis TanamSromlebze gaicemoda 
200-ze meti  saavtoro  mowmoba gamogonebaze; 

• politeqnikuri institutis gamogonebebi dapatentebuli iqna did 
britaneTSi, iaponiaSi, germaniaSi, safrangeTSi, aSS-Si, safrangeTSi da 
SveicariaSi; 

• sazRvargareT gayiduli iyo milion dolarze meti Rirebulebis Svidi 
licenzia; 

• 1974 wels politeqnikur institutis yvela fakultetze SemoRebuli 
iqna patentmcodneobis saswavlo kursi; 

metad sasixaruloa, rom batoni givi dRemde Cveuli energiiT da Semar-
TebiT emsaxureba Cveni universitetis metad saWiro da aucilebel  mimar-
Tulebas.  

guliTadad vulocavT Rvawlmosil pedagogs, profesor baton givi 
sibaSvils universitetSi SromiTi saqmianobis naxevarsaukunovan iubiles! 

vusurvebT janmrTelobasa da warmatebebs! 
                                                               

saqarTvelos teqnikuri universiteti 
avtomatizaciis samecniero-teqnikuri centri 

Jurnali „saqarTvelos sainJinro siaxlenis“ redaqcia 
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Tengiz wivwivaZis gaxseneba 

 
 

 
Tengiz wivwivaZe daibada 1940 wlis 10 maiss 

Terjolis raionis. sofeli kvaxWirSi 
daamTavra saqarTvelos politeqnikuri insti-

tutis qimiuri da kvebis teqnologiis fakulteti 
keramikisa da cecxlgamZle masalebis qimiuri teqno-
logiis specialobiT 1969 wels. 

1969_1970 ww. iyo saqarTvelos politeqnikuri 
institutis zogadi da araorganuli qimiis kaTedris 
asistenti; 1970-1975 ww. amave institutis aspiranti; 
1975_1980 ww. institutis zogadi da araorganuli 
qimiis kaTedris asistenti, 1981_1992 ww. amave kaTedris 
docenti, 1992 wlidan profesori; paralelurad, 
1992_1993 ww. iyo saqarTvelos daviT aRmaSeneblis 

saxelobis universitetis reqtori; 2005 wlidan xelmZRvanelobda biolo-
giurad aqtiur nivTierebaTa kvlevis centrs; kiTxulobda zogadi da arao-
rganuli qimiis leqciaTa kurss qimiuri da agroteqnologiuri specialobis 
bakalavriatis studentebis, magistrantebisa da doqtorantebisTvis. gamoq-
veynebuli aqvs 250-ze meti samecniero naSromi, maT Soris, 5 monografia da 12 
saxelmZRvanelo, miRebuli aqvs 4 patenti. batoni Tengizis kvlevis sferos 
warmoadgenda bunebrivi da sinTezuri biologiurad aqtiuri nivTierebebis 
miReba, fizikur-qimiuri da biologiuri Tvisebebis Seswavla da miRebuli 
Sedegebis praqtikuli gamoyeneba. 

batoni Tengizi iyo niu-iorkis (aSS) mecnierebaTa akademiis wevri,  
saqarTvelos sainJinro mecnierebaTa akademiis akademikosi. dajildovebuli 
iyo Rirsebis ordeniTa da medliT. 

Tengiz wivwivaZe axalgazrda Taobis SesaniSnavi aRmzrdeli da gulis-
xmieri pedagogi iyo, misi xsovna samudamod darCeba megobrebis, kolegebisa 
da aRzrdilebis gulSi. 
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