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2022 wlis 25 aprils dabadebidan 90 weli Seusruldeboda Jurnal 
Georgian Engineering News-is damaarsebelsa da mTavar redaqtors, saqarT-
velos da saerTaSoriso sainJinro akademiebis akademikoss, ssrk sa-
xelmwifo premiis laureats, teqnikis mecnierebaTa doqtors, 
profesor vladimer doliZes  

 
 

v. doliZe erT-erTi pioneria ssrk-Si pH- da ionometriis Camoyalibebis 
da ganviTarebis saqmeSi.  

v. doliZis mier Sesrulebuli iqna fundamenturi samuSaoebi anali-
zuri teqnikis saSualebebis _ pirveladi gardamqmnelebisa da xelsawyoebis 
SemuSavebisaTvis. miRebuli iqna eleqtroduli Tvisebebis mqone sxvadasxva 
masalebi; ganviTarebuli iqna ionseleqtiuri eleqtrodebis ionmimocvliTi 
Teoria eqstremalur pirobebSi; damuSavda asimetriuli potencialis warmoq-
mnis meqanizmTan dakavSirebuli sakiTxebi; SemuSavda eleqtroduli siste-
mebis maxasiaTeblebis metrologiis, saimedoobis da normirebis sakiTxebi.  

v. doliZis mier miRebuli Sedegebi farTod aris gamoyenebuli eleqt-
rodebis, gadamwodebis, pH-metrebis, ionometrebis Sesabamis samecniero-teqni-
kur dokumentaciebSi. mis mier Sesrulebuli samuSaoebiT SesaZlebeli gaxda 
pH- da ionometriis saSualebebis farTomasStabiani warmoebis ganxorcieleba 
q. gomelis sazomi xelsawyoebis qarxanaSi da Tbilisis ssg analizxelsawyos 
qarxanaSi. maTi masiuri danergviT miRweuli iqna mniSvnelovani ekonomiuri 
efeqti. es saSualebebi farTod gamoiyeneba mrewvelobis da soflis meurneo-
bis sxvadaxva dargebSi, medicinaSi, ekologiaSi, Tanamedrove energetikaSi da 
sxv. 

minis eleqtrodis da masalebis eleqtroduli Tvisebebis Teoriis 
samuSaoebis ciklisaTvis v. doliZes mieniWa ssrk saxelmwifo premia mecnie-
rebis da teqnikis dargSi.   

v. doliZe dajildovebuli iyo `sapatio niSnisa~ da `Rirsebis 
ordeniT~ da sxva saxelmwifo jildoebiT. misi samecniero xelmZRvanelobiT 
da konsultaciiT Sesrulebulia sadoqtoro da sakandidato disertaciebi.  

v. doliZe qarTuli sainJinro mecnierebis WeSmaritad gamorCeuli 
warmomadgeneli gaxldaT. man Tavisi maRali moqalaqeobrivi RirsebiT farTo 
sazogadoebis pativiscema da siyvaruli daimsaxura. mis saxels da naRvaws ar 
daiviwyebs madlieri STamomavloba. 
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2022 wlis 12 ivniss dabadebidan 80  weli Seusruldeboda saqarTvelos 
sainJinro akademiis erT-erTi damfuZnebelsa da akademiis akademikos-
mdivans, saerTaSoriso sainJinro akademiisa da informatizaciis saer-
TaSoriso akademiis namdvili wevrs, ruseTis sabunebismetyvelo akadem-
iis namdvili wevrs, ssr kavSiris saxelmwifo premiis laureats, saqar-
Tvelos teqnikuri universitetis reqtoris mrCevels, Teologiis 
saswavlo-samecniero centris xelmZRvanelis moadgiles, profesors 
ivane (vano) gorgiZes.   
 
 

batoni vano gorgiZe aqtiuri sistemebis marTvis Teoriis erT-erTi 
damfuZnebeli iyo. misi samecniero Sromebi exeba mecnierebisa da teqnikis 
istorias, marTvis problemebs, marTvis sistemebs, organizaciuli sistemebis 
ageba-marTvas; avtoria mravali samecniero publikaciisa.  

60-iani wlebis bolos marTvis mecnierebis winaSe dadga yvelaze rTu-
li amocana _ adamianis, adamianTa jgufis, koleqtivis, sazogadoebis marTvis 
amocana. am periodSi Camoyalibda „aqtiuri elementis cneba anu marTvis 
obieqti, romelic flobs aqtiurobis Tvi¬sebas. gamoikveTa aqtiuri sisteme-
bis Teoriis qarTuli skolis konturebi, romlis udavo lideri gaxda          
i. gorgiZe. batoni vano gorgiZe aqtiuri sistemebis mar¬Tvis Teoriis erT-
erTi dam¬fuZnebeli iyo. misi samecniero Sromebi exeba mecnierebisa da 
teqnikis istorias, marTvis problemebs, marTvis sistemebs, organizaciuli 
sistemebis ageba-marTvas; avtoria mravali samecniero publikaciisa. aRsaniS-
navia isic, rom misi TaosnobiT saqarTvelos teqnikurma universitetma 
araerTi mniSvnelovani samecniero-teqnikuri da maRal poligrafiul doneze 
Sesrulebuli wigni gamosca. 

igi dajildoebuli iyo „Rirsebis ordeniT“, sapatriarqos sigeliT, 
saerTaSoriso sainJinro akademiis diplomiT da sxva maRali jildoTi. ga-
moqveynebuli aqvs mravali samecniero naSromi, maT Soris 10-ze meti monogra-
fia.  iyo mravali samecniero Jurnalis saredaqcio kolegiis wevri. 
          batoni vano uaRresad kacTmoyvare, mzrunveli da sikeTis mTesveli 
adamiani gaxldaT. is marad axalgazrda da uSreti ideebis matarebeli iyo 
da aseTad icocxlebs is Cvens mexsierebasa da cnobierebaSi, aseTad darCeba 
mravali adamianis warmosaxvaSi. 

ufalma, daawesos misi suli marTalTa sayofelSi, amin! 
 
 



   saqarTvelos sainJinro siaxleni, GEORGIAN ENGINEERING NEWS, #1, 2022  

 

7 

sarCevi 

 
 
vladimer doliZe – 90          3 
 
ivane gorgiZe – 80         5 

 
arawrfivi meqanikuri sistemebis ganivi da grZivi rxevebis analizi 

gavaSeli l.S., gavaSeli a.l.         11 
 

IoT sistemebi da avtomatizaciis meqanizmebi 
joxaZe p.d., tabataZe p.s.          19 

 
sistemuri usafrTxoeba da Tanamedrove fermis marTvis sistemebi 

joxaZe p.d., tabataZe p.s.          22 

 
mravalkriteriuli optimizaciis amocanis gadawyveta relaciur 

monacemTa bazebis marTvis sistemebis SerCevis mizniT 

margvelaSvili a.g.          25 

organizaciis biznes-procesebis avtomatizireba ERP sistemiT,  
ERP sistemis danergvis sargebeli da problematika 

kotrikaZe q.o., xuWua T.m.         33 
 
cifruli kavSiris universaluri momsaxurebis Semadgenelis gansazRvra 

merabiSvili m.g.           36 
 
radio qselebis xarisxis Sedarebis „ETSI 103 559~-s Tanamedrove  

standartis mimoxilva 

tyeSelaSvili o.m.          40 
 
umaRles saganmanaTleblo dawesebulebaSi  mimdinare sainovacio  

saqmianobis Sedegebis transferisa da komercializaciis ZiriTadi  

Taviseburebebis SedarebiTi analizi 

xuciSvili s.a., gasitaSvili z.a., gorgiZe d.a., xarTiSvili m.p.   44 
 
Tanamedrove teqnologiebis gamoyeneba ganaTlebis sferoSi 

namCevaZe c.v., biwaZe e.i.          48 
 

evropuli ofcionis modelireba rTuli procentiT 

maxaSvili q.a., tyemalaZe g.S., xeCinaSvili z.j., doWviri b.m.    51 
 
mikrostruqturis gavlena lokalur deformaciasa da daRlilobiTi  

mikrobzaris warmoqmnaze 

eTeraSvili T.v.           57 
 
gabneuli velis struqtura xuT-portiani talRgamtaruli  
Sesaxsrebis/ganmStoeblis/ mTels fizikur areSi sistemis  
kombinirebul reJimSi kvebisas 

Sengelia m.a., xoWolava d.z., beriZe m.g., qevxiSvili m.g.    65 
 
cocxali organizmebis mier xelovnurad Seqmnili akustikuri  
diapazonis eleqtromagnituri velis zemoqmedebis aRqmis meqanizmi 

Sengelia m.a., beriZe m.g., xoWolava d.z., qevxiSvili m.g.    68 



   saqarTvelos sainJinro siaxleni, GEORGIAN ENGINEERING NEWS, #1, 2022  

 

8 

homo sapiensidan robo sapiensisken 

namiCeiSvili o.m., gogiaSvili J.g., ramazaSvili m.T.    70 
 

radiaciis gavlenis Seswavla CMS-is winaRobur Srian deteqtorebze 

ekologiuri gazis nazavis gamoyenebiT 

lomiZe i.j.            74 
 
radioaqtiuri narCenebis marTvis axali sawarmoebis narCenebis  
miRebis zogadi kriteriumebi 

giorgaZe i.s.          80 
 
Ria nagavsayreli teritoriebis revitalizacia. procesi da Sedegi 

RomiZe m.z.            85 
 
Ria ukontrolo nagavsayelebis zemoqmedeba garemoze  

(q. baTumis magaliTze) 

RomiZe m.z.            89 

 
qalaq rusTavisa da misi mimdebare regionebis mosaxleobis  sasmeli 
wyalmomaragebis sistemis ekoqimiuri da  mikrobiologiuri   
analizis Sedegebi   

nikuraZe T.r.,  gverdwiTeli l.v., surmava a.a., erisTavi d.v.    92 
 
mdinare xramis wyalsa da fskerul danaleqebSi mZime metalebis 

ganawilebis ricxviTi modeli 

nikuraZe T.r.,  gverdwiTeli l.v., surmava a.a.     100 
 

Ca2+
  ionis gavlenis kvleva  bunebrivi wylis  Z -potencialsa   

da eleqtrogamtarobaze  

bibileiSvili g.v., mamulaSvili m.a., buTxuzi T.g., kakabaZe e.g.   107 
 
sasmel wyalSi usiamovno sunis gaCenis problema da  

misi aRmofxvris meTodebi 

soselia m.T.           109 
 
sasmeli wylis usiamovno sunis mocilebis teqnologia 

askanas Tixis gamoyenebiT 

bagration-daviTaSvili a.n., soselia m.T.       113 
           
nabeRlavis sabados mineralur wylebSi arsebuli gazebis  

kvlevis Sedegebi 

maRlakeliZe a.v.           116 
 
dmanisis mineraluri wyaros wylis qimiuri kvleva 

omiaZe x.j.            123 
 

polimeruli kompoziciis gaxsnis procesis xarisxobrivi  

maCveneblis kvleva da Sedegebis maTematikuri modelireba 

bibileiSvili g.v., ebanoiZe l.o., yufaraZe l.p., javaSvili z.d.   126 
 

membranis sruqturis warmomqmneli polimeruli danamatis  

gavlenis kvleva forianobis raodenobriv maxasiaTeblebze 
bibileiSvili g.v., gogesaSvili n.n., keJeraSvili m.g., kakabaZe e.g.   130 
 

 

 



   saqarTvelos sainJinro siaxleni, GEORGIAN ENGINEERING NEWS, #1, 2022  

 

9 

mikrofiltraciuli procesis kvleva membranis zedapirze  

danaleqis warmoqmnis pirobebSi 

bibileiSvili g.v, keJeraSvili m.g., gogesaSvili n.n., javaSvili z.d.  132 
 

rZis qarxanaSi arsebuli avtomaturi sistemis  

mTavari elementebi 

menabde T.r., oTxozoria n.k.         135 
 

fiziologiurad Rirebuli simindis zeTis misaRebad  

Canasaxis gadamuSavebis kompleqsuri teqnologiis ganxilva 

afaqiZe a.r., siraZe m.g., berZeniSvili i.g.       139 
 

saqarTvelos energo seqtorSi arsebuli eleqtro  

mowyobilobebis dieleqtrikul zeTebSi poliqlorirebuli  

bifenilebis Semcvelobis dadgena 

TandilaSvili g.l., legaSvili i.T., geliaSvili z.e., axobaZe s.r.   142 
 
vanadium (V)-is kompleqswarmoqmnis Seswavla Sereul ligandian  
sistemebSi mesame komponentis Tanaobisas 

wignaZe-fanCviZe c.S.          146 
 

RvinoebSi zogierTi fiziologiurad aqtiuri nivTierebebis  
kvleva, qromatografiis meTodis gamoyenebiT 

SaTiriSvili S.i., kilaZe m.T., SaTiriSvili i.S.      149 
 
fungicidebis gavlena Rvinis organuli mJavebis Semcvelobaze 

qvarcxava g.r, aleqsiZe g.n, kalandia a., xositaSvili m.l.,  
ormocaZe m.l., buiSvili g.T.         152 
 
fungicidebis gavlena Rvinis fenolmJavebze 

aleqsiZe g.n.           158 
 

ПОКРЫТОСЕМЕННЫЕ КАК ПАТОГЕНЫ РАСТЕНИЙ 

Канчавели Ш.С., Павлиашвили К.М., Чачхиани-Анасашвили Н.Р.    164 

 
ЭПИФИТОТИОЛОГИЯ ФИТОПАТОГЕННЫХ БАКТЕРИЙ И ИХ   

ПАРАЗИТИЧЕСКАЯ СПЕЦИАЛИЗАЦИЯ 

Канчавели Ш.С., Павлиашвили К.М.        167 

 
tuCis balzamis (sacxis) recepturis SemuSaveba saferavis jiSis 

yurZnis wipwis gamoyenebiT   

devdariani n.g., wereTeli T.m.         170       
 
paliastomis tbis talaxidan biologiurad aqtiuri nivTierebebis 

gamoyofa da maTi samkurnalo-kosmetikuri mizniT  

gamoyenebis SesaZlebloba 

kargareTeli g.T.          173 
 

vanis qedis bentonituri feradi Tixebis fizikur-qimiuri Tvisebebis 

Seswavla da maTi gamoyeneba  medicinasa da kosmetikaSi 

jologua m.a.          176 
 
 
 
 
 



   saqarTvelos sainJinro siaxleni, GEORGIAN ENGINEERING NEWS, #1, 2022  

 

10 

 



   saqarTvelos sainJinro siaxleni, GEORGIAN ENGINEERING NEWS, #1, 2022  

 

11 

arawrfivi meqanikuri sistemebis ganivi da grZivi rxevebis analizi 

 

gavaSeli l.S., gavaSeli a.l. 
 

saqarTvelos teqnikuri universiteti 
dreqselis universiteti filadelfia, aSS 

 

1. rogorc cnobilia, ganviTაrebuli qveynebis mosaxleobis is nawili, 
romelTac yoveldRiurad uxdebaT sxvadasxva saxis Tanamedrove  sawarmoebSi 

muSaoba, mgzavroba da sxva სaxis saqmianoba, ZiriTadad ganicdian rogorc 
ganivi, aseve grZivi rxevebis zemoqmedebas. aRniSnuli rxevebis da `manve~ vib-
raciebis xangrZlivi zeganvlenis Sedegad sakmaod farTod gavrcelda iseTi 
profesiuli daavadebebi, rogoricaa vibrodaavadeba, fsiqikuri aSliloba da 
gulsisxlZarRvTa daavadebebi. aqedan gamomdinare, mniSnelovania zemoT Ca-
moTvlili sistemebis, rogorc arawrfivi meqanikuri sistemebis ganivi da 
grZivi rxevebis maTematikuri analizi da maTSi adamianis organizmis monace-

mebis, rogorc meqanikuri modeliს gaTvaliswinebა,  ხოლო radganac adamianis 
organizmze ZiriTadad mavned moqmedebs dabali sixSiris vibraciebi (1_30 hc), 
amitom Tu sistemaSi adamianis CarTva moxdeba rogorc blant _ drekadi 
dempferi, meqanikuri impedansis moduli da argumenti Sefasebuli unda iqnes 

dabal sixSireebze, rac saSualebas mogvcems daვაdginოთ vibraciebis is Ziri-
Tadi normebi, romlebic gaaumjobeseben operatorebis muSaobis pirobebs da 
Tavidan agvacileben zemoT aRniSnul mavne movlenebis ganviTarebas [1]. 

arawrfivi meqanikuri sistemebis moZraobis gantolebebi ganivi da grZi-
vi mimarTulebebiT adamianis, rogorc meqanikuri modelis da Cvens mier eqspe-
rimentulad damuSavebuli drekad-madempfirebeli elementebis maxasiaTeb-
lebis gaTvaliswinebiT, miiRebs saxes 
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sadac )sin(  t aris poliharmoniuli funqcia;  _ SemaSfoTebeli Zalis six-

Sire; t _ dinamikuri reJimis dro;  _ ganivi mimarTulebiT iZulebiTi rxe-
vebis gadaadgilebis faza. 

gamosaxuleba        1212122 sgn1 xxxxxxk   d  aRwers drekad-madem-

pfirebeli elementebis histerezisul maxasiaTebels dinamikur reJimSi; sadac 
k2 - histerezisuli maryuJis saSualo sixistea damyarebul dinamikur reJimSi; 

λ _ mavne energiebis STanTqmis maCvenebeli dinamikur reJimSi, 1 ; x2, x1 _ 

gadaadgilebis ganzogadebuli koordinatebiT; 12 , xx  _ vibrosiCqareebis gan-

zogadebuli koordinatebi; m1 _ sistemis mTliani masa; k1 - sistemis saSualo 

sixiste dinamikur reJimSi;  _ blanti xaxunis koeficienti; cosvtP - SemaS-

foTebeli Zalis vertikaluri Semadgeneli;  vtP _ SemafoTebeli Zalis ampli-

tuda;  _ SemaSfoTebeli Zalis vertikaluri RerZidan gadaxris kuTxe; 
tcos _ SemaSfoTebeli Zalis harmoniulobis gamsazRvreli; m2 _ vibrodamca-
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vi saSualebis da adamianis jamuri masa; 12 , xx  _ vibroaCqarebebis ganzoga-

debeli koordinatebi; 
gamosaxuleba 

  yHykkyyR  sgn, 21 




 




  

aRwers adamianis da vibrodamcavi saSualebis drekad-madempfirebel ma-

xasiaTebels horizontaluri mimarTulebiT; sadac 


1k _ maTi saSualo sixis-

tea dinamikur reJimSi; 


2k _ mTliani sistemis jamuri sixiste horizontaluri 

gadaadgilebisas; H _ adamianis da damcavi saSualebis mSrali xaxunis 
koeficienti horizontaluri reJimSi; y _ gadaadgilebis ganzogadebuli 

koordinati horizontaluri mimarTulebiT; y _ vibrosiCqaris ganzogadebuli 

koordinati; y _ Sesabamisad vibroaCqarebis ganzogadebuli koordinati; m _ 

mTliani sistemis masa; sinhtP _ SemaSfoTebeli Zalis horizontaluri Semad-

geneli; htP - misi amplituda;  _ horizontaluri RerZidan gadaxris kuTxe. 

vertikalur reJimSi (1) sistemis Sesabamis erTgvarovan gantolebebs 
eqnebaT saxe 
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rodesac ( 12 xx   ) da  d12 xx    _ orive metia nulze gveqneba datvirTvis 

mrudi, xolo rodesac  ( 12 xx   ) da  d12 xx    _ orive naklebia nulze gveqneba 

gantvirTvis mrudi. Sesabamisad maxasiaTebeli gantolebebi miiRebs saxes 
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(3) 

 
ganxiluli sistemis moZraobis mdgradi da aramdgradi reJimebi gani-

sazRvreba maxasiaTebeli sistemis fesvebis mniSvnelobebiT, kerZod, Tu maxa-
siaTebeli gantolebis yvela fesvs aqvs uaryofiTi namdvili nawili, maSin 
Tavisufali rxevebis amplitudebi droTa ganmavlobaSi ganicdian CaxSobas 
da mTlianad sistema imoZravebs mdgrad reJimSi. imisaTvis, rom meoTxe xaris-
xis gantolebis yvela fesvs hqondes uaryofiTi namdvili nawili, aucile-
belia misi yvela koeficienti iyos dadebiTi da daculi iqnes utoloba 

  ,04
2
1

2
30213  aaaaaaa  

sadac 43210 ,,,, aaaaa  aris maxasiaTebeli gantolebis koeficientebi. 
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Cvens SemTxvevaSi, radgan 1 , amitom (3) gantolebis yvela koeficien-

ti dadebiTia, utoloba ki miiRebs saxes 
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           (4) 

 
e.i. maxasiaTebeli gantolebis yvela fesvis namdvili nawili iqneba 

uaryofiTi. Tu SemovitanT aRniSvnebs fesvebisaTvis 

;;;; 224113222111 iqPSiqPSiqPSiqPS   amasTan 1;0;0 2
21  iPP , 

maSin (2) diferencialur gantolebaTa sistemis zogadi integrali, 

rodesac 012 xx  an 012 xx , miiRebs saxes 
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                        (5)                                           

 

sadac 0
1x da 0

2x  aris Tavisufali rxevebis gadaadgilebebi, xolo 

mudmivebi (amplitudebi) 1
2

1
2

0
2

0
2

1
1

1
1

0
1

0
1 ,,,,,,, BABABABA ganisazRvreba sawyisi piro-

bebidan, romlebic Tavis mxriv gansazRvruli iqneba konkretuli 
obieqtisTvis maTi muSaobis reJimebidan gamomdinare [2]. 

sistema (5)-dan Cans, rom Tavisufali rxevebi Cvens SemTxvevaSi Seg-
viZlia ganvixiloT, rogorc erTmaneTze zeddebuli ori rxeviTi procesi, 
romlebic droTa ganmavlobaSi ganicdian eqsponencialur CaxSobas. aRniSnul 
rxevebs gaaCniaT erTnairi sixSireebi q1 da q2 da CaxSobis erTnairi 
faqtorebi P1 da P2. isini erTmaneTisgan gansxvavdebian mxolod amplitudebiT 
da erTmaneTisagan daZruli arian fazebiT, 

rodesac gvaqvs gardamavali procesi e.i. 12 xx   =0, maSin 
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;0),cos()cos(

cossincossin

12
0
226

0
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







 

0
1  da 0

2 _ rxevebis fazebi aRniSnul reJimSi. 

 da B iZulebiTi rxevebis amplitudebia, romlebic warmoiSobian TviT 
sistemis SigniT, calkeuli elementebis urTierTqmedebis dros. 
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me-(6) transcendentuli gantolebis umciresi dadebiTi fesvi drois 

garkveuli momentisaTvis da vibrosiCqareTa ( 1x da 2x ) tolobis dros gansaz-

Rvravs gardamavali procesis dros Tavisufali rxevebis amplitudas da fa-
zur gadaadgilebas. Cvens SemTxvevaSi, radgan adgili aqvs rxevebis eqsponen-
cialur CaxSobas, sistemis calkeuli elementebis, maT Soris adamianis sam-
uSao adgilis gadaadgilebas iqneba SemosazRvruli mniSvnelobaSi drois 
usasrulod zrdis SemTxvevaSic, amdenad maTi mniSvnelobebi yovelTvis 
naklebi iqneba kritikuli da rezonansuli reJimebis amplitudebis mniSvne-
lobebTan SedarebiT: 

;)( 11 rez.xx  .)( 22 rez.xx   

2. zogadad (1) sistemis amonaxsni mcire parametris meTodis gaTvalis-
winebiT SeiZleba warmodgenili iqnes Semdegi saxiT: 
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rodesac 0 e.i. procesis dasawyisSi, adgili ara aqvs dempfirebas, 

gveqneba 0
11 xx   da 0

22 xx  , maSin miviRebT sistemas 
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me-(7) sistemis kerZo amonaxsni SeiZleba warmodgenili iqnes Semdegi 
saxiT 
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SevitanoT es mniSvnelobebi sistemaSi (7) miviRebT 
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.; 2
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2
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1
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2
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2
10 cccccc   

vibrosaCqareebi Sesabamisad ganisazRvreba damokidebulebebiT 

).cos();cos( 0
2

1
00

0
100   tcctcc   

rogorc zemoT aRvniSneT, kvlevis ZiriTadi mizania SevarCiT vibro-
damcavi saSualebis, drekad-madempfirebeli Tvisebebis ganmsazRvreli para-
metrebis iseTi mniSvnelobebi, romelTaTvisac moxdeba adamianis, rogorc 
operatoris samuSao adgilis vibrosiCqaris amplitudis minimizacia. e.i. gveq-
neba 

,cos1
0 cPc  vt.  

sadac 
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ganvixiloT funqcia .)( 2   ckf  am funqciisaTvis stacionarulobis 

wertilebi, anu kritikuli mniSvnelobebi ganisazRvreba tolobebiT: 
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am gamosaxulebebis analiziT miviRebT, rom rodesac 0
2






k

f
, maSin 

krit.)( 22 kk  , xolo, rodesac   0
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 rezonansuli sixSire ki ganisazRvreba formuliT 
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Tu vibrodamcavi saSualebis sixistis saSualo mniSvnelobas SevarCevT 

ise, rom daculi iqnes piroba                      
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222 )( kmmmk   , maSin 

rez.cc , 

e.i. dinamikuri reJimi damyarebuli iqneba rezonansulis reJimis miRwe-

vamde, rodesac 0 , cxadia dinamikur reJimebSi warmoiSoba sub da super 

harmoniuli procesebi, romelTac miviRebT analizurad Tu (1) sistemaSi 
SevitanT zogad amonaxsnebs da gavSliT λ-s xarisxebis mixedviT 
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 (8) sistemis amonaxsni, rodesac 
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k
 , unda veZeboT saxiT 
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 (9) 

  
Tu gamosaxulebebs (9) SevitanT sistemaSi (8), ganvsazRvravT koefi-

cientebis N0, N1, N2, N3, N4 – is mniSvnelobebs, saidnac martivi gardaqmnebiT 
ganisazRvreba super harmoniuli ( t2 ) vibrosiCqaris amplituda 
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vibrosiCqaris amplitudis kritikuli mniSvneloba damokidebuli iqneba 

saSualo kritikul sixisteze, romelic Tavis mxriv damokidebulia λ-ze. Cvens 
SemTxvevaSi 
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antirezonansis piroba ganisazRvreba Semdegi tolobebiT: 
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radgan antirezonansuli reJimi miiRweva SemaSfoTebeli Zalis Ziri-

Tadi sixSiris  dros da mas garkveul pirobebSi SeiZleba daerTos rxevebi 

sixSiriT 2, 3 ... , mosalodnelia sistemaSi mTlianad superharmoniuli 
rezonansebis warmoSoba, rac imas niSnavs, rom vibrodamcavi saSualeba unda 
uzrunvelyofdes rxevebis CaxSobas farTo sixSirul seqtorSi [3]. 

mTliani sistemis dinamikurobis koeficienti dempfirebis gaTvalis-
winebiT gamoiTvleba formuliT 
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sadac .cossin 1
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 mtP  vt.  

gamosaxulebidan Cans, rom damcavi saSulebis dempfirebis unaris 
gazrdiT dinamikurobis koeficenti mcirdeba da SesaZlebelia moiZebnos 

iseTi optimaluri mniSvnelobebi, romelTaTvisac d.k <1, rac Tavis mxriv 

uzrunvelyofs sistemis rezonansul da superrezonansul reJimebSi muSaobas 
da personalis samuSao pirobebs mniSvnelovan gaumjobesebas. rac Seexeba 
sistemis saSualo sixistes, misi stacionaruli mniSvneloba Semdegia 
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rodesac  krit.)( 11 kk  , k1 koordinatis mniSvneloba iqneba minimaluri. 

sakvlevi sistemis ganivi rxevebis mniSvneloba gamoisaxeba (1) sistemis 
erTgvarovani gantolebis amonaxsniT 

,sincos 122110 tPdtPddy   

sadac 11
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 da d2 ganisazRvreba sawyisi pirobebiT .0; 2001  ddcd  
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aseT SemTxvevaSi zogad amonaxsns eqneba saxe 
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anu ganxilul SemTxvevaSi 0 -s aqvs hiperbolis saxe [4]. 

 
 
daskvnebi 
1. miRebuli Sedegis fizikuri azri mdgomareobas imaSi, rom Tu 

ht.PH  , maSin sistemis ganivi rxevebi TiTqmis ar fiqsirdeba da y  _ ganivi 

rxevebis vibrosiCqaris amplituda TiTqmis nulis tolia. cxadia, rodesac 0 

uaxlovdeba -s warmoiqmneba rezonansuli reJimi da 0  
_ ar aris Semosaz-

Rvruli. rezonansul reJimSi muSaobis Tavidan acilebis piroba gamoisaxeba 
utolobiT 
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sadac n _ harmonikebis ricxvia mimdinare procesSi, me-10 utolobis Sesrule-
ba da misi SenarCuneba mTeli dinamikuri reJimis ganmavlobaSi uzrunvelyofs 
mTliani sistemis ganwyobas ganivi rxevebis rezonansuli reJimebidan da 
vibrosiCqareTa amplitudebis minimalur mniSvnelobebs.  

2. zogadi amonaxsnis analizis safuZvelze miviRebT 


1k _ koeficientis 

iseT mniSvnelobebs, romlebic iqnebian stacionaruli wertilebi sistemi-

saTvis, e.i. 





2
2

1 kmk  SemTxvevaSi, Tu Sesruldeba utolobebi 













133

8
sin 222

n

n
HP ht. da 





2

2
1 kmk  , 

 
maSin mTliani sistema SeinarCunebs statikur mdgradobas da hori-

zontaluri gadaadgilebebi iqneba minimaluri, rac Tavis mxriv gamoricxavs 
agreTve sistemaSi avtorxeviTi procesebis ganviTarebas. aRniSnuli avtor-
xeviTi procesebi zogadad SeiZleba gaxdnen sistemis statikuri mdgradobis 
dakargvis mizezi. 
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IoT sistemebi da avtomatizaciis meqanizmebi 

 
joxaZe p.d., tabataZe p.s. 

 
saqarTvelos teqnikuri universiteti 

 
1. Sesavali 
mas Semdeg, rac termini IoT (Internet of Things) anu `nivTebis interneti~ 

daarsda, rac 1999 wels daiwyo, kacobriobis yoveldRiuri Cveulebrivi Tu 
saqmiani cxovreba didi gamowvevebis winaSe dadga.  

martivi sityvebiT IoT aris mTeli msoflios garSemo arsebuli cif-
rulad dakavSirebuli miliardobiT fizikuri mowyobilobis samyaro. „niv-
Tebi“, romlebic agroveben, aanalizeben da aziareben monacemebs maTi gamo-
yenebisa da maT garSemo arsebuli garemos Sesaxeb. es obieqtebi dakavSi-
rebulia internetTan, programul uzrunvelyofasTan, sensorebTan da sxva-
dasxva aparaturasTan, rac maT saSualebas aZlevs daukavSirdnen da gacva-
lon monacemebi qselSi gaerTianebul sxva sistemebTan da mowyobilobebTan.  

winamdebare statiaSi ganxilulia IoT sistemebis arsi, maTi moqmedebis 
meqanizmi, mniSvneloba, gamoyenebis meTodebi, upiratesobebi da uaryofiTi 
mxareebi. moyvanilia ama Tu im sferoSi maTi gamoyenebis magaliTebi.   

 
2. ZiriTadi nawili 
IoT ekosistema moicavs internetTan dakavSirebad „Wkvian“ mowyobilo-

bebs, romlebic iyeneben erTmaneTTan SemWidroebul sistemebs, rogorebicaa 
kontrolerebi, sensorebi da komunikaciis mowyobilobebi. isini agroveben, 
gzavnian da moqmedeben im monacemebis mixedviT, romlebsac kreben maTi gare-
modan. IoT mowyobilobebi aziareben maT mier sensorebidan Segrovebul in-
formacias IoT habebTan an sxva Suamaval mowyobilobebTan dakavSirebis gziT, 
sadac monacemebi an adgilobrivadve analizdeba an igzavneba specialur ser-
verze Semdgomi analizisTvis. mowyobilobebi davalebebs asruleben adamianis 
Carevis gareSe, Tumca aRsaniSnavia is, rom adamianebs SeuZliaT Seitanon 
cvlilebebi maT moqmedebebSi an winaswar gauweron moqmedebis gegma [1]. 

IoT mowyobilobebSi SesaZlebelia xelovnuri inteleqtis da manqanuri 
swavlebis danergva, raTa ufro efeqturad ganxorcieldes marTvis procesebi.  

serverze, rogorc erTgvar Rrubelze, Tavs iyris mowyobilobebidan 
wamosuli monacemTa nakadi, romlebic grovdeba sxvadasxva saxis sensoriT. 
es SesaZleblobas aZlevs momxmarebels (sistemis mmarTvels) masze morge-
buli interfeisiT, romelic warmodgenili iqneba smartfonis an kompiute-
ruli mowyobilobis ekranze,  Secvalos marTvis parametrebi, gamorTos an 
CarTos romelime mowyobiloba da amavdroulad ar aris saWiro avtomatizi-
rebul mowyobilobasTan erT lokaciaze yofna.   

avtomatizaciis meqanizmebi akavSirebs yvela mowyobilobasa da sensors 
erTmaneTTan da amiT uzrunvelyofs procesebis Seuferxeblad muSaobas, ada-
mianis Carevis gareSe. avtomatizaciis sistemebi xels uwyobs adamianuri 
resursisa da energiis dazogvas, igi muSaobs Seusveneblad, samuSao da ara-
samuSao saaTebSic. amiT biznesis, fermis Tu samewarmeo saqmianoba ufro Se-
degiani da efeqturi xdeba. procesebis menejmentSi avtomatizacia da IoT mow-
yobilobebi exmareba kompaniebs gaaumjobeson arsebuli teqnologiebi, rogo-
rebicaa Strixkodebi, maTi damatebiT pasiuri radiosixSiruli identifika-
ciiT (RFID), rogoricaa trekeris tegebi ciklebis daTvlis Sesasruleblad 
an globaluri pozicionirebis sistema (GPS) aRWurvilobisa da flotis 
marTvisTvis [2]. 
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IoT sistemebis dadebiTi da uaryofiTi mxareebi. 
dadebiTi mxareebi: 
 
1. informaciaze wvdoma distanciurad nebismier dros nebismieri adgi-

lidan internetis saSualebiT; 
2. gaumjobesebuli komunikacia erTmaneTTan dakavSirebul eleqtronul 

mowyobilobebs Soris; 
3. monacemTa paketebis gadagzavna masTan dakavSirebul qselTan droisa 

da saxsrebis dazogviT; 
4. davalebebis avtomatizacia xels uwyobs biznesis xarisxis gaum-

jobesebas da adamianuri resursis dazogvas. 
 
uaryofiTi mxareebi: 
5. rac ufro izrdeba erTmaneTTan dakavSirebuli mowyobilobebis rao-

denoba da xdeba meti informaciis mimocvla, izrdeba hakeruli TavdasxmebiT 
konfidencialuri informaciis moparvis riskic; 

1. sawarmoebs sabolood SeiZleba didi raodenobis mowyobilobebTan 
mouwioT dakavSireba, amdeni informaciis miReba da damuSaveba ki sirTu-
leebTan iqneba asocirebuli; 

2. sistemaSi Secdomis arsebobis SemTxvevaSi, is masTan dakavSirebul 
yvela mowyobilobas moicavs; 

3. gamomdinare iqidan rom ar arsebobs raime saerTaSoriso standatebi 
IoT sistemebis TavsebadobisTvis, sxvadasxva mwarmoeblebis mowyobilobebis-
Tvis rTuli iqneba erTmaneTTan komunikacia.  

IoT sistemebi aqtiurad gamoiyeneba sxvadasxva sferoSi. avtomatizacia 
xels uwyobs rogorc vaWrobisa da turizmis, ise soflis meurneobisa da 
sxva sferoebis ganviTarebas. Tu rogor marTaven da akontroleben mwarmoeb-
lebi inventars, fermerebi Tvalyurs adevneben sakuTar pirutyvs, uvlian da 
kvebaven maT avtomatizirebulad. IoT sistemebi Sromatevad da rutinul saqmes 
aridebs fermersa Tu sxva mewarmes. aseTi saxis teqnologiebi kacobriobis 
ganviTarebis Sedegia. sworad dagegmili da awyobili avtomatizaciis meqa-
nizmebi, marTlac rom aadvilebs da sistemebis marTvas metad moqnils xdis.  

es sistemebi garda smartfonebisa da kompiuteruli mowyobilobebisa, 
aseve SeiZleba dainergos sayofacxovrebo nivTebze, rogorebicaa naTurebi, 
saketebi, signalizaciebi, „Wkviani“ mikro-talRuri Rumelebi an klimatis 
marTvis teqnika, aseve sportuli fitnes mowyobilobebi, TviTmarTvadi manqa-
nebi, rac maT analitikur da gamoTvliT SesaZleblobebs ufro maRal do-
neze efeqturad gamoiyenebs. 

saofise Senobebi aseve SeiZleba gaxdes ufro efeqturi maTi funqcio-
nirebis avtomatizaciis gziT garemosdacviTi moTxovnebis TvalsazrisiT, 
rogoricaa ganaTeba, tenianobis kontroli da sxva. aseve qarxnebSi, sadac 
mwarmoeblebi avtomatizireben diagnostirebisa da moxsenebis uwyvetobas, av-
tomatizaciisa da IoT-is kombinacias  SeuZlia miawodos informacia warmoe-
bis procesis TiToeul aspeqtze, Seamciros xarvezebi da gazardos efeq-
turoba. sacalo biznesebisTvis, sensorebs da mdebareobis Suqurebs SeuZ-
liaT momxmarebelTa qcevis Sesaxeb Rirebuli informaciis miwodeba da amav-
droulad, exmarebian momxmareblebs sxvadasxva gziT, rogoricaa mimarTule-
bebis miwodeba maRaziaSi navigaciisTvis an sasurveli produqtebis mosaZeb-
nad. 

 IoT mowyobilobebs SeuZliaT daexmaron eqimebs da sxva samedicino per-
sonals distanciurad akontrolon TavianTi pacientebi, gansakuTrebiT Tu 
isini saxifaTo pirobebSi arian. maT aseve SeuZliaT daexmaron saavadmyofos 
administratorebs aqtivebis monitoringSi, magaliTad, saavadmyofos sawo-
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lebis xelmisawvdomobis dadgenaSi. fermerebs _ gansakuTrebiT maT, visac 
aqvs farTomasStabiani fermebi _ SeuZliaT gamoiyenon Wkviani fermeruli 
gadawyvetilebebi mosavlis mindvrebis monitoringisTvis sensorebis gamoye-
nebiT da avtomatizirebuli sarwyavi sistemebis nebismieri adgilidan. mecxo-
veleobis mflobelebs SeuZliaT gamoiyenon ukabelo IoT aplikaciebi, raTa 
miiRon monacemebi maTi pirutyvis janmrTelobisa Sesaxeb, maT Soris, ro-
desac isini avad arian, daavadebis gavrcelebis Tavidan asacileblad, an ro-
desac isini mSobiarobas apireben.  

bevri ram Seiqmna avtomatizaciisa da IoT sistemebiT, rac sazogadoebas 
umartivebs cxovrebas. tarebadi mowyobilobebi, magaliTad rogorebicaa 
Wkviani saaTebi an fitnes trekerebi, momxmareblebs exmareba ukeT akontro-
lon sakuTari janmrTeloba. aseve Wkviani dinamikebi, magaliTad rogoricaa 
Google Home,  aadvilebs informaciis miRebas, taimerebis dayenebas, sxvadasxva 
Wkviani mowyobilobis xmis gamoyenebiT marTvas an Tundac musikis SerCevasa 
da dakvras. 

 
3. daskvna: 
zemoT aRniSnuli magaliTebi cxadyofs, rom avtomatizaciis meqanizme-

bi da IoT sistemebi swored rutinuli da Sromatevadi saqmianobis Canacvlebis 
logikuri gadawyvetilebaa. martivad, swrafad da efeqturad SesaZlebelia 
rogorc monacemebis Segroveba, aseve ama Tu im brZanebis gacemiT sxvadasxva 
mowyobilobis marTva. amitom SegviZlia vTqvaT, rom marTvis sistemebi da 
avtomatizacia Tanamedrove msoflios aRmoCena da ganviTarebadi procesia, 
rac kidev ufro ganaviTarebs sxvadasxva sferos Tavisi efeqturobiT. 
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sistemuri usafrTxoeba da Tanamedrove fermis marTvis sistemebi 

 

joxaZe p.d., tabataZe p.s. 
 

saqarTvelos teqnikuri universiteti 
 

1. Sesavali 
usafrTxoebis marTvis sistemebi warmoadgenen SemuSavebuli procesebis 

erTobliobas janmrTelobisa da usafrTxoebis marTvis mizniT da usafr-
Txoebis maRali standartebis SesanarCuneblad samuSao sivrceSi.  

usafrTxoebis sistemis SerCeva zogjer SeiZleba did sirTuleebTan 
iyos dakavSirebuli, gansakuTrebiT agrobiznesisTvis, romlisTvisac arse-
bobs uamravi alternatiuli varianti. variantebis Sesamcireblad maTi daj-
gufeba SeiZleba or kategoriad: usafrTxoebis marTvis sistemebi, romlebic 
zogadad emsaxurebian yvelas da industriuli, specialuri sistemebi, rom-
lebic Seqmnilia eqskluziurad soflis meurneobisTvis. gansakuTrebiT mniSv-
nelovania usafrTxoebis marTvis sistemebi zustad da koreqtulad iqnes 
morgebuli ara mxolod mosalodnel safrTxeebze, aramed warmoebis konk-
retul dargebze. 

soflis meurneobaSi specifikuri sistemebis SemuSaveba xorcieldeba im 
mizniT, rom daexmaros agrobizness maqsimalurad efeqtur da racionalurad 
muSaobaSi, janmrTelobisa da usafrTxoebis procesebisa da procedurebis 
marTvis gamartivebis gziT. 

fermebi awydebian safrTxeebis mTel rig nairsaxeobas, maT Soris 
safrTxeebs, romelTac SesaZloa waawydnen mrewvelobis sxva dargebic da 
aseve uSualod sasoflo-sameurneo dargisTvis damaxasiaTebel safrTxeebs. 
safrTxeebis farTo speqtri moicavs stiqiur movlenebs (mag.: setyva, mdinaris 
adideba, qariSxali da sxva), temperaturis uecari, moulodneli vardna an 
mateba, cxovelebis Tavdasxma, fermis cxovelis dakargva, resursebis iracio-
naluri gamoyeneba, ekologiuri dabinZureba, ubeduri SemTxvevebi  (mag. 
xanZari, miwisZvra, CO-s gaJonva).  

winamdebare statiaSi ganixileba Atmel AVR ojaxis mikrokontroleris 
bazaze agebuli, funqciurad dasrulebuli saxis mqone, e.w. form-faqtor mo-
wyobilobis „arduinosa“ da misi modulebis gamoyenebis SesaZleblobebi 
soflis meurneobaSi. maTi muSaobis algoriTmis Sesabamisad daprogramebiT 
SesaZlebelia martivad da operatiulad iqnas  gamovlenili zemoT aRniSnu-
li safrTxeebi da ganxorcieldes maTi efeqturi marTva.  

 
2. problemebi da maTi gadaWris gzebi 
arduinos mowyobilobebis rigi warmoadgens sxvadasxva resursebis 

mqone Atmel AVR ojaxis 8 bitiani mikrokontroleris bazaze agebul Ria 
platformis mqone, funqciurad dasrulebul mowyobilobebis rigs, romel-
Tagan metad popularul mowyobilobebi agebulni arian ATmega328 da 
ATmega2560 mikrokontrolerebis bazaze, rac ganpirobebulia maTi SedarebiT 
maRali resursebiT. 

sayovelTaod cnobili faqtia, rom mcenaris zrdisa da sabolood 
maRali xarisxis  mosavlis miRebis erT-erTi yvelaze mniSvnelovan ganmsaz-
Rvrel faqtors klimati warmoadgens, amitom nebismieri fermerisTvis 
sasicocxlod mniSvnelovania misi fermis garemos klimaturi mdgomareobis 
Seswavla da monitoringi.  

fermis marTvis dros produqciis warmoebis gazrdisTvis wamoWril 
problemaTa didi nawilis mogvareba SesaZlebelia garemo faqtorebze Sesa-
bamisi informaciis SegrovebiT meteorologiuri sadgurebidan. es ukanas-
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kneli exmareba fermers gaerkves klimatis interaqciul gavlenasa da mosav-
lis marTvis faqtorebSi. amindis mudmivi monitoringis sistemis gamoyeneba 
erT-erTi yvelaze efeqturi gzaa fermebis aRWurvisTvis, raTa droulad 
moxdes amindis cvlilebis dafiqsireba mosavlis miyvanis ukeTesi menej-
mentisTvis.  

niadagis tenianobis sensori zomavs wylis Semcvelobas niadagSi. tenia-
nobis zondi Seqmnilia fermis teritoriaze garkveuli wesiT ganTavsebuli 
tenianobis aRmqmeli mravali sensorisgan. miwis tenianobis gansazRvra mniS-
vnelovania fermerisTvis irigaciuli sistemebis efeqturad gamosayeneblad. 
amiT fermeri ara mxolod nakleb wyals iyenebs mosavlis mosayvanad, aramed 
mas SeuZliaT gazardos mosavlis raodenoba da xarisxi, rac miiRweva mce-
naris zrdis kritikul periodSi niadagis tenianobis optimaluri marTviT.  

haeris tenianobis sensori, igive higrometri, zomavs da regularulad 
agzavnis informacias haerSi fardobiTi tenianobis Sesaxeb. es niSnavs imas, 
rom is zomavs haeris temperaturas da tenianobas erTad. fardobiTi te-
nianoba, gamoxatuli procentebSi, aris konkretul momentSi arsebuli haeris 
tenianobis fardoba im maqsimalur niSnulTan risi Sekavebac am tempe-
raturaze haers SeuZlia.  haeris fardobiTi tenianoba icvleba temperaturis 
fluqtuaciebis Sesabamisad. rac ufro maRalia temperatura, miT meti siTxis 
Sekaveba SeuZlia haers anu maRalia fardobiTi tenianobac [1]. 

yvelaze gavrcelebuli tenianobis sensorebi iyeneben e.w. `tevadur~ 
mgrZnobiare elements. es sistema dafuZnebulia mgrZnobiare elementis eleq-
truli tevadobis gazomvaze,  romlis erTmaneTTan axlos mdebare firfitebs 
Soris moTavsebuli garemos dieleqtrikuli SeRwevadoba icvleba tenianobis 
mixedviT da Sesabamisad icvleba TviT mgrZnobiare elementis tevadobac. 
Tavis mxriv sensori Seqmnilia metalis ori firfitisgan (Semonafenisgan), 
romelTa Sorisac moTavsebulia polimeris dieleqtruli firfita. dieleqt-
rikuli firfita agrovebs tenianobas haeridan, rac iwvevs myisier cvli-
lebebs Semonafenebs Soris arsebuli eleqtruli velis daZabulobaSi _  Zab-
vaSi. Zabvis es cvlilebebi gardaisaxeba cifrul saxeSi analogur-cifruli 
gardamsaxiT da miRebuli monacemebis Semdgomi damuSavebiT ganisazRvreba 
haeris fardobiTi tenianoba. am SemTxvevaSi haeris fardobiTi tenianobis re-
gulireba SesaZlebelia mxolod daxurul sivrceebSi (saTburebSi) tempe-
raturis regulirebis saSualebiT.   

mosavlis cxovelebisgan da xanZrisgan dacvis gonieri sistema 
soflis meurneboba qmnis qveynisTvis sakvebi produqciis mniSvnelovan 

marags. mosavlis didi wili xSirad nadgurdeba cxovelebisgan da aseve gaCe-
nili xanZrebis gamo. marTvis Tanamedrove sistemebis saSualebiT SesaZle-
belia Tavidan iqnas acilebuli cxovelTa Sesvla fermis teritoriaze. mniSv-
nelovania rom aseTi sistemebi sruliad usafrTxo iqneba cxovelebisa da 
adamianebisaTvis.  

dacvis sistema iyenebs Semdegi tipis sensorebs PIR (Passive infrared sensor _ 
pasiuri infrawiTeli sensori), Smoke (dakvamlianebis sensori) da GSM (Global 

System for Mobile Communication _ mobiluri komunikaciis globaluri sistema). 
roca cxoveli uaxlovdeba PIR sensors, is afiqsirebs am cxovelis moZrao-
bas. aRniSnuli sawyisi signalis miRebis Semdeg is ganicdis winaswar 
damuSavebas da gadaecema mikrokontrolers. sistemis gaaqtiurebis Sedegad 
ki CairTveba signali, paralelurad ki mepatrones aplikaciaSi gaegzavneba 
teqsturi da xmovani Setyobineba. mTliani procesi imarTeba mikrokontro-
leriT. mikrokontroleris mowyobiloba gamoiyeneba signalis misaRebad PIR 

da/an Smoke sensorebidan da GSM moduliT mepatronisTvis Sesabamisi Set-
yobinebis gasagzavnad. xanZris SemTxvevaSi gaaqtiurebs  xanZarsawinaamdego 
sistemas, temperaturis davardnis Semdeg CarTavs saventilacio sistemas 
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kvamlis gawovis mizniT. moZraobis sensoris (PIR) gaaqciurebis SemTxvevaSi is 
atyobinebs fermers rom cxoveli cdilobs fermaSi Sesvlas [2]. 

 
3. daskvna:  
statiaSi ganxiluli magaliTebidan naTlad Cans sistemuri usafrTxoe-

bis efeqturoba da marTvis simartive mikrokontrolerisa da misi sensorebis 
gamoyenebiT. Sedegad viRebT rogorc usafrTxo samuSao garemos fermere-
bisTvis, aseve izdeba produqciis xarisxi da raodenoba.  
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sensor, modern farm technologies. 
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mravalkriteriuli optimizaciis amocanis gadawyveta relaciur 

monacemTa bazebis marTvis sistemebis SerCevis mizniT 

 
margvelaSvili a.g. 

 
saqarTvelos teqnikuri universiteti 

 
1. Sesavali 
statiaSi warmodgenilia monacemTa bazis marTvis Tanamedrove sisteme-

bis Sedareba. naSromSi aRwerilia meTodologia, romelic SesaZlebels xdis 
monacemTa bazis marTvis optimaluri sistemis SerCevas rigi kriteriumebis 
mixedviT. T.saatis ierarqiebis analizis meTodi gamoiyeneba rogorc maTema-
tikuri aparati monacemTa bazis marTvis sistemis analizSi.  

problemis gadasaWrelad SerCeuli iqna sxvadasxva warmoebis monacemTa 

bazis marTvis xuTi yvelaze popularuli sistema: Oracle, MS SQL Server, 

PostgreSQL, MySQL, SQLite (suraTi). 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

monacemTa bazebis marTvis Tanamedrove sistemebi 

monacemTa bazis marTvis sistemebis Sedarebisas gaTvaliswinebul iqna 
mTeli rigi kriteriumebi: Rirebuleba, funqcionaloba, Sesruleba, kros-
platforma, warmoebis adgili wyvili monacemTa bazebis Sedareba TiToeuli 
kriteriumiT.  

ganxilul iqna sxvadasxva prioritetebis mqone monacemTa bazebis Seda-
rebis ori varianti (kriteriumebis Sewonili nakrebi): Rirebulebis ZiriTadi 
roli monacemTa bazebis arCevisas; monacemTa bazis muSaobis da funqciona-
lurobis gavrceleba xarjze;  

gaangariSebis Sedegma aCvena, rom „Rirebulebis“ prioritetis SemTxve-

vaSi, algoriTmma SesTavaza Tavisuflad ganawilebuli importis PostgreSQL 

DBMS; prioritetuli `SesrulebiTa da maxasiaTeblebiT~ variantisTvis _ ko-

merciuli importirebuli Oracle DBMS. 
amJamad, informaciuli teqnologiebis sferoSi SeiZleba gamoiyos ga-

daudebeli amocana: monacemTa bazis marTvis sistemebis (DBMS) ufro xelmi-
sawvdomi analogebis gamoyeneba;  

amocanebis gadasaWrelad, Sedareba moxda sxvadasxva warmoebis yvelaze 

popularuli DBMS-ebisa. romelic moicavs: Oracle, MS SQL Server, PostgreSQL. 

SedarebisTvis daemata ufro martivi MySQL DBMS da SQLite. DBMS SeiZleba 
vizualurad daiyos ori kriteriumis mixedviT: Rirebuleba (licenzirebu-
li/Tavisuflad ganawilebuli) da warmoebis adgili (Sida/importirebuli). 
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2. ZiriTadi nawili 

DBMS-is ZiriTadi maxasiaTeblebi 

TiToeul zemoT CamoTvlil DBMS-s aqvs individualuri maxasiaTeble-
bi, upiratesobebi da uaryofiTi mxareebi, romlebic Sedarebulia qvemoT. 

Oracle aris uZvelesi DBMS, romelic muSavdeba 1979 wlidan. amJamad Oracle-s 
aqvs mravali unikaluri teqnologia, romelic uzrunvelyofs mis konku-
rentul upiratesobas. rogorc aRiarebuli lideri am programuli uzrun-

velyofis industriaSi, _ Oracle flobs monacemTa bazis marTvis sistemebis 

msoflio bazris TiTqmis naxevars. MS SQL Server DBMS, iseve rogorc Oracle 

DBMS, SeiZleba klasificirdes rogorc industriuli donis DBMS. MS SQL 

Server DBMS-s aqvs funqcionirebis farTo speqtri da aranairad ar Camouvar-

deba Oracle DBMS-s misi Sesrulebis TvalsazrisiT. zogierT SemTxvevaSi, 

umjobesia gamoviyenoT MS SQL Server rogorc DBMS, rogorc Microsoft-is pro-

duqti. magaliTad, Tu proeqti dawerilia Microsoft-is teqnologiebis gamoyene-

biT, kerZod, Tu serveri iyenebs Windows Server operaciul sistemas an .Net 

ganviTarebis garemos, SeiZleba ar iyos MS SQL Server-is alternativa. 

mTavari gansxvaveba MySQL-sa da industriuli donis DBMS-s Soris 

aris is, rom MySQL Seqmnilia amocanebis viwro diapazonis gadasaWrelad. Ta-

vis mxriv, DBMS industriul dones ar aqvs SezRudvebi gamoyenebaSi, dawye-
buli martivi monacemTa bazidan, romelic emsaxureba saits an mcire kom-
panias da damTavrebuli monacemTa uzarmazari mZlavri sanaxebiT. 

PostgreSQL-is upiratesoba MySQL-Tan SedarebiT aris SQL standartis 
maqsimalurad Sesrulebis mcdeloba uaxlesi standartebis danergviT, rac 

mniSvnelovnad afarToebs am DBMS-is funqcionirebas.  

SQLite aris monacemTa bazis Zrava dawerili C enaze. es ar aris damouki-
debeli aplikacia; ufro sworad, es aris biblioTeka, romelsac programuli 
uzrunvelyofis developerebi aTavseben TavianT apebSi. rogorc aseTi, is mie-
kuTvneba CaSenebuli monacemTa bazebis ojaxs. es aris monacemTa bazis yve-
laze farTod gavrcelebuli Zrava, radgan mas iyeneben ramdenime saukeTeso 
veb brauzeri, operaciuli sistema, mobiluri telefonebi da sxva CaSenebuli 

sistemebi. SQLite-s aqvs kavSirebi programirebis bevr enaze. is Cveulebriv 

mihyveba PostgreSQL-s sintaqss, magram ar axorcielebs tipis Semowmebas. es niS-
navs, rom SeiZleba, magaliTad, CasvaT striqoni mTel ricxvad gansazRvrul 

svetSi. SQLite ar axorcielebs mcire, swraf, TviTmyofad, maRali saimedoobis, 

srulfasovani, SQL monacemTa bazis Zravas. SQLite aris yvelaze xSirad gamoye-

nebuli monacemTa bazis sistema msoflioSi. SQLite CaSenebulia yvela mobi-
lur telefonSi da kompiuterebis umetesobaSi da moyveba uamrav sxva aplika-

ciaSi, romlebsac adamianebi yoveldRiurad iyeneben. SQLite failis formati 
stabiluria, platformaTaSorisi da ukan Tavsebadi da developerebi pirobas 

deben, rom SeinarCuneben mas 2050 wlamde. SQLite monacemTa bazis failebi Cveu-
lebriv gamoiyeneba konteinerebad sistemebs Soris mdidari Sinaarsis gadasa-
tanad da rogorc monacemTa grZelvadiani saarqivo formati. aqtiur gamoye-

nebaSi 1 trilionze meti SQLite monacemTa bazaa. 

DBMS-is arCevisTvis saWiro kriteriumebi 

konkretuli problemis gadasaWrelad, optimaluri DBMS-is dasadgenad, 
ganvsazRvravT kriteriumebis CamonaTvals: Rirebuleba, funqcionaloba, 
Sesruleba, jvaredini platforma, warmoebis adgili. 

naSromSi ganxilulia SesaZlo prioritetebis sami varianti DBMS-is 
arCevisas. pirvel rigSi, Sesyidvisa da teqnikuri momsaxurebis Rirebulebam 

unda Seasrulos mTavari roli DBMS-is arCevisas. meorec, DBMS-is funq-
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cionaloba da maxasiaTeblebi unda aRematebodes mis Rirebulebas. SemoTava-

zebuli kriteriumebisa da prioritetebis mixedviT optimaluri DBMS-is mosa-

Zebnad viyenebT t. saatis ierarqiebis analizis meTods. SevimuSavoT DBMS 
kriteriumebis Sefardebis Skala (cxr. 1).   

 
cxrili 1. monacemTa bazebis marTvis sistemebis kriteriumebis Tanafardobis masStabi 

 
mniSvnelobis 

xarisxi 
ganmarteba komentari 

1 Tanabari mniSvneloba 
ori qmedeba Tanabrad uwyobs xels 

miznis miRwevas 

3 
erTi moqmedebis mniSvnelo-
bis garkveuli upiratesoba 

meoreze 

arsebobs argumentebi erT-erTi 
qmedebis upiratesobis 

sasargeblod, magram isini 
sakmarisad damajerebeli ar aris 

5 
mniSvnelovani an maRali 

mniSvneloba 

arsebobs sando monacemebi an 
logikuri msjelobebi, romlebic 
aCveneben upiratesobas romelime 

qmedebisa 

7 
aSkara an Zalian Zlieri 

mniSvneloba 

damajerebeli mtkicebuleba erTi 
moqmedebis sasargeblod meoris 

mimarT 

9 absoluturi mniSvneloba 

mtkicebuleba erTi moqmedebis 
upiratesobisTvis, romelic aris 
uaRresad damajerebeli sxvebis 

winaSe 

2; 4; 6; 8 
Sualeduri mniSvnelobebi 
or mezobel gansjas Soris 

saWiroa kompromisuli gadawyveta 

 
kriteriumebis koeficientebis Skalis gamoyenebiT, t. saat-is ierarqie-

bis analizis meTodis mixedviT, ganvaxorcielebT yvela DBMS-is wyvil 
Sedarebas TiToeuli kriteriumisTvis. Sedarebis Sedegad miviRebT alterna-
tivebis wyvili Sedarebis xuT matricas [1,2].  

 
cxrili 2. monacemTa bazebis marTvis sistemebis wyvili Sedarebis matrica 

,,Rirebulebis” kriteriumis mixedviT 
 

 
Rirebuleba 

    

 
oracle mssql postgre mysql sqlite 

oracle 1 0.3 0.11 0.11 0.14 

mssql 3 1 0.11 0.11 0.14 

postgre 9 9 1 1 7 

mysql 9 9 1 1 7 

sqlite 7 7 0.14 0.14 1 

 
 
ganvixiloT matricis Sedgenis magaliTi „Rirebulebis“ kriteriumis 

mixedviT (cxr. 2). vipovoT TiToeuli mwkrivis elementebis namravli: 
 

                                                     Wi = i,1…ain’                                                                                                     (1) 

 

sadac n = 5 aris elementebis raodenoba mwkrivSi, xolo ai1 … ain i-uri 
mwkrivis elementebi.  
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jer TiToeul mwkrivs vamravlebT erTmaneTze, miRebuli Sedegi agvyavs 
me-5 xarisxSi (kriteriumebis jami, am SemTxvevaSi 5-is tolia)  da viRebT: 

W1  =0.226,W2 =0.351,W3 =3.554, 4 =3.554, W5 =1 
gamovTvaloT normalizebis faqtori: 
 

                                           r                                                                 (2) 

sadac n = 5 aris elementebis raodenoba xazSi. 

viRebT r = 8.684 

i  rigis prioritetuli veqtori gamoiTvleba formuliT: 

                                   ,                                                                         (3) 

sadac i = 1, …, n. 
SevasruloT DDBMS-is wyvili Sedarebis matricebis msgavsi gamoTvla 

krteriumebis mixedviT „funqcionaloba“, „Sesruleba“, „kros-platforma“, 
„warmoebis adgili“ (cxr. 3). 

 
cxrili 3. monacemTa bazebis marTvis sistemebis wyvili Sedarebis matricebi kriteriu-
mebis mixedviT ,,funqcionaloba, ,,Sesruleba”, ,,kros-platforma”, ,,warmoebis adgili” 

 

oracle mssql postgre mysql sql i te oracle mssql postgre mysql sql i te

oracle 1 3 5 7 5 oracle 1 3 5 7 7

mssql 0.33 1 5 7 5 mssql 0.2 1 3 5 3

postgre 0.2 0.2 1 3 1 postgre 0.2 0.33 1 3 1

mysql 0.14 0.14 0.33 1 0.33 mysql 0.14 0.2 0.33 1 0.33

sql i te 0.2 0.2 1 3 1 sql i te 0.14 0.33 1 3 1

oracle mssql postgre mysql sql i te oracle mssql postgre mysql sql i te

oracle 1 1 1 1 1 oracle 1 1 1 1 1

mssql 1 1 1 1 1 mssql 1 1 1 1 1

postgre 1 1 1 1 1 postgre 1 1 1 1 1

mysql 1 1 1 1 1 mysql 1 1 1 1 1

sql i te 1 1 1 1 1 sql i te 1 1 1 1 1

funqcionali Sesruleba

warmoebis adgili kros-platformuloba

 

 
gamovTvaloT „Rirebulebis“ kriteriumis prioritetuli veqtoris 

mniSvnelobebi TiToeuli rigisTvis, amisaTvis saWiroa normalizebis faq-

tori (r)  gavyoT TiToeuli mwkrivis elementebis namravlze (W). Sedegad mi-
viRebT: 

 

a1=                          

 
Rirebuleba (4)        
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SevasruloT DBMS-is wyvili Sedarebis matricebis msgavsi gamoTvla 
kriteriumebis mixedviT: „funqcionaloba“, „Sesruleba“, „jvaredini plat-
forma“, „warmoebis adgili“ (cxr. 3).  

`Rirebulebis~ kriteriumis gaangariSebis analogiiT, Cven gamovTvliT 
prioritetul veqtorebs `funqciuri~-s mixedviT. SesaZleblobebi“, „Sesru-
leba“, „kros-platforma“, „warmoebis adgili“ (cxr. 4).  

 
 

cxrili 4. monacemTa bazebis marTvis sistemebis prioritetebis veqtorebi 
 

a2=                                 a3=  

funqcionaloba          performansi 

a4=                                 a5=  

kros-platformuloba  warmoebis adgili 

 

SevadginoT matrica, romlis svetebi Sedgeba DBMS kriteriumebis prio-
ritetebis veqtorebisgan: 

 

      (5) 

                                         
  

ganvixiloT variantebi, rodesac erT-erTi kriteriumi TamaSobs ufro 
mniSvnelovan rols DBMS-is arCevisas. SevadginoT DBMS kriteriumebis Se-
fardebis Skala (cxr. 5) da matricebi DBMS kriteriumebis wyvili Sedarebis-
Tvis sxvadasxva prioritetebTan (cxr. 6–8).  

 
cxrili 5. monacemTa bazebis marTvis sistemebis Sedarebis kriteriumebis 

Tanafardobis masStabi 
 

mniSvnelobis 
sazomi 

ganmarteba axsna 

1 umniSvnelo 
kriteriumis gavlena 

umniSvneloa 

5 neitraluri 
kriteriumis gavlena 

neitraluria 

9 mniSvnelovani 
kriteriumis gavlena 

mniSvnelovania 
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cxrili 6. DBMS kriteriumebis wyvili Sedarebis matricebi „Rirebulebis“ 
prioritetiT 

 

kriteriumebi Rirebuleba 
funqcionaluri 
SesaZleblobebi 

Sesruleba 
kros-plat-
formuloba 

warmoebis 
adgili 

Rirebuleba 1 5 5 5 9 
funqcionaluri 
SesaZleblobebi 

1/5 1 1 1 9/5 

Sesruleba 1/5 1 1 1 9/5 
kros-platfor-

muloba 
1/5 1 1 1 9/5 

warmoebis 
adgili 

1/9 5/9 5/9 5/9 1 

 

cxrili 7. DBMS kriteriumebis wyvili Sedarebis matricebi „maxasiaTeblebis“ 
prioritetTan („funqcionaloba“ + „Sesruleba“) 

 

kriteriumebi Rirebuleba 
funqcionaluri 
SesaZleblobebi 

Sesruleba 
kros-plat-
formuloba 

warmoebis 
adgili 

Rirebuleba 1 1/5 1/5 1/5 5 
funqcionaluri 
SesaZleblobebi 

1/5 1 1 1 9 

Sesruleba 1/5 1 1 1 9 
kros-platfor-

muloba 
1/5 1 1 1 9 

warmoebis 
adgili 

1/5 1/9 1/9 1/9 1 

 
 

cxrili 8. DBMS kriteriumebis wyvili Sedarebis matricebi prioritetul 
 „warmoebis adgili“ 

 

kriteriumebi Rirebuleba 
funqcionaluri 
SesaZleblobebi 

Sesruleba 
kros-plat-
formuloba 

warmoebis 
adgili 

Rirebuleba 1 1/5 1/5 1/5 1/9 
funqcionaluri 
SesaZleblobebi 

5 1 1 1 1/5 

Sesruleba 5 1 1 1 1/5 
kros-platfor-

muloba 
5 1 1 1 1/5 

warmoebis 
adgili 

9 5 5 5 1 

 

axla gamovTvaloT DBMS Sedarebis kriteriumebis Tanafardobis 
veqtori prioritetuli „warmoebis adgilis maxasiaTeblebis RirebulebiT“, 
miviRebT: 

    b1=              (6) 

 

arCeuli prioritetis mixedviT yvelaze Sesaferisi DBMS-is SesarCevad, 

Cven vamravlebT matricas (5) b1 veqtorze. 
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X =      (7) 

 
 

miRebuli iqna Semdegi Sedegebi: PostgreSQL (0.284), MySQL (0.274), Oracle 

(0.159), DBMS SQLiteDatabase (0.157), MS SQL Server (0.120). 

amrigad, yvelaze Sesaferisi DBMS, romlis prioritetia orien-
tirebuli `warmoebis adgilis Rirebulebis maxasiaTeblebze~ aris Tavisuf-

lad gasavrcelebeli importis DBMS PostgreSQL. miRebuli Sedegis Semdgomi 

analizis dros avRniSnavT, rom ufro Zviri Oracle DBMS odnav aRemateba 

iaffasian SQLite-s Sesrulebis da funqcionaluri upiratesobebis gamo.    

DBMS-is gaTanabrebis kriteriumebis Tanafardobis veqtoris gamoTvlis 
Semdeg prioritetiT „warmoebis Rirebulebis damaxasiaTebeli adgili“, 
miviRebT: 

 
 
 
 
 
 

arCeuli prioritetis mixedviT yvelaze Sesaferisi DBMS-is SesarCevad, 

Cven vamravlebT matricas (5) b2 veqtorze. 
 

X =     (9) 

 

miRebuli iqna Semdegi Sedegebi: Oracle (0.36), MS SQL Server (0.22), PostgreSQL 

(0.14), DBMS SQLite (0.11), MySQL (0.12). 

amrigad, yvelaze Sesaferisi DBMS, romlis prioritetia orien-

tirebuli `warmoebis adgilis Rirebulebis maxasiaTeblebze~ aris Oracle. 

DBMS-is Sedarebis kriteriumebis Tanafardobis veqtoris gamoTvlis 
Semdeg prioritetuli ,,warmoebis adgili“ miviRebT: 

 
 

 

arCeuli prioritetis mixedviT yvelaze Sesaferisi DBMS -is SesarCevad, Cven 

vamravlebT matricas (5) b3  veqtorze. 

b2=  

b3=  

 

(8) 

(10) 
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X =   (11) 

 

miRebuli iqna Semdegi Sedegebi: DBMS SQLite (0.26), Oracle (0.19), MS SQL 

Server (0.15), PostgreSQL (0.14), MySQL (0.14).  

Sedegad, miviRebT, rom yvelaze Sesaferisi DBMS prioritetiT orien-

tirebuli `damaxasiaTebeli Rirebulebis warmoebis adgilze~ aris DBMS 

SQLite baza. daskvnebiT SemoTavazebuli meTodi SeiZleba gamoviyenoT yvelaze 

Sesaferisi DBMS-is arCevisas, mwkrivis mixedviT.  

 
3.  daskvna. 
SemoTavazebuli meTodi SeiZleba gamoyenebul iqnas rigi kriteriumebis 

safuZvelze yvelaze Sesaferisi DBMS-is SesarCevad. Sedegis sizuste damo-
kidebuli iqneba SerCeuli kriteriumebis raodenobaze da eqspertis kompe-

tenciaze, romelic adarebs DBMS-s SerCeuli kriteriumebis mixedviT. 
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SUMMARY 

SOLVE A MULTI-CRITERIA OPTIMIZATION TASK RELATIONAL DATABASE MANAGEMENT 

IN ORDER TO SELECT SYSTEMS 

Margvelashvili A.G. 

Georgian Technical University 

The paper deals with a methodology that makes it possible to select the optimal database management system 

according to a number of criteria. These methods of analyzing hierarchies is used as a mathematical device in the 

analysis of the database management system. 

Keywords: DBMS – Database Management System, SQL - Structured Query Language. Oracle, mssql, postgre, 

mysql, sqlite – names of databases.  
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organizaciis biznes-procesebis avtomatizireba ERP sistemiT, ERP 
sistemis danergvis sargebeli da problematika 

 
kotrikaZe q.o., xuWua T.m. 

 
saqarTvelos teqnikuri universiteti 

 
avtomatizireba sasicocxlod mniSvnelovania ganviTarebaze orienti-

rebuli biznesis momavlisTvis, biznes-procesebis avtomatizireba swrafad 
xdeba aucilebelia ara mxolod didi organizaciebisaTvis, aramed yvela zo-
mis biznesisTvis, rogorc momavali warmatebis uzrunvelyofis erT-erTi 
mTavari piroba.  

qvemoT Cven ganvixilavT ERP sistemas; Tu ra aris avtomatizirebis 
gamoyenebis sargebeli; ra aris organizaciis avtomatizirebis procesis Sema-
ferxebeli garemoebebi da rogoria maTi gadaWris gzebi; ratom aris mniSvne-
lovani avtomatizireba yvela industriis organizaciisaTvis, rogorc srul-
yofili funqcionirebisa da momavali ganviTarebisaTvis aucilebeli piroba. 

informaciuli teqnologiebis ukiduresad maRali tempiT ganviTarebis 
pirobebSi organizaciebi dganan biznes-procesebis avtomatizirebis saWiroe-
bis faqtis winaSe. biznes-procesis avtomatizireba _ BPA _ aris aplikaciebis 
gamoyeneba ganmeorebadi amocanebis Sesasruleblad, rac cvlis meqanikur 
Zalisxmevas.  

BPA-s procesSi organizaciisaTvis yvelaze mniSnelobani gadawyve-
tilebaa avtomatizirebis sistemis SerCeva, rac sabolood ganapirobebs 
avtomatizirebis mosalodneli Sedegebis miRwevas. mkvlevarTa mosazrebebi am 
mimarTulebiT gansxvavdeba. sabolood, maTi umravlesoba Tanxmdeba, rom 
organizaciebis umetesoba BPA-s aRwevs ERP sistemebis gamoyenebiT. 

termini `ERP~ pirvelad gamoyenebuli iyo 1990-ian wlebSi Gartner Group-is 
mier. magram sawarmos resursebis dagegmvis da marTvis sistemebi warmoebis 
industriaSi 100 welze meti xnis ganmavlobaSi gamoiyeneba da ganagrZobs gan-
viTarebas. industriis saWiroebebi icvleba da izrdeba. ERP (Enterprise Resource 

Planning) sawarmoo resursebis marTvis da dagegmvis erTiani sistemaa, rome-
lic Tavis TavSi aerTianebs sxvadasxva industriuli organizaciebis marT-
visTvis saWiro yvela process. ERP sistema ganixileba, rogorc nebismieri 
tipis organizaciisaTvis programuli uzrunvelyofis saxeoba, romelic Seqm-
nilia organizaciis programuli saWiroebebis dasakmayofileblad, BPA-sa da 
biznesis muSaobis gasaumjobeseblad. 

ERP sistemebs yofen sistemis ganTavsebis modelis mixedviT: 
• biznesis infrastruqturaSi ganTavsebuli (on-premises), Sida _ prog-

ramuli uzrunvelyofa danergilia da inaxeba organizaciis fizikur saofise 
sivrceSi, romelic ganTavsebulia organizaciis sakuTar kompiuterebsa da 
serverebze. Sida ERP sistemebis yvelaze cnobili magaliTebia SAP ERP, 

SYSPRO ERP da Microsoft Dynamic; 
• Rrublovan garemoze arsebuli (Cloud-based) - Cloud-ze dafuZnebuli 

ERP aris veb-ze dafuZnebuli gadawyvetileba, romelic cnobilia programuli 
uzrunvelyofa, rogorc servisi (SaaS), ganTavsebulia provaideris serverebze. 
Cloud ERP sistemebis yvelaze cnobili magaliTebia: Oracle Netsuite, Microsoft 

Azure, Infor CloudSuite da Acumatica Cloud ERP; 

• hibriduli mowyobis (Hybrid) _ „hibriduli“ ERP programuli uzrun-
velyofa gulisxmobs Cloud-ze dafuZnebuli da Sida ERP sistemis gadawyveti-
lebebis kombinirebul ganxorcielebas.  

garda ganTavsebis tipebisa arsebobs ERP sistemebis dayofa organiza-
ciisa da misi biznes procesebis sididis mixedviT: ERP sistemebi msxvili 
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biznesis industriisaTvis da ERP sistemebi wvrili da saSualo biznesisaT-
vis. 

ERP sistema uzrunvelyofs organizaciis yvela biznes procesis Sesru-
lebas, marTvasa da maTi Sedegebis asaxvas erTian, centralizebul  monacem-
Ta bazaSi, rac saSualebas aZlevs organizacias yvela mimarTulebas wvdoma 
hqondes da imuSaos erTian/saerTo informaciasTan. ERP sistemis danergviT 
miRebuli sargebeli organizaciebis mier gazomili da miRebuli SeiZleba 
iyos Semdeg aspeqtebSi: 

• materialuri danaxarjebis dazogva _ ERP sistemis danergviT mire-
buli sargebeli da dabrunebuli investicia (ROI) sabolood bevrad didia 
sxva, avtomatizaciis sistemebis mier miRebul sargebelTan SedarebiT.  

• sando da drouli informacia _ rogorc ukve aRvniSneT, centralize-
buli monacemTa baza aris ganuyofeli nawili imisa, rac qmnis ERP sistemas 
unikalurs. centralizebuli monacemTa bazis saSualebiT organizacia amci-
rebs ramodenime wyorodan Sekrebili monacemebTan damuSavebis Sedegad 
gamowveul Secdomebs, rac kidev ufro amcirebs xarjebs.  

• gaumjobesebuli analitika _ informaciis centraluri monacemTa baza 
organizacias saSualebas aZlevs analitikisa da prognozebis  gaumjobe-
sebaSi.  

• gaumjobesebuli produqtiuloba _ rutinuli operaciebis Sesruleba 
saWiroebs did adamianur resurss, didia adamianur Secdomebis daSvebis 
albaToba, aRniSnuli tipis samuSaoebis avtomatizacia zrdis organizaciis 
produqtiulobas, efeqturobas da momgebianobas. 

• bednieri momxmareblebi _ ERP sistemas SesaZlebloba aqvs uzrunve-
lyos momxmarebelTa kmayofileba. 

• operatiuli efeqturoba _ ERP sistemis danergva exmareba organi-
zacias procesebis gamartivebaSi, da rac SeiZleba meti procesis avtomatizi-
rebaSi.  

• Tanmimdevruloba da sizuste  _ organizaciaSi ERP sistemis danerg-
va uzrunvelyofs informaciis sandoobis, Tanmimdevrulobisa da sizustis 
SenarCunebas.  

• zrdis unari _ ERP sistemis danergvis mniSvnelovani upiratesobaa 
kompaniis ganviTarebasTan erTad sistemis adaptaciis SesaZlebloba.  

upiratesobebis miuxedavad, ERP sistemebis danergvas Tan axlavs prob-
lemuri aspeqtebi. integrirebul ERP sistemebs, romlebic Seqmnilia msof-
lioSi cnobili organizaciebis saukeTeso praqtikebsa da gamocdilebaze 
dayrdnobiT, aqvT gansazRvruli, winaswar gawerili procesebi, romlebic ar 
iZleva cvlilebebisa da alternativebis SesaZleblobas. Sesabamisad, organi-
zacias ERP sistemis danergvisas dgas saWiroebis winaSe Secvalos sakuTari 
biznes procesebi da gadaawyos ERP sistemaSi awyobil procesebze.  

organizacias didi dro sWirdeba uaxlesi sistemebis upiratesobebis 
gasagebad, rac SeiZleba iyos maTi mxridan gadawyvetilebis miRebisaTvis 
didi drois xarjvisa da dayovnebis mizezi, rac Tavis mxriv pirdapirpropor-
ciulad aisaxeba organizaciis finansuri maCveneblebisa da bazarze rei-
tingis klebaze. 

integrirebuli ERP sistemebis danergvisaTvis organizaciebs, romle-
bic miiReben danergvis gadawyvetilebas, saWiroa hqondeT Sesabamisi IT infras-
truqtura, rac aseve moiTxovs did materialur da adaminur resurss.  

garda zemoaRniSnulisa, mkvlevarebis safuZvelze, potenciuri prob-
lemebi aseve SeiZleba ganixilebodes Semdegnairad: 

• mniSvnelovani finansuri investicia _ ERP sistemis danergva moiTxovs 
rogorc Sida resursebis gamoyenebas, aseve mniSvnelovan finansur investi-
ciebs;  
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• mouqneloba da gamyidvelze damokidebuleba _ ERP sistemis dayenebis 
Semdeg rTuldeba aqtivobis mobiluroba; 

• sistemis danergvis xangrZlivi periodebi _ kvlevebis mixedviT, ERP 
sistemis sxvadasxva programul uzrunvelyofas danergvasa da srul 
integrirebas 1-dan 2 wlamde sWirdeba; 

• mkacri organizaciuli ierarqia _ integrirebuli ERP sistema niSnavs, 
rom yvela informacia unda iyos centralizebuli; amitom momxmareblebs 
unda hqondeT mkacrad gansazRvruli ierarqia; 

• sistemis mxardaWerisa da uwyveti ganviTarebis saWiroeba _ imisaTvis 
rom iyos ganviTarebadi da ar gamoiwvios operaciuli Seferxebebi. 

ERP sistemis danergva kompleqsuri da ormxrivi procesia, sadac or-
ganizaciis CarTuloba da roli Zalian mniSvnelovania.  ERP sistemis danergva 
organizaciebs exmareba miaRwion maqsimalur efeqtianobas erTi mniSvne-
lovani faqtoris gaTvaliswinebiT: kompaniam unda gansazRvros  ERP sistemis 
saWiroeba, dasmuli amocanebi hqondes sworad Camoyalibebuli da Seesaba-
mebodes organizaciis molodinebs, raTa SemdgomSi SeZlos programisgan mi-
Rebuli sargeblebis gazomva da Sefaseba.  

ERP sistemis danergva da organizaciis biznes-procesebis avtomatizi-
reba Tanamedroveobis erT-erTi didi gamowvevaa, romelic moicavs ERP sis-
temis SerCevis rTul process, biznes-procesebis transformaciisaTvis maT  
kompleqsur  damuSavebasa da cvlilebas ERP sistemaSi integrirebuli Tana-
medrove standartebis Sesabamisad. statiaSi ganvixileT organizaciis biznes-
procesebis avtomatizireba ERP sistemis meSveobiT, ERP sistemis danergviT 
miRebuli sargebeli da organizaciaSi ERP sistemis danergvis problematika. 

 
literatura 
1. Ali, M. and Miller, L. ERP system implementation in large enterprises–a systematic literature review. 

//Journal of Enterprise Information Management. 2017 

2. Almajali, D.A., Tarhini, A. and others  Antecedents of ERP systems implementation success: a study on 

Jordanian healthcare sector. Journal of Enterprise Information Management. 2016 

3. Dandan, H., Yajuan, Z., Junfeng, L., Chen, L., Mo, X. and Zhihai, S. Research on Centralized Data-Sharing 

Model Based on Master Data Management. 2017, Volume 139. 

4. Jagoda, K. and Samaranayake, P. An integrated framework for ERP system implementation. International 

Journal of Accounting & Information Management, 2017 

5. Madanhire, I. and Mbohwa, C. Enterprise resource planning (ERP) in improving operational efficiency: Case 

study. Procedia CIRP, 2016, 40, p. 225–229. 

6. Shang, S. and Seddon, P.B. A comprehensive framework for classifying the benefits of ERP systems. 

AMCIS 2000 proceedings, 2000, p. 39. 

 

SUMMARY 

AUTOMATION OF BUSINESS PROCESSES OF THE ORGANIZATION THROUGH ERP SYSTEM, 

BENEFITS AND PROBLEMS OF ERP SYSTEM IMPLEMENTATION 

Kotrikadze K.O. and Khuchua T.M. 

Georgian Technical University 

Automation is the most important process for the future of development-oriented business, business process 

automation is fast becoming a necessity not only for large organizations but also for businesses of all sizes as a 

prerequisite for future success. Automation of business processes (BPA) of the organization - as a most 

important process for the future of a development-oriented organization, includes a complex process of analysis 

and selection of business process automation system needs for the organization, solving the process of 

automation through the implementation of ERP system. 

Keywords: Business Process Automation (BPA), ERP system, centralized information system.  
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cifruli kavSiris universaluri momsaxurebis Semadgenelis gansazRvra 

 
merabiSvili m.g. 

 
saqarTvelos teqnikuri universiteti 

 
 
sainformacio resursebze wvdomis sakiTxSi mosaxleobis cxovrebis  

xarisxis amaRlebis, maTi SesaZleblobebis gaTanabrebis, srulyofis,  da 
ganviTarebis  kuTxiT, satelekomunikacio dargSi universaluri momsaxureba 
dReisaTvis miekuTvneba sayovelTaod miRebul zogad meqanizmebs . amave dros, 
universaluri momsaxureba warmoadgens satelekomunikacio seqtoris reguli-
rebis specializirebul meqanizms, romelic sxva arsebul  meTodebTan erTad 
gamoiyeneba saxelmwifos mier am sferoSi administrirebis mimarTulebiT. uni-
versaluri servisis ZiriTadi koncefciaa informaciis uzrunvelyofa da sa-
komunikacio teqnologiebis (ICT) xelmisawvdomoba momxmareblisaTvis misaReb 
fasad. 

telekomunikaciis dargSi, misi arsebobis saukuneze meti istoriis 
farglebSi dagrovil regulirebis gamocdilebis safuZvelze, varaudoben 
SesaZleblobas, arsebuli sxvadasxva meqanizmebis gamoyenebisa, romelTa sa-
SualebiTac saxelmwifo SeZlebs aRniSnuli seqtoris saWiro mimarTulebiT 
warmarTvas.  

telekomunikaciis dargis regulirebis miznebad sazogadod miCneul 
msoflio praqtikaSi miCneulia Semdegi: 

• cifruli kavSiris bazuri momsaxurebebis universaluri wvdomi-sadmi 
xelSewyoba; 

• Tanamedrove teqnologiur doneze, momsaxurebis fasebisadmi misawv-
domobis kuTxiT saTanado momsaxurebis uzrunvelsayofad konkurentuli 
bazrebis  ganviTarebis stimulireba; 

• bazrebze arasruli konkurenciis arsebobis winaaRmdeg brZola, sadac 
arseboben dominirebul mdgomareobaSi myofi moTamaSeebi; 

• satelekomunikacio qselebis ganviTarebis mizniT  investiciebis 
mosazidad xelsayreli garemos Seqmna; 

• sazogadoebis ndobis ganmtkiceba satelekomunikacio bazrebis mimarT 
regulirebis meqanizmis efeqturobisa da gamWvirvalobis amaRlebis safuZ-
velze. 

• momxmarebelTa uflebebis da kanonieri interesebis dacva maT Soris 
piradi cxovrebis xelSeuxeblobis uflebaze. 

• dargis funqcionirebis efeqtiani amaRlebis mizniT SezRuduli re-
sursebis gamoyenebis optimizacia, iseTi rogoricaa radiosixSi-ris speqtri; 
numeraciis resursi. 

• momxmarebelTaTvis momsaxurebebisadmi misawvdomobis gazrda qselebis 
mierTebisTvis efeqtiani meqanizmebis Seqmnis xarjze. 

konkurentul bazarze, servisis operatorebisTvis, romlebic dadgeni-
lia rogorc universaluri momsaxurebis provaiderebi, unda vrceldebodes 
garkveuli valdebulebebi, romelic moicavs: 

• sajaro xelmisawvdomobis satelekomunikacio punqtebis teqnikurad 
gamarTul sivrces 

•  xelmisawvdom, fiqsirebul fasebs universaluri momsaxurebis servi-
sebze.  

unda arsebobdes alternatiuli gza, universaluri momsaxurebis pro-
vaiderma momxmarebels unda SesTavazos iseTi momsaxureba, sadac ar iqneba 
SezRudvebi teqnikur saSualebebze, romliTac uzrunvelyofilia kavSiri, sa-
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denian an usadeno teqnologiebis moxmarebaze an regulaciiT dadgenil 
universaluri momsaxurebis danarCen sxva servisebze, rogorebicaa: 

• kavSirebi sazogadoebasTan;  
• satelefono qseli fiqsirebul adgilas;  
• monacemebisa da xmovani Setyobinebebis Seuferxeblad gadacema;  
• onlain servisebi;  
• sajaro interneti. 
internetis wvdomis siCqare damokidebulia sxvadasxva faqtorze: 
• internet provaiderebis mier aplikaciis gamoyenebiT, romelic 

saWiroa kavSirisTvis; 
• monacemTa gadacemis siCqare, romelic unda gadaices viwrozolo-

vani signaliT, sajaro xelmisawvdomobis qselis gamoyenebiT, romelic Tavis 
mxriv damokidebulia gadasacemad saWiro invetaris teqnikur gamarTulobaze 
kavSiris srulyofilebaze. 

zemoT aRniSnulidan gamomdinare ar aris mizanSewonili konkretuli  
monacemebis/bitebis gansazRvra informaciis gadacemisas. 

qveyanaSi Sesabamisma saxelmwofo organoebma unda miiRon zomebi raTa 
garantirebuli iyos universaluri momsaxurebis servisis  xelmisawvdomoba. 
gamarTuli iyos yvela sajarod xelmisawvdomi satelefono servisi fiqsire-
bul reJimSi, ganurCevlad momxmareblis adgilmdebareobisa, SezRuduli 
SesaZleblobis mqone momxmareblebis moTxovnebisa da specialuri social-
luri saWiroebebis mqone pirebisTvis.  

specialuri zomebi unda iqnes miRebuli SezRuduli SesaZleblobis 
mqone momxmareblebisTvis, romlebic moicavs: xelmisawvdom sazogadoebriv 
telefonebs, sajaro teqsturi telefonebi an eqvivalenturi zomebi yru an 
metyvelebadaqveiTebuli adamianebisTvis, iseTi servisebis miwodeba, rogori-
caa katalogis gamokiTxvis servisebi an eqvivalenti ufaso RonisZiebebi usi-
naTloTa an nawilobriv mxedvelobadaqveiTebuli mosaxleobisTvis, aseve, 
SezRuduli SesaZleblobebis pirebisTvis momsaxurebis Rirebulebis gadasa-
xadis Sesaxeb detaluri informaciis miwodeba. aucilebelia konkretuli we-
sebis dadgena SezRuduli SesaZleblobis pirebisTvis specialuri socialu-
ri saWiroebebiT gadaudebeli daxmarebis momsaxurebis misaRebad, rogoricaa 
zaris ganxorcieleba `112~ gadaudebeli daxmarebis centrSi. servisis gawe-
visas aucilebelia momsaxurebis standartebi SemuSavebuli xarisxis dacva. 
 sazogadoebis xelmisawvdomobisa da gamoyenebis mniSvnelobis satele-
fono qseli ganlagebuli unda iyos fiqsirebul adgilas iseTi, normebis 
SerCeviT, rom is xelmisawvdomi iyos yvelasTvis vinc gonivrulad moiTxovs 
misi servisebiT sargeblobas. obieqturi kriteriumebis safuZvelze, subsidi-
rebis principis Sesabamisad, wevrma saxelmwifoebma unda gadawyviton  Tu 
romel sawarmoebs aqvT universaluri momsaxurebis valdebulebebi am mizne-
bisTvis. saWiroebis SemTxvevaSi, mxedvelobaSi miiReba sawarmoebis unari da 
survili, mTlianad an nawilobriv miiRon sayovelTao momsaxurebis valdebu-
lebebi.  

mniSvnelovania, rom universaluri momsaxurebis valdebulebebi Ses-
ruleba yvelaze efeqturad modis ise, rom momxmareblebi ixdian iseT fasebs, 
romlebic Seesabameba xarjebis efeqtur uzrunvelyofas. aseve, mniSvne-
lovania universaluri momsaxurebis operatorebis mxirdan SenarCundes ro-
gorc qselis, aseve servisis mTlianoba,  uwyvetoba da xarisxi. garda sabaz-
ro Zalauflebisa, ufro didi konkurenciis ganviTareba da arCevanis farTo 
nomenklatura met SesaZleblobas iZleva universaluri momsaxurebis valdeb-
ulebebis gamwevi sawarmos mier mTlianad an nawilobriv iqnes uzrunvel-
yofili servisis miwodeba.   

xarisxi da fasi konkurenciis mTavari faqtoria bazarze da erovnulma 
maregulirebelma organoebma unda SeZlos momsaxurebis miRweuli xarisxis 
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monitoringi im sawarmoebis mimarT, romlebic daniSnulia, rogorc universa-
luri momsaxurebis valdebulebebis mqoneni. darRvevebis arsebobis SemTxveva-
Si, momsaxurebis xarisxisa da xelmisawvdomobasTan mimarTebiT, sadac saWi-
rod CaiTvleba, erovnul maregulirebel organos unda SeeZlos Sesabamisi 
zomebis miReba. 

erovnulma maregulirebelma organom aseve unda gaakontrolos sxva 
danarCeni servisis mimwodebeli sawarmoebis momsaxurebis xarisxis,  sazoga-
doebrivi satelefono qselebis gamarTulobis da/an momxmareblebisTvis 
sajarod xelmisawvdomi satelefono servisebisa da fiqsirebuli adgilebis 
kontroli. 

universaluri momsaxurebis wminda Rirebulebis dasaangariSeblad 
saTanadod unda iqnas gaTvaliswinebuli xarjebi da Semosavlebi. aseve, 
aramaterialuri sargebeli universaluri servisis gawevis uzrunvelsayofad. 
aRniSnulis mizania uzrunvelyos fasebis struqturebi, romlebic asaxavs 
xarjebs. universaluri momsaxurebis gasawevad nebismieri wminda xarji unda 
gamoiTvalos gamWvirvale procedurebis safuZvelze.  

satelekomunikacio seqtoris liberalizacia, konkurenciis gazrda da 
sakomunikacio servisebis farTo arCevani paralelur moqmedebaSia universa-
luri momsaxurebis miwodebasTan harmoniuli muSaobis principebis dadgeniT 
maregulirebuli organos mxridan (cxrili). 

 
universalur momsaxurebaze  telekomuniukaciis seqtoris  liberalizaciis gavlena 

 
problema liberalizaciamde liberalizaciis Semdgom 
sabazo momsaxurebaTa nus-
xis gansazRvra, minimaluri 
momsaxurebebis 
gaTvaliswinebiT 

tradiciuli momsaxurebaTa 
miwodeba fiqsirebuli xmo-
vani telefoniT 

ravali axali saxeobebis 
ganviTareba (usadeno kavSi-
ri). mravali operatorebis 
gamoCena, romlebic konku-
rireben monopolistTan 
 

operatoris gansazRvra, 
romelic ganaxorcielebs 
universalur momsaxurebas 

erTaderTi operatoris _ 
monopolistis gansazRvra, 
romelic imyofeba mTlia-
nad saxelmwifos daqvemde-
barebaSi 

SerCevis meqanizmis SemuSa-
vebis aucilebloba gamWvi-
rvale kriteriumebis gan-
sazRvraSi 

operatoris mier ararenta-
beluri momsaxurebis gaw-
evaze damatebiTi xarjebis 
gansazRvra 

monopolisti operatori, 
rogorc wesi SeimuSavebs 
sakuTar meTodikas xarje-
bis gansazRvrisas, romle-
bic ifareba fasebis meqa-
nizmis darRvevisas 

Seiqmna aucilebloba arse-
buli wina meTodikis Secv-
lisa da axalis SemuSaveba 
yvela operatorebisTvis 

wamgebiani xarjebis dafar-
vis wyaroebis da meqaniz-
mebis gamovlena 

arsebobs jvaredini subsi-
direbis arseboba 

Seiqmna aucilebloba fi-
nansirebis meqanizmis Semu-
Savebis arsebobisa, rome-
lic dafuZnebuli iqneba 
 

 
 
arsebuli mdgomareobiT universaluri momsaxrebis servisis miwodeba 

momxmareblisTvis ar regulirdeba saxelmwifosa da Sesabamisi organoebis 
mxridan.  

damoukidebeli saqvelmoqmedo platforma „CarTe“ kerZo kompaniebisa da 
individualuri donorebis xelSewyobiT cdiloben socialurad daucvel 
ufrosklaselebsa da ara marto maT micen sakuTari SesaZleblobebis reali-
zaciis SesaZlebloba da uzrunvelyos isini internetiTa da kompiuteriT. 
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teqnologiurad ganviTarebad mimdinare saukuneSi internetTan wvdoma 
adamianis fundamenturi moTxovnaa. internetis miwodebiT momxmarebels uCn-
deba swavla-ganviTarebis ulevi SesaZlebloba, aseve ecvleba warmodgena 
samyaros Sesaxeb, izrdeba TviTgaviTarebis stimuli. 

problema mdgomareobs imaSi, rom dResdReobiT qveyanaSi cxovrobs 
78000-mde socialurad daucveli moswavle. maTi umetesoba, 95% cxovrobs 
internetis dafarvis zonaSi, Tumca internetTan wvdoma ar xelewifebaT 
momsaxurebis Rirebulebis gamo. garemo, romelSic aseTi momxmareblebi 
yalibdebian erTmevaT SesaZlebloba iswavlon da ganviTardnen profesiulad, 
CamouyalibdeT miznebi da ambiciebi.  

kvlevebis mixedviT internetsa da kompiuterze wvdoma aviTarebs  samu-
Sao bazarisTvis momgebian unarebs.  

ganaTlebis kuTxiT saerTaSoriso kvlevebiT dasturdeba, rom internet-
Tan wvdoma aumjobesebs akademiur Sedegebs. xels uwyobs geografiulad Sors 
myofi ojaxis wevrebis, megobrebis, kolegebis komunikacias. xelovnebis nimu-
Sebisa cifruli da saxelovnebo produqciis gaziarebis SesaZleblobas. 

jandacvis sferoSi distanciurad imarTeba konsultaciebi da konsi-
liumebi eqimebsa da pacientebs Soris. 

am yvela moTxovnis gaTvaliswinebiT gaeSva startapi [1], kvlevis Tanax-
mad aRniSnuli platformis daxmarebiT momxmareblebi internets yvelaze 
xSirad ucxo enebis Sesaswavlad, onlain kursebze dasaswrebad, davalebebis 
efeqturad Sesasruleblad iyeneben, rac zrdis momzmareblebis Tavdajerebu-
lobas. 
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radio qselebis xarisxis Sedarebis „ETSI 103 559~-s Tanamedrove 

standartis mimoxilva 

 
tyeSelaSvili o.m. 

 
saqarTvelos teqnikuri universiteti 

 
mobiluri qselebis xarisxis Sesadareblad (Benchmarking) saWiroa 

Catardes qselis detaluri teqnikuri kvleva romelic fokusirebuli iqneba 
momxmareblis mier miRebuli servisis aRqmaze (QoE). xarisxis aRqmis maC-
venebeli (QoE) warmoadgens subieqtur sazoms, romelic aerTienebs adamianis 
mier servisis aRqmas, molodins da realurad miRebuli servisis da qselis 
xarisxs [1]. radganac subieqturi gazomvebis Catareba sakmaod rTulia da 
xSir SemTxvevaSi ar gvaZlevs zust Sedegebs, amisaTvis realurad miRebuli 
xarisxis gasazomad gamoiyeneba teqnikuri (QoS) sazomi erTeulebi romlebic 
saSualebas iZlevian Catardes obieqturi gazomvebi [2]. magaliTisaTvis esenia: 
qselis dayovneba (Packet Delay), siCqare (Throughput), paketebis vardna (Packet Loss), 
xmovani telefoniis xarisxi (Voice MOS), da sxva [3]. 

obieqturi sazomi erTeulebis gamoyenebiT warmoebuli qselis xarisxis 
gazomvis da Sedarebis (Benchmarking) ZiriTad mizans warmoadgens: 

1. moxdes mobiluri qselebis xarisxis obieqturi gazomva, fokusire-
buli momxmareblis mier miRebul xarisxze. 

2. moxdes xarisxis Sedareba sxvadasxva mobilur operatorebs, qveynebsa 
da axlad danergil teqnologiebs Soris.  

3. gamovlindes miRebuli servisebis teqnikuri xarvezebi rom moxer-
xdes maTi aRmofxvra. 

eseTi (Benchmarking) proeqtebi xorcieldeba specialuri satesto mowyo-
bilobebiT, romlebic Sedgeba mobiluri telefonebis, radio skanerebis, 
audio/video/monacemTa xarisxis gasazomi modulebisgan, romlebic dayenebu-
lia satesto manqanaSi. testirebis dros ZiriTadad izomeba sasaubro (Voice) 
da monacemebis gadacemis (Data) servisebi konkretuli aplikaciebis doneze. 

 
ETSI standartis mokle mimoxilva 
 
2019 wels ETSI-im warmoadgina axali standarti qselis gazomvisa da 

xarisxis gamoTvlisaTvis (ETSI TR 103 559 V1.1.1 - Best practices for robust network QoS 

benchmark testing and scoring) [4]. standarti bazirebulia servisebis, maTi sazomi 
qve-parametrebis qulebis dajgufebis meTodze. kerZod, qselebis xarisxis 
Sedareba xdeba jamuri qulis meSveobiT (0-dan 1000-mde, sadac 400 qula eni-
Weba xmovan telefonias (Voice) da 600 qula kidev monacemTa gadacemis ser-
visebs (Data)) romelic gamoiTvleba individualuri sazomi erTeulebis Sede-
gebis dajgufebiT. individualur sazom erTeulebs ki (KPI) eniWebaT wonebi 
da am Sewonili maCveneblebis agregacia xdeba or doneze rogorebicaa: 
servisis klasi (satelefono Tu monacemTa gadacema) da geografiuli dayofa 
(qalaqi, gza, mniSvnelovani zona) (sur. 1). es standarti aris teqnologiurad 
neitraluri da gamWvirvale, mniSvneloba ar eniWeba momxmarebeli iRebs ser-
viss mexuTe Tu mesame Taobis qseliT, aramed Tu rogori xarisxiT iRebs 
serviss da rogori xelmisawvdomia igi. 
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suraTi 1.  ETSI-s standartis saerTo warmodgena 
 
am ori servisis klasisaTvis (xmovani (Voice) da paketuri monacemTa 

gadacema (Data)) da maTi sazomi erTeulebisaTvis (KPIs) momsaxurebis ZiriTadi 
sami kriteriumia mniSvnelovani: 

 servisis xelmisawvdomoba/SenarCuneba (mag. SeerTebis warmadobis 
koeficienti, wyvetis koeficienti). 

 servisze wvdomis dro (mag. videoze gamosaxulebaze wvdomis dro an 
xmovani SeerTebis dro). 

 gadacemis xarisxi (mag. mosmenis xarisxi, videos xarisxi). 
sazomi erTeulebi (KPIs) dajgufebulia servisis klasebSi da 

TiToeuls miniWebuli aqvs procentuli wona, imisda mixedviT Tu ramdenad 
mniSvnelovania es sazomi erTeuli am klasSi da ramdenad axlos gamoxatavs 
igi momxmareblis mier miRebul da aRqmul xarisxs (sur. 2). aseve xdeba ser-
visis qveklasebis da geografiuli arealis zonebad dayofa da miniWeba wone-
bisa am geografiuli zonebis mniSvnelobis mixedviT. magaliTad, geografiul 
zona _ qalaqs ufro meti wona aqvs vidre gzebs da mniSvnelovan xalxSeyris 
adgilebs (Hotspot) an video strimings ufro meti prioriteti aqvs vidre 
socialuri mediis aplikaciis testirebas. 

 

 
 

suraTi 2. procentuli ganawileba da qulaTa sistema 

 
wonebis  miniWeba da qulebiT agregacia Sedegeba ori safexurisgan: 
1. TiToeul satesto erTeuls (KPI), servisis klass Tu geografiul 

zonas vaniWebT wonas 0%-dan 100%-mde maStabze.  
2. TiToeuli sazomi erTeulis quliT sistemaze gadayvana. kerZod, sa-

zomi erTeulisaTvis (KPI) misaniWebeli qulebis maqsimaluri raodenoba gani-
sazRvreba procentuli woniT misi servisis klasis da regionuli kategoriis 
wonidan gamomdinare. 
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standarti adgens rom yvela teqnikur maCvenebels (KPI) gaaCnia misi 
gajerebis zonebi cudic da kargic, am gajerebis zonebis gadaWarbebis  
SemTxvevaSi momxmareblis mier miRebuli xarisxiT kmakofileba an ukmayofi-
leba ar icvleba. magalisaTvis, VoLTE xmovani zariT SeerTebis dro Tu aris 
10 wamze meti es gamoiwvevs momxmareblis ukmayofilebas da nebismier met 
dros zegavlena ar eqneba kmayofilebaze (sur. 3). 

 
 

 
suraTi 3. servisis aRqmis masStabi 

 

ETSI-m SeimuSava TiToeuli sazomi erTeulisaTvis  cudi da kargi 
gajerebis zRvrebi, romlebic qselebis gazomviT miRebul erTeulis gadayva-
nas axdens erTian qulaze. dadgenili zRvrebis gareT miRebuli nebismieri 
Sedegi miCneuli iqneba rogorc Sedegi romelsac ar aqvs gavlena momxma-
reblis kmayofilebaze. 

saboloo qulis kalkulacia TiToeul satesto erTeulisaTvis xdeba 
qvemoT mocemuli formuliT: 

 

 














imaCvenebel cudi  _imaCvenebel kargi

imaCvenebel cudi  _Sedegi miRebuli gazomviT
wonaqula KPIKPI %100

 
formulaSi ucnobi parametri aris gazomviT miRebuli Sedegi, xolo 

danarCeni parametrebi mocemulia standartis mier. gajerebis zRvrebi Ti-
Toeuli erTeulisaTvis dadgenili aris ETSI-s mier laboratoriuli 
kvlevebiT. 

Teoriis gasaadvileblad gamovTvaloT praqtikuli magaliTi _ xmis 
SeerTebis warmadobis saboloo qula (Call Setup Success Ratio %). vigulisxmoT, 
rom testirebis dros miRebuli Sedegi iyo 99%. Semdgom, testirebidan 
miRebuli Sedegi unda gadaviyvanoT standartis mier dadgenil servisis 
aRqmis masStabze da meore, gamoviyvanoT saboloo qula misi servis wonebis 
mixedviT (cxrili). 

 
praqtikuli magaliTis gamoyvana xmovani telefoniisaTvis 

 

sazomi erTeuli _ KPI 

servisis aRqmis Skala wona 

dabali maRali 
KPI 
wona 

servisis 
wona 

klasis 
wona 

SeerTebis warmadoba (%) 
Call Setup Success Ratio (%) 

85% 100% 31% 95% 40% 
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1. gadayvana servisis aRqmis masStabze: 

 

 qula
100%_85%

99%_85%
100qula sawyisi 3,93








KPI  

 
2. wonebis miniWeba da saboloo qulis miReba: 

 

 qulaqula saboloo 99,10%40%95%313,93 KPI  

 

ETSI-s mier warmodgenilma xarisxis gazomvis standartma, uzrunvelyo 
rom qselebis gazomvis procesi maqsimalurad gamWvirvaled da obieqturad 
warimarTos. amisaTvis standarti rekomendacias akeTebs, gazomviT erTeu-
lebze, parametrebze, meTodikaze, qulebiTa da wonebiT dajgufebis saSuale-
baze, rac aqamde ar iyo saerTaSoriso doneze standartizebuli da warmoad-
genda problemas xarisxis Sedegebis interpretaciisaTvis da SedarebebisaT-
vis sxvadasxva qveynebsa Tu operatorebs Soris.  

amavdroulad, standartSi SesaZlebelia rom moxdes damatebiTi gazom-
viTi erTeulebis Camateba da wonebis cvlilebebisa klasebsa Tu qveklasebs 
Soris. dasaxuli problematikis mixedviT xdeba satesto erTeulebis SerCeva 
da quliTi sistemis modificireba, agreTve mniSvnelovania rom es maCve-
neblebi maqsimalurad obieqturad da axlos unda asaxavdnen momxmareblis 
mier qselis gamocdilebas. 
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SUMMARY 

NEW NETWORK BENCHMARKING STANDARD BASED  
ON ETSI RECEOMMENDATION “103 559” 

Tkeshelashvili O.M. 

Georgian Technical University 

Radio Network Benchmarking has become a required practice for mobile carriers and telecom regulators. There 

are several techniques for network benchmarking proposed by service providers; however, the disadvantage of 

such fragmented approaches is that each has its own benchmarking processes, measurement practices, and 

measured metrices. This makes it difficult for the reader of such reports to determine which mobile service 

provider offers the greatest experience; essentially, they cannot easily interpret the data for their needs. In 2019, 

ETSI introduced a new standardized network benchmarking approach based on the weighting and scoring 

mechanism for KPIs. It included measurement methodologies, key performance indicators, aggregation 

strategies, and network score computations.  It aggregates overall network performance into one score (both 

containing voice & data) in the range of 0 to 1000, this provides more efficiency to compare networks or 

countries in a transparent way. 

Keywords: Network Benchmarking, QoE, QoS, ETSI 103 559, KPIs, KPI Scoring & Weighting. 
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umaRles saganmanaTleblo dawesebulebaSi mimdinare sainovacio saqmianobis  

Sedegebis transferisa da komercializaciis  ZiriTadi Taviseburebebis 

SedarebiTi analizi 

 

xuciSvili s.a.,  gasitaSvili z.a., gorgiZe d.a., xarTiSvili m.p. 
 

saqarTvelos teqnikuri universiteti 
 

Sesavali. dasavleTis qveynebSi, didi xania umaRlesi saganmanaTleblo 

dawesebulebebi (SemdegSi _ universiteti) miiCneva inovaciuri procesebis 
realizebis centralur struqturad. ZiriTadad isini iTvlebian im  ideebis 
„generatorebad“, romelTa safuZvelzec xdeba qveyanaSi inovaciebis formireba;  
aqedan gamomdinare SeiZleba iTqvas, rom universitetSi ganxorcielebuli 
inovaciebi (samecniero-teqnikuri saqmianobis Sedegebi, sauniversiteto inteleqtua-
luri sakuTreba, mecnieruli codna) gansakuTrebulad mniSvnelovan rols asru-
lebs qveynis ekonomikis  ganviTarebis procesSi. amitom universitetebis samecnie-
ro-teqnikuri da inovaciuri politikis koncefciebSi unda ganixilebodes, inova-
ciuri saqmianobis ganviTarebis amocanebi, inteleqtualuri saqmianobis Sedegebis 
komercializaciis uzrunvelyofis problemebi, ekonomikis realuri  seqtorisTvis 
inovaciuri teqnologiebis transferis sakiTxebi da a.S. gansakuTrebulad mniSvne-
lovania, Tu ramdenad swrafad xdeba, mecnieruli codnis gardaqmna axal produq-
tebsa da servisebSi,  maTi komercializacia an transferi.  universitetSi mec-
nieruli kvlevis Sedegebis komercializacia da teqnologiebis transferi, Tavis 
mxriv, damokidebulia erovnuli da regionaluri ganviTarebis e.w. samganzomile-
bian modelze, sadac samecniero, samewarmeo da samTavrobo seqtorebi efeqturad 
TanamSromloben erTmaneTTan [4]. 

universitetebi da kvleviTi institutebi am samganzomilebian modelSi mniSv-
nelovan rols asruleben. samecniero seqtorisgan moelian ara mxolod axali 
codnis Seqmnas, aramed aqtiuri rolis Sesrulebas inteleqtualuri sakuTrebis ma-
terializaciis, dacvisa da teqnologiebis transferis saqmeSi. „teqnologiebis 
transfers“ da kvleviTi saqmianobis Sedegebis „komercializaciis process“ xSirad 
ganixilaven rogorc identur cnebebs, Tumca, siRrmiseulad am cnebebis Sinaarsi 
gansxvavebulia. aqedan gamomdinare mniSvnelovnad migvaCnia, kvlevis Sedegebis ko-
mercializaciis da „teqnologiebis transferis“ maxasiaTeblebis SedarebiTi ana-
lizi da maTi ganxilva universitetSi mimdinare inovaciur procesebTan kavSirSi.  

ZiriTadi nawili. Tanamedrove universitetebi da kvleviTi institutebi 
anxorcieleben ara marto saganmanaTleblo saqamianobas, an fundamentur, saZiebo 
da gamoyenebiT samecniero kvlevebs, aramed partnior organizaciebTan firmebTan 
erTobliobaSi, asruleben sacdel-sakonstruqtoro damuSavebebs, qmnian axali 
produqtis, momsaxurebis teqnikis nimuSebs, axal teqnologiebs, uzrunvelyofen 
maT tiraJirebas, axdenen samecniero kvlevebis inovaciuri Sedegebis komerciali-
zacias da uzrunvelyofen inovaciuri teqnologiebis (marTvis modelebis, ser-

visis formebis)  gadacemas (teqnologiebis  tranსferi) momxmareblisaTvis [1,2]. 
Tanamedrove universiteti Tavisi unikaluri Taviseburebebis farglebSi, 

axdens sruli inovaciuri ciklis realizebas, romelmac  unda uzrunvelyos inova-
ciebis formireba. inovaciuri procesis sistemuri struqturuli modeli warmod-
genilia sqemaze 1. 

 universitetis inovaciuri politikis ganxorcielebaSi ganmsazRvrel faq-
tors unda warmoadgendes, universitetis saqmianobis orientacia biznesze, ba-
zarze, gamoyenebad Sedegebze, mizanmimarTuli da proteqcionistuli saxelmwifo 
politikis sazRvrebSi. amiT SesaZlebeli xdeba: 

• axali codnis generacia  fundamenturi kvlevebis  procesSi; 
• gamoyenebiTi xasiaTis  samecniero amocanebis gadawyveta, romelTa Sedegebs  

da  damuSavebul teqnologiebs eqneba  didi  praqtikuli gamoyeneba qveyanaSi da 
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qveynis gareT. anu SesaZlebeli iqneba damuSavebuli  teqnologiebis transferi 
adgilobriv biznes struqturebSi, aseve ucxour firmebze (moTxovnis SemTxvevaSi);  

•  miRebuli Sedegebis komercializacia Sesabamisi meTodebis gamoyenebiT,  
anu maTi licenzireba, an maTi realizeba universitetSi Seqmnili mcire inovaci-
uri  firmebis mier (start-up, spin-of);   

• damsaqmeblebis  da  investorebis moZieba, inovaciuri kvlevebis marTva da 
dafinanseba  [4]. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

sqema 1. inovaciuri procesis sistemuri modeli 
 
cneba „teqnologiebis  transferi“, gamoyenebaSi Semovida SedarebiT  gvian 

da saqmianobis  umetes sferoSi, pirdapir dakavSirebulia sabazro ekonomikis 
procesTan. realurad biznesi warmoadgens im safuZvels, romelic saWiroebs axa-
li teqnologiebis moZiebas, maT transfers. aq saqarTvelos mniSvnelovani Camor-
Cena aqvs, anu teqnologiebis transferi da biznesi urTierTdakavSirebuli  pro-
cesebia da mniSvnelovnad unda exmarebodnen erTmaneTs.  

„teqnologiebis transfers“da „komercializacias“ Soris gansxvaveba pirvel 
miaxloebaSi SeiZleba Semdegnairad avxsnaT: 

• „komercializaciis procesi“ gulisxmobs mogebis aucileblad miRebas  
da ar aris dakavSirebuli, mesame piris aucilebel CarTvasTan (romelsac,  tran-
sferis  optimaluri  sqemis SemTxvevaSi, unda warmoadgendes specialuri organi-
zacia (Suamavali), magaliTad, teqnologiebis  transferis  centri). am dros kvle-
vebis axal Sedegebs gavlili unda qondes inovaciuri procesis etapebi da imyofe-
bodes komercializaciis stadiaze (sqema 1). 

• „teqnologiebis transferi“ gulisxmobs organizaciaSi damuSavebuli, an 
moZiebuli saWiro teqnologiebis gadacemas iuridiuli pirisaTvis, romelic ax-
dens  mis samrewvelo gamoyenebas. (magaliTad: warmoebis  meTodebis,  progresuli  
ideebis, modelebis, algoriTmebis gadacema dargis SigniT an  sxva dargebisaTvis, 
maT Soris ucxoeTSic). Tumca, SeiZleba es arc iyos kavSirSi teqnologiebis gamo-
yenebiT mogebis miRebasTan (magaliTad, teqnologiebis transferis gamoyenebasTan 
ganaTlebaSi, jandacvaSi an garemos  dacvis  miznebisTvis). 

ganixilaven teqnologiebis transferis Semdeg formebs: sqema  2.   
  1. Sida  transferi _ damuSavebuli teqnologiis gadacema xdeba  organi-

zaciis sazRvrebSi, erT an ramdenime ganyofilebaze, sameurneo erTeulebze, orga-
nizaciis filialebze  qveynis  SigniT an nacionaluri sazRvrebis gareT;                                                                                                               

   2. kvazi Sida transferi _ teqnologiebi  moZraobs  aliansebis,   hol-
dingebis, korporaciebis da damoukidebeli kerZo iuridiuli pirebis  gaerTia-
nebebis SigniT;                                                                                                                       
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  3. gare  transferi _ teqnologiebis  gavrcelebis  procesi, romelSic mo-
nawileoben  teqnologiebis damoukidebeli dammuSaveblebi da  momxmareblebi;     

   
 
 
 
 
 
 
 
 

sqema 2.   teqnologiebis transferis ganxorcielebis ZiriTadi formebi 
  
sxvadasxva kompaniebSi, universitetebSi, kvleviT institutebSi arsebobs 

teqnologiebis transferis centrebi  an/da inovaciuri centrebi, romelTa daniS-
nulebaa  inovaciuri procesis sxvadasxva stadiaze an etapze, komerciuli pote-
ncialis mqone kvlevis Sedegebis gamovlena, samarTlebrivi dacva da Semdgomi 
transferi organizaciis Sida ganyofilebebze, an gare  organizaciebze,  rom-
lebic dainteresebuli arian  aseTi  SedegebiT. erTi SexedviT procesi martivi 
Cans, Tumca sakmaod rTulad ganxorcielebadia da mraval safexurs moicavs. uni-
versitetebi da kvleviTi institutebi teqnologiebis transferSi CarTvas 
sxvadasxva mizeziT axdenen: 

• miRebuli gamoyenebadi Sedegebisa da teqnologiebis aRiarebisaTvis; 
• samewarmeo niWis mqone TanamSromlebis mizidvisa da SenarunebisaTvis; 
• adgilobrivi ekonomikis da biznesis ganviTarebisaTvis; 
• korporaciuli kvlevebis mxardaWeris uzrunvelsayofad; 
• Semdogmi kvlevebisa da ganaTlebis mxardaWerisaTvis. 
sxvadasxva universitetisa da kvleviTi institutebisaTvis, zemoT CamoTvli-

li, ZiriTadi prioritetebi SeiZleba gansxvavebuli iyos, Tumca teqnologiebis 
transferis saboloo sargebeli, anu ekonomikis da gansakuTrebiT biznesis uzrun-
velyofa moTxovnadi  teqnologiebiT, aseve zogierTi socialuri sakiTxis gadaW-
ra, zogadad msgavsia. 

 
 

  
sqema 3. komercializaciis procesis ganxorcielebis meTodebi 

 

ტექნოლოგიების 

ტრანსფერის ფორმები 

შიდა ტრანსფერი კვაზი შიდა ტრანსფერი გარე ტრანსფერი 

ინოვაციების კომერციალიზაციის ძირითადი 

საშუალებები 

დამოუკიდებელი ნაწილობრივი 
ინოვაციებზე უფლებების 

სრულად გადაცემა 

ინოვაციების                     

წარმოება და მისი 

გატანა ბაზარზე 

ლიზინგი 

ინჟინერინგი 

ლიცენზიის 

გაყიდვა 

გაყიდვა 

ფრანჩაიზინგი 

ნოუ-ჰაუ 
ერთობლივი 

საქმიანობა 

უფლებების 

დათმობა 

უფლებების 

გაყიდვა 
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rac Seexeba zogadad komercializacias, is inovaciuri procesis damamTav-
rebel etaps warmoadgens da siaxlis (prototipis) realizebazea orientirebuli  
[3,4]. 

komercializaciis procesSi mniSvnelovania meTodis arCeva (sqema 3). dammu-
Savebels SeuZlia TviTon moaxdinos  proeqtis komercializacia an gaiaros sqema 
3-ze CamoTvlili etapebi,  gayidos licenzia,  ufleba  srulad  an  nawilobriv  
[4,5]. 

zogjer SesaZlebelia inovaciis komercializaciis  erTdroulad ramdenime  
meTodis gamoyeneba. komercializaciis meTodis gamoyenebamde, unda ganvixiloT 
TiToeuli da gamoviyenoT is, romelic ufro metad miesadageba  mocemul situa-
cias.      

daskvna. warmodgenili SedarebiTi analizis safuZvelze SeiZleba davaskvnaT, 
rom transferisa da komercializaciis procesebis  marTvis xelovnebaze, mniS-
vnelovan wilad aris damokidebuli universitetis sainovacio saqmianobis efeqtu-
roba. aseve mniSvnelovania maTi realizebis Sedegad gadawyvetadi (an ukve 
gadawyvetili) amocanebis teqnikur-ekonomikuri Sedegebis modeluri, msxvilmassta-
buri prognozireba. amasTan, misaRebi an miRebuli sargebelis Sefasebis ekonomik-
uri modeli gamoyenebadi unda iyos, rogorc inovaciuri produqtis uSualo avto-
risaTvis da momxmareblisaTvis, aseve procesSi monawile sxva struqturebisTvisac.    

komercializaciis stadia zogadad inovaciuri procesis damamTavrebeli   
stadiaa da transferisagan gansxvavebiT, aucileblad finansuri sargeblis mi-
Rebazea orientirebuli. komercializaciis procesSi arsebobs mTeli rigi 
siZneleebi, magaliTad inovaciis dapatenteba, romelic xSirad erT welze metxans 
grZeldeba, ris Semdgomac aucileblad kompleqsurad unda Sefasdes prototipis 
praqtikaSi damoukidebli (saavtoro) danergvis, licenziis gayidvis an momxmareb-
lisaTvis uflebis srulad gadacemis mizanSewoniloba.  
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SUMMARY 

THE ARTICLE PRESENTS A SYSTEMATIC VIEW AND COMPARATIVE ANALYSIS OF THE FORMS 

AND METHODS OF MATERIALIZATION OF THE RESULTS OF CURRENT SCIENTIFIC-TECHNICAL, 

INTELLECTUAL AND CREATIVE ACTIVITIES IN THE INNOVATIONS ORIENTED HIGHER 

EDUCATION INSTITUTIONS (AFTER-UNIVERSITY) 

Khutsishvili S.A.,  Gasitashvili Z.A., Gorgidze D.A. and Khartishvili M.P. 

Georgian Technical University 

 Materialization means, transfer and commercialization processes of the products created in HEI as a result of 

implementation of innovative process - innovation, and / or the intermediate result of the innovation process (the result 

of some stages), and / or existing inventions, patents, etc. for the purpose of receiving benefits. The process of 

commercialization is related with implementation of the results, that are product of  intellectual activities at the 

university, including technology, in practice. It is understood that the results are new, have not yet been tested, or are 

significantly improved and are in demand, although they do contain some risks. In article different schemes of transfer 

and commercialization are considered and their comparative analysis is done. 

Keywords: result of scientific and technical activity, innovation, innovation process, technology transfer, 

commercialization process.  
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Tanamedrove teqnologiebis gamoyeneba ganaTlebis sferoSi 

 

namCevaZe c.v., biwaZe e.i. 

 
akaki wereTlis saxelmwifo universiteti 

 
yovelwliurad sul ufro metad izrdeba informaciuli da sakomunika-

cio teqnologiebis gamoyeneba ganaTlebis sferoSi. Cvens qveyanaSi dRis wes-
rigSi dgas sakiTxi imis Sesaxeb, rom SemecnebiTi procesi moswavleebisaTvis 
gaxdes rac SeiZleba saintereso, mravalferovani da saxaliso. amisaTvis xde-
ba saganmanaTleblo dawesebulebebis aRWurva sxvadasxva saxis Tanamedrove 
teqnologiuri produqtiT. 

statiaSi ganxilulia erT-erTi Tanamedrove teqnologiuri produqti _ 
interaqtiuli mowyobilobebis integrirebuli kompleqti MimioClassroom (sur. 1). 
igi Seqmnilia amerikuli kompaniis DYMO/Mimio mier. kompleqtis Semadgenlo-
baSi Sedis: 1). interaqtiuli sadgami MimioTeach, 2). dafaze mimdinare procesis 
aslis Camweri MimioCapture, 3). gamosaxulebis aslis dafaze gadamtani mowyo-
biloba MimioView, 4). planSeti MimioPad da 5). testirebis avtomatizatori Mi-

mioVote. kompleqtis TiToeuli mowyobiloba damoukidebel mowyobilobas war-
moadgens, magram maTi gaerTianeba SesaZlebelia specialuri programuli uz-
runvelyofis MimiosStudio saSualebiT, rac momxmarebels aZlevs damatebiT Se-
saZleblobebs. [1,2]. 

 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 

 
sur. 1. interaqtiuli mowyobilobebis  

integrirebuli kompleqti MimioClassroom 

 

MimioClassroom-is yvelaze mTavari da popularuli mowyobiloba aris in-
teraqtiuli sadgami MimioTeach (sur. 1). igi Cveulebrivi interaqtiuli dafi-
sagan gansxvaveba imiT, rom misTvis dafas arCevs momxmarebeli. interaqtiul 
sadgams SeuZlia interaqtiul dafad gardaqmnas nebismieri myari da swori 
zedapiri: dafa (sasurvelia, magram araa aucilebeli TeTri feris), kedlis 
nawili, didi magida, iataki da sxva. sadgams amagreben misTvis SerCeul zeda-
pirze. igi muSaobs horizontisadmi nebismieri kuTxiT damagrebisas. sadgami 
SeerTebulia kompiuterTan da proeqtorTan, rac mas gadaaqcevs srul inte-
raqtiul sistemad. programuli uzrunvelyofa iZleva mimzidveli, moswavle-
ze orientirebuli, interaqtiuli mecadineobis Catarebis saSualebas. 
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sadgami MimioTeach komfortulia xelSi dasaWerad da advilad gadasa-
tania. 

interaqtiuli sadgamiT SesaZlebelia: 
_ kompiuterSi SeinaxoT video mecadineobebi, audio failebi, dafaze 

dawerili SeniSvnebi da naxazebi; 
_ moaxdinoT arsebuli mecadineobebis importireba Ms PowerPoint-idan da 

Adobe Acrobat-idan; 
_ masSi Senaxuli suraTebi, Sablonebi, filmebi da sxva gamoiyenoT 

mecadineobebis da prezentaciebis CatarebisaTvis; 
_ SexvideT internetSi; 
_ dafaze gaaTanabroT, daajgufoT da gadaadgiloT obieqtebi; 
_ uaryoT moqmedeba Secdomis daSvebis SemTxvevaSi; gaakeToT kopireba; 

amoWraT, CasvaT, waSaloT da miniSnoT obieqtebi. 
dafaze mimdinare procesebis aslis Camweri MimioCapture (sur.2) afar-

Toebs sadgamis MimioTeach funqcionalur SesaZleblobebs. igi saSualebas iZ-
leva dafaze dawerili teqsti da gakeTebuli naxazebi Senaxul iqnas kompiu-
terSi avtomaturad sxvadasxva formatSi (maT Soris: PDF, JPEG, HTML) 4 fer-
Si. maswavlebels SeuZlia Senaxuli informacia gadaces moswavleebs Semdeg-
Si gansaxilvelad. aRniSnuli mowyobilobis gamoyeneba moswavleebs saSuale-
bas miscems aqtiurad CaerTon mecadineobis msvlelobaSi, radgan maT ar da-
WirdebaT raimes Cawera. ardamswre moswavleebi ki daamuSaveben gamotovebul 
masalas. 

 MimioCapture komfortulia da advilia gamosayeneblad. mowyobiloba 
swrafad iteneba magnitur RarSi moTavsebisas da datenilia mTeli kviris 
ganmavlobaSi. magnituri Rari mimagrebulia sadgamis MimioTeach qvemoT. Mimio-

Capture-s ar Wirdeba proeqtori. 
 
 
 

 
 
 

 
sur. 2. dafaze mimdinare procesebis 

 aslis Camweri MimioCapture 

 
 
gamosaxulebis dafaze gadamtani mowyobilobis MimioView  (sur. 1) sa-

SualebiT SesaZlebelia dokumentebis, samganzomilebiani obieqtebis da mik-
roskopuli gamosaxulebebis gadatana dafaze da kompiuterSi. kamera aRWurvi-
lia 5,5-jeradi optikuri da 16-jeradi cifruli gadidebiT. saCvenebeli nimu-
Sebi ganaTebulia Suqdioduri lampebiT, romlebic uzrunvelyofs mkveTr ga-
naTebas, dabal temperaturas da ar saWiroebs periodul gamocvlas. monacem-
Ta gadacema xorcieldeba erTaderTi USB kabeliT. 

usadeno planSetiT MimioPad (sur. 1) maswavlebels SeuZlia akontro-
los interaqtiuli dafa saklaso oTaxis nebismieri wertilidan. planSeti 
usadeno  mimRebiT avtomaturad dakavSirebulia interaqtiul dafasTan. 

planSetis MimioPad gamoyeneba maswavlebels saSualebas aZlevs yurad-
Reba miaqcios moswavleebs individualurad da efeqturad waiyvanos mecadi-
neoba. planSetze dawera da datkacuneba SesaZlebelia MimioPad-is stilusiT 
(sawerkalmiT). dasaSvebia ramodenime planSeti daukavSirdes erT kompiuters, 
ris Sedegadac moswavleebs SeeZlebaT adgilidan marTon interaqtiuli da-



   saqarTvelos sainJinro siaxleni, GEORGIAN ENGINEERING NEWS, #1, 2022  

 

50 

fis Sinaarsi. es gansakuTrebiT sasargebloa gadaadgilebis mimarT unarSez-
Ruduli moswavleebisaTvis. 

testirebis avtomatizaciis sistema MimioVote (sur. 1) uzrunvelyofs 
testebis momzadebas, testirebis Catarebas da testirebis Sedegebis avtomati-
zirebul Semowmebas. mas gaaCnia mza Sablonebi yvela tipis testisTvis. Sab-
lonebis gamoyeneba sasargebloa drois ekonomiis mizniT. maswavlebels SeuZ-
lia TviTon moamzados testebi MimioStudio-sa da PowerPoint-is gamoyenebiT.  

testebze pasuxebis gasacemad gamoiyeneba usadeno pultebi. pultebi 
daproeqtebulia ise, rom moswavleebis maTTan muSaoba ara marto mosaxerxe-
belia, aramed sainteresocaa. kompleqtSi Sedis 24 an 32 pulti. [1,2,4]. 

interaqtiuli mowyobilobebis gamoyeneba swavlebis procesSi mxolod 
ramodenime damatebiTi funqciis prezentacia ar aris. sworad SerCeuli inte-
raqtiuli kompleqtis gamoyenebis codna principulad cvlis swavlebis meTo-
dologias, maswavlebels exmareba mecadineobis Catarebis dagegmvaSi da eZle-
va jgufuri muSaobis farTo SesaZleblobebi. swavlebis procesi xdeba mim-
zidveli. yovelive es ganapirobebs moswavleebis dainteresebis gazrdas da 
codnis gaRrmavebas. 
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SUMMARY 

APPLICATION OF MODERN TEGHNOLOGIES IN THE SPHERE OF EDUCATION 
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Akaki  Tsereteli  State  University 

The article discusses MimioClassroom equipments of integrated complete set of the company Mimio interactive 

equipments. They are: interactive support MimioTeach, copy capture of the process on the board –

MimioCapture, transferring equipment of the view copy on the board –MimioView, Pad MimioPad and testing 

automation MimioVote.   In the article there is mentioned that introduction of modern technologies in the sphere 

of education principally changes teaching methodology, provides growing interest and involvement of each 

student in the process of instruction. Application of intellectual technologies gives opportunity to teachers to 

realize their ideas.   
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evropuli ofcionis modelireba rTuli procentiT 

 

maxaSvili q.a., tyemalaZe g.S., xeCinaSvili z.j., doWviri b.m. 
 

saqarTvelos teqnikuri universiteti 
ivane javaxiSvilis saxelobis Tbilisis saxelmwifo universiteti 
 
ganvixiloT mravalaqtiviani binomuri finansuri bazari, romelic 

Sedgeba k raodenobis obligaciisgan da 1 aqciisgan. vTqvaT,  
k

nnn BBB  1         (1) 

sadac n= 0,1,…, N drois momentebia.  vigulisxmoT rom, k

nnn BBB ,,, 1   

obligaciebis mniSvnelobebi rTuli saprocento ganakveTiT sargebelTan 

erTad mravldeba Sesabamisad  kiC i
nn ,,2,1,1,     sidideebze.  

gvaqvs     

      k

n

k

nk

k

nnnnnnn CBrBCBrBBrB   1

11

11

1

1 1,...,1,1    (2) 

sadac r, r1, ... rk  rTuli saprocento ganakveTebia, amrigad Cven gvaqvs 
mravalaqtiviani binomuri finansuri bazris obligaciebis droSi evoluciis 
Semdegi modeli.  

      k

n

k

nknnnn CBrCBrBr   1

11

111 1...11      (3) 

am modelSi ucnobia r saprocento ganakveTi, (3) tolobidan advilad 
miviRebT rom  

n
k
nn

n
k
nn

k
n

k
nknn

n
BB

BBCBrCBr
rr





)(

)()1()1(

1
1

1

1
1

11
11

11













   (4) 

 
im SemTxvevaSi roca λ da C sidideebi erTis tolia, gveqneba  mravalaq-

tiviani binomuri  finansuri bazris modeli kuponis gaTvaliswinebis gareSe.  
modelis meore konponentia aqcia  

  0>,1 01 SSS nnn   ,     (5) 

 
S=(Sn) aqciaa, saprocento ganakveTi r > 0  mudmivia, xolo ρn  damoukidebel da 
erTnairad ganawilebul SemTxveviT sidideTa mimdevrobaa. amasTan 

    braqpaPpbP nn <<<1,1,   . SevniSnavT rom n=0,1, ..., N drois 

momentebia.  
ganvsazRvroT agreTve risk-neitraluri albaToba Semdegi tolobiT 

ab

ar
pp n

n



                        (6) 

warmovidginoT investori romelsac sawyis n= 0 momentSi aqvs X0 Tanxa, 
misi survilia finansuri bazris gamoyenebiT es Tanxa momavalSi drois N 

momentSi gaxados ƒ_N Nf   Tanxis toli. investoris am survils sainvesticio 

problema ewodeba. vTqvaT, drois n momentSi investors nayidi aqvs n  rao-

denobis obligacia da n  raodenobis aqcia, anu mas aqvs aqtivebis portfeli 

(strategia)  nnn  , .πam portfelis Sesabamisi Tanxa tolia  

nnnnN SBX         

sadac Bn da Sn aris drois n momentSi Sesabamisad 1 obligaciis da 1 aqciis 
fasebi. portfels ewodeba minimaluri heji Tu sruldeba toloba  

NNNNNN fSBX           
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evropuli tipis yidvis standartuli ofcioni ƒ Nf N gadaxdis funqciiT 

Caiwereba Semdegnairad   KSf NN                                                                                                                                               

sadac K  aris e.w. SeTanxmebis fasi, ofcionis myidvels SeuZlia ofcionis ga-
naRdeba mxolod drois bolo N momentSi. ofcionis gamyidvelis _ emitentis 
amocanaa ofcionis gayidviT miRebuli TanxiT aagos minimaluri heji. Sev-
niSnoT rom emitenti yidis ofcions iseT samarTlian fasad, rom man SeZlos 

minimaluri hejis ageba da Nf NTanxis dagroveba. amrigad, ofcionis fasdade-

bis ZiriTadi amocanebia: ofcionis samarTliani fasis gansazRvra, minimaluri 
hejis ageba da am hejis Sesabamisi kapitalis procesis gansazRvra.  

bolos SevniSnavT, rom ofcionis fasdadebis problema Seswavlili iyo 
oraqtiviani binomuri finansuri bazris SemTxvevaSi. romelic Sedgeba 1 ob-
ligaciisgan da 1 aqciisgan.  

2. ganvixiloT modeli (1)-(5) da evropuli tipis yidvis standartuli 
ofcioni gadaxdis   

    KSSff NNN          

funqciiT, sadac    0;max xx 


xolo, K>0 SeTanxmebis (sakontraqto) 

fasia, anu emitenti valdebulia ofcionis mflobels mihyidos aqcia K fasad 
drois N momentSi. 

ofcionis samarTliani fasis koqsis, rosis da rubinSteinis ganzoga-
doebuli formula Caiwereba Semdegi saxiT: 

  






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

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ppCrK
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a
ppCSC

0

**
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0

)1()()1(

1

1

1

1
)1()(

   (7) 

 

sadac  KSbakk ,,, 000   umciresi mTeli ricxvia, romlisTvisac sruldeba 

utoloba. 

 
0

1
10

k

N

a

ba
aS 












 >K                                                                

3. axla ganvixiloT evropuli tipis gayidvis standartuli ofcioni 
gadaxdis  

    NNN SKSff
    

(8) 

funqciiT. am SemTxvevaSi ofcionis samarTliani  NP  fasi SeiZleba vipovoT 

(7) formulis gamoyenebiT. NP -is formulas yidva-gayidvis paritetis formu-

la ewodeba.   

evropuli tipis gayidvis standartuli ofcionis samarTliani NP  fasi 

gadaxdis (8) funqciiT gamoiTvleba formuliT 

  N

NN rKSCP


 10       (9) 

marTlac gvaqvs  

    KSKSSK NNN  0,max,0max      

amitom  

        N

N

N

NN

N

N rKSrECSKrEP
  11,0max1     

axla, Tu SevniSnavT rom   01 SrSE
N

N

  , maSin miviRebT dasamtkicebel (9) 

formulas.                    
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4. minimaluri hejis asagebad gamoiyeneba e.w. mopasuxe portfelis prin-
cipi, romelic SemdegSi mdgomareobs: vTqvaT, drois n momentSi investoris  

 nnn  , portfelis Sesabamisi kapitalia  

nnnnn SBX    

saWiroa avagoT iseTi  111 ,   nnn    portfeli, rom drois n momentSi misi 

Sesabamisi kapitali drois (n+1) momentSi toli unda iyos  

 111111   nnnnnn SfSBX       (10) 

sididis, sadac  NSff   gadaxdis raime funqciaa, n=0,1,...,N. (1)-(5) 

modelis SemTxvevaSi ucnobi 1n  da 1n  parametrebisaTvis (10) tolobidan  

miviRebT orucnobian wrfiv gantolebaTa  

      

      ,111

,111
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SafSaBr
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










 

sistemas, romlis 

1n da 

1n  amonaxsni moicema                              

         
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,
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1111
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Babr
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     
  n

nn
n

Sab

SafSbf








11
1               (12) 

formulebiT, drois N momentSi gveqneba    NNN  ,  portfelis Sesabamisi 

kapitali. 

 NNNNNn SfSBX  

  

Tu (11) da (12) sidideebs SevitanT (10) tolobaSi 1n  da 1n  sidideebis ma-

givrad, maSin advilad miviRebT 


NX  kapitalis warmodgenas  

 

          nnN SafpSbfprX  

1111
1

,    

sadac albaTuri p  warmodgena ganisazRvreba (6) tolobiT. 

5. aqciis fasebis, gadaxdis funqciis mniSvnelobebisa da ofcionis sa-
marTliani fasis gamoTvlisTvis gamoiyeneba Semdegi rekurentuli tolobebi: 
bolo, finaluri n=N  momentSi gvaqvs N+1 mniSvneloba: 

  NjSff jNjN ,...,1,0,,,            N 

 bolos wina n=N_1 momentSi  

     1,...,1,0,11 ,1,

1

,1  





 NjfpfprC jNjNjN  

da a.S. 
n=N_k  momentSi  

     kNjCpCprC jkNjkNjkN  







 ,...,1,0,11 ,11,1

1

, da a.S 

 
n=N_N=0 momentSi gamoiTvleba ofcionis samarTliani fasi. 

 

      0,11,1

1

0,0 11 CpCprfcCC NN




      (13)
 

6. (13) tolobis gamoyenebiT, xSirad, TvalsaCinoebis mizniT, ageben e.w. 
binomur xeebs. magaliTad, ofcionis fasdadebis ornabijian amocanaSi 
binomur xes eqneba saxe: 



   saqarTvelos sainJinro siaxleni, GEORGIAN ENGINEERING NEWS, #1, 2022  

 

54 

                  
naxazi 1.1. ornabijiani binomuri xe 

 
naxazze 1.1 moyvanilia Semdegi sidideebi  

   

    

   

 

 ,1

,1

,1

,11

,1

01.1

00.1

2.22.2

2

02.2

1.21.201.2

0.20.2

2

00.2

bSS

aSS

SffbSS

SffabSS

SffaSS











 

    0.21.2

1

0.1 11 fpfprC 
        

    1.22.2

1

1.1 11 fpfprC 
         

xolo ofcionis samarTliani fasia  

      0.11.1

1

22 11 CpCprfCC 
         

 
7. evropuli tipis yidvis standartuli ofcioni. 
binomuri  (B , S) _ bazris sawyisi monacemebia: 

.100,
5

3
,

5

2
,100,

5

1
,20 00  KbaSrB  

gadawyviteT yidvis standartuli ofcionis ornabijiani amocana da          
ganixileT SemTxveva                                                                                
 
            
 
 
 
 
 

 drois n=2 momentSi binomuri xis sam finalur (bolo) kvanZSi aqciis 
SesaZlo fasebis da gadaxdis funqciis mniSvnelobebisaTvis gveqneba: 

   

  

   

     

     

      1560,100256max0,max

,00,10096max0,max

,00,10036max0,max

,256
5

3

5

8
10011

,96
5

3

5

8
10011

,36
5

3

5

8
10011

2.22.22.2

1.21.21.2

0.20.20.2

02
02

02.2

01.2

20
20

00.2













































KSSff

KSSff

KSSff

abSS

abSS

abSS

 

drois n=1 momentSi Sesabamis or kvanZSi gveqneba: 
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    

     780
5

2
156

5

3

6

5
11

00
5

2
0

5

3

6

5
11

1.22.2

1

1.1

2.21.2

1

0.1

























fpfprC

fpfprC

 

xolo samarTliani fasia  

     390
5

2
78

5

3

6

5
11 0.11.1

1

2 







 

CpCprC  

amrigad, ornabijian binomur xes eqneba Semdegi saxe: 

 
gvaqvs: 

   
  

  50

39

10001

078

,
20

39

201
5

6

78
5

3
0

5

8

1

11

0

0.11.1
1

0

1,10.1

1




























Sab

CC

Babr

CaCb





 

amrigad miviReT   







 

50

39
,

20

39
, 111  . am portfelis Sesabamisi kapi-

tali n=0 momentSi. 

39100
50

39
20

20

39
01010  

SBX   

Semdeg gvaqvs  

   
  

  40

39

1601

0156

,
4

13

241
5

6

156
5

3
0

5

8

1

11

1.1

1.12.2
2

1

2.22.1
2




























Sab

ff

Babr

faCb





 

amrigad miviReT   







 

40

39
,

4

13
, 111  . am portfelis Sesabamisi kapita-

li n=1 momentSi.  

78160
40

39
24

4

13
1.12121  

SBX   

Semdeg gvaqvs  

   
  

  40

39

1601

0156

,
4

13

241
5

6

156
5

3
0

5

8

1

11

1.1

1.12.2
2

1

2.22.1
2




























Sab

ff

Babr

faCb




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IX.I.  vTqvaT,  2562.22  SS obligaciis fasia  

 
5

144
24

25

6
1 12  BrB  

aseT SemTxvevaSi  

156256
40

39

5

144

4

13
2 

X  

rac zustad pasuxobs ofcionis valdebulebas  ƒ   1562.22.2  Sff   

emiteti gayidis 
40

39
 aqcias da miiRebs 

5

1248
256

40

39
 -is tol Tanxas. am Tan-

xidan is gaistumrebs 
4

13
obligaciis vals anu  

5

468

5

144

4

13
 -is tol Tanxas, 

xolo darCenili 156
5

468

5

1248
 -is toli TanxiT Seasrulebs ofcionis 

valdebulebas: ƒ 1562.2 f . 

IX.II. vTqvaT  961.22  SS . aseT SemTxvevaSi  

096
40

39

5

144

4

13
2 

X . 

rac zustad pasuxobs ofcionis valdebulebas   01.21.2  Sff emitenti gayidis  

40

39
aqcias da miiRebs 

5

468
96

40

39
 -is tol Tanxas. am Tanxidan is gaistumrebs 

4

13
 obligaciis vals anu 

5

468

5

144

4

13
 -is tol Tanxas, xolo ofcionis val-

debulebiT is arafers ixdis, radgan  01.2 f . 
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SUMMARY  

MODELING A EUROPEAN OPTION WITH ADDITIONAL COMPOUND INTEREST 

CONTRIBUTIONS 

Makhashvili K.A., Tkemaladze G.Sh., Khechinashvili Z.J. and Dochviri B.M.   

Georgian Technical University 

Ivane Javakhishvili Tbilisi State University 

Solved the problem of pricing the popular European type option in the case of a multivariate binomial financial 

market consisting of a quantity K bond and a single stock. It is assumed that the bond values are multiplied by 

the compound interest rate on the coupons - more than one number. In the case of the built model, the risk-

neutral probability is defined, the generalized formula of fair price coke, Ross and Rubinstein and the buy-sell 

parity formula are adopted. Recursive formulas for the fair price of an option, two-step binomial trees, and 

formulas for calculating the minimum hedge are built into the n-step task. 

Keywords: financial market, european option, fair price, minimal hedge.
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mikrostruqturis gavlena  lokalur deformaciasa da daRlilobiTi 

mikrobzaris warmoqmnaze 
 

eTeraSvili T.v.  

 
saqarTvelos teqnikuri universiteti 

 
Sesavali. rogorc cnobilia, polikristaluri  liTonebisa da  

Senadnobebis cikluri datvirTvisas,  xdeba  maTi plastikuri  deformacia, 
rac iwvevs, masalis daRlilobiT dazianebas. dazianeba moicavs, calkeuli 
marcvlebis masStabiT srialis zolebis da deformaciuli  oreulebis war-
moqmnas. garkveul adgilebSi ki Zabvebis lokalizacias  da bzarebis inici-
rebas. avtorebis [1] azriT, es procesi gansakuTrebiT intensiurad mimdina-
reobs, marcvlis sazRvrebsa da sasazRvro fenebis siaxloves.  daRlilobiTi 
deformaciisas, masalis mikrostruqtura, topografia, teqstura, anizotro-
piuloba da Smidis faqtorTan damokidebuleba, xSirad gansazRvravs, daRli-
lobiTi bzaris inicirebis dawyebis process da adgils. es ki iwvevs kvle-
vebisas garkveul sirTules, radganac sakvlev zonaSi, calkeul mezobel 
marcvalebs aqvT, gansxvavebuli orientacia da konkretuli  kristalogra-
fiuli sibrtyeebi. avtorebi [2], ikvlevdnen, maRal cikluri daRlilobiTi 
datvirTvisas,  nikelze dafuZnebul Senadnob René 88DT.  maT daaskvnes, rom 
bzarebi warmoiqmneba calkeul marcvlebSi im sibrtyeebze, romlebic parale-
lurobidan odnav gadaxrilebi arian, koherentuli oreulis sazRvrebidan.  

avtorebma [3,4] ivaraudes, rom elastiuri anizotropia iwvevs adgi-
lobrivi Zabvebis koncentracias, romelic aZlierebs srials, oreulis  saz-
Rvrebze. maTve xazgasmiT aRniSnes, rom oreulebi ufro migviyvans daZa-
bulobis Zlier lokalizaciamde, vidre  marcvlis sazRvari. Tumca adgilob-
rivi daZabulobis koncentrirebis xarisxi, makroskopul daZabulobebTan 
SedarebiT, ar iyo gamokvleuli. igive daskvna iyo miRebuli Cvens  samuSaoSi 
[5], romelic exeboda birTvul energetikaSi gamoyenebuli austenituri 
klasis folad AISI-347 kvlevas.  

globaluri datvirTvis pirobebSi, monotonuri da cikluri datvir-
Tvis ufro prognozirebadi modelebis SemuSavebisTvis, saWiroa heterogenu-
li daZabulobis velebis raodenobrivi Sefaseba, mikroskopuli masStabiT 
(adgilobrivi meqanikuri procesis ukeT asaxsnelad).  aqtiurad mimdinareobs 
muSaoba [6] kristaluri plastiurobis modelirebazec, romelic dafuZne-
bulia mikrostruqturis gavlenis gamokvlevaze. miuxedavad amisa, mainc saWi-
roa eqsperimentuli kvlevebis  Catareba  mikrodoneebze,  lokalur daZabu-
lobis adgilebis identificirebisaTvis, modelirebis Sedegebis  dasadastu-
reblad [7]. unda aRiniSnos, rom Tu daRlilobis gamovlena masalis gare ze-
dapirze metnaklebad Seswavlilia (Tumca arsebobs garkveuli kiTxvis niSne-
bi), ra xdeba masalis Sida areebSi, jer kidev araa bolomde gamokvleuli. 
aseTi kvlevis meTodologiac da prognozirebac jer isev Canasaxis donezea. 

daRlilobiTi dazianeba SeiZleba davyoT sam etapad: daRlilobis bza-
ris dawyeba, bzaris stabiluri zrda da bzaris arastabiluri gamravleba. 
zogadad, meqanikuri komponentebi da struqturebi Seicavs geometriul uwyve-
tobas damaxinjebebze. am uwyvetobaSi, Zabvebis koncentracia warmoiqmneba  
gare Zalis Sedegad da damokidebulia konkretuli damaxinjebis zomaze. lo-
kaluri Zabvebi zogadad ufro maRalia, vidre nominaluri mniSvnelobebi. 
amitom, sifrTxilis zomebis gaTvaliswinebis SemTxvevaSic (masalebis damu-
Savebis kargi xarisxi, narCeni Zabvebis relaqsacia ... da a.S.) ver iqneba ga-
moricxuli. Sesabamisad es adgilebi ganekuTvnebian bzaris dawyebis poten-
ciur adgilebs. 
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bzaris warmoqmna liTonur masalebSi xdeba,  daRlilobis procesSi 
mikrostruqturuli cvlilebebis Sedegad. maT formirebaze pasuxismgebelia 
sxvadasxva meqanizmebi (amplitudis sidide, sixSire da sxva). Tu cnobilia,  
mocemuli masalis mdgomareoba fiqsirebuli amplitudiT datvirTvisas, maSin 
misi Semdgomi deformirebisas, amplitudebis mzardi raodenoba gamoiwvevs, 
bzaris dawyebis ciklebis raodenobis Semcirebas. gamodis, rom am periodSi, 
narCeni Zabvebi SeiZleba gaizardos, Semcirdes an ucvleli darCes, bzaris 
inicirebamde. zogadad cnobilia, rom winaswari mcire deformacia, axdens 
narCeni Zabvebis, relaqsacias. am kuTxiT sainteresoa samuSao [8], romelSic 
avtorebis mier Seswavlili iqna, atomur reaqtorebSi milsadenebad (Tbogam-
tarebad) gamoyenebuli, austenituri klasis foladze, predeformaciis efeq-
tis gavlena, daRlilobis bzaris Casaxvaze. maT mier, dadgenili iqna, rom 
daRlilobis bzaris sicocxlis xangZlivoba, damokidebulia liTonebis sim-
tkicesa da drekadobaze. winaswari deformacia, yovelTvis ar amcirebs fo-
ladis daRlilobis xangrZlivobas; 

Cveni samuSaos mizania, zemoT CamoTvlili  komponentebis gaTvaliswi-
nebiT, SeviswavloT (austenituri klasis foladSi)  mikrostruqturis roli, 
daRlilobiTi bzaris inicirebasa da gavrcelebis procesze. maT Soris mar-
cvlebsa da submarcvlebSi (maskanirebeli eleqtronuli mikroskopiT). sria-
lis zolebSi, oreulebSi,  marcvlis sazRvrebsa  da  maTi Sexebis adgileb-
Si (gamWoli eleqtronuli mikroskopiT). gansakuTrebuli yuradReba daeTmoba 
Sesabamisi mikrostruqturuli da mikromeqanikuri parametrebis gavlenas, ro-
melTac SeuZliaT moaxdinon zemoqmedeba mikrobzaris warmoqmnasa da gavrce-
lebaze.  

eqspermentuli kvlevebi 
kvlevisaTvis SerCeul iqna, atomur energetikaSi gamoyenebadi austeni-

turi klasis foladi X18H10Б (AISI-347). kvlevibasaTvis, mzaddeboda standar-
tuli  marTkuTxa formis nimuSebi, cikluri deformaciisaTvis. nimuSis orive 
mxare momzadebuli iyo, maskanirebel eleqtronul mikroskopze mikrostruq-
turuli cvlilebebis sakvlevad. daRlilobiTi cikluri deformaciis mimdi-
nareoba Seiswavleboda, V Wrilis win warmoqmnili makrobzaris, mimdebare 
plastikur zonaSi. daRlilobis sawyisi etapze, marcvlis zedapirze, praqti-
kulad rTulia TvalsaCino plastikuri gamovlinebebis aRmoCena. SesamCnevi 
srialis zolebi warmoiqmneba mxolod nimuSis 10% cikluri deformaciis Sem-
deg. cikluri deformacia miomdinareobda oTaxis temperaturaze, 0,45 herci 
sixSirTa da ε=±0,05 mm ampltudiT. rogorc makrobzaris  win,  ise mis orive 
mxares, aris plastikuri gamovlinebebis zona, 150_250 mkm sididis. Semdgomi 
gamocdebisas, zonis sidide izrdeba da aRwevs 250300 mkm-de. plastikur zona-
Si, Zlier deformirebul marcvlebTan erTad, (mTlianad dafaruli srialis 
zolebiT) aris marcvlebi, romlebic nawilobriv an saerTod araa deformi-
rebuli. Catarebuli kvlevebidan gamomdinareobs rom,  austenituri foladis 
marcvlebis diametri meryeobs, 30-dan 70 mikronamde.  

rogorc cnobilia, cikluri datvirTva iwvevs, e.w stabiluri srialis 
zolebis  (eqstruziebisa da intruziebis) warmoqmnas. maTi Seswavla moxda,  
maskanirebeli eleqtronuli mikroskopiT.  kvlevebma aCvena, rom austenituri 
klasis folad X18H10Б-Si(AISI-347), dabalcikluri daRlilobiTi deforma-
ciisas (dcd), srialis zolebis warmoqmna ZirTadad daimzireba im marcvleb-
Si, romlebic optimalurad arian orientirebulni Smidis faqtorTan.  sxva-
nairad rom vTqvaT, deformacia ufro intensiuri da mkveTrad gamoxatulia, 
im marcvlebSi, romlebic moqceulni arian Smidis faqtoris maqsimalur 
arealSi. rogorc gamokvlevebma gviCvena, gasaTvaliswinebelia is garemoebac, 
rom marcvlis orientaciis garda deformirebis mkveTrad gamoxatulobaze, 
dadebiTad moqmedebs marcvlis sididec. rac ufro didi zomisaa marcvali, 
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miT ufro „didia“ misi deformaciis  „xarisxi“ (metia srialis zolebis geo-
metriuli zomebic da raodenobac).  

Catarebuli kvlevebidan gamomdinareobs rom, austenituri foladis 
marcvlebis diametri meryeobs, 30-dan 70 mikronamde.  

daRlilobis sawyisi etapze, marcvlis zedapirze, praqtikulad rTu-
lia TvalsaCino plastikuri gamovlinebebis aRmoCena. SesamCnevi srialis zo-
lebi warmoiqmneba mxolod nimuSis n=4000 cikliT datvirTvis   Semdeg. ro-
gorc makrobzaris  win,  ise mis orive mxares, aris plastikuri gamovlinebe-
bis zona, 150_250 mkm sididis. Semdgomi gamocdebisas, zonis sidide izrdeba 
da aRwevs 250_300 mkm-de. plastikur zonaSi, Zlier deformirebul marcvleb-
Tan erTad, (mTlianad dafaruli srialis zolebiT) aris marcvlebi, rom-
lebic nawilobriv an saerTod araa deformirebuli. deformirebul marcv-
lebSi, SeimCneva uxeSi (lokalizebuli) srialis zolebic. rogorc wesi, 
yvelaze uxeSi srialis zolebi warmoiqmneba didi marcvlebisa da oreulebis 
sazRvrebze (an sazRvrebis gaswvriv) da marcvlebis Sejaxebis maxloblad 
(gansakuTrebiT kuTxovani marcvlis sazRvrebTan). plastikur zonis calkeul 
marcvlebSi, lokalizebuli srialis zolebis garda, aseve SeiZleba dafiq-
sirdes intensiuri srialis zolebis nakadi. igi vlindeba paraleluri sria-
lis zolebis saxiT, romlebic faravs marcvlis nawils (sur. 1.) srialis 
zolebis sigrZeTa gazomvebma aCvena, rom zolebis udidesi nawilis, zomebi 
10-dan 30 mikronamde meryeobs. Semdgomi ciklirebisas, adre CamoyalibebulTan 
erTad, Cndeba axali srialis zolebi. pirveli zolebisgan gansxvavebiT, isi-
ni naklebad mkafiodaa gamoxatuli da ufro naklebi sigrZisani arian.  Semd-
gomi deformirebisas, izrdeba srialis zolebis sigrZe, sawyisi sigrZis 
daaxloebiT 20%. marcvlis SigniT SeimCneva calkeuli submarcvlebi, rom-
lebic gamoirCevian gansxvavebuli mimarTulebis srialis zolebiT. Tumca, 
maTi ganlageba eqvemdebareba, Smidis faqtoris arealSi mdebareobas. marcv-
lis diametrze, daimzireba ori sxvadasxa kristalografiuli mimarTulebebi. 
Sesabamisad dislokaciebs SeuZliaT gavrceldnen marcvlis mTel zedpirze. 
es qmnis marcvlis calkeul adgilebSi maRali Zabvebis koncentrirebis Se-
saZleblobas, gansakuTrebiT im SemTxvevaSi, Tu sriali lokalizebulia erT 
sistemaze.  

 

 

 
 

sur.1. plastikuri gamovlinebebi srialis zolebiT, X18N10Б (AISI-347) foladSi 
makrobzaris mimdebared. (maskanirebeli el. mikrofotografia) 
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es mniSvnelovans xdis mikrostruqturis topografias  da misi gaTva-
liswinebis aucileblobas. igive suraTi daimzireba, gamWoli eleqtronuli 
mikroskopuli (gem) kvlevebisas (sur. 2) (gem kvlevebisTvis gamoyenebuli iyo 
igive tipis gantelis formis nimuSebi, imave daRlilobiTi  da gamocdis 
pirobebiT). calkeuli marcvlis SigniT aqac ZiriTadad gvxvdeba ori mimar-
Tulebis srialis zolebi.   

 

 
 

sur. 2. ori mimarulebis srialis zolebi X18N10Б (AISI-347) foladSi  
da karbiduli CanarTebi (gamWoli el mikrosuraTi). 

 
kvalTa mimarTulebebis, aseve  kristalografiulma da stero analizma 

gviCvena, rom sriali mimdinareobs upiratesad (111) srialis  sibrtyebze  
<110> mimaTulebiT. gaoreba ki midinarebs (111) sibrtyeze <112> mimarTulebiT. 
gamWol eleqtrono-mikroskopulma (gem) kvlevebma aCvena, mikro bzarebi, ro-
gorc wesi  xSirad daimzireba kargad Camoyalibebuli srialis zolebze 
(zolebSi). 

  

 
 

sur. 3. srialis zolSi warmoqmnili mikrobzaris traeqtoriis 
 cvlileba submacvalSi gadasvlisas 

 
misi sigrZe aseT SemTxvevaSi, vrceldeba mTeli marcvlis an  submarcv-

lis sigrZeze. Tu mikrobzari, Tavisi gavrcelebisas,  Seejaxeba submarcvals, 
is vrceldeba masSi odnav Secvlili mimarTulebiT. Secvlili mimarTuleba 
Tanxvdenilia, submarcvalSi arsebuli srialis zolebis mimarTulebis. 
(sur.3) aseT mikrobzarebs aqvT, kargad Camoyalibebuli paraleluri gverdebi, 
romlebic mihyvebian srialis zols. maT gverdiT Tanaarseboben calkeuli 
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srialis zolebic. mezobel marcvalSi SeWrisas sazRvarze, mikrobzari iw-
vevs, Zlier damaxijebas, rogorc sazRvarze, aseve  marcvalSi. es gamoixateba 
marcvlis sazRvarze Zlieri lokaluri damaxinjebebiT da Zabvis CiraRdnuli  
formis deorientirebuli areeebis warmoqmnebiT (sur. 4 (2) qveda mxare).  

 

 

 
 
 

sur. 4. mikrobzari srialis zolebis gaswvriv (1) (bnelarovani eleqtronuli 
mikrofotografia);  

qveda mxares CiraRdnuli formis lokaluri damaxinjebebi (2) 
 
garda aseTi damaxinjebibisa, calkeul SemTxvevebSi mikrobzari Sejaxe-

bisas, iwvevs nano bzarebis inicirebasac (sur. 5). aseTi SemTxvevebis sta-
tistikurma analizma aCvena, rom  mikrobzari formirdeba srialis zolsa da 
„mimdebare ares“ Soris sazRvarze  (sur. 5. qveda marcxena mxare). nano bzari 
jer kidev ar aris Camoyalibebuli bolomde (amaze miuTiTebs misi araswori 
_ gaRunuli elifsis forma) da ufro hgavs am zolebSi nimuSis mikroseq-
ciebis lokalur rRvevebs (gaxleCebs).  igive daskvnis gamotanis safuZvels 
gvaZlevs, ultra mikrobzarebis (nano bzarebis) inicirebis adgilebis 
analizi  (sur. 5, zeda marjvena mxare).  

 

 
 

 
sur.5. nano bzarebi X18N10Б (AISI-347) foladSi da karbiduli CanarTebi,  

gamWoli el mikrofotografia 
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am konkretul SemTxvevaSi, (nanobzarebi 1 mkm da ufro naklebi sig-
rZiT)  xSirad daimzireba, srialis zolsa da karbiduli CanarTebis urTier-
Tqmedebis adgilebSi. erT-erTi aseTi SemTxveva naCvenebia me-5. naxazze (mikro 
suraTis zeda marjvena da qveda marcxena nawilebi). naTlad Cans, rom „zoli-
mimdebare are“ nanobzarebiT, nawilobriv exeba karbidul CanarTebs. xSirad,  
aseT adgilebSi, xdeba ultra mikrobzarebis warmoqmna. rogorc suraTidan 
Cans lokalur areSi, romlis sigane daxloebiT 0,1 mkm-s ar aRemateba, 
warmoiqmna sami nanobzari, romlebic ganTavsdnen sigrZeSi sam sxvadsxva do-
neze. TiToeuli maTganis sigrZe ≈0,2 nanometris rigisaa, xolo maT Soris 
manZili 0,05 mkm. am dros, iseve rogorc wina SemTxvevaSi, bzarebs ara aqvt 
mkacri geometriuli forma.  iqmneba STabeWdileba TiTqos isini inicirdnen  
nimuSis, lokalur adgilebSi,  mikro gaxleCis gamo, magram ver moxerxda, 
maTi gaerTianeba,  raRac mizezis gamo.  

 
ganxilva  
Catarebulma eqsperimentalurma kvlevebma rem-iT da  gem-iT gviCvena, 

rom dcd deformacia foladebSi mimdinarebs araerTgvarovnad.  
struqturuli araerTgvarovnobis gamo dabalcikluri daRlilobiT 

deformacia mimdinareobs, rogorc aralokalizebuli, ise lokalizebuli sa-
xiT. aralokalizebuli _ Tandayolilia masalis mTel daZabul moculobaSi 
da warmoadgens, dazianebis ganuyofel saSualo maxasiaTebels. rac Seexeba 
lokalizebuls, rogorc kvlevebma, gviCvena mas gansazRvravs masalis mikros-
truqtura, topografia, kristalografia da misi mdebareoba Smidis faqtor-
Tan mimarTebaSi. 

deformacia mimdinareobs srialis sibrtyeebisa da bzarebis warmoq-
mniT. Sedegebis analizma aCvena, rom srialis zolebis minimum ori mimarTu-
leba iyo gaaqtiurebuli, aseve maTze (Tu maTSi) warmoqmnili bzari, vrcel-
deboda marcvalsa da submarcvalaSi. Tumca submarcvalSi gadasvlisas icv-
lis mimarTulebas, magram ara kristalografias.  

mikroplastikuri deformacia lokalizebulia konkretul adgilebSi. 
amaze miuTiTebs, nanobzarebis warmoqmna, mikrobzaris marcvlebTan Sejaxe-
bisa da karbidul CanarTebis siaxloves, aseve maTi araswori forma (gansxva-
vebiT mikrobzarebisagan). 

gavarCioT Sejaxebis adgilebi. bunebrivia rom mikrobzaris gavrcele-
bisas wveros win warmoiqmneba Zabvebi. winaaRmdegobasTan Sejaxebisas, Zabvebi 
unda relaqsirdes. rogorc vnaxeT, relaqsacia midinareobs  srialis zole-
bisa da bzarebis  warmoqmniT. es aris masalis  bunebrivi akomodaciis proce-
si, Zabvebis mosaxsnelad. magram Zabvebis moxsnis erT-erTi meqanizmia aseve, 
deformaciuli oreulebis warmoqmnac. cnobilia, rom oreulebis warmosaqm-
nelad, ufro didi Zabvaa saWiro vidre srialis zolebisaTvis, magram ufro 
naklebi vidre bzaris inicirebisaTvis. swored amaze miuTiTebs nanobzarebis 
araswori forma da SezRuduloba sigrZeSi me-5 suraTis qveda mxareze (naC-
venebia isriT). mikrobzaris Sejaxebisas marcvlis sazRvarze arsebuli Zab-
vebi, savaraudod iseTi sididisaa, rom relaqsirdebian srialis zolebis, 
nanobzarisa da oreulebis warmoqmniT. am lokalur adgilas warmoqmnil 
srialis zolSi, romelSic inicirdeba nanobzari, unda davuSvaT, rom war-
moiqmneba mikro oreulebic. amis dasadastureblad gavarCioT, martivi maga-
liTi. waxnag centrirebul kubur struqturaSi deformaciamde arsebuli 
sibrtyeebi ABCABCABC, deformaciis Semdeg gadalagdebian Semdegnairad  

A|BAB|CABC. am magaliTidan kargad Cans, rom srialiT sibrtyis mimarT vRe-
bulobT mikro oreuls. Sesabamisad gverdi-gverd arian, nanobzari (romelic 
warmoiqmna srialis zolSi) da mikro oreulebi. rogorc cnobilia, gck 
struqturis  SemTxvevaSi, oreulisa da srialis (111) sibrtyeebi emTxveva 
erTimeores, mimarTulebebi ki <112> da <110> gansxavebulia. minimaluri kuTxe 
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am mimarTulebebs Soris TiTqmis  30 0. swored amitom, warmoqmnili  
nanobzari, savaraudod „CarCa“ lokalurad da veRar vrceldeba. swored es 
unda iyos  mizezi misi SeCerebisac da mimarTulebidan gadaxrisac. 

karbidul CanarTebis siaxloves, warmoqmnili nanobzarebic (sur. 5 ze-
da mxare, naCvenebia isrebiT), aseTive warmoSobisaa, mxolod im gansxvavebiT, 
rom aq daimzireba aseve karbiduli CanarTebic. oreulSi nanobzarebi mdeba-
reoben sxadasxva gansxvavbul doneebze, Tumca Tavmoyrilini arian erT 
mTlian areSi. maTi sigrZeebi ≈0,2 nanometris rigisaa.  mat mimdebared, sakmao 
raodenobis karbiduli CanarTebia, romlebic rogorc wesi moiazrebian Zab-
vebis Tavmoyris xelSemwyob adgilebad. amas adasturebs eqstinqciuri kon-
turebis analizic, rac  vizualuradac kargad Cans, maTi formebidn gamom-
dinare (sur. 2_5). Sesabamisad, Catarebuli kvlevebi gviCvenebs, rom yovelTvis 
didia pikuri Zabvebis is sidide, romelic gamoiwvevs ultra mikrobzarebis 
warmoqmnas. aseTi adgilebia  srialis zolebisa da karbiduli CanarTebis 
siaxlove; mikrobzaris Sejaxebis adgilebi marcvlis sazRvarTan an subsaz-
RvarTan; srialis zolebisa da oreulis sazRvarebi; rac kargad Cans war-
modgenili eqsperimentuli mikrofoto suraTebidanac. 

es mimoxilva ajamebs Tanamedrove Sexedulebebs mikrostruqturis ga-
damwyveti rolis Sesaxeb austenituri klasis foladebSi dabalciluri daR-
lilobisas bzarebis warmoqmnaze. mikrostruqturuli parametrebi, romlebic 
gavlenas axdenen daRlilobis bzaris dawyebaze srialis zolebze, marcvlis 
sazRvrebze, CanarTebsa da oreulebze. rac mTavaria yvela es Sedegi miRe-
bulia ar marto masalis zedapiruli kvlevebiT, aramed gamokvleulia masa-
lis SigniT mimdinare procesebiTac. dawyebuli srialis zolebiT damTav-
rebuli mikro- da nanobzarebis warmoqmniT. axsnilia nanobzarebis inicire-
bisa da gadaxris mizezi oreulis mimarTulebidan. mimoxilvis Sedegad miRe-
bulia daskvnebi. 

 
daskvnebi 
1. mikrostruqturas SeuZlia, Seqmnas Sinagani marcvlis topografiidan 

gamomdinare Zabvebi, ramac SeiZleba Secvalos foladebis da masalebis 
sicocxlis unarianoba.  

2. topogragfiul ZabvebSi moiazreba, lokalur adgilebSi mikrostruq-
turis cvlilebiT gamowveuli, pikuri kumSvadi Zabvebis dagroveba, romelsac 
SeuZlia am adgilebSi warmoqnas bzari.  

3.  mikro- da nanobzarebis inicirebas, xels uwyobs karbiduli CanarTe-
bi da maT siaxloves warmoqmnili lokaluri pikuri Zabvebi. 

4. mikrobzarebi, romlebic warmoiqmnebian srials zolebSi, gavr-
celebis procesSi submarcvlis sazRvris gadakveTisas, icvlis mimarTulebas 
magram isev  paraleluri rCeba, submarcvalSi arsebuli srialis zolebis. 
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A 
SUMMARY 

IMPACT OF MICROSTRUCTURE ON LOCAL DEFORMATION AND FATIGUE 
MICRO-CRACK FORMATION 

Eterashvili T.V. 
Georgian Technical University 

The paper deals with current processes in low-cyclic fatigue (LCF) austenitic grade stainless steel used in 

nuclear power plants. The work discusses, microstructural changes of (LCF): locations of local stress 

concentrations; Plastic deformation current; The locations of the slip flats and the impact of the tabs on them; 

Their relationship to the Schmid factor, grain geometry and topography is shown. The importance of the role of 

microstructure in crack initiation and propagation processes is shown. The predominant sites for the formation of 

micro twins, micro-cracks and nano-cracks, their location and the role of grain boundaries and carbide inserts in 

these processes have been investigated. The relationship of microcracks to slip flats and grain boundaries. The 

crystallography of the slip strips and micro-cracks is established, as well as their orientation with respect to the 

macro and micro cracks. 
Keywords: LCF, microstructure, crack initiation, stress concentratins, micro twins. 
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gabneuli velis struqtura xuT-portiani talRgamtaruli 

Sesaxsrebis/ganmStoeblis/ mTels fizikur areSi sistemis kombinirebul 

reJimSi kvebisas 

 
Sengelia m.a., xoWolava d.z., beriZe m.g., qevxiSvili m.g. 

 
saqarTvelos teqnikuri universiteti 

 
Sesavali 
eleqtronikis, radioteqnikasa da radiofizikis sferoSi miRweul siax-

leTa teqnikaSi danergvis efeqturoba mniSvnelovanwiladaa damokidebuli 
elementaruli bazebis _ (gamosxivebis wyaroebis, gadamcemebis, filtraciuli 
sistemebisa da aparaturis sxva komponentebis) _ mdgomareobaze.  

mravalsarTuliani talRgamtaruli sistemebis problemis Seswavlisas 
miRebuli Sedegebis analizma aCvena, rom talRgamtaruli Sesaxsrebis/ganmS-
toeblis/ Stoebs (mxrebs) Soris, praqtikisaTvis misaRebi SeTanxmebis miRweva, 
SesaZlebelia mxolod viwro sixSiruli zolisa da sxvadasxva mxrebis 
zomebis, fiqsirebuli TanafardobisaTvis.  

talRgamtaruli Sesaxsreba/ganmStoeblebSi farTo sixSirul zolSi 
SeTanxmebis maRali xarisxis miRweva SeuZlebelia mis struqturaSi konst-
ruqciuli (mag. xelovnuri araerTgvarovnebebis CarTvis gziT) [1-3], cvlile-
bebis gareSe. 

gansaxilveli struqtura gamosaxulia naxazze. 
 

 

a 
 

b 
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g 
 
gansaxilveli struqtura gverdiTi Stoebis sxvadasxva konfiguraciisaTvis 
 

 
 
sistemis konstruqciisa da kvebis reJimebis varirebis mizniT Semota-

nilia e.w. kvebisa da gverdiTi Stos orientaciis logikuri mamravlebi: 

   10,4,3,2,111  jjp niSnavs rom Sesabamisi Stos mxridan sistemas kveba mie-

wodeba,   01 jp _ ar miewodeba;    3,212  jjp  _ niSnavs, rom Sesabamisi 

Sto mierTebulia qveda mxridan, xolo   02 jp - zeda mxridan. 

TiToeul areSi velis koreqtuli Caweris, sxvadasxva aris gamyof zeda-
pirebze eleqtruli velis tangencialuri mdgenelis uwyvetobis pirobebis da 
naSTTa Teoriis gamoyenebiT, vRebulobT velis warmodgenas gverdiT StoebSi 
gabneuli velebis multipoluri speqtris koeficientebis saSualebiT: 
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amrigad, Cven SevZeliT gamogvesaxa eleqtruli velis daZabulobis 

veqtori mTel fizikur areSi gverdiT StoebSi arekvlili velis koeficien-
tebis saSualebiT. miRebuli Sedegebidan Cans, rom veli daiSala or kompo-
nentad, romelTagan erTis sakuTari ricxvebia Sesabamisi gverdiTi Stos 
talRuri ricxvebi, xolo meorisa ki _ ZiriTadi talRgamtaris talRuri ri-
cxvebia. amasTanave, miRebuli Sedegebidan SegviZlia vivaraudoT, rom gan-
saxilveli sistemis eleqtrodinamikuri Tvisebebis cvlileba SesaZlebelia 
sistemis kvebis reJimis variaciiT. 
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SUMMARY 

SCATTERED FIELD STRUCTURE AT COMBINED POWER SUPPLY OF FIVE-PORT  

WAVEGUIDE JUNCTION/BRANCHING 

Shengelia M.A., Xocholava D.Z., Beridze M.G. and Kevkhishvili M.G. 

Georgian Technical University 

The problem of finding the scattered field in a five-port waveguide joint with combined power supply is 

considered. The obtained result suggests that by varying the power regimes, it is possible to change the 

properties of the system. 

Keywords: scattered field, five-port waveguide joint, waveguide systems. 
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cocxali organizmebis mier xelovnurad Seqmnili akustikuri diapazonis 
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saqarTvelos teqnikuri universiteti 
 

mravali avtoris mier dRemde iTvleba, rom cocxal organizmebSi 
momdinare procesa umetesoba atarebs stoqastur xasiaTs. Cven vfiqrobT, rom 
stoqasturia garemoSi mimdinare procesebi, xolo cocxal organizmebSi maT 
fonze ganviTarebuli movlenebi ki warmoadgenen adeqvatur da kanonzomier 
pasuxs garemo pirobebis cvlilebaze. aqedan gamomdinare, biosistemebis 
funqcionirebis principebisa da meqanizmebis safuZvliani gagebisaTvis auci-
lebelia (magram ara sakmarisi), gaanalizeba da gaazreba imisa, Tu rogor 
xdeba maTSi mimdinare movlenebis aRqma ara rogorc raRac stoqasturad 
ganviTarebuli procesebiT ganpirobebuli rezultatis, aramed rogorc gar-
kveul ierarqias damorCilebuli, uaRresad mowesrigebul cvlilebaTa (moZ-
raobaTa) Sedegad miRweuli kanonzomieri Sedegi. 

biosistemaSi, sxvadasxva adgilasa da sxvadasxva formiT koncentri-
rebulia Tavisufali energiis udidesi maragi, romelic SesaZlebelia gamo-
yenebul iqnes porciebad sxvadasxva, sakmaod susti gareSe faqtorebis zemoq-
medebis fonzec ki. aseT gare faqtorTa umetesoba atarebs eleqtromagnitur 
xasiaTs, garda amisa eleqtromagniteri veli warmoadgens Tavisufali ener-
giis Semavsebel ZiriTad wyaros (kerZod, cocxali organizmebi Tavisufali 
energiis marags ivseben mzis, eleqtromagnituri gamosxivebis, dedamiwis mag-
nituri velisa da atmosferuli ganmuxtvebis xarjze). 

yovelive zemoT Tqmulidan gamomdinare gasagebia, is udidesi mniSvne-
loba romelsac imsaxurebs rogorc eleqtromagnituri velebis zemoqmedebis 
fonze ganviTarebuli movlenebis gamovlineba, maTi da maTi mainducirebeli 
meqanizmebis kvleva, nervul da humoralur doneebze, aseve is meqanizmebi, 
romlebiTac es ori sistema aRiqvams aRniSnul zemoqmedebas rogorc erTiani 
funqcionaluri warmonaqmni. 

xelovnurad Seqmnili eleqtromagnituri veliT cocxali organizmis 
lokalur areze zemoqmedebis Seswavlis procesSi [1] umniSvnelovanesad mig-
vaCnia erTgvari nervuli impulsis gavrcelebis ruqis Sedgena. es ruqa unda 
aRwerdes  velis moqmedebis areSi moqmedebis Zalis adeqvatur receptorebSi 
warmoSobili nervuli impulsis gavrcelebis marSruts (ra Tqma unda Suale-
duri nervuli centrebis miTiTebiT).  

dadgenilia, rom eleqtromagnituri velebis zemoqmedebis qveS ujredis 
membrana asrulebs konformaciul rxevebs [2,3]. amasTanave, xazi unda gaesvas 
am fluqtuaciebis damaxasiaTebel or garemoebas: 1. es rxevebi yovelTvis da-
kavSirebulni arian energiis Zalze mcire porciis STanTqmasa da gamoyo-
fasTan (makromolekulis or, mezobel konformaciul mdgomareobaTa Soris 

gadasvla TiTqmis izoenergetikulia E E≪ kT ), anu Seesabamebian zemaRalsix-
Sirul da ufro grZeltalRovan sixSirul diapazonebs. 2. cocxal orga-
nizmebSi es rxevebi yovelTvis asocirdebian eleqtromagniturTan (makromo-
lebSi es aris eleqtruli da magnituri momentebis, zedapiruli eleqtruli 
muxtis simkvrivis, polarul da arapolarul jgufebs Soris Tanafardobis, 
xolo organelebsa da ujredebSi membranis potencialis, muxtis simkvrivis, 
mudmivi dipoluri momentis fluqtuaciebi). 

cocxal organizmze akustikuri diapazonis em veliT (ademv) zemoqmede-
bisas bunebriv pirobebTan SedarebiT gansxvavebul situacias qmnis xelov-
nurad Seqmnili veli, romelic Tavis zemoqmedebis lokalur zonaSi iwvevs 
garkveul cvlilebebs ademv-s, iseve rogorc sxva arasiTburi velebis, zemoq-
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medeba iwvevs ujredis formisa da efeqturi moculobis cvlilebas. aqedan 
gamomdinare cxadia, rom konformaciul cvlilebebs ganicdis ademv-is moq-
medebis zonaSi dislocirebuli yvela receptori.  

gareSe signalis organizmis mier aRqma xdeba garemoSi mimdinare pro-
cesebis Sesaxeb informaciis cns-s mier aRqmad formaSi (nervul impulsebSi) 
gadakodirebis Sedegad, swored es aris organizmis mier biologiuri rea-
lizmis aRqma. 

xelovnurad Seqmnili ademv-is lokaluri zemoqmedebisas icvleba 
zemoqmedebis zonaSi ganTavsebul receptorze moqmedi gare Zala. amis Sesaxeb 
informaciis kodireba xdeba ori gziT: sensorul neironSi warmoSobili qme-
debis potencialis sixSiriT (sixSiruli kodireba) da stimuli moqmedebis 
sapasuxod aRgznebul neironTa raodenobiT (amplituduri kodireba. moqmede-
bis Zalis gazrdiT izrdeba receptoruli potencialis amplituda, rasac, 
rogorc wesi, Tan axlavs qmedebis potencialTa warmoSobis sixSiris gazrda 
pirvelad sensorul neironSi. rac ufro farToa sensoruli sistemis mier 
qmedebis potencialis aRqmis sixSiruli diapazoni, gamaRizianebeli Zalis 
miT meti Sualeduri mniSvnelobis garCeva SeuZlia mas. erTidaigive modalo-
bis pirveladi sensorul neironebi erTmaneTisagan ganirCevian aRgznebis 
zRurbliT. aqedan gamomdinare, gaRizianebis Zalis gazrda gamoiwvevs CarTu-
li pirveladi sensoruli neironebis raodenobis gazrdas da Sedegad gaiz-
rdeba maTi jamuri moqmedeba meore rigis neironebze. 

anu, ademv-s zemoqmedeba iwvevs ujredebis formis cvlilebas, rac gada-
kodirdeba nervuli impulsebis warmoSobis reJimis cvlilebaSi. 

yovelive amis Sedegad icvleba SedarebiT maRal ierarqiul doneze 
mdgom centrebSi Semavali informaciisa da Sesabamisad maTi muSaobis reJimi. 
swored am meqanizmebiT xdeba organizmis mier xelovnurad Seqmnili ademv-s 
zemoqmedebis aRqma. 
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The mechanisms of perception of impact artificially created acoustic range electromagnetic field in living 

organisms by means of frequency and amplitude coding are considered. 
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Sesavali: xelovnuri inteleqtis koncefcia aSinebs adamians, radgan 
iwvevs mexsierebaSi  Zalauflebis berketTan dakavSirebul raRac Seucnobs. 
SiSi gamotanilia auqcionze da pirvel, dabal doneze am TemasTan dakavSi-
rebiT ukve mravali publikacia arsebobs. meore, gacilebiT ufro mniSvne-
lovan doneze, yvelaferi, rac ki warmoisaxeba riskebisgan Tavis dacvis an, 
piriqiT, maTi marTvis saSualebad am ZalisdamorCilebis mizniT, iwvevs kidev 
ufro met dainteresebas. sakvirveli ar unda iyos, rom es koncefcia dRes 
yvavis. am statiaSi vubrundebiT gonebas: xelovnuri inteleqti ar arsebobs, 
imitom rom igi arc SeiZleba arsebobdes, vidre bunebrivi inteleqti udides 
saidumloebad rCeba. teqnikis cnobili frangi filosofosi bernar stigleri 
(Bernard Stiegler, 1952_2020) imasac ki asabuTebs, rom `xelovnuri inteleqti _ es 
xelovnuri sisulelea~. bunebrivi inteleqtis ara erTi aspeqti cnobilia 
(magaliTad, gamoTvliTi simZlavre da mexsiereba) da advilad SeiZleba iyos 
modelirebuli, Cayenebuli adamianis samsaxurSi. magram, manqanisgan gansxvave-
biT, xelovnuri inteleqti ar funqcionirebs rogorc sxeulisa da gonebisgan 
damoukidebeli avtonomiuri meqanizmi, razec romis papi franciske pirvelic 
ki amaxvilebs yuradRebas 2020 wlis 23 dekembris saSobao mimarTvaSi [1]. 
arsebobs Rrma strategiuli Sinaarsis mqone logikuri samagido TamaSi `go~, 
romelic Zvel CineTSi gaCnda, sxvadasxva SefasebiT sadRac 2–5 aTasi wlis 
win. manqanisgan gansxvavebiT, gos moTamaSe yovelTvis erTnairad ver 
gamoxatavs Tavis reaqcias TamaSis procesSi gaCenil ama Tu im situaciaze, 
gamomdinare daRlilobidan, optimizmis grZnobidan, masze mowinaaRmdegis 
mier moxdenil STabeWdilebidan, ramac SeiZleba gamoiwvios misi mxridan 
ufro metad an ufro naklebad Tavxeduri, sarisko pasuxebi, xSirad cudi, 
zogjer ukeTesi, magram gansxvavebuli im pasuxisgan, romelsac airCevda 
kompiuteri, gamomdinare sxvadasxva SesaZlo variantTan dakavSirebuli 
maTematikuri lodinis mniSvnelobidan. 

Cinuri oTaxi.  Cinuri oTaxi (ingl. chinese room) _ pirvelad 1980 wels 
amerikeli filosofosis jon rojers sirlis (John Rogers Searle, 1932) mier 
gamoqveynebuli saazrovno eqsperimentia cnobierebisa da aseve xelovnuri 
inteleqtis filosofiaSi. eqsperimentis mizani, mdgomareobs im mtkicebis 
uaryofaSi, rom cifrul manqanas _ misi garkveuli xerxiT daprogramebis 
Sedegad SeZenili `xelovnuri inteleqtiT~ _ aqvs unari iqonios cnobiereba 
imave azriT, romliTac igi adamians gaaCnia. sxva sityvebiT, mizania egreT 
wodebuli `Zlieri~ xelovnuri inteleqtis hipoTezis uaryofa da tiuringis 
(Alan Mathison Turing, 1912_1954) testis kritika. 

warmovidginoT, rom mecnierebma gamoigones zemZlavri Cipi, romlis way-
lobiT manqanebma SeiZina arnaxuli Zalis xelovnuri inteleqti. arc Tu So-
reul momavalSi isini ukontrolo gaxda, manqanebma gaanadgura kacobrioba 
da daipyro dedamiwa. SesaZloa movlenaTa ganviTarebis meore varianti. 
manqanebma, romlebmac TavianT ganviTarebaSi adamians aTasjer gauswro, mone-
bad aqcia Semqmnelebi  da iyenebs maT Sinaur cxovelebad... 

albaT, siuJeti yvelasaTvis kargad aris cnobili, mis safuZvelze 
dawerilia uamravi fantastikuri romani da gadaRebulia filmi. magram 
SesaZlebelia sinamdvileSi xelovnurma gonebam gauswros adamianisas an 
Tundac miuaxlovdes mas? diskusia am Temaze ar qreba kulturaSi `kiber-
netikuli xanis~ dawyebis dRidan. gonier robotebs uZRvnidnen TavianT 
nawarmoebebs amerikeli fantastebi – aviRoT Tundac cnobili mecnieri-bioqi-
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mikosi aizek azimovi (Isaac Asimov, 1919_1992) misi `robotiqsis sami kanoniT~ 
(«Three Laws of Robotics», 1991). sxvaTa Soris im wlebSi e.w. `eleqtronuli ga-
momTvleli manqanebis~  raodenoba sul ramdenime cals Seadgenda da maTi 
zomebi didi oTaxis zomebs udrida, isini ganlagebuli iyo msxvil sa-
mecniero-kvleviT institutebSi da cota ram Tu exerxeboda inteleqtualuri 
TvalsazrisiT. magram maSinac ki mousvenari poloneli filosofosi, satiri-
kosi, mwerali da futurologi stanislav lemi (Stanisław Herman Lem, 1921_2006)  
daJinebiT  amtkicebda, rom manqanis inteleqti da adamianis goneba – `ori di-
di gansxvavebuli ram aris~. 
msgavsi azrisa iyo amerikeli filosofosi jon rojers sirli (John Rogers 

Searle; 1937), romelmac 1980 wels TvalsaCinod axsna gansxvaveba informaciis 
manqanur damuSavebasa da adamianis azrovnebas Soris. Tavis warmosaxviT 
eqsperiments man `Cinuri oTaxi~ uwoda. warmoidgineT, rom Cagketes oTaxSi, 
sadac warwerebia TqvenTvis ucnob enaze _ aseT enad sirlim SearCia Cinuri 
(`Cinuri damwerloba~ xom uZvelesi droidan asocirebulia raRac gaugebar-
Tan da miuwvdomelTan), magram es SeiZleba iyos nebismieri sxva ena, Tundac 
ucxoplanetis. Tqven mocemuli gaqvT saxelmZRvanelo, sadac axsnilia, rogor 
unda moxdes ieroglifebis kombinireba; magram Tavad am simboloebis mniSv-
nelobaTa axsna ar xdeba im mizeziT, rom es saWiro ar aris frazebis Sesad-
genad. oTaxis gareT imyofebian Cinuri enis mcodne damkvirveblebi. maT Tval-
win Tqven sruliad sworad adgenT garkveuli azris mqone winadadebas da 
mTlian teqstebsac. magram am dros es azri TqvenTvis sruliad gaugebaria. 

Semdeg damkvirveblebi gadmogcemen warwerebs SekiTxvebiT Cinur enaze. 
Tqven advilad SegiZliaT maTze pasuxebis gacema saWiro simboloebis Ser-
CeviT saxelmZRvaneloSi mocemuli wesebis safuZvelze. garegnulad pasuxebi 
Seesabameba SekiTxvebs da savsebiT gaazrebulia, Tumca isini SeiZleba ar 
Seesabamebodes realur sinamdviles. magaliTad, Tqven SegekiTxes romeli 
feri mogwonT yvelaze metad da Tqven dawereT «wiTeli», magram Tqven xom 
mwvane mogwonT?! sinamdvileSi Tqven xom warmodgenac ar gaqvT imis Sesaxeb, 
Tu ra kiTxva dagisves feris Sesaxeb da gaeciT garkveuli pasuxi – ubralod 
SeaTavseT fuZe daboloebasTan, abstraqtuli subieqti abstraqtul obieqtTan 
da ase Semdeg. 

Zneli ar aris imis gageba, rom sistema, romelic Sedgeba oTaxisgan da 
masSi myofi adamianisgan _ es kompiuteris modelia. saxelmZRvanelo _ 
programa, xolo ieroglifebis krebulebi _ monacemTa baza. oTaxis gareT 
myof damkvirveblebs SehyavT raRac monacemebi, romlebsac `kompiuteri~ 
amuSavebs programis Sesabamisad. da mas sruliad ar esmis, ra informaciaze 
muSaobs igi konkretulad da risTvis aris igi saWiro. sxvanairad rom 
vTqvaT, igi dakavebulia sintaqsiT _ obieqtTa (simboloTa) kombinaciebis 
SedgeniT naswavli wesebis safuZvelze, magram ar esmis sakuTriv simboloe-
bis da maTi  kombinaciebis  azri. Tqven rom Wama mogindeT (ese igi `kom-
piuters~ moundes Wama), Tqven ver SeZlebT amis Tqmas damkvirveblebisTvis, 
romc icodeT Cinuri sintaqsi. maSasadame, inteleqtis mqone manqanasac ki ar 
aqvs Tavisi nebis gamoxatvis unari, romc gaaCndes es neba. 

es ori mdgeneli – mniSvnelobaTa are (semantika) da sakuTari nebis 
gamoxatvis unari – adamianis  gaazrebuli Semoqmedebis mTavari arsia. 
sintaqsi aseve aucilebelia, magram igi azrTa gadacemis meqanizmis mxolod 
damxmare rols asrulebs. 

adamiani rogorc biologiuri roboti.  Tavis eqsperimentSi jon sirli 
ara mxolod akritikebs srulfasovani xelovnuri inteleqtis SesaZleblobas. 
`Cinuri oTaxi~ xsnis im formalizebuli ganaTlebis arssac, romelic 
TandaTanobiT inergeba sxvadasxva qveynis skolebsa da profesiul saswav-
leblebSi. aseTi midgoma tipuri amocanebis swrafad daZlevis saSualebas 
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iZleva, magram ar aswavlis imis gagebas, rac da ratom keTdeba. aseTi mid-
gomiT naswavli adamiani xdeba Taviseburi biologiuri roboti, romelsac 
SeuZlia detalebis virtuozulad SeerTeba da moqmedebaTa mravalsafe-
xuriani Tanamimdevrobis Sesruleba, magram ar SeuZlia procesis marTva,  
misi Sedareba ufro maRali donis amocanebTan, problemaTa gadaWrisadmi 
SemoqmedebiTi midgoma da, zogadad, imis arsSi wvdoma, rac xdeba. amisaTvis 
aucilebelia tradiciuli, analitikaze agebuli, ganaTleba, droSi xangr-
Zlivi da informaciulad gajerebuli. 

eqsperimentis kritika.  jon sirlis «goneba, tvini da programebi» 
(`Minds, Brains, and Programs~, 1980) wignis gamosvlis Semdeg, romelic «Cinuri 
oTaxis» aRweras Seicavda, mis Teorias gauCnda aramxolod momxreni, aramed 
mowinaaRmdegenic. zogierTi mecnieri aRniSnavda, rom sistemas, romelic 
Seicavs oTaxs, adamians, ieroglifebsa da saxelmZRvanelos, TavisTavad aqvs 
goneba, xolo adamiani masSi _ wminda meqanikuri samuSaos Semsrulebeli 
mxolod erT-erTi komponentia. monacemTa bazaSi (ieroglifebis krebulSi) 
mocemulia am zetvinis codnaTa mTeli masa. Tumca am mecnierT Tavad daviw-
yebiaT, rom sistemam ver upasuxa SekiTxvas, ra fers aZlevs igi upiratesobas, 
misi «pasuxis» mTeli garegnuli gamarTulobis pirobebSi. sistemis monacemTa 
bazaSi moTavsebul codnas ar SeuZlia gavlenis moxdena am sistemis qcevaze 
(misi qceva mowyvetilia, abstrahirebulia am codnisgan, sistema mxolod 
meqanikurad ukavSirebs erTmaneTs codnis fragmentebs da ar ufiqrdeba 
Sedegebs). 

mecnierTa meore jgufs, piriqiT, eWvi epareba adamianis gonebis Tavad 
arsebobaSi rogorc raRac unikalurisa. maTi azriT, adamianis yvela goneb-
rivi procesi _ mxolod sintaqsia, Tumca warmoudgenlad rTuli. wesebis gan-
Stoebuli sistemis formireba aseuli aTasobiT wlis ganmavlobaSi xdeboda, 
adamianis cxoveluri winaprebis CaTvliT, magram safuZvelSi mainc monacemTa 
farTo baza da am monacemTa ramdenime misawvdomi kombinacia devs. adamianebi 
da cxovelebi, amrigad, mxolod biologiuri robotebia, romlebic mona-
cemebiT manipulireben sxvadasxva doneze. maT tvins SeuZlia rogorc sasar-
geblo samuSaos uSecdomod Sesruleba, aseve «bagis» (ingl. bug - virusi; 
tili, mweri) akidebac, romlis rols asrulebs religia (religiur-ritua-
luri qceva cxovelebSi da frinvelebSic (yvavebis gonebis axali kvleva 
gasaocari aRmoCeniT dasrulda _ es frTxili frinveli ara mxolod 
Wkviania, aramed flobs cnobierebis garkveul formas, SeuZlia Segnebulad 
awmyoSi gaiazros mis garSemo arsebuli garemo. sxva sityvebiT rom vTqvaT, 
aqvs subieqturi gancda).  aRiniSneba iseve xSirad, rogorc adamianebSi); gare-
dan SesaZlebelia am tvinis daprogramebac da maT Soris misi `davirusebac~ 
(ideologiiT, propagandiT; cxovelebSi ki _ wvrTniT).  

daipyrobs Tu ara samyaros manqanebi ?  savaraudod, `manqanaTa janyi~ 
arasodes moxdeba. kompiuteruli inteleqti marTlac rom axdendes adamianis 
inteleqtis modelirebas, maSinac ki axlo (advilad warmosadgen) momavalSi 
modeli aSkarad ver gauswrebs bunebriv tvins da masTan CamorCenili darCeba. 
xolo, Tu romeliRac zemZlavri roboti moawyobs `janys~ da daesxmeba 
adamianebs, maSin igi adamianis mier dawerili programis mxolod meqanikurad 
Semsrulebeli aRmoCndeba da raime sargebels TavisTvis ver miiRebs. 

alen  niuelisa (Allen Newell) da herbert  saimonis (Herbert A. Simon) mier 
1976 wels Camoyalibebuli hipoTeza 

niuelisa da saimonis hipoTeza fizikuri simboluri sistemis Sesaxeb 
aris alen niuelisa (Allen Newell) da herbert saimonis (Herbert A. Simon) mier 1976 
wels Camoyalibebuli varaudi imis Sesaxeb, rom `fizikur simbolur sistemas 
aqvs aucilebeli da sakmarisi saSualebebi ZiriTadi inteleqtualuri 
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operaciebis gansaxorcieleblad~ (inteleqtualur operaciebad igulisxmeba 
Zlieri xelovnuri inteleqtis moqmedebebi). 

sxva sityvebiT, igulisxmeba, rom simboluri gamoTvlebis gareSe SeuZ-
lebelia gaazrebul moqmedebaTa Sesruleba, xolo simboluri gamoTvlebis 
Catarebis unari savsebiT sakmarisia gaazrebul moqmedebaTa ganxorcielebis 
unaris SesaZenad. amrigad, Tu vivaraudebT, rom adamiani an cxoveli an man-
qana moqmedebs gaazrebulad, isini raRacnairad asrulebs simbolur gamoT-
vlebs. da piriqiT, raki kompiuters SeuZlia msgavsi gamoTvlebis ganxor-
cieleba, amitom mis safuZvelze SesaZlebelia xelovnuri inteleqtis Seqmna. 
hipoTezas safuZvlad daedo niuelisa da saimonis mier Seqmnili programis _ 
amocanaTa universaluri amomxsnelis _ gamoyeneba adamianis msjelobaTa 
modelirebisaTvis. 

hipoTezis dacva kritikisgan SeuZlebelia, magram xelovnuri inte-
leqtis kvlevaTa udidesi nawili swored simbolur sistemaTa Seqmnis gziT 
wavida. damoukideblad imisa samarTliania Tu ara es hipoTeza, simboluri 
gamoTvlebi _ daprogramebis realobaa da maTi praqtikuli sargebeli sazo-
gadod aRiarebulia. 
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radiaciis gavlenis Seswavla CMS-is winaRobur Srian deteqtorebze 

ekologiuri gazis nazavis gamoyenebiT 

 
lomiZe i.j. 

 
saqarTvelos teqnikuri universiteti 

 
 
1. Sinaarsi 
cernis didi adronuli amaCqarebeli (LHC) da masze arsebuli 4 didi 

eqsperimenti (CMS, ATLAS, ALICE da LHCb) warmatebiT funqcionirebs bolo 
aTwleulis ganmavobaSi. am xsnis manZilze moxda uaRresad mniSvnelovani 
fundamenturi movlenebis damzera maRali energiebis fizikaSi, romelTaganac 
xazgasasmenia higsis bozonis dakvirveba 2012 wels, romelsac mohyva nobelis 
premia fizikaSi. imisaTvis, rom gaizardos aRmoCenebis potenciali da moxdes 
higsis bozonis Tvisebebis Seswavla, aucilebelia LHC- is ganaxleba proton-
protunuli Sejaxebebis albaTobis gazrdis mizniT. amisaTvis SemuSavebulia 
High Luminosity LHC (HL-LHC) ganaxlebis programa, romelic miznad isaxavs 
protunuli Sejaxebebis albaTobis gazrdas erTi rigiT 10×1034 sm2/w mde. 
LHC-is warmadobis gazrda erTis mxriv mniSvnelovnad gazrdis mecnierulad 
Rirebul xdomilebebze dakvirvebis potencials, xolo meores mxriv ki war-
moadgens mniSvnelovan gamowvevas LHC-is eqsperimentebis mimarT, radgan 
eqsperimentalur aparaturas mouwevs mniSvnelovnad gazrdili radiaciuli 
fonis pirobebSi maRali efeqturibiT aregistriron eqsperimentisaTvis sain-
tereso nawilakebi. garda imisa, rom CMS RPC deteqtoruli sistemis winaSe 
idga maRali radiaciisadmi medegobis gamowveva, aseve problematur sakiTxs 
wamoadgenda akrZalvebi, e.w. kiotos protokolis mixedviT garkveuli gazebis 
mimarT, romelTac gaaCniaT maRali GWP ((Global Warming Power), magaliTad 
ftori, romelic azianebs dedamiwis azotis fenas). dRes-dReobiT CMS is RPC 
tipis deteqtorebi efeqturad muSaoben araaalebad 3 gazian narevze, 
romlebic Sedgeba: 95,2% freoni igive tetrafloreTani (C2H2F4), 4,5% izobu-
tani (C4H10) da 0,3% sulfidis hegsafloridi (SF6). warmodgenili naSromis 
mizania RPC deteqtoris muSaobis stabilurobaze maRali radiaciuli dozis 
gavlenis Seswavla ekologiurad sufTa gazis nazavis gamoyenebisas. kvlevebi 
Catarda CERN-is (Jeneva, Sveicaria) CMS eqsperimentis deteqtorebis specia-
luri maRalteqnologiuri laboratoriul kompleqsSi (904) da cernis gama 
radiaciis laboratoriaSi GIF++ (Gama Iradiation Facility ++) [1]. 

ekologiuri gazis (ekogazi) nazavis kvlevisaTvis Seiqmna erTmaneTis 
msgavsi  ori 1,4mm da 2mm-iani RPC tipis deteqtori, kvlevisas warmoqmnili 
gaugebrobebis Tavidan asacileblad, deteqtorebi gaakontroleben erTmane-
Tis parametrebs, rogoricaa: deteqtorebis samuSao reJimi, droiTi gar-
Cevisunarianoba, denis Zabvaze damokidebuleba, efeqturoba miuonebis nakadis 
dros, deteqtorebis efeqturoba radiaciuli wyaros sxvadasxva intensiuro-
bisas. deteqtorebis awyoba moxda cernSi, 904 laboratoriaSi, amisaTvis mo-
Ziebul iqna deteqtorisTvis asawyobad saWiro masalebi, rogoricaa: deteqto-
ris samuSao naxazi; maRali winaRobis mqone bakeliti, 1,4mm da 2mm-iani sisqis, 
romliTac agebulia deteqtoris gepi (GAP); faradei qeiji, romelic icavs 
gepebs garedan mosuli xmaurisagan; mailari, aris Zalian kargi izolatori, 
romelic uzrunvelyofs gepis izolacias 9800 volti Zabvis pirobebSi; kaf-
toni, maRali Zabvis izolatori, romelic uZlebs 15000 volt Zabvas; speise-
rebi, romlebic moTavsebulia gepebs Soris, sadac realurad xdeba gazuri 
gaZliereba; stripebi, romlebzedan gazuri gaZlierebis Sedegad warmoiqmneba 
signalebi da maTi meSveobiT xdeba signalis amplitudis moxsna; grafiti 
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romelic, uzrunvelyofs eleqtruli potencialis miwodebas da erTgvarov-
nebas gepis mTel farTobze; bakelitis webo, misi meSveobiT xdeba bakelitis 
hermetulad Sewebeba. komponentebis moZiebis Semdeg movaxdineT 2 RPC de-
teqtoris awyoba (nax.1), erTi 1,4 mm-iani gepis, xolo meore 2mm-iani gepis sis-
qiT da moxda maTi pirveladi testireba kosmosuri miuonebis gamoyenebiT. 

 

 
 

nax.1. RPC deteqtorebiss awyobis procesi 
 
 
ekologiuri gazis nazavis parametrebis moZiebisas gadailaxa mTeli 

rigi problemebi, rogoricaa: gazis nazavis SerCeva, minarevebis swori pro-
centuli Sereva, gazis tenianobis SenarCuneba da a.S. sam wliani kvlevis Se-
degad moxda axali ekologiuri gazis nazavis moZieba, romelmac sagrZnob-
lad gaaumjobesa Sedegi (konkretulad moZebnil iqna axali tipis gazis 
nazavi, romelmac ftoris Semcveloba 95,5%-dan Seamcira 51% mde), ise rom de-
teqtorebis samuSao parametrebis cvlileba ar momxdara.  axlad moZiebuli 
ekologiuri gazis formulaa: HFO 50%+CO2 45%+C4H10 4%+SF6 1%,  gazis tenia-
noba _ 40%. axlad aRmoCenilma gazma cernis 904 laboratoriaSi gaiara 
Semowmeba ZiriTad parametrebze, rogoricaa: deteqtoris samuSao reJimis 
dadgena, denis Zabvaze damokidebuleba, efeqturobis Semowmeba da droiTi 
garCevisunarianobis dadgena ramac saSualeba mogvca msgavsi gazomvebi gagve-
keTebina cernis maRali radiaciuli intensiurobis mqone GIF++ danadgarze, 
romelic aRWurvilia maRali intensiurobis mqone CS137 radiaciuli wyaroTi, 
risi saSualebiTac Seqmnilia 662 kilo/eleqtron voltiani gama kvantebis 14 
terabekereliani foni. garda am eqstremaluri radiaciuli pirobebisa, rome-
lic ganaxlebuli luminositis LHC-is integrirebuli radiaculi fonis 
eqvivalentia, saWiro iyo prototipuli deteqtorebis mionuri Tvlis efeq-
turobis gazomva. amisaTvis gamoyenebuli iqna SPS amaCqareblidan miRebuli 
150 geviani mionebis nakadi (8000 nawilakiT yovel 16 wamSi). 

axali ekologiuri gazis aRmoCenis Semdeg movaxdineT gazis SeSveba 
axlad Seqmnil da Semowmebul RPC kamerebSi, gazi moZraobda gepebSi 3 dRe-
Ramis ganmavlobaSi, radgan moexdina e.w deteqtoris gamorecxva, amis Semdeg 
movdeT maRali Zabva da CAEN-is Digitizer-is meSveobiT, movaxdineT stripebidan 
wamosuli signalis wakiTxva gaZlierebis gareSe. rogorc qvemoT moyvanili 
naxazidan Cans, axali ekogazis muSaobis pirobebSi, orive 1.4mm da 2mm-iani 
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RPC deteqtoridan wamosuli signalis amplituda ar aWarbebs 10mili/volts, 
rac utyuari mtkicebulebaa imisa, rom deteqtorebi muSaoben avalanCur 
rejimSi. (nax.2) [2]. 

 
 

  
a b 

 
nax.2. RPC deteqtorebis stripisgan miRebuli signalebi  

a _ 1,4mm-iani, b _ 2mm-iani  
 
movaxdineT 1,4 da 2 mm-iani RPC deteqtorebis droiTi garCevisunariano-

bis dadgena ekogazis gamoyenebisas GIF++ danadgarze, romelic Seadgens 2,0 
nano/wams (nax.3) 

 

  
a b 

 
 

nax.3. RPC deteqtoris droiTi garCevisunarianoba  
a _ 1,4mm-iani, b _ 2mm-iani  

  
 
rogorc qvemoT moyvanili naxazebidan Cans denis Zabvaze damokidebu-

lebas maRali radiaciis pirobebSi orive RPC deteqtorebisaTvis absolu-
turad Seesabameba daSvebul normebs da igi gamomdinareobs deteqtoris 
geometriidan (nax.4) [3]. 
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a b 

 
 

nax.4. RPC deteqtoris denis Zabvaze damokidebuleba 
a _ 1,4mm-iani, b _ 2mm-iani  

 
efeqturobis kvlevisas maRali intensiurobis radiaciuli wyaro iyo 

gaTiSuli, (gama kvantebi), mxolod SPS amaCqareblidan wamosuli mionebis 150 
geviani nakadi xvdeba deteqtorebSi. rogorc qvemoT moyvanili naxazidan Cans 
orive deteqtoris efeqturoba Seadgens 97%. (nax.5) 

 

  
a b 

 
nax.5.  RPC deteqtoris efeqturoba GIF++ danadgarSi 

a _ 1,4mm-iani, b _ 2mm-iani  
 

kamerebisTvis gavzome denis maRal Zabvaze damokidebuleba radiaciis 
sxvadasxva intensivobebisTvis. I=f(V) damokidebulebis wrfivi ubnis aproq-
simaciiT vipoveT Rbakelite + Rgap, davadgineT bakelitis winaRoba, romelic 
orive deteqtorisTvis Seadgenda daaxloebiT 1010 oms, (nax.6) [4]. 
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a b 

 
nax.6. RPC deteqtoris bakelitis winaRoba gama radiaciis pirobebSi 

a _ 1,4mm-iani, b _ 2mm-iani  
 

 
rogorc qvemoT moyvanili naxazidan Cans wyaros maRali intensiuroba 

gavlenas ver axerxebs deteqtorebis efeqturobaze, rac uTuod didi miRwevaa 
axali ekologiuri gazis gamoyenebis pirobebSi (nax.7) 

 
 

  
a b 

 
nax.7 RPC deteqtoris efeqturobis damokidebuleba gama radiaciis sxvadasxva 

intensiurobis dros pirobebSi 
a _ 1,4mm-iani, b _ 2mm-iani  

 
3. daskvna 
Seiqmna ori axali satesto RPC deteqtori, 1,4mm da 2mm iani winaRoburi 

SreebiT. kvlevebi Catarda orive prototipze paralelurad, ramac saSualeba 
momca maqsimalurad Sememcirebina gazomvebis sistematuri Secdomebi da game-
zarda saboloo Sedegebis damajerebloba. ganxorcielda awyobili RPC proto-
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tipebis pirveladi sakvalifikacio Sescavla kosmosuri miuonebis (sinti-
laciuri hodoskopis) gamoyenebiT cernis 904 laboratoriaSi. Tavdapirvelad 
gamoviyene CMS is standartuli gazis narevi, SemadgenlobiT: 95,2% tetraflu-
reTani (C2H2F4) Tavdapirveli ionizaciisTvis, 4.5% izobutani (C4H10) moqmedebs 
rogorc Camqrobi gazi raTa Tavidan aviciloT strimeruli modis formireba 
da 0,3% sulfidis hegsafloridi (SF6), romelic uzrunvelyofs meoradi eleq-
tronebis warmoSobas Tavdapirveli ionizaciuri signalis sisufTavis Sesanar-
Cuneblad. moxda axali Taobis ekologiuri gazis nazavis Zieba. sagrZnoblad 
gaumjobesebul iqna Sedegi, konkretulad moZebnil iqna axali tipis gazis 
nazavi (HFO 50%, CO2 45%, C4H10 4%, SF6 1%)  gazis tenianoba 40%, romelmac 
ftoris Semcveloba 95,5%-dan Seamcira 51%-ze, ise rom deteqtorebis samuSao 
parametrebis cvlileba ar momxdara. moxda deteqtorebis Seswavla da ZiriTa-
di samuSao parametrebis dadgena maRali radiaciis pirobebSi, eqsperimentuli 
gazomvebiT dadginda: 1,4mm da 2mm-iani RPC deteqtorebis samuSao reJimi, deteq-
toris stripidan moxsnili signalis amplituda ar aWarbebs 10 mili/molts da 
Sesabamisad Seadgens avalanCur modas; droiTi garCevisunarianoba Seadgens 2,0 
nano wams; denis Zabvaze damokidebuleba pirdapir proporciulia deteqto-
rebis gepebis farTisa (radgan BOT gepi yvelaze didia, Sesabamisad meti deniT 
masze aReniSneba, Semdeg modis TW da T); deteqtorebis efeqturobebi Seadgens 
97%-s, rodesac radiaciuli wyaro gaTiSulia da mxolod miuonebis nakadi 
xvdeba deteqtorebSi; deteqtoris bakelitis winaRoba darCa ucvleli da igi 
Seadgens 1010 oms; deteqtorebis efeqturobaze gavlena ar mouxdenia radia-
ciuli wyaros sxvadasxva intensiurobas da igi ucvlelad darCa 97%. 

 
statia daibeWda SoTa rusTavelis eronuli samecniero fondis mxardaWeriT 
(granti PHDF- 19-038)  
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SUMMARY 

STUDIES OF RADIATION INFLUENCE ON RESISTIVE PLATE CHAMBERS FOR THE CMS 

EXPERIMENT OPERATED ON AN ECOLOGICAL FRIENDLY GAS MIXTURE  

Lomidze I.J. 

Georgian Technical University 

The High Luminosity LHC (HL-LHC) phase is designed to increase the luminosity (number of collisions per 

cm2/s) by an order of magnitude respect to the nominal LHC’s design value. The foreseen gradual increase of the 

instantaneous luminosity of up 10 × 1034 cm−2/s during Phase I and Phase II of the LHC updates, presents 

special challenges for the LHC experiments. The particular concern of this project is the CMS Resistive Plate 

Chamber (RPC) detector system. During this period the CMS RPC system will be subjected to high background 

rates which could affect the performance by inducing aging effects due to high radiation background. Another 

big problem for gaseous detectors and in particular for the CMS RPC system is restrictions deriving from the 

Kyoto protocol, the main components of the gas mixtures presently used in the Resistive Plate Chambers of the 

LHC experiments will be most probably run out of production in the coming years. Nowadays, RPCs are 

suitably operated with a three-component non-flammable gas mixture: 95.2% of R134a (Tetrafluoroethane 

C2H2F4), 4.5% of iC4H10 and 0.3% of SF6. In this paper we present the results of a study prototype RPC detectors 

at Gamma Irradiation Facility++ (GIF++), which allows to expose prototype detectors to an intense gamma 

radiation for a dose equivalent to the one expected at the HL-LHC. At same time eco-friendly gas mixture will 

be used during of irradiation. Detector main working parameters before and after irradiation will be compared. 

Keywords: Gaseous Detectors, Resistive-Plate Chambers, CMS Experiment, Large Hadron Collider.  
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radioaqtiuri narCenebis marTvis axali sawarmoebis narCenebis 
 miRebis zogadi kriteriumebi 

 

giorgaZe i.s. 

 
saqarTvelos teqnikuri universisteti 

 
1. Sesavali 
saqarTvelo operirebs radaioaqtiuri narCenebis centralizirebul 

sacavs. samwuxarod misi maxasiaTeblebi ver akmayofileben birTvuli usafr-
Txoebis da daculobis moTxovnebs. garda amisa qveyanas gaaCnia radioaqtiuri 
narCenebis gadamuSavebis mcire SesaZleblobebi. amitom, gadawyda radioaqtiu-
ri narCenebis axali sacavisa da gadamamuSavebeli sawarmos ageba. germanul 
gundTan erTad SemuSavda am obieqtebis ZiriTadi dizaini da Catarda usafr-
Txoebis winaswari Sefaseba [1]. yoveli radioaqtiuri narCenebis marTvis sa-
warmosTvis aucilebelia ganisazRvros radioaqtiuri narCenebis miRebis kri-
teriumi (WAC) [2], es ayenebs garkveul moTxovnebs aramarto narCenebis  fizi-
kuri da qimiuri maxsiaTeblebis, aramed SefuTvis parametrebis mimarT. Tu 
radioaqtiuri narCeni ver akmayofilebs WAC-is moTxovnebs, es niSnavs, rom 
misi Senaxva mocemul sawarmoSi dauSvebelia usafrTxoebis normebidan gamom-
dinare. cxadia, WAC-is gansazRvra emyareba sawarmos dizainis maxasiTeblebs 
da arsebul moTxovnebs birTvuli usafrTxoebis uzrunvelsayofad. mocemul 
SemTxvevaSi SesaZlebelia ganisazRvros mxolod zogadi WAC, vinaidan jer-
jerobiT Camoyalibebulia sacavisa da gadamamuSavebeli sawrmoebis mxolod 
ZiriTadi dizaini. detaluri WAC -is  SemuSaveba SesaZlebeli iqneba mxolod 
am sawarmoebis saboloo dizainis gansazRvrisa da usafrTxoebis saboloo 
Sefasebis Catarebis Semdgom. 

 
2. ZiriTadi safuZvlebi 

WAC-Si aucileblad gaTvaliswinebuli unda iyos radioaqtiuri masa-
lebis transportirebis moTxovnebi [3]. es moicavs dozis simZlavris zRvars 
(maqsimum 2 mzv/sT (an 10 mzv/sT mwvave SemTxvevaSi) kontaqtisas, maqsimum 0,1 
mzv/sT 1 m. distanciidan cilindruli konteinerebisTvis, an 2 m. distanciidan 
_ yuTis formis konteinerebisTvis), da kontaminacias (maqsimum 4 bk/sm² β/γ-nuk-
lidebisTvis da maqsimum 0,4 bk/sm² α-nuklidebisTvis). igive mniSvnelobebia 
oficialurad aRiarebuli qarTuli kanonmdeblobiT [3]. es mniSvnelobebi 
aris is standartebi, romlebic unda iqnas gaTvaliswinebuli usafrTxoebis 
Sefasebisas, mag. mimRebi sivrcis TanamSromlebisTvis. zogadad, saqarTvelo-
Si warmodgenili yvela radioaqtiuri narCeni gankuTvnilia narCenebis gada-
mamuSavebel sawarmosa da sacavSi ganTavsebisTvis. Sesabamisad, obieqts unda 
SeeZlos yvela narCenis miReba. Tumca, garda dozis simZlavrisa da konta-
minaciis zRvrebisa, usafrTxoebis miznebidan gamomdinare, Semdegi damatebiTi 
kriteriumebi unda dakmayofildes narCenebis miRebuli erTeulebisTvis: nar-
Cenebis gadamamuSavebel sawarmosa da sacavSi ar unda iqnas miRebuli bio-
logiurad saSiSi, porfirebuli, feTqebadi an saxifaTod reaqtiuli nivTie-
rebebi. Cvens xelT arsebuli informaciiT xazgasasmelia is faqti, rom 
msgavsi tipis narCenebi ar gvxvdeba saqarTveloSi. gaRaribebuli urani SeiZ-
leba, aseve, iyos saxeze liTonis formiT, romelic aris poriforuli. msgavs 
SemTxvevaSi, unda Sefasdes mopyrobis SesaZleblobebi liTonuri uranisTvis 
da moxdes  Semdgomi qmedebebis gansazRvra. 
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3. kriteriumi sxvadasxva gadamuSavebis meTodebisTvis 
beriliumis blokebi da xleCadi nivTierebebi, romlebic imyofebian 

aess-s usafrTxoebis kontrolis qveS, Seuferebelia miwispira samarxisTvis 
da Sesabamisad, maTi gadamuSaveba ar unda moxdes, vidre ar gaxdeba cnobili 
narCenebis miRebis kriteriumebi saboloo Rrma damarxvisaTvis. narCenebis 
Semomavali nakadebi SeiZleba dajgufdes Semdegnairad: - narCenebi, romelTa 
mopyroba moxdeba cementaciis an grutirebis gziT romelime wertilSi da 
romelTa mopyroba ver moxdeba cementaciis/grutirebis gziT (niadagi, 
gamoyenebuli fisi, ukve kondicirebuli narCenebi 200-litrian kasrebSi).  

nivTierebebi, romelTa gruntirebac unda moxdes, daeqvemdebarebian 
sortirebasa da pirvelad radiologiur daxasiaTebas. Tu saWiroa, zogi 
nivTierebasTan moxdeba damatebiTi mopyroba daqucmacebiT (aalebadi nar-
Cenebi), an daWriT (liTonis komponentebi), an daSliT (liTonis komponentebi, 
rogoricaa tumboebi an gamoyenebidan amoRebuli daxurul radioaqtiuri 
wyaroebi). 

mTavari SezRudva, narCenebis gadamuSavebisTvis, aris Sedegad miRebuli 
narCenebis paketebis Tvisebebi, romlebic unda Seesabamebodnen miwispira 
samarxSi narCenebis miRebis kriteriumebs. damatebiT, mxedvelobaSi unda iqnas 
miRebuli dozis simZlavre TanamSromlebze, romlebic axorcieleben damu-
Savebas. miRebuli dozis Semcireba SesaZlebelia Sesaferisi damcavi sa-
SualebiT / damcavi barieriT. vinaidan, daWris an daqucmacebis momentSi, 
raodenoba da aqtivobis Semcveloba, romelic unda moTavsdes erT kasrSi, 
SeiZleba, iyos cvalebadi, am procesebisTvis aucilebeli ar aris aqti-
vobasTan dakavSirebuli narCenebis miRebis kriteriumebi. wvadi masalebisa 
(mag. tansacmeli) da liTonis komponentebisgan (mag. milebi), dozis maRali 
simZlavre ar aris mosalodneli, isini saWiroeben usafrTxoebis zogad 
zomebs. sxva masalebis damuSavebis SemTxvevaSi, magaliTad, romlebic 
momdinareoben reaqtoridan, sadac dozis maRali simZlavrea navaraudevi, 
saWiro damcavi barierebis gaTvaliswineba unda moxdes individualuri Sem-
TxvevsTvis cal-calke. gamoyenebidan amoRebuli daxuruli radioaqtiuri 
wyaroebis SefuTvis moSorebas SeuZlia, gamoiwvios dasxivebis SedarebiT 
maRali dozebi TanamSromlebze. sortirebisTvis daiSveba mxolod is 
gamoyenebidan amoRebuli daxuruli radioaqtiuri wyaroebi, romelTa dozis 
simZlavre (damcavi saSualebis gareSe) aris 0,25 mzv/sT-ze naklebi 10 sm. dis-
tanciaze. dozis es simZlavre, aseve, vrceldeba gamoyenebidan amoRebul 
daxurul radioaqtiur wyaroebze wminda β-gamosxivebiT (90Sr). 

bevr SemTxvevaSi, narCenebi saWiroeben sortirebas maTi Semdgomi mopy-
robis gansazRvrisTvis (mag. Tu isini, arsebul mdgomareobaSi, Sesaferisia 
gaTavisuflebisTvis, Tu saWiroa dekontaminacia, Tu saWiroa wvad masalebTan 
mopyroba, Tu aris dozis maRali maCvenebeli, romelic gaTvaliswinebuli 
unda iyos kasrebSi SefuTvisas). narCenebis segregaciisTvis, narCenebis 
miRebis kriteriumebSi ar aris mocemuli aqtivobis SezRudva, vinaidan nar-
Cenebis paketebi, am momentisTvis, dausrulebelia. Tumca, dozis simZlav-
risTvis arsebobs zRvari, romelic aris 10 mkzv/sT, 1 m. distanciaze, maSin 
unda moxdes Sesaferisi damcavi saSualebis damateba. nivTierebebi, romlebic 
SeiZleba, reaqciaSi Sevidnen erTmaneTTan, ar unda daeqvemdebaron erTdroul 
sortirebas, da arc maTi damateba unda moxdes erTsa da imave konteinerSi.  

zogierTi nivTiereba gamiznulia regulirebidan amoRebisaTvis [4] 
pirveladi daxasiaTebis Semdeg. aseTi nivTierebebisTvis, damatebiTi mopyroba, 
rogoricaa abraziuli wmenda da Sesabamisi gazomvebi aris dagegmili. vinai-
dan Zalian dabali aqtivoba da dozis simZlavrea saWiro gaTavisuflebis-
Tvis, calke narCenebis mRebis kriteriumebi dakavSirebuli safexurebisTvis 
ar aris aucilebeli. dozis maCvenebeli 1 m. manZilze unda iyos SezRuduli 
10 mkzv/sT-iT, an gansakuTrebuli dacvis zomebi unda iqnas gamoyenebuli 
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damcavi saSualebiT, an samuSao drois SezRudvisTvis. analogiuri SezRud-
vebi vrceldeba daWrazec. airisebri gamoyenebidan amoRebuli daxuruli 
radioaqtiuri wyaroebis gamofrqveva Sedegad ar iZleva narCenebis paketebs 
da Sesabamisad, samomavlod dagegmili miwispira samarxis narCenebis miRebis 
pirvelad kriteriumebze dayrdnobiT, narCenebis miRebis kriteriumebi am 
damuSavebisTvis ar aris saWiro. airebis gamofrqveva winaswar unda 
daigegmos, maT Soris TanamSromlebze dozebis gaTvlac. 

 
3.1 narCenebis miReba cementireba/grutirebisTvis 
Txevadi narCenebi unda damuSavdes cementaciiT (an gamoyenebuli iqnas 

grutireba), vinaidan mxolod myari narCenebi SeiZleba iqnas miRebuli droebiT 
sacavSi an miwispira samarxSi. sadac SesaZlebelia, mxedvelobaSi unda iqnas 
miRebuli siTxeebis aorTqleba narCenebis Semgdomi cementaciiT. siTxeebi 
SeiZleba iyos 3H-is Semcveli wyliani narCenenebi (65 m³, 1.3x105 bk/l 3H [5]/8/), an 
wyliani narCenebi, romlebic generirdeba narCenebis gadmamuSavebl sawarmosa 
da sacavSi. wylisa da cementis zusti Tanafardoba damokidebulia komponen-
tebze, romlebic gaxsnilia an SeCerebulia wylian fazaSi, iseve rogorc ga-
moyenebuli cementis saxeobaze. cementaciamde, Sesaferisi nazavi unda Semow-
mdes. Semdegi daangariSebisTvis, wylisa da cementis 1:1.1 Tanafardobaa ga-
moyenebuli (100 l. wyali + 110 kg. cementi, romelic Sedegad iZleva daaxloe-
biT 210 kg. betons; 200-litriani kasris wona ar aris gaTvaliswinebuli). Se-
sabamisad, erTi 210 kg. kasri Seicavs 1.3x107 bk 3H. es Sedegad iZleva 62 bk/g 3H 

koncentracias, xolo narCenebis miRebis pirveladi kriteriumebiT dadgenili 
zRvaria 100 kbk/g. aqtivobis SezRuduli odenobidan da 3H-is gamosxivebis ti-
pidan gamomdinare, ar aris gasaTvalswinebels narCenebis SefuTva an TanamS-
romlebis dozis simZlavre. mis radiologiur Tvisebebze dayrdnobiT, 65 m³ 
wyliani narCenebi SeiZleba, iyos gamoyenebuli cementaciis an grutirebis-
Tvis Semdgomi zomebis an ganzavebis gareSe.  

sxva wyliani narCenebi, romlebic warmoiqmneba narCenebis gadamuSa-
vebisas, ar aris mosalodneli, rom Seicavdnen radioaqtivobis did koncent-
raciebs, romlebic miuaxlovdebian narCenebis miRebis kriteriumebis winaswar 
zRvrebs. wyliani xsnarebi, romlebic daeqvemdebarebian cementacias 1:1.1 Tana-
fardobiT (wyali : cementi) 200-litrian kasrebSi, SeiZleba dasawyisSi Seicav-
dnen zRvarze 2-jer met odenobas:  2x102 bk/g α-gamomsxiveblebisTvis, 2x103 bk/g  
β/γ-gamomsxiveblebisTvis naxevrad daSls droiT >137Cs, 2x104 bk/g β/γ-gamomsxi-
veblebisTvs, romelTa naxevrad daSlis droa ≤ 137Cs da 2x105 bk/g 3H-Tvis. 
dozis simZlavre, dabetonebuli radioaqtiuri narCenebis Semcveli 200-
litriani kasrisTvis, ar unda aRematebodes 2 mzv zedapirze an 0.1 mzv 1 met-
ris manZilze. es zRudavs 200-litrian kasrSi (homogenurad gadanawilebuli 
aqtivoba; koncentracia: 2000kg/m3) 60Co Semcvelobas daaxloebiT 1x109 bk-mde, 
romelic exeba 60Co koncentracias 5x106 bk/l. sxva nuklidebi agenerireben 
dozis SedarebiT dabal simZlavres. unda damuSavdes wyliani narCenebi aqti-
vobiT >5x106 bk/l, TiToeuli SemTxvevisTvis calkeul Seswavlas SeuZlia, 
aCvenos miwispira samarxis narCenebis miRebis kriteriumebis dakmayofileba. 
unda aRiniSnos, rom Serevis zusti Tanafardoba xdeba winaswari testirebiT, 
raTa miRebuli iqnas cementirebuli narCenebis maqsimaluri stabiluroba. 
zemoxsenebuli 1:1.1 Tanafardoba gamoyenebuli iqna rogorc pirveladi daan-
gariSeba.  

narCenebis gadamamuSavebeli sawarmosa da sacavidan gamomdinare 
wyliani narCenebi Semcirdeba aorTqlebiT, vidre moxdeba maTi damuSaveba 
cementaciiT. aseve, aorTqlebisTvis wyliani narCenebis misaRebad, rigi 
kriteriumebi unda  dakmayofildes. tipiuri SezRudvebi exeba rigi qimiuri 
nivTierebebs odenobas, rogoricaa bori da qlori. arsebulma nivTierebebma 
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SeiZleba, xeli ar SeuSalon Semdgom cementacias, SeiZleba, ar Seviden 
reaqciaSi amaorTqlebelTan da SeiZleba, ar hqondeT aalebis temperatura im 
temperaturasTan axlos, romelic gamoiyeneba aorTqlebisas. saponsa da sxva 
qafis warmomqmnel nivTierebebs aseve SeuZliaT uaryofiTi gavlenis moxdena 
aorTqlebaze. isini, aseve, unda SeizRudon, an qafis dagroveba unda iyos 
SezRuduli. wyliani narCenebis pH unda iyos 7 (aorTqlebamde da cemen-
taciamde). α-nuklidebs mTliani aqtivoba da β/γ-nuklidebis mTliani aqtivoba 
SeiZleba, zogadad, ise iyos SezRuduli, rom dakmayofildes aqtivobis kon-
centraciasTan dakavSirebuli cementaciisTvis narCenebis miRebis krteriu-
mebi. vinaidan wyliani narCenebis koncentraciis xarisxi dRemde ar gan-
sazRvrula, am etapze SeuZlebelia aqtivobis koncentraciis zRvrebis daanga-
riSeba. Tumca, ar aris mosalodneli, rom narCenebis gadamamuSavebeli sawar-
modan da sacavidan gamomavalma wylianma narCenebma miaRwion aqtivobis kon-
centraciis zRvrebs. unda aRiniSnos, rom gansasazRvria is kriteriumebi, 
romlis drosac SeCerdeba aorTqleba (mag. gauxsnel myari nivTierebebis 
odenoba).  

narCenebis gadamamuSavebeli sawarmodan da sacavidan generirebuli 
wyliani narCenebi SeiZleba, Seicavdes 3H. am nuklids gansakuTrebuli yurad-
Reba unda mieqces, vinaidan is wylian fazas datovebs aorTqlebul wyalTan 
erTad. Tu aorTqlebis Sedegad miRebuli wyali Seicavs gaTavisuflebisTvis 
dasaSveb zRvarze met 3H, aorTqleba ar unda ganxorcieldes, vinaidan nar-
Cenebis odenobis Semcireba ver moxerxdeba. 3H-is odenoba, romelic misaRebia 
gaTavisuflebisTvis, unda ganisazRvros pasuxismgebeli uwyebis mier. amaze 
dayrdnobiT, 3H-is koncentraciis zRvari unda daematos aorTqlebis proce-
sis narCenebis miRebis kriteriumebs. Tu 3H-is es zRvrebi ar aris dakmayofi-
lebuli, siTxis damuSaveba unda moxdes cementaciiT, winaswari aorTqlebis 
gareSe. 

aorTqlebis sistemis mixedviT (da Semdgomi cementaciis), SeiZleba, 
gansxvavdebodes wyliani narCenebis zusti saWiro miRebis pirobebi. mas 
Semdeg, rac cnobili gaxdeba aorTqlebis sistema, unda ganisazRvros aorTq-
lebisTvis narCenebis miRebis kriteriumebis detaluri CamonaTvali. narCe-
nebis miRebis kriteriumebi unda Seicavdes garkveul koncentraciis zRvrebs 
sxvadasxva nivTierebebisTvis, mag. qlori, saponi, pH-mniSvnelobebi, gauxsneli 
myari nivTierebebi da aqtivobis koncentraciebi. Tu es kriteriumebi ver 
kmayofildeba, wylian narCenebTan mopyroba unda moxdes aorTqlebamde, raTa 
dakmayofildes narCenebis miRebis es kriteriumebi.  

granulisebri myari nivTierebebi (mag. WavlSi gamoyenebuli nivTiere-
bebi, daqucmacebuli nivTierebebi), unda CaSendes cementis matricaSi. narCe-
nebis nakadebi, romlebic gamomdinareoben narCenebis damuSavebidan, mosalod-
nelia, rom aCveneben mcire aqtivobas, sadac 60Co da 137Cs iqnebian mTavari 
nuklidebi. mosalodnelia aqtivobis sakmaod homogenuri gadanawileba. es 
Sedegad iZleva 1x109 bk dasaSvebi aqtivobis maqsimums (konservatiuli daSveba, 
100% 60Co).  

radioaqtiuri narCenebi iseTi naerTebis SemcvelobiT, romlebic Sez-
Ruduli an miuRebelia miwispira samarxisTvis (am odenobiT), ar iqneba miRe-
buli cementaciis an CanergvisTvis. siTxeebis an granulisebri myari nivTie-
rebebis qimuri maxasaTeblebi unda gaanalizdes cementaciamde. siTxeebi 
iseTi substanciebiT, romlebsac SeuZliaT stabiluri produqtis formirebis 
xelis SeSla, ar miiRebian cementaciisTvis. am siTxeebis Semdgomi damuSaveba 
iqneba saWiro. 
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4. daskvna 
mocemul statiaSi ganxilulia narCenebis miRebis winaswari kri-

teriumebi ZiriTadi cemntirebis procesebiTvis. cxadia, damatebiT unda iyos 
ganxiluli narCenebis miRebis kriteriumebi sxva procesebisTvis da saca-
visTvis, rac calke amocanebs warmoadgens. 
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SUMMARY 

GENERAL WASTE ACCEPTANCE CRITERIA OF A NEW RADIOACTIVE  

WASTE MANAGEMENT FACILITY 

Giorgadze I.S. 

Georgian Technical University 

Contrary to popular belief widespread development of industry throughout Georgia causes more and more 

radioactive materials to be used and waste to be generated. Although according to international guidelines 

generation of radioactive waste should be kept to a minimum, we are at the time unable to fully mitigate its 

growth. After thorough examination it was concluded that Georgia’s radioactive waste storage does not satisfy 

nuclear safety and protection conditions and its ‘radon-type’ burial site has its own slew of problems. The 

situation is further complicated by limited radioactive waste treatment capabilities of Georgia. At the same time 

according to Georgia’s radioactive waste treatment strategy for 2017-2031 a decision has been made to bring all 

of the radioactive waste facilities together to a single location, by building a new multipurpose top-of-the-line 

facility. The research conducted serves the purpose with following topics covered: 

 Picking a location for future radioactive waste facilities 

 Studying rising activity caused during liquid radioactive waste treatment 

 Defining functional and operative criteria for storage and treatment facilities 

 Devising general design of future facilities in cooperation with foreign experts 

 Conducting preliminary safety assessment of future facilities and defining provisional criteria for waste 

generation 

Keywords: radioactive waste, waste acceptance criteria, storage, processing facility. 
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Ria nagavsayreli teritoriebis revitalizacia. procesi da Sedegi 

 

RomiZe m.z.  
 

saqarTvelos teqnikuri universiteti 
 

 
gasuli 50 wlis ganmavlobaSi msoflios didi nawili gaxda myari nar-

Cenebis marTvis evoluciis mowme. sazogadoeba, mewarmeebi mTavrobebi, myari 
narCenis miwaze dayridan, dawvidan an wyalSi gadayridan gadavidnen integ-
rirebul sistemebze, rac gulisxmobs narCenis damuSavebas, gadamuSavebas, 
energiiis miRebas da sxva. narCenebis mdgradi gadamuSaveba gulisxmobs 
ekologiurad, ekonomikurad da socialurad sasargeblo meTods.  

Tanamedrove nagavsayrelis mowyobis sqemas win uZRvoda kvlevebi, 
romlebic 1970-iani wlebidan gaaqtiurda. jorjiis Statis teqnologiuri 
institutis mkvlevarebma aages Ria da daxuruli nagavsayrelebi. kvlevebma 
aCvena, rom Ria nagsayrelebSi naJuri siTxis organuli siZliere mkveTrad 
mcirdebioda naleqebis moxvedridan 6 Tvis Semdgom da es cvlilebebi 3 wlis 
ganmavlobaSi grZeldeboda, xolo gazis gamoJonva moxda 3 Tvis ganmavlobaSi 
daCqarebulad. daxurul nagavsayrelebSi ki mkveTrad Semcirda mZime meta-
lebis simkvrive, xolo organuli nivTierebebi gardaiqmnebodnen siTxed da 
zrdidnen cirkulaciis sixSires [1]. sormonaSi Catarda savele sakvlevi samu-
Saoebi da aRmoCnda, rom myari narCenebis zedapirze arsebuli nami aCqarebda 
narCenebis stabilizaciis process. TurqeTis laboratoriebSi ki Seiswavles 
nagavsayrelebSi naJuri siTxisa da haeris recirkulaciis meTodebi. dad-
ginda, rom metalebis simkvrive iyo mniSvnelovnad Secirebuli da recir-
kulaciis Sedegad gaumjobesada naJuri wylis xarisxi, narCenebis Semad-
genlobis xarisxi ki ar Secvlila [2]. 

aq moyvanil da sxva kvlevebze dayrdnobiT iqmneboda axali sqematuri 
modeli, romlis mixedviTac daiwyes axali tipis nagavsayrelebis Seqmna. 
Tavdapirvelad teritoriaze unda Catardes geologiuri kvleva, gaangariSdes 
narCenebis wyalgamZleoba da seismomedegoba, raTa Tavidan iqnes acilebuli 
wyalgaunmtari fenidan siTxis gaJonva. rodesac naJuri siTxe iwyebs mimoq-
cevas nagavsayrelis SigniT, gravitaciis moqmedebiT is eSveba qveda nawilSi, 
iq sadac damcavi Srea ganTavsebuli. amis Semdgom unda moxdes naJuri siTxis 
nagavsayrelidan amotumbva da misi gauvnebelyofa [2]. 

Ria ukontrolo municipaluri narCenebis didi nawili Sedgeba orga-
nuli da degradirebadi nivTierebebisgan male iwyeben daSlas da airebis 
warmoqmnas. qaris reversuli mimarTulebiT ki xdeba misi gafantva, amitomac 
Tanamedrove nagavsayrelze aucilebelia moewyos airebis Segrovebisa da 
kontrolis specialuri sistema. 

Tanamedrove tipis nagvsayreli aucileblad unda gadaixuros, raTa 
uzrunvelyos narCenis dacva naleqisa da mzis moqmedebisagan, aseve warmoq-
mnili airebis garemoSi gafrqvevis minimumamde dayvana. damcavi fenis (saxu-
ravis) mowyoba unda moxdes yvela SesaZlo datvirTvis gaTvaliswinebiT da 
uzrunvelyos narCenis swrafi stabilizacia, Semdgom gamwvanebul sivrced 
gardasaqmnelad. 

nagavsayrelis eqspluatacia ar mTavrdeba misi daxurviT. daxurvidan 
10_30 wlis periodSi saWiroebs permanentul meTvalyureobas, unda xdebodes 
naJuri siTxis konsistenciis Semowmeba da Tanxvedra moqmed regulaciebTan, 
aseve gazis Segroveba. ilustracia 1-ze naCvenebia Tanamedroved mowyobili 
nagavsayrelis konceptualuri Wrili, romelzec naCvenebia rogor Tavsdeba 
erTmaneTze Sreebi: saZirkveli, wyalgaumtari fena, sadrenaJe sistema, myari 
narCeni, narCenis stabilizaciisaTvis gruntis fena, isev narCeni, isev gruntis 
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fena (am Sreebis raodenoba damokidebulia narCenis moculobaze). bolos 
ewyoba gadaxurva sadrenaJe arxiT, magrdeba meTanisa da naJuri wylis 
amosaqaCi sistemebi, romelsac gadaaqvs masa Segrovebisa da gawmendisaTvis [3]. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

ilustracia 1. axali nagavsayrelis konceptualuri modeli (Wrili) 
 
kvlevebma daadastura, rom myari narCenisagan energiis miReba sxvadas-

xva dros sxvadasxva moculobisaa, amitom sasurvelia winaswar ganisazRvros 
narCenis energoefeqturoba da ise damontaJdes energiis gamomuSavebis sis-
tema. es im SemTxvevaSi, roca nagavsayreli aris moqmedi, daxurvisa da 
gajansaRebis procesSi ZiriTadad miRebulia mavne nivTierebebisagan siTxisa 
da airebis gawmenda da aaleba. mocemul diagramaze naCvenebia wlebis 
mixedviT rogor mcirdeba airis warmomqmneli organuli narCenis raodenoba 
misi nagavsayrelze moxvedridan. (ilustracia 2) [2] 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
ilustracia 2. diagrama, airis warmomqmneli nareCnebis raodenobis cvalebadoba 

droSi 
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Tu rogor aris realurad SesaZlebeli moqmedi nagavsayreli teri-
toriebis revitalizacia da maTi gardaqmna sxvadaxva sivrceebad, sailus-
traciod ramdenime ganxorcielbul magaliTs moviyvan. 

oberdorfi, Sveicaria. eqspluataciis periodi: 1973_2000 ww. narCenis 
Semadgenlobas warmoadgenda myari municipaluri narCeni. farTobi: 12 ha 
simaRle 11 m, gamomdinare iqidan, rom eqspluataciis vada grZeli iyo aq ga-
moiyenes aalebis meTodi. ekonomikurad ar iqneboda momgebiani energiis misa-
Rebad qarxnis aSeneba, radgan gamomuSavebuli energiis safasuri danadgaris 
mowyobaze naklebi Rirebulebis iyo. dReisaTvis nagavsayrelis teritoria 
srulad gamwvanebulia. 

mTa hiria, Telavivi, israeli. cnobili iyo rogorc udidesi nagavsay-
reli axlo aRmosavleTSi. dRes turistul lokacias da parks warmoadgens 
saxelwodebiT `Ariel Sharon park~. misi ganviTarebis proeqtis avtorebi arqi-
teqturuli jgufi laTzi da partniorebia. maT am parkiT proeqtiT miiRes 
saerTaSoriso arqiteqturuli jildo 2016, saukeTeso mwvane dizaini 2010 
jildo urbanistikisa da landSaftis dizainis kategoriaSi. [4] 

aRsaniSnavia virjiniis StatSi, aSS `trashmore park~, roca Tavad saxeli 
saubrobs teritoriis warsul funqciaze (trash – nagavi, more – meti) nagav-
sayrelis teritoria 1974 wels daixura da etapobrivad xdeboda misi gamwva-
neba. mosaxleobisaTvis 1988 wels gaixsna, dReisaTvis aq ukve mowyobilia 
sapiknike adgilebi, kalaTburTis moednebi, gasarTobi atraqcio-nebi, naJuri 
siTxe daiwminda da xelovnur tbad iqca. parks weliwadSi milionze meti 
turisti stumrobs. [5] 

 
 

mTa hiria, Telavivi 

 

virjinia, aSS 
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sailustaciod moyvanili magaliTebi is arasruli CamonaTvalia 
parkebisa, romlebic yofil nagvsayrel teritoriaze moewyo sxvadaxva dros. 
gamomdinare iqedan, rom saerTaSoriso praqtikaSi ukve kargad aris aprobi-
rebuli es meTodi, sasurvelia saqarTveloSic daiwyos msgavsi procesebi. 
revitalizaciis periodi 10_30 wliania, amitom procesebis dawyeba sasur-
velia axlo momavalSi, Tundac Tavidan mxolod didi qalaqebisaTvis. rac 
saqalaqo ekologiuri fonis gasaumjobeseblad, sarekreaciod, sportuli Tu 
xelovnebis dargebis mizidvis centrebis Sesaqmnelad iqneba mimarTuli.  
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SUMMARY 

REVITALIZATION OF OPEN LANDFILL AREAS. PROCESS AND RESULTS 

Gomidze M.Z. 

Georgian Technical University 

In developed countries, in fact there are no more uncontrolled open landfills, because of new waste management 

strategy. Urban spaces, characterized by less landscaping and planting density, use modern systems to close one 

of the most polluting factors in the landfill area and in return receive new, healthy green space and often become 

a source of energy (biogas, electricity). The process of landfill closure and rehabilitation has yielded amazing 

results in many countries. We think it is time to share the experience and start the process in the big cities of 

Georgia. 
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Ria ukontrolo nagavsayrelebis zemoqmedeba garemoze 
(q. baTumis magaliTze) 

 

RomiZe m.z. 
 

saqarTvelos teqnikuri universiteti 
 
myari narCenis marTvis da garemoze misi zemoqmedebis sakiTxis Seswav-

la XX saukunis me-2 naxevridan daiwyo da dRemde ganicdis evolucias. saki-
Txis Seswavlamde mTels msoflioSi faqtobrivad erTnairi praqtika 
arsebobda myari narCenis marTvasTan dakavSirebiT. Ria, ukontrolo nagavsay-
relebze Tavs iyrida gansxvavebuli Semadgenlobis mqone narCeni da perio-
dulad xdeboda maTi dawva an gruntiT gadafarva.  

pirveli kvlevebis mizani iyo Seemcirebina myari narCenis degradirebis 
procesSi warmoqmnili daavadebebis gavrceleba. amisaTvis Seiswavles myari 
narCenis Semadgenloba, maT mier warmoqmnili mavne airebis gafrqveva atmos-
feroSi da niadagSi migracia. kvlevebis kaskadma, romelic tardeboda ameri-
kis SeerTebuli Statebis, italiis, TurqeTis, didi britaneTis universi-
tetebSi daadastura, rom Ria, ukontrolo nagavsayrelis zegavlena garemoze 
uaryofiTia. kerZod, myari narCeni degradirebisas gamoyofs mavne nivTie-
rebebiT gajerebul siTxes, romelic xvdeba niadagSi, iolad Sedis reaqciaSi 
gruntis wylebTan da iwvevs mis dabinZurebas. amitomac, dadginda rom 
nagvasayrels unda hqondes wyalgaumtari fena. [3] 

Ria nagvasayrelze xvdebian cxovelebi da frinvelebi. isini ikvebebian 
aq ganTavsebuli sxvadasxva tipis narCeniT, romlebic warmoadgens daava-
debaTa gamomwvev mizezs.   

aseve, ganviTarebad da dabalganviTarebul qveynebSi ekonomikuri foni 
aiZulebs adamianebs saqmianoba awarmoos nagavsayrel poligonebze, rac 
moicavs narCenis separacias, daxarisxebas maTi Semdgomi gadamuSavebisaTvis, 
rac safrTxisSemcvelia maTi janmrTelobisaTvis, radgan dauxarisxebel 
narCenSi xvdeba qimiuri warmomavlobis narCenic. gamomdinare aqedan, nagv-
sayrelebze ukve daxarisxebuli saxiT unda xvdebodes myari narCeni, xolo 
teritoria iyos SemoRobili, raTa Tavidan iqnes acilebuli gareSe pirTa an 
cxovelebis moxvedra teritoriaze.  

myari narCenis daSlis procesSi warmoiqmneba sxvadasxva tipis airebi, 
maT Soris meTani da iwvevs spontanur afeTqebebs, xanZrebs. ukontrolo 
nagavsayrelze moxvedrili qimiuri narCenebisagan gamoiyofa mavne airebi, 
romlebic qaris moqmedebiT vrceldeba axlos mdebare teritoriebze da 
iwvevs sxvadasxva tipis daavadebebs. [3] 

ukontrolo, SemouzRudavi, Ria nagavsayrelebisgan miyenebuli ziani 
garemoze ukidurasad uaryofiTia, amitomac ganviTarebul qveynebSi ukve 
SemuSavebuli strategiiT xdeba maTi daxurva da Tanamedrove tipis nagavsay-
relebiT Canacvleba.  

saqarTvelos am etapisaTvis myari narCenis marTvis 5_10 wliani gegma 
ukve miRebuli aqvs, aseve SemuSavebulia kanonmdebloba. miuxedavad amisa, 
ukontorlo nagavsayrelebis problema kvlavac aqtiurad dgas qveynis yvela 
municipalitetSi. baTumis municipalitetSi Ria nagavsayreli poligoni 
adliaSia ganTavsebuli Woroxis deltis mimdebared. igi 1965 wlidan 
funqcionirebs da misi farTobi 19,2 heqtars moicavs. nagavsayrelze Setanil 
narCens warmoadgens: mina (5%), liTonebi (2%), qaRaldi da muyao (15%), 
polieTileni da plastmasi (17%) bavSvis higienuri safeni (6%) qsovilebi (7%), 
tyavi da rezina (2%), samSeneblo narCenebi (6%), sxva tipis narCenebi (3%) da 
organuli masalebi (37%). amave municipalitetSi aRricxulia 120 TviTneburi 
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unebrTvo narCenebis ganTavsebis adgili. periodulad xdeba aRniSnuli teri-
toriebis dasufTaveba, narCenis gatana an dawva [1]. 

baTumis moqmedi nagavsayreli gegmis mixedviT, ukve daxuruli unda 
iyos magram is dRemde funqcionirebs (axali nagavsayreli, romelic cecx-
laurSi aSenda jer ar aris eqspluataciaSi miRebuli). qvemoT Camovayali-
bebT yvela problemur sakiTxs, romelic cxadad warmoaCens misi daxurvis 
saswrafo aucileblobas.  

aerofotoze (ilustacia 1) moniSnulia Ria nagavsayreli poligonis 
farTobis cvlileba wlebis mixedviT 2007_2021 wlebis periodSi. misi masS-
tabSi zrda pirdapirproporciulia qalaqis ganviTarebis, rogoricaa mosax-
leobis simWidrovisa da axali mSeneblobebis raodenobis zrda, turistulad 
gaaqtiureba da sxva. myari narCenis mateba kavSirSia ekonomikur keTildReo-
basTan. SedarebisaTvis, ganviTarebul, maRalSemosavlian qveynebSi 1 sul 
mosaxleze 2,1 kg myari narCeni grovdeba dReSi, ufro dabalSemosavlian qvey-
nebSi ki 0,6_1,2 kg farglebSi meryeobs. arsebuli statistikis mixedviT muni-
cipaluri narCenis raodenobam qalaq baTumSi 2015 wlisaTvis 65000 tona, 
xolo 2017 wels 74800 tona Seadgina. [1] 

 
 
 
 
 
 
 
 
 
 
 
 

ilustracia 1. baTumis nagavsayreli poligonis moculobis cvalebadoba 2007-2021 ww 
 
Ria nagavsayrel poligons ar aqvs wyalgaumtari fena, wlebis manZilze 

aq garemo faqtorebis zemoqmedebiT sxvadasxva tipis narCeni ganicdis 
degradacias, warmoqmnili mavne naJuri siTxe ki niadagSi Caedineba da 
abinZurebs gruntis wylebs. aRsaniSnavia, rom dasaxlebuli punqti nagavsay-
reli poligonidan 1500 metrSia, romlis mosaxleoba wyals Webidan iRebs. 
savaraudoa, rom maT mier mopovebul wyalSi moxvedrili iqneba myari narCeni-
dan gamoJonili siTxe, amitom kvlevas saWiroebs maT mier mopovebul wyalSi 
ra nivTierebebi da ra raodenobiTaa gamovlenili.  

aRniSnul poligonze myari narCeni daxarisxebis gareSe xvdeba, separi-
rebaSi daaxlobiT 15_20 adamiania dasaqmebuli, romelTac amave teritoraze 
aqvT ganTavsebuli sacxovrbeli saxlebi. 

teritoria, romelic uWiravs Ria nagavsayrels esazRvreba biomraval-
ferovnebiT gamorCeul, zurmuxtis qselSi CarTul ubans `Woroxis deltas~. 
zurmuxtis qseli warmoadgens instruments evropis bunebrivi habitatebis 
dasacavad. saitis nominirebis safuZvelia 4 tipis habitati; masTan erTad 87 
saxeobis frinveli, 2 saxeobis ZuZumwovari da 1 saxeobis mcenare. Woroxis 
delta, romelic `samigracio Zabris~ nawilia, gadamfren frinvelTa raodeno-
bis mixedviT mesame adgils ikavebs meqsikisa da israelis Semdeg. [2] rogorc 
ukve aRvniSneT, Ria nagavsayreli poligonebidan masobrivad xdeba mavne 
airebis gafrqveva haerSi da gruntis wylebis dabiZnureba. gadamfreni frinve-
lebi migraciisas Woroxis deltasTan arsebul oligotroful tborebTan 
Cerdebian, sadac ikvebebian mwerebiT, WiebiTa da guburis wyliT, romelSic 
SesaZloa ukve SeRweuli iyos nagavsayrelidan gamoJonili mavne nivTierebe-
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biT gajerebuli siTxe. Sesabamisad safTxe eqmneba am teritoriaze gamokve-
bili jiSebis janmrTelobas, genofonds. 

 
 

   
 

baTumis nagavsayreli poligonis amsaxveli fotomasala 
 
Ria nagavsayreli poligoni garda imisa, rom uSualod esazRvreba 

mdinare Woroxis kalapots da abinZurebs wyals, SemouzRudavia da dRis 
ganmavlobaSi aq ikvebeba mosaxleobis kuTvnili msxvilfexa cxoveli. maTi 
rZiT ki mosaxleoba amzadebs rZis nawarms da ikvebeba. aRniSnuli faqti, 
gvaZlevs saSualebas vTqvaT rom aq gamokvebili pirutyvis rZisgan nawarmi 
rZis produqti mavnea adamianisaTvis. teritoriis amsaxvel fotoebze 
naTladaa asaxuli zemoT CamoTvlili problemuri sakiTxebi.  

daskvnis saxiT unda vTqvaT, rom Ria nagavsayrelebi grZelvadian pers-
peqtivaSi aris wyaro daavadebebis gavrcelebis, abinZurebs gruntis wylebs, 
gamoyofs mavne airebs da ekologiur fons mkveTrad auaresebs axlos mdebare 
dasaxlebebSi, aseve did rols TamaSobs klimatis cvlilebasa da globalur 
daTbobaSi. rekomendaciaa, upirvelesad moxdes Ria ukonrtolo nagavsayre-
lebis daxurva da maTi Canacvleba Tanamedrove tipis nagavsayrelebiT, ise, 
rogorc es ganxorcielda araerT qveyanaSi. aseve, Semcirdes nagavsayrel po-
ligonebze moxvedrili myari narCenis raodenoba da narCeni ukve iyos daxa-
risxebuli saxiT, rasac xeli unda Seewyos mosaxleobaSi codnis donis amaR-
lebiT, sakiTxis masStabis gacnobierebiT. uSualod, qalaq baTumisaTvis, xe-
lisSemSeleli faqtoria mdgradi ganviTarebis kuTxiT, ekonomikuri da eko-
logiuri TvalsazrisiT Seusabamoa amgvari nagavsayrelis arseboba qalaqis 
farglebSi, imis gaTvaliswinebiT, rom mimdebare teritoria mdidaria bio-
mravalferovnebiT da warmoadgens dasacav faseulobas evropis kontinenti-
saTvis.  
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SUMMARY 

IMPACT OF OPEN UNCONTROLLED LANDFILLS ON THE ENVIRONMENT 

 (ON THE EXAMPLE OF BATUMI) 

Gomidze M.Z. 

Georgian Technical University 

With the increase in the rate of urbanization in cities, there is a sharp deterioration of the ecological background, 

which is caused by increased anthropogenic impacts. One of the aspects is the increase in the amount of 

municipal solid waste and the problems associated with its management. For more than 50 years, scientists have 

been researching the harmful effects of open landfills on the environment and creating appropriate 

recommendations to reduce it. The topic is relevant, because the problem of open landfills in Georgia is active 

and the goal is to present the threats, to understand the scale of the problem, On the example of Batumi landfill. 

Keywords: solid waste, ecology, sustainable development, habitat. 



   saqarTvelos sainJinro siaxleni, GEORGIAN ENGINEERING NEWS, #1, 2022  

 

92 

qalaq rusTavisa da misi mimdebare regionebis mosaxleobis  sasmeli 

wyalmomaragebis sistemis  ekoqimiuri da   mikrobiologiuri  analizis 

Sedegebi 

 

nikuraZe T.r., gverdwiTeli l.v., surmava a.a., erisTavi d.v. 
 

saqarTvelos teqnikuri universiteti 
saqarTvelos teqnikuri universitetis hidrometeorologiis  universiteti 

 
saqarTvelos kanonSi ,,wylis Sesaxeb“ ganxilulia wylis, rogorc 

umniSvnelovanesi bunebrivi resursis, adamianis, cxovelTa samyarosa da 
mcenareuli safaris arsebobisaTvis aucilebeli da saqarTvelos ekonomikis 
ganviTarebisTvis unikaluri da upirvelesi, sasicocxlo mniSvneloba. 53-e 
muxli moicavs specialuri wyalsargeblobis ZiriTad miznebsa da pirobebs, 
sadac ganxilulia specialuri wyalsargeblobis ganxorcielebisas mosax-
leobis sasmeli da sayofacxovrebo, aseve sasoflo-sameurneo wyalmomara-
gebis miznebisTvis gamoyenebuli unda iqnas dabinZurebisa da danagviane-
bisagan saimedod daculi zedapiruli da miwisqveSa wylebi, romelTa xarisxi 
bunebriv mdgomareobaSi an saTanado damuSavebis Semdeg Seesabameba saqar-
Tvelos saxelmwifo standartebiT dadgenil normebs. am normebis dacviT 
uzrunvel¬yofili iqneba adamianis janmrTelobisaTvis usafrTxo garemo, 
ekologiuri da ekonomikuri interesebis Sesabamisad garemos dacva, maT 
Soris wylis dacva [1]. 

2015 wlis 6 oqtombris 2015/1787 evrodireqtivis safuZvelze, janmrTe-
lobis msoflio organizaciis sasmeli wylis xarisxis saxelmZRvanelos me-4 
gamocemisa da misi pirveli damatebiT (WHO Guidelines for drinking-water quality, 4th 

edition, incorporating the 1st addendum) gansazRvruli rekomendaciebis, „adamianis 
moxmarebisaTvis gankuTvnili wylis xarisxis Sesaxeb“ 1998 wlis 3 noembris 
98/83/EC,  aseve `sazogadoebrivi janmrTelobis Sesaxeb~ saqarTvelos kanonisa 
da sursaTis/cxovelis sakvebis uvneblobis, veterinariisa da mcenareTa 
dacvis kodeqsis  safuZvelze  SemuSavebulia sasmeli wylis xarisxis teqni-
kuri reglamenti.   

sasmeli wylis xarisxis teqnikur  reglamentSi  asaxulia mosaxleobis 
janmrTelobis dasacavad, adamianis moxmarebisaTvis gankuTvnili wylis sas-
melad gamoyenebis   vargisianobisa  da uvneblobis  uzrunvelyofa [2-4]. 

saqarTveloSi mdinare xramisa da debedas miwisqveSa wylebs iyeneben 
qalaq rusTavisa da misi mimdebare regionebis mosaxleobis wyalmomaragebis 
sistemad. q.rusTavis mosaxleobis da samrewvelo zonis zrdasTan erTad 
dRis wesrigSi dgeba wyalmomaragebis ganviTarebis aucilebloba. sasmeli 
wylis  wyalmomaragebis wyalamRebi mdebareobs mdinare xramsa da mdinare 
debedas auzebs Soris. sasmel-sameurneo miznebisaTvis  wyalmomarageba xor-
cieldeba mdinare xramisa da debedas mimdebared ganlagebuli  eqsploa-
taciaSi myofi 8 WaburRiliTa da 7 Saxturi WiT, saidanac wyali  miemarTeba 
sasmel-sameurneo wylisaTvis mosamzadebel xram-I da xram-II  rezervuarebSi. 

xram-1 da xram-2 rezervuarebi ganTavsebulia marneulis municipali-
tetSi, sofel didi muRanRlos mimdebare teritoriaze  leJbadenTan. sasmel-
sameurneo wylisaTvis mosamzadebeli rezervuarebidan (xrami I da xrami II) 
wylis qlorirebiT damuSavebuli wylis sinjebis aReba, dakonserveba, 
etiketireba, Senaxva da transportireba xdeboda saerTaSoriso standartuli 
meTodikiT. wylis sinjebis qimiuri da mikrobiologiuri analizi warmoebda 

ISO  standartuli meTodikebiT [5,6]. 
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cxrili 1. xrami I da xrami II  rezervuarebis wylis ekoqimiuri  
analizis Sedegebi 
 

 
 

 gamosakvlevi maCvenebeli sazomi 
erTeuli   

normativi 
ara umetes 

xrami I 
rezervuari 

xrami II 
rezervuari 

organoleptikuri maCveneblebi 
1 temperatura (wyali) gradusi  - 18 18 
2 suni    bali 2 0 0 
3 gemo   bali 2 0 0 
4 feri gradusi 15 0 0 
5 simRvrive mg/l 2 0.06 0.17 

zogadi maCveneblebi 
6 wyalbadis maCvenebeli pH 6--9 6.98 6.98 
7 permanganatuli Jangvadoba  mg O2/l 3 0.61 0.64 

ZiriTadi ionebi 
8 mineralizacia    mg/l 1000 276.9 385.3 
9 sulfatebi (SO4²¯)   mg/l 250 111.86 186.52 

10 qloridebi (Cl¯)    mg/l 250 16.55 34.56 

11 sixiste   mg-ekv./l 7 3.95 5.64 
12 hidrokarbonatebi mg/l  - 120.17 96.99 
13 kalciumi (Ca )   mg/l 140 60.48 85.7 

14 magniumi (Mg++)    mg/l 85 11.3 16.48 

15 natriumi (Na)    mg/l 200 18.91 18.5 

biogenuri komponentebi 
16 amoniumi (NH4)+ mg/l  - <0.08 <0.08 

17 nitratebi (NO3¯)   mg/l 50 7.74 9.59 

18 nitritebi (NO2¯)   mg/l 0.2 <0.075 <0.075 

19 polifosfatebi (PO4
3-)                      mg/l 3.5 <0.2 <0.2 

mikroelementebi 
20 dariSxani (As, jamuri)   mg/l 0.01 <0.01 <0.01 

21 vercxliswyali (Hg araorganuli) mg/l 0.006 <0.002 <0.002 

22 kadmiumi  (Cd, jamuri)  mg/l 0.003 0.001 <0.001 

23 manganumi  (Mn, jamuri)   mg/l 0.4 0.001 0.003 

24 molibdeni (Mo, jamuri)   mg/l 0.07 <0.02 <0.02 

25 nikeli (Ni, jamuri)   mg/l 0.07 0.03 0.03 

26 seleni   (Se, jamuri)   mg/l 0.01 <0.01 <0.01 

27 spilenZi (Cu, jamuri)   mg/l 2 0.001 0.001 

28 tyvia  (Pb, jamuri)  mg/l 0.01 <0.001 <0.001 

29 ftoridebi (F¯)   mg/l 0.7 0.13 0.13 

30 qromi (Cr , jamuri)  mg/l 0.05 0.003 0.004 

31 stibiumi (Sb)    mg/l 0.02 <0.02 <0.02 

32 TuTia   (Zn,jamuri)  mg/l 3 <0.001 <0.001 

33 rkina  (Fe, jamuri)    mg/l 0.3 0.02 0.05 

34 alumini (Al,jamuri)    mg/l 0.1 <0.01 0.02 

35 siliciumi (Si, jamuri)   mg/l 10 9.86 9.95 

36 cianidebi (CN¯)   mg/l 0.07 <0.005 <0.005 

37 qlori  narCeni  Tavisufali    mg/l 0.3 - 0.5 0.3 0.38 
organuli nivTierebebi 

38 pesticidebis saerTo Semcveloba   mg/l 0.05 <0.0044 <0.0044 
39 navTobproduqtebi, jamuri  mg/l 0.1 <0.04 <0.04 
40 zedapirulad aqtiuri 

nivTierebebi anionaqtiurebi 
mg/l 0.5 <0.1 <0.1 

41 qloroformi (wylis  
qlorirebisas) 

mg/l 0.3 <0.037 <0.037 
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cxr. 1-is monacemebis mixedviT wylis orive  sinjis  wyalbadis maCvene-

beli (pH=6,98) aris normtiulad dasaSvebi normebis farglebSi. perman-

ganatuli Jangvadoba gamoiyeneba wyalSi Semcveli organul nivTierebaTa Se-

safaseblad. saSualo permanganatuli damJangvelobis 1 mg Jangbadi miax-

lovebiT Seesabameba organul nivTierebaTa 1 mg naxSirbads. Tumca sxvadasxva 

wyalsacavebis wylebisaTvis es Tanafardoba SesaZlebelia Seicvalos. per-

manganatuli Jangvadobis maCvenebeli gamoiyeneba mxolod saorientaciod 

Sesafaseblad. saanalizod aRebul wylis sinjebSi permanganatuli Jangvado-

ba Seadgens 0,61 mg O2/l da 0,64 mg O2/l, rac normatiulad dasaSvebi sididis 

mixedviT miekuTvneba Zalian sufTas (1mg O2/l) [2,4,6,7,8]. 

wylis sixistis mniSvneloba Seadgens 3,95 mg-ekv/l (xrami I) da 5,64 mg-

ekv/l (xrami II), rac wylis klasifikaciis mixedviT miekuTvneba saSualod 

xists (4_8 mg-ekv/l) [2,6,8].  

hidrokarbonat-ionebis Semcveloba aris 120,17 mg/l (xrami I) da 96,99 

(xramiII), xolo sulfat-ionebis koncentracia qlor-ionebis koncentraciasTan 

(16,55 mg/l da 34,56 mg/l) SedarebiT bevrad maRalia da Seadgens 111,86 mg/l 

(xrami I) da 186,52 mg/l (xrami II), Tumca sulfat-ionebis koncentracia ar aRe-

mateba sasmeli wylis teqnikuri reglamentiT dasaSveb normatiul sidides 

(250 mg/l) [2,6]. 

wylis orive sinjis qimiuri analizis Sedegebidan gamomdinare sasmeli 

wyali miekuTvneba hidrokarbonatul-sulfatur-kalciumian tipis wyals  

(cxr. 1). 

mraval warmoebas, maT Soris sasmel-sameurneo wyalmomaragebis sawar-

moebs, soflis meurneobas aqvT wylis xarisxis mimarT, nawilobriv minera-

lizaciis gansazRvruli moTxovnebi. vinaidan didi raodenobis marilebis 

Semcveli wyali uaryofiT gavlenas axdens mcenareul da cocxal organiz-

mebze, warmoebis teqnologiaze da produqciis xarisxze. aCqarebs danaleqis 

warmoqmnas qvabebis kedlebze, iwvevs koroziasa da niadagis damlaSebas. 

xrami I wylis sinjis mineralizacia tolia 276,9 mg/l, xolo xrami II 

wylis sinjis _ 385,3 mg/l (cxr. 1), rac wylis mineralizaciis klasis mixed-

viT miekuTvneba saSualo mineralizebuls. 

biogenuri nivTirebebis Semcveloba orive wylis sinjSi ar aRemateba 

zRvrulad dasaSveb koncentraciebs. makro- da mikroelementebis koncentra-

ciebi naklebia sasmeli wylis teqnikuri reglamentis mixedviT normatiulad 

dasaSvebi sidideebis mniSvnelobebze (cxr. 1) [2,6,8]. 

Tavisufali qloris narCeni raodenoba xrami I wylis sinjSi არის  0,3 

mg/l, xolo xrami II wylis sinjSi ki _ 0,38 mg/l. Sedegebi standartiT 

dasaSvebi normis farglebSia (0,3_0,5 mg/l; cxr. 1). 

organuli nivTierebebi orive wylis analizis SedegebSi bevrad 

naklebia zRvrul dasaSveb koncentraciaze (cxr. 1) [2,6].  

orive wylis sinjis mikrobiologiuri analizis Sedegebis mixedviT 

dadginda, rom saerTo koliformuli baqteriebi, E.coli-is baqteriebi, kolifa-

gebi, salmonela da Streptococcus faecalis-is baqteriebi ar aRmoCnda. mezofiluri 

aerobebi da fakultaturi anaerobebi 370C-ze ar aRmoCnda, xolo 220C-ze 

bevrad dabalia normativebiT dasaSveb sidideze (100 kwe/ml) da Seadgens            

1 ml-Si 1 kwe-s (cxr. 2). 

qalaq rusTavisa da misi mimdebare regionebis mosaxleobis sasmel 

wyalmomaragebis sistemad gamoiyeneba xrami I  da xrami II  rezervuarebis   
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wylebi.  saanalizod aRebli iyo qalaq rusTavis qaSakaSvilis quCisa (xrami I 

rezervuari) da marneulis municipalitetis sofeli quTliaris (xrami II 

rezervuari) mosaxleobis sasmeli wylis sinjebi. maTi aReba, dakonserveba, 

etiketireba, Senaxva da transportireba xdeboda saerTaSoriso standartuli 

meTodikiT. wylis temperatura, pH, simRvrive, eleqtrogamtaroba, gaxsnili 

Jangbadis Semcveloba ganisazRvra savele portatuli aparaturiT: konduqto-

metri Aqualytic-AL15 da simRvrivis mzomi Aqualytic-AL250. xolo wylis sinjebis 

qimiuri da mikrobiologiuri analizi warmoebda ISO standartuli meTodi-

kebiT [2,6]. 

 
 

cxrili 2. xrami I da xrami II rezervuarebis wylis mikrobiologiuri analizis Sedegebi 
 

№ gamosakvlevi 
maCvenebeli 

sazomi 
erTeuli   

normativi 
ara umetes 

xrami I 
rezervuari 

xrami II 
rezervuari 

mikrobiologiuri maCveneblebi 

1 saerTo koliformuli 
baqteriebi 

kwe 300 ml-Si ar daiSveba ar aRmoCnda ar aRmoCnda 

2 E.coli kwe 300 ml-Si ar daiSveba ar aRmoCnda ar aRmoCnda 
3 mezofiluri aerobebi 

da fakultaturi anae-
robebi 

kwe 1 ml-Si 
370C 

20 0 0 

4 mezofiluri aerobebi 
da fakultaturi anae-
robebi 

kwe 1 ml-Si 
220C 

100 1 0 

5 Streptococcus faecalis kwe 250 ml-Si ar daiSveba ar aRmoCnda ar aRmoCnda 
6 Salmonella 100 ml-Si ar daiSveba ar aRmoCnda ar aRmoCnda 
7 kolifagebi nkwe 100 ml-Si ar daiSveba ar aRmoCnda ar aRmoCnda 

 
cxr. 3-is monacemebis mixedviT wylis sinjis organoleptikuri maCveneb-

lebi da wyalbadis maCvenebeli (pH=7,12, 7,24) aris normatiulad dasaSvebi 
normebis farglebSi. 

saanalizo aRebul wylis orive sinjSi permanganatuli Jangvadoba 
Seadgens 0,64 mgO2/l, rac normatiulad dasaSvebi sididis mixedviT miekuT-
vneba Zalian sufTas (1mgO2/l) [2,6]. 

wylis sixistis mniSvneloba Seadgens 5,75 mg-ekv/l (sinji 1) da 6,51 mg-
ekv/l (sinji 2), rac wylis klasifikaciis mixedviT miekuTvneba saSualod 
xists (4_8 mg-ekv/l), rac SesaZlebelia ufro metad ganpirobebuli iyos 
kalciumis ionebis koncentraciiT. kalciumis ionebis koncentracia 88,82 mg/l 
da 100.53 mg/l bevrad aRemateba magniumis koncentracias (16,11 mg/l da 18,11 
mg/l),  (cxr. 3)  [2,6,8]. 

hidrokarbonat-ionebis Semcveloba aris 188,5 mg/l (sinji 1) da 185,4 
(sinji 2), xolo sulfat-ionebis koncentracia qlor-ionebis koncentra-
ciasTan (22,78 mg/l da 31,42 mg/l) SedarebiT bevrad maRalia da Seadgens 145,04 
mg/l (sinji 1) da 166,47 mg/l (sinji 2), Tumca sulfat-ionebis koncentracia 
ar aRemateba sasmeli wylis teqnikuri reglamentiT dasaSveb normatiul 
sidides (250 mg/l) [2,6]. 

wylis orive sinjis qimiuri analizis Sedegebidan gamomdinare sasmeli 
wyali miekuTvneba hidrokarbonatul-sulfatur-kalciumian tipis wyals       
(cxr. 3). 

kuTri eleqtrogamtarebloba warmoadgens eleqtrolitebis, ZiriTadad 
araorganulis koncentraciis miaxlovebiT maCvenebels, amitom gamoiyeneba 
wylis mineralizaciis Sesafaseblad. bunebrivi wyali ZiriTadad Zlieri 
eleqtrolitebis narevTa xsnaria, amitom sasmeli wylis kuTri eleqtro-
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gamtaroba ganpirobebulia mineralizaciiT anu ZiriTadi ionebis raodenobiT. 
iseTi ionebis Semcveloba, rogoric aris Fe(II), Fe(III), Mn(II), Al(III), NO3

-, HPO4
2- 

da H2PO4
-, ar axdens mniSvnelovan gavlenas eleqtrogamtarobaze, vinaidan es 

ionebi maRali koncentraciiT iSviaTad gvxvdeba sasmel wyalSi [2,3,4,6,8]. 
wylis pirveli sinjis mineralizacia tolia 390,1 mg/l, xolo meore 

sinjis _  429,8 mg/l, xolo eleqtrogamtarebloba 526,0 µS/sm (sinji 1) da  
579,0 µS/sm (sinji 2), (cxr.3). 

biogenuri nivTierebebis Semcveloba orive wylis sinjSi ar aRemateba 
zRvrulad dasaSveb koncentraciebs (cxr. 3) [2,6].  

makro-da mikroelementebis koncentraciebi naklebia sasmeli wylis 
teqnikuri reglamentis mixedviT normatiulad dasaSvebi sidideebis 
mniSvnelobebze (cxr. 3). 

 
cxrili 3.  qalaq rusTavis da marneulis municipalitetis  
sasmeli wylis qimiuri analizis Sedegebi 
 
№ gamosakvlevi 

maCvenebeli 
sazomi 
erTeuli   

normativi 
ara umetes 

qaSakaSvilis 
quCa 11;      
(xrami I rezer-
vuari) sinji 1 

sofeli quT-
liari    (xrami II 
rezervuari) 
sinji 2 

1 2 3 4 5 6 

organoleptikuri maCveneblebi 

1 temperatura 
(wyali) 

gradusi  - 18 18 

2 suni    bali 2 0 0 

3 gemo   bali 2 0 0 

4 feri gradusi 15 <1.0 <1.0 

5 simRvrive mg/l 2 0.17 0.46 

zogadi maCveneblebi 

6 wyalbadis 
maCvenebeli 

pH 6_9 7.12 7.24 

7 permanganatuli 
Jangvadoba 

mg O2/l 3 0.64 0.64 

8 gaxsnili Jangbadi mg/l >4 8.3 8.5 

9 eleqtrogamtaroba µS/sm - 526.0 579.0 

ZiriTadi ionebi 

10 mineralizacia    mg/l 1000 390.1 429.8 

11 sulfatebi (SO4²¯)   mg/l 250 145.04 166.47 

12 qloridebi (Cl¯)    mg/l 250 22.78 31.42 

13 sixiste   mg-ekv./l 7 5.75 6.51 

14 hidrokarbonatebi mg/l  _ 188.5 185.4 

15 kalciumi (Ca )   mg/l 140 88.82 100.53 

16 magniumi (Mg++)    mg/l 85 16.11 18.11 

17 natriumi (Na)    mg/l 200 23.05 20.57 

biogenuri komponentebi 

18 amoniumi (NH4)+ mg/l  _ <0.08 <0.08 

19 nitratebi (NO3¯)   mg/l 50 7.65 9.03 

20 nitritebi (NO2¯)   mg/l 0.2 <0.075 <0.075 

21 polifosfatebi 
(PO4

3-)                      
mg/l 3.5 <0.2 <0.2 
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mikroelementebi 

1 2 3 4 5 6 

22 dariSxani (As, 
jamuri)   

mg/l 0.01 <0.005 <0.005 

      

23 vercxliswyali (Hg 
araorganuli) 

mg/l 0.006 <0.002 <0.002 

24 kadmiumi  (Cd, 
jamuri)  

mg/l 0.003 <0.001 <0.001 

25 manganumi  (Mn, 
jamuri)   

mg/l 0.4 <0.001 0.02 

26 molibdeni (Mo, 
jamuri)   

mg/l 0.07 <0.02 <0.02 

27 nikeli (Ni, jamuri)   mg/l 0.07 0.03 0.03 

28 seleni   (Se, 
jamuri)   

mg/l 0.01 <0.01 <0.01 

29 spilenZi (Cu, 
jamuri)   

mg/l 2 0.003 0.002 

30 tyvia  (Pb, jamuri)  mg/l 0.01 <0.001 <0.001 

31 ftoridebi (F¯)   mg/l 0.7 0.07 0.08 

32 qromi (Cr , jamuri)  mg/l 0.05 0.004 0.003 

33 stibiumi (Sb)    mg/l 0.02 <0.005 <0.005 

34 TuTia (Zn, jamuri)  mg/l 3 0.001 0.001 

35 rkina  (Fe, jamuri)    mg/l 0.3 0.01 0.25 

36 alumini(Al, jamuri)    mg/l 0.1 0.05 <0.01 

37 siliciumi (Si, 
jamuri)   

mg/l 10 6.7 6.5 

38 cianidebi (CN¯)   mg/l 0.07 <0.005 0.006 

39 qlori  narCeni  
Tavisufali    

mg/l 0.3 _ 0.5 0.4 0.4 

organuli nivTierebebi 
40 pesticidebis 

saerTo 
Semcveloba   

mg/l 0.05 <0.0044 <0.0044 

41 navTobproduqtebi, 
jamuri  

mg/l 0.1 <0.04 <0.04 

42 zedapirulad 
aqtiuri 
nivTierebebi 
anionaqtiurebi 

mg/l 0.5 <0.1 <0.1 

43 qloroformi 
(wylis  
qlorirebisas) 

mg/l 0.3 <0.037 <0.037 

 
 
Tavisufali qloris narCeni raodenoba ki orive wylis sinjSi              

(0,4 mg/l) normatiulad dasaSvebi normis farglebSia (0,3_0,5 mg/l; cxr. 3) [2,6]. 
orive wylis sinjis mikrobiologiuri analizis Sedegebis mixedviT 

dadginda, rom saerTo koliformuli baqteriebi, "E-coli"-is baqteriebi, 
kolifagebi, salmonela da "Streptococcus faecalis"-is baqteriebi ar aRmoCnda. 
mezofiluri aerobebi da fakultaturi anaerobebi 370C-ze ar aRmoCnda, xolo 
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220C-ze bevrad dabalia normativebiT dasaSveb sidideze (100 kwe/ml) da Sead-
gens 1ml-Si 1 kwe-s (cxr. 4). 
 
 
cxrili 4. qalaq rusTavis da marneulis municipalitetis  
sasmeli wylis mikrobiologiuri analizis Sedegebi 
 

№ gamosakvlevi 
maCvenebeli 

sazomi 
erTeuli 

normativi 
ara umetes 

qaSakaSvilis 
quCa 11; (xrami I 
rezervuari) 
sinji 1 

sofeli 
quTliari ; 
(xrami II 
rezervuari) 
sinji 2 

mikrobiologiuri maCveneblebi 

1 saerTo 
koliformuli 
baqteriebi 

kwe 300 ml-
Si 

ar daiSveba ar aRmoCnda ar aRmoCnda 

2 E.coli kwe 300 ml-
Si 

ar daiSveba ar aRmoCnda ar aRmoCnda 

3 mezofiluri 
aerobebi da 
fakultaturi 
anaerobebi 

kwe 1 ml-Si 
37 0C 

20 0  0  

4 mezofiluri 
aerobebi da 
fakultaturi 
anaerobebi 

kwe 1 ml-Si 
220C 

100 1 1 

5 Streptococcus faecalis kwe 250 ml-
Si 

ar daiSveba ar aRmoCnda ar aRmoCnda 

6 Salmonella 100 ml-Si ar daiSveba ar aRmoCnda ar aRmoCnda 

7 kolifagebi nkwe 100 ml-
Si 

ar daiSveba ar aRmoCnda ar aRmoCnda 

 
 
qalaq rusTavisa da marneulis municipalitetis sofeli quTliaris 

mosaxleobis sasmeli wylis ekoqimiuri da mikrobiologiuri kvlevis 
mixedviT, aseve  xrami I da xrami II rezervuarebis wylis  ekoqimiuri da 
mikrobiologiuri kvlevis Sedegebis mixedviT wylis xarisxi  sruliad  
Seesabameba dadgenil sasmel  wylad  gamoyenebis xarisxs da sasmeli wylis 
teqnikuri reglamentiT dasaSveb normebs   [2,3,4,6].   
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SUMMARY 

RESULTS OF ECOCHEMICAL AND MICROBIOLOGICAL ANALYSIS OF THE DRINKING 

WATER SUPPLY SYSTEM OF THE POPULATION OF RUSTAVI AND ITS SURROUNDING 

REGIONS 

Nikuradze T.R., Gverdtsiteli L.V., Surmava A.A. and  Eristavi D.V. 

Georgian Technical University 

Institute of Hydrometeorology of Georgian Technical University 

 The results of ecochemical and microbiological research of the population of the city of     Rustavi and its 

surrounding regions are discussed. Based on the results of chemical analysis of water samples, water belongs to 

hydrocarbonate-sulfate-calcium type water, and according to the mineralization class, it belongs to the average 

mineralized water. According to the ecochemical and microbiological study of the drinking water supply system, 

the water quality complies with the norms permitted by the technical regulations of the drinking water. 

 Keywords: drinking water, ecochemical and microbiological research.  
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mdinare xramis wyalsa da fskerul danaleqebSi mZime metalebis 

ganawilebis ricxviTi modeli 

 

nikuraZe T.r., gverdwiTeli l.v., surmava a.a. 
 

saqarTvelos teqnikuri universiteti 
saqarTvelos teqnikuri universitetis hidrometeorologiis instituti 

 
  teqnikuri reglamentis minimaluri moTxovnebis gaTvaliswinebiT     

zedapiruli wylebis xarisxi ganisazRvreba maTi  Semadgenlobisa da  Tvise-
bebis maCveneblebis dadgeniT, romlebic saimedod uzrunvelyofen  wyalsar-
geblobis  xelsayrel  pirobebsa  da mosaxleobis janmrTelobas.  nebismie-
ri anTropogenuli pirdapiri an iribi zemoqmedebiT  gamowveuli miwisqveSa, 
Tu zedapiruli  wylis arsebuli xarisxis  gauaresebisas da wylis wyaroe-
bis  dabinZurebis zrdisas  mosaxleobisaTvis  dauyonebliv unda iqnes miwo-
debuli sruli  informacia, aseve  yvela im RonisZiebisa  da  saWiro rCeve-
bis  Sesaxeb, romelic unda gatardes wylis dabinZurebiT gamowveuli uaryo-
fiTi zemoqmedebisagan dasacavad  [1,2].  

zedapiruli wylebis dabinZurebis Sesaswavlad, mdinaris dinebis mimar-
TulebiT  wylisa  da fskeruli  danaleqebis damabinZurebeli komponentebis  
koncentraciaTa ganawilebis  gansazRvris  Tanamedrove meTods  warmoadgens 
maTematikuri ricxviTi modelireba, romelsac safuZvlad udevs eqsperimentu-
li kvlevis Sedegebi, aseve  hidrografiuli da hodrologiuri  monacemebi.  

uwyvet garemoSi nivTierebis gadatana-difuziis arastacionaluri 
wrfivi samganzomilebiani gantolebis gamoyenebiT modelirebulia mdinare 
xramSi mZime metalebis ganawileba sofeli Tamarisidan mdinare mtkvarTan mis 
SeerTebamde. mZime metalebis wyaros warmoadgenen mdinare maSaverasa da 
debedas dabinZurebuli wylebi. modelirebisaTvis mdinare xrami dayofilia 3 
pirobiTad erTgvarovan wrfiv ubnebad. TiToeuli ubnisaTvis gamoyenebulia 
mdinaris maxasiaTebeli hidrologiuri parametrebis saSualo wliuri mniSv-
nelobebi. amocanis sawyis pirobad gamoyenebulia eqspediciuri kvlevis mona-
cemebi. miRebulia manganumis, aluminisa da rkinis koncentraciis ganawileba  
mdinare maSaveras, debedas da xramis ubnebSi. 

mdinare xrami warmoadgens aRmosavleT saqarTvelos mtknari wylis 
erT-erT ZiriTad wyaros. is intensiurad gamoiyeneba sasoflo-sameurneo da 
samrewvelo daniSnulebiT. amitom misi wylis xarisxis dacva aqtualur 
saxelmwifoebriv ekologiur problemas warmoadgens.   

ganviTarebuli qveynebis garemosdamcavi da wyalTa meurneobis orga-
nizaciebi TavianT saqmianobaSi farTod iyeneben zedapiruli da miwisqveSa 
wylebis optimaluri marTvis sistemebs. es sistemebi warmoadgens Tanamedrove 
informaciul-gamoTvliT kompleqsebs da gamoiyeneba mravali praqtikuli 
sakiTxebis gadasawyvetad. isini moiTxoven Sesabamis kompiuterul bazas da 
programebTan momuSave personalis specialur momzadebas. calkeuli, Sedare-
biT mcire zomis  mdinareebis dabinZurebis Sesaswavlad damuSavebulia konk-
retuli ricxviTi modelebi [3-6].  

warmodgenili naSromis mizania uwyvet garemoSi nivTierebis gadatana-
difuziis arastacionaluri wrfivi samganzomilebiani gantolebis gamoyene-
biT damuSavdes mZime metalebis koncentraciaTa ganawilebis ricxviTi mo-
deli arsebuli hidrografiuli da hidrologiuri monacemebisa da eqsperi-
mentuli kvlevis Sedegebis safuZvelze. pirvel miaxloebaSi Seswavlili iqna 
mdinare xramSi, mdinare maSaverasa da debedadan moxvedrili mZime metalebis 
ganawileba [4,7]. 

modelirebisaTvis mdinare xrami sofel Tamarisidan mdinare mtkvarTan 
mis SeerTebis adgilamde dayofila 3 pirobiT erTgvarovan ubnad (nax. 1). 
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aseve gaTvaliswinebulia mdinare maSaveras 9 km da mdinare debedas 150 m sig-
rZis monakveTebi mdinare xramTan maTi SeerTebis adgilamde. daSvebulia, rom 
TiToeuli ubani warmoadgens wrfiv arxs, romlis gaswvriv mdinaris maxasia-
Tebeli hidrografiuli da hidrologiuri  parametrebi ar icvlebian (cxr. 1). 
mdinareSi Senakadebis mierTeba aisaxeba wylis xarjis zrdaSi mdinaris ubnis 
dasawyisSi.  

 
 
 
 
 
 
 
 
  
 
 
 
 
 
 

naxazi 1.  mdinaris ubnebis ganlagebis sqema 
 
 

cxrili 1. mdinare xramis, maSaverasa da debedas ubnebi da maxasiaTebeli  
hidrologiuri parametrebis mniSvnelobebi 
 
# mdinare, ubani sigrZe 

Xi (km) 
sigane 
Yi (m) 

siRrme 
Hi (m) 

siCqare 
Ui (m/wm 

1 xrami, Tamarisi _ md.maSaveras Se-
sarTavi  

0.15 20 0.8 0.8 

2 md. maSavera, raWisubani _ md. maS-
averas SesarTavi 

9 8 0.3 0.8 

3 md. xrami, md. maSaveras SesarTavi 
_ md.debedas SesarTavi 

21 20 1.0  0.8 

4 md. debeda,md. debeda _  debedas 
SesarTavi 

0.15 12 0.5 0.4 

5 md. xrami, md. debedas  SesarTavi 
_ md. mtkvari 

12.6 22 1. 3 1,0 

 
 
mdinaris TiToeul ubanze minarevebis gadatana-difuziis procesi 

aRiwereba Semdegi gantolebis saxiT:    
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sadac t droa; x, y da z dekartes kordinatTa sistemis RerZebia;  x RerZi 
mimarTulia mdinaris dinebis mimarTulebiT horizontalurad, y RerZi 
mimarTulia horizontalurad dinebis marTobulad; z RerZi mimarTulia 
mdinaris fskeridan vertikalurad zeviT; indeqsi i mdinaris ubnis nomeria; 

iii wu ,,   mdinaris dinebis siCqareebia x, y da z RerZebis gaswvriv i-ur ubanze;  

0w  – damabinZurebeli ingredientis vertikaluri daleqvis siCqarea; yx  , da   
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z turbulenturi siblantis kinematikuri koeficientebia x, y da z RerZebis 

gaswvriv, Sesabamisad; Ci _ damabinZurebeli nivTierebis koncentraciaa 
mdinaris i-ur ubanze;  manZilis Sebrunebuli proporciulobis koeficientia. 

 (1) gantolebis ricxviTi integrirebisaTvis gamoyenebulia Semdegi 
sawyisi da sasazRvro pirobebi: 

 

 ,,,,0 zyxCC ii            roca  t=0; 
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    roca x=0; 

   tCC Si   roca   ,0,,,, 





x

C
tzyx i

ttS
    roca iXx       (2) 

 

0




y

Ci   da 0




z

Ci ,   roca y = 0, da Yi  z = 0, Hi , Sesabamisad; 

 

sadac Xi, Yi da Hi aris i-uri ubnis sigrZe, sigane da siRrme, Sesabamisad; S _ 

mdinareSi damabinZurebeli nivTierebis CaSvebis area; t   _ damabinZurebeli 

nivTierebis mdinareSi CaSvebis droiTi intervalia;  tCS  CaSvebis wertilSi 

damabinZurebeli nivTierebis koncentraciaa.  
(1) gantolebis ricxviTi integrireba (2) sawyisi da sasazRvro pirobe-

biT xorcieldeba krankl-nikolsonis sqemiTa da koordinatebisa da proce-
sebis mixedviT gaxleCis meTodis gamoyenebiT. drois mixedviT ricxviTi 
aproqsimaciis rigi pirvelia, sivrculi koordinatebis mixedviT _ meore.  

ricxviTi bade Sedgeba  11,11,iK  baduri wertilebisagan. badis 

sivrciTi bijebi y da z RerZebis gaswvriv tolia 11/iYy    da 11/iHz  -is, 

Sesabamisad. x RerZis gaswvriv biji 5x m pirvel da meoTxe ubnebze, xolo 

danarCenze _ 200m. Ki = Xi / x  . 
 

 
 
naxazi 2. mdinaris dinebis sqematiuri gamosaxuleba vertikalur WrilSi da zedxedSi 
 

mdinaris kalapotSi dinebis siCqaris mniSvnelobebi ganisazRvreba 
mocemuli sqemis analogiurad Semdegi formuliT  
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     iiii HzYyUzyxU /0,5пsin/пsin5,1,, 0,   

 

aq 0,iU   mdinare xramis i-ur ubanSi dinebis saSualo maxasiaTebeli 

siCqarea. turbulenturi difuziis koeficientebisaTvis gamoyenebulia 

Semdegi mniSvnelobebi.  4104,65 x m/wm2; 31057,55  zy   m2/wm [3,28].  

Catarda ricxviTi eqsperimentebis seria, romelTa saSualebiT gamokv-
leulia manganumis, rkinis da aluminis gavrceleba mdinareebis SerCeul 
monakveTebSi. eqsperimentebSi mdinareebSi nivTierebis CaSveba xorcieldeba 
uwyvetad mdinareebis monakveTebis sawyis wertilebSi mis mTel ganiv kveTSi 
(cxrili 2). mocemulia koncentraciis mniSvnelobebi mdinareebis sasazRvro 
wertilebSi. monacemebi miRebulia specialuri eqsperimentuli gazomvebis 
Sedegad. 
 
cxrili 2. damabinZurebel ingredientTa mniSvnelobebi mdinareTa ubnebis sawyis 
wertilebSi  
 

№ 
ingredienti, 

koncentracia (mg/l) 
md. xrami, 

sof.  Tamarisi 
md. maSavera, 

bolnisi, raWisubani 
md. debeda, 

sof. leJbadeni 
1 Mn 0.05 0.55 0.05 
2 Fe 0.51 1.54 0.5 
3 Al 0.70 2.61 0.5 

 
 gamoTvlebiT miRebulia manganumis, aluminisa da rkinis koncentraciis 
ganawileba mdinare xramis, maSaverasa da debedas wylebSi. 

  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

naxazi 3. manganumis koncentraciis C (mg/l) ganawileba mdinare xramis,   
maSaverasa da debedas wyalSi 

 
mesame naxazidan Cans, rom koncentracia maqsimaluria mdinare maSa-

veraSi sof. raWisubanTan 0,55 mg/l. manganumis daleqvis Sedegad kon-
centracia mcirdeba dinebis mimarTulebiT da mdinare xramTan SeerTebis 
adgilas is utoldeba 0,2 mg/l.  md. xramSi manganumis koncentracia daaxloe-
biT 0,05 mg/l-ia. mdinare xramis wylis mdinare maSaveras  wyalTan SeerTebis 
Sedegad sofel TamarisTan manganumis koncentracia mdinare xramSi 
utoldeba 0,1 mg/l.  daleqvis Sedegad sofel Tamarisidan mdinare mtkvarTan 
SeerTebis adgilamde  manganumis koncentracia daaxloebiT 10-jer mcirdeba 
da Seadgens 0,01 mg/l. 
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naxazi 4. rkinis koncentraciis C (mg/l) ganawileba mdinare xramSi,  
maSaverasa da debedaSi 

 
meoTxe naxazidan naTlia, rom koncentracia maqsimaluria mdinare 

maSaveraSi sof. raWisubanTan 1.55mg/l. mdinare xramTan misi SeerTebis adgil-
ze rkinis koncentracia 1.20 mg/l-is tolia, Sesabamisad aRniSnuli 
nivTierebebi zavdebian mdinare xramis wyalSi da ileqebian fskerze, xdeba 
nivTierebaTa koncentraciebis Semcireba dinebis gaswvriv. rkinis koncentr-
acia mdinare xramSi mcirdeba 0.7 mg/l-dan 0.1 mg/l-mde. 

  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

naxazi 5. aluminis koncentraciis  C (mg/l) ganawileba mdinare xramSi, 
maSaverasa da debedaSi 

 
mexuTe naxazidan gamomdinare Cans, rom  aluminis koncentracia (2,60 

mg/l) maqsimaluria mdinare maSaveraSi sof. raWisubanTan. mdinare xramTan 
misi SeerTebis adgilze aluminis koncentracia utoldeba 2,04 mg/l-s.  
aRniSnuli nivTierebebi zavdebian mdinare xramis wyalSi da ileqebian 
fskerze. Sesabamisad xdeba nivTierebaTa koncentraciebis Semcireba dinebis 
gaswvriv. aluminis koncentracia mdinare xramSi mcirdeba 0,62 mg/l-dan 
0,15mg/l-mde.           

damakmayofilebeli raodenobrivi Tanxvedra aris gamoTvlebiT 
miRebul sidideebsa da eqsperimentulad gazomil koncentraciebs Soris.  
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naxazi 6. daleqili manganumis zedapiruli simkvrivis D(mg/m2) ganawileba mdinare 
xramis fskerul danaleqSi 

 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
naxazi 7. daleqili rkinis zedapiruli simkvrivis D(mg/m2)  ganawileba mdinare xramis 

fskerul danaleqSi 
 
mdinare xramis fskerze daleqvis procesis analizisaTvis gamoTvlili 

iqna erTi dRe-Ramis ganmavlobaSi daleqili manganumis (nax. 6) da rkinis  
(nax. 7) zedapiruli koncentraciebi D (mg/m2) Semdegi formulis saSualebiT 
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nax. 6 da 7-dan Cans, rom orive metalis daleqvis procesi xorcieldeba 

Tvisebrivad erTnairad: manganumisa da rkinis zedapiruli simkvriveebi 
maqsimaluria sofel TamarisTan. sofeli Tamarisidan sofel leJbadenamde 
zedapiruli simkvriveebi mcirdeba kvadratulad da sofel leJbadenTan 
xdeba minimaluri. mdinare debedas dabinZurebuli wylis Cadinebis Sedegad 
sofel leJbadenTan kvlav izrdeba danaleqi ingredietebis zedapiruli 
simkvriveebi, romlebic mcirdebian  wrfivad dinebis gaswvriv, mdinare xramis 
mdinare mtkvarSi Cadinebis punqtamde. sofel Tamarisidan sofel leJbadena-
mde danaleqi metalebis zedapiruli simkvriveebis cvlilebaTa SefasebiT 
naTelia, rom manganumis da rkinis zedapiruli simkvriveebi mcirdebian mdi-
naris 34 km monakveTze daaxloebiT 5,7 da 6-jer, Sesabamisad. unda aRiniSnos, 
rom Semcirebis miRebuli sidideebi axlosaa eqserimentuli gazomvebiT 
miRebul mniSvnelobebTan (cxr. 3). 
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cxrili 3. eqsperimentuli kvlevis SedegebiT miRebuli damabinZurebel  
ingredientTa mniSvnelobebi fskeruli danaleqebSi 
 

punqti Mn Fe 

 mg/kg 
mdinare xramis fskeruli analizi (TamarisTan) 525.80 1.44 
mdinare debedas fskeruli analizi (leJbadenTan) 428.36 1.20 
mdinare xramis fskeruli analizi (leJbadenTan) 89.59 0.20 
mdinare maSaveras fskeruli analizi (TamarisTan) 380.89 0.84 

 
 ricxviTi modelis gamoyenebiT gamokvleulia mdinareebis  xramis, 
maSaveras da debedas wylebSi manganumis, rkinisa da aluminis gavrcelebis 
kinematika stacionaluri damabinZurebeli wyaroebis SemTxvevaSi. miRebulia 
am mZime metalebis koncentraciis ganawilebis suraTi mdinare xramSi, 
sofeli Tamarisidan mdinare mtkvarTan SeerTebis adgilamde. naCvenebia, rom 
mdinare maSaveras wyali aris mdinare xramis ZiriTadi damabinZurebeli 
wyaro. 

modelirebis Sedegebi Sedarebulia eqsperimentuli gazomvebis mona-
cemebTan da miRebulia damakmayofilebeli Tanxvedra.  

uwyvet garemoSi nivTierebis gadatana-difuziis arastacionaluri 
wrfivi samganzomilebiani gantolebis safuZvelze mdinare xramis auzis 
damabinZurebel nivTierebebis koncentraciaTa gavrcelebis modelirebis 
Sedegebi SesaZlebelia gamoyenebul iqnas  mdinareebis  wylebisa da maT 
fskerul danaleqebSi mZime liTonebis ganawilebis dasadgenad. 
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 SUMMARY   

 NUMERICAL MODEL FOR THE DISTRIBUTION OF HEAVY METALS IN THE WATER AND  

BOTTOM SEDIMENTS  OF THE KHRAMI RIVER 

Nikuradze T.R., Gverdtsiteli L.V. and  Surmava A.A. 

Georgian Technical University 

Institute of Hydrometeorology of Georgian Technical University 

Investigated by mathematical numerical  modeling of the kinetics of the spread of pollutant components of water 

and bottom sediments in the direction of the Khrami River in the case of stationary sources of pollution. 

Keywords: Numerical modeling, distribution of iron, aluminum and manganese concentrations.     
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Ca2+ ionis gavlenis kvleva bunebrivi wylis Z - potencialsa 

da eleqtrogamtarobaze 

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

 
saqarTvelos teqnikuri universitetis membranuli teqnologiebis sainJinro 

instituti 
 

naSromSi ganxilulia bunebriv wyalSi marilebis disociaciis Sedegad 
miRebuli  Ca2+ ionebis koncentraciis gavlena Z - potencialsa da eleqtro-
gamtarobaze.  gamokvleuli iqna wylis  Semdegi nimuSebi: distilirebuli da  
sasmeli wyali, sakvlevi sinji araorganuli marilis danamatiT, romelTa 
maCveneblebi ganisazRvra  xelsawyoebze  _ ionomeri И160.1МП, konduqtometri 
_  КЭЛ-1М2,  analizatori _ Zetasizer Nano Zen 3690.  

eqsperimenti Catarebulia membranis misaReb xsnarSi, sadac koagulan-
tad gamoyenebul wyalSi damatebuli iyo 0,3 g, 1 g, 1,67 g araorganuli mari-

li.  kvleva tardeboda 20 ℃ da 25 ℃ temperaturaze [1-3] miRebuli Sedegebi 
mocemulia cxrilSi da suraTze.    
 
Ca2+ ionebis gavlena bunebrivi wylis Z  - potencialsa da elgamtarobaze 
    

sinjis 
dasaxeleba 

Ca2+  
mg/l 

xsnaris sixiste 
mg.eqv/l 

el.gamtaroba 
CMm 

el.gamtaroba 
mS/Cm 

Z-potencia-
li mV 

sasmeli wyali 23,2 4,8 29,5 ∙ 10-3 0,322 -18,5 

distilati 0,83 _ 1,5 ∙ 10-3 0,00857 -0,89 
0,3 gr marili 74,5 8,6 77,7  ∙ 10-3 1,14 -0,648 
1gr marili 238 18,4 187,2 ∙  10-3 2,41 -0,754 

1,67gr marili 431 30 30,8 ∙ 10-2 2,90 -0,978 

 
suraTze  moyvanilia 1 g araorganuli marilis Semcveli wylis Z-po-

tencialisa da elgamtarobis  maCveneblebi, miRebuli nanonawilakebis  
mzom xelsawyoze Zetasizer Nano Zen 3690.   

  

 
1g araorganuli marilis Semcveli wylis Z - potenciali Zetasizer Nano Zen 3690   
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kvlevam gviCvena, rom saanalizo wyalxsnarebis eleqtruli gamtarobis 
maCveneblis zrda damokidebulia xsnarSi ionebis koncentraciis da  tempera-
turis matebaze, xolo  Z - potencialis uaryofiTi maCvenebeli klebulobs 
Ca2+ ionebis raodenobis zrdasTan erTad [4]. 

amrigad, bunebriv sasmel wylebSi sadac Ca2+ ionebis raodenobrivi 
maCvenebeli naklebia 20 mg/l-ze  ar xdeba wyalSi arsebuli ionebis SeboWva 
xsnarebis sistemebis Termodinamikuri mdgradobis Sefasebis dros. 
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 SUMMARY 

EFFECT OF HARDNESS SALTS ON THE Z-POTENTIAL AND CONDUCTIVITY  

OF NATURAL WATER 

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

Enginering Institute of Membrane Technologies of Georgian Technical University 

 The paper discusses the effect of the concentration of Ca2+  ions obtained by dissociation of salts in natural 

water on the Z-potential and conductivity. The study showed that the increase in electrical conductivity of the 

analytical aqueous solution depends on the increase in the concentration of ions and temperature in the solution, 

with the negative Z-potential decreasing with the increase in the content of Ca2+ ions. 

Keywords: aqueous solution, hardness, electrical conductivity, ions, concentration, Z- potential. 
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sasmel wyalSi usiamovno sunis gaCenis problema da misi aRmofxvris 

meTodebi 

 
soselia m.T. 

 
saqarTvelos teqnikuri universiteti 

 
usiamovno sunis kontroli gaxda mniSvnelovani sakiTxi sasmeli wylis 

mimwodeblebisTvis mTel msoflioSi. dResdReobiT, momxmarebelTa saCivrebis 
umetesoba, romlebic mimarTulia wyalmomaragebis kompaniebTan, dakavSire-
bulia sasmel wyalSi usiamovno sunze [1-3]. miuxedavad imisa, rom esTetikuri 
aspeqtebi, rogoricaa feri an usiamovno suni, Cveulebriv araproblemuria 
janmrTelobis sakiTxebTan mimarTebaSi, mikrobiologiur xarisxTan, iseve 
rogorc mikrodambinZureblebis da mZime metalebis arsebobasTan SedarebiT, 
momxmareblebi Zalian mgrZnobiared reagireben maTi sasmeli wylis organo-
leptikuri xarisxis cvlilebebze. amis mizezi is aris, rom wylis mikrobio-
logiuri da qimiuri xarisxisgan gansxvavebiT, esTetikuri aspeqtebi SeiZleba 
Sefasdes uSualod adamianis grZnobebiT. zogierTi Zlieri usiamovno sunis 
mqone naerT SeiZleba aRiqmebodes Zalian dabal koncentraciebSi, ng/l dia-
pazonSi. es organoleptikuri efeqtis gavlena ramdenime rigiT dabalia, vid-
re mZime metalebis an mikrodambinZureblebis toqsikuri efeqti. miuxedavad 
imisa, rom es usiamovno sunis dabali koncentracia ar warmoadgens safrTxes 
janmrTelobisTvis, bevr momxmarebels eSinia, rom usiamovno sunis mqone 
naerTebis gamoCena maT sasmel wyalSi Seesabameba mikrobiologiuri xarisxis 
daqveiTebas da Sesabamisad, wyali aRar aris usafrTxo dasalevad [4]. mar-
Tlac, ramodenime usiamovno sunis warmomqneli naerTi gamomuSavdeba cia-
nobaqteriebis mier, maTma Seswavlam SeiZleba gamoavlinos cianotoqsinebis 
arseboba wyalSi da mainc, umetes SemTxvevaSi es zogadi SeSfoTeba ar aris 
gamarTlebuli, radgan wylis xarisxis sxva parametrebze suni ar moqmedebs. 

miuxedavad amisa, momxmarebelis SfoTvam da Sesabamisad, ndobis nakle-
bobam SeiZleba gamoiwvios arsebiTi arasasurveli sazogadoebrivi zemoq-
medeba, rogoricaa infrastruqturis (ZiriTadad ganawilebis sistemis) movla-
patronobis dafinansebis Semcireba. Sesabamisad, wyalmomaragebis kompaniebi 
cdiloben Tavidan aicilon an swrafad da efeqturad Searbilon usiamovno 
sunis problemebi [5]. am amocanis Sesasruleblad saWiroa usiamovno sunis 
naerTebis da maTi warmoSobis swrafi da saimedo identifikacia. amis miRweva 
xSirad sakmaod rTulia, Tumca, rac xSir SemTxvevaSi xels uSlis wyalmoma-
ragebis kompaniebs kargad SemuSavebuli sawinaaRmdego zomebis gamoyenebaSi. 
am sirTuleebis mizezebi mravalferovania. erTis mxriv, organoleptikuri 
aRqma Zalian individualuria rogorc aromatis aRweris, aseve zRvruli kon-
centraciis mimarT. es Zalian rTuls xdis momxmarebelTa saCivrebis Sefa-
sebas. meore mxriv, usiamovno sunis warmomqnel naerTebis gamovlena Sro-
matevadia da moiTxovs daxvewil analitikur meTodebs. usiamovno sunis mqone 
naerTebis  analizi Cveulebrivi instrumentuli meTodebiT, anu  eqstraqciis 
sxvadasxva meTodebTan erTad, xSirad SeuZlebelia, radgan usiamovno sunis 
mqone naerTebis dabali koncentraciebi dafarulia foniT. specialistebis 
mier alternatiuli sensoruli analizi iZleva informacias wylis nimuSis 
saerTo organoleptikuri aRqmis Sesaxeb, magram Cveulebriv ar iZleva cal-
keuli usiamovno sunis mqone naerTebis gamovlenis saSualebas. arasasiamovno 
sunis warmomqmnel naerTebis narevebma SeiZleba kidev ufro gaarTulos 
warmatebuli gamovlena sinergiuli da antagonisturi efeqtebis gamo. 

rogorc zemoT aRiniSna, sasmel wyalSi usiamovno sunis problemebis 
warmatebuli prevencia, an Serbileba SesaZlebelia mxolod maSin, rodesac 
cnobilia  naerTebi da maTi warmoSoba. yvelaze mniSvnelovani usiamovno 
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sunis warmomqmneli naerTebi, romlebic moxsenebulia literaturaSi, aris 
qlori da iseTi naerTebi, rogorc geosmini, 2 meTilizsoborneoli (mib) da 
2,4,6. wyalSi usiamovno sunis problemebis warmoSoba da faqtorebi, rom-
lebic gavlenas axdenen sxvadasxva usiamovno sunis naerTebis warmoSobaze, 
jer kidev cudad aris gagebuli. 

 

  
usiamovno sunis mqone naerTebis warmoSoba, romelic aRmoCenilia 

sasmel wyalSi 
 

suraTis mixedviT, usiamovno sunis warmoSobis sami ZiriTadi wyaro 
SeiZleba gamoiyos. pirvel rigSi, usiamovno sunis mqone naerTebis didi nawi-
li, romlebic aRwerilia literaturaSi, warmoiqmneba zedapirul wylebSi. es 
naerTebi warmoiqmneba fitoplanqtoniT da xSirad avlenen Zlier sivrcul 
da sezonur cvalebadobas maTi zrdis (ayvavebis) mixedviT. imis gamo, rom ze-
dapirul wylebSi biomasa Zlier aris dakavSirebuli sakvebi nivTierebebis 
raodenobaze, municipaluri da samrewvelo Camdinare wylebSi, iseve rogorc 
sasoflo-sameurneo praqtika, magaliTad, sasuqebis gamoyeneba da nakeli, did 
gavlenas axdens fitoplanqtonis zrdaze. rogorc wesi, usiamovno sunis yve-
laze maRali koncentracia, romelic SeiZleba miaRwios ramdenime aseul 
nanograms litrze an Tundac 1 mkg/l-ze mets, gvxvdeba epilimnionSi. 
 
cxrili 1. zedapirul wylebSi arsebuli yvelaze mniSvnelovani usiamovno  
sunis warmomqneli naerTebi 
 
nivTiereba suni warmoSobis wyaro 
2-trans, 4-cis, 7-cis-decatrienali Tevzis mwvane alga 
dimeTil trisulfidi lpobis algas yvavilobis dros 
geosmini Smoris cianobaqteriebi da aqtinomocetebi 
trans, trans-2-4 heptadienali Tevzis mwvane alga 
2-izopropil-3-metoqsipirazini lpobis aqtinomocetebi 
1-penten-3-erTi mZaRe mwvane alga, cianobaqteriebi 
2,4,6-triqloroanizoli (tqa) Smoris aqtinomicetebi 
cis-2, 6-nonadienali miwieri mwvane alga 
2-meTilizoborneoli (mib) Smoris cianobaqteriebi da aqtinomocetebi 
 

dRemde gamovlenilia usiamovno sunis mqone naerTebis warmomqmnel 
daaxloebiT 200 wyalmcenare. cxril 1-Si mocemulia zedapirul wylebSi 
arsebuli yvelaze mniSvnelovani usiamovno sunis warmomqneli naerTebi. 
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am naerTebis fiziologiuri roli kargad ar aris cnobili, Tumca 
zogierTi aRwerilia, rogorc feromonebi. miuxedavad imisa, rom zogierTi 
usiamovno sunis mqone naerTi biologiurad aqtiuria, sxvebi warmoiqmneba 
metaboluri qveproduqtebis saxiT da gamoiyofa wyalSi mxolod maSin, rode-
sac ujredis membrana dazianebulia. es fraqcia SeiZleba iyos usiamovno 
sunis problemebis mniSvnelovani wyaro, rodesac is gamoiyofa wyalmcena-
reebisa da baqteriebis dazianebuli ujredebidan sasmeli wylis damuSavebi-
sas. fitoplanqtonis biologiuri aqtivobidan gamomdinare, usiamovno sunis 
mqone fraqciam SeiZleba miaRwios gacilebiT maRal koncentracias, vidre 
daSlilma fraqciam. 

meorec, zogierTi Zlieri usiamovno sunis mqone naerTma SeiZleba war-
moiqmnas, rogorc qveproduqti sasmeli wylis daJangvisa da dezinfeqciis 
dros. am qveproduqtebis warmoqmnis moculoba Zlier aris damokidebuli 
wylis Semadgenlobaze da SeiZleba minimumamde daiyvanos wylis tradiciuli 
gawmendis teqnologia. magaliTad, qloris gamoyenebam SeiZleba gamoiwvios 
bromfenolebis warmoqmna, rogoricaa 2,6-dibromfenoli sunis dabali zRurb-
liT.  

Tu wylis wyaroebSi aris cianobaqteriuli ujredebis, cianotoqsinebis 
da usiamovno sunis gamomwvevi naerTebis mniSvnelovani raodenoba da Tu pre-
venciisa da kontrolis strategiebi ver ganxorcieldeba sakmarisad swrafad, 
xelmisawvdomia ramdenime meTodi usiamovno sunis zemoqmedebis Tavidan 
asacileblad [6]. cxril 2-Si moyvanilia geosminis (Smoris sunis gamomwvevi)  
da trans-2-4 heptadienalis (Tevzis sunis gamomwvevi) damuSavebis efeqturoba. 

 
   cxrili 2. geosminis da trans, trans-2-4 heptadienalis damuSavebis 
   efeqturoba sxvadasxva meTodiT 
 

damuSavebis meTodi geosmini trans-2-4 heptadienali 
koagulacia/sedimentacia + - 
neli filtracia  + 
membranuli filtracia  + 
flotacia haeriT  _ 
gaaqtivebuli naxSiris 
gamoyeneba 

- + 

ozonireba - + 
dezinfeqcia qloriT - + 
winaswari daJangva - - 

 
arsebobs mravali midgoma da teqnika wylis wyaroebSi cianobaqterie-

bis zrdis Tavidan asacileblad an gasakontroleblad. wyalSi cianobaq-
teriebis marTvis prevenciuli programebi unda SemuSavdes im uwyebebTan, 
romlebic pasuxismgebelni arian wylis resursebis marTvaze, maT Soris gare-
mosdacviTi, soflis meurneobis da jandacvis organoebTan. Sesabamisi teqnika 
damokidebuli iqneba mTel rig faqtorebze, maT Soris adgilobriv garemo 
pirobebze, teqnikis Rirebulebaze, samizne periodebze, Sesabamisi wylis way-
ros ekologiur mdgomareobaze da wylis sxva gamoyenebaze (mag. sasoflo-sa-
meurneo da rekreaciuli miznebisaTvis). 
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SUMMARY 

THE PROBLEM OF UNPLEASANT ODOR IN DRINKING WATER AND METHODS  

OF ITS ELIMINATION 

Soselia M.T. 

Georgian Technical University 

Odor problems in drinking water have been addressed more and more by water utilities around the world. A 

number of studies investigated that the major compounds that cause these odor problems in drinking water are 

produced by cyanobacteria and actinomycetes, causes fishy and musty odor. Although this unpleasant odor can 

be detected by consumers, currently, there are no regulations on these compounds. The most successful 

treatment technologies used by most water treatment plants to remove odor from drinking water are 

granular/powdered activated carbonб advanced oxidation processes, biofiltration, and other integrated systems. 

However, these methods are very expensive to install, maintain, and operate. For current and further studies, 

more efficient and economic odor control technologies in drinking water need to be addressed and investigated. 

Keywords: unpleasant odor in water, cianobaqteria, activated carbon. 
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sasmeli wylis usiamovno sunis mocilebis teqnologia askanas Tixis 

gamoyenebiT 

 

bagration-daviTaSvili a.n., soselia m.T. 
 

saqarTvelos teqnikuri universiteti 
 
wylis dabinZureba globaluri problemaa, romelic moiTxovs wylis 

resursebis politikis mudmiv Sefasebas da gadaxedvas yvela doneze [1]. 
specifikuri damabinZureblebi, romlebic iwvevs wylis danagvianebas, 

moicavs qimikatebis, paTogenebis farTo speqtrs da fizikur an sensorul 
cvlilebebs, rogoricaa maRali temperatura, sunis, gemos da feris Secvla [2]. 

zedapiruli wylebis progresulma eutrofikaciam da dabinZurebam ga-
moiwvia wyalSi usiamovno sunis SemTxvevebis mudmivi zrda, romlebic dakav-
Sirebulia wylis mikroorganizmebis ayvavebasTan sxvadasxva wylis garemoSi. 
am wylebSi arsebuli mikroorganizmebi awarmoeben sxvadasxva terpenoidebs, 
karotinoidul warmoebulebs, gogirdis naerTebs da sxva aqrolad organul 
naerTebs wyalmcenareebisa da cianobaqteriebis mier, romelTa umetesobam 
SeiZleba xeli Seuwyos usiamovno sunis Camoyalibebas. 

usiamovno sunis kontroli msoflioSi sasmeli wylis momwodeblebis 
mniSvnelovani sakiTxia. dRes, momxmarebelTa pretenziebis umetesoba, rom-
lebic wyalmomaragebas exeba, dakavSirebulia sasmeli wylis cud gemoze an 
sunze. 

sasmel wyalSi usiamovno sunis warmoSoba sakmaod gavrcelebuli 
problemaa. Cveulebriv, yvelaze problemuri suni aris iseTi, rogoricaa 
Tevzis, Smoris an lpobis [4]. 

Tbilis zogierT raionSi (magaliTad varkeTilSi) gazafxul-zafxulSi 
moxmareblisaTvis Tbilisis wyalsacavidan miwodebul gawmendil sasmel 
wyals uCndeboda usiamovno suni. kvlevis Sedegad dadginda, rom am usia-
movno suns iwveven Tbilisis wyalsacavSi gavrcelebuli wyalmcenareebis 
mier gamoyofili nivTierebebi. ris Sedegadac iyo miRebuli zomebi da am 
periodSi damatebiT gamoyenebuli iqna gaaqtivebuli naxSirbadis filtrebi, 
romelmac problema moagvara. magram procedura sakmaod did xarjebTanaa  
dakavSirebuli [4]. 

Cveni kvlevis mizans warmoadgenda SedarebiT ufro iafi masalis 
gamoyeneba wylidan usiamovno sunis mosacileblad. amisaTvis SerCeuli iyo 
bentonitis Tixa askanas sabadoebidan. 

Tixa aris yvelaze mniSvnelovani, uxvi da dabalfasiani bunebrivi masa-
la, romelic gvxvdeba yvelgan, yvela tipis kldeSi, sxvadasxva tipis wylis 
resursebSi da atmosferul aerozolebSi. 

preistoriuli epoqidan kacobrioba iyenebda mas samkurnalo miznebi-
sTvis Tavisi bunebis gansakuTrebuli Tvisebebis gamo. me-20 saukuneSi mecnie-
rulma ganviTarebam saSualeba misca gaegoT misi gavlena adamianis janmrTe-
lobaze da Seswavliliyo misi sargeblobisa da Tvisebebis mizezebi. Tvisebe-
bi, ris gamoc Tixa gamoiyeneba aris maRali specifikuri zedapiri, adsor-
bciuli unari, reologiuri Tvisebebi, qimiuri inertuloba da dabali an 
nulovani toqsikuroba [5]. 

bentonituri Tixa kargad aris Seswavlili da aqvs forianobis maRali 
xarisxi da gamoiyeneba sxvadasxva mizniT, ZiriTadad kvebis mrewvelobaSi  
siTxidan minarevebis mosaSoreblad. 

Tixa saxelwodebiT askanglini sabados zeda nawilSia ganlagebulia, 
askangeli ki _ qveda nawilSi. igi gamoiyeneba navTobis gadamuSavebis teqno-
logiur procesSi. 
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askangels didi raodenobiT wylis Sewovis unari aqvs da igi bunebriv 
koloids warmoadgens. askangeli aseve gamoiyeneba manqanaTmSeneblobaSi, 
saRebavi nivTierebebis dasamzadeblad, keramikul warmoebaSi, sapnisa da 
safeiqro mrewvelobaSi, Rvinisa da Zmris gasawmendad. 

NsamuSaos mizania wylidan usiamovno sunis mosaSoreblad Tixebis 
gamoyeneba. sinjebis aReba xorcieldeboda saqarTvelos mTavrobis dadgeni-
lebis „wylis sinjis aRebis sanitaruli wesebis Sesaxeb“ teqnikuri regla-
mentis mixedviT. sinjebs viRebdiT dadgenili periodis erTi kviris ganmav-
lobaSi (12–18 maisi), rodesac usiamovno suni gansakuTrebulad mkveTria da 
imave dRes gadatanili iyo laboratoriaSi [4].  

laboratoriuli testebSi askanas Tixis fxvnilze dafuZnebuli koagu-
lantis optimaluri doza iyo 20 mg/l. askanas Tixis dozis Semdgomi (40 
mg/l) amcirebs usiamovno sunis mocilebis efeqturobas. 

usiamovno sunis yvelaze maRali mocileba (98%) aRmoCnda 20 mg/l aska-
nas Tixis gamoyenebisas. 

SemoTavazebulia sqema, romelic iTvaliswinebs gamwmend nagebobis teq-
nologiur ciklSi kvanZis damatebas, sadac Tavsdeba gafiltruli wyali 
dezinfeqciamde. usiamovno sunis mqone naerTebis mocileba xdeba koagula-
ciiT, koagulantad gamoiyeneba askanas Tixa (nax.1). 

 

 
 

nax. 1. usiamovno sunis mqone naerTebis mocileba koagulaciiT.  
koagulanti  _ askanas Tixa 

 
am kvanZSi gamoyenebulia wylis gawmenda hidrociklonis saSualebiT. 
hidrociklonis moqmedeba efuZneba centridanuli Zalebis moqmedebis 

velSi naerTebis gamoyofas Txevadi nakadisgan. maRali wnevis qveS myofi 
wyali miedineba hidrociklonSi. wyalsa da minarevebze moqmedebs centri-
danuli Zala, romelic mimarTavs minarevebs hidrociklonis Sida kedlebSi 
da amiT wyali iwmindeba. 
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nax. 2. hidrocikloni 
1 _ sawyisi miwodeba; 2 _ rgolovani 

sadrenaJo kamera; 3 _ radialuri sadrenaJo 
kamera; 4 _ Serevis kamera; 5 _ gawmendili 
wylis gayvana; 6 _ wylis gakamkamebis zona;            
7 _ STanTqmeli; 8 _ lamis dagrovebisa da 

datkepvnis zona; 9 _  konusuri refleqtori; 
10 _ lamis mocileba 

 

 
hidrociklonis korpuss aqvs konusuri forma (nax.2). gasawmendi nakadis 

Sedis milis meSveobiT. SigniT iqmneba ori wriuli nakadi: 
• gare _ mimarTulia kedlebis gaswvriv konusis zeviT; 
• Sida _ mimarTulia sapirispiro mimarTulebiT. 
 spiraluri moZraobis dros narTebi centridanuli ZaliT eSveba apa-

ratis kedlebs da konusis zemodan eSveba lamis mimRebSi. gare nakadis si-
Txis nawili danaleqTan erTad tovebs danadgars. meore nawili gadamisa-
marTebulia danadgaris Sida zonaSi. hidrociklonSi siTxis spiraluri moZ-
raoba qmnis gaiSviaTebul zonas, romelic atarebs Sida nakadis gawmendil 
nawils da gamohyavs centraluri gasasvleliT. 

amgvarad, hidrociklonSi koagulantad askanas Tixis gamoyeneba iwvevs 
usiamovno sunis moSorebas 98%–iT. 
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SUMMARY 

TECHNOLOGY TO GET RID OF UNPLEASANT ODORS USING ASCANA CLAY 

Bagration-Davitashvili A.N. and Soselia M.T. 

Georgian Technical University 

The paper discusses the removal of unpleasant odors from water by means of Askana clay. A scheme is 

proposed according to which a new node should be added to the water treatment plant in which Ascana clay 

powder is used as a coagulant. Coagulation takes place in a hydrocyclone where this process is faster and quite 

efficient. 

Keywords: water purification, coagulation, Askana clay, hydrocyclone. 
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  nabeRlavis sabados mineralur wylebSi arsebuli gazebis  

kvlevis Sedegebi 

 
maRlakeliZe a.v. 

 
 saqarTvelos teqnikuri universiteti  

 
Sesavali 
mineraluri wylebis Semcveli gazebis bunebis Seswavla, maTi Semad-

genlobis da qimiuri Taviseburebebis codna mniSvnelovania sabadoebis 
genezisis, wylebis formirebis da zedapirze gantvirTvis geologiuri da 
geoqimiuri pirobebis aRweris dros. 

aseTi saxis informacia didwilad uwyobs xels mineraluri wylebis 
sabadoebis Sefaseba-ganviTarebis amocanebis gadawyvetas. unda agreTve aRi-
niSnos, rom gazebis asociaciebi monawileoben mineraluri wylebis fizikuri 
Tvisebebis da qimiuri Semadgenlobis  CamoyalibebaSi, gavlenas axdenen maT 
xarisxze. wylebSi gazebi arseboben ori formiT spontanur (Tavisufali) da 
gaxsnil mdgomareobaSi. 

gazebis Semcvelobis mixedviT saqarTveloSi yvelaze metad gavrcele-
bulia naxSirmJava (naxSirorJangis Semcveli) wylebi; xSirad naxSirorJang-
Tan erTad gvxvdeba: meTaniani, gogirdwyalbadiani, azot-meTaniani, meTan-azo-
tiani gazTa narevebi. aRsaniSnavia radonis Semcveli balneologiuri 

daniSnulebis (wyaltubo) mineraluri wylebi [1,2]. rig SemTxvevebSi, Tanmxleb 
gazTa narevebi Seicaven _ inertul gazebs, alkanebis rigis pirvel warmo-
madgenlebs da sxv. gazTa narevebSi maTi arseboba SeiZleba ganpirobebuli 
iyos, rogorc genezisis TaviseburebebiT, aseve anTropogenuri zemoqmedebiT - 
dabinZurebiT. 

nabeRlavis sabados hidrokarbonatul-natriumiani mineraluri wylebis 
Tanmxlebi gazebi naklebad aris Seswavlili, informacia mwiria. CvenTvis 

cnobil, 1989 wels gamoqveynebul naSromSi [3] da fondur masalebSi [4] 
warmodgenilia  5 moqmedi WaburRilis (№1/29, №2, №66, №44, №47) wylebidan 
miRebuli gazTa narevebis Tvisobrivi da raodenobrivi monacemebi. cxrilSi 
№1 mocemulia spontanur da gaxsnil gazebSi fiqsirebuli naxSirorJangis 
(CO2), azotis (N2) da Jangbadis (O2) raodenobrivi Sedegebi. 

 
cxrili 1. nabeRlavis sabados WaburRilebis (№1/29, №2, №66, №44, №47) 

 mineraluri wylebis  gazebis Semcveloba 
 

wyalSi gaxsnili gazebis raodenoba,  ml/l 
komponenti minimaluri maqsimaluri saSualo 

CO2 560 1052 722,2 

N2 12,2 93,4 38,9 

O2 4,0 22,2 8,9 

gaxsnili gazebis moculobiTi Semcveloba,  % 
CO2 90,1 97,7 93,9 

N2 1,6 8,0 4,9 

O2 0,5 1,9 1,1 

spontanuri gazebis moculobiTi Semcveloba,  % 
CO2 98,0 99,7 99,0 

N2 0,3 2,0 0,98 
 

cxr. 1-Si naCvenebi WaburRilebi amJamad likvidirebulia, rac 
ganapiroba teqnikurma mdgomareobam, stiqiurma movlenebma da im movlenebTan 
dakavSirebulma wylebis xarisxis cvalebadobam. maT sanacvlod moewyo 
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axali saeqspluatacio WaburRilebi _ №2k, №17a, №66a da №67, Sesabamisad 
Seicvala mineraluri wylebis mopovebis pirobebi da reJimebi. 

nabeRlavis mineraluri wylebis sabadoze umoqmedo da saeqspluatacio 
WaburRilebis ganlageba mocemulia sqematur hidrogeologiur rukaze, ro-
melzec gamoyofilia mineraluri wylebis cirkulaciis da bunebrivi gantvir-
Tvis napralebis maRali sixSiris da gaxsnilobis Suaeocenis vulkanogenuri 
qanebis zona (nax. 1). 

 
 

nax. 1. nabeRlavis mineraluri wylis sabadoze WaburRilebis ganlageba 
 
saeqspluatacio WaburRilebis wylebis Tanmxlebi gazebi praqtikulad 

Seuswavlelia.  
hidrokarbonatul natriumiani wylebis Tanmxlebi gazebis narevebSi, 

cxadia, dominantaT naxSirorJangi figurirebs, magram yuradsaRebia minare-
vebis Semadgenlobis Seswavlac _ ramdenad sufTaa gazi, Seicavs Tu ara mavne 
organul minarevebs, gogirdis naerTebs an sxva toqsikur da ekologiurad 
mavne nivTierebebs. kiTxva exeba, rogorc adamianis janmrTelobis, aseve saba-
dos genezisis,  usafrTxoebis da dacvis sakiTxebs. 

 
ZiriTadi nawili 
Cven mier 2021_2022 ww. sabadoze arsebul saeqspluatacio WaburRilebis 

wylebSi Seswavlilia arsebuli gazebis raodenobrivi Semcveloba da Catare-
bulia gaxsnili da spontanuri (Tanamdevi) gazebis TvisebiTi da raodenob-
rivi Semadgenlobis kvleva. kvleva Catarda wlis sezonebis mixedviT, saana-
lizo sinjebi aRebulia kvartalSi erTxel.  

mineralur wylebSi gazebis raodenobiTi moculobiTi analizi Catarda 
aprobirebuli meTodikiT [5], Termovakuumuri degazatoridan gamoyofili 
gazis moculobis gazomviT. gamoyofil gazTa narevSi Semadgeneli komponen-
tebis moculobiTi procentuli Semcveloba ganisazRvra qromatografiuli 
meTodiT.  
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spontanuri gazebis saanalizo sinjebi momzadda martivi meTodiT (nax. 
2, sur. 1). sakvlevi mineraluri wyliT pirsavse Tavmoxufuli erT litriani 
WurWeli moTavsda amave wyliT Sevsebul saTlSi da miliT miuerTda Wabur-
Rils; Sedegad, spontanuri gazebi grovdeba gamoZevebuli wyliT gamonTavi-
suflebul moculobaSi, WurWelSi darCenili wylis garkveuli raodenoba 
uzrunvelyofs saanalizo sinjis hermetizacias.  

 
 
 

 
 

 
nax. 2 spontanuri gazis sinjis aRebis sqema 

 
sur. 1 spontanuri gazis sinjis aReba 

 
 

spontanuri gazebis Semadgeneli komponentebis moculobiTi procentu-
li Semcveloba ganisazRvra qromatografiuli meTodiT. 

analizebi Catarebulia samecniero-kvleviTi firma „gama“-s laborato-
riaSi, romelic akreditebulia saerTaSoriso standartis sst iso/iek 
17025:2017/2018 mixedviT. 

qromatografiuli kvlevebi Catarda Perkin Elmer-is firmis, Tbogamta-
robis deteqtoriani  qromatografiT.   

azotis (N2), Jangbadis (O2) da naxSirJangis (CO) gansasazRvrad qroma-
tografiuli svetis Semavsebel fazad gamoiyeneboda 13X formis modifici-
rebuli ceoliTi; naxSiroJangis (CO2), meTanis (CH4) da eTanis (C2H6) _ 
sinTezirebuli adsorbenti polisorbi. meTodis gansazRvris mgrZnobeloba 
(qveda zRvari) Seadgens 0,001 procents.  

gazTa narevSi gogirdwyalbadis (H2S) analizi Catarda qimiuri meTo-
diT [6]. 

sabados №2k, №66a da №67 saeqspluatacio WaburRilebis wylebis 
gaxsnili da spontanuri gazebis analizis Sedegebi mocemulia cxrilSi 2.  

№17 WaburRilis wylebi xasiaTdeba gazTa mcire SemcvelobiT (12,8 
ml/l _ 18,4 ml/l), miekuTvneba Zalian sustad airgajerebuls (<50 ml/l) [7] 
da  cxrilSi ar aris Setanili. 

airgajerebis kriteriumebis mixedviT №2k da №67 WaburRilebi 
miekuTvneba saSualod airgajerebuls (100 ml/l - 1000 ml/l), N66a _ sustad 

airgajerebuls (50_100 ml/l) [7]. aRsaniSnavia, rom №17ა da №66a WaburRilebi 
sabados centralur nawils miekuTvnebian, xolo №2k da №67 WaburRilebi 
Sesabamisad dasavleT da aRmosavleT mxares arian ganlagebuli.     
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Cveni kvlevis Sedegebis mixedviT gazTa narevebi Seicaven mxolod nax-

SiroრJangs (CO2) azots (N2) da Jangbads (O2), sxva gazebis arseboba ar 
fiqsirdeba. 

saarqivo monacemebTan SedarebiT (cxr. 1 da 2) Cans, rom gazTa narevis 
Tvisobrivi Semadgenloba ocdaaTwliani periodis ganmavlobaSi ar aris Sec-
vlili; raodenobrivi maCveneblebis mkveTri cvlileba ki, SeiZleba aixsnas 
WaburRillebis axali adgilmdebareobis geostruqturuli faqtorebiT, 
wylebis mopovebis da WaburRilebis saeqspluatacio reJimebis gansxvavebiT.  

 
cxrili 2. nabeRlavis sabados mineraluri wylebis Semcveli gazebis kvlevis 
Sedegebi (2021_2022 ww.) 
  

 

W
ab

u
r
R
i
l
is

 
№

 
s
i
R
r
me
 (
m)
 

mi
n
er

al
iz

ac
i
a 

mg
/l

 (
s
aS

.) 

TariRi 

spontanuri 
gazebi 

(moculobiTi %) 

gaxsnili gazebis 
raodenoba (ml/l) 

gaxsnili gazebi 
(moculobiTi %) 

CO2 N2 O2 CO2 N2, O2 

j
am
u
r
i 

CO2 N2 O2 

2 k 
 

180 m 
3 400 

12.07.2021 92.45 5.87 1.67 279.5 21.4 4.5 305.4 91.52 7.01 1.46 

15.09.2021 91.29 6.87 1.83 267.0 22.8 5.8 295.6 90.34 7.72 1.93 

15.12.2021 93.69 4.95 1.35 295.5 16.3 4.0 315.8 93.58 5.16 1.25 

02.03.2022 95.04 3.81 1.14 326.8 15.1 3.7 345.6 94.55 4.36 1.08 

saS. 93.12 5.38 1.49 292.2 18.9 4.5 315.6 92.49 6.07 1.43 

66 a 
 

220 m 
3 500 

12.07.2021 76.82 19.42 3.75 47.0 14.4 3.4 64.8 72.61 22.16 5.22 
15.09.2021 85.08 12.50 2.41 56.5 8.7 2.4 67.6 83.54 12.87 3.58 

15.12.2021 82.38 14.98 2.63 50.4 9.6 2.5 62.5 80.73 15.42 3.84 
02.03.2022 78.84 17.93 3.22 46.7 11.1 2.9 60.7 76.94 18.21 4.84 

saS. 80.78 16.21 3.0 50.15 10.95 2.8 63.9 78.46 17.16 4.37 

67 
 

182 m 
5 300 

12.07.2021 96.22 3.13 0.64 129.6 8.4 2.8 140.8 92.05 5.96 1.98 
15.09.2021 94.03 5.03 0.93 151.7 11.2 2.6 165.5 91.65 6.82 1.52 
15.12.2021 96.16 3.18 0.65 170.6 9.1 2.9 182.6 93.44 4.96 1.59 
02.03.2022 94.56 4.54 0.89 119.4 9.0 2.4 130.8 91.25 6.89 1.85 

saS. 95.24 3.97 0.78 142.8 9.4 2.7 154.9 92.10 6.16 1.73 

 
 
cxr. 2-Si moyvanili monacemebis mixedviT, SeiZleba iTqvas, rom  nabeR-

lavis sabados yvela WaburRilis mineraluri wylebis Semcvel gazTa nare-
vebis Tvisobrivi da raodenobrivi Semadgenloba stabiluria da sezonuri 
cvlilebebi  ar axasiaTebs. 

rogorc cxrilidan Cans, gamoTvlili saSualo procentuli monace-
mebis mixedviT, spontanur gazebSi _ CO2  Semcveloba  80,78 % _ 95,24 % farg-
lebSia, N2-is _ 3,97 %_16,21 %, xolo O2 _ 0,78 %_3,0 % farglebSi. CO2-is maqsi-
maluri Semcveloba №67 WaburRilSi, xolo minimaluri № 66a WaburRilSi 
aRiniSna.  

gaxsnil gazebSi CO2-is saSualo Semcveloba 78,46 % _ 92,49 %;  N2-is     
6,07 % _ 17,16 %; xolo O2-is _ 1,43 % _ 4,37 % diapazonSia. gaxsnil gazebSi 
CO2-is maqsimaluri Semcveloba №2k da №67 WaburRilebSi, xolo minimaluri 
№66a WaburRilSi aRiniSna. 

gazTa narevebSi Jangbadis da azotis warmoSobis xasiaTis Sesaxeb war-
modgenas iZleva maTi moculobiTi procentuli Tanafardoba, romelic 
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atmosferul haerSi maTi moculobiTi procentuli Tanafardobis mniSv-
nelobas (1:4) uaxlovdeba, rac, mineraluri wylebis formirebis procesSi,  
miwis qerqSi imfiltrirebuli  atmosferuli naleqebis da zedapiruli 
wylebis monawileobiT aixsneba. 

naxSirorJangi (CO2) miwis qerqis siRrmeebSi, axalgazrda vulkanizmis 
da sxva geologiur-hidrogeologiuri procesebis aqtivaciis pirobebSi gene-
rirdeba da ganitvirTeba gamotutvis produqtebiT gamdidrebul endogenur 
xsnarebSi.  

Cveni monacemebis mixedviT, ar SeimCvneva kavSiri mineraluri wylebis 
qimiur Semadgenlobasa da maTi Semcveli gazebis raodenobas Soris. cxrilSi 
№2 warmodgenili monacemebis mixedviT, wylebis mineralizaciis xarisxsa da 
gazebis raodenobas Soris ar Cans  urTierTdamokidebulebis raime xasiaTi, 
rac agreTve, naTlad aris asaxuli nax. 3. 

 
nax. 3.  nabeRlavis saeqsploatacio WaburRilebis mineralizaciis da  gazebis 

raodenobis urTierTdamokidebuleba 
 

aRniSnuli garemoeba aixsneba mosazrebiT, rom maRalmineralizebuli 
sodiani wylebis formireba, naxSirmJava gamotutviT mcirediT ganisazRvreba 
da ufro sxva procesebzea damokidebuli [1]. 

nabeRlavis WaburRilebis wylebSi CO2-is gansxvavebuli raodenobebi 
ZiriTadad aixsneba ZiriTadi qanebis struqturuli faqtorebiT. nabeRlavis 
sodiani mineraluri wylebis gamosavlebi ukavSirdeba Suaeocenur vulkano-
genur danaleq qanebs. aq, neovulkanizmis gamovlinebis siRrmuli rRvevebis 
zonebSi,  vxdebiT sxvadasxva siRrmisa da orientaciis sadrenaJo arxebsa da 
ekranebs; hidrogeologiuri struqturebis Tavisebureba ganapirobebs naxSi-
rorJangiani wylebis gavrcelebis mimarTlebas. Cans, rom gazebis gavrce-
lebis mimarTuleba da Sesabamisad gazebiT mineraluri wylebis gamdidrebis 
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xarisxi siRrmuli hidrogeologiuri struqturebis Taviseburebebzea damoki-
debuli. 

 
daskvna 
1. nabeRlavis sabados saeqspluatacio WaburRilebis mineralur 

wylebSi arsebuli gazebis qimiuri Semadgenloba pirvelad aris Seswavlili; 
gansazRvrulia gaxsnili da spontanuri gazebis Tvisobrivi da raodenobrivi 
Semcveloba. airuli Semadgenlobis mixedviT wyali naxSirorJangiania, 
agreTve Seicavs azotsa da Jangbads. sxva gazebis (meTani, eTani, naxSirJangi, 
gogirdwyalbadi) Semcveloba ar fiqsirdeba. Semadgenel airTa negatiuri 
zemoqmedeba mineralur wylebis xarisxze gamoricxulia.  

2. gazTa narevSi CO2, O2, N2 moculobiTi procentuli Sedgenilobis 
mixedviT ganxilulia maTi genezisis sakiTxi. gaziarebulia mosazreba, rom 
naxSirorJangi miwis qerqis siRrmeebSi generirdeba da ganitvirTeba gamo-
tutvis produqtebiT gamdidrebul endogenur xsnarebSi; Jangbadis da azotis 
warmoSoba ki, mineraluri wylebis formirebis procesebSi, miwis qerqSi 
imfiltrirebuli atmosferuli naleqebis da zedapiruli wylebis mona-
wileobiT aris ganpirobebuli.   

3. airgajerebis kriteriumebis mixedviT, №2k da №67 WaburRilebis 
wylebi miekuTvneba saSualo airgajerebuls, №66a WaburRilis wylebi – sus-
tad airgajerebuls, №17a- Zalian sustad gajerebuls. WaburRilebi, gazebis 
mcire Semcvelobis wylebiT, sabados centralur nawilSia ganlagebuli. 

4. wlis ganmavlobaSi Catarebuli kvlevebis Sedegebis mixedviT, 
nabeRlavis sabados naxSirmJava mineralur wylebSi gaxsnili da spontanuri 
gazebis Tvisobrivi da raodenobrivi Semadgenloba stabiluria da sezonuri 
cvlilebebi ar aRiniSneba. 

5. analizis Sedegebis mixedviT, nabeRlavis sodiani naxSirmJava 
wylebis qimiur Semadgenlobasa da maTi Semcveli gazebis raodenobas Soris 
kavSiri ar gamovlinda, rac qanebis gamotutvis procesSi CO2-is rolis daba-
lefeqturobaze migviTiTebs. 

6. calkeuli WaburRilebis mineraluri wylebi CO2-is raodenobrivi 
SemcvelobiT gansxvavdebian, rac aixsneba Suaeocenuri vulkanogenuri qanebis 
struqturuli faqtorebiT.  
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SUMMARY 

RESULTS OF THE STUDY OF GASES IN MINERAL WATERS OF THE NABEGLAVI 

Maglakelidze A.V. 

Georgian Technical University   

Gaseous composition of carbonic acid soda (bicarbonate sodium) mineral waters from production wells of the 

Nabeghlavi deposit have been studied for the first time. The paper presents results of a one-year, seasonal survey 

of gases in the water. The study of chemical composition of the gas mixture was carried out in SST ISO/IEC 

17025: 2017/2018 certified laboratory.  Chemical and chromatographic methods were used. The qualitative and 

quantitative composition of dissolved and spontaneous gases in water have been studied, the volumetric 

percentage content of each component - defined. Along with the dominant carbon dioxide (CO2) the gas mixture 

contains oxygen and nitrogen. Other gases were not found to be present. Such composition of gases does not 

affect the quality of the water and meets requirements set out for the Natural Mineral Water category in both the 

national regulatory documentation and the EC Directives [Technical Regulations of Georgia - №719; 

COMMISSION DIRECTIVE 2003/40/EC].  The paper describes behaviour of the chemical composition of the 

gases in the water based on information presented in the reference sources and results of the seasonal survey. 

Seasonal study has shown stability of the qualitative and quantitative data for the gases. The results of the study 

has not shown correlation between the chemical composition of the carbonic acid soda water and the quantity of 

the gases present therein. It has also been shown that content of carbon dioxide in the mineral water differs by 

individual wells. As described in the article, these is due to peculiarities of genesis of the carbonic acid soda 

waters and related gases, the structural factors of the Middle Eocene volcanic rocks. The paper shows 

importance of the findings of the survey for the further development of the deposit; the role of gas genesis, their 

qualitative and quantitative characteristics, and water gas-saturation criteria in identification of the mineral water 

outcrops. 

Keywords: Nabeglavi, mineral water, spontaneous gas, carbon dioxide. 
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dmanisis mineraluri wyaros wylis qimiuri kvleva 

 

omiaZe x.j. 
 

saqarTvelos teqnikuri universiteti 
 
mineraluri wylebi aris miwisqveSa (zogjer zedapiruli) wylebi, 

romlebic didi raodenobiT Seicavs biologiurad aqtiur mineralebs da aqvs 
gansakuTrebuli fizikur-qimiuri Tvisebebi (temperatura, radiaqtiuroba da 
sxva). mineraluri wylebis Tvisebebi adamianis organizmze axdens samkurnalo 
gavlenas, ris gamoc mas iyeneben samkurnalo saSualebad. samkurnalo mizniT 
bunebriv ZalTa gamoyenebas medicinaSi fizioTerapias uwodeben. `fizis~ 
berZnulad niSnavs bunebas, `Terapeo~ _ mkurnalobas. mineraluri wylebis 
gamoyenebas sxvadasxva daavadebis samkurnalod balneoTerapia ewodeba [1]. 

Cveni Seswavlis obieqtia dmanisis mineraluri wyali, romlis Sesaxeb 
pirveli cnobebs vaxuSti batoniSvili gvawvdis: ,,ars aqa wyaro, romeli 
hkurnebs muwukTa. aqve ars wyaro, romeli daamsxvrevs qvasa Sirimisasa da 
daayrevinebs smiTa“ (Sirimi (saba) _  buStisa da Tirkmlis qva)" [2]. aRniSnul 
wyals ,,Tirkmlis wyals“, zogjer ki ,,Sardis wyaros~ uwodeben. wyaromde 
misasvleli gza rTuli reliefisaa, faqtobrivad miusadegari, ris gamoc 
mosaxleoba ,,ukvdavdebis wyals“ uwodebs.  

Cvens mier dmanisis municipalitetis gamgeobaSi moZiebuli iqna cnobebi 
arsebuli wylis Sesaxeb. mowodebuli informaciiT, dmanisis municipalitetis 
sofel boslebis mkvidris _ ramaz foladiSvilis mier Seiqmna sainiciativo 
jgufi, romlis wevrebma daintereseba gamoxates aRniSnuli samkurnalo 
wylis mimarT. davukavSirdi baton ramaz foladiSvils. interviuSi man gan-
mimarta, rom bavSvobidan dainteresebuli iyo dmanisis samkurnalo wyliT. 
,,uTvalavi adamiani modioda wylis wasaRebad. yovelwliurad imatebda 
madlieri pacientebis raodenoba. ZiriTadad, wyals moixmardnen Tirkmelebisa 
da Sard-sasqeso organoebis daavadebebis mqone pacientebi, romlebic 
adasturebdnen, rom dmanisis wylis sistematuri moxmarebis Semdeg, Tirkmel-
Si eSlebodaT kenWebi, ikurnebodnen nefritisgan da sxvadasxva daavade-
bebisgan“.  

sainiciativo jgufis mier moxda dmanisis wylis fizikur-qimiuri da 
mikrobiologiuri Seswavla. aseve wyali gamoicada ZaRlebze, romlebsac 
dadasturebiT TirkmelebSi aReniSnebodaT sxvadasxva zomis kenWovani 
CanarTebi. ZaRlebs  wyali miewodebodaT rogorc sabadodan mopovebuli ucv-
leli saxiT, aseve gazirebuli. 6 Tvianma dakvirvebam uCvena, rom cxovelebi 
absoluturad gamojanmrTeldnen, xolo is ZaRlebi, romlebic wyals 
gazirebuli saxiT iRebdnen, SedarebiT mokle droSi ganikurnen kenWebisagan.  

arsebuli kvlevis safuZvelze, sainiciativo jgufma, dmanisis samkur-
nalo wyali plastmasis milebiT gamoiyvana SedarebiT martivad misadgom 
teritoriamde da 1998 wels Camoasxa. ramaz foladiSvilis ganmartebiT, 
plastmasis milebSi wylis ganvladobis Sedegad, Sesustda misi samkurnalo 
Tvisebebi. milebSi gaCnda umniSvnelo naleqi, romelmac ganapiroba wylis 
SemRvreva. amasTan, naleqebis Semcirebis gamo, wylis debeti Zalian Sesustda 
da miuxedavad wylis mimarT momxmarebelTa gazrdili interesisa, sabolood, 
wylis Camosxma Sewyda.  

dmanisis mineraluri wylis sabados adgilze Seswavla/daTvalierebis 
mizniT, vimyofebodiT sofel boslebSi (sur. 1). dmanisis mineraluri wyali 
miwisqveSa wyalia, romelic xasiaTdeba qimiuri Sedgenilobisa da fizikuri 
Tvisebebis specifikuri TaviseburebiT. igi gamoedineba mTis ferdobze 
ramdenime gamosasvleliT da Caedineba mdinare maSaveraSi. wyali civia 
(temperatura +7,9°С). pH neitraluri _ 7,8. xasiaTdeba dabali mineralizaciiT 
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da maRali organuli SemcvelobiT (≈M 0,6 mg/l). dmanisis wyali miekuTvneba 
hidrokarbonat-kalcium-natriumian tips, ar gamoirCeva mikroelementebis 
SemcvelobiT. airad SedgenilobaSi wamyvani komponentebi azoti da naxSiror-
Jangia. ionur-marilovani SedgenlobiT dmanisis wyali miekuTvneba zeda-
piruli warmoSobis wylebs. geoqimiuri da balneologiuri mizniT ar 
warmoadgens did interess. 

 
 

 
 

 
dmanisis mineraluri wyali, e. w ,,Sardis wyaro“ 

 
 
saqarTvelos kanonmdebobiT dmanisis mineraluri wyali Sesulia 

samkurnalo kategoriis wylis obieqtebis nusxaSi, kombinirebuli da Sinagani 
gamoyenebis mineraluri wylis saxiT. misi samkurnalo daniSnulebiT 
gamoyeneba xdeba Semdegi daavadebebis dros: pielonefriti, nefriti, cistiti, 
prostatiti, SardkenWovani daavadebebi [3].  

dmanisis samkurnalo wyali 1975 wlis Semdeg ar gamokvleula. ganmeo-
rebiTi Seswavla aqtualuria im TvalsazrisiT, rom aRniSnuli wylis mimarT 
interesi Sesustebulia. aseve, sainteresoa, regionSi moqmedi liTonebis 
mompovebel-gadamamuSvebeli kompania ,,RMG GROUP“-is aqtiuri funqcionirebis 
gavlena dmanisis samkurnalo wylis sabadoze.  

1975 wels Catarebuli qimiuri kvlevis Sedegebis mixedviT, wylis 
qimiuri Sedgenloba ase gamoiyureba: (mineralizacia) M _ 0,6;  Na _ 19; Ca – 67; 

HCO3 – 92; SO4 _ 5 (ekv %.)    

CTpH
MgNaCa

SOHCO
M 043 5,9,2,7

111967

592
6,0   

 
dmanisis samkurnalo wylis ganmeorebiTi kvlevis mizniT, sinjebi 

aRebuli iqna 2022 wlis 12 Tebervals. adgilze ganisazRvra wylis tempe-
ratura, eleqtrogamtaroba da pH. (cxrili -  2022 wels da  1975 wels Cata-
rebuli qimiuri kvlevis Sedegebi). 
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        dmanisis mineraluri wylis qimiuri analizi 
 

№ gansazRvruli parametri erTeuli
  

analizis Sedegebi 

2022 weli 1975 weli 
1 pH  7.8 7,2 
2 el-gamtaroba mksim/sm 585 - 
3 mineralizacia g/l 0,587 0,612 
4 sixiste mg.eqv./l 6,9 - 
5 hidrokarbonati mg/l 313,42 408,7 
6 kalciumi mg/l 94,01 100,0 
7 magniumi mg/l 26,84 10 
8 natriumi mg/l 20,0 32 
9 kaliumi mg/l 1,25 1,4 
10 sulfatebi mg/l 83,22 18 
11 qloridebi mg/l 4,94 5,2 
12 nitratebi mg/l 34,38 ar aRmoCnda 
13 nitritebi mg/l 1,04 ar aRmoCnda 

 
 

wylis analizi Catarda garemos erovnuli saagentos niadagis, wylisa 
da atmosferuli haeris kvlevis laboratoriaSi. Catarebuli kvlevebiT 
dadginda, rom dmanisis wyalSi magniumis Semcveloba gazrdilia, xolo 
hidrokarbonatis _ Semcirebuli.  

dmanisis samkurnalo wylis srulyofili SeswavlisTvis grZeldeba 
kvleva masSi Semavali organuli nivTierebebis, mikrobiologiuri mdgo-
mareobisa da mZime metalebis koncentraciis gansazRvris mizniT.                                            
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SUMMARY 

STUDY OF DMANISI MINERAL SPRING 

Omiadze Kh.J. 

Georgian Technical University 

The object of our study is near the village of Boslebi in Dmanisi Municipality Pure healing water "Dmanisi". 

Dmanisi mineral water is groundwater, which is chemical with specific features of composition and physical 

properties characterized. It flows on a mountain slope with several exits and flows into the river Mashavera. The 

water is cold (temperature + 7.9 ° С). pH neutral 7.8. Characterized by low ineralization and high organic 

content (≈M 0.6 mg / L). Dmanisi water belongs to hydrocarbonate-calcium-sodium type, not distinguished 

containing micronutrients. Leading in gaseous composition the components are nitrogen and carbon dioxide. 

With ionic-saline composition Dmanisi water belongs to the waters of surface origin. geochemical and of 

balneological purpose is not interesting. According to Georgian legislation, Dmanisi mineral water is included in 

the list of water bodies of the therapeutic category, combined and In the form of mineral water for internal use. 

Its healing it is used for the following diseases: nephrit, pyelonephritis, cystitis, prostatitis. The Dmanisi healing 

water was last explored in 1975. Repeated study of Dmanisi healing water is relevant to those იn the sense that 

interest in the said water is weakened and not researched over the years. At the same time, it is interesting that 

the miners operating in the region- the impact of the active operation of the processing company "RMG 

GROUP". Chemical analysis was conducted at the National Environment Agency of the Ministry of Agriculture 

In the Air, Water and Soil Analysis Laboratory. Analyzes showed that Dmanisi mineral water Physical 

properties and chemical composition are maintained. Also the type of water is unchanged and it belongs to 

hydrocarbonate-calcium-sodium type. 

Keywords: mineral spring,  Dmanisi mineral water, 
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polimeruli kompoziciis gaxsnis procesis xarisxobrivi maCveneblis 

kvleva da Sedegebis maTematikuri modelireba 

 

bibileiSvili g.v., ebanoiZe l.o., yufaraZe l.p., javaSvili z.d. 
 

saqarTvelos teqnikuri universitetis membranuli teqnologiebis saiJinro 
instituti 

 
kvlevis mizans warmoadgenda polimeruli kompoziciis gaxsnis proce-

sis xarisxobrivi maCveneblis gamovlena da Sedegebis maTematikuri mode-
lireba. samuSaoSi gamoyenebulia nefelometruli meTodi, romelic saSua-
lebas iZleva ganisazRvros polimeruli kompoziciis simRvrive, romlis rao-
denobrivi maCvenebeli miuTiTebs polimeruli boWkos gaxsnis xarisxze [1,2].  

naSromSi warmodgenilia pirveli rigis miaxloebis orfaqtoriani 
maTematikuri dagegmareba, romlis gamoyenebiT SesaZlebelia minimaluri rao-
denobis eqsperimentiT miRebuli iqnas sakmarisi sizustis saTanado Sedegebi 
[3,4]. 

damzadebulia poliamidis (PA) 8%, 9% da 10%-iani membranis dasasxmeli 
polimeruli xsnarebi, romelTa komponentebi damuSavebulia 300C, 400C da 600C 
temperaturaze. Catarebulia gaxsnis procesis monitoringi polarizaciul-
interferenciuli optikuri mikroskopis (Biolar) saSualebiT, gadidebis 
diapazoniT 350_400.  

suraTze 1(a) da 1(b) moyvanilia polimeruli boWkos gasxnis gansxva-
vebuli nimuSebis mikrografiuli gamosaxulebebi. suraTis 1(a). mikrografiul 
gamosaxulebaze Cans nawilobriv gaxsnili boWkos CanarTi, rac xsnaris 
araerTgvarovnebaze miuTiTebs, xolo 1(b). mikrografiul gamosaxulebaze ar 
fiqsirdeba mikrogeluri nawilakebi, rac xsnaris homogenurobas adasturebs. 

procesis monitoringma aCvena, rom polimeris sruli gaxsna mizanSe-
wonilia maRali temperaturisa da dabali koncentraciis pirobebSi. 

  

 
 

suraTi 1. polarizaciul-interferenciuli optikuri mikroskopis mikrografiuli 
gamosaxulebebi:  

(a) 30 0C da (b) 600 C temperaturaze damzadebuli 8%-iani polimeruli kompoziciidan 
 
polimeruli kompoziciis simRvrive gansazRvrulia formazinis erTeu-

lebSi simRvrivis mzomze Turb 555, xolo fazuri inversiis sveli meTodiT 
miRebuli membranuli firebis warmadoba dadgenilia laboratoriul xelsa-
wyoze MTSI-JM-5. eqsperimentiT miRebuli Sedegebi mocemulia cxr. 1-Si. 
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cxrili 1. polimeruli kompoziciis koncentraciis, temperaturis da membranuli 
firis warmadobis damokidebuleba 
 

membranuli 
firebi 

polimeruli 
kompoziciis 

koncentracia, c, 
% 

polimeruli kompoziciis 
simRvrivis maCvenebeli, 

FTU, formazinis erTeuli 

membranuli firis 
warmadoba, l/m2sT 

30 0C 40 0C 60 0C 30 0C 40 0C 60 0C 

M10 8 16 8 5 840 3000 5100 
M15 9 27 10 7 720 2600 4300 

M20 10 39 14 9 660 1200 3500 

 
kvlevis Sedegad gamovlenilia, rom 60 0C temperaturze damzadebuli 

8_10%-ani xsnarebi gamoirCeodnen gamWvirvalobiT da dabali 5_9 NTU 
simRvriviT. 400C temperaturaze damzadebul igive koncentraciis xsnarebSi 
SeimCneoda simRvrivis (8_14 NTU) umniSvnelo mateba da xsnaris SemRvreva. 
dabal temperaturze damzadebuli 8-10%-ani xsnarebi iyo muqi feris, 
axasiaTebdaT maRali simRvrive (16_39 NTU) da SeimCneoda ganSreveba. poli-
meruli xsnaris gaxsnis dinamika mzardia maRali temperaturisa da dabali 
koncentraciis pirobebSi, rac aisaxa simRvrivis maCvenebelze da miRebuli 
membranis xvedriT warmadobaze.  

polimeruli kompoziciebis gaxsnis, membranebis formirebis da testi-
rebis eqsperimentuli monacemebis miReba ZviradRirebuli da Sromatevadi 
procesia, ramac ganapiroba eqsperimentis maTematikuri dagegmarebis meTodis 
gamoyenebis aucilebloba. 

eqsperimentis maTematikuri modelirebisaTvis orfaqtoriani maTemati-
kuri dagegmarebis Teoriidan SerCeulia K=2 orfaqtoriani regresiis wrfivi 
gantoleba (1). 

 

2

1

21

1

1

1

0 xbxbby            (1) 

 
Catarebuli kvlevis eqsperimentuli monacemebi moyvanilia cxr. 2-Si. 
 

cxrili 2. Catarebuli kvlevis eqsperimentuli monacemebi 
 

eqsperimentis ricxvi 
1x  

2x  y  

1 8 30 16 
2 8 60 5 
3 10 30 39 
4 10 60 9 

                         
 

naxazze moyvanilia orive faqtoris yvela SesaZlo 422 N  kombina-

ciisaTvis Seqmnili saTanado sakvanZo wertilebi: 1.  )1(

2

)1(

1 ; xx ; 2.  )2(

2

)2(

1 ; xx ;  

3.  )3(

2

)3(

1 ; xx ; 4.  )4(

2

)4(

1 ; xx .  

uganzomilebo kodirebul cvladebze gadasvliT ganxorcielebulia 

koordinatTa saTavis gadatana 01 wertilSi koordinatebiT  )0(

2

)0(

1 ; xx  da 

agebulia kvadrati, koordinatTa RerZebiT ,~
1x 2

~x   (kodirebul koordinatebSi) 

(sur. 2).  
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suraTi 2. kvadrati uganzomilebo kodirebul sistemaSi  
 

 
axal kodirebul sistemaSi kuTxis wertilebis koordinatebis [1(-1, -1); 

2(-1, +1); 3(+1, -1), 4(+1, +1)] da kodirebul cvladebSi regresis wrfivi 

gantolebis 22110
~~ˆ xbxbby   gamoyenebiT miRebulia gantoleba 

21
~25.10~25.625.17ˆ xxy   

sadac,  
 

                    25.17
4

~ 4321
4

1

00 





yyyy
yxb u

n

u

    

 

                       25.6
4

~ 4321
4

1
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
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            25.10
4

~ 4321
4

1

22 





yyyy
yxb u

n

u

   

                

 

da gamoTvlilia eqsperimentis Teoriuli gamoZaxilebi: ;75.20ˆ
1 y   

;25.0ˆ
2 y ;25.34ˆ

3 y ;75.13ˆ
4 y  

maTematikurma modelirebam aCvena, rom cdebisa da Teoriuli gamoZa-
xilebebis mniSvnelobebi 0,5%-ian sxvaobas iZleva. 

amrigad, polimeruli kompoziciis gaxsnis procesis eqsperimentulma 
kvlevam gansazRvra xsnaris koncentraciis da temperaturis damokidebuleba 
mis simRvrivesa da xv. waradobasTan mimarTebaSi, ramac  Seqmna winapiroba 
eqsperimentis maTematikuri modelis agebisaTvis.  

eqsperimentuli monacemebis bazaze damuSavebulia eqsperimentis dageg-
marebis maTematikuri modeli, sadac polimeruli kompoziciis koncentra-
ciisa da temperaturis cvlilebis pirobebSi ganisazRvra membranuli nano-
masalebis miRebisaTvis xsnaris gaxsnis simRvrive da membranis xv. warmadoba. 
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SUMMARY 

STUDY OF THE QUALITATIVE INDICATOR OF THE PROCESS OF OPENING THE POLYMER 

COMPOSITION AND MATHEMATICAL MODELING OF THE RESULTS OBTAINED 

Bibileishvil G.V., Ebanoidze L.O., Kuparadze L.P. and Javashvili Z.D. 

Engineering Institute of Membrane technology of Georgian Technical University 

The article presents a study of the qualitative indicator of the polymer composition process by the nephelometric 

method. Under conditions of changing the concentration and temperature of the polymer composition, the 

turbidity of the solution that opens to obtain membrane nanomaterials and the specific capacity of the membrane 

are determined. On the basis of experimental data, a mathematical model for planning an experiment was 

developed, with the help of which the results of a minimum number of experiments were obtained with sufficient 

accuracy. 

Keywords: polymeric composition, polymer solutions, dissolution process, turbidity, membrane, temperature 
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membranis  struqturis warmomqmneli polimeruli danamatis gavlenis          

kvleva forianobis raodenobriv maxasiaTeblebze 
 

bibileiSvili g.v., gogesaSvili n.n., keJeraSvili m.g., kakabaZe e.g. 
 

saqarTvelos teqnikuri universitetis membranuli teqnologiebis 
sainJinro instituti 

                    
naSromSi membranebis misaReb sakvlev polimerul masalebad gamoye-

nebuli iyo acetatceluloza, polieTersulfoni (pes), nailon 6,6, xolo 
danamatad  polivinilpirolidoni (pvp). es polimerebi farTod gamoiyeneba 
mikro-, ultra da nanofiltraciul procesebSi wylis safiltri  membranebis 
miRebisaTvis [1,2]. mocemuli polimerebis gamxsnelad SerCeuli iyo polaruli 
gamxsneli dimeTilacetamidi (dmma), romelSic gaxsnili iyo liofiluri 
marili. gaxsnis procesebi grZeldeboda 5 saaTs mudmivi moreviT (50_55 ℃). 
yvela kompozicias emateboda (10%) masuri raodenobiT polivinilpirolido-
ni. gamoleqva warmoebda laboratoriul filerze 30 ℃ temperaturaze wyal-
Si. polimeruli kompoziciebis Sedgeniloba, miRebuli membranuli  apkebis 
forianoba  da warmadobebi mocemulia cxrilSi.  
  
polimeruli kompoziciebis Sedgenlobebi da miRebuli membranebis forianoba  da  
warmadobebi 
 

polimeri/dmf pvp-s  konc. mas.% forianoba, % xv.warmadoba, l/m2sT 
12%-iani 

acetatceluloza 
10 30±3 523 

12%-iani 
polieTersulfoni 

10 61±2 889 

12%-iani nailon 6,6 10 35±1 345 

 
eqsperimentiT  dadginda,  rom mocemuli sami polimeris erTnairi kon-

centraciis da  raodenobis danamatis  pirobebSi ukeTesi forianoba da xv. 
warmadoba gaaCnia 12%-iani polieTersulfonidan miRebul membranas, rac 
dasturdeba maskanirebeli zonduri mikroskopis topografiuli suraTebiT 
(sur. 1 da 2).  

   

 

 

suraTi 1. 12%-iani pes /dmf/pvp 
kompoziciidan gamoleqili 

membranis mikrosuraTi 

suraTi 2. 12%-iani nailon 6,6/dmf/pvp  
kompoziciidan miRebuli membranis mikrosuraTi 
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polieTersulfonis membranis zedapiris reliefi (sur.1) erTgvarovani 

forovani struqturisaa, defeqtebis,  mkveTri amaRlebebis da  makroRruebis 
gareSe. rac ganpirobebulia polieTersulfonis sulfo-jgufebis da polivi-
nilpirolidonis  molekulaTaSorisi urTierTqmedebiT [3_5].  

amrigad, eqsperimentuli kvlevebiT dadginda, rom  12% acetatcelulo-
zas, polieTersulfonis da nailon 6,6-is kompoziciebze  10% masiT polivi-
nilpirolidonis damateba zrdis polieTersulfonis Semcveli membranis   
forianobas da xv.warmadobas.  
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The paper describes the effect of the additive polyvinylpyrrolidone on the porosity of membranes obtained from 

the same percentage of acetatecellulose, polyester sulfone, nylon 6,6 compositions.Studies have shown that the 

addition of 10% by weight polyvinylpyrrolidone to 12% acetate cellulose, polyester sulfone and nylon 6,6 

compositions increases the porosity and productivity of a polyester sulfone-containing membrane. 
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mikrofiltraciuli procesis kvleva membranis zedapirze danaleqis 

warmoqmnis pirobebSi 
 

bibileiSvili g.v, keJeraSvili m.g., gogesaSvili n.n., javaSvili z.d. 
 

saqarTvelos teqnikuri universitetis membranuli teqnologiebis sainJinro 
instituti 

 
naSromSi Seswavlilia mikrofiltraciuli gayofis procesSi  

membranul firebze  danaleqis warmoqmnis meqanizmi. nanonawilakebis mzomi 
analizatoriT dadgenilia  bunebriv wylebSi  Sewonili nawilakebis zoma da 
koncentracia,  romelTa mniSvnelobebi ganapirobeben wylis 1, 5, 10, 20 FTU-
simRvrives. kvlevis  Sedegebi mocemulia suraTze 1. 

 

 
  

suraTi 1. 1, 5, 10, 20 FTU-simRvrivis bunebriv wyalSi  nawilakebis  zomebi 

 
1, 5, 10, 20 FTU-simRvrivis bunebrivi wylebis damuSavebisaTvis 

Seswavlili iqna mikrofiltraciuli procesebi siTxis nakadis laminaruli 
da turbulenturi reJimebis pirobebSi 0,2 mkm, 5mkm foris mqone membranebiT, 
romlis   Sedegebi mocemulia cxrilSi 1.    
 
cxrili 1. 0,2 mkm da 5 mkm foris mqone membraniT damuSavebuli bunebrivi wylebis   
mikrofiltraciis  procesis kvlevis Sedegebi laminaruli da turbulenturi 
reJimebis pirobebSi 
 
 
 
bunebrivi wylebis 

simRvriveFTU 
xv.warmadoba, l/m2sT filtratis 

simRvriveFTU laminaruli reJimi turbulenturi reJimi 
0,2 mkm 5 mkm 0,2 mkm 5 mkm 0,2mkm 5 mkm 

onkanis wyali 1600 3000 1920 3600 0,01 0,01 
1 1440 2700 1730 3260 0,01 0,02 
5 1120 2100 1350 2520 0,03 0,05 
10 820 1550 980 1860 0,16 0,25 
20 450 850 540 1020 0,29 1,16 

 
bunebrivi wylebis mikrofiltraciis procesSi laminaruli reJimis 

pirobebSi  0,2 mkm foris zomis mqone   membranaze warmoiqmna sxvadasxva 
Seferilobis da sisqis danaleqi, romelic gamosaxulia suraTze 2. 

 



   saqarTvelos sainJinro siaxleni, GEORGIAN ENGINEERING NEWS, #1, 2022  

 

133 

 
 

suraTi 2. 0,2 mkm foris zomis membranaze 1, 5, 10, 20 NTU simRvrivis bunebrivi 
wylebis mikrofiltraciis   Sedegad  membranis zedapirze warmoqmnili danaleqi 

 
membranaze gamoyofili  danaleqis  struqturuli da topografiuli 

monacemebi Seswavlilia maskanirebeli zonduri mikroskopiT (Certus Standart V), 
rac moyvanilia suraTebze  3, 4, 5, 6 da 7.  

  

 
 

suraTi 3. axali membranis  0,2 mkm foris 
zomis  membranis sufTa zedapiris 3D 

gamosaxuleba 

suraTi 4. FTU 1  simRvrivis wylidan 
membranaze gamoyofili danaleqis 

3D gamosaxuleba 

  
suraTi 5. FTU 5 simRvrivis wylidan   memb-

ranaze gamoyofili danaleqis 3D 

gamosaxuleba 

suraTi 6. FTU 10 simRvrivis wylidan 
membranaze gamoyofili danaleqis 3D 

gamosaxuleba 
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suraTi 7. FTU 20 simRvrivis wylidan membranaze 

gamoyofili danaleqis 3D gamosaxuleba 
 
suraTebze 2 da 3 naCvenebia sufTa membrana, romlis xv. warmadobaa  

1600 l/m2sT. FTU1 simRvrivis wyalSi arsebuli 328nm_67%, 147,8nm_24%  zomis 
nawilakebi absorbirebulia membranis forebis konturze (sur. 2, 4), ramac 
ganapiroba sawyisi  xv. warmadobis 10%-iani kleba da Seadgina 1440 l/m2sT. 
FTU5 simRvrivis wyalSi arsebuli 1474_57,4%, 334,8_42,6%  zomis nawilakebi 
absorbirebulia membranis forebis konturis farglebSi (sur.2,5), ris gamoc 
xv.warmadoba iklebs 22%-iT da mcirdeba 1120l/m2sT-mde.  FTU10 siRvrivis 
wyalSi arsebuli 617,3_87,6%,  164,2_12,4% zomis nawilakebi absorbirebulia 
membranis forebis konturis farglebSi da mis gareT (sur.2,6), rac ganapiro-
bebs xv. warmadobis 26%-ian klebas da utoldeba 820 l/m2sT. suraTebze 
2(FTU20) da 7 wyalSi arsebuli  667,9_61,4%,  0,62_21,9%,   4,607_16,7% zomis 
nawilakebi filtraciis Semdeg absorbirebulia foris konturis garSemo da 
mis gareT, warmoqmnis danaleqis  Sesqelebul fenas, ramac  ganapiroba  xv. 
warmadobis   45%-iani kleba da Seadgina  450l/m2sT. 

amrigad, nanonawilakebis mzom analizatorze Seswavlilia bunebriv 
wylebSi Sewonili nawilakebis zoma da  procentuli Sedgeniloba, romlebic 
ganapirobeben wylis 1, 5, 10, 20 NTU simRvrives. laminaruli reJimis pirobebSi 
mikrofiltraciuli procesis kvlevisas bunebrivi wylebis  Sedgeniloba 
ganapirobebs membranis zedapirze gansxvavebuli  samganzomilebiani  struq-
turis, topografiisa da sisqis danaleqis warmoqmnas,  rac gavlenas axdens   
membranebis xv.warmadobis mniSvnelobebze.   
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SUMMARY 

RESEARCH OF MICROFILTRATION PROCESS UNDER CONDITIONS OF SEDIMENTATION ON 

MEMBRANE SURFACE 

Bibileishvili G.V., Kezherashvili M.G., Gogesashvili N.N. and Javashvili Z.D. 

Engineering Institute of Membrane Technology, Georgian Technical University 
The nanoparticle analyzer studies the size and percentage composition of suspended particles in natural waters, 
which determine the water turbidity of 1, 5, 10, 20 NTU. When studying the process of microfiltration in the lami-
nar regime, the composition of natural waters leads to the formation of deposits of various three-dimensional 
structure, relief and thickness on the membrane surface, which affects the specific performance of the membrane.   
Keywords: nanomaterial, membrane, microfiltration, structure, particle size.  
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rZis qarxanaSi arsebuli avtomaturi sistemis mTavari elementebi 
 

menabde T.r., oTxozoria n.k. 
 

saqarTvelos teqnikuri universiteti 
 

 
Sesavali 
Tanamedrove moTxovnebis Sesabamisad aucilebelia sawarmoSi arsebul 

procesebze  arsebobdes  standartebis Sesabamisi kontrolis meqanizmebi da 
Sesabamisi informacia produqtis Sesaxeb, romelic gamosadegia warmoebis 
konkretul etapze, magaliTad: temperatura, mJavianoba konsistencia cximia-
noba (gaaCnia ra produqts awarmoebs sawarmo). 

programirebadi logikuri kontrolerebi mTavar rols asruleben 
sawarmos avtomatizaciaSi. rac ufro metia kontroleri miT metia sawarmoSi 
arsebul procesebze kontrolis berketi da maRalia avtomatizaciis done. 
kontrolerebTan erTad ara nakleb mniSvnelovania sensorebi da  printerebi, 
romlebic warmoadgenen informaciis mTavar mimwodeblebs warmoebis opera-
torTan da kontrolis sistemasTan. 

avtomatizacia gamoiyeneba sxvadasxva sferoebSi, magram yvelaze metad 

sawarmoo industriebSi. ავტომატური sistemebi Sedgeba sami ZiriTadi 
elementisagan: 

• energia _ saWiroa procesis Sesasruleblad; 
• instruqciebis programa _ Seicavs informacias mocemul procesze; 
• kontrolis sistema _ romelsac ZalaSi mohyavs instruqciebi. 
avtomatizirebuli sistemebisaTvis pirvelad  energiis wyaros warmoad-

gens  eleqtroenergia, romelsac gaaCnia bevri dadebiTi mxare imisaTvis, rom 
warmoadgendes mTavar energiis wyaros avtomatizirebuli sistemebisaTvis: 

• eleqtroenergia, ufro iafi da xelmisawvdomia, rac mniSvnelovani 
faqtoria qarxnis infrastruqturisTvis; 

• eleqtroenergiis gardaqmna SeiZleba moxdes alternatiul energiaSi 
(magaliTad meqanikurSi, TermulSi, akustikurSi, hidravlikurSi da pnevma-
tikurSi); 

• eleqtroenergiam SeiZleba Seasrulos signalis gadacemis funqcia, 
informaciis Senaxva da komunikacia danadgarebs Soris; 

• eleqtroenergiis Senaxva SesaZlebelia batareaSi, iseTi sawarmoebi-
saTvis, sadac eleqtroenergiasTan dakavSireba problemuria.  

SesaZlebelia alternatiuli wyaroebis gamoyenebac, rogorebicaa saw-
vavi, atomuri energia, mzis energia, wyali da qaris energia [1]. 

 
avtomatizaciis sistemis marTvis amocanebi iyofa oTx kategoriad: 

o cifruli kontroli; 
o analoguri kontroli; 
o monitoringi; 
o menejmentis informacia.                                                                          

 
cifruli kontrolis arsi emyareba emyareba faqts, rom konkretuli 

obieqti SeiZleba iyos or mdgomareobaSi: CarTuli an gamorTuli, Zrava SeiZ-
leba muSaobdes an ar muSaobdes, sarqveli SeiZleba iyos Ria an daketili, 
erT erT mdgomareobaSi aucileblad unda iyos. aqedan gamomdinare cifruli 
kontrolerebis dajgufeba xdeba kontrolis meqanizmis gansxvavebulobidan 
gamomdinare: 

• distanciuri marTva _ rodesac calkeuli elementebi kontroldeba 
kontrolis panelidan (nax. 1) da es done ar ganixileba avtomatizirebulad; 
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• jgufuri kontroli _ rodesac obieqtebis jgufi erTdroulad 
kontroldeba; 

• funqciebis kontroli _ procesSi produqciis xazebis gaxsna-daxurva 
an agitaciis kontroli; 

• Tanmimdevrobis kontroli _ rodesac funqciebi xorcieldeba gark-
veuli wesis dacviT erTmaneTis miyolebiT. Tanmimdevrobis magaliTebia: wi-
naswar dagegmili gawmenda sxvadasxva sawmendi saSualebebiT, TanmimdevrobiT 
da winaswar gansazRvruli droiT, produqtis marSrutebis da Sevsebis donis 
winaswari SerCeva [2]. 

 
 
 
 
 
 
 
 
 
  
 
 
 
 
 

 
nax.1. CamrTvel-gamomrTveli Rilakebi 

 
 
analoguri kontrolis dros obieqti kontroldeba analoguri signa-

lebiT sakontrolo ganyofilebidan. kontrolis damyareba xdeba kontrolis 
ganyofilebis (mudmivad cvladi) ukukavSiris signaliT. magaliTad pasteri-
zaciis procesis dros orTqlis an cxeli wyliT momaragebis gasakontro-
leblad. ukukavSiris signali marTvis erTeulze modis gadamcemidan, rome-
lic gvaZlevs informacis pasterizaciis temperaturaze (nax.2). analoguri 
kontroli rZis mrewvelobaSi martivadaa warmodgenili, analogebis raode-
noba da sakontrolo sqemebi mcirea. 

yvelaze mniSvnelovani analogurad gasakontrolebeli programebia: 
• pasterizatori; 
• awonvis sistemebi; 
• satumbebis simZlavris kontroli; 
• mSrali nivTierebis an cximis standartizacia. 
kontrolis sistema moicavs rogorc analogur ise cifrul kontrols 

da es ori sistema erTmaneTs avsebs. Tu pasterizatorSi gaTbobis gasakon-
troleblad gamoiyeneba analoguri sakontrolo sistema, romelic kontro-
lis panelze aCvenebs pasterizatorSi temperaturas da moxda temperaturis 
dacema analoguri sensoris saSualebiT xdeba signalis gadacema kompiute-
risTvis, romelic daamuSavebs da monitorze gamoitans pasterizatoris tem-
peraturas. Tu temperatura normaze dabalia, maSin cifruli signaliT xdeba 
pasterizatoris avtomaturad gaTiSva. 

 
 
 
 
  



   saqarTvelos sainJinro siaxleni, GEORGIAN ENGINEERING NEWS, #1, 2022  

 

137 

 
 
 
 
 

 
 
 
 
 
 
 
 

 
 

nax. 2 analoguri kontrolis magaliTi 
                           
           
monitoringi niSnavs, rom xdeba sxvadasxva procesebis obieqtebisa da 

procesebis zedamxedveloba da raime darRvevis aRmoCenis SemTxvevaSi Cair-
Tveba gangaSis zari. monitoringis mTavari principi emyareba obieqtebidan 
aRebul ukukavSirebs. es signalebi iyofa Semdegnairad: 

• garkveuli kritikuli obieqtebis martivi monitoringi; 
• darRvevis pirobebis martivi registracia; 
• blokirebebi, romlebic gaumarTaobis SemTxvevaSi xels uSlian funq-

ciebis dawyebas an gagrZelebas. magaliTad SeiZleba daiblokos dasufTavebis 
procedurebis dawyeba Tu avzidan ar aris miRebuli dabali donis signali 
da mxolod am SemTxvevaSi unda daiwyos misi gawmenda; 

avtomaturi restarti xorcieldeba Secdomis gamosworebisTanave. moni-
toringis mniSvnelovani nawilia TviTdiagnostika, rac uwvet Semowmebas niS-
navs (nax.3) [3]. 

      
             
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
nax. 3. monitoringisTvis saWiro statistika 

 
  amrigad, programirebad logikur kontrolerebs, sWirdebaT daprogra-
meba, raTa zustad Seasrulon miTiTebi da aamoqmedon kontrolis meqanizmebi. 
programa, romelic sistemaSia, aris is samuSao gegma, romelic gaaCnia pas-
terizebuli rZis warmoebas. masSi Seyvanilia warmoebisTvis saWiro logika, 
romelic logikuri moqmedebebiT erTdroulad sxvadasxva cifrul Tu ana-
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logur informacias gzavnis kontrolis gansaxorcieleblad. programis lo-
gika rogor unda Seiqmnas, pasterizebuli rZis sawarmos avtomatizaciis sis-
temisTvis. 
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fiziologiurad Rirebuli simindis zeTis misaRebad Canasaxis 

gadamuSavebis kompleqsuri teqnologiis ganxilva 

 

afaqiZe a.r., siraZe m.g., berZeniSvili i.g. 
 

saqarTvelos teqnikuri universiteti 
 

Cveni qveynis agrosamrewvelo kompleqsi aerTianebs zeTovani kultu-
rebis moSenebis, zeTebis warmoebis da mcenareuli zeTis sxvadasxva saxis 
produqciad gadamuSavebis seqtors. zeTovani mcenareuli nedleulis komp-
leqsur  gadamuSavebaze mimarTuli mecnieruli kvlevebi  zrdis maRali xa-
risxis  mqone produqtebis asortiments da warmoebis ekonomikur efeqtu-
robas. 

simindi warmoadgens perspeqtiul  mravalfunqciur fiziologiurad 
Rirebul marcvlovan kulturas, romelic sawyisi  nedleulia mravali sakve-
bi da teqnikuri produqtis misaRebad.  

simindis marcvlidan Canasaxis gamoyofa warmoadgens erT-erT yvelaze 
mniSvnelovan teqnologiur operacias, imdenad ramdenadac misi efeqturoba 
mniSvnelovan gavlenas axdens miRebuli produqciis mTeli  asortimentis 
xarisxis maCveneblebze [1]. 

fiziologiurad Rirebuli simindis zeTisa da sakvebi Srotis misaRe-
bad  Canasaxis momzadebis reJimebis gavlenis detaluri Seswavlis mizniT 
mocemul samuSaoSi dazustda  Canasaxis Termo-damatenianebeli damuSavebis 
teqnologiuri parametrebi:  masalis tenianoba, procesis temperatura da 
xangrZlivoba. eqstrahireba ganxorcielda  heqsaniTa da eTanoliT  labora-
toriul pirobebSi da am ori gamxsnelisaTvis gadawyda Canasaxis Termo-
damatenianebeli damuSavebis  reJimebi:   

_ heqsaniT eqstrahirebisTvis: masalis tenianoba 10%; temperatura 90 °C; 
procesis xangrZlivoba 60 wuTi; 

_ eTanoliT eqstrahirebisTvis: masalis tenianoba 8%; temperatura 60 °C; 
procesis xangrZlivoba 40 wuTi.             

cxril 1-Si  warmodgenili monacemebis safuZvelze eTanolis gamoye-
neba uzrunvelyofs ufro maRali kvebiTi Rirebulebis zeTis nakleb ga-
mosavlianobas, rac aixsneba Termo-damatenianebeli damuSavebis rbili 
reJimebiT. 

 
cxrili 1. Termo-damatenianebeli damuSavebis reJimebis gavlena zeTis 
gamosavalianobaze  da  xarisxis  maCveneblebi 
 
maCveneblebis  dasaxeleba maCveneblebis  mniSvneloba 

Termo-damatenianebeli 
damuSavebis gareSe 
(sakontrolo) 

Termo-damatenianebeli  
damuSavebiT 

heqsani eTanoli heqsani eTanoli 
zeTis gamosavlianoba 2 sT 
eqstrahirebisas,  % 
mJavuri ricxvi, mg КОН/g 
masuri wili, %: 
_ fosfolipidebi 
_fosfatidilqolinebi 
masuri wili, mg/100g: 
_ tokoferolebi 
_ karotinoidebi 
daJangvis ricxvi 

 
65,7 
2,40 
 
0,60 
0,32 
 
20,8 
0,30 
5,5  

 
60,1 
2,30 
 
0,90 
0,66 
 
22,7 
0,23 
5,8  

 
87,9 
2,95 
 
0,54 
0,26 
 
17,8 
0,28 
10,0  

 
70,0 
2,35 
 
0,95 
0,67 
 
22,9 
0,22 
7,9 
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eqstrahirebis efeqturobaze moqmedi ZiriTadi faqtorebis [2] gaT-
valiswinebiT mocemul samuSaoSi procesis efeqturobaze temperaturis 
gavlenis dasadgenad eqstrahireba ganxorcielda  eTanoliT 30 _ 70 °C tempe-
raturis diapazonSi, eqstrahenti:saeqstraqcio masala 5:1 Tanafardobisas 
(naxazi). naxazis mixedviT temperaturis mateba sagrZnoblad aZlierebs 
eqstrahirebis process. eqstrahirebis wonasworoba iwyeba 35 wuTSi 60 °C 
temperaturaze, xolo 25 wuTSi – 70 °C  temperaturaze. 

 

 
 

simindis Canasaxis eqstrahirebis mrudebi eqstrahenti: saeqstraqcio masala  5:1  
Tanafardobisas: 1 _ 30°C; 2 _ 40°C; 3 _ 50°C;    4 _ 60°C;  5 _ 70°C temperaturaze 

                  
 
eqstrahirebis temperaturis gavlenis Sedegebi simindis zeTisa  da 

Srotis xarisxis maCveneblebze  warmodgenilia cxril 2-Si. 
 
cxrili 2. eqstrahirebis temperaturis gavlena simindis zeTisa da Srotis 
gamosavlianobaze  da  xarisxis  maCveneblebze 
 
maCveneblebis  dasaxeleba maCveneblebis  mniSvneloba 

30 °C 40 °C 50 °C 60 °C 70 °C 
simindis zeTi 

totoqsis ricxvi 
masuri wili: % 
_fosfolipidebi 
_fosfatidilqolinebi 
(fosfolipidebis  jamze) 
melanoedinuri kavSirebi  
tokoferolebi, mg/100g 
karotinoidebi,  mg/100g 
zeTis gamosavlianoba, % (masalis sawyis 
Semcvelobaze)  
 

5,3 
 
0,85 
 
76 
0,88 
0,20 
0,18 
 
60 

7,2 
 
0,89 
 
74 
1,12 
0,22 
0,20 
 
70 

8,1 
 
0,92 
 
72 
1,45 
0,23 
0,22 
 
75 

9,6 
 
0,97 
 
70 
2,20 
0,23 
0,25 
 
78
  

12,9 
 
1,10 
 
61 
3,54 
0,24 
0,27 
 
80 
 

simindis  Canasaxis  Sroti 
cilis  masuri  wili, % 
cilis fraqciuli Sedgeniloba,  % 
_ wyalSi xsnadi 
_ marilSi xsnadi 
_ tuteSi xsnadi 
_ uxsnadi 

24,4 
 
33,2 
8,1 
40,2 
18,6 

25,6 
 
29,6 
8,0 
43,3 
19,1 

26,1 
 
28,7 
7,8 
43,9 
19,6 

26,5
  
25,3 
7,2 
46,1 
20,8 

26,8 
 
15,5 
6,2 
49,2 
29,1 
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 miRebuli monacemebiT eqstrahirebis temperaturis mateba iwvevs zeTis 
gamosavlianobis zrdas da masSi fosfolipidebis, tokoferolebisa da 
karotinoidebis Semcvelobis matebas. amasTan erTad izrdeba zeTis daJangvis 
xarisxic. 

miTiTebuli uaryofiTi cvlilebebi Zlierdeba, eqstrahirebis tempe-
raturis momatebiT 60 °C-ze zemoT.  60 °C -ze zemoT temperaturis mateba aseve 
uaryofiTad moqmedebs Srotis xarisxzec, rac gamoxatulia wyalSi da 
marilSi xsnadi cilebis Semcvelobis SemcirebiT tuteSi xsnadi da uxsnadi 
fraqciebis Semcvelobis zrdis safuZvelze.        

amrigad, miRebuli monacemebi gansazRvraven simindis Canasaxebis 
eTanoliT eqstrahirebis ganxorcielebis mizanSewonilobas 60°C tempera-
turaze. 
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SUMMARY 

TO GET PHYSIOLOGICALLY VALUABLE CORN OIL DISCUSSION OF COMPLEX EMBRYO 

PROCESSING TECHNOLOGY 

Aphakidze A.R., Siradze M.G. and Berdzenishvili I.G. 

Georgian Technical University 

The work specifies the technological parameters of  heat treatment embryo processing for obtaining corn oil. It 

has been established that an increase in extraction temperature leads to an increase in the  content of 

phospholipids, tocopherols and carotenoids in the oil.   The oil content also increases.  The optimum temperature 

for corn germ extraction is 60 ° C.  The use of ethanol is recommended for extraction. 

Keywords: Corn grains, germ, oil, technological parameters, extraction, solvent, ethanol, hexane, temperature, 

process efficiency. 
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saqarTvelos energoseqtorSi arsebuli eleqtromowyobilobebis 

dieleqtrikul zeTebSi poliqlorirebuli bifenilebis Semcvelobis 

dadgena 

 
TandilaSvili g.l., legaSvili i.T., geliaSvili z.e., axobaZe s.r. 

 
kavkasiis regionuli garemosdacviTi centri 

saqarTvelos teqnikuri universiteti 
 

poliqlorirebuli bifenilebi (PCBs) C12H10−nCln organul naerTTa is 
jgufia, romelic moicavs bifenilis n=1_10 qloris atomebis Semcvel warmoe-
buls da miekuTvneba mdgradi organuli damabinZureblebis (POPs) jgufs, ro-
melTa monitoringi haerSi, wyalsa da niadagSi savaldebuloa ganviTarebul 
industriul qveynebSi maTi maRali garemosdacviTi da sazogadoebrivi janm-
rTelobis safrTxis gamo [1,2].  

dResdReobiT energokompaniebi da maTi momsaxurebis ganyofilebebi, 
romlebic muSaoben PCBs-is Semcvel satransformatoro dieleqtrikul ze-
Tebze farTod kontroldeba.   

PCBs-is warmoeba TiTqmis mTlianad Sewyda mTel msoflioSi, xolo  
saqarTveloSi PCBs arasodes warmoebula. qveynis energetikis seqtorSi aris 
obieqtebi, romelic axorcielebs PCBs-is Semcvel  dieleqtrikuli zeTis 
regeneracias da transformatorebis SekeTeba/teqnikur momsaxurebas. aRniS-
nuli qmedebebi xorcieldeba zeTSi PCBs-is Semcvelobis Semowmebis gareSe, 
rac Sesabamisad zrdis mowyobilobebis araganzrax an jvaredini dabinZure-
bis risks. 

2001 wels evropis qveynebis umravlesobam xeli moawera stokholmis 
konvencias mdgradi organuli damabinZureblebis Sesaxeb, am nivTierebebis 
swrafi da ekologiurad usafrTxo ganadgurebis mizniT. am konvenciis mona-
wileebma aiRes valdebuleba 2028 wlisTvis TavianT qveynebSi arsebuli PCBs -
is srul ganeitralebaze [3].  

stokholmis konvencia „mdgradi organuli dambinZureblebis Sesaxeb“ 
ratificirebulia saqarTvelos parlamentis 2006 wlis 11 aprilis №2840 dad-
genilebiT [4]. 

stokholmis konvencia aris mravalmxrivi garemosdacviTi xelSekru-
leba (MEA) da globaluri samarTlebrivad savaldebulo dokumenti. misi 
mizania daicvas adamianis janmrTeloba, biomravalferovneba da bunebrivi 
sacxovrebeli garemo iseTi saxifaTo qimikatebis safrTxisgan, rogoricaa 
mdgradi organuli damabinZureblebi (POPs). konvencia aregulirebs adamianis 
saqmianobis Sedegad warmoqmnili mdgradi organuli damabinZureblebis (POPs) 
warmoebis da gamoyenebis akrZalvas, Semcirebas da sabolood aRmofxvras, 
aseve saTanado zomebis miRebas, raTa uwyvetad gagrZeldes (POPs) uneblied 
warmoebis SezRudva samrewvelo an sayofacxovrebo saqmianobis, an narCenebis 
gadamuSavebis Sedegad [3].  

warmodgenili samuSaos mizania saqarTvelos zogierTi regionis ener-
goseqtorSi arsebul eleqtromowyobilobebSi (transformatorebi, kondensa-
torebi, wredis amomrTvelebi) gamoyenebul dieleqtrikul zeTebSi  poliq-
lorirebuli bifenilebis Semcvelobis raodenobebis dadgena da inventari-
zaciis Sedegebze dayrdnobiT qveyanaSi PCBs-iT mosalodneli dabinZurebis 
Sefaseba.  

analizuri kvlevebi ganxorcielda kavkasiis regionuli garemosdacvi-
Ti centrisa da saqarTvelos teqnikuri universitetis  mier, saqarTvelos 
garemos dacvisa da soflis meurneobis saministros gaeros industriuli 
ganviTarebis organizaciasTan (UNIDO) erTad, globaluri garemosdacviTi 
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fondis (GEF) mier dafinansebuli proeqtis  „poliqlorirebuli bifenilebi-
sagan (PCBs) Tavisufali eleqtromomarageba saqarTveloSi“ farglebSi qlor-
specifikuri analizatoris L(L2000 DX) gamoyenebiT (skriningis xarisxob-
rivi/raodenobrivi-EPA SW-846 meTodi 9079). 

saqarTvelos zogierTi regionis energoseqtoris eleqtromowyobi-
lobebSi gamoyenebul dieleqtrikul zeTebs Cautarda PCBs-is Semcvelobaze 
pirveladi skriningi. 

Catarebulma kvlevam aCvena rom inventarizebuli zeTebis 20%-ze meti 
Seicavs poliqlorirebul bifenilebs zRvrulad dasaSveb normaze (50 ppm)  
meti raodenobiT.  

SeiZleba iTqvas, rom eleqtromowyobilobebis zeTebis marTvis arse-
bul praqtikaze dayrdnobiT saWiroa mTeli qveynis masStabiT dabinZurebuli 
zeTis moculobis Sefaseba, yvela danadgaridan nimuSebis aReba da qveynis 
farglebSi dabinZurebis donis dadgena. aseve, saWiroa ganxorcieldes poliq-
lorirebuli bifenilebis Semcveli zeTebis da mowyobilobebis garemosTvis 
usafrTxo marTva da maTi xmarebidan etapobrivi amoRebis monitoringi. 

aRmosavleT saqarTvelos zogierT regionSi inventarizaciis procesSi 
Segrovda 3000 erTeuli eleqtromowyobilobis dieleqtrikuli zeTis sinji 
(sur. 1. a, b). 

 

  
a b 

suraTi 1. energoseqtoris eleqtromowyobilobebi (a); 
dieleqtrikuli zeTis sinjis aRebis procesi (b) 

 
nimuSebi aRebul iqna standartuli IEC 60475 „Txevadi dieleqtrikebis sinjis 
aRebis meTodis~ Sesabamisad [5]. 

regionis energoseqtorSi Segrovebuli zeTis nimuSebi Semowmda 22_25°C 
temperaturaze (L2000DX) analizatoris gamoyenebiT (sur. 2. a, b) TandarTuli 
instruqciis Sesabamisad [6].  

 3000 erTeuli eleqtromowyobilobis dileqtrikuli zeTis sinjis  
skriningis Sedegad 1319 sinjSi PCBs-is koncentracia aRemateba 50 ppm-s (44%), 
xolo 1681 sinjSi PCBs-is koncentraciam Seadgina 50 ppm-ze naklebi (56%), rac 
dasaSvebia stokholmis konvenciiT dieleqtrikuli zeTis usafrTxod gamoyen-
ebisTvis.   

saxelmZRvanelo dokumentis [7] moTxovnis Sesabamisad PCBs-is 50 ppm-ze 
meti Semcvelobis nimuSebi saWiroebs gadamowmebas gazuri qromatografiis 
meTodiT.  

gazuri qromatografiis Sedegad PCBs-is 50 ppm-ze meti Semcveloba 
gamovlinda 1319-dan 233 sinjSi, rac Seadgens Semowmebuli eleqtromowyo-
bilobis saerTo raodenobidan 7,77% -s.  
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a b 

   
suraTi 2. qlor-specifikuri analizatori (L2000DX) (a); 

dieleqtrikuli zeTis nimuSebi (b) 
 

analizatoris (L2000DX) da gazuri qromatografiis meTodiT gansaz-
Rvruli PCBs-is Semcveloba warmodgenilia cxr. 1-Si. 

 
     cxrili 1. PCBs-is analizis Sedegebi   

 

PCBs-s Semcveloba, ppm 
sinjebis raodenoba 

analizatori (L2000DX) gazuri qromatografia 
50_100 530 131 
100_500 480 92 
500_1000 131 8 
1000_2000 91 1 

>2000 87 1 
sul 1319 233 

 
analizatoris (L2000DX) mwarmoebeli kompaniis ganmartebiT crudade-

biT Sedegebs ganapirobebs Semdegi faqtorebi: transformatorebis gasasufTa-
veblad qlorirebuli gamxsnelebis mravaljeradi gamoyeneba; dieleqtrikul 
zeTSi gogirdisa da naxSiris nawilakebis  Semcveloba. 

samuSaos miznidan gamomdinare eqstrapolaciis meTodiT ganisazRvra 
qveynis energoseqtorSi arsebuli eleqtromowyobilobebis dieleqtrikul 
zeTebSi PCBs-is savaraudo Semcveloba. 

statistikuri monacemebis Sesabamisad, imis gaTvaliswinebiT, rom qvey-
nis energoseqtorSi eqspluataciaSi arsebuli 17302 erTeuli transformato-
ridan detaluri inventarizacia Cautarda 3000 erTeul transformators, 
mocemuli inventarizaciis Sedegebi gamoyenebulia PCBs-is raodenobebis da-
sadgenad danarCeni 14302 erTeuli  transformatorisaTvis.  

PCBs-is (50ppm meti) Semcveli 14302 erTeuli transformatoris rao-
denobis, wonis (mTliani mowyobiloba da zeTi) gansazRvrisTvis gamoiyeneba 
eqstrapolaciis meTodi. 

eqstrapolaciis Sesabamisad inventarizebuli PCBs-is Semcveli (50ppm 
meti) transformatorebis raodenobisa da wonis (mTliani mowyobilobis da 
zeTi) gamravlebiT koeficientze 5,77 (romelic miiReba transformatorebis 
saerTo raodenobis 17302 SefardebiT inventarizebuli transformatorebis 
raodenobaze 3000) miRebulia PCBs -is Semcveli transformatorebis saerTo 
savaraudo raodenoba 1344 cali (233 x 5,77=1344); mTliani mowyobilobis wona 
_ 123649 tona (21439 x 5,77=123649), dieleqtrikuli zeTis wona 35557 tona            
(6165 x 5,77=355,57).  
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dabinZurebis zRvrebis mixedviT PCBs-is Semcveli transformatorebis 
raodenobisa da wonis (mTliani mowyobilobis da zeTi) identificirebuli da 
savaraudo monacemebi mocemulia cxr. 2-Si.  

 
     cxrili 2. PCBs -is Semcveli transformatorebis raodenoba da  
      wona dabinZurebis zRvrebis mixedviT 

 

dabinZurebis 
zRvrebi (ppm) 

gazuri qromatografiiT 
identificirebuli 

eqstrapolacis meTodiT 
dadgenili 

r
ao

d
en
o
b
a 

mo
w
yo

b
i
l
o
b
a 

(k
g
) 

z
eT

i 
(k
g
) 

r
ao

d
en
o
b
a 

mo
w
yo

b
i
l
o
b
a 

(k
g
) 

z
eT

i 
(k
g
) 

50_100 131 119486 34310 755 689116 197877 
100_500 92 85799 24702 531 494831 142465 
500_1,000 8 7329 2129 46 42269 12279 
1,000_2,000 1 891 256 6 5139 1476 

>2,000 1 891 256 6 5139 1476 
sul: 233 214396 61653 1344 1236493 355573 

 
 analizis Sefasebidan gamomdinare SegviZlia davaskvnaT, rom inventa-
rizebuli 3000 erTeuli eleqtromowyobilobidan gazuri qromatografiis 
gamoyenebiT PCBs-iT dabinZurebuli 233 erTeuli eleqtromowyobiloba gamov-
linda (saerTo wona 214396 kg, zeTis wona 61653 kg), xolo eqstrapolaciis 
meTodis gamoyenebiT qveyanaSi PCBs-iT savaraudod dabinZurebulia 1344 er-
Teuli eleqtromowyobiloba (saerTo wona 1236493 kg, zeTis wona 355573 kg).      
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Tandilashvili G.L., Legashvili I.T., Geliashvili Z.E. and Akhobadze S.R. 

The Regional Environmental Centre for the Caucasus (RECC) 

Georgian Technical University  
Dielectric oils used in electrical equipment of the energy sector of some regions of Georgia were inventoried for 
primary screening on PCBs content. The amount of contamination was determined and the total expected 
number of PCBs in the country was determined based on the results of the inventory. Research has identified 
that more than 20% of inventoried oils contain polychlorinated biphenyls (PCBs) in excess of the maximum 
permissible level (50 ppm). 
Keywords: polychlorinated biphenyls (PCBs), electric transformers, dielectric oils, POPs, chlorine-specific 
analyzer, Stockholm Convention. 
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vanadium (V)-is kompleqswarmoqmnis Seswavla Sereul ligandian 

sistemebSi mesame komponentis Tanaobisas 

 

wignaZe-fanCviZe c.S. 
 

saqarTvelos teqnikuri universiteti 
 
ukanasknel aTwleulSi gamoqveynebul mraval samecniero naSromSi aR-

werilia vanadium (V)-is fotometruli gansazRvris meTodi sxvadasxva (orga-
nuli ligandiani) kompleqsnaerTebis saxiT [1-3].  

yvelaze farTod gamoyenebuli da perspeqtiuli klasi vanadium (V)-is 
fotometruli gansazRvrisTvis aRmoCnda azonaerTebi, rogorc binaruli ase-
ve sxvadasxva ligandiani kompleqsuri naerTebis gamoyenebiT.  

literaturis monacemebis analizi aCvenebs, rom vanadiumis fotomet-
ruli gansazRvrisaTvis gamoyenebuli organuli reagentebis umetesoba ar 

iZleoda maRali analitikuri maxasiaTeblebis Sedegebs.  
es naSromi eZRvneba Sereulligandiani kompleqsuri naerTis speqtro-

fotometrul Seswavlas, romelic warmoiqmneba vanadium (V)-is da 4-(2ˊ, 3ˊ,4ˊ-
trihidroqsifenil)-2-nitro-1-sulfoazobenzolTan papaverinis (Pap), dibazo-
lis (Dib), urotropinis (Ur) da aseve meore SemTxvevaSi cetilpiridinqlo-
ridis (CPCl), cetilpiridinbromidis (CPBr) da cetiltrimeTilamoniumbro-
midis (CTMABr) Tanaobisas; Sereulligandiani kompleqsebis warmoqmnis piro-
bebis optimizacias; Sereulligandiani kompleqsnaerTebis saxiT bunebriv 
obieqtebSi vanadium (V)-is gansazRvris Zalian mgrZnobiare da SerCeviTi 
fotometruli meTodis SemuSavebas.  

reagenti 4-(2ˊ, 3ˊ, 4ˊ-trihidroqsifenil)-2-nitro-1-sulfoazobenzoli sin-
Tezirebuli iyo cnobili meTodebiT: 

 
 

OH

OH OH

N

N

OH

N
+

O
-

O

S OO

OH  
  
sinTezirebuli naerTebis Semadgenloba da struqtura dadginda ele-

mentaruli analiziT, IR da PMR speqtroskopiiT. 
dadgenil iqna, rom Tu binarul kompleqsebSi pHopt=5, maSin roca Se-

reulligandian kompleqsebSi pHopt gadanacvlebulia mJave garemoSi pHopt=4. 
binarul kompleqsebSi optimaluri talRis sigrZea λmaqs=438nm, xolo Sereul-
ligandian kompleqsebSi SeiniSneba bataqromuli gadanacvleba V(V)-R-Pap-isT-
vis 448nm, V(V)-R-Dib-isTvis 450nm, xolo V(V)-R-Ur-isTvis 446nm talRis sigrZeze. 

Seswavlili iqna mesame komponentis da reagentis koncentraciis gav-
lena kompleqswarmoqmnaze. V-R kompleqsebis maqsimaluri gamosavlianoba 
optimalur pH-ze aris 8∙10-5 MR; V-R-Pap-is 8∙10-5 MR, 4∙10-5Mpap; V-R-Dib-is 8∙10-5 

MR, 4.2∙10-5 Mdib; da V-R-Ur -is 8 ∙10-5 MR, 4∙10-5 Ur. 
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analizis sxvadasxva fizikur-qimiuri meTodiT: izomolaruli seriis,  
starik-barbanelis, wonasworuli gadanacvlebis meTodebiT, dadgenilia 
moreagire komponentebis Tanafardoba, da Sesabamisad tolia 1:2 da 1:2:2.  

gamoTvlil iqna binaruli da Sereulligandiani kompleqsebis moluri 
STanTqmis koeficientebi, Sesabamisad tolia εV-R-Pap=4.1∙104, εV-R-Dib =4∙104, xolo  
εV-R-Ur =4.2∙104-is.  

agebul iqna magraduirebeli grafiki da ganisazRvra beris kanonis 
daqvemdebarebis intervali, miRebuli iqna Semdegi Sedegebi: V-R 0,102_1,63 
mkg/ml, V-R-Pap 0,04_0,57 mkg/ml, V-R-Dib 0,02_0,384 mkg/ml, V-R-Ur 0,02_0,57 mkg/ml 
(cxr. 1). 

 
cxrili 1. vanadium (V)-is  kompleqsebis speqtrofotometruli maxasiaTeblebi 

 

kompleqsebi рHopt 
komponentebis 
Tanafardoba 

ε 

beris kanonis daq-
vemdebarebis inter-

vali, mkg/ml 

komponentebis 
Tanafardoba 

V(V)-R 5 438 1:2  0,102_1,63 

V(V)-R-Pap 4 448 1:2:2 4,1∙104 0,04_0,57 
V(V)-R-Dib 4 450 1:2:2 4∙104 0,02_0,384 

V-R-Ur 4 446 1:2:2 4,2∙104 0,02_0,57 

 
dadgenilia ucxo ionebis da SemniRbavi nivTierebebis gavlena V(V)-is 

kompleqswarmoqmnaze. SemuSavebuli meTodika SeiZleba gamoyenebul iqnas 
vanadium (V)-is gansasazRvravad rTul obieqtebSi.   

Seswavlil iqna vanadium (V)-is kompleqswarmoqmnis reaqcia 4-(2ˊ, 3ˊ,4ˊ-
trioqsifenil)-2-nitro-1-sulfoazobenzolTan) mesame komponentebis Tanaobi-
sas da ararsebobisas [4-6]. 

garemos mJavianobaze kompleqswarmoqmnis damokidebulebis SeswavliT 
dadgenil iqna, rom V-R kompleqsis maqsimaluri gamosavlianoba daikvirveba 
рHopt=5, λmaqs=429 nm, reagenti STainTqmeba рHoptλmaqs = 383 nm-ze. mesame kom-
ponentis Tanaobisas kompleqswarmoqmnis optimaluri pirobebi wanacvlebilia 
mJava garemoSi (рН = 5, V-R-CPCl da V-R-CPBr, xolo рН = 4, V-R-CTMABr), binarul 
kompleqsebTan SedarebiT optimaluri SuqSTanTqma bataqromuli efeqtiT 
daikvirveba 434 nm (CPCl), 435 nm (CPBr) da 438 nm (CTMABr).  

optimalur pirobebSi Seswavlilia binarul da Sereulligandian kom-
pleqsnaerTebis warmoqmnaze temperaturis da drois gavlena. dadgenilia, rom 
binaruli kompleqsi xangrZlivi drois ganmavlobSi stabiluria da mdgradia 
70 0С-ze, xolo sxvadasxvaligandiani kompleqsi ki 90 0С-ze.  

 binarul da sxvadasxvaligandian kompleqsnaerTebSi dadgenilia rea-
gentis da mesame komponentis optimaluri koncentraciebi da beris kanonze 
daqvemdebarebis koncentraciis intervalebi _ 0,05_2,04 mkg/ml(V-R), 0,10_1,63 
mkg/ml (V-R-zedapirulad aqtiur nivTierebasTan). kompleqsis STanTqmis mo-
luri koeficienti gamoTvlilia magraduirebeli grafikis saSualebiT da Se-
sabamisad tolia εV-R=1300, εV-R-CPCl=14800, εV-R-CPBr =15600, εV-R-CTMABr=18900. komp-
leqsnaerTSi moreagire komponentebis Tanafardoba dadgenilia starik-barba-
nelis fardobiTi gamosavlianobis, wonasworobis gadanacvlebis da izomola-
ruli seriis meTodebiT. yvela aRniSnuli meTodis Sedegad Tanafardoba kom-
ponentebs Soris V-R tolia 1:2, xolo Sereulligandian kompleqsebSi V-R-zan 
Sesabamisad, 1:2:2.  (cxr. 2). 
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cxrili 2. vanadium (V)-is kompleqsebis speqtrofotometruli maxasiaTeblebi 

 
kompleqsebi рHopt  λmaqs,nm komponentebis 

Tanafardoba 
ε beris kanonis daqvemde-

barebis intervali mkg/ml 
V-R 5 429 1:2 1300 0,05_2,04 
V-R-CPCl 5 434 1:2:2. 14800 0,10_1,63 
V-R-CPBr 5 435 1:2:2. 15600 0,10_1,63 
V-R-CTMABr 4 438 1:2:2. 18900 0,10_1,63 

 
vanadium (V)-is gansazRvraze gare da SemniRbavi ionebis gavlenis Ses-

wavliT dadginda, rom kompleqswarmoqmnis reaqcia xasiaTdeba maRali Ser-
CeviTobiT. SemuSavebuli meTodika gamoyenebul iqna vanadium(V)-is gansasazRv-
ravad bunebriv obieqtebSi (wyali, niadagi).  

dadginda, rom mesame komponentis arseboba mniSvnelovnad zrdis rea-
gentis mgrZnobelobas da seleqtiurobas, rac xels uwyobs reaqciis Ser-
CeviTobas. 
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SUMMARY 

STUDY OF VANADIUM (V) COMPLEX FORMATION IN MIXED LIGAND SYSTEMS  

IN THE PRESENCE OF A THIRD COMPONENT 

Tsignadze-Panchvidze Ts. Sh. 
Georgian Technical University 

Numerous scientific papers published in the last decade describe the method of photometric determination of 

vanadium (V) in the form of various (organic ligand) complexes.  The most widely used and promising class for 

the photometric determination of vanadium (V) was found to be azo compounds using both binary and various 

ligand complex compounds.    This work is devoted to the spectrophotometric study of a mixed-ligand complex 

compound formed as a result of the reaction of complex formation of vanadium (V) with 4-(2`,3`,4`-

trihydroxyphenyl)-2-nitro-1-sulfapoazobenzene (Dibazobenzene) in the presence of urotropine (Ur) and 4-

(2',3',4'-trioxyphenyl)-2-nitro-1-sulfoazobenzene with cetylpyridine chloride (CPCl), cetylpyridine bromide 

(CPBr) and cetyltrimethylaminium bromide (CTMABr). As well as the optimization of the conditions for the 

formation of mixed-ligand complexes, the development of a highly sensitive and selective photometric method 

for the determination of vanadium (V) in natural objects in the form of mixed-ligand complexes.   Optimal 

conditions for the formation of binary and mixed ligand complexes have been established. Subject to the monk's 

law is revealed. The ratio of reactive components is determined by different methods. The influence of foreign 

ions and disguises on the formation of vanadium (V) complex has also been studied. 

Keywords: Vanadium, complex formation, by spectrophotometric method, mixed-ligand complex, papaverine 

(Pap), dibazole (Dib), urotropin (Ur), cetylpyridine chloride (CPCl), cetylpyridinebromide (CPBr) and 

cetyltribrimethylbromide (CTMABr).  
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RvinoebSi zogierTi fiziologiurad aqtiuri nivTierebebis kvleva, 

qromatografiis meTodis gamoyenebiT 

 

SaTiriSvili S.i., kilaZe m.T., SaTiriSvili i.S. 
 

saqarTvelos teqnikuri universiteti 
 
cocxali organizmebis funqcionirebaze mniSvnelovan zemoqmedebas 

axdenen maRali fiziologiurad aqtiuri nivTierebebi. maT Soris, rogorc 
zrdis procesze, ise sxvadasxva produqtebis samkurnalo Tvisebebis morfo-
genezsa da formirebaze [1]. 

ramdenadac Rvino warmoadgens yurZnis wvenis fermentaciis produqts, 
bunebrivia, rom ama Tu im bunebis fizikur-qimiurad aqtiuri nivTierebebi 
mniSvnelovan rols TamaSobs Rvinomasalebis bioqimiuri, organoleptikuri 
da sasargeblo Tvisebebis formirebaSi. aseve mxedvelobaSia misaRebi Rvi-
noebSi iseTi fiziologiurad aqtiuri nivTierebebis arsebobis roli, rogo-
ricaa fitohormonebi.  

aRniSnulis gaTvaliswinebiT, Cvens mier SemuSavebuli iqna erTi sinji-
dan Tavisufali fitohormonebis-citokrinovis mJavas (ckm) Rf = 0,36, indolil-
ZmarmJavas (iZm) Rf = 0,41, giberelovis mJavas (gm) Rf = 0,51, afscizis mJavas (abm) 
Rf = 0,65 da citokininis mJavas (cm) Rf = 0,77 gansazRvris sqema Txelfenovani 
qromatografiis meTodis gamoyenebiT. aRniSnuli meTodi ufro advilia sxva 
meTodebTan SedarebiT, gacilebiT martivia aparaturuli gaformebis Tval-
sazrisiT da amasTan erTad, ufro damajerebel Sedegebs iZleva [2,3]. am Sem-
TxvevaSi damyofi svetis magivrobas asrulebs minis firfitaze moTavsebuli 

sorbentis Txeli fena. bunebrivi kapilaruli milebis sაSualebiT gamxsne-
lis aRmaval nakadSi xdeba nimuSebis gamomJRavneba, romlis siCqarec icvleba 
droSi. gamomJRavnebis procesSi narevis komponentebi moZraoben sxvadasxva 
siCqariT da TiToeuli komponentis mier gavlili fardobiTi manZili gamoi-
saxeba Semdegi tolobiT: Rf = lK/L, sadac L aris gamxsnelis frontis mier gav-
lili gzis sigrZe, 1K -komponentebis mier ganvlili gza.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
nax.1. eqstraqtebis sibrtyuli qromatograma 

 
1 _ molekuluri narevi, 2 – „kaxeTi“, 3 – „kaberne“, 4 – „gurjaani“,  

 5 – „gareji“, 6 – „mukuzani“ 
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fitohormonebis identifikaciis gaadvilebis mizniT, SeTavsebuli iqna  
Rf-is monacemebi, 300 nm talRaze eqstraqtuli nivTierebebis qromatogramebis 
kompleqsebi da ultraiisferi speqtrebi. Rvinidan gamoyofil fitohormoneb-
sa da vazis nawilebis eqstraqtze am mimarTulebiT Catarebuli cdebis Sede-
gebi mocemulia nax. 1-ze, sadac garkveviT Cans eqstraqtebis arekvlisa da 
ultraiisferi speqtrebi, romlebic sakmaod damajereblad adasturebs fito-
hormonebis identurobas. miRebuli Sedegebis damajereblobis gazrdis miz-
niT, gadaRebul iqna saZiebeli nivTierebebis speqtrebi, risTvisac winaswar 
warmoebda eluireba sistemiT _ buTanoli : propanoli : amiaki : wyali (5:8:1:2). 
dayofis manZili Seadgenda 18 sm, dayofis dro _ 2 sT. amis Semdeg xdeboda 
qromatogramebis gadaReba „hitaCi 650_60“ qromatografiul misadgmelian 
fluerescentul speqtrometrze. 

naxazidan Cans (nax.1), rogorc vazis ise saetalono nimuSebisaTvis          
300 nm talRaze fitohormonebis arekvlis speqtrebi, romlebic ganlagebulia 
Rf=0,65 da 0,51 zonebSi Seicavs afscizis (abm) da giberelovis (gm) mJavebis 
mkveTrad gamoxatul pikebs. radganac sxvadasxva obieqtebSi indolilZmarmJa-

vas speqtrebi ramdenadme gadaadgilebulia saetalonosTan SedarebiT (Rf=0,41). 
Txelfenovan qromatografiul firfitaze dayofis Semdeg, Catarebuli iqna 
nivTierebaTa damatebiTi kvleva (feradi reaqciebi, i.w.-speqtrebi da sxv.). Se-
degebma gviCvena, rom saZiebeli indolilZmarmJavas (iZm) speqtrebi identuria 
saetalonosi. 

 
 
  

nax.2. fitohormonebisa da citokinonebis dayofis sibrtyuli qromatograma. 
 

1 _  modeluri narevi da Rvino  „mukuzani“,  2 _ ultraiisferi speqtrebi,   
3 _ arekvlis speqtrebi 
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samuSaos Semdgom etapze saanalizod SevarCieT xuTi dasaxelebis Rvi-
no. „kaxeTi“, „kaberne“, „gurjaani“, „gareji“ da „mukuzani“. Rvinoebidan 
fitohormonebis gamowvlilva xdeboda meTanoliT, ris Semdegac eqstraqtebs 
vaTavsebdiT qromatografiul firfitaze da vamJRavnebdiT 0,05%-iani fluo-
rescinis xsnariT. laqebis registracia xdeboda ultraiisfer Suqze bromiT 
damuSavebis Semdeg. miRebuli Sedegebi mocemulia nax. 2-ze.  

rogorc cdebma gviCvena, fitohormonebis Semcveloba sxvadasxva qar-
Tul RvinoebSi SesamCnevad gansxvavdeba erTmaneTisagan, rogorc raodenobri-
vi, ise Tvisobrivi TvalsazrisiT. gamokvleuli xuTi Rvinidan sam madganSi, 
saxeldobr: „kaxeTSi“, „kabernesa“ da „gurjaanSi“ aRmoCenilia hormonaluri 
naerTebis sruli kompleqti (indolilZmarmJava, giberilovis mJava, afscizis 
mJava da kinetincitokinini) maSin, rodesac RvinoebSi „mukuzani“ da „gareji“ 
afscizis mJava aRmoCnda Zalze mcire raodenobiT. yvela xuTive RvinisaTvis 
damaxasiaTebelia mcire mniSvnelobis Rf-is nqone citokininis bunebis 5 arai-
dentificirebuli naerTis arseboba (romlebic qromatogramaze aRniSnulia 
indeqsiT X1 – X5. 

saanalizo Rvinoebidan fitohormonebis yvelaze dabalansebuli Tana-
fardobiT, zrdis stimulatorebiT da inhibitorebiT gamoirCeva „kaxeTi“ da 
„kaberne“. danarCen RvinoebSi es Tanafardoba arc Tu saxarbieloa.  

„mukuzansa“ da „garejSi“ TiTqmis ar gvxvdeba zrdis inhibitori 
afscizis mJava. 

unda aRiniSnos yvela gamokvleul RvinoSi citokininebis bunebis naer-
Tebis didi Semcveloba, rac qarTul Rvinoebs aniWebs mniSvnelovan samkur-
nalo Tvisebebs. aRsaniSnavia, rom naerTTa daaxloebiT aseTi kompleqsi (mxo-
lod ufro didi raodenobiT) damaxasiaTebelia Jen-Senis fesvebis eqstraqti-
saTvis. 
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SUMMARY 

STUDY OF SOME PHYSIOLOGICALLY ACTIVE SUBSTANCES IN WINES  

BYUSING CHROMATOGRAPHIC METHOD 

Shatirishvili Sh.I., Kiladze M.T. and Shatirishvili I.S. 

Georgian Technical University 

The composition of physiologically active substances, in particular phytohormones, was determined in the wines 

"Kakheti", "Cabernet", "Gurjaani", "Gareji" and "Mukuzani", by the method of thin-layer chromatography. 

Cytocrine acid, indoleacetic acid, gibberellic acid, abscisic acid and cytokines were identified in the examined 

wines. 

Keywords: phytohormones, iderntification, fermerntatiom. 
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fungicidebis gavlena Rvinis organuli mJavebis Semcvelobaze 

 

qvarcxava g.r, aleqsiZe g.n, kalandia a., xositaSvili m.l., ormocaZe m.l., 
buiSvili g.T. 

 
saqarTvelos teqnikuri universiteti 

i. gogebaSvilis saxelobis Telavis saxelmwifo universitetti  
 
Sesavali. Tanamedrove Rvinis momxmarebeli gansakuTrebiT yuradRebas 

aqcevs maRalxarisxovani ekologiurad sufTa Rvinis produqcias, romelTa 
misaRebad saWiroa daculi iqnas Rvinis warmoebis yvela teqnologiuri 
procesi venaxidan magidamde, rac gulisxmobs, pirvel rigSi gakontrolebul 
iqnas nedleulis xarisxobrivi maCveneblebi; miRweuli iqnes ekologiurad 
sufTa yurZnisa da bioRvinis warmoeba, rac iTvaliswinebs venaxis damuSave-
bisas gansxvavebul agroteqnologiuri sqemebis gamoyenebas. 

yurZnis warmoebaze gazrdili moTxovnebidan gamomdinare mecnierul-
teqnikuri revoluciis Semdeg, saqarTvelos mevenaxeoba TandaTanobiT gadavi-
da soflis meurneobis industrializaciis safexurze. agro-sawarmoo pro-
cesebis Semcirebis mizniT soflis meurneoba damokidebuli gaxda SedarebiT 
iaf da advillad gamosayenebel qimiur mrewvelobaze, agro-sawarmoo proce-
sebis Semcirebam gamoiwvia mavnebel - daavadebaTa mateba. Sesabamisad gaizar-
da pesticidebisa da sxva toqsikur nivTierebaTa gamoyenebis jeradoba da 
raodenoba venaxebis Sesawamlad.  mineraluri sasuqebis aqtiurma xmarebam 
gamofita niadagi, daarRvia misi struqtura, sasoflo-sameurneo produqtebSi 
maT Soris yurZenSi,   dasaSveb normaze gacilebiT meti  aRmoCnda nitratebi, 
toqsikuri nivTierebebis narCenebi da sxva. CamoTvlili mizezebiT gaauaresda 
yurZnis xarisxi, misgan miRebuli produqcia da maTi sagemovno Tvisebebi. 
zemoaRniSnulidan gamomdinare toqsikuri nivTierebebis gavlena yurZenze da 
misgan damzadebuli Rvinoebis  xarisxsa da uvneblobaze metad aqtualur 
sakiTxs warmoadgens [1,2]. 

mJavebs  erT-erTi umniSvnelovanesi roli akisria meRvineobaSi: 
• axasiaTebs mJave gemo, rac sxva komponentebTan erTad Rvinis gemovnur 

Tvisebebs ganapirobebs. zedmetad maRalmJaviani Rvino mkvaxe (mwvane) da agre-
siulia. dabalmJaviani ki _ dune. RvinomJavas sasiamovno gemo aqvs, vaSlmJava 
ki ufro agresiulia. 

• gansazRvravs yurZnis simwifes. yurZnis simwifis dasadgenad mniSvne-
lovania mJavianobis gansazRvra, titruli mJavianobisa da pH-is saxiT. 

• mJavebi moqmedebs Rvinis bioqimiur mdgradobaze. aq umTavresad mJavas 
disocirebuli nawili moqmedebs, romelic pH-iT gamoisaxeba. mJavianobis es 
maCvenebeli meRvineobaSi Zalian mniSvnelovania [3]. 

• Rvinis dayenebisas icvleba maTi Semcveloba. RvinomJavas raodenoba 
RvinoSi sagrZnoblad iklebs alkoholuri duRilis dros Rvinis qvis gamo-
leqvis gamo, SedarebiT naklebad vaSlrZemJavuri duRilisa da Rvinis davar-
gebisas. igi SeiZleba daiSalos Rvinis gadabrunebiT daavadebisa da RvinoSi 
arsebuli toqsikuri naerTebis arsebobis dros, romelic SeiZleba moxvdes 
RvinoSi venaxebidan Sxam-qimikatebis maRali dozebisa da mravaljeradi 
gamoyenebis dros. vaSlmJavas raodenobac iklebs alkoholuri da vaSlrZemJa-
vuri duRilis dros (Tu am ukanasknels aqvs adgili). limonmJavas raodenoba 
mcirdeba vaSlrZemJavuri duRilis dros. evrogaerTianebis kanonmdebloba 
garkveul SemTxvevebSi uSvebs tkbilsa da RvinoSi mJavianobis Sesworebas[4]. 

naSromis kvlevis mizans warmoadgens fungicidebis gavlenis Seswavla 
Rvinis organuli mJavebis Semcvelobaze. 

kvlevis obieqtad gamoyenebul iqna kaxeTis mevenaxeobis mikrozonaSi 
SerCeuli ori venaxi: 
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_ biovenaxi 
_ industriuli venaxi. 
venaxis vegetaciis periodSi vazis mavnebel-daavadebis sawinaaRmdegod 

industriuli venaxis damuSavebisaTvis gamoyenebuli  iqna  Semdegi 
pesticidebi: 

•  falkoni _ me-3 Taobis fungicidi, romlis Semadgeneli moqmedi niv-
Tierebebia tebukonazoli 167 g/l, spiroqsamini 250 g/l, triadimenoli 43 g/l; 

• kupervali _ fungicidi, romlis Semadgeneli moqmedi nivTierebebia 
bordos narevi 200 g/kg (spilenZis mixedviT), spilenZis sulfati + kalciumis 
hidroqsidi 20% m/m (spilenZis mixedviT); 

• kupertin superi _ fungicidi, romlis Semadgeneli moqmedi nivTie-
rebebia  bordos narevi (CU-s mixedviT) 22.5% m/m (225 g/kg); cimoqsanili 3% m/m 
(30 g/kg);   

• gogirdi 800 g/kg _ pesticidi, romlis Semadgeneli moqmedi nivTiere-
baa gogirdi 800 g/kg[5-6]. 

2020 wlis  rTvelis sezonze rogorc bio, aseve industriuli zemoT mi-
TiTebuli venaxebidan aRebul iqna 200_200 kg yurZeni.  igi gadamuSavebul iqna 
klasikuri teqnologiiT  cal-calke TeTri Rvinis dasayeneblad „ss akuras“ 
sawarmoo bazaze. TiToeuli nimuSis tkbili dawmendili iqna gogirdovani 
anhidridis gamoyenebiT. bio Rvinis dasayeneblad tkbilSi Setanili iqna 100 
mg/l; xolo industriuli venaxidan miRebuli tkbilisaTvis gamoyenebuli iqna 
300 mg/l gogirdovani anhidridi (arsebuli instruqciis Tanaxmad). indust-
riuli yurZnis tkbili dawdomisa da leqidan moxsnis Semdeg gaiyo 3 nawilad. 
gadatanili iqna cal-calke saduRar WurWelSi, pirvel nawils daemata 
tkbilis moculobis 3 % odenobis safuvris wminda kultura “flavor 2000“, 
meore nawils daemata safuaris wminda kultura „Zymaflore f15~, xolo mesame 
nawilSi alkoholuri duRili warimarTa spontanuri safuvriT. samive nimuSi 
Semdeg kvlav 3 nawilad gaiyo, romlebsac daemata fungicidebi (1 _ sulfola-
ki, 2 _ kupervali, 3 _ falkoni da  4 _ kupernik superi). 

aTive nimuSi moTavsda TermostatSi 20_22  gradus temperaturaze da 
warimarTa alkoholuri duRili. 

alkoholuri duRilis dasrulebis Semdeg, axalgazrda  daduRebuli 
Rvinoebi (bio da industriuli) moixsna leqidan. saanalizo nimuSebad  aRebu-
li iqna, rogorc Rvinis, aseve leqis nimuSebi da Cautarda qimiuri analizi 
Sps „Rvinis laboratoria-Si“ (testirebis laboratoria). teqstSi sailustra-
ciod mocemulia bio da industriuli Rvinis analizebi.  Rvinis nimuSebis 
leqebSi ganisazRvra agreTve fungicidebis raodenoba. 

nimuSebi ganawilda saduRar WurWelSi da aRiniSna  Semdegi nomrebiT: 
 

nimuSi #  # 
bioRvino   N 1 leqi 11 

industriuli Rvino 2 leqi 12 

industriuli Rvino+ flavor 2000 +sulfolaki 3 leqi 13 

industriuli Rvino+ Zymaflore f15 +sulfolaki 4 leqi 14 

industriuli Rvino + flavor 2000+kupervali 5 leqi 15 

industriuli Rvino+ Zymaflore f15+kupervali 6 leqi 16 

industriuli Rvino+ flavor 2000 +kuprtin superi 7 leqi 17 

industriuli Rvino+ Zymaflore f15 +kupertin superi 8 leqi 18 

industriuli Rvino+ flavor 2000 +falkoni 9 leqi 19 

industriuli Rvino+ Zymaflore  f15 +falkoni 10 leqi 20 

 
Rvinis nimuSebSi gansazRvruli iqna saerTo simJave da organuli 

mJavebi[7]. 
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kvlevis SedegebiT vaskvniT, rom kvlevaSi monawile  fungicidebi yurZ-
nis tkbilidan  gadadian RvinoSi, Semdeg ki Rvinis leqSi. Rvinis leqSi ga-
dasvla dakavSirebulia gamoyenebuli safuarebis ujredebis  adsorbciis 
unarTan _ safuvrebis zedapirze adsorbirdeba fungicidebis Semadgeneli 
nivTierebebi, ris Sedegadac xdeba maTi daleqva. 

RvinoSi fungicidebis aRmoCenis Semdgom kvlevis mizans Seadgenda Seg-
veswavla fungicidebis gavlena Rvinis organul naerTebze: kerZod organul 
mJavebze. 

mocemul nimuSebis tkbilSi da Semdeg Rvinosa da leqSi gansazRvrul 
iqna saerTo simJave. Sedegebi mocemulia cxrili. 1. da qromotogramebSi 1,2,3. 

 

 
  
nax.1. Rvinis mJavas standartuli naerTebis UPLC-PDA-MS qromatograma 
 

 
nax.2. vaSlis mJavas standartuli naerTebis UPLC-PDA-MS qromatograma 
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nax.3. limonis mJavas standartuli naerTebis UPLC-PDA-MS qromatograma 
 
RvinoSi pesticidebis aRmoCenis Semdgom kvlevis mizans Seadgenda Seg-

veswavla fungicidebis gavlena Rvinis organul naerTebze, kerZod, organul 
mJavebze.  

mocemul nimuSebis tkbilSi Tavidanve gansazRvrul iqna saerTo simJa-
ve. Sedegebi mocemulia cxr. 1-Si. 

 
 
cxrili 1. sacdeli Rvinis nimuSebSi fungicidebis gavlena organuli mJavebis 
raodenobaze, g/l 
  

nimuSebi 
saerTo 
simJave, 
g/l 

organuli mJavebi, g/l 
jami, 
g/l 

Rvinis vaSlis limonis  
bioRvino 5, 896 2,690 1,560 1,245 5,395 

industriuli Rvino 6,010 2,869 1,159 1,010 5,038 
industriuli Rvino + flavori 

2000 + sufolaki; 
6,200 2,963 1,431 1,015 5,439 

industriuli Rvino + dimaflor 
+ sufolaki; 

6,235 2,871 1,235 1,100 5,206 

industriuli Rvino + flavori 
2000 + kupervali; 

6,023 2,669 1,300 1,150 5,119 

industriuli Rvino + dimaflori 
+ kupervali; 

6,021 2,789 1,287 1,125 5,201 

industriuli Rvino + flavori 
2000 +kupernik superi; 

6,102 2,893 1,300 1,120 5,313 

industriuli Rvino + dimaflori 
+ kupernik superi; 

6, 115 2,890 1,125 0,986 5,001 

industriuli Rvino + flavori 
2000 + falkoni; 

5,550 1,391 1,300 1,300 4,091 

industriuli Rvino + dimaflori 
+ falkoni; 

5, 010 1,390 1,400 1,320 3,910 

 
    



   saqarTvelos sainJinro siaxleni, GEORGIAN ENGINEERING NEWS, #1, 2022  

 

156 

    Cvens eqsperimentul monacemebSi sakontrolo da sacdeli nimuSebis Seda-
rebiTi analiziT sawyisi saerTo simJave sacdel da sakontrolo nimuSebSi 
didad ar gansxavdeboda erTmaneTisagan (mag. nimuSi 1, saerTo simJave iyo 5, 
896 da nimuSSi 2 ki _ 6,010g/l), maTi mciredi gansxvaveba gamowveulia yurZenis 
gansxvavebuli teruarebiT. pesticidebiT gamdidrebul tkbilidan miRebul 
RvinoSi saerTo simJave Semcirda 0,9_1,2 g/l-mde. rac Seexeba sakontrolo 
nimuSs, masSi saerTo simJave Semcirda miaxloebiT 0,5 g/l-iT. am nimuSebidan 
gamonakliss warmoadgens falkoniT gamdidrebuli Rvinis nimuSebi, romleb-
Sic saerTo simJavis Semcireba 1,2 g/l-s aRemateboda. am fungicidma gavlena 
moaxdina rogorc narCen Saqrebze, aseve Seamcira saerTo mJavianoba. litera-
turidan cnobilia, rom Rvinis organul mJavaTa Soris Rvinis mJavis raode-
noba TiTqmis orjer aRemateba sxva organuli mJavebis jams, rac dasturdeba 
qromatografiuli analizis (ix.qromotograma) SedegebiT. gamonakliss Sead-
gens falkoniT gamdidrebuli Rvino, romelSic Rvinis saerTo simJave da maT 
Soris Rvinis mJavis raodenobac mkveTrad Semcirebulia. falkonis TanaobiT 
miRebul RvinoSi Rvinis mJavis raodenoba TiTqmis gautolda vaSlis mJavisa 
da limon mJavis raodenobebs. eqsperimentebis SedarebiTma analizma gviCvena, 
rom zogierTi fungicidi, kerZod falkonis SemTxvevaSi xdeba sxvadasxva 
mJavebis saboloo Semcvelobis Semcireba, gansakuTrebiT ki Rvinis mJavisa, 
rac Cveni azriT gamowveul unda iyos tkbilSi fungicid falkonis arsebo-
biT, romelmac daTrguna safuaris moqmedeba da xeli SeuSala alkoholuri 
duRilis normalur msvlelobas. am faqtma ki gamoiwvia narCeni Saqrebis 
zrda RvinoSi da organuli mJavebis Semcireba. 

daskvna. Cvens mier  saqarTveloSi pirvelad iqna Seswavlili yurZenSi, 
tkbilsa da RvinoSi toqsikuri nivTierebebi fungicidebis Semcvelobaze da 
maTi gavlena organul mJavebze.  

bio da industriuli Rvinis nimuSebSi da maT leqebSi  maRalefeqturi 
siTxuri qromotografiisa da masspeqtrometris saSualebiT identificirebu-
li iqna standartebisa da saZiebel nivTierebaTa  masa da Sekavebis dro. 
ganisazRvra organuli mJavebisa da fungicidebis raodenobrivi  Sedgeni-
loba. sakontrolo da sacdeli nimuSebSi sawyisi saerTo simJave  didad ar 
gansxavdeboda erTmaneTisagan (sxvaoba 0,124 g/l), maTi mciredi gansxvaveba 
gamowveulia yurZenis gansxvavebuli teruarebiT. 

herbicidebiT gamdidrebul tkbilidan miRebul RvinoSi saerTo simJave 
Semcirda 0,9_1,2 g/l-mde. sakontroloSi  0,5 g/l-iT, gamonakliss warmoadgens 
falkoniT gamdidrebuli Rvinis nimuSebi, romlebSic saerTo simJavis Semci-
reba 1,2 g/l-s aRemateboda. falkonma Seamcira Rvinis simJavec, TiTqmis gau-
tolda vaSlisa da limon mJavis raodenobebs. Cveni azriT es procesi gamow-
veul unda iyos tkbilSi fungicid falkonis arsebobiT, romelmac daTrguna 
safuaris moqmedeba da xeli SeuSala alkoholuri duRilis normalur 
msvlelobas. am faqtma ki gamoiwvia da organuli mJavebis Semcireba. 
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SUMMARY 

INFLUENCE OF FUNGICIDES ON ORGANIC ACIDS IN WINE 

Kvartskhava  G.R., Aleksidze G.N., Kalandia A., Khositashvili M.L., Ormotsadze M.L. and Buishvili G.T. 

Georgian Technical University 

Iakob Gogebashvili Telavi State University 

The article discusses the effect of fungicides on organic acids in wine. The mass and retention time of the 

standards and trace substances were identified by means of high-performance liquid chromatography and mass 

spectrometer in bio and industrial wine samples and their lumps. Quantitative composition of organic acids and 

fungicides was determined. The total acidity in wine made from fungicides enriched with fungicides was 

reduced to 0.9-1.2 g / l. With the exception of 0.5 g / l in the control, the exception is the samples of wine 

enriched with falcon, in which the reduction of the total acidity exceeded 1.2 g / l. Falcon also reduced the 

acidity of the wine, almost equaling the amounts of malic and citric acid. In our opinion this process must be 

caused by the presence of a fungicide falcon in the sweet, which inhibited the action of the yeast and prevented 

the normal course of alcoholic fermentation. This fact has led to an increase in residual sugars in wine and a 

decrease in organic acids. As a result, the organoleptic and quality indicators of the wine deteriorated. 

Keywords: fungicides, yeasts, organic acids, bio-wine.   
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fungicidebis gavlena Rvinis fenolmJavebze 

 
aleqsiZe g.n. 

 
saqarTvelos teqnikuri universiteti 

 
Sesavali. yurZenis Rvino rTuli Sedgenilobisaa. igi Seicavs eTanols, 

organul mJavebs,  aromatul, fenolur naerTebs da sxva. fenoluri naerTebi 
gvxvdeba didi raodenobiT  rogorc yurZenSi, aseve RvinoSi.  bolo dros 
yuradReba daeTmo  fenoluri naerTebidan  fenolmJavebis Seswavlas, romle-
bic gansazRvraven Rvinis xarisxs (feri, gemo da sxv.) da mis Terapiuli da 
profilaqtikuri Rirebulebas (antioqsidanturi, simsivnis sawinaaRmdego 
efeqti da a.S.) [1_3]. fenoluri naerTebi akontroleben adamianis organizmSi 
sxvadasxva nivTierebebis Jangvis mimdinareobis procesebs  [4_6]. yurZeni da 
misi gadamuSavebis is produqtebi, romelic fenolur naerTebs Seicavs  maT 
Soris flavonoidebsa da fenolmJavebebs aTerosklerozisa da iSemiuri 
daavadebebis prevenciis saSualebas warmoadgens [7_9]. 

fenolmJavebi saSualo donis metabolitebia, farTodaa gavrcelebuli 
mcenareTa sxvadasxva saxeobebSi [10]. fenolkarbon mJavebis Semcveloba izr-
deba yurZnis magar nawilebSi mTeli vegetaciis periodSi, aseve izrdeba misi 
raodenoba yurZnis marcvalSi nayofis damwifebis procesSi da maqsimums 
aRwevs yurZnis srul simwifeSi. fenolkarbon mJavebis Semcveloba izrdeba 
tkbilSi alkoholuri duRilis procesSi mtevnis magar nawilebTan urTier-
Tobis Sedegad [7_11]. fenolkarbonmJavas Semcveloba aseve damokidebulia 
iseT faqtorebze, rogoricaa yurZeni jiSebi, simwife, klimaturi, geogra-
fiuli pirobebi, venaxSi mimdinare agroteqnologiuri procesebi, yurZnis 
gadamuSavebis periodSi oqsidaciis procesebze da sxva [8_14]. 

fenolmJavebisaTvis damaxaiaTebelia karboqsilis jgufis arseboba ben-
zenis birTvze. literaturidan cnobilia, rom RvinoSi yavisa da kumaris 
mJavebi Rvinis mJavasTan warmoqmnis Sesabamisad kaftarisa da kutaris mJavebs, 
romelTa daJangvis produqtebi auaresebens Rvinis xarisxs. kerZod, fenol-
mJavebi iJangebian da warmoqmnian qinonebs, rac Rvinis gayviTlebas iwvevs, 
uares SemTxvevaSi ki gayavisferebas. es movlena cudad aisaxeba Rvinis ferze 
da aqedan gamomdinare Rvinis xarisxze.   

kvlevis mizans Seadgenda fungicidebis gavlenis  Seswavla RvinoSi da 
mis leqSi  fenolmJavebis Sedgenilobaze.  

kvlevis obieqtad gamoyenebul iqna  kaxeTis mevenaxeobis mikrozonaSi 
SerCeuli ori venaxi: 

_ biovenaxi; 
_ industriuli venaxi.  
2020 wlis rTvelis sezonze rogorc bio, aseve industriuli venaxebi-

dan aRebul iqna 200_200 kg yurZeni, romelic  gadamuSavda klasikuri teqno-
logiiT. industriuli yurZnis tkbili dawdomisa da leqidan moxsnis Semdeg 
gaiyo 3  nawilad da gadatanili iqna  cal-calke saduRar WurWelSi. pirvel 
nawils daemata tkbilis moculobis 3 % odenobis safuvris wminda kultura 
`flavor 2000“, meore nawils daemata safuaris wminda kultura „Zymaflore f15”, 
xolo mesame nawilSi alkoholuri duRili warimarTa spontanuri safuvriT. 
samive nimuSi Semdeg kvlav 3 nawilad gaiyo, romlebsac daemata fungicidebi 
(1 _ sulfolaki, 2 _ kupervali, 3 _falkoni da 4 _ kupernik superi) 3_3 mg/l-
is raodenobiT. 

alkoholuri duRilis dasrulebis Semdeg, axalgazrda  daduRebuli 
Rvinoebi moixsna leqidan. saanalizo nimuSebad  aRebuli iqna,  Rvinisa da  
leqis nimuSebi da aRiniSna Semdegi nomrebiT: 

 



   saqarTvelos sainJinro siaxleni, GEORGIAN ENGINEERING NEWS, #1, 2022  

 

159 

. 
nimuSi #  # 

bioRvino   N 1 leqi 11 
industriuli Rvino 2 leqi 12 

industriuli Rvino+ flavor 2000 +sulfolaki 3 leqi 13 

industriuli Rvino+ Zymaflore f15 +sulfolaki 4 leqi 14 

industriuli Rvino + flavor 2000+kupervali 5 leqi 15 

industriuli Rvino+ Zymaflore f15+kupervali 6 leqi 16 

industriuli Rvino+ flavor 2000 +kuprtin superi 7 leqi 17 

industriuli Rvino+ Zymaflore f15 +kupertin superi 8 leqi 18 

industriuli Rvino+ flavor 2000 +falkoni 9 leqi 19 

industriuli Rvino+ Zymaflore  f15 +falkoni 10 leqi 20 

 
Rvinis nimuSebSi da maT leqebSi ganisazRvra fungicidebis raodenoba. 
kvlevebi Catarda maRalefeqtur da maRalmgZnobiare siTxur qroma-

tografze.  
HPLC-UV Waters (Breeze, USA).  HPLC sistema aRWurvilia 1525 modelis tum-

boTi da UV deteqtorebiT (2489. analizebi Catarda UPLC sistemis gamoyene-
biT da  ionuri  analizatoriT. gamoyenebuli iqna C18 Sebrunebuli fazis 
sveti (100×2.1 mm, ACQUITE BEH C18, 1.7μm). gamxsnelad gamoiyeneboda meTanoli 
da eTilis acetati (Merc, germania HPLC klasi), fazebis momzadebisTvis ki  0,1% 
WianWvela mJava wyliT (gamxsneli _ acetonitrili 0,1% /WianWvelis mJava),   
nimuSis momzadebisaTvis Rvino koncentrirebuli iyo 100-dan 90 ml-mde vakuu-
miT (araumetes 40 0C temperaturaze alkoholis mocilebamde). miRebuli Rvi-
nis koncentrati daeqvemdebara Sep-pak C18 filtrze gafiltvras.  eluacia Ca-
tarda wylisa da 0,1% WianWvela mJavis nareviT. PDA-s fraqciebis qromatog-
rafia UPLCMS da Sedegebis damuSaveba https://metlin.scripps.edu monacemTa baziT, 
aseve gamoyenebuli iqna literaturuli monacemebi. 

analizis Sedegebi. Rvinidan siTxuri qromatografiuli analizis 
meTodiT identificirebuli iqna fenolmJavebi, Sedegebi mocemulia cxr. 1-Si, 
saidanac Cans, rom:  
1. naerTi 1-m/z 179, [M-H]-, - ʎ max 220,325; dakavSirebulia kofeinis mJavasTan 
MW 180  
2. naerTi 2, romlis  -m/z 311 [M-H] - ʎ max  328 -emTxveva kaftaris Acid MW 312  
3. naerTi 3-m/z 163, [M-H]- ʎ max 226,310-Seesabameba p- kumarinis mJavas  MW 164  

4. naerTi 4 m/z 295, [M-H]- fragmenti m/z 163 [M-H]- ʎ max 310-  Seesabameba p-ku-
taris mJavas, MW 296  

5. naerTi 5 m/z 193, [M-H]- fragmenti m/z 179 [M-H] - ʎ max 218,325-korelaciaSia 
ferulis mJavasTan, MW 194  
6. naerTi 6 m/z 325, [M-H]-, fragmenti m/z 193 [M-H] - ʎ max 322-miRebulia   
fertarinis mJavasTan, MW 326  
7. naerTi 7 m/z 169, [M-H]- fragmenti m/z 125 [M-H] - ʎ max 217,272-dakavSirebulia 
galis mJavasTan, MW 170   
8. naerTi 8 m/z 153, [M-H]-, fragmenti m/z 109 [M-H] - ʎ max 218,260-dakavSirebulia 
protokatexinis mJavsTan MW 154  
9. naerTi 9 m/z 153, [M-H, ʎ max 213,332- warmoadgens Gentistic acid MW 154-Tan  
10. naerTi 10 m/z 167, [M-H]-, fragmenti m/z 123 [M-H] - ʎ max 219,320-dakavSirebulia 
vanilis mJavasTan MW 168  

11. naerTi 11 m/z 197, [M-H]-, fragmenti m/z 153 [M-H] - ʎ max 218,328-
dakavSirebulia Syringic acid MW 198  

12. naerTi 12 m/z 353, [M-H], fragmenti m/z 191 [M-H] - ʎ max 325- Seesabameba 
qlorogenis mJavas MW 354  
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cxrili 1. fenolmJavebis    MS,    PDA  daxasiaTeba 
 

 fenolmJavebis dasaxeleba MW m/z Mz Y max 

- + mn 

1 kofeinis mJava 180 179 181 220,325 
2 kaftaris mJava 312 311 313 328 
3 p- kumarinis mJava 164 163 165 226,310 

4 p- kutaris mJavas, 296 295 297 310 

5 ferulis mJava 194 193 195 218,325 
6 fertarinis mJava 326 325 327 322 
7 galis mJava 170 169 171 217,272 
8 protokatexinis 154 153 155 218,325 
9 gentisis mJava 154 153 155 213,332 
10 vanilinis mJava 168 167 169 219,320 
11 siringinis mJava 198 197 169 218,328 
12 qlorogenis mJava 354 353 355 325 

 

 
nax. 1. kofeinis mJava 

 
  

nax. 2. kaftarisris mJava 
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Cvens mier fungicidebiT damuSavebul  tkbilSi, RvinoSi da mis leqSi 
idetificirebulia 12 fenoluri mJava. 

rogorc cxr. 1-is monacemebidan da qromatogramidan nax. 1 da 2 (sai-
lustraciod motanilia mxolod  erTi nimuSis qromatograma, rom ar gadag-
vetvirTa naSromi) Cans sxvadasxva fenolmJavebi fungicidebiT damuSavebul 
RvinoSi araTanabrad aris ganawilebuli sacdel da sakontrolo nimuSebSi 
da maT leqebSi (cxr. 2). maTi Semcveloba Rvinis leqSi ufro maRalia (1,49 
mg/l), vidre Sesabamis Rvinis nimuSebSi. es monacemi emTxveva literturul 
monacemebs: fenolmJavebi Sedian yurZnis tkbilis SemadgenlobaSi.zogierTi 
maTgani ki warmoiqmneba alkoholuri duRilis dros. amitom tkbilisa da 
Rvinis fenolmJavebis Sedgeniloba gansxvavdeba erTmaneTisagan. miTumetes  
RvinoSi isini eTeris saxiTaa warmodgenili. mag. yavis mJava da kumaris mJava 
Rvinis mJavasTan. aseve fenolmJavebi SesaZlebelia gaxdes aqroladi feno-
lebis wyaro. aRniSnuli monacemebis mixedviT alkoholuri duRilis Semdeg 
tkbilTan SedarebiT mcirdeba RvinoSi  fenolmJavebis raodenoba. meore da 
ZiriTadi mizani RvinoSi maTi Semcirebisa aris is, rom ise, rogorc fungi-
cidebi  fenolmJvebic alkoholuri duRilis dros adsorbcirdebian  safua-
ris leqis uJredis  garekanze da maTTan erTad gadadian leqSi.  

 
cxrili 2. fenolmJavebis Semcveloba RvinoSi da leqSi, mg/ l 

 
nimuSebis 

daasaxeleba 

 

tkbili Rvino leqi 

 
fenolmJa

va 
fungicidi fenolmJava fungicidi 

bio Rvino 1,2 kvali 0,70 0,45 _ 
industriuli 

Rvino 
1,1 0,05 0,55 0,45 0,03 

industriuli 
Rvino+ sulfolaki 

a.   flavor 2000 
b.   Zymaflore f15; 

 

 
1,12 
1,13 

 

 
3,0 
3,0 

 

 
0,30 
0, 25 

 

 
0,45 
0,70 

 

 
1,0 
1,5 

industriuli 
Rvino+kupervali 
a.   flavor 2000 

b.   Zymaflore f15; 

 

 
1.12 
1,11 

 

 
3,0 
3,0 

 

 

 
0,39 
0.23 

 

 
 

0,53 
0,30 

 

 
1,35 
1,43 

industriuli 
Rvino+kupernik   

superi 
a.  flavor 2000 

b.   Zymaflore f15; 

 

 
 

1,11 
1,12 

 

 
 

3,0 
3,0 

 
 
 

0,38 
0,31 

 

 
 
 

0,58 
0,71 

 
 
 

1,22 
1,30 

industriuli 
Rvino+falkoni 
a.   flavor 2000 

b.   Zymaflore f15; 

 

 
 

1,09 
1,12 

 

 
 

3,0 
3,0 

 

 
 

0, 65 
0,32 

 

 
 

0,35 
0,63 

 

 
 

0,90 
2,45 

 

 
gamonakliss warmoadgens nimuSi 19_20, sadac fungicidi falkonis 

mTliani raodenobis 50%-ic ver gadavida leqSi da darCa RvinoSi. rogorc 
Cans man xeli Seuwyo RvinoSi yavis mJavisa da kumaris mJavis reaqcias  Rvinis 
mJavasTan. Sesabamisad warmoqmna kaftarisa da kutaris mJavebi. fenolmJavebis 
daJangvis produqtma gaauaresa Rvinis xarisxi. kerZod, fenolmJavebi daiJanga 
da warmoiqmna qinonebi, rac Rvinis gayviTlebas uares, SemTxvevaSi ki gaya-
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visferebas iwvevs. es movlena cudad aisaxeba Rvinis ferze _ Rvinos mieca 
zedmetad gayviTlebuli feri, rac dadasturebuli iqna Rvinis sadegustacio 
monacemebiT. 

daskvna. Cvens mier Seswavlili iqna fenolmJavebis Semcveloba tkbil-
Si, RvinoSi da leqSi. Rvinis fenolmJavebze fungicidebis gavlenis dasad-
genad siTxuri qromatografiuli analizis meTodiT sacdeli (damatebuli 
iqna fungicidebi), sakontrolo Rvinoebdan da maTi leqebidan identifici-
rebuli iqna: fungicidebi da kofeinis, kaftaris, kumarinis, kutaris, feru-
lis, fertaris, galis, protokatexinis, iasamnis, vanilinisa da qlorogenis 
fenolmJavebi. 

eqsperimentiT dadginda, rom: sacdeli, sakontrolo Rvinis nimuSebi da 
maTi leqebi fenolmJavebs Seicaven gansxvavebuli raodenobiT. TviTnaden 
dawmendil  tkbilSi fenolmJavebis raodenoba metia, vidre maT alkoholuri 
duRilis Sedegad miRebul RvinoSi.   

fenolmJavebisa da fungicidebis raodenoba izrdeba leqSi, rac gamow-
veulia alkoholur duRilSi monawile safuarebis  ujredis adsorbirebis 
unarze. RvinoSi arsebuli fenolmJavebi da fungicidebi adsorbirdnen safua-
ris uJredis kedelze da sendimentaciis procesiT gadavidnen Rvinis leqSi.  

leqSi  fenolmJavebis raodenoba damokidebulia safuaris wminda kul-
turis saxeobaze. fungicid falkonis SemTxvevaSi _ safuaris wminda kul-
turam  „flavor 2000“  leqSi gadaitana mxolod 0,35 mg/l  fenolmJavebi, rac 
ufro mcirea, vidre bioRvinis  0,45 mg/l maCvenebeli.  es gansxvaveba safuaris 
wminda kulturis  „flavor 2000“  moqmedebiT aixsneba. 

fungicid falkonis SemTxvevaSi _ safuaris wminda kulturiT „flavor 
2000“ miRebuli Rvino 2,71 mg/l-jer nakleb fungicids Seicavs, vidre ;  
safuaris wminda kulturiT „ Zymaflore  f15“ miRebuli Rvino.  
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SUMMARY 

INFLUENCE OF FUNGICIDES ON PHENOLIC ACIDS IN WINE 

Aleksidze G.N. 

Georgian Technical University 

For determination of the effect of fungicides on phenolic acids, control samples of wines (fungicides were 

added) and their sediment were analyzed using Liquid chromatography.  Identification of phenolic acids was 

performed and changes in their content during the production of wine - were registered: Caffeic acid, Kaftar and 

cutaric acids, coumarin acid, ferulic acid,  fertaric acid, gallic acid, protocatechuic acid, lilac acid, vanillic acid 

and chlorogenic acid. It was found that there is a difference in content of phenolic acids between wine and  its 

sediment. Grape juice contains more phenolic acids than alcoholic fermented wines. But their concentration rises 

in sediment,  which have to be cause of the ability of yeasts to adsorb substances on their cell. Phenolic acids 

were adsorbed on the cell of the yeast and moved to wine sediment by sedimentation. Concentration of phenolic 

acids in wine depends on  type of yeast used. In case of samples with fungicide Falcon and using Yeast -  „flavor 

2000“  there was found  2,71 mg/l - times less fungicides than the wine made with   yeast - „ Zymaflore  f15“. 

Keywords: fungiciedes, phenolic acids, Liquid chromatography, column, identification   
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ПОКРЫТОСЕМЕННЫЕ КАК ПАТОГЕНЫ РАСТЕНИЙ 

 

Канчавели Ш.С., Павлиашвили К.М., Чачхиани-Анасашвили Н.Р. 

 

Научно-исследовательский центр Министерства сельского хозяйство Грузии 

Грузинский Технический Университет 

Государственный университет Акакия Церетели, Кутаиси 

 

 Паразитические виды встречаются в нескольких семействах покрытосеменных, однако 

лишь немногие из этих паразитов вызывают важные болезни хозяйственно-полезных растений. 

Имеются семейства, включающие, как полагают, одни только паразиты (например, 

Rafflesiaceae),  но большинство семейств содержит как паразитические, так и непаразитические 

виды, по-видимому, связанные между собой. Паразиты растений встречаются главным образом 

в следующих семействах: Loranthaceae, Convolvulaceae, Scrophulariaceae, Orobanchaceae, 

Lauraceae, Santalaceaeи Balanophoraceae [1].  

Все изученные паразиты из группы покрытосеменных принадлежат к двудольным и 

поражают главным образом также двудольные, хотя некоторые из них паразитируют на злаках 

и голосеменных растениях. Некоторые паразиты отличаются узкой специализацией, тогда как 

другие, например Custura и Orobanche поражают многие виды растений. Отдельным видом 

Cuscuta присоски паразита внедряются в его же собственные стебели; на С. Americana 

паразитируют другие виды того же рода [2]. 

Вред, причиняемый паразитами из числа покрытосеменных, не ограничивается 

непосредственным поражением их растений-хозяев; они способствуют также распространению 

вирусов, которые переходят с больного растения на здоровое через паразит, атакующего 

одновременно оба растения. Виды Cuscuta часто осуществляют такую передачу вирусов [3].  

Нами изучен вопрос, касающийся диапазона паразитологических взаимоотношений и 

представителей сем. Loranthaceae.  Оказалось что, некоторые виды из этого семейства на 

ранних стадиях ведут себя как  паразиты, а затем переходят к самостоятельному образу жизни. 

Паразит может зависеть от хозяина в большей или меньшей степени. Если у него 

имеются зеленные надземные побеги, то он, по свой вероятности, способен к фотосинтезу, а от 

хозяина получает воду и растворенные минеральные вещества. Это так называемые частичные 

паразиты. Виды у которых отсутствует хлорофилл, вынуждены получать от растения-хозяина и 

более сложные питательные вещества. Все они-облигатные паразиты в том смысле, что они не 

в состоянии расти без хозяина, хотя, как  сказано выше, некоторые из них имеют активные 

корни, а отдельные виды ведут паразитический образ жизни только на раныих стадиях своего 

развития. 

Заселение хозяина часто происходит при помощи специальных органов, напоминающих 

апрессорий гриба;  из которых развиваются особые паразитические структуры-видоизмененные 

корни или выросты стебля. Не вполне ясно, каким образом  паразит проникает в растение-

хозяина.  Вероятно, в большей части проникновение осуществляется за счет механического 

давления, развиваемого в процессе роста, но в некоторых случаях паразит, очевидно,  

размягчает ткани хозяина с помощью своих ферментов. После проникновения в организм 

растения-хозяина из паразитических структур развиваются гаустории. Они растут  сквозь ткани 

растения-хозяина; при этом устанавливается контакт между сосудистыми элементами хозяина 

и паразита. 

Нами установлено, что паразитические цветковые растения выделяют пектолитические 

и целлюлолитические ферменты, которые размягчают ткани растение-хозяина и облегчают 

продвижение гаусторий паразита. Степень  поражения растение-хозяев варьирует от легкого 

основания в росте до сильной карликовости с выраженным хлорозом. При очень тяжелом 

поражении растений гибнут, что обусловливает соответствующие потери урожая. 

Частичные паразиты в сравнении с полными обычно причиняют своим хозяевам 

меньше вред, хотя те из них, которые проникают в корни, могут долгое время оставаться под 

землёй недели и лаже месяцы,- и только после этого у них развиваются надземные органы. На 

протяжении всего этого длительного периода они ведут полностью паразитический образ 

жизни и сильно истощают  растение-хозяина, которое к тому же и само находится еще на 
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ранних стадиях роста.  Некоторые исследователи высказывают предположение, что Striga 

asiatica вырабатывает фитотоксичные вещества. Их доводы заключаются главным образом в 

том, что поражение растение-хозяина стригой бывает обычно слишком тяжёлым для того, 

чтобы его можно было объяснить присутствием в тканях хозяина немногих гаусторий паразита. 

Однако этот вопрос заслуживает более глубокого изучения. В гаусториях паразитических 

цветковых растении осмотическое давление очевидно, выше, чем в тканях растение-хозяина, и 

это, вероятно, облегчает паразиту всасывание питательных веществ. Многие другие аспекты 

паразитизма в этой группе патогенов всё ещё не ясны.  

  У некоторых паразитов из числа покрытосеменных, особенно у таких, как Viscum,  

плоды представляют собой сочные со слизистой мякотью ягоды.  В этих ягодах содержится 

особое вязкое вещество-висцин. Птицы поедают ягоды и таким образом участвуют в распрос-

транении семян паразита. Вместе с птичьим полётом эти семена попадают на ветви других, 

здоровых растений, прорастают здесь и заражают растения. Клейкие семена карликовой, или 

можжевеловой, омелы с силой выбрасываются на расстояние почти до 10 м.  У других видов 

образуются большие количества мелких семян, настолько мелких, что они, как пыль, разно-

сятся ветром.  Нередко эти семена имеют шероховатую поверхность,  благодаря чему они мо-

гут прилипать к семенам растение-хозяина и распространяться вместе с ними. Особенно часто 

так обстоит дело с паразитами культурных растений. Например, семена бобовых и некоторых 

других культур иногда бывают загрязнены семенами повилики. Во многих странах мира 

продажа таких загрязнённых семян запрещена законом. Разработаны также методы их очистки. 

Запас питательных веществ в мельчайших семенах некоторых паразитических растений 

очень невелик; созревание таких семян может происходить на протяжении рядя лет. В обычных 

условиях семена способны в течение многих лет сохранятся в почве в состоянии покоя. Про-

растание их, очевидно происходит под действием корневых выделений  некоторых растений, 

которые, однако, не обязательно являются хозяевами данного паразита. Такие стимуляторы 

прорастания были изучены для Striga и Orobanche, и были предприняты попытки сравнить их с 

факторами, стимулирующим выход из яйца личинок нематод. Постепенное созревание семян 

паразита и стимуляция их прорастания корневыми  выделениями растений, несомненно, обес-

печивают паразиту определённые преимущества, так как они  повышают вероятность успеш-

ного заражения. Еще одно полезное приспособление состоит в том, что семена паразита часто 

прорастают несколько позже, чем семена растение-хозяина, и вызревают нередко даже в случае 

преждевременной гибели этого последнего.  

Описаны и различные другие пути распространения паразитических растений. У 

повилики, например, для перехода с больного растения на здоровое служат длинные, тонкие 

побеги, которые все время колеблются в воздухе как бы в поисках нового хозяина. Частицы 

сломанных стеблей, прилипающие к растениям, на которые они случайно попали, могут выпол-

нять функцию органов вегетативного размножения. Семена паразитов разносятся потоками 

воды, распространяются вместе с частицами почвы, с навозом, переносятся с места на место 

сельскохозяйственными орудиями или на обуви людей, работающих в поле.  

 Некоторые виды паразитических растений имеют широкий круг хозяев, тогда как для 

других характерно определённая степень гостальной специализации.  У нас имеются не менее 

двух разновидностей Strigahermontica: одна из них адаптирована к сорго, а другая к просо.  

Возможно, что существует несколько разновидностей европейскоеомели (Victum).  Однако, 

вопрос в этот, вообще  говоря, изучен слабо, и достаточно определённых данных о степени 

гостальной специализации паразитов из числа покрытосеменных у нас пока нет.  

  Для защиты от этих паразитов нужно провести следующие мероприятия (не все они, 

впрочем, применимы в любом случае).  

1. Использовать следует только свободные от инфекции семена или посадочный 

материал. 

2. Везде, где это возможно следует срезать паразитов с заражённых растений. (осо-

бенно это относится к деревям). 

3. Сильно поражённые деревья необходимо уничтожать.  

4. Чтобы избежать накопления семян паразита в почве, следует применять севооборот. 

5. Иногда полезно ввести культуры, способные играть роль «приманки». Такие 

культуры стимулируют прорастание семян паразита в почве, после чего сама приманочная 
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культура уничтожается, обычно путём запахивания (до начала цветения у паразита).  Сущес-

твует и более совершенная модификация этого способа: использование культуры, рассчитанной 

на искоренение паразита. Такая культура должна стимулировать и в то же время должна 

укрепится и вступить в фазу цветения. Приманочные культуры приходится иногда высевать 

несколько раз подряд (на протяжении ряда лет), и лишь после этого удаётся добиться  сколько-

нибудь ощутимого снижения концентрации паразита в почве.  Лучше было бы обработать 

почву какими либо веществами, способными вызвать преждевременное прорастание семян 

паразита в отсутствие восприимчивых растении; однако такие вещества пока еще не найдены. 

6. Можно применять гербициды селективного действия, которые убивают паразита, но 

не влияют на растение-хозяина. Обнадеживающие результаты в смысле защиты от стриги были 

получены при опрыскивании почвы, содержащей семена паразита, гербицидами спустя 2_3 

недели после посева сорго.Для паразита  это наиболее уязвимый период; его семена уже проро-

сли, но он еще не укрепился достаточно прочно в корнях растение-хозяина. Такой обработкой 

почвы удавалось добиться снижения пораженности растений стриги и повышения урожая, но 

не искоренения паразита, хотя не исключено, что повторными обработками (на  протяжений 

нескольких лет подряд) можно было бы достичь и этого эффекта. Аналогичные методы,  

возможно, применимы также к некоторым другим паразитам  из группы покрытосеменных, так 

что они заслуживают дальнейшего изучения.  

7. С помощью подходящих удобрений можно иногда добиться того, что и заражённые 

растения дадут хороший урожай.  Разумеется, это нельзя рассматривать как мероприятие по 

борьбе с паразитом; таким способом  мы просто несколько уменьшаем причиняемый паразитом 

вред.  

8. Можно выращивать устойчивые или толерантные сорта культурных растений,  если 

такие сорта имеются.  До сих пор  работа по выведению подобных сортов не проводилась, хотя, 

как известно, отдельные сорта культурных растений различаются по своей  восприимчивости к 

некоторым паразитическим растениям, и это обстоятельство очевидно, можно использовать для 

выделения устойчивых сортов.  В настоящее время нам еще мало что известно о биохимичес-

ких, физиологических и генетических основах устойчивости к паразитическим растениям.  
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SUMMARY 

ANGIOSPERMS AS PATHOGENS OF PLANTS 

Kanchaveli Sh.S.,  Pavliashvili K.M. and Chachkhiani-Anasashvili N.R. 

Scientific Research Center of Georgian Ministry of Agriculture 

Georgian Technical University 

Akaki Tsereteli State University, Kutaisi 
It has been determined that in Georgia most cases of plant diseases are caused by 7 species of angiosperms 

resulting in plant weakening, growing retardation, chlorosis and in some cases dying of plants followed by 

destruction of harvest. Angiospermous parasites are dicotyledonous and they mostly infect dicotyledonous 

plants. The extent of parasitic relations of Loranthaceae  species has been studied which determines that these 

species lead parasitic style of life at an early stage, later proceeding independent rules of life. It has been 

established that some angiospermous parasites are characterized by subspecialty while others possess wide range 

specialization. Angiospermous pathogens release pectolytic and cellulolytic enzymes which promote parasites to 

invade a plant and facilitate displacement of haustorium inside it. Combating measures against angiospermous 

pathogens have been developed to improve normal plant growing and get abundant harvest.     

Keywords:  dicotyledonous plants, detriment,  parasites. 
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ЭПИФИТОТИОЛОГИЯ ФИТОПАТОГЕННЫХ БАКТЕРИЙ И ИХ   

ПАРАЗИТИЧЕСКАЯ СПЕЦИАЛИЗАЦИЯ 

 

Канчавели Ш.С., Павлиашвили К.М. 

 

Научно исследовательский центр Министерства сельского хозяйство Грузии 

Грузинский Технический Университет 

 

Бактерии передаются от больных растений здоровым различными путями. Опавшие 

зараженные листья переносятся с места на место ветром или поливными водами.  Мельчайшие 

капельки, в которых содержатся бактерии, образуются при разбрызгивании капель дождя, 

попавших на больное растение;  эти крошечные капельки подхватываются и разносятся ветром. 

Некоторые патогенные бактерии переносятся с одного растения на другое насекомыми, 

которые часто не только способствуют расселению бактерии, но и осуществляют инокуляцию. 

Человек распространяет патогенные бактерии во время таких работ, как косьба (именно так, 

например, распространяется возбудитель увядания люцерны Corynebacterium insidiosum, и при 

манипуляциях, связанных вегетативным размножением растений (например, при резке 

клубней) вряд ли можем иметь сколько-нибудь существенное значение; Бактериальные клетки 

в таких условиях должны быстро погибать от высыхания  [1-3]. Перезимовка представляет 

иногда довольно сложную проблему для фитопатогенных батерий. Бактерии, заражающие 

древесиные породы, могут сохраняться живыми, хотя и в неактивном состоянии, внутри 

опухолей, местных некрозов, в галлах, почечнных чешуях, в трещинах коры и в других местах, 

где они в достаточной мере защищены; иногда они погружены в слизь, и это обеспечивает им 

дополнительную защиту. Перезимовывают бактерии и в зараженных растительных остатках 

(особенно в одревесневших тканях), но эффективность этого способа зависит от того, как долго 

сами растительные ткани остаются живыми, что в свою очередь определяются климатическими 

условиями. Погода в период между двумя вегетационными сезонами влияет на активность 

почвенной микрофлоры и тем самым в значительной мере определяет выживание патогенов в 

растительных остатках; при сухой погоде эти остатки сохраняются дольше, а при тёплой и 

влажной погоде они быстрее гниют. Не следует забывать и о других организмах, уничто-

жающих растительные остатки, например о термитах. 

Бактерии могут перезимовать в заражённых растениях, случайно оставшихся на поле во 

время уборки урожая (если это не облигатное однолетние растения), в осыпавшихся семенах, 

из которых в следующем году вырастают растения самосева, или в зараженных сорняках 

(главным образом многолетних), если у данной бактерии широкий круг хозяев. На все эти 

способы перезимовки бактерии также влияют погодные условия в зимний период. 

Загрязнённые или заражённые семена и посадочный материал играют важную роль не только в 

распространении, но и в перезимовке патогенных бактерий. Такие семена могут оставаться 

инфекционными на протяжении ряда лет. Если затем они при подходящих условиях прорастут, 

то из них развывются больные растения, способные служить источником инфекции для 

соседних здоровых растений.  

Возможно, что некоторые бактерии, вызывающие болезни корней, например 

Agrobacterium tumefaciens, могут выживать в почве, ведя сапрофитный образ жизни, правда, 

значения этого явления пока неясно.  

Выделяют [4] три группы: 1) бактерии, которые выживают, но не размножаются в 

почве; к ним, вероятно, принадлежит Pseudomonas solanacearum; 2) бактерии, которые 

выживают, но утрачивают свою патогенность в почве, как например, Agrobacterium tumefaciens 

в кислых почвах, и 3) бактерии, которые выживают и размножаются в почве; многие из них, 

вероятно, являются сапрофитами, способными при определённых условиях поражать растения 

(впрочем, единого мнения на этот счёт нет). Большинство бактерий, поражающих надземные 

части растений, неспособно выживать в обычной почве в течение длительного времени. По-

видимому, это следует объяснить антагонистическими эффектами и невозможностью конку-

рировать с сапрофитами из-за недостающего питательного вещества; в стерильной почве эти 

бактерии выживают в течение более продолжительного срока.  Выживание в почве, несомне-
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нно, зависит от погодных условий, поскольку эти условия влияют на активность других 

почвенных микроорганизмов. 

Немногие виды бактерии перезимовывают в организме насекомых-переносчиков 

(например, Erwinia tracheiphila, для которых переносчиками являются жуки из рода Diabrotika), 

однако такой способ выживания встречается редко. Неизвестно, размножаются ли бактерии в 

организме переносчика, причиняют ли они ему какой-либо вред и существуют ли какие-нибудь 

биологические взаимосвязи между этими двумя организмами. 

Нами установлено, что фитопатогенные бактерии можно более или менее легко 

выращивать на сравнительно простых культуральных средах, например на питательном агаре. 

Многие из них являются неспециализированными паразитами, у других круг хозяев хотя и 

широк, но все же ограничен, а третьи вообше поражают лишь немногие близкие виды рас-

тении, т.е. отличаются весьма высокой специализацией. Так, Xanthomonas malvacearum пора-

жает только виды Gossypium и, возможно, ешё одного или двух родов сем. Malvaceae. Виды 

бактерий широким кругом хозяев, по всей вероятности, состоят из ряда штаммов, каждый из 

которых паразитирует на ограниченном числе растений. Проблема осложняется тем обс-

тоятельством, что мы до сих пор не имеем удовлетворительного определения самого понятия 

„вида“ у этой группы организмов. В прошлом так называемые виды бактерий устонавливали по 

растениям-хозяевам; например, Xanthomonas pelargonii и X. geranii, паразитирующие 

соответственно на пелагрони и на герани, принято считать разными видами, хотя они, по-

видимому, идентичны. Некоторые бактерии, описываемые в настояшее время как разные виды, 

правильнее считать специализированными формами более крупных видов, состоящих из 

нескольких штаммов, которые различаются по своей паразитической специализации. Возможно 

что эту проблему будет легче решить при помощи современной техники, которое позволяет 

оценить общее сходство организмов на основе многих признаков. 

Существует некоторое число бактерий, способных поражать грибы. К ним относятся 

Pseudomonas tolaasii, Erwinia carotovora и Bacillus nolumuxa, паразитирующие на шляпочных 

грибах (например, на видах Agaricia), и Xanthomonas uredovorus, поражающий уредоспоры 

ржавчинных грибов [5]. Не вполне ясно, какую роль играют бактерии, обнаруживаемые иногда 

открытых в сорусах головневых грибов; Возможно, некоторые из них являются антагонистами 

возбудителей головни.  Имеются много сообщений о паразитической специализации фитопа-

тогенных бактерии. 

Бактерии, в том числе и фитопатогенные, отличаются крайне высокой изменчивостью. 

Новые биотипы возникают у них в результате мутаций рекомбинаций и некоторыми другими 

путями. Нередко это сопровождается появлением или, наоборот, утратой патогенности. 

Некоторые патогенные бактерии в культуре обычно утрачивают патогенность, но часто вновь 

приобретают её после пассажей через растение-хозяина. Патогенность часто удаётся повысить 

путём повторных пассажей через устойчивые формы растении и, наоборот, снизить проведя 

пассажи высоко восприимчивых формах. Возможно, это частично обьясняется избирательным 

выживанием тех рас, которые лучше приспособлены к данному растению. Имеются также 

данные о том, что некоторые бактерии могут быть «приучены» атаковать  новых хозяев. 

Культуры нескольких видов  Xanthomonas,  в том числе Xanthomonas Junglandis (из греческого 

ореха), Xanthomonas malvacearum (из хлопчатника) и  Xanthomonas begonia (из бегонии), 

приобрели патогенность в отношении растений фасоли после четырёх  последовательных 

пассажей на растениях этого вида.  Трудно сказать, насколько часто может такое явление 

происходить в поле. Сапрофит Aerobacter cloacae превращается в паразита Erwinia tracheifhila 

(возбудитель увядания огурца) под действием экстрактов из огуречных тканей или препаратов 

ДНК этого растения, а патогенные штаммы Agrobacterium tumefaciens могут, по-видимому, 

превращаться в непатогенный A. radiobacter  под влиянием различных веществ, таких как 

экстракты из ткани корневого рака, убитая нагреванием суспензии клеток A. tumefaciens или 

неочищенная нуклеиновая кислота этой последней бактерии [6].  Патогенность бактерии 

нестабильный признак; по всей вероятности, на неё влияет растение, с которым связана данная 

бактерия. Возможно, что растение передаёт бактерии какой-то генетический материал и тем 

самым изменяет её патогенность.  
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Таким образом, фитопатогенные бактерии распространяются разными путями.  На этот 

процесс влияют климатические условия. Специализированные формы более крупных видов, 

состоящих из нескольких штаммов различаются по своей паразитической специализации. 
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SUMMARY 

EPITHETOLOGY OF PHYTOPATHOGENIC BACTERIA AND THEIR PARASITIC 

SPECIALIZATION 

Kanchaveli Sh.S. and  Pavliashvili K.M. 

Scientific Research Center of Georgian Ministry of Agriculture 

Georgian Technical University 

The work contains several items about characteristics of phytopathogenic bacteria, their spreading, wintering and 

their relation to environmental conditions. It has been determined that they can more or less easily grow in the 

areas of nutritional support, for instance on agar; they can spread with the help of infection source in different 

ways; the main problem for them is wintering and keeping themselves between two periods of plant vegetation. 

Wintering process of phytopathogenic bacteria takes place not only in plants, but also in plant wastes and in the 

soil. Changeability is characteristic for them , thus pathogenesis is not stable state for them. They are sensitive to 

natural environment and may rapidly die of dryness and effect of sun radiation. Many species of phytopathgenic 

bacteria are considered as nonspecialized parasites, which can disease only similar species of plants.  Specialized 

forms of great amount of species, consisting of several strains, are  different  with their parasitic specialization. 

Keywords: epiphytotiology,  bacteria,  diseases. 
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tuCis balzamis (sacxis) recepturis SemuSaveba saferavis jiSis 

yurZnis wipwis gamoyenebiT   

                                                                                                                                    

devdariani n.g., wereTeli T.m.  
                                                                            

saqarTvelos teqnikuri universiteti 
 
kosmetikuri nawarmis recepturis SemuSavebisas mniSvnelovania mce-

nareuli eqstraqtebis biologiur aqtiurobasTan erTad,  teqnologiuri 
Tvisebebis gaTvaliswineba. kosmetikuri nawarmis recepturis SemuSavebisas 
aucilebelia cximiani fazis dacva daJangvisgan. pirvel rigSi es exeba 
cximsanTlian fuZeze miRebul nawarms, romlis receptura mTlianad Sedgeba 
cximiani komponentebisgan, xolo warmoebis teqnologiuri procesi gaTbobis 
stadias rTavs 80_85 ℃-mde, rac aCqarebs daJangvis process. aseTi nawarmis 
receptura aseve SeiZleba Seicavdes araorganul pigmentebs (rkinis oqsidebi), 
romelic iniciatoria cximebis daJangvis. amdenad, mizanSewonilad CavTvaleT 
cximsanTliani fuZis kosmetikuri nawarmis SedgenilobaSi teqnologiuri 
danamatis saxiT  (antioqsidanti) yurZnis eqstraqtis gamoyeneba [1,2] 

recepturis saxiT SeirCa tuCis balzamis Sedgeniloba, rac ganpi-
robebuli iyo imiT, rom is praqtikulad srulad Sedgeba naturaluri cvi-
lisa da zeTisgan, romelic icavs cximian fuZes daJangvisgan. 

SedgenilobaSi Seyvanilia kakaos cximi, futkris sanTeli, wipwis 
cvili da wipwis zeTi. 

Taflis sanTeli  uzrunvelyofs tuCis  balzamis rbil wasmas, kakaos 
cximi, wipwis zeTi arbilebs, kvebavs da icavs tuCis kanis mgrZnobelobas.                                                                                                                                                                                                                                                                                                                                                                                                                                                                         

wylis abazanaze alRoben Taflis sanTels da kakaos cxims, gadmodga-
men abazanidan da amateben yurZnis wipwis cvils da wipwis zeTs. yurZnis 
wipwis optimaluri raodenobis gansasazRvravad SeirCa nimuSebi cxr. 1  war-
modgenilia tuCis balzamis receptura 

 
cxrili 1. tuCis balzamis (sacxis) receptura 

 
ingredientebi 1 2 3 4 

Taflis sanTeli, % 15,0 20,0 20,0 20,0 
kakaos cximi, % 5,0 10,0 10,0 10,0 

yurZnis wipwis cvili, % 30,0 25,0 35,0 35,0 
wipwis zeTi, % 30,0 30,0 35,0 35,0 

vitamini E, % 0,5 0,5 0,5 _ 
surneli, % 0,3 0,3 0,3 0,3 

 
 
miRebuli nimuSebis analizi Catarda organoleptikur da bioqimiur 

qimiur maCvenebelze  (cxr. 2 da3 ). 
 

cxrili 2. biologiurad aqtiuri eqstraqtis organoleptikuri  
maxasiaTeblebi 12-Tviani Senaxvis Semdeg standartul pirobebSi 

 
maCvenebeli saeqstraqcio nedleulis saxe wipwa, kani 

agregatuli mdgomareoba fafismagvari masa 
feri muqi Svindisferi, bordosferi 
suni nayofis, spirtis susti suni 
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Catarebulma kvlevam aCvena, rom recepturaSi yurZnis wipwis Seyvana ar 
moqmedebs mis organoleptikur Tvisebebze, rac dadebiTad aisaxeba mis  
mdgradobaze daJangvis mimarT. 

miRebuli monacemebis safuZvelze SesaZlebelia tuCis balzamSi ro-
gorc klasikuri antioqsidantebis (vitamin  E) Seyvana, aseve damzadeba mis 
gareSe. 

tuCis balzamis recepturis SedgenilobaSi erTdroulad yurZnis wip-
wisa da 0,5 % raodenobiT vitamini E Seyvana zrdis mza produqciis mox-
marebis vadis xangrZlivobas 25%-mde, SedarebiT tuCis balzamisa, romelic 
miRebulia klasikuri receptiT, romelic Sicavs mxolod vitamini E. 

 
 

cxrili 3. yurZnis wipwis (kanis) bioqimiuri maCveneblebi 
 

maCvenebeli wipwis kani 
cila, mg/sm3 6,40±0,05 

saerTo azoti, mg/sm3 1,05±0,03 
mJavianoba,% 14,30±0,15 

vitamini E monawileobs 

flavanoidebi, % 1,50±0,05 
fenoluri nivTierebebi, mg/sm3 1,85±0,08 

 
 
miRebuli eqstraqtebis organoleptikur da fizikur-qimiuri maCve-

neblebis xarisxis cvlilebis gaTvaliswinebiT, dadginda  gamoyenebis vada, 
romlis dros SenarCunebulia maTi maRali samomxmareblo Tvisebebi. wipwis 
eqstraqtisTvis _ 20 dRe, 5 ℃ temperaturaze mSral, sinaTlisgan dacul 
adgilas  (cxr. 4). 

 
cxrili 4. sacdeli nimuSebis organoleptikuri da 

fizikur-qimiuri maCveneblebi 
 

maCvenebeli sakontrolo 1 2 3 4 5 
eqstraqtis Semcveloba % _ 1,0 2,0 3,0 4,0 5,0 

garegani saxe erTgvarovani masa minarevebis gareSe 
feri movardisfero, muqi SeferilobiT 
suni aRniSnuli nimuSisTvis damaxasiaTebeli 

wylis da aqroladi 
nivTierebebis Semcveloba,% 

68,21 70,11 67,82 68,54 66,41 67,52 

koloiduri stabiluroba stabiluri stab stab stab stab stab 
Termostabiluroba stabiluri stab stab stab stab stab 

pH wyalbadis maCvenebeli 7,2 6,82 6,81 6,39 6,11 5,78 
 
 

gamovlenilia, rom yurZnis cvilis zeTiani eqstraqtis damateba ar 
moqmedebs nimuSis koloidur da Termostabilurobaze,  pH iklebs recep-
turaSi eqstraqtis koncentraciis gazrdiT, xolo, nimuSi iRebs muq Sefervas. 

miRebuli monacemebis safuZvelze dadgenilia, rom yurZnis wipwis 
Seyvana kosmetikuri nawarmis recepturaSi akmayofilebs, rogorc produqtis 
karg funqciur Tvisebebs, aseve dadebiTad aisaxeba mza produqtis 
mdgradobaze daJangvis mimarT, rac iZleva gamoyenebis vadis gaxangrZlivebis 
saSualebas. 
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daskvna 
SemuSavebulia saferavis jiSis yurZnis wipwis eqstraqtis gamoyenebiT 

kosmetikuri tuCis balzamis (sacxis) miReba da misi warmoebis teqnologia. 
bioqimiuri analiziT dadgenilia, yurZnis wipwis maRali antioqsi-

danturi aqtiuroba, mdgradoba sinaTlisa da temperaturis zemoqmedebisas. 
dadgenilia, rom yurZnis wipwis eqstraqtis CarTva kosmetikuri nawar-

mis recepturaSi dadebiTad aisaxeba mza produqciis mdgradobaze dajangvis 
mimarT, rac zrdis produqtis gamoyenebis vadis xangrZlivobas. 
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SUMMARY 

PAPER DEALS WITH LIP BALM (CREAM) RECIPE DEVELOPMENT WITH  

USE OF  SAPERAVI GRAPE SEED 

Devdariani N.G. and Tsereteli T.M. 

Georgian Technical University 

The cosmetic lip balm was made by using Saperavi grape seed extract and the technology of its production. 

Biochemical analysis has established high antioxidant activity of grape seed, resistance to light and temperature. 

It has been established that the inclusion of grape seed extract in the recipe of cosmetic products has a positive 

effect on the corrosion resistance of the finished product, which increases the shelf life of the product. 

Keywords: saperavi, extract, grape seed 
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paliastomis tbis talaxidan  biologiurad aqtiuri nivTierebebis 

gamoyofa da  maTi samkurnalo-kosmetikuri mizniT gamoyenebis 

SesaZlebloba 

 
kargareTeli g.T. 

  
saqarTvelos teqnikuri universiteti 

 
uxsovari droidan adamianebi iyenebdnen bunebriv talaxebs-peloidebs 

sxvadasxva daavadebebis samkurnalod. igi ekologiurad sufTa, iafi,                                                                                                                                            
martivad gamosayenebeli nedleulia. mas gaaCnia samedicino da kosmetikuri 
aplikaciebis gamoyenebis farTo speqtri, Seicavs yvela saWiro biologiurad 
aqtiur nivTierebasa (ban) da minerals. zogi maTgani antibiotikebis msgavsia  
da SeuZlia biologiurad aqtiuri nivTierebebis, mineralebis gamoyofis pro-
cesis daCqareba da paTogenuri baqteriebis aRmofxvra. es praqtika grZeldeba 
dResac. efeqturi preparatebi miRebulia naturaluri  talaxebisa da Tixebis 
gamoyenebis safuZvelze. isini inarCuneben nedleulis biologiurad aqtiuri 
nivTierebebis mTel kompleqss, kargad inaxeba Cveulebriv pirobebSi, martivia 
dozirebisa da transportirebisTvis, xelmisawvdomia saSinao pirobebSi gamo-
sayeneblad. preparatebi miiReba ekologiurad sufTa teqnologiiT, ar saWi-
roebs did materialur xarjs.     

saqarTvelos bunebrivi resursebis gamoyenebas aqvs rogorc praqti-
kuli, aseve socialuri datvirTva. am mimarTulebiT  gamoirCeva saqarTvelos  
sakurorto da turistuli bazebi, romlis ganviTareba da gamoyeneba dakavSi-
rebulia Zvirfas bunebriv geografiul mdebareobasTan.  

dasavleT saqarTvelos, paliastomis tbis SesaZleblobebis maqsimaluri 
gamoyeneba Tanamedrove balneologiaSi, medicinaSi, farmaciasa da kosmeto-
logiaSi arsebuli problemis gadaWris mniSvnelovani sakiTxia. imisaTvis, rom  
ganvaxorcieloT regionisTvis  am  bunebrivi kompleqsis gamoyeneba, saWiroa 
Catardes mcire danaxarjiani gadamuSavebis teqnologiuri RonisZiebebi.   

paliastomis tbis biologiuri Sedgeniloba mWidro  kavSirSia  formi-
rebis pirobebTan da mniSvnelovnad gansazRvravs talaxis rogorc qimiur 
Sedgenilobas, aseve samkurnalo Tvisebebs. 

paliastomis tbis talaxis organuli Sedgenilobis detaluri Seswav-
liT  miRebulma biologiurad aqtiur nivTierebebma  ganapiroba talaxis 
moqmedebis meqanizmis axleburi axsna da dasaxa misi samkurnalo  mizniT 
gamoyenebis perspeqtiva.  

samkurnalo talaxis biologiuri Sedgenilobis ganxilvisas, saWiroa  
gansakuTrebiT gamovyoT mikroorganizmebis roli. talaxis mikroflora  
asrulebs mTavar rols mkvdari mcenareebisa da cxovelebis  daSlasa da 
gadamuSavebaSi. 

dadgenilia, rom talaxis SedgenilobaSi Semavali mikroorganizmebi 
gamoyofs antibaqteriuli tipis fisovan organul nivTierebebs (penicilin-
streptomicinis msgavs), romelTa monawileobiT aixsneba antibaqteriuli 
Tvisebebi [3]. 

peloidebis sfecifikuroba gamoixateba sasargeblo mikrobebis did 
raodenobaSi. zogierTi maTgani, antibiotikebis msgavsad, Trgunavs avadm-
yofobis gamomwvev mikrobebs, sxva aCqarebs talaxis organuli nivTierebebis 
gaxrwnis procesebs, amiT aZlierebs talaxis samkurnalo Tvisebebs. 

peloidisaTvis damaxasiaTebelia mikroorganizmebis fiziologiouri 
jgufebi, maT Soris aqtinomicetebi, romlebic producireben antibiotikebs. 
isini aqtiur winaaRmdegobas uweven daavadebis gamomwvev baqteriebs, war-
matebiT umklavdebian paTogenur mikrofloras, aqroben anTebiT procesebs, 
ise rom ar azianeben sasargeblo mikrofloras. 
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cnobilia, rom Savi talaxi warmoiqmneba tute  garemoSi. amasTan, didi 
mniSvneloba aqvs amiakis warmoqmnas lpobis procesSi da am mikroorganiz-
mebis Seswavlas. 

paliastomis tbis talaxSi aRmoCenilia amonificirebuli baqteriebis 
umravlesoba (103_106). denitrificirebuli baqteriebi  ricxobrivad igivea, 
rac amonificirebuli baqteriebi. amonificirebuli da denitrificirebuli 
baqteriebi gamovlenilia Semodgomaze 100 da 1000-jer meti, sulfatreduci-
rebulis 10 da 100-jer, Tionuri da cximovani mJavebi 10-jer meti, vidre zam-
Tarsa da gazafxulze. gogirdSemcveli organuli naerTebis daSlisas baq-
teriebi aRmoCenilia paliastomis tbis talaxSi (105_107).                      

SemuSavebulia peloidebis organul nivTierebaTa qimiuri Sedgenilo-
bis gamoyofis, dayofis, raodenobrivi gansazRvrisa da identifikaciis 
meTodebi [4]. paliastomis tbaSi napovnia naxSirwyalbadebi, aqroladi cxi-
movani mJavebi, mineraluri nivTierebebi (cxr. 1).   
 
cxrili 1. organuli komponentebis ZiriTadi jgufuri Sedgeniloba paliastomis 
tbis talaxSi (absolutur erTeulebSi da %). 
 

nimuSi 
navTobiani komponetebi 

(naxSirwyalbadebi, fisebi, 
asfalantebi) 

huminuri da 
fulvomJavebi 

organuli mJavebi mkg-
eqv/g mSral talaxze 

paliastomis 
tbis talaxi 

mg/g % mg C/g % mkg-eqv/g % 
0,3 0,5 27 69 260 19 

 
 paliastomis tbis talaxSi navTobiani komponentebi ar gvxvdeba. naxSir-
wyalbadebis umniSvnelo raodenoba 0,3  mg/g biogenuri warmoSobisaa. 

mJava bunebis nivTierebebi ZiriTadad warmodgenilia aqroladi da 
araaqroladi cximovani organuli mJavebiT, najeri da ujeri oqsi da 
ketomJavebiT. maTi Semcveloba Seadgens 260 mkg-eqv/g. 

Tvisebrivad aTq-qms meTodiT aRmoCenilia maRalmolekuluri cximovani  
mJavebis _ prostaglandinebis farTo speqtri (ZiriTadad naxSirbadis atomis 
luwi ricxiT C 14 – C20) , romelTa biologiuri aqtiuroba udavoa. 

STanTqmis iw-speqtris saSualebiT SesaZlebelia talaxis  eqstraqtis  
Sedgenilobis mxolod saorientacio dadgena.  Cveni azriT, talaxSi  Semavali 
organuli ingredientebi mravalferovania. ZiriTadad, Seicavs naxSirwyalba-
debis  fragmentebs,  organul mJavebsa da maT warmoebulebs,  fenolebs.        

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

nax.1. paliastomis tbis talaxisa da misi xsnaris eqstraqtebis 
STanTqmis  iw-speqtrebi 
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paliastomis tbis organul nivTierebaTa bunebisa da qimiuri Sedgeni-
lobis gaSifrisaTvis  gamoyenebul iqna siTxe  airis  da maRalefeqturi 
qromatografiis, infrawiTeli speqtrometriis meTodi (nax.1).  
     miRebuli  monacemebiT da sainformacio wyaroebSi mopovebuli masalis 
gaTvaliswinebiT, SeiZleba davaskvnaT, rom STanTqmis iw-speqtrebis saSuale-
biT SesaZlebelia talaxis eqstraqtis Sedgenilobis mxolod saorientacio 
dadgena. Cveni azriT, organuli ingredientebi mravalferovania, ZiriTadad, 
Seicavs naxSirwyalbadebis fragmentebs orgaanul mJavebsa da fenolebs.         

policikluri naxSirwyalbadebis Seswavla metad mniSvnelovania, rad-
gan  miekuTvneba yvelaze gavrcelebul da saSiS  nivTierebaTa  ricxvs,  
romelTa umravlesoba xasiaTdeba  maRali toqsikurobiT da kancerogenulo-
biT. policikluri aromatuli naxSirwyalbadebis analizi Catarda maRal-
efeqturi Txevadi qromatografiis meTodiT. Tvisebriv SedgenilobasTan  
erTad, miRebulia raodenobrivi Sedgenilobis monacemebi. paliastomis tbaSi 
aRmoCenilia mcire raodenobiT mxolod acenaften fluoreni 0,2 mkg/g  mSral 
talaxSi  nax.2 

  
 

 
 
 
 
 
 
 
 
 
 
 
 
 

nax.2. paliastomis tbis talaxidan gamoyofili policikluri aromatuli 
naxSirwyalbadebis qromatograma 

 
naxazidan Cans, rom yvelaze didi raodenobiT gavrcelebulia pireni, 

romelic ar emorCileba antropogenur zemoqmedebas. misi arseboba adastu-
rebs, biogenuri gziT warmoiqmnis  SesaZleblobas. 

paliastomis tbis talaxis organuli Sedgenilobis detaluri Ses-
wavlis  Sedegad  miRebulma monacemebma ganapiroba talaxis moqmedebis meqa-
nizmis axleburi axsna da dasaxa paliastomis tbis  samkurnalo mizniT gamo-
yenebis  SesaZlebloba. 
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SUMMARY      

EXTRACTION OF BIOLOGICALLY ACTIVE SUBSTANCES FROM THE MUD OF PALIASTOM 

LAKE AND THE POSSIBILITY OF THEIR USE FOR MEDICINAL-COSMETIC PURPOSES 

Kargareteli G.T. 

Georgian Technical University 
The data obtained as a result of a detailed study of the organic composition of Lake Paliastom mud provided a 
new explanation of the mechanism of action of mud and suggested the possibility of using Paliastom Lake for 
therapeutic purposes. 
Keywords: peloidoterapia, application, biogenic,  amonified.  
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vanis qedis bentonituri  feradi Tixebis fizikur-qimiuri Tvisebebis 

Seswavla da maTi gamoyeneba  medicinasa da kosmetikaSi 

 

jologua m.a. 
 

saqarTvelos teqnikuri universiteti 

 
Tanamedrove medicinasa da kosmetikaSi erTerT aqtualur problemas 

warmoadgens organizmze garemos mavne nivTierebebis moqmedebis Semcireba da 
maTi moqmedebis gauvnebelyofa. cnobilia, rom am mizniT farTod gamoiyeneba 
sxvadasxva saxis Tixebi. Tixa Seadgens dedamiwis qerqis 50%-s. misi asaki 
mraval milion wels iTvlis. 

saqarTveloSi Catarebulma farTo masStabianma kvlevam cxadyo, rom 
adgilobrivi bentonituri Tixebis aqtiuri gamoyenebiT SeiZleba sazogadoe-
bis mkveTri Semobruneba ekologiurad sufTa nedleulis mimarT aramxolod 
TixebiT mkurnalobis tradiciuli meTodebiT, aramed maTi samkurnalo-
profilaqtikuri gamoyenebis TvalsazrisiT. 

miuxedavad imisa, rom Tixa da misi gamoyeneba adamianisaTvis uZvelesi 
droidanaa cnobili, mainc erTgvar siZneles warmoadgens termini „Tixa“s 
zusti gansazRvra. mravalgvari analizis safuZvelze dadgenilia, rom Tixa 
rTuli da ara mudmivi Sedgenilobis bunebrivi qania. igi Sedgeba wminda (ara 
umetes 0,001_0,004 mm) nawilakebisgan, romlebic miekuTvneba gansazRvrul 
Tixovan mineralebs, aluminisa da siliciumis oqsidebs da wyals. amitom 
Tixebs xSirad uwodeben bunebriv aluminsilikatebs, romlis qimiuri for-
mula ase gamoisaxeba:  
              Al2O3.SiO2 ·H2O      sadac   A Al2O3      da   SiO2 

molekuluri Tanafardoba meryeobs 1:2-1:5 farglebSi [1] 
 
Tixis ZiriTadi maxasiaTebeli Tvisebaa plastikuroba: svel mdgoma-

reobaSi is ganicdis deformacias, xolo gaSrobis da gamowvis Semdeg inar-
Cunebs sawyis formas. dedamiwis qerqSi mimdinare rTuli fizikuri da 
qimiuri procesebi ganapirobebs sxvadasxva tipis Tixebis warmoSobas, romle-
bic TavianTi TvisebebiT mkveTrad gansxvavdeba erTmaneTisgan. TiToeuli tipi 
Sedgeba ramdenime Tixovani mineralisa da gareSe CanarTebisgan: TabaSiris, 
kirqvis, organuli nivTierebebis, rkinisa da spilenZis almadanebisa da sxva. 

amJamad, cnobilia 40-mde sxvadasxva Tixovani minerali, romlebic 
warmoSobs Tixas qanis saxiT. Tixis xarisxi icvleba imis mixedviT, Tu ra 
raodenobiT Seicavs amaTu im Tixovan mineralebsa da gareSe CanarTebs. Tixis 
tipi ganisazRvreba masSi meti raodenobiT Semavali mTavari Tixovani 
mineral _ kaolintis, hidroqarsebis, montmorilonitis mixedviT. isini 
miekuTvneba saTanado tipebs _ kaoliniturs, hidroqarsuls, montmorilo-
niturs, anu bentoniturs da a.S [1]. 

  bentonitebi Tavisi TvisebebiT mniSvnelovnad gansxvavdeba kaolinuri, 
cecxlgamZle da sxva Tixebisgan. gansakuTrebuli Tvisebebis gamo, rac ganpi-
robebulia mineralogiuri SedgenilobiT, Tixovan mineralebSi gadadis 
pirveladi mineralebi _ mindvris Spati da qarsebi. maTgan nawilobriv, an 
mTlianad gadadis kaliumi, natriumi, kalciumi da magniumi. narCeni Tixamiwa 
da kaJmiwa ierTebs wyals. zemoaRwerili gziT gamofitva Tu mimdinareobs 
ufro zomieri havis pirobebSi, procesi kaolinits warmoSobs. tropikuli da 
subtropikuli havis pirobebSi warmoiqmneba Tavisufali aluminis, sili-
ciumis da rkinis hidroJangebis narevis garda montmorilonituri Tixebi. 

bunebrivi montmorilonituri Tixa didi raodenobiT Seicavs e.w. 
„Tixur substancias“ wyalTan Serevisas, rac iZleva labisebr faqiz  pastas, 
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igi advilad wacxebadia da wyliT advilad Camoirecxeba, rac mTavaria mra-
val samkurnalo nivTierebas uproblemod ereva [1]. 

bentonituri  Tixebis specialuri teqnologiuri gadamuSavebis mimar-
TulebiT  mniSvnelovani Teoriuli da praqtikuli samuSaoebi Catarebuli  
aqvT qarTvel mecnierebs akad. iovel quTaTelaZis xelmZRvanelobiT. askanis 
bentonituri Tixidan miRebul iqna „Tixa askane“. 

Tixis ZiriTadi komponentebia mineraluri nivTierebebi: aluminis, sili-
ciumis, mcire raodenobiT natriumis, magniumis, kalciumis, kaliumis near-
Tebi. 

Tixis mTavari Semadgeneli nawilia: SiO2, Al2O3 da H2O maTi fardobiTi 
raodenobis mixedviT SeiZleba mineralis saxeobis garkveva. ase magaliTad: 
kaolinitebi mdidaria TixamiwiT, xolo montmoriloniti kaJmiwiT. 

Tixis ZiriTadi maxasiaTebeli Tvisebaa plastikuroba: is ganicdis de-
formacias svel mdgomareobaSi, xolo gaSrobisas da gamowvis Semdeg inarCu-
nebs sawyis formas. ganasxvaveben plastikur mWida anu „msuqan Tixebs“ da 
naklebad plastikur-„mWle“ Tixebs. 

Tixis ZiriTad nawils warmoadgens kaJmiwisa da Tixamiwis koloiduri 
hidrati, romelic gansazRvravs Tixis ZiriTad fizikur Tvisebebs: dabal 
Tbotevadobas, siTbogamtarobas da saukeTeso TboSekavebis unars. 

gajirjveba gansazRvravs Tixis maqsimalur tenSemcvelobas da wylis 
STanTqmis unars. igi maCvenebelia Tixis koloidurobisa da hidrofilurobis. 
Tixuri mineralebidan yvelaze kargad ijirjveba, anu wylis damatebiT 
moculobaSi imatebs montmoriloniti. zogierTi tipis TixebisTvis damaxasia-
Tebelia STanTqmis unari, romelic gansazRvravs, Tu romeli kaTioni ra 
raodenobiT SeiZleba iyos Canacvlebuli  [2]. gajirjveba Tixis maqsimaluri 
tentevadoba da wylis STanTqmis unaria. igi Tixis koloidurobis da hidro-
filurobis erTgvari maCvenebelia. Tixovani mineralebidan yvelaze inten-
siurad ijirjveba, anu wylis STanTqmis moqmedebiT moculobaSi matulobs 
montmoriloniti. zogierTi tipis TixebisaTvis damaxasiaTebelia STanTqmuli 
kompleqsis sididis,  gansazRvra gulisxmobs, Tu romeli kaTionebi ra rao-
denobiT SeiZleba iyos Canacvlebuli [2].  

 Tixis kidev erTi ZiriTadi Tvisebaa radiaqtiuroba. radiumi ZiriTadi 
radiaqtiuri elementia, romelsac Tixa Seicavs. TixiT mkurnalobisas orga-
nizmi iRebs radiums sufTa saxiT, bunebrivad da, rac mTavaria im doziT, rac 
mas sWirdeba. Tixis Senaxva SeiZleba xangrZlivad, gansakuTrebiT, Tu mas 
movaTavsebT mzeze. igi iRebs mzis sxivebis energias da aZlierebs sasargeblo 
Tvisebebs.  

Tixa mTeli rigi mineralebis nakrebia, misi xarisxi ganisazRvreba 
iseTi mineralebis arsebobiT, rogoricaa: kaoliniti, galuaziti, montmori-
loniti. danarCeni mineralebi, romlebic Tixis SedgenilobaSi gvxvdeba dama-
binZurebelia, aseTebia: TabaSiri, dolomiti, limoniti, magnetiti, markaziti, 
piriti, sideriti, serpetiti da a.S.  

Tixebi warmoadgens wylian aluminsilikats, rac ganapirobebs mis gamo-
yenebas adsorbentad, emulgatorad, katalizatorad da a.S. isini xasiaTdeba 
sxvadasxva nivTierebebis arapolarul da nakleb polarul molekulebis 
adsorbciis unariT.  

Tixebze kaTionmimocvla xels uwyobs xsnarebidan organuli mole-
kulebis gamoyofas.Tixebis plastikuri struqtura gaxurebis Semdeg xdeba 
xisti. v.bikovis mier dawvrilebiTaa Seswavlili Tixebze benzoliT 
adsorbcia, sadac aRniSnulia, rom gumbrinisTvis igi _ 0,446 sm3/g, oglanlin-
skis TixisTvis ki _ 0,285 sm3/g.  

Tixa mineralebis Tvisebaa zogierTi kaTionebisa da anionebis STanTq-
mis unari. mimocvliTi reaqciebi  Cveulebrivad ar axdens  gavlenas (Al-Si-O)  
karkasis struqturaze. 
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kaTionmimocvlis kvlevebma aCvena, rom sxvadasxva kaTionebi Caenacvle-
bian sxvadasxvanairad, romelTa Tavisebureba aseTia: Na<K<Ca<Mg<NH4, aqedan 
gamomdinareobs, rom kalciumi ufro advilad Caanacvlebs natriums, vidre 
natriumis ioni kalciums. 

 saqarTvelos bunebrivi nedleulis _ Tixebis unikalur  fizikur-
qimiuri Tvisebebidan aRsaniSnavia: maRali Termuli stabiluroba, mdgradoba 
agresiuli ares mimarT, meqanikuri simtkice, adsorbciis unari. mniSvnelovani 
ionmimocvliTi tevadoba, advilad xelmisawvdomoba, siiafe gansazRvravs  maT 
gamoyenebas seleqtiur adsorbentebad, ionmimomcvlelebad, katalizatorebad, 
rac gamarTlebulia, ekonomiuri aseve ekologiuri TvalsazrisiT. 

Tixebis dasaxasiaTeblad gasaTvaliswinebelia rigi faqtorebi: Tixa 
mineralebisa da araTixamineralebis identificireba, fardobiTi Semcvelobis 
gansazRvra. rogorc Tixis ZiriTadi komponentebis, aseve sxva Tixovani kompo-
nentebis, romlebic Sedis TixebSi umniSvnelo raodenobiT, radgan maT SeuZ-
liaT mniSvnelovani gavlenis moxdena Tixis Tvisebebze. 

Tixa saukeTeso adsorbentia. mas gaaCnia antibaqteriuli moqmedeba. 
gansxvavebiT qimiuri antiseptikebisgan, romelic klavs mikrobebs, aseve Slis 
jansaR ujredebsac, Tixas ki gamoyavs organizmidan mxolod mikrobebi, toq-
sinebi, mkvdari ujredebi, Slakebi. 

Tixa aZlierebs adamianis organizmis imunitets axali mikrobuli 
infeqciis winaaRmdeg sabrZolvelad. TixebSi organuli nivTierebebi gvxvdeba 
ori formiT. xis foTlebis sporebis gafantulia nawilakebisa da  organuli 
molekulebis saxiT, romlebSic adsorbirebulia Tixa mineralebis zedapirze. 

kvlevis mizani. saqarTvelos bentonituri Tixis samedicino praqtikaSi 
gamoyenebisaTvis gasuli saukunis 50-ian wlebSi safuZveli Caeyara Tbilisis 
samecniero-kvleviT qimiur-farmacevtul institutisa da kavkasiis institutis 
erToblivma muSaobam maT mier gamoyenebuli iyo askanis bentonituri Tixebi, 
romelTa xarixi da raodenoba rigi mizezebis gamo dReisaTvis radikalurad 
gauaresda. 

Cveni samuSaos mizania: sruliad axali sabados, vanis qedis ubnis 
Seswavla. axali teqnologiiT miRebul iqna maRali xarisxis fuZe, romelic 
moqmed nivTierebasTan erTad kompleqsSi uzrunvelyofs saWiro Terapiul 
efeqts [2,3]. 

kvleva mimdinareobda morfologiis kvleviT institutSi TeTr vir-
Tagvebze.  saqarTvelos erovnuli simdidris-vanis qedis sabados sxvadasxva 
feris Tixebis fizikur-qimiuri Tvisebebis Seswavla da maTi gamoyeneba medi-
cinasa da kosmetikaSi. 

sakvlev masalad  aRebul iqna 5 sxvadasxva ferisa da Tvisebebis Tixis 
nimuSebi. Tixis ZiriTadi masa nacrisferia. sxvadasxva Seferilobas gana-
pirobebs masSi sxvadasxva ionebis minarevebi.  

mag.: rkinis ioni valentobis mixedviT Tixas aZlevs _ mwvane, cisfer, 
wiTel, yavisfer Seferilobas. kobaltis ionebi _ vardisfers, qromisa da 
manganumis ionebi mwvanes, xolo uranis yviTel an narinjisfers.   

vanis qedis Tixebidan kvlevisaTvis SerCeul iqna: cisferi, nacrisferi, 
mwvane da wiTeli feris Tixa. 

cisferi bentonituri Tixa warmoadgens fxvnilisebr masas, ZiriTadad 
Sedgeba montmorilonitisa da kaolinitisgan. Seicavs adamianis organizmisT-
vis saWiro yvela mineralis kompleqss, Tixis SenaerTebs da mikroelementebs: 
kadmiums, kobalts, fosfors, rkinas, azots, kalciums, magniumsa da sxv. aqvs 
Semasqelebeli, masuspenzirebeli, Jeles warmoqmnis Tvisebebi. 

nacrisferi Tixa Seicavs sakmaod didi raodenobiT organizmisTvis 
saWiro mikroelementebs (kalciumi, rkina, magniumi, stronciumi), romlebic 
warmoadgens ujredovani mimocvlis SesaniSnav saSualebas, xels uwyobs cxim-
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Sewovis da detoqsikaciis procesebs. kosmetikaSi gamoiyeneba ZiriTadad krem-
niRbebis dasamzadeblad. 

 
 

 
 

mwvane Tixis fers uzrunvelyofs masSi rkinis oqsidis arseboba. mis 
SedgenilobaSi Sedis: magniumi, kalciumi, fosfori, TuTia, spilenZi, kobal-
ti, molibdeni, vercxli, oqro da sxv. gamoiyeneba cximiani kanisTvis, 
niRbebisa da kremebis dasamzadeblad. aregulirebs nivTierebaTa cvlas, 
spobs baqteriebs. 
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wiTeli fers ganapirobebs mis SedgenlobaSi rkinisa da spilenZis 
oqsidebis arseboba, xolo misi iisferi elferi aixsneba manganumis naerTebis 
arsebobiT. masSi rkinis didi raodenobiT Semcveloba iZleva saSualebas 
organizmma Seivsos rkinis nakleboba, e.i. anemiis dros gamoiyeneba [4-7]. 

Tixis mineralebis maRali fizikur-qimiuri aqtiuroba ganpirobebulia 
aramarto dispersulobiT, aseve kristaloqimiuri TaviseburebebiT. tipiur 
magaliTs warmoadgens montmoriloniti.  

vanis qedis ubanSi arsebuli bentonituri Tixebi  askanis adgilmde-
bareobis SemadgenlobaSia, romelic mdebareobs q.ozurgeTis aRmosavleTiT. 
sabado mdebareobs mdinare baxvis wylis marjvena mxares da aqvs wagrZe-
lebuli forma Crdilo-aRmosavleTis mimarTulebiT. aRsaniSnavia, rom vanis 
qedis Tixebis sabados maragi 6_7 mln. tonaa. 

Cven mier SemuSavebulia vanis qedis sabados Tixebis sakvebdanamatad da 
samedicino TvalsazrisiT gamoyenebis maRalteqnologiuri, gamartivebuli  
idea. swored am mizans isaxavs kvleva vanis qedis sabados magaliTze. am saba-
dodan aRebulia 5 feris Tixa. Sedarebam gamoavlina rigi ZiriTadi gansxva-
veba mineralogiur SedgenilobaSi. kaolinituri, hidroqarsuli, montmori-
lonituri, anu bentonituri Tixebis kvlevas vagrZelebT Tixebis fizikur-
qimiuri Tvisebebis Seswavlis mizniT Semdegi meTodebiT: 

1.  petrografiuli;; 
2. rentgenofluorescentuli. 
Tixebis mineralogiuri Sedgeniloba, warmodgenilia cxrilSi. 
amrigad, vanis qedis sxvadasxva feris Tixebidan maTi fizikuri Tvisebe-

bisa da qimiuri Sedgenilobis safuZvelze SevarCieT #3 mwvane Tixa, romelic 
Seicavs sasargeblo qimiuri elementebis umravlesobas da misi samedicino 
efeqti ganpirobebulia montmorilonitis maRali SemcvelobiT. 
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EXAMINATION OF PHYSICAL AND CHEMICAL PROPERTIES OF VANISKEDI BENTONIT  
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 The aim of our work is: to study a completely new deposit, the Vani Range area. With the new technology, a 

high quality base has been obtained, which in combination with the active substance provides the necessary 

therapeutic effect. The study was conducted on white rats at the Morphology Research Institute. Study of 

physico-chemical properties of different colored clays of Georgian National Wealth-Vani ridge deposit and their 

use in medicine and cosmetics. 
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